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REGIONAL WATER SUPPLY PLAN TO MITIGATE RADIONUCLIDE LEVELS IN 

CONCHO, McCULLOCH, AND SAN SABA COUNTIES 

1.0 INTRODUCTION 

On March 29, 1990, the Texas Department of Health (TDH) informed eight public 

water systems in Concho, McCulloch, and San Saba Counties that immediate action had to 

be taken to eliminate the high concentrations of radium in their drinking water supply 

sources, since radium poses an unreasonable health risk. To that end, TDH and each of 

these eight public water systems entered into a bilateral agreement that outlined the tasks 

and associated schedule to reduce the levels of radium to meet the maximum contaminant 

level(s) (MCLs) of the Drinking Water Standards. 

Subsequently, the eight systems, through the Hickory Underground Water 

Conservation District No.1, applied to the Texas Water Development Board and received 

a regional water supply planning grant to fund this study, the first task of the bilateral 

agreement. As specified in the grant, the purpose of this study is to determine the most 

practical method to reduce the levels of naturally occurring radium in the public water 

supply sources so the participants can comply with the rules and regulations of the U.S. 

Environmental Protection Agency and Texas Department of Health. 

The eight public water systems in Concho, McCulloch, and San Saba Counties 

participating in this study are: 

• City of Brady, including the Lake Brady area; 
• City of Eden; 
• Live Oak Hills Subdivision; 
• City of Melvin; 
• Millersview-Doole Water Supply Corporation; 
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• North San Saba Water Supply Corporation; 
• Richland Water Supply Corporation (Brady System); and 
• Rochelle Water Supply Corporation. 

For all eight systems, either combined radium-226 and radium 228, gross alpha, or 

both constituents exceed the existing MCL in the present or past chemical analyses of their 

water supply source(s). The MCLs for combined radium-226 and radium-228 and Gross 

Alpha in the Drinking Water Standards are 5 picoCuries per liter (PCi/l) and 15 pCi/l, 

respectively. 

The first step toward establishing the most practical method to reduce the levels of 

radium in the drinking water was to determine the immediate as well as future annual water 

requirements for each of the participants. The second step was to evaluate the quality of 

each of the water supply sources and identify the major components of each water 

distribution system, including water supply sources, storage facilities, and pump stations. 

Once the annual water requirements and the quality of the water supply source was 

determined, then treatment methods to reduce radionuclides were identified and evaluated, 

and compared with alternative water supply sources. Then, the most practical method to 

eliminate radionuclides in the public water supply sources of the study participants was 

developed and recommendations were prepared. 
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2.0 POPUlATION AND WATER REQUIREMENT PROJECfIONS 

A multi-step process was used to estimate water requirements in the participants' 

service areas for the 20-year planning period (1990-2010). These requirements were used 

to size treatment facilities, ascertain deficiencies in existing water supply source(s), calculate 

the supplemental water supply required, and determine the quantity of water necessary to 

replace the existing water supply source(s). 

The first step in establishing these water requirements was to determine the existing 

population and per capita water use of each service area. Then the projected service area 

population and projected per capita water use of each participant was estimated to the end 

of the planning period based on the historical data available. In the final step, the water 

requirements for the planning period are calculated by multiplying the projected population 

by the projected per capita water use. 

2.1 Present Population and Water Use 

Each of the study participants supplied HDR with the existing number of connections 

and total annual water use for its service area. This information was compared to similar 

data reported by the Texas Water Development Board (TWDB) in its Annual Water Use 

Reports. In general, there were no major differences between the information from the two 

sources. 

While information on numbers of connections and water use was available for all 

participants, specific population information was available only for the cities of Brady and 

Eden. Due to the lack of specific population information for the other participants, two 

different methods of determining the existing population and average daily per capita water 
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use were used, one for the cities of Brady and Eden and another for the other participants. 

2.1.1 Cities of Brady and Eden 

For the cities of Brady and Eden, the actual 1980 population and estimates of 1981 

through 1987 population were obtained from the U.S. Bureau of the Census. For the years 

in which a population estimate and the reported annual water use were available (1980 

through 1987), the average daily per capita ~ater use was calculated by simple division. For 

the eight-year period, the average annual per capita water use for Brady and Eden was 276 

and 158 gallons per capita per day (gpcd), respectively. 

2.1.2 Other Participants 

For the City of Melvin, the water supply corporations, and Live Oak Hills 

Subdivision, 1990 population was estimated before making projections of population in the 

years 2000 and 2010. The 1990 population estimate was based on the per capita water use 

for the counties in the study area as reported to TWDB, adjusted to reflect only the water 

use in the unincorporated areas, and the nu~ber of connections in 1990 as provided by each 

participant. Reports for the years 1980 through 1989 were used for the projections in this 

study (see Table 2.1-1). 

TWDB calculates per capita water use under two conditions: average weather 

conditions and drought conditions. Under drought conditions, water use is usually at the 

maximum that will occur. The average per capita water use is based on the water use for 

all the years of the selected period, while the maximum per capita water use is based on the 

water use for years with little or no precipitation; in other words, a drought condition. 
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Table 2.1-1 
Water Use Information 

I I I 
--

I Member 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

Number of Connections 

Brady 2,857 2,879 3,127 2,870 2,911 2,888 2,886 2,883 2,934 2,864 

Eden 618 625 630 624 624 630 630 630 635 635 

Live Oak: Hills 13 8 12 21 

Melvin 138 135 152 150 150 148 153 130 130 

Millersville-Doole WSC 1,287 1,287 1,285 1,285 1,285 1,322 1,322 1,340 1,340 1,358 

North San Saba WSC 150 167 190 214 235 233 236 234 236 238 

Richland WSC (Brady) 215 215 216 216 215 215 

Rochelle WSC 80 80 80 84 97 97 97 97 97 97 

Total Water Use (ac-ft) 

Brady 2,359.7 2,038.5 2,065.0 1,995.6 2,462.1 2,239.9 2,066.1 2,107.6 2,188.0 2,419.8 

Eden 256.7 240.8 254.9 209.6 230.5 213.3 227.7 220.9 277.4 279.1 

N II Live Oak: Hills 1.7 2.7 1.3 5.0 , 
w Melvin 52.4 52.7 55.0 45.8 110.5 98.1 54.8 55.2 78.2 

Millersville-Doole WSC 440.2 455.5 454.2 464.7 505.5 590.0 559.8 520.1 465.1 526.4 

North San Saba WSC 66.9 71.7 77.1 81.8 102.7 88.8 77.1 65.9 84.5 76.6 

Richland WSC (Brady) 43.5 65.4 70.8 68.8 83.1 94.0 

Rochelle WSC 28.8 26.4 33.0 32.6 36.2 33.4 34.5 29.5 38.5 39.1 

Water Use (ac-ftlconn,) 

Brady 0.825 0.705 0.660 0.695 0.845 0.775 0.716 0.731 0.745 0.845 

Eden 0.415 0.385 0.404 0.335 0.369 0.338 0.361 0.351 0.436 0.439 

Live Oak Hills 0.130 0.330 0.110 0.230 

Melvin 0.379 0.390 0.362 0.305 0.736 0.663 0.424 0.601 

Millersville-Doole WSC 0.342 0.354 0.353 0.362 0.393 0.446 0.423 0.388 0.347 0.387 

North San Saba WSC 0.446 0.429 0.405 0.382 0.437 0.381 0.326 0.282 0.358 0.322 

Richland WSC (Brady) 0.202 0.304 0.327 0.318 0.386 0.437 

Rochelle WSC 0.360 0.330 0.410 0.388 0.373 0.344 0.355 0.304 0.396 0.403 



During the 1976 through 1987 time period, a drought existed in the years 1980, 1981, 1982, 

and 1984. The average and maximum per capita water use for the counties are presented 

in Table 2.1-2, along with the statewide values for comparison. The per capita water use 

for Concho County was less than the statewide averages, while McCulloch and San Saba 

Counties were higher. 

Table 2.1-2 
County-Wide Per Capita Water Use 

For the Period 1976-1987 

County I Per Capita Water Use (gpcd) 

Average Maximum 

Concho 148 171 

McCulloch 243 286 

San Saba 195 214 

Statewide 165 194 

To determine the per capita water use for the unincorporated areas of the counties 

where the water supply corporations and Live Oak Hills Subdivision are located, the county-

wide per capita water use was adjusted by eliminating the population and water use of the 

incorporated cities in each county from the county-wide values. The average per capita 

water use for the unincorporated areas of each county is shown in Table 2.1-3. It should 

be noted that some water supply corporation customers water livestock and some also 

irrigate small pecan orchards and gardens. Therefore, the computed per capita water use 

estimates include these quantities, since the reported total water use does not separate the 

quantities used by people, livestock, or irrigation. 
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Table 2.1-3 
Per Capita Water Use 

for the Unincorporated Areas of the Counties 

Per Capita Water Use 
County (gpcd) 

Concho 122 

McCulloch 154 

San Saba 110 

From Table 2.1-1, the average annual water use per connection for the period of 

record was determined and is shown in Table 2.1-4. This table presents water use in units 

of acre-feet, which equates to 325,851 gallons. 

Table 2.1-4 
Average Annual Water Use 

Per Connection 

Participants Acre-Feet Per Connection 

Brady 0.7542 

Eden 0.3833 

Live Oak Hills 0.2000 

Melvin 0.4825 

Millersview-Doole WSC 0.3795 

North San Saba WSC 0.3768 

Richland WSC (Brady) 0.2840 

Rochelle WSC 0.3663 

The number of persons (capita) per connection was estimated by dividing the average 

annual water use per connection (shown in Table 2.1-4) by the average daily per capita 
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water use for the unincorporated portions of the counties. The results of these 

computations are shown in Table 2.1-5. 

Table 2.1-5 
Water Use Per Connection, Estimated Number of Persons Per Connection 

and Estimated Population for Service Area 

Number of Per Capita Number of Estimated 
Connections Water Use Persons Per Population 

Participant in 1990 (gpcdi Connection 1990 

Brady 2,915 2762 2.04 5,9464 

Eden 613 1582 2.55 1,56r 

Live Oak Hills Sub. 17 154 NjA NjA 

Melvin 140 154 1.3 1844 

Millersview-Doole 1,396 1383 2.45 3,420 
WSC 

North San Saba WSC 241 1383 2.43 586 

Richland WSC 218 154 1.91 416 
(Brady) 

Rochelle WSC 97 154 2.12 205 

1 UnincOlporated parts of counties, except for Brady and Eden, gallons per capita per day. 
2 Based on reported annual water and U.S. Bureau of Census population estimates. 
3 Average of McCulloch and Concho Counties. North San Saba WSC per capita water use was equated to Millersview-Doole rate, 
since it appears that the two service areas have similar characteristics. 
4 Census in part for 1990. 
N/A means not 'applicable'; data series too short. 

2.2 Per Capita Water Use Projections 

Based on the average per capita water use for 1990 (Table 2.1-5), projections of per 

capita water use during average and maximum drought conditions were made for each entity 

for the years 2000 and 2010 (Table 2.2-1), taking into account the potential for water 

conservation. The water conservation potential assumed in this study is a reduction in the 

per capita water use by five percent (5.0%) per decade from 1990 through 2010. The means 
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to accomplish this goal is provided in the Water Conservation and Drought Contingency 

Plan, which is provided in Appendix A 

In order to insure that there is an adequate water supply to meet anticipated 

maximum demand, it is necessary to determine the maximum per capita water use and 

maximum total annual water use. Based on the annual water use reported by each entity, 

the maximum per capita water use was 16 percent higher than the average use during the 

1980s. Therefore, for this study, it is assumed that the maximum per capita use for 2000 and 

2010 will be 16 percent higher than the average per capita water use. (See Table 2.2-1). 

Table 2.2-1 
Projected Per Capita Water Use 

During Average and Maximum Drought Conditions 

2000 2010 
Estimated 

Average I Maximum Average I Maximum Participant 1990 

-----------------:---------gallons / capita / day-----------------------

Bradyl 276 262 305 249 288 

Edenl 158 150 174 143 165 

live Oak Hills Sub. 154 146 169 139 161 

Melvin 154 146 169 139 161 

Millersview-Doole WSC 138 131 152 124 144 

North San Saba WSC 138 131 152 124 144 

Richland WSC (Brady) 154 146 169 139 161 

Rochelle WSC 154 146 169 139 161 

1 Texas Water Development Board Water Plan rates. 

2.3 Population Projections 

Utilizing the TWDB county population projections (Table 2.3-1), the population for 

2000 and 2010 of each of the project participants can be estimated. The counties' annual 
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growth rates, both high and low, are also shown. It is noted that the population projections 

shown in this table do not include the new criminal justice facilities in the area; one is in 

operation at Eden in Concho County, and another is being constructed at San Saba in San 

Saba County. 

Table 2.3-1 
County Population Projections 

1990 2000 2010 
1980 

I I I County Population Low High Low High Low High 

Concho 2,915 2,586 2,587 2,487 2,612 2,343 2,487 

McCulloch 8,735 9,065 9,084 9,299 9,334 9,555 9,617 

San Saba 6,204 5,510 5,605 5,733 5,979 6,047 6,363 

Compound Annual Growth Rates 

1980-1990 1990-2000 2000-2010 
County 

Low I High Low I High Low I High 

Concho -1.19 -1.19 -0.38 0.09 -0.59 -0.48 

McCulloch 0.37 0.39 0.25 0.27 0.27 0.29 

San Saba -1.18 -1.01 0.39 0.64 0.53 0.62 

Source: Texas Water Development Board. 

It is anticipated that the new criminal justice facilities located in the area will help 

the growth potential of the local areas where facilities have been placed (Eden and San 

Saba). Therefore, the growth rates of these local areas will be significantly higher than the 

projected growth rates for the counties of the areas shown in Table 2.3-1. In the case of 

North San Saba Water Supply Corporation. plans have been developed and financing is 

nearly completed for upgrading and enlarging distribution lines to a large portion of the 

September, 1991 2-8 



service area. Expressions of interest have been made for additional connections. These 

factors have been included in the projected growth rates. In general, the growth rates for 

the other participants of this project should follow the projected growth rates for the 

counties. Table 2.3-2 provides the estimated compound annual growth rates, both low and 

high, for the project participants. 

Table 2.3-2 
Estimated Annual Growth Rates 

Compound Annual Growth Rates 
(%) 

Participant County Low High 

Brady McCulloch 0.35 0040 

Eden Concho 1.1 1.20 

live Oak Hills Subd. McCulloch 1.0 1.50 

Melvin McCulloch 0.1 0.30 

Millersview-Doole WSC Concho and 0.3 0040 
McCulloch 

North San Saba WSC San Saba 1.1 1.60 

Richland WSC (Brady) McCulloch 0.2 0.30 

Rochelle WSC McCulloch 0.2 0.30 

Based on the growth rates, both low and high (Table 2.3-2), and the 1990 population 

(Table 2.1-5), the population for 2000 and 2010 of each of the project participants can be 

estimated (Table 2.3-3). 
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Table 2.3-3 
Population Projections 

Estimated 2000 2010 
Population 

Low High Low High Participant 19901 

Brady 5,946 6,157 6,188 6,376 6,440 

Eden 1,567 1,748 1,765 1,950 1,988 

Live Oak Hills Sub.2 51 56 59 62 68 

Melvin 184 184 188 185 194 

Millersview-Doole WSC 3,420 3,523 3,559 3,630 3,703 

North San Saba WSC 586 654 686 729 804 

Richland WSC (Brady) 416 424 428 432 441 

Rochelle WSC 205 209 211 213 217 

1 From Table 2.1-5 
2 Assumes three persons per connection, since available water use reports cover only four years and computed capita per 
connection does not appear reasonable. 

2.4 Annual Water Requirements 

From the projected per capita water use (Table 2.2-1), and the projected population 

(Table 2.3-3), the projected annual water requirements for each study participant can be 

calculated. Table 2.4-1 presents the projected annual water requirements for each entity for 

the planning period in both acre-feet per year and million gallons per day. 
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Table 2.4-1 
Projected AnnualWater Requirements 

2000 2010 

Participant 1990 Low I High Low I High 

-------------------------a<:re-feet-------------------------

Brady 1,838 1,806 2,114 1,778 2,077 

Eden 277 293 344 312 367 

Live Oak Hills Sub. 9 9 11 10 12 

Melvin 32 30 35 29 35 

Millersview-Doole WSC 529 517 606 504 597 

North San Saba WSC 90 96 117 101 130 

Richland WSC (Brady) 72 69 81 67 80 

Rochelle WSC 35 34 40 33 39 

------------------:------million gallons per day-----------------------

Brady 1.641 1.613 1.887 1.587 1.854 

Eden 0.247 0.262 0.307 0.278 0.328 

Live Oak Hills Sub. 0.008 0.008 0.009 0.008 0.011 

Melvin 0.028 0.026 0.032 0.025 0.031 

Millersview-Doole WSC 0.472 0.462 0.541 0.450 0.533 

North San Saba WSC 0.081 0.086 0.104 0.094 0.116 

Richland WSC (Brady) 0.064 0.062 0.072 0.060 0.071 

Rochelle WSC 0.032 0.031 0.035 0.030 0.035 

As a general check for accuracy, the annual water requirement for each county was 

compared to the TWDB's Annual Water Projection under the municipal category for each 

county. The projections given in Table 2.4-1 compare very closely with the county-wide 

municipal annual water requirements given in Table 2.4-2. 
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Table 2.4-2 
County-Wide Municipal Annual Water Requirement 

1990 2000 2010 
Base 

I Low I I County 1980 Low High High Low High 

-------------------------( Acre-Feet )-------------------------

C~mn~ (Mynici12al)1 

Concho 477 408 473 373 453 330 407 

McCulloch 2,637 2,351 2,770 2,298 2,711 2,244 2,654 

San Saba 1,260 1,147 1,276 1,132 1,291 1,129 1,299 

CQyn~ (TQtali 

Concho 2,432 5,386 7,143 5,487 7,034 5,444 6,932 

McCulloch 8,295 7,710 9,375 8,139 9,864 8,340 10,097 

San Saba 12,931 10,166 13,298 10,488 13,309 10,570 13,317 

Sou..,.,: Texas Water Development Board. An projections take into account water conservation. 
lOne acre-foot equals 325,851 gaUons or 0.000892 mgd. 
2lnc1udes irrigation. 
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3.0 EXISTING SYSTEM AND WATER QUALITY 

In this section, the water supply source(s) and major system components for each of 

the participants are described. In addition, the latest water quality information for each 

participant's water supply, as available from the Texas Department of Health files, is 

presented. 

3.1 City of Brady 

The City of Brady operates two (2) district water systems. The first system, which 

will be described in this section, serves the City of Brady. The second system, which is 

described in the next section, serves the Brady Lake area. 

3.1.1 Water Supply 

The water supply for the City of Brady is provided by six wells that extend into the 

Hickory aquifer. The well capacities and locations are presented in Table 3.1-1. Of Brady's 

six wells, two are used for standby purposes only. 

The total water supply capacity which the City of Brady has available to meet the 

present and future water supply requirements is 3,500 gpm (5.04 MGD). As was shown in 

Table 2.4-1, by 2010, the City is expected to have water requirements totalling 1.854 MGD. 

Assuming there is no loss over time in well production capacities, the existing water supply 

system is more than adequate to meet the future water requirements of the City of Brady. 
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Table 3.1-1 
City of Brady Water Supply 

Well Capacity Well Depth 
No. (gpm) Location (ft) 

1 • Pump Station #1 - at power plant 2114 
2 • Pump Station #1 - at power plant 2112 
3 950 Pump Station #2 - Oak Street 2082 
4 550 Pump Station #3 - White Street 2127 
5 1,000 Pump Station #4 - South China 2060 
7 1000 Pumo Station #5 - South Avenue 2249 

• Not in normal use at this time (standby use only). 

3.1.2 Major Distribution System Components 

In addition to wells, other major system components of Brady's water distribution 

system include ground storage, high service pumping, and elevated storage which provides 

pressure maintenance. Figure 3.1-1 indicates the general location of the major system 

components. Note that the standby wells and the wells producing the smallest amount of 

water are located near the center of town. 

Table 3.1-2 summarizes Brady's system components. These components were 

reviewed for adequacy to meet the minimum system capacity requirements for a public 

water system in accordance with the Rules and Regulations of the Texas Department of 

Health. All components meet or exceed these minimum requirements. 

3.1.3 Water Quality 

Table 3.1-3 presents the latest complete chemical analysis of the water supply for the 

City of Brady. Shaded areas on the table indicate constituent levels that exceed TDH limits. 

A quick review of the analysis shows that the City of Brady's drinking water is hard water 
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Table 3.1-2 
. or Distribution Su 

Ground 
Ground 
Ground 
Ground 
Elevated 

Number 
1 
2 
3 
4 
5 
6 
7 
8 

20,000 
30,000 
25,000 

1,000,000 
500,000 

700 
1,000 

800 
1,000 

500 
500 

1,250 
1,000 

* Not in normal use at this time 

Pump Station #1 - at power plant 
Pump Station #2 - Oak Street 

Pump Station #3 - White Street 
Pump Station #4 - South China 

Corner of Burns and Pine Streets 

Lo ation 
Pump Station #1 - at power plant 
Pump Station #1 - at power plant 

Pump Station #2 - Oak Street 
Pump Station #3 - White Street 

Pump Station #5 - South Avenue 
Pump Station #5 - South Avenue 
Pump Station #4 - South China 
Pump Station #4 - South China 

4- h hin 

with a high iron concentration level that could cause "red" water problems in the distribution 

system. A sequestering agent is added to minimize the potential "red" water problems. 

In addition, the radionuclide levels, in particular gross alpha and combined radium, 

exceed the present MCL given in the Drinking Water Standards of the Texas Department 

of Health and radon exceeds the MCL in the Radionuclide Rules, proposed on June 17, 

1991. 
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Table 3.1-3 
City of Brady 
Water Analysis 

TDH 
Constituent Well #3 Well #4 Well #5 Well #7 Limit 

Calcium 52 54 52 56 
Chloride 12 19 12 20 300 
Fluoride 0.8 0.7 0.8 0.7 2.0 
Magnesium 40 44 40 46 
Nitrate (as N) 0.01 0.02 0.01 < 0.01 10 
Sodium 21 27 20 28 
Sulfate 43 62 41 67 300 
Total Hardness (as CaC03) 296 317 296 330 
pH (units) 7.9 7.9 7.8 8.0 7.0 
Conductivity (umbos/em) 689 770 675 803 
Tot. Alka. (as CaC03) 296 302 291 309 
Bicarbonate 361 368 355 377 
Carbonate 0 0 0 0 
Dissolved Solids 353 396 347 412 1,000 
P. Alkalinity (as CaC03) 0 0 0 0 
Arsenic < 0.010 < 0.010 < 0.010 < 0.010 0.05 
Barium 0.050 0.060 0.030 0.050 1. 
Cadmium < 0.005 < 0.005 < 0.005 < 0.005 0.010 
Chromium < 0.02 < 0.02 < 0.02 < 0.02 0.05 
Copper < 0.02 <0.02 < 0.02 < 0.02 1.0 ..... 

Iron \0:31 O.3S? r£Sl i <0:37/ iO.3 
Lead < 0.0200 < 0.0200 < 0.0200 <0.0200 0.05 
Manganese < 0.02 < 0.02 < 0.02 < 0.02 0.05 
Mercury 0.0004 0.0003 0.0004 0.0004 0.002 
Selenium < 0.002 < 0.002 < 0.002 < 0.002 0.01 
Silver < 0.01 < 0.010 < 0.010 < 0.010 0.05 
Zinc 0.07 < 0.02 < 0.02 .........0· '2~i ...... ~:.o...... . .... 
Gross Alpha (pCi/l) t·, '0:< {Clii 
Combined Radium (pCijl) 1 •.• , fn~i.i.)i 
Radium 226 (pCi/l) 4.70 2 

Radium 228 (pCi/l) 7.70 2 

Gross Beta (PCi/l) 36.00 2 

Radon (oCi/i) 3 668 550 619 

NOTE: Unless otherwise noted, all constituent concentrations are in mgjl. 
1 Combined Radium is the sum of the concentration of Radium-226 an Radium-228. 
2 Composite sample from the distribution system. 
3 The results of the Radon analysis of each supply source are provided in Appendix B. 
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3.2 City of Brady - Brady Lake Water System 

3.2.1 Water Supply 

The water supply for the City of Brady - Brady Lake Water System is provided by 

two wells that extend into the Hickory aquifer. The well capacities and locations are 

presented in Table 3.2-1. 

Table 3.2-1 
City of Brady 

Brady Lake Water Supply 

Well Capacity Well Depth 
No. (gpm) Location (ft) 

6 70 Pump Station near Brady Lake 2225 
8 390 Pumn Station near Bradv Lake 2460 

The total water supply capacity which the Brady Lake Water System has available 

to meet present and future water supply requirements is 460 gpm (0.66 MGD). The water 

requirement for the Brady Lake Water System is included with the City of Brady's 

projections (Paragraph 3.1.1), and, as already established, the existing total well capacity 

exceeds the projected requirements. 

Based on TDH minimum system capacity requirements for a well supply (0.6 

gpm/connection) and assuming there is no loss over time in well production capacities, the 

existing well capacity for the Brady Lake water system is capable of serving, at the most, 765 

connections, which greatly exceeds the present number of connections (109) served by the 

system. 

3.2.2 Major Distribution System Components 

In addition to wells, other major system components of the Brady Lake Water System 

include ground storage, high service pumping, and pressure maintenance facilities. Figure 
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3.2-1 indicates the general location of these components. 

Table 3.2-2 summarizes Brady's system components. These system components were 

reviewed for adequacy to meet the minimum system capacity requirements for a public 

water system in accordance with the Rules and Regulations of the Texas Department of 

Health. All components meet or exceed these minimum requirements. 

Table 3.2-2 
City of Brady 

Brady Lake Water System 
Major Distribution Supply Components 

Storal!e 
Tvoe I Caoacitv (gal.) I Location 

Ground 50,000 Pump Station near Brady Lake 
Pressure 2500 Pumo Station near Bradv Lake 

Hie.h Service 
No. I Ca]Jacity (gpm) I Location 

1 172 Pump Station near Brady Lake 
2 172 Pumo Station near Bradv Lake 

3.2.3 Water Quality 

Table 3.2-3 presents the latest complete chemical analysis of the water supply wells 

for the City of Brady - Brady Lake Water System. Shaded areas on the table indicate 

constituent levels that exceed IDH limits. A quick review of the analysis shows that the 

drinking water for the Brady Lake Water System is hard water with a high iron 

concentration level that could cause "red" water problems in the distribution system. A 

sequestering agent is added to the water to minimize the potential "red" water problems. 

In addition, the radionuclide levels, in particular gross alpha and combined radium, 

have in the past exceeded the present MCL given in the Drinking Water Standards of the 

Texas Department of Health and radon exceeds the MCL in the Radionuclide Rule 

proposed on June 17, 1991. 
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Table 3.2·3 
Brady Lake Water System 

Water Analysis 

Constituent Well #6 Well #8 TDH Limit 

Calcium 53 58 
Chloride 31 13 300 
Fluoride 0.7 0.7 2.0 
Magnesium 50 45 
Nitrate (as N) 0.02 0.02 10 
Sodium 35 23 
Sulfate 82 59 300 
Total Hardness (as CaC03) 337 329 
pH (units) 8.0 8.0 7.0 
Conductivity (umbos/em) 858 785 
Tot. Alka. (as CaC03) 294 316 
Bicarbonate 359 386 
Carbonate 0 0 
Dissolved Solids -439 395 1,000 
P. Alkalinity (as CaC03) 0 0 
Arsenic < 0.010 < 0.010 0.05 
Barium 0.030 0.060 1. 
Cadmium < 0.005 < 0.005 0.010 
Chromium < 0.02 < 0.02 0.05 
Copper 
Iron 
Lead < 0.0200 < 0.0200 0.05 
Manganese < 0.02 < 0.02 0.05 
Mercury 0.0003 0.0004 0.002 
Selenium < 0.002 < 0.002 0.01 
Silver < 0.010 < 0.010 0.05 
Zinc < 0.02 < 0.02 5.0 
Gross Alpha (pCi/I) 2 

Combined Radium (PCi/l) 1 

Radium 226 (pCijl) 3.20 
Radium 228 (pCi/I) 4.40 2 

Gross Beta (pCi/I) 20.30 2 

Radon Ci I 3 486 610 

NOTE: Unless otherwise noted, all constituent concentrations are in mgjl. 
I Combined Radium is the sum of the concentration of Radium-226 and 
Radium-228. 
2Composite sample from the distribution system. 
3The results of the Radon analysis of each supply source are provided in 
Appendix B. 
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3.3 City of Eden 

3.3.1 Water Supply 

The water supply for the City of Eden is provided by six wells. The four shallow 

wells are producing their waters from Edwards aquifer and associated limestones of the 

Edwards-Trinity Plateau aquifer. The two deep wells are producing their waters from the 

"sandy" portions of the San Saba member and Point Peak member of the Wilberns 

Formation located just below the Ellenburger Group. The well capacities and locations are 

presented in Table 3.3-1. 

Table 3.3-1 
City of Eden Water Supply 

Well Capacity Well Depth 
No. (gpm) , Location (Il) 

1 200 At main pump station 42 
2 400 Northeast of hospital 4040 
3 150 Ellis Ranch 35 
4 150 Canning Ranch 35 
5 75 Canning Ranch 35 
6 350 East of elevated storal!e tank 4060 

The total water supply capacity which the City of Eden has available to meet present 

and future water supply requirements is 1,325 gpm (1.91 MGD). As was shown in Table 

2.4-1, by 2010, the City is expected to have water requirements totalling 0.328 MGD. 

Assuming there is no loss over time in well production capacities, the existing water supply 

system is more than adequate to meet the future water requirements of the City of Eden. 

3.3.2 Major Distribution System Components 

In addition to wells, other major system components of the City of Eden's water 
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distribution system include ground storage, high service pumping, and elevated storage which 

provides pressure maintenance. Figure 3.3-1 indicates the general location of the major 

system components. 

Table 3.3-2 summarizes Eden's system components. These components were 

reviewed for adequacy to meet the minimum system capacity requirements for a public 

water system in accordance with the Rules and Regulations of the Texas Department of 

Health. All components meet or exceed these minimum requirements. 

Table 3.3-2 
City of Eden 

Major Distribution Supply Components 

Stora2e 
Type I Capacity (gal.) I Location 

Ground 750,000 At pump station 
Elevated 150,000 Northeast nart of town 

Hi2h Service 
No. I CaDacitv (wm) I ' Location 

1 500 Southeast of ground storage tank 
2 1,000 Southeast of ground storage tank 
3 500 Southeast of ground storage tank 

3.3.3 Water Quality 

Table 3.3-3 presents the latest complete chemical analysis and Table 3.3-4 presents 

the latest Radon Analysis of the water supply wells for the City of Eden. Shaded areas on 

the tables indicate constituent levels that exceed TDH limits. A quick review of the analysis 

shows that the drinking water for the City of Eden is hard water. 
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Table 3.3-3 
City of Eden 

Water Analysis 

Constituent 

Calcium 
Chloride 
Fluoride 
Magnesium 
Nitrate (as N) 
Sodium 
Sulfate 
Total Hardness (as CaC03) 

pH (units) 
Conductivity (umbos/em) 
Tot. Alka. (as CaC03) 

Bicarbonate 
Carbonate 
Dissolved Solids 
P. Alkalinity (as CaC03) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Gross Alpha (PCi/l) 
Combined Radium (pcijli 
Radium 226 (pCi/l) 
Radium 228 (pCi/l) 
Gross Beta Ci I 

Distributio.r 

76 
28 

0.5 
20 
552 

24 
21 

274 
7.0 

671 
247 
301 

o 
343 

o 
< 0.010 

0.20 
< 0.005 
< 0.02 
< 0.02 

0.03 
< 0.0200 
< 0.02 

0.0011 
< 0.002 
< 0.01 

0.28 

2.60 
4.80 

14.00 

TDH Limit 

300 
2.0 

10 

300 

7.0 

1,000 

0.05 
1. 
0.010 
0.05 
1.0 
0.3 
0.05 
0.05 
0.002 
0.01 
0.05 
5.0 

NOTE: Unless otherwise noted, all constituent concentrations are in 
mg/l. 

September, 1991 

I Combined Radium is the sum of the concentration of Radium-
226 and Radium-228. 
2Composite sample from the distribution system. 
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Table 3.3-4 
City of Eden 

Radon Analysis 

Well Well Well Well Well Well Tower 
Location #1 #2 #3 #4 #S #6 Emuent 

Concentration (pCijl) 672 400 774 666 653 171 < 100 

NOTE: The results of the Radon analysis of each supply source are provided in Appendix B. 

In addition, the radionuclide levels, in particular gross alpha and combined radium, 

have in the past exceeded the present MCL given in the Drinking Water Standards of the 

Texas Department of Health and radon 'exceed the MCL in the Radionuclide Rule, 

proposed on June 17, 1991. 

3.4 Live Oak Hills Subdivision 

3.4.1 Water Supply 

The water supply for the live Oak Hills Subdivision is provided by one well that 

extends into the Cap Mountain Member of the Riley Formation, of which the Hickory 

aquifer is a lower member. The well capacity and location is presented in Table 3.4-1. 

Table 3.4-1 
Live Oak Hills Subdivision Water Supply 

Well Capacity Well Depth 
No. (gpm) Location (ft) 

1 45 Next to pump station and ground storage tank 1230 

The total water supply capacity which live Oak Hills Subdivision has available to 

meet the present and future water supply requirements is 45 gpm (0.065 MGD). As was 
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shown in Table 2.4-1, by 2010, the Subdivision is expected to have water requirements 

totalling 0.011 MGD. Assuming there is no loss over time in well production capacities, the 

existing water supply system is more than adequate to meet the future water requirements 

of the Live Oak Hills Subdivision. 

3.4.2 Major Distribution System Components 

In addition to the well, other major system components of the Subdivision's water 

distribution system include ground storage, high service pumping, and pressure maintenance 

facilities. Figure 3.4-1 indicates the general location of the major system components. 

Table 3.4-2 summarizes the Subdivision's system components. These components were 

reviewed for adequacy to meet the minimum system capacity requirements for a public 

water system in accordance with the Rules and Regulations of the Texas Department of 

Health. All components meet or exceed these minimum requirements. 

Table 3.4-2 
Live Oak Hills Subdivision 

Major Distribution Supply Components 

Storal!e 
Tvoe I Capacity (2a1.) I Location 

Ground 20,000 At pump station 
Pressure 2500 At pump station 

Hil!h Service 
No. J CaQacitylgpmlJ Location 

1 35 At pump station 
2 35 At-.J2um-.J2 station 

3.4.3 Water Quality 

Table 3.4-3 presents the latest complete chemical analysis of the water supply for the 

Live Oak Hills Subdivision. Shaded areas on the table indicate constituent levels that 
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Table 3.4-3 
Live Oak Hills Subdivision 

Water Analysis 

Constituent 

Calcium 
Chloride 
Fluoride 
Magnesium 
Nitrate (as N) 
Sodium 
Sulfate 
Total Hardness (as CaC03) 

pH (units) 
Conductivity (umbos/em) 
Tot. Alka. (as CaC03) 

Bicarbonate 
Carbonate 
Dissolved Solids 
P. Alkalinity (as CaC03) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Gross Alpha (PCi/l) 
Combined Radium (pCi/l) 1 

Radium 226 (pCijl) 
Radium 228 (pCi/l) 
Gross Beta (PCi/I) 
Radon Ci I 2 

Well #1 

59 
19 
0.9 

36 
0.10 

22 
44 

297 
8.1 

720 
287 
350 

o 
361 

o 
< 0.010 

0.09 
< 0.005 
< 0.02 

0.02 
0.17 

< 0.0200 
< 0.02 
< 0.0002 
< 0.002 
< 0.01 

4.90 
5.50 

23.00 
535 

TDH Limit 

300 
2.0 

10 

300 

7.0 

1,000 

0.05 
1. 
0.010 
0.05 
1.0 
0.3 
0.05 
0.05 
0.002 
0.01 
0.05 

NOTE: Unless otherwise noted, all constituent concentrations are in 
mg/l. 

September, 1991 

I Combined Radium is the sum of the concentration of 
Radium-226 and Radium-228. 
2The results of the Radon analysis for each supply source are 
provided in Appendix B. 
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exceed IDH limits. A quick review of the analysis shows that the drinking water for the 

Subdivision is hard water. 

In addition, the radionuclide levels, in particular gross alpha and combined radium, 

exceed the present MCL given in the Drinking Water Standards of the Texas Department 

of Health and radon exceeds the MCL in the Radionuclide Rule, proposed on June 17, 1991. 

3.5 City of Melvin 

3.5.1 Water Supply 

The water supply for the City of Melvin is provided by two wells, which produce their 

waters from the "sandy" portions of the San Saba members of the Wilberns Formation 

located just below the Ellenburger Group. The well capacities and locations are presented 

in Table 3.5-1. 

Table 3.5-1 
City of Melvin Water Supply 

Well Capacity Location Well Depth 
No. (gpm) (ft) 

2 195 Northwest corner of town at pump station 2500 

3 170 40 yards west of elevated storage tank 2400 

The total water supply capacity which the City of Melvin has available to meet the 

present and future water supply requirements is 365 gpm (0.526 MGD). As was shown in 

Table 2.4-1, by 2010, the City is expected to have water requirements totalling 0.031 MGD. 

Assuming there is no loss over time of well production capacities, the existing water supply 

system is more than adequate to meet the future water requirements of the City of Melvin. 
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3.5.2 Major Distribution System Components 

In addition to wells, other major system components of Melvin's water distribution 

system include ground storage, high service pumping, and elevated storage which provides 

pressure maintenance. Figure 3.5-1 indicates the general location of the major system 

components. 

Table 3.5-2 summarizes Melvin's system components. These components were 

reviewed for adequacy to meet the minimum system capacity requirements for a public 

water system in accordance with the Rules and Regulations of the Texas Department of 

Health. All components meet or exceed these minimum requirements. 

Table 3.5-2 
City of Melvin 

Major Distribution Supply Components 

Storal!e 
Tvoe I Capacity (I!al.) I Location 

Ground 40,000 Northwest comer of town at p.s. 
Elevated 50000 West of town sauare 

Hie:h Service 
No. I Capacity (gpm) I Location 

1 320 At pump station 
2 320 At pump station 
3 250 At elevated storal!e tank 

*Not in normal use at this time (standby use only). 

3.5.3 Water Quality 

Table 3.5-3 presents the latest complete chemical analysis of the water supply for the 

City of Melvin. Shaded areas on the table indicate constituent levels that exceed TDH 

limits. A quick review of the analysis shows that Melvin's drinking water is hard water with 

high iron and manganese concentration levels that could cause "red" and ''black'' water 

problems in the distribution system. 
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Constituent 

Chloride 
Fluoride 
Magnesium 
Nitrate (as N) 
Sodium 
Sulfate 
Total Hardness (as CaC03) 

pH (units) 
Conductivity (umbos/em) 
Tot. Alka. (as CaC03) 

Bicarbonate 
Carbonate 
Dissolved Solids 
P. Alkalinity (as CaC03) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Gross Alpha (PCi/l) 
Combined Radium (pCi/l)l 
Radium 226 (PCi/I) 
Radium 228 (PCi/l) 
Gross Beta (pCi/I) 
Radon Ci 1 3 

Table 3.5-3 
City of Melvin 
Water Analysis 

Distribution 

53 
0.8 

23 
0.02 

46 
37 

245 
8.2 

740 
242 
295 

o 
374 

o 

5.70 
2.20 

20.00 
3182 

Well #2 

44 
0.8 

22 
0.01 

43 
35 

230 
8.1 

698 
243 
296 

o 
356 

o 
< 0.010 
< 0.50 
< 0.005 
< 0.02 

0.0002 
< 0.002 
< 0.01 

< 100 

NOTE: Unless otherwise noted, all constituent concentrations are in mg/l. 

TDH Limit 

300 
2.0 

10 

300 

7.0 

1,000 

0.05 
1. 
0.010 
0.05 

0.002 
0.01 
0.05 

1 Combined Radium is the sum of the concentration of Radium-226 and Radium-228. 
2The radon concentration shown under the Distribution heading is for Well #1. 
3The results of the Radon analysis for each supply source are provided in Appendix B. 
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In addition, the radionuclide levels, in particular gross alpha and combined radium, 

exceed the present MCL given in the Drinking Water Standards of the Texas Department 

of Health and radon just exceeds the MeL in the Radionuclide Rule, proposed June 17, 1991. 

3.6 Millersview-Doole Water Supply Corporation 

3.6.1 Water Supply 

The water supply for Millersview-Doole Water Supply Corporation is provided 

primarily from two wells (Well Nos. 2 and 3) that extend into the Hickory aquifer. Well No. 

1, which has an unknown capacity, is not in normal use at this time and extends into the 

water-bearing sands of the Point Peak member of the Wilberns Formation. The well 

capacities and locations are presented in Table 3.6-1. 

Table 3.6-1 
Millersview-Doole Water Supply Corporation Water Supply 

Well Capacity Well Depth 
No. (gpm) Location (ft) 

1 * About 1 mile northeast of Well No.3 2485 
2 410 About 0.5 mile south of Well No.3 3209 
3 420 About 1.8 miles east of Melvin 3295 

• Capacity is unknown and well is not in normal use at this time. 

The total water supply capacity, based on the capacity of Well Nos. 2 and 3, which 

the Millersview-Doole WSC has available to meet present and future water supply 

requirements is 830 gpm (1.195 MGD). As was shown in Table 2.4-1, by 2010, the 

Corporation is expected to have water requirements totalling 0.533 MGD. Assuming there 

is no loss over time in well production capacities, the existing water supply system is more 

than adequate to meet the future water requirements of the Millersview-Doole Water 

Supply Corporation. 
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3.6.2 Major Distribution System Components 

In addition to wells, other major system components of the Corporation's water 

distribution system include ground storage, high service pumping, and elevated storage which 

provides pressure maintenance. Figure 3.6-1 indicates the general location of the major 

system components. 

Table 3.6-2 summarizes the Corporation's system components. These components 

were reviewed for adequacy to meet the minimum system capacity requirements for a public 

water system in accordance with the Rules and Regulations of the Texas Department of 

Health. All components meet or exceed these minimum requirements. The only potential 

problem is the minimum system capacity requirements for well capacity. Based on the TDH 

requirement of 0.6 gpm/connection, the Corporation will need to develop a new supply 

source in the near future. 

3.63 Water Quality 

Table 3.6-3 presents the latest complete chemical analysis of the water supply wells 

for the Millersview-Doole Water Supply CQrporation. Shaded areas on the table indicate 

constituent levels that exceed TDH limits. A quick review of the analysis shows that the 

drinking water for the Corporation is hard water and the fluoride concentration exceeds the 

secondary MCL. In addition, a sequestering agent is added to minimize the potential high 

iron levels causing "red" water in the distribution system. 

In addition, the radionuclide levels, in particular gross alpha and combined radium, 

exceed the present MCL given in the Drinking Water Standards of the Texas Department 

of Health and radon exceeds the MCL in the Radionuclide Rule proposed on June 17, 1991. 
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Table 3.6-2 
Millersview-Doole Water Supply Corporation 

MlYor Distribution Supply Components 

Storaee 
Tvoe I Cl:!.IlaciJy (g;aU I Location 

Ground 50,000 Melvin Pump Station 
Elevated 200,000 Salt Gap Station 
Ground 60,000 Sansom Pump Station 
Pressure 5,000 Sansom Pump Station 
Ground 100,000 Eola Pump Station 
Pressure 7,000 Eola Pump Station 
Ground 60,000 Mikeska Pump Station 
Pressure 7,000 Mikeska Pump Station 
Ground 40,000 Vancourt Pump Station 
Pressure 4,000 Vancourt Pump Station 
Ground 70,000 Wall Pump Station 
Pressure 4,000 Wall Pump Station 
Ground 60,000 Sims Pump Station 
Pressure 5,000 Sims Pump Station 
Ground 60,000 Hutcheson Pump Station 
Pressure 5,000 Hutcheson Pump Station 
Ground 80,000 Millersview Pump Station 
Pressure 5,000 Millersview Pump Station 
Pressure 38,000 Well # 1 (Pear Gap) - Standpipe 
Ground 45,000· Lowake Pump Station 
Pressure 5,000· Lowake Pump Station 
Pressure 5000· Hwv. 283 Near Lohn 
• Not in normal use at this time (standby use only). 
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Table 3.6-3 
Millersview-Doole Water Supply Corporation 

Water '"'-I ..... "." 

Constituent 

Calcium 
Chloride 
Fluoride 
Magnesium 
Nitrate (as N) 
Sodium 
Sulfate 
Total Hardness (as CaC03) 

pH (units) 
Conductivity (umbos/em) 
Tot. Alka. (as CaC03) 

Bicarbonate 
Carbonate 

Well #3 Well #2 

38 

17 
0.17 

137 
107 
162 

TDH 
Limit 

10 

300 

7.0 

Dissolved Solids 

8.3 
1085 
238 
290 

o 
569 1,000 

P. Alkalinity (as CaC03) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Gross Alpha (pCi/l) 
Combined Radium (pCi/l) 1 

Radium 226 (PCi/l) 
Radium 228 (PCi/l) 
Gross Beta (pCi/l) 

3 

o 
< 0.010 
< 0.50 
< 0.005 
< 0.02 

0.30 
0.25 
0.02 

< 0.02 
< 0.0002 
< 0.002 
< 0.01 

0.05 
1. 
0.010 
0.05 
1.0 
0.3 
0.05 
0.05 
0.002 
0.01 
0.05 

NOTE: Unless otherwise noted, all constituent concentrations are in mg/!. 

September, 1991 

1 Combined Radium is the sum of the concentration of Radium-226 
and Radium-228. 
2 Composite sample from the distribution system. 
3 The results of the Radon analysis are provided in Appendix B. 
4 The sample location for this Radon Analysis is the high service 

after 
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3.7 North San Saba Water Supply Corporation 

3.7.1 Water Supply 

The water supply for the North San Saba Water Supply Corporation is provided by 

one well that extends into the Hickory aquifer. The well capacity and location is presented 

in Table 3.7-1. 

Table 3.7-1 
North San Saba Water Supply Corporation 

Water Supply 

Well Capacity Location Well Depth 
No. (gpm) (ft) 

1 237 FM500 3488 

The total water supply capacity which the North San Saba Water Supply Corporation 

has available to meet present and future water supply requirements is 237 gpm (0.34 MGD). 

As was shown in Table 2.4-1, by 2010, the Corporation is expected to have water 

requirements totalling 0.116 MGD. Assuming no loss over time in well production capacity, 

the existing water supply system is more than adequate to meet the future water 

requirements of the North San Saba Water Supply Corporation. However, the Corporation 

is about to begin construction on an enhancement project that will provide a supplemental 

or emergency supply from the City of San Saba. 

3.7.2 Major Distribution System Components 

In addition to the one well, other major system components of the Corporation's 

water distribution system include ground storage, high service pumping, and pressure 

maintenance facilities. Figure 3.7-1 indicates the general location of the major system 
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components. 

As part of the construction project that is about to begin, the Corporation will be 

adding two (2) booster pump stations and standpipes to improve the service to existing and 

future customers. 

Table 3.7-2 summarizes the Corporation's existing system components. These 

components were reviewed for adequacy to meet the minimum system capacity requirements 

for a public water system in accordance with the Rules and Regulations of the Texas 

Department of Health. All existing components meet or exceed these minimum 

requirements based on the present member of customers. 

Table 3.7·2 
North San Saba Water Supply Corporation 

Major Distribution Supply Components 
Stora2e 

Type I Capacity (gal.) I Location 
Pressure 110000 FM 500 - standoioe 

Hieh Service 
No. I Capacity (gpm) I Location 

None 

3.7.3 Water Quality 

Table 3.7-3 presents the latest complete chemical analysis of the water supply for the 

North San Saba Water Supply Corporation. Shaded areas on the table indicate constituent 

levels that exceed IDH limits. A quick review of the analysis shows that the drinking water 

for the Corporation is very soft water « 50 ppm as Caco3 of Total Hardness) with a total 

dissolved solids (IDS) concentration that is just below the Drinking Water Standards MCL. 
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In addition, the radionuclide levels, in particular gross alpha and combined radium, 

exceed the present maximum contaminant level given in the Drinking Water Standards of 

the Texas Department of Health and radon exceeds the MCL in the Radionuclide Rule 

proposed on June 17, 1991. 

3.8 Richland Water Supply Corporation - Brady System 

3.8.1 Water Supply 

The water supply for the Richland Water Supply Corporation - Brady System is 

provided by one well that extends into the Hickory aquifer. The well capacity and location 

is presented in Table 3.8-1. 

Table 3.8-1 
Richland Water Supply Corporation - Brady System 

Water Supply 

Well Capacity Well Depth 
No. (gpm) Location (ft) 

1 310 Farm Road 1121 and U.S Highway 377 2640 

The total water supply capacity which the Richland Water Supply Corporation System 

has available to meet present and future water supply requirements is 310 gpm (0.446 

MGD). As was shown in Table 2.4-1, by 2010, the Corporation is expected to have water 

requirements totalling 0.071 MGD. Assuming there is no loss over time in well production 

capacity, the existing water supply system is more than adequate to meet the future water 

requirements of the Richland Water Supply Corporation - Brady System. 
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Table 3.7-3 
North San Saba Water Supply Corporation 

Water Analysis 

Constituent 

Calcium 
Chloride 
Fluoride 
Magnesium 
Nitrate (as N) 
Sodium 
Sulfate 
Total Hardness (as CaC03) 

pH (units) 
Conductivity (umbos/em) 
Tot. Alka. (as CaC03) 

Bicarbonate 
Carbonate 
Dissolved Solids 
P. Alkalinity (as CaC03) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Gross Alpha (pCi/l) 
Combined Radium (PCi/I) 1 

Radium 226 (pCi/l) 
Radium 228 (pCi/l) 
Gross Beta (PCi/l) 
Radon Ci I 2 

Well #1 

5 
288 

1.6 
1 
0.04 

354 
25 
17 
8.5 

1796 
364 
427 

8 
901 

7 
< 0.010 
< 0.50 
< 0.005 
< 0.02 
< 0.02 

0.02 
< 0.02 
< 0.02 
< 0.0002 
< 0.002 
<0.01 

8.10 
21.30 
18.00 

748 

TDH Limit 

300 
2.0 

10 

300 

7.0 

1,000 

0.05 
1. 
0.010 
0.05 
1.0 
0.3 
0.05 
0.05 
0.002 
0.01 
0.05 

NOTE: Unless otherwise noted, all constituent concentrations are in 
mg/l. 
1 Combined Radium is the sum of the concentration of Radium-226 
and Radium-228. 
2 The results of the Radon analysis are provided in Appendix B. 
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3.8.2 Major Distribution System Components 

In addition to the one well, other major system components of the Corporation's 

water distribution system include ground storage, high service pumping, and elevated storage 

which provides pressure maintenance. Figure 3.8-1 indicates the general location of the 

major system components. 

Table 3.8-2 summarizes the Corporation's system components. These major 

distribution system components were reviewed for adequacy to meet the minimum system 

capacity requirements for a public water system in accordance with the Rules and 

Regulations of the Texas Department of Health. All components meet or exceed these 

minimum requirements. 

Table 3.8-2 
Richland Water Supply Corporation - Brady System 

Major Distribution Supply Components 

Stora2e 
Type I Capacity (gal.) I Location 

Elevated 51,000 East of U.S. 377 - Placid Mountain 
Pressure 105,000 Farm Road 1121 & U.S. 377 - standpipe 

3.8.3 Water Quality 

Table 3.8-3 presents the latest complete chemical analysis of the water supply for the 

Richland Water Supply Corporation - Brady System. Shaded areas on the table indicate 

constituent levels that exceed TDH limits. A quick review of the analysis shows that the 

drinking water for the Corporation is hard water with a high iron concentration level that 

could cause "red" water problems in the distribution system. A sequestering agent is added 

to minimize the potential "red" water problems. 
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Table 3.8-3 
Richland Water Supply Corporation - Brady System 

Water Analysis 

Constituent 

Calcium 
Chloride 
Fluoride 
Magnesium 
Nitrate (as N) 
Sodium 
Sulfate 
Total Hardness (as CaC03) 

pH (units) 
Conductivity (umbos/em) 
Tot. Alka. (as CaC03) 

Bicarbonate 
Carbonate 
Dissolved Solids 
P. Alkalinity (as CaC03) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Gross Alpha (PCi/l) 
Combined Radium (pCi/I)l 
Radium 226 (pCi/l) 
Radium 228 (PCi/l) 
Gross Beta (pCi/I) 
Radon Ci I 2 

Well #1 

58 

31 
0.7 

39 
0.02 

38 
61 

305 
8.2 

840 
302 
368 

o 
421 

o 
< 0.010 

0.06 
< 0.005 
< 0.02 

< 0.0200 
< 0.02 
< 0.0002 
< 0.002 
< 0.01 

11.00 
28.00 
28.00 

655 

IDH Limit 

300 
2.0 

10 

300 

7.0 

1,000 

0.05 
1. 
0.010 
0.05 

0.05 
0.05 
0.002 
0.01 
0.05 

NOTE: Unless otherwise noted, all constituent concentrations are in 
mgjI. 

September, 1991 

1 Combined Radium is the sum of the concentration of 
Radium-226 and Radium:228. 
2 The results of the Radon analysis are provided in Appendix 
B. 
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In addition, the radionuclide levels, in particular gross alpha and combined radium, 

exceed the present maximum contaminant level given in the Drinking Water Standards of 

the Texas Department of Health and radon exceeds the MCL in the Radionuclide Rule, 

proposed on June 17, 1991. 

3.9 Rochelle Water Supply Corporation 

3.9.1 Water Supply 

The water supply for the Rochelle Water Supply Corporation is provided by three 

wells - one major well that extends into the Hickory aquifer and two (2) older wells that 

extend into the Marble Falls aquifer. The well capacities and locations are presented in 

Table 3.9-1. 

Table 3.9-1 
Rochelle Water Supply Corporation 

Water Supply 

Well Capacity Location Well Depth 
No. (gpm) (ft) 

1 45 At pump station on U.S. Highway 150 2350 

2 20· One block south of the pump station 285 

3 20· Six blocks south east of the pump station 300 

* Not in normal use at this time (standby use only). 

The total water supply capacity which the Rochelle Water Supply Corporation has 

available to meet present and future water supply requirements is 85 gpm (0.122 MGD). 

As was shown in Table 2.4-1, by 2010, the Corporation is expected to have water 

requirements totalling 0.035 MGD. Assuming there is no loss over time in well production 

capacities, the existing water supply system is more than adequate to meet the future water 
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requirements of the Rochelle Water Supply Corporation. 

3.9.2 Major Distribution System Components 

In addition to the wells, other major system components of the Corporation's water 

distribution system include ground storage, high service pumping, and pressure maintenance 

facilities. Figure 3.9-1 indicates the general location of the major system components. 

Table 3.9-2 summarizes the Corporation's system components. These components 

were reviewed for adequacy to meet the minimum system capacity requirements for a public 

water system in accordance with the Rules and Regulations of the Texas Department of 

Health. All components meet or exceed these minimum requirements. 

Table 3.9·2 
Rochelle Water Supply Corporation 

Major Distribution Supply Components 

Stora2e 
Tvoe I Caoacitv (e:al.) I Location 

Ground 30,000 At pump station on U.S. Highway 190 
Ground 30,000 At pump station on U.S. Highway 190 
Pressure 2570 At Dump station on U.S. Hie:hwav 190 

Hi2h Service 
No. I Caoacitv (gum) I Location 

1 180 At pump station on U.S. Highway 190 
2 180 At pump station on U.S. Hie:hwav 190 

3.9.3 Water Quality 

Table 3.9-3 presents the latest complete chemical analysis of the water supply wells 

for the Rochelle Water Supply Corporation. Shaded areas on the table indicate constituent 

levels that exceed IDH limits. A quick review of the analysis shows that the drinking water 

for the Corporation is hard water with a high iron concentration level that could cause "red" 

September, 1991 3-37 



SCALE: I" -280' 

I------r/ 

WELL #3. 

WELL #1 • 
2-30,000 GAL • WELL #2 
GROUND STORAGE TANKS 
& .HIGH SERVICE PUMPING 

FM 1 '21 

NOTE: DISTRIBUTION LINES ARE NOT SHOWN. 

REGIONAL WATER SUPPLY PLAN I 
ROCHELLE WATER SERVICE CORP. - MAJOR ,-----
DISTRIBUTION SYSTEM COMPONENTS FIGURE 

HDR Engineering. Inc. 3.9-1 

September, 1991 3-38 



Table 3.9-3 
Rochelle Water Supply Corporation 

Water Analysis 

Constituent Distribution TDH Limit 

Calcium 
Chloride 
Fluoride 
Magnesium 
Nitrate (as N) 
Sodium 
Sulfate 
Total Hardness (as CaC03) 

pH (units) 
Conductivity (umbos/em) 
Tot. Alka. (as CaC03) 

Bicarbonate 
Carbonate 
Dissolved Solids 
P. Alkalinity (as CaC03) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Gross Alpha (PCi/l) 
Combined Radium (pCi/l) 1 

Radium 226 (PCi/I) 
Radium 228 (pCi/l) 
Gross Beta (pCi/I) 
Radon Ci I 2 

42 
52 

0.8 
31 

0.02 
59 
80 

233 
8.3 

840 
230 
281 

o 
428 

o 
< 0.010 

0.505 
< 0.005 
< 0.02 

< 0.0200 
< 0.02 
< 0.0002 
< 0.002 
< 0.01 

4.40 
5.00 

40.00 
530 3 

300 
2.0 

10 

300 

7.0 

1,000 

0.05 
1. 
0.010 
0.05 

0.05 
0.05 
0.002 
0.01 
0.05 

NOTE: Unless otherwise noted, all constituent concentrations are in 
mg/1. 
1 Combined Radium is the sum of the concentration of Radium-226 
and Radium-228. 
2 The results of the Radon analysis are provided in Appendix B. 
3 For the Radon Analysis, the value shown under the Distribution 
Heading is for Well #1 and the value shown under the TDH Limit 
Heading is for Well #2. 
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water problems in the distribution system. A sequestering agent is added to minimize the 

potential "red" water problem. 

In addition, the radionuclide levels, in particular gross alpha and combined radium, 

exceed the present maximum contaminant level given in the Drinking Water Standards of 

the Texas Department of Health and radon exceeds the MeL in the Radionuclide Rule, 

proposed on June 17, 1991. 
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4.0 TREATMENT OPTIONS 

Naturally occurring radionuclides, in particular radium-226, radium-228, and radon, 

have been found in the drinking water supply sources of the participants of this study. The 

treatment options for the removal of these radionuclides should have the following general 

characteristics: 

• Low first costs for the complete treatment system; 
• Easy operation and maintenance; 
• Low annual operation and maintenance costs; 
• Minimal wastes produced by the treatment process; and 
• Fully automatic operation due to remote locations of potential treatment sites. 

In this section, the treatment options available to remove the naturally occurring 

radioactive materials (NORM) from the participant's water supply sources will be reviewed. 

First, the levels of NORM will be presented for each system. Then, the existing as well as 

anticipated maximum contaminant levels (MCL) of the radionuclides will be given. Based 

on these levels, the treatment options identified must be able to reduce the concentrations 

of NORM found in the water to meet the MCLs for the radionuclides. The percentage of 

reduction in the levels of NORM is called the "removal efficiency" of the treatment 

technology. For each treatment option identified, a waste stream will be generated, and the 

disposal options of this waste stream will be given in the last section. 

4.1 Present Levels of NORM 

Analyses of the water supply sources for each of the participants have been 

performed to determine the concentrations of NORM in the water. In Table 4.1-1, the 

maximum levels (or concentrations) of NORM that have been found to date are given. 

September, 1991 4-1 



Table 4.1-1 
Maximum Reported Levels of NORM 

Gross 
Participants Radium-226 Radium-228 Alpha Radon 

Brady 4.7 7.7 40.2 668 

Brady Lake 3.2 4.4 13.3 610 

Eden 2.6 4.8 27.0 774 

Live Oak Hills Sub. 4.9 5.5 17.0 535 

Melvin 5.7 2.2 49.0 318 

Millersview-Doole WSC 18.0 61.0 93.0 605 

North San Saba WSC 8.1 21.3 22.0 748 

Richland WSC (Brady) 11.0 28.0 86.1 655 

Rochelle WSC 4.4 5.0 22.0 530 

Note: All constituent concentrations are in pCi/l. 

4.2 MeL For NORM 

In July, 1976, the U.S. Environmental Protection Agency (EPA) published interim 

regulations that limit the concentrations of radionuclides in public water systems. 

Subsequent to this, the Texas Department of Health also adopted these same published 

limits into its Drinking Water Standards. At the present time, there is a maximum 

contaminant level for only two constituents of NORM. Those constituents and the 

appropriate MCLs are: 

Combined Radium-226 & Radium-228 
Gross Alpha 

5 pCi/1 
15 pCi/1 

In general, one or more of the levels of NORM given in Table 4.1-1 for each of the 

participants exceeds the present MCL for that constituent. 
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On June 17, 1991, EPA published rules proposing new MCLs for radionuclides found 

in public water systems. The proposed constituents of NORM to be regulated and 

subsequent MCLs are: 

Radium-226 
Radium-228 
Uranium 
Radon 
Gross Alpha (adjusted) 
Gross Beta 

20 pCi/1 
20 pCi/1 
20 mg/l 
300 pCi/1 
15 pCi/1 
4 millirem/ede/year 

Based on the proposed constituents and their MCLs, most of the water supply sources 

for the participants will meet the individual radium and uranium concentration levels. 

However, none of the water supply sources will meet the proposed MCL for radon, except 

for one well (Well No.6) supplying the City of Eden. 

The constituents and MCLs shown above are based on the proposed rule and not on 

the final rule. Therefore, caution should be exercised because the constituent(s) to be 

regulated as well as the MCLs could (and probably will) change in the final rule. To 

provide the participants with the flexibility to meet the changing regulatory environment, 

treatment options will be identified to provide removal efficiencies that will meet the 

existing as well as any future regulations of NORM. 

4.3 Treatment Alternatives for the Removal of Radium 

There are numerous treatment alternatives for the removal of naturally occurring 

radium from public water supply sources. Table 4.3-1 presents a summary of the most 

common radium removal treatment alternatives. On the following pages, the treatment 

process for each of the alternatives will be described in general, as well as the predicted 
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Table 4.3-1 
Radium Removal Treatment Alternatives 

Efficiency Full-Scale 
Treatment Process (percent) Plant Operation Type(s) of Waste 

Sodium Cation 95 Yes Backwash, brine and 
Exchange rinse wastewater 

Lime-Soda Ash 80 - 90 Yes Lime sludge and 
Softening filter backwash water 

Reverse Osmosis 95 Yes Continuous brine 
wastewater stream 

Low-Pressure > 93 Yes Continuous brine 
Membrane Filters wastewater stream 

Manganese 50 Limited Backwash and 
Greensand with permanganate feed 
Potassium wastewater 
Permanganate Feed 

Manganese Dioxide 90 Limited No backwashing or 
Impregnated Filter regeneration 

Iron Oxidation- 0-25 Yes Filter backwash 
Filtration Process water 

Radium Selective 98 Yes Media may require 
Removal Resins periodic backwashing 

removal efficiency, and the type of waste generated. Cost information will also be presented 

for two different scenarios based on the present TDH Drinking Standards and the proposed 

Radionuclide Rule. 

To provide a general basis for comparing the costs of all treatment and supplemental 

supply alternatives, all costs will be reduced to a cost per thousand gallons based on 1990 

and 2010 water use. 
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4.3.1 Sodium Cation Exchange 

The sodium cation exchange (or zeolite) process depends upon the ability of certain 

substances to exchange cations with other cations dissolved in water. For instance, when 

hard water is passed through a sodium cation exchanger, the calcium and magnesium ions 

in the hard water replace the sodium ions on the exchange medium and thus the water is 

softened. Since the reaction is reversible, after all of the sodium ions have been removed 

from the medium and exchanged, the cation exchange medium is regenerated by 

reintroducing the sodium ions to the medium with a sodium chloride solution. In 

regenerating the medium, the calcium and magnesium ions on the cation exchange medium 

are replaced with a new supply of sodium ions from the brine solution used for 

regeneration. Then, after backwashing the exchange medium to clean it of the calcium and 

magnesium cations and any excess salt, the regenerated exchanger is ready to begin the 

exchange process again and soften a new supply of hard water. 

Radium is an alkaline earth metal or a cation with a valence state like that of 

calcium and magnesium. Therefore, a sodium cation exchange process will remove radium 

in the same way as it does calcium and magnesium. However, radium is the preferred ion 

over calcium or magnesium for removal by the synthetic exchange resin; therefore, a 

hardness (calcium or magnesium) breakthrough, which means that the resin can no longer 

remove these ions, will indicate that the exchange medium needs regeneration before 

radium will break through. 

The removal efficiency of the cation exchanger varies somewhat during the normal 

operation cycle between regenerations. In general, the sodium cation exchange process will 

remove 95 percent of the radium found in the raw water. 
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The sodium cation exchange process has typically been used for turning "hard" water 

into "soft" water and there are numerous operating facilities, both large and small, located 

throughout Texas as well as the United States. However, only recently has the sodium 

cation exchange process been utilized for the removal of radium from drinking water. 

The typical waste generated by the sodium cation exchange process is a liquid stream 

of brine waste, backwash (or backflush), and rinse of the medium. Typically, this waste 

stream is approximately five to eight percent of the raw water flow. However, technology 

advances in the regeneration of the medium have decreased the waste stream to 

approximately two percent of the raw water flow. 

One of the problems with the sodium cation exchange process is a high level of 

sodium in the treated water. To minimize and possibly eliminate this problem, studies 

indicate that potassium chloride can be substituted for sodium chloride without any problem. 

However, potassium chloride is approximately 50 to 70 percent more expensive than sodium 

chloride in the quantities that would be typically required for most of the treatment facilities 

for this area. 

Table 4.3.1-1 presents the costs of constructing, operating, and maintaining a sodium 

cation exchange process for the removal of radium for each of the study participants to meet 

the existing TDH Drinking Water Standards. The general design parameters for the design 

of the facilities are as follows: 

Treatment Capacity -

Radium Removal Efficiency -

September, 1991 

Two times the 2010 high projected annual water 
requirements (from Table 2.4-1) so that capacity is 
available to meet the potential peak day demands of the 
system. 
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Finish Water Radionuclide 
Concentration 4 pCijl Combined Radium-226 & Radium-228 or 13 

pCijl Gross Alpha to meet the existing TOH Drinking 
Water Standards. 

Table 4.3.1-1 
Construction, Operation and Maintenance Cost 

For Sodium Cation Exchange Process 
to Produce a Finish Water that 

Complies with the Existing TDH Standards 

InitialO&M Monthly Debt 
Participant Total Project Cost Number of Service Cost/ 

Cost ($/1,000 gallons) Connections Connection* 

Brady $2,700,000 $0.098 2,915 $7.23 

Eden 213,000 0.083 613 2.71 

Live Oak Hills Sub. 45,300 0.049 17 20.80 

Melvin 73,750 0.055 140 4.11 

Millersview-Doole WSC 381,250 0.088 1,396 2.13 

North San Saba WSC 128,250 0.075 241 4.16 

Richland WSC 132,000 0.070 218 4.73 

Rochelle WSC 73,750 0.056 97 5.94 

* Assuming 8% interest for 25 years. 

The cost of the sodium cation exchange treatment option for removing the radium 

to levels meeting the TOH Drinking Water Standards, assuming the total project cost is 

financed for eight percent interest for 25 years, without capitalizing interest, varies for each 

participant, but the average cost per thousand gallons for all the participants is $0.57 based 

on 1991 water use. With O&M, the total 1990 average cost would be $0.65 per thousand 

gallons. By 2010, the total average cost per thousand gallons would reduce to $0.55. 

Table 4.3.1-2 presents the costs of constructing, operating, and maintaining a sodium 

cation exchange process for the removal of radium for Millersview-Doole WSC, North San 

September, 1991 4-7 



Saba WSC, and Richland WSC to meet the proposed Radionuclide Rule. The water 

supplies for the other participants will meet the proposed MCLs for Radium-226 and 

Radium-228, so no treatment is required. The general design parameters for the design of 

the faclities are as follows: 

Finish Water Capacity- Two times the 2010 high projected annual water 
requirements (from Table 2.4-1) so that capacity is 
available to meet the potential peak day demands of the 
system through treatment and blending. 

Radium Removal Efficiency - 95%. 

Finish Water Radionuclide 
Concentration - 15 pCi/1 Radium-226 or Radium-228. 

Table 4.3.1-2 
Construction, Operation and Maintenance Cost 

For Sodium Cation Exchange Process 
to Produce a Finish Water that 

Complies with the Proposed Radionuclide Rule 

InitialO&M 
Participant Total Project Cost Number of 

Cost ($/1,000 gallons) Connections 

Millersview-Doole WSC 305,000 0.086 1,396 

North San Saba WSC 73,750 0.056 241 

Richland WSC 88,500 0.059 218 

* Assuming 8% interest for 25 years. 

The total project cost includes the following items: 

A Equipment, piping, and valving; 
B. Building for equipment; 
C. Electrical and controls; 

Monthly Debt 
Service Cost/ 
Connection* 

1.71 

2.39 

3.16 

D. Land for and construction of evaporation ponds for disposal of the 
concentrate (no cost for disposal of the residue has been included); 

E. Engineering; and 
F. Legal and administration. 
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The cost of the sodium cation exchange treatment option for removing the radium levels 

meeting the Radionuclide Rule, assuming the total project cost is financed for eight percent 

interest for 25 years, without capitalizing interest, varies for the three participants, but the 

average cost per thousand gallons for the three participants is $0.24 based on 1991 water 

use. With O&M, the total 1990 average cost would be $0.31 per thousand gallons. By 2010, 

the total average cost per thousand gallons would reduce to $0.28. 

4.3.2 Lime - Soda Ash Softening 

The lime - soda ash process uses lime and soda ash to change soluble calcium, 

magnesium, and radium compounds into nearly insoluble compounds that are removed by 

flocculation, settling, and filtration in a typical water treatment plant. Lime is added to raise 

the pH of the raw water to a level where the maximum precipitation of magnesium and 

radium occurs. After the precipitation of magnesium and radium, the water is recarbonated 

with carbon dioxide to lower the pH precipitation of calcium. Soda ash is normally added 

to precipitate the remaining noncarbonate hardness. The water is then filtered to remove 

any remaining solids before it is pumped into the water distribution system. 

The removal efficiency of the lime - soda ash process varies somewhat, depending 

on the maximum pH of the groundwater. In general, however, the lime - soda ash softening 

process removes 80 to 90 percent of the radium found in raw water. 

The lime - soda ash softening process has typically been used for turning "hard" water 

into "soft" water, and there are numerous operating facilities, both large and small, located 

throughout Texas as well as the United States. However, only recently has lime - soda ash 

softening been used for the removal of radium from drinking water. 
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Typically, the waste generated in the lime - soda ash softening process is a semi

liquid stream containing sludge from the settling basins and filter backwash. Usually, the 

volume of this waste stream is approximately eight to 10 percent of the raw water flow. 

Although the lime - soda ash softening process is a very viable method of removing 

radium, the costs of constructing, operating and maintaining a lime - soda ash softening 

treatment plant are not very economical at the capacities required for the participants of 

this study. For example, the cost of constructing a lime - soda ash softening treatment plant 

at the City of Brady's Well No.5 (capacity 1,000 gpm) is over $2,500,000. Brady has three 

well sites of a similar capacity, so the total project cost for the City would be $7,500,000. 

The operation and maintenance cost for a lime-soda ash softening plant of this size would 

be approximately $1.10 per thousand gallons. If the project cost is financed at eight percent 

for 25 years, without capitalized interest, the annual debt service would be $702,600, which 

equates to $1.13 per 1,000 gallons based on Brady's 1990 water use. With O&M, the total 

1990 cost would be $2.43 per thousand. By 2010, or when water requirements reach 1.934 

mgd, the total cost per thousand gallons would reduce to $2.10. 

4.3.3 Reverse Osmosis 

In the reverse osmosis (RO) demineralizing process, water is pressurized and piped 

into a reverse osmosis unit where relatively pure water diffuses through a semi-permeable 

membrane and becomes the product water, leaving a concentrated reject water. The normal 

operating pressure of a typical reverse osmosis unit is approximately 240 to 440 psi. 

The removal efficiency of the reverse osmosis process varies somewhat, but, in 

general, RO will remove 95 percent of the radium found in the raw water. 
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The reverse osmosis process has typically been used for the removal of dissolved 

solids and other contaminants found in water, and there are numerous operating facilities, 

both large and small, located throughout Texas as well as the United States. However, only 

recently has the reverse osmosis process been utilized for the removal of radium from 

drinking water. 

The typical waste generated by the reverse osmosis process is a concentrated liquid 

stream of the reject from the RO units and the wastes from the membrane cleaning system. 

Typically, this waste stream is approximately 20 to 30 percent of the raw water flow. 

The costs of constructing, operating, and maintaining a reverse osmosis treatment 

plant, like a lime - soda ash treatment plant, are not very economical at the capacities 

required for the participants of this study. For example, the cost of constructing a reverse

osmosis treatment plant for North San Saba WSC (capacity 130 gpm) is over $500,000 with 

an operation and maintenance cost of $1.25 per thousand gallons. In addition, the waste 

stream would be 20 to 30 percent of the raw water flow, which is significantly higher than 

other treatment alternatives. The greater volume of waste, which must be disposed of, 

greatly increases the total cost of this alternative. 

Based on a total project cost of $500,000 for North San Saba WSC and financing at 

eight percent interest for 25 years, without capitalizing interest, the annual debt service 

would be $46,840, which equates to $1.58 per 1,000 gallons of 1990 water use. With O&M, 

the total 1990 cost would be $2.84 per thousand. By 2010, or when water requirements 

reach 0.116 mgd, the total cost per thousand gallons would reduce to $2.36. 

4.3.4 Low-pressure Membrane Filters 
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The low-pressure membrane filter process is similar to the reverse osmosis process, 

except the membranes are designed to selectively remove undesirable constituents at a lower 

pressure. The normal operating pressure of a low-pressure membrane filter system is 

approximately 70 psi, which is significantly less than the minimum of 240 psi required by an 

RO system. 

The radium removal efficiency of the low-pressure membrane filter process is 

generally at least 93 percent, which is slightly less than that of the reverse osmosis process. 

The low-pressure membrane filter process has typically been used for the selective 

removal of divalent cations, such as calcium and magnesium, as well as other contaminants 

found in water. There are numerous large and small facilities using this process throughout 

the United States. Only recently, however, has the low-pressure membrane filter process 

been used to remove radium drinking water. 

The typical waste generated by the low-pressure membrane filter process, like that 

from RO, is a liquid stream containing the concentrate (or reject) from the filter units and 

the wastes from the membrane cleaning system. Typically, this waste stream is 

approximately 20 to 30 percent of the raw water flow. 

Like RO, the low-pressure membrane filter process is very costly at the capacities 

required by the study participants. And, like reverse osmosis, the waste stream volume is 

very high compared to other processes. Initially, this treatment alternative is not a viable 

method for the participants; however, membrane technology is rapidly changing and, over 

time, this method may merit further review. 
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4.3.5 Manganese Greensand 

Manganese greensand is typically used to remove excess soluble iron and manganese 

found in groundwater. Manganese greensand is manufactured by treating glauconite with 

manganous sulfate and potassium permanganate to provide an active supply of iron and 

manganese oxides on sand grains. Radium is absorbed by the hydrous oxides of iron and 

manganese typically found in a manganese greensand filter bed. When the oxidizing 

capacity of the bed is exhausted, it is regenerated with permanganate, returned to service, 

and reused. In lieu of batch regeneration, continuous regeneration can be performed by 

feeding a solution of potassium permanganate continuously into the raw water ahead of the 

filter to reduce the amount of soluble iron and manganese applied to the filter. 

The removal efficiency of the manganese greensand filter process is relatively poor 

compared to other processes. In general, manganese greensand will remove 45 to 55 

percent of the radium in raw water. 

There are very few facilities in the United States utilizing manganese greensand for 

the removal of iron, manganese, or radium. Only recently has the manganese greensand 

filter process been utilized for the removal of radium from drinking water. 

The typical waste generated by the manganese greensand filter process is the liquid 

stream used to backwash the filter bed. Typically, this waste stream is approximately 20 to 

30 percent of the raw water flow. 

Manganese greensand is a relatively new process as evidenced by the limited number 

of installations in the United States. In addition, the waste stream volume is very high and 

radium removal efficiency is low compared to other treatment alternatives. Initially, this 
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treatment alternative does not appear to be a viable method for the removal of radium in 

the participants' water supplies. 

4.3.6 Manganese Dioxide Impregnated Filter 

Manganese dioxide is loaded or coated on a prewoven filter element to form a 

manganese dioxide impregnated filter. Typically, 10 to 25 percent (by weight) of manganese 

dioxide is coated on the filter media to provide an adsorption area for the removal of 

radium as well as the other divalent alkaline earth metals, such as calcium and manganese. 

In this process, the manganese dioxide filter cannot be regenerated because the radium is 

adsorbed permanently onto the filter media. 

The removal efficiency of the manganese dioxide impregnated filter process is 

relatively good, generally removing about 90 percent of the radium found in the raw water. 

The manganese dioxide impregnated filter process is a relatively new process that has 

typically been used only in laboratory tests to determine its ability to remove radium. There 

are no facilities in the United States utilizing manganese dioxide impregnated filters for the 

removal of iron and manganese or radium. 

The typical waste generated by the manganese dioxide impregnated filter process is 

a solid consisting of the filter itself, since radium is permanently absorbed to the media. As 

long as the level of radium is low enough, the filter(s) can be disposed of in the nearest 

sanitary landfill. 

Manganese dioxide impregnated filters are a relatively new process, as evidenced by 

the lack of installations in the United States. In addition, the waste stream volume is very 

high compared to other treatment alternatives. Since it is experimental, this alternative is 
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currently not a viable treatment option for the participants; however, after additional testing, 

including use in full scale plants and implementation of mass production of the filters, this 

process may prove to be cost-effective. H the filters can be produced at a reasonable cost, 

their use could become popular since waste disposal would not require dewatering or other 

means of drying the waste prior to disposal. 

43.7 Iron Oxidation-Filtration Process 

Potassium permanganate, chlorine, chlorine dioxide, or other oxidants can be used 

to oxidize soluble iron and manganese in water. After oxidation, the iron and manganese 

forms a hydroxide that easily precipitates in a settling basin or can be removed by filtration. 

Radium can also be removed from water by this process since the precipitate sometimes 

adsorbs radium. Then, the radium is subsequently removed in the settling basin or filters, 

along with the precipitate. 

The removal efficiency of the iron oxidation-filtration process is relatively poor since 

the process usually removes no more than 25 percent of the radium found in the raw water. 

In some cases, very little or no radium may be removed by the precipitate because the ionic 

charge of the precipitate is the same as radium. Therefore, radium will not be absorbed to 

and removed by the precipitate. 

The iron oxidation-filtration process has typically been used for the removal of iron, 

and it is sometimes used to remove manganese. There are numerous large and small 

facilities in Texas and the United States utilizing this process for iron removal. Only 

recently has the iron oxidation-filtration process been utilized for the removal of radium 

from drinking water. 
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The typical waste generated by the iron oxidation-filtration process is a semi-liquid 

consisting of the iron oxide particles with the radium permanently adsorbed into them. As 

long as the level of radium in the particles is low enough, it can be disposed of in the 

nearest sanitary landfill. 

Iron oxidation-filtration process is not a viable treatment alternative for the study 

participants due to its very low radium removal efficiency. This process does not merit 

further consideration. 

4.3.8 Radium Selective Complexer 

The radium selective complexer is comprised of resins that will selectively remove 

only radium from the water passing through it. The radium is permanently absorbed onto 

the complexer resin and cannot be removed. 

The removal efficiency of the radium selective complexer is exceptionally good. In 

general, the complexer will remove 98 percent of the radium found in the raw water. 

The radium selective complexer is a new treatment process for the removal of 

radium. There are only a few operating facilities in the United States. 

The typical waste generated by the radium selective complexer is a solid consisting 

of the complexer resin with the radium permanently adsorbed into it. As long as the level 

of radium is low enough, the resin can be removed and disposed of in the nearest sanitary 

landfill. 

At first glance, the radium selective complexer would appear to be a viable method 

for the removal of radium. However, the manufacturer of the complexer has stated that it 

is an experimental process and not available for normal use. Therefore, this treatment 
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alternative is not a viable method. H the manufacturer makes the complexer available for 

normal use, this option may be worth consideration in the future. 

4.3.9 Point of Use Treatment 

The typical point of use (POU) (i.e., at the location of the connection) treatment 

would be sodium cation exchange and reverse osmosis processes. The system would be 

installed under the sink, if possible, or in a small out-building. The system would provide 

water on an as-needed basis. 

The removal efficiency of the point of use treatment processes would be the same 

as that given above for sodium cation exchange or reverse osmosis. In general, POU 

treatment will remove 90 to 99 percent of the radium found in drinking water. 

The typical waste generated by the POU treatment systems is a liquid consisting of 

the brine from the RO unit or the ion exchange unit, which can be disposed of at an on-site 

septic system or a publicly owned treatment works. 

The Texas Department of Health has issued a policy statement that states that POU 

treatment is not considered a viable alternative to centralized treatemnt. Another major 

issue to be addressed with POU treatment is who is responsible for the maintenance and 

operation of the POU devices. The water purveyor is responsible for supplying potable 

water to the customers that meets all rules and regulations of the Texas Department of 

Health. Therefore, the water purveyor is technically responsible for the operation and 

maintenance of the POU treatment units. Depending on the locaton of and access to the 

POU treatment units, this mayor may not be a problem. 
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The typical cost of a POU treatment varies widely. For example, the typical sodium 

cation exchange system for treating all the water entering the house costs $1,800 to $2,500 

without a building. The normal operation and maintenance costs for the sodium cation 

exchange system is $5 to $8 per month. The typical life of this POU treatment devices is 

15-20 years. 

For cost comparison purposes, we will assume that a POU treatment system is the 

selected treatment option to be installed by the participants in each home in lieu of 

centralized treatment. The cost of the project will be financed at eight percent interest for 

15 years (the minimum life of the units), without capitalized interest, the average cost per 

thousand gallons for all the participants is $2.43 based on 1990 water use. With O&M, the 

total 1990 average cost would be $2.83 per thousand gallons. By 2010, the total average cost 

per thousand gallons would reduce to $2.61. 

4.4 Treatment Alternatives For the Removal or Radon 

Radon is one of the naturally occurring radioactive materials that will be regulated 

by the Radionuclide Rule to be promulgated by EPA in the near future. Radon is the only 

gas of the radionuclides and is a member of the noble gas group, which includes helium, 

argon, and other chemically inert monatomic gases. Therefore, the treatment alternatives 

for the removal of radon include stripping the gaseous radon from the water, providing 

detention time in a reservoir to allow the decay and dissipation of the radon, and absorption 

onto another media such as granular activated carbon. 
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4.4.1 Stripping 

Because radon is a gas, it can easily be removed or stripped from the water by 

aeration. The methods for stripping radon can be simple, such as providing splash plates 

in ground storage tanks to aerate the water, or complex, such as trickling water over a media 

in a packed tower to form water droplets which are then aerated by air which is forced 

through the media. 

The removal efficiency of each method varies according to the amount of energy 

expended in aeration. The simple stripping method of splash plates in a ground storage 

tank, removes approximately 50 percent of the radon in the raw water. The more complex 

packed tower aeration method, removes approximately 98 percent of the radon in the raw 

water. 

It was not within the scope of this study to perform detailed review of each of the 

participants' ground storage tank installations to determine an estimate of the cost to modify 

each reservoir to air strip radon. However, the only modifications required would be to 

change the tank inlet from the bottom to the top and add splash plates in the tank. It is 

estimated that the costs of these modifications would be in range of $5,000 to $10,000, 

depending on the size of the tank and piping. 

4.4.2 Detention 

Due to its short half-life and the fact that it is a gas, radon can be removed from 

water by detaining the water in a storage tank until the gas has dissipated or the radon has 

decayed. Research has shown that if water containing high levels of radon is allowed to 
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stand in a tank for five to six days, radon will be reduced approximately 70 to 80 percent 

through decay and dissipation. 

By using supplemental aeration along with extending detention time in the reservoir, 

removal efficiencies can be increased significantly. Supplemental aeration can be added by 

including a small blower and air diffuser in the ground storage tank or an external blower 

and a venturi that injects air into the water in the tank. Depending on the amount of 

supplemental aeration added, the removal efficiency can be increased to the point that 90 

to 99 percent of the radon in the raw water is removed. 

Based on discussions with the study participants, it appears that there is excess 

storage tank capacity for at least most of the year, particularly for the smaller systems. 

However, during times of heavy usage, detention times on the order of five to six days are 

not feasible. Therefore, to provide year round reduction of radon, all participants would 

have to construct additional storage facilities to provide the required detention time. 

Typically, the cost of constructing a new above ground steel reservoir ranges from $60,000 

for a 10,000 gallon tank to $300,000 for a 500,000 gallon tank. For the smaller systems, 

extending detention time may be a viable alternative to reduce radon, but for the larger 

systems, such as Brady, it is not. 

4.4.3 Adsorption by Carbon 

Granular activated carbon (GAC) is a very strong adsorbent media, and it is the best 

available treatment technology for the removal of most volatile contaminants. Since radon 

is a very volatile gas, GAC will easily remove radon from water. 
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To remove radon using GAC, the treatment system must include a tower or filter bed 

filled with GAC over which water is distributed and allowed to trickle down. As water 

trickles through the GAC, radon is adsorbed (or attached to) the GAC. Then, due to its 

short half-life, the adsorbed radon is removed from the media over time by decay, or it is 

dissipated into the air. GAC removes 50 to 80 percent of the radon in raw water. 

One of the main problems with GAC is its high adsorption capacity. In addition to 

radon, GAC will remove other constituents in the water, including iron, manganese, 

particulates, and microorganisms. The accumulation of these constituents will necessitate 

more frequent periodic backwashing or pretreatment to prevent significant increase in 

headloss across the filter which reduces the capacity of the filter. In addition, due to 

accumulation of radioactive materials, radioactive emissions from the GAC filter could be 

higher than normal background levels, requiring the filter to be shielded to protect 

personnel in the area. 

4.5 Waste Disposal Alternatives 

As discussed in previous sections describing treatment alternatives, the wastes to be 

disposed of are either liquid, such as the concentrate or brine, or solid, such as a sludge or 

filter media. The disposal alternatives for each are very different. 

To complicate matters, the regulations covering the disposal of such wastes are 

changing. Presently, the only regulations covering the disposal of waste from naturally 

occuring radioactive materials (NORM) are federal regulations covering the disposal of low 

level radioactive wastes. Under these federal regulations, the only alternative available for 

the disposal of such wastes is deposition in a federally regulated low level radioactive waste 
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disposal site. Currently, there are only four low level radioactive disposal sites in the United 

States at which NORM wastes can be disposed, and the closest site to this area is located 

in Nevada. However, NORM wastes typically contain levels of radioactivity that are 

significantly below the levels of radiation of the wastes normally deposited in federally 

regulated disposal sites. 

Within the last few months, the Texas Department of Health has begun the process 

of developing rules and regulations for the disposal of NORM wastes. It is anticipated that 

it will take six months to one year to complete the rule-making process so state rules and 

regulations presently cover the disposal of NORM wastes. It is expected that the state rules 

will allow NORM wastes to be discharged into a wastewater treatment plant or deposited 

in a sanitary landfill. The disposal alternatives discussed in the following sections are based 

on the proposed state level rules and regulations covering the disposal of NORM wastes as 

we understand them at this time. The study participants should monitor the development 

of these rules and regulations and select disposal alternatives after the final rules have been 

implemented. 

4.5.1 Disposal at POTW 

The best alternative for the disposal of NORM wastes mixed with water is to 

discharge it in the closest available publicly owned treatment works (POTW) for the 

treatment and disposal of sewage. Of all the participants of this study, only the City of 

Brady owns and operates a POTW. The wastes can be discharged to the sanitary sewer or 

otherwise transported to the sewage treatment plant for treatment and disposal with the 
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normal sewage wastes and sludges. Disposing of NORM wastes in this manner would 

eliminate or minimize the need for additional treatment. 

The controlling factor in the disposal of NORM wastes in a POTW is the 

concentration of radioactivity in the wastewater sludge. However, the volume of NORM 

wastes and the amount of radioactivity in the water treatment sludge should be minor 

compared to the volume of sanitary sewage being treated at the POTW, and the resultant 

levels of radioactivity in the wastewater sludge should be below the proposed maximum 

level(s) in the new state regulations in order for the solids to be deposited in a sanitary 

landfill. 

4.5.2 Disposal at a Landfill 

After the Texas Department of Health rules are implemented, another alternative 

for the disposal of NORM wastes will be the nearest sanitary landfill. The wastes would 

typically be required to be in a solid (or near solid) state before they can be disposed of in 

the landfill. For instance, if the chosen treatment alternative produces a liquid or semi

liquid waste stream, the wastes will have to be consolidated into a transportable solid before 

disposal. 

The consolidation process could involve treatment ranging from removing the radium 

from the liquid waste stream by another treatment process such as the radium selective 

complexer that produces a disposable solid. Removing the water from the sludges produced 

in lime-soda ash softening by devices such as centrifuges results in a semi-solid sludge cake. 

Also, evaporating the water in evaporation ponds will produce a substance that can be 

disposed of in a sanitary landfill. 
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Regardless of the water treatment process, if the NORM waste stream consists 

primarily of water, further treatment will be required to produce a substance that can be 

disposed of in a sanitary landfill. And, as discussed for disposal via wastewater sludge, the 

concentration of radioactivity in the substance deposited in the sanitary landfill must meet 

the proposed maximum level required by the new state regulations. 

4.5.3 Radon Disposal 

As discussed earlier, aeration (or stripping) is the best treatment alternative for the 

removal of radon. After stripping, the stripped radon is typically disposed of by dispersing 

it into the air. In this process, radon is mixed with air so that the concentration of radon 

in the air does not exceed the normal background level. 

H granular activated carbon (GAC) is used to remove radon, the spent GAC must 

be reactivated. The radon removed in this process is also disposed of by dispersing it into 

the air. H necessary, the spent GAC can be disposed of in a sanitary landfill. 

4.6 Summary 

For the participants of this study, the potential treatment options for removing the 

radium and radon have been identified. Table 4.6-1 lists the costs for the potential 

treatment options for the removal of radium. 
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Table 4.6-1 
Project Cost of Potential Treatment Options for the 

Removal of Radium 
(Cost per 1,000 Gallons Based on 2010 Water Use) 

Sodium Cation Exchange $0.55 

lime-Soda Ash Softening 2.10 

Reverse Osmosis 2.36 

Point of Use 2.61 
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5.0 ALTERNATIVE WATER SUPPLY SOURCES 

5.1 Introduction 

As discussed ill the previous section, there are a number of water treatment 

alternatives available to treat the study participants' water supplies to remove radionuclides. 

In addition to treating their water, the participants could develop alternative water supply 

sources to either replace or supplement their existing supply sources. In this chapter, 

various alternative supply sources will be identified. 

For this study, it has been assumed that the water distribution systems of the 

participants will be adequate to receive, store, and distribute water from an alternative water 

supply source. However, in reality, distribution systems built around wells scattered 

throughout the system typically require modification to efficiently serve customers from a 

single source. In addition, it has been assumed that study participants or entities in the 

surrounding area with an under-utilized supply source would be willing to supply water to 

any other entity that participates in a regional water supply system. 

The costs outlined for each regional water supply system include the capital cost of 

a water treatment plant, if required, to treat the water to meet the TDH Drinking Water 

Standards and the transmission system necessary to transport water from the plant to each 

participating entity. In addition, the cost estimates include the projected annual operation 

and maintenance cost. 

5.2 Surface Water Sources 

There are five potential sources of surface water in the area that might be used to 
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either replace or supplement the existing water supplies of the study participants. These 

potential sources are Lake Brady, O.H. Ivie Reservoir, Lake Brownwood, the City of San 

Angelo, and the potential San Saba Reservoir. Each of these potential surface water 

sources is described in greater detail below. 

5.2.1 Lake Brady 

Lake Brady, completed in 1963, is owned by the City of Brady, which has a permit 

from the Texas Water Commission to use 3,000 acre-feet of water annually from the lake 

for municipal purposes and 500 acre-feet annually for industrial purposes. The dependable 

yield of the lake is estimated to be 3,100 acre-feet or 2.76 million gallons of water per day 

(mgd)l. However, this estimate of the dependable yield of Lake Brady has been questioned 

by the City of Brady and others in the area. Therefore, a new dependable yield study of 

Lake Brady should be performed before this alternative supply source is utilized. But, for 

the purposes of this study, the dependable yield of Lake Brady is assumed to be 3,100 acre 

feet per year. 

5.2.1.1 Lake Brady Regional System I 

Lake Brady could supply the City of Brady and its neighboring participants, including 

live Oak Hills Subdivision, Richland Water Supply Corporation, and Rochelle Water Supply 

Corporation. As shown in Table 5.2.1-1, the 2010 projected annual water requirement (from 

Table 2.4-1) for these four participants is 1.971 mgd, which is less than Lake Brady's 

1 Unpublished planning information, Texas Water Development Board, Austin, Texas, 1977. 
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Table 5.2.1·1 
Current and Projected Water Use for Lake Brady Regional System I 

Projected Water 
Water Us~ Requirements 

in 1990 in 201W 
Participant (mgd) (mgd) 

Brady 1.641 1.854 

live Oak Hills 0.008 0.011 

Richland WSC 0.064 0.071 

Rochelle WSC 0.032 0.035 

TOTAL 1.745 1.971 

i From Table 2.4-1 

estimated yield. 

Lake Brady Regional System I (Figure 5.2.1-1) would be comprised of an intake and 

a 4 mgd water treatment plant to be located at Lake Brady, and a transmission system to 

transport the treated water to the participating entities. The transmission system would 

include a 14-inch transmission line from the water treatment plant to the City of Brady's 

elevated storage tank; a 2-inch line extending from Brady's water distribution system to Live 

Oak Hills Subdivision; a booster pump at Brady's Pump Station No.5 and a 4-inch line to 

Richland WSC's standpipe located along FM 1121; and a 3-inch line from Richland's water 

distribution system to Rochelle WSc. 

The estimated total project cost for Lake Brady Regional System I is $8,200,000, and 

the estimated operation and maintenance cost is $0.63 per one thousand gallons of treated 

water. If the project cost is financed at eight percent interest for 25 years, without 
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capitalized interest, the annual debt service would be $768,000, which equates to $1.21 per 

1,000 gallons of 1990 water use. With O&M, the total 1990 cost would be $1.84 per 

thousand. By 2010, or when water requirements increase to 1.971 mgd, the total cost per 

thousand gallons would reduce to $1.65. 

5.2.1.2 Lake Brady Regional System II 

Lake Brady could also be an alternative water supply source for the City of Melvin 

and Millersview-Doole WSc. By adding these two entities with the entities in System I, the 

total projected annual water requirements (from Table 2.4-1) would be 2.535 mgd (see 

Table 5.2.1-2). The 2.76 mgd yield of Lake Brady is adequate to meet the projected water 

requirements of these six entities. 

The Lake Brady Regional System II (shown in Figure 5.2.1-2) would be comprised 

of an intake and a 5 mgd water treatment plant at Lake Brady and a transmission system 

to transport the treated water to each of the participating entities. The transmission system 

would include the transmission lines from System I as well as 13 miles of a 12-inch 

transmission line from the water treatment plant to Millersview-Doole's Melvin Pump 

Station and one mile of 4-inch line extending to the City of Melvin. 

The estimated total project cost for Lake Brady Regional System II is $12,700,000, 

and the estimated operation arid maintenance cost is $0.60 per one thousand gallons of 

treated water. If the project cost is financed at eight percent interest for 25 years, without 

capitalized interest, the annual debt service would be $1,190,000, which equates to $1.45 per 

1,000 gallons of 1990 water use. With O&M, the total 1990 cost would be $2.05 per 

thousand. By 2010, or when water requirements reach 2.535 mgd, the totals cost per 
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Table 5.2.1-2 
Current and Projected Water Use for Lake Brady Regional System II 

Projected 
Water Us«! Water Requirements 

Participant in 1990 in 20101 
(mgd) (mgd) 

Brady 1.641 1.854 

Live Oak Hills 0.008 0.011 

Richland WSC 0.064 0.071 

Rochelle WSC 0.032 0.035 

Millersview-Doole WSC 0.472 0.533 

Melvin 0.028 0.031 

TOTAL 2.245 2.535 

'Prom Table 2.4-1 

thousand gallons would reduce to $1.89. 

5.2.2 O.H. lvie 

O.H. lvie Reservoir, owned by the Colorado River Municipal Water District 

(CRMWD), was completed in 1990. The reservoir is permitted for municipal and industrial 

water use by customers of CRMWD. This potential source of water is included because of 

its proximity to the area. However, water for the participants of this study would have to 

be obtained from CRMWD, and at the present time, arrangements have not been made to 

discuss obtaining water from CRMWD for the study area. Based on discussions with 

CRMWD, the price for raw water from the O.H. lvie Resevoir would be $120/acre-foot (or 

$0.37/1,000 gallons) on a take or pay basis. 
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5.2.2.1 O.H. lvie System I 

lvie Reservoir could be an alternative supply source for Millersview-Doole WSc. A 

1.0 mgd water treatment plant would be constructed at O.H. lvie Reservoir, and treated 

water would be pumped via a lO-inch transmission line to Millersview-Doole WSC's Salt 

Gap storage tank and then distributed to its customers. The projected water requirements 

for Millersview-Doole WSC are 0.533 mgd in 2010, and the system's water use in 1990 was 

estimated to be 0.472 mgd. 

The estimated total project cost for lvie System I (shown in Figure 5.2.2-1) IS 

$3,500,000, and the estimated operation and maintenance cost is $1.72 per thousand gallons 

of treated water including the cost of raw water. If the project cost is financed at eight 

percent interest for 25 years, without capitalized interest, the annual debt service would be 

$328,000, which equates to $1.90 per 1,000 gallons of 1990 water use. With O&M and raw 

water, the total 1990 cost per thousand gallons would be $3.62 per thousand gallons. In 

2010, or at 0.533 mgd water use, the total cost would be $3.41 per 1,000 gallons. 

5.2.2.2 O.H. lvie Regional System II 

lvie Regional System II would serve Millersview-Doole WSC, and the cities of Melvin 

and Eden. The projected annual water requirement of this potential regional water supply 

system is 0.892 mgd (see Table 5.2.2-2). 

The system (shown in Figure 5.2.2-2) would be comprised of an intake and a 1.8 mgd 

water treatment plant located at lvie Reservoir and a transmission system to transport 

treated water to the participating entities. The transmission system would include a lO-inch 

transmission to the Salt Gap standpipe to serve Millerview-Doole WSC with an 
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Table 5.2.2-2 
Current and Projected Water Use for O.H. Ivie Regional System II 

Projected 
Water Ust! Water Requirements 

Participant in 1990 in 20101 
(mgd) (mgd) 

Eden 0.247 0.328 

Melvin 0.028 0.031 

Millersview-Doole WSC 0.472 0.533 

TOTAL 0.747 0.892 

'From Table 2.4-1 

interconnection to serve Melvin and a 10-inch transmission line to serve the City of Eden. 

The estimated total project cost for the lvie Regional System II is $8,000,000, with 

an estimated operation and maintenance cost of $1.34 per 1,000 gallons of treated water, 

including the cost of raw water. If the project cost is financed at eight percent interest for 

25 years, without capitalized interest, the annual debt service would be $750,000, which 

equates to $2.75 per 1,000 gallons of 1990 water use. With O&M and raw water costs, the 

total 1990 cost would be $4.09 per thousand. By 2010, or when water requirements reach 

0.824 mgd, the total cost per thousand would reduce to $3.70. 

5.2.2.3 O.H. lvie System ill 

lvie System ill would serve only the City of Eden, which, as Table 5.2.2-2 shows, used 

0.247 mgd in 1990 and has a 2010 projected water need of 0.328 mgd. The system to serve 

the City of Eden (Figure 5.2.2-3) would be 'comprised of an intake and a 0.66 mgd water 
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treatment plant at lvie Reservoir and a lO-inch transmission line from the plant to the City 

of Eden. 

The estimated total project cost for lvie System ill is $4,600,000, with an estimated 

operation and maintenance cost of $2.34 per one thousand gallons of treated water, 

including the cost of raw water. If the project cost is financed at eight percent for 25 years, 

without capitalized interest, the annual debt service would be $431,000, which equates to 

$4.78 per 1,000 gallons of 1990 water use. With O&M and raw water cost, the total 1990 

cost would be $7.12 per thousand. By 2010, or when the requirements reach 0.260 mgd, the 

total cost per thousand gallons would reduce to $5.94. 

5.2.3 Lake Brownwood 

Lake Brownwood, completed in 1933, is owned by the Brown County Water Control 

and Improvement District Number 1. Their water rights permit allows 16,800 acre-feet to 

be used for municipal and industrial purposes and 50,590 acre-feet for irrigation. As is the 

case with O.H. lvie Reservoir, there have not been any discussions with Brown County 

WCID #1, but Lake Brownwood does appear to be a potential water supply source for the 

North San Saba Water Supply Corporation. Based on discussions with Brown County 

WCID #1, the cost of raw water from Lake Brownwood would be $0.57/1,000 gallons. In 

order to serve North San Saba WSC, raw water would have to be released from Lake 

Brownwood into Pecan Bayou, and the water would subsequently be diverted for treatment 

at or near the confluence of Pecan Bayou and the Colorado River. 

North San Saba Water Supply Corporation is projected to need 0.116 mgd of water 

in 2010 and its 1990 use was estimated to be 0.081 mgd. 
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The estimated total project cost for this system would be $3,000,000 with a projected 

operation and maintenance cost of $1.37 per 1,000 gallons, including raw water costs. If the 

project cost is financed at eight percent interest for 25 years, without capitalized interest, 

the annual debt service would be $281,000, which equates to $9.50 per 1,000 gallons of 1990 

water use. With O&M and raw water costs, the total 1990 cost would be $10.87 per 

thousand. By 2010, or when the water requirement reaches 0.116 mgd, the total cost per 

thousand gallons would reduce to $7.59. 

5.2.4 City of San Angelo 

For the past 10 years, the City of San Angelo has been supplying Millersview-Doole 

WSC an average of 27.4 acre-feet of water per year (0.025 mgd). This water is used 

primarily in the western parts of the Corporation'S service area. San Angelo's water supply 

sources include Lake O.C. Fischer, Lake Twin Buttes, Lake Nasworthy, a well field in 

Concho County, and it will soon be supplied from O. H. Ivie Reservoir. Based on a 

preliminary analysis of their projected annual requirements and the capacities of their water 

supply sources, it appears the City of San Angelo may have water available to sell to the 

participants of this study, but there have not been any discussions with San Angelo about 

their interest in selling additional water to any of the participants. 

Millersview-Doole WSC, which presently obtains water from San Angelo, has a 

projected annual water requirement in 2010 of 0.533 mgd. Others that could possibly 

receive service from San Angeio include Eden and Melvin, which have projected 2010 

requirements of 0.328 mgd and 0.031 mgd, respectively. To determine how much it would 

cost for San Angelo to serve these three participants with the 0.892 mgd they will need in 
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2010, a detailed evaluation of existing pipelines, pump stations, storage tanks, and 

connecting links would have to be made in order to determine the necessary modifications. 

The evaluation of the systems and the necessary modifications is beyond the scope of this 

study. However, it appears service from San Angelo may be a viable alternative, and 

Millersview-Doole WSc, Eden, and Melvin should consider this as a future option. 

5.2.5 San Saba Reservoir 

The proposed San Saba Reservoir Project, located 14 miles west of San Saba on the 

San Saba River, is a potential water supply source for the study area as well as the 

surrounding areas. If it is built to its maximum capacity, the project would have a surface 

area at the top of the flood control pool of 18,700 acres, would hold 901,000 acre-feet of 

water, and would have a sediment pool of 26,000 acre-feet. The water supply pool would 

have a surface area of 7,200 acres and a capacity of 280,000 acre-feet. The estimated firm 

yield of the reservoir is 27,400 acre-feet of water per year (24.4 mgd). Projected 2010 

annual water requirements for all the participants of this study are 3.0 mgd. Thus, the San 

Saba Reservoir could serve as a water supply source for all of the entities of this study as 

well as some neighboring entities. 

Construction cost of the reservoir, including flood control storage, is estimated at 

$144 million (1962 prices adjusted for inflation).2 Cost estimates for a water supply project, 

without flood control capacity, are not available, but based on splitting cost of the reservoir 

pro-rata between flood control and water supply (based on water in each pool), the cost of 

2"Texas Basins Project," Volume I, page 87, Bureau of Reclamation, U.S. Department of the Interior, 
Amarillo, Texas, February, 1%5. 
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a water supply project could be expected to be about $45 million. This would equate to 

$0.47 per 1,000 gallons. In addition to the cost of the reservoir, a regional water system, 

including water treatment, pumping, transmission, and storage facilities, would have to be 

planned, constructed, and operated in order to supply the participants of this study with 

water from this source. It is estimated that such a regional water supply would cost 

$28,000,000 to construct and $0.92/1,000 gallons to operate and maintain. If the regional 

water supply system project cost is financed at eight percent interest for 25 years, without 

capitalized interest, the annual debt service would be $2,623,040, which equates to $2.79 per 

1000 gallons of 1990 water use. With O&M, the total 1990 cost including raw water, would 

be $4.18 per thousand. By 2010, or when the water requirement reaches 3.0 MGD, the total 

cost per thousand gallons would reduce to $3.58. 

As of the date of this study, the San Saba Reservoir project has received only 

preliminary planning attention. Therefore, it can only be considered a potential water 

supply for the distant future, i.e., after the year 2010, since it usually takes more than 20 

years to plan and develop such a project if there are no legal and environmental problems. 

To begin the process, a local sponsor would need to obtain the necessary permits, arrange 

financing, and build the project. Since planning of the San Saba Reservoir has not advanced 

beyond the preliminary stages, it is not possible to provide additional information in this 

study about the potential of this long range project as a future water supply for the 

participants of this study. 

5.2.6 Summary 

For the participants of this study, five potential sources of surface water have been 
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identified which could either replace or supplement their existing sources. For most 

potential sources, a number of possible regional systems have been identified. Table 5.2.6-1 

lists the potential sources and regional systems identified in this chapter. 

5.3 Ground Water Sources 

At the present time, the City of San Saba has the only potential source of ground 

water that might be used to either replace or supplement the existing sources for the 

participants of this study. 

The City of San Saba has four wells that serve as its primary source of drinking 

water. Based on the capacities of these wells and the projected annual requirement of the 

City, excess capacity is available. However, the gross alpha and combined radium 

concentrations exceed the present MCL of the IDH Drinking Water Standards, but not the 

proposed MCL of the Radionuclide Rule. It should be pointed out that no information is 

available on the concentration of radon for the City of San Saba's well supply. Based on 

the analysis from the participants of this study, the concentration of radon probably exceeds 

the MCL for radon in the Radionuc1ide Rule. 

North San Saba WSC has arranged with the City of San Saba to obtain an emergency 

water supply from the City and is presently constructing a pipeline to connect to San Saba's 

water distribution system. North San Saba WSC should consider obtaining enough water 

from the City to meet their projected annual requirement, which is 0.116 mgd annually in 

2010. However, in this study, there have not been any contacts with San Saba regarding 

additional water supplies for North San Saba WSC, nor have the conveyance and storage 

facilities been evaluated to determine if existing facilities and pumping capacities would be 

adequate to implement such an option. 
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Table 5.2.6·1 
Projected Cost of Potential Surface Water Sources 

and Regional Water Systems to Serve Study Participants 
(cost per 1,000 gallons based on 2010 water use) 

Lake Brady O.H. lvie Reservoir City of 

I I I Lake San San Saba 
Participants I II I II III Brownwood Angelo Reservoir 

Brady 1.65 1.89 3.58 

Live Oak Hills 1.65 1.89 3.58 

Richland WSC 1.65 1.89 3.58 

Rochelle WSC 1.65 1.89 3.58 

Millersview-Doole 1.89 3.41 3.70 NA 3.58 
WSC 

Melvin 1.89 3.70 NA 3.58 

Eden 3.70 5.94 NA 3.58 

North San Saba WSC 7.59 3.58 
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6.0 SAFE DRINKING WATER ACf REQUIREMENTS 

6.1 Introduction 

The Safe Drinking Water Act (SDWA), originally signed into law on December 16, 

1974, mandated the establishment of the first national regulations for drinking water that 

were to apply to all public water systems in the United States. The U.S. Environmental 

Protection Agency (EPA) was authorized to set regulations for drinking water, conduct 

research and special studies as required, and administer the implementation of the act. 

State governments, via their health departments or environmental agencies, were to assume 

the major responsibility for implementation and enforcement of the requirements of the 

SDW A in their individual states. The local public water systems were obligated by law to 

assume the actual day-to-day responsibility of meeting the regulations. 

To improve the SDW A, in particular the process for setting regulations, and to 

initiate the protection of groundwater, Congress amended most of the 1974 act and added 

six new sections in 1986. The SDWA Amendments of 1986, signed into law on June 19, 

1986, mandated the establishment of a variety of new drinking water regulations with a very 

specific timetable. The 1986 Amendments included several water quality related 

regulations, as follows: 

* 

* 

Maximum contaminant level goals (MCLGs) and maximum contaminant 
levels (MCLs) must be established for 83 contaminants listed in the Advanced 
Notice of Proposed Rulemaking published March 4, 1982 and October 5, 
1983. EPA was required to set MCLGs and MCLs for these 83 contaminants, 
although up to seven substitutes were allowed. 

MCLGs and MCLs must be established for 25 contaminants selected from a 
priority list to be prepared by EPA and updated every three years. 
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* 

* 

For all public water systems utilizing surface water sources, EPA must 
establish criteria requiring filtration of the water as a minimum treatment 
technique. 

Disinfection of drinking water is required for all public water systems. 

Specific time lines were specified in the Act for development of regulations to 

implement the various requirements of the 1986 Amendments. In addition, EPA was to 

establish regulations covering monitoring of additional unregulated contaminants, so data 

could be developed on their occurrence and the health risks they present could be 

evaluated. 

The process for developing regulations was modified as follows: 

1. The previously established recommended maximum contaminant levels 
(RMCLs) were redefined as MCLGs. MCLGs are non-enforceable health
based goals which must be set at a level so no known or anticipated adverse 
effect on human health occurs. An adequate margin of safety must be allowed 
without regard to cost. 

2. EPA is to publish MCLGs and promulgate MCLs for each contaminant that, 
in the judgement of EPA, may have an adverse health effect if it occurs or is 
anticipated to occur in any public water system. The MCLG should be 
proposed at the same time that the MCL for a contaminant is promulgated. 

3. MCLs are enforceable standards. EPA is required to set the MCL for a 
contaminant as close to the MCLG as feasible, using the best technology, 
treatment techniques, and other available means. Cost is taken into 
consideration. 

4. For each contaminant, EPA is to establish the technology, treatment 
technique, and other means feasible for metering the MCL, which is to be 
referred to as the best available technology (BAT). Public water systems may 
use any "appropriate technology," including BAT, that is acceptable to the 
State and results in compliance with an MCL 

5. EPA can establish the use of a treatment technique in lieu of an MCL, if it 
is determined that monitoring for the contaminant is not economically or 
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technologically feasible. 

The 1974 SDWA required water systems to notify their customers when drinking 

water standards were violated. The 1986 Amendments directed EPA to revise the original 

public notification requirements to provide for different types and frequencies of notices 

based on the type of violation. In addition, the new public notification requirements were 

to take into account the seriousness of any potential adverse health effects. EPA is to 

determine the mandatory language that must be used in each public notice for each 

violation of each new regulatory phase. 

With the 1986 Amendments, Congress also established a specific schedule for EPA 

to follow in implementing the new regulations. However, the established development and 

review process for proposed and final regulations to be promulgated by EPA is extensive 

and involves public participation at several levels. Congress underestimated the time 

needed to develop sound regulations, so most actions have exceeded the originally 

established time schedule. 

Congress established the general guidelines of the 1986 Amendments, and EPA, 

utilizing these guidelines, has developed specific rules for the implementation of the 

requirements. In this chapter, the specific regulations impacting the participants of this 

study will be identified, as well as the anticipated schedule for implementation of the 

regulations. 

6.2 Volatile Organic Chemicals (VOCs) Rule 

The final Volatile Organic Chemicals (VOC) Rule was originally published on July 
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8, 1987, and on July 1, 1988, corrections were published to the rule. The VOC regulation 

establishes MCLGs and MCLs for the eight VOCs listed in Table 6.2-1. 

Table 6.2-1 
MCLGs and MCLs for Volatile Organic Chemicals 

MCLG MCL 
Contaminant (mg/l) (mg/l) 

Benzene 0.000 0.005 

Carbon Tetrachloride 0.000 0.005 

para-Dichlorobenzene 0.075 0.075 

1,2-Dichloroethane 0.000 0.005 

1,1-Dichloroethylene 0.007 0.007 

1,1,1-Trichloroethane 0.200 0.20 

Trichloroethylene 0.000 0.005 

Vinyl Chloride 0.000 0.002 

The major impact of this particular rule on the participants of this study will be the 

monitoring requirements, which include the eight VOCS listed above as well as 51 additional 

contaminants. The initial monitoring requirement is one sample per quarter for one year 

at each entry point to the distribution system, regardless of whether any VOCs are initially 

detected. Composite samples of up to five sampling points are allowed. Compliance with 

the MCLs is determined by a running annual average of quarterly samples for each sample 

location. If the average is greater than the MCL, then the system is out of compliance. 

The initial monitoring requirements were phased in based on the size of the 

population served by the public water system. For systems with a service population greater 

than 3,300, the initial sampling and analysis should have been completed by December, 
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1989; and for systems with a service population of less than 3,300, the initial sampling and 

analysis is to be completed by December, 1991. In Texas, the Texas Department of Health 

(TDH) typically performs this analysis for public water systems as part of their routine 

sampling program. 

Repeat monitoring and sampling for all sources must take into account the previous 

monitoring results and the vulnerability of the source. The vulnerability of each water 

system is determined by the state, which bases its conclusion on several factors, including: 

previous monitoring results; number of people served by the system; proximity of the system 

to commercial or industrial use, disposal, or storage of VOCs; and level of protection given 

to the water source, such as a watershed management or wellhead protection program. A 

system is considered vulnerable for a period of three years after any positive sample of one 

or more VOCs. If no VOCs are detected and the source is determined to be nonvulnerable 

to possible contamination, then the repeat monitoring frequency can be reduced to every 

three years. 

In addition to the monitoring requirements for the eight regulated VOCs, monitoring 

requirements for 51 additional contaminants were also included. The contaminants to be 

monitored can be placed into three general groups: 

• Thirty-four compounds that must be monitored for all systems; 

• Two compounds that must be monitored by systems whose water supply is 
determined to be vulnerable to possible contamination; and 

• Fifteen compounds that must be monitored by systems at the discretion of the 
state. 

The monitoring and sampling schedule for these 51 additional contaminants is the 
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same as the schedule for VOCs. The initial monitoring requirements were phased in based 

on the size of the population served by the public water system. For systems with a service 

population greater than 3,300, the initial sampling and analysis should have been completed 

by December, 1989; and for the systems with a service population of less than 3,300, the 

initial sampling and analysis is to be completed by December, 1991. In Texas, TDH 

typically performs this analysis for public water systems as part of their routine sampling 

program. Repeat sampling and monitoring must be performed every five years. 

Based on the analyses completed to date by TDH, no measurable concentration of 

any of the eight regulated VOCS and recommended 51 additional contaminants has been 

detected in the areas covered by this study. Therefore, the only impact of this Rule on the 

participants of this study will be the increased cost of monitoring and analysis performed by 

TDH. 

6.3 Fluoride Rule 

The Fluoride Rule was originally published on November 14, 1985, and finalized on 

April 2, 1986. It established both the MCLG and MCL at 4.0 mg/l to protect against 

crippling skeletal fluorosis. The secondary maximum contaminant level (SMCL) was set at 

2.0 mg/l to protect against objectionable dental fluorosis, which is not considered an adverse 

health effect by EPA System compliance with the fluoride MCL is based on each sampling 

point; in other words, if any sampling point is out of compliance, the entire system is 

deemed to be out of compliance. 

Public water systems utilizing groundwater must monitor for fluoride once every three 
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years. IDH may reduce the monitoring requirements to once every 10 years if it determines 

that the system is not likely to exceed the MCL. However, it is recommended that systems 

practicing fluoridation monitor the fluoride level daily. 

The general public notification requirements of non-compliance apply to this rule. 

In addition, community water systems that exceed the SMCL, but not the MCL, are required 

to give special notice annually using the mandatory language that informs the customer of 

the significance of exceeding the SMCL. 

Based on the analyses completed to date by IDH, the fluoride concentrations in all 

of the water systems participating in this study are below the MCL with only Millersview

Doole WSC exceeding the SMCL. Therefore, the only impact of this rule on the participants 

of this study is the increased cost of monitoring and analysis performed by IDH. 

6.4 Surface Water Treatment Rule 

Known as the Surface Water Treatment Rule (SWTR), the regulations for filtration, 

disinfection, turbidity, Giardia lamblia, viruses, Legionella, and heterotrophic bacteria were 

proposed on November 27, 1987, and promulgated on June 29, 1989. The rule applies to 

all public, community and noncommunity, water systems that use surface water sources or 

ground water sources under the direct influence of surface water. This rule assumes that 

all surface water sources and groundwater sources under the direct influence of surface 

water can be potentially contaminated by Giardia lamblia and other protozoa, viruses, and 

pathogenic bacteria. 

This rule would only impact the participants of this study if IDH determines that the 
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groundwater supply sources are under the direct influence of surface water. If such a 

determination is made, then the affected entity would have to provide treatment of the 

water source in accordance with this rule. 

6.5 Total CoIifonn Rule 

Total coliforms were included in the list of 83 contaminants that were to be regulated 

in the SDWA 1986 Amendments. EPA developed a proposed rule for total coliform, which 

was published on November 3,1987. Additional regulatory options were published on May 

6, 1988, and the final rule was promulgated on June 29, 1989. Beginning January 1, 1991, 

all public water systems in the nation must comply with this rule. 

In the final rule for total coliforms, the MCL for water systems analyzing at least 40 

samples per month is that no more than 5.0 percent of the monthly samples may be positive 

for total coliform. The MCL for water systems analyzing less than 40 samples per month 

requires that no more than one sample per month may be positive for total coliform. The 

frequency of monthly routine sampling is based on the population served by the water 

system. 

All public water systems must sample according to a written plan which includes a 

map of the water distribution system showing the location of the sample sites. The plan is 

subject to review and revision by TDH, which determines if the plan is adequate. 

The biggest impact of the Total Coliform Rule on the participants of this study is the 

repeat sample monitoring requirements. For each routine sample that tests positive for total 

coliform, three or four repeat samples, depending on the number of monthly routine 
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samples, must be collected and analyzed for total coliforms. At least one repeat sample 

must be taken from the same location as the original positive sample. Two or three repeat 

samples must be taken within five service connections of the original sample location, one 

upstream, one downstream, and, if required, the other somewhere in between. The repeat 

samples must be collected within 24 hours of the notification of the original results. The 

repeat samples are required to determine whether the original positive sample is indicative 

of contamination of the system, or of a nondistribution system problem. If there is a 

nondistribution problem, then TDH can invalidate the sample for compliance calculation 

purposes. 

If total coliforms are detected in any repeat sample, the utility must collect another 

set of repeat samples, using the same procedure as before, unless the MeL has been 

violated and the utility has notified TDH. If there is a violation, TDH may reduce or 

eliminate the repeat sampling requirement for the remainder of the month. 

For compliance calculations, all positive total coliform samples count except for 

samples that are invalidated by TDH. TDH can invalidate a sample, if: 

• The laboratory performing the analysis acknowledges that improper sample 
analysis caused the positive results; 

• The contamination is a domestic or nondistribution system plumbing problem 
if the repeat sample taken at the same tap was positive while the other repeat 
samples taken nearby are negative; or 

• TDH has substantial grounds to indicate that the positive result is because of 
some circumstance or condition not related to the quality of drinking water 
in the distribution system. 

Whenever a total coliform positive sample is invalidated, TDH must provide written 
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documentation that states the specific cause of the positive sample as well as the action that 

has been or will be taken by the utility to correct the problem. 

H a total coliform sample tests positive, whether routine or repeat, then a fecal 

coliform or E. coli analysis must be performed on the positive sample to determine the 

extent of the problem. H fecal coliform or E coli is detected, then the utility must notify 

IDH immediately. 

Based on the population served by each participant's water distribution system, if 

more than one sample, whether routine or repeat, per month tests positive for total 

coliform, then the utility is out of compliance with this rule. H a routine total coliform 

positive sample tests positive for fecal coliform or E. coli, the repeat total coliform sample 

tests positive, and the original sample is not invalidated, the utility is in violation of the 

MCL also. Due to its severity, a violation of this rule is an acute violation, requiring public 

notification with the appropriate mandated language via the TV and radio within 72 hours 

and the newspaper within 14 days of the violation. 

This rule could have a significant impact on the participants of this study. Since the 

number of routine monthly bacteriological samples to be taken for the Total Coliform Rule 

is the same as that required in the present Drinking Water Standards, there will no 

immediate impact to the participants. However, if one sample is tested positive, the utility 

must take the required repeat samples for testing. H a repeat sample tests positive and the 

original sample is not invalidated, then public notification is required. Public notification 

with the mandatory language will clearly have a negative impact on the utility. 
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6.6 Lead and Copper Rule 

On August 18, 1988, the original requirements to minimize lead and copper in 

drinking water were proposed. EPA received many comments from the public, as well as 

numerous congressional inquiries, on the proposed rule. The final rule was scheduled to 

be proposed in December, 1990, but this deadline slipped due to comments on the proposed 

rule. Finally, on May 6, 1991, the Lead and Copper Rule was proposed. 

For water sampled at the customer's tap, the proposed MCW is 0 and 1.3 mg/l for 

lead and copper, respectively. In lieu of an MCL for these constituents, a treatment 

technique has been specified. The action level triggers for initiating the treatment technique 

requirements, will be a maximum concentration of 0.015 mg/l for lead and 1.3 mg/l for 

copper in 90% of the samples taken at the customer's tap. The treatment technique for 

lead includes: (1) optimal corrosion control treatment; (2) source water treatment; (3) public 

education; and (4) lead service line replacement. The treatment technique for copper 

includes: (1) optimal corrosion control treatment; and (2) source water treatment. 

For medium-sized systems (3,300 to ..$. 50,000 population), the schedule for 

determining compliance with the Lead and Copper Rule begins with an initial sampling 

period starting July, 1992. For the small-sized systems « 3,300 population), the initial 

monitoring period begins in July, 1993. Table 6.6-1 provides the general monitoring 

requirements for the various stages of the Lead and Copper Rule. 
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Table 6.6-1 
Lead and Copper Monitoring 

Monitoring Period Parameters Location Frequency 

Initial Monitoring Lead and Copper Targeted high risk Every six months 
interior taps 

After Installation of Lead and Copper Targeted high risk Two consecutive six 
Corrosion Control interior taps month monitoring 

periods 

After State Specifies Lead and Copper Targeted high risk Two consecutive six 
Parameter Values for interior taps month monitoring 
Optimal Corrosion periods 
Control 

Reduced Monitoring Once every year 

After 1 Year of Lead and Copper Targeted high risk 
Compliance interior taps 

After 3 Years of Lead and Copper Targeted high risk Once every three 
Compliance interior taps years 

If a small or medium-sized system exceeds the action levels as proposed, the system 

must submit its recommendation for optimal corrosion control treatment to the Texas 

Department of Health. TDH may approve the system's recommendation, require the 

installation of an alternative corrosion control treatment, or require the system to conduct 

a corrosion control treatment study. The corrosion control study will determine the 

effectiveness of adjusting the pH and alkalinity as well as calcium concentration of the 

treated water to reduce the acidity or increase the scale forming potential of the treated 

water. In addition, the effectiveness of the addition of a corrosion inhibitor, such as sodium 

hexametaphosphate, to minimize the concentration oflead and copper at the consumer's tap 
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will be determined. Table 6.6-2 provides the regulatory schedule for the Lead and Copper 

Rule for medium-sized systems. The regulatory schedule for small-sized systems in general 

follows the steps of the medium-sized systems, but it starts with initial monitoring beginning 

July, 1993. 

Based on the source water and at-the-tap monitoring, IDH may determine that 

source water treatment is necessary to minimize the levels of lead and copper at the tap. 

For any size system, the system would have 36 months to install the necessary treatment at 

the water source and conduct follow-up monitoring. This time period may be extended for 

medium and small systems because: (1) these systems comprise the vast majority of public 

water systems and the large number of evaluations that must be completed by IDH will 

place a strain on their resources; and (2) greater IDH involvement and technical assistance 

will be required to assist medium and small systems in determining optimum corrosion 

control treatment. 

In addition to lead and copper, systems that exceed the action levels will be required 

to monitor the general quality of the treated water as it enters the representative taps 

throughout the distribution system. Table 6.6-3 provides the general monitoring 

requirements for determining compliance with the Lead and Copper Rule based on the 

water quality parameters specified. 

In Appendix C, a copy of the EPA Fact Sheet on the Lead and Copper Rule is 

included to provide more detailed information 
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Table 6.6-2 
Lead and Copper Rule 

Regulatory Schedule for Medium-Size Systems 
(3,300 to 50,000 people) 

With Corrosion Study Date No Corrosion Control Study 

Lead & Copper Rule May 6, 1991 Lead & Copper Rule 
Promulgated Promulgated 

Begin monitoring July, 1992 Begin monitoring 

Treatment Technique November, 1992 Treatment Technique 
requirements take effect requirements take effect 

State requires system to conduct January, 1994 
study 

July, 1994 State designates optimal 
corrosion control treatment 

Complete study & submit to July, 1995 
State 

State designates optimal January, 1996 
corrosion control treatment 

July, 1996 Complete installation of 
corrosion control treatment 

July, 1997 Complete follow-up monitoring 

Complete installation of January, 1998 State designates water quality 
corrosion control treatment parameters 

Complete follow-up monitoring January, 1999 

State designates water quality July, 1999 
parameters 

6.7 Synthetic Organic and Inorganic Chemical Rule (Phase II) 

EPA proposed regulations for 30 synthetic organic chemicals (SOCs) and eight 

inorganic chemicals (IOCs) on May 22, 1989. EPA issued the final rule on January 30, 
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LEAD AND COPPER RULE 

Table 6.6-3 
Lead and Copper Rule 

Water Quality Parameter Monitoring 

Monitoring Period Parameters Location Frequency 

Initial Monitoring pH, alkalinity, Taps and entry Every six months 
orthophosphate or point(s) to 
silica, calcium, distribution system 
conductivity, and 
temperature 

After Installation of pH, alkalinity, Taps Every six months 
Corrosion Control orthophosphate or 

silica, and calcium 

pH, alkalinity Entry point(s) to Biweekly 
dosage rate and distribution system 
concentration, and 
inhibitor dosage 
rate and residual 

After State Specifies pH, alkalinity, Taps Every six months 
Parameter Values for orthophosphate or 
Optimal Corrosion silica, and calcium 
Control 

pH, alkalinity Entry point(s) to Biweekly 
dosage rate and distribution system 
concentration, and 
inhibitor dosage 
rate and residual 

Reduced Monitoring pH, alkalinity, Taps Every six months 
orthophosphate or 
silica, and calcium 

H alkalinity p , Entry point(s) to Biweekly 
dosage rate and distribution system 
concentration, and 
inhibitor dosage 
rate and residual 
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1991; it will become effective 18 months thereafter. The proposed MCLGs and MCLs for 

the 30 SOCS and eight IOCs are given in Table 6.7-1. 

The proposed monitoring requirements for groundwater sources are as follows: 

1. For the IOCs: 
a. The monitoring schedule for barium, cadmium, chromium, mercury, 

and selenium will be every three years. 
b. The monitoring schedule for asbestos is once every nine years. 
c. The initial monitoring for nitrate-nitrite will be annually, unless the 

concentrations measured are greater than 50 percent of the MCL, for 
which quarterly sampling is required. 

2. For the SOCs: 
a. The initial monitoring for all SOCS is quarterly for one year. 
b. Repeat monitoring frequency is dependent on the occurrence of one 

of the listed contaminants. If after one round of sampling, no 
contaminants are detected, then the monitoring frequency will be 
reduced to two samples for medium-sized systems and one sample for 
small-sized systems every three years. 

3. For the pesticides, herbicides, and PCBs: 
a The initial monitoring for all SOCs is quarterly for one year. 
b. Repeat monitoring frequency is dependent on the occurrence of one 

of the listed contaminants. If after one round of sampling, no 
contaminants are detected, then the monitoring frequency will be 
reduced to two samples for medium-sized systems and one sample for 
small-sized systems every three years. 

4. For the Volatile Organic Chemicals (VOCs): 
a. For the initial monitoring period, quarterly samples are required for 

one year. 
b. A vulnerability assessment is required to determine the repeat 

sampling frequency. If the supply source is determined to be 
nonvulnerable, then monitoring is not required. 

c. If the supply source is determined to be vulnerable, then the initial 
monitoring is quarterly for the first year. If any of the VOCS are 
detected, then the repeat monitoring frequency continues on a 
quarterly basis. If none are detected, then four quarterly samples are 
required to be taken every three years for systems with more than 500 
connections and every five years for systems with less than 500 
connections. 
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Table 6.7-1 
Contaminants MCLGs and MCLs Proposed in the SOC and IOC Rule (Phase II) 

Contaminant MC~ (m!!, M~A\ (m!!) 

Ino~anics 
As estos 7 million fibers/l 7 million fibers/l 
Barium 2 25 
Cadmium 0.005 0.005 
Chromium 0.1 0.1 
Mercu?, 0.002 0.002 
Nitrate (as Nitrogen) 10 10 
Nitrite l (as Nitrogen) 1 1 
Selenium 0.05 0.05 

Volatile organics (solvents) 
cis-1,2-Dichloroethylene 0.07 0.07 
1,2-Dichloropropane 0 0.005 
Ethylbenzene 0.7 0.7 
Monochlorobenzene 0.1 0.1 
0-Dichlorobenzene 0.6 0.6 
Styrene 0.1 0.005 
Tetrachoroethylene 0 0.005 
Toluene 1 1 
trans-l,2-Dichloroethylene 0.1 0.1 
Xylene 10 10 

Pesticides, herbicides, PCBs 
Alachlor 0 0.002 

Aldicarb 0.003 0.003 
Aldicarb sulfone 0.003 0.003 
Aldicarb sulfoxide 0.003 0.003 
Atrazine 0.003 0.003 
Carbofuran 0.04 0.04 
Chloradane 0 0.002 
Dibromochloropropane (DBCP) 0 0.0002 
2,4-D 0.07 0.07 
Ethylene dibromide (EDB) 0 0.0005 
Heptachlor 0 0.0004 
Heptachlor epoxide 0 0.0002 
Lindane 0.0002 0.0002 
Methoxychlor 0.04 0.04 
PCBs 0 0.0005 
Pentachlorophenol 0.001 0.001 
Toxaphene 0 0.003 
2,4,5-TP (Silvex) 0.05 0.05 

Water Treatment Chemicals 
0 Treatment Technique2 

Acrylamide 
Eoichlorohvdrin 0 Treatment Techniaue2 

I Total nitrate plus nitrate MCLG and MCL = 10 mg/l (as Nitrogen). 
2 Treatment techniaue reauirement limits the amount of the chemical used to treat drinkin~ water. 
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5. For the water treatment chemicals, monitoring is not required since the MCL 
is a treatment technique which limits the use of the chemicals that could 
possibly contain these contaminants. 

Compliance with the MCL for each of the contaminants is based on the annual 

running average for each sample point for systems monitoring on a quarterly (or more 

frequently) basis. For systems monitoring annually or less frequently, compliance is based 

on a single sample. For nitrate and nitrite, if the first sample exceeds the MCL, another 

sample must be taken within 24 hours. Compliance for nitrate and nitrite is based on the 

average of these two samples. 

Based on the analyses completed to date by TDH, the concentrations of these 

contaminants in all of the water systems participating in this study are below the MCL 

Therefore, the only impact of this rule on the study participants will be the increased cost 

of monitoring and analysis performed by TDH. 

6.8 soes AND IOCs RULE (Phase V) 

The Phase V rule will set regulations for 24 of the last 25 contaminants of the 83 

mandated for regulation by the SDW A 1986 Amendments. The original final statutory 

deadline was June 19, 1989, but the rule was not published until July 25, 1990, and the final 

rule is not expected to be promulgated until March, 1992. The tentative MCLGs and MCLs 

for the 18 SOCs and six IOCs are shown in Table 6.8-1. 

Compliance requirements will parallel the Phase IT SOC-IOC Rule. The unique 

aspect of the Phase V rule is the lack of data on the occurrence of most of the contaminants 

of this rule. However, EPA is required by the SDWA 1986 Amendments to regulate these 
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Table 6.8-1 
Tentative Contaminants, MCLGs, and MCLs 

to be Proposed in the SOCs and IOCs Rule (Phase V) 

MCLG MCL 
Contaminant (mg/l) (mg/l) 

Synthetic Organic Chemicals 
0.2 0.2 Dalapon 

Di(2-ethyl hexyl)adipate 0.5 0.5 

Di(2-ethyl hexyl )phthalate 0.00 0.004 

Dichloromethane 0.00 0.005 

Dinoseb 0.007 0.007 

Diquat 0.02 0.02 

Endothall 0.1 0.1 

Endrin 0.002 0.002 

Glyphosate 0.7 0.7 

Hexachlorobenzene 0.00 0.001 

Hexachlorocyclopentadiene 0.05 0.05 

Oxamyl (vydate) 0.2 0.2 

PARs (Benzo(a)pyrene)" 0.00 0.0002 

Picloram 0.5 0.5 

Simazine 0.001 0.001 

1,2,4-Trichlorobenzene 0.009 0.009 

1,1,2-Trichloroethane 0.003 0.005 

2,3,7,8-TCDD (Dioxin) 0.00 5 x 10-8 

Inorganic Chemicals 
Antimony 0.03 0.005 

Beryllium 0.00 0.001 

Cyanide 0.2 0.2 

Nickel 0.1 0.1 

Sulfate 400 400 

Thallium 0.0005 0.001 

·EPA is conside~ establishing MCLGs and MCLs for six additional PAHs classified as human 
carcinogens: benz(a)anthracene, benzo(b)fluoranthene, benzo(k-fluoranthene, chrysene, 
dibenz(ah )-anthracene and indenoovrene. 
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contaminants, regardless of their occurrence, so monitoring requirements will most likely be 

set at some minimum frequency. 

It should be noted that many of the organic contaminants listed in the Phase V Rule 

are included as additional contaminants for monitoring under the VOC Rule (Phase I) and 

the SOC-IOC Rule (Phase II). 

Based on the analyses completed to date by TDH, the concentrations of these 

contaminants in all of the water systems participating in this study are below the proposed 

MCL Therefore, the only impact of this rule on the participants of this study will be the 

increased cost of monitoring and analysis performed by TDH. 

6.9 Radionuclide Rule (Phase III) 

The proposed Phase m regulation will develop MCLGs and MCLs for the 

radionuclides found in drinking water. A proposed rule was scheduled to be published in 

September, 1990, but due to delays, it was not proposed until June 17, 1991. 

The rule sets the following MCLGs and MCLs for radon-222, radium-226, radium-

228, uranium, and gross alpha (adjusted) and beta particle emitters. 

MCLQ MCL 

Radon Zero 300 pCi/1 
Radium-226 Zero 20 pCi/1 
Radium-228 Zero 20 pCi/1 
Uranium Zero 30 pCijl 
Gross Alpha (adjusted) Zero 15 pCi/1 
Gross Beta Zero 4 mrem ede/yr 

Based on the analyses completed to date by TDH, the concentration of radon in all 

of the water systems participating in this study is above the proposed MCL, while the 
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concentration of radium-266 is below the proposed MCL. The only study participants who 

have drinking water with a concentration of radium-228 that exceeds the proposed MCL are 

Millersview-Doole Water Supply Corporation, North San Saba Water Supply Corporation, 

and Richland Water Supply Corporation - Brady System. 

This rule will have a major impact on the participants of this study. Depending on 

what the final MCL is established for the radionuclides, every system could possibly be in 

violation of at least one MCL. Therefore, each system will probably have to provide some 

form of treatment to reduce the concentration levels of the contaminants to meet the 

SDWA 1986 Amendments. The treatment could be as simple as providing aeration to 

remove radon or as complex as installing reverse osmosis or ion exchange to remove radium, 

or obtaining water from a new water supply source. 

In Appendix D, a copy of the EPA Fact Sheet on the Radionuclide Rule is included 

to provide more detailed information. 

6.10 DiSinfection/Disinfection By.Products Rule (Phase VIa) 

The SDWA 1986 Amendments require EPA to regulate 25 additional contaminants 

beyond the original 83, every three years beginning in 1991. Contaminants to be regulated 

under the Disinfection/Disinfection By-Products (D/DBP) Rule will satisfy a major portion 

of this regulatory requirement. The remainder of the required 25 contaminants will be 

regulated in a separate rule to be known as Phase VIb. EPA activity began on this rule in 

the spring of 1989, when EPA developed a strawman proposal outlining its initial reasoning 

on the rule. The D /DBP Rule is expected to be proposed in June, 1993 and the final 

rule making completed in June, 1995. 

September, 1991 6-21 



The major thrust of the D jDBP Rule will be monitoring requirements and MCLs 

designed to reduce human exposure to disinfectants and their by-products. This will be 

done by changing water treatment practices. 

The D jDBP Rule will probably be the most complex rule developed by EPA because 

of its interface with other rules and requirements of the amendments. For instance, the 

SWTR will require that a water system meet certain minimum cr values (disinfection), 

turbidity requirements, and residual disinfectants in the distribution system. The proposed 

Lead and Copper Rule may require some communities to increase the pH of the treated 

water to protect the piping and household plumbing, but this higher pH promotes 

trihalomethane (TIIM) formation, which is a disinfectant by-product. In order to meet the 

minimum disinfection requirements of SWTR for free chlorine, higher cr values are 

required at higher pH values. Therefore, water utilities will be required to meet the 

mandatory disinfection requirements and the Lead and Copper Rule and, at the same time, 

meet the restrictions placed on disinfectant application by the DjDBP Rule. 

The impact of this rule on the study participants cannot yet be determined, but it will 

probably be minimal, as long as the primary water source is groundwater. The greatest 

impact will be the increased costs for the additional sampling and monitoring, which will 

probably be done by TDH. 

6.11 Groundwater Disinfection 

The SDWA 1986 Amendments require EPA to set mandatory disinfection 

requirements for all public water systems, while disinfection of surface water sources is 

regulated by the SWTR. It was originally anticipated that groundwater disinfection would 
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be covered with the DjDBP Rule. The schedule for the promulgation of this rule has yet 

to be determined. 

Although the Groundwater Disinfection Rule has not yet been published, numerous 

publications have indicated what the rule might contain. The rule is expected to set a level 

of disinfection, which will probably be similar to the SWIR, with a minimum cr value to 

be maintained in order to provide the necessary inactivation of viruses. Continuous 

monitoring of the disinfectant residual entering the distribution system will probably be 

required for systems serving more than 3,300 people, and a single grab sample will be 

required for systems with less than 3,300 people. A minimum residual disinfectant level in 

the distribution system must be found in 95 percent of the distribution system samples. 

Disinfection of all public water systems has been required in Texas since the 

development of the Rules and Regulations for Public Water Systems. Therefore, the impact 

of this rule on the participants of this study will probably be minimal. Its greatest impact 

will be the continuous monitoring of the disinfectant residual entering the distribution 

system. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

1. The population for each of the study participants is projected to increase slightly by 

the year 2010. The projected annual growth rates range from 0.3% to 1.6%. In 

addition, the annual water requirements, taking conservation into consideration, will 

also increase slightly by the year 2010. 

2. The existing water systems for all of the participants meet or exceed the minimum 

requirements of the Texas Department of Health, except for the high concentrations 

of Combined Radium-226 and Radium-228 and Gross Alpha in the supply sources. 

In addition, the iron and manganese concentrations in the water for a number of the 

participants exceed the recommended MCL To alleviate any problems with iron and 

manganese, a sequestering agent is injected into the water. 

3. Various methods to reduce the concentrations of radium and radon were identified 

and evaluated. Based on this evaluation, the sodium cation exchange treatment 

process appears to be the most practical method to reduce the concentration of 

radium. A number of other treatment processes, although they are either untested 

and new or very expensive, appear to be potential methods that should be considered 

when the participants decide to reduce the high levels of radium. 

4. The potential alternate water supply sources and associated regional water supply 

systems were identified and evaluated. Based on this evaluation, the cost of 
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constructing any of the regional water supply systems to make use of alternate water 

sources was much higher than the cost of constructing the most practical treatment 

method to reduce the concentration of radium in existing water supply sources. 

5. The existing and future requirements of the 1986 Amendments to the Safe Drinking 

Water Act were reviewed. Based on this review, the greatest primary impact of the 

new rules and regulations will be the cost to meet the Radionuclide Rule. A 

secondary impact will be the increase in annual assessment charged by the Texas 

Department of Health to cover the increased testing requirements. The 

Radionuclide Rule will establish the MCL for radium-226, radium-228, radon, 

uranium, gross alpha (adjusted), and gross beta. The proposed MCL for radium-226 

and radium-228 will be 20 pCi/1 each, and for radon, it will be 300 pCi/l. If the 

MCLs are established at these levels in the final Rule, then only Millersview-Doole 

Water Supply Corporation, Richland Water Supply Corporation, and North San Saba 

Water Supply Corporation will need to provide some form of treatment to reduce the 

concentration of radium below the new regulatory level. If the MCL for radon is 

established at 300 pCi/I, all of the participants will be required to treat their water 

supplies to reduce the concentration of radon below the new regulatory level. 
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7.2 Recommendations 

1. It is recommended that the participants of this study request that the bilateral 

agreement between the Texas Department of Health (TDH) and the participants be 

stayed until the MCLs for Radium-226, Radium-228, Radon, Gross Alpha (adjusted), 

and Gross Beta are promulgated in the Radionuclide Rule, and until rules and 

procedures are established by TDH for disposal of naturally occurring radioactive 

wastes (NORM) that have been removed from water supplies. 

2. After promulgation of the Radionuclide Rule and the regulations for disposal of 

NORM, the participants should verify the least expensive method for meeting the 

MCLs. It appears the participants should plan to have the treatment systems in place 

within five to six years. 

3. The costs of the options to remove the radium by treatment and of alternate water 

supply sources are shown in Table 7.2-1. Based on the costs shown, all of the study 

participants should construct the recommended treatment option, which is the sodium 

cation exchange process, to remove the radium from the water. 
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Table 7.2-1 
Total Project Cost Summary 

Treatment Options J Cost ($/1,000 gallons) 

Sodium Cation Exchange $0.55 
Lime-Soda Ash Softening 2.10 
Reverse Osmosis 2.36 
Point of Use 2.61 

Alternate Supply Options 

Lake Brady Regional System I 1.65 
Lake Brady Regional System II 1.89 
O.H. lvie Regional System I 3.41 
O.H. lvie Regional System II 3.70 
O.H. lvie Regional System ill 5.94 
Lake Brownwood 7.59 
San Saba Reservoir 3.58 
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APPENDIX A 

The Heart of Texas Water Conservation and 
Drought Contingency Plan 



THE HEART OF TEXAS 
WATER CONSERVATION 

AND 
DROUGHT CONTINGENCY PLAN 



INTRODUCTION 

The Hickory Underground Water Conservation District No. 1 
(District) is the contractor on a municipal regional water supply 
study to investigate means to reduce radiation levels in area 
municipal water supplies. The study was funded jointly by the 
Texas Water Development Board and the eight (8) participating water 
suppliers: the City of Brady, the City of Eden, Rochelle 
community, Melvin community, Millersview-Doole Water Supply 
corporation, Richland Water Supply Corporation, North San Saba 
Water Supply Corporation and Live Oak Hills - a subdivision. While 
the District is the principal administrator of the grant, it has no 
direct regulatory authority over the participants other than rules 
and regulations promulgated by the District concerning the use of 
water from the Hickory aquifer as put forth in Chapter 52 of the 
Texas Water Code. 

The area served by the participating water suppliers is in 
eastern Tom Green, Concho, McCulloch and San Saba Counties. 
Service is provided in a 100 mile line east to west from San Saba 
to just east of San Angelo and in a 25 mile line north and south 
from the northern edge of McCulloch county to just south of Brady. 

Between 1950 and 1980 the area experienced a population loss 
of nearly 30%. Projections by the Texas Water Development Board to 
the year 2010 would indicate a stabilization and even a slight 
growth (.5% - 3%) for the area. Population coupled with projected 
water use does not show significant increase. Since all entities 
are dependent on groundwater, it would appear the main concern for 
all these entities is the continued availability of a dependable 
groundwater source rather that acquisition of new supplies/sources. 
Consequently, any Water Conservation and Drought contingency Plan 
should reflect these circumstances. 

It is the goal of this document to set forth a plan that will 
include reasonable guidelines that will provide for long-term 
efficient water use. Even though the size of the participants vary 
by a factor of 100, there are essentially two (2) types of systems. 
One is a "loop" system in which water is pumped from wells and 
distributed to customers and then the waste water is returned to a 
central waste water treatment plant for final treatment. Brady and 
Eden are the only entities that have this characteristic. A 
Conservation and Drought Contingency Plan has been approved for 
Brady and will be used as a model. The other type of system is a 
"one way" in which the water is pumped from a welles) to customers 
and then disposed at the point of use in a septic system. 
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SYSTEM ANALYSIS, POPULATION AND WATER REQUIREMENTS 

Table 1 provides a summary of each systems wells, capacity and 
well depth. The City of Brady and Brady Lake are shown separately 
because they are totally independent. Appendix Al-9 shows the 
service area for each of the entities. 

ENTITY 
City of Brady 
City of Brady 
City of Brady 
City of Brady 
City of Brady 
City of Brady 
Brady Lake 
Brady Lake 
Eden 
Eden 
Eden 
Eden 
Eden 
Eden 
Live Oak Hills 
Melvin 
Melvin 
Millersview-Doole 
Millersview-Doole 
Millersview-Doole 
North San Saba 
Richland 
Rochelle 
Rochelle 
Rochelle 

WELL # 

TABLE 1 

System Summary by Entity 

1 
2 
3 
4 
5 
7 
6 
8 
1 
2 
3 
4 
5 
6 
1 
1 
2 
1 
2 
3 
1 
2 
1 
2 
3 

CAPACITY (GPMl 
* 
* 
950 
550 

1,000 
1,000 

70 
390 
200 
400 
150 
150 

75 
350 

45 
195 
170 
* 
420 
410 
237 
310 

45 
20* 
20* 

*Not in normal use - Standby only 

DEPTH (FEET 
2114 
2100 
2082 
2127 
2092 
2250 
2225 
2460 

42 
4160 

35 
35 
35 

4200 
1230 
2500 
2480 
2700 
3207 
3305 
3480 
2640 
2350 

300 
300 

As pre;viously mention7d, the area has experienced an out 
migration l.n population Sl.nce 1950. Table 2 shows historic 
population data for 1950 and 1980 for concho, McCulloch and San 
Saba Counties as well as Texas Water Development Board. projections 
for the Area for 1990, 2000, 2010. While there is a modest growth 
projected for the area by 2010, most of the growth should occur in 
Mcculloch county. It is of interest to note the preliminary 1990 
census data indicated exactly the same as 1980 (9735). This should 
easily lead to the conclusion that the population projections are 
optimistic. 
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TABLE 2 
Historic and Projected County Populations 

county 1950 1980 1990 2000 2010 
low high low high low high 

CONCHO 5078 2915 2586 2587 2487 2612 2343 2487 

MCCULLOCH 11701 8735 9055 2084 9299 9334 9555 9617 

SAN SABA 8666 6204 5510 5605 5733 5979 6047 6363 

TOTAL 25,445 17,854 17,161 17,276 17,519 17,925 17,945 18,467 
Source: Texas Water Development Board 

This limited growth is also reflected in projected requirements 
for each entity. The largest projected water increase is that of 
Brady (11.8%) to the year 2010. However, that figure is in jeopardy 
with the loss of G. Rollie White Downs horse racing facility and 
Loadcraft Trailer Manufacturing (the largest employer is the City). 
Table 3 shows projected water requirements incorporating potential 
water conservation measures: 

TABLE 3 
Projected Annual Water Requirements 

2000 2010 

Participant 1990 Low High Low High 

------million gallons per day---------

Brady 1. 710 1.682 1.968 1.656 1.934 
Eden 0.200 0.210 0.250 0.220 0.260 
Live Oak Hills Sub. 0.008 0.008 0.009 0.008 0.011 
Melvin 0.028 0.026 0.032 0.025 0.031 
Millersview-Doole WSC 0.472 0.462 0.541 0.450 0.533 
North San Saba WSC 0.081 0.078 0.093 0.077 0.091 
Richland WSC (Brady) 0.064 0.062 0.072 0.060 0.071 
Rochelle WSC 0.032 0.031 0.035 0.030 0.035 

The nature of use among the six (6) one way systems: Live Oak 
Hills, Melvin, Millersview-Doole, North San Saba, Richland and 
Rochelle is primarily domestic. Several customers additionally water 
stock with the water supplied by the entity. All of the customers 
are metered. In fact, some customers are metered and paying a 
monthly minimum to be hooked up to the system even though they are 
currently, not receiving water. This type of customer is either 
relying on a previously dug well of questionable longevity or 
reserving a place for a future home site. Any SUbstantial rate 

'change would cause these individuals to discontinue service which 
could have two (2) negative results. First, it would create 
additional financial hardships on the remaining customers. Secondly, 
they (the individuals leaving the system) would resort to drinking 
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water that is not periodically checked for quality. I 
Brady and Eden are the only loop systems. Again the majority of 

water use is household use." However, both entities have 
industrial/commercial customers that represent a larger-than-average I 
use. Examples for each are: Brady - Roddie Wool Scouring, Brady 
Independent School District, nursing homes and motels. For Eden 
large users are: The Eden Detention Center, Eden Independent School I 
District and a motel. All Customers are metered. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PUBLIC INVOLVEMENT 

Public access"to involvement varies substantially among the 
entities. On one end Live Oak Hills is a private owned subdivision 
and does not have regular public meeting. However, due to the 
small size of the development; it is more likely that operators and 
customers can have a personal dialogue regarding needs and policies 
of the system. At the other end is the City of Brady. Brady has 
regularly scheduled council meetings on the first and third Tuesday 
of the month. These meetings are subject to open meetings laws; 
therefore, interested parties have the opportunity to address the 
council and make their views known. In all cases the circumstances 
are such that there is a two way communication between the supplier 
and the customer. 

WATER CONSERVATION PLAN 

I. EDUCATION AND INFORMATION 

Due to the difference in size, projected growth and nature of 
customer different techniques should be implemented to provide 
users with information to improve water use efficiency. 

New Customer will recei ve a Texas Water Development Board 
publication entitled "A Homeowner's Guide To Water Use And Water 
Conservation". (Appendix B) Brady and Eden may additionally 
choose to provide a water conservation kit to new customers that 
includes flow restrictors for shower heads, displacement bags for 
the water closet and dye tablets for leak detection. If possible 
low-flow shower heads should be furnished. 

Regular Acti vi ties should be published in the local paper 
periodically by Brady and Eden. 

Additionally Information will be available to interested 
parties from the Texas Water Development Board as evidenced in a 
brochure entitled "Water Conservation - Literature and Material" 
(Appendix C). This brochure will be on display at the business 
office for each entity. 

Water Conservation literature can be obtained from: 
Texas Water Development Board 
P.O. box 13231, Capitol Station 
Austin, Texas 78711-3231 
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II. PLUMBING CODES 

·Only Brady and Eden have the authority to implement water 
codes. A copy of the plumbing code adopted as part of Brady IS 

Conservation and Drought Contingency Plan is included as a 
reference (Appendix D). As little population increase is projected 
for this area, this activity would yield little return for the 
remaining entities. 

III. RETROFIT PROGRAMS 

Access to water conservation literature and water conservation 
kits should help customers understand the benefits of retrofit with 
water conservation devices. Recently, Brady implemented a sewer 
charge based on use which should additionally encourage 
conservation. However, with Ii ttle increase in population and 
water use projected, marginal return would likely be realized from 
this activity for most entities. 

IV. WATER RATE STRUCTURES 

There is quite a variation in water rates for the entities. 
Table 4 show the water rates for the eight (8) participants. 

I ENTITY I 
BRADY 

EDEN 

LIVE OAK HILLS 

MELVIN 

MILLERSVIEW-DOOLE 

NORTH SAN SABA 

RICHLAND 

ROCHELLE 

TABLE 4 
WATER RATES 

1st 1000 gallons 

RATE 

over 1000 gallons 

1st 2000 gallons 
over 2000 gallons 

1st 3000 gallons 
over 3000 gallons 

1st 2000 gallons 
over 2000 gallons 

1st 2000 gallons 

$ 4.09 
$ .80/1000 

$14.00 
$ .80/1000 

$16.00 
$1.50/1000 

$ 2.54 
$1.27/1000 

$22.50 
2000 - 7000 gallons $2.50/1000 
over 7000 gallons $3.00/1000 

1st 4000 gallons $20.00 
4000-15000 gallons $1.00/1000 
15000-30000 gallons $1.50/1000 
30000-45000 gallons $2.00/1000 
45000-60000 gallons $3.00/1000 
over 60000 gallons $5.00/1000 

1st 1000 gallons $25.00 
1000-4000 gallons $3.00/1000 
over 4000 gallons $1. 75/1000 

1st 1000 gallons $10.00 
over 1000 gallons 12.00/1000 

I 
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Considering current and projected population, economic 
conditions and water need; the water rate is probably the most 
effective tool for encouraging water conservation. The best way to 
promote conservation is a step rate to increase with water usage 
such as Millersview-Doole or North San Saba. Another acceptable 
rate structure is the flat rate in which there is a minimum charge 
for a certain amount of water. Any additional water has a flat 
rate. Examples of this type are Brady, Eden, Live Oak Hills, 
Melvin and Rochelle. 

V. METERING 

All of the customers receiving water 
metered. Periodic meter testing should be 

from the entities are 
completed according to 

the following schedule: 
Production Meters 
Meters> 1" 
Meters < 1" 

Once a Year 
Once a Year 
Once Every 10 Years 

VI. WATER CONSERVATION LANDSCAPING 

Only the cities of Brady and Eden have the authority to pass 
regulations regarding efficient use of water through landscaping. 
The city of Brady indicated in its Water Conservation Plan it 
intends to sponsor a xeriscape demonstration project. For the 
remaining entities, water conservation landscaping can be promoted 
by sharing literature available at their business office. 

VII. LEAK DETECTION AND REPAIR 

Finding and repairing water leaks is a high priority for all 
entities involved. Leak detection programs include the following 
components: 

1. Audits during billing for those accounts that have had 
previous meter service. 

2. Constant monitoring of the system for leaks. 
3. Visual inspection by employees for situations suggesting 

a leak. 
4. Trained personnel to repair leaks. 
5. Information or assistance from the Texas Water Development 

Board on leak detection. 

VIII. RECYCLING AND REUSE 

Only Brady and Eden have opportunities 
other systems do not receive any return flow. 
in its Conservation Plan it will visit with 
about conversion to recycled water. 

for recycling; the 
Brady has indicated 

certain large users 
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IX. IMPLEMENTATION AND ENFORCEMENT 

The utilization of an effective water rate structure is the 
best means of implementing water conservation by the entities 
involved. Brady and Eden have the authority to pass plumbing 
codes. Brady has already adopted a code requiring installation of 
toilets that use no more than 3.5 gallons per flush. 

X. CONSERVATION PLAN ANNUAL REPORT 

The District has no legal authority over the entities involved 
likewise, when the Regional study is concluded in April 1991, the 
group will be dissolved from any formal association. Therefore, it 
will be difficult to file an Annual Report to the Executive 
Administrator. However, a copy of the Heart of Texas Water 
Conservation and Drought contingency Plan will be retained by the 
District for future reference. 

XI. WHOLESALE CUSTOMERS 

None of the entities have wholesale customers. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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DROUGHT CONTINGENCY PLAN 

I. TRIGGER CONDITIONS 

A. LEVEL I - Public water suppliers may declare LEVEL I 
drought conditions and initiate appropriate contingency 
plans for existing conditions that include the following: 

1. Average daily water consumption reads 90% of system 
design capacity; and/or 

2. Peak period water demand reaches 90% of system 
design capacity; and 

3. Recent and projected climatic conditions are 
thought to be conducive to excessive eater demands. 

B. LEVEL II Public water suppliers may declare and 
initiate LEVEL II drought contingency plans for existing 
conditions that include the following: 

1. Water system components including production, 
storage, pumping and distribution are operating 
outside of normal design limits due to component 
failure or diminished capacity; and/or 

2. Average daily water consumption approaches 100% of 
design capacity; and/or 

3. Peak period water demand approaches 100% of design 
capacity; and/or 

4. Diminished service to any consumer results in 
service levels outside of regulatory limits; and/or 

5. An imminent threat to water systems components 
exists to due potential failure. 

II. DROUGHT CONTINGENCY MEASURES 

Because of the different nature of the two types of systems 
involves, a variety of strategies will be necessitated. 

A. STEP I - all managers should restrict the use of water 
for outdoor sprinkling, watering of lawns, shrubs, 
driveways and automobiles. Brady and Eden can 
additionally restrict water to certain areas by days and 
to certain houses. This situation will be in effect 
until the manager lifts restrictions. 
All managers should: 
1. Inform the public through the media that a trigger 

condi tion LEVEL I has been reached and voluntary 
water reduction should be started. 

2. During winter months, request water users to 
insulate pipes rather than running water to prevent 
freezing. 

3. Monitor water pressure in the distribution system 
and water levels n the storage tanks. 

Brady and Eden should additionally: 
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4. Notify major commercial water users of the 
situation and request voluntary water use 
restrictions. 

5. Implement the following lawn water ing schedule: 
Customers with even numbered addresses water on 
even days. And customers with odd numbered 
addresses water on odd days. Watering shall occur 
only between the hours of 9:00 p.m. to 9:00 a.m. 

STEP II - all managers should totally ban outdoor use for 
sprinkling, watering lawns, shrubs, driveways and 
automobiles. Brady and Eden can totally restrict certain 
commercial and civic activities related to water use. 
Restrictions will remain in effect until formal notice 
from the managers. 

All managers should: 
1. Continue implementation of all relevant actions in 

preceding phase. 
2. Prohibit pavement washing and only allow car and 

window washing with a bucket. 
Brady and Eden should: 
3. Prohibit the following water uses that are not 

essential for public health or safety: 
a. street washing 
b. water hydrant flushing 
c. filling swimming pools 
d. athletic field watering 
e. golf course watering 
f. commercial car/truck washing 

4. Adopt a fining mechanism with each day of non
compliance considered a separate offense. 

I. INFORMATION AND EDUCATION 

Once trigger condition have been reached and emergency 
measures taken, a variety of information avenues will be taken, 
including: 

A. Posting a notice of drought conditions at key locations 
such as: business offices, post office, banks and court 
houses 

B. Articles in newspapers of general circulation 
C. Public notices over local radio stations 

II. TERMINATION NOTIFICATION 
Termination of the drought measures will occur when trigger 

conditions that initiated the drought measures have subsided and an 
emergency situation no longer exists. Consumers will be informed 
of the termination of the drought measures in the same manner they 
were informed of the initiation of drought measures. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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• WELL +1 
120,000 GAL. 
STANDPIPE 

HDR Engineering .. Inc. 

PROPOSED 
PUMP 
STATION 

N 

PROPOSED 
IN-LINE 
BOOSTER 

PROPOSED EMERGENCY 
SUPPLY CONNECTION 
TO CITY OF SAN SABA 

PROPOSED 
85,000 GAL. 
STANDPIPE 

NOTE: 
DISTRIBUTION LINES ARE NOT SHOWN. 

MAJOR DISTRIBUTION SYSTEM COMPONENTS 
NORTH SAN SABA WATER SERVICE CORP. 
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WELL #1·· • 
100,000 GAL 
STANDPIPE 

NOTE: 

'&51,000 GAL. 
ELEVATED 
STORAGE TANK 

DISTRIBUTION LINES ARE NOT SHOWN. 

HDR Engineering. Inc. 

MAJOR DISTRIBUTION SYSTEM COMPONENTS 
RICHLAND WATER SERVICE CORP. -
BRADY SYSTEM 
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HDR Engineering, Ine. 

o 
0> -

WELL +1 • 
2-30.000 GJi r- • WELL +2 
GROUND STC RAGE TANKS 
HIGH SERVIC ~ PUMPING 

NOTE: 

WELL +3. 

DISTRIBUTION LINES ARE NOT SHOWN. 

MAJOR DISTRIBUTION SYSTEM COMPONENTS 
ROCHELLE WATER SERVICE CORP. 
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"Hunger is bitter, but the worst 
Of human pangs, the most accursed 
... is Thirst." 

Eliza Cook(1818-1889) 
Me/aia 

" ... by means of water we give 
life to everything." 

Boethius (c. 470-525) 
The Koran 

"Water'" ... "Everywhere you turn here, 
you're involved with the lack of water." 

Lady Jessica 
Dune 

INTRODUCTION 

Whether you are a new homeowner or 
you have lived in your home for many 
years, the information contained in 
this booklet can help you better 
understand your home's water supply 
and drainage systems. The booklet is 
designed to provide suggestions on 
ways to conserve water, thereby 
saving money, and ways to maintain or 
even enhance property values. 

Water conservation is defined as the 
efficient use of water so that 
unnecessary or wasteful uses are 
eliminated. In Texas, more ground 
water is drawn out of the aquifers each 
year than is recharged through rainfall 
and streamflow. As a result, 
groundwater levels have dropped dra
matically. Demand for water from the 
state's streams and reservoirs is 
rapidly approaching the available 
long-term supply. Across the state, 
many communities are regularly 
required to limit water use at some 
time during the year. 
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While some additional water supplies 
can be developed by constructing new 
reservoirs, in many locations the 
demand for water will still equal or 
exceed the available long-term supply. 
For these towns and cities, water 
conservation can make the difference 
between adequate supplies and 
shortages. Importantly,. the way water 
is used and, in some instances, wasted 
must be rethought. 

This booklet explains seven easy ways 
that water can be conserved and 
money can be saved at the same time. 
Useful information is also provided on 
how home plumbing systems work, 
how to measure home water use, how 
simple repairs can be made, and how 
water-saving devices are installed. 



Water Use in a Typical Community 

Water 
Re'servoir -. 

c--

1 
Water 
Works 

t 
Wells 

I" n:+ School 

li--...... Fire Dept. 

~~~ Industry 

.... w". Commercial 

Residential .. 
Outdoor Watering 

-

and 
Car Washing 

" 

Kitchen 
5% 

. " 
Bathing ~ I \ House Cleaning 

23% 2% 

Toilet Flushing Laundry 
26% 9% 

WASTEWATER TREATMENT PLANT 

River 
- 2 -- - - - - - - - -

GETIING STARTED-
SEVEN EASY WAYS TO CONSERVE WATER 

AND SAVE MONEY AT HOME 

There are dozens of ways to conserve 
water and save money around the 
home. As a starting point. seven ofthe 
easiest ways to reduce water use at 
home are listed below: 

1. Install A Water-Saving 
Showerhead. 

An effective water-saving shower
head should have a flow rate of 3 
gallons or less a minute. The standard 
showerhead uses 5-10 gallons a 
minute. Therefore. a showerhead 
using only 2.5 gallons a minute can 
save as much as 75 gallons of water 
during a normal 1 O-minute shower. 

To determine whether a low-flow 
showerhead needs to be installed. the 
flow rate of the current showerhead 
should be checked by using the water 
meter (see page B) or by putting a 
gallon container under the 
showerhead while the water is on and 
measuring the time it takes to fill the 
container at the usual shower setting. 
If it fills in less than 20 seconds. the 
flow is greater than 3 gallons per 
minute. Instructions for installing a 
new water-conserving showerhead 
are on page 13. 

Low-flow showerheads can save money while 
providing a satisfying shower 

Low-flow showerheads can be 
purchased at most department. 
hardware. and plumbing stores. 
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Models costing from under $3 are 
available. A showerhead can usually 
be installed in ten minutes. 

2. Place Displacement Devices In 
The Toilet. 

There are three types of displacement 
devices that can be used in toilets. but 
they should not be used in newer. low
water use toilets which use less than 
3.5 gallons per flush. To determine the 
capacity of the toilet tank. either turn 
off the water supply valve to the toilet 
(usually located on the pipe behind the 
toilet) or hold the float ball up so that 
the tank does not refill. and flush the 
toilet. Measure the capacity of the tank 
by filling it to the normal level with a 
gallon milk container or other 
measuring device. 

Displacement devices placed In the tOilet can SJve 
both water and money 

Toil6t Dams can be installed in toilet 
tanks to reduce the amount of water 
used. typically saving 112 to 2 gallons 
per flush (see page 14 for installation 
instructions). Toilet dams are available 
from many utilities or from most 
plumbing supply stores from under $5 
per pair. 

3 -
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A Plastic Bottle filled with water and 
weighted down with a few stones can 
accomplish the same purpose as 
dams. It is important to place the bottle 
in the toilet tank where it will not 
interfere with the flushing 
mechanism. A plastic bottle in the tank 
will save 112 to 1 gallon per flush. 

A Toilet Bag, which is available free of 
charge from many utilities, can also be 
used in place of dams. A displacement 
bag in the tank will save 112 to 1 
gallon per flush. 

Note: Bricks should not be used in the 
tank because small pieces can break 
off and permanently damage the 
plumbing system. 

3. Install Faucet Aerators 

The standard faucet flow rate is 5 
gallons a minute. A low-flow aerator 
can reduce this flow to approximately 
2.5 gallons a minute while still 
providing adequate water for washing 
and rinsing. Installing aerators on the 
kitchen sink and lavatory faucets will 
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save hot water and cut water use by as 
much as 60 gallons a month for a 
typical family of four. 

fl) ,'t:ml)'."· 111 [II':,;I,)!, place adheSIVI~ or dllcll<1~e 

un t'rl,· ' .. lIi",I['11 ,)1 1;11,~r 1f;f,(tl and turn cl()(:'O<\l'liIS~ 

Most aerators have either internal or 
external threads. Before purchasing 
aerators, the location of the threads 
and the diameter of each spout should 
be determined. If the faucet already 
has a standard aerator (not a low-flow 
type). it can be removed and taken to 
the store to insure that the correct low-
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flow size is purchased. Aerators are 
available for less than a dollar from 
most stores that sell plumbing 
fixtures. 

~ 

C~ ---
External 
Threads 

~., .. ' .. 
\ \ - . , 
~. I •. .J!.,,",,, 

Internal 
Threads 

Faucet aerators reduce the flow by 50% 

Note: If the kitchen has a portable 
dishwasher that must be connected to 
the faucet, do not install a low-flow 
aerator since the reduced flow may 
affect the performance of the 
dishwasher and result in dishes that 
are not properly cleaned. 

4. Change Use Patterns 

The washing machine and dishwasher 
should only be used when fully loaded. 
Th is practice can save at least two 
loads or approximately 60 gallons 
each week. 

Ir;'ij 
Run the washing machine and dishwasher only 
when they have a full load 

5. Examine Personal Water Use 
Habits 

For example, by Simply changing 
toothbrushing habits, as much as 14 
gallons of water a day can be saved. 

Instead of allowing the tapwater to run 
while brushing, use a cup, and run the 
tap just to rinse the toothbrush. The 
same method can be used to conserve 
additional water when shaving, 
washing hands, or taking a shower. 
Likewise, when washing vegetables or 
rinsing dishes in the kitchen, a pan 
should be used instead of running 
water constantly. 

Use a cup for mouth rmsing when brushing leeltl 

6. Find Water Leaks 

According to water utilities, leaks can 
easily account for 10% of a water bill 
and waste both water and energy if the 
source is a hot water tap. 

Toilet Leaks: When a toi let leaks, 
water escapes from the tank into the 
bowl. Toilets are notorious for hidden 
or silent leaks, because leaks are 
seldom noticed unless the toilet 
"runs" after each flush (which can 
waste 4-5 gallons a minute). 

At home, a silent leak caused by a 
corroded flush valve can waste as 
much as 10 gallons of water an hour or 
over 7,000 gallons a month from a 
plumbing failure that cannot be seen 
or heard. For water costing $1.20 per 
1,000 gallons, over $100 per year 
becomes "money down the drain." 

To determine if the toilet is leaking, 
look first at the toilet bowl after the 
tank has stopped filling. If water is still 
running into the bowl or if water can 
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be heard running, the toilet is leaking. 
Oftentimes, however, the toilet may 
have a "silent leak." To test for a silent 
leak, mix a few drops of food coloring 

Sf~.-··, "'. 
I.. . 

Float Arrn 
Float Ball 

Valve .~) :'. I !;. 
Overflow Pipe .; 0-' .J, . 

:':':f" 'J'\~< ''''" '"' 
::/ I J . Bowl .....:: .-/.--; .'-
/' , ... '. , ~ 

._ Tank 

~'~1'r." 
f 

., 
I'! '.---' . ..-' ~ l;:::.;. I ,I\": 

l '" . 3" 

or place a dye capsule or tablet 
(available from many utilities and 
hardware stores) into the water in the 
toilet tank after the water has stopped 
filling and the tank is full. DO NOT 
flush the toilet. Wait for about 10 
minutes, and if the dye or food coloring 
appears in the toilet bowl, the toilet 
has a silent leak. Leaks of this type are 
usually caused by a defective flush 
valve (flapper) bailor a corroded or 
scaled valve seat. Replacement balls 
and valves, which can be installed in 
less than 30 minutes, are available 
from most hardware and plumbing 
stores for under $3. 

Faucet Leaks: Faucet leaks are 
obvious, However, seldom used taps in 
the basement or outside the house 
should be periodically checked. The 
cause of faucet leaks is frequently a 
worn washer that can be replaced with 
two or three hand tools, Replacement 
washers can be purchased from most 
hardware and variety stores and cost 
only a few cents, 
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- To determine if leaks that can 
not be seen exist in the home, refer 
to page 8 on water meters. 

For instructions on fixing leaks, 
turn to pages 11-13. 

Water Wasted in One Month 
From Leaks 
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7, Use Efficient Outside Watering 
Practices 

a, Plant native vegetation. Once 
established, which usually takes 
two years, these plants require less 
frequent watering, 

b. Water grass only when needed. If 
grass springs up after being walked 
on, it does not need watering. 

c, Soak grass long enough for water 
to reach the roots, WATER 
SLOWLY AND DEEPLY, 

d. Water during the cool, early 
morning hours to minimize water 
loss by evaporation and discourage 
disease, Do not water on windy 
days, 

- - - - - - - - - -
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(transpiration) 
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Irrigation 

The Plant/Soli/Water Cycle 

e. Use sprinklers that produce 
droplets instead of mist and that 
have a low trajectory. This type of 
sprinkler will lose less water by 
evaporation and be less affected by 
the wind. 

f. Use drip irrigation systems for 
shrubs, flowerbeds, and other 
frequently watered areas. 

Drip Irrigation soaks the root system without any 
runoff 

g. During the summer, keep the 
grass about 2" -3" high. This height 
shades the root system and holds 
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soil moisture better than does a 
closely clipped lawn, 

h. Do not water streets and 
sidewalks. Adjust the hose or 
sprinkler until it waters just the 
grass or Shrubs. For flowerbeds, 
shrubs, and trees, use drip or 
soaker systems. 

i. If water is rationed during a 
drought, give priority to trees and 
shrubs which are more expensive 
and harder to replace than grass 
and annual plants, 

','. 
v,' I I. 

'" . 
.' I 

" _', ,I, 

Incorrect IUC,HiOrllor tile splll1kler = wasted w<Jtel 

Correct locatIOn for the sprinkler = no runoff 

j. During a severe drought when 
outside watering is prohibited, 
water plants with "gray water" 
saved from bathing, dishwashing, 
and clothes washing. if this is 
permitted by the city or local health 
department. 
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MEASURING WATER USE 

How To Read A Water Meter And 
Use It To Measure Leaks 

If the house has a water meter, the 
entire plumbing system can be 
checked for an undetected leak in five 
easy steps: 

1 , Find the water meter. (It may be 
outdoors or hidden in a dark corner of 
the basement), 

.£j'~ 
1"11(" WJlt~1 1!li:tel I': (,III·n 1(11: llt.!d In tile fro III yurtl 
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2, Turn off all running water and 
water-using appliances, and do not 
flush the toilet. 

3, Read the dial (or dials) and record 
the reading, 

4, After 15 to 20 minutes, re-check 
the meter. 

5, If no water has been turned on or 
used and the reading has changed, a 
leak is occurring, The rate (gallons per 
minute) of the leak can be determined 
by dividing the number of gallons by 
the elapsed time, 

If the leak cannot be found and fixed, a 
plumber should be called, Before 
calling, check all toilets for silent leaks 
by following the instructions on 
page 6, 

Water meters are not all alike, The 
three shown on these pages are the 
types most commonly used in Texas, 

The water bill shows the amount of 
water, usually in thousands of gallons, 
used every month. By following the 
directions next to the meter that 
matches the one in the home, weekly 
or even daily usage can be monitored 
and recorded, 

Reading The Type A Meter 

A Type A meter should be read like the 
odometer (mileage counter) on a car. 
The example meter reads 765400. 

1 
\ , 

GALLONS 

l71Q~Ql / 

IYPE A 

The actual total amount of water used 
since the example meter started at 
zero is 765,400 gallons. 

If the reading were recorded and a 
week later the meter read 766500, 
then 1,100 gallons of water would 
have been used during the week. 

Based on the example meter, the 
reading on the monthly bill should 
show 765 if the utility company 
charges to the nearest thousand 
gallons used. 

Reading The Type 8 Meter 

A Type B meter has five clock-like 
circles. The circles are not numbered 
1-2-3-4-5 as in this illustration. 
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Rather, the circles on the example 
meter have been numbered to show 
where to begin reading. 

, 3 

O
· -, (', 

:/: l· \ ) 
~~. ~~Y 

~~ , Q ( ,">- \ I ' 

\. _~:~ : I . : . \. 4 

,-<,_~_;J /, ' ,-

I UNIT :I 10 
U 5 GALLONS 

TYPE B 

Start at Circle 1 and read each circle in 
clockwise order, finishing with Circle 
5. If the arrow points between 
numbers, read the smaller number. 

In this example: Circle 1 = 7; Circle 2 = 
6; Circle 3 = 5; Circle 4 = 4; Circle 5 = O. 
Therefore, the meter reads 76540. The 
actual total amount of water used 
since meter B started with each arrow 
pointing at zero is 765,400 gallons. 

If this reading was recorded and in a 
week the meter read 76650, then 
1,100 gallons of water would have 
been used that week. 

The reading on the monthly bill would 
be 765 if the utility charges to the 
nearest thousand gallons used. 

Reading The Type C Meter 

A Type C meter is read by starting at 
the circle marked 1,000,000 and 
finishing with the outside circle. If 
the arrow points between numbers, 
read the smaller number. 

In this example: Circle 1,000,000 = 7; 
Circle 100,000 = 6; Circle 10,000 = 5; 

Circle 1,000 = 4; Circle 100 = 0; 
Outside Circle = O. The meter reads 
765400. The actual total amount of 
water used since meter C started with 
all arrows pOinting at zero is 765,400 
gallons. 
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TYPE C 

If this reading was recorded and in a 
week the meter read 766500, then 
1,100 gallons of water would have 
been used that week. 

The reading on the monthly bill would 
show 765 if the utility charges to the 
nearest thousand gallons used. 

How To Read A Water And Sewer 
Bill 

A typical water bill should contain the 
following information: 

1. The amount of water used. 

2. The beginning and ending dates of 
the billing period. 

3. The beginning and ending meter 
readings. 

4. The dollar amount being billed. 

If the home has centra I sewer service, 
the monthly sewer and water charges 
will almost always beon the same bill. 
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Water and sewer service are generally 
billed at a fixed rate for the first 1,000 
to 3,000 gallons used and a separate 
rate per 1,000 gallons after the 
minimum is used. For example, the 
water rate for a residential customer 
could be $8.00 for the first 2,000 
gallons used and $1.50 per 1,000 
gallons above the 2,000 gallon base 
amount. The corresponding sewer 
rate could be $10.00 for 2,000 gallons 
and $1.80 per 1,000 gallons above the 
2,000 gallon base amount. 

More than likely, sewer lines serving 
the home are unmetered. In Texas, 
many utilities average individual home 
water consumption over December, 
January, and February and use the 
average for these three months, or the 
actual monthly water use if that is 
lower, to determine the monthly sewer 
gallonage for billing purposes. The 
sewer rates are then multiplied by this 
gallonage to determine the sewer bill. 
The reason that December, January, 
and February are chosen is that all 
water usage will generally be inside 
the house during the winter months 
and, therefore, will flow into the sewer 
system. Other utilities simply charge a 
fixed monthly amount for sewer 
service. 

The water and sewer consumption 
volume will usually be shown on the 
monthly bill as two or three numbers. 
When examining household use from 
a utility bill, make sure that the bill is 
checked carefully to determine the 
units (i.e., 1000 gallons/month, 100 
gallons/month, or 100 cubic 
feet/month) that the utility uses as a 
basis for bill charges. Billing questions 
can be answered by calling the local 
utility. 

Some utilities have adopted rate 
structures specifically designed to 
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promote water conservation. Such 
rate structures usually increase the 
charge for each 1,000 gallons that are 
used above the overall average 
amount of water used each month. For 
example, the minimum monthly bill 
could be $8.00 for the first 2,000 
gallons, the next 6,000 gallons could 
be billed at $1.50 per 1,000 gallons, 
and use above 8,000 gallons could be 
billed at $2.00 per 1,000 gallons. This 
structure is called an increasing block 
rate. Some utilities also use seasonal 
rates that charge higher rates during 
the summer out-of-doors watering 
period. Questions about the rate 
structure can be answered by calling 
the local utility. 

EASY REPAIRS THE 
HOMEOWNER CAN MAKE 

Repairing Toilet Leaks 

Some types of toilet leaks are relatively 
easy to fix. Other leaks may require the 
services of a plumber. Several simple 
repair steps that can be done without 
contacting a plumber are listed below. 

1. If the water is too high in the toilet 
tank and is spilling into the overflow 
tube, the float can be adjusted by 
turning the adjustment screw or by 

- - - - - - - - -
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very gently bending the float arm down 
so that the water sh uts off at a level 
slightly below the top of the overflow 
tube. Ideally, the water level should be 
set so that it is about even with the fill 
line on the back of the toilet tank. 

2. A frequent problem that causes a 
toilet to leak is a worn flapper ball or a 
flapper ba II that does not seat properly 
into the valve seat. If the flapper ball is 
worn, it can be removed and replaced 
with a new flapper ball. If a flapper ball 
is being replaced, care should be taken 
to note how the chain is adjusted 
before the old ball is removed. Also, 
the valve seat should be checked for 
scale or corrosion and cleaned if 
necessary. If cleaning does not work, a 
retrofit valve seat. which is now 
available from most plumbing or 
hardware stores, can be obtained and 
installed. 

3. If the handle needs to be jiggled to 
keep the toilet from "running," the 
guide-wire or the handle itself may be 
sticking. If the handle is sticking, 
adjust the nut that secures it in the 
toilet tank. If that does not work, the 
handle may have to be replaced. 

4. If none of the preceding steps 
solve the problem, a plumber should 
be contacted to repair the toilet. 

Repairing Faucet Leaks 

Leaky faucets, which can develop even 
in new houses, are wasteful and are a 
nuisance. With a few simple tools, a 
leaky faucet can be repaired in less 
than an hour. 

Most water faucets in houses today 
are compression-type units in which a 
washer is compressed over a pipe 
opening when the faucet is closed, 
thus closing off the water. All 
compression-type faucets may not 

look alike, but all are similar in their 
operation and repair. 

Handle 
V Screw 

Handle~ 

UCaPNut 

~ Cone or Bonnet 
Bib or Packing Washer 1;&;1 Packing 

Spindle ~ 
Upper Faucet Washer ~ 

• 

cr' 
<:5 

lower Faucet Washer ~ 

! 
The exact point where a leak appears 
on a faucet is a good clue to finding its 
cause: 

A spout drip is usually caused by a 
worn upper faucet washer or a 
corroded seat. 

Leaks at the stem result from a loose 
cap nut or worn cone or bonnet 
packing. 

A cap leak, or water oozing below the 
cap nut, indicates a worn bib or 
packing washer. 

A leak at the base of the faucet results 
from water seeping past a worn lower 
faucet washer. 

Faucets With Washers: 

To repa ir a leaky compression type 
faucet, use the following steps: 
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• Turn off the water supply at the 
valve nearest the faucet. Next, open 
the tap to drain the faucet. 

• Remove the handle screw and lift 
the handle off the spindle. 

• Unscrew the cap nut. It is probably 
best to use a protective cover of 
adhesive tape or a rag to avoid 
marring the finish. 

• Unscrew the stem with finger 
pressure and lift it out. 

• Remove the screw from the bottom 
end of the spindle. Scrape away all 
worn washer parts. Be careful not 
to damage the rim. 

• Install a new washer. Take either 
the old washer or the complete 
spindle unit with you to purchase 
the correct size and shape (flat or 
conical) replacement washer. 
Double-check to make sure the 
replacement is like the worn 
washer. 

• Check the seat (which is located 
down inside the faucet) to make 
sure it is not pitted or rough. If the 
seat is scarred or rough. a seat
dressing kit to grind the seat to a 
smooth finish should be used. 

• A leak at the stem usually means 
that the packing inside the cap nut 
needs replacing. To replace the 
packing. pry out the old packing 
washer with a screwdriver. If a 

washer is used. replace it with a 
new one. If there is no washer. 
wrap the spindle tightly with 
"packing wicking." String can be 
used if commercial wicking is not 
available. 

• Reassemble the faucet. Tighten the 
cap nut just enough to prevent 
leaking. Screwing the nut down too 
tightly causes rapid wear on the 
stem. 

• Turn the shutoff valves to the on 
position and check the faucet for 
leaks. 

Mixing Faucets: 

A mixing faucet may look more 
complicated than a single faucet. but 
repairs are made in much the same 
way. Actually. a mixing faucet is two 
separate units with a single spout. 
Mixing faucets are used on sinks. 
bathtubs. and laundry tubs. Repairs 
must be made separately on each 

~ 
MIxing Faucet 

faucet unit. Follow the same steps 
listed above. but remember to turn off 
both faucet valves before beginning 
work. 

Washerless And Single-Lever 
Faucets: 

Every washerless and single-lever 
faucet model is a little different. When 
repairs are required. homeowners can 
purchase a repair kit for their model 
which includes instructions and the 
parts that generally will be worn. By 
replacing all the parts at once. the 
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~ 
Single-Lever Faucet 

faucet should function for several 
years without needing further repair. 

WATER-SAVING DEVICES 
THAT THE HOMEOWNER 

CAN INSTALL 

Installing a Low-Flow Showerhead 

In some cases. a newly purchased 
low-flow showerhead may not fit on 
the existing pipe. This is often the case 
if the neck ends in a ball joint. Most 
necks can be unscrewed and replaced. 
or an adaptor can be used. Adaptors or 
replacement necks are readily 
available in plumbing and most 
hardware stores. 

When installing the new showerhead. 
teflon tape or pipe joint compound 
should be applied to the exposed 
threads of the new neck so that the 
joint will be sealed and provide a leak
proof connection. 

If the shower neck that has been on for 
a few years and the neck joint is too 
stiff to unscrew with moderate 
pressure. consider having a plumber 
replace it. 

Installing Shower Flow Restrictors 

Restricting devices fit into the space 
between the showerhead and the 
shower neck. These devices range 
from a simple washer with a small 
hole in it to small chrome-plated 
pressure compensating fittings. While 
restrictors reduce water flow. low
flow showerheads produce a flow that 
is more satisfying to most individuals. 

- 13 

To Change Showerheads: 

Remuve old "high-flow" !;;/Iuwertlead 
turn counter-clockwise 

Wall 

Elbow 

JOHH 

~ H'91,Flow 

~ Showerhead 

Cover expost~d threads of . neck" with pipe 
JOllll compound Of teflon WlJe to form J tight 
seal 

3 To Insta\! the "'r.N-flow· shower heads 
scrpw 011(0 the "neck" cluc"~·"'lse 



Installing Toilet Dams, Toilet Bags, 
and Plastic Bottles 

Many of the toilets in homes today use 
from 5 to 7 gallons per flush. Several 
effective retrofit devices are available 
that can reduce the volume of water 
used with each flush by 2 to 3 gallons. 
While these devices can be used in 
some of the low flush toilets on the 
market today that use from 3 to 4 
gallons per flush, they generally 
perform better when used in the older 
5 to 7 gallon per flush models. Since 
the height of water in the toilet tank 
(and not just the volume) causes the 
bowl to flush. the purpose of 
displacement devices is to reduce the 
volume of water used in each flush 
without affecting water height in the 
tank. The following three types of 
devices have proven to be effective: 

Toilet Dams: 

To install a dam, flex or bend the dam 
and insert it into the tank as illustrated. 
The dam should fit tightly against the 
tank sides and bottom and should 
curve outwards away from the 
plumbing fixtures in the tank. Most 
tanks work best when a single dam is 
used. 

_--r----
.... -~.". ~"""\ 
~"'I 

fode! DiUl1 

Toilet Bags: 

sealed with the bag clamp, and the bag 
should be hung in the tank by using the 
bag clip and hanger that are provided. 
Make sure the bag is located in the 
tank so it does not interfere with the 
operation of the toilet tank. 

I ollet Bag 

Plastic Bottles: 

Plastic bottles can be filled with water 
and weighted down with a few stones 
and placed in the most open portion of 

1'1.1:-.111.: BOllle 

the tank. This will save as much water 
as is displaced by the bottle. Make sure 
the bottle does not interfere with the 
operation of the moving parts of the 
tank. 

ALL SUCH DEVICES SHOULD BE 
The bag should be filled with water, CHECKED PERIODICALLY TO INSURE 
the top of the bag should be securely THAT THEY REMAIN IN PLACE. 
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GETTING TO KNOW 
THE PLUMBING SYSTEM 

Draining The Water Supply System 

There are two types of plumbing 
systems in every house. There is a 
water supply system and a drainage 
system. 

Occasionally. the water system may 
need to be drained to perform major 
plumbing repairs or to prevent the 
pipes from freezing if the house is to be 
left unattended for long periods in cold 
weather. 

To drain the water from the pipes, 
follow these steps: 

1. Turn off the water supply at the 
main shut-off valve to the house. The 
shut-off valve is usually located in a 
valve box which is buried in the ground 
between the water meter and the 
house. The plate covering the valve 
box can often be removed by hand or 
with a screwdriver. 

2. Turn off the gas or the electric 
currentto the hot water heater. This is 
extremely important because the 
heater will be seriously damaged if the 
water is drained while the heater is 
operating. 

3. Next. flush all toilets and open 
every faucet in the house. 

4. If your house is heated by a hot 
water or steam system, turn off the 
furnace and open all radiator valves (if 
the radiators have individual valves). 
Remove the air-escape valve from one 
or more radiators on the highest floor 
of the house and drain the furnace and 
water heater. 

5. Open the drain valve on the main 
supply line. If no valve exists, 

your system is and disconnect a fitting 
there to allow any remaining water to 
run out olthe pipes. A plumber may be 
needed to install a suitable drain valve 
in plastic or copper piping. 

6. If the house is supplied from a 
well. drain both the above-ground 
pump lines and the tank. Turn off the 
pump and drain it completely. 

7. Pour a mixture of anti-freeze and 
water into the trap of every sink, wash 
basin, bath tub, and shower stall and 
into the toilet bowls. Prepare this 
mixture, according to the directions on 
the can, for the lowest possible 
temperature expected in the local 
area. 

Unclogging The Drains 

If water backs up into any of the 
household fixtures, the drain is 
probably clogged at some point. To 
unclog the drain, the following steps 
should be followed. 

1. Bailor siphon as much water as 
possible out of the fixture. 

2. Use a plunger(plumbers helper)to 
try to unclog the drain by plaCing the 
plunger over the clogged drain and 
working it up and down vigorously. If 
that does not work and the fixture is a 

determine where the lowest point in Use a plunger to break up line blockages 
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bathroom sink or bathtub, a hand, a 
wet sponge, or duct tape can be placed 
over the overflow vent to seal it off, and 
the plunger action can be repeated. 

3. If Step 2 does not work, pour a 
caustic drain cleaner into the drain. 
The manufacturer's instructions 
should be followed completely. Allow 
the product to set for the 
recommended time and then run cold 
water down the drain. 

4. If Step 3 does not work, it is time to 
either call a plumbing service or try to 
clean out the line without help. To 
clean a line, the point of line blockage 
will need to be determined, the 
cleanout will need to be located, and a 
drain auger will need to be used to 
clear the blockage. 

I)',,: I dr:lIr~ .JIll)'.' II, ell:,!! ClllIlO blu.:kd:J'! 

Septic Tanks And Drainfields 

Houses in rural areas or on the fringe 
of an urban area without centralized 
sewage system use a septic system to 
dispose of sewage. A properly 
designed septic system usually 

consists of a septic tank and a 
drainfield. By reducing water use, the 
life of the drainfield can be prolonged. 

Roof Terrninal 

1; '_' 11(1 I i" 

A I),PII_"I '>02pll1: s')'~;tem (with la~11Ch{lSI 

Maintenance 

A few basic steps can prevent 
expensive repairs and lengthen the life 
of the system. 

- Follow the water conservation 
methods discussed in this 
pamphlet. This will help prevent 
saturation of the drainfield. 

- Do not use a garbage disposal 
system in the sink and do not use 
the toilet as a trash can. Large 
amounts of organic matter can 
cause a rapid buildup of sludge or 
scum which will require more 
frequent cleaning and could cause 
the septic system to fail. 
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The use of bacterial additives, 
yeast, and other "activators" can 
also help septic system per
formance. 

Cleaning 

The frequency of cleaning depends on 
the size of the septic tank and the 
number of people it serves. With 
ordinary use and care, a septic tank 
may require cleaning every two or 
three years. In many cases, septic 
tanks can be satisfactorily operated for 
even longer without cleaning. 

Inspectiun Ports 

/ Manhole ~ 

~~"~, 
Baffles 

Cross Section of a Septic Tank 

To determine when to clean the tank, 
an annual check should be performed. 
When the bottom of the scum is within 
3 inches of the bottom of the outlet 
baffels or the top of the sludge is 
within 3 inches of the bottom of the 
outlet, the tank should be cleaned. The 
accumulated solids should be pumped 
out by a licensed, commercial septic 
tank cleaning company. 

The Hot Water Heater 

Hot water is a simple luxury that is 
often taken for granted. Knowing 
about a water heater can help trouble 
shooting when problems occur and 
could prevent more serious problems 
should the water heater fail. 

Conserving Energy 

The thermostat controls the 
temperature of the hot water. Try 
setting the thermostat at around 1250 

Fahrenheit unless the kitchen has an 
automatic dishwasher. The lower 
temperature will save energy and 
wear and tear on the equipment, since 
hot water is more corrosive to pipes. 
The lower temperature will also 
protect small children from accidental 
scalding. If there is an automatic 
dishwasher which does not have a 
water heater option, the thermostat 
should be set at a minimum of 1400 F 
so that the dishwasher will clean 
effectively. 

Relief 
Valve ~ .... Flue 

Rnllef~ 
Outfet 

Thermostat 

Pilot 

Cleanout 
Valve 

Gas 
Burner 

The hot water heater will use less 
energy if it is wrapped in an insulating 
blanket. The hot water pipe on top of 
the tank should also be wrapped in 
pipe insulation. The cold water pipe 
should be insulated up to the shut-off 
valve. 

Maintenance 

Approximately every six months, 
about two quarts of water should be 
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drained from the faucet-like drain 
valve located at the bottom of the tank. 
To drain the tank, either attach a 
garden hose and flush water outside 
or down a nearby drain or catch the 
water in a bucket. Either way, water 
should be drained until it runs clear. 
Periodic draining will prevent an 
accumulation of sediment and 
improve the efficiency and life of the 
heater. Also, the heater may make less 
noise as a result. 

D/ 
\ 

Drain 
L11 I Valve 

Every water heater should have a 
pressure relief valve to prevent a 
buildup of pressure from occurring 
because of a malfunctioning 
thermostat. Test the valve by lifting the 
test lever on the valve. If water runs 
out, the valve is functioning. 

Check the turn-off valve located on the 
cold water intake line to the heater to 
be sure it closes smoothly. This valve is 
used to shut the cold water off to the 
heater and hot water off to the rest of 
the house for repairs or in an 
emergency situation. 

WATER SAVING IDEAS 

When Remodeling or Replacing 
Fixtures and Appliances 

1. Hot Water Pipes: 

Where possible, hot water pipes from 
the hot water heater to fixtures and 
appliances should be insulated during 

remodeling. This will reduce the time 
between turning the water on and the 
time hot water comes out of the faucet 
and reaches a constant temperature. 

2. New or Replacement Fixtures and 
Appliances: 

Low-water using fixtures should be 
installed when remodeling or 
replacing fixtures. 

a. Toilets: Install toilets that use 
3.5 gallons or less per flush. 

b. Showerheads: Low-flow 
showerheads should flow at 3 
gallons or less per minute. 

c. Appliances: Water-saving 
dishwashing and clothes-washing 
machines should be installed. Be 
sure to ask the salesperson about 
the water efficiency of appliances 
when shopping for replacement 
appliances. 

3. Pools and Hot Tubs: 

a. Run the filter backwash onto 
the lawn rather than down the 
sewer. 

b. Purchase covers for hot tubs 
and pools to reduce evaporation 
losses. 

When Adding New Landscape Or 
Redesigning The Yard 

When planning to add new 
landscaping or redesign existing 
landscaping, the following sug
gestions should be considered 
because it may be possible to save 
50% or more of the water needed to 
maintain a traditional lawn. 

1. If a landscape architect or 
gardener is to be hired, select one who 
is experienced in Xeriscape. 
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WHAT IS XERISCAPE7 

XERISCAPE (ZIR-I-SKAP) N. The conservation of 
water and energy through creative landscaping. 
(From the Greek word Xeros. meaning "dry".) 
Xeriscaping, Xeriscaped. Xeriscaper, 

2. Design the yard to reduce the 
grassed areas to only that amount 
which will actually be used for 
recreation and entertainment. Front 
and side yards are most frequently just 
for show and are logical areas that can 
be completely or partially converted 
from lawns to native grasses, 
groundcovers, and shrubs. 

Tree/Shrubs & 

A Xerlscape design for tllC yard 

3. Use native grasses, groundcovers, 
shrubs, and trees. There are many 
beautiful varieties of native species 
that can be used in landscaping that 
are preferable to imported species. 
The advantage of native species is 
that, once they are established 

(usually about two years), they do not 
need to be watered as frequently 
(about 1/3 to 1/2 as often), and they 
usually will survive a dry period 
without any watering. 

4. Irrigation for Lawn, Shrubs, and 
Trees: 

a. When installing an irrigation 
system for the lawn, the sprinkler 
heads should be low-angle spray 
heads that sprinkle the grass 
without spraying the water high in 
to the air or allowing the water to 
drift onto the sidewalks and streets. 
The heads should produce droplets 
of water instead of a mist. 

Drip IrrigatIOn Hose 
and Emitters 

b. The preferable irrigation 
system for shrubs beds and trees is 
a drip-type system. There are 

Ferlillwr Inj\:ClUf -

'-
Typical drip Irrigation arrangemenl. The fendiler 
injector and pressure regulator are optional 
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Dr ip irrigation systelllS can ue used for hJnglng 
l1askets 

several varieties, including soaker 
hoses, bubblers, and "leaky pipe." If 
a sprinkler system is installed for 
shrubs, an upright pipe extension 
may be needed if low-angle spray 
heads are to be used. This is done to 
spray evenly without obstructions. 
For more information, contact a 
licensed landscape irrigator or a 
reputable dealer. 

c. Automatic controls will allow 
the proper watering time and will 
minimize waste. 

d. Regular spacing between spray 
heads will provide uniform 
coverage. 

5. Soil: Shape the soil to protect 
against erosion and use conditioners 

to promote water penetration and 
retention. 

a, Shape the soil into earthen basins 
around all shrubs. 

b. If the original soil is rocky, 
shallow, or a heavy clay, the soil 
can be improved by adding 2 to 4 
inches of organic material or topsoil 
which is compatible with the soil 
type. 

c. If your original soil is a heavy 
clay or fine sand, the soil can be 
improved by tilling organic material 
such as peat, compost. decomposed 
rice hulls, and rotted manure into 
the soil. 

6. Watering: 

a. Plants: During summer 
months, most plants will need 
about 1 inch of water every 5 to 7 
days. 

b. Lawns: The frequency of 
watering depends on the type of 
grass. Since evaporation and 
transpiration rates vary across 
Texas, the frequency of watering 
also depends on the location. 
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APPENDIX: 

CALCULATING THE 
TOTAL SAVINGS POSSIBLE 
THROUGH CONSERVATION 

conservation. The three following 
tables illustrate some of the savings, 

both in water use and energy use, that 
are possible. Taking a few minutes to 

The average homeowner can save 
both water and money by practicing 

compare the possible savings with 
past utility bills will show how much 
money can be saved in the home. 

Estimated Energy and Monetary Savings Associated with 
Residential Water Conservation 

Amount of lin..,.., uved V,lut of enwgy .. 'led 

Hot Wit ... Gal_I'", Electric 
o.vic. ....... ... ..... ....... G ... Electric' 

tGJllday/D,U,J! {Therml/yeer/D,U.jI (Kw-hr/)'llr/D,U,j IDoIlerlryNr/O.U.) 

Showerhead. 3.0 gpm •. 0 22.9 541 12.6 32.4 

WIler .llIing dishwashers '7 13.6 320 7, 19.2 

Wiler .av.,.,; clothes-
washing machines 2.' 6 .• 160 3.7 9.6 

Sublo181 151 43.3 1.021 23.8 61.2 

Inlulallon of hal WIler pipes '.7 13.6 320 7.' 19.2 

Total 19.8 56.9 1.341 313 80.' 

'l40-F Wiler lIved a, foHows; ShOWfi 3.4gaUonlper capita per day(gped); dishwasher 2.0 gped; wa.hing machines 1 ,Duped; thermal pipe 

insul.tion 2.0 gpcd 

lO.U. :: dwelling units; 2.37 perlOM per dwelling unit. 
379 ~rcent efficiency. Source: The California Appli.nce Efficiency Program-Revised Stall Rept. Cahlornia Energy Resources 
Conservation Ii ~. Comm. ConDrvalion Oiv.INov. 19171. 

40ne Th.rm 100,000 BTU. 
1198 percent efficiency. Source: ibid. 
"O.5S/th.rm. '.O.06/kw-hr. 

Water Conserving Retrofit Devices 

Applic.ltion 

Toilet 

Toile' 

Toilet 

Shower 

Shower 

Shower 

Shower 

Faucets 

HOI water 
pipe. 

Davie. 

Two displecement bottles 

Weter closet dam 

Dual·flush 

Flow restrictor 

Reduce-flow shower head 

Reduce-flow shower hud 
with cutoff valve 

CUloff valve 

Aerator 

Insulation 

Water Pressure.reducingv.I .... 
hooll;·up 

jgpcd~'llons per c.pit. per day 
2gpm-g.llons per minute 

Funcdon 

Reducn flush voIum. 

Reduces flush volume 

Variabl.·flush volum. 

Umits flow to 3 gpm1 

Limits flow 10 3 gpm 

Limits flow to 2.6 gpm 

Facilit.tes -navy" 
.hower· 

Reduces splashing, 
anhance. flow a.sthet
its creal ... pptlarance 
of ;ra.ter flow 

Reduces warm-up lime 

Reduce ...... iI.bl. water 
pre.sureat fiKtur •• 
and, hence, flow r.11 
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UnhW.ter 
W.ter saving. 

Rvin". .""'. 
0.6 gal/flush 2.3 

1.0 gallflush '.5 

3.5 gal/flush 15.7 

1.5gpm 6.7 

1.5gpm •. 7 

2gpm •. 0 

0.5 

0.5 

3.0 

Edim.ted 
EatIm.ted 

,.", 
• 

0-0.20 

1.60-3.00 

15.00 

0.50 

3.00-20.00 

6.00-20.00 

2.50-5.00 

0.50-2.00 

O.50/h 

85.00 

S..-vice 
lif. 

~ 

15 

15 

15 

15 

15 

25 

25 



Water Conserving Devices for New Construction 

Eltim.tlld 

unit WII'" 
w.t., "liNtel 

Applicluon OIl/tel Function ........ ~ 
Toilet Low·flulh, 3.5 gll/f'Ulh Reduced flush volume 1.5 g.l/flush 7 .• 

TOIIII Low-lIush. 2 5 g~l/lIush Reduced lIush volume 2.5 gal/flulh 12.6 

TOlle' Low-flush. 1 a IIII/Ilush R,duced Ilush volume '0 ".l/lIush 20,0 

ShOWlr Reduced-flow shower Reduc •• shower Ilow 15gpm' " h.ad rl'l to 3.0 gpm 

Showe, Reduced·flow showe' Reduc •• shower flow 20gpm '.0 
head wilh cutoH valve rl'l to 2.5 gpm 

Shower eUlott v.i .... Facilitlt •• Hnavy sho_rH 

hUCI' .... r.IOl Reduces tol .. hing, en- 0.' 
henelsltoW'l"lh'licl, 

cr •• , •• Ipp"'enCI 01 
gr •• ,.r llow 

WI'I' P,"sur.·reduclIlg ... llvl RlKlucl' Iv'Itlble wII,r 3.0 

hook-up pr, .. ur •• ' 'illlur •• 
and, hlnel, flow rl'l 

Appliance, WI'I,·eHlcllnt dish Reduced wlter requira- a-gallcycle '0 
w •• hlng apphance. mint 

Appliances WIIII.,lficient Clolh •• - Reduced wI"r r&q"url' 14·gallcycl' 3.5·7.0 
Wishing mlehln' ment 

·Som •• r. Illpensl .... , but Olh.rs II. 'lI.d.bl •• t costs comptr.ble 10 3.5 g.llon plr !lulh modoels 

'gpcd-;lllon. JMf cepil. per dey 

'"pm-gillon, per minute 
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Emm.t_ 
ecIdlUonilI 8.""," 

co" lit. 

• yel" 

0 " 
0 2S ,. 
0 15 

0 15 

u,o·s.oo 15 

0.50-2.00 1. 

45.00 2S 

" 

70.00 15 

, - - .. 

MAINTENANCE/REPLACEMENT RECORD 

DEVICES AND REPLACEMENTS INSTALLED 

Date Cost 

Low-Flow Showerheads Installed 

Low-Flow Faucet Aerators Installed 

Toilet Tank Displacement Devices Installed 

Fixture/Appliance Replacements 

ANNUAL OR SEMI-ANNUAL LEAK CHECKS AND REPAIRS 

Date 
Number of 

Faucet Leaks 
Number of 

Toilet Leaks 
Cost of 
Repairs 

OTHER ANNUAL MAINTENANCE 

Drain Hot Water 
Heater 

Check SeptiC Tank 
Scum and Sludge 
Levels 

- - -

Date 

-

Date Date Comments 
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Cq:lies of the following p.lblications an::i materials can be cbtained at no cilarge 
up to the quantity in:licated depen:tirg on the category of the requestor (see 
categories A,B,C, an::i D listed below). z.b:;t p.lblications are available for 
sale \oIhen larger quantities than the rrumber of free copies are desired. 

category A inclmes: 
• TeXas cities an::i ~; 
• TeXas Water an::vor Wastewater Utilities an::i Districts; 
• other TeXas water-related districts; 
• TeXas Water SUWly Corporations; 
• TeXas River 1u.tthorities; an::i 
• TeXas state Agen::ies; 

'these may obtain free copies up to the maxiD.nn listed for category A, not 
to exceed a total of 1,500 pieces, an::i may p.IrChase ad:titional copies at 
the listed price. '!hey may also have their name ani address printed on 
p.n:dlased p.lblications an::i may p.u:dlase print negatives for printin:J 
locally. Use E'CJRo{ I to order. 

category B inclmes: 
• TeXas schools an::i universities; 
• TeXas non-water related political subdivisions; an::i 
• TeXas non-profit clubs an::i organizations interested in water consel:Vation. 

'these may obtain free copies up to the maxiD.nn quantity listed for 
category B, DJt to exceed a total of 300 pieces, an::i may p.n:chase 
acklitional copies at the listed price. Use E'CJRo{ II to order. 

category c inclmes: 
• In::lividual Texas residents; 
• Private TeXas blsinesses; an::i 
• o..rt:-of-state cities an::i state governments. 

'these may obtain free copies up to the maxiD.nn quantity listed for 
category C, DJt to exceed a total of 30 pieces, an::i may p.n:chase 
acklitional copies at the listed price. Use E'CJRo{ II to order. 

category D inclmes: 
• In::lividual cut-of-state residents; an::i 
• Private cut-of-state blsinesses. 

'these may obtain s:in:Jle free copies of each item listed an::i may p.m:::hase 
up to 100 acklitional copies at the listed price. Use E'CJRo{ II to order. 

To make a request, write: 

<XlSERVATICN 
Texas Water Develqment Board 

P.o. Box 13231, capitol station 
Austin, Texas 78711-3231 

Please be sure to use the prcper order fom. For nore information, please 
call (512) 445-1467. 



Title 

Agricul t:ural Water conservation in 
Texas: 'lWDB, PaJtpUet, 8 !=p. 

Have YOlr Irrigatioo System Evaluated 
Free: 'lWDB, Paq;lhl.et, 4 !=p. 

!EPA Irrigatioo: 'lWDB, Paq;lhl.et, 6 !=p. 

Drip Irrigatioo: 'lWDB ~8, PalIPllet, 6 !=p. 

Cot1sezvin; Water in Irrigated 
.Agriculture: 'IWDB, Booklet, l2 !=p. 

Furrow' Dikes: HroWCD #1, PanPllet, 4 !=p. 

Soil M:>isture Malitorirg: HroWCD #1, 
Paq;lhl.et, 4 !=p. 

Center Pivot Irrigation: TAEX, 
PanPllet, 4 !=p. 

SUrge flOW' Irrigation: TAEX L-2220, 
Paq;lhl.et, 4 !=p. 

SUrge Irrigation: SCS, PanPllet, 6 !=p. 

Al:t>reviations : 

AWWA American Water Works Associatioo 
u.s. Envi.J::'a1mental Protection H:jerCy 

}lnnber of 
Free Cq)i.es 
Per cat.e;Jmy 
AlBIC 

50/ 50/ 10 

350/ 100/ 10 

350/ 100/ 10 

250/ 100/ 10 

150/ 100/ 10 

100/ 100/ 10 

100/ 100 / 10 

350 / 100/ 10 

350/ 100/ 10 

350/ 100/ 10 

Unit Price 
After Free 

OJpies 

NA 

$0.05 

0.05 

0.10 

0.16 

NA 

NA 

NA 

NA 

NA 

EPA 
HroWCD #1 
NA 

High Plains tJndergrc:mld Water Consel:vation District No. 1 

OP 
SCS 
TAEX 
~ 

'lWDB 

Not available for sale fran'IWDB. hX1ress of p.lbli.s.hin; agen:::y 
provided 00 request. 

out of Print - call for information 
usm - Soil Ccnsex:vation Service 
Texas Agricultural Extension Service 
Texas Department of Agriculture 
Texas Water Develq;mmt Board 
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I 
I 
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I 
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M.JnjcimJ Oaser::vati.cn Materials Available for 
Use in Wlraticn ani InfonMticn PLggdilS 

water ••• Half-A-B.m::b:."ed ways 
To save it: '1WDB ~-1, PaJrtillet 
8 w. 
Kmicipal ani o::.moorcial water 
canservaticn Services: '1WDB ~2, 
Panpllet, 8 w. 
A Hanec:7..mer's Guide to water 
Use ani water Conservaticn: 
'1WDB ~-3, Booklet, 22 w. 
HeM to save water Inside the 
HaDe: '1WDB ~-4, PaIrPllet, 8 w. 
water savirg Ideas for 
Business ani Irrlustz:y: 
'1WDB ~-5, PanPllet, 8 w. 
HeM to save water o.rt:side the 
the HaDe: '1WDB ~, PalrPllet, 
8 w. 
Texas Sesquicentennial Native 
Plant Ian:lscape (located in 
Austin): 'l'D!\I'lWDB ~ 7, 
PaJIpUet, 8 w. 
Drip Irrigaticn: '1WDB ~8, 
PaJIpUet, 6 w. 
Colorirg Poster for arildren: 
'1WDB ~-9, Poster, 1 W. 

Water Conservaticn Colorirg 
Book No.1: '1WDB ~-10, 
Booklet, 4 W. 

water Conservation Colorirg 
Book No.2: '1WDB ~-11, 
Booklet, 4 W. 

lawn wateri.rg Guide: '1WDB ~-12 
card, 3.5" X 5" 

NuDiler of 
Free Q:{lies 
Per categm:y 
AlBIC 

500/ 100/ 10 

OF/OP/OP 

250/ 100/ 10 

500/ 100/ 10 

OF/OP/OF 

500/ 100 / 10 

5/5/5 

250/ 100/ 10 

OP/OP/OP 

500/ 100/ 10 

500/ 100/ 10 

500/ 100/ 10 

Unit Price 
After Free 

Copies 
9,999 : 10, ()()() or 

or less: M::Jre 

$0.04 $0.03 

NA NA 

0.25 0.23 

0.07 0.06 

0.04 0.03 

0.07 0.06 

NA NA 

0.10 0.09 

0.04 0.04 

0.05 0.04 

0.05 0.04 

0.04 0.03 



M,mjcirnl ClxfflVlirt:;cn Klteri.als Available fer 
Use in ft'ncatiat ani Infomatiat Prg;gans - Continue:! 

Title 

A Directory of Water Saving 
Plants and Trees for Texas: 
'IWDB ltK:-13, Eooklet, 42 w. 
Xeri.scape-Prin::iples, Benefits: 
'IWDB ~14, PanPUet, 4 W. 
standard size 6" X ll". 

Xeriscape-Prin::iples, Benefits: 
'IWDB ltK:-14A, PanPUet, 4 W. 
Size 3.5" X 7.5". 

Toilet Tank Iaak Detector 
Tablets: 2 Tablets per 
packet 

Plastic Ruler: 'lWDB, 
6" X 1 1/4" 

Iarrlscape Water conservation ••• 
Xer:iscape: TAEX 8-1584, 
Booklet, U W. 

NuIIiler of 
Free Q:pi.es 
Per cat:egm:y 
AlBIC 

50 / 25/ 2 

250/ 100/ 10 

500/ 100/ 10 

100/ 25 / 1 

250/ 100/ 10 

50/ 25/ 10 

unit Price 
After Free 

CWies 
9,999 : 10,000 or 

or Ie;s: M:lre 

0.55 0.52 

0.19 0.16 

0.07 0.06 

NA 

NA 

NA 
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'!he Authority of CitieS, Water utilities, 
and Water Districts to Regulate and Enforce 
Water Cc:nse:rvaticn Measures: 'lWDB GB-1, 
Guidebook, 5 W. 

A Guidehcck for Reducin; Unacx:x:A.Jntej for 
Water: 'lWDB GB-2, Guidebook, 33 W. 

Guidelines for Mmicipal Water 
Ccnservaticn and ~t 0JntinJerq 
Pl.armirq and Program Develcpnent: 
'lWDB GB-3, Guidebook, 36 W. 

Guidelines for Water Reuse 
EPA600/S-SQ-036: EPA GB-4, Guidebook, 
105 W. 

SaJrces of Leak Detecticn Equipnent 
and Sezvices: 'lWDB GB-5, Guidebook, 2 W. 

SaJrces of Water Savirg Devices: 
'1WDB GB-6, Guidebook, 20 W. 

Texas Water Resoorces and Conservation: 
'lWDB GB-7, Guidebook, 3S W. 

Water Conservation Ani ~t 
0JntinJerq Plan Develq::ment 
Procedures: 'lWDB GB-S, Guidetxx>k, 58 W. 

Exanple Xeriscape Irx::entives and 
Ordi.nan::es: 'lWDB GB-9, Guidebook, 58 W. 

'!he Texas Water Etlucaticn Network 
Directory: 'lWDB GB-10, Gl1j d ebcyik, 23 W. 

summary of Water for Texas: 'lWDB C-20, 
Panpllet, S W. 

Water Plann:in;J in Texas: 'lWDB C-1S, 
Booklet, 27 W. 

Texas Water Develq::ment Board 
(F\n'rliig Prcx;p:ams): 'lWDB, PaniJplet, 
4 W. 

NuaiJer of 
Fme Q:pies 

Per categaries 
ALBIC 

10/ 1/ 1 

10/ 1/ 1 

10/1/1 

10/ 1/ 1 

10/ 1/ 1 

10/ 1/ 1 

10/ 1/ 1 

10/ 1/ 1 

10/ 1/ 1 

1/1/1 

10/ 1/ 1 

10/ 1/ 1 

10/ 1/ 1 

Unit Price 
After Fme 

o:pies 



Pln1 iqrt:icn; ani 1U:ti.arisual. Mated al s Avaj 1 abl e far 
!pan FreID Texas water DeYel'!lIAlt Board CDg31* 

I 
I 
I 

'!he follcwin; water oansex:vation p.1blications ani audiOlTisual materials are available for I 
loan of up to 0..0 weeks fran'lWDB. To l::lorrcM any of these write to: a:NSERVATION, 
'I.'e)(as< Water Develcpnent Boal:d, capitol station, Austin, Texas 78711-323l. 

PlD1 jmtirns I 
Title 

Water Al.x1it ani Leak Detection 
Guidebook 

Exanple Bro::hures ani 
PraIctianal Material 

Municipal Water Cr::nservation 
Workshop Notebook 

'!he Alternative is o:nservation 

Water Follies 

0ran;!Utans (Public Service 
Anrx:lucement) 

~ Birds (Public Service 
Anrx:lucement) 

Tanks (Public Service 
Anoourx::emen1:) 

Spot Ann::mx:lE!Inen 

originally 
FUbl.ished Bol 

califomia Dept. 
of Water Reswrces 

<l:IIpile::i by 'lWDB 

Al,xlicvU:!1a
' 

Materials 

Water Films 

I.of,o,1er Colorado 
River Authority 

Book 

16Dm Film or 
vavvas Fomat 

16Dm Film or 
vavvas Fomat 

16nm Film or 
VCR/VHS Format 

16Dm Film or 
vavvas Format 

16Dm Film or 
vavvas Format 

Al¥tio cassette 

142 pages 

32 pages 

6 sections 

28 mirnrt:es 

7.5 minutes 

30 secoOOs 

30 secoOOs 

30 secoOOs 

30 secoOOs 

*'!be films, video cassettes, ani p.1blications are provided for review p.u:poses only. 
Pennission to use any of this material for print or broadcast nust be d::ltained fran the 
producer or p.1blisher of the material. 
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FOR CATEGORY A ONLY FORM I 

TWDB WATER CONSERVATION LITERATURE 
Order Fonn 

Please print or type your order. The name and address of your organization can be printed on paid 
literature orders of 1,000 or more copies of a brochure. A charge of $25.00 must be paid for each title 
ordered with name and address. Names and addresses cannot be printed on free copies. Checks or 
money orders made payable to the Texas Water Development Board must be received with your order. 

QJanti.ty QJanti.ty unit 
Title Free l\m:!lased Price SUbtotal 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Total. * ___ _ 

Olarge for Name an::! J.d:kess on Literature @$25.00 __ _ 

Organization Name: 

M:lress: 

city, state, Zip: 

Q)ntact Person: 

TeletilOlle: 

*Not to exceed 1,500 pieces. 

**'!he 'mOB will ship orders up to 400 
poon::1s free at book rate or c::heap=>ast 
rate available. '!he Board requests that 
the utility arrarge for shlwinJ or pay 
the in:::remental difference on orders 
~ 400 pc:mds. Call (512) 
445-1467 

Postage** 

Name an::! l\d:h'ess as it is to 
be printed on literature: 

Sen:1 Order to: 
cx:NSERVATICN 

Texas water Develq:ment Board 
P.O. Box 13231, capitol station 

Austin, Texas 78711-3231 



FOR CATEGORIES B, C, AND D FORl\1 II 

TWDB WATER CONSERVATION LITERATURE 
Order Form 

Please print or type your order. Checks or money orders made payable to the Texas Water 
Development Board must be received with your order. 

Title 

1-

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Total. 

organization Nalte: 

1Iddress: 

city, state, Zip: 

Contact Person: 

Tel~: 

*Not to exceed 300 pieces for ca~ry Bar 
30 pieces for categoJ:y c. 

-rbe 'IWDB will ship orders up to 50 
poorxls free at the 000k rate thr'c:u3h the 
U.S. Postal Service. '!he Board asks 
that the requestors arrange for shlf.piIg 
or pay the in::::reIental differen::le on orders 
exceectin; 50 poorxls. call (512) 445-1467 
for infonnation. 

Quantity Q.lantity unit 
Free PUrchased ~ SUbtotal 

----*----
Postage** 

Serrl Order to: 
~ON 

Texas water DevelcptYant Board 
P.o. Eox 13231, capitol station 

Austin, Texas 78711-3231 

I 
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BRADY, TEXAS 

MCCULLOCH COUNTY 

WATER CONSERVATION 

AND 

DROUGHT CONTINGENCY PLAN 

Appendix 
D 



INTRODUCTION 

The City of Brady is a Home Rule City that underwent a complete Charter review 
and modification in 1989. As provided by the Charter, the City is operated with 
a Mayor/Council form of Government in which a Mayor and five (5) Council are 
elected form the general public. The Mayor runs the Council meetings; however, 
does not vote on matters. All matters relating to City activities from the 
paving of streets to wastewater treatment plant renovations must be approved by 
Council. All administrative functions and work approved by Council is carried 
out by the City Manager. 

The City of Brady provides water service to an area approximately 40 square 
miles. It is the area granted to the City of Brady under Texas Water Commission 
certificate of convenience and necessity No. 11121. The area covered by this 
certificate is the City of Brady, McCulloch County, Texas and areas immediately 
adjacent to the City. It is more specifica~ly identified on the Commission's 
official service area map, WRS-160 (Appendix A). 

While population in Brady has had modest growth, the extension of water 
service to new areas has put an extra demand on the delivery system to the point 
that production is approaching capacity. The goals of the following Water 
Conservation and Drought Contingency Plan are two fold: 

1) Increased awareness of the value of the limited resource of water in a west 
Texas climate subject to periodic dry cycles. 

2) With the limited financial resources of the community, utilize conservation 
and drought contingency planning to delay capital expenditures for 
replacement or additions to water service facilities. 
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UTILITY EVALUATION 

A. Population of service area - 7,800 

B. Size of service area (estimated) - 40 square miles 

C. Breakdown of connections in service area: 

2450 - residential 429 - commercial 13 - industrial 

D. Rate of new connections per year - 20 residential 

E. Water use information: 

1. Average annual production - 787,263,000 gal/yr. 
2. Average monthly production - 65,605,000 gal/mo. 
3. Monthly sales: January 1988 - December 1988 

Carrrercial-
Residential Institutional Industrial Total 

January 
February 
March 
April 
May 

17,051,000 
19,621,000 
21,123,000 
30,020,000 
41,746,000 
29,631,000 
46,418,000 
40,975,000 
48,946,000 
31,845,000 
25,885,000 
19,735,000 

4,868,000 
4,578,000 
4,008,000 
4,219,000 
4,491,000 
3,364,000 
3,979,000 
4,851,000 
4,390,000 
4,754,000 
3,536,000 
5,005,000 

June 
July 
August 
S€ptertber 
O:::tober 
Noverrber 
Decarber 
Total 372,996,000 

10,002,000 
9,745,000 
9,616,000 

12,338,000 
14,693,000 
13,553,000 
15,082,000 
14,983,000 
15,522,000 
13,723,000 
11,124,000 
10,620,000 
151,001,000 52,043,000 

4. Peak daily use - 4,100,000 gpd 
5. Peak to average use ratio - 2.19 

G. Peak daily capacity - 5,529,600 gpd 

H. High Volume Customers: 

1. Roddie Wool Scouring - 36,315,000 gal/yr. 
2. Loadcraft Inc. - 8,912,000 gal/yr. 

31,921,000 
33,944,000 
34,747,000 
46,577,000 
60,930,000 
46,548,000 
65.479,000 
60,809,000 
68,858,000 
50,322,000 
40,545,000 
35,360,000 

576,040,000 

3. Brady Independent School District - 7,570,000 gal/yr. 
4. Housing Authority (Site E) - 4,922,000 gal/yr. 
5. Leisure Lodge Inc. - 4,464,000 gal/yr. 
6. Housing Authority (Site F) - 4,401,000 gal/yr. 
7. Sunset Inn - 2,533,000 gal/yr. 
8. C H W Corporation - 2,155,000 gal/yr. 
9. Heart of Texas Racing, Inc. - 1,655,000 gal/yr. 

I 
I 
I 
I 
I 
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I 
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I. Population and water use projections - See Appendix B 

J. Percent of metered connections 

Residential - 100% Commercial - 100% Industrial - 100% 

K. Existing water rate structure 

Gallons In Town Out of Town 

1st 1000 $ 4.09 $ 6.14 
2nd 1000 1. 82 2.73 
3rd 1000 1. 37 2.05 
4th 1000 1. 37 2.05 
> 4000 .80 1.20 

L. Average annual revenue from water sales - $570,000 

M. Average annual revenue from wastewater rates - $210,000 

N. Average annual cost of operation - $100,000 

O. Applicable local regulations 

The only applicable regulations are those adopted by the Council. 

P. Applicable State or Federal Regulations 

The City of Brady is a Municipal Corporation of the State of Texas and, 
therefore, must comply with rules of the following agencies: 

TEXAS WATER COMMISSION 
TEXAS WATER DEVELOPMENT BOARD 

TEXAS DEPARTMENT OF HEALTH 
ENVIRONMENTAL PROTECTION AGENCY 

PUBLIC INVOLVEMENT 

The City of Brady conducts council meetings on the first and third Tuesday of 
the month. These meetings are subject to the open meetings laws; therefore, 
interested parties are notified of the contents of the meeting and have the 
opportunity to address the Council to make their views known. 
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WATER CONSERVATION PLAN 

I. EDUCATION AND INFORMATION 

The City of Brady will provide water conservation through a variety 
of informational and educational means. The following are examples of programs 
that will be utilized, subject to availability of material and success of the 
program: 

New Customers will receive a water conservation kit that includes 
flow restrictors for shower heads, displacement bags for the water closet and dye 
tablets for leak detection plus a one page flyer on water conservation explaining 
the general provisions of the water conservation and drought contingency plan and 
the benefit to Brady plus conservation tips around the home. 

Water Conservation Week will be declared by the Mayor or City 
Council the first week of November, which is just prior to the three (3) month 
period used to establish sewer rates. During that period: 

The one page flyers will be mailed to all customers. 
Several public service announcements will be aired on the radio. 
Water conservation tips will be given to the newspaper. 

Regu 1 ar Informat i on will be gi ven to the radio and newspapers 
regarding some aspect of water conservation or explaining how to utilize material 
provided in the water conservation kit. 

Youth Water Education and Conservation will be promoted by providing 
films like "Water Follies" and "The Alternative Is Conservation" and other 
audio/visual materials that may be appropriate to grades K-6 regarding water 
conservation. It is intended this information will be provided to the schools 
so that the teachers may utilize the material in their Earth Science or water 
units. 

Water Eva 1 uat i on Test - A simple test wi 11 be deve loped and 
di stri buted to customers twice a year the fi rst year (1990) and once a year there 
after. The test will be designed to cover various aspects about the Brady water 
system and general water use/conservation characteristics of West Texas. The 
purpose of the test is threefold: 1) to determine how much the publ ic knows 
about Brady's water system, use and conservation 2) areas where information is 
lacking and more education should be targeted and 3) help promote water 
conservation. A sample questionnaire is included in Appendix C. 

I 
I 
I 
I 
I 
I 
I 
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I 
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I 
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Additional Informat.ion will be available to interested parties 
through a host of literature provided at City Hall, an extensive bibliography, 
or in pre-printed brochures available from: 

Texas Water Development Board 
P.O. Box 13231, Capital Station 

Austin, Texas 78711-3231 
(Appendix D) 

II. PLUMBING CODES 

The City of Brady has adopted the Texas State Board of Plumbing 
Examiners plumbing code; therefore, there is no specific set of regulations for 
Brady. A water conservation amendment is included (Appendix F). New 
construction and bathroom remodeling should be required to use toilets that use 
no more than 3.5 gallons per flush. By 1995, the plumbing codes need to be 
reviewed and amendments made as necessary. This work should be done under the 
direction of the water/utility directors. 

III. RETROFIT PROGRAM 

Educational and informational programs will 
of the advantage of installing water saving devices. 
cited below should help promote efficient water use. 

help notify local citizens 
A proposed rate structure 

Water conservation kits will be available at City Hall, Chamber of 
Commerce and other specified locations for interested parties. 

IV. WATER RATE STRUCTURE 

At present, the City of Brady has a decreasing water rate structure. 
A flat rate structure that has a minimum monthly service charge plus a uniform 
rate for all water used wi 11 be adopted. This structure is consistent with 
current utility regulatory practice. However, the final figures have not been 
determined as the City is having to consider a major capitol improvement program 
for the entire water distribution system. Consequently, the City wishes to 
evaluate all of the data and make the necessary changes once. 

V. METERING 

The City currently meters 100% of the customers. Currently the City 
billing department notes abnormal usage patterns and reports them to the Water 
Department. They are routinely replaced. A program is in place to replace all 
master meters and eventua 11 y have chart recorders at each we 11 to moni tor pumpage 
characteristics and demand current. The City will establish the following meter 
testing schedule: 
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1) Production Meters - test once a year 
2) Meter"s larger than 1" - test once a year 
3) Meters 1" and smaller - test every ten years 

VI. WATER CONSERVATION LANDSCAPING 

To promote water saving landscaping 1 iterature wi 11 be avai 1able 
describing the benefits and process of xeriscaping. Also local nurseries will 
be contacted and asked to support this program by making available low water 
demand vegetation suitable for the climate in this area. 

The Water Conservation Plan Committee has been allocated a parcel of 
City owned property to set up a xeriscape demonstration project. 

VII. LEAK DETECTION AND REPAIR 

The City is continually monitoring and repairing leaks. Examples of 
ongoing and future efforts are: 

1) Audits by the computer billing program that identifies those 
accounts that show abnormally high usage after a meter has been repaired or a 
service call for a water leak has been indicated for that account. 

2) Constant monitoring of facilities to look for leaks. 

I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 

3) Visual inspection by meter readers looking for conditions that II 
would suggest a leak. 

4) Develop and implement a 10-Year program to examine entire I 
distribution system of City for leaks and replace as necessary. 

5) Have Municipal Team from Texas Water Development Board visit City I 
to demonstrate technique for identifying leaks. 

6) Consider purchase of "sniffer" equipment that will aide in leak 
detection. 

VIII. RECYCLING AND REUSE 

The City will enter into discussions with Roddie Wool Scouring Plant 
regarding the possible use of treated effluent for the Plant. Currently the 
Scouring Plant is the largest user of water from the Brady system. Other 
potent i a 1 customers for treated eff1 uent are G. Ro 11 i e White Downs and road 
construction crews for dust containment. 

II 
I 
I 
I 
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IX. IMPLEMENTATION AND ENFORCEMENT 

The water Conservation Plan wi 11 be enforced by the following 
methods: 

1) The plan will be adopted by City Council, then non-compliance 
will be handled in the same manner as other administrative functions. 

2) City water hook ups will not be given to customers who do not 
meet the requirements of the water conservation plumbing fixtures. 

X. CONSERVATION PLAN ANNUAL REPORT 

A committee should be appointed by the City Council to file an Annual 
Report with the Executive Administrator of the Texas Water Development Board 
addressing the progress and effectiveness of the Water Conservation Plan. The 
report will include: 

A. Public information which has been issued 
B. Public response 
C. An analysis of water consumption data and comments on the 

apparent effectiveness of the Water Conservation Plan. 
D. Implementation progress and status of Water Conservation Plan 

XI. CONTRACTS WITH OTHER POLITICAL SUBDIVISIONS 

Any contract with another political subdivision of the State of Texas 
will be approved only if that entity adopts the City of Brady's Water 
Conservation and Drought Contingency Plan. 
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DROUGHT CONTINGENCY PLANS 

I. TRIGGER CONDITIONS 

A. Level I - The Brady City Council may declare and direct the City 
Manager to initiate Level I drought contingency plans under appropriate existing 
conditions including the following: 

1). Recent and projected climatic conditions are in the opinion of 
the council to be conducive to excessive water system demands; and/or 

I 
I 
I 
I 
I 
I 

2) Average daily water consumption reaches 90% of system design II 
capacity; and/or 

3) Peak period water demand reaches 90% of system design capacity; 
and 

4) Water system components including production, storage, pumping 
and distribution are operating within normal design limits. 

B. Level II - The Brady City Council may declare an emergency and 
direct the City Manager to initiate Level II drought contingency plans under 
appropriate existing conditions including the following: 

1) Water system components including production, storage, pumping 
an distribution are operating outside of normal design limits due to component 
failure or diminished capacity; and/or 

2) Average daily water consumption approaches 100% of design 
capacity; and/or 

3) Peak period water demand approaches 100% of design capacity; 
and/or 

4) Diminished service to any consumers results in service levels 
outside of regulatory limits; and/or 

5) An imminent threat to water systems components exists due to 
natural or manmade disaster or imminent threat of component failure due to 
service levels or physical condition. 

II. DROUGHT CONTINGENCY MEASURES: 

In order to try and flatten the peak demand curve, a two-tiered scheme 
of water restrictions will be implemented by the City Manager as necessitated by 
the conditions. 

1. Step I is where the City Manager can restrict the use of water for 
outdoor sprinkl ing, watering of lawns, shrubs, driveways and automobiles to 
certain areas of- the City by days and to certain hours. Said restrictions will 
remain in effect until the City Manager lifts the restrictions. More 
specifically stated shall be: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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A. Inform the pub1 ic through the news media that a trigger 
cond i t ion Leve 1 I has been reached, and that they shou 1 d look for ways to 
vo1untari 1y reduce water use. Specific steps which can be taken wi 11 be provided 
thru the news media. 

B. Notify major commercial water users of the situation and request 
voluntary water use reductions: 

implemented: 
C. The following mandatory lawn watering schedule shall be 

Customers with even numbered addresses may water on even days 
numbers of a month. Customers with odd numbered addresses 

may water on odd days of the month. Watering shall occur only 
between the hours of 9:00 p.m. to 9:00 a.m .. 

D. During winter months, request water users to insulate pipes 
rather than running water to prevent freezing; and 

E. The City will begin monitoring water pressure in the 
distribution system and water levels in the storage tanks. 

2. Step II is where the Ci ty Manager will ban the use of water tota 11 y 
for outdoor sprinkling, watering lawns, shrubs, driveways and automobiles. Said 
restriction will remain in effect until the City Manager lifts the ban. More 
specifically stated as follows: 

A. Continue implementation of all relevant actions in preceding 
phase; 

B. Car washing, window washing, pavement washing prohibited except 
when a bucket is used: 

C. The following public water uses, not essential for public health 
or safety, are prohibited. 

1) Street washing 
2) Water hydrant flushing 
3) F i 11 i ng poo 1 s 
4) Golf course watering 
5) Athletic field watering 
6) Commercial car/truck washes 

3. The curtailment will be effective upon the City Manager's giving 
notice of curtailment to the customers within the City; the posting of a notice 
of curtailment and not ifyi ng the news medi a of curtailment and as stated in 
Sect i on II 1. 

4. The curtailments will be terminated upon the City Managers giving 
notice of termination. 
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5. The City Council can amend, add or delete any of these Rules and 
Regulations in the same manner they would handle an ordinance as provided in the 
Ci ty Charter. 

6. Any violation of the Rules and Regulations adopted by the City 
shall carry a maximum penalty of $200 per violation. 

In addition to the existing Drought Contingency Plan, the City will enact the 
following Drought Contingency measures. 

A. LEVEL ONE DROUGHT CONTINGENCY MEASURES 

1. Inform publ ic by giving notice of a Level I drought to the 
customers within the City; the posting of the notice, and notifying news media 
of the drought. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

2. Included in the information to the public will be the I 
recommendation that water users look for ways to conserve water. 

3. Public will be advised of the trigger condition situation daily. 

4. The Step I curtailment will be enacted. 

B. LEVEL TWO DROUGHT CONTINGENCY MEASURES 

1. Public will be informed as mentioned above. 
2. The Step II curtailment will be enacted. 
3. Certain industrial and commercial water users which are not 

essential to the health and safety of community will be prohibited from water 
use. 

4. Public will be advised of the trigger conditions daily. 

III. INFORMATION AND EDUCATION 

Once trigger conditions and emergency measures have been reached, the 
public will be informed of the conditions, and measures to be taken. The process 
for notifying the public includes: 

A. Posting the Notice of Drought conditions at City Hall, Post Office, 
Banks, Court House and major supermarkets. 

B. General circulation of Newspapers. 

C. Notifying local radio stations. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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D. Direct mailing to customers explaining need for prOV1Sl0ns of 
Drought Contingency Pl an whi ch wi 11 inc 1 ude steps to be taken to i nsu re 
compliance with the plan. 

IV. TERMINATION NOTIFICATION 

Termination of the Drought measures will take place when the trigger 
conditions which initiated the drought measures have subsided, and an emergency 
situation no longer exists. The public will be informed of the termination of 
the drought measures in the same manner that they were informed of the initiation 
of the drought measures through the City Manager. 
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APPENDIX B 

PROJECTED WATER REQUIREMENTS 

Estimated Projected Projected Projected 
Year Average Average Peak-Day Maximum-Hour 

Population Daily Usage Usage Usage (MGD) 
(Planning Area) (MGD) (MGD) 

XXX Pop Pop X .0003 Pop X .0006 Pop X .0018 

1989 7847 2.35 4.71 14.12 

1990 7931 2.38 4.76 14.28 

1991 7961 2.39 4.78 14.33 

1992 7992 2.40 4.80 14.39 

1993 8022 2.41 4.81 14.44 

1994 8053 2.42 4.83 14.50 

1995 8084 2.43 4.85 14.55 

1996 8115 2.43 4.87 14.61 

1997 8146 2.44 4.89 14.66 

1998 8177 2.45 4.91 14.72 

1999 8209 2.46 4.93 14.78 

2000 8240 2.47 4.94 14.83 

2001 8274 2.48 4.96 14.89 

2002 8308 2.49 4.98 14.95 

2003 8343 2.50 5.01 15.02 

2004 8377 2.51 5.03 15.08 

2005 8412 2.52 5.05 15.14 

2006 8447 2.53 5.07 15.20 

2007 8482 2.54 5.09 15.27 

2008 8517 2.56 5.11 15.33 

2009 8553 2.57 5.13 15.40 

2010 8588 2.58 5.15 15.46 



APPENDIX C 

Here is a chance for you to find out some information about your family's water use. You may be able to 
answer some questions yourself, but you will probably need to talk to the other members of your family in 
order to complete all items. 

GENERAL INFORMATION 

1. What type of home do you live in? (check one) 
___ house apartment/condominium ___ mobile home 

2. How many people are living at home? __ _ 

3. What are the ages of the children living at home? 

4. How many gallons of water were used in your home during the last billing period? (Ask your parent(s) to 
show you the latest water bill). 

S. How many days were there in that billing period? __ _ 

SPECIFIC WATER USE - Outside the House 

1. What size is your lot compared with other lots on your street? (check one) 
___ 'arger, the same smaller 

2. What type of plants do you have? (check all that apply) 
___ lawn or ground cover flowers and/or shrubbery 
___ vegetable garden and/or fruit trees none 

3. Outside watering forthe months April to September(estimate). 
___ number of watering minutes per day (total number of minutes each hose is run every 

watering day). 
___ numberof watering days perweek 

SPECIFIC WATER USE -Inside the House 

1. Dishwasher (answer only if you have one) 
a How many times per week is the dishwasher run? __ _ 
b. How full is the dishwasher usually loaded? 
___ full 112 full less than V2 full 

2. Washing Machine (answer only if you have one) 
a How many loads per week are usually washed? __ _ 
b, How full is the washer usually loaded? 
___ full 112 full less than V2 full 

3. How many of each of the following do you have in your home? 
___ sinks showers bathtubs toilets 

4. How many showers per week are taken in your house? __ _ 

S. How many tub baths per week are taken in your house? __ _ 

6. How many minutes is your family's average shower? __ _ 

7. How many times each day is a toilet flushed in your home? ---

8. Is there any other place where a significant amount of water is used in and/or around your home? 
(Examples: automatic sprinklers, hot tub, pool, etc.) 
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APPENDIX D 

Single copies of all of the following publications and materials can be obtained at no 
charge. The * indicates those publications that are available free to political subdivisions 
in small quanti ties. Larger quanti ties can be obtained through special arranganent or at the 
cost of printing. To make a request, write: CONSERVATION, Texas Water Developnent Board, 
Capitol Station, Austin, Texas 78711-3231 

Agricultural Conservation Literature 

Title 

Agricultural Water Conservation 
in Texas* 

Have Your Irrigation System 
Evaluated Free* 

LEPA Irrigation* 

Drip Irrigation* 

Plastic Ruler* 

-Furrow Dikes* 

Soil Moisture Monitoring* 

Center Pivot Irrigation 
Systems L-2219* 

- Surge Flow Irrigation 
L-2220* 

-Surge Irrigation* 

Coloring Poster for Children* 

Water Conservation Coloring Book* 
(No.1) 

Published By 

TNOO 

'IWIB 

'lWOO 

'!WOO 

HPlM:D #1 

HPUt'O) #1 

TAEX 

TAEX 

SCS 

'lWDB 

'IWOO 

Description 

Panphlet 
with Tear-out 

Pamphlet 

Pamphlet 

Pamphlet 

6" x 1 1/4" 

Pamphlet 

Pamphlet 

Pamphlet 

Pamphlet 

Pamphlet 

Coloring Poster 

Booklet 

Length 

8 pages 

4 pages 

6 pages 

6 pages 

4 pages 

4 pages 

4 pages 

4 pages 

6 pages 

1 page 

4 pages 



AttadJDent A 

Contents of the Municipal Water Conservation 
WOrkshop Notebook 

The notebook is distributed to participants at Board-sponsored Municipal Water Conservation 
Workshops. In addition, single copies of the notebook can be provided to cities and 
utilities. Single copies of selected materials from the notebook can also be provided. 

Title 

Section 1: The Need for 
Conservation 

Texas Water Resources and 
Conservation 

Section 2: Water Conservation 
Techniques 

Efficient Use of Water in the 
Garden am Lamscape (B-1496) 

Xeriscape 

Water Pressure Reducing Valves 

Texas Native Tree and Plant 
Directory, 1986 

Sources of Leak Detection 
Equipment an:i Services 

Published By 

TAEX 

City of Austin 

Watts Regulator 

TDA 

Sources of Water Saving Devices T~ 

Locating am Reducing Unaccounted '1WDB 
For \-eter '!brough '!be Use Of 
The Water Audit Am Leak Detection 

Water Rate Design Emphasizing '1WDB 
Conservation Rate Structures 

Model Water Ordinances 

The Authority of Cities, water 
Utilities, and Water Districts 
to Regulate am Enforce Water 
Conservation Measures 

TWIE 

TWIE 

Description Length 

Paper 38 pages 

Booklet 20 pages 

Booklet 20 pages 

Booklet 21 pages 

Book 162 pages 

List 2 pages 

List 21 pages 

Guidebook 30 pages 

Glidebook 30 pages 

Glidebook 25 pages 

Glidebook 25 pages 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Section 3. Alternate Sources 

'file Cost of Conventional Water 
Supply Development and 
Treatment 

Potential for Utilization of 
Brackish Groundwater 

Guidelines for Water Reuse 
E~-600/8-80-036 

Section 4: WOrkshop Exercise 

Exanple Problem 

Section 5: Plan Elements 

Guidelines for MUnicipal Water 
Conservation and Drought 
Contingency Planning and 
Progran Development 

Section 6: Plan Development 

Water Conservation and Drought 
Contingency Plan Development 
Procedures 

'IWOO 

E~ 

Paper 9 pages 

Paper 21 pages 

Book 105 pages 

Loose-leaf 15 pages 

Loose-leaf 36 pages 

Loose-leaf 58 pages 



PUBLICATIONS AND AWIOVISUAL HATERIAIS 
AVAILABLE FOR LOAH FRQi TEXAS 

WATER DEVEWPKEm.' BOi\RD ('l'WrB) (a) 

The following water conservation publications and audiovisual materials are available for a 
loan of up to two weeks fran 'IWIE. To borrow any of these write to: CONSERVATION, Texas 
Water Development Board, Capitol Station, Austin, Texas 78711-3231. 

Title 

water Audit and Leak Detection 
Glidebook 

Example Brochures 
and Pranotional 
Material 

Regional Teachers GUide 
Supplements 

The Alternative is 
Conservation 

Water Follies 

Orangutans 
(Public Service Announcanent) 

Gooney Birds 
(Public Service Announcanent) 

Tanks 
(Public Service Announcanent) 

Spot Announcements 

Publications 

Published By 

California 
Dept. of water Pes. 

Canpiled by 
'1WIB 

California 
Dept. of water Res. 

Audiovisual Materials 

water Films 

American water 
Works Assoc. 
(AWWt\) 

AWtfA 
VCRjVHS Fonnat 

AitMA 
VCRjVHS Fonnat 

NNriA 
VCRjVHS Fonnat 

Lower Colorado 
River Authority 

Description 

Book 

Ringbinder 

Books 

l6nm Film 
\CR,IVHS Fonnat 

16nm Film 
VCRjVHS Fonnat 

l6mn Film 
\cRjVHS Fonnat 

l6mn Film 
VCRjVHS Fonnat 

l6mn Film 
VCRjVHS Fonnat 

Audio Cassette 

Length 

142 pages 

32 pages 

Nos. 1-7 

28 minutes 

7.5 minutes 

30 seconds 

30 seconds 

30 seconds 

30 seconds 

I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
1 
1 
I 
1 
1 
I 

(a) The films, video cassettes, and publications are provided for review purkXlses only. 
Pennission to use any of this material for print or broadcast must be obtained fran the I 
producer or publisher of the material. 

1 
1 



Municipal Conservation Literature 

Title 

Water Half-A-Hundred ways 
To Save It* 

Water Saving Ideas 
For Business and Industry* 

How To Save Water Outside 
The Home* 

How To Save water Inside 
'!he Hane* 

Toilet Tank Leak Detector 
Tablets* 

M.micipal and Commercial water 
Conservation Services 

A .riomeowner I s Glide To water Use 
and Water Conservation 

Glidelines for Municipal water 
Conservation and Drought 
Contingency Planning and 
Program Development 

How to Xeriscape 

Texas Sesquicentennial Native 
Plant Landscape 

Municipal water Conservation 
Workshop Notebook 
(See Attachnent "A" for a 
Description of Contents) 

Water Conservation Coloring Book* 
(No.2) 

Published By 

'!WOO 

'IWDB 

tm:: 

TDA/'IWDB 

Description 

Panphlet 

Pamphlet 

Panphlet 

Pamphlet 

2 Tablets 

Pamphlet wi th 
Tear-out 

Booklet 

Loose-leaf 

Pamphlet 

Panphlet 

Notebook 

Booklet 

Length 

8 pages 

8 pages 

8 pages 

8 pages 

8 pages 

22 pages 

36 pages 

10 pages 

8 pages 

6 sections 

4 pages 



Texas water Resources and Planning Literature 

Titie 

TWDB Report 294 - Surveys of 
Irrigation in Texas 

Sunmary of water for Texas (C-20) 

water Planning in Texas 

Texas Water Develotxnent Board 
(Funding Programs) 

Published 

'lWDB 

TrMR 

TiJ.'lR 

'lWIE 

By Description 

Book 

Pamphlet 

Booklet 

Pamphlet 

water For Texas (GP-4-I) 'lmR Books 
Volume 1 (Comprehensive Plan) 
Volume 2 (Technical Appendix) 

[Available for purchase only fran the 
Texas water Camlission, P.O. Box 13087 
Austin, Texas 78711] 

Texas water Facts Booklet 

Abbreviations: 

HPU'~D #l 
NJe 
SCS 
TAEX 
IDA 
TOOR 
WOO 

High Plains Underground water Conservation District No. 1 
National Xeriscape Council, Inc. 
USDA - Soil Conservation Service 
Texas Agricultural Extension Service 
Texas Department of Agriculture 
Texas Department of water Resources 
Texas water Develotxnent Board 

Length 

243 pages 

8 pages 

27 pages 

4 pages 

72 pages 

• 

I 
I 
I 
I 
I 

530 pages I 
12 pages 
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APPENDIX E 

A RESOLUTION ADOPTING THE CITY OF BRADY 
WATER CONSERVATION AND DROUGHT CONTINGENCY PLAN 

Whereas, To assure that there will be water for essential uses and to 
avoid waste, either of this resource or of public funds used 
in construction and operation of water facilities, a l~ater 

Conservation and Drought Contingency Plan is necessary; and 

Whereas, At the request of the City Council, the Citizen's water committee 
has drafted such a plan; and 

Whereas, The Council has reviewed said plan, found it to be consistent 
with the goals and objectives of the City, and considers its 
adoption to be in th~ best interest of the citizens of Brady. 

BE IT THEREFORE RESOLVED BY THE CITY COUNCIL OF THE CITY OF BRADY, TEXAS, 
that the "Water Conservation and Drought Contingency Plan" attached here
to be and is hereby adopted. 

PASSED AND APPROVED this the 

ATTEST: 

Dorene Patterson, City Secretary 

day of ________________ , 1990. 

H.L. Gober, Jr. 
Mayor 



APPENDIX F 

A RESOLUTION ADOPTING WATER CONSERVATION 

PLUMBING CODES FOR THE CITY OF BRADY 

WHEREAS, The City of Brady has adopted general guidelines as put forth in the 
Texas State Board of Plumbing Examiners Plumbing Code; and 

WHEREAS, The City of Brady desires to adopt certain standards that are 
complimentary to the "Water Conservation And Drought Contingency 
Plan" adopted previously by the City Council; and 

WHEREAS, At the request of City Council, The Citizen's Water Committee 
has prepared such amendments; and 

WHEREAS, The Council has reviewed said amendments, found them to be 
consistent with the goals and objectives of the City, and considers 
adoption to be in the best interest of the citizens of Brady. 

BE IT THEREFORE RESOLVED BY THE CITY COUNCIL OF THE CITY OF BRADY, TEXAS, that 
the "Water Conservation Plumbing Amendment" attached hereto be and is hereby 
adopted. 

PASSED AND APPROVED this the _______ day of _____ , 1990. 

ATTEST: 

DORENE PATTERSON, CITY SECRETARY 

H. L. GOBER, JR. 
MAYOR 

--------------------~~-~~-~-~~~~~ ~ 
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WATER CONSERVATION PLUMBING AMENDMENTS 

The following standards are to be used for new construction and remodeling of 
bathroom areas: 

101 - General 

Automatic flushing devices of the siphonic design shall not be used to 
operate urinals 

102 - Water Closets 

Water closets, either flush tank or flushometer operated, shall be 
designed, manufactured and installed to be operable and adequately flushed with 
no more than 3.5 gallons per flushing cycle. 

103 - Urinals 

Urinals shall be designed, manufactured and installed to be operable and 
adequately flushed with no more than 1.5 gallons per flush. 

104 - Lavatory Facilities 

104.1 - Public Facilities 
Faucets for public lavatories shall be equipped with outlet devices that 

have self-closing valves to limit the flow of water. 

104.2 - Private Facilities 
Faucets for private lavatories shall have aerators attached that reduce 

the flow of water delivered. 

105 - Shower Heads 

Shower heads shall be installed with flow restriction devices to limit the 
flow of water delivered. 
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BRADY LITY OF 

POBOX 351 
BRAD Y TX 

WATER ANALYSIS RrpORT 
TEXAS n(PAPTM[NT 0, HEALTH 

DIVISI0N OF ~ATER ~YGIENE 

1100 ~EST 49 TH STREET 
AUSTIN, TE.XAS 78756 

**COPy - CENTRAL OFFICE*' 
PEG-03 MCCULLOCH 

WATER SUPPLY~: 1540001 
LABORATORY NO: EPIOD230 
SAMPLE TYPE: RAW SAMPLE 

70825 

COLLECTOR REf"ARKS: 31. 371 HICKOQy 1:15 PM 
SOUPCE: I.'E.LL;:3 
DATE CCLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +1-

RADO~I PCIIL 
NOT TESTED - LAB ACC 



\lATEP ANALYSIS RrpORT 
TLXAS (l[PAPT~ENT OF HEALTH 
~IVISION OF ~ATER HYGI[~E 

lInD ~EST 49 TH ~TREET 
AUSTIN, TEXAS 78756 

**COPY - CENTRAL OFFICE* 
REG-03 ~CCULLOCH I 

BRA 0 Y CITY OF 

P G BOX 351 
BRADy TX 76825 

COLLECTOR REMARKS: 38 371 HICKORY 1:15 PM 
SOUP. cE: IoiELL j; 3 

WATER SUPPLY #: 1540001 
LABORATORY NO: EP100231 
SA HPLE TYPE: RAW SAMPLE 

DATE COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +1-

RADON 668.00 PC IlL 44.0 
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BPADY CITY CI-

P 0 80x 3~1 

8RADy TX 

\lATER ANALYSIS RfPORT 
TEXAS O[PART~ENT OF HEALTH 
DIVISION OF ~ATER HYGIENE 
Ii 00 .. ES T 49 TH ST ~EET 
AUSTIN, TEXAS 78756 

**COpy - CENTRAL OFFICE* 
PEG -03 MCCULLOCH 

WATER SUPPLY": 1540001 
LABORATORY NO: EPI00232 
SAMPLE TYPE: RAW SAMPLE 

76825 

COLLlC10R ~EMARKS: 4A 371 HICKory 1:27PM 
SOURCE: I.'ELL 1/4 
DATE COLLECTlD 9/1Q/90 DATE RECEIVED 9/11/9Q DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNITS +1-

RADON ~ 35.00 PCIIL 38.0 



**COPy - CENTRAL OFFICE.: 

BRAn Y CITY OF 

P ° r,o x 351 
B P. AD Y TX 

.... ATER ANALYSIS RE"PORT REG-a3 "1CCUlLOCH 
TEXAS DEPAPTMENT OF HEHTH 
OIvISI0N OF .ATER HYGIENE 

llCO .. EST 49 TH STREET 
AUSTH., TEXAS 78756 

1&825 

WATER SUPPLY R: 1540001 
LABORATORY NO: EPI00233 
SAMPLE TYPE: RAW SAMPLE 

COLLECTOR Rr~ARKS: 43 371 HICKORy 1:28PM 
SOURCE: WELL ~4 

DATE CuLLECTED 9/10/9u DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT liN ITS +/-

RADON 576. (0 PC I /L 

i 

I 
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BRA 0 Y CITY OF 

P 0 BO" 351 
BPAOy TX 

**COD Y - CE InR AL OFf ICE* 
WATER ANALYSIS REPORT REG-03 MCCULLoCH 

Tt-XAS f)(PARTM[NT OF HEALTH 
DIVISIOIJ Of ~ATER HYGIlNE 

11eo .. EST 49 TH STREET 
AUSTIt., TEXAS 78756 

76825 

WATER SUPPLY #: 1540001 
LABORATORY NO: EPI0023~ 

SAMPLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: 5A 371 HICKORY 2:41PM 
SOURCE: ~ELL #5 
DATE COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESUL T UNITS +1-

RADON 587.80 perIL 39.0 



8RAD ~ CITY OF 

p 0 e~l>. 351 
BRADy TX 

IIAT[P ANALYSIS REPORT 
TEXAS I"JlPARTM[NT OF HEALTH 

DIVISTLN OF WATER HYGIENE 
ura .. EST 49 TH STREET 

**CooY - CENTRAL OFFICE* 
REG-03 MCCULLOCH ; 

.i 

AUSTrr,. TEXAS 7 R75b 
t 

W ATE R SUP PL Y 1/: 1 540001 
LABORATORY NO: EPI00235 

76825 
SAMPLE TYPE: RAW SAMPLE 

1 
COLLECTOR REMARKS: 58 371 HICKORY 2:1.f IPM , 
SOURCE: "lLL liS ""'-

DATf COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +1-

PADON 
641 .00 PCIIL 44.0 

I 
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BRA Dye IT Y Of 

P 0 BOA 351 
BRADy TX 

WATER ~NALYSIS REPORT 
T(XAS O£PARTME~T OF HEALTH 
UIVISICN OF ~ATER HYGIENE 

11 no .; EST 49TH S T REF T 
AUSTlr., TEXAS 787<;6 

**COPy - CENTRAL OFFICE* 
REG-03 MCCULLOCH 

WATER SUPPLY U: 1540001 
LABORATORY NO: EP100236 
SAMPLE TYPE: PLANT 

76825 

COLLEC10R REMARKS: 5A-~D 371 HIChORY 2:22PM 
SOuRcE: WELL ~5 

DATE COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTEO 9/19/90 

CONSTITUENT NAME R ESUL T UNITS +/-

PArON PCI/L 
NOT TESTED - LAB ACC 



I 
WATER ANALYSIS REPORT 

TEXAS DEPARTMENT OF HE.8LTH 
OI~ISION nF WATER HYGIENE 

1100 IoIEST 49 TH STREET 
AUSTIN, TEXAS 78756 

**CODy - CENTRAL OFFICE* 
REG -0 3 ~ CCULLOCH I 

BRADY CITY OF 

POBOX 351 
BRADy TX 76825 

COLLECTOR REMARKS: 5B-~O 371 HICKORY 2:22PM 
SOURCE: \JELL 1:5 

WATER SUPPLY~: 1540001 
LA&ORATORY NO: EPI00237 
SA~PLE TYPE: PLANT 

DATF COLLECTlD 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +1-

RA[1GN 
NOT TESTED - LAB ACC 

PCl/L 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



BRADY CITY Or 

POBOX 351 
BRAD Y TX 

WATER ANALYSIS R'OPORT 
TtXAS DEPARTMENT OF HEALTH 
~IVISION OF ~ATER HYGIENE 

1100 ~EST 49 TH STREET 
AUSTIN, TEXAS 78756 

*~roPY - CENTRAL OFFICE* 
PEG-03 MCCULLOCH 

76825 

WATER SUPPLY~: 1540001 
LABORATORY NO: EPI0023& 
SA~PLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: 7A 371 HICKORY 1:42PM 
SOUR C E : WELL # 7 

DATE CCLLECTEO 9/10/90 DATE RECEIVED 9/11/90 DATE RFPORTED 9/19/90 

CONSTITUENT NAME R ESUL T +1-

RADON 
~OT TESTED - LAB Ace 

PC I IL 



BPADY CTTY OF 

P 0 50" 351 
BRACH TX 

I 
IoiAEq ANALYSIS REPORT 

TlXAS DEPARTMENT OF HEALTH 
~I~ISIGN Of wATER HYGIENE 

1100 .. EST 49 TH STREET 
AUSTIN, TEXAS 78756 

**COPY -
RE G -0 3 

CO. TR AL 0 FF ICE * 
MCCULLOCH I 

76825 

WATER SUPPLY #: 1540001 
lA~ORATORY NO: EPI00239 
SAMPLE TYPE: RAW SAMPLE 

I 
I 
I 

COLlEC TOR REMARKS: 73 371 HICKORY 1:43PM I 
SOUPCE: WELL #7 
DATE C0llECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNI TS 

RADeN 
~OT TESTED - LAB ACC 

PCI/l 

+1- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



BRADY LAKE WAT[R SYSTEM 
C/O CITY OF BPADY 
PO Rex 351 

**COPY - CENTRAL OFFICE*: 
WATER ANALYSIS RFPORT PEG-03 MCCULLOCH 

TlXAS DlPAPT""E~T OF HEALTH 
DIVISION OF ~ATER HYGI[NE 

11("\0 .. EST 119 TH STREET 
AUSTIN, TEXAS 78756 

10/ ATE R SUP PL Y i!: 1540005 
LABORATORY NO: EPI00242 
SH~PLE TYPE: RAW SAMPLE 

SRAOy TX 76825 

COLLECTOR REMARKS: 6A 371 HICKOPY 3:15PM 
SOURCE: WEll 116 
OATE COLLECTED 9/10/90 OAT[ RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +/-

RADON 1156.00 PCT/L 39.0 



I 
;"rATER ANALYSIS REPORT 

TEXAS O[PAQT~ENT OF HEALTH 
~IVISIUN Of ~ATER HYGIENE 

1100 !.iEST 49 TH STREET 

**COPy - CENTRAL OFFICE* 
REG-03 MCCULLOCH I 

aRADY UKE WATER SYSTEM 
CIO CITY Of BRADY 
PO POX ~51 

BRAliY TX 

AUSTIN, TEXAS 

76825 

COLLECTOR REMARKS: 6a 371 HICKORY 3:15PM 
SOUPC E: WELL 116 
DA1f COLLECTED 9/10/90 DAT£ RECEIVED 

CONSTITUENT NAHE 

RADON 

78756 

WATER SUPPLY #: 1540005 
LABORATORY NO: EPI00243 
SAMPLE TYPE: RAW SAMPLE 

9/11/90 DArE REPORTED 9/19/90 

RESULT UNI1S +1-

506.CO PCI/L 40.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



"AC l .. 

BRADY LAKE IoiATER SYSTEM 
C/O CITY OF bRADY 
PO BOX 351 
BRADY TX 

WATER ANAlYSIS RF:PORT 
Tt:XAS DlPARTMENT OF HEAlTH 
DIVISION OF wATER HYGIENE 

1100 kEST 49 TH STREfT 
AUSTIll •• TEXAS 78756 

**COPy - CENTRAL OFFICE* 
PEG-03 MCCULLOCH 

WATER SUPPLY~: 1540005 
LABORATORY NO: EP1D0244 
SAMPLE TYPE: RAW SAMPLE 

76825 

COLLt:C10R REMf'RKS: IlA 371 HICKORY 3:D7Pt-l 
SOURCE: WELL 118 
DATE COLLECTED 9110/90 DATE RECEIVED 9/11/90 DATE RfPORTED 9/19/90 

CONSTITUENT NAME RESULT +/-

RADON 558. DO pcr /l 44.0 



PAG E 1 

BRADY LAKE WIATER SYSTEM 
C/O CITY OF bRADY 
PO POX 351 
8RAry TX 

IoIATER ANALYSIS REPORT 
TEXAS D[PARTMENT OF HEALTH 
DIVISTLN OF .ATER HYGIENE 

1100 .EST 49 TH STREfT 
AUSTIN, TEXAS 78756 

~*COPY - CENTRAL OFFICE* 
REG-03 MCCULLOCH 

I 
I 
I 

~ATER SUPPLY #: 1540005 
LABORATORY NO: EP100245 

I 
76825 

SAMPLE TYPE: DISTRIBUTION I 
COLLE.Cl0R REMARKS: 8d 371 HICKORY 3:07PM 

I SOUR C E : 101 E.LL II 8 

DATE COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE. REPORTED 9/19/90 

CONS TlTUENT NAME RESULT UNI TS +/-

PAO (j N 
663.00 PCI/L 51.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



EDEN CITY OF 

POEO)'915 
EDEN TX 

*",COPy - CENTRAL OFFICE*' 
WATER ANALYSIS REPORT R£G-rJ3 CONCHO 

TiXAS DlPARTMENT O. HEALTH 
DIVISION OF ~ATER HYGIENE 

1100 .. EST 49 TH STREET 
AUSTI~, TEXAS 7e75f 

76837 

WATER SUPPLY #: 0480001 
LABORATORY NO: EPI00316 
SAMPLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: lA EDEN 12:DSPM 
SOUPCE: I.iELL III 

DATE CCLLECTlD 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUL T +/-

RADGN 696. CO PCIIL 

-------------- ----



PAGL 1 

EDlN ClTY OF 

P 0 00): 915 
EDD! TX 

.. A TER ANAL YS IS REPORT 
T~XAS DlPAqT~ENT OF HEALTH 
OI.1S10N OF WATER HYGIENE 

11 00 wES T 119 TH ST REET 

**COPy - CENTRAL OFFICE* 

AUSTIN, TEXAS 78756 

76837 

REG-{)3 CONCHO f 

W A T [ R SUP PL Y /I: 0 4 8 00 0 1 
LABORATORY NO: EPI00317 
SAMPLE TYPE: RAW SAMPLE 

.. 
I 
I 
I 

COLLECTOR REMARKS: IH EDEN 12 :05PM I 
SOURCE: !.:ELL III 

DATE C~LLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONS THUEN T NAME RESULT +1-

RADON 647.00 PCIIL 46.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



EDEN CITY OF 

P 0 BO) 915 
EDEN TX 

**CODY - CENTRAL OFFICE'" 
WATEq ANALYSIS REPORT REG-D3 CONCHO 

TEXAS DEPAPT~ENT OF HEALTH 
DIVISIUN OF wATER hYGI~NE 

1100 ~EST 49 TH STREET 
AUSTIN. TEXAS 78756 

76837 

W A TE R SUP PL Y II: 0 48 00 0 1 
LABORATORY NO: EPI00318 
SAMPLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: 2A EDEN 11:50AM 
SOURCE: WELL liZ 
DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +1-

RADON 422.00 PCI/l 37.0 



I 
PAG E l 

WATER ANALYSIS REpORT 
TlXAS DEPART~ENT OF HEALTH 
DIVISION OF ~ATER HYGIENE 

1100 ~EST 49 TH STREFT 
AUSTII,. TEXAS 78756 

*",COPy - CENTRAL 
REG-03 CONCHO 

OFFICE*' 

EDEN ClTY OF 

P 0 tOX 915 
EDEN TX 76837 

COLLECTOR REMARKS: 28 EDEN 11:50AM 
SOURCE: "Ell #2 
DATE COLLECTED 9/12/90 DATE RECEIVED 

CONSTITUENT NAME 

RADON 

W A T[ R SUP PL Y 1/: 0 q 8 00 0 1 
LA~ORATORY NO: EPI00319 
SA MPLE TYPE: RAW SAMPLE 

9/13/ 9 0 DATE REPORTED 9/19/90 

RESULT +1-

378. CO peI/L 38.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



PAGL 

EDEN CITY OF 

PO EO}, 915 
E DE" TX 

~*COOY - CENTR~L OFFICE* 
WATEP ANALYSIS REPORT PEG-03 CONCHO 

TlXAS DLPARTMENT OF HEALTH 
~IVISION OF ~ATER HYGIlNE 

1100 .. EST 49 TH STREFT 
AUSTIN. TEXAS 7,0,75-6 

76837 

WATER SUPPLY #: 0480001 
LABORATORY NO: EP100320 
SA~PLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: 3A EDEN 12:18PM 
SOUPCE: WELL #3 
DATE CGLLECTLD 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUL T +/-

RADON 811. 00 PC I IL 56.0 



Pt. r; L 

EDD, CITY OF 

P 0 HOX 915 
EDErJ TX 

I 
WATER ANALYSIS RfPORT 

TLXAS DePARTMENT OF HEALTH 
DIvTSION OF ~ATER HYGJlNE 

11 00 :.;ES T 49 TH STREET 
AUSTIh, TEXAS 78756 

"'*COPy - CEt.TRAL 
PEG-03 CONCHO 

OFfICE,. 

70837 

WATEP SUPPLY #: 0480001 
LA80RATORY NO: EPI00321 
SA~PLE TYPE: RAW SAMPLE 

I 
I 
I 
I 

COLLECTOR REMARKS: 3B EDEN 12:18PM I 
SOUP'c~: ~[LL #3 
DATE C0LLECTlD 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNI TS +1-

RADON PCI/L 49.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



EDEN CITY OF 

p 0 bO)' 91~ 
EDEN 

**COPY - CENTRAL OFFICE* 
WATER ANALYSIS R(PORT PEG-03 CONCHO 

TEXAS DEPARTMENT OF HEALTH 
UIVISION OF WATER HYGIENE 
uro .EST 49 TH STREET 
AU~TIN. TEXAS 78756 

76837 

WATER SUPPLY;: 0480001 
LABORATORY NO: EPI00322 
SAMPLE TYPE: RAW SAMPLE 

COLLEC10R REMARKS: 4A lDEN 12:24PM 
SOURCE: '"'ELL #4 
DATE COllECTED 9/1?/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +1-

RA(lON 770.00 PCI/l 51.0 



rAGE 

[OE~! CITY OF 

POBOx 915 
EDEN TX 

I 
IIATEP AN/lLY::iIS REPORT 

TtXAS DLPAPT~ENT O~ HEALTH 
UIVT~ION OF wATER HYGIENE 

1100 .. EST 49 TH STREET 
AUSTIN, TEXAS 78756 

**COP Y - CE NTR Al O~FICE~ 

76837 

PEG-03 CONCHO 

WATER SUPPLY n: 0480001 
lABORATORY NO: EP100323 
SAMPLE TYPE: RAW SAHPLE 

I 
I 
I 
I 

COlLLCTOR REMARKS: RAOON)lftl EDEN 12:24PM I 
SOUPCE: ~ELl #4 

DATE CGlLECTEO I I DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNI TS 

RADON 611.00 peI/l 

+1- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



EDEN CITy OF 

POBOX 915 
EDEN TX 

*.CODy - CE~TRAL OFFICE. 
wATER ANALYSIS REPORT QES-(l3 CONCHO 

TlXAS OEPARTME/';T or HEALTH 
OI~ISILN OF WATER HYGIENE 

1100 ~EST q9 TH STREET 
AUSTIN, TEXAS 78756 

76837 

WATER SUPPLY h: 0480001 
LABORATORY NO: EP10032q 
SAMPLE TYPE: RAW SAMPLE 

CCLLEC10R REMARKS: 5A [DEN 12:29PM 
SOUPC[: I.i[LL 1r5 

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESUL T +1-

RADON 
b 72. CO PCI/L Q8.D 



PAGE 1 
WATER ANALYSIS R[PORT 

TEXAS DlPAPT~ENT OF HEALTH 
OIVISI3N OF ~ATER HYGIENE 

1100 WEST q9 TH STREET 
AUSTIN, TEXAS 78756 

**COPY - CENTRAL OFFICE* 
PEG-03 CONCHO 

EDE'" C!TY OF 

PObOX 915 
EDEN TX 76837 

COLLECTO~ REMARKS: 5B EDEN 12:29PM 
SOURCE: WELL #5 

WATER SUPPLY II: 0480001 
LABORATORY NO: EPI00325 
SA~PL[ TYPE: RAW SAMPLE 

DATE COLLECTED 9/12/90 DATE RECEIVEO 9/13/90 DATE REPORTED 9/19/90 

CON S T !TUEN T NA ME R ESUL T +1-

RADON 634.(:0 Pcr/L 44.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 



ED[N CITY OF 

POBOX 915 
EDEN TX 

**coPy - CENTRAL OFFICE* 
WATER AN~.LYSIS REPORT PEG-f)3 CONCHO 

TEXAS nlPAPTMENT OF HEALTH 
DIVISION OF WATER HYGI[~E 

1100 ~F:ST 49 TH STREFT 
AUSTrr •• TEXAS 78756 

76837 

WATER SUPPLY #: 0480001 
LA&ORATORY NO: EPI00326 
SAMPLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: 6A EDEN 12 :50PM 
SOURCE: WELL #6 
DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +/-

RADON 
176.00 26.0 



FArE 1 I 
IJATER ANALYSIS RfPORT 

TEXAS DEPART"'ENT OF HEALTH 
DIVISIUN OF ~ATER HYGIENE 

11 00 .. ES T 49 TH ST REET 
AUSTII\;, TEXAS 78756 

**COPY - CENTRAL OFFICE * 

EDEN C ITV OF 

P C &0.0. 915 
EDEN TX 76837 

COLLECTOR REr.ARKS: fob EDEN 12 :50PM 
SOURef: WELL u6 

DATE C0LLECTlD 9/12/90 DATE RECEIVED 

CONSTITUENT NAME 

RADON 

REG-03 CONCHO 

WA TER SUPPL Y Ii: 0480001 
LA80PATORY NO: EPI00327 
SAMPLE TYPE: RAW SAMPLE 

9/13/9~ DATE REPORTED 9/19/90 

R ESUL T UNI TS +/-

166.00 "CIIL 25.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



C' A ( [ 

EDEN CITY OF 

P eGo): 915 
Eon: TX 

**CODy - CENTRAL OFFICE. 
WATER ANALYSIS REPORT REG-03 CONCHO 

TlXAS D[PAPTt-'ENT OF HEALTH 
DIVISION OF ~ATER HYGIl~E 

11CO .. EST 49 TH STRt:fT 
AuSTIN, TEXAS 78756 

76837 

WATER SUPPLY~: 0480001 
LA80RATORY NO: EPI0032& 
SAMPLE TYPE: pLANT 

CCLLECTOR REMARKS: lOA EDEN COOLING TOWER EF 
SOURcE: WELL #Zf.6 
DATE COLLECTlD 9/12/9G DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT +1-

RADON < 100. GD PCI/L 



PAGE 1 I 
WATER ANALYSIS REpORT 

T(X~S DEPARTMENT OF HEALTH 
UIVISIO~ OF WATER HYGI[NE 

11 00 iiES T 1f9 TH ST REr T 
AUSTIr" TEXAS 78756 

*",COPY - CENTRAL 
REG-03 CONCHO 

OFfICE'" 

ED[rJ CITY OF 

POGO>; 915 
EDEN TX 76837 

WATER SUPPLY #: 0480001 
LABORATORY NO: EPI00329 
SA MPLE TYPE: PLANT 

COLLECTOR REMARKS: lOB EDEN COOLING TOWER EF 
SOURCE: WELL #2&6 
DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNITS +/-

RAO 0 rJ < 100. 00 PCIIL 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



WATER ANALYSIS RFPORT 
TEXAS DEPARTMENT O~ HEALTH 

DIVISION OF WATER HYGIENE 
1100 .,EST 49 TH STREET 
AUSTlh. TEXAS 78756 

**COPy - CE~TRAL OFFICE~ 
REG-03 MCCULLOCH 

LIVE OAK HILLS SUPDIVISION 
CIO M oJ wOOTLN 
108 .. EST GRAYSON 

WATER SUPPLY #: 1540012 
LAPCRATORY NO: EP1D024G 
SAMPLE TYPE: RAW SAMPLE 

LLANO TX 78643 

COLLECTOR REMARKS: lA LIVE OAK 4:25PM 
SOURCE: WELL III 
DATE C~LLECT[D 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNITS +1-

RADON 547.00 PC I IL 43.0 



IfhTER ANALYSIS R~PORT 
TEXAS D[PARP'ENT OF HEALTH 
OIVISI0N OF WATER HYGIENE 

lleo .. EST 49 TH STREET 
AUSTIN. TEXAS 7B75b 

I 
~*roPy - CENTRAL OFFICE* 

LIVE OAK HILLS sueDIVISION 
CIO M J .. OOTEN 
lOB ~EST GR~YSON 

LLANO TX 786q3 

COLLECToR REMARKS: 13 LIVEOAK 4:LSPM 
SOUP C E : WELL II 1 

DATE COLLECTED 91 1/90 DATE RECEIVED 

CONSTITUENT NAME 

P.ADON 

PEG-03 I"CCULLOCH 

WATER SUPPLY U: 1540012 
LABORATORY NO: EPID0241 
SAM P LET Y PE : RAW SA MP L E 

9/11/90 DATE REPORTED 9/19/90 

RESULT +/-

522. 00 PCI/L 43.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



rAG E 1 

NORTH SAN SAGA WSC 
P.O.BOX 5613 

TX 

WATER ANALYSIS RI'"PORT 
Ti:.XAS DEPARTMENT OF HULTH 
DIVISION OF ~ATER HYGIENE 

1100 ""EST 49 TH STREET 
AUSTIN. TEXAS 78756 

**COPY - CENTRAL OFFICE* 
REG-Ol SAN SABA 

WATER SUPPLY #: 2060003 
LABORATORY NO: EPI00228 
SAMPLE TyPE: RAW SAMPLE 

76877 

COLLECTOR REMARKS: 1A 371 HICKORY 10:22 AM 
SOURCE: WELL 1/1 
DATE COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE RfPORTED 9/19/90 

CONSTITUENT NAME RESULT UNITS +1-

PADeN 770. CO PC I IL 51.0 



I PAC r 1 

IoiATER ANALYSIS REPORT 
TEXAS DEPAPT"IENT OF HEALTH 
UIvISTON OF ~ATER HYG:[~E 

1100 .. EST 49 TH STREET 
AUSTIN, TEXAS 78756 

**COPy - CENTRAL CFFICE*' 

~ORTH SAN SAbA ~SC 
P.O.bO}" 568 

5 AN SAbA TX 16877 

COLLECTOR REMARKS: IB 371 HICKORY 10:23 AM 
SOURCE: WELL III 

PEG-Ol SAN SABA 

WATER SUPPLY II: 2060003 
LABORATORY NO: EPI00229 
SAMPLE TYPE: RAW SAMPLE 

DATE C0LLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNITS +1-

RAC ON 
726.00 peI/L 41.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



**CODy - CENTRAL OFFICE. 
WATER ANALYSIS RFPORT REG-03 MCCULLOCH 

TEXAS DEPAPT'IENT OF HULTH 
DIvISION Of ~ATER HYGIENE 

110;) \o;E5T 4Y TH STREFT 
AU STI,.. , TEXAS 7875(. 

RICHLAI\O ~SC - BRADY SYSTEM 
CIO lAhRY COTTRELL - PRESIDENT 
PObOX 217 
RICHLAhD SPRING TX 76877 

COLLECTOR REMARKS: ti1A 371 HICKORY 8:47 AM 
SOURcr: lo.'ELL 111 

WATER SUPPly #: 1540008 
lABORATORY NO: EP100224 
SAMPLE TYPE: RAW SAMPLE 

DATE CuLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUl T UNI TS +1-

RADON 610.00 peI/l 40.0 



~AG £. 1 

WATER ANALYSIS REPORT 
TEXAS (lEPART~ENT OF HE~LTH 
DIVISICN OF ~ATER HYGI[NE 

11 00 .. ES T 49 TH ST REET 
AUSTIN, TEXAS 711756 

• **COPY - CENTRAL OFFICE* 

RICHLAN~ WSC - BRADY SYSTEM 
CIO LAWRY COTTRELL - PRESIDENT 
P 0 EO>. 217 
!HCHLAt.~ SPRING TX 76877 

COLLECTOR RE~ARKS: 18 371 HICKORY 8:48AM 
SOURCE: IoiELL n 1 
DATE COLLECTED 9/10/90 DATE RECEIVED 

CONSTITUENT NAME 

RADON 

9/11/90 

PEG-C3 MCCULLOCH 

WA TEP SUPPL Y II: 1540008 
LABORATORY NO: EPI00225 
SAMPLE TYPE: RAW SAMPLE 

DATE REPORTED 9/19/90 

RESULT +1-

700.00 Pcr/l 45.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



PAC l 1 

!~ELVI\ CITY vF 
PO BOX 777 

M ELV I N TX 

**COPY - CENTRAL OFFICE~ 
WATER ANALYSIS REPORT REG-03 MCCULLOCH 

TEXAS DEPARTMENT OF HEALTH 
DIVISION OF WATER HYGIENE 

1100 WEST 49 TH STREFT 
AUSTIN, TEXAS 7875t. 

76858 

WATER SUPPLY #: 1540003 
LABORATORY NO: EP100312 
SAMPLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: lA MELVIN 10:29AM 
SOURCE: ~JELL 111 
DATE CCLLECTED 9/12/90 DATE RECEIVED 9/1~/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUL T +1-

RADON 343.00 PCI/L 32.0 



PA('l I 
.. A TE.R ANAL YS I S REP ORT 

TEXAS OlPARTMENT OF HEALTH 
DIVISION OF WATE.R HYGIENE 

1100 ~EST q9 TH STREET 
AUSTJ~, TEXAS 78756 

**COPy - CENTRAL OFFICE* 
PEG-03 MCCULLOCH I 

M[LV~N CITY OF 
PO SOX 777 

MELV IN TX 76858 

COLLECTOR REMARKS: 18 MELVIN 10:29AM 
SOuRCE: WELL ill 

DATE COLLECTED 9/12/90 DATE RECEIVED 

CONSTITUENT NAME 

RADON 

WATER SUPPLY 1:: 15Q0003 
LABORATORY NO: EPI00313 
SAMPLE TYPE: RAW SAMPLE 

9/13/9Q DATE REPORTED 9/19/90 

RESULT +1-

293. CO PCIIL 30.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



PAG Ie 1 

MEL V Ir~ (; I T Y l; <"" 

PO [lOX 777 

MELV IN TX 

.'ATE" ANALYSIS Rr::PORT 
TLXAS D[PART~ENT OF HEALTH 
DIVISIuN OF .ATER HYGIENE 

1100 "EST 49 TH STREET 
AUSTIN, TEXAS 78756 

**COPY - CENTRAL OFFICE' 
REG-OJ MCCULLOCH 

76858 

WATER SUPPLY u: 1540003 
LA80RATORY NO: EPI00314 
SAMPLE TYPE: RAW SAMPLE 

COLLECTOR REMARKS: ?A MELVIN ]O:48A~ 
S CUR C E : WELL u 2 

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT "JAME RESULT UNI TS +1-

RADON < 100.00 pcr IL 



PAGE. • 

MELVIN CITY OF 
PO EOX 777 

MELVIN TX 

I 
WATER ANALYSIS RFPOKT 

TEXAS DEPARPIENT OF HEALTH 
DIVISION OF ~ATER HYGIENE 

1100 "EST 49 TH STREET 

**CO P Y -
REG -0 3 

CENTRAL OFFICE~ 
MCCULLOCH I 

AliSTD., TEXAS I 
II A TE R <; U P Pl Y II: 1 54000 3 
LAeORATORY NO: EPI00315 

I 
76858 

SA MPlE TYPE: RAW SAMPLE 

I 
COLLECTOR REH.aRKS: ?B MELVIN 10:48AM 

I 
I 

SOURCE: WEll 112 
DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DA TE REPORTED 

CONSTITUENT NAME 
RESULT 

RADON < 100.00 PCIIl 

9/19/90 

+1-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



• 

PA:; E 1 **COPY - CENTRAL OFFICE, 
WATER ANALY!)IS REPORT PEG-03 CONCHO 

TEXAS DEPARTMENT O~ HEALTH 
OIVISION OF WATER HYGIENE 

11 00 I;[S T 49 TH ST REE T 
AUSTIN. TEXAS 78756 

MILL[R~VIE;';-LOOLE wSC wATER SUPPLY H: 0480015 
CIO V C wHITwORTH - PRESIDENT 
POBOX121 

LABORATORY NO: EPI00306 
SAMPLE TYPE: RAW SAMPLE 

MILLER!)VIEw TX 76862 

COLLEClOR REMARKS: 2A MILLERSVILLE DOOLE 
SOURCE: WELL 112 
DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUL T UNI TS +1-

RADON 547.00 PCIIL 39.0 



I PAf,[ 1 

WATER ANALYSIS REPORT 
TEXAS DEPARTMENT OF HEHTH 
DIVISION Of WATER HYGIENE 

1100 .EST 49 TH STREET 
AUSTIN, TEXAS 7875b 

**COPY - CENTRAL OFfICEi 
REG-03 CONCHO 

MILL ER:,VIE \oj -LODLE II SC 
CIO V C. IoiHITI.ORTH - PRESIOE.NT 
P 0 [;0>;. 121 
MILLERSVIEI.1 TX 768b2 

COLLECTOR REMARKS: 26 MILLERSVILLE DOOLE 
SOURCE: WELL #2 
DATE COLLECTED 9/12/90 DATE RECEIVED 

CONSTITUENT NAME 

RADON 

WATER SUPPLY~: 0480015 
LABORATORY NO: EP1D03D7 
SAMPLE TYPE: RAW SAMPLE 

9/13/90 DATE REPORTED 9/19/90 

R ESUL T UNI TS +1-

598. DO periL 41.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



PAGE.. 1 
"'ATER ANALYSIS REPORT 

T£XAS DlPARTMENT OF HEALTH 
DI~ISION OF WATER HYGIE~E 

l1ro .EST 49 TH STREET 
AUSTIN, TEXAS 78756 

**COPY - CENTRAL OFFICE~ 
PEG -03 CONCHO 

MIlLlRSVIE~-DOOLE ~SC 

C/O V C oIHlHiORTH - PRE.SIDENT 
P C BOX 121 

WATEP. SUPPLY II: 0480015 
LABORATORY NO: EPI00308 
SAMPLE TYPE: PLANT 

MILLERSVIEW TX 76862 

COLLECToR REMARKS: 3A-wD MILLERS~ILLE DOOLE 
SOURCE: WELL 113 
DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUL T UNI TS +/-

RADON 311.00 PCI/L 34.0 



I PAGE 1 

WATER ANALYSIS REPORT 
TEXAS DEPARTMENT OF HEALTH 
DIVISION OF .ATER HYGIENE 

1100 ~EST q9 TH STREET 
AUSTI",. TEXAS 78756 

**COPY - CENTRAL OFFICE~ 
PEG-03 CONCHO 

HILLER:>VIEI.-rOOLE WSC 
CIO \I C .. HITioORTH - PRESIDENT 
PObOX 121 
MILLERSVIEW TX 76862 

COLLECTOR REMARKS: 38-WO MILLERSVILLE DOOLE 
SOURCE: WE-LL #3 

WATER SUPPLY 11: 0480015 
LABORATORY NO: EP100309 
SAMPLE TYPE: PLANT 

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME 
RESULT UNI TS +1-

RADON 
287. 00 PCIIL 31.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



PAGE: 1 **COPY - CENTRAL OFFICE~ 
WATER ANALYSIS REPORT PEG-03 CONCHO 

TEXAS DEPARTMENT OF HEALTH 
DIVISION OF ~ATER HYGIENE 

11 DO wES T 49 TH ST RH:T 
AUSTI~, TEXAS 78756 

HIll E R S V IE ~ -0 00 LE W S C I,J ATE R SUP Pl Y 1/: 048001 5 
CIO V L WHITWORTH - PRESIDENT 
PObOX12I 
MILLERSVIEW ,TX 76862 

COLLECTOR REMARKS: 3A MILLERSVILLE DOOLE 
SOURCE: WELL 113 

LABORATORY NO: EPIDD31D 
SA MPLE TYPE: RAW SAMPLE 

OATE COLLfCTEO 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNI TS +/-

RADON 634.00 PCIIL 45.0 



PAG E 1 I 
WATER ANALYSIS REPORT 

TEXAS DEPARTMENT OF HEALTH 
DIVISION OF WATER HYGIENE 

1100 ~EST q9 TH STREET 
AU STH. t TE XA S 787St: 

**COPY - CE NTR AL 
REG-03 CO~CHO 

OFFICE * 

MILLERSVIE.-DOOL[ ~SC 
CIO Ii (. ioiHlTi.ORTH - PRESIOI:.NT 
POBOX 121 
MIllERSVIEW TX 76862 

COLLECTOR REMARKS: 3B MILLERSVILLE DOOLE 
SOuRCE: WELL #3 

WATER SUPPLY #: 0480015 
LABORATORY NO: EP100311 
SAMPLE TYPE: RAW SAMPLE 

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME RESULT UNITS +1-
RADON 576.00 PCI/L '11.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



**COPy - CENTRAL OFFICE* 
wATER AN_LYSIS REPORT PEG-03 MCCULLOCH 

TEXAS ~EPARTHENT OF HEALTH 
DIVISION OF WATER HYGI[Nf 

llCD ~EST 49 TH STREfT 
AUSTIN. TE XA S 7875b 

ROCHELLE WATCR SUPPLY CORPORATION 
CIO RO~~IE NOWLIN - PRESIDENT 
P 0 [:;0) 191 
ROCf-IELLE 

WATER SUPPLY #: 1540004 
LABORATORY NO: EPI00226 
SAMPLE TYPE: RAW SAMPLE 

TX 76872 

COLLCCIOR REMARKS: 1A 371 HICKORY 9:14AM 
SOURCE: WELL #1 
DATE C0LLECTlD 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUL T UNITS +1-

RADON 422.00 PCI/L 34.0 



PAC E I 
.. ATEq ANALYSIS REPORT 

TEXAS OEPAPT"ENT Or- HEALTH 
DIVISION OF ~ATER HYGIE~E 

11(10 .. EST 4<; TH STREFT 
AUSTI~t TEXAS 78756 

**COPy - CENTRAL OFfICE* 
PEG-Q3 MCCULLOCH I 

ROCHELLE I.'SC 
P.O.BOX 191 

ROCHELLE TX 76872 

COlLEC10R REMARKS: u2B ROCHELLE d:27AM 
SOlJRCE: IJElL 1i2 
DATE CClLECTEO l/12/90 DATE RECEIVED 

CONSTITUENT NAME 

RADON 

WATER SUPPLY #: 1540005 
LABORATORY NO: EPI0030S 
SAMPLE TYPE: RAW SAMPLE 

9/13/90 OA TE REPORTED 9/19/90 

RESUlT UNITS +/-

207.00 PCIll 25.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



**COPY - CENTRAL OFfICE* 
I.'ATEP ANII.lYSIS REPORT REG-03 MCCULLOCH 

TEXAS O[PARP1ENT OF HEIILTH 
DIVISION Of ~ATER HYGIENE 

1100 wEST 4~ TH STREET 
AUSTIN, TEXAS 78756 

ROCHELLE I.'ATER SUPPLY CORPORATIO~ 
C/O RONNIE NOWLIN - PRESIDENT 
PObOX 191 

II A T [R SUP PL Y II: 1 540004 
LABORATORY NO: EPI00227 
SAMPLE TYPE: RAW SHIPLE 

ROCHELLE TX 76872 

COLLEC10R R[~ARKS: 19 371 HICKORy 9:15 /1M 
SOLRCE: IIELL 
DATE ClLLECTED 9/10/90 DATE RrCEIVED 9/11/90 DATE REPORTED 9/19/90 

CONSTITUENT NAME R ESUL T UNI TS +/-

RADON 639. (0 PCI/L 46.0 



~. AG [ 1 

WATE!? ANALY:>IS RFPORT 
TEXAS DEPAPTMENT OF HEALTH 
DIVISION CF wATER HYGJE~E 

1100 ~EST 49 TH STREET 
AUSTI". TEXAS 7875(; 

*~COD Y -
REG-03 

t 
CENTR.~L OFFICE* 

ROCHELLE ~AT[R SUPPLY CORPORATION 
C/O RO~NIE NOWLIN - PRESIDENT 
PGbOX191 
ROCHELLE TX 76872 

COLLEC1QR REMARKS: 2A ROCHELLE R:27AM 
SOURCE: WE LL Ii 2 

MCCULLOCH I 

WATER SUPPLY u: 1540004 
LABORATORY NO: EPI0030~ 
SAMPLE TYPE: RAW SAMPLE 

I 
I 
I 

DATE CLLLECT[O 2/12/90 DAT£ RECEIVED 9/13/90 DATE REPORTED 9/19/90 I 
CONS TITUENT NAME RESULT IJN I TS 

RAGON 1 68. cn PCI/L 

+/-

23.0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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APPENDIX C 

EPA Fact Sheet: National Primary Drinking Water Regulations 
for Lead and Copper, May, 1991 
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Fact Sheet: 
National Primary Drinking 
Water Regulations for Lead 
and Copper 

May 1991 

OffIce of Ground Water and Drlnking Water 
U.S. Environmental ProtectIon Agency 
Washington, DC 



Summary 
These regulations will: 

• Establish Maximum Contaminant Level Goals (MCLGs) 
of zero for lead and 1.3 milligrams per liter (mg/L) for 
copper. 

MCLG Action Level 
(~) (~)" 

lead 0 0.015 
Copper 1.3 1.3 

"Measured In 90th percent" 
at consumers' tape 

• Establish a treatment technique requirement for lead that includes: 

1) optimal corrosion control treatment, 

2) source water treatment, 

3) public education, and 

4) lead service line replacement. 

• Establish a treatment technique requirement for 
copper that includes: 

1) optimal corrosion control treatment, and 

2) source water treatmenL 

• The treatment technique requirements are triggered by exceedances of the lead action 
level of 0.015 mglL or the copper action level of 1.3 mglL measured in the 90th 
percentile. 

These final ralemakings establish: 

• Two additional National Primary Drinking Water Regulations (NPDWRs), bringing the 
total to 58. 

• Two additional inorganic standards, brinsins the total to 13. 

These rules also include provisions for. 

• Analytical methods and laboratory performance requirements; 

• Best Available Technologies (BAn for complying with the treatment technique 
requirements; 

• Mandatory health effects language to be used by systems when notifying the public of 
violations; 

• System recordkeeping and reporting requirements; and 

• State recordkeeping, reporting and primacy requirements. 

Lead and Copper Fact Sheet-l 
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·.: ..... 

Health Effects and Sources of Lead and Copper 

ContarnJnant - •. Low Level Health Effects 

Lead Children: 

Copper 

Altered physical and mental develop
ment; interference with growth; deficits 
in la, attention span, and hearing; 
interference with heme synthesis 

Women: 
Increased blood pressure; shorter 
gestational period 

Men: 
Increased blood pressure 

. - -
Stomach and intestinal distress; 
Wilson's Disease 

?_T pnrl n.,ri rnnoer Fact Sheet 

Sources In 
Drinking Water 

Corrosion of: 
Lead solder and brass faucets 
and fixtures 
Lead service lines (20% of public 
water sytems) 

Source water (1% of systems) 

Corrosion of: 
Interior household and building 
pipes 

Source water (1% of systems) 



Regulatory Impact 

Benefits 

• These regulations will: 

- reduce the exposure of approximately 130 million people to lead in drinking water. 

- result in an additional 570,000 children having their blood lead level reduced to below 10 
micrograms per deciliter 4tg/ dl). 

• Nationwide health benefits when translated into avoided medical costs are estimated to be: 

- between $2.8 and $4.3 billion per year for corrosion oontrol and source water treatment 

- between $70 and $240 million per year for lead service line replacement 

• Nationwide material benefits attributable to reduced corrosion of water distribution systems 
and household plumbing systems are estimated to be $500 million per year. 

Costs 

• Capital 006ts are estimated to be between $2.9 and $7.6 billion. 

• Operation and maintenance costs are estimated to be $240 million per year. 

• Total annualized costs are estimated to be between $500 and $790 million per year . 

. -. For large systems (servjng >50,000 persoos), OOIrosioncnntro1 treabnent tequired by this rule 
is estimated to oost $1 per household per year. 

• For smaller systems (serving So 50,000 persons), corrosion cnntro1 treatment is estimated to 
oost $2 to $20 per household per year. 

• Total anm !alimi costs for lead service line replacement are estimated to be $80 to $370 
million per year. 

• Tap water monitoring will be required for 79,000 community and nontransient non
community water systems. 

• Monitoring 006ts are estimated to be: 

- $40 million per year nationwide. 

- SO.10 per household per year for large systems and less than $3 per household per year 
for smaller systems. 

• State implementation 006ts are estimated to be $40 million per year. 

Lead and Copper Fact Sheet-



Treatment Technique Requirements 

Corrosion Control Treatment 

• Systems must collect tap water samples for lead and copper fro~ high risk homes. 

Corrosion Control Studies 

• Systems triggered into the corrosion rontrol treatment requirements may first have to conduct studies to 
compare the effectiveness of: 

- pH and alkalinity adjustrrent (reduces the acidity eX the water); 
- ca1ciumadjustment (promolesthe formation of protective coatings inside pipes and plumbing); and 
- addition of phosphate or silica-based corrosion inhibitor (forms protective coating inside pipes and 

plumbing). 

• AU large water systems (serving >SO,lXX) people) are required to conduct such studies. 

• SmaD and medium-size water systems (serving SSO,lXX) people) that exceed the lead or ropper action level 
are required to first submit a recommendation for optimal corrosion control treabnent to the State. 

• The State will either approve the recommended treatment or require the installation of an alternative 
treatment. The State may, as an alternative, require smaI1 and medium-siz.e water systems to conduct the 
rorrosion control treatment studies described above. 

• Any system thatronductscorrosionrontrol studies must recommend an optimal rorrosioncontroi treabnent 
to the State on the basis of study reults and monitoring data. 

• States will either approve a systems recommendation or designate an alternative treatment as optimal. 

Corrosion Control Treatment 

• Once treatment is specified by the State, systems will have 24 months to install optimal corrosion control 
treatment and 12 months to rolled fo\Iow-up samples. 

• States will assign values for a _ of water quality parameters that ronstitute optimal corrosion control 
treatment 

-pH; 
- alkalinity; 
- caldum. when cubonate stabilization is used; 
- orthophoshate, when an inhibitor with a phosphate cxxnpound Is used; and 
- silica, when an inhiJiIor with a silicate ~ is used. 

• A system must rontinue to operate within the water quality parameters established by the State. 

Source Water Treatment 
ill AU public water systems that exceed the tap water lead or ropper action level must collect source water 

samples and submit the data with a treatment recommendation to the State. 

• States may specify one of the following treatments, or an alternative treatment at least as effective, for the 
system to install: 1) ion exchange, 2) reverse osmosis, 3) lime softening or 4) coagulation/filtration. 

• Once treabnent is specified by the State, systems will have 24 months to install source water treatment and 
12 months to collect follow-up source wate!' samples. 

• States will review follow-up source water monitoring results and assign maximum pennissible lead and 
copper concentrations in source water entering the distnbution system. 

• Systems must continue to deliver water to all entry points in the distnbution system that does not exceed 
the maximum pennissible lead and ropper concentrations established by the State. 

• Source water monitoring will be standardized to 3/6/9 year cycles after treatment is installed or the 
State determines no treatment is necessary. 

4-Lead and Copper Fact Sheet 



Treatment Technique Requirements '-

Public Education 

• Informs the public about the adverse health effects of lead and explains the steps people can take in their 
homes to reduce their exposure to lead in drinking water (i.e., flushing the tap; cooldng with cold waler 
rade than hot; cheddng for lead solder in new plumbing; and testing their water for lead). 

• AD public water systems exceeding the lead action level must deliver the EP A-developed public education 
program to their customers within 60 days. 

• Every 12 months, systems must deliver: 

- biD stuffers to their customers and brochures to an institutions in the community frequented by 
women and children (i.e., health departments, hospitals,. dinies, etc.), and 

- the public education material to the editorial departrrients of major newspapers serving the 
community. 

• Every 6 months, systems must submit a public service announcement on lead in drinking water to map.
television and radio stations serving the community. 

• Every 12 months, ron-transient non~unity water systems must post information notices in each 
building served by the system and deliver brochures to all 01 the system's custones. 

• The public education program must be delivered by a water system for as long as the system exceeds the 
lead action level. 

Lead ServIce Una Replacement 

• AD public water systems that continue to exceed the lead IIdion level after installing optimal c:onosion 
a:Jntroiln!Btment and IOW'C.'e water treatment must repIac:e teed service Unes that amlribute in elCCeSS of 
15 parts per biUion (ppb) to total tap water lead levels. .. 

• A system must reptace IIM!J\ percent 0Ii1s lead llneseadl yell' ordemonstrale that the lines not replaced 
contribute less than 15 ppb 01 lead to drinking water at the tap. 

• Asystemmustreplacetheentirelead5erYicelineuniessitcandemonstratethatitdoesnotcontrol theentft 
line. Water system must offer to replace the owner's portion of the service line. 

• A system that exceeds the lead action level af ter installing optimal mrrosion control treatmentand souroe 
water treatment has 15 years to replace aD lead service lire. 

.. 
I 

I 
I 
I 

I 

I 
I 
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Tap Water M.onitoring 
Lead and Copper 

Start Dates for Monitoring 

January 1992 Large Systems (>50.000) 

July 1992 

July 1993 

Sample Site Location 

Medium-size Systems 
(3.300 to S 50.000) 

Small Systems (S 3.3(0) 

Monitoring Period 

1 monitoring period is 
equivalent to 6 months 

(2 per calendar year. i.e .• 
January to June and 
July to December). 

• Tap water samples must be collected at high risk locations: 

- homes with lead solder installed after 1982, 

- homes with lead pipes, 

- homes with lead service lines. 

Sample Collection Methods 

• First flush tap water samples must stand motionless for at least six hours before the 
samples are collected. 

• One liter of water must be drawn from the cold water ldtchen or bathroom tap. 

• Systems may collect samples or enlist residents to collect samples. Residents fill the 
container suppli~ by the water system according to directions and leave the container 
for the system to pick up. 

6-LeaO. and Copper Fact Sheet 



Tap Water Monitoring 
Lead and Copper 

Number and Frequency 

Base Monitoring: 

.. 
I 
I 
I 
I 
I 

• All public water systems are required to collect one sample for lead and copper analysis I 
from the following number of sites during each six month monitoring period. 

SystemSlze 
(Population) 

>100.000 
10.001 to 100.000 
3.301 to 10.000 

501 to 3.300 
101 to 500 

~1oo 

Reduced Monitoring: 

Table 1. Tap Sampling for Lead and Copper 

No. of Sampling Sites 
(Initial Base Monitoring) 

100 
60 
40 
20 
10 
5 

No. of Sampling Sites 
(Reduced Monitoring) 

50 
30 
20 
10 
5 
5 

I 
I 
I 
I 
I 
I 

• All public water systems that meet the lead and copper action levels or maintain 
optimal corrosion control treatment for two consecutive six month monitoring periods I 
may reduce-the number of tap water sampling sites (see Table 1) and their collection 
frequency to once per year. ' . ., 

.• All p~blic water systems that meet the lead and copper action level, or maintain optimal I 
corrosion control treatment, for three consecutive years may reduce the tap water I 
sampling sites (see Table 1) and their collection frequency to once every three years. 

I 
I 

Lead and Copper Fact Sheet-71 
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Monitoring 
Water Quality Parameters (other than lead and copper) 

• In addition to lead and copper. all large water systems. and those small and medium
size systems that exceed the lead or copper action level. will be required to monitor for 
the following water quality parameters: 

- pH. 
- alkalinity. 
- calcium, 
- conductivity, 
- orthophosphate, 
- silica, and 
- water temperature. 

• These parameters are used to identify optimal treatment, and once treatment is 
installed, to determine whether a system remains in compliance with the rule. . 

• Systems are required to maintain water quality parameters within State specifed ranges. 

• Systems will have to monitor water quality parameters at two separate locations: 
- representative taps throughout the distribution system (systems can use 

total coliform sampling sites), and 

- entry points to the distribution system. 

Base Monitoring: 

• All large water systems (>50,000) and those small and medium-size water systems 
(SSO,OOO) that exCeed the lead or copper action level must collect two tap sam. for 
each applicable water quality parameter from the following number of sites during each 
six month monitoring period. 

Table 2. Tap Sampling for Water Quality Parameters 

System Size No. of Tap Sampling Sites No. of Tap Sampling Sites 
(Population) (Initial Base Monitoring) (Reduced Monitoring) 

>100,000 25 10 

10,001 to 100,000 10 7 

3,301 to 10,000 3 3 

501 to 3,300 2 2 

101 to 500 1 1 

S100 1 1 

8-LeaiI. and Copper Fact Sheet 



Monitoring 
Water Quality Parameters (other than lead and copper) " 

• All large water systems, and those small and medium-size water systems that exceed 
the lead or copper action level, must collect one sample for each applicable water 
quality parameter at each entry point to the distribution system every two weeks. 

I 
I 
I 
I 

• All large water systems, and those small and medium-size"systems that exceed the lead I 
or copper action level, after installing optimal oorrosion control treatment must 
oontinue to collect 

- two samples for each applicable water" quality parameter at each of the 
sampling sites specilied above every six months, and 

- one sample for each applicable wate~ality parameter at each entry point to 
the distribution system every two w . 

Reduced Monitoring: 

• All water systems that maintain State-specified water quality parameters reflecting 
optimal corrosion control for two consecutive six month monitoring periods may 
reduce the number of tap samples collected (see Table 2) during each six month 
monitoring period. 

1 
I 
1 
'I 
1 

• All water systems that maintain State-specified water quality parameters reflecting 1 
optimal corrosion control for three consecutive years may reduce the number 01 tap 
samples collected (see Table 2) and the frequency with which they are caDected to oI\Cl! 
per year. " 

1 
I 
I 
I 
I 
I 
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Monitoring Schedules 

lead and Copper Monitoring 

Monitoring Pertod Parameter. 1 Location Frequency 

Initial Lead and Copper Targeted high risk Every six months'" 

Monitoring Interior taps 

After Installation of Lead and Copper T ergeted high risk Two consecutive six month 

Corrosion Control Intarior taps monitorilg periods 

After State Specifies Lead and Copper Targeted high risk Two c:onsecutlw six month 

Parameter Values for Intarior taps monitoring periods' 

Optimal 
Corrosion Control 

Reduced Laad and Copper Targeted high risk Once avery year" 

Monitoring interior ... 

---------------------------
Lead and Copp« Targeted high risk OnceevarytN .. ya~ 

Intarior taps 

, Large 'Y""'" collect .." _"" sampI" for lWO-sil men .. monilOl'ing periods Ioelor. -.lUCIinO ccmp.rallv. CIImIaian alnlOl _ llUdiH. 

I Small W>d medium·siZ. IYSI8m' c:cIect .... _ ~ lor II..s W>d CIIPI* untiIlIIey elQeCI lie INd or coppet 8CIion lew! end ... lriggenod inl> lie 
-1ICMique~ 

I Sys ..... rMeIing llele..t and CIIPI* ac1ion 1ewI, or mainIaring opi ..... CIDIIIIIion alnl'Dl .. _tlpecified bJ lie ~.Ior __ live Iii monfI 
moniIDfing periods may ,educe lap wale< sampling I> once per ,_ W>d caIecI ... reducecllUTlblr 01 a.npIM indIc.-cI iI TUlle I on page 7 . 

• Sys_ ~ lie _ W>d copper ac1ion Iew!. or mainlllining oplimal corrosion COI'\IrOIIr .. lme<l1 specified by lie Stale. lor", ... co_live ,ears mill' 
r-.ce tap _ umpfing I> once ...., ...... , ... and caIecI ... _ number 01 ......... incicUed in Tobie I on page 7. 

lo-Lead and Copper Fact Sheet 



Monitoring Schedules 

Water Quality Parameter Monitoring 

Monitoring Period Parameters t Location 

Initial pH, akalinity, Taps and aI entry point(s) to 

Monitoring orthophosphata or silica I, distribution system 
calcium, conductivity, 
temperature 

After Installation of pH, akaJinity, Taps 

Corrosion Control orthophosphate or silica I, 

calcium' ------------------
pH, alkalinity dosaga rate Entry point(s) to distribution 
and concentration (if systam 
akalinity adjusted u part of 
corrosion control), inhbitor 
dosage rate and inhibitor 
residual' 

After State Specifies pH, abIinity, Taps 

Parameter Values for orthophosphata or silica I, 

Optimal 
calcium' 

f--------- ---------Corrosion Control pH, akalinity dosage rata Entry point(s) to distribution 
and concentration (if system 
akalinity adjusted as part of 
CDmIIion oonIIaI), inhlblDr 
dosaga rate .nd inhi)itor 
residu.l· 

Reduced pH, abIinity, T ..... 

Monitoring orthophosphate or sirlCa I, 
calcium I 

~-----------------pH, ablinity dosage rate Entry point(s) to diltrllutlon 
and co ..... ,baliun (I system 
a.atinity adjusted .s part 01 
corrosion control), inhibilor 
dosage rate and inhibitor 
residual' 

Frequency 

Evary six months 

Every six months 

---------
Biweekly 

Ewry six IIIOItha 

---------Biweekly 

Every six IIIOItha 

---------BIweekly 

, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'SnWI ... medUn-liZe.,.....ha .. lllmoni1Drlar_~ l*_ontrclumg" .............. klwIidI ............. 1heiMdorcapper I 
ecdDn ...... lAIgI.,._ .... , rromor _ quaIiy ...".... Uing -" moniD~. period • 

• ~ _lie .......... trit .... ., inhllilDr co ...... ~ CQIIIIICIInIi8 u.d. SiIca _lie ......... any .... ., - I 
---. ..... ~ .!Md. 

• c.Ic:i ........ ,1Ie .......... onlV ....... C81ci .... ~ .l8biIIzUan • UNd u .... tII_IIion~ . 
• WIiIi ............. inhi_ .. oidu8Iconcentr8liona (0I1II0ph0 .... 01 .. ica' ...... ,IIe ........... trit .... ., _. UNd . 

• Sys- .............. CDmIIion con ....... - apeciIi8d IIr fie 5_ lor _ ----... Iix-monlh IIDIiDII. period. may '*'uce """ -I 
........ til ...... ..., I*WMIIrSIII once 1*,..,'" CIlIIect fie ........ ~ til ...... indi-.I kiT ... 2 on..., .. 

·Sys_ .......... ng ..... _ionCDn ........ tment.pecified IIr ... SI8.Ior_coneacuhe,..,._' ..... """_~tII_l* ........... 
III onca ..., ., ........ and col..,. ... recIumd number tII __ II1dicated in Table 2 on page •. 
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Regulatory Schedule for Large Systems 
(>50,000 people) 

Date 

May 1991 

January 1992 

November 1992 

January 1993 

July 1994 

January 1995 

January 1997 

January 1998 

July 1998 

Activities (system activities denoted by ~ ) 

National Primary Drinking Water Regulations (NPDWRs) for lead and 
copper promulgated 

Begin tap water and distribution system monitoring 

Treatment technique requirements take effect 

Complete tap water and distribution system monitoring 

Complete corrosion control Stucfl8S and recommend treatment to Slate 

Slate designates optimal corrosion control treatment 

Complete installation of corrosion control treatment 

.. Complete foDow-up monitoring and submit results to Slate 1 

Stale designates water qualty parameter. 

12-Lead and Copper Fact Sheet 
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Regulatory Schedule for Medium-size Systems 
(3,300 to SSO,OOO people) 

Date Activities (system actlvHles denoted by • ) 

May 1991 National Primary Drinking Water Regulations (NPDWRs) for lead and 
copper promulgated 

July 1992 Begin tap water monitoring 

. ~. 

. _--_._ .•.......... _ .. -.-.-.. _ ........ -.. '-----_._----_ .... _-_._ ........ _._ . ._._ ... __ ......................... -
November 1992 Treatment technique requirements take effect 

January 1993 ~. Recommend optimal corrosion control treatment 1 

January 1994 State requires system to conduct corrosion control studies2 

July 1994 State designates optimal corrosion control1rea1Jnerll3 

July 1995 ~ Complete corrosion control stucles and recommend treab I lent to state2 

January 1996 State designates optimal ~ control trea1ment for system 
conducting treatment stud 

._-.-.-................. --.-.--.-.- f-.-----... -...... . ..... -........... .-... ----..... --.-.... -............ -.... ----

July 1996 ~ Complete InsIaIIatIon of corrosion control treabllent3 

July 1997 ~ Complete foftow-up monitoring and SlbnIt results to StateS ... 

January 1998 ~ Complete Installation of corrosion controltreatment2 

State designates water quaIty parameters3 

January 1999 ~ Complete foUow-up monitoring and SlD11It results to state2.4 

---
July 1999 State designates water quality parameters2 

lAssu~ ay.1Im e~ lied or copper ac:tion 11M! cUIng lral lII04i1oring period. 

2Medun-lize sySlllm. NqUirwd ID c:oncb:t c::omp.-aM .. 1IMn1 ....... 
3Mecium-aize .ystams which sm. specifies 0jIIi1MJ treatment wiIhout studie •. 

~ ...... " that conlinUlID elCled.:llon II¥II begin 1~ lied MIVic:e In. ~t P"9'WIL 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Regulatory Schedule for Small Systems 
(~,300 people) 

Date Activities (system activities denoted by) , 

May 1991 National Primary Drinking Water Regulations (NPDWRs) for lead and 
copper promulgated 

November 1992 Treatment technique requirements take effect . 
July 1993 ~ Begin tap water monitoring 

. January 1994 ~ Recommend optimal corrosion control treatment to State 1 

January 1995 State requires system to conduct oorrosIon control studles2 

January 1996 State designates optimal corrosion control treatment3 
---

July 1996 ~;-~m~te·~on control stuales and recommend treatrnen~ to State2 

January 1997 State designates optimal COrrosion control treatment 2 

January 1998 ~ CompIets Installation of corrosion COl 11101 treatment3 

January 1999 Complete Installation of corrosion conIroI treatrnent2 
.. _--_._-_._ .... -_ ... _-_ ... _. _ .... __ ...... _._---

Complete follow-up monItortng and submit resuIs to $tate3.4 
..... --. _._---_ .. 
July 1999 State designates water quality parameters3 

January 2000 ,. Cornptete_~oIow-up monitoring and submits results to State2.4 
------

July 2000 State designates water quality parameters2 

1 Assumes syslllm exceed5 .... or copper IICIion .... 1 dLIing fint moriIoring period. 

2sman sySl9ms required ID c:onQjct comperaliYe treallMntllUdille. 

%mall sysl9ms which StaIB specifoes optimal treatment wiIhoul SIUdieI. 

4Syslems thai continue ID exceed action level begin 1 S-y..,lead service line replacement program. 
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For More Information 
.,ao. 

EPA RegjgnaJ Pmra 

EPA ReciOIl 1 
Wat.!' Supply Branch 
JFK F.deral Buildilll 
lbton, MA 02203 
(617) 565-3610 

Connecncut, M~, 
MaiM, NftII HaIMhire, Ilht:xU 
l.lond, Vermont 

EPA RepOIlI 
Water Supply BTanch 
26 Federal Plaza 
Na. York, NY 10218 
(212) 264·1800 

N_J.-y, NftII YOI'., Pu.tD 
Rico, V.,.u. 1.14Nl. 

EPA RePOIlI 
Water Supply Branch 
SU CbHtnut StrNt 
Philadelphia, PA 19107 
(215) 597-8227 

D='a'''O''W, ~ 
~ V.,.,wa. W .. 
V.,.,wa. m.trit:I ofColumbita 

EPARecloa4 
Water Supply Bnmcb 
345 Courdand 8tnet N.E. 
Manta, GA IOI6a 
(4Of) 347·2207 

Alabama, FforiIJG, a-pa, 
X.lItudy, Miaiaippi, Nonla 
Carolina, SoutIa Carolina, T._ 

EPA Jlecioll • 
Water Supply BTanch 
230 South o-rbom Slnat 
Chic:qo, n. 6()6(K 

(312) 353-2151 

lUinoe., 1rwli4n4, MiclUilo1l, 
MiAnaota, Ohio, W"YCOIUiA 

EPAReci-' 
Water Supply Branch 
1445 Roa Avenue 
o.tlu, TX 75202 
(214) 656-7150 

AriaIucu, LoMUiana, N_ 
JlClit:D, OWallama, t-. 

EPA Retioll 7 
Water Supply Branch 
726 Minn~Awnu. 
Jean.. City, KS 66101 
(913) 551·7032 

1-. Ka-. Jliuouri, 
N __ "" 

EPA Safe Drinking Water Hotline 
tm 1-800-428-4791 

EPA RePoll8 
Water Supply Branch 
One Danver P111C1 
999 18th Slnat, Suite 1300 
DenWf, CO 80202-2413 
(303) 293-1652 

CoIavdo, MolItoll4, NorlIr. 
Doioto, Soutla DoMlo. Ut41&, 
W,)'OIIIiIw 

EPA RetiOIl • 
Water Supply Branch 
215 Premont StrNt 
San Fnnci-. CA 94105 
(415) 974-0912 

An--. Cali(omi4. HOIIIaii., 
Nevada, AmD-ieaII Sea-. 
G-. Truat Territoria of 
tIte Pacifie 

BPARetl_l0 
Water Supply Branch 
12OOSiUbA_ 
Seattle, WA 98101 
(201) 553-1221 

Ala,", ItllJto, 0,.."., 
Woa/Wwtma 

., 
i 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Lead. and OJpper Fact Sheet I t 



..... 

.... 

.... 

-

-

-

APPENDIX D 

EPA Fact Sheet: National Primary Drinking Water Regulations 
for Radionuclides, June, 1991 



&EPA 

~"'Ite:: States 
EnV1ronmental Protection 
Age"cy 

W,,·550 Ju.oe199' 

Radionuclides in Drinking Water 

National Primary Drinking Water Regulations 
for Radionuclides 

Proposed Rule 

June 1991 

Office of Ground Water and Drinking Water 
U.S. Environmental Protection Agency 
Washington, DC 

Pnnted on Recycled Paper 



SUMMARY 

These regulations will: 

Propose Maximum Contaminant Level Goals (MCLGs) and Maximum 
Contaminant Levels (MCLs) for four radionuclide contaminants and two categories 
of radionuclides. 

The four radionuclide contaminants are: radium-226. radium-228, radon-222, 
and uranium. 

The two categories of radiunuclides are adjusted gross alpha emitters, and beta 
and photon emitters. 

• The category of adjusted gross alpha emitters regulates alpha emitters and 
is gross alpha measurement less uranium and less radium-226. 

• The category of beta and photon emitters regulates total beta and photon 
emitters (mostly man-made). 

When this proposed rulemaking is final: 

• These rules will establish 

Four revised radionuclide standards; and 
Two new radionuclide standards (radon and uranium) for a total of six. 

These proposed rules also include additional provisions for: 

• Monitoring, analytic methods and laboratory requirements; 

• Best Available Technologies (BATs) for compliance with the MCLs and for the 
purpose of issuing variances: 

aeration 
reverse osmosis 
anion exchange 

ion exchange 
coagulation/filtration 

• Mandatory health effects language to be used by systems when notifying the public 
of violations; 

• State reporting, recordkeeping and primacy requirements; and 

• Unregulated contaminant monitoring for lead-210, the first long-lived progeny of 
radon-222. 

Radionuclides in Drinking Water Fact Sheet-i 
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EPA is seeking comment from the public in this proposed rUlemaking on: 

• A number of alternative MCLs for radon, uranium, and radium; and 

• A variety of technical and policy issues. 

... Key Dates . 

June 1991 Standards for 4 radionuclide contaminants and 
2 catebories of radionuclides proposed 

September 1991 PublkhearinpiD Washingtou;D;C. and Chicago. n. 
September 1991 Close of public comment period 
(approximate) (90 days after Federal Register publication) 

April 1993 
.. ... .. 

Standards for 4 radionucllde contaminants and 
(22 months after 2 categories of radionuclidespr()IDuJgated 

., 

ipmposal). :: .. " ...... >.;-

October 1994 • Standards for 4 radionuclide contaminants and 
(18 months after 2 categories of radionuclides effective 
promulgation) • State adoption complete 

January 1996 i·· ··First·.·monitoring.compJiance.periocfbegins •. \ 

Regulatory Impact 
As proposed, these regulations, when implemented, will reduce the exposure of 
20 million consumen to the regulated contaminants and result in avoidance of an 
estimated 83 cancer cases per year. 

• This includes: 

Avoidance of an estimated 80 cancer cases per year due to reduced radon 
exposure of an estimated 17 million customers of public water systems served 
by ground-water sources; 

A voidance of an estimated 3 cancer cases per year due to radium; and 

Reduced exposure of approximately 875,000 people to kidney toxicity risk. 

• Regulation of radon is expected to result in the most violations, increased cost to 
public water systems, and provide the greatest health benefits. 

2-Radionuclides in Drinking Water Faci Sheel 
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. . .. . .. ...... Nattonal Costs of Proposed Radionucllde MCLe 

•• 

. . 
Beta 

... ·····«i. Rn-222 Ra-22t Ra-228 Unlnlum AGA* Emitters TOTAL 

Proposed MCL" 300 20 20 20*** 15 4-

Sytatems Affected 28,000 70 40 1,500 130 0 28,000 

Treatment Coat 

Total C~tal rs= 1,800 190 40 350 230 0 2,400 
Annual &M $ 

70 20 3 30 20 0 140 

Total Annual eost ($M) 180 30 8 60 40 0 310 

MonHoring ($KJYr'- 5,000 3 860 3 640 250 6,800 

State Implementation 

Initial ~$M~ ._-_ •••• __ ••••• --•••• - •••••• _ •••• - NA •• _ •••••• _ •••••• _ •••••• _ •••••• _ •••••• _. 15·28 
Annua ($ , -_ •••• --•••• _ •••••• - •••••• -...... NA •• _ •••••• - •••••• _ •••••• _ •••••• _ •••••• _. 10·19 

Annual Household Cost 
by Sytatem Size 

Very Smell (25·500, 120 830 650 580 770 0 
Small (501-3,300' 30 150 150 180 340 0 
Medium (3,301·10,000' 8 90 90 80 200 0 
Large (over 10,000, 5 60 60 40 140 0 

-

• Ad/u.,N Oro .. Alpha. 
-Met.. a,. ..... N In pCVl un"" olherwl •• nOlN. 
-Mel 'CK UranIum I • •• ,., ... ed In "gil.. 
-Mel 'CK S.'a Emln.ra I • • "Pf .... d In mllllf.m •• "acllv. do ••• qulva/.nt pef "eaf (mfem .delfr). 
-GfO •• Alpha I. used as ... "f •• n 'or Radlum·226 and uranium . 



Total Costs 

• Total costs to all public water systems will be approximately $317 million per 
year. Approximately 75% of these costs will be borne by systems serving fewer 
than 10,000 people. 

• State implementation costs will be $15-28 million initially and $10-19 million in 
future years. 

Monitoring and Treatment 

• Monitoring requirements will be standardized, with monitoring required every 
three, six, or nine years depending on the system's vulnerability to the particular 
contaminant. 

• Nationally, it will cost approximately $7 million per year for systems to monitor. 

• Nationally, monitoring for lead-21O will cost systems an addition $8 million 
one-time cost. 

• Monitoring for radionuclides will be required for approximately 80,000 systems. 

Ground Water 

Approximately 68,000 community and non-transient non-community public 
water systems witb ground-water or mixed surface and ground-water sources 
must monitor for radon, radium-226, radium-228, uranium, and adjusted gross 
alpba emitters. Vulnerable systems also must monitor for beta and photon 
emitters. 

Surface Water 

Approximately 12,000 community systems and non-transient non-community 
public water systems witb surface water sources must monitor for radium-226, 
radium-228, uranium, and adjusted gross alpba emitters. Vulnerable systems 
also must monitor for beta and photon emitters. 

• Nationally, approximately 28,000 or 35% of affected public water systems will be 
required to provide treatment or find an alternative source of water. 

Treatment will cost approximately 53 to 5800 per bousehold annually 
depending upon system size, degree of contamination, and otber factors. 

It will cost systems 5310 million per year to provide treatment. 

At State's option, extendable exemptions based on costs may be allowed for 
systems witb less tban 500 service connections, as long as tbe level does not 
exceed unreasonable risk to health and alternative sources are not feasible. 

4-Radionuc/ides in Drinking Water Fact Sheet 
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ations 

c ... _tlllCt. 
AtuiIw* 

Iouf_ ......... BAl" 

Radlum-221 cMcer zaro 20 pCI" 5 pClJI combIned naturdy occurrIng RE;RC IE; LS; RO 
with redluon-221 

Radlum-221 cancer zero 20 pC11I 5 pCl/I combIned naturally occurrIng RC;LS IE; LS; RO 
with radlum-226 

Raclon-222 cancer zero 300 pCl" naturany occurrIng LS;LC AER 

Uranium kidney, cMcer zero 20 '0911' naluraHy occurrIng RC;FL;AS C/F; AE; LS; RO' 

Ad ........ g,oa. alpha c.nce, zero 15 pCI" 15 pCI/I naturaly occurrIng GA!B; GA RO 
amI11ll,. and man-made 

0'0 •• beta and canca' zero 4m,am 4 mramlyr man-mada and IE;RO 
photon amlttera adalyr any organ or naturally occurrIng 

whola body 
- ,adloactlve cftlum PREC 
- radloactlva IodIne PREC 
- ,adloactlva PREC;RC 

.lrontlum 18.10 
- tltlum LS 
-gamma and GRS 

photon amlttera 

AnaIyIIc IIeIhoda Kay: Oa.t AvaHabla Tachnology Key: 

RE • R8donEm ..... 1on IE a: Ion Exch.nge 

RC • R_hemlc.' LS • Lime Softening 

LI • Liquid Sclntl,atlon RO ... Rev., .. O.moa'. 
LC • Luc .. c.n AER c A •• e.'on 
FL • FIuor_IrIc CIF • Coagul.UonJ1=ih, ."on 

AI • A!pII. Spactr_ry AE :a Anion Each.ng. 

GMt • GrGH .!pII1 Indlor bolo Ictlvlly 
GA • Groo""",," Ictlvlly 
PREC • Prec'pft.11on 
GRA • G.",,,,. Rey Spectrom .. ry 

'pC'" I. an act/""y m .. aur .... .,,' 0' radloactlva dacay (I pCI = 2.2 dls,megra"on. par m/nu,,); ,'g" i. a ma .. measurement; mrem I. me.,urement 0' e"ec'iva 
radlallon do.a 10 organ.)_ . 

'EJtcap' a. no'ad, BAT 'or tha purpo.a 0' ' •• u/ng "ar/anca. Is 'ha sama a. BAT 'or compllanca. 
'20 ,olJl'l ,. based on "'dney ,0,,1c'1y. 20 "lJI'Iis .ha equ'va'en' 0' 30 pCI/I. 
'Coagu/allonlFlllrallon and Lima 50llenlng ale no' SA T '0' small .y,'ams (,ho .. wllh less 'han 500 connlel/on.) '01 'he pUlposa 0' glan,'ng v.,'ane ••. 
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Summary of Proposed Monitoring ItC(llIircmcn's ror Ihdiunuclidcs 

I 

1M'''''' I Base Requirements Syslrm is 0111 .'reqllellcy Waiver 
Contaminant I or complillnce 

I i.: Triggered by Conditions 
Inltll' Repeal Non-compliance 

Quanerly Qtmnerly 
• Average of I sample. I I MUlllhi y if tlul tlr 

mandalOly ctlnfirm31i1W1 CIMIII,'ia,l(e. kClurn In I None 

Annually I Annllally 
I sample > MO. hase whcn } 1110. < Mel. 

Annual avcrolge ul nHllill1lC II"arlc.ly if 
' ..... ncrly SiIIlllrlcs IM,I of uNlll,liallce. 
> Mel. Annually when avemge 

Annually 
ul 4 11""'lns < MO. Siale Discrelion; 

.1." nTUEa VI: aDC .1..1 nl'UI:D VI: aDC!: 
Cllnsis'enlly 

QUaflcrly ir 'M" IIr Meeting MCL 

Annually I I I sample > Mel. I Ctlmpliillicc. MClIlm 10 
anllually when average 
ur 4 'Iuancr.; < Mel. 

(iW/SW, Annllally 
A f I Ie I I ir 'Nil tlr CINIII,hallce. SWle Oiscrelinn; GW/SW _ I r ycrage II samp .. 

GW /SW - Annually 13 . i I malldallrry Wllllrlllal.... R. I I J CnnsiSlenlly -year penO( sam Ie > Met Clllrn u per -year 
Mecling MCL p - pcnlNI whcnl years 

'" MCI. 

One Sample N/A N/A N/A N/A 

• Gross bela is a screen for Ka,22K anll .10 MCL slaut.\;IrII . 

• • Gross alpha is a screen for Ra-226 allllllmnilllll. 011111 an M( 'I. ~lal .. lan1. 

I R,d •• ,d 
Frequency 
(with waiver) 

None 

I Waiver reduces 
In I per 3, year 
period 

Waiver reduccs 
In I per 9-YCilr 
perillil 

N/A 



Radon in Water 
The proposed radon regulation will provide a substantial public health benefit 
compared with other drinking water regulations and other environmental 
regulatory programs administered by EPA. 

• The regulation will reduce the exposure to radon of 17 million consumers whose 
uvusehold water comes from a public water system served by ground-water 
sources. 

• The regulation, when implemented, may result in an estimated avoidance of about 
80 cancer cases per year. 

Radon comes from the natural break-down of uranium in soil, rock and water. 

• Radon is a volatile gas and is not a problem in drinking water from surface water 
sources. 

• Radon may be present in drinking water from ground-water sources. 

Public water supplies with ground-water or mixed ground and surface water 
sources would be required to monitor for radon and to provide treatment or 
find an alternative source of water if the radon MeL is exceeded. 

Radon also may be present in drinking water from private wells not regulated 
by EPA. 

The primary health hazard comes from breathing air containing radon. 

• Breathing air containing radon can damage lung tissue and increase the risk of 
lung cancer. 

Radon in water generally accounts for about 5% of the total indoor air 
concentration in homes with ground-water sources of drinking water. 

EPA estimates that indoor radon may' result in 8,000-40,000 lung cancer deaths 
annually. 

The higher the level of radon, the greater the risk of developing lung cancer. 

Smokers exposed to radon may have up to ten times the risk of contracting 
lung cancer as never-smokers exposed to the same radon levels. 

8-Radionuclides in :JrUlkmg Wa:er Fact Sheet 
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Radon present in drinking water is released into indoor air during household 
water use such as showering and washing clothes. 

As an average, every 10,000 pCill radon in water contributes about 1 pCill 
radon to indoor air for an average bouse. 

On average, outdoor levels of radon range from 0.2 pCill to 0.7 pCill. 

• Drinking water contaminated with radon may add some minor risk of developing 
stomach or other internal organ cancer. This risk is small compared to the risks 
from breathing indoor air containing radon. 

EPA is taking action to protect public health from radon in air and radon in 
water to the highest degree possible, given existing mitigation technologies. 

• Central water treatment for radon by public water systems is affordable and 
technologically feasible. Under the Safe Drinking Water Act, EPA is proposing to , 
regulate radon at a level public water systems can achieve-300 pCill. Radon at 
this level contributes about 0.03 pCill of radon in air. This corresponds to an " 
estimated lifetime cancer risk of approximately 2 x 10-4 (2 in 10,(00) and is 
consistent with EPA's risk guidelines for regulating drinking water contaminants. 
This risk may vary for individuals. 

• Concerning radon in air, EPA has proposed to keep its current action level of 
4 pCill, corresponding to an estimated lifetime risk of 1-5 x 10.2 (l-5 in 1(0) 
because the Agency believes that level can be achieved consistently and 
economically in homes, given current technology. The new Citizen's Guide, 
scheduled for publication in Fall 1991, also will provide information on testing 
methods to determine radon levels in homes. 

All homes should be tested for radon in air. 

• Most radon in household air comes from soil gas which seeps into the home 
through the foundation. 

• Information about radon testing and mitigation of household air can be found in 
the following EPA publications: 

A Citizen's Guide to Radon: What It Is and What To Do About It; and 
Radon Reduction Methods: A Homeowner's Guide. 

• Information about radon in air can be requested by calling 1-800-S0S-RADON or 
by contacting the State Radon office. 

RadiD,.uclU:Jes in DrinJci,.g Water Fact Sheel-9 



Some homes with private weDs also should be tested' for radon in water. 

• After testing the air for radon and finding levels above EPA's current action 
guideline of 4 pCi/l, homeowners with private wells should consult with their State 
drinking water office to obtain information on laboratories to test for radon in 
water. and test the water. After testing. homeowners should select the mitigation 
strategy that is most cost-effective for reducing radon exposure for the individual 
home. 

In the majority of cases, the appropriate mitigation strategy will be controlling 
the soil gas contribution to indoor air before treating the water to remove 
radon. 

• If treatment of radon in private wells is appropriate, the most effective treatment is 
to remove the radon from the water before it enters the home. This is called 
point-of-entry (POE) treatment. 

• Two basic types of POE water treatment are available. 

Aeration Systems 

Forced air bubblers remove radon gas from the water. 

Granular Activated Carbon (GAC) Systems 

Filters remove radon from the water. Homes with high levels of radon in 
water should not use GAC to remove radon. 

• Treatment at the tap is called point-of-use (POU) treatment. POU treatment will 
fail to reduce the most important risk from radon in water, breathing radon in 
indoor air transferred from water. 

• Information about radon in drinking water can be requested by calling the Safe 
Drinking Water Hotline (1-800-426-4791) or contacting the State Drinking Water 

, Office. 
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FOR MORE INFORMATION ABOUT RADON IN INDOOR AIR 

EPA Radon Information Hotline 

1:r 1·800·S0S·RADON 

EPA Regional Offices Radiation Program Managers 

EPA Region 1 
Pesticides and Toxic 
Substances Branch 

1FK Federal Bldg .• Rm. 2311 
One Congress Street, 11 th floor 
Boston. MA 02203 
(617) 565·.a502 

COIInectjc"'~"'asSllch,,u'ts, 
Maine. New Hampshire, 
Rhotk IsII",II, Vermont 

EPA Region 1 
Air and Waste Management 
Division 

26 Federal Plaza. Rm. 1137·L 
New York. NY 10278 
(212) 26~4110 

New JeTUY, New Yorlc, P"eno 
Ri&o, Virgin IsllltuLs 

EPA Region J 
Air Programs Branch 
Special Program Section 
(3AMI2) 
841 Chesmut Street 
Philadelphia. PA 19107 
(215) 597·8320 

Delll_" MarylllNl, 
PenlfS1lvanill, Virginill, We. 
Virginill, District of CobunbUJ 

EPA Region" 
Air. Pesticides. ad Toxies 
Management OiviaioD 

245 Counland screet, NE 
Adanta. GA 30365 
(404) 347·3907 

Alllbama, Florillll, G,orgia, 
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Carolillll, SOIIIh Carolillll, 
T,nnessee 

EPA Region! 
Air Toxies and Radiation 
Branch 

(51.R26) 
Chicago. IL 60604 
(312) 353·2206 

Illinois. lndillflll. Michigan, 
Minnesota, Ohio, Wisconsin 

EPA Region 6 
Air Enforcement Branch 
(6T·E) 
1445 Ross Avenue 
Dallas. TX 75202·2733 
(214) 655·7223 

ArkanSllS. LOIIisiaflll. New 
Mezico. OlcJlJhoma. TUGS 

EPA Region 7 
Air Branch 
726 MiMesota Avenue 
Kansas City. KS 66101 
(913) 551·7020 

Iowa. 1Ulnsas, MissOIIri, 
Nebraska 

EPA Region 8 
Radiation Programs Branch 
999 18th Street. Suite 500 
Denver. CO 80202·2405 
(303) 293·1709 

Colonulo. Montana, Nonh 
Dakota. SOIInh Dakauz. ("'lah. 
Wyomillg 

EPA Region 9 
Office of Air Toxics and 
Radiation 

(AI·I) 
75 Hawthorne Street 
San Francisco. CA 94105 
(415) 744-1045 

Arizona, Calijornill, Hawaii. 
N,vada, Ameri&an Samoa. Guam. 
Trust Territori,s o/Ihe Pacific 

EPA Region 10 
Air Programs Branch 
(AT·082) 
1200 Sixth Avenue 
Seattle. WA 98101 
(206) 442·7660 

Alaska, Idaho, O"Ion, 
Washington 
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Protection Brancb 
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Protection Brancb 

841 Chesblut Street 
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(215) 597·8227 
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EPA ReliOD 4 
Municipal Facilities Branch 
245 Courtland Street, NE 
Adanta •. GA 30365 
(404) 347·3633 

Altlba-. FloriU, G,orgiII, 
Klllluclq, Mi • ."., Narth 
C",oIilltl, SOMIII Cllnllilltl, 
TllUlessee 

EPA RelioD ! 
Safe Drinking Water Brancb 
230 S. Dearborn Street 
Chicago. IL 60604 
(312) 353·2151 

1161100. Ind;"fIII. Michigan. 
Mill"eSOllJ, Ohio, WiscOflSin 

EPA R'3iOD 6 
Wiler Supply Brancb 
1445 Ross Avenue 
Dalias. TX 75202 
(214) 655· 7155 

Aransas, Loaisitlflll, NI.., 
Muico, O/cJQh_, TUIlS 

EPA RelioD 7 
Drinking Wlter Brancb 
726 Minnesota Avenue 
Kansas City. KS 66101 
(913) 5S 1· 7032 

EPA Safe Drinking Water Hotline 

1!' 1·800-426-4791 
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EPA RelioD 8 
Drinking Wuer Brancb 
999 181b Street. Suite 1300 
Denver. CO 80202·1413 
(303) 293-1713 

Colorado. MOlllalltl.. !IIorth 
Dakota. Sourth Dakota. Vl4h. 
Wyoming 

EPA RelioD 9 
Drinking Water & Groundwater 
Protection Brancb 

75 Hawthorne SUeel 
San Francisco. CA 94105 
(415) 7#1818 
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PacifIC 
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Drinking Wlter Brancb 
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Removing Barium and Radium 
Through Calcium Cation Exchange 
Anthony C. Myers, Vernon L. Snoeyink, and David W. Snyder 

The removal of barium (Ba) and radium (Ra). which are found in many groundwater sources. 
was achieved in laboratory studies with an ion exchange process. In the studies, a strong acid 
resin in the calcium form effectively removed Ba2+ and Ra2+ to meet standards. The resin was 
regenerated with reclaimed brine. which would reduce disposal problems in actual practice. 
Total hardness. alkalinity. pH. and other water quality parameters remained unchanged. 
Additional research is needed. however. to refine the process and establish the costs. 

This article describes an ion exchange 
process that can be used to remove 
barium (Ba) and radium (Ra) from water. 
When all of the water must be treated by 
ion exchange to achieve the maximum 
contaminant level (MCL)of 1 mg BaiL or 
5 picoCuries (pCi)/L of RaZZ. plus Razzs• 
this process can be used to produce a 
water that is lower in sodium and less 
corrosive. Additionally. a smaller quan· 
tityof spent brine is produced that must 
be disposed of because a portion of the 
brine can be treated and reused. The 
process. shown in Figure I. uses a cal
cium (Ca)-form strong acid ion exchange 
resin column in parallel with a conven
tional sodium (Na)-form strong acid resin 
column. The divalent Raz" Baz+. Caz+. 

and magnesium (Mgz+) ions are ex
changed for Na+ in the portIOn of the 
flow that passes through the Na-form 
column. If present, Ba2+ and Ra2+ are 
exchanged for Ca2+ in the fraction of 
water passing through the Ca-form 
column. and the total hardness in this 
fraction is essentially unchanged_ Cal
cium chloride brine (CaClz) is used to 
regenerate the Ca-form column. and the 
spent brine can be reused after precip
itating and removing the Ba and Ra. 
Barium and Ra in the spent sodium 
chloride (NaCl) brine can also be precipi
tated and removed before disposal. but 
this brine cannot be recycled in its 
entirety because of the depletIOn of Na+ 
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ions when it is used. In addition to 
describing the process. the data presented 
in this article show how the Ca-form 
column should be operated and what 
procedure should be followed to reclaim 
the CaCl2 brine_ 

Barium in excess of the MCL is found 
in some waters in northern Illinois and 
Iowa l Concentrations of 2-7 mg BaiL 
are typical; a high of 18-20 mg BaiL has 
been reported. Radium. another ground
water contaminant. occurs as Rall6 and 
Ram and is found more frequently in 
groundwater than Ba. Groundwater 
sources in Illinois. Iowa. Florida. Texas. 
Wisconsin. and some Rocky Mountain 
states contain Ra in excess of the MCL. 
Typical concentrations are 5-50 pCi/L.z-5 

Lime softening. reverse osmosis, and 
ion exchange are effective treatment 
processes for Ba and Ra removal.!.6 
However, because of the costs involved 
and ease of operation. many small 
communities choose ion exchange or no 
treatment at all. 

Although strong acid Na cation ex
change resins remove Ra and Ba along 
with hardness ions, the effluent is cor
rosive because its Ca concentration is 
very low_7.s To avoid corrosion problems, 
many communities blend raw water 
with Na cation exchange column effluent 
to stabilize the finished water· For 
waters containing high concentrations 
of Ba or Ra, this blending procedure may 

cause drinking water to exceed the MCL; 
in such situations the proposed process 
may be of use. 

The research reported in this article 
was conducted to develop operating 
parameters for the Ca cation exchange 
resin column and the procedures for 
reclaiming spent Ca brine. The perfor
mance of the process was then deter· 
mined through several cycles of exhaus
tion. regeneration, and brine reclamation. 

Materials and methods 
Column studies. The strong acid cation 

exchange resin used in this study was a 
polystyrene-based resin.* cross-linked 
with divinylbenzene with sulfonate func
tional groups_ This resin was placed in 
2.45-cm ID glass columns with PTFE 
stopcocks. Heat-resistant glass wool was 
used to support the resin. Water and 
brine solutions were pumped through 
the column with a variable-speed pump.t 
Influent water was prepared by mixing 
calcium carbonate (CaC03), magnesium 
carbonate (MgC~), sodium carbonate 
(NaZC03), and hydrated barium chloride 
(BaCIz'2H20) with deionized water in a 
230-gal (870-L) stainless steel tank. Car
bon dioxide and nitrogen gas were used 
to adjust the pH; nitrogen was used to 
strip carbon dioxide when it was neces
sary to raise the pH. When Ra was used 
instead of Ba, it was added by disposable 
pipette from a l'/-LCi/L Ra stock solution. 
preserved in 4 Mhydrochloricacid (HCl). 
Effluent water was collected in a 53-gal 
(200-L) polystyrene tank. Regeneration 
brine was prepared by mixing hydrated 

+Duolite (.20. Diamond Shamrock, Redwood City. Calif 
tFluid Metering Inc., Oyster Bay, N.Y. 
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calcium chloride (CaCI2·2H20) with de
ionized water. 

Jar tests. A synthetic spent brine was 
prepared from CaCIz'2H20, BaCI2'2H20, 
and deionized water. Powdered hydrated 
calcium sulfate (CaSO,·2HzO) was added 
to this brine and mixed in 1-L glass 
beakers with a six-paddle stirrer. The 
CaSO, dissolved to provide sulfate (S~-) 
for barium sulfate (BaSO,) precipitation. 
The mixture was vacuum filtered 
through 0.45·/lm membrane filters .. 

Chemical analyses. Barium was ana· 
Iyzed by atomic absorption spectro' 
photometry. Sodium chloride was added 
to each sample in concentrations of 
1000-2000 mg/L to suppress ionization. 
Samples containing high concentrations 
of Ca were diluted to less than 0.017 M 
Ca to avoid interferences. All samples 
were analyzed at concentrations less 
than or equal to 10 mg BaIL. Calcium 
and hardness were analyzed by the 
ethylenediaminetetraacetate (EDT A) 
titrimetric method and alkalinity by HCI 
titration." Magnesium was analyzed by 
atomic absorption spectrophotometry. 
In spme instances, the concentration of 
Mg was determined by subtracting Ca 
and Ba concentrations from total hard
ness. The pH readings were made with a 
pH meter. Sulfate was measured with 
an ion chromatograph.:!: Conductivity 
was measured with a portable conduc· 
tivity meter. Readings were taken in 
micromhos per centimetre and multiplied 
by 0.64 to convert to milligrams per litre 
of total dissolved solids (TDS). Radium 
analyses were made at the University of 
Iowa Hygienic Laboratory. The proce· 
dure involved determination of Ra by 
alpha counting after precipitation with 
BaSO,. Lead (Pb) and Ba carriers were 
added to the sample containing alkaline 
citrate, then sulfuric acid was added to 
precipitate Ra, Ba, and Pb as sulfates. 
The precipitate was purified by washing 
with nitric acid, dissolving in alkaline 
EDTA, and reprecipitating as Ra-Ba 
sulfate after adjusting the pH to 4.5.'· 

Results and discussion 
Calcium cation exchange column effluent. 

The influent water described in Table 1 
was pumped down flow through 22 in. 
(56 cm) of resin in the Ca form at a 
loading rate of 2.5 gpm/sq ft (6.2 m/h). 
This equates toa loading of 1.35 gpm/cu 
ft (2.97 Lls/m3). The effluent composition 
forthis run is shown in Figure 2. Barium 
was removed well in exchange for Ca, 
which is consistent with the high selec· 
tivity of the strong acid resin for Ba over 
Ca;12 Mg was also removed. The total 
quantity of Mg removed was about the 
same as the quantity of Ba removed, 
even though the concentration of Mg 
was about seven times that of Ba. This 
behavior of the resin is consistent with 
its preference for Ba over Mg. The reo 
moval of Mg can be expected only in the 
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Figure 2. Divalent cations in the effluent from a virgin strong acid calcium·form 
resin column 

first few cycles of use if the CaCI2 brine 
is to be reused, because Mg will build up 
in the brine. Total hardness, pH, and 
alkalinity were nearly unchanged through· 
out the run. 

The effect of empty bed contact time 
(EBCT)on the virgin resin breakthrough 
curve for Ba2+ is shown in Figure 3. 
Column lengths were 4.3in. (11 cm), 21.8 
in. (55.5 cm), and 22 in. (56 cm); loading 
rates were 2.1 gpm/sq ft (5.1 m/h), 5.4 
gpm/sq ft (13.2 m/h), and 2.5 gpm/sq ft 
(6.1 mlh), respectively. Empty bed con
tact times were 1.3 min, 2.5 min, and 5.5 
min, respectively. 

In order to plot the results on the same 
graph, the number of bed volumes (By) 
of water processed through the 21.8·in. 
(55.5·cm) column was multiplied by the 
concentration ratio 20: 15. The results 

show that the column utilization, i.e., 
the capacity of the column used by Ba 
compared with the total capacity of the 
column at an EBCT of 1.3 min, was 
about half that at 2.5 min and 5.5 min. 
Thus, the zone of active mass transport 
in the column at 1.3 min EBCT occupies 
most of the column, whereas at the 
longer times, it is a small portion of the 
total length of the column. The column 
capacities for Ba at a breakthrough 
concentration of 1 mg/L were 32, 67, and 
64 mg Ba/g dry resin (H+ form) for the 
4.3·in. (1l-cm),21.8·in. (55.5·cm), and 22· 
in. (56·cm) columns, respectively. 

Calcium regenerant concentration. A 4.3-
in. (ll-cm) resin column was set up to 
determine the optimum concentration of 

·DlOnex Autolon System l2 Analyzer. Santa Clara, Cahf. 

A.G. MYERS ET AL 61 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



CaCl2 for regeneration. Influent water 
with a composition similar to that shown 
in Table 1 was applied downflow at a 
rate of 2.1 gpm/sq ft (5.1 mlh), thus 
giving an EBCT of 1.3 min. Brine was 
pumped countercurrent (upflow) at 0.26 
gpm/sq ft (0.65 m/h). The EBCT of the 
brine was 10 min: Rinse water (19.5 BV) 
was applied upflow. Approximately 37 
mg Ba/g dry resin (II+ form) and 14.6 g 
BaIL resin (Ca2+ form) were on the resil" 
prior to regeneration. The resin column 
was regenerated with various concen· 
trations and dosages of CaC~. Figure 4 
shows how the CaC~ dosage and con· 
centration affect the amount of Ba in the 
effluent after regeneration. Five BY were 
processed after regeneration before the 
effluent samples were taken. A CaCl2 
concentration of 0.85 M produced the 
lowest effluent concentration of Ba over 
the range of regenerant dosages. Both 
higher and lower regenerant concentra· 
tions were less effective. 

The existence of an optimum CaCl, 
concentration is not surprising because 
such an optimum exists for the NaCl 
bril)e that is used to regenerate strong 
acid resin. lJ There may be several rea· 
sons for the existence of an optimum. At 
a relatively low concentration of brine, 
the concentration of Ca2+ may not be 
sufficiently high to drive the regener· 
ation reaction 

R·Sa + Ca2+:= R-Ca + Ba 2+ 

far to the right, thus reducing regener
ation efficiency_ At a high concentration 
of brine, the resin wiIl shrink_ This 
shrinking takes place from the outside of 
the resin bead and moves toward the 
center of the bead as the brine migrates 
into the resin.l3 The Ba'+ from the 
interior of the resin bead must then 
migrate through narrower pores after 
exchange has taken place. The ra te of 
diffusion through narrow pores is less 
than the rate through wide pores," and 
thus the removal of Ba2+ is impeded. 
Other factors that may contribute to 
reduced efficiency at a high concentra
tion of CaCl, are contact time and 
viscosity. The contact time for a given 
dosage decreases as the concentration of 
brine increases, so less time is all owed 
for removal of Ba2+, and the opportunity 
for short-circuiting increases. Short-cir
cuiting is also likely to increase as the 
viscosity of the brine increases with 
higher concentrations. 

Calcium regenerant dosages. Experi
ments were then conducted to determine 
the capacity of the Ca-form resin for Ba 
after different dosages of 0.85 M CaCl 2 
regenerant. A 2L6-in. (55-cm) resin 
column was used, which is approxi
mately the same as resin depths used in 
practice. The influent water was pumped 
down flow at 5.7 gpm/sq ft (14.2 m/h), 
thus giving an EBCT of 2.3 min. The 
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Figure 3. Effect of contact time and 
column length on barium break· 
through curves 
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Figure 5. Barium breakthrough curves after different regenerant dosages 

water composition was similar to that 
given in Table 1, except that the Ba2+ 
concentration was 23 mglL. Counter· 
current regeneration was carried out at 
0.26 gpm/sq ft (0.65 m/h), a contact of 
0.14 gpm/cu ft (0.3 L/s/m3), and 5.7 BY 
of rinse water were applied at a rate of 
0.54 to 1.6 gpm/sq ft (1.3 to 3.9 m/h). The 
EBCT for the brine was 51 min. After 
each regeneration, the resin was reloaded 
to a total of approximately 70 mg Ba/g 
dry resin (H+ form), or 30.6 g BaiL resin 
(Ca2+ form). 

Barium breakthrough curves after 
various regenerant dosages are shown 
in Figure 5. The influent Ba concen· 
tration to the virgin resin column was 20 
mg/L and to all other columns it was 23 
mg/L. As shown in the figure, the capac
ity of the column for Ba increases as the 
regenerant dosage increases. It is also of 

interest to note the effect of contact time 
on column performance. The data in 
Figure 4 shows that the effluent concen
tration for the 4.3·in. (ll-cm) column 
was about 1.1 mg/L after a regenerant 
dose of 4 eq/L of resin, whereas the data 
in Figure 5 show an effluent concentra
tion immediately after regeneration of 
0.1 mg/L for the 21.6-in. (55-cm) column 
regenerated with the same dose. The 
EBCTs for the process cycle were 1.3 
and 2.3 min, respectively. The longer 
contact time for the process cycle un
doubtedly contributed to the lower leak
age from the longer column. 

Another difference between the results 
for the 4.3-in. (ll·cm) column shown in 
Figure 3 and the results for the 21.6-in. 
(55-cm) column shown in Figure 4 is 
brine contact time. At a regenerant dose 
of 4 eq Ca2+ IL resin, the brine EBCT for 
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TABLE 1 
Composition of influent water 

Parameter 

Total hardness 
Calcium 
Magnesium 
Barium 
Sodium 
Chloride 
Total alkalinity 
pH 

Concentration 

215 mg as CaCO:YL 
105 mg as CaCO:YL 
95 mg as CaCO:YL 
15 mgiL 

-23 mg/L 
-lOmg/L 
250 mg as CaCO:YL 

7 

TABLE 2 
Barium removal from calcium /nine by addition of CaS04 

Ba2 +RemovaJ CaSO. Used 
S042-Remaining percent pnr."t 

CaSO.:Ba After 60 min 
mol ratio 30 min 60 min 30 min 60 min mg/L 

1.00 95.12 95.93 95.12 95.93 2.5 
1.02 97.90 98.93 95.98 96.99 8.0 
1.04 97.08 99.72 93.35 95.88 83 
1.06 98.05 99.63 92.50 93.99 24 
1.08 98.22 99.70 90.94 92.31 28 

TABLE 3 
Barium removal from brines with different calcium concentrations 

CaSO",Ba Ba 2+ Removal 
Calcium-M mol ralio ~rce1" , 

0.4 1.02 87.23 
0.6 1.02 90.55 
0.8 1.02 89.92 

TABLE 4 
Barium removal from brines with differenl barium concentrations 

Barium-g/L 
CaSO",Ba 
mol ratio 

Ba2 + Removal 
/In"cnll 

4 
6 
8 

10 

1.02 
1.02 
1.02 
1.02 

98.83 
95.17 
93.45 
78.39 

TABLE 5 
Wastewaler composition in cyclic column runs 

Rinse Water Only Brine Plus Rinse Water 

Parameter 

TDS-mgIL 
Barium-mglL 
Wastewater proouced-

gailIOOgai (LIIOO L) treated 

Average 

4476 
179 

0.49 

the 4.3-in. (ll-cm) column was 10 min 
and for the 21.6-in_ (55-cm) column was 
51 min. Regeneration efficiency, i.e., the 
equivalents of Ba2+ removed per equiva
lents of Ca2+ applied. increased from 3.7 
percent to 8_6 percent with the increase 
in EBCT. However. the 21.6-in_ (55-cm) 
column contained 73 mg Ba2+/g dry 
resin before regeneration. whereas the 
4.3-in. (ll-cm) column contained only 32 
mg Ba2+ /g dry resin. Therefore. more 
Ba2+ was left on the 21.6-in. (55-cm) 
column after regeneration (19 mg Ba/g 
dry resin) than on the 4.3-in_ (ll-cm) 
column (9.6 mg Ba/g dry resin). In spite 
of this. more leakage occurred in the 4.3-
in. (11-cm) column because of the shorter 
EBCT of the process cycle and the lower 
utilization of the column. 

Analysis of the data in Figure 5 shows 
that as the regenerant dosage increases, 
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Range Average Range 

4571-4931 44516 42085-52013 
112-250 2818 2168-3591 

0.37-0.67 0.74 0.58-0.98 

the regeneration efficiency decreases and 
resin capacity increases_ This relation
ship is shown in Figure 6_ Dosages of Ca 
regenerant ranged from 18_3-36_7 lb 
CaCl!cu ft resin (293-588 kg CaCl!m3 

resin), which can be compared with 
typical Na-form column regenerant dos
ages of 5-20 lb NaClIcu ft (80-320 kg 
NaCl/m3).'l Lower CaCl, dosages would 
increase efficiency , but excessive leakage 
of Ba would likely occur. 

The importance of brine contact time 
is illustrated by the curves in Figure 7. 
The 21.6-in. (55-cm) columns were re
generated with loading rates of 0.27 
gpm/sq ft (0.65 m/h), a contact of 0_14 
gpm/cu ft (0.3 Lls/m3) with an EBCT of 
51 min; and with a loading rate of 1.4 
gpm/sq ft (3_5 m/h), a contaCt of 0.75 
gpm/cu ft (1.65 Lls/m3) with an EBCT 
of 10 min. 

Barium removal from calcium brines. 
The high concentrations of Ba2+ in the 
CaCl2 brine prevent brine reuse, and 
treatment may be necessary before dis
posaL Removal of the Ba2+ as BaSO, 
precipitate is possible, however, and if 
this can be done, reuse may be possible. 
If S~- is added to the brine. BaSO" 
which is very insoluble (Kso = l(}-lO), can 
be formed. However, addition of S~- in 
the form of a salt, such as Na,sO" will 
cause the solubility product of both 
BaSO, and CaSO, (Kso = 10 .... 59) to be 
exceeded initially, thus increasing the 
Na,sO, required and the quantity of 
sludge produced_ Because the spent brine 
is slightly undersaturated with CaSO" 
solid CaSO, can be added; as it dissolves. 
the S~- required to precipitate the Ba2+ 
becomes available, and some Ca2+ enters 
solution_ A supersaturated solution of 
CaSO, cannot be produced by this means, 
however. After separation of solids. the 
brine will be suitable for reuse if S~
and Ba2+ concentrations are low_ The 
proper CaSO, dosage will remove most 
of the Ba2+, but the sulfate concentration 
must be low so that the resin will not be 
fouled during regeneration. 

Solid CaSO, was added to spent brine 
in l-Ljar tests in ordertodetermine the 
optimum dosage and reaction conditions. 
Table 2 shows Ba2+ removal at various 
CaSO, dosages at 30- and 60-min and 
mixing conditions at 100 rpm. The brine 
originally contained 0.6 MCa2+ and 6000 
mg Ba2+1L. Each mixing jar contained 
300 mL brine_ The Ba2+ and SOl
concentrations remaining after precipi
tation are shown in Figure 8 as a function 
of the CaSO,:Ba2+ mol ratio. Separate jar 
tests at 40 rpm showed much less Ba 
removaL For example. a CaSO, to Ba 
mol ratio of 1.1:1 removed only 62_5 
percent of the Ba after 60 min of mixing. 

Thus, mixing is important for good Ba 
removaL Poor removal at the slow mixing 
rate was likely to have been caused by a 
slower rate of CaSO, dissolution when 
there was little turbulence_ It is also 
expected that the smaller the particle 
size of the CaSO" the more rapidly 
BaSO, will be precipitated. 

The concentration of sot rises 
sharply as the dosage of CaSO. exceeds 
that required to precipitate Ba2+ as shown 
in Figure 8_ The SOf concentration is 
controlled by S~- solubility-a maxi
mum of about 680 mglL. The desired 
molar dosage of CaSO, is about 10 per
cent greater than the initial concentra
tion of Ba2+. At this point the sot 
concentration is about 100 mg/L. 

Table 3 shows that the concentration 
of Ca in the brine does not have a major 
effect on Ba removal. The original Ba 
concentration was the same as in Table 
2, but Ba removal is slightly lower 
because of less vigorous mixing. These 
data indicate that concentration of the 
brine Ca will not be a major factor in 
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Figure 6. Regeneration efficiency and 
column capacity at various regenerant 
dosages 

brine reclamation. However, higher con· 
centrations of Ba in a 0.6 M Ca brine 
result in lower removal, as shown in 
Table 4. All four samples were mixed at 
100 rpm for 30 min. The reason for the 
lower removal has not been established 
but may have been caused by the precipi· 
tation of BaSO, onto the CaSO, before it 
dissolved. Thus, the concentration of Ba 
in spent brine must be considered when 
setting the CaSO, dosage and mixing 
conditions. 

Barium removal from brine by using 
CaSO, in a column was ineffective when 
treating Ca brine for reuse. At the front 
of the column, BaSO, was precipitated, 
and the brine dissolved CaSO, as it 
continued to pass through the column. 
The effluent SOf concentration was 
near the limit imposed by CaSO, solu· 
bility. Also when Ba2+ broke through the 
column, BaSO, precipitated in the efflu· 
ent collection container, thus requiring 
a solids separation step. 

Barium removal in cyclic column runs. 
Five exhaustion-regeneration-brine rec' 
lama tion cycles were performed to de· 
termine whether reclaimed brine would 
effectively regenerate the resin. The 
sixth cycle consisted of exhaustion only. 
Influent water, with a composition simi· 
lar to that in Table 1 and a Ba2+ concen· 
tration of 20 mg/L,* was pumped at 5.7 
gpm/sq ft (14.2 m/h) through a 22.8·in. 
(58·cm) resin column. The EBCT was 
2.5 min. Regenerant (975 mL, or 3.6 By) 
was pumped countercurrent (upflow) at 
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Figure 7. Barium concentration in spent regenerant at two contact times 

a rate of 0.29 gpm/sq ft (0.7 m/h). The 
last regeneration was cocurrent (down· 
flow). A regenerant dose of 6 eq CalL 
resin (27.5 lb CaCI2'2H20/cu ft resin 
[440.5 kg CaCl2,2H20/m' resin]) was 
applied at a concentration of 0.85 M. 
Dilution of the regenerant brine occurred 
by mixing with rinse water during 
regeneration, so the concentration and 
dosage were lower for some cycles. Addi· 
tional CaCl2 was added in later cycles to 
restore the 0.85 M Ca concentration. 
The brine was reclaimed by precipitation 
with CaSO, after each regeneration and 
reused throughout the five cyclic column 
runs. A CaSO, to Ba mol ratio of l.1:1 
was usually required to remove most of 
the Ba2+. 

Barium breakthrough curves for the 
six exhaustion runs are shown in Figures 
9and 10. Capacities at a breakthrough of 
2 mg Ba2+/L ranged from 50 to 75 mg/g 
dry resin in the H+ form (21.6 to 32.2 giL 
resin in the Ca2+ form), depending on 
regeneration conditions. Capacities at a 
breakthrough concentration of 1 mg/L 
were slightly less for all runs except for 
run 4, for which an effluent concentra· 
tion of 1 mg/L was not achieved. Curve 4 
in Figure 9 shows high Ba2+ leakage 
because of the high (705 mg/L) Ba 
concentration in the reclaimed regen· 
erant. This high Ba2+ concentration was 
attributable to the use of insufficient 
CaSO, during brine reclamation. Regen· 
erant Ba concentrations of -100 mg/L do 
not produce this leakage, as shown by 

curves 3 and 5. Since the same volume of 
regenerant (975 mL) was applied in all 
regenerations, lower regenerant Ca2+ 
concentrations resulted in lower dosages, 
and less Ba2+ was removed from the 
resin. The effect of removing successively 
less Ba2+ from the resin was a succes· 
sively lower column capacity for runs 2, 
3, and 4. The addition of supplemental 
CaCl2 to increase the regenerant concen· 
tration to 0.85 M and the regenerant 
dose to 6 eq/L for regeneration after run 
4 restored the capacity of the column to 
near that for virgin resin. 

The resin was regenerated with the 
same strength CaCl2 brine after runs 1 
and 4, but the capacity of the resin was 
about 30 percent higher after the latter 
(curves 2 and 5 in Figure 9). A possible 
reason for this behavior is the Mg2+ ion 
that accumulates on the resin and in the 
brine through successive cycles. Figure 
11 shows that the Mg2+ concentration in 
the reclaimed brine has increased to a 
plateau of nearly 4000 mg/L. The con· 
centration in the brine is proportional to 
the amount on the resin after regener· 
ation, so the proportion of the column in 
the Mg2+ form increased significantly 
between runs 1 and 5. Because of the 
relative selectivity of the resin, Mg2+ can 
be displaced more easily than Ca2+, so 

-The influent concentration for the fourth and fifth runs 
was 29 mgIL instead of 20 mgIL. The bed volumes processed 
to a particular effluent concentration were thus multiphed 
by the ratio 29:20 before plotting the data for these runs in 
Figure 7. 
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Figure 8. Barium precipitation from 
brine with CaSO, 

the higher capacity is expected. Addi
tional experiments, however, are neces
sary to confirm this reason. 

Cocurrent regeneration is less effective 
than countercurrent regeneration be
cause Ba remains on the resin at the 
effluent end of the column after the 
former. Figure 10 shows the high Baz+ 
leakage that results after cocurrent 
regeneration and the low leakage that 
results after countercurrent regenera
tion. The same strength and dosage of 
regenerant were used in both cases. 
Cocurrent regeneration of Na-form resins 
is common, and, generally, leakage is not 
a problem, but this may be caused by the 
greater difference in selectivity between 
Na+ and Baz+ compared with the differ
ence between Caz+ and Baz+. If cocurrent 
regeneration of the Ca-form column is to 
be practiced, a larger regenerant dosage 
may be necessary to remove enough Ba2+ 
to stop excessive leakage. Brine reclam
ation and reuse could make this alter
native economically feasible. 

Characteristics of the wastewater 
during the cyclic column runs are shown 
in Table 5. Rinse water consisted of the 
portion of regeneration wastewater that 
was not saved for reclamation and reuse. 
If spent brine is not reclaimed but is 
disposed of with the rinse water, both 
the Baz+ and the TDS concentrations of 
the combined wastewater will increase 
by factors of 16 and 10, respectively_ In 
addition, the volume of wastewater will 
increase 50 percent. Reusing spent brine 

MAY 1985 
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Figure 9. Barium breakthrough curves for cyclic column runs 

can significantly reduce wastewater 
disposal problems. However, the BaSO, 
sludge produced during reclamation of 
spent brine must also be disposed of. 

Radium removal in cyclic column runs. 
The ability of a Ca-form resin column to 
remove Ra from water was evaluated by 
performing four exhaustion-regenera
tion cycles. The fifth cycle consisted of 
exhaustion only. Influent water was 
similar to that shown in Table 1, except 
that 43 pCi Ra"6/L replaced the Ba. 
Exhaustion in the4.7-in_ (l2-cm)column 
was carried out at 1.35 gpm/sq ft (3.4 
m/h) for 500 BY. Termination of the run 
at 500 BY was arbitrary; additional runs 
are needed to establish the BY to break
through. Regenerant brine consisted of 
0.85 M Ca2+ and 0.2 M Mg2+. The brine 
loading rate was 0.29 gpm/sq ft (0.7 
m/h), and the dose was 6 eq CalL resin 
(27.5Ib CaClz·2HzO/cu ft resin [440.5 kg 
CaCl:1·2HzO/mJ resin]). The spent brine 
was not reclaimed for reuse. Rinse water 
volume was 8.5 BY. 

The average effluent in each of the 
five exhaustion runs was :s0.5 pCi 
RaZ26/L (98.8 percent Ra removal). The 
amount of Ra placed on the column 
during exhaustion was 45 pCi Ra/g dry 
resin (0.02 !LCi RaiL resin)_ Radium 
capacity at breakthrough was not deter
mined. However, the high Ra removal 
indicates that the Ca cation exchange 
process can also be used to treat water 
with a high Ra content. The brine 
reclamation process would have to be 

modified by adding BaClz along with 
CaSO, tocoprecipitate Ra with BaSO,." 
The effectiveness of this method for 
removal of Raz+ from brine was not 
tested. Water supplies containing both 
Baz+ and Raz+ could also be treated by Ca 
cation exchange. If sufficient Ba2+ is 
present in the spent brine, the addition 
of solid CaSO, will coprecipitate Ra2+ 
and Ba2+ as Ra-BaSO,. 

Summary and conclusions 
A strong acid resin in the Ca form 

achieved excellent removal of Ba2+ and 
Ra2+ from water containing 15-30 mg 
Ba2+ IL and 43 pCi RaZZ6/L. The resin 
was regenerated easily with CaCI2 brine, 
and after repeated exhaustion-regener
ation cycles using reclaimed brine. the 
only water quality change observed 
during the production cycle was the 
reduction of the Ba2+ and Ra226 concen
trations. Total hardness .• alkalinity, pH, 
and other parameters were essentially 
unchanged. Operation of this column in 
parallel with a strong acid, Na-form 
column will enable the production of 
water that meets the standards for Ba 
and Ra and has the hardness desired for 
distribution. The capacity of the virgin 
Ca-form column for Ba2+ was approx
imately 75 mg Ba2+ Ig dry resin (H+ 
form), or 32 g Ba2+/L resin (Ca form)_ 
The capacity of the column after several 
exhaustion-regeneration cycles depends 
on the dosage of regenerant. 

The CaCl, regenerant concentration 
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Figure 10. Barium breakthrough curves after cocurrent and countercurrent 
regeneration 

of 0_S5 M was found to be significantly 
mQre effective at a given dosage than 
higher (1.69M) or lower (OA2M) con
centrations_ The amount of Ba2+ removed 
from the resin increased and Ba2+ leakage 
from the column decreased as the regen
erant dose increased. However, regener· 
ation efficiency decreased as the regen· 
erant dose increased. A dose of 6 eq 
0.S5 M CaCl2/L of resin removed 92-100 
percent of the Ba2+ on the column at an 
EBCT of 51 min. Cocurrent regeneration 
resulted in much more leakage than 
countercurrent regeneration, but further 
studies with higher regenerant dosages, 
possibly followed by mixing of the bed 
after regeneration, may result in good 
operation with cocurrent regeneration. 

The spent CaCl2 brinecan be reclaimed 
for reuse. Addition of 10 percent molar 
excess solid CaSO. resulted in reduction 
of the Ba2+ concentration to about 100 
mg/L. The CaSO. dissolved, and BaSO. 
precipitated. Reuse of brine was possible 
after removal of the precipitate by fil
tration. The concentration of Mg2+ in 
the brine increased through successive 
cycles until a plateau was reached. This 
resulted in a column that was partially 
in the Mg2+ form at the beginning of an 
exhaustion run, but this does not pose a 
problem because Ba2+ and Ra2+ can re
place Mg2+ more easily than Ca2+. If the 
brine contains Ra2+ as well as Ba2+, the 
Ra2+ will coprecipitate on the BaSO. and 
thus also be removed. However, a Ba 
salt, such as BaClz, will have to be added 
along with the CaSO. to spent CaClz 
brine containing only Ra2+ in order to 
achieve Ra2+ removal. 

Additional research is needed to refine 
the process. In particular, the best pro
cedure to precipitate and separate Ba 
and Ra needs to be established. A proce
dure is also needed to control the precipi-
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tat ion process to ensure that the Ba2+ 
and Ra2+ have been removed and that too 
much SOi- has not been added. The 
brine reclamation process should signif
icantly reduce the brine disposal prob
lem, but ways of disposing of the precipi
tate must be found, and the cost involved 
in using the process must be established. 
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Conclusions and Recommendations 

The' particle-counting technique has 
been found to" be useful in pilot-plant 
tests aimed ai selecting water treatment 
processes and optimizing operating pa
rameters for unit. processes. Particle 
counts are useful in conjunction with 
other water quality and operating pa-
rameters. . 

One area for future research is the 
development of a convenient method for 
distinguishing inorganic from organic 
particulates in water supplies. Further 
work on disinfection is also needed to 
define" those circumstances' in which 
particUlates in the water supply may 
shield pathogens from a disinfectant. 
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The' Efficiency. of Watt:!r. Treatment 
Processes in Radium 'Removal '. 

Dorothy L. Bennett 
. -

In illinois, one of the few states In which naturally occurring radioactive materials sizes. With the help of Argonne Nationr 
affect public water supplies, a study was undertaken to evaluate the elfectlveness of Laboratories. water supplies were ident 
conventional water softening processes In removing radium. . .... fied which have radium-bearing well 

Those selected were Dwight Correctior 
. The Interim Primary Standards of the areas is due to naturally occurring depos- al Center. Herscher. Lynwood. Peru. an 

Safe Drinking Water Act have focused its of radium found primarily in wells Elgin. The correctional center. whk 
attention on water contaminants that are 1000 or more feet deep.' '. .,. serves a population of approximate; 
potentially hazardous to the health of the Since these deep wells are' the maj or'. 250. has 'one softener unit that uses natl 
consumer. Illinois is one of the few states source of water in this area of the state. it . ralgreen sand. Herscher and Lynwoo< 
which will be affected by the regulations will be necessary to reduce the levels of which serve populations of approx 
for naturally occurring radioactive mate- radium which reach the consumer. mately 1000 and 4000, respectively. boo 
rials. specifically radium. A study was Unfortunately.1ittlll information is avail- utilize styrene-based zeolite for softel 
conducted to investigate the effectiveness able on satisfactory methods for doing ing. In addition. Herscher has an irc 
of conventional water softening processes this. . ." '. : removal filter ahead of the softener. Bo 
in lowering radium levels to minimize the Because of the large number of water Peru and Elgin use lime softening al 
exposure of those people living in areas of supplies in Illinois that will be affected serve populations greater than 10000 . 

. naturally occurring radium. by the regulations in the Interim Primary s. ~inp" lirig"procedur~s .• " 
Standards of the Safe Drinking Water .... . ..... ' ... '. ." 

The ~.roblen1ln nlinols ,>' ... :". :., Act. the Illinois Environmental Protec- J!Schedule. ;Since the main purpose· < 
Gross alpha activity has been moni- tion Agency (IEPA) was asked to par~ic;i- ',the study was to determine the effect 

tored in Illinois by the Environmental pate in a USEPA-sponsored study.·to conirimtional water treatment on radiu 
Protection Agency for a number of years. determine the effect of. conventional content, sampling was done after ea' 
Results indicate that 72 public water water softening processes on radium. ," step of the treatment process. Samples 
supplies have gross alpha activity in . Seiection'~f Wa'ter S.up·piles '.' .. : ' raw. aerated. and softened water we 
excess of 15 pCill; 147 range from 5.0 to. . ". collected in each of the ion exchan 
14.9 pCill;and 115 range' from 3.1 to 5 . Criteria. used .to select' the water softening plants. At Herscher samp: 
pCill. .In general. these supplies lie supplies to be included in this study were also collected after the iron filt 

. across the northern part of the state in a· were (1) that the raw water contain suffi- Because the ion exchange softeners op' 
band that .is relatively .narrpw at the cient radium-226 'so ;·that changes' in ate on a definite cycle. samples Wf 

eastern edge and broadens as it goes west concentration could' be measured accu- collected shortly after the softeners W£ 

(Fig. 1). There are a few isolated spots in rately. and (2) that the water plant have regenerated. ·at the approximate mi 
southern Illinois. but they are very small some type of softening equipment. It was point of the cycle. and at a time nr 
compared to the northern area. .' planned to have as many types of soften- breakthrough .. Samples were collect 

Past studies' have indicated that at . ing methods as possible represented. and three times at each location at appro 
lea~t part, of. the alpha activityi~ these \\\ to have ~atertreatment plant~ of various mately one-week intervals. . 

... -. --... - ..... ~" nnn~_1"nlCI7R/120698-04S01.00 . JOURNAL AW 
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Fig. 1. Areas In Illinois Where Natural Radio
activity May Be Expected 

At the lime softening plants. samples 
were limited to raw and filtered water. 
Again. samples were collected three
times at one-week intervals.-:,,-

Pre.ervaDon and quality control. To en-
sure the integrity of ·the samples during 
transport. the sampling containers were -
prepared with the proper preservatives . 
by the laboratories that· would be 

- performing the various portions of the 
analyses: Argonne National laborato
ries. which performed the radium-226 
analysis, prepared the bottles by using 
disodium EDTA as a preservative to 
prevent the plating of the radium on the 
container waIlS. Every tenth sample was 
collected and analyzed in duplicate. 

Samples were submitted to the IEPA 
laboratory in Chicago for mineral. trace 
metal. and gross alpha and beta analyses. ' 
The containers for this portion of the . 
analyses were provided by the agency . 
laboratory. Redistilled nitric acid was . 
added to the bottles used for trace metal 
analyses to prevent plating. Since the 
bottles were disposable. representative 
samples from each batch of bottles were 
acidified and filled with distilled water. 
After a few days' storage. all of the 
appropriate analyses were performed on 
the acidified distilled water blank to 
ensure that containers were uncontami- : 
nated. The portion of the sample used for . 
the remainder of the mineral analyses 
was collected in an untreated polyethyl- . 
ene bottle. . . 

\ 
\ 

-,-:".' TABLE 1 
Radium-226 Removill Efficiency With Ion Exchange Softening 

.. PercaDta •• Remo .. 1 .- \ 

FInI Seccmd Third 
- Sampll! SOW'CII SampUal SampJiDl S •• pll", Averil" 

P1ut: t ( •• tural p.ta Mad) 
r.tIDft'liled .... • •• tUl 11.1 
midpcriDt .... 112.7 .... 03.1 
.... breokllua .... ~ 7U.2 ... , .... 

Piul2 (. __ oed ... 11"1 
_lid. ..... 1503 ... tLl 
IDlelpoID' 11.2 11.1 .... 7 .... t 
_. breoklluauP ... I4JI au .. .. PIInt 3 (..,.. __ ...u'.l 
_lid 11.3 11.0 14.1 to.3 
IDidpo1at - IU 11.' ~ .... 

: - brakIJuouaIi .. __ - 11.3 to.3 ~ 11.3 

TABLE 2 
Radium-226 Removal Efficiency With Lime Softening 

5uDpIa FInI - pH SolDpUoa 

"' ... IA 11.4 -. 10.2 ... 

All samples were refrigerated during 
transport to minimize changes in nitrate 
and alkalinity. Every tenth sample was 
collected and analyzed in duplicate. 

Radium Removal Efficiency 
Radium removal. in general. was good 

with both ion exchange and lime soften
ing. The removal efficiency for ion 
exchange ranged from 70.2 to 98.2 per 
cent_ Removal at the lime softening 
plants did not appear to be quite as 
effective. ranging from 70.8 to 92.4 per 
cent (Tables 1. 2). 

Not evident from these tables is that 
the water from the ion exchange soften
ers is reduced to near-zero hardness. In 
order to stabilize this water before 
putting it into the distribution system. 
unsoftened water is blended with the 
softened water. This. of course. raises the 
radium content of the water reaching the 
consumer. However. in each of the cases 
tested. even with the blending the 
radium-226 content of the finished water 
stayed within the range of 0.36 to 2.37 
pCi/L -

At most of the lime softening plants. 
the water is softened only to the point 
desired and blending is unnecessary. 
Also. in the lime softening plants the 
treatment is constant. while in the ion 
exchange plant breakthrough was ob. 
served at about the same time as the 
calcium-magnesium breakthrough. The 
amoun~ of lime fed was based on the 

\ 

PoraatqoR...."III. 

S_d Third 
_pll .. Saftlpliq - Avenle 

10.1 17.1 .... ... .... ".I 

hardness to be removed to bring the 
finished water to the desired quality. No 
laboratory analyses of the lime were 
made to determine its radium content. 
However. readings of the dry lime taken 
with a field instrument indicated no 
significant radioactivity. 

The plant at Herscher had an anthra-
. filt iron filter ahead of the softener. This 

filter removed from 47.5 to 54.5 per cent 
of the radium. Since this treatment was 
used at only one plant. it is impossible to 
conclude that iron removal is an effec
tive means of removing radium; more 
study will be required to see whether this 
is generally true or is a phenomenon 
peculiar to this particular plant. 

Field Study 
In addition to the laboratory testing. a 

field survey was conducted to observe 
the plants in operation and to determine 
the levels of radiation in each plant. 
Although radiation levels in the plants 
were elevated above normal back
ground. it was not felt that the levels 
present a bazard to the operators. Levels 
within the plant should not produce an 
occupational exposure of more than i5 
to 100 mrem/year. whereas radiation 
workers are allowed exposure of 5000 
mrem/year. 

During the field study a survey of the 
iron filters and softeners was made to 
determine whether Qr not a buildup was 
occurring within the tank. Readings were 
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taken against the side walls "Of each tank . 
and a rate profile developed. The rate 
profile of the softeners at Lynwood (Fig. 
2) does indicate some buildup in each of 
the plant's three softeners. Figure 3 
shows the condition of the iron filters 
and softener at Herscher. Significant 
quantities of radioactive materials are 
building up at approximately 0.6 metre 
from the bottom of the filters, with much 
lower levels evident in the softener. 

Waste Problem 
Another question was what happened 

to the radium that was removed. Presum
ably, it was in the waste or was being 
deposited on the zeolite or anthrafilt. To 
find out, samples of backwash and brine 
rinse water, resin. anthrafilt, and lime 
sludge were analyzed. . 

It was found that much of the radium 
removed from the water was released 
from the ion exchange softeners. Sam
ples of backwash. brine. and rinse water 
were composited. Radium content of the 
wastewate.r varied according to the 
radium content of the raw water. Dwight 
Correction Center. which had a low 
radium content in the raw water (average 
3.25 pCi/l). had an average of 26 pCil1 of 
radium-226 in the wastewater. Lynwood 
and Herscher. each with approximately 
15 pCil1 of radium-226 in the raw water. 
had averages of 72 and 106 pCil1 of 
radium-226 in the wastewater respective
ly. The precision of these values. howev
er. is questionable because of sampling 
technique: Samples were collected with 
a small sump pump whose lines clogged 
frequently, making it impossible to com
posite samples evenly over the regenera
tion cycle. 

A much better evaluation of the waste
water was made during one regeneration 
cycle at the Herscher plant. Samples 
were collected every six minutes. start
ing with the backwash and ending with 
the fast rinse. Figure 4 shows clearly that 
very little radium was released during 
the backwash. As the brine came 
through. the radium was released rap
idly, and the quantity rose very sharply 

. to a peak at 315 pCill. The drop-off was 
also very sharp, finally leveling off near 
zero. When calculations were made 
taking into consideration the rate of 
flow. radium-226 in the wastewater was 
found to average 54 pCil1 over the regen
eration cycle. During this cycle 16000 
litres of water were used. 

Samples of anthrafilt and ion ex
change resin were collected for evidence 
of radium buildup in the softeners and 
filters. The rate profiles developed dur
ing the field visit were used to determine 
the depth of highest activity so that 
samples could be collected at thaI level .. 
In some cases this was impossible 
because the entry port was on the side of 
the unit. and the salI}pling devices could 
not be inserted to the proper depth. 
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Analysis of these solid materials 
presented additional problems. Argonne· 
Laboratories attempted to extract the 
radium by various methods. A sample of 
the natural green sand from· Dwight 
Correctional Center was divided into 
separate portions, one extracted with 
hydrochloric acid and one with EDT A. 
The USEPA examined a similar sample 
by gamma spectrometry using a german
ium-lithium detector. Results showed 
considerable variations, with the acid
extracted sample showing a radium-226 
content of 34.22 ± 0.55 pCilg and the 
EDTA extract showing 28.66 ± 0.46 
pCi/g.· The gamma scan. showed 
46.4 ± 5.5 pCUg. The USEPA examina
tion also included the radium-228 con
tent. which indicated the presence of 
59 ± 2.2 pCi/g. 
. The highest levels of activity were 

found in the materials from Herscher. 
The anthrafilt. samples showed 111.6 
.pCi/g of radium-226 and 38.9 pCilg of 
radium-226. The zeolite resin contained 
43 pCilg of radium-226 and 15 pCilg of 
radium-228. In contrast. the plant at 
Lynwood. which had approximately the 
same radium content in the raw water 
and did not have the iron filters ahead of 
the softeners. had a radium-228 content 
of 9.6 pCilg and a radium-228 content of 
6.\1 pCUg. This difference reflects the 
buildup that occurs over time. The plant 
at Herscher has been in· operation for 
about ten years. and the Lynwood plant 
for only two. 

The information gathered is incom
plete because the number of samples 
collected and analyzed had to be limited. 
However. the results clearly indicate that 
there is a radium buildup in both the 
anthrafilt and the zeolite.· More study 
will be needed to determine how large a 
reservoir of radioactive material is being 
built up within the filters and softeners. 
and the rate at which the buildup 
occurs. 

Similar evaluations of the lime sludge 
from Elgin and Peru were made. As 
expected. the radium was precipitated 
along with the calcium and magnesium. 
The results of these tests were not very 
consistent. ranging from 1.26 to 30 pCi/g. 
At first glance this may not seem to be 
very much radium but. considering the 
amount of sludge produced. it is a signif
icant amount.· The plant at Elgin. for 
example. uses 1900 to 3800 kg of lime 
each day. It Is estimated that 2 kg of 
sludge are produced for each kilogram of 
lime used. At this particular lagoon the' 
radium-226 content in the sludge ranged 
from ·6 to 30 pCUg. At the lowest and 
highest values, between 2.28 x 10' and 
2.28 x 10' picocuries of radium are de-
posited in this lagoon each day. . 

The supernatant liquid. from the 
lagoon was not analyzed for radium. 
However, the gross alpha count was low, 
ranging from 2.1 to 4.1 pCil1. ' .. , 
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Evaluating Various Adsorbents 
and Membranes for Removing 
Radium From Groundwater 
Dennis Clifford, Winston Vijjeswarapu, and Suresh Subramanian 

Field studies were conducted in Lemont. DL, to evaluate specific adIorbents and re\'I!I'Se 

osmosis (RO) membranes for removing radium from groundwater. A radium-seiecti\'\! 
complaer and barium-sulfate-loaded alumina appeared to ha\'\! the best potential for low-cost 
adsorption of radium from raw water or ion achange brines, provided that the problem of the 
ultimate disposal of spent media can be sohed. A new, low-pressure (7O-psig) RO module 
achieved radium and total dWoMd solids (TDS)rejectionsof91and 87 percent. rapecti\'\!ly. 
Central treatment with standard or low-pressure RO modules would be effecti\'\! for radium 
removal-but apensI\'\! and unnecessary ifTDS reduction is not a1so required. Point-of-use 
treatment using RO is effecti\'\! for removing radium and may be cost effecti\'\! for \'ely small 
communities. 

According to a recent survey, I an esti
mated 500 community water supplies 
exceed the US Environmental Protection 
Agency (USEPA) allowable maximum 
contaminant level (MCL) for radium in 
drinking water: S pCi/L for the sum of 
Ra-226 and Ra-228.2 These are ground
water supplies, and in many cases 
alternative sources are not available at a 
reasonable cost. Thus. as enforcement 
orders are implemented. many commu
nities will have to install treatment to 
reduce radium levels. 

This is a partial report of the results of 
a USEPA-funded IS-month bench- and 
pilot-scale field study in Lemont. m .. of 
the possible techniques for radium re
moval. The University of Houston
USEPA mobile drinking water treatment 
research facility. built in 1980 for study
ing the removal of inorganic contami
nants from small community water sup
plies.3 was used for the study. It was 
modified in 1986 to provide for safe 
operation with radionuc1ides and was 
moved to Lemont in December 1986. 
where it remained until the completion 
of this studv in April 1988. 

Two proven full-scale methods for 
radium removal are sodium ion exchange 
softening and lime-soda softening. 4-6 

With these traditional processes. how
ever, radium removal is an adjunct to 
softening, and the processes have not 
been optimized for radium removal. 
Recent modifications to the traditional 
softening methods have been reported 
by Snoeyink and co-workers7-9but have 
not yet been tested in field situations. 
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Accordingly. one of the main objectives 
of the present study was to optimize the 
ion exchange softening process for ra
dium removal using a typical radium
contaminated groundwater. This in
volved extensive experimentation with 
various resins. regenerants. and opera
ting techniques. and the results of the 
ion exchange portion of the study will be 
reported in a future article. 

Reverse osmosis (RO) hyperfiltra
tion4.l0 has also been shown to be an 
excellent method for radium removal. 
but. again. radium removal has been 
studied only as an adjunct to the primary 
purpose of the process. which is reduc
tion of total dissolved solids (TDS). Con
ventional processes are generally con
sidered to be too expensive to be used 
solely for the purpose of removing a 
trace contaminant like radium whose 
MeL translates to an allowable radium 
concentration of 0.000005 mg/L based 
on Ra-226. Membrane technology has 
been advancing at a rapid pace. however. 
and one of the objectives of the present 
study was to evaluate the new lower 
pres8W""e membranes for radium removal. 
softening. and TDS reduction. Also. 
point-of-use (FOU) treatment systems 
utilizing RO modules as the main treat· 
ment device were evaluated because such 
devices are being considered as possible 
means of compliance with the provisions 
of the Safe Drinking Water Act.1I 

The focus of this article is the use of 
packed beds containing granular- or 
bead-form radium-specific adsorbents. 
One such adsorbent. theradium-seiective 

complexer (RSC),· has been studied for 
the decontamination of uranium-tailing 
pond effluents l2 and radium-contam· 
inated drinking water. 13.14 In spite of th€ 
successful use of RSC in these studies. 
several important questions remained 
unanswered. These were addressed ir 
the present study and include: 

• What does a typical radium break· 
through curve look like for low leve' 
radium-contaminated feedwater? 

• What is the ultimate radium capacity 
of RSC in drinking water applications? 

• Is prefiltration necessary for lov. 
iron waters like the Lemont ground 
water? 

The major unanswered question, how 
ever, was not addressed here and deal, 
with the ultimate disposal of the ex 
hausted adsorbent. (It is considerec 
nonregenerable although this has nOl 
yet been proved.) Using RSC or an) 
effective radium adSOl"bent presents , 
dilemma-the more effective the adsorb 
ent. the more highly loaded it become, 
and. consequently, the more difficult i, 
its disposal. In fact the disposal problerr 
with this very effective radium adsorb 
ent was so significant that an announce 
ment was made in December 1987 tha 
the product would no longer be com 
mercially available through the Do" 
Chemical Company.IS The fact that it! 
commercial future is uncertain shoulc 
not detract from its proved effectivenes: 
for radium removal. which was furthe 
verified and qUantified in this study. 

In addition to RSC, other radium 
selective adsorbents were studied il 
Lemont. These were generally two type~ 
manganese-impregnated beads and bar 
ium-sulfate-impregnated (BaSO ,·Ioaded 
activated alumina. The former produc 
was offered for testing by its manufac 
turers, whereas the BaSO ... loaded ah.: 
mina (patent applied for) was develope· 
specifically for radium removal fror 
drinking water in the University 0 

OXSF 43230.00. Dow CMmicol co., Midland. Mich. 
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TABLEl 

Aulyses fOt' &·226. &·228. aruJ &·224 

Sample 
Date Date A.- Activity" 

ID Sampled Analyzed by- Method. leotope. IUId Laboratory flCilL 
aT 1116187 2126187 45 Ra·226. 903.1. USEPA 11.3 
bT , 2/03/87 3/09/87 37 Ra·226. 903.1. Univ. of Houston 12.0 I 

3/20/87 3120187 0 Ra·226. gamma spectroscopy. Argonne 11.8 c· I 
d' I 3:31187 4129187 28 Gross radium alpha. 900.1. Univ. of 11.8 

Houston (Lemont) 
d· 1116187 2126187 45 Ra·228. 904.0, USEPA 6.1 
e 3120187 3120187 0 Ra·228, l81li ..... spectroocopy. Ar;onne 6.8 
ft 3120/87 3120187 0 Ra·224. gamma spectroocopy, Ara\'Onne 6.4 

• Previously reponed values lor samples from thin'ell were Ra·226-12.8 pCi/L and Ra·228-5.6pCi/L, 
+ Ra·226 analyaes (a, b, and c) by tbe .WIIIard radon emanation technique are in qnement wben 
performed by the University ofHouatoll, USEPA.andArJDnne, Tbe_ radium alpha reauit(d)..-. 
with the Ra-226 analyaes (a. b. and c) after a \aQa hokIiDa time. 
lAnalyaes wereperinrmed by uaiaa~fromacidified20-LumpleaontoRSC loIIowed by ....... 
countilllll, 

TABLE 2 
CMMical au/ysis of u-t. IU .. """,ruJIIJ4t6r 1WfI/JIy-

c-acradaa c-atraliGa 
P ....... eter ,..IL .... IL 

Alkalinity as CaC03 227 (276)t 5.54 
Hardness as CaC03 245 (237) 4,90 
pH 7.2 (7.4) 
Total dissolved solids 439 
Siliea 7.5 
Calcium , 70 (67) 3.49 
Magnesium 17 (22) 1.4 
Strontium 6.1 0.01 
Barium cO.2 (0.015) 

, Iron 0.22 0.008 , Manganese O.clO9 0.0003 
Salium 63 2.74 
Potassium 12.5 0.32 
Copper 0.018 0.001 
Zinc 0.018 0.001 
Aluminum 0.067 
Lead 0.034 0.0003 
Total cations 8.06 
Bicarbonate 338.0 5.54 
Chloride 31.0 0.87 
Sulfate 80.0 1.67 
Fluoride 1.41 0,014 
Nitrate + nitrite as N 0.06 0.001 
Total anions 8.15 
• All analyses were done by Enviro-testIPerry Laboratories Inc.. Downen Grove, m.: sample fram 
HOUlton Street well on 1121187. 
tValues in parentheses were obtained in UHlUSEPA trailer in Lemont. 

TABLE 3 
Aulysis of bGclrwasll Wdtel' 

Elemeat a.. Water Softeaer &.dcwaoIb FDter Back ...... 

Ca-,.IL 70,0 82.3 75.4 
Mg-,.IL 17.0 18.1 18.3 
Sr-,.IL 6.1 5.5 4.3 
Ba-..,L cO.2 0.3 0.2 
Mn-,.IL 0.009 4.9 U 
Fe-,.IL 0.22 480.0 276.0 

TABLE" 
&·226 to &·228 ratio i,. tIItIItIr aruJ atJsorl¥rIt 111",..-

a.·228 a.·228 
Sample jlCilL flCi/L Ratio 

Lemont water 11.8 6.45 1.82 
Ion exchange effluent 5.26 2.97 1.77 
Filter backwash 184.0 102.0 1.80 
Exhausted RSC 751,000 429,000 1.75 
Exhausted BaSO. alumina 419,000 250,000 1.68 
Exhausted cation resin 30.340 16.215 1.87 

"All determinations were made by tbe eamma speetrOocOpy method." 
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Houston Environmental Engmeenng 
Laboratories. It is not commercially 
available. Plain activated alumina was 
also experimented with as a radium 
adsorbent. primarily as a control for 
comparison with the BaSO,loaded 
alumina that proved to be so effective. 

............ thods 
Both the research trailer and the field 

researchers' living trailer were located 
immediately adjacent to the Houston 
Street well pump house located under 
the 300.()()O.ga1 water tower. The re
search trailer's water supply was the 
Lemont distribution system. which is 
supplied bytwowells: the Houston Street 
well and the State Street well Source 
water for the experiments was predom· 
inantly chlorinated groundwater from 
the Houston Street well. which was 
always in use. The State Street well. 
although not a significant contributor to 
the trailer feedwater. was also contam
inated with radium and was of approx· 
imately the same composition as the 
Houston Street well. Wastewater from 
the research trailer was discharged into 
the sanitary sewer. 

A ... ..,..... ....... The pilot·scale 
adsorption experiments were performed 
using 8-in,-diameter clear acrylic. 2-in.· 
diameter glass. or l·in.-diameter glass 
columns. Media depth was generally 
30-40 in. (76-102 em). and the empty bed 
contact time (EBCT) was in the range of 
0.5 to 10 min. (Additional column opera· 
ting details are given with the respective 
breakthrough curves.) Exhaustion was 
usually downflow. although upflow was 
experimented with in some cases in 
which the specific adsorbents collapsed 
during downflow operation. (This col· 
lapse occurred only with the cellulose
based adsorbents.) Feedwater was 
pumped through the main flow system 
using a plastic (pVC)impeller centrifugal 
pump. In addition to PVC. the materials 
of construction of the adsorption flow 
system were glass. PTFE. polyethylene. 
fluoroelastomer. and stainless steel. 
Complete details regarding the flow 
systems in the research trailer can be 
found in the report of the design. con· 
struction. and operation of the facility.3 

" ........ A 12·in.-diameter deep
bed filter containing 30 in. (76 cm)of 12 x 
28-mesh aluminosilicate AG medium was 
used for all but a few of the early 
experiments that demonstrated sus
pended solids were clogging and fouling 
the resins and adsorbents. Further. these 
solids tended to adsorb a significant 
portion (approximately 30 percent) of 
the gross alpha activity and radium. The 
filter velocity varied. depending on the 
number and size of columns in use. but 
in no case did it exceed 2 gpm/sq ft (5 
mlh). Prefiltration was not used ahead 
of the POU system. which contained its 
own prefilter. 

D!MNIS CLIFFORD ET AL 95 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·1 



.. '7" .... Three types of RO 
modules Wen! tested: (l)RO-l-a hollow· 
fiber (HF) polyamide membrane type 
with a rated flow of 2.100 gpd at 50 
percent recovery and 400 psig feed pres· 
sure.' (2) RO·2-a spiral·wound (SW) 
thin·film·composite (TFC) type rated at 
1.800 gpd of product water at 10 percent 
recovery and 225 psig feed pressure.t 
and (3) RO·3-an experimentallow·pres· 
sure SW TFC type rated at 1.700 gpd at 
15 percent recovery and 70 psig feed 
pressure.t Module RO·l had been used 
successfully in five previous studies over 
a period of six years. and module RO·2 
had been used in one previous study. 
Module R0-3 was new. and. to determine 
reproducibility. two different modules of 
the same construction were tested. 

The RO flow system consisted of 
dechlorination with sodium sulfite 
(Na2S03l. pH adjustment with hydro
chloric acid. deep-bed filtration with the 
AG·medium filter. 5'l'm cartridge filtra· 
tion. pressurization with a nine-stage 
pump. and. finally. RO hyperfiltration. 
The feed pH was adjusted to the value 
recommended by the manufacturer after 
calculation by a computer program using 
the chemical composition of the feed· 
water as the primary input. Only single 
modules were used in each test; thus 50 
percent recovery was required for the 
HF module whereas only 12-15 percent 
recovery was possible with the SW 
modules. In general. five-day continuous 
tests were performed with sampling 
twice daily . 
..... .. lectiN 1I •• ,hl •. The RSC 

is a standard polystyrene divinylbenzene 
strong acid cation resin in the sodium 
form containing a barium sulfate precip
itate.11 Thus. it is not really a complexer 
but rather a carrier of BaSO, micr0-
crystals that scavenge radium from 
solution. The preparation of a class of 
BaSO .. loaded resins is described in a 
Canadian patent granted to the Dow 
Chemical Company in 1984,17 

For the experiments described here. 
2.000em3 of the 20 x 5O-mesh beads were 
loaded intoa2·in.-diameter glass column 
to a depth of 40 in. (102 em). Thecolumn 
was operated at an exhaustion flow rate 
of 31.5 gpmisq ft for an EBeT of 0.67 
min. (The £BeT is based on the initial 
volume of the RSC. During exhaustion. 
this strong acid cation resin changed 
from the sodium to the calcium form. 
with a resulting 25 percent loss in 
volume.) This exhaustion rate was 
greater than the recommended ratel8 but 
was deemed necessary to shorten the 
run time to a reasonable length. A pre
vious study with the comp\exerl2 showed 
no significant change in radium removal 
efficiency in the range 2-20 gpm/sq ft 
during upflow operation. Furthermore. 
the RSe run lasted in excess of 40 
days-a more than adequate time for the 
complexer near the top of the bed to 

Possible rruJi"". rnrunml tecilnUlIUS were 
«surseti in « _nit tnziler supplied 
by _t.r frrmt tie i.nftont. m .. system. 

come to near equilibrium with the 
feedwater. 

P. I 1.1 n •• 1 '11 ... rII ..... Sev· 
eral samples of experimental adsorbent 
beadS§ were tested in Lem~t. One such 
adsorbent. eye. is described as "a non· 
toxic. noncorrosive. and insoluble cellu· 
lose derivative interstitially containing 
an insoluble metal oxide." RadiSorb. a 
polymeric adsorbent containing an in· 
ternal oxidizing catalyst and MnOz,·· 
known to be an excellent adsorber of 
radium and barium. I' was evaluated for 
radium removal. Two different lots of 
the same material were tested because 
the first sample disintegrated during 
testing. These MnOreontaining adsorb
ents were tested in l·in. -diameter glass 
columns loaded to a depth of 30 in. (76 
em) and backwashed extensively before 
use to wash out fines. 

ActIqW ..................... The plain 
activated alumina used in the Lemont 
radium adsorption experiments was un· 
treated 28 X 48-mesh F·l alumina.· This 
low temperature activated alumina20 is a 

----

mixture of gamma and amorphous alu· 
mina. The BaSO .. \oaded alulJlina was 
prepared in a l·in.-diameter glass column 
by slowly rinsing a 3O-in. -deep bed of 
plain alumina with 10 bed volumes (BY) 
of 0.25 N sulfuric acid (HzSO,) followed 
by 10 BV of 0.25 N barium chloride 
(BaClt>. Exposing the alumina to HzSO, 
converted its ligand exchange sites to 
the relatively highly preferred sulfate 
form.21 Adding the BaCt! resulted in the 
precipitation of BaSO ,in the micropores 
of the alumina. The proposed reaction is 

28 AI· HSO, + Baet2 - 2 

• AI • Ct + BaSO~. + Hz$<>, 
(1) 

Excess BaSO, was washed off the 
alumina by extensive rinsing with 
radium·free RO product water. The 
BaSO 4 loading procedure was not opti· 
mized in Lemont. however. An extensive 
study of the preparation of BaSO .. loaded 

'Model B9 0421).021. DuPont. Wilminaton. 0.1. 
tModel BW.J0.4000. F'1Im·TecIIlow. Midland. Mich. 
fModeI NF~. FiJm.TecIIlow. Midland. MicI\. 
I_S_eorp.. yortmlle.m. 
-Grindl UId _ .... DolIaI. Teua 
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alumina and its radium removal per. 
formance is under way at the University 
of Houston. 

pou .,..... Spiral· wound cellulose
acetate (CA) and TFC membranes were 
tested in the POU treatment system. t 
The system was installed under the 
laboratory sink in the research trailer 
and was operated in a normal fashion; 
i.e .• water was drawn intermittently as 
needed. This system provided water for 
the laboratory demineralizer cartridges 
and for general lab use. In addition. it 
provided water for the two field re
searchers for drinking and cooJdni. 

Water treated in the POU system 
passed through a fiber·wound cartridge 
filter. a granular activated carbon (GAC) 
filter. the RO module. and a final GAC 
filter before being stored in a pressurized 
storage tank. The system operated at 
line pressure (50-60 psig) and had a 
nominal capacity of 8 gpd of product 
water. Samples of the feedwater. cart· 
ridge filter effluent. GAC effluent. and 
product water were taken weekly and 
were analyzed for radium. hardness. 
and conductivity. baI,. ......... II ai, II The re-

JULy 1988 

ported levels of radium illOtopes in the 
Lemont water were 12.8 pCiIL of Ra·226 
and 5.6 pCiIL of Ra·228.11 In fact. one 
reason for choosing Lemont for this field 
study was the presence of a significant 
level of Ra·226 activity. which is easier 
to determine analytically than is Ra·228. 
These isotopes were assumed to be 
chemically and physicochemically in· 
distinguishable. Therefore. removals of 
Ra·226 by ion exchange. adsorption. and 
membrane processes were expected to 
be equivalent to those of Ra·228. This 
assumption was checked many times 
during the study and was found to be 
true, within the limits of analytical error. 

The 8fOIS radium alpha screening 
technique (USEPA method 900.1)13 was 
UIed extensively in this study. It em· 
bodies BaSO.carrierprecipitation.gIasa 
fiber filtration of the BaRaSO. precipi. 
tate. and alpha counting. It is a relatively 
simple. economical, and precise proced. 
ure and is highly suitable for field use. 
About 2.000 samples were analyzed using 
this method. A significant modification 
to the procedure. implemented in Lemont. 
was that a minimum waiting period of 
20 days was used either to hold the 
water sample prior to precipitating 
BaRaSO, or to age the precipitated 
BaRaSO, prior to counting. (Holding the 
precipitate is preferred because it results 
in higher. more stable counts.) This 
waiting period is necessary to allow for 
the decay of Ra·224 (half life = 3.64 days) 
and its alpha-emitting progeny that 
interfere with the interpretation of the 
gross radium alpha counts. presumed. in 
method 900.1. to result solely from Ra· 
226 and its progeny. 

Before it was realized that Ra·224 was 
present in the Lemont water. results 
from method 900.1 were higher than 
expected. In an attempt to explain the 
discrepancies and to provide outside lab 
verification of the radium analysis pr0-
cedures. the Lemont water was analyzed 
by the USEPA in Cincinnati, Ohio. using 
standard USEPA methods23 and by 
Argonne National Laboratories using a 
gamma counting technique tocletennine 
Ra.224, Ra·226, and Ra·228 activities." 
The latter technique utilizes 200 mL of 
RSC to quantitatively adsorb the radium 
isotopes from a20-L sample. The radium 
isotopes. CODCeDtrated on the resin, are 
counted by gamma spectroecopy. The 
procedure must be performed imme
diately after sampling if Ra·224 is to be 
determined. Samples checked by the 
USEP A were analyzed by USEPA method 
903.1. the radon emanation technique. 
for Ra·226 determination and by method 
904.0 for Ra·228 determination. Addi· 
tional Ra·226 check samples were an· 
alyzed at Houston using the radon 
emanation technique. Some radium analy· 
ses from the early months of the study 
are compared in Table I, which shows 
good agreement among the methods. 

Equipment for the radon emanation 
technique (a centrifuge, radon de-ema· 
nation iPauware. and a flaak counter) 
was eventually pun:hued for field use 
in Lemont. where Ra·226 analyses by 
method 900.1 (with a minimum 2O-day 
holding time for Ra·224 decay) were 
occasionally checked by the radon ema· 
nation technique during the later months 
of the study. After the study had been in 
progress for nine months, a USEPA 
analyst with expertise in radiological 
analysis techniques visited the field site 
for one week to instruct and work side 
by side with the field researchers and 
check ~e details of the radium analysis 
procedures in use. He concluded that the 
radium analysis methods in use, partic. 
ularly method 900.1 with the 2O-day 
holding time. were being properly exe
cuted and interpreted. Clrl."" 'JIll. Samples also were 
analyzed for chemical contaminants at 
the field location. Specific conductance 
and pH werecletennined by appropriately 
calibrated met~. Total hardness was 
determined by EDT A titration (method 
314B),1S calcium by EDTA titration 
(method 311C),15 magnesium by the 
difference between total hardness and 
calcium (method 31SC),1S and total dis· 
solved solids (TOS or filterable residue) 
by method 209B.15 Field test kits were 
used to determine chlorine (CN70) and 
iron (IR·24).i 

Some field support analyses were per. 
formed at the University of Houston. 
Inductively coupled argon plasma spec
troscopy§ was utilized to determine 
barium. strontium. iron, and magne
sium- in filter backwash samples ac· 
cording to USEPA method 200.7. Acorn· 
pleteanalysis of the Lemont groundwater 
was performed by an outside laboratory 
prior to the start of the study (Table 2). , 
............. 1' .. 
. 'Iwlllbaliw. Resin bed fouling was 

observed during the first ion exchange 
and RSC runs. The medium tended to 
become plugged up with a dark brown 
residue that removed a significant 
amount (-30 percent) of the gross radium 
alpbaactivityandRa·226contamination. 
The small amount of iron in this water 
(0.22 mgIL) was probably oxidized by 
the chlorine added (the typical free chlo
rine residual wall.o-l.5 mgIL) and was 
precipitated along with the other par. 
ticulates present. The manganese con· 
tent of the raw water was low (0.009 
mgIL) and, therefore, did not contribute 
much to the resin fouling problem. It 
may have contributed significantly to 
the observed radium removal because 
Mn02 is reported to be 40 times as good 
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as ferric hydroxide [F~OH)sl for radium 
adsorption. I' Following these initial 
runs. which required intermittent (and 
undesirable) backwashing, all subse
quent runs used deep-bed·fiItered raw 
water to avoid fouling of the packed beds 
and membranes. Table 3 presents the 
metals analysis results of two backwash 
samples, one from the softener and the 
other from the deep-bed filter, illustrating 
the predominance of iron and showing a 
small amount of manganese. The radium 
was in some way associated with the 
particulate iron (and probably the man· 
ganese) as shown in Figure 1, a plot of 
the iron and Ra·226 content of the deep
bed·filter backwash after about fourdays~ 
of operation. Manganese was not de
termined in the backwash samples, but 
probably followed the same elution 
pattern as iron. 

.... _ ,....,.. by RSC. The first RSC 
run was aborted because the unfiltered 
feedwater caused resin fouling and the 
need for frequent backwashing. Unfil· 
tered raw water was unwittingly used 
during backwashing, and this led to 
premature leakage of radium that was 
presumed to have been deposited with 
the solids on the RSC beads near the 
outlet of the column. This leakage could 
have been avoided if treated water had 
been used for backwashing. but the 
more conservative solution of filtering 
the feedwater was chosen for future 
experiments. Another reason for choos· 
ing prefiltration was that pilot studies 
with the RSCI4 showed that prefiltration 
was often essential to produce long runs. 
Premature termination of runs had been 
forced by radium leakage that was 
always associated with the breakthrough 
of solids. particularly iron. 

The Ra·226 breakthrough curve for 
the second run with RSC is shown in 
Figure 2. Up until about 18.000BV. there 
was no measurable Ra·226 in the effluent. 
Excluding flow interruptions. the RSC 
was used for approximately 41 days 
(89.000BV) before the adaorbent came to 
equilibrium with the feedwater. The 
run length to the radium MCL was 
approximately 38.000 BV. The MCL 
corresponded to 3.25 pCi/L of Ra·226 
plus 1.75 pCi/L of Ra·228. using the 
3SI!lmption of a constant Ra·226-to-Ra· 
228 rat,io of approximately 1.8. the ratio 
in the feedwater. The constant ratio 
assumption was checked many times 
during the Lemont study (Table 4). 

Exhausted RSC samples from the top, 
middle, and bottom sections of the bed 
were analyzed for Ra·226 and Ra·228 by 
gamma SpectrosCOpy24 (Table 5). The 
fact that the radium loading was nearly 
uniform from top to bottom was a con· 
firmation that the bed was exhausted. 
Assuming equal sizes for the three sec· 
tions, the average radium capacity mea· 
sured at exhaustion was 1.08 nCilem3 

(3.6 nCilg). The maximum loading on 

the RSC, at the top of the bed, was 1.18 
nCilem3• This is much less than the 
advertisedcapacityrangeof3-6nCilem3 

(10-20 nCilg)la but is, nevertheless, an 
excellent capacity. 

The advertised capacity range is ap· 
parently based on the observed perfor· 
mance of the RSC for uranium mine 
water decontamination '2 in which the 
influent radium concentration was much 
higher than in Lemont. Table 6 compares 
the RSC capacity observed in Lemont 
with that in some mine water applica· 
tions. It is c1ear that the radium ads0rp
tion capacity depends on the radium 
concentration in the feedwater and is 
nearly independent of TDS and total 
hardness in the ranges shown. For 
example, the Panel Mine water contained 
approximately five times the total hard· 
ness and TDS of the Lemont well water, 
and yet the observed RSC capacity when 
the Panel Mine water was treated was 
nearly 10 times that observed in Lemont. 
This strong dependence of maximum 
radium loading on initial radium concen· 
tration was not unexpected and leads to 
the suggestion that RSC be used to 
remove radium from spent ion exchange 
regenerant brines. Snoeyink et a127 at· 
tempted to determine the radium capac· 
ity of RSC used to treat regenerant 
brine. Their conclusions were that the 
capacity was drastically reduced with 
40,000 mgIL brine solution and that the 
presence of calcium in the brine tended 
to further reduce the RSC capacity for 
radium. In contrast to this are the results 
of Mangleson,2I who successfully used a 
U-cu ft (1l7·L) RSC column in an ion 
exchanger brine decontamination oper· 
ation in Redhill, Colo. 

In the Redhill study, the RSC column 
treated spent brine containing 41,000 
me TDSIL. 9.000 me hardnessIL. and 
1,200 pCi radiumIL. At the end of one 
year. the RSC was still removing 99 
percent of the influent radium and 
showed no sign of exhaustion. The cal· 
culated concentration of radium on the 
RSC in Redhill at the end of one year was 
2.7 nCilcm3 (9.1 neilg). This capacity. 
althoush not an exhaustion value. is 
shown in Table 6 for comparison pur. 
poses. Although the RSC in Redhill 
operated successfully to remove radium 
from brine. insufficient data exist to 
conclude that the capacity for radium is 
not seriously influenced by TDS and 
hardness. The calculated loading of 2.7 
nCilem3 for a 1.200 pCi/L feedwater is 
far below the expected loading based on 
the Panel Mine and Key Lake Mine data. 
Only further brine treatment to com· 
pletely exhaust the Redhill RSC will 
establish its capacity. It does appear, 
however, that RSC and similar BaSO .. 
loaded media are potentially excellent 
media for brine decontamination. 

Meyers et all suggested the use of 
BaSO. precipitation in spent CaClz ion 

exchlnaer brines. andJongewardzt mea· 
sured the radium capacity of BaSO. 
precipitates in brine and nonbrine soIu· 
tions. She found only a 50 percent reduc· 
tion in radium adsorption capacity in 
40,000 mglL brine compared with the 
non brine solution. If batch processes 
involving BaSO, precipitation in brines 
are feasible, then BaSO ,·loaded media in 
columns ought to improve results. This 
is because the BaSO. crystals in the 
columns will be in equilibrium with the 
high influent radium concentration, 
whereas in batch precipitations. the 
crystals will be in equilibrium with the 
lower effluent radium concentration. 

...... 111'1" U. ........ Radon. 
notably Rn·222. the immediate daughter 
of Ra·226. with a half.life of 3.82 days, is 
present in the radium-contaminated 
groundwater. When in secular equilib
rium (after 20 days or more), the Rn·222 
and Ra·226 activities are equal. However. 
because of factors governing solubility 
in the subsurface, Rn·222 activity in 
fresh groundwater is usually much 
greater than Ra·226 activity. Therefore, 
Rn·222 will both enter the RSC column 
and be generated within it from the 
adsorbed Ra·226. (The radon daughter of 
Ra·228, Rn·220, is not important because 
its half·life is only 50 s.) 

Radon. an uncharged, monatomic, 
nonhydrated. inert gas is not removed 
by RSC. Rozelle13 reported nearly equal 
influent and effluent concentrations 
(15,000-20,000 pC ilL) from an RSC 
column during a full·scale test of the 
complexer in Bellville, Texas. There 
was no mention of the radon generated 
within thecomplexer, probably because 
the activity generated was not significant 
compared with the incoming radon. In 
that installation. GAC columns to re
move the radon were added following 
the RSC columns. Initial removal was 64 
percent. but this decreased to 20 percen t 
after one month of continuous operation. 
Apparently the GAC columns were 
undersized. because properly sized GAC 
columns continuously and effectively 
remove radon from groundwater.30 

The Rn·222 generated continuously 
within the column from the adsorbed 
Ra·226 is either washed out during con· 
tinuousoperation or accumulated during 
no-flow periods. The Rn·222 generation 
rate is directly proportional to the mass 
of Ra·226 accumulated on the media. If 
the RSC column flow is continuous. the 
Rn·222 generation problem is not serious. 
For example. the completely exhausted 
RSC in Lemont with 1.1 nCilcm3 total 
radium activity would add about 175 pCi 
Rn·222IL to the water passing through 
the column at an EBCT of 2 min. (This is 
a calculated value; radon was not mea· 
sured in the Lemont study.) There is. 
however, some concern about radon 
generation in a standing RSC column. 
Extremely high Rn·222levels. approach· 
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Flpn 2. Radium breakthrough curve for RSC (EBCT -0.64 ",i,,; bed DOl",,"-
1.98 L:/ud Ra·226-8.7pCi!L) 

ing the adsorbed Ra·226 activity. are 
possible in the first few bed volumes 
following no-flow periods. Although 
radon measurements were not made in 
Lemont. the authors observed (using a 
radiation survey meter) some washout 
of radioactivity following the restarting 
of a partially exhausted RSC column. 
Similar observations were made upon 
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restarting cation exchange columns fol· 
lowing resting periods of up to 23 days. 

The problem of radon washout upon 
restarting radium adsorbers after long 
rest periods should be quantified in 
future studies. Until more data are avail· 
able. however. the first few bed volumes 
of effluent following long standing per. 
iods should be flushed to waste. 

DI , I .. " ...... lie. The disposal 
options farradium<lODtaminated sludges 
and solids are not well-defined at this 
time. However. some recuJations hued 
on the radium levels in the sludges do 
exist. The situation in the state of Dlinois 
regarding sludge disposal has recently 
been summarized in a state report.31 This 
document points out that solids with 
radium contamination <50 pCi/g (on a 
dry weight basis) may be disposed of at 
existing Dlinois EPA landfills. (This is 
such a low level that it is inapplicable to 
actual water treatment sludges.) Wastes 
with radium levels in therange50pCilg 
to 10 nCilg are currently undefined in 
IIlinois.1IoWever. according to the report. 
" .•• it is useful for cost analyses to 
assume that waste containing ~ pCiI 
gram will have to be treated as low level 
radioactive wastes." Radium-c:ontami· 
nated solids in the range 10-100 nCilg 
are considered as low level radioactive 
wastes. for which only one disposal site 
exists in the United States: US Ecology's 
Richland, Wash .• site. At > 100 nCilg. the 
waste exceeds the limits permitted for 
near·surface disposal and must be suit· 
ably stored until disposal options are 
available. 

As shown in this study. RSC is an 
excellent adsorbent for radium, but the 
disposal of spent media containing 3.5 
nCi radiumlgwill be a costly proposition. 
It appears that the spent media must be 
stabilized, transported. and disposed of 
at the Richland site.ln 1983.13 the Dow 
Chemical Company reported the com· 
mercial availability of a "low level radio
active waste solidification process suit· 
able for encapsulating the RSC into a 
stable. solid mass acceptable for disposal 
at sites approved by the Nuclear Regula· 
tory Commission. "32 The company has 
now announced that RSC will no longer 
be commercially available. preSumably 
because of low sales volume resulting 
from the inability to dispose of spent 
media at a reasonable cost. Whether the 
RSC medium will be available through 
another source is not known at this 
time. It is unfortunate that an excellent 
radium adsorbent should go out of pr0-
duction at a time when it is most needed . 
..... ..-..~ ........ II ' 

The performance of plain alumina used 
to treat filtered Lemont water was 
unespectedly good (F'JIIft 3). Approxi· 
mately 3,350 BV could be treated prior to 
Ra·226 breakthrough at 3.25 pCiIL. cor· 
responding to 5 pCiIL Ra·226 plus Ra· 
228. At the unadjusted feedwater pH of 
7.2. the alumina would have a slight 
positive charge20 because the zero point 
of charge of F·l alumina is approximately 
8.2. Huang and Stumm33 found signif· 
icant adsorption of alkaline earth cations 
at elevated pH values (>8.0) on 'Y·alu· 
mina, but adsorption at pH 7 in dilute 
solutions was barely perceptible for the 
heavier alkaline earth elements stran· 
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tium and barium. These researchers did 
not test radium, but an extrapolation of 
their data clearly suaests that it would 
be less adsorbable than barium. This 
good performance of plain 'Y·alumina for 
radium adsorption in the neutral pH 
range cannot be explained based on 
experiments done in Lemont. The phe· 
nomenon is under further study at the 
University of Houston where the role of 
RaSO. ion pairs34 and complexation of 
radium by natural fulvic and humic 
acids are being studied in relation to 
radium adsorption onto ".alumina. 

BaSOc·loaded alumina performed 
much better than plain alumina and 
nearly as well as RSC (Figure 4). Approx· 
imately '1:7,500 BV of filtered Lemont 
groundwater were treated prior to Ra· 
226 breakthrough at 3.24 pC ilL compared 
with 3,3S0 BV for the plain alumina and 
38,000 BV for the RSC. Improved radium 
removal following periods of flow inter· 
ruption (IS days and 7 days) suggests 
tliat intermittent operation of the alu· 
mina column would yield higher radium 
loading and lower radium concentration 
in the effluent. For example, resting the 
column for a day or two would result in 
improved radium removal upon restart· 
ing the flow. Stopping the flow to the 
column allows relaxation of the radi~ 
concentration gradient in the solid phase, 
Which, upon restarting the flow, results 
in a higher liquid-solid concentration 
gradient and consequently a higher 
radium flux into the alumina granules. 
The phenomenon of improved perfor· 
mance resulting from intermittent oper· 
ation of alumina beds is currently under 
study at the University of Houston. It 
has also been observed in studies of 
fluorideZ l and arsenic3S removal by actio 
vated alumina. 

The IJI8Ximum concentration of ra· 
dium on the exhausted BaSO .. loaded 
alumina was measured by gamma spec
troscopy. The results of analyses of 
spent alumina samples from the top. 
middle. and bottom sectiona of the bed 
are presented in Table 7. Even though 
the bed was run for Sl,OOO BV (106 days). 
it was still not completely exhausted. as 
evidenced by the lower loadinaof radium 
at the bottom of the bed. The top section 
of the bed. however. appeared to be ex· 
hausted or nearly exhausted. This high 
loading during the first experiment is an 
encouraging sign that an optimum 
BaSO .. loaded alumina will be a viable 
alternative for removal of radium from 
groundwater in municipal·scale, point· 
of -entry (POE), and POU applications . .... .. .... ""..to The effluent 
from the RSC run shown in Figure 4 was 
not analyzed for barium. To determine 
barium leakage from the RSC, a separate 
run was conducted (Figure S). The aver· 
age amount of soluble barium added 
during passage of the water through the 
RSC was 0.17 mgIL for the first 3.soo 

TABLES 
c-..ntiM tJ/_i_ .. ~ RSC'" 

Ra·226 Ra·228 Ra Ra Ra·228 to Ra·228 
Location /lCi/0.2L /lCi/O..zL .Ci/CfII3 .Ci/. Ratio 

Top 30.031 ± 120 17.163 ± 168 1.18 3.9 1.75 
Middle 27.782 ± 155 15.366 ± 317 1.08 3.6 1.81 
Bottom 24.948 ± 106 13.734 ± 225 0.97 3.2 1.82 

" 'All racbum analyses were made by the gamma spectroscopy method. The density of the exhausted 
RSC is approximately 0.3 glem'. 

s-cew .... 
~t 
Panel Mineu 
Key Lake Mine" 
Redhill brine" 

TABLE 6 
Ctmctxzrison of RSC lotuIir16S 

RaIaFeed T ........... TDS 
IO/L .... c.coy'L -w/L 

18.1 272 439 
181.0 1.050 2.soo 

1.620.0 242 580 
1.200.0 9.000 41.000 

Maimam Obeerved 
Radiam LooocIIq 

..a/~ ..cv. 
1.1 3.7 
9.7 32.3 

52.0 173.0 
2.7* 9.1 

"The radIum lootdlng for the RSC treating spent \OIl exchange brine In hdhlll. Colo.. I. not a III3X1mum 
. value becaUle the RSC wu still removing 99 percent of the radium from the brine." 
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,....1 Radium breakthrough curve for plain activated alumina (EBCT -3.0 
,,"11;',. 11Ol,,_-0.5 1.; fMi RII·226-1I.3 pCilL) 
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FI .... "" Radium breakthrough curve for BaSO .. loaded activated alumina 
(EBCT -3.0 ",ill; bid 11Ol,,_-0.23 1.; fMi RII·226-B. 7 pCi/L) 
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TABLE 7 
Rtldi_ Ultldilv .. &504"n. •• ,. ....... 

Vw- Ra·226 ... 226 Ra.226 to Ra·228 LaoodIq 

LoeadGn -' ,a ,a Ratio 1ICi/_, .CU. 
Top 80 33,512 :t 213 20.023 :t 218 1.61 0.61 0.17 
Middl. 100 36.731 :t 164 21,898:t 383 1.68 0.59 0.68 
Bottom 100 20.658+ 197 12.176:t 133 1.70 0.35 0.40 

·Only the aaSO ("loaded alumlnaat th.lOpof the column IS nearexhaustlOft. Th. denSity ofF·! alumina 
IS approximat.ly 0.87 glcm'. 

TABLES 
Rtldi ... ~ .. INlrimu ccMlUt.d tMdi4* 

T-a BaIIr. T-a ..... ...... ..... 
EBCT T-a ... TIme Lo.diIIc o.m,. Lo.diIIc 

Mediaa .. BV .,. 1ICi/~ ~ .cv. 
Dow RSC (XSF ~ 0.64 90.000 40 1.18 0.3 3.9 
BaSOflaHed alumina 3.0 51.000 106.0 0.67 081 0.17 
IsocIear CYC 1,5 5,500 5.7 

0._ 
0.«M7 G.41 

C·2O cation exdIanae resin 3.0 5.000 10.4 0.CM6 0.55 O.os 
-Columna Wert! run far beyond ndium brtaktIIrouIIb to tile MCL at 5 pCi/L. Radium IaMiD&s were 
actuaDymealured usingmediumat thetop(en_lof tile bed. Mediumclenlityis tlleapprozimatecir)' 
weight of exhausted medium/em' of wet exhausted medium. TIle bWk deDsity of bacIoar CYC is an 
av ....... : because of water swelling. the medium near tile top of the column ..... '- denIe (IlIOn! 
swollen) and that at the bottom IlIOn! denae{'- .woI\en~ 

u 

-
u~----------~----------~~--------~~--------~ . .• .. .. .. 

ft • ..... 

F1pre S. Increased barium concentrations in the effluent of the BaSO{,loaded 
alumina and RSC columns 

•• 

i • 
• LI ____________ ~I ____________ ~I ____________ ~I __________ ~I .- .... .. .... 

"II ............ 

F1pre" Radium breakthrough curve for CYC medium (EBCT-l.5 min; bed 
I1Olurru-l.54 L; f«tJ Rs·226-9.5 pCi/L) 
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BV. This is far below the MCL of 1.0 
mgIL anclsbould be of no health concern. 
Significant barium leakage from the 
RSC was not observed in previous 
studies. In fact, a small amount of barium 
uptake by the resin was observed during 
exhaustion in one study in which the 
barium concentration in the feedwater 
was 0.05 mg/L.12 Furthermore, RSC has 
been approved by the USEPA for use in 
the production of potable water. provid· 
ing that a new bed is first rinsed to 10 BV 
of water. 

BaSO("loaded alumina should show 
similar barium leakage to RSC because 
they bo1h rely on BaSO"impregnated 
media fOr radium removal. During the 
preparation of the BaSO "loaded alumina, 
BaSO. must be rinsed from the alumina 
fo1lowingits precipitation in the medium. 
The thoroughness of rinsing will deter· 
mine the initial BaSO. particulate leak· 
aae. which can, if necessary, be controlled 
by postfiltration. Measurements of sol· 
uble barium in the effluent from a freshly 
prepared BaSO"loaded alumina column 
in Lemont are also presented in Figure 5. 
It is evident that with proper rinsing, 
soluble-barium leakage from the impreg' 
nated alumina is not significant: 0.06 
mg/L during the first 1,500 BV . 
..... .-.I .., ....... rhzls. 

The first run using the RadiSorb beads 
was aborted because of the collapse and 
breakup of the medium early in the run 
under normal operating pressure-3-9 
psig. This occurred even after extensive 
backwashingto remove the 1arge amount 
of fines in the as·received sample. A 
second sample of RadiSorb was obtained 
and was operated both downflow and 
upflow with the same resulting breakup 
of the medium. This 'medium was too 
fragile for practical use even if it had 
possessed a high radium capacity. Some 
radium was removed, but the MCL was 
reached after only about 10 BV. 

The CYC medium performed much 
better than RadiSorb with respect to 
radium removal but was nearly as fragile. 
During backwashing, the CYC medium 
tended to ll8IJlomerate, and during ex· 
haustion the beads at the top of the 
column swelled while thole at the bottom 
appeared seriously compreued. The 
swelling of the hydrated gel beads pr0-
duced an overall bed expansion of 77 
percent during the course of the run 
shown in Figure 6. The radium break· 
through at l.soo BV was sharp and 
showed this fragile, presumably nonre
generable medium to be almost equiva· 
lent in radium capacity to a standard, 
regenerable SAC softening resin . 

Table 8 compares the radium loadings 
on the various exhausted media; these 
are measured. not calculated. total ra· 
dium (Ra·226 + Ra·228) loadings. They 
are the result of running the columns far 
beyond the MCL in an attempt to achieve 
complete exhaustion. Thus the loadings 
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F1 ... 7. Radium and hardness in the effluent from the point-of-use system 

Type of Modale 
Tllla-PDat Low-"' .. • r.., '% 0 ,Mite TIda ..... 

T_~ JIGIIow.P!bw SpInI. WOIIIId 0 ....... 
DeoipatiaD RO-l RO-2 RO-3 
Lentthol.~ 5 5 5 
Water ffD1ft!r1-~ 50 15 2S 
Feed praIUIe-pso' 350 125 70 
Raw_terpH 7.3-7;' 7.3-7;' 7.3-7;' 
AlIi ...... feed pH 5.5-6.0 5.5-6.0 5.5-6.0 
C4aductiYity 

Feed-,., 750 850 833 
Prodlid-,., 65 21 158 
sn-,., 1.450 1.000 979 
Re;ectian ,.,c;vat 91 97 81 

TOIal diaIohed IOIida 
Feed-IIf,fIL 510 681 451 
ProdIid-IIf,fIL 9 4 59.8 
Brme-IIf,fIL 1.022 838 561 
Re;ectian~ 98 99 86.8 

HardneIa 
Feed-.... C.C0t"L 253 249 247 
Prodlid-.... C. 0tL 13 5 25.1 
Brine-.... III C.COI 489 282 299 
Re;ection-pe.-t 95 98 90 

Ra·226 
Feed-flCilL 11.6 13.9 13.0 
ProdIid-flCilL <O.lt <O.lt 1.2 
Brine-flCilL 19.2 14.5 14.1 
Rejection-pe.-t >99 >99 90.8 

-Raw water charactmsucs: silt denSIty Index-3.2; free chlorine-l.o-1.5 JIII/L; sodium sulfite was 
used for dechlorination at a ratio oll.8 ma Na"g0:ima CI2-
tTbe alpha counts ol u.-aamples could not 6e diatincui.hed from thooe 01. radium·free blanka made 
from deianised RO prodlid _. 

are approximatioaa of the maximum 
useful capacities expected in drinking 
water applications when the media are 
used for direct treatment. If the respec
tive media are used for radium removal 
from spend regenerant brines. much 
higher loadings are expected . 

The RSC capacity for radium (1.18 
nCi/cm3) is the highest of all. whereas 
the nonoptimized BaSO ("loaded alumina 
is not far behind in radium capacity 
based on volume. Approximate densities 
of the media-grams of dry (lOS"C) 
medium per cubic centimetre of settled 
wet medium-are listed in Table 8. These 
densities were used to calculate the 
radium loadings on a weight basis
nanocuries of radium per gram of dry 
(lOS"C) adsorbent-for comparison with 
federal (10 CRF 60) and state sludge 
disposal regulations. The CYC has the 
lowest dry density. indicating that. when 
dried. most of its weight is lost. If drastic 
volume reduction is important. however. 
the possibility of combustion of the media 
must be considered. In this regard. the 
organic-based media-RSC. CYC. and 
cation resins-will yield greatly reduced 
volumes compared with activated alu
mina. which does not burn. Volume 
reduction is not always desirable because 

. it can result in a radium loading> 100 
nCi/g, the maximum allowable for near· 
surface disposal of radioactive waste. \2 

10 .,It... Table 9 summarizes the 
performance of the three different RO 
modules tested in Lemont. For the stan
dard-pressure modules (RO-1 and RO-2). 
Ra-226 rejection exceeded 99 percent. 
whereas for the low·pressure (70-psig) 
module. it was 91 percent. In all three 
cases, radium rejection slightly exceeded 
hardness rejection, Suggelt,ing that hard· 
ness monitoring might be used as a 
surropte for radium. This same trend 
of nearly equal radium and hardness 
removal can be observed in data reported 
by Sorg et al,l° In their study of five 
hollow-fiber polyamide and three spiral
wound cellu1o&e-acetate module systems, 
the average removal of Ra-226 and hard· 
ness was 96 percent. 

Membrane technology is advancing at 
a rapid rate, and the newer standard SW 
TFC and CA membranes require much 
less feedwater pressure (125-400 psig) 
than the olde!' standard units (400 psig). 
Theexperimental SWTFC module tested 
in Lemont required only 70 psig and yet 
produced 87 percent TDS rejection while 
reducing hardness and radium by 90-91 
percent. The single-module recovery of 
the unit was 25 percen t, i.e., higher than 
the manufacturer's recommendation and 
yet only half that of the HF module. (One 
major difference not always recognized 
between HF and SW modules, regardless 
of their membrane composition. is that 
HF modules typically recover 50 percent 
of the feedwater whereas SW modules 
recoVe!' only 12-18 percent. The signif-
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iClll'lce of this difference should not be 
overemphasized because it is a design 
problem readily BOIved byproduct staging 
of the SW modules for higher recovery.) 
At the usual RO system design value of 
75 percent recovery, the brine will be 
concentrated by a factor of four, and 
brine disposal might be a problem in 
some states. 

Although RO desalting remains an 
expensive technology for the removal of 
a single contaminant, the continuing 
advances in membrane technology are 
bringing it into a more competitive posi· 
tion. At a 70-psig operating pressure, 
household POE softening systems that 
would also remove radium are nearer to 
reslization. A litt1erecopized advantage 
of low recovery RO systems is that the 
brine concentration factor(CF)is low. In 
the case of single SW modules. as used in 
POE and POU systems. recovery is 
typically 15 percent and the brine CF is 
only 1.18. Of course. the disadvantage of 
such a low recovery system is that 85 
percent of thefeedwater is wasted unless 
a separate piping system is installed to 
store and reuse the reject water for toilet 
flushing. lawn watering. and the like. In 
POE systems.' product water storage is 
also a major consideration because of the 
low production rates of RO systems 
compared with alternatives like softeners 
that operate on demand. 

POll .,.1 I The radium removal 
performance of the POU RO system 
with both the CA and TFC modules was 
similar to that of the full· scale modules 
tested in that the TFC module performed 
slightly better than the CA module for 
the rejection of radium. hardness. and 
TDS. (The CA module has an operational 
advantage, however. in that it is not 
attacked by the chlorine levels in drink· 
ing water; feed to a TFC module must be 
dechlorinated whereas CA feed need not 
be.) The average performance of both 
modules is summarized in Table 10. and 
the week·by·week effluent radium and 
hardness levels are presented in Figure 
7. These POU results demonstrate that 
the use of either TDS or hardness rejec' 
tion would be adequate as a surrogate 
for estimating radium removal. 

In an independent test of Ra·226 
removal conducted at the University of 
Houston with a POU RO system from 
another manufacturer. essentially the 
same rejections of Ra·226. hardness. and 
TDS were observed for a different CA 
membrane. Thus. it can be concluded 
that a properly designed and manufac· 
tured POU RO system containing either 
module would be adequate for radium 
removal from drinking water. 

Conclusions 
The Lemont groundwater contains a 

mixture of Ra·226 (11 pCiIL). Ra·228 (6 
pC ilL). and Ra·224 (6 pCiIL). The pres· 
ence of the Ra·224 interfered with the 
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TABLE 10 
hrf-"",,I/NIi_t-o/'_ ..,.... 

Influent banInesa-.., ... C4Co';L 
Effiuent han!nesa-.., ... CoC(J,tL 
Hardn ... re;ection-........ t 
Influent Ra·226--pCVL 
Effiuent Ra·226--pCilL 
Radium rejection-........ t 
Conductivity re;ection-........ t 

'fPC"'" _ 
2S5 

8.6 
96.6 
11.8 
0.6 

94.9 
90 

CAMembnDe 

2S5 
13.1 
94.8 
11.8 
1.0 

91.5 
91 

"The values a~ averaaa of 10 weekly.,..b ..... ples taken from the product wat ... stDt'all'! tank dunng 
normal operallOll. 

interpretation of the gross radium alpha 
test (USEPA method 900,1). However. 
allowing the raw sample or the precipi. 
tated BaRaSO. to lIP for 20 or more days 
eliminated the interference and made 
the test specific for Ra·226. Before imple
mentation of the 2O-day wait time. the 
gross radium alpha and gross alpha test 
results were highly variable and impos
sible to interpret. 

The Ra·226 to Ra·228 ratio in the raw 
waterwas about 1.8. This ratio remained 
essentially unchanged for all aqueous 
and adsorbent samples analyzed. and 
supported the assumption that the is0-
topes behaved in a physicochemically 
equivalent manner in spite of the pres· 
ence and rapid decal' of Ra·224. Thus. 
monitoring Ra·226 alone is sufficient to 
determine compliance with the MCL. 

Filtration of the chlorinated Lemont 
groundwater resulted· in 3O-SO percent 
radium removal. The mechanism of re
moval is uncertain but likely involved 
adsorption onto Fe(OHhor MnOzsolids. 

The radium· selective compiexer was 
the best adsorbent tested for radium 
removal on the basis of BV to the MCL 
(38.000) or maximum capacity (1.18 
nCi/cm3). The RSC is a standard strong 
acid cation resin in the sodium form 
with BaSO. precipitated within the bead 
and is considered. although not proven. 
to be nonregenerable. 

A nonoptimized sample of an experi· 
mental adsorbent. BaSO"loaded actio 
vated alumina. performed nearly as well 
as the RSC by attaining 27.500 BV to the 
radium MCL and a maximum loading of 
0.67 nCi/cm3. This adsorbentcould prove 
to be a good substitute for RSC, 

The radium capacity of RSC. and 
presumably of BaSO "loaded alumina, is 
highly dependent on the radium concen· 
tration in the feedwater and does not 
seriously deteriorate in the presence of 
brine or high levels of calcium as present 
in spent regenerant solutions. 

Barium leakage from the RSC and 
BaSO,·loaded alumina was measurable 
(0.05-0.2 mglL) but not significant with 
respect to the 1.O-mg/L barium MCL.33 

The disposal of spent radium-contam· 
inated adsorbent media at a reasonable 
cost is an unsolved problem. It appears 
that spent media like RSC and BaSO" 

loaded alumina are now considered low· 
level radioactive wastes and may be 
disposed of only atone US location in the 
state of Washington, 

Reverse osmosis hyperfiltration re
moves radium to a somewhat greater 
extent than it does hardness. For the 
standard·pressure (125-4OO-psig) mod· 
ules, radium removal exceeded 99 per. 
cent. An experimentallow·pressure TFC 
membrane module operated at 70 psig 
and removed 90 percent of the hardness 
and 91 percent Of the radium. 

Point.of·use treatment systems pro
ducing 8 gpd (30 Ud) of product water 
and utilizing TFC or CA SW membranes 
were very effective for radium removal. 
Approximately 30 percent of the radium 
was removed during the cartridge prefil· 
tration step, whereas the overall re
movals were 95 percent and 92 percent. 
respectively, for the systems with TFC 
and CA membranes. 

.Ica ••• dlll ... 
The federal government and individ· 

ual states with radium problems must 
devise regulations and identify sites for 
the disposal of spent adsorbent media 
containing up to 10 nCi radium/g, i.e .. 
the lower limit for low level radioactive 
wastes. If possible. these media 'should 
not be classified as low level radioactive 
wastes. Unless new regulations are 
promuJpted. and local disposal sites 
identified. there is no future for radium· 
selective adsorbents. either for the direct 
treatment of well water or for the decon· 
tamination of ion exchanger brines, Re
moving selective adsorption from the 
list of processes available to extract 
radium from drinking water will force 
communities that must treat to use 
processes like ion exchange softening 
that produce lower level radioactive 
wastes in much greater volumes. This 
will not diminish the amount of radium 
discharged to the environment but will. 
in fact. only distribute it more widely in 
the rivers and lakes into which the 
waste brines are eventually discharged 
by way of sewage plant effluents. 

Laboratory and field studies should be 
carried out to determine the feasibility of 
using RSC and BaSO ,·loaded alumina to 
decontaminate spent ion exchanger brine 
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prior to its reuse in processes that wouJd 
selectively remove radium without soft
ening. In such processes, sodium would 
be the initial exchangeable ion on the 
resin. After each regeneration, the brine 
would be decontaminated using a ra
dium-selective adsorbent, and the brine 
would be reused. Eventually, the spent 
brine would primarily contain those ions 
in the feedwater, except for radium. A 
small amount of NaCI would have to be 
added as makeup during each cycle to 
replace brine lost during rinsing. Such 
processes would (1) introduce little 
sodium into the product water, (2) use 
only a small amount of salt for regenera
tion, and (3) produce a minimum amount 
of brine to be disposed of in the sanitary 
sewer. But the processes would produce 
a spent adsorbent medium for ultimate 
disposal. These experiments should be 
given the highest priority. 

Activated alumina and BaSO ("loaded 
alumina should be studied in bench
scale experiments to establish the opti
mum conditions for adsorbing radium 
vfrom waters of varying pH and back· 
ground ionic composition. Experiments 
should be designed and executed to eluci· 
date the mechanisms of radium adsorp
tion, which may involve RaSO. ion 
pairing or complexation with natural 
organic matter. 

The regeneration of spent RSC and 
BaSO ("loaded alumina should be studied 
using the usual acid and base regener
ants. The primary objectives should be 
to determine (1) the usefulness of the 
regenerated media, (2) the maximum 
possible concentrations of radium in 
spent regenerants. and (3) the possible 
means of final disposal of the radium
contaminated wutewaters. 

AcIIr ........ 1It 
This research was made possible 

through a cooperative research agree
ment (CR-813148) between the Univer
sity of Houston and the US Environ
mental Protection Agency. Drinking 
Water Research Division. Cincinnati. 
Ohio. The authors are grateful to the 
project officer. Tom Sora. for his advice 
and thank the public officials of Lemont. 
m .. for their cooperation and support. 

..,..c. 
1. COTHERN, C.R. &: I.APPENlUSCB, W.L. 

Compliance Data for the Occurrence of 
RadiUDI and Gross ... Particle Activity in 
Drinking Water Supplies in the United 
States. HltIlth P#Jysics, 46:3:S03 (Mar. 
1984). 

2. US Environmental Protection Agency. 
. Water Pollution Control, National Pri
mary Drinking Water Regulations; Radio
nuclides; Advance Notice of Proposed 
Ru1emaking. 40 CFR, Part 141. FIIi. RIg., 
S1:189 (Sept. 30, 1986). 

3. CLIFI'OIID, DA &: BItDWIIlA, M. A MoIliIe 
Drinking Water Treatment Research 
Facility for Inorpnic Contaminanta Ie-

1IICIVal: DeIip. C-tructiaa, and 0pera
tion. EPA-6OOIS2-84418 (Mar. 1984). 

4. SCHUEULMAII, RJ. Determination of 
Radium Removal Efficiencies in Iowa 
Water Supply Treatment Processes. 
EPA-68.o3-049l, Tech. Note ORPITAD-
76·1 (Apr. 1976). 

5. BENNETT. D.L.; BELL, C.R.; & MARKWOOD. 
I.M. Determination of Radium Removal 
Efficiencies in Illinois Water Supply 
Treatment Processes. EPA-68-03-2088, 
Tech. Note ORPITAD·76-2 (May 1976). 

6. BlINclt, W.L. ET AI.. Radium-Removal 
Efficiencies in Water-Treatment Pro
cesses.ltnlr. A WWA, 70:1:31 aan. 1978). 

7. SIIOIYIHK, V.1.. ET AI.. Barium and RadiUDI 
RemovaJ From Groundwater by Ion Ex
chanae. EPA-6OOIS2-84-093 (Sept. 1984). 

8. MYERS, A.G.; SliOEYlNK, V.1..; &: SIIYDER, 
D.W. Removinl Barium and Radium 
Through CaJciUDI Cation ExchaDee./OIIr. 
A WW A, 77:S:60 (May 1985). 

9. SIIOEYJNK, V.L.; CAIRIIs-CHAMBERS, C.; & 
PFEFFER, J.L. Strong·Acid Ion Exchange 
for Removing Barium, Radium, and Hard
ness. 10"1'. A WWA. 79:8:66 (Aug. 1987). 

10. SORG, T J.; FoRBES, R. W.; & CHAMB£lIS, 
D.S. Removal of Radium-226 From Sara· 
sota County, Fla .. Drinking Water by 
Reverse Osmosis.jo"r. A WW A. 72:4:230 
(Apr. 1980). 

11. ROZELLE, L.T. Point-of·Use and Point-of· 
Entry Drinking Water Treatment. 10111'. 
AWWA, 79:10".53 (Oct. 1987). 

12. MELIS, L.A. Radium Removal From 
Canadian UraniUDI Mining Effluents by 
a Radium-Selective Ion Exchange Com
plexer. elM B.IlI., 78:883:82 (Nov. 1984). 

13. RoZELL£, R.E. & MA, K. W. A New Potable 
Water RadiumlRadon Removal System. 
Proc. AWWAAnn. Cont., June 1986. 

14. RoZELL£, R.E.; FALES, D.M.; " FLAIIAGAII. 
E.C. Potable Water Radium Removal 
Update on Tests in Missouri, Iowa, and 
Wyoming by the Dow Chemical Com
pany. Dow Chemical Co. (1985). 

1S. FRAVEL, H.G. Personal communicstioo 
aan. 6. 1988). 

16. DowCbemical Company. Material Safety 
Data Sheet: XFS 43230.00 Experimental 
Radium Complezer <Feb. 1986). 

17. HATCH, MJ. Resin Particulates Capable 
of Removing Meta1 Ions From Aq_ 
Solution. Canadian patent 1,176,799. 
uliped to the Dow Chemical Co. (Oct. 
23.1984). 

18. Dow Chemical Company. Radium Selec
tive Complexer. Eqineerina Data aan. 
1973). 

19. MOOD, W.S. &: REm, D.F. Extraction of 
Radium From Natural Waters Using 
Manpneae-Impnwnatec! Acrylic Fibers. 
1-. ~. 11# .. 78:36 (Dec. 1983); 

20. MIsRA, C. lUlUtri41 AI •• i ... ClwMiaIb. 
ACS. Waahinlton. D.C. (1986). 

21. SIIIGB, G. & CLIFFORD, D.A. The Equi· 
librium Fluoride Capacity of Activated 
Alumina. EPA-600/S2-81-082 auly 1981). 

22. BELL, C.R. Letter to H. von Huben 
describing radium concentration in illi
nois water supplies, Ref. SWD-13 aan. 
24,1986) . 

23. KRIEGER. H.L. & WHlTTAKER, E.L. p,y. 
scriblti Proclli,,_ for MeIlSVntrrnt of 
RJuiiotKtirfily itt Dri"kittg Wafn'o EPA-
600/4-80-032 (Aug. 1980). 

24. LuCAS, H.F.An Improved Method for the 
Simultaneooa Determination of Zl4Ra, 
Ra-226. and -Ra in Water, Soi1a. and 

Sediments. W-31-109-Enc-38. US Dept. 
of Ener'IY " Office of Health and Envir. 
Ia. (Mar. 1987). 

2S. SI4"dI,"J Methods for tM E:u",.instiott of 
Water and Wastewater. APHA, AWWA. 
and WPCF. Washington, D.C. <l6th ed .. 
1985). 

26. US Environmental Protection Agenc\,. 
Methods for Chemical Analvsis of Water 
and Wastes. EPA-600/4·7g·020 (Mar. 
1983). 

27. SNOEYINIt, V.L. ET AI.. Removal of Barium 
and Radium From Groundwater. EPA· 
6OOIM-86I021 (Feb. 1987). 

28. MAliGELSOII, K.A. Removal for a Small 
Community Water Supply System. 
USEPA Rept. on CR-812691 (in press). 

29. JOIIGEWAID, C.K. Removal of Barium and 
RadiUDI From Solutions of Differing Ionic 
Strengths by Barium Sulfate Precipita
tion. Master's thesis, Univ. of Illinois 
(1985). 

30. LOWRY, J.D. & LOWRY. S.B. Modeling 
Point-of·Entry Radon Removal by GAC. 
10"1'. A WWA. 79:10:8S (Oct. 1987). 

31. VIGON, B.W. & WICKRAMANAYAKE, G.B. 
Report on the Development of a Process 
Evaluation Protocol for Radium Removal 
From Potable Water. State of Illinois 
Dept. of Nuclear Safety (Mar. 1987). 

32. Dow Chemical Company. Topical Report. 
The Dow Process for Solidification of 
Low· Level Radioactive Waste From Nu· 
clear Power Plants. DNS-RSS'()()1-NP·A. 
Dow Chemical Co. (Mar. 1978). 

33. US Environmental Protection Agency. 
National Primary Drinking Water Regu. 
lations; Synthetic Organic Chemicals. 
Inorganic Chemicals and Microorgan· 
isms; Proposed Rule. 40 CFR Part 141. 
FIIi. lUg .• SO".219 (Nov. 13, 1985). 

34. BI!IIES, P.; OsoRZALEK, M.; " CElCI!ANOV A. 
M. Adsorption Characteristics of Traces 
of Radium on Membrane Filters, Glass 
and Polyethylene.jOllr. Rmlill/. & Nuclear 
CMIII., 102:2:443 (1986). 

35. FRANK, P. &: CLIFFORD, D.A. Arsenic(lII) 
Oxidation and Removal From Drinking 
Water. EP A-600/S2-86-021 (Apr. 1986). 

About the authors: 
Dna"is Clifford is as
s0ci4u professor and 
director of environ· 
_tal ertgineeringat 
the U7Iiversity of 
HOlUto7I, Dtparlmext 
of Civil aruJ Environ
_tal Engitteering. 

HOIUUnI. TX 77004. Clifford lias been 
t.tu:hing fllGteI' chemistry aruJ pltysico
chemical processes for 12 yesn aruJ reo 
sesrr:hi7lg tlte nmoval of nulium from 
fllGter for 3 yesn. He also IuJs nine yesn . 
experience in instrumexwl a7llllysis and 
pollution control with Dow Chemical Co .. 
N US, and Fisher Scientific Co. Clifford i~ 
a Jnember of A WW A, AlChE, and ACS. 
and his work has been published b) 
Industrial & Engineering Chemistry 
Analytical Chemistry, Reactive Poly 
mers, Journal WPCF, Water Research 
aruJ Environmental Science & Techno! 
011. Winston Vijjeslllarapu and Surts. 
S.bra_ian an resesrr:h associates a 
tire U7Iiversity of HOIUUnI. 

,nI1'DN'''' AWW 



Commissioning the filter. Several steps 
are taken when a new filter unit is 
commissioned. With all outlet valves 
closed, clean (preferably) water is ad· 
mitted from the bottom to flow upward 
through the drainage system, the gravel, 
and the sand bed until it reaches 10-15 
cm above the sand bed. This method of 
charging ensures that air accumulated 
in the system, especially in the pores of 
the sand bed, is driven out. When no 
clean water is available for backfilling, 
raw water can be used. 

Next, the inlet valve is gradually 
opened and water is allowed to flow into 
the shallow water layer on top of the bed. 
The rate of filling is initially low to 
prevent scouring of the sand around the 
inlet. With the increasing depth of the 
supernatant water, the rate of filling can 
be increased. When the normal working 
depth of the supernatant is reached, the 
outlet valve is opened and the effluent is 
run to waste at the design rate of the 
filter. The filter must now be run 
continuously for a few weeks to allow for 
ripening. The ripening period ends when 
bacteriological analysis indicates that 
the effluent Quality has reached local 
water Quality standards. Water can then 
be passed into supply. When adequate 
chlorination of the effluent can be 
guaranteed, the water can often be put 
into supply more Quickly, provided that 
the turbidity of the effluent has become 
sufficiently low .. 

Dally operation. Daily operation is 
limited to checking and possibly adjust· 
ing the rate of filtration and to monitor· 
ing plant performance and effluent 
Quality. More time is occasionally reo 
quired for cleaning the filters. 

Cleaning. To clean the filter it is neces· 
sary to first remove floating matter such 
as leaves or algae by raising the level of 
water in the unit to carry the floating 
matter over the weir. If this floating 
matter is not removed, it becomes a 
nuisance during cleaning. Subsequently, 
the water level in the bed is lowered to 
about 0.1-0.2 m below the top of the 
sand. This can be done by closing the 
inlet valve and opening both the super· 
natant water drain valve and the valve 
on the underdrains to quickly drain the 
filter to the required level. 

The filter bed is then cleaned by scrap· 
ing off the top 1-2 cm of the bed. The 
cleaning operation must be completed as 
quickly as possible in order to minimize 
interference with the life of microor· 
ganisms in the filter bed. When one unit 
is shut down, the others are run at a 
slightly higher rate to maintain the 
output of the plant. 

After cleaning, the unit is refilled with 
water through the underdrains. In the 
absence of an overhead storage tank, 
this backfilling can be effected by using 
filtered water from an adjacent filter. 
This method may lead, however, to 
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temporarily reduced plant output. which 
must be taken into account when the 
clear·water storage tank is designed 
because it must be assured that sufficient 
water is available for the users. An 
alternative method is to advise users to 
reduce water consumption for a short 
period of time. 

When the filter is put back into service, 
a period of at least 24 hours is required to 
allow for reripening of the bed. Mter 
that period, the bacteriological flora has 
usually been sufficiently reestablished 
to be able to produce a safe effluent. In 
cooler areas this ripening period may 
have to be extended to a few days. With 
adequate chlorination, however, a period 
of one day will also be sufficient in these 
areas, provided the turbidity of the ef· 
fluent is sufficiently low. 

Resanding. Resanding becomes neces· 
sary when successive scrapings have 
reduced the thickness of the sand bed to 
0.5-0.6 m. Fortunately, this rather 
lengthy operation has to be done only at 
two· or three·year intervals. Assuming, 
for example, an initial thickness of the 
filter medium of 80cm and an average of 
six scrapings a year (or 6 x 2 = 12 cm 
total scraping a year), then resanding 
would be necessary only after two and a 
half years of operation. Before resanding, 
the filter bed must be cleaned and the 
water level in the sand must be lowered 
to the gravel layer. Then a layer of 
"new" sand (accumulated from earlier 
scrapings) is placed underneath the sand 
layer in the bed. 

The method of handling the sand is as 
follows: The old sand that has to be 
replaced is moved to one side, the new 
sand is placed, and the old sand replaced 
on the top of the new. This "throwing 
over" process is carried out in strips 
(Figure 4). The removed material from 
the first strip is stacked to one side in a 
long ridge, the excavated trench is filled 
with washed or new sand, and the 
adjacent strip is excavated, throwing 
over the removed material from the 
second trench to cover the new sand in 
the first. When the whole of the bed has 
been resanded, then the material from 
the first trench is used to cover the new 
sand in the last strip. By doing so, the 
layer of old sand (which is rich in micro
biological life) is replaced at the top of 
the filter bed, which will enable the 
resanded filter to become operational 
within a minimum reripening period. 

Summary 

Slow sand filters are used for water 
treatment in many parts of the world. 
This biological water treatment method 
is rapidly gaining importance for appli· 
cation by communities in developing 
countries as well as by utilities-par· 
ticularly small systems-in other coun· 
tries. When raw·water Quality is high, a 
conservative design approach is used, 

and the plant is operated and maintained 
with care. slow sand filtration can 
produce water of good Quality. 
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regeneration brine by passing the brine 
through a separate treatment process in 
which the radium is permanently com
plexed on the RSC material. The waste
water from this process, along with the 
backwash wastewater from the iron 
removal process, is then pumped to the 
I-E pond for final disposal. 

Disposal of wastewater 
and resin wastes 

The original concept and design for 
the ultimate disposal of resin wastes and 
wastewater generated at the treatment 
plant was approved by the Colorado 
State Health Department. 

Wastewater. All wastewater from the 
plant operation is discharged into the 
I-E pond to allow for rapid infiltration of 
plant wastewater into the Morrison geo
logic formation that dips steeply to the 
east from the pond_ The Morrison for
mation is physically located beneath the 
Dakota geologic formation at the location 
of the raw-water supply wells. Raw 
water is pumped from the Dakota for
mation through deep wells to provide the 
raw-water supply for the Redhill Forest 
development. 

Radium waste. Most of the radium 
removed from the raw water entering 
the treatment plant is eventually ad
sorbed and complexed on the RSC resin_ 
As needed, the RSC resin is replaced, 
and the waste resin is transported to an 
approved hazardous-radiological waste 
disposal facility for final disposal. 

Sampling and analyses 

Regeneration water from the ion exchange process passes through the complexer tank 
before final disposal. 

The project consisted of in-depth 
monitoring of the operation of the full
scale Redhill Forest water treatment 
plant over a 21-month period from 
October 1985 through June 1987. Con
centrations of all water quality param
eters were determined according to 
Standard Methods. 5 

• The final disposal of smaller 
amounts of the radium-enriched RSC 
resin is simpler and less costly_ 

Plant processes 
Raw water from two deep wells is 

pumped through a countercurrent-flow 
aeration tower located at the booster 
pump house (Figure 1). The purpose of 
the aeration process is to remove dis
solved gases, specifically radon and 
carbon dioxide, from the raw water. The 
water is pumped to the treatment plant 
at a rateof about 90-100gpm forfurther 
treatment to remove iron, radium, and 
hardness prior to chlorination and dis
charge to the water distribution system. 

As the raw water enters the treatment 
plant, alum, potassium permanganate, 
and a polyelectrolyte are added to remove 
iron by chemical precipitation. The 
treatment unit is a prefabricated, self
contained unit that includes a mixing 
and flocculation chamber, tube settlers, 
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and multimedia filtration. The effluent 
from the iron removal process is further 
treated to remove radium and hardness 
in an ion exchange system that utilizes a 
standard water-softening cation resin in 
the sodium form_ The effluent from the 
ion exchange system is treated with 
chlorine and zinc hexametaphosphate to 
control corrosion and sequester any 
residual iron before being discharged to 
the treated-water storage tank. The 
radium removed in the ion exchange 
process is further removed from the 

Most of the water quality analyses 
were performed by a commerciallab* in 
Golden, Colo. Some work was performed 
by the USEPA laboratory in Cincinnati, 
Ohio, and some radon gas analyses were 
performed by a private firm. t 

In-depth monitoring, including water 
quality sample collection and laboratory 
analyses, field measurements, and flow 
measurement, was performed toevaluate 

·Hazen Research Lab, Golden. Colo. 
tLowry Engineering, Unity, Maine 

TABLE 1 
Quality of influent and effluent of ion exchange process 

Parameter Influent Effluent 

Flow rate-gpm 90-100 90-100 
Iron-mglL 0.IS-2.7 0.03-0.S 
Manganese-mglL 0.4-1.3 0.01-0.1S 
Sodium-mglL 7.4-12.S 40-ISO 
Hardness-mglL 212-3S0 S-70 
Radium·226-pCilL 22-35 0-4 

KENNETH E. MANGELSON & RICHARD P. LAUCH 73 



--r----------l 
I -.. I 
I --.. I 
I I 
I I 
I 
I 
I 
I 
I 

~-I ( ..... ,..,....,.,... ----'1 
I 

---

... 
pi 

-----

I 
J 

-- _ .. ----l---------~: .. O ... IL --+-----., 

---1"'-"'-'.0 -.IL -----, . ..". 
TD"--MIIL 
~JOpCM. 
__ MIlL -, .. 

-""'-'OGIIIIlf/L 
TDs-tlG MIlL 
"-dI , 10ftIgIL - ...... 

....... ........... 1.-..-,. ""IlL 
See WM8/L ____....'n...,., 
TDa-731""11\. --...... 

I 
I 

T __ 

---I ........... ...,L 
a....-'D,JOO""IIL 
TDS-J1,1GO .... L 
____ MIlL 

-_of -_ .. 
.... 111 ........ -

~- _'.0""" I (ctIkWtne __ ..... 

Pte: ".,. I ... ) 
To ........ ~t.OOO ... __ "MIIL 
_"'MIIL 
TOS-'o, ...... L --- --- --- --- ---

T ................. 
,--0.> MIlL ........ , . ...". ___ MIlL - ...... -.MIIL 

H. U2I-.IL - ...... 

Fica ... 1. Flow diagram of treatment plant processes (flows shown are averages for every 10.000 gal of raw water processed: ion 
tl%change tanks are assumed to be back washed after 40.000 gal of water have been treated) 

TABLE 2 
Water quality data for infloUJ and oulf/oUJ of RSC resin-

Accumulated Parameter 

Treated Total Total Radium 
Volume Bedt Iron Manganese Sodium Hardness Solids Radium Removal 

Date lilt Volumes Sample mg/L mg/L "'6/L mg/L mg/L pCi/L /Hn:~"t 

7110186 0 0 Inflow 2.48 23.8 11.600 476 34.900 860±3O 
Outflow 0.98 16.7 13.300 245 34.600 16± 11 98.1 

7130186 2.400 77 Inflow 2.03 31.8 11.000 9.850 41.700 1,280± 40 
Outflow 1.56 32.2 11.000 10,200 41.800 1.6 ± 3.2 99.9 

8131186 9.460 305 Inflow 9.0 33.1 12.600 11.500 54,200 1,400 ± 40 
Outflow 8.5 33.1 12.700 11.600 55,200 9.4± 3.5 99.3 

9129186 14.600 471 Inflow 7.21 30.5 11.400 8.350 37.600 920± 30 
Outflow 7.15 31.5 11.500 8.420 37.600 4.1 ± 2.4 99.6 

10130186 22.600 729 Inflow 2.79 33.1 8.170 9.380 35.000 860± 50 
Outflow 2.07 33.5 8.640 10.100 35.300 5.3 ± 2.8 99.4 

11126186 27.700 894 Inflow 7.17 28.2 13.400 9.620 45.400 1.040± 30· 
Outflow 6.30 26.9 13.300 9.520 45.500 8.1 ± 3.3 99.1 

1114187 39.550 1,276 Inllow 31.4 19.2 9.350 7,260 31.300 1.070 ± 60 
Outflow 27.8 18.1 9.000 7.740 30.400 8.4 ± 2.3 99.2 

2121187 49.700 1.603 Inflow 61,3 30.5 12.300 10.900 49.800 1,780± 80 
Outflow 62.2 32.4 12.100 11.400 50.400 7.2±7 99.6 

3/18187 57.700 1.861 Inflow 93.4 31.2 13.500 11.600 53,200 2.ooo± 80 
Outflow 92.0 31.9 12.400 12.600 53.300 18±9 99.1 

6/10187 71.700 2.313 Inflow 8.08 17.4 8,070 5.580 28.100 650±20 
Outflow 3.76 15.8 8.460 4.940 28.300 9.2 ± 2.4 98.6 

Average Inflow 19.8 29.9 10.850 8.890 40.590 1.181 
Outflow 18.5 27.7 10.760 9.030 40.550 9.0 99.2 

-From 7/10186 to 6/10187. I.e., 335 days. 71,700 gal of plant wastewater was treated In RSC tank. The followmg IS the estImated amount of radium removed 
and deposited on the resin: radium removed = 71.700 (3.785) (1.181-9.0) = 318.1 x H)& pCi = 318.1 ~Ci or about 0.949 ~Ci/day: estomate for year = 347 ~Ci 
tResin bed volume-4.15 cu It (31.0 gal) 
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the various components of the treatment 
plant operation. 

Aeration system. Water samples were 
collected and analyzed for radon before 
and after aeration. 

Treatment system. Samples were col
lected before and after the iron removal 
system and were analyzed for iron, man
ganese, gross alpha and gross beta 
radioactivities. and radium-226. The 
process wastewater from backwash 
operations was also analyzed on several 
occasions to determine the composition 
of the wastewater discharged to the I-E 
pond_ Parameters of primary interest in 
the wastewater were total iron, man
ganese, total solids, and radium-226. 

Ion exchange process. Water samples, 
collected before and after this unit 
process, were analyzed for iron, man
ganese, sodium, hardness, gross alpha 
radioactivity, gross beta radioactivity, 
and radium-226. Samples were collected 
on several occasions from the backwash, 
regeneration, and quick rinse water. 

RSC process. This process was moni
tored frequently to determine the effi
ciency of radium removal from the ion 
exchange process wastewater and the 
buildup of radium in the complexer resin. 
Environmental radiation monitoring of 
the area outside the RSC tank surface 
was performed to determine potential 
exposure and to relate the exposure to 
radium buildup on the complexer resin. 

I-E pond. Monitoring of radium present 
in the sand and soils at the bottom of the 
I-E pond was performed in order to 
determine the extent of radium buildup 
resulting from the disposal of plant 
wastewater that contained small 
amounts of radium. 

General monitoringof plant flow rates, 
volumes of water processed, and waste
water volumes was performed for use 
along with water quality data in deter
mining plant process efficiencies and 
plant operation and maintenance costs. 

Limited measurements of radon gas 

were conducted on site using a radon
radon da ughter detector unit. * Also, 
some samples were sent to a private 
firmt for additional radon gas analysis. 

Results 
Figure 1 shows the flow volume for 

each part of the total system operation 
for an assumed flow volume of 10,000 gal 
of raw water into the plant. The average 
water quality data for each process that 
makes up the treatment plant are also 
presented. 

Aeration. The aeration system effec
tively removed radon and carbon dioxide 
from the raw water. Carbon dioxide is 
typically reduced from about 125 to 25 
mglL in the aeration system. The reduc
tion of radon is about 85 percent, from 
about 23,000 pCi/L in the raw water to 
about 3,400 pCilL. Additional measure
ments indicate that the radon gas con
centration in the treated water from the 
main treatment plant is about 600 pCilL. 
The iron removal process removed about 
13 percent of the radium from the inflow 
to this process. This agrees with the 
results of Valentine," who reported that 
<20 percent radium is removed with iron 
removal. When the iron removal system 
was backwashed, the radium removed 
was wasted in the I-E final disposal 
pond. Based on the results of the moni
toring of the backwash water, the aver
age concentration of radium in the 
wastewater was about 60 pCilL. 

Ion exchange. The ion exchange process 
is very effective in removing radium, 
hardness, and residual iron, and in 
polishing the effluent from the iron re
moval process, as long as the ion ex
change capacity is not exceeded. The 
monitoring results generally indicate 
radium-226 levels of <3 pCilL and iron 
levels of less than the recommended 
maximum level of 0.3 mglL_ Frequent 
monitoring of the system operation indi
cates that radium breakthrough occurs 
between 40,000 and 45,000 gal, i.e., 178 

TABLE 3 
Results of environmental radiation monitoring of area around RSC tank' 

Average Environmental Radiation Radium in RSC 
Resin at Mid·Month 

Month mnm/week mrem/h pci 

November 1986 38.6 0.230 106.5 X 10' 
Decem ber 1986 13.0 0.077 132.1 x 10' 
January 1987 33.6 0200 155.1 x 10' 
February 1987 40.4 0.240 185.1 x 10' 
March 1987 48.2 0.287 239.0 x 10' 
April 1987 67.9 0.404 300.5 x 10' 
May 1987 89.8 0.535 307.8 x 10' 
June 1987 62.0 0.369 315.1 x Ill' 
July 1987 36.5 0.217 NDt 
August 1987 46.3 0.276 ND 
October 1987 41.3 0.245 ND 
Nov.-Dec. 1987 95.2 0.567 ND 
Jan.-Mar. 1988 83.3 0.4% ND 
Apr.-Jun. 1988 89.0 0.530 ND 
July-Sept. 1988 136.5 0.813 ND 

*Location of radiation monitor is 3 in. from tank surface at mid-depth of RSC resin in tank. 
tND-not determined 

to 200 resin bed volumes. The quality of 
the influent and effluent of the ion 
exchange process was generally as given 
in Table 1. 

RSCsystem. OnJuly 10, 1986, new RSC 
resin was placed in the complexer tank 
and monitoring of the flow rate and the 
water quality of the inflow and outflow 
was initiated. Table 2 presents a sum
mary of some of the results of the moni
toring from July 10, 1986, through June 
1987. The flow rate through the column 
is about 22 gpm, which is equivalent to a 
surface loading rate of about 10 gpm/sq 
ft. The RSC resin bed depth is 2 ft. 

It can be seen in Table 2 that the RSC 
resin is highly radium-selective, with 
generally >99 percent removal of radium 
from the influent wastewater. The 
average inflow and outflow water quality 
data in Table 2 indicate that iron, sodium, 
hardness, and total solids were virtually 
unchanged in passing through the resin 
bed, whereas >99 percent of the radium 
in the influent was removed and concen
trated on the RSC resin_ The total quan
tityof radium removed and concentrated 
on the resin from July 10, 1986, to June 
10,1987, is also shown in Table 2. Based 
on the operation of the plant during this 
time, the rate of radium buildup on the 
RSC resin was about 347 /lCi/year (347 
x 10· pCi/year). 

Further, it has been determined that 
the rate of radium removed from the raw 
water and permanently complexed on 
the RSC resin was about 9.6 /lCi (9.6 x 
10· pCi) per 100,000 gal of water treated 
at the plant. After a certain time of opera
tion, the RSC resin containing the ra
di urn will be removed from the RSC tank 
and replaced with new resin, and the old 
resin will be disposed of at an acceptable 
low-level radioactive waste disposal site. 
It is anticipated that the RSC resin will 
be replaced when the radium on the 

"'RDA·200. EDA Instruments Inc .. Toronto. Canada 
tLowry Engineering. Unity, Maine 

TABLE 4 
Treatment plant operating costs 

Cost of Water 
Treated-

Item $/1, ()()() gal 

Plant chemicals. e.g., alum. 
permanganate. chlorine 0.137 
Salt 0.475 

Energy costs 0.206 
RSC resin disposal 

(includes new resin) 0.088 
Total 0.906" 

·Operator cost not included 
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complexer reaches about 3.080 !lCi (3.080 
x 10" pCi). The 4 cu ft of RSC resin will 
be placed in a 55·gal drum. 3.35 cu ft of 
concrete will be added. and the entire 
drum will be transported to the disposal 
site for final and permanent disposal. 
This method of handling the radium 
waste ensures that the total radium 
content of the container to be buried will 
not exceed 10 nCi/g (10.000 pCi/g). 

Environmental radiation. Beginning in 
November 1986, environmental radiation 
monitoring near the RSC tank was can· 
ducted to determine potential exposure 
levels. Table 3 presents the results of the 
monitoring from November 1986 through 
September 1988. The estimated radium 
concentrations in the RSC resin during 
each month are also presented in Table 
3. The data in Table 3 are conservative 
in relation to the potential exposure to 
plant workers because the radiation 
monitor was located within 3 in. of the 
tank surface; it is expected. therefore, 
t hat the potential exposure to a plant 
worker would be less than is indicated in 
Table 3. 

If it is assumed that a plant worker 
spends 3.5 hours per week for an entire 
year near the RSC tank (i.e., within 3 in. 
of the tank) when the average radiation 
is 0.813 mremih (i.e .. average radiation 
for July-September 1988 from Table 3), 
then the total radiation received would 
approximate the average background 
radiation level of 150 mrem/year that 
the average person living in Colorado 
receives in one year. 

Operating costs. Plant operating costs 
have been estimated (Table 4). These 
costs are for an annual production of 
5.475 mil gal of potable water at the 
Redhill Forest treatment plant. The costs 
do not include the energy costs for 
transporting water from the deep wells 
to the treatment plant nordothey include 
operator costs. A more detailed descrip· 
tion of costs is given by Mangelson et aLI 
The costs for a system that eliminates 
the ion exchange process completely and 
in which the radium is removed by 
directly passing the raw water through 
the RSC resin bed have not been esti· 
mated. This type of system would not 
have worked in treating the raw water 
available in this study because of the 
high concentrations of iron in the well 
water. For some well waters, this one· 
process approach might be feasible and 
economical. 

Conclusions 
Studies have shown that conventional 

cation exchange resins in the sodium 
form arc effective in removing radium 
from drinking water supplies. Other 
recent studies have shown that RSC 
resin is very effective in removing radium 
from drinking water supplies and has a 
high .adsorption capacity for radium. 
Based on the 21·month study of the 
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operation of a full·scale radium removal 
system that uses both cation resins and 
the RSC resin. the followingconc1usions 
were made: 

• Consistent removal of radium in 
well water can be accomplished at a 
reasonable cost by small systems by 
means of the ion exchange process using 
standard cation resins. . 

• The RSC resin is very efficien t for 
removing radium from the regenerate 
brine from the conventional cation ex· 
change process. Radium removal exceeds 
99 percent for radium concentrations as 
high as 2,000 pC ilL in the brine waste· 
water. The average rate for radium 
removal exceeded 99 percent for the 
entire study period. 

• The use of the RSC resin for ulti· 
mate radium adsorption provides a 
workable and reasonable·cost solution 
to the waste disposal problem. 

• Gamma radiation buildup in the 
RSC does not appear to be a health 
concern. 
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FOCUS ON: EMERGING TECHNOLOGIES 

Radium removal using preformed 
hydrous manganese oxides 
This article summarizes the results of a recent project 
conducted by Richard L. Valentine. associate profes
sor of civil and environmental engineering at the 
University of Iowa. The project was supported by the 
Iowa State Water Resources Research Institute and 
the AWWA Research Foundation. Copies of the 
complete final report will be available in early 1991 
from the AWWA Research FoundatIon, 6666 W. 
Quincy Ave., Denver, CO 80235; (303) 794·7711. 

Radium in drinking water is ot concern because 
it is a suspected carcinogen. Radium tYPically is 
found in groundwater in two isotopes-Ra 226 and 
Ra228. The current federal regulatory standard limits 
total radium (Ra 226 and Ra 228) to 5 pCi/lin drinking 
water. The US Environmental Protection Agency 
(USEPA) is expected to propose new drinking water 
standards for radionuclides in January 1991 ; separate 
standards for Ra 226 and Ra 228 will be proposed 
along with standards for natural uramum, radon, 
gross alpha, and gross beta and photon eminers. 

Most notable occurrences of radium in drinking 
water have been 10 midwestem stales and in the 
Appalachian region. Systems with radium contami
nation have been faced with the need for either 
acquisition of alternative supplies or implementation 
of treatment systems to remove radium in order to 
comply with the standard. In most cases, removal 
effiCiencies ranging from 50 to 75 percent are ade
quate to bring systems into compliance. 1 

Conven1ional1echnologies costly 
Conventional radium-removal technologies include lime
sodasoftening, ione)(change,andreverseosmosis. How
ever, such technologies can be unatfordablefor many 
smaller communities, particularly with respect to initial 
capital outlays. Small water systems need a simple, 
inexpensive, and reliable method for radium removal. 

Recent batch and pilot-scale studies have shown 
that addition of preformed hydrous manganese oxides 
(HMOs) at a dosage of 1.0 mg/l as Mn prior to sand 
filtration can significantly lower radium levels. 2 3 Atthis 
dosage, the cost of treatment has been est"lmated at 
$0.05/1,000 gal with linte investment in equipment or 
plant modifications. All that is required is a conven
tional metering pump and a mixing lank 

Fun-scale testing at two small water systems in 
Jowa showed that HMO addition achieved significant 
radium removals at costs estimated to be in the range 
of$0.01--0.05/1,000gal. Because altha low cost and 
ease of implementing such a treatment process, its 
use should be evaluated whenever possible before 
more costly options are sought. 

Study sites and methods 

The two full-scale studies of HMO addition were con
ducted at the Iowa communities of West Liberty and 
Forest City, both of which rely on groundwater sup
plies, The West Liberty water system treats 0.3 mgd on 
average over a 12-hr period. Forest City's plant pro
duces 0.5 mgd on average with a maximum observed 
flow of 1.0 mgd. Radium levels at West Liberty average 
about 3.0 pCi/L of Aa 226 and about 1.0 pCilL of Ra 
228. Radium levels at Forest City average 6 pCiJL of 
Aa 226 and less than 1.0 pCi/L of Ra 228. 

Total hardness of West Liberty water was ap
proximately 325 mg/L as calcium carbonate, and iron 
content was 0.5-1.0 mg/L. The temperature and pH 
of plant effluent averaged 19"C and 7.6, respectively. 

West Liberty pumps raw water to a forced-draft 
aerator located on top of a large detention tank. Pres-

Small water systems need a 
simple, inexpensive, and 

reliable method for radium 
removal. 

sure filters comprise about 2 ft of sand. The plant was 
modified to allow dosing of HMOs either to the raw 
water priorto aeration orto the contents of the aerated 
detention tank immediately prior to fIltration. 

The Forest City treatment plant uses a treatment 
train comprising pressure aeration at raw water fol
lowed immediately by sand filtration. Forthisstudy an 
8-ft-diameter pressure filter was isolated and modi
fied to allow HMO dosing; HMOs were pumped into 
the pressure-aerated water immediately ahead of the 
filter. 
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Total hardness of Forest City water was approxi
mately 400 mglL as calcium carbonate, and Iron 
content was 0.5-1.0 mg/L. Water temperature and 
pH were 10"C and 7.2, respectively. 

Influent and etfluent samples were taken for 
radium, iron, and manganese analys·ls. Backwash 
samples were taken so thai radium mass balances 
could be perlormed. Filter medium was analyzed for 
radium, iron, and manganese content. Only Ra 226 
removal was studied because it behaves chemically 
in an identical manner as Aa 228. 

Studies at West Liberty utilized HMO dosages of 
0.2-1.0 mg/L as Mn whereas an HMO dosage 011.0 
mg/l was utilized al Forest City. 

Effect olliiter conditions 

In the course of the study it became clear that the filter 
medium at Forest City was very old with a large 
amount of deposits. Although the plant was perlorm
ing acceptably with respect to iron removal, approxi
mately half the medium was much larger than original 
specifications and medium depth was about double 
what specifications called for. Chemical analysis 
showed that about half the medium weight was acid 
dissolvable and therefore not filter sand. Iron and 
manganese concentrations were found to be high, 
and it appeared that deposits also consisted of other 
materials such as calcium carbonate. The filter me
dium at West Liberty was normal, with only 1-2 
percent being acid dissolvable. 

Radium content in Forest City's filter medium was 
estimated to be about 50-150 pCiJg, which was very 
high compared with West Liberty's reading of ap
proximately 6 pCI/g. Forest City'S high radium content 
in its filter medium is likely anributable to the poor 
condition of the medium. In contrast, HMO dosing at 
West Liberty reduced filter medium radium content to 
about 5 pCi/g. 

Radium removal 
At West Uberty. HMO doses of 0.2. 0.5. and 1.0 
mg/LasMn resulted in radiumremovalsof75, 80, and 
85 percent, respectively. However, steady-state ra
dium removals did not occur immediately following 
HMO dosing but continued to increase for four weeks 
as shown in Figure 1. Additionally, significant radium 
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Figure 1. Percent removals of Rs 226 al West Liberty with HMO dosage of 0.5 mglL. 
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removals continued tor lour weeks aher HMO doslng 
was stopped. 

At Forest City. radium removal averaged 50 
percent based on an HMO dosage of 1.0 mglL as Mn 
as shown In Figure 2; thiS value is both less than the 
expected value of about 75 percent and lower than 
the radium removal at West liberty. As at West 
Liberty. radium removal at Foresl City continued long 
after HMO dosing ceased. 

Evaluation of effluent manganese concentrations 
showed no significant increase at West Liberty, indi
cating that all added HMOs were being removed. 
However, effluent manganese was elevated at Forest 
City to approximately 0.25 mg/L as Mn when HMO 
dosing at '.0 mg/Lwas practiced, a result that is likely 
anributable to the poor filter condllion. 

As expected, radium levels m backwash waters 
..... ere elevated when influent water was dosed with 
HMOs; levels at both locatIOns ranged between 150 
and 200 pCi/L when HMO dosing was practiced. 

At West Liberty, aU removed radium appeared to 
be recovered In backwash water once steady-state 
removals were observed. On terminallDn of HMO 
dosing, radium recoveries in backwash felliar below 
emovals untit the tilter medium established equilib
lum with the raw water, as indicated by lack of radium 
amova) across the filter. 

Radium recovered In Forest City backwash greatly 
exceeded the amount removed from the influent 
when HMO dosing was practiced. Excessive recover
Ies were also observed at West Liberty prior to 
achieVing steady-stale conditions 

Conclusions 
Addition of HMOs to radium-contaminated water prior 
10 sand tittration can achieve Significant removals at 
a cost of between one and live cents per thousand 
gallons. Full-scale tests mdicate that theoretical re
movals should be obtainable under optimum condi
lions. Because of the low costs and ease of imple
mentation of the technology. it should be evaluated 
betore more costly and complex treatment options. 
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FOCUS ON: EMERGING TECHNOLOGIES 

Low-cost technology initiative 
promises help for sma)) water systems 
By David Schnare. National Low-Cost Small Systems Technology Initiative coordinator. Office of Drinking Water. US Environmental 
Protection Agency (USEPA), Washington, D.C. 

In 1988agroup afoplnlon leaders representing public 
and private sectors 01 the US drinkmg water Industry 
met to discuss industry issues at the 19905. These 
leaders believed there would be no meaningful imple
mentation of the Safe Drinking Water Act amend+ 
ments of 1986 without significantly Increased state 
budgets tordnnklng water programs and the approval 
and use of low-cost water treatment technologies for 
small water systems 

Table 1. List of initial small systems demonstration sites selected to participate 
In the Low-Cost Small Systems Technology Initiative 

Filtration 

• Neihart, Mont.-This system uses a surface water supply and experiences recurring bacteria and protozoa 
contaminatIon. 

A second group of industry and government 
leaders met in December 1988 to explore further the 
issue of low-cost technology; it was at this meeting 
that the NatIOnal Low-Cost Small Systems Technol
ogy Initiative was born. 

• Amsbury, Pa.-This system serves25residences: average flow is 6,000 gpel. Its source is an uncovered concrete 
reservoir filled by a mountain stream fed by three springs, The only treatment is with hypochlorite, and there is no 
finished water storage, 

• Santa Rosa, Calif. (Freestone WaterSystem)-This is a very small system that requires use of both surface water 
and groundwater sources. Two separate distribution systems serve 16 and 30 connections, respectively. 

Radlonuclldea 

Committees established • Uvonia, Ga. (Brinany Harbor Subdlvlsion)-This system currently serves about 100 homes with water from nine 
wells, one of which has radium l;eve's ranging from 30 to 40 pCilL. 

By the end of January 1989 an overall steering 
committee and five program committees were es
tablished; miSSion statements and chairpersons were 
identified for each. The mission of the initiative was 
defined as identifying, marketing, approving, and 
applying simple, inexpensive drinking water treatment 
technologies for use by small systems to reach full 
compliance with state and federal drinking water 
regulations. 

• Leslie, Ark.-S~rving 265 nonlnd~s1ria1 connections, this system has two wen sources, each a~faging 
20 pCVL of radium as well as fluprlde I,vela exceeding 21T)g/L and serious sulfide contamlnaliori. 

'." -
• Spicewood. Texas (Quail Creek Subclivision)-This system, with a single well source, currently serves 14 

connections with the potential to-serve 55. It cannot grow untli radium contamination is controlled. 

Fluoride 

• Circle, Mont.-This groundwater system has fluoride levels exCeeding ~Ialory standards. 
.r .' 

The steering committee was charged with iden
tifying areas m which specific action agendas could 
be developed, promoting involvement of appropriate 
individuals and organizations, reviewing progress, 
and enhancing application of innovative technologies 
developed under the initiative. Program committees 
were established to evaluate the following five topics: 
technology development, technical plan review, 
market definition, financmg, and alternative solutions 

• VaUey View Water Association. Mont-This system has fluoride problems and was selected because of its 
potential for application of point-of-use or point-of-entry technology. State approval otthisdemonstration site has 
been temporarily delayed. '. 

Nitrat'!l 

• South San Bernardino, Calif.-This groundwater system has both nitrate and DBCP contamination; the initial 
demonstration project will focus on a nitrate·laden well. 

• Pleasant Valley, Ohio-This ni1rate-contaminated system replaces West Milton, Ohio, as a demonstration site. 

Consensus to breach barriers 
The publiClpfivate partnership convened again In 
March 1989 to review action plans developed by each 
program committee. From the meeting emerged a 
clear consensus that initiative participants would work 
to breach all barners to approval and use of low-cost 
technologies for small systems. 

A major element of the meeting was the presen
tation by the Technology Development Subcommit· 
tee, chaired by Donald Mahlstedt, retired vice presi
dent of Culligan International Inc., of a plan to 
implement several full-scale. year-long demonstra
tion projects of low-cost technologies. The intent of 
the plan was to allow selected small systems an 
opportunity to attempt to mitigate their specific water 
quality problems using innovative. low-cost treatment 
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systems supplied at no cost to the utility by equipment 
manufacturers. Participating utilities would be re
sponsible for systems operation and maintenance 
costs after completion of demonstration projects. 

Targeted contaminants and compliance param
eters forthedemonstration projects included nitrates, 
volatile organic contaminants (VQCs), surface water 
treatment, radon, corrosion control, and disinfection. 
Treatment technologies for such projects were to cost 
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ASDWA, has distributed a questionnaire to state 
officials seeking data on how state review require
ments can better accommodate more economical 
and efficient small systems. 

Solution outlined 
The work of the Low-Cost Small Systems Technology 
Initiative will be done when a small water system need 
make only one phone call to initiate a process Ihat 
results in the installation of a reasonably priced water 
treatment system that ensures regulatory compli
ance. There are three principal objectives Ihat must 
be achieved before this can happen. 

First, states must adapt to changing times. Pro
gressive states are now evaluating water treatment 
proposals in the context of engineering efficacy rather 
than through application of hard technical process 
criteria. These states are requiring their state engi
neers to seek performance agreements on technolo
gies with which they are unfamiliar. When states give 
low-cost technologies a chance to work, the problem 
of small systems noncompliance will be one-third 
solved. 

Secondly, only when there is a standing body of 
information on the applicability of low-cost small sys
tem technologies available to states, engineers, wa
ter system owners and managers, and the public will 
there be a basis for confidence In these technical 
solutions. Ease of access through human and elec
tronic means that are available to all who need the 
information will ensure Identification of technical so
lutions in a timely and effective manner. Developing 
such a database and making such information readily 
available will solve another third of the problem 

Thirdly, the small systems compliance problem 
will be fully solved when there is a comprehensive 
network allowing sharing of resources and through 
which states, engineers, equipment manufacturers 
and distributors, water supply operators, and the 
public successfully cooperate to identify, acquire, and 
install technical and management solutions appropri
ate to and affordable by small systems_It can happen 
within five years. 

Future considerations 
Solving the small system noncompliance problem 
can be likened to hammering a large nail through hard 
maple-it takes many hammer blowS, each of which 
advances the nail bit by bit. Several years ago the 
AWWA Research Foundation tunded a study on the 
barriers to implementation of innovative technolo
gies. At that time it was recognized that states would 
have to alter their institutions before routine approval 
of low-cost technologies would be realized. 

3. Warm Water Gril SDray 

January/February 1991 

More lately, the near-term regulatory pressure to 
approve filtration devices for small surtace water 
systems is leading states such as New York to change 
significantly their approach to these technologies. 
Even with the completion of the study on states' 
current processes tor reviewing and approving treat
ment plans, there remains a great distance to go 
before approval of established low-cost technologies 
for small systems will be seen. 

There will likely have to be pilot projects In every 
state before all states change their routines. Imple
menting such pilot projects will improve understand
ing of which adjustments in state review processes 
will work best. After three to five years, enough 
information will be on hand to allow states to select 
alternatives that best meet their needs 

These pilot projects will have to show how cost 
effiCIencies can result as well as which application 
forms, data-sharing activities, and accesses to data 
networks are most effective. Industry volunteers and 
equipment manutacturers and suppliers are needed 
to pioneer this new territory_ 

For example, the procurement practices of small 
systems need aMenflon. The cost of a typical procure
ment is greater than the cost of the engineering 
solution under current practices. Privately held water 
companies have a great deal of experience in effective 
procurement. and the United States can learn from 
European and Asian procurement practices. 

The data base of technological successes must 
grow as well. The initial low·cost technology dem
onstration projects will form only a small part of the 
eventual data base. These projects could result in 
dozens or perhaps hundreds of case studies docu
menting the applicability of these technologies. All 
such studies will have to be readily accessible and 
understandable. Development of storage and retrieval 
systems, with adequate protection of confidential 
business information, must be piloted immediately. 

Approaches to ensur·lng appropriate or adequate 
quality control over data will have to be examined and 
tested_ Alternative approaches using electronic bulle
tin boards, hard-copy files, facsimile transmission. 
and mail must be evaluated for efficacy, cost effi
ciency, and financial viability. 

Finally, a vigorous, self-sustain·lng community 
partnership must be established. Data sharing, jOint 
problem solving, testing of new technologies, and 
recording each success story is the only way the 
water supply community can realize a potential that is 
greater than the sum of its parts. Establishing such a 
cooperative enhances the marketplace's ability to pro
vide solutions to water systems in need of them. • 
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Radium-Removal Efficiencies in 
Water-Treatment Processes 

William L. Brinck, R.J. Schliekelman, Dorothy L. 
Bennett, Charles R. Bel/, and Ira M. Markwood 

Studl •• of radium removal by varlou. treatment proc ••••• Indlcat. that the m.an. 
do .xl.t to meet the 5-pCIII limit tor radium In drinking wat.r. 

Naturally occuring radium·226 is 
found in numerous well waters. The EPA 
published interim regulations on Jul. 9. 
1976. that limit the concentration of 
radio nuclides in public water systems.' 
Methods for removing radium had to be 
identified so that drinking-water treat
ment plants could be designed to meet 
the limit of 5 pCill for combined radium-
226 and radium-228. 

Studies were performed by two state 
agencies. under EPA contracts. at four
teen cities in Iowa and Illinois to deter
mine the radium-removal efficiency of 
four water-treatment processes-reverse 
osmosis. aeration and iron removal. 
sodium cation exchange. and Iime-soda
ash softening.'" This work was supple
mented by a study at the w~ter-treatment 
pilot plant located in the EPA's Cincin
nati laboratory. 

Description of Study 
Water supplies were selected for the 

study on the basis of (1) high raw water 
gross alpha or radium-266 content (thir
teen of the fourteen supplies had radium-
266 concentrations greater than 5 pCi/1 
in raw water). (2) a variety of water-

- treatment processes. (3) availability for 
continuous operation during the study. 
and (4) a range of municipal populations 
served. A list of the cities included in the 

_ study and some pertinent characteristics 
are shown in Table 1. 

Samples were collected from raw 
water supply wells and from points 

._ where treated water entered the distribu
tion system. In addition. treatment 
systems in Iowa and at Herscher •. Ill .. 
were sampled at various points through-

___ out the treatment processes to determine 
changes and removals of radium and 
other pertinent chemical parameters. 
Flows and other data were obtained to 
determine whether plants were meeting 

- design rates and to provide data for 
determining a material balance of 
radium-226 removals. 

A significant difference between the 
- two states' efforts was that. in Iowa. each 

treatment system was sampled over the 
course of an operating cycle with 
numerous samples taken throughout the 

- process. whereas in lIIilllOis each system 
was sampled on each of three separate 
occasions at approximately one-week 
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intervals. Thus. the results from Iowa 
give a detailed picture of system opera
tion. while the results from Illinois give 
an indication of the variation of oper
ating characteristics over a period of 
three weeks. Samples of well water 
generally were collected near the begin
ning of a pumping period and following 
longer pumping times to determine any 
time-related variability;!' radium. hard
ness. and other chemical parameters 
during pumping. 

Radium-226 analyses were performed 
in Iowa at the Iowa State Hygienic Lab. 
using coprecipitation with mixed barium 
and lead sulfates in accordance with 
Standard Method ASTM D 2460-70. illi
nois radium-226 analyses were per
formed by the Argonne Natl. Lab. using 
the radon-emanation method. Some sam- . 
pIes were collected in duplicate for 
intra laboratory collaborative testing to 
check the accuracy of the radium-266 
analysis. Typical overall preciSion of the 
radium analyses was approximately ± 10 
per cent above 1.0 pCi/1 and ± 0.1 pCill 
below 1.0 pCi/1 for the Iowa analyses. 
The standard deviation of the Illinois 
analyses was less than 10 per cent at all 
concentrations. 

The pilot plant in Cincinnati was used 
to investigate the removal of radium-226 
under ideal conditions of lime softening 
at two different pH levels. 9.5 and 10.6. 
The raw water was brought to Cincinnati 
by truck from the Slade. Ave. plant in 
Elgin. Ill. Collected were samples of raw 
water. treated water. and water at two 
points in the treatment process; these 
were analyzed using the radon-emana
tion procedure by EPA in Cincinnati. 

Results 
R_ra. oamoal •. In the reverse osmosis 

demineralizing process. high hardness 
water is pressurized and piped into a 
reverse osmosis unit where relatively 
pure water diffuses through the semi
permeable membrane and becomes the 
product water. leaving a concentrated 
reject water. The much greater rejection 
of divalent ions. such as calcium. magne
sium. radium. and sulfate. than of the 
monovalent ions. sodium and chlorine. is 
characteristic of essentially all reverse 
osmosis membranes. 

The usual water supply for Greenfield. 
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Iowa. is an impoundment of surface 
water. A reserve source of water from a 
deep well is used during periods of 
drought. The brackish well water. with a 
total solids content of more than 2200 
mg/l. is treated in a reverse osmosis unit 
installed in 1971. A description of the 
plant and discussion of operating results 
was published in 1972.' Raw. product. 
and reject water samples were co!lected 
and analyzed for radium-226 and other 
chemical constituents; the results are 
shown in Table 2. The average radium-
226 concentration in the reject water was 
43 pCill. where 31 per cent of the 
influent water was rejected and 69 per 
cent was converted to low hardness 
product water. 

Iron and mangan ... remo"al. The pre
sence of iron and manganese in drinking 
water is objectionable primarily because 
of taste. and the precipitation of these 
metals turns the water a· turbid yellow
brown color. The treatment processes 
employed in the removal or control of 
iron and manganese include: 

1. Precipitation and filtration by aera
tion. detention (or sedimentation). and 
filtration or by oxidation by potassium 
permanganate. chlorine. or chlorine 
dioxide 

2. Ion exchange with a continuously 
regenerated permanganate greensand fil
ter 

Iron and manganese removal is uti
lized in some form of pretreatment at 
five ion-exchange softening plants and 
as the only removal process at two other 
plants selected for study (Table 3). 

A tabulation of radium removal. iron 
removal. manganese removal. and pH 
(Table 4) suggests that radium-226 is 
being removed on the manganese. just as 
manganese-impregnated fibers have 
been reported to remove radium.' There 
are radium-226 removals of 46-56 per 
cent when there is a Significant manga
nese removal. Fair et a!." note that "Hy
drous oxides of Fe (III) and Mn (IV) have 
high sorption capacities for bivalent 
metal ions .... Sorption capacities for 
Mn" at pH 8 are on the order of 1.0 and 
0.3 mole of Mn (II) sorbed per mole of 
MnO, and Fe(OH),. respectively." Al
though this may explain the removal of 
radium at these plants. further studies 
are required to confirm this theory. 
Radium concentrations in the iron filter
backwash water were as high as 250 pCi/ 
I. 
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TABLE 1 

Cities Included in Radium-Removal Studies 

Plant R.-2Z6 
Type of Popullhon Capacity Raw Waler 

City Treatment Served m'/doy pCilI Rematktl 

Greenfield. Iowa ft'Vl!ne OImO&ia 2.212 .10 1_ 
Adair. Iowa iron removal 7SO 3110 13 leHition and continuoully 

repRe-rated lteenund 
filters 

Stuart. low. iron removal 1354 530 Ie aeration and preuure Iron· 
removal flUtation 

Dwight Correctional ion exchanae Z35 110 3.3 
Center. m. 

FJdon. lowl ion exchlnae 1319 3110 
_. 

ElthervlUe. JOWl! ion axdun .. 1100 3300 5.7 
GrinneU. lowl iDa axchanp .4112 3790 1.7 
Herscher. III. ion exchange lmo 3110 14.3 
Holstein. Iowa 100 nchanp 1 ... ... 13 
Lynwood. Ill. ion excha. 4mo ..., 14.7 
Elgin. ilL lime-lOdtt· •• h zsmo lemo 5 .• 

IOfte-nlD8 
Penl.lll. Iime-lOda-ub 12400 0'" 1.0 

tofte-nlftl 
Webster Cily. low. lime-lOd.· •• h .... 5mo 7 .• 

IOfteluq 
West Des Moine&. Iowa Iime-lOd.· •• h 16~1 9730 0.3 

IOfte-Rlng 

TABLE 3 
Radium-226 and Iron Removals at Water-Treatment Plants Using Iron- and Manganese

Removal Processes 

R.-226 Iron 

Amount Amount 
in Sample Removal in Sample Removal 

City ......... Filter Type Slmpliq Point pCitl per cent mi,l per cenl 

AdOlir. Iowa iron and manlaRe.e gtnnaand well 13 - 1.1 -
removal filter effluent • 38 o.oz .. 

Stuan. Iowa iron and manRanne coal filter well I" - 0." -
removal media fiUlP.r effluent I' zs 0.03 07 

Eldon. Iowa ion-exchanle coal filter well 
_. - '.0 -

pretreatment .media filter effluent 
_. 

12 0.3 as 
Estherville. Iowa ion-exchanle coal filter well 5.7 - '.0 -

pretreatment media filter effluent '.1 11 0.67 .. 
Grinnell. Iowa ion-exchaftJle none well 6.7 - 0.71 -

pretreatment detenhon effluent 5.7 15 0.41 
_. 

HenK:her. JII. ion-exchanJe coal'lIter well 14.4 - 0.1 -
pretrealment media filter effluent 6.7 53 0.0 -

Holstein. Iowa ion-excnange coal Alter well 13 - 1.8 -
pntreatment media filter effluent 7.2 -. 0." 07 

TABLE 4 

TABLE 2 
Radium-226 and Hardness Removals 
at Greenfield. Iowa. Reverse Osmosis 

Water-Treatment Plant 

Ro-2311 Hardne.. 

- Amount -... in Sample 
Salllpli .. iIII Sample Removal mill as Removal 

Point pCill per cent CoCo, per cenl 

WelllUpply 1_ - 610 -
PiIIDt 0.. .. 211 OS 

.Ildeat 

. 

o 

~.:---------------~,=o----------------7· - ... 
fig. 1. Radium Removal vs SOftening pH 

• 

Conventional treatment is suitable for radium 
removal. 

I 
I 

I 
~I 

I 
I 

Radium-226. Iron. and Manganese Removals by Iron- and Manganese-Removal Processes 

I JIo.Z211 Iron MaRlaDete 

Raw Treated Row Trnted Raw Treated 
Raw Waler Water waler Removal Water Water Removal Water Waler Removal 

City pH pCit, pCitJ per cenl mill mil' pM cenl mIll mIll per cent 

Adair. Iowa 8.7-8.9 " 8 .. 1.1 0.02 III 0.01 0.01 -
fldoD. Iowa 7 .. _S 43 12 %.0 0 .• BS 0.01 0.01 - I 
&tberville. Iowa 7.7 5.7 5.1 11 %.0 0.67 III 0.24 0.27 -
Grianell. Iowa 7 .• ..7 5.7 15 0.7 0.41 42 0.01 0.01 -
Hancher, W. 7 ....... 14.8 "" 56 0.. 0 - 0.47 0.02 .. 

7 ....... 14.5 .. - 56 0._ 0 - 0._1 0.01 .. 
7.6-1.3 14.9 e.s 54 0.1 0 - 0. .. 0.01 .. 
7.&-8.3 14.3 I.S 52 0.1 0 - 0. .. 0 100 

I 
7.e..e.3 14.0 6." 01 0.1 0 - 0._' 0 100 
7.8-&.3 13.9 I .• 51 0.1 0 - 0.83 0 1111 
7.8-&.3 13.11 7.3 _7 0.% 0.1 - 0. .. 0.13 10 
7.6-&.3 14.1 III .. 0.1 0 - 0.53 0.02 .. 
7 ...... 3 14.3 .. 5 .. 0.1 0 - o.SO 0 1111 

Holstein. Iowa 7.4-7.8 13 7 .. 1.1 0. .. .. 0.15 0.01 93 
I 

Stuart. low. 1.8-7.11 Ie 12 os 0. .. .... 07 0.01 0.01 -

I 
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TABLE 5 
Radium-226 and Hardness Removals at Water-Treatment Plants Using lon-Exchange 

Processes 

Ra-226 Hardness 

Amount Amount 
in Sample Removal in Sample Removal 

City Softener Type Sampling Point pCi/1 Pftr cent mgt! per cent 

Dwight Correctional If'Hn .. nd well 3.25 - 286 -
Center. III. softener effluent 0.36 .. 43 85 

distribution system 0.85 - .7 -
Eldon. Iowa zeolite soflener Infiuent 43 - 360 -

.aftener emuenl I .• 96 10 97 
distribution system ... - 136 -

Estherville. Iowa zeoli.Ce softener inRuen! '.1 - 9" -
soflener effluent 0.3 .. .. go 
distribution system 0.' - 78 -

Grinnell. Iowa ceolite softener innuen! 5.7 - 367 -
softener effluent 0.2 97 11 .7 
distribution system I.' - 120 -

Herscher. m. zeolite softener inRuen! 6.7 - 404 -
softener emllen! 1.3 81 83 79 
distribution system 2.' - 141 -

Holstein. Iowa zeolite IOftener inRueRt 7.2 - 885 -
softener effluent 0.' .3 18 .. 
distribution system 0.8 - 346 -

Lynwood. III. zeolite well 14.7 - ... -
softener effluent 0.. 97 - -
distribution system l.B - 78 -

TABLE 6 
Radium-226 and Hardness Removals at Water-Treatment Plants Using Lime-Soda-Ash 

Softening 

Ra·'" HardneS5 

Amount in Amount 
Sample Removal in s..mple Remonl pH of 

City SIImplins Point 

Elgin. 111. well 
flter emuent 

Peru. Ul. well 
61ter effluent 

Webster City. Jowa well 
(Aug. 1974) cleri.fier 1 effluent 

clarifier 2 effluent 
filter effluent 

Webster City. Iowa weU 
(Feb. 1975) clarifier effluent 

IUter effluent 
West Dfl Momes. Iowa well 

contact unit effluent 
filter effluent 

It was noted at several supplies that 
there was Significant reduction in ra
dium-226 content after aeration and 
detention alone before the water was 
filtered. Further studies are required to 
fully understand this phenomenon. 

Sodium calion exchange. Water soft
ening by the sodium-cation-exchange 
(zeolite) process depends upon the abili
ty of certain substances to exchange 
cations with other cations dissolved in 
water. When hard water is passed 
through a sodium cation exchanger. the 
calcium and magnesium in the hard 
water replace the sodium on the 
exchange medium. Because the reaction 
is reversible. after all of the readily 
replaceable sodium has been exchanged. 
the cation exchange medium can be 
regenerated with a IIOlution of sodium 
chloride. In the regeneration process. the 
calcium and magnesium on the ex-

JANUARY 1978 

pCi/1 per cent ... /1 per cent p ...... 

5 .• - 237 - -
0.8 .. 102 57 -
.. 8 - 326 - -
1.1 81 .. 71 -
8.1 - 507 - -
I .• - 333 - 10.0 ... - 282 - 10.1 
0 .• BS 282 .. 8.3 
7.8 - ... - -
0.. - 150 - 11.0 
0.3 96 106 79 8.9 
9.3 - 376 - -
2 .• - 215 - 10.1-10.4 
2.' 75 190 50 9.4-9.S 

. 

hausted cation exchanger are replaced 
with a fresh supply of sodium from the 
regenerating brine solution. Then. after 
washing to free it from the calcium and 
magnesium cations and excess salt. the 
regenerated exchanger is ready to soften 
a new supply of hard water. The ion
exchange media studied included both 
naturally occurring greensand and syn
thetic polystyrene resins (zeolite). 

lon-exchange softening removes near
ly 100 per cent of the hardness from the 
treated water. Consequently. unsoftened 
water is blended with the ion-exchange
softener emuent to provid" sufficient 
calcium carbonate for deposition of a 
protective coating on the water mains 
and to reduce treatment costs. Thus. the 
water entering the distribution system 
usually has a greater radium concentra
tion than that leaving the softener. The 
radium concentration in raw water could 

be the controlling factor in the amount of 
blending that would be permitted in 
order to meet the radium limit in 
drinking water. 

The results of the measurements at 
ion-exchange-process water-treatment 
plants are shown in Table 5. The data 
shown from the plants in Illinois were 
the averages _ of nine separate data 
points. Ranges in the per cent reduction 
of radium-226 through softeners at the 
three cities were 70.7-96.3 at Dwight. 
66.4-93.9 at Herscher and. 94.7-96.2 at 
Lynwood. 

It was determined that the removals 
vary somewhat during a softener cycle 
between regenerations. Radium-226 re
moval usually continues for a short 
period after hardness breakthrough 
occurs. If the cycle continues for a longer 
period after hardness breakthrough. 
however. radium-226 removal drops rap
idly. 

Samples of softener brine and rinse 
emuent during regeneration were taken 
at various times during the regeneration 
cycle. Regeneration normally requires 
1-2 hr. It was found that the major 
portion of the radium-226 leaves the ion
exchange media over a rather short peri
od-10-30 min. Maximum radium-226 
concentrations in the softener brine and 
rinse emuents ranged from 320 to 3500 
pCi/!. 

Ltme-soda-ash softening. This process 
of softening depends on the use of lime 
and soda ash to change the soluble 
calcium and magnesium compounds into 
nearly insoluble compounds that are 
flocculated. settled. and filtered. Condi
tions for carrying out the precipitation of 
calcium and magnesium vary because 
different pH levels are needed for 
each-about pH 9.5 for maximum precip
itation of calcium carbonate and pH 10.5 
for maxium precipitation of magnesium 
hydroxide. Thus. if the magnesium 
concentration is low. treatment to a pH 
of 9.5 will be sufficient. If the magnesium 
concentration is high. excess lime. to 
produce a pH of 10.5. can be used. A 
more economical treatment is to raise the 
pH to 10.5 to precipitate the magnesium 
in a primary basin. then recarbonate 
with carbon dioxide to pH 9.6 to precip
itate excess calcium in a secondary 
basin. 

Normally. soda ash is added as needed 
to precipitate noncarbonate hardness. 
but because of a soda ash shortage. the 
West Des Moines plant was using only a 
small quantity. The Webster City plant 
was using lime only during the Aug. 1974 
measurements but was using soda ash 
during the Feb. 1975 restudy. 

Results of measurements obtained at 
water-treatment plants using lime-soda
ash softening are shown in Table 6. That 
the pH of the softening process is a 
parameter that controls radium removal. 
at least for water containing both 
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~--------------~, TABLE 7 
Radium Measured in Lime Sludge and 

FiJter Backwash in Four Woter-Treatment 
Plants 

Ra-2211o 
b-Z2Il PUter Backwuh 

City III Lime Sludie pCilI 

m,; .. Ill. 
....... Ill. 
W"er City. Iowa 
w ... Da MaiD .. la .. 

&'1 pCUI 
1.0 pCi/. 
.., pC'" 

Z3GD pCill 

.... ... 
III ... 

TABLE 8 
Radium-226 Removal in EPA Lime-Softening Pilot Plant Using Elgin. m .. Water Softened 

to pH 9.4-9.5 

Alii. 6. 1975 A.q. 1, lIrn AUI_ II. 1915 "'"erase 
Coneen- CoDCeD· ColleeD- Concen-

Step in W~'er· nUon Remo .... 1 tratiOD Removel tralion R.mo .... l lralion Removal 
Treltment Procesa pC'" ~r cent pCill per cenl pClII per cent pCill per cent 

Row ".1' - 3." - "'7 - 4.34 ± 0.48 -
Settled '.03 73.' 0.94 .... 0 ... '$.0 0.18 ± D.lfl 19.1 ::r: 5 .• 
Dual media fiJler 0.711 11.1 .... .... 0.81 17." o.ea ± 0.08 84.0 ± 3.2 
Activated cubon IUter 0.71 .... .... .... 0.85 ... 0.17 ± 0.01 14.3:t 1.3 

TABLE 9 
Radium-226 Removol in EPA Lime-Softening Pilot Plant Using Elgin. m .. Water Softened 

to pH 10.6. Recarbonoted to pH 8.6 

Alii. 20. 1m 

Step in Weter- Coac:entntioa ....... 1 
Tr.almll!nt ProCell pClII per cent 

Raw 4.,. -
Firat M!ttlilll buin 0.37 • 2.4 
Rec:arbonahon settliDl buill 0.33 13.' 
Du.1 medii! &11., 0.30 13.7 
Activated carbon mt.r 0. •• ... 2 

calcium and magnesium. is demon
strated in Table 6 and in Fig. 1. The least 
squares fit for a straight line through the 
data points of Fig. 1 indicates that the 
radium-removal percentages increased 
as the pH of the process increased. 

The data shown from the plants in 
Illinois are the averages of three separate 
data points. taken at approximate one
week intervals. Ranges in the per cent 
reduction of radium-226 at the two cities 
were 66.0-89.9 in Elgin and 70.6-92.4 in 
Peru. 

Samples of lime sludge and filter back
wash water were collected also. The 
results are shown in Table 7. 

Pilot plant. The EPA Munic. Envir. Res. 
Lab .. Cincinnati. Ohio. operates a con
ventional coagulation water-treatment 
pilot plant.' The pilot plant. designed for 
Hexibility in operation. is capable of 
treating in parallel two 7.6-lImin streams 
of water. 

The two treatment systems each con
sist of two rapid mix tanks (in series). 
Hocculation basin. sedimentation basin. 
and one or more l'ilters (in parallel). The 
theoretical detention times for the mix 
tanks. flocculation basins. and sedimen-

34 WATER TECHNOLOGY IQUALITY 

"' .... %1. 1115 A ...... 

CoDQIDtrlltiOD RelDov.l CollC8otration Removal 
pCUI per cent pClII per cenl 

.... - 4.&2 :t 0.19 -.... 12.0 a.a:t: 0.02 111.2 :t: 0.3 .... .... 0.35 :t 0.02 lUI :.t: 0 .• 
o.3Il .... 0.30 ± 0.00 .. I :t: 0.1 
o.za 94.' 0.13 ::t 0.07 115..2:t:U 

talion basins are 1 min. 60 min. and 6.5 hr 
respecti vely. 

The water to be treated is pumped to 
the first rapid mix tank. Normally. the 
pH control chemical is added in the first 
mixing tank and coagulant introduced in 
the second tank. From the mixing tanks. 
the water flows by gravity through the 
flocculation and settling basins to the 
filters. which consist of 10.8-cm diameter 
clear plastic cylinders providing 93 cm' 
of media-surface area. A pump on the 
effluent side of each filter controls the 
flow rate through the filter with the 
excess water wasted through an over
flow located about 1 m (several feet) 
above the filter media. For the radium
removal studies. two parallel filters were 
used. One was a dual media filter 
containing 50.8 cm of No. 1 ~ anthracite 
filter media· over 30.5 cm of O.4-mm 
effective size sand.t The other filter 
consisted of 76.2 cm of granular acti
vated carbon.t The filtration rate was 
controlled at 163 IImin/m'. 

eAnthrafilt. Shamokin Filter Co •. Shamokin. Pa. 
tMuacaltne .. nd. Northern Crnel Co .. Muscallne. Iowa. 
Vi!leNOrb zoo. Calton Corp .• PlttsburJh. Pa. 

, 
~ 

-- TABLE 10 
Radium-228 Removal E/liciencies in Water

Treatmllnt Processes 

Remonl-
Clty per cenl 

CreeDfield. (owa .. 
Adalr. Iowa 31 
Eldon. Iowa U 
Eatberville. Iowa 11 
CriDDeIl. Iowa 15 
Hencher.lI1. 53 
Halltem. Iowa •• 
Swart. Iowa .. 

IoaExcha ... nWllht Correctional .. 
CeDler. Ill. 

Eldon. Iowa .. 
Ealbenrille. Iowa 94 
Grinnell. Iowa !11 
Herscher. m. 8' 
Holstein. Iowa .. 
Lynwood. In. !11 
Elain. III. .. 
....... m. •• 
Wate' Cily. Iowa. pH 11.0 .. 
Welt Det MaiD". Iowa. pH 73 

.0.. 
Cincinnati Pilot Plant. pH 9.5 .. 
CDCinDllti. Pilot Plant. pH .. 

10 .• 

The plant has instrumentation to 
record pH of the raw. flocculated. set
tled. and filtered water: turbidity and 
temperature of the raw. settled. and 
filtered water: head loss in the filters: 
and volumes of raw and filtered water 
pumped. 

Two test runs in Aug. 1975 were made 
to determine the removal of radium-226 
from Elgin. Ill.. raw water by lime soften
ing. The tests lasted about 100 hr each 
and were run at pH 9.5 and 10.5. The raw 
water was trucked from the Elgin Slade 
Ave. treatment plant to Cincinnati. 
Ohio. 

For the first test run. lime at 220 mgll 
was fed into the second rapid mix tank to 
increase the pH to 9.5. Commercial grade 
lime was used and fed as a 4 per cent 
slurry. The water then was flocculated. 
settled. and filtered. 

Duplicate 1-1 grab samples of the raw. 
settled. and filtered water were collected 
three times during the test period. The 
settled and filtered samples were col
lected about 7 hr after the raw sample. 
the approximate time required for the 
water to flow through the flocculation 
and settling basins. All samples were 
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preserved with 1,5 ml of nitric acid. 
The pilot plant was operated in a 

slightly different manner during the 
second test run. For this test, 270 mg/I of 
lime was added to increase the pH to 
10.6, After settling, the treated water was 
pumped through the other treatment 
system where the water was recarbon
ated to lower the pH to 8.6, settled for a 
second time, and then filtered. Grab 
samples were collected also of the raw, 
settled, and filtered water. Water sam
ples from the first settling basin were 
collected about 7 hr after the raw sample. 
Water samples from the second settling 
basin and filters were collected about 14 
hr after the raw sample. 

Results of the two tests indicated that 
pH affects the removal of radium-226 
(Table 8.9). Lime softening at pH 9.5 
resulted in removals of 79 per cent for 
settled water and 84 per cent for filtered 
water. Excess lime softening to pH to.6. 
achieved 92-93 per cent removals in the 
settled water and 93-95 per cent in the 
filtered water. Little or no difference in 
removals were noted between the two 
types of filters-indicating that the 
carbon filter did not achieve any addi
tional removal by adsorption. 

Conclusions 
A study to determine the efficiency of 

radium removal by conventional water
treatment processes indicates that re
verse osmosis, ion-exchange, and 
lime-soda·ash softening are effective in 
removing the major portion of the 
radium from the water. High radium 
water was associated primarily with 
deep sandstone formations. The raw 
water radium concentrations ranged 
from 3 to 49 pCi/1 at the water-treatment 
plants studied. The radium-removal effi
ciencies of four water-treatment pro
cesses are shown in Table 10. 

Overall removal of radium at a reverse 
osmosis plant was 96 per ce,lt as 
compared with a concurrent hardness 
removal of 95 per cent and a product 
water recovery of 69 per cent. 

Radium-226 removals in the sodium
cation-exchange process were generally 
above 90 per cent. with the exception of 
Herscher. III.. where an 81 per cent 
removal was noted. At the latter plant. 
about 53 per cent of the radium-226 was 
removed in the aeration. settling. and 
filtering preprocessing before the ion
exchange step. The data indicate that 
radium removal continues for a time 
after the hardness-removal capacity is 
exhausted; thus. a simple analysis for 
hardness may be used as an indicator 
when operating the plant for radium 
removal. In all of the ion-exchange
softener installations, 6-25 per cent 
unsoftened water was bypassed around 
the softener and blended with the 
finished water being pumped to the 
distribution system to provide sufficient 
calcium carbonate for deposition of a 
protective coating on the water mains of 
the system. 

Overall removal of radium-226 by 
softening and filtering at lime-sod a-ash 
softening plants can reach 95 per cent, 
dependent primarily on the pH of the 
process. Variations in radium removals 
also may depend on chemical dosage. 
magnesium removal, noncarbonate hard
ness removal. and filtration efficiency. 
Most of the removal efficiencies were 
found to fall within the range of 75-96 
per cent. 

Radium-226 extraction through iron· 
removal units varied from 11 per cent to 
53 per cent using aeration, detention. and 
filtration. The manner of radium remov
al is possibly adsorption or catalytic 
action by the oxidation products [FE (Ill) 
and Mn (IV)] deposited on the filter 
media. 

Relatively high concentrations of ra
dium in wastewaters and sludges must 
be considered in determining the final 
disposal of these wastes. Currently. such 
wastes generally are discharged to 
watercourses. An exception is the dis
charge of lime sludge to evaporation 
lagoons in most instances. These prac
tices may not be acceptable for the safe 

A Waterborne Outbreak of Giardiasis 
in Camas, Wash. 

J. C. Kirner, J. D. Littler, and L. A. Angelo 

An account 01 the Investigation launched In the wake 01 an outbreak of giardiasis 
reveals how and why the outbreak occurred and describes the steps taken to 
prevent a reoccurrence. 

In late April and early May of 1976, 
local physicia,ps in Camas. Wash .. 
reported the occurrence of approximate
ly 25 cases of giardiasis during a 2-3 

JANUARY 1978 

week period. Subsequently. an investiga
tion was launched by local, state, and 
federal health officials. 

The results of the investigation re-

0003-150X /781 01 00-0035$01 .00 
Cl i78 Amane.n Water Won; Association 

disposal of radioactive wastes. Addi
tional research is needed to determine 
the most effective methods of waste 
disposal. 
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vealed new areas of concern for the 
water-utility industry. The disease-caus
ing organism was identified in the 
infected individuals and traced back 
through the water system to infected 
beavers active in the watershed. This 
was the first substantiated case of wild 
animals contaminating a human popula-
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tant because all of the impurIties are 
removed in the filter. and the retention 
penod ahead of the filter media is short. 
At a filter rate of H. mml s (5 gpm/sq.ft) 
in a filter with a water depth 2.4 m (8 ft) 
over the media. the water is in the filter 
only 12 min before reaching the media. 
Depending on the coagulatIon time. the 
total time ahead of the media may only 
be 20-30 min. 

In order to produce' the maximum 
quantity of high quality filtered water 
with the minimum use of wash water. 
several factors must be considered. For 
filter production the hours of opera
tion-multiplied by filtration rate and 
divided by the terminal head loss across 
the media-give a useful parameter for 
evaluating the operation of a particular 
media design. In order to achieve the 
optimum efficiency for a given plant. 
chemical application and mixing must be 
adjusted appropriately to accommodate 
variations in the raw water quality. 

Where a major water supply is made 
up of more than one body of water in 
different watersheds or where different 
intakes exist. it is often necessary and 
always advantageous to continuously 
monitor the turbidity of the individual 
supplies. so that the treatment process 
can be designed for optimum efficiency. 
It is often possible to dilute tbe waters of 
a more turbid body of water with cleaner 
waters from other sources of supply. 

Turbidity monitoring should be car
ried out at several points in the plant. 
with the raw water and filtrate being the 
normal minimum. Other points would be 
after coagulation. at the interface be
tween the sand and coal of tbe filter. and 
at the point where water leaves tbe 
treated water storage and enters tbe dis
tribution system. 

Most physical and chemical analyses 
of the water can be carried out on a 
continuous basis. Free ammonia cannot 
be analyzed accurately and reliably 
except by laboratory samples. Where 
raw water supplies have free ammonia 
levels approaching 0.2 mgl L and where 
retention times are too short for labora
tory analysis of samples. it may be neces
sary to superchlorinate above the break
point in order to ensure that a free 
residual is present. 

V8rielllee to lie monltoNcl. The raw 
water and in-plant monitoring needed 
will vary with the water quality and 
plant design. All plants should monitor 
turbidity. temperature. pH. and bacterial 
content of tbe raw water. Some will 
monitor algae. free ammonia. iron. man
ganese. and color depending on the 
source of supply. At the filter. turbidity 
monitoring would be carried out on the 
filttate and probably at the sand-coal 
interface. Monitoring the filters provides 
a valuable indication of tbe condition of 
each and assists in maintaining a low 
filtered water turbidity. The latter can be 
very valuable in a direct filtration plant 
to evaluate tbe effects of the chemical 
treatment. to provide a warning of filter 
brealcthroush. and to analyze the fioc 
shear strength and consequent need for 
polymer or other coagulant. Residual 
aluminum would also be monitored on 
tbe filtrate. and tbe alum dosing would 
be adjuned or substituted by otber coag
ulants should the level increase to an 
UIIlIcceptable level. 

....... Of ..... controL The operation 
and control of a filtration plant fall into 
two areas-hydraulic control and process 
control. Hydraulic control. includiq 
control of pump.. filter rate. and filter 
backwasbing. can be and has been oper-

Treatment Technology to Meet the 
Interim Primary Drinking Water 
Regulations for Inorganlcs: Part 5 

Thomas J. 50rg and Gary 5. Logsdon 
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Bartum Removal From Water 
HeeIttI efIeCttt. Because of its toxic 

effect on the heart. blood vessels. and 
nerves. barium was placed in the USPHS 
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Drinking Water Standards in 1962.' Even 
prior to this action. concern for barium 
in drinking water existed because the 
1946 USPHS Drinking Water Standards' 
stated that "salts of barium ... shall not 

ated automatically for many years. \;one 
of these functions IS very dIfferent 'n a 
ciirect filtration plant. as compared to a 
conventional plant with sedImentatIOn. 
except possibly in the duration of the 
wash rate applied to the filters. Filter 
wash can be initiated by filtrate quality. 
high head loss across the media. or by 
time. These functions can be automated 
using analog systems or a process con
troller. 

Most plants today still use manually 
adjusted chemical feeds from monttored 
information with analog control loops to 
sustain feed rates. Alarms will Indicate 
substantial deviations. Pilot tests of filter 
media can be very valuable in predicting 
trends and in evaluating the effecttve
ness of chemical application. 

The trend is toward more automatton. 
particularly with direct filtra tion. be
cause a process controller will respond 
quickly to variations in the momtored 
input data. Many plants have data log
ging. but few have true process control
lers. A true process controller req uires 
appropriate algoritbms which take time 
to develop. 

A fully automated plant can employ 
analog control of tbe chemical feed loops 
witb process controller supervision of 
tbe analog loop settings. The plant may 
have direct digital control with aU vari
ables sustained directly by the process 
controller. The latter sometimes has ana
log backup in case of computer failure. 

A .. port ~~ by the T & P Counclt . 
~ec1 by the Direct Flltr.Uon Subcommlt-
1M Of the AWWA Filtrauon Commltt ... Sub
committee members ... S. BIMOp. T. F Craft; 
0."1. FIeher. M. GhOlh. P.W. Prendivilte. K.J. 
Rober1a. S. Steimle. and J. Thompson. 
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be added for water treatment purposes." 
Wltb almost no new health effects data 
available on which to base a modifi
cation to tbe 1962 limit. EPA maintained 
the maximum contaminant level (MeL) 
at 1.0 rng/L.' 

Barium is not believed to be an essen
tial human element.' and both human 
and animal studies have shown that bar
ium is a general muscle stimulant. partlc-
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ularly to the heart muscle.' Human 
symptoms following acute ingestion 
include saliva lion. vomiting. diarrhea. 
hypertensIon. twitching. and flaccid pa
ralysIs of the skeletal muscle. Se-vere 
pOIsoning leads to respIratory muscle 
paralYSIS and venlrlcular fibrillation that 
can result ,n death. The fatal dose of 
Ingested barium chlOride IS reported to 
be 0.8-0.9 g (550-660 mg as barIum).' 

Barium IS a bone'seeking element and 
possesses chemIcal and phYSIological 
properlles that enable It to replace cal
CIum. Barium replacement of calCium 
will affect the adrenal gland and the 
release of hormones by the gland. 

Because of the lack of data on the 
effects of ingesting barium in drinking 
water. the MeL of 1 mgl L was orIginally 
established by the extrapolatioo of 
health data from industrial exposure. 
and on the assumption that 90 percent of 
the barium ingested is absorbed into the 
blood stream via the gastrointestinal 
tract.' Most recent animal studies show 
that absorption rates for barium d.,
crease from 90 percent in young animals 
to less than 10 percent in adults.' These 
data suggest. therefore. that very young 
children will absorb more barium than 
adults. 

Until 1978-1979. no epidemiological 
studies had been completed to assetI the 
chronic effects on humans ingesting bar
ium in drinking water. To expand the 
knowledge of the health effects of bar
ium ingestion. an EPA-sponsored study 
was conducted in northern IlUnoiJ to 
determine whether health effects could 
be identified in communities expoNd to 
barium in their drinking water.' The 
study revealed a higher death rate in 
communities expoNd to barium at the 2-
mgl L level as opposed to communitiea 
with no significant exposure to barium. 
The epidemiological data also showed 
Significant differences in the blood pres
sure of the male population of communi
ties having 7 mgl L in their drinltina 
water. in comparison to communitiea 
with only 0.1 mill L of barium. The inv_ 
hgators emphasized the need for caution 
in data interpretation becallM of the 
factors that could not be controUed in 
the study. Moreover. the study did not 
result in a definitive conclusion on I 
no-effect level of blrium in drinIcina 
water that would permit the inveatill
tors to recommend a safe stlndard for 
barium. • 

Because of the hilher delth rate with 
barium concentratioDl grelter than 2 
mgl L and the elevation in blood preaaure 
at 7 mg/L reported in this ltudy. R.J. 
Gamer. director of the Health Effects 
Research Laboratory (HERL). USEPA. 
advised that the current barium limit of 1 
mgl L not be relaxed and thlt communi
ties exceeding the MCL should proceed 
WIth plans to reduce barium expolure.' 
Both the lOvestillators and Garner agreed 
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that more data were needed to better 
idenhfy a no-effect level of barium In 
dnnklOg water. 

Barium IS not a senous problem In 
most drmklng water supplies. although it 
is frequently detected in trace amounts 
In surface waters and drinking waters. 
Kropp and Kroner reported a barium 
detectIon rate of 99.4 percent of 1577 
water samples from lakes and streams in 
the US collected from 1962 to 1967.' The 
minimum. maximum. and mean concen
trations were 0.002. 0.34. and 0.043 mgl L. 
respectively. 

The 1969 USPHS community water 
supply survey showed only one finished 
water sample from 967 water supplies 
(leu than 1 percent) that exceeded the 1-
mg/L limit.' Furthermore. the October 
1973" and April 1975" reports on the 
chemical· analysis of the interstate car
rier water supply systema reported no 
violatioDl of the barium limit. FinaUy. a 
very recent EPA study desi8ned to devel
op relationships between Inorganica in 
tap water and cardiovascular mortality 
rates reported a hi8h frequency of detec
tion of barium. but in low concentrl
tions." For example. barium wal de
tected in 94.3 perceDt of the 35 arel. 
surveyed: the survey included the analy
sis of 3834 indiVidual hOllMhold water 
samplea. Using mean barium valuea for 
the 35 areu. the maximum "melD" WII 
0.35 mg/L; the minimum "meln" wa 
0.lI0II mg/L; and the melD "mean" wa 
O.oe7 IDI/L 

Although barium ia not commoaly 
found in sroundwlter, a few area of the 
US do have very si8Diflcant levels of 
barium in their source water. the malt 
noteworthy being in northern llliDoiL 
The barium concentration in the sround. 
wlter in this area baa been reported to be 
as high as 19 mg/L with 2-7 mg/L being 
a commOD raDII!. os 

...... ct' .11 ••• ..., ow. ..... Barium iI 
one of the alklline earth metals. and thus 
it baa chemical and physical properties 
similar to calcium. radium. magnesium. 
and atroDtium. the other elemeDII in this 
sroup. In chemical behavior barium iJ 
more similar to radium. also included in 
the EPA drinking water regulatioDl. than 
to the otlwr three elements. 

Barium occun in oaly one major form 
U I divalent cation. SI _0. The sulfite 
and carbonate salts are relatively inlOlu
ble: barium sulfite iJ more insoluble 
than calcium sulfate. The solubility of 
barium suUate is reported to be 2.2 mgl L 
in pure water It 25·C, and Df barium 
carbonate to be 1811111L ~ the same 
CODditioaa." Barium sulfl" (baritl) II I 
common minerll. and because of its low 
solubility. waters contlining sulfite 
should not contain any sigDiflcant 
amounll of diuolved barium. The low 
soluble level of barium lulflte alao 1\18-
gests that alum and ferric sulfite coagu
lation should be effective methods for 
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I'lg. S. Flow Diagram 01 Full-Sc'" Lim. Softening Treatment Plants 

FIg. e. Flow DIagram 01 Ion Exchq. Softening Ptant C 

Con.rructed in 1!IfU: Son.ning Cycle of 7IJO IfL (200 000 gal) 

banum removal. even though these at 
not good techniques for calcium rema' 
al. Pilot plant tests (discussed In th 
following section) indicate that the for 
mation of barium sulfate may be aver' 
slow process. however. and thus not 
good mechanism for removal. 

Many metals. such as cadmium. lead 
and chromium. form insoluble hvdrax 
ide complexes and may be precii"tate( 
from solution by pH adjustment. Th. 
formation of barium hydroxide. BarOH) 
is possible but the complex is very solu 
ble (about twenty times more solubl. 
than barium sulfate). and thus should no 
be a Significant factor in removing bar 
ium by conventional coagulation treat 
ment." The chloride form is even man 
soluble than the hydroxide form. ane 
waten containing chloride result '" c 
higher solubility of barium sulfate." 

Because barium has chemical proper
ties similar to calcium and magnesIUm. 
treatment methods effective for the 
removal of these elements should also be 
effective for barium. This suggests. 
therefore. that lime softening and ion 
exchange methods used to remove hard
ness should be good techniques for bar
ium removal. The capacity of Ion 
exchange resins for barium removal 
should be dependent on the concentra
tion of calcium and magnesium and the 
selectiVity of one or both of these ele
ments over banum. 

T' ....... lIt meItIoda. Because barium IS 

not a frequent problem in drinking 
water. very few studies have been can· 
ducted on its removal. Laboratory and 
pilot plant studies for barium removal 
by conventional coagulation and lime 
softening methods have been conducted 
by the Drinking Water Research DiVision 
(DWRD) of the US EPA at the Environ· 
mental Research Center in Cincinnati. 
Except for these data (reported here). 
very limited or no data exist on barium 
removal by other treatment methods. 
such as ion exchange. activated carbon. 
reverse osmosis. and electrodialysis. 

COI''''.OII'' coeguI8tIon. Laboratory 
jar-test studies for barium removal by 
alum and feme sulfate coagulation treat
ment have been conducted by Logsdon et 
al." These researchers expected to 
remove a very high percentage of the 7-8 
mg/L of naturally occurring barium from 
an Illinois groundwater with both coagu
lants. by forming insoluble barium sul
fate during the coagulation process. 
Their expectations were not achieved. 
however: removals did not exceed 30 
percent even when the dose was as high 
as 120 mg/L (Fig_ 1). Their data also 
revealed a small pH effect. with remov
als increasing slightly as the pH 
increased from about 6 to 8.5. Iron coag
ulation was slightly more effective than 
alum (Fig_ 2). 

The reason for the lack of high remov
als was suggested by the authors to be 
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,,",pers.turation of barium and inade
quate time for the barium sulfate precip
itate to form. A second senes of tests 
were therefore conducted in which-twa
stage coagulation was carried out. The 
first stage consisted of treatment with 
100 mgl L of either alum or ferric sulfate 
and 1 hr of sedimentation. The settled 
water was withdrawn and kept in sepa
rate lars for second-stage treatment at 
intervals of 3. 6. 12. and 24 hr. Second
stage treatment consisted of dosing the 
settled waters With 20 mg/L of the same 
coagulant. 1 hr of sedimentation. and 
centrifugation to represent filtration. 

The results of two-stage treatment 
showed higher total removals. up to 
about 80 percent (Fig. 3). These data 
sugest that supersaturated barium sul
fate solutions form the crystalline phase 
slowly. and thus coagulation treatment 
for removal of large amounts of barium 
would be a very cOltly solution. 
u.. ........ Jar-test data. pilot plant 

tests. and limited full-scale treatment 
plant information indicate that barium 
can be effectively removed from water 
by lime softening. and that the efllciency 
is pH dependent Logsdon et al" con
ducted jar-teat studies at pH 9 to n.s 
using Illinois groundwater havinl 7-6 
mgt L of naturally occurriDg barium. The 
results of these tests. plotted in Fig. 4. 
show that barium removal is pH depen
dent. Removals iI1c:reaaed from 65 per
cent at pH 8.7 to a peak of 98 percent at 
pH 10.s. and then declined to 55 percent 
at pH 11.6. In order to achieve the barium 
Mel. 87.s percent removal wu required: 
this was attained from about pH 9-11. 

BecallR barium is chemically limilar 
to calcium and magnesium (hardneaa). 
the hardneaa removal results are aJao 
shown in Fig. 4 for comparilon. The 
barium and hanineu removal curves 
have similar characteriatica. except in 
the pH range of 10.6 to 11.4 when the 
hardnua removal curve develope a sharp 
increue. The reuon for this sharp 
increase is suggested to be the removal of 
magnesium. The raw water had a ~ 
sium concentration 0121 mglL. &lid mag
nesium will precipitate in the hydroxide 
form at pH 10.6 (axceu lime IOfteJliq). 
As the pH is inc:reaaed by tha addition of 
more lime. an exceu of calcium occurs 
and the percentage of hardDeu removed 
deereue .. 

Logsdon et aI II IUggested that the 
removal mechUliJm for barium is the 
precipitation of inIoluble barium car
bonate. the same mechaniam u for cal
cium. The decline in barium removal 
above pH 11 wu thought to be caUMd by 
the formation of the more soluble barium 
hydroxide. The formation of magnesium 
hydroxide at roughly the same pH level 
adda support to this suggestion. 

To verify the jar-test results reported 
by Logsdon et aJ." DWRD conducted live 
pilot pl&llt Urne softening telts Ul1III 
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water from the same area of northern 
liIinois. The test water was trucked from 
two separate locations to the DWRD 
laboratory In Cincmnati. where the tests 
were run uSing the pHot plant system and 
test procedures described in part 2 of this 
series.' All tests were conducted for 
approximately 100 hr of continuous 
operation except for test 5. which was 
run for only 77 hr because of a power 
failure. The pilot plant test results are 
summarized in Table 1. and the dual 
media filter removals are plotted on Fig. 
4 for comparison with the jar-test data. 

Although the test water for the jar tests 
and pilot plant studies did not contain 
identical barium concentrations. the 
pilot plant results were comparable to 
the jar-test removal data and confirmed 
the dependency of removals on pH. The 
best removals were achieved at pH 10.5 
(93 and 94 percent); lower removals 
resulted at the lower pH of 9.2 and 9.5 (84 
and 91 percent) and at the higher pH of 
11.6 (65 percent). 

Several treatment plants in illinOis 
soften groundwater that contains natural 
barium. DWRD cnllected three sets of 
samples from two of these plants (ftow 
diagrams shown in Fig. 51. and the results 
are given in Table 2. The data are also 
plotted in Fig. 4 for comparison with the 
laboratory and pilot plant test results. 
Although the plants were very old. oper
ated beyond design cap!lcity. and were 
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PIs. 7. Flow DIagram Of Ion exChange SOften

ingPlantO 

Cona&'vcMG in ,8fU; SofIM"'V C)/Cle 0' '.3 
/ilL (350 000 gal) 

I 
undergoing changes in opera lIon I 
barium removal results were compara, 
to the DWRD laboratory and pdor P'd 
test data. Plant A achieved 88 perc; 
removal with waier havmg 73m2 L I 
barium. and plant B achIeved 95 percp 
removal with water contammg ! ~.5 m~ 
of barium. 

Ion ucftMOe· Cation exchange. us, I 
natural greensand or synthetic resll 
has been utilized successfully for ma' 
decades to soften hard waters. T' 
cation exchange selecllvlty senes sho, 
these resins to have an even greal I 
affinity for barium than for eIther c, 
clum or magnesium. A tYPical selectlvi 
series for divalent cations of strong·ae 
cation exchange resins IS reported as i I 
> Pb > Sr > Ca > Zn > Fe > M. 
This information suggests. therefore. Iii 
ion exchange softening should be ma 
efficient for barium removal than f I 
calCium or magnesium removal. 

Laboratory ion exchange studies r 
ported in the literature" confirm that Ii 
cation exchange process IS an effect.. I 
method for barium removal. To vert 
this information. DWRD conducted 
short field study on two full-scale I( 

exchange softening plants in northe 
illinois. Thil study consisted of colie, I 
ing raw. treated. and blended finish, 
water samples through one treatme 
cycle of one ion exchange bed from ea. 
plant to determine the amount of banu I 
and hardness removed. The flow d, 
grams of the two treatment systerr 
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labeled plants C and D. are shown in FiB. 
6 and 7. respectively. 

Treatment plant C had two ion 
exchange beds al\.d was treatins raw 
water having a barium concentration of 
about 10 mglL and a hardness of 218 
mglL (as CaCO). The second plant. D. 
consisted of three Ion exchange beds and 
was treating well water having a barium 
level of 19 mgl L and a hardness of 230 
mglL (as CaCO,).- -

The barium and hardness removal 
data collected from ion exchange bed 1 
of treatment plant C are plotted in Fig. 8. 
These data show that the barium was 
reduced to less than 1 mglL through 153 
bed volumes [714000 L (188 000 gal)]. 
This system was operated on a flow basis 
rather than on a hardness breakthrough 
basis. and thus the treatment cycle was 
terminated before either hardness or bar
ium broke through the ion exchange bed. 
The percentage removals ransed from 94 
to more than 99 percent for barium. and 
from 95 to more than 99 percent for 
hardness (Fig. 8). Eight finished water 
samples (blended water) showed barium 
to range from 2.4 to 4.5 mgl L. 

The test data of one treatment cycle of 
ion exchanse bed 2 of plant D are plotted 
in FiB. 9. This treatment cycle was run 
past both barium and hardness break
through; the barium concentration of the 
treated water was 5.8 mgl L. and the 
hardness concentration 142 mg/L (as 
CaCO,) at shutdown. Barium break
through (1 mgl L) occurred around 100 
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bed volumes [787 kL (207 000 gal)]. The 
raw water for plant D had a barium 
concentration of 19 mgl L . almost twice 
the level in the raw water of plant C (10 
mg/L). Therefore. barium breakthrough 
was expected to occur earlier. The data 
also show that hardness broke through 
(85 bed volumes) before barium. 

On a percentage removal basis barium 
removal exceeded hardness removal 
very siBnificantiy. as shown in Fig. 10. At 
shutdown. 70 percent of the barium was 
being removed as compared to only 38 
percent of the hardness. 

Blending of raw water with treated 
water to increase the hardness. and thus 
stabilize the distribution water. was 
practiced at both plants. Five blended 
water samples collected from plant D 
durins the tesl run had a barium concen
tration range of 1.5-4.0 mgl L. These data 
indicale thai blending may not always be 
feailible for barium treatment. If the raw 
waler hu a high barium concentration. 
as experienced al both of these test loca
tiona. even a small amount of blend ins 
will raise the barium level above the 
MCL. If blending ill not poasible. restabil
ization of the very soft water will be 
neceaaary. Restabilization can be accom
plished by several methods. such as 
blendina the treated water with a bar
ium-free water or addins lime. 

To evaluate the potential disposal 
problem of the high barium wastewater. 
twelve water samples were collected 
during the reaeneration cycle of plant D. 

• • 

A plot of the barium concentratIon wlth 
time is given in Fig. 11: the peak concen· 
tration was slightly above 6000 m~ L 
The calculated amount of batlum In the 
brine waste was about 18000 g. or 85 
percent of the amount calculated to be 
removed (22 100 g) during the treatment 
cycle. The average calculated batlum 
concentration of the 35 kL (9300 gal) of 
wastewater was 534 mglL. 

Ac:tIftIM c.rtIon. Because calclum and 
magnesium are not absorbed by eilher 
powdered activated carbon (PAC) or 
granular activated carbon (GAC). the 
potential for barium removal by PAC or 
GAC has always been assumed to be 
low. Data from a PAC study by ThIem 
and O'Connor" and from the DWRD 
pilot plant studies confirm thIS conclu· 
sian. Thiem and O'Connor reported on 
the effectiveness of three different mate· 
rials. PAC I." PAC 2.t and PAC 3t on the 
removal of 5 mglL of barium al pH 7. B. 
and 9. The effect of PAC doses up to 100 
mg/L was also studied. The results of the 
laboratory tests showed that the highest 
removal achieved was only 7 percent 
with a 100-mg/L dose of PAC 1. Although 
the optimum pH for two of PAC maten
als was slightly different. the ranking of 
the three materials for barium removal at 
the three pH values remained the same: 
PAC 1. PAC 2, PAC 3. The optimum pH 
for PAC 1 was pH 9. and for PAC 2. pH 7. 

·AJDoco PX·121. Amoco Re.ardl Corp .. ChIC.80. til 
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No change in removal was noted with pH 
for PAC 3: removals were 1 percent or 
less under all conditions. 

The lime softehing pilot plant data of 
Table 1 show no difference in removals 
between the dual media and GAC filters. 
These data indicate that the removal 
mechanosm In the GAC filters is only 
filtration: no additional barium is being 
removed by GAC lidsorphon. 
A_ 0 .... 0 ... and eIecIrocIla.,.". Re

verse osmosIs (RO) and electrodialysis 
(ED) are very effective treatment pro
cesses for hardness removal. and thus 
they should also be very efficient for 
barium removal. RO laboratory studies 
have been conducted for banum removal 
by Mixon" and by DWRD. and the test 
results support thil conclusion. Mixon 
achieved 96-98 percent removal of 9.15 
mgl L of barium in tap water by three 
different cellulose acetate (AC) mem
branes. A hiBb removal of 98.8 percent 
was also achieved with tap water con
taining 7 mgl L of barium in combination 
with five other metal ions. 

DWRD conducted two short RO labo
ratory experiments for the removal of 
naturally occurring barium (7 mg/L) in a 
northern Illinois groundwater. The teah 
consisted of treating 238-L and 200-L 
batches of water with a small RO l)'8tem 
(AC membrane) operated at 1140 and 
1240 kPa (165 and 180 psi). respectively. 
The test results were comparable to 
those achieved by Mixon: barium remov
al was 95-99 percent at 1140 kPa (165 pli) 
and 95-96 percent at 1240 kPa (180 pli). 

r. general Iiteratllll! review did not 
reveal any specific data on the removal 
of barium from drinking water by ED. 

.. ~ 

J .. -
f 
l 

Because of the similarities in treatment 
capabilities. however. this techno que 
should be as effective as RO. 

a.tum ____ aumma". Convention-
al coagula han treatment IS not an effec· 
tive method for barium removal. even 
when high doses of sulfate coagulants 
are used. Test data suggest that two-stage 
coagulation is reqUired to achieve a bar
ium removal of about 70 percent. This is 
expensive and th us im practical. 

The two softening methods. ion ex· 
change and lime precipitation. are very 
good methods for banum removal. Full· 
scale treatment data show that both 
methods are capable of lowering barium 
concentrations as high as 17-19 mgl L to 
below the MCL of 1 mg/L. One short
coming of the ion exchange process is 
that the. normal practice of blending raw 
and softened treated water is not always 
feasible with water having a high barium 
concentration. Stabilization of the very 
soft. treated water normally would be 
required to prevent any corrosion prob
lelDS from developing in the distribution 
S)'8tem. 

Barium removal by lime softening is 
pH dependent: the optimum range 
(83-811 percent) is pH 10-10.5. Below and 
above this raage. removall decrease with 
dllCl'llasing and increasiag pH. respec
tively. 

Powdered and granular activated car
bon are illeffective methods for barium 
treatment. Laboratory data show that 
PAC achievecllea than 7 percent remov
al under optimum conditions. and GAC 
_ntially no removal. RO and ED are 
good methods for hardnea removal. and 
thus are equally effective for barium 

" ' .. _.- 'H 

I 
removal (95-98 percent). I 

Because barium IS not a wldespre •. 
and frequent problem. and because s. 
eral conventional water treatmenl me 
ods (ion exchange and lime softenl I 
are good methods for banum treatm, 
DWRD has no specific research prOle 
devoted to barium treatment. 

.... Ionucllde Removal From Wat, I 
HuIIII ...... Radioactivity. either n 

urally occumng or man-made. has b, 
known for many years to produce de' 
mental biological effects ID man: de, I 
opmental abnormalities. cancer. a 
death. The National Academy of SCler 
reports that radiation may concelva I 
cause cancer of virtually any type or I 
any lite given the appropnate condit\( 
of irradiation and host lusceptlbllit· 
The primary ba.is for the EPA radior 
clide regulations" for drinklDg water I 
the carcinogenic potential of thIS mate 
a!. The carcinogenic potential of radio, 
tivlty was alao the primary reason for t 
establishment of the 1962 USPHS regu 
tions for drinJcing water.' I 

The radionuclide regulations are m( 
complex than the MCL established 
the other inoflanic contaminants. T 
MCL for the combination of radium-; I 
and 228 was set at 5 picocuries per li 
(pCl/L). This concentration is sligh 
above the 3 pCi/L standard establish 
for radium-ue alone by the USPHS I 
1962.' The USPHS DrinJcing Water 5t, 
dards also had. 1().pCi/L standard 
strontium·90. whereas EPA IDcluc 
strontium in the general regulation III 
beta particle and photon radioachvlt~ 

The second part of the EPA radior 
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elide regulations governs gross alpha 
activity. including radiu!O-226 and 228. It 
states that the gross alpha activity shall 
not exceed 15 pCif L. The third regulation 
that concerns man-made radionuclides 
states "the average annual concentration 
of beta particle and photon radioactivIty 
from man-made radionuc1ides in drink
ing water shall not produc'e an annual 
dose eqUivalent to the total body or any 
internal organ greater than 4 milliremf 
year." The 1962 USPHS standards estab
lished gross beta concentrations of 1000 
pCilL as grounds for rejection of a water 
supply. except when more complete 
analysiS indicated that concentrations of 
nuclides were not likely to cause expo
sure greater than the Radiation Protec· 
tion Guides recommended by the Federal 
Radiation Council (FRC)." 

A large body of information exists on 
the biological effects of radiation. and 
risk estimates for total body and speCific 
body organ exposure have been pub
lished by a number of groups. including 
the National Academy of Sciences 
(NAS)." the United Nations Scientific 
Committee on the Effects of Radiation 
(UNSCEAR)." the [nternational Com
mission on Radiological Protection 
(ICRP)." and the National Council on 
Radiation Protection and Measurements 
(NCRP)." Most of the low dose-effect 
relationships have been derived from 
studies of high radiation doses. based on 
the assumption that the effects are 
linearly proportional to the dose. In 
establishing the MCL for radioactivity in 
drinking water. EPA considered many 
factors. including the source of radioac
tivity and all the estimated risk factors 
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for naturally occurring and man-made 
radionuclides. 

Of the many radionuclides found in 
the environment. radium is conSIdered 
the most significant because it is natural
ly occurrmg and frequently found in 
groundwaters in several sections of the 
US. Furthermore. radium is Significant 
because it is similar to calcium in that it 
is a bone-seeking element: 80-85 percent 
of the radium retained in the body is de
pOSited in bone." 

Bone cancer is not the only health risk 
from radium ingestion. but it is definitely 
the most significant factor. Using the 
risks estimates of the FRC and the NAS. 
a radium-226 concentration of 5 pCif L in 
a drinking water system serving 1 million 
persons could result in an estimated 
health impact of 1.5 fatalities per year." 
Although 1959 data suaest that radium-
228 is not as toxic a. radium-228. more 
recent data indicate that the toxiCities 
are about the same."'" 

The potential of other alpha particle 
radio nuclides also exists in drinking 
waters. The MCL of 15 pCilL was estab
lished on gross alpha particle activity. 
rather than on each individual radionu
elide. because of the impracticality and 
the expense of monitoring. The MCL for 
gro.. alpha activity was based on the 
radioactivity of other alpha particle
emitting contaminant. relative to ra
dium. The 15 pCi/L gro .. alpha particle 
limit (which includes radium) is baaed on 
the conservative aaaumption that if the 
radium concentration is 5 pCi/L and the 
balance of the alpha particle activity is 
caused by the next moat radiotoxic alpha 
perticle-emitting chain. startilll with 
lead-210, the total d_to-bone relation
ship would be equivalent to Ie .. than 8 
pCi/L of radium-228. 

When establishing the regu\atioDl for 
radioactivity in driIIking water. EPA also 
l'IICCIIIniZed the potential contamination 
of surface water lupplies by man-mada 
radionuclidee that decay by beta and 
gamma emiaaion. Because of the multi
tude of man-made radiOisotopes and the 
impoaible task of establishing an indi
vidual limit 'for each element. EPA estab
lished an MCL baaed on a total body 
doaa of radiation from the ingellion of 
these radionuclides. U silll risk estimat ... 
the 4-millirem annual total body dOle 
regulation suae-ta a fatal cancer risk of 
0.4 to 2 cancer deatha par 1 million 
people par year." 

CoocentratioDl of moat mBn-mada 
radionudid_ in driIIking water cauaing 
4-miIlirem/year exp08Uf8 can be calcu
lated usiDI .peciflc dOle data from the 
National Bureau of Standarda." A list of 
these concentratioDl has been developed 
and published by EPA." These data were 
calculated on the aaaumption that aD 
individual consumes an average of 2 L of 
drinking water per day. 

The m08t 'ignillcant mID-made radio-

nuclides are probably those resullLn~ 
from atmospheriC nuclear weapon test· 
ing. strontium·90 and tritium. The annual 
average concentrations yielding 4 milt.· 
remfyear for a 2-L intake rate are 8 pc. L 
for strontium·90 and 20 000 pCi/L for 
tritium." 

Traces of radium have been found In 

many areas of the US. The results of 
radiologIcal sampling from eIght stan· 
dard metropolitan statistical areas 
(SMSA) and the state of Vermont as part 
of the 1969 community water supply 
study showed radium-226 In 60 of 143 
water samples analyzed.''' However. 
only four of the 60 samples had radium. 
228 concentrations above the 5-pCil L 
MCL (5.4. 5.4, 76.5. and 136 pCi/L). 
Although these data suaest that radium 
may not be a serious problem. other 
information indicates that radium WIll 

be a frequent problem in certain sectlo ns 
of the country, namely in northern IlIi· 
nois. Iowa. central and western Florida. 
and in the uranium mining areas of the 
Rocky Mountain states. 

In 1964 radium-226 was detected in 151 
of 241 town water supplies studied in 
Iowa." Nineteen of these supplies had 
concentrations at 5 pCi/L or above. and 
the maximum concentrations measured 
were between 15 and 20 pCif L. Gilke
son" studied the natural occurrence of 
radium in lllinois and found that high 
concentratioA8 of radiation in drinking 
water were restricted to the Cam
brian-Ordovician aquifer in northern 
lllinois. Water samples from numerous 
wells showed that more than 300 wells 
exceeded 3 pCi/L of gra .. alpha. some 
having up to 15 pCilL of radium-226. 

In FlOrida radium-226 is usually asso
ciated with pho.phate deposits. Concen
trationa as high as 21 pCif L have been 
mea.ured in drinking water systems." " 
Whether serious problem. exist with 
other types of radionuclides in either 
ground or surface water is not known. ' •• , .c", CIwntIeIrY 0 •• ' .... Two of 
the three parts of the radioactivity regu
latioDl are .,neral and therefore encom
pa .. at leut 100 or more radioisotopes. 
Thus a diacUllion of the chemistry and 
treatment technology of radionuclides 
will be limited to radium. the radionu
clide expected to be the most frequently 
occurring in drinlcinll water. 

Radium is an alkaline earth metal and 
thus it baa chemical and physical proper
liN .imilar to the other elements in this 
group-calc:ium. magnesium. barium. 
and strontium. Radium-U6. an alpha 
emitter. is a member of the uranium 
sariN and baa a half Ufe of 1622 years. 
Radium-228, a beta particle emitter. is a 
member of the thorium aeries and has a 
half life of 5.75 yean. Because the urani
um series haa been encountered more 
frequently in natural waters than the 
thorium series. radium-228 should be 
more commonly found in drinking water 
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and thus have the mOlt siplficace to 
the water utility industry. 

Radium is a calion. Ra·'. and was the 
last of the elements of the alkaline-earth 
lJI'Oup to be discovered (in 1896). Com
paratively little information exists on the 
chemIstry of radIum and radium com· 
pounds because of the newness. scarcity. 
and lack of Interest in this element. Of 
the five alkaline earth elements. barium 
and radium are more similar to each 
other than to any other elements. 

ChemIstry handbooks"'''''' report few 
data on the solubility of radium com
pounds. In some caHS the data are even 
contlicting. particularly on radium sul
fate. The solubility of radium sulfate is 
reported to be 2.1 mgl Land 0.021 mgl L. a 
hundredfold difference. The lulfate com
plex is the mOlt lisDificant. becallM its 
low solubUity is the balis for the extrac
tion of radium from mini118 ore. Other 
general information SUgeits that radium 
carbonate and chloride are 1_ soluble 
thin the barium lilts. Radium solubility 
may have little ligniftcance in precipita
tion treatment becauH the Mel of 5 
pCi/L is equivalent to 5 x 10-' m,/L. a 
concentration many magnitudes below 
any of the reported solubilities of radium 
or barium compounda. Some radium 
chemistry informltion indicates. howev
er. that radium solubility is aiplficantly 
lower when it is found in combination 
With barium: the solubility is related to 
the total of the two elements in solUtion. 
Coprecipitation of radium With barium 
or other elements in the alkaline earth 
lJI'Oup may aiso occur. Because of the 
lick of information on radium chemistry. 
the predictive behavior of radium is 
baHd on the bebavior of barium. 

T........ IIH5P , Information on 
treatment will be con!ned primarily to 
radium. becluse it is beyond the scope of 
this report to preaent removal data on ail 
the potential radionuciid.. included iD 
the drinki118 water retulation. Parther
more. specific information on the effec:
tiveness of water treatment pro C II .. for 
tbe removal of a wide variety of radioiso
topee bas been reported by Straub." 

Extensive treatment information for 
radium removal by softeDi118 techDiques 
hal been developed from aeverai Bald 
studies in Iowa and Dlinoil.· .. informa
tion aiso exists on the use of revel'll 
_Dlis ...... Some data are available on 
conventional coqulation. but this meth
od is considered ineffective and thus is 
not siJniftcant for radium treatment. 

c." ........ a.l.· . .. The inelrec
tiveness of conventional coqulation 
treatment for calcium. magnesium. and 
barium sugHts that tbia method should 
not be a ,ODd method for radium remov
al. A general literature review revealed 
00 specific treltment ltudies on radium 
removal by conventional coagulation 
treatment usi118 either alum Dr iron coq
wants. Tlivoslou et alIT reported that 
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ei8ht weela of compolite water .ample. 
from two full-scale conventional coagu. 
lation treatment plants in New Mexico 
showed radium (2-4 mg/L) to pass 
unchall8ld through the treatment plant. 
and thus not be removed by this process. 
Singley" suggests that chemical coagula
lion may remove up to about 25 percent 
of radium. but the results are variable 
and difficult to control. 

Straub" reported that laboratory stud
iel on the removal of strontium. another 
radionuclide and element of the alkaline 
eartb lJI'Oup. have showtl that conven
tional coagulation using either alum. fer
ric chlOride. or ferric sulfate is not effec
tive (0-15 percent) for this element 0' the 
group." This lime author also states that 
conventional coagulation with Hdimen
tation and filtration removes 96-98 per
cent ofphOlphorus-32 and lell than 1 
percent of iodine-13t." 

Because of the lack of succell for the 
removal of all alkaline eartb metall by 
coqulation treatment. DWRD did not 
conduct any laboratory studies by this 
method. but concentrated itl efforts on 
studying the more promising methodl of 
ion exchllJl8l and lime softeDil!8. 

LIllIe ........ DWRD conducted two 
pUot plant tests for the removal of natu
rally IIICCI1l'rin8 radium-22tl from Illinois 
lJI'Oundwater by lime softeDi118 at pH 9.8 
and 10.8. Th..., studiel were conducted 
WIth the D.l-Ltl (21Pm) conventionally 
desJPlld pilot plant system and proce
dures described in part 2. The tml were 
run With the lime waters and at the lime 
time .. the barium studies because the 
natural grounclwaters used for tllliD8 
contained both contaminants. 

A lummary of the two pUot plant testl 
is liven in Table 3. Because of the com
plicated nature and the expense of the 
radium anaiysis. only three 1111 of 11m
pies were collected dlll'in8 the &rat test 
run and only two dlll'in8 the second run. 
The lpeciAC tIIults have aiso been 
reported by BriDck et al.. The test data 
iDelicate that radium removal is pH 
dependent .. w.. found with barium 
remoYai: at pH 10.a dual media lUter 
removail averqec! 94 percent. decre ... 
iII8 to 1M- percent at pH 9.50. 

Radium removal information at full
lCaIe time soda ash softeDi1!8 planll in 
Iowa and WiDois w.. collected and 
reported by Brinelt It al.. Radium reduc
tion varied from 75 to 98 percent for 
waters haYing radlum-228 coneentra
tiona of 5.6-8.3 pCIIL. Two Iowa systems 
reported pH mealllft!ments. A plant 
operated at pH 11.0 achieved a removal 
of 96 percent. while I plant operated at 
pH to.1 removed only 75 percent. 

Pilot plant and full-leale plant data 
sugat removals of 75-96 percent of 
radium-228. dependi118 on the pH. At 75 
percent the Mel of 5 pCI/L can be 
achieved by the procetlll. providi118 the 
raw water concentration does not exceed 

I 
20 pCilL. If 96 percent removal lS all I 
able. the MCL can be met wtlh d , 

water concentratton S 125 pCI. L. 
Lime and lime-soda ash soflen! 

studies have been reported on the reme 
al of strontium." The removals follow I 
a pattern similar to calcium. barlum. d 

radium removal. increaSing wlIh mcre. 
iII8 chemical dOll,es of lime and 50 

ash from 87 to 89 percent. As for bam I 
and radium removal. the removal mee 
anilm suggested was copreclpltall 
With calCium. 

Lime-soda ash softening IS a I I 
reported to provide a 90 percent or bell 
removal of barium-lanthanlum·l40. ca 
ium·U5. scandium-46. yttrlum·91. a. 
zericoruum-neobrium·95." The proce 
is reported to be ineffectlve for tungsle I 
185 and iodine·131." 

Ion _ ... Cation exchange is a ve 
good method of removing radium a: 
strontium from drinking water. Fu I 
scale ion exchan,e softening plants 
Illinois and Iowa achieved avera 
removals of 81-97 percent of radium·2 
from water having initial concentrallO I 
of 3.25-43 pCi/L." A zeolite softeD! 
plant achieved an average reducllon 
radium-228 from 43 to 1.9 pCil L I 
percent). Another plant was capable I 
lowering the radium-228 level from 5.1 
0.% pCi/L. In contrast to the proble 
With barium treatment of not being at 
to blend treated and raw water. many 
the plants were able to blend raw WI I 
treated water and to meet the radiu 
Mel in the ftnished water. The stU! 
results also indicated that radium·2 
w .. continUi118 to be removed for a she I 
time after hardness breakthrough. 

Samples of regeneration wastes. SOl 
ener brine. and rinse waters were me 
sured and found to have concentratiol I 
of 320-3500 pCi/L. Additionally. tI 
major portion of the radium·226 wa. 
found to be removed from the ior 
exchange bed. during the first 10-30 mIl'l 
of the reaeneration cycles. 

Cation exchange hal been shown tc 
remove 95 percent or more of strontium· 
88. cesium-137. cadmium·115. and bar 
ium-Ianthanium-l40. elements present I 
solution as cations." Strontium·90 w 
also found to be removed by the catic 
exchange resin after calcium brea 
through. suaesti118 a greater affinity f I 
strontium than for calcium. AnI( 
exchange will achieve equal results [ 
tunpten-l85. an anion. Yttrium-91. sca 
dium-48. and zirconium-niobium-95 a I 
removed partially by both cation af 
anion exchange resins. which sugges 
that they are in a colloidal form." 
.... 1 catIan. No specific Inform 

tion was found on radium removal I I 
PAC. The lack of success of PAC f 
calcium and barium removal sugges' 
however. that PAC would not be a gO! 
removal method for radium. The san I 
reasoDi1!8 also holds for CAC treatmer 

JOURNAL. AVM 

I 



TABLE 1 
Results of time Softening Pilot Plant rests for Barium Removal From Well Water' 

i 
I 

Percefttillp Hardneu 
i Aver ... Raw Wltlr PIl'Cfttql a.nu. R."'Vlld Removed 

COllclatntioa 

I SettJ.d Wal. "11,. Water FiUeNd Waler 
I.e ... , pH 01 Hard_ 

Test olle .- of THIS Treltlld iMnulD (a c..CO) 111 ZIId DUll OUlt 
.~umb@r S,arted - "' Wat.r mil/I:. milL 5 .... 51 .... Mldie CAe: Medii CAe: 

, ~'14/"5 '00 '2 12.1 Z14 '" .. .. .. •• 2 7/21175 '03 IO.S 10.. .. I I. 02 .. .. ,. '" , 7121175 '02 11.1 'OA ,.. .. .. .. .. ,. .. • 1114111 '02 9.' ... '40 • .. n " " , 8/11'15 77 10 ... .... ... n .. .. .. ., 
" 

illinOIS ,",,,ndWII., contl,nlllI narurally OCCUlT"" binum. Two wI'lr 1Outea: ODe tDutcI IIMd for t..u 1. 2. 3. aGd • .-coad lOutu for t .. ts 4 .nd 5. 
tSecond teCthlll ..... follow.d fKatbonatlon wtucb Lowlftd pH to I.e 
tFiltruorb 2OD. C.!ton Corp .• Pltbb,up. PI. 

TABLE 2 
Barium Removal From Well Waler by Full-Scale Ume Softening Waler Trealmenl PlanlJ 

Hatd!l-. COftCellU'Sllon _ c.-atN ___ L 

fu c.eo }-mIJIl. 

Treat_t T,.. .... t Waler - -.... ru_ Filtered 
FIt,at pH 5.111"" R •• W_ W_ W_ W .... Raw W ... r Wata, 

" to.5 • 1'" Cl.It UJI 0'" 211 12 • 1~ OM t.l. '.00 - .. 
3 1~ OM '.00 0.13 

AverqI colIQntrltton 1'" - UII OM m '" fA ....... percnt removed) 1111 (III I., 
8 10.3 • .T.> .... .... .... 12 , WI ... 0 .... ... .. 

3 11.D .... ~ . 
"ftnIII COGCatntiOa 11.4 •• 0.1, 240 '" fAv ...... peruot rwmOYMl) , .. , (IU' ,10' 

TABLE 3. 
Results of Ume SoftenIng PIIol Planl T_ for Radlum-228 Removal From Well Waler" 

A __ 

Perceatqt Hatdnesa 
w_ ----... RlI1IIoyed 

C I III'" 
_w_ 

rUt __ Water FUI.nd Wat.t 
pH'" - -T_ o... ~olT_ ,.,.,. .. , .. CoCO,j .. 4t.t DuoI DuoJ 

N ....... - Iv w_ ,cuL '"IlL s,... - CAe: - GACI 

11 1'4/71 tal ... .... - ,. II II 51 51 ,-- I/tll71 77 lOU ... - .. • II • .. .. 
IUlAOli poUDdwatet COGIaiIWlI Ul\U'alIy 0ICICUfttaI ....... tSecood _ ....... r ___ .... _ pH , ..... 

IFIlt ....... ZIID. ~ eo... PI ...... .... 
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and the DWRD pliot plant data in Table 
3 support this conclusion. The percent· 
age removals for the dual media filters 
and the CAC filters were essentially the 
same. indicatmg that adsorption of 
radium·Z26 bv the CAC matenal did not 
occur. Becaus'e remo"als by the CAC and 
dual media filter columns were identical. 
the CAC removal mechanism IS attrlb· 
uted entirely to filtra~ion. 
11_ .,.mo... and etectrocIlelyal •• 

Full·scale RO treatment system data 
have been developed for the removal of 
radium·226. Bnnck et al" reported 96 
percent removal of 14 pCi/L of radium-
226 in Iowa. Sorg et al" studied the 
radium-226 removal by eight RO systems 
In Florida and reported removals of 
87-98 percent of radium concentrations 
ranging from 3.2 to 20.5 pCi/L. A summa
ry of these data are shown in Table 4. 

A general literature review did not 
reveal any specific data on radium 
removal by ED. which should also 
achieve high removal because of its sim
ilarity in treatment capabilities to RO. 

Both RO and ED are generally effec
tive for the removal of most ionic spe
cies. Thus these two techniques should 
be good treatment methods for most 
radionuclides. Their most advantqeous 
application is for the treatment of drink
ing water containing a miXture of radio
n'fclides that would require the combi
nation of several treatment methods to 
be effective. 

Ih"I'n~cll" .......... It -....y. The 
radio nuclide that has the most signifi
cance in drinking water is radium 
because it is a naturally ocurring element 

frequently found in drinking water 
above the MCL. Radium has properties 
similar to calcium and banum. and thus 
the treatment methods effective for these 
two elements are the best methods for 
the removal of radium. 

Conventional coagulation wtll remove 
only a small percentage (0-25) of radium 
from water. This treatment method is 
applied primarily to surface waters and 
would not normally be used for treatmg 
groundwaters containing radium. 

The two most practical and economi
cal treatment methods for radium are Ion 
exchange and lime softening. Full-scale 
treatment plant infortnation has been 
developed to show that Ion exchange 
softening (cation exchange) can achieve 
removals in the 91-97 percent range. 
Treatment information also indicates 
that radium is more selective than cal
cium because calcium breakthrough oc
curs before radium breakthrough. 

Lime and lime-soda ash softening have 
been demonstrated on a full-scale plant 
level to achieve 75-96 percent removal of 
radium. Pilot plant studies and full-scale 
plant data indicate removal efficiency to 
be- pH dependent. For example. DWRD 
pilot plant studies showed 95 percent 
removal at pH 10.6 and 84 percent 
removal at pH 9.5. If 90 percent removal 
can be achieved by either softening 
method. the radium MCL of 5 pCi/L can 
be achieved with water containing 50 
pCi/L or leu of radium. 

Activated carbon treatment. both PAC 
and CAC. is ineffective for radium 
removal. RO and ED are. however. good 
methocb for radium; full-scale RO treat-

TABLE 5 

I 
ment data show removals In ,h. q(J.1 
percent range to be easily ach,., ob,P 

DWRO has conducted and spons .. · 
several studies for radium '."'0'. 
Because these studies have shown :: I 
ion exchange and lime softenln~ .re • 
clent methods for radium. no fUrl, 
research IS now planned. 

Treatment data eXist to sho.... ,~ I 
cation exchange resms will reme 
many cation radioisotopes and an: 
exchange resins will remove aDlon rae 
isotopes. Mixed bed ion exchange reSI I 
RO. and ED are generally good treatm. 
methods for the removal of mixtures 
radiOisotopes. Specific treatment Inf, 
mation is generally lackmg for m, 
radioisotopes. however. Because of , I 
lack of treatment data on man.ma 
radioisotopes. DWRO IS developl 
plans to investigate methods to remo 
radioisotopes occurring most often I 
drinking water. These studies w III be~ 
during fiscal year 1981. 

Tremment Summ.ry for Inorg.nlc I 
Com.mln.nta 
This report is the last of a five-p, 

series that has expanded upon the suo 
mary infortnation presented in the Ef 
document. Manual of Treatment Tee I 
niques for Meeting the Interim PrIma 
Drinking Water Regulations." The ser: 
has consisted of part 1 on fluonde a 
nitrate (Jour ..... WW ..... 70:2:105). part 2 I 
arseniC and selenium (Jour. . .. WW 
70:7:379). part 3 on cadmium. lead. a: 
silver (Jour ..... WW ..... 70:12:680). part 4 
chromium and mercury (Jour. A WW 
71:8:455). and finally this last report. pi I 
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5 on barium and radio nuclides. The 
information presented indicates that no 
one treatment technology is ideal for aU 
contaminants. although reverse osmQSis 
and electrodialysis are generally effec
tive for aU contaminants. These two 
treatment methods are applied principal-

ly for desalting seawater and brackish 
ground waters that are low In turbidity. 
They cannot be utilized on turbid sur
face water without extensive pretreat
ment. and thus would not be practical for 
removing contaminants from surface 
waters. 

TABLE 6 
Most Effective Treatment .liIethods for Removal of Inorganic Contaminants 
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The effectiveness of conventional wa· 
ter treatment processes. coagulation and 
filtration. lime softening. and Ion e.,' 
change softening. varies In capability to 
remove the inorganic contaminants. 
These processes are very effective for 
some contaminants. and moderatel\' or 
completely ineffective for others. 'The 
degree of treatment capability is general
ly dependent on several factors: contam· 
inant form. valence. and concentralion: 
pH of the treatment process: type (sur· 
face or ground) and quality (turbidity. 
ms. and so forth) of water: type and 
amount of coagulant or other chemical 
additive: and the filtration. adsorptIOn . 
or ion exchange media. Thus exact 
removal percentages cannot be aSSigned 
to a treatment process for any speCific 
contaminant. However. the laboratory. 
pilot plant. and full-scale plant data and 
information presented In this series do 
proVide a guide for selecting the best 
treatment method and operating condi
tion. and for determining probable 
removal ranges for each contaminant. 
The treatment information has been 
summarized in matrix form for all con
taminants and treatment processes in 
Table 5. In some cases when information 
was not available or was inadequate. 
removal estimates were developed by 
the authors using their best Judgment. 
The matrix of Table 5 indicates that 
different methods are the most effectIve 
for the removal of each contaminant. For 
clarity. the mOlt effective methods for 
the control of inorganiC contaminants 
are summarized in Table 6. 

Although a treatment process may be 
good for removing a contaminant. It may 
not be a practical or economical method . 
For example, neither ion exchange. re
verse osmosis, nor electrodialysis are 
practical methods for treating surface 
waters and thus would not be used to 
remove a surface water contaminant 
even though the method may be effec
tive. Consequently, certain treatment 
procenes are conSidered to be more 
practical than others although both may 
be equally effective. Table 7 summarizes 
the treatment information according to 
treatment processes and the most practi
calor probable application. This table is 
also useful for evaluating the capability 
of an existing plant to solve a potential 
problem . 

The major considerations. if not the 
most Significant factors, in the selection 
of a treatment method are the econom
ica-capital and operating costs. If modi
fications to or changes in the operation 
of an existing plant can solve the prob
lem. only a slight increase in operating 
cost may occur. or possibly no cost 
increase at all. On the other hand. if no 
facility exists the costs WIll be the 
expense of constructing and operating a 
new treatment plant. 

Because of the interest In the costs of 
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water treatment processes for the remov
al of the contammants mcluded m the 
:-.IIPDWR. EPA contracted with Culpl 
Wesner/Culp. Gansultmg Engilleers. 
Inc .. for a detailed study of the construc
tion and operatIOn a'nd maintenance 
costs for unit ..... aler treatment processes. 
The stud;' was compleled In 1979: four 
detailed reports were published by EPA 
m August 1979 ..... ~.' .Construchon and 
operahon and mamtenance cost curves 
were developed for approximately 100 
unit processes: for each unit process. 
conceptual designs were formulated. All 
cost data are presented in January 1978 
dollars. but a disCUSSion on methods of 
cost updating IS included. 

The four reports show that the cost of 
treatment of the various unit processes is 
dependent on the design and size of the 
facility. A summary of the cost data IS 
beyond the scope of this report. but 
copies of these detailed reports can be 
obtained from the Drinking Water 
ResearchDiv .. USEPA.Cincinnati. Ohio. 
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Strong-Acid Ion Exchange 
for Removing Barium, 
Radium, and Hardness 
Vernon L Snoeyink. Carl Cairns·Chambers. and Julie L. Pfeffer 

The reseuch dbcuued in this utide _ conducted to inwstipte and document the 
performance of conwntionallOdium-form stron,-idd resin. for the combined remCM1 of 
barium. radium. and hardness under controUed conditions. The reasons for the study _: ( 1) 
the premature labile of barium from strona-lldd Ion acban,e columns. (2) a IKIc of 
controUed laboratory studies to determlne the facton atfectin, resin performance. and (3) a 
IKIc of documentation reprdin, the effect of the quantity of fellenerant appUed on diluent 
quality and on diluent quality II a function of the amount of _ter processed durin, a run. 

Strong·acid ion exchange is a well 
established process commonly used to 
remove calcium (Ca2') and magnesium 
(Mg2') ions from water.l~ The process is 
often used for small supplies and in 
point-of·use treatment devices. The most 
commonly used resins have cross-linked 
polystyrene matrixes with sulfonate 
(S03 -) functional groups. They are used 
in either the sodium or the hydrogen 
form, although the sodium form is most 
common in drinking water treatment. 
The exhaustion reaction of the strong-

"'" 

~ 
0 ' .. 

acid resin involves a stoichiometric 
exchange of cations: 

in which Rand X2' represent the resin 
matrix and Ca2' or Mg2', respectively. 
The regeneration reaction is the reverse 
of Eq 1. 

(RS03'2 x2 .... 2NaCl- 2RS03 - N.· ... X 2' (2) 

An excess of regenerant is required to 
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F1prel. Breakthrough curves for Na', Mg2', Ca2', and Ba2'for a column of virgin 
strong-acid resin in the hydrogen form 
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force the regeneration reaction to take 
place. The capacity of the strong-acid 
resin depends not only on the number of 
functional groups on the resin. but also 
on the amount of regenerant applied. If 
low regenerant doses are used. a lower 
capacity will result because some sites 
are not converted back to the Na' form.' 

The addition of Na' to the product 
water (see Eq 1) is considered a disad· 
vantage for some drinking water treat
ment applications. 3It the addition of ~ a
is to be avoided, a weak-acid resin may 
be used in the H' form.' the strong-acid 
resin may be used in the H' form. or it 
may be necessary to use alternate sources 
of drinking water. 

Radium (Ra2') and barium (Ba2') are 
alkaline earth metals found in water as 
divalent cations. Naturally occurring 
Ba2'exceeds the maximum contaminant 
level (MCL) of 1 mglL in some areas of 
northern lllinois, northeastern Iowa, and 
other locations.5 In these same areas and 
in some parts of Florida. Texas. and 
South Carolina. the concentrations of 
Z20Ra plus Z21Ra exceed the MCL of 5 
pC ilL. S,7The chemical behaviors of Ra 2' 
and Ba2' are very similar and are much 
like those of Mg2' and Ca2., the principal 
components of hardness in water. For 
example, these metals are removed well 
by softening, and there are some data 
that indicate that ion exchange is 
effective. ,., 

Removal efficiency of Ba2+ at two full
scale ion exchange softening plants has 
been reported.' The first plant showed a 
reduction from 10 mg Ba2'1L to less than 
1 mg/L for 153 bed volumes (BY) of 
water processed. and the second showed 
a reduction from 19 mg Baz'lL to 1 mglL 
or less for 100 bed volumes. The influent 
water at both plants contained 220-230 
mg hardness as CaC031L. But data 
obtained by Snoeyink et apo at Crystal 
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Lake. Ill .. showed that the Ba'- concen· 
tration in the ion exchange product water 
at one well sIte was sometimes in excess 
of the \·mgIL MCL. 

Brinck et ai' sampled seven different 
ion exchange plants throughout Iowa 
and Illinois to determine their radium 
removal efficiency. The analyses showed 
average remo"als of ZHRa to range be
tween SI and 97 percent for raw waters 
containing 3.25-45 pC ill. Good radium 
removal was also observed to continue 
for a time after hardness had broken 
through. In other studies. Bennett1found 
7\-92 percent removal of ZHRa at three 
plants in Illinois. and Singley et al" 
showed that the fraction of radium 
removed at operating plants was directly 
proportional to the fraction of total 
hardness removed. 

OIIjec:tIy. IIId ..... lit ,....rcII 
The research discussed in this article 

was conducted to investigate and docu· 
ment the perfonnance of conventional 
sodium· form strong·acid resins for the 
combined removal of barium. radium. 
and hardness under controlled. labora· 
tory bench·scale operating conditions. 

This work was undertaken for several 
reasons. Although others'" have docu· 
mented the effectiveness of several full· 
scale ion exchange softening facilities 
for removing banum and radium. pre· 
mature leakage of barium into the 
softening column effluents has been 
reported." The reason for this was not 
understood. A chemical company has 
also reported observing barium leakage 
from strong acid ion exchange columns. I! 
Previous work on the use of conventional 
ion exchange softening resins in the 
sodium form for combined barium. 

. radium. and hardness removal was based 
only on short studies of existing full· 
scale facilities. No controlled. laboratory 
bench·scale research work has been 
conducted to determine the factors that 
affect resin performance. The effect of 
the quantity of regenerant applied on 
effluent quality and on effluent quality 
as a function of the amount of water 
processed during a run also has not been 
documented. 

Many of the public water supplies that 
exceed the MCLs for barium or radium 
are reiatively small communities that 
use gToundwater as the source of supply. 
Others'·11 have shown conventional 
strong·acid sodium·form ion exchange 
softening to be a cost-effective way to 
remove barium and radium from gTound· 
water. particularly for small facilities. 
Therefore. this research was conducted 
to determine how to apply strong·acid 
ion exchange resins more effectively for 
the removal of barium and radium to 
meet the MCLs and to help understand 
and solve problems similar to those 
likely to be encountered during full·scale 
operation. 

AUGUST 1987 

• , .. • 1_' "" -.,., ..... 
o ... ,t. 
6 c. l • 

ca- l -... 'DC) -'DC) 

~ 
0 
~ 
: 110 t- · .. -OIl 

r r r , 
~ 

''''r • · .. 
roo i t .0 ,---2 

1 oofo- r :::::'1 \. 11'1"-'"............. .1 
1 .. -" 
I ) ). =--" 

.. f- · '" -JO 

" -" OlIO ."'" -~ ....... ~----
FI ..... Z. Breakthrough curves of Na-. Mg'-. Ca'-. and Baz-for columns otvirgin 
strong·acid resin in the sodium form 

IIbt8rtaIs 1llll1UIytIca11llltll.dI 
A strong·acid resin was used in all 

experiments.· The resin has a polysty· 
ren~ivinylbenzene cross· linked matrix 
with sulfonate functional groups. The 
capacity of this resin was measured to be 
1.8 meq/wet mL (4.S meq/dry g) by pH 
titration with base and also by isotherm 
batch tests. 10 The resin was shipped in 
the sodium form and was conditioned 
according to manufacturer's specifica· 
tions. The mass of dry resin used in each 
experiment was determined by measur· 
ing the mass of centrifuged or filtered 
moist resin: the moisture content of a 
representative traction was then deter· 
mined and used to calculate the mass of 
dry resin. The test solutions contained 
1.0 mM CaCO!. 1.0 mM MgC03. 0.15 
mMBaCI,.I.7mMNaHC03.and20pCi 
ZHRa/L. The solution thus contained 200 
mi total hardness as CaC031L. 285 mi 
total alkalinity as CaC 031L. and 20 mi 
BaJ-IL. 

An ion chromatOgTlpht was used to 
measure the concentrations of magne
sium. calcium. and barium. Atomic ab
sorption lmd flame emission spectros· 
copy were used for some barium and 
sodium analyses. Alkalinity and some 
hardness measurements were made 
according to SlillIdtzrd M,tIuJds. I' 

Radium analyses were made by the 
Environmental Research Laboratory 
(ERL) at the University of l11inois at 
Urbana and the University HygieniC 
Laboratory (UHL) at the University of 
Iowa at Iowa City. The ERL used a radon 
emanation method:u the UHL. a tech· 
nique involvini coprecipitation of DIRa 
with BaSO, and alpha counting with an 
internal proportional counter. It 

Esperi •• 1IbI11I'"1C rd.r. 
Glass columns 75 cm long with 2.5· 

cm·ID were used. The columns had 

stopcocks on each end and the 62-c:m 
resin beds were supported by heat·re
sistant glass wool plugs. This bed depth 
is tYJlical of the bed depth used in 
practice. Influent water was pumpedl 
from a 230-gal (871·L) stainless·steel 
covered tank through vinyl tubing. The 
same pumps with PTFE tubing were 
used to pump regenerant solutions and 
deionized rinse water. The strong·acid 
resin was used in both the sodium and 
the hydrogen form. 

... Its II1II dllC."ioa 
Column tests were made using resin 

in the hydrogen form and the sodium 
form to show effluent quality as a 
function of the amount of water pre
cessed. Influent was applied to the 
column with virgin hydrogen form resin 
at 4.31 BV Ih (21.4 ml.lmin. 1.1 iPmlsq 
ft [5 x 10" mm/sj) for the first 263 BV 
and at 2.60 BV Ih (12.9 ml.lmin. 0.65 
iPm/sq It [3 x 10" mm/sjl for the 
completion of the run. The influent was 
applied to the virgin sodium·form resin 
at 5.01 BV Ih (24.S ml.lmin. 1.2 iPm/sq 
ft [5.6 x 10" mmlsj). All resin volumes 
were measured with the resin wet and 
completely in the hydrogen form. 

Breail:through curves for the hydro
gen·form resin column are shown in 
Fipre 1. and those for the sodium·form 
resin column in Fipre 2. Chromato
irlphic displacement of the ions was 
observed in the reverse order of their 
position in the selectivity series.2 

Sodium appeared first in the effluent 
of the hydrogen·form resin column and 
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its maximum concentration of 115 mg/L 
was more than three times the influent 
concentration. Magnesium was then 
eluted and reached a peak concentration 
of more than two times the influent 
value. Magnesium was followed by Ca2+. 
and much later by Ba2+. The exchange of 
ions in solution for the H- on the resin. 

• R-SO,- H- + X- - (R-SO,')' X- + oW (3) 

in which X" represents Na-. Ca2+, Mg2+, 
and Ba2-, resulted in a solution pH that 
was less than 3.5 until the alkalinity 
broke through at about 300 BY. This H
would have to be neutralized and the 
CO2 produced from neutralization of the 
alkalinity stripped if the column were 
used in this form. More details con· 
cerning the use of the H+ form column 
are given elsewhere." Similar results 
were observed for the sodium·form 
column, except that the Na+ concen· 
tration instead of the H+ was initially 
high (about four times the influent value). 

Barium ion was also the most difficult 
to remove from the resin because of its 
selectivity. The hydrogen·form column 
was regenerated with 8.29 meq/mL(21.7 
meq/g, 18.6 Ib HCllcu ft resin [8.4 kg 
HCllm' resinj, 3.66 BY) of an 8 percent 
HCI solution at 1.64 BY Ih (8.2 mLlmin. 
0.4 gpm/sq ft [1.8 x 10" mmis]). The 
sodium·form column was regenerated 
with S.09 meq/mL (21. 7 meq/g. 29.9 lb 
NaCllcu ft resin [13.6 kg NaCl!m'resinj. 
3.23 BY) of a 13.5 percent NaCI solution 
at 1.64 BY Ih (S.l mLimin. 0.4 gpmisq ft 
[l.8 x 10" mmis]). The regenerant can· 
tact time was 2 h 14 min for the 
hydrogen-form column and 1 h 58 min 
for the sodium-form column. The regen· 
eration curves for the hydrogen·form 
column and the sodium-form column are 
shown in Figures 3 and 4. respectively. 

Calcium and Mg2+ are removed most 
effectively by the HCl during the first 
portion of the regeneration. At a regener
ant dose equal to the number of equiva· 
lents of divalent cations removed by the 
resin (at line A). 50 percent of all ions 
were removed (based on the total amount 
eventually removed from the resin during 
regeneration); 75 percent of the Mgz+. 51 
percent of the Caz+. and only 15 percent 
of the Ba Z+ were removed. After regen
erant equal to three times the equivalents 
of divalent cations (Figure 3. line C) was 
applied. nearly all the Ca2+ and Mgz+ 
were removed from the resin. but more 
than half the Baz+ remained. 

The NaCI regeneration curves are 
similar to those obtained for the HCl; 
about 65 percent of all ions were removed 
with a NaCI dose equal to the number of 
equivalents of divalent ions removed by 
the resin (Figure 4. line A). When NaCI 
equal to three times the equivalents of 
divalent cations was applied. essentially 
all Ca2+and Mg2+was removed but more 
than 50 percen t of the Baz+ still remained. 
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Flpre 5. Barium effluent concentration from strong·acid resin exhaustion
regeneration cyclic studies (bariu", values show" ar,for efflue"t hard"ess of 40 mg 
as CaC03IL) 

A large regenerant dose is required to 
regain the full capacity of this resin. In 
municipal softening operations, complete 
reseneration is not practiced. Instead. 
resin capacity is often sacrificed to 
achieve more efficient use of regenerant.! 
Municipalities often operate with a 
reaenerant dose of approximately one 
times the capacity of the resin (or one 
times the equivalents of divalent ions on 
the resin) so that about 50-60 percent 

. removal of the ions is obtained (according 
to the results shown in Figures 3 and 4). 
The capacity of the resin available in a 
subsequent production run is then 
limited by cations still present on the 

resin. The vlrgm resin results also 
indicate that with only partial regenera· 
tion of a resin. Ba2+is likely to selectively 
accumulate on the resin over successive 
exhaustion-regeneration cycles. This 
condition will reduce the amount of 
water that can be processed before hard· 
ness and barium breakthrough. 

Cyclic exhaustion-regeneration stud· 
ies were conducted (1) to determine 
whether a quantity of regenerant in 
excess of that typically used would be 
required to hold the Baz+ concentration 
at an acceptable level. (2) to document 
the extent of leakage during a column 
run. and (3) to determine whether the 
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'I,.,.. 6. Breakthrough curves for the sixth exhaustion cycle of the strong·acid 
'esin 

bed volumes processed per cycle would 
change as the number of cycles in· 
creased. Both a hydrogen·form column 
with HCI regenerant and a sodium·form 
column with NaCI regenerant were used. 

The influent feed was prepared in a 
230-1131 (871·L) stainless·steel tank. Ef· 
fluent samples were taken throughout 
the exhaustion run for two cycles to 
determine the extent of leakage. For the 
other cycles. samples were taken near 
the end of the run to document break· 
through behavior. The column was back· 
washed prior to regeneration. Cocurrent 
downflow regeneration with 13.5 percent 
NaCI was used with an application rate 
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of 1.7 BVIh (8.5 mUmin. 0.4gpm/sq ft 
(1.8 )( 10~ mm/s)). Cycles 1-11 used 1.8 
meq NaCVmL resin (4.7 meq/g; 6.5 lb 
NaCVcu ft resin [3 kg NaCVm' resin)) 
and cycles 12-19 used 2.7 meq NaCVmL 
resin (7.1 meq/g; 9.75 lb NaCVcu ftresin 
[4 kg NaCVm3 resin]). The reaenerant 
contact time for cycles 1-11 was 24.9 
min. and for cycles 12-19 was 37.4 min. 

Each exhaustion run was terminated 
when the effluent hardness reached .to 
mg as CaC031L. The effluent Bal' con· 
centrations of both the sodium· and 
hydrogen·form resin columns are shown 
in Figure 5. The hydrogen·form column 
run was terminated after five cycles 

because performance was similar to the 
sodium·form column. The effluent Bal' 
concentration leveled off at 1.7·1.75 
mglL for the cycles in which 1.8 meq 
NaCl/mL resin (6.5Ib NaCVcu ft resin [3 
kg NaCVm' resin]) were used to regen· 
erate the sodium·form resin column. 
The effluent Ba 2'concentration dropped 
to about 1.2 mglLat the end of each cycle 
after the regenerant dose was increased 
by 50 percent to 2.7 meq NaCVmL resin 
(9.75 lb NaCI/cu it resin [4 kg NaClIm' 
resin]). These results show that Bal' 
does accumulate on the resin with suc' 
cessive exhaustion-regeneration cycles. 
In the tenth and eleventh cycles. ani), 58 
percent of the maximum capacity of the 
resin was being used. The regeneration 
efficiency (defined as the number of 
equivalents of divalent ions removed per 
equivalent of NaCI applied times 100) of 
these two cycles was about 58 percent. 
and the average total dissolved solids 
(TOS) of the 2.4 BV of waste brine 
produced per 100 BV of product water 
was 16400 mglL. After increasing the 
regenerant dose to 2.7 meq NaCl/mL 
resin (9.75 Ib NaCVcu ft resin [4 kg 
NaClIm' resin]). however. the regenera· 
tion efficiency decreased to 46 percent. 
the percent of maximum capacity em· 
played increased to 68 percent. and the 
waste brine produced was 2.1 BV per 100 
BV of product water with a TOS of 
25200 mglL. 

The hardness and Bal' breakthrough 
curves shown in Figure 6 were de
termined during the sixth exhaustion of 
the sodium·form resin column. with 1.8 
meq NaClImL resin (6.5 lb NaCllcu ft 
resin [3 kg NaCI/m' resin]) applied as 
regenerant. The leakage of Bal' during 
most of the cycle was approximately 
0.10 mglL. and low total hardness 
leakage also was observed. Barium and 
total hardness broke through together at 
approximately 225 BV. whereas break· 
through of Ba 2- from the virgin resin 
column occurred 600-800 BV after the 
hardness. The earlier breakthrough is 
consistent with Ba2' accumulation on 
the resin with increasing numbers of 
cycles. When hardness broke through 
duri", the virgin resin column run. 
about 0.15 meq B.2·/mL (0.4 meq/dry It) 
was on the resin. but after several cycles 
with 1.8 meq NaCllmL resin (6.5 lb 
NaCVcu ft resin [3 Iq NaCllm' resinj) 
recenerant. this amount had increased 
to 0.38 meq/mL (1.0 meq/dry It). No 
further accumulation was indicated after 
several cycles because the concentration 
of Ba2-at hardness breakthrough reached 
a constant value. At Iteady-state. only 
about 0.075 meq Bal'/mL (0.2 meq/dry 
It) was removed from the resin during 
reeeneration with 1.8 meq NaCllmL 
resin (6.5 Ib NaClicu ft resin [3 kg 
NaCllm'resin]). Effluent samples taken 
during the ninth. tenth. and eleventh 
cycles for this column continued to show 
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Ba'· leakage of less than about 0.15 
mglL during most of each cycle. The 
breakthrough curves determined dUring 
the nineteenth cycle. when the regener· 
ant dose was 2.7 meq NaClImL resin 
(9.75 Ib NaClIcu ft resin [4 kg NaClIm3 

resin]). were very similar to those shown 
in Figure 6. The leakage of Ba'· was 
between 0.10 mg/L and 0.20 mg/L for 
the entire run. Hardness and Ba2• did 
break through somewhat later. at 
2~270 BV. because a higher percentage 
of the resin capacity was being used. 

Although Ba2·c1early accumulated on 
the resin over several CYcles. until a 
certain equilibrium with the regenerant 
dose and other operating conditions 
were achieved. the number of bed 
volumes to hardness breakthrough of 40 

.mg as CaC03/L remained constant 
throughout the cyclic studies for each 
regenerant dose (excluding the first cycle 
when the resin was in viriin form). 
Barium did not use up enough capacity 
on the resin to detrimentally affect 
hardness removal. although it did ac· 
cumulate enough to affect Ba'+ removal 
efficiency . 

Radium was also present in the influ· 
ent solution for both the viriin resin 
column test and the cyclic run experi· 
ment. For the. virgin resin. the influent 
226Ra averaged 18.5 pCiIL; Table 1 lists 
the effluent mRa. total hardness. Ba'+. 
and Na· concentrations. The data show 
that "6Ra removal continued long after 
saturation of the column with hardness 
ions. The detection limit for the sample 
size used for this test was 1.0 pCilL. 

Larger sam pIes were collected for the 
cyclic run studies to lower the 226Ra 
detection limit to 0.1 pCiIL. All effluent 
val ues measured were near the detection 
limit as shown in Table 2. Not all the 
.. 6Ra applied to the resin was removed 
during regeneration. but the accumula· 
tion per cycle decreased with each 
successive cycle (Table 3). After 11 cycles 
at a regenerant dose of 1.8 meq NaClImL 
resin (6.5 Ib NaClIcu it resin [3 kg 
NaClIm3 resin]). almost 85 percent of 
the 226Ra adsorbed during the eleventh 
exhaustion cycle was removed during 
regeneration. After eight additional cy. 
cles at a regenerant dose of 2.7 meq 
NaClImL resin (9.75Ib NaClIcu it resin 
[4 kg NaCl/m3 resin]). close t095 percent 
of the radium adsorbed during the last 
(nineteenth) cycle was removed by re
generation. The small accumulation of 
mRa on the column will not affect resin 
capacity because only 1.026 x 10.12 g of 
radium will iive a count of 1 pC ilL. 
Thus. less than 1 percent of the resin 
capacity would be occupied by mRa even 
if all of the radium applied during the 19 
cycles were retained on the resin. 
Because radium does accumulate. 
though. the radiation from resins in 
operating columns should be studied 
more closely to ensure no adverse impact 
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TABLE 1 
RIzd .... ", mtUllIGl /Iy .",.,..n m"" 

lllllaeat ApplIed EfflueDC-a. EmueDcNa· EfOuellt HardDe •• Effluent Sa 2'" 
BV ,cilL ... IL ..... C.COy'L ... IL 

25 1.4 0 0 0 
31!0 2.1 112 0 0 
881 2.3 36 214 0 

1121 2.0 46 200 0 
1622 2.7 47 201 1.0 

TABLE 2 
Radi .. ", .,_1 d .. ri"lIM cyelic tal 

lIII1Den. Applied .... Total HardDe .. 
Cycle BV ,ci/L ..... C.COy'L 

6 
Influent 17.7 199 
Effluent 6 0.1 1.7 
Effluent 164 0.3 1.2 
Effluent 254 0.3 30 
Effluent (composite) 259 0.1 1.6 

11 
Influent 18.2 I 216 
Effluent 27 <0.1 0.8 
Effluent 182 <0.1 0.8 
Effluent 248 3.0 23 
Effluent (compoojte) 255 0.1 1.7 

19 
Influent 1B.4 200 
Effluent 5 0.2 0.4 
Effluent 216 <0.1 0.4 -
Effluent 261 0.1 4.6 
Effluent 287 0.7 26 
Effluent (compoojte) 295 <0.1 1.6 

TABLE 3 
Radi .. ", ac""",,,lalillll Oil 1M min d .. ri,., tit. cyelic lesl 

W .. teBriDe .... W .. te BriDe Produced Percent a-Ra Removed 
Cycle ,cilL BV /100 BV Praduct Water Durin. Re.eneration 

4 274 
6 41B 

11 639 
19 848 

-
on the health of those who handle and 
dispose of spent resins. Bennette docu· 
mented the buildup of radium on strong· 
acid ion exchange resins in several full· 
seale municipal water treatment plants 
in Dlinai •. 

The experiments conducted as a part 
of this research did not examine how 
different concentrations of hardness in 
the influent water would affect the 
removal of barium and radium. It is 
expected that hieher concentrations of 
hardness with respect to barium and 
radium would shorten the bed volumes 
of water processed to hardness break· 
through. Lower concentrations of hard· 
ness with respect to barium and radium 
than those used in these experiments 
would increase the bed volumes of water 
processed to hardness breakthrough and 
to barium and radium breakthrough. 

lmproved efficiency of countercurrent 
regeneration over cocurrent regeneration 
for hardness (Ca2+ and Mg2+) removal 
has been documented.' Countercurrent 
regeneration is not widely practiced in 
municipal water softening because the 

2.30 
2.37 56.0 
2.41 64.B 
2.05 94.4 

equipment and operational control are 
not as simple as for cocurrent regenera· 
tion. Cocurrent regeneration was used 
in these experiments so that the investi· 
gations represent the most commonly 
used mode of ion exchange operation. 
The effect of countercurrent regenera· 
tion on barium and radium removal 
would need to be investigated. but it is 
not apparent that improved removal 
efficiency would result because the 
leakage immediately after regeneration 
did not exceed the MCLs. 

Conventional strong·acid sodium ion 
exchange is used in the city of Crystal 
Lake. D1 .. to remove hardness and Ba'> 
from its groundwater supply. The com· 
munity obtains its water from wells and 
treats this water at three sites. Samples 
from the three sites showed that Ba 2. 

and hardness removal were more of a 
problem at site 8 than at the other two 
sites. The effluent immediately after 
regeneration contained a hardness level 
of21.7mgas CaC03ILanda Ba2·level of 
0.4 mgIL. The water quality just prior to 
regeneration was considerably worse. 
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Applying Membrane Processes 
to Groundwater Sources 
for TrihaIomethane 
Precursor Control 
James S. Taylor, D.M. Thompson, and J. Keith Carswell 

The UIe of membrane proceues for controDin. trihalomethana (THMs) .. in~ted for 
Florida ~und_ter lOurta and one surfxe _ter IOUn:e. All of the IOUrta were UICd for 
public supply and had aceulw THMs (>300 141L) In the finished water. The performance 
and projected colt iii the membrane system ~ IP'OWtclwatcr lOurta are reported in this 
utIcIe. 

The permeate water quality from any 
membrane process can be expressed 
mathematically by solvent and solute 
fluxes as shown in Table 1. U The 
eq uations indicate that water (solvent) 
flux through a membrane will increase 
as the feed pressure increases and 
decrease as the difference in osmotic 
pressure between the feed and the 
permeate increases. The solute flux of 
any dissolved material (total dissolved 
solids [TDS]. trihalomethane [THM] 
precursors. dissolved organic carbon 
[DOC]) increases as the roncentration 

72 RESEARCH AND TECHNOLOGY 

The pilol·uale lrailer used in Ihis sludy 
WGS designed 10 be self-contained 
and Iransportable. 

gradient between the feed and the 
permeate increases. The recovery in a 
membrane process is the percentage of 
product relative to feed. as shown in Eq 3 
of Table I.' The product stream could be 
the permeate or the reject stream. 
depending on the application. 

Separation of the feed stream into 
reject and permeate streams occurs 
continuously along the surface of the 
membrane. Because membranes tend to 
pass water and reject most dissolved 
solids. the membrane feed is contino 
uously concentrated and permeate water 
quality is decreased as product recovery 
is increased. The osmotic pressure gra· 
dient also increases as recovery is in· 
creased. which reduces the water flux 
and further reduces permeate water 
quality. Historically. water plants utiliz· 
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Project Summary 

Manganese Dioxide Coated 
Filters for Removing 
Radium from Drinking Water 

Marc Y. Menetrez, David G. Anderson, and Edward P. Stahel 

Research was performed using 
manganese dioxide (Mn02) to 
demonstrate that above pH 3 cations 
are adsorbed from solution in the 
order of their affinity, and that the 
Interaction Is characterized by the pH 
dependence of the metal. The 
relationship of the zero point charge 
of pH and the solution Ionic strength 
effects on InterfaCial surface poten
tial and adsorption have been 
addressed. Characteristics of Mn02 
behavior, structure, and stability 
found In research Investigation were 
reviewed. 

Most of this study was on the use 
of Mn02 coated filters for the 
removal of radium. A few comparison 
tests on radium removal with ion 
exchange were also made. 
Specifically, these tests have shown 
that acryliC fiber filters coated with 
Mn02 will remove radium from water. 
For a high hardness water with pH = 
7.4, total radium removal was 14,200 
pCi/g Mn02 before the MCl of 5 pClIl 
was exceeded; and for a low 
hardness water with pH = 4.5, total 
radium removal was 5,000 pCi/g Mn02 
before the MCl of 5 pCIIL was 
exceeded. Hardness passed through 
the Mn02 filters with little change; 
therefore, radium was highly 
preferred over hardness. 

A step-by-step process for the 
preparation of acrylic fiber filters 
coated with Mn02 Is Included In the 
full report. 

This Project Summary was devel
oped by EPA's Risk Reduction 
Engineering Laboratory. Cincinnati, 
OH, to announce key findings of the 
research project that is fully 
documented in a separate report of 

the same title (see Project Report 
ordering information at back). 

Introduction 
As of August 1, 1982, a total of 39 

public water systems, or 1 .9% of the 
systems tested in North Carolina, were 
found to be in violation of the 5 pCilL 
combined radium limit. When a water 
system is found to have levels of 
combined radium activity that exceed the 
standard, the system owner is 
responsible for correcting the problem. If 
utilizing another water source is not 
realistic, then effective treatment to 
remove excess radium would be re
quired. Ion exchange, lime-soda soft
ening, and reverse osmosIs have been 
demonstrated to be eHective techniques 
for radium removal. 

Adsorption onto Mn02 coated filters is 
a treatment alternative that has been 
tested sparingly but never used to 
remove radium from drinking water. 
Extensive testing of Mn02 filters in the 
laboratory. in the pilot plant, and in full
scale application is the focus of this 
report. The use of Mn02 coated filters 
has been examined for metal removal 
and more extensively for radium removal 
in conjunction with eHiciency, cost, safe 
use of application, and usefulness 
compared with other forms of treatment. 

Flowthrough Mn02 Filter 
Preparation System 

A system to produce Mn02 filters with 
a heavy Mn02 loading was designed. 
constructed, and operated successfully. 
The flowthrough filter preparation system 
is described in detail in the full report. 
The system has been successfully used 



to generate Mn02 fiber in both a 
prewoven fi Iter element form as well as a 
loose-staple form. The acrylic-based 
ill1n02 fiber in both forms exceeded the 
previous limit of 10% to 13% Mn02 (by 
weight). loadings of 20% to 25% Mn02 
(by weIght) were consistently produced 
with the flowthrough filter preparation 
system. A filter element lOin. (25.4 cm) 
long weighing an average of 250 g with 
an average loading of 22.5% would 
consist of 56.25 g Mn02 and 193.75 g 
acrylic-base fiber. The flowthrough filter 
preparation system was also used in 
washing the prepared fiber before 
packaging. Preparing Mn02 fiber with the 
system took less than 1 day/batch to 
produce the fi Iters. The cost of chemical 
was less than $2110-in. filter element. 
or less than $8Ikg of prepared fiber. 

The examination of the prepared 
Mn02 filter elements revealed that when 
the Mn02 filter is installed and rinsed 
(with 3 to 5 filter volumes). no organiC. 
soluble manganese. insoluble Mn02. or 
fiber is released to the effluent stream. 
This indicates that Mn02 fiber can be 
used to treat drinking water without 
contributing unwanted contaminants. The 
State of North Carolina. Department of 
Human Resources. Solid and Hazardous 
Waste Branch. examined the Mn02 fiber 
for leaching under landfi II conditions. The 
results of the (EPA) toxicity test revealed 
no leaching of any form of manganese or 
other inorganics at pH 5 conditions. This 
should allow the disposal of the Mn02 
filters in landfills in North Carolina. 
pending approval for radium. 

Radium Analysis 
A modified process for analyzing 

radium in water was devised and 

structured. and the results compared 
with EPA through a quarterly sample 
analysis and report program. The 
analysis procedure lollowed ,s described 
in Appendix B of the full report. 

Results 

Bleed Stream Testing 
The bleed stream testing of the Mn02 

filter in the Highland Park water system 
and the Gateway Mobile Home Park 
water system revealed that radium was 
removed and that hardness was passed 
through the filter relatively unchanged. 

The bleed stream results for the 
Highland Park water system (Table 1) 
show that total radium removal in excess 
of 86% can be expected for a treated 
volume of at least 22.653 l at a flowrate 
of 11.36 Um per 25.4-cm filter element. 
At this level of radium removal. the 
influent concentration of 36.4 pCi/l total 
radium is reduced to a maximum effluent 
concentration of 5 pCi/l total radium. the 
U.S. EPA Regulation. The single. 25.4-
cm filter element consisting of 
approximately 250 g of Mn02 fiber 
removed 0.801 !lCi total radium before 
decreasing to an efficiency of less than 
86%. At an Mn02-to-fiber loading of 
22.5% (56.25 g of Mn02). the total 
radium-to-Mn02 ratio of 14.200 pCi/g 
Mn02 was demonstrated prior to 
reaching the 5 pCi/L limit. The halfway 
point to breakthrough (or the point at 
which 50% efficiency was reached) 
occurred after approximately 57.000 L of 
water was treated. and the total 
breakthrough of radium occurred after 
approximately 160.000 L of water was 
treated. 

Bench-top testing of a sample from 
the Highland Park water system was 
performed. The 202.5-L sample was 
pumped through 15 g of Mn02 fiber 
containing approximately 3.35 g of Mn02. 
at a rate of 0.75 Umin. The results 
indicated that the influent concentration 
of 36.4 pCi/L was reduced to zero in the 
effluent. A total of 7.370 pCi of total 
radium was removed. or 2.180 pCi of 
total radium per gram of Mn02. The 
removal efficiency never changed from 
100%. therefore. no conclusions can be 
made regarding total uptake of radium. 
However. a considerable volume of water 
was treated while maintaining total 
removal. 

The bleed stream results for the 
Gateway Mobile Home Park water 
system (Table 2) show that total radium 
removal in excess of 66% can be 
expected for a treated volume of at least 
28.000 L at a flowrate of 11.4 Um per 
25.4-cm filter element. At this level of 
radium removal. the influent concen
tration of 13.2 pCi/L total radium is 
reduced to a maximum effluent concen
tration of 5 pCi/L total radium. the U.S. 
EPA Regulation. The single. 25.4-cm 
filter element consisting of approximately 
250 g of Mn02 fiber removed 0.222 !lCi 
total radium before decreasing to an 
efficiency of less than 66%. At a Mn02-
to-fiber loading of 22.5% (56.25 g of 
Mn02). the total radium-to-Mn02 ratio 
of 5.000 pCi/g Mn02 was demonstrated 
prior to reaching the 5 pCi/L limit. The 
halfway point to breakthrough (or 50% 
efficiency) occurred after approximately 
42.000 L of water was treated. and the 
total breakthrough of radium occurred 
after approximately 85.000 L of water 
was treated. 

Table 1. Highland Park Field Study; Bleed Stream Field Test - Total Radium Removal EffiCiency and Uptake" 

Effluent Radium (pCiIL) Total Flowt (ft3) Removal Efficiency Total Uptake (nCi) Uptake (nCilg Mn02) 

2.4 500 0.934 481.39 8.56 

5.5 7.000 0.849 918.89 76.34 

74.5 7.500 0.602 7.228.96 27.85 

77 2.000 0.533 7.503.63 26.73 

22 2.500 0.396 7.707.52 30.36 

27.5 3.000 0.245 7.833.53 32.60 

30 3.500 0.776 1.924.74 34.27 

37.5 4.000 0.735 7.993.52 35.44 

32.5 4.500 0.707 2.048.73 36.42 

34.5 5,000 0.052 2.075.64 36.90 

" For 25.4-cm long filter element. influent total radium concentration = 36.4 pCilL pH = 7.4. and total hardness 
= 227 mglL as CaC03' 

t Multiply by 28.32 to convert ft3 to liters. 
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Table 2. Gateway Field Study; Total Radium Removal Efficiency and Uptake" 

Effluent Radium (pCi/L) Total Flowt (ft3) Removal Efficiency Total Ra Uptake (nCI) Uptake (nCilg Mn02) 

2.0 500 0848 158.58 

4.5 1.000 0.659 281.75 

7.0 1,500 0.470 369.54 

9.0 2,000 0.318 429.00 

12.5 2,500 0053 438.91 

13.2 3,000 0000 438.91 

2.82 

5.01 

6.57 

7.63 

7.80 

7.80 

" For 25.4-cm long filter element, mfluent total radium concentratIOn 13.2 pCI/L, pH = 4.5, and total hardness 
= 23 mglL as CaC03' 

t Multiply by 28.32 to convert ft3 to liters. 

In-Une Testing 
In-line field testing utilized three 

standard water filtration housings. Each 
housing held twenty-one 25.4-cm fi Iter 
elements. The three stainless steel 
housings were situated in series to 
extend filter life. The in-line field test 
results for the Highland Park water 
system indicated that the removal 
efficiency of total radium was less than 
that exhibited with the bleed stream field 
test. The point halfway to breakthrough 
of total radium was reached almost 
immediately for the three-filter housing 
system containing three canisters of 
twenty-one 25.4-cm Mn02 fiber 
elements. This rapid decrease In filter 
efficiency was also recorded for the three 
filter housing systems containing one 
20-llm. one 5-llm. and one Mn02 filter 
element housing. The decreased 
capacity of the Mn02 filters was believed 
to be caused by a high suspended solids 
loading on the filters, Large amounts of 
clay and silt were found coating the filter 
elements. 

This fouling of the Mn02 sites greatly 
decreased the ability of the filter to 
adsorb radium. Even after passing 
through a 20-llm and a 5-llm pleated 
paper filter element, significant amounts 
of fine suspended material were found 
building on the Mn02 filter element. The 
reduced capacity of the in-line field test 
apparatus is believed to be caused by an 
improperly drilled and cased well. This 
problem was not encountered with the 
bleed stream testing and only became 
apparent when treating the entire well 
flow of 125 Um and 75,700 Uday. 

Conclusions 
The successful removal of radium with 

Mn02 coated filters appears conditional 
to the lack of fouling agents in the 
influent stream. Coating of the Mn02 
sites greatly reduces the interfacial 
attracting forces. Maximum adsorption 
efficiency is expected when only the 

target ion in solution is present. The 
bleed stream tests resulted in greater 
amounts of radium loading for the 
Highland Park water system and lower 
radium loading for the Gateway water 
system. This is believed to be caused by 
the different levels of pH of these two 
ground water sources. The pH 7.4 of the 
Highland Park water system allowed for a 
higher degree of adsorption than did the 
pH 4.5 of the Gateway water system. 

In-lab. bench-top investigation on 
the removal of dissolved metals has 
indicated that radium ions as well as 
interfering ions in solution are adsorbed 
by Mn02. The results of metal removal 
with Mn02 fiber showed that low 
concentrations of cadmium, calcium, 
cobalt. cesium. iron. and manganese can 
also be removed from solution by 
adsorption onto Mn02 fiber. 

The ion exchange comparison column 
bleed stream results were inconclusive in 
that they lacked actual breakthrough 
information. A column of Mn02 fiber 
t 52.4-cm length and 5.08-cm diam
eter treated approximately 76,000 L of 
influent water containing 13.2 pCi/L total 
radium without any variallon from an 
effluent level of 0 pCi/L total radium. A 
column of ion exchange resin 60,96-cm 
length and 5.08-cm diameter treated 
76,000 L of water containing 13.2 pCi/L 
total radium, without any significant 
variation from 0 pC ilL total radium in the 
effluent. At this point the ion exchange 
column was regenerated with a 0,85 
molar calcium chloride solution because 
the resin was mistakenly expected to be 
spent. An additional 78,000 L of water 
was treated with this column. Again. no 
variation from zero total radium dis
charge was observed. No conclusions 
could therefore be made regarding 
column life. efficiency, or comparisons of 
hydrogen ion exchange to calcium ion 
exchange. 

The Mn02 fiber can be used for 
treatment of drinking water for the 
removal of radium. Tests also showed 
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that Mn02 adsorbs other metals, 
specifically cadmium. calcium, cesium, 
cobalt, iron, and manganese. The bleed 
stream tests showed that radium was 
highly preferred over calcium and 
magnesium. A treatment application for 
radium involving an inability to regen
erate resin because of the disposal of 
regenerant brine or backwash could 
eliminate the use of ion exchange resin. 
In these circumstances, Mn02 coated 
filters could possibly be used for 
treatment and the filter disposed of in a 
sanitary landfill (pending approval by 
state authorities). 

The full report was submitted in partial 
fulfillment of Cooperative Agreement 
CR-811119-01 by North Carolina State 
University under the sponsorship of the 
U,S. Environmental Protection Agency. 
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Project Summary 

A Study of Possible Economical 
Ways of Removing 
Radium from Drinking Water 

Richard L. Valentine, Roger C. Splinter, Timothy S. Mulholland, 
Jeffrey M. Baker, Thomas M. Nogaj, and Jao-Jia Horng 

A study was undertaken to determine 
variables that control the incidental 
removal of radium observed to occur 
as a consequence of treatment to 
remove iron by oxidation-sand filtra
tion. This study also evaluated the 
possibility of exploiting these factors to 
provide an inexpensive means of re
moving radium using existing or mod
ified iron removal facilities. Emphasis 
was placed on the use of aeration to 
oxidize soluble iron. The initial objec
tive was to determine how water 
chemistry influences .. 6R a sorption to 
iron oxides produced by aeration. 
Studies were also conducted to eval
uate radium sorption to hydrous man
ganese oxides produced by perman
ganate oxidation. A latter objective was 
to evaluate the potential of exploiting 
sorption to filter sand as a novel 
removal technology. Batch and pilot 
plant studies were conducted in the 
laboratory and in the field at a city 
whose supply contains excessive 
radium. 

Sorption of iron and manganese 
oxides and filter sand appears to be 
controlled primarily by the presence of 
calcium and magnesium, which are 
believed to compete for sorption sites. 
Excessive pH values would need to be 
used to obtain significant sorption to 
iron oxides at concentrations typical of 
natural waters. Removals obtained by 
freshly precipitated hydrous manga
nese oxides in batch studies were much 
greater than those obtained in systems 
containing only iron oxides or mixtures 
of iron and manganese oxides produced 
by the oxidation of ferrous iron by 
potassium permanganate. This sug
gests that sorption to manganese 

oxides could possibly be exploited to 
remove radium if iron did not interfere. 
The presence of iron may limit the 
utility of permanganate oxidation of 
iron as'a means to reduce radium. 

Filter sand has a potential capacity 
to sorb significant concentrations of 
radium at typical hardness concentra
tions if the capacity is maintained by 
periodically rinsing the sand with a 
dilute acid. Removal efficiencies of 
approximately 80% to 90% could be 
achieved in laboratory and field studies 
using a 61-cm (2-ft) deep sand bed at 
conventional loading rates when daily 
rinsing with a dilute acid was practiced. 

This Project Summary was devel
oped by EPA's Water Engineering 
Research Laboratory, Cincinnati, OH, 
to announce key findings of the 
research project that is fully docu
mented in a separate report of the same 
title (see Project Report ordering 
information at backl. 

Introduction 
Radium in drinking water is a concern 

because of suspected detrimental health 
effects, primarily the formation of 
cancers. Concentrations exceeding the 
current EPA-mandated maximum con
taminant level (MCl) 01 5 pCi/l total 
radium (226Ra + 22BRa) have been 
observed in several areas, the most 
notable occurrences in the United States 
being in Florida, North Carolina, Virginia. 
the New England states, the uranium 
mining areas olthe mountain states, and 
in the midwestern states of Iowa, Illinois, 
Wisconsin, Missouri. and Minnesota. 

It has been estimated that 500 munic
ipal supplies may contain excessive 
radium. lucas reported in 1985 approx-



imately 1.4 million people in a total of 
177 cities in the midwest alone are 
delivered a water containing "6Ra in 
excess of 3 pCi/L (the 1962 U.S. Public 
Health Service drinking water standard 
and the value above which mandatory 
analysis for "BRa is required). Radium 
concentrations in the range of 5 to 20 
pCi/L are typical of the majority of these 
supplies although higher levels (up to 
nearly 50 pCi/L) have been reported. In 
many cases removal efficiencies in the 
range of 50% to 75% would be adequate 
to put these waters into compliance. 

Several conventional water treatment 
practices bring about the removal of 
radium. Sorg and Logsdon have pointed 
out that the two most efficient methods 
are sodium ion exchange and lime-soda 
softening, each generally removing 
about 85% to 95% of the influent radium. 
In those processes radium removal is 
only incidental to other changes in water 
quality that may not be needed or even 
desired. For example, sodium ion 
exchange causes an increase in sodium 
concentration, which has been asso
ciated with an increased risk of heart 
disease. In particular, conventional 
processes are not suited to the many 
small communities that have excessive 
radium. Other removal technologies 
have also been investigated but to date 
no processes to remove radium alone are 
in widespread use. 

Many supplies having high radium also 
have unacceptably high concentrations 
of iron and sometimes manganese that 
must be removed, commonly through 
processes involving oxidation and sand 
filtration. It has been observed that some 
radium removal occurs during iron 
removal treatment, presumably by sorp
tion/coprecipitation with the hydrous 
metal oxides. Radi um, like other alkaline 
earth metals, probably exists in water as 
a divalent cation and has been shown 
to sorb to many types of materials. For 
example, sorption to glass is a common 
sampling problem that is overcome by 
acidification. An understanding of the 
factors that control radium removal in 
iron removal processes could possibly aid 
in the development of inexpensive 
radium removal methods based largely 
on the use of existing facilities. 

The primary objective of this study was 
to determine what factors control the 
incidental removal of radium occurring 
in iron removal plants typical of those 
operating in the midwest utilizing aer
ation and sand filtration. The study also 
evaluated the possibility of exploiting 
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these factors as an inexpensive means 
of removing radium from drinking water 
using existing iron removal facilities. The 
initial focus was on modification of the 
water chemistry expected to affect 
sorption to Iron oXides produced by 
aeration. Studies were also conducted to 
evaluate radium sorption to hydrous 
manganese oxides produced by perman
ganate oxidation. A latter objective was 
to evaluate the potential of exploiting 
sorption to filter sand as a novel removal 
technology. 

Tasks included (1) batch studies of the 
effect of variable water chemistry on 
sorption of "6Ra to hydrous iron and 
manganese oxides, mixtures of iron and 
manganese oxides coproduced by per
manganate OXidation of ferrous ion, and 
sorption to filter sand; (2) evaluation of 
radium removal occurring in a laboratory 
pilot plant simulating an aeration-sand 
filtration iron removal process under 
various operating conditions including 
regeneration of the filter sand using a 
dilute acid rinse to mamtain radium 
sorption; and (3) field evaluation at 
Oxford, lA, of the use of a regenerable 
sand filter to sorb naturally occurring 
radium. 

Materials and Methods 

Waters Used 
Batch studies were conducted using 

synthetic groundwaters and ground
waters obtained from Oxford. lAo and 
Eldon. IA. A hardness-free synthetic 
water was prepared by mixing 5 mM 
NaHCO

" 
1 mM Na 2SO., and 1 mM NaCI 

to deionized water. Calcium and/or 
magnesium sulfate were added to vary 
hardness. Finished waters were obtained 
from Oxford and Eldon and were filtered 
through a 0.45 pm filter prior to use, 
Oxford water had a hardness and alka
linity of approximately 1300 mg/L and 
300 mg/L as CaCO

" 
respectively. Eldon 

water had a total hardness and alkalinity 
of approximately 300 mg/L and 200 
mg/L as CaCO" respectively. Oxford and 
Eldon water contained approximately 1 0 
and 50 pCi/L of natural "6Ra, respec
tively. Radium concentrations were 
generally increased by adding additional 
""Ra. 

Laboratory pilot plant studies were 
conducted using the tap water obtained 
at the University of Iowa Hygienic 
Laboratory, which had a total hardness 
of approximately 150 mg/L as CaCO,and 
an alkalinity of approximately 300 mg/L 
as CaCO , . Field studies at Oxford used 

water from the existing sand filter 
effluent (iron floc removed) or water from 
an existing aeration/flow equalization 
tank (containing iron floc). 

Batch Studies 
Batch studies were conducted usmg 

2-L beakers thermostatted to 25°C and 
stirred with a Birds and Phipps' gang 
stirrer. Mixtures of varying carbon 
dioxide-air composition were bubbled 
through to provide pH control although 
in several experiments pH was adjusted 
by addition of concentrated sulfuric acid 
or sodium hydroxide. 

Solutions containing pure iron oxides 
were generally prepared by first deaer
ating the water by purging with nitrogen 
gas, adjusting pH to approximately 6.5 
by bubbling pure carbon dioxide, then 
adding ferrous sulfate and ""Ra. The 
solutions were then aerated to approx
imately pH 8 with normal air to oxidize 
the iron, and the pH adjusted to the 
desired value by bubbling buffer gas (or 
acid/base addition) followed by aging for 
1 hr. Solutions of pure manganese oxides 
were prepared similarly except using 
stoichiometric amounts of permanga
nate to oxidize added manganous ion. 
Mixtures of iron and manganese oxides 
were prepared by addition of enough 
permanganate to oxidize 90% of the 
initial added ferrous ion in deaerated 
solutions followed by aeration to oxidize 
the remaining iron and then aging for 
1 hr at the desired pH. Sorption onto acid
washed and deionized-water-rinsed 0.5 
mm filter sand (effective size) was 
studied using the same apparatus. 

After aging, an aliquot was withdrawn 
and filtered through a 0.45 pm filter and 
the filtrate acidified for later analyses. In 
some cases the apparatus and beakers 
were rinsed with 0.1 N nitric acid and 
the rinses analyzed for radium to ensure 
that significant quantities of radium were 
not sorbing to these components. 

Pilot Plant Studies 
Laboratory pilot studies were con

ducted at the University of Iowa Hygienic 
Laboratory using an iron aeration-sand 
filtration pilot plant (Figure 1). The 10.2-
em diameter (4-in.) pressure filter was 
filled with 61 em (2 tt) of filter sand and 
equipped for water backwashing and 
periodic rinsing with dilute acid. ""Ra 
and ferrous iron could be added to the 

*Mention of trade names or commercial products 
does not constitute endorsement or recommenda· 
tion for use. 
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Figure 7. Schematic diagram of pilot plant used in laboratory studies. 

water, which was maintained at pH 6.5 
prior to aeration by bubbling carbon 
dioxide through it. Aeration to approxi
mately pH 7.5 was accomplished in a 
tank having a 1 O-min hydraulic residence 
time. Filter influent was withdrawn from 
a small tank used to moderate flow. Flow 
rate through the filter was controlled 
using a small, constant-head tank 
equipped with a flow control float and 
valve. Automatic samplers were used to 
obtain discrete and composite samples. 
The water supply was usually 18 cC ± 
3°C. Field studies at Oxford utilized a 
similar pressure filter equipped for 
rinsing with a dilute acid in addition to 
water backwashing. Water temperature 
was usually 15°C ± 3°C. 

Analyses 
226Ra concentration was determined 

using precipitation with BaSO. and 
counting of the radioactivity. Iron con
centrations were routinely determined 
using Hach Chemical Kit ISR-18. Iron 
was also measured in several experi
ments by the phenanthroline colorimet
ric method. Hardness ions were deter
mined by EDTA titration, and alkalinity 
by acidiometric titration. 

Results and Discussion 

Sorption to Hydrous Iron 
Oxides 

Removals in a hardness-free synthetic 
groundwater by oxides produced by 
oxidation of 10 mg/L Fe increased with 
pH from approximately zero at a pH of 
about 5.5 to over 90% above pH 9.0 and 
25°C (Figure 2). A linear isotherm, 

q = k. ["6Ra] 

where q is the amount of radium sorbed 
per unit mass of iron, and k. is a 
distribution coefficient, and [226Ra] is the 
concentration of radium remaining in 
solution, could be used to adequately 
describe sorption to iron oxides (Figure 
3). As a consequence of a linear iso
therm, percent removals do not depend 
on the initial radium concentration and 
can be equated to, 

percent removed = 100 k. [Fe]!(l + k. 
[Fe]) 

where [Fe] is the total iron concentration. 
Sorption was significantly reduced by 

the presence of calcium, magnesium, 
and barium and was a strong function 
of pH over the range of 5 to 9. Distribution 

coefficients characterizing sorption at 
25°C and at approximately pH 8.0, 
decreased from about 0.3 L/mg obtained 
in the absence of hardness or barium to 
approximately 1/10 this value when the 
calcium was increased to approximately 
3mM (300 mg/L as CaC0 3) or when 1 
mg/L of barium was present in a syn
thetic groundwater. Above this hardness 
level little further reduction in the 
distribution coefficient was observed. 
This is consistent with the observation 
that removals were similar in both Oxford 
and Eldon water (approximately 10% to 
20% in the presence of 10 mg/L Fe) 
despite a large difference in hardness. 
Based on measured distribution coeffi· 
cients, radium reduction due to sorption 
to iron oxides is not expected to exceed 
10% to 20% in typical groundwaters with 
iron concentrations of approximately 2 
to 5 mg/L and hardness in excess of 
approximately 300 mg/L as CaC0 3 . The 
pH would need to exceed at least 10 to 
obtain significantly better removals in 
natural waters at typical iron concentra· 
tions. Radium removals obtained in 
laboratory pilot studies designed to 
simulate an iron oxidation (aeration)
sand filtration plant generally supported 
the findings anticipated from batch 
studies. 

Sorption to Hydrous 
Manganese and Iron/ 
Manganese Mixtures 

Sorption to freshly formed manganese 
oxides was significantly greater than that 
to iron oxides of comparable molar 
concentration and does not appear to be 
sensitive to either pH or hardness. 
Removals of approximately 80% were 
obtained in synthetic groundwater con
taining up to 3 mM Ca (300 mg/L as 
CaC0 3) and 1 mg/L of freshly formed 
Mn02. Removals of 40% to 70% were 
obtained over the pH range of 5 to 9 by 
1 mg/L Mn02 in Oxford water and Oxford 
water diluted in half with deionized water 
(Figure 4). 

Removals of 226Ra in mixed manga
nese/iron oxides prepared by the oxida
tion of Fe·2 by KMnO. were much greater 
than by aeration produced iron oxides 
alone but were less than obtained by 
comparable concentrations of pure 
manganese oxides. Again, removals 
were less in Oxford water than in a 
hardness-free synthetic groundwater. In 
synthetic hardness-free groundwater, 
removals increased from approximately 
75% at pH 7 to nearly 100% near pH 9 
when 1 mg/L Fe was oxidized by KMnO. 
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Figure 2. Effect of pH on radium removal by sorption to iron oxides in hardness free synthetic 
groundwater. 10 mglL Fe, 22°Ra = 48 pCilL. 

addition. However, removals were less 
than 10% over pH 5.5 to 8.7 in a system 
prepared by permanganate oxidation of 
2 mg/l Fe in Oxford water (equivalent 
Mn02 concentration of 0.84 mg/l as 
Mn02). A maximum removal of only 
approximately 40% at pH 9.0 was 
observed in Oxford water when 5 mgl 
l Fe was oxidized as described above 
(Figure 5). It appears that coproduced iron 
oxides produced by aeration after forma
tion of manganese oxides may interfere 
with sorption to manganese oxides. This 
may limit the utility of permanganate 
oxidation of iron to increase radium 
removals. 

Sorption to Filter Sand 
Sorption to acid-rinsed filter sand was 

characterized by a linear sorption iso
therm in studies conducted in synthetic 
a nd natural waters. Sorption generally 
increased with pH, but was not a strong 
function of pH in the range of 5 to 8. 
Magnesium and calcium reduced sorp
tion in a similar manner when at identical 
molar concentrations. However, the 
distribution coefficient did not signifi
cantly decrease further with increasing 
hardness levels in excess of approxi
mately 100 to 200 mg/l as CaC03 , 

Distribution coefficients decreased from 
approximately 0.3 L/g in hardness-free 
synthetic groundwater to approximately 
1/10 this value in the presence of 1 to 
3 mM Ca over the pH range of 5 to 8. 

4 

Isotherms obtained at approximately pH 
7 for Oxford, Eldon, and a synthetic 
groundwater containing 6 mM Ca were 
nearly identical (Figure 6). 

Theoretical calculations based on 
instantaneous equilibrium and a linear 
isotherm indicate that conventional filter 
sand beds may have a significant radium 
removal capacity if this capacity could be 
maintained by a regeneration step. Table 
1 summarizes measured distribution 
coefficients, theoretical calculations of 
the ratio and bed volumes potentially 
treated to empty bed volume, and the 
breakthrough time, tb, for a 1-m deep 
sand bed fed at a loading rate of 3.7 ml 
h (1.5 gpm/ft2). 

Laboratory and Field Pilot Plant 
Studies 

The daily average amount of radium 
removed by the filter-fed UHl water 
(containing 2 mg/l of iron flocs and 
approximately 80 pCi/l added "BRa at 
a rate of 7.5 m/h (3 gpm/ft2) increased 
from about 30% obtained with only a 
daily water backwashing, to approxi
mately 85% to 90% when the bed was 
regenerated with 4 bed volumes of a pH 
1 dilute HCI rinse (Figure 7). Performance 
did not decrease over a 4-day period in 
which daily regeneration was practices 
using 4 bed volumes of regenerant at a 
loading rate of 7.4 m/h (3 gpm/ft'). 
Removals obtained using a daily pH 2 

rinse at the same operating conditions 
were only slightly less (about 75% to 
85%1. Mass balances on the cumulative 
amount of radium removed by the sand 
filter and recovered during backwash
ing/regeneration showed that only 
approximately half of the radium 
removed prior to initiation of acid regen
eration could be recovered in the back
wash water, indicatrng that sorption to 
filter sand was occurring even when 
water-only backwashing was practiced. 
All radium removed by the sand filter was 
recovered with dilute acid regeneration 
using either pH 1 or pH 2 rinses. 

Operation of the pilot facility at Oxford 
to treat the existing sand filter effluent 
using a 3.7 m/h (1.5 gpm/ft') influent 
loading rate and a daily pH 1 rinse (4 
bed volumes, EBCT 5 min) for 4 days 
resulted in daily composite average 
removals of approximately 85% and the 
production of a water containing "BRa 
at concentrations less than 3 pCi/l 
(Figure 81. Upon termination of dilute acid 
regeneration, effluent radium concentra
tions increased greatly. The removals are 
a consequence of dilute acid regenera
tion and not sorption to iron floes since 
radium is not removed by filtration in 
Oxford's existing filters nor was any 
significant amount found to be sorbed to 
the iron oxides as determined by filtration 
through a 0.45 pm filter and filtrate 
analYSis. Removals were less when twice 
the water volume was treated using an 
influent loading rate of 7.4 m/h (3.0 
gpm/ft') but still resulted in a product 
water containing approximately 3 pCil 
l "BRa. In general, observed radium 
sorptive capacities were 3 to 4 times 
greater than those anticipated based on 
batch sorption studies. This may be due 
to lower temperatures used in the pilot 
studies or an unidentified mechanism. 

Radium removals decreased signifi
cantly to approximately 25% to 30% 
when the pilot plant was used to simul
taneously remove both radium and iron 
floes (0.5 to 1.0 mg/l as Fe) from the 
aerator effl uent. Figure 9 shows results 
being obtained using an influent loading 
rate of 3.7 m/h (1.5 gpm/ft2) and a pH 
1 regenerant of either dilute hydrochloric 
or sulfuric acid at rates of 3.7 and 7.4 
m/h (1.5 and 3.0 gpm/ft'). Sulfuric and 
hydrochloroc acid appear equally effec
tive at either of the regenerant loading 
rates. 

The decrease in radium removal effi
ciency occurring as a result of a dual
use mode of operation was not expected 
based on the laboratory pilot plant 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



10 

I
r 

9 I 
I 

S I 
~ x I '" x '" " 7 I " ~ - I " '" E 6 
~ IX 
'" '" I " ~ 5 "-

I " " ~ 
" " 4 " .., 

I ., 
1" 
" XI X ~ 

q: 3 .. 
X I 

X ~ 
~ 

2 IX 
I X 

I~X 

0 ~ . , , , , I , , 
0 5 10 15 20 25 30 35 40 45 

22fJRa Concentration (pCi/L) 

Figure 3. Radium sorption isotherm obtained in hardness free synthetic groundwater at 
pHS.I. 

results. which indicated little iron floc 
interference. While it may be supposed 
that the flocs coated the sa nd. thereby 
blocking radium sorption. it is believed 
that most of the iron flocs were removed 
in the first few inches of sand bed. 
Therefore. significant amounts of 
·clean" sand probably existed below the 

Iron floc removal zone even after 1 day 
of operation. Poor removals may be 
attributable to the presence of significant 
concentrations of soluble iron. 

Conclusions 
Increasing sand filter influent pH to 

increase sorption to hydrous iron oxides 
produced by aeration does not appear to 
be a realistic strategy to increase radium 
removals. Differences in radium remo-

vals occurring as a result of iron removal 
processes involving aeration-sand filtra
tion are probably due to differences in 
pH. iron concentration. and hardness. 
Regardless of these differences. little 
removal is expected. 

The favorable results obtained using 
hydrous manganese oxide suggests that 
they could potentially be used to effec
tively remove radium if iron did not 
interfere. If a significant interference is 
caused by precipitation of iron oxides 
onto manganese oxides. then a two
stage oxidation process may be war
ranted when both iron and manganese 
are present. Iron could be oxidized by 
aeration in the first stage. followed by 
permanganate addition in the second to 
oxidize manganese. Filtration of the iron 

oxides prior to hydrous manganese oxide 
formation may also be deSirable. Addition 
of manganous Ion to waters containing 
low concentrations of naturally occurring 
soluble manganese might be useful to 
increase concentrations of hydrous 
manganese OXides. Direct addition of 
preformed hydrous manganese OXides 
may also be technically feasible and a 
relatively easily controlled approach to 
radium removal. In either strategy. filter 
runs are expected to decrease when a 
single filter is used to remove both iron 
and manganese precipitates. Length of 
filter run might. therefore. limit the utility 
of adding hydrous manganese oxides or 
rna nga nous ion. 

Radium removal using a regenerable 
sand filter has been demonstrated. While 
sorption to filter sand IS believed an 
important mechanism. another is POSSI
bly involved. Significantly increased 
capacities are probably needed before 
use of a regenerable sand filter process 
could be generally recommended unless 
frequent rinsing with a dilute acid was 
acceptable. Further work is needed to 
better characterize the removal mecha
nisms. and to determine maximum 
possible removals and sorptive capaci
ties. Studies should be conducted in a 
variety of waters and. in particular. its 
performance evaluated when operated to 
simultaneously remove both radium and 
iron flocs. Studies should also be con
ducted over much longer time periods 
than those used in this study. A trade
off between dilute acid strength and 
volume is expected to lead to a least-cost 
regeneration scheme. However. even 
with a 4 bed volume pH 1 daily regen
eration scheme. acid costs to treat Oxford 
water are estimated to be $0.12/1.000 
gal (based on a cost of $7/100 Ib of 
sulfuric acid). Neutralization of the spent 
regenerant will probably be required 
before discharge but since pH control is 
probably not critical. an inexpensive 
system utilitzing crushed limestone may 
be adequate. However. sludges may be 
produced that must be disposed of. Other 
anticipated costs are associated with 
possible modifications to make the sand 
filter resistant to damage by dilute acid. 

The full report was submitted in 
fulfillment of Cooperative Agreement No. 
CR-81 0575-01 by the University of Iowa. 
under the sponsorship of the U.S. 
Environmental Protection Agency. 
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Figure 6. 

Table 1. 

Water 
Type 

Na·Form 

Oxford 

Oxford 

Oxford 

Eldon 

Eldon 

6mMCa 

6mMCa 
+6mMMg 

+ Oxford. pH 7. I 
\l 6mM Ca·form. pH 7.0 

o Eldon. pH 7. I 

10 20 30 

[Ral (pCilLI 

40 50 60 

Comparison of 226Ra sorption isotherms (filter sand) as developed for Eldon (pH 
7.1 I. Oxford (pH 7.1 I. and synthetic groundwater (pH 7.01 containing 6 mM calcium. 

Summary of Distribution Coefficients, Bed Volumes Treated and Run Durations 

K,. tb, 

pH L/g V,/V b hr 

7.0 0.240 384 104 

6.3 0.037 59 16 

7.1 0.027 43 12 

8.7 0.027 43 12 

7.1 0.031 50 13 

8.6 0.046 74 20 

7.0 0.032 51 14 

8.7 0.026 42 I I 
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Percent of influent radium removed with and without daily pH 1 regeneration. 
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Influent and effluent 226Ra concentrations from pilot studies at Oxford, IA. Existing 
filter effluent used as regenerable fifter feed. Daily dilute acid regeneration 
terminated after 94 hr. 
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Influent and effluent 226Ra concentrations from pilot studies at Oxford, IA. 
Simultaneous iron and radium removal from existing aerator effluent. Fe = 0.5· 
1.0 mglL. Comparison of sulfuric and hydrochloric acid regeneration at two 
regenerant rinse rates. 
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Project Summary 

Barium and Radium Removal from 
Groundwater by Ion Exchange 

Vernon L. Snoeyink, Julie L Pfeffer, David W. Snyder, and Carl C. Chambers 

A study was undertaken to develop 
technology that can be used by small 
water treatment plants to remove hard
ness, barium, and radium"·. Special 
emphasis was placed on finding an alter
native to strong acid ion exchange 
(which is used in the Na' form) because 
this process adds large amounts to Na' 
to the treated water. The primary objec
tive of this study was to determine the 
applicability of weak acid ion exchange 
resin for removal of hardness. barium, 
and radium from the types of ground
water encountered in northern Illinois. 
The capacity of the resin and the 
regeneration requirements were to be 
determined and compared with those of 
strong acid resins for the same ap
plication. 

Additional tasks included (1) evalu
ating the performance of the strong acid 
resin now used at Crystal lake. Illinois, 
to remove hardness and barium, (2) 
determining the barium and radium re
moval efficiencies of strong acid ion ex
change softeners used in homes, and (3) 
modifying the surface of activated car
bon to make it suitable for the selective 
removal of barium. 

Both strong and weak acid resin sys
tems were very effective in removing 
'''Ra and Ba". The weak acid system in 
the H' form does not add Na' to the 
water as does the strong acid system, 
but the weak acid system will cost more 
to use because of the need for acid
resistant materials and the CO, 
stripping. 

This Project Summary was developed 
by EPA ~ Municipal Environmental Re
search Laboratory, Cincinnati, OH, to 
announce key findings of the research 
project thilt is fully documented in a 
separate report of the same title (see 

Project Report ordering information at 
back). 

Introduction 
Naturally occurring barium in drinking 

water exceeds the maximum contaminant 
level (MCl) in some areas of northern Illinois 
and northeastern Iowa. In these same areas 
and in some parts of Florida, the concentra
tions of radium226 exceed the MCl of 5 pico
Curies (pCil/L. Most of the contaminated 
supplies are used by small communities, 
many of which do not presently treat their 
water to reduce the concentrations of these 
substances. Both radium'" and barium are 
alkaline earth metals, and both are found in 
water as divalent cations. Their chemical 
behavior is very similar, and it is much like 
that of Ca" and Mg", the principal com· 
ponents of hardness in water. Thus, pro
cesses used to soften water are very useful 
for removing these contaminants from drink
ing water. 

A process particularly suited to small com· 
munities where hardness, barium, and/or 
radium are a problem is ion exchange. The 
objective of this research was to investigate 
the applicability of the ion exchange process 
to this problem in northern Illinois. Strong 
acid resins in the sodium form were to be 
evaluated, but because their use results in 
significant increases in the Na' content of the 
water, their performance was to be com
pared with that of weak acid resins in the 
hydrogen form. The latter can remove only 
the equivalents of divalent cations equal to 
the equivalents of alkalinity present, and ion 
exchange must be followed by CO, stripping 
and pH adjustment. 

The resins were tested with an influent 
water containing hardness of approximately 
200 mg/l as CaC03 , total alkalinity of 250 
mg/l as CaC03 , 20 mg/l Ba", and 20 pCill 



""Ra. The tests used a regenerant dose 
typical of softening operations. 

In addition to investigating the applicability 
of ion exchange to northern Illinois ground
water, this project also (1) evaluated the per
formance of the strong acid resin now used 
at Crystal Lake, Illinois, to remove hardness 
and barium, (21 determined the barium and 
radium removal efficiencies of strong acid ion 
exchange softeners used in homes, and (3) 
attempted to modify the surface of activated 
carbon to make it suitable for the selective 
removal of barium. 

Materials and Methods 
The resins used in this study were Duolite 

C-20 and Duolite C-433 manufactured by 
Diamond Shamrock, Redwood City, CA. 
C-20 is a strong acid resin with a polystyrene 
matrix and sulfonate functional groups. 
C-433 is a high-capacity weak acid resin with 
a polyacrylic matrix and carboxyl functional 
groups. Their capacities are 4.8 and 11.5 
meq! g dry resin, respectively, and their prop
erties are typical of resins made by a number 
of manufacturers. The weak acid resin can 
be used in solutions with pH > 5, and the 
strong acid resin can be used for pH > O. 

The solutions used for most of the column 
tests contained approximately 100 mg 
Mg"! Las CaC03 , 100 mg Ca"! Las CaC03 , 

250 mg!L total alkalinity, 20 mg Ba"/L, and 
20 pCi/ L of ""Ra, Solutions for selectivity 
determinations were prepared using reagent
grade chemicals to the specifications re
quired by the test. 

Ion chromatography was used for quan
titative analysis of cations. Hardness and 
alkalinity were also determined in accordance 
with Standard Methods for Analysis of 
Water and Wastewater (15th edition, Amer. 
Public Health Assoc., 19801. Some samples 
were also analyzed by atomic absorption 
spectroscopy. The '''Ra samples were ana
lyzed at the Environmental Research Labo
ratory, University of Illinois, using the radon 
emanation method, and at the University 
Hygienic Laboratory, University of Iowa, by 
a technique involving coprecipitation of the 
"'Ra with barium sulfate and by alpha count
ing with an internal proportional counter, 

Experimental Results 

Strong Acid Resins 
Isotherms and column tests were used to 

determine the capacity of the strong acid 
resin with 4.8 meq/g dry resin (hydrogen 
forml. The selectivity sequence was Ba" > 
Ca" > Mg" > Na' > H+, Alkalinity had no 

• Mention of trade names or commercial products does 
not constitute endorsement or recommendation for use. 
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effect on capacity, but the capacity for 
divalent cations decreased as the concentra
tion of sodium increased. 

Column tests were run using 2.5· x 62'cm 
columns with the resin in both the Na' and 
H' form. Application of the test solution at 
rates of 2.5 to 5 bed volumes (BVI!hr to 
virgin resin in the Na' form gave the 
breakthrough curves shown in Figure 1. The 

• 
2401::·,...--.--..,......-.. 

Influent 
r Sodium 

curves for the H' form of the resin were 
similar except for the Na' concentration in 
the effluent. In keeping with the selectivity 
sequence, Mg" is the first divalent cation to 
appear in the effluent. followed by Ca", and 
much later by Ba". Regeneration of the H' 
form of the resin with 8 percent HCI at 1.6 
BV !hr gave the results that appear in Figure 
2; results for regeneration of the Na' form 
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o Mg'
d Cal
o 882-
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Figure 1. Breakthrough curves for virgin strong acid resin in the sodium form. 
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Figure 2. Regeneration of the hydrogen form of the strong acid resin with HCI. At A, B. C. and D. 
the equivalents of HCladded per equivalent of divalent cation originally on the resin is 
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with NaCI gave very similar results. At a 
regenerant dose equal to the equivalents of 
divalent cation on the resin, 55 percent of 
the ions were removed, including 80 percent 
of the Mg", 57 percent of the Ca", and 15 
percent of the Ba'·. A dose of three times 
the equivalents of the divalent cations on the 
resin was necessary to remove 50 percent 
of the Ba'·. 

Several exhaustion-regeneration cycles 
were then carried out to determine the 
behavior of the strong acid resin at steady
state conditions. The influent was applied at 
a rate of 17 BV (hr, and a typical NaCI 
regenerant dose for softening (6.5Ib/ft', or 
4.7 meq/g) was applied co-current at 1.7 
BV Ihr, followed by a slow rinse at 1.7 BV Ihr 
for 48 min and a fast rinse at 7 to 8 BV Ihr 
for 26 min. The Ba" accumulated on the 
resin over successive cycles and thus caused 
the Ba" to break through much earlier than 
it did with virgin resin. The hardness and Ba" 
breakthrough curves that developed after 
several cycles appear in Figure 3. The curves 
show that approximately 225 BV of water 
were processed before hardness and Ba" 
broke through at about the same time. The 
regeneration efficiency (equivalents of di
valent cations removed per equivalents of 
NaCI applied) was 58 to 59 percent. Column 
utilization (column capacity used/maximum 
capacity) was about 58 percent; a large por
tion of the remaining 42 percent was oc
cupied by Ca" and Ba" that was not 
removed by the regenerant dose. 

The data in Figure 4 show the Ba" con
centration (when CaCO,) effluent hardness 
was approximately 40 mg/l as CaCO, as a 
function of the number of cycles. The Ba" 
concentration leveled off at 1.7 mg/l for a 
regenerant dose of 6.5 Ib NaCl/ft' 14.7 
meql g). An HCI regenerant dose of 4.06 Ib 
HCI/ft' 14.7 meq/g1 was tested on a second 
column for a few runs, and similar results 
were obtained. Increasing the regenerant 
dose by 50 percent to 9.75 Ib NaCI/ft' re
duced the Ba" to about 1.2 mg/l when the 
hardness was 40 mg/l as CaCO,. The re
generation efficiency dropped to 46 percent; 
however, the column utilization increased to 
68 percent. For the regenerant dose of 6.5 
Ib NaCl/ft', 2.4 BV of brine with total dis
solved solids ITDS) of 16,400 mg Il were 
produced per 100 BV of product water. 

The conclusion that Ba" can be removed 
to less than the MCl ofl mg/l as long as 
the strong acid resin is not saturated with 
hardness was confirmed by observations at 
the Crystal lake, Illinois, municipal ion ex
change system. The influent and effluent of 
several home ion exchange softeners were 
also sampled, and these too showed Ba" 
removal below the MCl. 
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Breakthrough curves for hardness and barium on a strong acid resin in the sodium 
form after several exhaustion-regeneration cycles 
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Figure 4. Barium effluent concentrations for the strong acid resin exhaustion-regeneration 
cyclic runs. The barium values shown are those when the effluent hardness 
concentration is 40 mg/ L. 

Weak Acid Resins 
The maximum capacity of the weak acid 

resin was determined to be 11.5 meq I g dry 
resin, but the extent of swelling of the resin 
determined how much of the capacity could 

be used. For example, exposure of the resin 
in the W form to a solution containing only 
BaCO, salt resulted in a capacity of only 7.5 
meq/g, whereas carbonate salts of Ca" and 
Mg", which cause the resin to swell more 
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because of their larger hydrated radii, used 
the full 11.5 meq/g. Addition of salts to the 
Ba" solution increased the swelling and 
allowed Ba" to use the full capacity. 

Application of test solution to 2.5- x 62-cm 
columns of the virgin resin in the W form 
gave the breakthrough curves that appear in 
Figure 5. The equivalents of alkalinity per liter 
in the product water exceed the equivalents 
of divalent cations per liter, so the initial 
removal of Ca", Mg", and Ba" was com
plete. Their order of appearance in the ef
fluent was in reverse order of the selectivity 
series, Ba" ~ Ca" > Mg", and the 
breakthrough curves were less steep than 
those for the strong acid resin, a result 
caused by a slower rate of exchange by weak 
acid resins. 

A major advantage of using a weak acid 
resin is the ease with which it can be re
generated by strong acid. The data in Figure 
6 show that application of one equivalent 
HCI per equivalent of divalent ion on the resin 
resulted in removal of 90 percent of the ions, 
and 1.5 equivalents HCI per equivalent of 
divalent cation gave essentially complete 
removal. 

Several exhaustion-regeneration runs 
were then made to determine resin behavior 
under continuous operation. Influent was ap
plied at about 17 BV /hr; three cycles were 
completed, each with a different regenerant 
dose. The breakthrough curve in Figure 7 
resulted after steady-state behavior was ob
tained for the cycle using 8.5 meq HCI/g. 
More than 650 BV of product water were ob
tained before effluent hardness reached a 
level of 40 mg/L as CaCa,. The Ba" con· 
centration leveled off at 0.2 mg/L, as shown 
in Figure 8. For this regenerant dose, column 
utilization was about 70 percent, and regen
eration efficiency was about 95 percent. The 
30 percent of column capacity that was not 
used was attributable to slow exchange 
kinetics rather than to buildup of Ca" ions, 
as it was for the strong acid resin. Approxi
mately 1.2 BV of spent brine was produced 
with a TDS of 19,900 mg/L per 100 BV of 
product water. 
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Breakthrough curves for weak acid resin in the hydrogen form. 
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to a higher Ba" concentration at hardness Figure 6. Regeneration of weak acid resin with HCI. A and 8 represent 1.0 and 1.5 equivalents 
of HCI applied per equivalent divalent cation on the resin. breakthrough and to a high leakage of Ba" 

and hardness at the start of the subsequent 
run. 

Radium Removal 
Radium"6 removal efficiency for both the 

strong and weak acid resins was excellent. 
The concentration was reduced from the 20 
pCi/L in the influent to much less than the 
MCL of 5 pCi/L, even after the resins were 
saturated with hardness and Ba'·. Analysis 
of the "oRa in the spent regenerant showed 
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that all ". Ra removed during the exhaus
tion cycle was extracted from the resin dur
ing regeneration. Some "oRa accumulated 
on the strong acid resin during the first few 
exhaustion-regeneration cycles, but after 
several cycles, no additional accumulation 
was apparent, and the resin still performed 
satisfactorily. 

Influent and effluent samples taken from 
home ion exchange softeners using NaCI 

regeneration also showed that they removed 
22tlRa to below the MCL. 

Cost 
The cost of using strong acid ion ex

change softening with NaCI as the regen
erant and the type of water used in the 
laboratory study was estimated to be 
$1,36/1000 gal and $0.38/1000 gal for a 0.1 
anI! 1 MGD facility, respectively, for the type 
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Figure 7. Breakthrough curves for barium and hardness on a weak acid resin in the hydrogen 
form after several exhaustion-regeneration cycles. 

Figure 8. Barium effluent concentration 
for the weak acid resin exhaus
tion-regeneration cycliC runs. 
The barium values shown are 
those that occur when the efflu· 
ent hardness concentration is 
40 mg/L as CaCa,. 

of water used in the laboratory study. The 
additional cost for using a weak acid system 
with HCI regeneration will be $0.15 and 
$0.08/1000 gal, respectively. 

The system designs were based on the 
performance observed when 4.7 meq 
NaCl/g and 8.5 meq HCI/g were used to 
regenerate the strong and weak acid resins, 
respectively. The flow scheme for the weak 
acid system included the resin columns, a 
CO, stripping column, pH adjustment, and 
chlorine addition. The strong acid resin 
system was similar except that the CO2 strip
ping column was excluded. The costs were 

*USGPO: 1984-759-102-10663 

based on cost data supplied by the Illinois 
Water Treatment Company in Rockford, il
linois. The strong acid ion exchange units in
cluded the columns, the resin, regenerant 
day tanks, brine tanks, and interface piping. 
The weak acid unit included all of these plus 
a carbon dioxide stripping tower. A com
parison of the two types of exchange sys
tems was used to evaluate the additional 
costs required for weak acid exchange 
systems at these different treatment ca
pacities. Complete treatment costs for strong 
acid ion exchange softening were deter
mined from previously published data and 
appropriate price indices. 

The costs do not include the costs of 
pumping raw, in-plant, or finished water. 
Brine disposal was also not included, since 
costs are very site specific. They do include 
the cost of adjusting product water pH, 
however, and this may not be necessary in 
all cases. 

Conclusions 
After several exhaustion-regeneration 

cycles at a regenerant dose typical of soften
ing operations, Ba2 ' and "oRa were effec· 
tively reduced well below their MCl's. For 
both types of resin, significant concentra
tions of Ba" appeared in the effluent at 
about the same time as did hardness, but 
226Ra continued to be removed even after 
saturation of the resins with hardness. These 
conclusions were consistent with the perfor
mance of an operating municipal ion ex
change plant in northern Illinois and with the 
results obtained using home ion exchange 
softeners. 

Though both strong and weak acid resin 
systems can effectively remove hardness, 
""Ra, and Ba", the weak acid system in the 
H' form does not add Na' to the water as 
does the strong acid. The weak acid system 
will cost more to use, however, because of 
the need for acid-resistant materials and the 
CO, stripping. But this cost is offset as the 
plant size increases. The additional cost for 
the weak acid system declines from about 
$0.15/1000 gal for a O.l-MGD plant to 
$0.08/1000 gal for a 1-MGD facility. In ad
dition, the weak acid resin will remove only 
the divalent cations that are balanced by an 
equivalent amount of alkalinity. If a water 
contains divalent ions in excess of the al
kalinity, the hardness left in the water may 
be desirable because it should make the 
water less corrosive during distribution. 
Whether the weak acid resin will remove Ba" 
from such a water must still be shown, 
however. 

Conversion of an existing system that uses 
strong acid resin in the sodium form to one 
that uses weak acid resin in the hydrogen 
form must be done with care. In most cases, 
acid-resistant materials will have to be in
stalled, and provision must be made to neu
tralize the spent acid before its discharge. 
Additional design considerations include that 
the capacities of the two resins are different 
and that the weak acid resin is subject to 
more swelling. Use of a weak acid resin will 
also require the installation of a CO2-stripping 
process. 
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Treatment Plant Wastes 
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Richter 

Water Treatment plants at nine loca
tions (10 plants) in Illinois and Iowa 
were studied to determine the charac
teristics and disposal practices for the 
sludge, brine, and backwash water 
containing radium (Ra) and/or barium 
(Ba). The treatment processes in these 
10 plants include iron (Fe) and manga
nese (Mn) removal (3 plants), lime 
softening (4 plants), and ion exchange 
(3 plants). In the 10 plants, eight had 
concentrations of radium in their water 
treatment plants wastes and three had 
barium. The data are needed to deter
mine whether special procedures are 
required to dispose of such wastes. 

For the eight plants having radium in 
their wastes, the influent Ra"" con
centrations ranged from 0.3 to 49 
pCi/L. Radium removal averaged 8%, 
75%, and 85% for Fe and Mn, lime 
softening, and ion exchange, respec
tively. Theoretically, the amount of 
radium removed estimates the quantity 
of radium in the waste. The data showed 
that backwash water from Fe and Mn 
removal plants contained average Ra"6 
concentrations that ranged from 21.2 
to 1 06 pCi/l, and average Ra228 con
centrations ranged from 5.7 to 20 
pCilL. Lime softening sludge, on a dry 
weight basis, ranged from <1.2 to 21.6 
pCiRa22l/g and from <2.4 to 11.7 
pCiRa228/g. Ion exchange plant brine 
contained peak Ra221 concentrations of 
217 and 1,144 pCi/L. 

I nfluent barium concentrations for 
the three plants studied ranged from 
4.0 to 16.1 mg/L. Lime softening and 
ion exchange removed barium to con
centrations that were below the max
imum contaminant level (MCl) of 1.0 
mg/L. Barium removal during lime 
softening is pH dependent. Theoret-

ically, the amount of barium removed 
estimates the quantity of barium in the 
waste. Barium concentrations in the 
brine and rinsewater from two ion 
exchange plants that were tested aver
aged 328 and 1,297 mg/L. Peak con
centrations of barium from the two 
brines were 1,197 mg/l and 5,161 
mg/l. 

Disposal processes used, for the 
plants that were studied, were lagoon
ing, discharge to sanitary sewers, and 
discharge to a water course. 

This Project Summary was developed 
by EPA's Water Enginaering Research 
Laboratory. Cincinnati. OH. to announce 
key findings of the research project that 
is fully documented in a separate report 
of the sanTe title (see Project Report 
ordering information at back). 

Introduction 
Naturally occurring barium (Ba) in 

drinking water exceeds the MCL of 1 
mg/L in some areas of northern Illinois 
and northeastern Iowa. In these same 
areaS a nd in some parts of Florida, the 
concentrations of radium"" (Ra"") and 
radium "" (Ra"") exceed the MCL, which 
is 5 pico-Curies (pCi)/L. Most of the 
contaminated supplies are used by small 
communities, many of which do not 
presently treat their water to reduce the 
concentrations of these substances. Both 
Ra and Ba are alkaline earth metals, and 
both are found in water as divalent 
cations. Their chemical behavior is very 
similar, and it is much like that of calcium 
(Ca 2 +) and magnesium (Mg'+). the princ
ipal components of hardness in water. 
The MCL's for Ba and Ra were developed 
to minimize the attack of these elements 
on human bones and the replacement of 



the Ca in bones. Their similarity to Ca, 
however, means that processes used to 
soften water are also very useful for 
removing these contaminants from drink
ing water. 

Water treatment in small communities 
is often accomplished with iron and 
manganese (Fe and Mn) removal plants, 
lime softening plants, and ion exchange 
plants. The objective ofthis research was 
to characterize the backwash samples 
from all three types of plants, as well as 
the sludges from the lime softening 
plants and the brines from ion exchange 
plants. The concentration data were 
needed to determine whether special 
procedures are required to dispose of 
such wastes. The Ba and Ra removal 
efficiencies of the plants were also de
termined. 

Materials and Methods 
Samples were collected before and 

after the processes that were likely to 
cause a change in Ra or Ba concentration. 
Total alkalinity, total hardness, and Ca 
concentrations were determined accord
ing to Standard Methods for the Examina
tion of Water and Wastewater (15th ed., 
American Public Health Association, Wash
ington, D.C., 1980). Total dissolved solids 
were measured using a conductivity 
meter, and Ba was measured with an 
atomic absorption unit. Chloride was 
measured using an ion analyzer and an 
ion chromatograph. The sludge and back
wash waters were analyzed for Ra". and 
Ra"· at Argonne National Laboratory by 
monitoring gamma radiation; the other 
samples were analyzed by the University 
of Iowa HygieniC Laboratory by a tech
nique involving co-precipitation of the Ra 
with BaSO. and by alpha counting the 
precipitate with an internal proportional 
counter. 

Our data, combined with similar data of 
others, show removal efficiencies that 
range from a negative value (obtained 
from a sample taken at the end of a filter 
run) to more than 50%; but values in the 
range of 5% to 15% are most common. 

Moore and co-workers reported 
MnO,", to have a high affinity for Aa. High 
removals(-50% of an influent concentra
tion of 14 pCi/L) were reported for 
Hersher, Illinois, where 0.5 mg/L man
ganese was being removed as Mn021S' on 
the filter. Periodic low removals then 
would be expected after filter backwash
ing when the Mn0211' was removed from 
the filter. Sufficient data are not available 
from this study to show the expected 
relationship, however. 

Ra'" in the backwash water was found 
to be 21 pCi/L at Adair, Iowa, and 106 
pC ilL at Stuart, Iowa. The average Ra 
removal indicated by backwash concen
tration was 11 %, which was comparable 
with the removal figure obtained by 
measurement of influent and effluent 
concentrations. Total solids levels In the 
backwash waters were approximately 
2,000 mg/l. These solids could be settled 
in a lagoon, and the supernatant could be 
recycled to the plant. 

Radium Removal in Lime 
Softening Plants 

The sludges from the lime softening 
plants samples in this study were dis
charged to a sanitary sewer (Bushnell. 
Illinois)orto lagoons(Elgin and Colchest
er, Illinois, and West Des Moines, Iowa). 
Sanitary sewers have been noted as 
being somewhat unfavorable, since they 
simply transfer ahy sludge contaminants 
from the water treatment plant to the 
sludge of the wastewater treatment plant. 
Radioactive contaminants in lagooned 
sludges must be considered when choos
ing methods for reclaiming the land from 
permanent lagoon sites. For instance, 

Radium Removal in Fe and Mn home building on such sites is not 
Removal Plants recommended because of the potential 

Fe and M n removal plants often treat.. hazards from the radon gas. . 
their waters by aeration, detention, anifi';,' The softening p~ocess may YIeld Ba and 
filtration. Ra removal during aeration and Ra r.emoval by dorect preclpltatlon~ co· 
detention has been observed, perhaps as preCIpItatIon, or ads.orptlon. Other IOniC 
a result of Ra adsorption on the Mn oxides compounds present In the water and the 
or Fe hydroxides, The hydrous oxides of pH may Influence the mechanls~ and the 
Fe (III) and Mn (IV) have high sorption extent of removal. Removal efflclencl.es 
capacities for bivalent metal ions. Re. (Table. 1) ranged from 43% to 96%, with 
moval of Ra by sand, coal, or greensand an average ~f 75%. 
media filters is likely attributable to The relatIonshIp between hardness 
removal of oxides containing adsorbed and Ra has also been .examlned and IS 
Ra, or to accumulation of these oxides in expressed In the follOWing equatIon: 
the filter followed by sorption of Ra on 
their surfaces, 

2 

y = 0.4566i + 0.2275 

where y = the total hardness removal 
fraction. and x = the Ra"· removal 
fraction. This equation describes the data 
reasonably well. as shown in Figure 1. 

A combination of the data collected in 
this study with data from the literature 
shows Ra"· concentrations in the sludge 
ranging from 1.000 to 11,000 pCi/L of 
sl udge. The concentration per dry gram of 
solids was 10 to 20 pCi. Backwash water 
concentrations ranged from 6 to 50 pCill. 
Although the relative quantities of Ra in 
backwash and sludge was not deter
mined, most of the Ra appears in the 
sludge. A good estimate of the Ra in the 
sludge can be calculated by multiplying 
the difference in concentration between 
influent and effluent by the volume of 
flow through the plant. 

Radium Removal in Ion 
Exchange Plants 

Two ion exchange columns are used in 
the water treatment plant at Eldon, Iowa. 
Both columns are usually regenerated 
with a 100%·saturated (26-37%) by 
weight) solution of NaCl, but a shortage of 
available salt resulted in the decision to 
regenerate one column with a 40%-satur
ated (10·15% by weight) NaCI solution. 
Eldon's spent brine is discharged into a 
storm sewer, which then discharges to a 
river. 

The Ra"· removal obtained by ion 
exchange at Eldon was 60%. However, 
the regeneration was performed with a 
limited amount of 40%-saturated salt 
solution and the regeneration was in
complete. This removal can be compared 
with 65% to 85% removals found for 
other plants that were incompletely re
generating their exchange media. The 
literature indicates that Bl % to 97% Ra 
removal can be achieved in well-operated 
plants, and that Ra removal is directly 
related to hardness removal (see Table 2). 
Laboratory studies cited in the literature 
using both strong and weak acid resins 
have indicated that good removal oc· 
curred long after hardness breakthrough 
in both types of reSin, although operation 
through several service cycles with in
complete regeneration may lead to earlier 
Ra breakthrough. 

An earlier study of seven weter treat
ment plants reported that maximum Ra"· 
concentrations in softener brine and 
rinse effluent ranged from 320 to 500 
pCi/l. Iowa ion exchange wastes were 
found to contain 7.8 to 98 pC ilL of Ra"· 
in the backwash water, and rinse waste· 
waters ranged from 114 to 1,960 pCi/L of 
Ra"'. Less than 5% of the Ra was 
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Table 1. Ra and Hardness Removal Efficiencies in Lime Softening Plants 

Total 
Ra226 in Hardness Total 

Raw Water Ra126 Raw Water Hardness 
Location and Date (pCiIL) Removed(%) (mglL as CaCG,) Removed(%) 

WOes Moines, Iowa" 

811174' 
615178j 

8121831 

Webster City, Iowa: 

8113174' 
2120175' 
7126178j 

Peru. Illinois: 

2120175' 
2125175' 
314175' 

Elgin,lIlinO/5. 

317175' 
3114175' 
3121175' 

6127/831 

Colchester, Illinois: 

81831 

Bushnell, Illinois: 

81831 

93 
19 
6.9 

6.1 
7.8 
1.4 

6.5 
5.5 
5.5 

7.5 
5.7 
3.5 
0.3 

12.1 

12.6 

'Data from EPA ·60012·77·073. 
tOata fromJAWWA 61:541. 619. and 681. 
IOata from this study. 

removed during backwash. Wastewater 
volumes generated were 2% to 10% of 
the product water. Wastewater charac
teristics varied greatly from one plant to 
another. 

Barium Removal in Lime 
Softening Plants 

Barium removal is pH dependent. with 
an optimum pH occurring in the 9 to 11 
range. At Elgin, 90% of the influent 
barium (4 mg/L) was removed at pH 9.3. 

Barium Removal in Ion 
Exchange Treatment Plants 

Crystal Lake, Illinois, has an ion ex
change system composed of three sepa
rate wells with two strong acid ion 

75 
43 
78 

85 
96 
60 

92 
70 
76 

90 
86 
80 
( .) 

74 

45 

376 
NA 

389 

507 
482 
NA 

329 
278 
286 

246 
243 
242 
253 

698 

354 

49 
NA 
61 

48 
78 
NA 

47 
35 
57 

60 
54 
61 
67 

57 

42 

exchange columns for each. The spent 
brine is discharged to a sanitary sewer 
system. which eventually discharges to 
the wastewater treatment plant. Data 
indicate that ion exchange plants typica lIy 
remove 92% to 99% of the incoming 
barium. Laboratory studies have shown 
that hardness and Ba will break through 
at the same time for a strong acid resin 
after operation through several exhaus
tion-regeneration cycles. 

The regeneration of Wells 6 and 8 
removed 84% and 153% of the exchanged 
Ba. respectively. At Well 6. 6.5 kg of Ba 
was contained in the 9,500 gal of waste
water generated from one regeneration 
cycle. Likewise. Well8 produced 30 kg Ba 
in its 10,000 gal of wastewater. Less than 
2% of the barium was found in the 

backwash water, and the remainder was 
in the spent brine and rinse water. Other 
researchers report 85% removal or 18 kg 
Ba in 9.250 gal of wastewater. 

Peak hardness (33.000 mg/L) and Ba 
(1,200 mg/L) concentrations in the spent 
regenerant coincide at Well 6 (Figure 2), 
but the peak hardness (44,000 mg/LI 
occurs before the peak Ba (5.000 mg/L) 
concentration at Well 8. This phenome
non may be caused by the greater amount 
of Ba on the column before generation at 
Wel18 (78.4 g Ba/ft3 ) compared with that 
at Well 6 (40.4 g Ba/ft3). More Ba 
accumulates on the resin during the 
service cycle at Well 8 because the raw 
water Ba concentration is higher and 
because less regenerant is applied to the 
column per unit volume of water produced 
during the service cycle. 

Conclusions 
Ion exchange plants, lime softening 

plants. and Fe and Mn removal plants can 
remove Ra from water with varying 
degrees of success. The Fe and Mn 
treatment plants removed 0% to 54% of 
the influent Ra. which ranged in con
centration from 6.0 to 49 pCi/L. The 
lower removals were more common. The 
average removal. including values taken 
from the literature, was 23%, but the 
mean forth is study was only 8%. The total 
Ra content of the waters from a single 
backwash was 0.02 to 7.6 JlGi, and 
concentrations were typically less than 
100 pC ilL. The average Ra removal by 
the plant was 11 %. Though a relationship 
between Mn02 accumulation on the 
filters and Ra removal was expected, 
suffiCient data were not available to show 
this relationship. Treatment methods 
such as lime softening or ion exchange 
seem better suited than Fe and Mn 
removal plants for removing Ra from 
water supplies. 

Lime softening effectively removes Ra 
from waters. The influent concentrations 
were 0.3 to 24.2 pCi/L. Typical removal 
values ranged from 43% to 92%, with an 
average of 69% if data from the literature 
are included. The Ra removal at the plants 
sampled during the summer varied from 
45% to 78%, with an average of 75%. Two 
correlations presented in the report relate 
hardness removal to Ra removal and can 
be used to predict Ra removal efficiencies. 
The Ra concentrations in the softening 
sludges ranged from <1.2 to 21.6 pCi/g 
dry solids for Ra'26 and from <2.4 to 11 .7 
pCi/g dry solids for Ram. 

Ion exchange plants also produce an 
effluent with low Ra concentrations. The 
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plant at Eldon removed 60% of the 
influent Ra of47 pCi/L, but sufficient salt 
was not applied to completely regenerate 
the resin. Common removals reported in 
the literature are 65% to 90%, and the 
average approaches 85%. Ra concentra
tions in the brines at Eldon reached 217 
and 1,144 pCi/L for NaCI brines at 40% 
and 100% saturation with NaCI, respec
tively. 

Ion exchange and lime softening plants 
were also analyzed for Ba removal. Ion 
exchange at Crystal Lake removed more 
than 90% of the influent 9.5 and 16.1 
mg/L Ba. Barium concentrations in the 
brine at Wells 6 and 8 averaged 328 and 
1,300 mg/L, with peak values of 1,200 

and 5,200 mg/L, respectively. Lime soft
ening at Elgin also removed 90% of the 4 
mg/L Ba in the influent water. 

The full report was submitted in ful
fillment of Cooperative Agreement No. 
CR-808912 by the University of Illinois at 
Urbana-Champaign under the sponsor
ship of the U.S. Environmental Protection 
Agency. 
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Figure 7. Proposed correlation between Raue and total hardness removal fractions for lime 
sohening plants. 
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Table 2. Hardness and Ra226 Removals in Ion Exchange Plants 

RauE in Ra226 in 
Location and Time Influent Effluent Ra226 

01 Removal (pCi/LI (pCi/LI Removed/%) 

Hersher, Illinois:" 

3/25/75. 
Just after regeneration 6.64 1.25 81.2 
Midpoint 6.94 0.42 939 
Near breakthrough 6.88 2.07 699 

Dwight Correctionai 
Center, Illinois:" 

2/13/75-2/14/75. 

Just alter regeneration 3 0.4 88.0 
Midpoint 3 0 92.5 
Near breakthrough 3 70.7 

Eldon, lowa:t 
8/83· 

Just after regenerationt NA 14.2 66.5 
Midpoint 42.4 NA NA 

Near breakthrough NA 20.1 52.6 

'Data from EPA -600/2-77-073. 
tOata from this study. 
t40% saturated brine. 

8ackwash Brine Rinse 
3~OOO~---------+---------------~----------------~ 

'" '" ..,18,000 

~ 
~ 

-§ 12,000 

~ 

o Hardness 
o Barium 

10 20 30 40 50 60 70 
Regeneration T fme (min) 

Total Hardness 
in Raw Water 

(mg/L as CaCOo! 

412 
427 

417 

286 
284 
279 

NA 

350 

NA 

~E 800 _ 

600 ! 
400 

200 

o 

Figure 2. Barium and hardness concentrations in spent brine at Crystal Lak.e. IL Well #6. 
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Total Total 
Hardness in Hardness 

Product Water Removed 
(mg/L as CaCOo! (%1 

18 95.6 
12 97.2 

184 55.8 

16.0 94.3 
4.1 98.6 

131.0 53.7 

175 50 

NA NA 

232 33.7 



1. Aeration for radon and carbon dioxide 
gas removal. 

2. Chemical clarification, including set
tling and filtration for iron and. 
manganese removal. 

3. Ion exchange for radium and hard
ness removal. 

4. Chlorination and water stabilization. 
5. Removal of radium from ion exchange 

regeneration water by RSC resin. 
6. Infiltration/evaporation (liE) disposal 

pond for plant wastewaters. 

The problem of radium in groundwater, 
which serves as the raw water supply for 
the development, is common for many 
communities in the United States. If the 
development of new water sources that do 
not have a radium problem is not possible 
or economically feasible, then a treatment 
process for radium removal needs to be 
considered. This report concerns itself with 
one treatment alternative and not with 
locating new raw water sources that are 
free of radium. 

The treatment of well water for the 
removal of radium is not practiced to any 
great extent in the water treatment field. 
However, the ion exchange process using 
standard water softening type resins for 
radium removal is well documented. The 
Redhill Forest water treatment system in
corporates a new process for concentrating 
the radium removed by the ion exchange 
process to simplify the final radium disposal 
problem. The regeneration water from the 
ion exchange process passes through a 
bed of RSC resin to remove the high levels 
of radium before the wastewater is dis
charged to the liE pond for final disposal. 
There are no known water treatment 
systems like the Redhill system. The RSC 
resin has been used on a trial basis at 
several locations primarily in Texas and one 
site in Wyoming. In all these cases, raw 
water from the wells was passed directly 
through the RSC bed with radium levels up 
to about 100 Ci/L. 

Experimental Procedures 
Raw water from two wellS is pumped 

through a countercurrent flow aeration 
tower located at the booster pump house. 
The purpose of the aeration process is to 
remove dissolved gases, specifically radon 
and carbon dioxide, from the raw water. The 
water is pumped to the treatment plant at 
a rate of about 90 to 100 gpm for further 
water treatment to remove iron, manga
nese, radium, and hardness prior to 
chlorination and discharge to the water 
distribution system. 

As the raw water enters the treatment 
plant, alum, potassium permanganate, and 
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a polyelectrolyte are added to remove iron 
and manganese by chemical precipitation. 
The treatment unit is a prefabricated self
contained unit that includes a mixing and 
flocculation chamber, tube settlers, and 
multi-media filtration. The effluent from the 
iron and manganese removal process is 
further treated to remove radium and hard
ness in a ion exchange system that uses 
a cation resin. The effluent from the ion 
eXChange system is chlorinated and zinc 
hexame taphosphate added to control cor
rosion and sequester any residual iron 
before being pumped to the treated water 
storage tank. The radium removed from the 
water supply in the ion exchange process 
is removed from the regeneration brine by 
passing the brine through a separate treat
ment process in which the radium is per
manently complexed on the RSC material. 
The wastewater from this process along 
with the backwash wastewater from the iron 
removal process is pumped to the final 
disposal liE pond. Figure 1 is a schematic 
diagram of the processes presented above. 

Ultimate Disposal of Wastewater 
and Radium Removal from Water 
Supply 

The original concept and design ap
proved by the Colorado State Health 
Department for ultimate disposal of waste 
generated at the treatment plant are as 
fOllOWS: 

Plant Wastewater 
All wastewater from the plant operation 

is discharged into an liE pond. The main 
purpose of the pond is to allOW for rapid in
filtration of plant wastewater into a geologic 
formation, which dips steeply to the east 
and is located beneath the geologic forma
tion in the area of the raw water supply 
wells. The deep wells obtain the raw water 
from this formation to supply the 
development. 

Radium Waste 
Most of the radium removed from the raw 

..... -vtater entering the treatment plant is even
tually complexed on the RSC resin. As 
needed, RSC resin is replaced and 
transported to an approved hazar
dous/radiological waste disposal facility for 
final disposal. 

Sampling and Analyses 
The project generally consisted of in

depth monitoring of the operation of the full
scale Redhill Forest water treatment plant 
over a 21-month period from October 1985 
through June 1987. All water quality 
parameter concentrations were determined 

according to Standard Methods for the Ex
amination of Water and Wastewater (15th 
Edition). 

Most of the water quality analysis work 
was performed by Hazen Research 
Laboratory, a commercial lab in Golden, 
CO. Some analysis work was performed by 
the EPA Laboratory in Cincinnati, OH, and 
some radon gas analyses were performed 
by Lowry Engineering in Maine. 

In-depth monitoring included water quali
ty sample collection and laboratory 
analyses, field measurements, flow 
measurement, and detailed plant operation 
and was performed to evaluate the follow
ing components of the treatment plant 
operation: 

1. Aeration system for radon removal. 
Water samples were collected and 
analyzed for radon concentration in 
the raw water before and after 
aeration. 

2. Treatment system for iron and 
manganese removal. Samples were 
collected and analyzed on the raw 
water inflow to the process and the ef
fluent from the system to assess the 
efficiency of operation. The water 
samples were typically analyzed for 
iron, manganese, gross alpha, gross 
beta, and radium 226. The process 
wastewater from backwash operations 
was also analyzed on several occa
sions to determine the composition of 
the wastewater discharged to the liE 
pond for final disposal. Parameters of 
primary interest for the wastewater in
cluded total iron, manganese, solids, 
and radium 226. 

3. Ion exchange process for radium and 
hardness removal. Water samples 
were collected for the inflow and 
outflow to the unit process. The 
samples typically were analyzed for 
iron, manganese, sodium, hardness, 
gross alpha, gross beta, and radium 
226. Water samples were collected 
from the backwash, regeneration, and 
quick rinse water on several 
occasions. 

4. Radium Selective Complexer process 
for radium removal. This process was 
monitored frequently to determine the 
effiCiency of radium removal from the 
ion exchange process wastewater and 
the buildup of radium in the complex
er resin. Environmental radiation 
monitoring of the area outSide the 
RSC tank surface was done to deter
mine the exposure and to relate the 
exposure to radium buildup on the 
complexer resin. 
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Booster Pump House r----------l --- --- --- ---r--------, Housed in Treatment 
- Plant Budding I Radon Gas I 

I Carbon Dioxide Gas I 

I Radon- ~ 
3.400 pCiIL _ \ I 

I Concrete Sump ( 
I Under Pump 

I H~/oga/l 
I Raw Water • 

and Filtration 

I Q 0 10.000 gal Chemical Addition 
I Iron 0 4-7 mglL (Alum.. Polyelectrolyte. 

Na ~ 7 mglL and Potassium Permanganatej 

TDS 0 300 mglL I 
Hardness 0 200-300 mglL 

No.2 pH =6 5 

PartJally Treated Water 
Iron 0 a 1·1.0 mglL 
Na 010 mglL 
TDS 0 300 mglL 

Backwash Wastewater 

0 0 350 gal 
Iron 0100-110 mglL I 
Na 0 100 mglL 
rs 0 970 mglL 
Hardness 0 0·10 mgl L 
Radium 0 60 pCllL I 

Radium =30 pCilL 
Hardness 0 200-300 mglL 
pH >7.0 

Backwash Wastewater - 400 gal 

Iron = 76 mglL 
Na =44 mglL 
Hardness = 175 mglL 
rs = 736 mglL 
Radium = 42 pCilL 

Noles 

Well Radium. 035-40 PCI.IL I 
'---Rpdon - 25.000 pCIIL 

I~ 1. Ion exchange tanks are assumed to be back-
washed after 40.000 gal of water have been .:: 
treated. ~ , ., 

'" 
Treated Backwash 

I~ 
;;; <: 

2- Flows shown are average flows for every 10.000 

Ii ~ 
250 gal Constant Rate 

gal of raw water processed through the plant from ., 
the wells '" '" ~ 

" 3 The treatment processes include " c/i '" CO ~ ., Chemical Addition 

Iron 0 9.6 mglL Infiltr at ion / E vaporat {on 

Na 0 10.300 mg/L I 
rs =37.600 mg/L 
Hardness 0 8.600 mglL 
Radium =7.0 pCilL 

Pond ~ ...• -- --

a Aeration for carbon dioxide (pH adjustmentjand ~ Chlorine and Zinc I 
To Morrison Formation - 1.000 gal 

radon gas removal. 
"' . Hexametaphosphat_e __ ____ -----.J Iron 0 70 mglL ., 

b. Chemical precipitation of iron and manganese ;;; 
in the Neptune Microtlac flocculator/settlerl ., 
filter unit. 

~ 

To Distribution System 

Iron 0.3 
Na o 110mglL 

Na 0 2.630. mg/L 
TS 0 10..030 mglL 
Hardness 0 2.220 
Radium 0 40. pCIIL 

c. Ion exchange for radium removal and softening. TDS 0 300 mglL 
Radium < 3 pcil L 
Hardness 0 5 mglL d. Radium removal process using Radium Selec

tive Complexer (RSC). Removes radium from 
the ion exchange backwash wastewater and 
concentrates radium on complexer resin. 

4. The normal treatment plant flowrate is about 100 
gpm The water from the ion exchange process 
lor radium removal and softening is discharged 
into the wastewater holding tank from which the 
wastewater is pumped through the RSC at a 
constant rate for radium removal. 

Figure 1. Flow diagram of water treatment plant processes. 

5. liE pond monitoring of the sand and 
soils was done to determine the extent 
of radium buildup due to the disposal 
of plant wastewater containing small 
amounts of radium. 

General plant monitoring of plant flow 
rates, volumes of water processed, 
wastewater volumes, etc., was performed 
for use along with water quality data in 
determining plant process efficiencies, 
plant operation and maintenance costs, etc. 

Some radon gas measurements were 
conducted on site using a RDA-200 

Radon/Radon Daughter Detector unit 
manufactured by EDA Instruments, Inc. 
Also, some samples were collected and 
sent to Lowry Engineering for additional 
radon gas analysis. 

Results and Conclusions 
Figure 1 shows the flow volumes for each 

part of the total system operation for an 
assumed raw water flow volume of 10,000 
gal into the plant Also presented are the 
average water quality data for each com
ponent that makes up the treatment plant 

The aeration system has been proven to 
effectively remove radon and carbon diox
ide gases from the raw water supplied by 
the deep wells. Carbon dioxide gas has 
been typically reduced from about 125 to 
25 mg/L in the aeration system. The reduc
tion of radon gas has been about 85% from 
about 23,000 pCi/L in the raw water to about 
3,400 pCi/L in the effluent from the aera
tion system. Additional measurements have 
indicated that the radon gas concentration 
in the treated water from the main treatment 
plant is about 600 pCi/L. The iron remov-
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ed about 13% of the radium from the inflow 
to this process. When the iron removal 
system was backwashed, the radium 
removed was wasted In the liE final 
disposal pond. Based upon the results of 
the mOnitoring of the backwash water, the 
average concentration of radium in the 
wastewater was about 60 pCi/L. 

The ion exchange system removes ra
dium, hardness, and residual iron and 
manganese through the use of a standard 
cation exchange resin. The process has 
been very effective in removing radium, 
hardness, and residual iron, and in polish
ing the effluent from the iron removal pro
cess as long as the ion exchange capacity 
is not exceeded. The monitoring results 
generally indicate radium 226 levels of less 
than 3 pCi/L and iron levels of less than the 
recommended maximum level of 0.3 mg/L. 
Frequent monitoring of the system opera
tion has indicated that the radium 
breakthrough occurs between 40,000 and 
45,000 gal (Le., 178 to 200 resin bed 
volumes). The quality of the influent to and 
effluent from the ion exchange process has 
generally been as given in Table 1. 

The RSC system is designed and 
operated to remove radium from the ion ex
change process wastewater and to per
manently concentrate the radium on the 
complexer resin. On July 10, 1986, new 
RSC resin was placed in the complexer 
tank and a detailed program of monitoring 
the flow rate and the water quality of the 
inflow and outflow was initiated. Table 2 
presents a summary of some of the results 
of the monitoring from July 10, 1986, up 
through June 1987. It should be noted that 
the flow rate through the column has been 
about 22 gpm, which is equivalent to the 
surface loading rate of about 10 gpm/ft2. 
The RSC resin bed depth is 2 ft. 

It can be seen in Table 2 that the RSC 
resin is highly radium selective with 
generally over 99% removal of radium from 
the influent wastewater. Average data for 
the water quality parameters included in 
Table 2 are shown on the bottom of the 
Table. The average inflow and outflow water 

quality data indicate that Iron. sodium. 
hardness. and total solids are virtually un· 
changed In passing through the resin 
whereas over 99% 01 the radium In the In· 
fluent IS removed and concentrated on the 
RSC resin. Also shown on the bottom 01 
Table 2 IS the total quantity of radium 
removed and concentrated on the resin 
from July 10. 1986, to June 10. 1987. Based 
upon the operation of the plant during this 
time, the rate of radIum buildup on the RSC 
resin is about 347 /1-Cl/yr (347 X 106 pCi/yr) 

Further, it has been determined that the 
rate of radium removed from the raw water 
and permanently complexed on the RSC 
resin is about 9.6 /1-Ci (9.6 X 106 pCi) per 
100,000 gal of water treated at the plant 
After some period of operation, the RSC 
resin containing radium will be removed 
from the RSC tank and replaced wIth new 
resin and the old resin WIll be disposed of 
at a Nevada waste disposal site. It is an
ticipated that the RSC resm will be replaced 
when the radium on the complexer reaches 
about 3.080 J1-C, (3,080 X 106 pCi). The 4 It' 
of RSC resm will then be placed in a 55·gal 
drum, 3.35 ft3 of concrete will be added, and 
the entire drum will be transported to 
Nevada for final disposal. This method of 
handling the radium waste will ensure that 
the total radium content of the container to 
be buried will not exceed 10 nCi/g (I.e., 
10,000 pCi/g). 

Finally, plant operating costs have been 
determined and estimated in Table 3. 

The full report was submitted in fulfill
ment of Coopel;3tive Agreement No. 
CR-812691-01-0 by the Redhill Forest 
Property Owners Association under the 
sponsorship of the U.s. Environmental Pro
tection Agency. 

Table 1_ Summa"l of Quality of watar to and from Ion Exchange Process 

Parameter 

Flow rate, gpm 
Iron, mg/L 
Manganese, mg/L 
Sodium, mg/L 
Hardness, mg/L as CaCO, 
Radium 226, pCilL 

4 

Influent 

90 to 100 
0.15 to 2.7 
0.4 to 1.3 
7.4 to 12.5 
212 to 350 
22 to 35 

Effluent 

90 to 100 
0.03 to 0.5 
0.01 to 0.15 
40 to 150 
5 to 70 
o to 4 
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Table 2. Summary of Water Quality Data for Regeneration Wastewater from Ion Exchange Regeneration Through RSC Resin' (Effluent Discharged 
to liE Pond) 

Accumulated Parameters Total 
Volume Total Radium % 
Treated Bed Iron Manganese Sodium Hardness Solids 226 Radium 

Date gal Volumes Sample mglL mglL mglL mglL mglL pCilL Removal 

7110186 0 0 
Inflow 2.48 23.8 11,600 476 34,900 860±30 
Outflow 0.98 16.7 13,300 245 34,600 16 ± 11 98.1 

7130186 2,400 77 
Inflow 2.03 31.8 11,000 9,850 41,700 1280±40 
Outflow 1.56 32.2 11,000 10,200 41,800 I.Q±3.2 99.9 

8131186 9,'460 305 
Inflow 9.0 33.1 12,600 11,500 54,200 1400± 40 
Outflow 8.5 33.1 12,700 11,600 55,200 9.4 ± 3.5 99.3 

9129186 14,600 471 
Inflow 7.21 30.5 11,400 8,350 37,600 920±30 
Outflow 7.15 31.5 11,500 8,420 37,600 4.1 ± 2.4 99.6 

10130186 22,600 729 
Inflow 2.79 33.1 8,170 9,380 35,000 860±50 
Outflow 2.07 33.5 8,640 10,100 35,300 5.3±2.8 99.4 

11126/86 27,700 894 
Inflow 7.17 28.2 13,400 9,620 45,400 1040± 30 
Outflow 6.30 26.9 13,300 9,520 45,500 8.1 ± 3.3 99.1 

1114187 39,550 1,276 
Inflow 31.4 19.2 9,350 7,260 31,300 1070± 60 
Outflow 27.8 18.1 9,000 7,740 30,400 8.4 ± 2.3 99.2 

2121187 49,700 1,603 
Inflow 61,3 30.5 12,300 10,900 49,800 1780±80 
Outflow 62.2 32.4 12,100 11,400 50,400 7.2± 7 99.6 

3118187 57,700 1,861 
Inflow 93.4 31.2 13,500 11,600 53,200 20oo±80 
Outflow 92.0 31.9 12,400 12,600 53,300 18±9 99.1 

6110187 71,700 2,313 
Inflow 8.08 17.4 8,070 5,580 28,100 650±20 
Outflow 3.76 15.8 8,460 4,940 28,300 9.2+2.4 98.6 

Averages Inflow 19.8 29.9 10,850 8,890 40,590 1181 
Outflow 18.5 27.7 10,760 9,030 40,550 9.0 99.2 

Note: From 7/10/86 to 6/10/87 (i.e., 355 days), 71,700 gal of plant wastewater was treated in RSC tank. The following is the amount of radium removed and deposited in the resin. 

Radium removed = 71,700 gal (3.785 Ugal) (1181·9.0 pCi/L) 
= 318.1 X 10' pCi 
= 318.1 f1Ci about 0.949 llCi/day 

Estimate for year = 347 JlCi 

'Resin bed volume = 4.15 ft3 (31.0 gal) 
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Table 3. Summary Treatment Plant Operating Costs 

Item 

1. Plant Chemicals, Alum, 
Permangante, Chlorine, elc. 

Salt 

2. Energy Costs 

3. RSC Resin Disposal 
(includes disposal and new resin) 

Total 

·Operator cost not included 

6 

COSr!1.000 gal 
of Water Trealed 

$0.137 

$0.475 

$0.20S 

$0.088 

$0.90S" 
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RADIv11-226 AND RADON-222 IN DOMESTIC WATER 
OF HOUSTON-HARRIS COUNTY, TEXAS 

1a Cech, Hengistu Lemma and Howard H. Prichard, 
Cniversity of Texas Health Science Center at Houston, 

)01 of Public Health, Houston, Texas 

<les W. Kreitler 
Cniversity of Texas, Bureau of Economic Geology, Austin, Texas 

WDUCTION 

Ingestion or inhalation of radium (Ra) and products of its 
'yare considered a health risk. In the human body bones, 
loid stem cells, and lungs are particularly sensitive to radia
l exposure. Epidemiologic studies have established a strong 
)ciation between certain occupational and therapeutic exposures 
isotopes of Ra and bone cancer [1-5J. Radon (Rn)-222, an 

)orne progeny of decay of Ra-226, has been associated with lung 
rer in miners (6,7], and recently has received national atten
:1 because of high concentrations observed in houses in some 
ts of the United States [8,9J. Studies have also raised the 
Lle of cancer risk associated with Ra and Rn in domestic water 
12 J . 

Regulatory staIldards for radioactivity in water have been 
4blished for Ra but not Rrl. The combined activity of the two 
topes of Ra (226 and 228) should not exceed a maximum contami
t level (~ICL) of S pCi/x [13, 14J. Rn in water is not yet 
,lated by Federal and State standards, although this is expected 
;Ilange in the near future. 

Ra regulation under the Safe Drinking Water Act of 1974 and 
.ned amendments v.'ent into effect in 1977, but because of the 
=r number of public I,·,'ater systems in a State as large as Texas, 

J.ssessment of Ra concentrations and compliance with EPA and 
te regulations is a formidable task, not yet completed. In 
ition, approximately 4 million people in Texas use private water 
plies which are not covered by current regulations and for which 
1 Oil Ra are not aVJil.1ble- No regulatory agency no ..... routinely 
rors Rn, in eitllel" I)~:blic or ill(iividllally-owned supplies. 
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Deposits of uranium, the progenitor of Ra-226 and Rn-2: 
occur in Texas [15]. The major deposits occur in Eocene and yo un 
formations and it is believed to be predominantly associated ~ 
volcanic ash in the Catahoula formation of the Miocene Age [16,1 
In 1984, taking advantage of the cost-effective testing proced 
available at the University of Texas at Houston, School of Pub 
Health laboratory, a study was initiated by Cech 
co-investigators [lS), in cooperation with several ground Wi. 

districts and river authorities in Texas, to assess the geograI 
distribution of Ra-226 and Rn-222 in domestic .'ater in sele, 
regions of this State. Anomalously high Ra and Rn concentrat: 
were found in the Gulf Coast area including Harris COl 
(Figure I); Ra in excess of 20 pCi/£ and 3000 pCi/£ for Rn \ 
observed in some public water supplies in this county. 

Harris County, with a 1980 population of 2,684,000, has 
largest number of people among Texas counties and contain~ 

percent of the State population. The water supply and distribu 
system in Harris County is complex. The City of Houst.on a 
operates over 200 wells. A water well field may contain from 
11 .'ells, and pump water from various depths into several coli 
ing plants. The eastern half of the City of Houston, rough 1 
percent of the population of over one million, is supplied prin 
ly by surface water from Lake Houston (figure 2); the western 
is supplied by ground water. The boundaries of areas serve 
each well, well field, or by surface water cannot be de! 
accurately because systems are interconnected; these bound, 
vary \o,'ith variations in demand, pressure in water lines, se; 
and even time of day. 

Population growth and the rapid development of new sub· 
subdivisions on the fringes of the City of Houston resultl 
numerous smaller water utilities. Approximately 300 such muni 
utility districts (tlUDs) and 1700 corrununity "'ater systems, s 
ground water in Harris County besides the City of Houston. ~o 

the '.:ells .. ·.'ith Ra concentrations that exceed tieL were from 
smaller utilities. 

Approxmately 150,000 people in the rural parts of H 
County, and an estimated 10 percent of urban residents, are 
plied by .... :ater from iodividually-o\o.'ned \o.'ells. North .... ·est, I 

east, and south\,'est Harris COWlty contain undeveloped areas. 
projections of urban growth indicate that these areas wi 
developed in the near future. Pockets of Ra-rich \o.'ater fOL 

tlUD's in these parts cif Harris County suggest that future sui 
sians might encounter problems. However, no reliable guidan. 
\,,'ell location is present.ly available to \<o'ell developers i 
Counry. 

A more detailed sampling of ground and surface watt 
necessary in tllis 3rea to assess patterns of distribution of 
Rn. so th3t some predictive tool could be developed to 
pres~nt Jnd future \o,'ater \o,·orks. Thus. during 1985 and 19 
intei'lsive sampling for Ra-226 and Rn-222 ',35 conduct 
Houston-Harris County, 

- - - - - - - - -
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Figure 1. Radioactive deposits in Texas. Compiled by superim 

tlETHOD 

posing Ra-226 field data gathered by Cech et al 
[18] on a map of uranium deposits adapted from Kie 
et al. [IS]. Additional sources were Texas Wate 
Development Board [19] and Brock [20]. 

One hundred sixteen samples were collected. i7 of them fr< 
distribution systems and 39 directly from .'ells. Of the sampl, 
collected h-om distribution systems, 27 were taken from vario' 
small municipal utilities districts in northwest Harris County. 
the 39 samples t3ken directly from wells, 26 'Were from southwe 
Houston, The rest of the samples were collected from public a 
individually ovmed wells throughout the County. Several sampl 
were collected in neighboring Fort Bend Jnd ~Iontgonlery COllnties 
estimate regional concclltratiol)S. 

As a first step in this investigation, samples \o,'ere gathel 
from residential and commercial dwellings. Testing of water at , 
household tap involved visiting residences where permission , 

- - - - - - - -
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secured from heads of households to collect one-liter water sam
ples. Duplicate samples were taken to assure the reproducibility 
of the laboratory results. ' -

Analyses for Ra-226 and Rn-222 ,-ere conducted with modifica
tions of liquid scintillation techniques described in [21]. Ra-226 
".,'as extracted from the 0.5- to 1 liter water samples by passage 
through a 10 ml bed of cation resin (Dowex 50W-X8, 20-50 mesh). 
The resin beds ,",'ere rinsed with distilled \o,'ater, transferred to a 
20 ml liquid scintillation vials and covered with distilled water. 
A 10 ml layer of toluene containing 5 gil of 2,5-diphenyloxazolE 
was added, 311d the vials ~ere sealed and stored for at least a week 
prior to analysis. Three to twelve hours before the analysis, the 
vials were vigorously shaken to ensure adequate contact between tile 
.1queous and the organic phases. The Rn content of the organic 
phase \o,'3S then assayed using a liquid scintillation counter, \o,'itl 
windows optimized for Rn in toluene. Because Rn originally present 
in the \o,'ater sample is not retained in the rinsed resin, any RI 
detected in the assay was due to ingrowth from Ra entrained in thf 
resin. 

Radon-222 concentrations were determined by drawing 15 ml 
samples directly from a source into a clean syringe. Care ""'a~ 
taken to prevent aeration of the samples in the process. Tht 
samples were then injected beneath 5 ml layers of a minera~ 
oil-b3sed scintillation solution in 20 ml vials. The vials ...... 'cr' 
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vigorously shaken to promote phase contact, held for at least three 
hours to permit Rn daughter ingrowth, and assayed with a liquid 
scintillation counter. The results were corrected for the amount 
of Rn decay between sampling and assay. 

The information obtained on this phase of the investigation 
was mapped using' the computer technique SYl'IAP [22], as shown on 
Figures 3 and 4, and this helped to identify areas where further 
sampling, directly from wells, could provide additional, clarifying 
information. The subsequent step was to identify wells in the 
distribution network which caused Ra and Rn to appear in the 
residential water. This was a straightfon.'ard task ","hen small 
Single-source utilities were concerned. tiore difficult was to 
pinpoint Ra and Rn sources within interconnected multiple-well 
municipal systems. 

Range applying 10 each level, pClil. 
0.5 1.0 20 

<0.5 1_0 2.0 J 0 >3.0 
"., ." ... . '-;0'"'' ...... . ,-," .......... . 

0" .... ,,, •••• .... . ". '" 

....... ::: o:i:;:;., ' 

---~ .... ~, N 
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• Conun"'''on~' A""~,,, 22' ~9'~ a s pC,"~" .... n "po",o ~ •. <,", ,ft ,~,. '''''." .... 

Figure 3. Concentrations of Ra-226 observed 1[1 tap water 
lIarris County, Tex,ls, 1985-1986. 
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Figure 4. Concentrations of Rn-222 observed in tap water in 
Harris County, Texas, 1985-1986. 

In order to assess variations in Ra and Rn as related to 
location and depth of wells, a subset of 64 points representing a 
db'erse geogr.1phic distributlOn of ""ater SOUrces \o.'as formed and 
subjected to statistical analysis. This subset included 39 samples 
taken directly from \.ells and 25 other points taken from service 
.Jre~s of small utilities ... i:ere the source-\\,'ell definitely was 
kno • .-n. The poillt-source 10(.ltio05 are sho\.m in Figures 5 and 6 
(except for adJitiooJl points to the north, in adjacent tlontgomery 
County). 

The general hypothesis investigated in this study .... 'a5 that Ra 
and Rn concentrations are function of a) pumping depth, b) 
Jist.'lllcc from lIr:lnium depOSits in sJndstone aquifers, and c) some 
lHoJifyillg 10(,d structtlr.il :~',!tures. in p.lrticuLa, the pl'o:dlllity - - - - - - - - - -

RADIUM·226 AND RADON·222 IN DOMESTIC WATER 383 

"""-" 

">~--~ 
~

.., 

') 

'0 S 0,4 ,01 

. " O~'. 1,1 

• 1'0001., s.u Do"'. 

Figure 5. 

Stll. 

S"MI 

Point-source measurements of 
Texas, 1985-1986. Samples 
directly at well heads or from 
utility districts, Sho,,'n also 
domes. 

." 
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single-source municipal 
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of salt domes. The variables that might have influenced the 
distribution of radiochemicals were defined as follows: 

Water-Bearing Formation and Pumping Depth 

Depth to water sources varied from zero for surface water to 
about 610 meters (m) for wells, The data on depths of wells and 
water-producing formations were derived from the materials of the 
United States Geological Survey, (23). Because many "ells in the 
Gulf Coast region have multiple screens, the \.;ell depth in the 
statistical analyses WJS represented by upper and lo\;er limits of 
pumping ranges_ 

I.oc.ation 

Well locatioll was reprCScflted by the distance (do~nJip) from a 
reference line choscn approximatel" \.o,'here kno\.o,'n uraniu.J1I deposits 
occur [15j. On tllC GlJlf Co~sL. the -llranium-beariflg formations crop 
oul p.lr~lllt~l to Llll' Cl):lst llurlh<,.:~st 0t the sludy .lre.l .In,l 1"()llghly - - - - - - IiIIIiiW • <;. 4 
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~ 

Figure 6. POint-source measurements of Rn-222, Harris County, 
Texas, 1985-1986. 

coincide I.:ith the rechaege zone of the Gulf Coast aquifers. The 
distance from the outcrop to the well was measured in the southeast 
direction to correspond with the general direction of hydraulic 
gradient [24-28). 

Salt Domes 

There are numerous salt domes in the study area (Figure 5). 
rhc proximity of salt deposits is a pertinent regional feature. 
ilecause the general trend in ground .. · .. ater movement may have been 
interrupted locally by pumping, the distance to salt domes was 
measllred as the distance to the nearest dome, regardless of 
direction. 

RESULTS 

Figures 3-6 present R.1 and Rn concentrations observed in the 
,ii:;tribution systems d!ld at ttIe ~;ell heaus in GreJter 
lIollston-lL1rris County in 1985-86. Concentrations of,Ra and Rn were 
belo\,' limits of detection in the sOllthc.lst part of the study area 
.:!ticit IS supplied by SIJ!"~':JCl' \.';tter, ",'ht?re:ls (klcctJble concentr.l
: 1";!1~; of l~:eSt~ l:ldil)isr)t,~pc"s "ere prc:;cJlt ill Vl[tu:llly every s:Jlllple 
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of well water. In northwest and southwest Harris County ground 
waters exhibited concentrations greater than trace levels of Ra and 
Ro; several wells in these areas had concentrations in excess of 
the maximum allowable for Ra. 

The major "hot" spot was located in northwest Harris County. 
Up to 23 pCi/! of Ra-226 (more than four-fold in excess of the 
maximum allowablel and up to 3300 pCi/! of Rn-222 were observed in 
an area geographically adjacent to Logenbaugh and White Oak Creeks, 
about 13 to 16 kilometers (km) south-southeast of the salt domes 
near Hockley and Tomball. 

The second anoma ly, "'i th concen t ra t ions up to 7 pC i / Jl of 
Ra-226 at the well heads and up to 4 pCi/! in the distribution 
system, was found on the border between Harris and Fort Bend 
Counties (far southwest Houston). Of the 11 wells in this section, 
five had concentrations of Ra-226 greater than 5 pCi/! (the maximum 
allowed for total Ra), and the lowest concentration (one well) was 
about 3 pCi/!. Rn concentrations in this area were up to 3100 
pCi/!. These wells were developed near the piercement-type salt 
dome, Blue Ridge. Some of the wells were located in the adjacent 
Fort Bend County but belonged to the City of Houston (Figures 5 
and 6). 

In the southwest-central part of Harris County, Rn concentra
tions up to 2900 pCi/! were observed near the salt dome at Pierce 
Junction. Ra-226 concentrations up to 4.7 pCi/! were present at 
the well heads and about 3 pCi/! was observed in the distribution 
system. In northeast part of Harris County, a concentration of 22 
pCi/! of Ra-226 was encountered earlier by others in a well devel
oped near a piercement-type salt dome at Humble (29). 

Figure 7 shows variations in the concentration of Rn-222 in 
well ""'ater as related to the concentration of its progenitor, 
Ra-226. The coefficient of correlation (R) between these t.·o 
variables was 0.77 and the slope of linear regression was positive 
and significant (probability p of this correlation to be found by 
chance was less than 0.01). The empirical equation relatIng 
waterborne concentration of Rn to Ra was 

Rn 307 + 187 Ra, /1/ 

where Rn is an estimate of Rn, in pCi/£. 
The proportion of variation in Rn concentrations ' •. :hich cOllld 

be accounted for by Ra was 59 percent. This shows th.t R. and Rn 
measured under field conditions correlated reasonablv \.;ell t al
though not perfectly. The remaining scatter probabl,: was due to 
differences in the underground retention opportunities for gas Rn 
and dissolved Ra. This, in turn, implies that our understanding of 
the distribution of Ra and Rn ill water supplies may further profit 
from exploring the roles that pumping depth and well loc.tion play 
in this distribution, 

The relationship of Ra and Ho concentr<ltiuns to pumping depth 
was invcstig~ited first by fitting linear regress10/1 lIIoJels to 
respective OJt.l sets, For Ib-22G, the slope uf regression ,.'.15 not 
significant, \;hlCh indicJted l!IJt the linear model \""a5 inappropri
ate, ,1Il0 this becomes immecii.1tely Jpparenl '.,dH~1l ont' inspects the 
scatter-~lnts DII F1i.;IIICS 8,1 ,lflJ 9<1, Oil t:~Jch \)f lh('~:~' flgu~·c·;, " 
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Figure 7. Relationsh,ip between concentrations of Ra-226 a 
Rn-222 in ~ell water, Harris County, Texas, 1985-198 

non-linear distribution of Ra with depth was evident, The conce 
trations were observed to peak in a zone between 180 m (Figure 8 
and 320 m (Figure 9a), which corresponded to a fringe zone betwe 
Chicot and Evangeline aquifers (Figure lOa). Further increase 
depth caused concentrations of Ra to decrease, although nO,t 
zero. This distribution suggests introducing a quadratic term in 
a previous model. If this is done, the resulting fit be com 
statistically significant (p < 0.05). 

The greatest concentrations of Rn also were observed betwe 
180 and 320 m below the surface (Figures Bb-IOb) but, different 
from Ra, there <""a5 an overall underlying tendency for Rn conce 
trations to increase with depth. The linear model was appropri.! 
to describe the vertical concentration profile for Rn (p < 0.0 
Jnd the addition of a quadratic term to the linear model was not 
impro\·ement. 

The distance from the outcrop of known uranium deposits \.\ 
not statistically significant predictor for Raj nor did 
.3ddition of 3 quadratiC term to a linear model improve the fi 
Exam.!.:-',ation of the scatter-plot on Figure 11a illdicates that 
distribution along the northwest to southeast axis downdip fr 
uranium deposits \.'35 bi-modal, with the first increase in conce 
trat10ns observed at about 90 km southeast from a reference Ii 
.]nd the second, after 115 km. The location of the first anOnla 

coincided with the area of geological faulting stretching bet\,'c' 
the Hockley and Tomball salt domes, about 13 to 16 km southeast 
the domes [30). The location of a second, comparatively Ie 
seve~·e R<1 Jnom~dy coincided t..,'ith the are'] of the fault syst 
JSsoclJted ~itt\ tile Blu~ Ridge s31t dome. 
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These data indicate that Ra travels in a more complex path 
than could be expressed by a linear distance from kno\,'n deposits of 
uranium and their Ra in Houston-liarris County water ~ells probably 
relates to 10c31 sources, instead of distant deposits in the 

outcrop. 
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lo\..'er limit of pumping range. 

The bi-modal distribution with distance was also noted for Rn 
(figure llb) but, again, differently from Ra, there was an underly
ing tendc-l1cy for Rn concentrations to increase toward the coast. 
The linear model fitted to this distribution had a positive slope 
and was statistically significant Cp < 0.01). 

The }noximity of a salt dome was an important predictor for 
the p(f~Scnce of both Ib and Rn in .... 'ell .... ·Jter. The inverse rela-

(3 
a. 

~ 
E 
::J 
:0 
~ 

3000 

G 
a. .., 
c: .. ., 
::J 
0 .., 
N 
'" '" i: 1000 
a .., .. 
a: 

J 
" u 
~ 
5 
~ 

" 0: 
;( 

RADIUA1-226 AND RADON-222 IN DOMESTIC WATER 389 

o 

o 

o 

a 

o 

a • 

Water producing formatiDn 

a 

a 

Q 

a 

8 
a 

Q a 

H 0 , y 
15 " u .s 
i: rn 
u c 

" > w 

" 0 

" <= 
U 

Water producing formation 

n 
o 

o 

I 

o 
o 

8 
o 
a 
a 

B 

g 
o 
a 

i 
I 
" s 
0; 
0> 
C 

" > 

"' 

Figure 10. Distribution of Ca) Ra-226 and Cb) Rn-222 depending on 
water-prodllcing formation. 

tioCiship, the increase ill concElltr.:ltiollS as distallces to the domes 
decreased, .... 'as particularly evident for wells developed near Blue 
Ridge and Pierce Junction salt dOlnes (Figllres 12~ and b). Because 
of the rural location, no deep municipal wells .... 'ere present in the 
vicinity of the Hockley ilnd Tomball salt domcs illl,1 this filct might 
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have obscured the statistical association. The correlation of Ra 
v,'ith other salt domes in Harris County ("ould not be made because 
they were sitllJted in 3 part of Harris County whicll was supplied by 
surface '..·,~ter. 

Hultiv3riatc analyses shO\.,'ed that a combination of factors 
pro\'idl'd still a ~)elter fit. ~v'here Ra 1S concerned! both pumping 
dL'l-'th :lr.,i the diSl:l[]CC fCOIn the nearest salt dome h"ere signi ficant 
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factors (p < 0.01) and the equation relating waterbdrne concentra
tions of Ra to these factors was 

Ra 0.06 + 0.04(DEPTH) - 0.09xI0- 3 (DEPTH)2 - 0.60(DNS) + 

+ O. 04 (DNS) 2 , /2/ 

where (DEPTH) stands for pumping depth (m) measured to the top 
screen of pumping range and (DNS) waS the distance from the nearest 
salt dome (km). Because the proximity of salt domes was measured 
as the distance (km) from the dome nearest to each well and regard
less of direction, the model in equation 2 includes quadratic terms 
for this variable as well as for the variable of depth. The sta
tistical analysis supporting equation 2 is illustrated in Table I. 

Table 1. Multiple Regression AnalySis Report for Ra-226 VS. Pumping Oepth 
and location. 

Source 

Constant 

DEPTH 

(DEPTH)' 

ONS 

(ONS)' 

Model 

Error 
Tola 1 

Hean Squ,;re 
Regression 

Mean Squ~re 
Error 

Variable 

Constant 
DEPTH 
(DEPTII)' 
OtiS 
(DNS)' 

df 

59 
63 

Sequential 

Tail 
Sum-Sqr R' F-Ratio Prob 

632.33 

42.37 4.67 4.66 0.037 

50.73 10.25 5.33 0.023 

141. 4 7 25.83 14.88 0.001 

112 44 38.21 11.82 0.000 

347.0138 38.21 9. 12 

561. 0715 
908.0902 

86.7569 

9.509686 

Parameter Estimation 

Regression 
Coefficient 

5.98E·02 
3.91E·02 
8.66E-OS 

62 
4.49E-OZ 

o 

Standard 
Coefficient 

.7475541 
-.4710227 

9650517 
I. 42079 

DEPTH - C~Jth of pumping. top sCl'een, m; 

OtlS - Dj~:3nce from salt G0r.1t'S. ~m 

last 

Sum-Sqr 

55.43 

21.15 

50.96 

112.44 

Standard 
Error 

o 
1.62E-02 
5.81E-05 
.27 

I. JOE'02 

F-Ratio 

5.83 

2.22 

5.36 

11. 82 
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The R2 equal to 38 indicated that two basic factors, pumping depth 
and distance from salt domes, accounted for 38 percent of the 
variations in Ra. 

An alternative expression, for depth measured to the bottom of 
the pumping range, was 

Ra -0.13 + O.02(DEPTH) - O.03xIO- 3 (DEPTH)' 

- O.61(DNS)' + O.04(DNS)'. 

For RII, tile best combination of variables was 

Rn = -413 + 4(DEPTH) + II(DDR) - 197(DNS) 

+ 12(DNS)' 

for the top of the pumping range and 

Rn = -190 + 2(DEPTH) +IO(DDR) - 216(DNS) 

+ 12 (DNS)2 

for the bottom of the pumping range. 

The va riable (DDR) in equations 4 and 5 represents 
from the recha rge zone, as explained in the 

/3/ 

/4/ 

/5/ 

distance 
IIMethod ll 

(km) dO~'ndip 

section. The statistical analysis that led to derivation of these 

equations is illustrated in Table 2. The combination of three 

basic variables describing pumping depth and 
source accounted for 42 percent of the variations 

If data on Ra concentrations are available, 
tions can be estimated as 

Rn = -367 + 171 (Ra) + 2(DEPTII) + 9 (DDR) 

- 104(DNS) + 4(DNS)' 

for the top of the pumping range, and 

Rn -266 + 173(Ra) + (DEPTH) + S(DDR) 

- 112(DNS) + 5(DNS)' 

location of water 
in Rn. 
the Rn concentra-

/6/ 

17/ 

for the bottom of the pumping range. This combination of factors 
described 74 percent of variations in Ra (Table 3). 

DISCUSSION 

The Gulf Coast is underlain by productive ground water aqui
fers, an important factor which has facilitated the urban and 
industrial development of the Greater Houston-Harris County area. 
for years all of the water needs in the City of Houston and Harris 
County have been satisfied entirely by ground water. Ho\.,'ever, 
'!plr~ nf PllfTln;!l'i" l::tr'i"f' \'('d\\mf'~ nf \"lfPr h,l'!P ("lll<;f'rI ,1 rlf'('linp in 
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Table 2. Multiple RegreHion Analysis Report for Rn-222 ';5. Pumping Depth 
and Location 

Sequent io3 1 
---------------------.-

Source df Sum-Sqr R' F-Ratio 

Constant S.41E+07 

DEPTH 9408528 17.62 18.08 

OOR 2793209 22.85 5.37 

ONS 2863555 28.22 5.50 

(ONS), 1 7618718 42.49 14.64 

Model 4 2.27E+07 42.49 10.90 

Error 59 3.07E+07 
Total 63 5. 34E+07 

Mean Square 
Regression 5671002 

Mean Square 
Error 520469. 

Parameter Estimation 

Regression Standard 
Variable Coefficient Coefficient 

Constant -413.01 0 
DEPTH 4.37 .345 
DDR 10.72 .25 
ONS -197.16 -1. 27 
(ONS)' 11.79 1 54 

0EPTH - Depth of pumping, top screen, m; 

OOR Distance downdip from reCharge km; 

ONS Distance from salt domes, km 

Tail 
Prob 

0.000 

0.023 

0.012 

0.001 

0.000 

Last 
--------------.----
Sum-Sqr F-Ratio 

4851181 9.32 

2443481 4.69 

5003873 9.61 

7618717 14.64 

Standard 
Error 

43 
4.95 

S3.58 
3 08 

the potentiometric pressure and subsidence of the land, especially 
in southeast Houston [311. Since the 1950's the prevailing philos
ophy behind water development in Houston has been that a) reorien
tation of t~le water supply system is necessary from total 
dependence on ground \..·ater to a combination of surface and ground 
water sources; and that b) wells need to be redistributed to reduce 
the rate of subsidence, phasing out most of the \,'ells in the 
southeast and developing ne\..· wells in north\..·est Harris County, 
closer to the recharge zone. 

In 1954 the first surface water from ttle San Jacinto River via 
L3ke Houston was provided to the east side of Houston. On the 
other h:'inti, the development of ground \ .. ;aler ~3S beell actively 
pl!~-s\led III 1l0rtIH,cst, northcJst, ,!nd sout!n .. ·est Harris LOllflty to 
13cco~~c"'lte ,._ho"l expc~. "'rn if" ",cyo o'"o"'liOJlS 

i 
I: 
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Table 3. Multiple Regression Analysis Report fOI" Rn-222 vs. Ra-226, 
Pumping Oepth, and Location 

Sequential 
-----------------------

Source 

Constant 

RA 

DEPTH 

ODR 

ONS 

(ONS)' 

Model 

Error 
Total 

Mean Square 
Regression 

Mean Square 
Error 

Variable 

Cons tant 
Ra 
DEPTH 
OaR 
ONS 
(ONS)' 

df 

58 
63 

Sum-Sqr 

5.41E+07 

3.19E+07 

3578880 

2591628 

568185 

944674 

3. 96E+07 

1. 38E+07 
5.34E+07 

7918282 

237935.6 

Regression 
Coefficient 

"366.87 
170.83 

1. 82 
-8.73 

-104.07 
4.49 

Ra - Radium 226, pCi/i 

R' F-Rat io 

59.76 134.10 

66.47 15.04 

71. 23 10.89 

72.38 2.39 

74.14 3.97 

74.15 33.28 

Parameter Estimation 

Standard 
Coefficient 

o 
.704 
.14 
.20 

-.67 
.59 

DEPTH - Depth of pumping, top screen, m; 

DDR Distance downdip from recharge km; 

DNS Distance from salt domes, km 

Tail 
?rob 

0.000 

0.002 

0.002 

0.124 

0.048 

0.000 

Las t 
-------------------
Sum-Sqr 

169E+07 

779210 

1614991 

1307976 

944674 

Standard 
Error 

o 
20.26 
1. 01 
3.35 

44.39 
2.26 

F-Ratio 

71. 06 

3.23 

6.79 

5.50 

3.97 

Data gathered by 
cated that at least 
suburb3n subdiVisions, 
public drinking water. 

Brock {20j in nortll\,est Harris County indi-
12 HUD' S I those serving recently developed 
violated stalldards ~ith respect to Ra in the 

Our findings confirmed excess R.l ill the water served by these 
relatively sm3ll utility districts. [n Jddition, water from five 
!""ells belonging to the City of Houston-proper (former ~nJDs \..'hich 
\,ere Jcquireri by the City to <lccOmnWd,lle newly added subdivisions 
Llll tht' Lll" sOllUwest) cant.lined R,l ,It ('-()[ll:l~lltratiotls gre.Jter tli:)!! 5 
pCi/~ 
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Observed excess Ra was associated with ground water. Concen
trations in water from surface sources were less than 0.5 pCi/l and 
no surface-water violations for Ra were found. 

Earlier attempts to correct contaminated wells in northwest 
Harris County involved plugging the lower-most screens, because of 
an assumption that Ra concentration increased progressively with 
depth. The present study, however, shows that this assumption is 
justified for Rn, but not for Ra. The linear model that was 
initially applied in an attempt to describe Ra variations with 
depth ~as found to be inadequate and a quadratic term for 
nonlinearity was required to achieve a better fit. Concentrations 
of Ra tended to peak between 180 and 320 m below the surface. This 
depth suggests that Ra might be associated with the upper 
Evangeline - lower Chicot aquifers. Under such conditions plugging 
the deepest screens in the mUltiple screen wells may Cause Ra 
concentrations to become greater instead of smaller. 

The increase of Rn with depth, unlike Ra, may be related to 
differential retention, accumulation, and diffusion properties of 
these radioisotopes. Rn is a short-lived, highly volatile radioac
tive gas whereas Ra is a dissolved cation. For an equal amount of 
paternal Ra, its gaseous progeny Rn may have a better chance to 
accumulate in the deepest strata, while it may dissipate more 
readily from progreSSively shallower formations. Water-bearing 
strata in the study area dip toward the coast and, hence, water 
wells in the southeasterly direction tend to be progressively 
deeper. The trend for Rn concentrations to increase in the direc
tion of the Gulf may relate to this factor of increasing depth. 

The Ra and Rn in ground water from the Evangeline and Chi cot 
aquifers may indicate that waters have flowed around the flanks of 
salt domes that pierce the aquifers. Uranium deposits have been 
found in the rocks that flank or overlay Gulf Coast salt domes, 
such as the Palangana dome [32J and the Hockley dome [33J, and:may 
be the source for the Ra and Rn. The uranium presumably is precip
itated in the redUCing environment surrounding the dome. As ground 
"ater flows past the dome it entrains the soluble Ra but leaves the 
insoluble uranium. 

Natural ground-water flow in the Gulf Coast aquifer is down 
the stratigraphic dip to.'ard the coast at a rate of approximately 
1 m per year [34,35J. However, the extremely heavy pumpage in the 
Houston area has created an extensive cone of depression [36] and 
reversed the direction of flow. The presence of high concentra
tions of Ra hydrologically updip from the Pierce Junction dome 
(Figure 5) further suggests this reversal. The dissolved Ra has 
t.en transported up to 4 km over 30 years (the approximate age of 
the COile of depression); tile rate of 130 m per year is significant
ly greater than natural ground-\,,'ater flow rates of 1 In per year. 

An alternative hypothesis for the source of Ra and Rn is that 
they originated from uranium deposits in the deeper formations and 
migrated up the dome flanks and associated faults into shallower 
formations. 

Tile major deposits of uranium in the Gulf Coast are associated 
'~'ith the CatahoulJ formation of the Niocene age. This formation, 
... ·;hich ill South Te:us is mined commercially for uranium, extends 
,llong the entire cO.l~l fruln i'lexico to LouisianLl. The L1tJhoul.'t 
c;~l1d<;;')llt~ is ,11so the deepest fresh-water bearing uniL it! the Gulf 
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Coast aquifer complex. It crops out inland from the study area and 
dips towa"d the Gulf at a rate of about 17 m per km; near the 
coastline it is apprOXimately 1.6 km below the land .surface [28J. 

The formations which constitute the Gulf Coast aquifer range 
in age from the Oligocene and tliocene eras for the Catahoula 
sandstone to the Quarternary period for shallow alluvium. The 
actual production of well water involves strata of the 
Pliocene-Pleistocene age (Evangeline and Chicot aquifers) rather 
than the Miocene age. The presence of Ha and Rn in ",'ell .... 'Jter 
derived from the Evangeline and Chicot aquifers may be evidence of 
a cross-formational flow where deeper water with greater potentio
metric head from ~Iiocene strata leaks upward Lhrough confining 
strata [24;27;37;38J. Such seepage would be most promineut up the 
flanks of piercement-type salt domes or associated faults. 

The vertical concentration profile exhibited by Rn supports 
the hypothesis of an upward flow from greater depths. However, the 
non-linear distribution with depth observed for Ra and a rather 
narrOW range of pumping depths in which Ra concentrations occur 
suggest a source in the upper Evangeline aquifers. In addition, 
any Ra from a Catahoula source should have decayed to below detec
tion levels conSidering the long flow paths downdip from a uranium 
deposit in the Catahoula to a dome, up the dome flanks, and then 
into the Evangeline and Chi cot aqUifers. Because the half-life of 
Ra-226 is 1600 years, Ra will decay to concentrations belo'· detec
tion limits in a ground water flow system if travel times for the 
Ra are more than a few thousand years. The areas of high Ra and Rn 
concentrations in the Evangeline aquifer are 80 to 120 km downdip 
from its outcrop. At a flow rate of 1 m per year, these waters are 
older than measurable by Ra concentrations. If a flow path through 
the Catahoula is envisioned, travel time will be even greater. 

Ra as a ground water tracer may give conservative ground water 
flow velocities because of its chemically reactive nature. Dis
solved Ra should function chemically similarly to dissolved calci
um. Tanner [39J proposed that in saline waters the abundant 
cations compete with Ra for exchange sites and thus a greater 
portion of Ra ions remains in solution. Conversely, waters with 
low ionic strengths are favorable for Ra adsorption onto the 
aquifer matrix. Kraemer and Reid [40J studied Ra in deep saline 
formation waters and observed this direct correlation between 
salinity and Ra activity. In the Evangeline aquifer the migration 
of Ra may be retarded by ion exchange or conversely enhanced if 
dome dissolution increases the salinity around a dome. 

In our study, the proximity of salt domes was found to be a 
strong predictor of Ra alld Rn presence in well water, particularly 
in combination \,,'ith a certain range of pumping depths. t,.,'bether Ra 
is related to uranium associated with salt domes or to brine 
leakage up the flanks of salt domes cannot be answered at this 
time. We advise, however, against developing domestic ... ·ells near 
salt domes, especially medium-to-deep wells (180 m and deeper). 

The health significance of Ra and Rn-rich ... 'ater in Harri::. 
County is not known. All the ","'ater .... 'el15 in question .... 'ere locate.) 
in subdivisions that have existed for only about 10 to 15 year$. 
In north""est Harris County the customers ""ere notified by tht 
respective HUD's that Ra levels in their ""aler were in excess o! 
~1CL. In SQutb ... 'cst Houston, \"\1('re II blend of ... 'aler from severJ 



398 RACQN AND RADIUM IN WATER SUPPLY WEllS 

wells is distributed, the city, technically, is not under obliga
tion to notify customers regarding Ra concentrations present in 
specific component-¥.'ells, as long as the levels in the distribution 
system are not in excess of the maximum allowable. 

Ble~ding water may not be the most reliable option, however, 
for dea!~ng with Ra and Ro, since resultant concentrations vary 
dependii~~ on several, not entirely predictable factors, i.e., how 
many wellS are in operation at any given time, the pumping rate of 
each cont:-ibuting \o,'ell, pressure in " .. ater lines, and demand. The 
boundaries of service areas for each particular component in the 
distribution system are not known. It would be advisable, instead, 
for the City of Houston to take steps toward replacing, re-working, 
or treating problem wells. 

The EPA has published two booklets advising homeowners on 
methods to reduce indoor concentrations of Rn [8,9J. In these 
docwnents, users of private wells were informed that domestic water 
might contribute Rn to the indoor air. However, the EPA said this 
usually is not a problem when large community water supplies are 
concerned. since ~".'ater supposedly releases most of its Rn before 
reaching ~ndividual houses. In our study in Houston-Harris County, 
parallel measurements of Rn made at municipal well heads and at 
consWJlers taps indicated that the en route self-aeration of well 
.... ·ater does not occur. Tfiere ""as no evidence of appreciable drop in 
Rn conce~trations in municipal well water upon its arrival at 
household taps. 

Ilatec treatment for Ra and Rn is available. The technology of 
Rn and Ra removal does not differ much from other gases or alkaline 
earth ele.i!ents, i.e., well-knovm and common technology for removal 
of calcil.!;;l or magnesium hardness. The economics of rehabilitation 
by lime u~ lime-soda softening, weak acid ion exchange, or reverse 
osmosis b,'e been revie"'ed recently by Snoeyink et al. [41J and 
Brock [20))_ To date, some HUD's in Harris County have been 
successful in reducing levels of Ra and Rn by altering screening 
depths in their wells. 

SUI'lIIARY 

This study showed that anomalous concentrations of Ra-226 and 
Hn-222 exist in parts of the upper Texas Gulf Coast. Ilhile all 
factors ii'liluencing the distribution and fate of pollutants in 
tHldergrour:,': porous media might not be easy to measure or even 
identify, ·Jften the very expectation of this great complexity 
prevents 0::'2' from observing patterns that othen..'ise might be quite 
helpful. -=-~e findings sUITUllZlrized in this corrununication present an 
crlcouragin~ picture for predictirlg depttls and locations in the Gulf 
Coast !""he~·-= elevated RJ ('Ind Rn concentrations may be encountered_ 
l'~o to fo~: key variables accollnted for the statistically signifi
c,lnL vari2:ion (from 38 to 74 percent) in concentrations observed 
![ldcr fiel~ conditions. 
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ABSTRACT 

Simple 10w-cosVlow-technology aeration lechniQues were 
investigated to determine their eHectiveness In removing 
radon from drinking waler. The techniques consisted of 
flow-through storage and minimal aeration in various 
conloguratlons. and were found to be eHectlve In varYing 
degrees for the reduction of radon. These 10w-cosVlow
technology aeration techniques may be easily applied In 
small communities. 

INTRODUCTION 

In an eHort to assemble information concerning simple 
treatment techniques for the removal of radon from drinking 
water, the University of New Hampshire and the New 
Hampshire Department of Environmental Services 
(NHDES), through a U.S. EPA Cooperative Agreement, 
evaluated low-costllow-technology aeration treatment 
techlllQues for radon removal. All the techlllQues Involved 
storage and/or storage with minimal aeration. These tests 
included monitoring radon reduction in a distribution 
system, radon release from an open all storage tank with 
no mixing (stili pool 01 waler) , radon reducllon III a flow
through reservoir system with various influent control 
devices, and radon reduction in a flow-througll reservoir 
system with mlmmal bubble aeration. 

DISTRIBUTION SYSTEM 

The site selected to evaluate radon loss in a distribution 
system was the Rolling Acres Trailer Park in Mont Vernon, 
NH. The trailer park consists of 33 mobile homes served by 
2 wells that are currently being treated using granular 
activated carbon (GAG) to remove radon. The distribution 
system consists of 3,8 cm (1.5 in,) to 5.1 cm (2 in.) 
diameter pipe. Distances between sampling locations were 

measured with a surveyor's tape (Figure 1). Samples were 
taken In the evening from kitchen taps at 5 homes located 
at various distances from the pump house. The first two 
sets of samples were 01 GAC-treated water. DUring the 
next two sampling periods, raw water was pumped directly 
into the distribution system The greatest reduction (18.8%) 
on radon concentration oceurr ad at the sampling pomt 
furthest from the pump house (Table I), buI overall the 
reductions observed were very low (0% to 10%). 

The actual reduction of radon In a distribution system would 
result from decay alone, so loss dUring distribution would 
not be significant unless the distribution system was 
extraordinarily long or the flow rate extremely slow. Small 
reductions are anticipated III short systems, but the removal 
rate would vary with water usage Dala were collected at 
Mont Vernon during periods 01 high flow and thus 
represented a worst case senallo 

OPEN-AIR STORAGE 

A laboratory study at the UllIverslty of New Hampshire 
monitored radon reduction from a Sllil pool of water. A 
115-L (30-gal) plastic sturage tank (Figure 2) was foiled to 
a depth of 66 cm (27 in.) With water containing radon.During 
four Individual runs, the radon concentration was monitored 
for 5 to 6 days (Figure 3). Samples were taken at various 
depths In the tank to determme II tile radon concentration 
varied With depth. No significant difference in radon 
concentration was found within the tank 

High levels of radon removal (80% to 90%) were observed, 
but 5 to 6 days 01 storage were necessary to achieve these 
reductions. Theoretical reduction by radon decay alone 
would be 67% over 6 days, thus open air storage 
contributed to a greater reducllon III radon removal than by 
decay alone. A 24- and 48-hr average reduction rate of 



Figure 1. Mont Vernon Distribution System. 
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Approximate Distance from Pump House, rn (ft) 

Influent Radon (26,644 pC ilL 
GAC, Trealed) 

Run 1 
Run 2 

Influent Radon (234,000 
pCI/L, Ulllrealed) 

Run 3 
Run 4 

35 (1114) 

a 
a 

• 
2.1 

52 (169) 

t 

100 (328) 

10.8 
7.3 

• 
# 

220 (721) 

4,1 
9.2 

• 
11.8 

497 (1632) 

15.6 

lB.8 
7.5 

• Radon concentration al sample pOint exceeded Influent radoll concentration. 
# Sample dala not available. 
t Homeowner not available durtng sampling. 

30% and 50%, respectively, was observed A small 
commumty that could store the water at atmosphenc 
pressure for several days could use this technique, 
although extended storage may be Impraclical in most 
cases. 

FLOW-THROUGH RESERVOIR 
A flow-through reservOir system (Figure 4) was 
constructed In Derry, NH, to treat water supplied by the 
Southern New Hampshire Water Supply Company. The 
storage tank was designed to contain water to a depth of 
0.6 m (2 It) [total volume of t .64 m3 (433 gal)J, with vanable 
influent entry. The modes 01 influent entry studied were: t) 
entry at the bottom of the reservoir, 2) discharge 0.6 m (2 
tt) above the reservoir level, 3) discharge 06 m (2 It) above 
the reservoir level with a spray attachment. and 4) 

2 

discharge 0.6 m (2 ttl above the reservoir level through a 
venturi apparatus to add air to the stream. fn addition to the 
four tests with varied Influent entry type, minimal bubble 
aeration was added to entry types 1 and 2. 

In the tests where minimal bubble aeration was used, a 
laboratory-made bubbler was used. This bubbler was 
constructed using 0.6-cm (t/4-ln.) 1.0. plastic tubmg with 
holes made at 10 cm (4 In.) intervals by puncturing the 
tubing with a thumbtack. Four radial arms of 81 cm (32 In.) 
length were pfaced in tile bottom of the reservoir and air 
was provided by a laboratory air pump [maximum capacity 
0.3 m31mm (1.1 1t3/min)]. The bubbles from the tubing 
appeared to be approximately 1.5 cm (3116 in.) in diameter 
and were produced at an average rate of 2 to 3 per second 
from each hole. 



Figure 2. Laboratory Setup tor Atmospheric Loss DUring 
Storage (No Flow). 
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Flow controllers were installed In the Inlluent stream to 
control the Ilow to 1.1 Umln (0.3 gpml. 2.2 Umln (06 gpml. 
and 3.2 Umln (0.9 9pml. This controlled lIow resulted '" 
theoretical detention times 01 24. 12. and 8 hr. The nozzle 
attachment used a garden hose spray nozzle adjusted to 
give a spray 01 approximately 15 cm (6 m.) diameter at Ihe 
water surface [0.6 m (2 It) from the nozzle end). At the low 
flow of 1.1 Um;n (0.3 gpm). a line spray could not be 
achieved. and thus data are not available lor those 
conditions. 

Good removals 01 radon were achieved In all test 
combinations (Figures 5. 6. and 7) except lor the bollom 
entry tests The bottom entry tests prOVided the mrnlmum 
waler disturbance 01 any 01 the tests and thus the 10IVest 
removal rate. In fact. the radon removals observed ", the 
bOllom entry tests were only slightly better than would be 
expected by radon decay alone. 

In all cases where the water was allowed to lall (or was 
sprayed) to the reservOir surface. or where mlillmal bubble 
aeratron was added. high radon removal I ates were 
observed. A millimum removal 01 nearly 50% was seen With 
the shortest detention time and Simple Influent Iree lall 
Higher removals (80% to 95%) resulted With longer 
detenllon limes and supplemental aeration (Figures 5. 6. 
and 7). The data collected in thiS phase 01 the study 
showed that simple aeration can be very eHectlve lor radon 
reduction and might be easily applied in small commullities 

A laboratory venturi was all ached to the Inlluent line 01 the 
storage reservoir (Figure 4). The venturi pulled ambient air 
Into the water stream. and measurements were made to 
determine II the additional air would help to remOve radon 
The water was then allowed to Iree lall 0.6 m (2 11) to the 
surface 01 the tank at the 3 lIow rates of 0.9 Umln (0.24 
gpm). 2.2 Umrn (0.6 gpm). and 3.0 Umln (08 gpm). The 
venturi addition increased the radon removal over free lall 
alone by a range of 5% to 12%. excepl al Ihe longest 
detenlron time [0.9 Umln (0.24 gpm)] In thiS case. the 
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radon removal Wltll tile ventu" was I 0°'0 less tllan by Iree 
lall alone The 1I0w rates may t'ave been too low to 
generate good ventu" action (aeration). thus better 
removals were not observed In all the venturi runs 

SUMMARY 
Slinple 10w-teclHlOlogy low-cosl aerallon treatment 
tectHlIques are capable of lowe"ng the radon concentration 
In d"nk"'g water Removal percentages of 60% to 87% can 
be achieved With only 9 11f of relentlon time and Simple 
aeration. Beller Itlan 95~0 removal was observed With 
aeration applied dUling 30 hr 01 storage Storage for 30 hr 
and the addition 01 mlnrrnal aeration should be Within the 
operational capability 01 a small commullity. Larger scale 
testlllg of the Simple aeration technique may be completed 
under Ihe eXisting cooperallve agreement With the NHDES 
The data presented here are a qualitative descrrptlon of 
some Simple laboratory and field tests to remove radon 
Further Investigations are necessary to beller understand 
the Simple teChnologies and the options available to small 
commUni lies. 
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Figure 3. Radon Loss During Open-Air Storage. 
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Figure 4. Pilot Scale Atmospheric Tank, Derry, NH. 
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Figure 7. 
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FOREVORD 

Today's rapidly developing and changing technologies and industrial 
products and practices frequently carry with them the increased generation of 
materials that, if improperly dealt with, can threaten both public health and 
the environment. The U.S. Environmental Protection Agency is charged by 
Congress with protecting the Nationis land, air, and water resources. Under a 
mandate of national environmental laws, the agency strives to formulate and 
implement actions leading to a compatible balance between human activities and 
the ability of natural systems to support and nurture life. These laws direct 
the EPA to perform research to define our environmental problems, measure the 
impacts, and search for solutions. 

The Risk Reduction Engineering Laboratory is responsible for planning, 
implementing, and managing research, development, and demonstration programs 
to provide an authoritative, defensible engineering basis in support of the 
policies, programs, and regulations of the EPA with respect to drinking water, 
wastewater, pesticides, toxic substances, solid and hazardous wastes, and 
superfund-related activities. This publication is one of the products of that 
research and provides a vital communication link between the researcher and 
the user community. 

This report presents the results of an evaluation, performed by the 
University of New Hampshire - Environmental Research Group (ERG), of radon 
removal in small community water supplies using full-scale granular activated 
carbon adsorption, diffused bubbl~ aeration and packed tower aeration. 
Various low technology alternatives, such as loss in a distribution system and 
addition of coarse bubble aeration to a pilot-scale atmospheric storage tank 
were also evaluated. The report discusses each of the treatment alternatives 
with respect to their radon removal efficiency, potential problems (i.e., 
waste disposal, radiation exposure and intermedia pollution), and economics in 
small community applications. In addition, several sampling methods, storage 
times, scintillation cocktails and extraction procedures currently used in the 
liquid scintillation technique for analysis of radon in water were compared. 

E. Timothy Oppelt, Director-
Risk Reduction Engineering Laboratory 
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ABSTRACT 

Radon is one of the naturally-occurring radionuclides which will be . 
regulated as part of the Safe Drinking Vater Act Amendments of 1986. The 
proposed rule must contain .recommendations with respect to Best Available 
Technologies (BAT) and analytical methods. The purpose of this project was to 
evaluate the performance of full-scale granular activated carbon (GAC) and 
diffused bubble and packed tower aeration systems treating small community 
groundwater supplies containing radon. In addition, several low technology 
alternatives were evaluated including radon loss in a distribution system and 
pilot-scale tests of modifications to atmospheric storage tanks, such as 
coarse bubble aeration. Total production costs are provided for each 
treatment system evaluated, how~ver, these are highly dependent on process 
equipment and percent removal required, which are site specific. The liquid 
scintillation analytical technique for radon was also evaluated with respect 
to sampling methods, storage times, extraction methods and cocktail selection. 

GAC systems were operated at two small communities in New Hampshire. 
During continuous operation at the Hont Vernon site, the effluent radon 
activity averaged 24,653 ± 17,016 pCi/L (influent activity z 210,491 ± 41,384 
pCi/L; flowrate "' 36 ± 12 m3 /day). The GAC effluent activity at the Amherst 
site averaged 12,000 ± 5,900 pCi/L (influent activity", 41,800 ± 15,200 pCi/L; 
flowrate "' 61 ± 5 m3 /day). The data indicated that the GAC units retained 
uranium, radium and lead. concentration of these radionuclides appeared to be 
related to raw water quality and their retention could lead to classification 
of the GAC as a low level radioactive waste in some states. The GAC units 
also accumulated iron, manganese, particulates and microorganisms which may 
necessitate periodic backwashing or pretreatment to prevent significant 
headloss development. Gamma/beta emissions measured at the surface of the GAC 
units were substantially greater than background and shielding may be required 
to lower emissions to acceptable levels. 

For the diffused bubble system operating at air:water (A:V) ratios ~ 5:1 
at high water flowrates (0.10 ± 0.0019 m3 /min; influent radon = 65,487 ± 5,657 
pCi/L) and low water flowrates (0.047 ± 0.00053 m3 /day, influent radon = 
78,385 ± 6,120 pCi/L), the overall radon removal efficiency ranged from 90.0 
to >99.6%. The removal efficiencies for the packed tower ranged from 92.7 to 
99.8% over the range of air flowrates tested in spite of variation in water 
flowrate, influent radon activity and packing type. Off gas radon activities 

were 104 to 105 times higher than ambient air levels for both aeration systems 
and the impact of the discharge on air quality should be considered. 
Precipitation of iron and manganese could result in operational problems in 
both systems and may necessitate pretreatment. 
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Radon loss during water transport in a distribution system (497 m, 
hydraulic retention = ~ 17.9 min) was not effective in radon removal. In 
pilot-scale testing, atmospheric sto~age modified by free fall and spray 
nozzle entry and coarse bubble aeration achieved radon removals of 50 to 96%, 
but the system may have problems with off-gas emissions and/or iron and 
manganese precipitation. 

Vhen designing any system to remove radon from a small community water 
supply, it is imperative to have good data on water flowrates and influent 
radon activities. As observed in this study, variations in these parameters 
may be substantial and will, if underestimated, lead to inadequate system 
design and effluent rado~ activities which exceed the design goal. Since GAC 
adsorption-decay constants and aeration mass transfer coefficients are system 
specific, extrapolations of performance data obtained at one site should not 
be made to systems with (i) other design configurations, (ii) ~ow influent 
radon activities and/or (iii) a requirement to meet a more stringent MCL. 
Pilot-scale studies should be conducted at each site to obtain the required 
design information. 

Vater samples collected using the direct syringe technique had higher 
radon activities than those collected in VOA bottles, but widespread use of 
this technique may be limited by costs, problems associated with distribution 
of syringes and the difficulty in collecting samples devoid of air bubbles. 
Sample storage in .VOA bottles was affected by radioactive decay and leakage 
(losses up to 20% in 21 days). The OptiFluor 0 scintillation cocktail yielded 
significantly higher count rates than a toluene-based cocktail and was less 
expensive than the toluene and mineral oil-based cocktails. The extraction 
experiment data suggested that radon in a radium-226 standard is continuously 
transferred to the cocktail phase regardless of shaking and therefore, the 
extraction procedure should not be used to calculate the efficiency factor. 

This report was submitted in partial fulfillment of Cooperative Research 
Agreement CR8l2602-0l-0 by the Environmental Research Group of the University 
of New Hampshire under the sponsorship of the U.S. Environmental Protection 
Agency in conjunction with the State of New Hampshire Department of 
Environmental Services. This report covers the period January 1986 to 
December 1988 and work was completed as of June 1989. 
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SECTION 1 

INTRODUCTION 

As part of the 1986 amendments to the Safe Drinking Yater Act, the United 
States Environmental Protection Agency (EPA) will propose a rule for Haximum 
Contaminant Level Goals (HCLGs) and National Primary Drinking Yater 
Regulations (NPDVR) including Maximum Contaminant Levels (MCLs) for 
radionuclides in drinking water (Federal Register, 1986). One of the * 
radionuclides which will be regulated under the proposed rule is radon-222 
(hereafter referenced as radon in the text). In a recent status report, EPA 
(1989) indicated it is considering setting the HCL for radon in the range 200 
to 2,000 pCi/L. There have been several studies of the distribution of radon 
in groundwater supplies in the U.S. (Hess et al., 1985; Longtin, 1988; Dixon 
and Lee, 1988; Vitz, 1988) all of which indicate that there will be a large 
number of point-of-entry and public water supplies impacted by an MCL in that 
range. Hany of the public water supplies affected will be those serving small 

communities «76 m3/day). 

The rule will also contain recommendations with respect to Best Available 
Technologies (BATs) and analytical methods. Three conventional water 
treatment technologies - granular activated carbon adsorption (GAC), diffused 
bubble aeration, and packed tower aeration - have been used to remove radon 
from drinking water. Host of the studies in the U.S. on GAC have been 
performed by Lowry and associates (Lowry and Brandow, 1981, 1985; 
Lowry, 1985; Lowry et al., 1987, Lowry and Lowry, 1987; Lowry and Lowry, 1988; 
Lowry et all 1988), though Dixon and Lee (1987) reported some radon removal in 
GAC units designed for organics treatment. The GAC process, which has been 
used to treat point-of-entry and small community water supplies, relies on the 
ability of radon to adsorb to the carbon. One unique aspect of the radon 
removal process is the fact that the bed is naturally regenerated as radon 
decays (Lowry and Brandow, 1985). As a result, the breakthrough/exhaustion 
profile typically seen when GAC is treating other conservative contaminants is 
not exhibited during radon removal. 

The aeration methods are predicated on the fact that radon is a highly 

volatile gas with a relatively high Henry's constant (2.80 atm' m3H20/m3 air 

at 10 DC) and thus can be easily transferred from water to air. Aeration 

methods have been used in both point-of-entry and community public water 

* Though there are many radioactive isotopes of radon, radon-222 is the most 
common. 
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supplies (Perkins and Hewett, 1988; Cummins, 1987; Dixon and Lee, 1987; Lowry 
et. al., 1987; Hoather and Rackham, 1962; Castren, 1977; Lowry and Brandow, 
1981). 

In addition, Dixon and Lee (1987) have ex.~mined the potential of 
alternative technologies (for example, cascading tray aerators used for iron 
and manganese removal and loss in standpipes) which use simple devices often 
already in place and adapt them to radon treatment. 

The analytical methods currently being examined by EPA (1989) for the 
proposed radon rule include liquid scintillation counting (Pritchard and 
Gesell, 1977; EPA, 1978), and the Lucas cell method (Lucas, 1957). These 
techniques have been used extensively and have been found to be equivalent in 
interlaboratory studies conducted for EPA (Vhittaker et al., 1987). 

RESEARCH OBJECTIVES 

The purpose of this EPA Cooperative Agreement was to evaluate the 
performance of full-scale GAC and diffused bubble and packed tower aeration 
systems treating small community groundwater supplies containing radon. The 
water supplies contained 40,000 to 250,000 pCi/L of radon at flowrates ranging 
from 25 to 61 m1/day. In addition, several low technology alternatives were 
evaluated including radon loss in a distribution system and pilot-scale tests 
of modifications to atmospheric storage tanks such as coarse bubble aeration. 
Each of these systems (GAC, diffused bubble aeration, packed tower aeration 
and the low technology alternatives) were evaluated with respect to three 
primary factors: radon removal efficiency, potential problems (i.e., waste 
disposal, radiation exposure, intermedia pollution) and economics. It was not 
the purpose of the study to develop design equations for these syst~ms, but 
rather to evaluate their operation at small community facilities. 

Another aspect of the study was the evaluation of the liquid 
scintillation counting technique used in radon analysis. This technique has 
.been used with several scintillation cocktails, extraction techniques, 
sampling methods, and storage times. These aspects of the technique were 
studied to determine whether the various modifications available impact the 
results obtained with the method. 

The specific objectives of the study were to: 

Evaluate full-scale GAC systems operating at two small 
communities in New Hampshire, monitoring them for changes 
in radon removal, radiation emissions, general water 
quality parameters (e.g., pH, iron, turbidity, microbial 
numbers) ; 

Conduct several special monitoring events of the GAC 
systems to assess the impact of diurnal variations in 
water flowrate and raw water quality, high water flowrate 
and backwashing on GAC performance; 
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Core the GAC after several months of operation to 
determine if iron, manganese, microorganisms and/or 
radionuclides were accumulating in the units; 

Evaluate full-scale diffused bubble anQ packed tower 
aeration systems operating in small communities in New 
Hampshire, monitoring them for radon removal, general 
water quality parameters and off-gas emissions of radon; 

Operate the aeration systems over a range of volumetric 
air to water (A:V) ratios at two water flowrates to 
determine the effect of these parameters on radon 
removal; 

Evaluate three randomly packed plastic media with respect 
to radon removal efficiency in the tower aeration system; 

Evaluate the efficiency .. of radon removal in a small 
community distribution system; 

Evaluate the radon removal efficiency of several low 
technology modifications (e.g., free fall vs. bottom 
entry, spray nozzle entry, venturi entry, coarse bubble 
aeration retrofit) to an existing small community 
atmospheric storage tank; 

Assess the effect of sampling techniques (free fall, hose 
connector, direct syringe collection, VOA bottle 
collection), storage time, scintillation cocktail, and 
extraction via shaking on the liquid scintillation 
analytical technique for analysis of radon in water •. 

The report is divided into 8 sections including introduction (Section 1), 
conclusions and recommendations (Section 2), sampling and analytical methods 
(Section 3), separate sections discussing the results obtained in the 
evaluations of GAC (Section 4), diffused bubble aeration (Section 5), packed 
tower aeration (Section 6), low technology alternatives (Section 7), and the 
liquid scintillation analytical technique (Section 8). The treatment 
technology evaluation sections each contain: (i) an introduction; (ii) 
description of the units, experimental design and special sampling/analytical 
procedures; (iii) detailed presentation of the results and a discussion of 
their significance; and (iv) an economic analysis of the system operated. 

FUNDAMENTALS OF RADIONUCLIDES 

Radionuclides are different from the majority of drinking water 
contaminants regulated by EPA because of the instability of their nucleus and 
their ability to decay. This often leads to confusion resulting from the 
dissimilarity between the units used to describe radioactivity and those used 
for other water contaminants; as well as the physical meaning of these units. 
Therefore, a brief synopsis of some of the fundamental principles of 
radionuclides important to this project are discussed below. 

3 



Radon-222 is part of the uranium (4n+2) decay series (Table 1) which 
originates with uranium-238. Radon and its four short lived progeny 
(polonium-218; lead-214, bismuth-214 and polonuim-214) have some of the 
shortest half-lives (less than 27 min) of any 9f the radionuclides in the 
series. Radon is the only gas in the decay series and is a member of the 
Periodic Chart Group 0 (noble) gases including helium, argon and other 
chemically inert monatomic gases. Radionuclides are described in units of 
activity - curies - which indicate the rate at which a radioactive atom is 
undergoing decay (i.e., nuclear disintegrations). By convention a picocurie 

. (pCi) means that 2.22 atoms of that radionuclide are decaying per min 
(disintegrations per min - dpm). A radionuclide's half-life (t 1/2) is the 

time interval during which 1/2 of the atoms decay (t 1/2 = In 2/A where A = 

decay constant, 0.0075 hr-1 for radon). For radon and its progeny the 
half-lives are very short varying from 3.82 days (radon-222) to 0.00016 sec 
(polonium-214). The actual life of an individual atom, however, can range 
from 0 to infinity (i.e., decay occurs randomly). 

Though the units specified for radionuclides in water are in pCi/L (i.e., 

activity per unit volume) and their range in groundwater is 100_106 pCi/L, the 
mass and number of atoms present is usually extremely small and can be 
determined using the equation: A = NA where A - activity (pCi or dpm) and N = 
number of atoms. For example, 1,000 pCi of radon (2,220 dpm) in a liter of 

water is only 1.76 X 107 atoms of radon or a mass of 6.49 X 10-15g (radon _ 
222g/mole) or 6,490 pg/L of water. 

Therefore, when designing treatment systems to remove radon from water, 
though the activities may be substantial (and have important public health 
significance), the numbers of atoms and mass to be removed is very small. 
However, radon is a highly volatile gas and its concentration in water (ex. 

-15 1,000 pCi/L - 6.49X10 gIL) is still much greater than its concentration in 
-19 air (0.1 pCi/L _ 6.49X10 gIL). 

Detection capabilities for most drinking water contaminants are in the 

10-8 t9 10-3 gIL range. The instrumentation used in radon analysis detects 
light flashes created when the radioactive particles strike fluorescing 16 
compounds and therefore, is able to measure lower concentrations (32.5 x 10-
gIL = <500 pCi/L). The instrument's detector records the number of counts 
(scintillations) per minute or cpm. The efficiency of the instrument is 
usually not 100%, so an efficiency factor must be determined using standards 
to relate the cpm obtained to the dpm or pCi actually present. 

Atoms of the various"radionuclides in a decay series are constantly being 
produced and are, in turn, decaying to form other unstable nuclides. For 
example, radon is created by the decay of radium-226 (t 1/2 = 1602 yr) and 

decays to polonium-218 (radon t1/2 = 3.82 days). Because of this continuing 

pattern of formation and decay, it is important to understand the concept of 
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TABlE 1- * ABBRF.VIATED t..RANIl.M (4n +. 2) lE::AY SElUES 

Chemical Historical 
Notat:U:in Nan!! Half-life Radiatim Emf tted Upon Decay + 

238 U Uraniun 9 
92 

4.5 x 10 yrs. at 
,J. 

234 'Ill 'nxlriun 24.1 days ~y 90 
,J. 

234 
Pa Protactiniun 1.17 min ~y 

91 + 
234 U Uraniun 2.47 x Ie? yrs. cx,y 
92 + 

230 'Ih 'Ihoriun 4 8.0 x 10 yrs. cx,y 
90 ,J. 

226 Ra Radiun 1602 yrs. cx,y 
88 ,J. 

222 Rn Raden 3.82 days at 
86 ,J. 

218 
Po Polaliun 3.05 min at 

84 + 
214 Pb Lead 26.8 min ~y 
82 + 

214 
B1 Bisnuth 19.7 min B,y 

83 + 
214 

Po Polarlun 164 \.ISeC at 
84 ,J. 

210 
Pb Lead 21 yrs. ~y 

82 
,J. 

210 BI Bisnuth 5.01 days 
83, ,J. 

210 
Po Polaliun 138.4 days 

84 
,J. 

206 
Pb Lead Stable 

82 

* Protactiniun-234 (Uraniun Z), Astatine-21S, Thalliun-210 am 206 are not 
shawn. These represent radiorruclides created in <D.2% of the decays of 
Protactiniun-234 (Uraniun Xg), Polaliun-21S, BiSlll.lth-214 am Bisrni th-21O, 

+ 
respectively. 
Chly listed if X anissim is >0.1%. 
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secular equilibrium. Vhen a radionuclide is in secular equilibrium with 
another radionuclide or its progeny, there is a constant amount of that 
radionuclide present which is a function of the rate at which it is being 
created and the rate of its decay. The mathematical relationships are best 
explained by Evans (1969). Hence, at secular equilibrium between radon and 
its progeny or between radium and radon, the activities of the parent and its 
progeny are equal. For example, when 1,000 pCi/L of radium is in secular 
equilibrium with radon, the activity of radon will also be 1,000 pCi/L. 
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SECTION 2 

CONCLUSIONS AND RECOMMENDATIONS 

GRANULAR ACTIVATED CARBON 

1. Yhen designing a GAC system to remove radon- from a 
small community water supply, it is imperative to have 
good data on water flowrates and influent radon 
activities at the site. These data are major inputs 
into the design model for determining the volume of 
GAC required. As observed in this study, for small 
community supplies, variations in flowrate and 
influent activity may be substantial and will, if 
underestimated, lead to inadequate system design and 
effluent radon activities which exceed the design 
goal. 

2. The steady state adsorption-decay constant (K ), ss 
which is a critical component of the GAC design model 
varied over time, was site specific, and differed by 
22% to 89% from the value previously reported in the 
literature for the carbon tested (Barnebey-Cheney Type 
1002). The factors which will most likely influence 
K for a given site are flowrate and radon ss -
concentration which affect mass transfer and 
adsorption kinetics, and raw water quality which 
affects adsorption capacity. Therefore, pilot scale 
testing should be performed at each site to determine 
the appropriate Kss to be used in the design model. 

3. The data indicated that the GAC units retained uranium 
238 and 235, and radium-226 in quantities (pCi/kg) 
high enough to classify the carbon as a low level 
radioactive waste according to State of New Hampshire 
regulations. The units also retained lead-210 which 
is not currently regulated in the State of New 
Hampshire. Therefore, the GAC disposal costs could 
increase the production cost of a GAC system. 
Concentration of uranium, radium and lead by GAC 
systems appears to be related to raw water quality 
(e.g., pH and alkalinity). Changes in water quality 
(e.g., installation of a new well) should be monitored 
to determine if radionuclides are released to the 
water supply. 
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4. The GAC units accumulated iron, manganese and" 
particulates (turbidi ty). In addi tion, there were 
significant numbers of microorganisms growing on the 
carbon. As a result, GAC systems may require periodic 
backwashing to prevent significant"" head loss 
development. In certain water supplies, 
concentrations of iron, manganese and particulates may 
be high enough to warrant frequent backwashing which 
would increase operating costs and reduce the 
hydraulic capacity of the system. In addition, 
previous studi~s have shown that frequent backwashing 
may decrease radon removal efficiency. Therefore, in 
these cases, pretreatment for iron, manganese and 
particulates is recommended to decrease the 
backwashing frequency. 

5. Gamma/beta emissions measured at the surface of the 
GAC units were substantially greater than background 
measurements. Some form of shielding will be required 
to lower these emissions to acceptable levels. 

6. The total production costs for the GAC system at Hont 
Vernon, NB were $0.95/1,000 gallons without 
pretreatment and GAC disposal, $2.45/1,000 gallons 
with pretreatment and $2.64/1,000 gallons with 
pretreatment and disposal. (Disposal costs were based 
upon an estimated 20 year design life for the GAC 
system). During continuous monitoring, the effluent 
radon activity averaged 24,653 ± 17,016 (influent 
activity - 210,491 ± 41,384 pCi/L; flowrate • 36 ± 12 
m3 /day). For Amherst, these costs were $0.56/1;000 
gallons, $2.06/1,000 gallons and $2.15/1,000 gallons, 
respectively. The effluent radon activity of the 
Amherst GAC system averaged 12,000 ± 5,900 pCi/L 
during continuous monitoring (influent activity = 
41,800 ± 15,200 pCi/L; flowrate = 61 ± 5 m3 /day). The 
differences in total production costs between the 
sites reflect the greater volume of GAC at Hont Vernon 
(1.33 m3 vs. 0.85 m3 ) which was a function of the 
higher radon loading. Since production costs for a 
GAC system are highly dependent on the type, volume 
and disposal of the carbon which are site specific 
parameters, extrapolation of these cost estimates to 
other water supplies may be inappropriate. 

7. Further studies should be conducted to examine the 
effects of backwashing and raw water quality 
parameters (e.g., organics and iron) on radon removal 
efficiency in GAC systems. In addition, the factors 
affecting the retention/release of radionuclides such 
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as uranium, radium and the radon progeny should be 
investigated. 

DIFFUSED BUBBLE AERATION 

1. When designing a diffused bubble aeration system to 
remove radon from a small community water supply, it 
is imperative to have good data on water flowrates and 
influent radon activities. These data are major 
inputs into the design model for determining hydraulic 
detention time, air flowrate and diffuser 
configuration. As observed in this study, for small 
community supplies, variations in water flowrate and 
influent activity may be substantjal and will, if 
underestimated, lead to inadequate system design and 
effluent radon activities which exceed the design 
goal. 

2. The percent radon removal in a diffused bubble system 
is directly proportional to the global liquid mass 
transfer coefficient (KLa), the detention time and the 

concentration gradient (Cliquid - Cgas ). These 

findings are analogous to those reported for other 

more conventional contaminants. Since KLa, detention 

time and concentration gradient are system specific, 
extrapolations of performance data obtained at one 
site should not be made to systems with other 
configurationsldiffusers, low influent activities 
andlor those required to meet a more stringent MCL. 
Therefore, pilot-scale studies may need to be 
conducted at each site to obtain the required design 
information. 

3. The total production costs for the diffused bubble 
system at Derry, NH were $0.64/1,000 gallons without 
pretreatment and $2.14/1,000 gallons with 
pretreatment. When operating at A:Y ratios ~ 5:1, at 
both high water flowrate (0.10 ± 0.0019 ml/min; 
influent radon activity = 65,487 ± 5,657 pCi/L) and 
low water flowrate (0.047 ± 0.00053 ml/min; influent 
radon activity = 78,385 ± 6,120 pCi/L), the overall 
radon removal efficiency ranged from 90.0% to >99.6%. 
It is possible to determine the minimum air flowrate 
required to meet the design remoVal efficiency. 
However, for the range of water flowrates encountered 
in many small communities the cost effectiveness of a 
larger constant speed blower (i.e., capital and 
operating costs) outweighs the advantages of using a 
smaller blower capable of delivering the minimum air 
flowrate. Since production costs are highly dependent 
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on the process equipment and percent removal required, 
which are site specific, extrapolation of the cost 
estimates for Derry to other water supplies may be 
inappropriate. 

4. Off-gas radon a.ctivities at the Derry site ranged from 
3,361 to 18,356 pCi/L in the air exiting the diffused 

bubble system and were 104 to 105 times higher than 
ambient air levels. Therefore, the impact of the 
off-gas on ambient air quality·should be considered. 

5. Though precipitation of iron and manganese was not 
observed during the short-term diffused bubble 
testing, it is well documented that this can occur in 
aeration systems ·treating groundwater, resulting in 
operational problems. Therefore, raw water quality 
should be monitored to determine whether pretreatment 
is required. 

6. In northern climates, diffused bubble systems, 
including the blower intake, are typically located 
inside the pumphouse. Since it has been shown in this 
study that the radon activity in the pumphouse air may 
be high (as at Mont Vernon, NH) use of this air may 
significantly affect the ability of the diffused 
bubble system to meet a stringent MCL due to mass 
transfer limitations. Therefore, the radon activity 
of the influent air should be considered in the 
design. 

PACKED TOVER AERATION 

1. Vhen designing a packed tower aeration system to 
remove radon from a small community water supply, it 
is imperative to have good data on water flowrates and 
influent radon activities at the site. These data are 
major inputs into the model for determining tower 
design (e.g., packing height). As observed in this 
study, for small community supplies, variations in 
water flowrate and influent activity may be 
substantial and will, if underestimated, lead to 
inadequate system design and effluent radon activities 
which exceed the design goal. 

2. The percent radon removal in a packed tower aeration 
system is directly proportional to the global liquid 
mass transfer coefficient (KLa) , the hydraulic 

detention time (packing height) and the concentration 

gradient (Cl . 'd - C ). These findings are lqUl gas 
analogous to those reported for other more· 
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conventional contaminants. Since the KLa, detention 

time and concentration gradient are system specific, 
extrapolations of performance data obtained at one 
site should not be made to estimate percent radon 
removals for systems with other tower 
configurations/packing media, low influent activities 
and/or those required to meet a more stringent MeL. 
Therefore, pilot-scale studies should be conducted at 
each site to obtain the required design information. 

3. For some small communities which have high influent 
radon activities, the packing height required to meet 
a stringent HCL may be greater than the 4 to 12 m 
range used in standard practice, possibly eliminating 
packed tower aeration as a viable treatment 
alternative. 

4. The total production costs for the packed tower system 
at Mont Vernon, NH were $0.60/1,000 gallons without 
pretreatment and $2.10/1,000 gallons with 
pretreatment. The radon removal efficiencies ranged 
from 92.7% to 99.8% in spite of variation in water 
flowrate (0.18 to 2.6 m'/hr), influent radon activity 

. R 
(115,255 to 278,488 pCi/L) and packing type (Glitsch 

R mini rings and saddles, and Koch pall rings) over the 
air flowrates tested (1.75 - 51 m'/day). Since 
production costs are highly dependent upon process 
equipment and installation, which are site specific, 
extrapolation of these cost estimates to other water 
supplies may be inappropriate. 

5. The off-gas radon activities ranged from 2,410 to 
21,200 pCi/L in the air exiting the packed tower and 

were 104 to 105 times higher than ambient air levels. 
Therefore, the impact of the off-gas on ambient air 
quality should be considered. 

6. Though precipitation of iron and manganese was not 
observed during the short-term packed tower testing, 
it is well documented that this can occur in aeration 
systems treating groundwater, resulting in operational 
problems. Therefore, raw water quality should be 
monitored to determine whether pretreatment is 
required. 

7. At the Hont Vernon, NH site, the intake fQr the blower 
was located inside the pumphouse, which is a 
conventional practice used in northern climates to 
prevent freezing in packed towers. However, the radon 
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activity in the pumphouse air approached 100 pCi/L. 
In cases where this design approach is used, the 
concentration of radon in the influent air may 
significantly affect the ability of the packed tower 
to meet a stringent MCL because of mass transfer 
limitations .. Therefore, the radon·· activity of the 
influent air should be considered in the design. 

8. Because the conventional practice of locating the 
blower air intake indoors may not be practical for 
radon removal systems required to meet a stringent 
MCL, an outside air intake may be required. 
Insulation of the tower's plumbing may be critical in 
northern climates to prevent freezing resulting from 
intermittent operation. 

LOV TECHNOLOGY ALTERNATIVES 

1. Radon. loss during water transport in a 497 m 
distribution system (hydraulic retention time ~ 17.9 
min) was not an effective and reliable means of radon 
removal. 

2. In studies with the pilot-scale atmospheric storage 
tank at Derry, NH, free fall and spray nozzle entry, 
and coarse bubble aeration achieved radon removals 
ranging from·50 to 96%. Though the data show the 
potential of low technology alternatives, these 
retrofit designs are so site specific, results cannot 
be extrapolated to other water supplies, especially 
those required to meet a stringent MCL. 

3. The total production cost of retrofitting the 
full-scale low technology coarse bubble aeration 
system used at Derry, NH was $0.15/1,000 .gallons. 
This system achieved radon removals of 80% to 88%. 
These costs are presented as an example of the 
potential savings resulting from the use of low 
technology alternatives. However, the cost of these 
alternatives is very site specific and dependent on 
the radon removal required. Further, at some sites 
the requirement of sophisticated pretreatment prior to 
radon removal would defeat the purpose of using low 
technology alternatives. 

4. Based on· the off-gas resul ts obtained from the 
diffused bubble and packed tower aeration systems, the 
impacts of the off-gas from the low technology 
alternatives on ambient air quality should be 
considered. 
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LIQUID SCINTILLATION ANALYTICAL TECHNIQUE 

, 

1. Vater samples 'collected using the direct syringe 
technique had higher mean radon activities (~ 11%) 
than those collected in VOA bottles. However, the 
widespread use of this technique may be limited due to 
costs, safety problems associated with distribution of 
syringes and the difficulty in collecting samples 
devoid of air bubbles. Therefore, collection in VOA 
bottles is likely to be the preferred sampling 
technique. Based on the results of this research, it 
is recommended that a universal hose connector be used 
to fill the VOA bottles. 

2. Sample storage in VOA bottles was primarily affected -
by radioactive decay, though le~kage was found to 
account for losses up to 20% over 21 days. Therefore, 
maximum storage times should be established based on 
the MCL, the practical quantification level, 
radioactive decay and leakage. 

3. A toluene-based scintillation cocktail yielded 
significantly lower count rate than mineral oil-based 
and Opti Fluor 0 cocktails. The Opti Fluor 0 is less 
expensive ($6.50/L) than the mineral oil ($31.00/L) or 
toluene-based ($12.00/L) cocktails and is therefore 
recommended. 

4.-The data from the extraction experiment suggest a 
continuous transfer of radon from the aqueous phase to 
the cocktail for the radium-226 standards regardless 
of shaking. This finding indic~tes that the 
extraction procedure should not be used to calculate 
the efficiency factor. However, samples should be 
shaken, especially those with low activities, to 
insure rapid transfers of radon to the cocktail. 
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SECTION 3 

SAMPLING AND ANALYTICAL METHODS 

This section outlines the procedures for sampling and the analytical 
methods used in all phases of the project. Techniques specific to a given 
part of the research are outlined within Sections 4, 5, 6, 7, and 8. A 
summary of all data from the quality control checks made throughout the 
project is provided in Appendix A. 

SAMPLING MATERIALS 

Table 2 shows the sampling materials, preservation, maximum holding time, 
and cleaning procedures for each type of sample collected. DoUble deionized 
water was transported into the field in a 50% HCl washed plastic jug and 
served as a water supply for field blanks which were collected for each 
analysis. Field spikes were only feasible for the iron and manganese 
analyses. All reagents used including washing acids were reagent grade unless 
otherwise specified. 

ANALYTICAL METHODS 

Temperature, pH, Dissolved Oxygen 

Samples for temperature and pH were collected in 250 mL polyethylene 
bottles. Vhen dissolved oxygen (DO) was measured polarographically (i.e., 
during GAC Phase I), analysis was performed in the 250 mL plastic bottles. 
For the iodometric dissolved. oxygen procedure, 300 mL glass BOD bottles were 
used. All bottles for the three analyses were cleaned by soaking in soapy 
water, rinsing three times with deionized water, soaking in 50% HCl, rinsing 
three times in deionized water, rinsing once with double deionized water and 
air drying. Materials were soaked for a minimum of 60 min. Bottles and caps 
for temperature and pH were rinsed three times with the sample before 
collection. 

Temperature was obtained using ASTM approved mercury thermometers (-20 to 
150 0 C) which were calibrated monthly against an ASTM certified mercury 
thermometer (-8 to 32°C). Calibration was performed by obtaining measurements 
in an ice bath (OOC) and at room temperature (approximately 20°C) with all 
thermometers. The readings from the field thermometers were plotted against 
the readings from the certified thermometer and used as a calibration curve. 
Field measurements were corrected accordingly. Sample temperatures were taken 
by placing a thermometer in the 250 mL bottle immediately after collection. A 
reading was obtained after the therm~meter equilibrated (-2-3 min). 

14 



TABLE 2. SAMPLING MATERIALS PREPARATION AND PRESERVATION 

Analysis Container 
Volume Material 
(mL) 

Radon 20 G* 

pH 250 p** 

Temperature 250 p** 

Dissolved 250 p** 
Oxygen 
(Polarographic) 

Dissolved 300 G* 
Oxygen 
(Titrimetric) 

Alkalinity 250 ** P 
and Turbidity 

Iron and 125 p** 
Manganese 

Uranium- 3785 p** 
Radium 

Microbial 60 ** P 
Numbers 

*G • Glass. 

+After extraction via shaking. 

**p • Polyethylene plastic. 

Preparation .Preservation 
(Primary 
Cleaning 
Solution) 

10% Extran R None 
(VVR Scientific) 

50% HCl None 

50% HCl None 

50% HCl None 

50% HCl MnS04 
Alkali-
iodide 
H2SO4 

50% HCl 4°C (iced) 

50% HN03 HN03 to pH<2 

50% HN03 HN03 to pH<2 

Sterilized 4°C (iced) 
Autoclaved 
121°C @ 15 psig 

15 

Hold 
Time 

4-12 hr+ 
(in growth) 

24 hr 

None 

None 

12 hr 

48 hr 

6 mo 

6 mo 

24 hr 



Initially, the pH of the water samples was measured on-site with an Orion 
(Cambridge, Massachusetts) Model 211 portable pH meter standardized with pH 7 
and pH 4 buffers. During Phase I, the weather became very cold and the field 
meter did not operate correctly. As a result, samples were transported to the 
laboratory on ice where the pH was determined as soon as possible using an 

AltexR 71 pH meter (Beckman; San Ramon, CA) with a combination pH"electrode. 
This procedure continued throughout the project. The pH meter was calibrated 
on each sampling day, as outlined in Standard Methods (1985) (Method 423), 
using pH 7 and pH 4 buffer solutions (VVR Scientific; Boston, MA). An initial 
reading was then taken of one of the standards. As a check on accuracy, an 
aliquot of that standard was analyzed every hour or every 20 samples, 
whichever came first: If the standard did not read within 0.10 units of the 
initial pH value, the meter was recalibrated. 

The pH meter was also calibrated monthly using National Bureau of 
Standards (NBS) pH 4 and pH 7 standards to check the commercial buffer 
solutions. Quality control charts for accuracy and precision were made by 
running three standards in the order of high (10), low (4), and intermediate 
(7) pH values. This order was run seven times in duplicate on three separate 
days and the data was used to establish upper and lower control limits (EPA, 
1979). Values were reported to the nearest 0.1 pH units. If the precision or 
accuracy limits established by these charts were exceeded during an analytical 
run, the meter was recalibrated, and samples since the last acceptable check 
on that day were reanalyzed. Periodically, samples were split and sent to the 
EPA Drinking Vater Research Division (Cincinnati, OH) for pH analysis. Based 
on these samples, the project's pH analysis was within EPA (1983) limits for 
acceptable accuracy and precision. 

Dissolved Oxygen 

Dissolved oxygen (DO) was initially determined in the field using a 
Yellow Springs Instrument Co. (Yellow Springs, CO) YSI Model 57 portable 
oxygen meter. The instrument was air calibrated on. site before each use as 
outlined by the manufacturer. The instrument's air calibration was checked 
monthly against a solution containing 0 mg 02/L prepared with Na2S03 and a 

trace of CoC12 (Standard Methods, 1985; Method 421F). Towards the end of 

Phase I of the GAC evaluations (November, 1986), the weather became very cold 
and the meter would not work properly. Thereafter, the iodometric titration 
method (Standard Methods, 1985; Method 421B) was used. Samples were fixed in 
the field with MnS04, alkali-iodide reagent and concentrated H2S04 , The 300 

mL bottles were filled using the sampling tubes and were allowed to overflow 
for approximately 2-3 min. The fixed samples were transported at 4°C to the 
laboratory protected from the light. The samples were titrated against a 
solution of sodium thiosulfate (-0.025 N). The titrant's normality was 
checked daily against a potassium bi-iodate primary standard. One duplicate 
analysis was performed on each sampling day to monitor laboratory precision. 
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Alkalinity and Turbidity 

Samples for alkalinity and turbidity were collected in 250 mL 
polyethylene bottles and preserved at 4°C for transport to the laboratory. 
Bottles and caps were rinsed three times with the sample before collection. 
They were cleaned by soaking in soapy water, rinsing three times with 
de-ionized water, soaking in 50% HC1, rinsing three times in deionized water, 
rinsing once with double deionized water and air drying. Bottles and caps 
were soaked for a minimum of 60 min. 

Alkalinity was determined potentiometrically (Standard Methods, 1985; 
Method 403). After the initial pB of the sample was taken, the sample was 
titrated against 0.02N H2S04 to a pH between 4.4 and 4.6, to determine the 

inflection point in the curve. Alkalini~y was determined from the following 
equation: 

Alkalinit a A X N X 50,000 
! mL sample (eq. 1) 

where A is the volume (mL) of standard acid used in the titration and N is the 
exact normality of the standard acid. The normality of the acid was 
determined monthly with a Na2C03 primary standard. Duplicate alkalinity 

titrations were analyzed every fifth sample to determine precision (which was 
acceptable in the range ±5 mg/L as CaC03). Periodically, samples were split 

and sent to the EPA Drinking Vater Research Division (Cincinnati, OB) for 
analysis. Based on these results, the project's alkalinity measurements were 
within EPA (1983) limits for precision and accuracy. 

Turbidity was analyzed on a BachR Model 2100A Turbidimeter following 
Standard Methods 214 (1985). The instrument was calibrated prior to use on 
the appropriate scale with the appropriate standard using sealed secondary 
standards manufactured by Advanced Polymer Systems, Inc. (Redwood City, CA). 
EPA approved primary turbidity standards supplied by Advanced Polymer Systems 
were used to check the secondary standards monthly. The meter was 
recalibrated at least every hour or every 20 samples, whichever came first. 
Duplicate analyses were performed every fifth sample to check precision. 
Precision quality control charts were constructed using the data from the 
first few months of the project (EPA, 1979). The precision for all of the 
duplicate sample analyses were combined and upper and lower control limits 
were calculated. Accuracy quality control charts were constructed in the same 
manner as the precision charts, only using the data from read back standards as 
the input. Each run, standards were checked and the accuracy was plotted on 
the accuracy control chart. If any accuracy or precision checkS fell outside 
of the control limits, all the samples.on a given day up to the last 
acceptable quality control check were reanalyzed. Values were reported to the 
nearest 0.05 NTU. Turbidity samples from the EPA (EMSL; Cincinnati, OB) water 
supply performance evaluation studies were analyzed in the laboratory during 
1987 and 1988 as part of the quality assurance program for the project. 
Periodically, field samples were split and sent to the EPA Drinking Vater 
Research Division (Cincinnati, OB) for analysis. Based on both the VS series 
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and split sample results, the turbidity analyses for the project were within 
EPA (1983) limits for accuracy and precision. 

Iron and Manganese 

Iron and manganese samples were collected in 125 mL polyethylene bottles. 
The sampling materials were cleaned by soaking in soapy water, rinsing three 
times with deionized water, soaking in 50% HN03, rinsing three times with 

deionized water, rinsing once with double deionized water and air drying. The 
bottles and caps were soaked for a minimum of 60 min. Bottles and caps were 
rinsed three times with the sample before collection. The samples were 
acidified to pH<2 with concentrated HN03• 

Iron and manganese,samples were analyzed on a Perkin-Elmero (Norwalk, CT) 
Model 2380 flame atomic adsorption spectrophotometer (AAS) using an 
air-acetylene flame and a 10 cm burner head according to Standard Methods 303A 
(1985). Standards were prepared daily from stock solutions of 1,000 ppm iron 
and 1,000 ppm manganese (EM Science; Cherry Hill, NJ). Although matrix 
problems were not anticipated, a CaC03 solution, outlined in Method 303A,. was 

added to the samples and standards to combat ionization interference. Two 
standards, Sl and S2, for each metal were used to calibrate the AAS as 
described by the manufacturer. A standard curve was established for each 
metal using absorbances of 4 or 5 standards to monitor the linearity of the 
instrument based on Sl and S2 inputs. Readback standards were run after every 
10 samples to check accuracy. Duplicates were analyzed every fifth sample. 
Concentration measurements were read directly off the AAS. Control charts 
were made for precision and accuracy. On each of three days, four standards 
of each metal were prepared and analyzed seven times as 'described in EPA 
(1979). Upper and lower control limits were calculated for accuracy using the 
percent recoveries and for precision using the difference between duplicates 
(EPA, 1979). The standards were also run at the end of each analytical run. 
Two samples at every site during every sampling period were randomly chosen 
and spiked with 25 ~l each of 1,000 ppm iron and manganese. An aliquot of 
double deionized water brought into the field was also spiked with the same 
amount of the two metal stocks. Samples were periodically split and sent to 
the EPA Drinking Vater Research Division (Cincinnati, OH) for analysis. Based 
on these results, the iron and manganese measurements were within EPA limits 
for precision and accuracy (EPA, 1983). 

The GAC samples collected for metals' analysis during the coring 
experiment were dried to a constant weight in an oven at 105°C. Two 
subsamples approximately 2 g each were placed in tared 125 mL polyethylene 
bottles (cleaned as described above) and weighed on a Mettler AC-100 ' 
analytical balance. 50 mL of 10% HN03 were added to each bottle. The samples 

were digested according to the method outlined by Lessard (1987) for 24 hr in 
a 60°C water bath. The liquid was decanted, filtered through double deionized 
water washed GF/C filters and diluted to 100 mL in a volumetric flask. They 
were analyzed using the AAS according to the Standard Methods 303A (outlined 
above) • 
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Microbial Numbers 

Vater samples to determine microbial numbers were collected in 60 mL 
sterile polyethylene bottles and preserved at 4DC during transport to the 
laboratory. The bottles were cleaned by soaking in soapy water, rinsing three 
times in deionized water and autoclaving at 120DC·and 15 psig for 20 min. The 
bottles and caps were rinsed three times with the sample before collection. 

Microbial populations were determined using the spread plate method. A 
0.1 mL aliquot of sample was plated on tryptone glucose extract (standard 
plate count - SPC) agar (Difco, Detroit, MI) and incubated at 20DC for 7 days. 
The incubation period -and temperature were determined in preliminary 
experiments with the water samples to yield the maximum number of organisms. 
The number of colony forming units (CFU) per plate between 20 and 200 were 
recorded using a Quebec colony counter. Aseptic techniques outlined in 
Standard Methods (1985, Method 907 and 907B) were followed. All samples were 

plated in duplicate. Normally, dilutions of 10-1 and 10-2 were adequate to 
achieve the correct number of colonies per plate. Sterile controls were run 
with every set of samples to check aseptic technique. 

GAC samples for microbial analysis were collected in sterile polyethylene 
bags and stored at 4DC during transportation to the laboratory (-4 hr). 
Aliquots of approximately 5 g were placed in sterile, tared polyethylene 
bottles (125 mL) and weighed on a Mettler AC-100 balance. -They were then 
mixed with 45 mL of 0.1% sodium pyrophosphate and sonicated for 30 min. 

-1 -8 Serial dilutions (10 to 10 ) of the supernatant were plated in triplicate 
on SPC agar and subsequently counted as outlined abov~. 

Uranium, Radium, and Lead Radionuclides 

Aqueous samples for uranium and radium analyses were collected i~ 3.79 L 
polyethylene containers and acidified to pH <2 with concentrated HN03. 
Bottles and caps were rinsed three times before collection of the sample. The 
sampling materials were cleaned by soaking in soapy water, rinsing three times 
with deionized water, soaking in 50% HN03, rinsing three times with deionized 

water, rinsing once with double deionized water and air drying. The bottles 
and caps were soaked for a minimum of 60 min. 

Samples were analyzed for total uranium and radium-226 by the State of 
New Hampshire Department of Environmental Services Laboratory (Concord, NH). 
Total uranium alpha particle activity was analyzed according to Method 908.0 
(EPA, 1980) where the uranium species were coprecipitated with ferric 
hydroxide, redissolved in HCl and concentrated on an anion exchange column. 
Uranium eluant from the column was dried and counted for alpha particle 
activity using a Ludlum (Sweetwater, TX) 1000 scaler and a Ludlum 43-10 
detector. Radium-226 was measured using the radon emanation technique (EPA, 
1980). The radium was coprecipitated on barium sulfate, dissolved in EDTA and 
stored in a sealed chamber to allow ingrowth of radon-222. The radon gas was 
collected in a Lucas scintillation cell and counted using a Ludlum 1000 scaler 
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and a Ludlum H-182 detector. A tracer spike of barium-133 was added to all 
radium samples. 

Uranium 238 and 235, radium-226 and lead-210 activities of the GAC were 
determined from the coring experiment samples •.. After collection of 
approximately 200 mL of GAC per sample in 50% HN03 washed 227 g glass Hason 

jars, the materials were taken to the New Hampshire Division of Public Health 
Services Radiological Health Program's laboratory (Concord, NH). The contents 
of jars were dried to a constant weight at 105°C. The samples were then 
placed in the 105°C oven with a Hason jar lid on them and reheated. 
Immediately after removal from the oven, the screw cap lids were tightened and 
upon cooling the lids sealed as a vacuum was formed. This procedure was used 
to retain any radon subsequently produced. Samples were held at room 
temperature in the laboratory for 44 days before analysis. 

Gamma spectroscopic analyses were conducted using a Nuclear Data 
(Schaumburg, IL) Model 6620 spectrometer fitted with a 13% Ge(Li) detector (10 
hr counts/sample). The uranium-238 values represented the means of the 
activities of thorium-234 and protactinium-234, if both were found. The 
values of radium-226 were the means of the lead-214 and bismuth-214 

activities. The GAC was assumed to have a bulk density of 428 kg/m3 as noted 
by the manufacturer (Barnebey Cheney; Columbus, OH). 

The samples were held in the laboratory for 1.5 years and subsequently 
transported to the University of New Hampshire. They were redried and counted 
on a Canberra high resolution gamma spectrometer with a coaxial Ge diode well 
detector (Hodel GCY 1022-7500). The system was coupled to a computer-based 
multi-channel analyzer (Hodel 35). A virgin GAC sample was counted for 15.4 
hr. The GAC samples from the coring experiment were counted for 2-3.4 hr 
depending on their activities. Data was reduced according to the method 
outlined by Larson and Cutshall (1981) to determine the activity/kg of uranium 
238 and 235, radium-226 and lead-210. 

Gamma/Beta Emissions 

Gamma/beta measurements were obtained by placing the unshielded detector 
of a Victoreen (Cleveland, OH) THYAC IV survey meter (Hodel 290) on the 
surface of the treatment units or holding it exposed to the air. A 
Geiger-Hueller probe (Hodel 491-40) was used and the meter set to record mR 

(milliRoentgen) dose rate per hr-1. The meter was calibrated against a 
cesium-137 source as outlined by the manufacturer (Victoreen, 1985). 

Radon 

Aqueous samples for radon were drawn directly from the plastic sampling 
tubes or from inverted funnels filled overflowing with water using 10 mL 

HamiltonR gastight glass syringes equipped with 13 gauge needles. The 13 
gauge needles were used to minimize cavitation when the sample was drawn. The 
syringe was rinsed three times with the sample before collection. The 10 mL 
sample, devoid of air bubbles, was slowly injected into a 20 mL capacity 
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low-absorbance liquid scintillation vial below the surface of 10 mL of 

scintillation cocktail [40.3 mL LiquifluorR (Dupont, ~ilmington, DE) per 1 L 
ot scintillation grade toluene) already in the vial. The vials and syringes 
were cleaned before each use by soaking in soapy water, rinsing three times in 

deionized water, soaking in Extran 1000R (VW ·Scientific, Boston, MA), rinsing 
four times with deionized water and air drying. All materials were soaked for 
a minimum of 20 min. 

The samples were analyzed once radon came to secular equilibrium, with 
its short-lived progeny (preliminary experiments indicated we should wait 4 
hrs after collection) and before 12 hrs had elapsed between collection and 
analysis. Radon samples were analyzed using a Beckman (Fullerton, CA) LS 7000 
liquid scintillation counter (LSC). Program 6 was used for all analysis 
(Appendix B). The counting time was 10 min per sample. Automatic quench 
compensation was used with a cesium-137 source. The percent error in channels 
1 and 2 was two times the standard deviation. The instrument was calibrated 
with Beckman tritium, carbon-14 and background sealed standards. A radium-226 
standard containing 260.85 disintegrations per minute (dpm) (approximately = 
117.5 pCi/L) was used for daily standardization. The counts per minute (cpm) 
value of this standard, which contained a known amount of radon-222 in secular 
equilibrium with radium-226, was used to calculate a counting efficiency (E) 
for the instrument. The LSC provided results in counts per minute (cpm) for 
two windows: Channell = 0 - 397 (corresponding to a full tritium channel) 
and a Channel 2 - 397 - 940 (a tritium - phosphorus-32 channel). The majority 
of the counts from radon-222 and its progeny were located in the channel 2 
pulse heights. The total counts (Channel 1 and 2) for each sample were then 
converted to pCi/L using the equation: 

where: 

.. 

A = 
(Cs - Cb) x 1000 mIlL 

(E)(V)(D) 

A z radon activity (pCi/L) 
Cs = cpm of the sample 

Cb = background cpm of field blank (cpm) 

E 
D 
V 

= efficiency factor (cpm/pCi) 
= decay correction factor 

sample volume (mL) 

The decay correction was determined from: 

where: 

o = e-0.693(T)/t1f.z 

T = time from sampling to counting (days) 
t1f.z = half-life of radon (3.82 days) 
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Duplicate samples were analyzed every tenth sample to determine precision. 
The radium-226 standard and field blank were counted at the beginning of each 
analytical run. 

The radium-226 standards were prepared from NBS or EPA (Environmental 
Honitoring Systems Laboratory; Las Vegas, NV)primary standards. The 
standards, in glass ampules, typically contained approximately 5 g of an RCI 
solution with radium-226 activities ranging from 4 to 5 nCi/g. The contents 
of the ampule were emptied into a 50% RN0 3 washed and air dried glass beaker 

to facilitate weighing in a Hettler AC-I00 analytical balance. The contents 
of the beaker were then transferred to a 200 mL volumetric flask (cleaned 

using 10% ExtranR, 50% RN03 and double deionized water) and the beaker was 

rinsed several times with 0.05H RN03 to insure all radium-226 was transferred. 

The stock radium-226 solution was prepared in a balance of 0.05H RN03. It was 

stored in the wax-sealed 200 mL volumetric flask at 4°C. The stock solution 
usually contained 117.5 pCi/mL (260.85 dpm/mL) of radium-226. 5 mL of the 
stock solution was added using a volumetric pipette to a clean scintillation 
vial and diluted with 5 mL of 0.05H RN03. The contents of the vial were 

purged for 20 min with fine bubbles of laboratory grade nitrogen gas. 
Subsequently, 10 mL of the toluene-based scintillation cocktail were slowly 
added to the standard. The scintillation vial was sealed and counted daily on 
the LS 7000 to determine when the radium-226 was in secular equilibrium with 
radon-222 (-20-25 days). In most cases, standards were used for a period of 
2-3 months before replacement. Once the standard was in secular equilibrium 
it was used. If the cpm of the radium standards began to change before that 
time, they were no longer used. Samples were sen~ regularly to the EPA 
Environmental Honitoring and Support Laboratory (Cincinnati, OR) for 
interlaboratory checks until it closed. Duplicates were analyzed every 10 
samples to determine precision. The detection limit for the UNR radon 
analysis was determined according to the procedures outlined in EPA (1984) to 
be 139 pCi/L for a 10 min counting time. 

The activity of radon in the off-gas was monitored for the diffused 

bubble and packed tower aeration systems using a pylonR AB-5 portable 
radiation monitor (Ontario, Canada). The monitor was programmed to pump air 
(0.5 L/min) for 10 min through a hose into a Hodel 300 Lucas Cell. After 10 
min, the cell was sealed and the radon allowed to come to secular equilibrium 
with its progeny (-3 hrs). The radiation monitor came equipped with a 3368 
dpm radium-226 standard calibration cell. The efficiency of the machine was 
determined daily using this standard. The efficiency was used to convert 
sample cpm to pCi/L. A machine efficiency of approximately 73% was maintained 
according to the manufacturer's specifications. The procedures used were 
outlined in the manufacturer'S guide (Pylon, 1987). 

Efficiencies (E) were calculated in percent by: 

standard cell cpm· x 100% 
E = standard cell dpm 
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Sample radon activities were found using the average stable cpm after 
approximately 3 hr of ingrowth in the equation: 

where: 

Cs 
Cb 
3 
2.22 
0.285 

C - C 
Ci/L [ s b ]x 10'0' 

P = 3 x 2.22 x 0.285 x E 

- cpm found for sample 

- cell background cpm 

- number of alpha particles emitted during radon's decay 
~ conversion factor (dpm/pCi) 
• volume of Model 300 sample cell (L) 

The monitor had a maximum count rate of 106 per second. 

Percent Moisture Content 

(eq. 4) 

GAC samples were collected during the coring experiment and placed in 
sealable polyethylene bags. They were transported to the laboratory where 
approximately 30-40 g aliquots were placed in tared aluminum dishes. They 
were subsequently weighed on a Mettler AC-IOO analytical balance and placed in 
an oven at 105°C until a constant weight was attained. The samples were 
cooled in a dessicator and then reweighed on the balance. The change in 

. weight was used to calculate the percent moisture content of the samples. 
These data were used to correct all coring analyses to kg of GAC (dry weight). 
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SECTION 4 

GRANULAR ACTIVATED CARBON 

-INTRODUCTION 

The ability of granular activated carbon (GAC) to remove radon has been 
demonstrated by Lowry (1985) who reported removals of 80-99.9% for waters 
contain!ng 40,000-750,000 pCi/L using point-of-entry systems with 0.028 to 
0.071 m of GAC. However, less information is available on the efficacy of 
using GAC for radon removal in small community systems (Lowry and Lowry, 1988; 
Reed, 1989). In this phase of the research, downflow GAC systems installed at 
two mobile home parks located in Amherst and Mont Vernon, NH were studied. 
The Mont Vernon GAC system had been operating for approximately 1 yr before 
the study began. For this research project, the existing carbon was removed 
and replaced with virgin GAC. 

The water system at Amherst serves 56 homes at an average daily flow of 
59 ± 4 m3 /day. The water is obtained from one well containing an average 
radon activity of 49,500 ± 11,200 pCi/L. The water system at Mont Vernon 
supplies 40 homes at an average flow of 31 ± 11 m3 /day. Vater is obtained 
from two wells with an average radon activity of 222,000 ± 52,000 pCi/L. The 
well water in both systems was pumped to atmospheric storage tanks and 
subsequently, pumped through the GAC systems upon demand from the community. 
A schematic of both systems is provided in Figures 1 and 2. -

The systems were evaluated based on radon removal efficiency, retention 
of radionuclides, gamma/beta emissions, and economics. Radon and several 
general water quality parameters (alkalinity, turbidity, dissolved oxygen, 
temperature, pH, iron, manganese and bacterial numbers) were monitored at each 
site. Uranium and radium were also monitored in the water supply. The GAC 
was cored and analyzed for accumulation of uranium-238, uranium-235, 
radium-226, lead-210, iron, manganese and microbial numbers. Gamma radiation 
measurements were taken at the surface of the units, and at locations inside 
and outside of the pumphouses to determine whether exposure presented 
significant health and safety problems. 

An economic analysis of the GAC systems was performed to determine the 
costs of using GAC for radon removal from small community drinking water 
supplies. The analysis included capital, operation and maintenance, and 
disposal costs. In addition, the total annual cost and the production cost 
for each GAC system was estimated. 

There are several advantages of using GAC systems for radon removal in 
small community water supplies~ (i) GAC units can be installed in-line so no 
additional pumping is required (systems are already under pressure), (ii) 
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Figure 1. 
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Figure 2. 
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radon is contained, not released into the air, and (iii) GAC has lower 
maintenance requirements than aeration systems and has no moving parts. The 
disadvantages of GAC are: (i) the potential for substantial gamma emissions 
from radon progeny, (ii) the potential for accumulation of long-lived 
radionuclides (i.e., uranium 238 and 235, radium-226 and lead-210), (iii) the 
long empty bed contact time (EBCT) required; and (iv) the potential for 
fouling of the GAC by oxidized metals, organics, particulates, and/or 
microorganisms, requiring frequent backwashing. 

EXPERIMENTAL PROCEDURES 

Description of Units 

The GAC systems units were designed by Dr. Jerry Lowry (Unity, ME) and 
started on October 8, 1986. The GAC used for the research project, Barnebey 
Cheney 1002, was chosen based on previous studies by Lowry (1985) and placed 
in the fiberglass tanks installed in the pumphouses. After the GAC was in 
place, the unit~ were backwashed to remove fines. At Amherst, the system 
consisted of one 91.44 cm diameter contactor containing 0.85 ml of GAC. -At 
Mont Vernon, the system consisted of two contactors in series; a 76.2 cm 
diameter contactor (GAe *1) containing 0.57 ml of GAC followed by a 91.44 cm 
diameter contactor (GAC *2) containing 0.76 ml of GAC for a total of 1.33 ml 
of GAC. The system at Mont Vernon was designed with two units because of the 
high influent radon activity. 

Sampling taps for water samples were installed on the influent and 
effluent lines and at intervals within each unit. The sampling taps before 
and after the units were constructed of Schedule 40 PVC tees and brass valves. 
Taps within each unit were constructed of 1.91 em diameter Schedule 80 PVC 
pipe. The PVC pipe was slotted laterally with 0.0305 cm slots and extended 
22.86 cm into the GAC bed. The pipe was supported by a 1.91 cm PVC bulkhead 
installed in the contactor wall. Six millimeter plastic tubing was connected 
to the bulkhead which extended to a sampling board containing brass valves. 
The sampling tap locations for the Amherst and Mont Vernon systems are shown 
in Figures 3 and 4, respectively. The sampling tap locations corresponded to 
the GAC volumes shown in Table 3. 

Experimental Design 

The sampling frequency was varied to meet the needs of each experimental 
phase. The systems were monitored daily for 3 to 4 days and then every 2 to 5 
days for approximately one month during the initial operating period (Phase 
I). Thereafter, during Phase II, they were monitored weekly, biweekly and 
then monthly. The system at Amherst was monitored for 122 days, while the 
system at Mont Vernon was monitored for 478 days. Several special sampling 
events were performed on the GAC systems, including coring the GAC material, 
diurnal observations, exposure to high flow and backwashing. 

Coring 

All GAC units were cored on July 29, 1987. Solid GAC samples were 
obtained by forcing a coring apparatus through the material as the bed was 
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Port 
Number 

Influent 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Effluent 

TABLE 3. RELATIONSHIP BETVEEN SAMPLING PORTS AND GAC VOLUMES 

Mont Vernon Amherst 
GAC Volume Total GAC GAC Volume Total GAC 
Between Volume Between Volume 
Ports (ml) (ml) Ports (ml) (ml) 

0.058 0.058 0.050 0.050 
0.081 0.14 0.050 0.10 
0.081 0.22 0.050 0.15 
0.081 0.30 0.050 0.20 
0.12 0.42 0.084 0.28 
0.16 0.58 0.084 0.37 
0.12 0.69 0.084 0.45 
0.12 0.81 0.084 0.53 
0.12 0.93 0.084 0.62 
0.25 1.17 0.084 0.70 
0.16 1.33 0.150 0.85 
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slightly expanded with backwash water (raw water from the storage tank). The 
coring device was a 2.54 cm diameter (I.D.) plexiglass tube 4 cm 0.0. with 
7.62 cm, sampling compartments centered every 10.16 cm. Samples of the bottom 
36 cm, middle 36 cm and remaining material on top were composited. The 
samples were placed in sterile polyethylene baKs and half-pint glass Mason 
jars. 

The GAC samples in the jars were analyzed for uranium-238, ur anium-235, 
and radium-226 by the State of the New Hampshire Radiological Laboratory and 
the Institute of Earth, ~ceans, and Space at the University of New Hampshire 
(UNH). The UNH facility also analyzed the samples for lead-210. The GAC 
samples were also analyzed for percent moisture content, microbial numbers, 
iron and manganese. 

Diurnal Variations 

The units at Mont Vernon were sampled on July 1 and 2, 1987 to 
investigate the effect of diurnal variations in the water supply on the 
performance of the system. Samples were collected from the influent and 
effluent ports every hour for 12 hr (13 sampling times). The samples were 
analyzed for all parameters except microbial numbers, gamma/beta emissions, 
uranium and radium. 

High Flow 

On July 16, 1987, the units at Mont Vernon were sampled to observe the 
effects of high flow on the performance of the system. A tap installed after 
GAC #2 allowed the sampling team to waste 33 ml/day of water in addition to 
the community demand, creating an artificially high flow through the GAC 
system. This represented a 91% increase in demand above the average flowrate. 
Samples were collected over a 3 hr period until the wells could not sustain 
the demand. Radon samples were collected from all ports. Samples for all 
other analyses were collected from the influent and effluent ports only. 
Uranium and radium analyses were not performed during this event. 

Backwashing 

The units at Mont Vernon were backwashed on January 28, 1988. The system 
was designed to be backwashed at 12.2 m3/m Z-hr. This flowrate was too high, 
creating excessive loss of GAC. The backwash rate was lowered immediately to 
55 m3/day or 5.0 m3/m z-hr for GAC #1 and 3.4 m3/m z-hr for GAC #2. The units 
were backwashed separately for 10 min using raw well water from the storage 
tank. 

Samples were collected prior to backwashing, as well as 1.3, 2.6, ~.9 and 
24 hr after backwashing. Radon samples were collected from all ports. 
Samples for all other analyses, except uranium and radium, were collected from 
the influent, effluent and ports 1, 3, 5, 6, 8, and 10. Samples of the 
backwash water effluent were also collected at time = 0 and time = 10 min. 
These samples were analyzed for radon, iron, manganese, uranium and radium. 
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Sampling and Analysis 

Yater samples were collected directly from the plastic tubes connected to 
the sampling ports and flow was controlled using brass valves. The tubes were 
routed to a sampling board located some distance from the units to minimize 
the gamma radiation exposure to sampling personnel. Tubing was allowed to 
flush for 3 min before sampling commenced. Gamma/beta emissions were measured 
on the outside surface of the GAC contactors using a Geiger Mueller (GM) 
survey meter placed at locations shown in· Table 4 and Figures 1 and 2. Flow 
was monitored using a flow totalizer downstream of eacn GAC system. 

RESULTS AND DISCUSSION 

Phase I - Initial Operation 

Yater samples were collected from the system at Mont Vernon daily for 4 
consecutive days and every 2 to 5 days for approximately 32 days thereafter. 
Yater samples were collected from the Amherst GAC system daily for 3 

·consecutive days and every 2 to 5 days thereafter. On October 12, 1986 (Day 
4), the system at Amherst was shutdown because of problems with the high and 
low flow electrodes in the atmospheric storage tank. The system was started 
again on October 16. 

By the end of Phase I, sufficient data on each system'.s operating 
characteristics were collected to allow sample frequency to be decreased to 
once per week. 

pH and Alkalinity--

Hont Vernon site--The pH and alkalinity of the water changed. dramatically 
through the GAC units during the first days of operation. The influent pH 
remained constant at 6.5 ± 0.20, while the effluent pH decreased from 9.9 to 
6.5. There was a substantial increase in pH from Day 1 to Day 15 as the water 
passed through the units (Figure 5). The effluent pH remained significantly 
higher (<< = 0.05 and 0.01, Student's t test [StT]) than the influent 
throughout Phase I. 

A similar increase through the unit was observed for alkalinity from Day 
1 to 29 (Figure 5). The alkalinity increased markedly as the water passed 
through the units during the first days of operation. During the latter part 
of Phase I, the increase in alkalinity through the GAC system was less 
substantial, but still statistically significant (<< = 0.05 and 0.01, StT). 

Amherst site--As with the Mont Vernon system, the pH of the water in 
Amherst was affected during Phase I. The influent pH averaged 7.9 ± 0.26, 
while the effluent pH decreased from 9.5 to 7.8. Figure 6 shows the marked 
increase in pH as the water passed through the unit from Day 1 until Day 13. 
During the remainder of Phase I, there was no significant difference between 
influent and effluent pH (<< = 0.05 and 0.10, StT). The influent pH of the 
Amherst water was significantly (<< = 0.05 and 0.01, StT) higher than the Mont 
Vernon water's pH (6.5 ± 6.20). 
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TABLE 4. LOCATIONS OF GAMMA/BETA EMISSIONS MEASUREMENTS* ON GAC UNITS 

Mont Vernon Amherst 
Port Total+ GAC Port Total+ GAC 

Number Volume (ml) N'umber Volume (m 3 ) 

1 0.058 1 0.05 

3 0.22 5 0.28 

5 0.42 10 0.70 

6 0.58 • 

8 0.81 

10 1.17 

* Measurements were made on the outside surface of the GAC contactors. 

+Based on distance from top of GAC in contactors . 
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Figure 6. 
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The influent (97 ± 10.1 mg/L as CaC03) and effluent (97 ± 8.5 mg/L as 
CaC03) alkalinities at Amherst were not slgnificantly different (~ = 0.05 and 

0.01, StT) during Phase I (Figure 6). Unlike the Mont Vernon system, there 
was no increase in alkalinity through the unit. 

The pH and alkalinity data obtained at Mont Vernon and Amherst during 
their start up periods is best explained by the influent conditions and the 
chemical composition of the GAC. It has been shown that coconut shell-based 
carbons can contain significant quantities of CaC03(s) (from the base 

material) and lime (Ca(OH}2 or CaO) from the activation process (S.J. Shields; 

Barnebey and Sutcliffe, Corp.; personal communication; 1989). Therefore, the 
initial rise in pH and alkalinity observed at Mont Vernon can be explained by 
the dissolution of CaC03(s) andlor lime present in the GAC. Further, the 

theoretical solubility for CaC03(s) (Stumm and Morgan, 1981) for the water 

quality conditions at Kont Vernon and Amherst would predict that rapid 
dissolution should occur below pH 8 (i.e., at the Mont Vernon and Amherst 
influent pH's) and that the equilibrium pH of the CaC03(s) system following 

dissolution would be between pH 9.5 and 10.5 which corresponds to the peak 
effluent pH values observed at both sites. 

The differences observed at Kont Vernon and Amherst are likely the result 
of several factors: (i) influent pH and alkalinity at Amherst were much higher 
than at Kont Vernon, (ii) the Amherst system contained only 0.85 m3 of GAC 
whereas the Mont Vernon system contained 1.33 m3 , and (iii) the average daily 
flow at Amherst (59 m3 /day) was almost double that of Mont Vernon (31 m3 /day).
These factors serve to explain why the pH and alkalinity changes (influent vs. 
effluent) observed at Amherst where reduced and occurred for a shorter period. 
Subsequent data for Mont Vernon shows that by Day 50 there were no significant 
differences between influent and effluent pH or alkalinity. This confirms 
that the trend observed for Amherst also occurred at Mont Vernon, but due to 
the greater volume of GAC and lower flowrate, a longer operating period was 
required to flush the system of the C~C03 andlor lime. 

Temperature and Dissolved Oxygen--

Mont Vernon site--The temperature of the water was not affected by the 
treatment units, never changing by more than 1.0DC from influent to effluent 
(Figure 7). The average temperature of the effluent water was 10.9 ± 0.9 DC 
and did not differ significantly (~ = 0.05 and 0.01, StT) from the influent 
(11.1 ± 0.7 DC). This was expected, in spite of the detention times (0.4 - 1.7 
hr) because the pumphouse was not heated. The startup period occurred in 
October and November when ambient air temperatures in New England are cool. 

Dissolved oxygen (DO) in the influent water averaged 10.8 ± 0.73 mg 02/L 

during Phase I. A substantial amount of DO was removed on Day 1 (influent 

9.8 mg 02/L, effluent = 1.5 mg 02/L) (Figure 7). There was an increase in 

effluent DO from 1.5 mg 02/L on Day 1 to 4.5 mg 02/L on Day 15. However, by 
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Day 27 the effluent DO concentration decreased to 2.0 mg 02/L and remained 

substantially lower than the influent throughout Phase I. Overall, the 
effluent DO concentration averaged 2.4 ± 1.2 mg 02/L for the 36 day period of 
Phase I. 

Amherst site--The temperature of the water was not affected by the 
treatment unit, never changing by more than 1.0oC from influent to effluent 
(Figure 8). The average temperature of the effluent water (11.7 ± 1.1°C) did 
not differ significantly (<< = 0.05 and 0.01, StT) from the influent water 
temperature of 11.9 ± 1.0oC. The temperature of the water was not expected to 
change because of the short detention time in the GAC unit ranging from 0.28 
to 0.37 hr and the cool ambient air temperatures in the pumphouse during the' 
start-up period (October and November). 

Dissolved oxygen in the influent water averaged 4.9 ± 0.67 mg 02/L during 

Phase I. During this 32 day period, DO was consistently removed by the units 
(Figure 8), and the effluent DO concentration averaged 2.8 ± 0.84 mg 02/L. 

Analysis of the temperature and DO data collected during Phase I 
indicates that both systems were performing as expected. The minimal change 
in temperature is consistent with results observed for numerous applications 
of GAC in groundwater treatment. Snoeyink (1983) reported that the effect of 
temperature on GAC adsorption from groundwater would be minimal compared to 
other factors. -

The DO data can be evaluated by computing an average mass of DO adsorbed 
per mass of GAC for each system based on average flow, average influent DO and 
effluent DO concentration and the time.of operation. The reSUlting 
calculations indicate that 13.9 mg 02/g GAC were adsorbed during the 36 day 

period of Phase I at Hont Vernon and 9.1 mg 02/g GAC were adsorbed during 

Phase I (32 days) at Amherst. These values compare well to those reported by 

Prober et al.· (1975), who found DO adsorption averaged 4.8 to 21 mg 02/g GAC 

for a variety of GAC's tested up to a period of 1,700 hrs (70.8 days). They 
also reported that GAC exhaustion was not reached during the 70.8 day study. 
This finding is consistent with results observed at Hont Vernon and Amherst, 
during Phase I, since neither system demonstrated complete GAC exhaustion with 
respect to DO (i.e., influent DO - effluent DO). 

The differences observed in DO adsorption at Hont Vernon and Amherst are 
likely the result of the influent DO concentrations and the volume of GAC at 
each site. Since the driving force (i.e., concentration' gradient) of DO 
adsorption at Hont Vernon was higher than at Amherst, the higher non,
equilibrium adsorption of DO observed at Hont Vernon would be expected. 
Further, Prober et al. (1975) concluded that up to 95% of the DO adsorbed by 
GAC results from surface reactions with GAC forming carboxylic and other 
acidic surface groups. Therefore, the fact that Hont Vernon had 1.33 m3 of 
GAC (Amherst = 0.85 m3 ) may also explain the higher DO adsorption at Hont 
Vernon. 
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Turbidity--

Mont Vernon site--During Phase I, the average influent turbidity was 0.17 
± 0.05 NTU (Figure 9). The effluent turbidity. during this period (0.12 ± 0.04 
NTU) was significantly less than the influent (<< s 0.05 and 0.01, StT). In a 
survey of water treatment plants in the U.S. that used GAC, influent 
turbidities of 1.1 to 7.0 NTU were decreased to 0.1 to 0.5 NTU through the 
units (Graese, et al. 1987). Although a slight reduction in turbidity by the 
Mont Vernon system was observed, the low influent turbidity, typical of many 
groundwaters, made hydraulic headloss through the GAC bed negligible during 
Phase I. 

Amherst site--The average Phase I influent turbidity was 1.75 ± 0.98 NTU 
(Figure 10). This is significantly higher (<< s 0.05 and 0.01, StT) than Mont 
Vernon's. Some of this difference may have been a function of the iron 
precipitates observed entering the Amherst GAC system from the atmospheric 
storage tank. The effluent turbidity during this period was 0.35 ± 0.11 NTU, 
which was significantly less.than the influent turbidity (<< = 0.05 and 0.01, 
StT). Graese et al. (1987) surveyed a GAC water treatment plant in the United 
Kingdom (GAC type and volume unknown) whose influent turbidity of 1.5 NTU 
decreased to 0.32 NTU through the unit, similar to the trend observed in 
Amherst. Despite fluctuations in influent turbidity, the GAC unit produced a 
relatively constant effluent. The effluent turbidity at Amherst may have been 
higher than Mont Vernon's because the GAC volume was lower and raw water 
turbidity and flow were higher. Despite the higher turbidity reduction at 
Amherst, headloss was not considered significant during Phase I. 

Flowrate--

Variations in water flowrate are significant in radon removal, because 
removal is controlled by the empty bed contact time (EBCT) which is a function 
of contactor volume and flowrate (Lowry and Brandow, 1985). The average 
flowrate was determined from the total volume of water passed through the GAC 
systems over periods between sampling. During Phase I, measurements were 
taken daily or every few days, which was considered adequate for this study. 
However, in small systems where rapid changes in flow can significantly affect 
the data, flows should be taken immediately before and after each sampling 
event for a more accurate determination of mass radon removals. 

Mont Vernon site--The average flow during Phase I at Mont Vernon was 24 ± 
4 m3/day (Figure 11) yielding an average EBCT of 78.5 min. The GAC system was 
designed for an average flow of 25 m3/day (EBCT=77.9 min). 

Amherst site--The average flow at the Amherst facility during Phase I was 
59 ± 3.2 m3/day (Figure 12) which corresponds to an average EBCT of 20.6 min. 
Flow data was not collected prior to Day 6 because there was a delay in 
installation of the monitoring equipment. This flowrate was much higher than 
that monitored at Mont Vernon and higher than the anticipated design flow of 
34 m3/day (EBCT=35.5 min). The flowrate was fairly constant over the period, 
except when the GAC'unit was shutdown by the operator (Days 4 to 8). 
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Radon--

.Mont Vernon site--The GAC system at Mont Vernon was designed to treat an 
influent radon activity of 155,000 pCi/L and to achieve a 98% radon removal 
efficiency once steady-state operation was achieved (predicted effluent 
acti vi ty = 2,860 pCi/L). The average influen f- radon ac ti vi ty during Phase I 
was 249,900 ± 45,800 pCi/L. 

Figure 13 presents radon data collected from each port during Phase I. 
All of the radon applied was removed in the first unit (GAC #1) during the 
first few days of operation. The radon removal wave front moved through the 
units over time, eventually breaking through into the effluent by Day 25. 
Prior to that the radon activity was below the detection limit (138 pCi/L) in 
the effluent from GAC #2. By Day 36, the effluent activity from GAC #2 was 
2530 pCi/L. 

Based on the adsorption data for GAC #2, this unit was not at steady 
state with respect to radon removal by the end of Phase I. The data from GAC 
#1 indicated that it was near steady state conditions within approximately 20 
days, considering the varying water flowrate and influent radon activity 
inherent in a small community water supply. Using a radon adsorption model 
developed for GAC by Lowry (1985), the influent and effluent radon activity 
and the averaged flowrate over the period, the steady state radon removal rate 
constant (K ) was determined for comparative purposes. The K for GAC #1 

ss 1 1 . . ss 
averaged 3.3 hr- (ranging from 2.7 hr- in the top 0.14 ml of GAC to 4.9 hr-1 

in the bottom 0.15 ml) once secular equilibrium was achieved between radon and 
its progeny. The design K used for this carbon at water temperatures in the 

_1 sS 
range 6-10 oC was 3.02 hr (Lowry and Lowry, 1987), which was similar to the 
average value observed. It is well documented for conventional pollutants 
(Veber, 1972; Snoeyink, 1983; Crittenden, 1987) that GAC adsorption is 
affected by column hydcaulics and site specific raw water quality conditions. 
Therefore, variations in Kss would be expected as column hydraulics and raw 

water quality change. As predicted by Lowry (1985), the GAC unit dampened 
changes in loading once it was at steady state. 

Amherst site--The GAC system at Amherst was designed to treat an average 
influent of 39,750 pCi/L and provide a steady-state effluent of 6,280 pCi/L 
(84% radon removal) at a flowrate of 34 ml/day. The average influent radon 
activity during Phase I was 56,600 ± 11,100 pCi/L (Figure 14). 

As observed at Mont Vernon in GAC #1 (0.57 ml ), the GAC system at Amherst 
(0.85 ml) came to a steady state condition fairly rapidly (-15 days). This is 
similar to observations ranging from 10-22 days for other GAC units (Lowry et 
al., 1987; Lowry and Brandow, 1985; Reed, 1989). The radon appeared in the 
effluent within a few days of startup and increased to a steady state average 
of 7,971 ± 738 pCi/L after 15 days of operation. Fluctuations in influent 
loading were also dampened in the Amherst system, however, to a lesser extent 
than at Mont Vernon where there was a greater volume of GAC. 
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-1 For the Amherst GAC system, the Kss averaged 5.8 ± 1.44 hr in the 

bottom 0.41 m3 (when the radon loading and flowrate were fairly constant) once 

the unit was at secular equilibrium. These K values are substantially 
1 ss 

higher than those predicted (3.02 hr- at 6_1croC) for this GAC (Lowry and 
Lowry, 1987) and may be a function of the column hydraulics and/or the raw 
water quality at the Amherst site. 

Gamma/Beta Emissions--

Mont Vernon site--Results of the Geiger MUeller (GM) survey meter 
"readings taken at the surface of the GAC units during Phase I are presented in 
Figure 15. The GM survey meter measures both gamma and beta emissions when 
the detector is unshielded. Two of the short-lived progeny of radon, lead-2l4 
and bismuth-214, emit fairly high energy gamma radiation. This gamma activity 
penetrates the fiberglass tanks and is detected by the survey meter. For GAC 
#1, these emissions were fairly constant within 20 to 30 days of start-up 
corresponding to the radon activities observed. Gamma/beta emissions from GAC 
#2 increased after Day 5 corresponding to the breakthrough of radon from GAC 
#1. Figure 16 shows the correlation between the radon activity at the closest 
port to the gamma/beta emissions measurements during Phase I for GAC #1. 

Amherst site--The GM survey meter reading results for Amherst are 
presented in Figure 17. The data from the top of the unit show some 
fluctuation, which was dampened through the system. Again, the radon activity 
was correlated with the gamma/beta emissions (Figure 18), however at this site 
a non-linear relationship appears to provide the best fit of the data. 

Microbial Numbers--

These analyses were not performed during Phase I. 

Iron and Manganese--

Mont Vernon site--On several occasions during the beginning of operation, 
the effluent concentrations of both iron and manganese exceeded the influent 
concentration (Figure 19). Thereafter, the influent iron and manganese were 
usually higher than the effluent from the GAC system. After Day 17, the 
majority of the influent and effluent data were at or near the detection limit 
(iron = 0.06 mg/L, manganese = 0.02 mg/L) , so changes in iron and manganese 
could not be determined through the GAC. 
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Amherst site--Influent iron concentrations were significantly higher (~ -
0.05 and 0.01, StT) in the Amherst water than the Mont Vernon water (Figure 
20). There was no significant difference (~ = 0.05 and 0.10, StT) in raw 
water manganese concentrations between the sites (Figure 20). The average 
influent iron and manganese concentrations at Amherst were 0.50 ± 0.30 mg FelL 
and 0.09 ± 0.08 mg Mn/L, respectively. The average effluent concentrations 
were 0.19 ± 0.29 mg FelL and 0.06 ± 0.07 mg Mn/L. There was a significant 
difference at ~ • 0.05 and 0.02 (StT) in influent and effluent iron, but not 
at ~ = 0.01. Removal was observed for both metals through the GAC system 
which has been observed in other GAC units (Graese, 1987). 

Phase II - Long-Term Monitoring 

During Phase II, the GAC system at Mont Vernon was monitored weekly for 
16 weeks, bi-weekly for 24 weeks and then monthly for two months. Between 
September 17, 1987 (Day 344) and October 15, 1987 (Day 372), a new well with a 
higher yield was drilled and replaced the existing wells as the water supply. 
The water in the new well contained less radon and DO, but considerably more 
uranium and radium and had a higher pH and alkalinity than the original water 
supply (Table 5). These data support observations by Boudette (NH State 
Geologist; Durham, NH; personal communication, 1988) that there may be 
considerable variation in radon activity in groundwater from neighboring 
wells, largely as a function,of their depth within the aquifer. 

The GAC system at Amherst was monitored weekly for 5 weeks and then 
bi-weekly for 12 weeks. Several problems were encountered with the water 
supply system after Day 122. The major problem was the very low well yield. 
In addition, the individual.employed to monitor the water supply system 
repeatedly bypassed the GAC unit by mistake. As a result, the system was 
abandoned after Day 122. 

pH and Alkalinity--

Mont Vernon site--Alkalinity and pH did not differ significantly (<< = 
0.05 and 0.01, StT) as the water flowed through the GAC system (Figure 21). 
The alkalinity of the influent water decreased from 49.5 mg/L as CaC03 on Day 

36 to 26.3 mg/L as CaC03 on Day 43. A similar decrease was observed in the 

effluent alkalinity indicating that the GAC system was not affecting this 
parameter. Figure 22 shows 
GAC units on several days. 
from port to port. Day 372 
from the new water supply. 

typical profiles of pH and alkalinity through the 
Little difference in either parameter was observed 
reflects the chan~e in pH and alkalinity resulting 

The continuous monitoring data for pH and alkalinity at Mont Vernon 
supports the hypothesis that the initial increase in those parameters during 
Phase I was related to the alkaline bearing residues in the GAC. As predicted 
by that hypothesis, and observed with the Amherst data, the alkaline material 
was eventually leached out (solubilized) and the influent and effluent pH and 
alkalinity were no longer affected by the GAC. 
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TABLE 5. MONT VERNON YATER SUPPLY ORIGINAL YELLS VS. NEY YELL 

Radon (pCi/L) 

pH 

Temperature (DC) 

Alkalinity 
(mg/L as CaC03) 

Dissolved Oxygen 
(mg 02/L) 

Turbidity (NTU) 

Microbial Populations 
(CFU/100 ml) 

Iron (mg/L) 

Manganese (mg/L) 

Uranium (pCi/L) 

Radium (pCi/L) 

* Original Yells 

210,500 ± 41,400 

6.5 ± 0.2 

10.2 ± 1.8 

22 ± 1.8 

10.3 ± 0.5 

0.09 ± 0.05 

70,200 ± 99,000 

BDL** 

BDL 

24.6 ± 3.6 

1.4 ± 0.1 

* Based on 27 sampling events. 
+ 

New Yell+ 

68,900 ;t 1,400 

7.7 ± 0.03 

10.7±1.5 

72 ± 3.7 

2.7 ± 0.3 

0.14 ± 0.09 

52,300 ± 13,400 

BDL 

BDL 

528.7 ± 9.0 

Based on 3 sampling events. 

** BDL = Below detection limit (0.06 mg FelL; 0.02 mg Mn/L). 
++ Initial sample dilution insufficient. 
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- the Amherst unit contained 0.85 ml of GAC and was saturated with DO whereas 
the Mont Vernon unit contained 1.33 ml of GAC and continued to adsorb DO. 

~urbidity--

Mont Vernon site--As observed during Phase" I, turbidity was removed by 
the GAC units (Figure 29). However, due to the variability in the data and 
their closeness to the detection limit (0.05 NTU) differences were not 
significant (<< - 0.05 and 0.10, StT) between influent and effluent turbidity. 
Turbidity data taken from the sampling ports indicated there was no distinct 
trend of removal through the units. Accumulation of small amounts of 
turbidity may contribute to the potential for clogging the filter, increasing 
headloss, over long periods of operation. This is particularly important 
because GAC systems removing radon are not routinely backwasherl. 

Amherst site--The average influent turbidity (2.99 ± 2.28 NTU) was 
significantly higher (<< • 0.05 and 0.01, StT) than the average effluent (1.07 
± 0.50 NTU) (Figure 30). Profiles of turbidity through the system are shown 
in Figure 31. Turbidity removal was occurring primarily within the top of the 
GAC unit. The GAC units were not backwas~ed and thus the accumulation could 
have been substantial considering a daily flow of 61 ml/day and an average 
removal of 1.92 NTU. 

Flowrate--

Flowrate data for Phase II were calculated by dividing the total volume 
of water treated between sampling events by the number of days during that 
period. As a result, the data only give a gross estimate of the daily 
flowrate and must be used cautiously, especially during the latter portion of 
the study when sampling was less frequent. " 

Mont Vernon site--The average flowrate for the continuous monitoring 
period was 36 ± 12 ml/day (Figure 32) which corresponds to an average EBCT of 
53.3 min. A dramatic increase in water demand was observed during the period 
June through August (Day 245 to Day 310), reaching as high as 76 ml/day (EBCT 
= 25.3 min). The GAC system was designed to handle an average flowrate of 25 
ml/day (EBCT = 77.9 min). The variability in flow suggests that selecting 
design flows for small communities using a limited database may be 
unrepresentative of the true flow variations which may oCfur. Large 
variations in flowrate may significantly impact effluent quality because 
contact time is so critical to GAC adsorption of radon. 

Amherst site--The average water flowrate during Phase II was 61 ± 5 
ml/day yielding an average EBCT of 20.1 min and was relatively stable (Figure 
33). This flowrate was similar to that observed during Phase I.and was much 
greater than the 35 ml/day (EBCT = 35.5 min) the system was designed to treat. 
This could have affected the effluent radon activity because of the shortened 
contact time within the GAC system. The flow at Amherst was not as variable 
as Mont Vernon's, but the system was not operated during the summer months 
when flowrates at Mont Vernon were higher. 
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Radon--

Mont Vernon site--Yith the exception of the 3.5 months at the end of the 
study when the new well was operating and the"average influent activity was 
68,900 ± 1,400 pCi/L, the influent radon activ!ty remained higher than the 
design activity of 155,000 pCi/L. During the majority of Phase II, the 
average influent activity was 210,491 ± 41,384 pCi/L (Figures 34 and 35). The 
effluent quality varied between 4,750 to 68,400 pCi/L during Phase II. 

Radon is unique among most of the contaminants treated using GAC because 
after a period of initial breakthrough, there is usually no further increase 
in the activity observed in the effluent (Lowry and Brandow, 1985). The GAC 
bed theoretically never becomes exhausted, hence, there is no need for 
regeneration or replacement. It is believed that this removal pattern occurs 
because radon decays within the bed. 

Profiles of the radon activity through the GAC system are presented in 
Figure 36. Most of the plots exhibit exponential removal of radon as a 
function of bed volume which is consistent with the radon adsorption model 
developed by Lowry (1985). The exception to the pattern occurred late in the 
study when the new well was operating. Despite the significantly lower 
influent radon activity from the new well, the data show a very steep (almost 
straight) plot and an overall decrease in removal efficiency. The Day 477 
data is an example of this trend. Although this decrease in removal 
efficiency corresponds to changes in other water quality parameters, the 
effects of raw water quality on radon adsorption by GAC are poorly understood. 

The K of the GAC at Mont Vernon was calculated for periods when ss 
flowrate and influent activity were relatively constant. These values 

-1" 1 averaged 2.37 ± ~.72 hr as compared to the Kss of 3.02 hr- at 6-10 oC 

obtained in other tests with this type of GAC (Lowry and Lowry, 1987). 
Differences in the quality of the water treated by these systems and the 
column hydraulics may have accounted for these differences in K ss 

Amherst site--The average influent radon activity during Phase II was 
41,800 ± 15,200 pCi/L (Figure 37), which was not significantly different (~= 
0.05 and 0.01, StT) from the design influent of 39,750 pCi/L. The influent 
radon activity was lower during this period than during Phase I and also 
showed a decreasing trend with time. The average effluent radon activity 
observed was 12,000 ± 5,900 pCi/L. Figure 38 presents profiles of radon 
activity through the Amherst GAC system. The activities observed in the 
section of the bed between 0.53 and 0.70 m3 were sometimes lower than the 
effluent activity probably because air was entrained in the port tubing during 
sampling. 

Again, the predicted (Lowry, 1985) exponential radon removal pattern was 

observed. Kss values through the GAC unit average 5.7 ± 1.04 hr-1 during 

Phase II, which were considerably higher than the design K of 3.02 hr-1 at ss 
6-10 oC previously obtained in other studies with this GAC (Lowry and Lowry, 
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1987). The one exception was the K data obtained during stable flow and ss 
radon activities in the GAC from 0.53 to 0.70 m3 • The K in that region ss -
averaged 0.55 to 0.32 hr-1, but may reflect problems with air entrainment in 
the sampling tubing. 

One of the problems with designing GAC systems for radon removal is the 
need for data on influent radon activity and flowrate. These two parameters 
can vary widely in small community water supplies as demonstrated in this 
study. Therefore, design could be difficult unless a community had routinely 
monitored water quality and flowrate. Though the data shows the GAC systems 
can accommodate some variation in influent loading, changes in flow and/or 
radon activity typical in small community use of groundwater supplies could 
result in spikes of radon in the effluent exceeding the MCL. Further, since 
GAC system design is based on the Kss (Lowry et al., 1987; Lowry and Lowry, 

1987) and in our evaluations at Mont Vernon and Amherst this value was found 
to vary depending on site conditions (i.e., flowrate, radon concentration and 
raw water quality), it is recommended that pilot scale testing be-performed to 
verify the GAC's capacity for radon at a given site prior to finalizing the 
system's design. 

Gamma/Beta Emissions--

Mont Vernon site--Gamma/beta emissions in the top and middle of GAC #1 
began to converge and were not significantly different (<< = 0.05 and 0.01, 
StT) after 225 days of operation (Figure 39). Gamma readings for GAC #2 
resembled the fluctuations observed for the radon activities in that unit. As 
observed during Phase I, there was a curvilinear relationships between 
influent radon activity and gamma/beta emissions readings (Figure 40). After 
6 months of operation and before the new well was used, the relationships 
between gamma/beta emissions and the influent radon activity at the top of 
GAC #1 and #2 were 1 mR/hr = 5,570 pCi/L and 1 mR/hr = 6,549 pCi/L, 
respectively. These relationships are different than those observed by Lowry 
et al. (1988) (1 mR/hr • 10,360 pCi/L) for point-of-entry units. The 
fluctuations in radon load (radon activity and flow) and removal could have 
had a tremendous effect on the gamma emissions through the Mont Vernon GAC 
units and the large GAC volume could account for some of the differences 
observed between the small community systems and the point-of-entry units. 
Perhaps, a mass balance approach would provide a better mechanism to compare 
emissions from different systems since it accounts for differences in the mass 
of GAC and radon mass loading. However, there is still a problem with 
geometries of the source and the differences in monitoring instrumentation 
which may make comparisons between GAC systems difficult. This may be less of 
a problem when comparing units with relatively similar flows, GAC masses, and 
contactor geometries. 

Keene and Rydell (1989) cite a maximum 8 hr/day exposure applicable to 
residences of 0.058 mR/hr based on National Council on Radiation Protection 
guidelines. The data obtained at Mont Vernon indicates that gamma exposure in 
the 10 1 mR/hrrange could occur at the units' surfaces. The background 
gamma/beta emissions measured in an area approximately 31 m away from the 
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pumphouse averaged 0.056 ± 0.028 mR/hr. The gamma/beta emissions measured in 
the vicinity of the GAC system decreased with distance from the units. 1.52 m 
away from GAC #1 the gamma/beta readings average 3.56 ± 0.97 mR/hr (same 
elevation as the middle of the tank), while 0.91 m from GAC #2 the readings 
averaged 1.2 ± 0.65 mR/hr (same elevation as middle of the tank). 

To corroborate that gamma exposures were significant at the Mont Vernon 
site, dosimeter badges were placed in the pumphouse and on the surface of the 
GAC for 4 days. This was done when the influent flowrate and radon activity 
to the units were approximately 50 m3/day and 53,304 pCi/L, respectively. The 
badge on the middle of GAC #1 measured 970 mREM, while a badge at the same 
elevation 0.61 m away from the unit registered 290 mREH. The badge on the 
middle of GAC #2 measured 400 mREM, while a badge 0.61 m away measured 160 
mREM • 

Exposures are highly dependent on shielding and the distance away from 
the source. Gamma exposures from small community GAC systems should be 
predicted based on radon removal (flowrate, influent radon activity, effluent 
quality, GAC volume and tank configuration) and should be minimized to meet 
accepted occupational safety and health standards. 

Amherst site--The gamma/beta emissions during Phase II decreased 
gradually over the period as observed for the radon activities (Figure 41). 
Figure 42 shows the relationship between gamma/beta emissions and the radon 
activity at the nearest port. The non-linear relationship is similar to the 
one observed during Phase I for this system. Again, these differences may be 
a function of the mass of GAC, the radon loading/removal, the tank geometry 
and/or the instrumentation used. The background gamma/beta emissions at 
Amherst, approximately 9 m from the pumphouse, were 0.027 ± 0.031 mR/hr. 
Emissions in the doorway, approximately 1.2 m above the filter, averaged 0.33 
± 0.15 mR/hr. 

Microbial Numbers--

Hont Vernon site--It has been well documented that GAC filters are 
capable of supporting microbial populations (Vilcox et al., 1983; Camper et 
al., 1985, 1986, 19B7). Effluent standard plate count (SPC) microbial 
enumerations are often greater than influent SPC for GAC systems used in water 
treatment (Graese et al., 1987). The GAC provides a good surface for 
attachment and concentrates nutrients to support the microorganisms. The 
microbial numbers in the GAC effluent fluctuated greatly after 125 days of 
operation, but were significantly higher (<< = 0.05 and 0.01, StT) than the 
influent concentration (Figure 43). 

Amherst site--The microbial numbers in the effluent from the GAC at 
Amherst were highly variable (Figure 44), as observed for the Mont Vernon 
site. There was some input of microorganisms to the unit from Day 53 to 67. 
It appears that the GAC at Amherst also supported a microbial population. 

The microbial data collected for the GAC units at Mont Vernon and Amherst 
show significantly different conditions existed at each site. The Mont Vernon 
data indicates bacterial populations in the GAC effluent were significantly 
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Figure 41. Phase II - Amherst, NH GAC system. Gamma/beta emission 
measurements taken on the contactor surface through 122 days of 
operation. 

82 

, 
1 



20 

......... 18 .t-'-.c 

.......... 1 6 -t-a::: 
E ......., 14+ 

<.:l z 1 2 -I-Cl 

L5 10+ • ••••• a::: 
a:::. 

8+ • , ••• w :s I-w • :::E 6 --
« .", :::E 4 -
:::E « 

2 <.:l 

0 I 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 

RADON ACTMTY (x 103 pCi/L) 

Figure 42. Phase II - Amherst, NH GAC system. Gamma/beta emission 
measurements as taken on contactor surface as a function of 
influent radon activity to sections of the GAC system. 

83 

. 
I 



E 4020~----~------------------------------~ 
o 
o 3620 

3- 3220 
l..L.. 

r<')U 2820 
o 
..- 2420 
x 

';;; 2020 
0::: 
~ 1620 

~ 1220 
z 

820 

420 

20 +----,,A,i 

o 50 

£-£ INFLUENT 

e-e EFFLUENT 

e 

e. 
\ e 

e 

100 150 200 250 300 350 400 450 500 

TIME (days) 

Figure 43. Phase II - Mont Vernon, NH GAC system. Microbial numbers through 
477 days of operation (detection limit = 20,000 CFU/lOO mL). (* 
new well) 

84 

. , 
- . 



E 60~------------------------------------~ 
o 
o .... 

...-... INFLUENT 

.-. EFFLUENT 

~ 40 ~ .\J~ 

i 20 +-----+----.... __ - ... _-, ... ----t-...,: ..... ~--~, .. _-.... -4:....,_:k+----~ 
:::E 0 25 50 75 

TIME (days) 
100 125 150 

Figure 44. Phase II - Amherst, NH GAC system. Microbial numbers through 122 
days of operation (detection limit. 20,000 CFU/IOO mL). 

85 

. , 



higher than the typical ranges of 0 to 3,000 colonies/mL reported in the 
literature (Vilcox et al., 1983) for GAC columns used in water treatment. It 
is important to note that the bacterial concentrations found in the influent 
at Mont Vernon were elevated. Results for Amherst indicated that the 
microbial numbers for the GAC effluent ranged from about 200 to 400 
colonies/mL. These values fall within the range of 0 to 600 colonies/mL 
reported by Bourbigot (1981) in effluent from a GAC column. The variations 
and fluctuation observed in the microbial number are analogous to those 
observed by other researchers (Vilcox et al., 1983) and may be related to 
seasonal effects. 

Iron and Manganese--

Mont Vernon site--The iron and manganese concentrations during Phase II 
were mostly at or below the detection limit (Fe = 0.06 mg/L; Mn = 0.02 mg/L). 
On Day 43, the influent manganese concentration was 1.0 mg/L. Manganese was 
never detected in the GAC effluent. Iron concentrations were below detection 
limit in the effluent. Though the overall change in concentration, if it 
occurred, was probably small, the total accumulation of these metals in the 
GAC units may have been substantial considering the flow treated. For 
example, assuming an average flow of 36 ml/day and a removal of 0.02 mg FelL, 
262 g of Fe would have accumulated over a year. This may cause a problem in 
the units after several years of operation considering that backwashing is not 
normally recommended for GAC systems removing radon. 

Amherst site--The water in Amherst contained significantly higher (~ = 
0.05 and 0.01, StT) concentrations of iron (0.78 ± 0.98 mg/L) than at Mont 
Vernon (Figure 45). Manganese concentrations averaged 0.10 ± 0.21 mg/L during 
Phase II and were significantly higher than Mont Vernon's at ~ = 0.10, but not 
~ = 0.05 (StT). The average effluent iron and manganese concentrations were 
0.16 ± 0.14 mg FelL and 0.08 ± 0.16 mg Mn/L, respectively. Figures 46 shows 
profile data for iron through the Amherst GAC unit. Iron was removed 
(influent vs. effluent iron significantly different at ~ = 0.05, but not at 
0.02; StT) on some days in the upper portion of the filter. There was no 
significant change (~ = 0.05 and 0.10, StT) in manganese through the filter. 

Uranium and Radium--

Mont Vernon site--The average uranium activity of the influent water from 
the original wells was 24.6 ± 3.6 pCi/L. Uranium removal followed the 
theoretical profile of a well adsorbed solute (Figure 47). Removal was not 

similar to radon because uranium species have very long half-lives (_105 to 

109 yr). As a result, decay did not significantly impact the fate of sorbed 
uranium over the course of this study. On Day 43, all of the uranium 
(detection limit = 0.1 pCi/L) was removed after passing through 0.57 ml of 
GAC. Most of the uranium was removed by the top 0.57 ml of GAC on Day 300, 
with some removal occurring in the remaining 0.76 ml. The removal profile 
over time indicated that the GAC bed would eventually be exhausted with 
respect to uranium. 
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The uranium activity increased dramatically (>500 pCi/L) when the new 
well was installed. Figure 47 shows the data collected during this period. 
By Day 372, the system had begun experiencing fluctuations in the uranium 
adsorption profile through the units. By Day 477, the influent uranium 
activity approached 500 pCi/L, however, there was little uranium removal. 

The change in uranium removal exhibited by the GAC may have been due to a 
shift in uranium speciation resulting from the change in pH and alkalinity of 
the new water source. The effective removal of uranium by anion exchange 
(Jelinek and Sorg, 1988) suggests that uranium removal by GAC is based on 
coulombic (ionic or electrical) adsorption. Since researchers (Bean et al., 
1964) have demonstrated that the surface of GAC is primarily nonpolar with a 
net negative charge, it follows that adsorption is at a minimum for negatively 
charged species and at a maximum for neutral species (Veber, 1972) assuming 
highly ionized positive species tend to be hydrophillic and therefore also 
reduce adsorption. Relating these facts to uranium speciation, Sorg (1988) 
reported that above pH 7 (new well = 7.7 ± 0.03) the negatively-charged uranyl 

carbonate complex (U02(C03)22-) is the predominant species whereas below pH 

- 6.8 (old well s 6.5 ± 0.2) the neutral U02C03 species predominates. 

Therefore, it is hypothesized that the shift in raw water pH and alkalinity 
when the new well was installed at Mont Vernon resulted in a shift in uranyl 
carbonate distribution from the favorably adsorbed neutral U02C03 to the 

2- . 
poorly adsorbed U02(C03)2 species. 

The radium in the water supply increased from 1.4 ± 0.1 pCi/L to >19 
pCi/L when the new well was used (Figure 48). Data for influent and effluent 
radium were only available for a limited number of days. On Day 245, the 
effluent radium activity equaled the influent activity. Vhen the new well 
began operating, the influent of 19.3 pCi/L on Day 372 was reduced to 2.3 
pCi/L in the effluent. By Day 477, only 1.8 pCi/L of radium was removed by 
the GAC system (influent = 18.4 pCi/L, effluent = 16.6 pCi/L). 

It is well documented that radium is poorly adsorbed by GAC (Sorg and 
Logsdon, 1978) since it has the greatest ionic and electropositive nature of 
all the Group II elements (Cotton and Vilkinson, 1980) rendering it extremely 
hydrophillic. Therefore, the small changes in radium concentration observed 
are not surprising. The observed removal of radium on Day 372 may be a result 
of physical filtration of radium containing particles by the GAC bed (Faust 
and Aly, 1987) or adsorption or ion exchange between the radium and 
precipitated solid phases (e.g., Fe(OH)3) andlor organic matter deposited 
within the GAC bed. 

Presently, there is no MCL set for uranium, but it is likely to be in the 
range of 20 to 40 pCi/L (EPA, 1989). The MCL for total radium is 5 pCi/L. 
Both uranium and radium present serious health concerns. Though GAC has some 
capacity for adsorbing these radionuclides, it seems to be sensitive to pH and 
alkalinity and it is not an alternative treatment technique for these 
radionuclides. In the Hont Vernon system, additional treatment for these 
radionuclides would be required to meet the MCLs.. Adsorption of uranium and 
radium to the GAC may also be problematic because of their long half-lives. 
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Accumulation of these radionuclides could lead to disposal problems with the 
GAC. 

Amherst site--The uranium in the Amherst water supply averaged 34.5 ± 
20.2 pCi/L. There was a steady decrease in the influent uranium activity 
during Phase II. The typical exponential removal profiles observed at Mont 
Vernon for uranium were not found at Amherst except during Day 39 (Figure 49). 
On many instances, higher uranium activities were observed within the unit 
than in the influent water. The pH and alkalinity of the Amherst water 
averaged 8.0 ± 0.14 and 48 ± 4.3 mg/L as CaC03, respectively during Phase II. 

As previously discussed, under these conditions, the negatively charged 
2- -U02(C03)2 species will predominate and tend not to sorb to the GAC. 

The only radium data available at Amherst was for Day 39 where the 
influent activity of 2.1 pCi/L was reduced to an effluent of 0.7 pCi/L. The 
limited database for radium prevented analysis of radium removal by the GAC 
system at Amherst. 

Special Sampling Events 

Diurnal Variations--

The effect of diurnal variations was investigated at the Mont Vernon site 
for a period of 12 hr on two consecutive days in July, 1987 (Day 266 and 267). 
Samples were taken from influent and effluent ports every hour for alkalinity, 
pH, temperature, dissolved oxygen, turbidity, iron, manganese and radon. 
Hourly measurements of total flow were also taken. Gamma readings, microbial 
numbers, uranium and radium analyses were not conducted during the diurnal 
studies. 

As observed during Phase II, there was no change (<< = 0.05 and 0.10, StT) 
in pH and temperature as the water passed through the GAC units (Figures 50 
and 51). The alkalinity (Figure 50) remained relatively constant during the 
~iurnal study. The DO significantly (<< = 0.05 and 0.10, StT) decreased 
through the GAC system (Figure 51) by an amount comparable to that observed 
during Phase II. The turbidity was in the same low range observed during 
Phase II (Figure 52) and was significantly removed (<< = 0.05 and 0.10) through 
the units (0.09 ± 0.02 to 0.05 ± 0.01) on Day 266, but not-Day 267. The 
change was relatively small and somewhat variable and the data were at or 
below the detection limit (0.05 NTU). The iron and manganese data were all 
below detection. 

The water flowrate during this period was higher than the average (Figure 
53). On Day 266, the flow averaged 49 ± 12 m3/day (EBCT = 38.7 min) and was 
not significantly different (<< = 0.05 and 0.10, StT) than that observed on Day 
267 (50 ± 8 m3 /day). There was some variation during the day, as would be 
expected in a small community. The influent radon activity was significantly 
different (<< = 0.05 and 0.01, StT) on the 2 days (Figure 53). On Day 266, it 
averaged 190,155 ± 3,739 pCi/L, while it was 165,013 ± 7,542 pCi/L on Day 267. 
In addition on Day 267, there was a steady decrease in influent activity over 
time. In spite of the differences in the influent activity, the effluent 
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radon activity on the two days was not significantly different (CL = 0.05 and 
0.10, StT). Although fluctuations in the influent conditions to the GAC 
systems were dampened during Phase I ~nd II, the diurnal data indicate that 
the Mont Vernon units did not produce a better effluent when the influent 
radon activity decrea~ed by -25,000 pCt/L for ~ given water flowrate. The Kss 

calculated for Day 266 (2.5 ± 0.6 hr-1) was similar to the Phase II Kss (2.4 ± 

0.7 hr-1). The Day 267 Kss was, however, lower (2.0 ± 0.7 hr-1). The fact 

that the effluent quality did not improve may have resulted because (i) the 
GAC system was not at steady state, (ii) radon was desorbing in response to 
the decrease in influent activity, andlor (iii) a water quality parameter(s) 
not monitored during the diurnal study was affecting radon adsorption. 
Further studies would need to be conducted to determine why the GAC system did 
not respond to the decreased influent loading. 

High Flow--

The effect of high flow on the Mont Vernon system was investigated in 
July, 1987 (Day 281). Influent and effluent samples and measurements for 
flow, alkalini ty, pH-, temperature, turbidi ty, dissolved oxygen, microbial 
populations, iron, manganese and radon were taken every hour for 3 hr. The 
wells would not sustain a continuous flowrate at that level without depleting 
the community's water storage. As a result, the study was stopped after 3 hr. 
Radon samples were taken from all ports. 

As observed in Phase II, there was no change (CL = 0.05 and 0.10, StT) in 
pH (Figure 54), alkalinity (Figure 54), and temperature (Figure 55) through 
the GAC units during the high flow study. DO was significantly reduced 
through the filter (at = 0.05 and 0.10, StT} after 1 hr of operation, but not 
before that time (Figure 55). Turbidity remained low and was not 
significantly removed through the filter (CL = 0.05 and 0.01, StT). These 
changes ar~ similar to those observed during Phase II. Iron and manganese
were both below detection. The microbial numbers were variable (Figure 56) as 
observed in Phase II, but generally higher in the effluent than in the 
influent. 

The flowrate during this part of the GAC evaluation averaged 73 ± 9.0 
m3 /day (EBCT = 26.3 min) which was high compared to the flowrate during most 
of the study, but not during the pe~iod of June to August 1987. The flowrate 
for the high flow study was approximately 3 times the design of 25 m3 /day. 
Over the 3 hr period, the influent and effluent radon activity averaged 
212,781 ± 11,164 pCi/L and 52,720 ± 574 pCi/L, respectively. These remained 
very consistent as did radon removal through the units (Figure 57). The K . ss 
for this period averaged 3.18 ± 1.39 hr-1, compared with the 2.4 ± 0.72 

hr-1 value during Phase II. This is closer to the 3.02 hr-1 at 6-10 oC K 
found previously with this GAC (Lowry and Lowry, 1987). Overall, the GA~s 
system performed well during this study,producing a constant effluent radon 
activity in response to a high radon loading. 
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Coring--

Cores of the GAC material were obtained from the Mont Vernon and Amherst 
systems in late July 1987. The Mont Vernon system had been operating for 293 
days before it was cored. The Amherst GAC unit had only operated for 122 days 
and it had been out of service for 171 days prlor to coring. Each core was 
sectioned, and composite samples of each section were collected for percent 
moisture content, microbial populations, iron, manganese, uranium 
radionuclides, radium-226 and lead-210 analyses. Uranium and radium analyses 
were done by the State of New Hampshire and the University, while only the 
University made lead-210 measurements. All data were calculated in kg per dry 
weight of GAC (based on percent moisture content) and reflect a composite of 
the GAC volumes shown in Table 6. Samples of virgin GAC were also analyzed 
and the values obtained were subtracted out of all data presented. 

Hont Vernon site--Three cores of GAC #1 and two cores of GAC #2 were 
taken from the Hont Vernon system after 293 days of operation. Hanganese was 
below detection except in the bottom 0.27 m3 of GAC in GAC #1 (2.7 mg/kg) and 
the bottom 0.41 m3 of GAC #2 (2.9 mg/kg) (Figure 58). The highest iron 
accumulation was found in the top of GAC #2 (Figure 58). The iron 
accumulation pattern is likely the result of dissolved (ferrous) iron entering 
the filter, undergoing oxidation as it passed through the upper part of GAC #1 
and being deposited as an insoluble (ferric) iron complex (e.g., Fe(OH)3) in 

the bottom of GAC #1 and the top of GAC #2. It was impossible to compare the 
coring data to a theoretical removal as the iron concentrations in the water 
were usually below detection. However, the data indicate that accumulation 
can occur even with small changes in iron concentration because of the large 
volume of water passing through the units over time. As a result, backwashing 
may be required to prevent significant headloss. Microorganisms were growing 
throughout the two units (Figure 59), but were most concentrated in the bottom 
of GAC #2. The microbial numbers found in the GAC units at Mont Vernon are 
comparable to those reported by Vilcox et al. (1983), who found that the CFU 

per gram of GAC ranged from 3 x 105 to 6 x 107• 

The estimated uranium adsorbed corresponded fairly well to the coring 
data (Table 7) considering these estimates were based on an average uranium 
activity and total flow through the unit and did not take into account the 
actual variations occurring at the site. It was not possible to do an 
accurate mass balance on any of the elements sampled because of the natural 
variation in influent water quality and flowrate occurring in the full-scale 
small community facilities. 

The uranium 238 and 235 profiles (Figure 60) and the uranium removal 
profile obtained during Phase II sampling (Figure 47) both indicate uranium 
was removed exponentialiy through the GAC system. There was a progressive 
movement of the uranium adsorption front through the filter observed in Phase 
II (Figure 47) and the coring data indicated that the GAC was approaching 
exhaustion with respect to uranium so that eventually no additional removal 
would be occurring. The data indicate that uranium was being retained by the 
GAC and not desorbed, however, studies with careful regulation of influent 
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TABLE 6. 

Site 

Mont Vernon 

Amherst 

* GAC #!. 

+ GAC #2. 

GAC VOLUMES COMPOSITED IN CORING EVENT 

Volumes Composited 
(m 3 ) 

* 0.00 - 0.14 

0.14 0.30 * 

0.30 0.57* 

0.57 - 0.69+ 

0.69 - 0.93+ 

0.93 - 1.33+ 

0.00 - 0.20 

0.20 - 0.45 

0.45 - 0.85 
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Figure 58. Coring event - Mont Vernon, NH GAC system. Iron (a) and manganese 
(b) found in GAC system. 
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* TABLE 7. COMPARISON OF THEORETICAL URANIUM ADSORBED TO MONT VERNON 
CORING DATA 

Volume Theoretical Adsorbed+ Coring Results (pCi/kg) 
of GAC ** State++ *** 
(ml) (pCi/kg) Universit;t: 

0.0 - 0.14 1,542,719 905,200 549,200 

0.14 - 0.30 1,038,363 457,100 313,000 

0.30 - 0.57 732,371 425,200 264,~00 

0.57 - 0.69 123,559 92,100 85,560 

0.69 - 0.93 17,074 17,500 5,000 

0.93 - 1.33 -0 598 290 

* Coring data includes uranium-238 and uranium-235. Theoretical calculation 
based on total uranium as assessed by EPA Method 908.0 (EPA, 1980). 

+ 

** 

++ 

Calculated using average total uranium activity and water flowrate measured 
during operating period. 

pCi/kg dry weight of GAC, based on percent moisture data. 

State of New Hampshire Division of ~ublic Health Services Laboratory. 

*** University of New Hampshire Institute of Earth, Oceans and Space 
Laboratory. 
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activity, flowrate and water quality would be needed to verify this 
observation. 

There was very little radium-226 data collected during Phase II, hence 
comparisons of theoretical adsorbed radium and the coring data could not be 
made. The cores (Figure 61) indicated that significant quantities of radium 
were found throughout the entire GAC system. Since the removal of radium by 
GAC adsorption alone is considered unfavorable, (Sorg and Logsdon, 1978) it is 
hypothesized that the radium found in the GAC cores may have been removed by 
adsorption or ion exchange reactions occurring with other solid phases (e.g., 
Fe(OH)3' Mg C03) or organic matter deposited on the GAC. 

The lead-210 coring data was indicative of the retention of radon progeny 
on the GAC. As observed for the radon removal profiles during Phase II 
(F~gures 34 and 3S), the sorbed lead-210 content decreased exponentially 
through the unit (Figure 61). A comparison of the theoretical lead-210 
adsorbed and lead-210 coring data (Table 8) indicated that most, if not all of 
the radon progeny were retained by the GAC. As with the other comparisons, it 
was impossible to make a completely accurate mass balance because of 
variations in the raw water quality and flowrate. Further study under more 
controlled conditions would be required to demonstrate whether retention is 
complete or affected by variations in the raw water loading. 

Rubin and Mercer (1981) reported that GAC adsorption capacities for 
. 46· 

(non-radioactive) lead ranged from 6.2 x 10 to 1.9 x 10 ~g/kg at pH 6.S and 

from 2.1 x 106 to 1.8 x 108 ~g/kg at pH 8.0 based on Langmuir adsorption 
isotherms. Comparisen of these data to the lead-210 coring results (Table 8) 

indicates that the GAC's capacity for lead-210 at Mont Vernon was at least 106 

times higher than the actual lead-210 loading. This supports the hypothesis 
that lead-210 was completely retained by the GAC units. However, it should be 
noted that lead removal by GAC is highly dependent upon pH (Netzer and Hughes, 
1984). Therefore, the ability of the GAC to retain lead-210 may be highly 
dependent on pH and raw water quality and should not be assumed without 
verification. 

The GAC in both units, except for the bottom 0.41 ml of GAC #2, exceeds 

the limit for uranium-238 (S8,410 pCi/kg;2.S.x 10-S Ci/ml) as outlined by the 
New Hampshire Radiological Health Program de minimus regulations (1983). All 
materials which exceed de minimus levels are considered to be low level 
radioactive wastes. Ultimately, it appears all of the GAC at Mont Vernon 
would have exceeded the de mlnlmus standards if monitoring had continued. All 

of the GAC is below the de minimus level (S8,410 pCi/kg; 2.S x 10-S Ci/ml) for 

uranium-23S. All of the material presently exceeds the de minimus limit 
-8 3 2 (44.39 pCi/kg; 1.9 x 10· Ci/m) for radium-2 6. The State of New Hampshire 

does not have a de minimus standard for lead-210. Yhen the GAC at Mont Vernon 
needs to be replaced, it will have to be handled as a low level radioactive 
waste. This impacts the cost of replacement of the GAC system when it occurs 
and also has implications with respect to handling and public policy. It 
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Figure 61. Coring event - Mont Vernon, NH GAC system. Radium-226 (a) and 
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* . TABLE S. COMPARISON OF THEORETICAL LEAD-210 ADSORBED TO MONT VERNON 
LEAD-210 CORING DATA 

Total Lead-2l0 
Volume Radon-222 Theoretical Lead-210 
of GAC Removed Adsorbed Coring Results 

(ml) (pCi/kg)+ (pCi/kg)+ (pCi/kg)+ (lJg/kg) 

0.0 - 0.14 1.12 x 1010 5.57 x 106 3.43 x 106 0.045 

0.14 - 0.30 6.54 x 109 3.26 x 106 1.94 x 106 0.026 

0.30 - 0.57 4.63 x 109 2.31 x 106 1.S0 x 106 0.024 

0.57 - 0.69 2.59 x 109 1.29 x 106 7.57 x 105 0.010 

0.69 - 0.93 2.S9 x 109 1.44 x 106 4.2S x 105 0.006 

0.93 - 1.33 1.35 x 109 6.75 x 105 3.S3 x 105 0.005 

* See Appendix C for methods of calculation. The total theoretical lead-2l0 

activity in GAC #1 = S.24 x lOS pCi and GAC #2 ~ 3.32 x lOS pCi. The total 

measured lead-2l0 in GAC #1 = 5.46 x lOS pCi and G~C #2 = 1.50 x lOS pCi 
(based on coring results). 

+ pCi/kg dry weight of GAC, based on percent moisture data. 
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should be noted that the State of New Hampshire has stringent de minimus 
standards and that in many other states this material would not be considered 
to be a low level radioactive waste. 

Amherst site--Two cores were taken of the Amherst GAC material. The 
microbial populations were not monitored because the unit had been out of 
service for approximately 6 months when the coring event occurred. 
Substantial amounts of manganese and iron (Figure 62) had accumulated. The 
data showed higher accumulations of these metals at the top of the filter with 
a decreasing trend through the unit, probably because these metals were 
entering the filter as precipitates due to oxidation in the atmospheric 
storage tank prior to the GAC. The accumulation of iron and manganese was 
greater than the accumulation at Mont Vernon considering the Amherst unit had 
operated 6 months less than the Mont Vernon GAC. This was expected as the raw 
water concentrations of iron and manganese and the flowrate were higher at 
Amherst. 

The coring data for uranium 238 and 235 (Figure 63) and the Phase II 
uranium data (Figure 49) at Amherst both indicated that the GAC did not 
effectively adsorb uranium. In comparison to the coring data obtained at Mont 
Vernon, the Amherst GAC adsorbed very little uranium. The discrepancy may be 
explained by the different pH's at the two sites (Amherst. 8.03 ± 0.14; Mont 
Vernon = 6.5 ± 0.2). As previously discussed, uranium species are 
predominately anionic soluble carbonate complexes in natural waters from pH 7 
to 10 (Sorg, 1988), while below pH - 6.8, the neutral U02C03 species 

predominates. Therefore, it is assumed that the poorly adsorbed anionic 
species predominated at Amherst whereas the favorably adsorbed neutral species 
predominated at Mont Vernon, which would account for the observed differences. 

The radium-226 coring data (Figure 64) indicate that this radionuclide 
was retained by the GAC in a manner similar to that at Mont Vernon. A 
comparison with the theoretical radium-226 adsorbed could not be made because 
only one analysis was made during Phase II at Amherst. 

The lead-210 coring data (Figure 64) again showed an exponential pattern 
similar to the radon removal observed during Phase II (Figure 37). The 
theoretical comparison (Table 9) yielded similar values considering variation 
in radon activity and flowrate were not known. The amount of lead-210 
adsorbed was much less than that observed at Mont Vernon because the Amherst 
GAC unit was only operated for 4 months. 

The Amherst GAC exceeded the State of New Hampshire de mlnlmus levels for 

uranium-238 (58,410 pCi/kg; 2.5 x 10-5 Ci/m l ) and radium-226 (44.39 pCi/kg; 

1.9 x 10-8 Ci/ml) throughout the filter. As a result, all of the GAC at 

Amherst was classified as a low level radioactive waste. The uranium-235 

concentrations were below de minimus standards (58,410 pCi/kg; 2.5 x 10-5 

Ci/ml) and lead-210 is not regulated in New Hampshire. 
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TABLE 9. COMPARISON OF THEORETICAL LEAD-210* ADSORBED TO AMHERST 
LEAD-210 CORING DATA 

Total Lead-2l0 
Volume Radon-222 Theoretical Lead-210 
of GAC Removed Adsorbed Coring Results 

(m 3 ) (pCilkg) + (pCi/kg) + (pCi/kg)+ (~g/kg) 

o - 0.20 1.4S x 109 7.39 x 105 2.97 x 105 0.004 

0.20 - 0.45 S.66 x lOS 4.32 x 105 2.59 x 105 0.003 

0.45 - 0.S5 4.93 x lOS 2.46 x 105 2.51 x 105 0.003 

* See Appendix C for methods of calculation. The total theoretical lead-210 

activity in GAC bed = 1.52 x lOS pCi. The total measured lead-210 in the 

GAC bed = 9.61 x 107 pCi (based on coring results). 

+ pCi/kg dry weight of GAC, based on percent moisture data. 
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Backwashing--

The GAC filters at Mont Vernon were backwashed individually in January 
1988 (Day 477) using the raw water. The original backwash rate proposed (12.2 
ml/m2-hr) caused the GAC to start flowing out 9f the filter. The backwash 
rate was immediately decreased to approximately 55 ml/day (5 m3 /m 2-hr for GAC 
#1 and 3.5 ml/m2_hr for GAC #2) which eliminated this problem. Each unit was 
backwashed for 10 min as originally proposed. Normally, backwashing flowrates 
for GAC range from 29-49 m3 /m2-hr for 10 to 15 min (Montgomery, 1985), but 
these flows would have been too high to prevent loss of GAC from the Mont 
Vernon filter since it was filled near capacity (36-53 cm freeboard). Samples 
for pH, alkalinity, DO, turbidity, iron, manganese and microbial numbers were 
taken immediately before and 1.3 and 24 hr after backwashing (-1 and 18 empty 
bed volumes, respectively). Samples for radon activity were taken before and 
at 1.3, 2.6, 3.9, and 24 hr after backwashing (-1, 2, 3 and 18 empty bed 
volumes, respectively). Samples were also taken of the backwash water and 
those were analyzed for iron, manganese, uranium and radon. 

The water exiting the filters during backwashing was initially very 
turbid, especially from GAC #1. After 10 min of backwashing, the water from 
GAC #2 was clear, but the GAC #1 water remained somewhat turbid. The backwash 
water from the first minute of operation contained 0.68 mg FelL and 0.1~ mg 
Kn/L from GAC #2 and 129.5 mg FelL and 1.33 mg Mn/L from GAC #1. After 10 min 
of backwashing, the iron concentration in the backwash water from GAC #2 
remained the same and the manganese was below detention. At the end of 
backwashing, the iron and manganese concentrations in the GAC #1 backwash 
water were 4.37 mglL and 0.11 mglL, respectively. The backwashing had a major 
impact on removing iron and manganese precipitates from GAC #1, where they 
appeared to be most concentrated. These data seem to contradict those 
obtained from the coring (Figure 58) which indicated most of the iron was in 
the top of GAC #2: It is possible that the new well at Mont Vernon, installed 
after coring and in operation 3.5 mo~ths before backwashing contained higher 
amounts of iron which precipitated in the top of GAC #1. Another plausible 
explanation for the results might be the difference between iron associated 
with the pore water (i.e., removed by backwashing) and that which is adsorbed 
to the GAC (i.e., measured by coring). The uranium (-500 pCi/L) and radon 
(-28,000 - 43,000 pCi/L) activities measured in the backwash water were 
similar to those in the raw water from the new well at Mont Vernon indicating 
that these radionuclides were not desorbing from the GAC. 

There was no significant change in the pH (Figure 65), alkalinity (Figure 
65) and dissolved oxygen (Figure 66) obtained before and after backwashing (~ 
= 0.05 and 0.10, StT). The turbidity profile improved primarily in the top 
0.22 ml of GAC #1 after 24 hr with a decrease in turbidity from approximately 
5.0 NTU to 0.10 NTU, showing a positive effect of backwashing. The impact of 
backwashing on the iron and manganese profiles (Figure 67) was not as 
positive. The backwashing appeared to move iron and manganese precipitates to 
the top of GAC #1, but did not improve the concentrations of these metals over 
24 hr. There was some change in the microbial numbers (Figure 68) in the top 
of the GAC #1 after backwashing, however, caution must be used when 
interpreting these data because of the variability in microbial counts 
normally obtained from GAC filters. 
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The radon activity through the filter did not change as a result of the 
backwashing (Figure 69). There was no statistically significantly difference 
(<< = 0.05 and 0.10, StT) in the influent and effluent radon activities 
obtained before or after backwashing. In a study of point-of-entry units, 
Lowry and Brandow (1985) determined that frequent backwashihg is detrimental 
to radon removal because of desorption of radon from the bottom of the bed for 
a brief period after the backwash event. EPA (1987) noted that backwashing is 
detrimental to GAC point-of-entry units because it mixes the carbon in the 
tank. This effect was not observed in this study, however, the units were 
larger, there was no testing after 24 hr, and this was a single backwash event 
using a low backwash flowrate. 

A more thorough study of backwashing needs to be done, coordinated with 
GAC coring before and after the backwashing events. In addition, sampling 
should be conducted over a longer period of time before and after backwashing 
to better determine the impact of the process. A complete understanding of 
how backwashing affects radon removal is imperative because it appears that 
backwashing to remove contaminants such as iron and manganese is essential to 
insure long term filter operation with minimal headloss. Even with 
pretreatment, GAC filters are usually backwashed to remove microorganisms and 
usage of GAC for radon removal in natural waters would probably not be an 
exception to this practi~e. In conventional practice, GAC units are 
backwashed with treated water, however, in small community systems this would 
require additional water storage adding significantly to the cost. 

ECONOMICS 

A detailed economic evaluation of the technologies examined in this 
project, for removal of radon from small community water systems, has been 
performed using conventional engineering economic practices. The economic 
evaluation assumes all community water system components (e.g., wells, 
storage, pumping, distribution piping) are already in-place and only the costs 
related to the installation and operation of the radon removal technologies 
are presented. .Costs have been divided into two major categories: capital 
costs and operation and maintenance (O&M) costs. Capital costs have been 
further divided to include direct costs and indirect costs. Oirect costs 
include process equipment costs plus support equipment costs (e.g., 
installation). All direct costs were obtained from the records of actual 
expenditures made during this project, hence, they are site specific. All 
equipment and material costs are free on board (FOB), thus, shipping costs 
have not been included. The indirect costs were estimated as fixed 
percentages of the total direct costs (TOC). These fixed percentage rates 
were developed by the USEPA Office of Orinking Vater (Cummins, 1987) and are 
presented solely to provide a basis for evaluating the economic feasibility of 
each technology and for comparing technologies. The indirect cost estimates 
include: sitework (15% of TOC), engineering costs (15% of TOC), contractor 
overhead and profit (12% of TOC), legal and financial fees (2.5% of TOC), 
interest during construction (6% of TOC), and contingencies (15% of TOC). 

Operation and maintenance costs include power, labor, maintenance and 
administrative costs. Power costs were calculated based on the equipment 
horsepower, operating efficiency, operation period and electrical power cost, 
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An electrical power cost of $0.10157/kY-hr was used based on Public Service of 
New Hampshire (PSNH) Class G rate scale for a small community water supply 
with a demand of less than 5 kY (PSNH, 1989). Labor, equipment maintenance 
and administrative costs were calculated based on USEPA estimates (Cummins, 
1987) as follows: a labor cost of $0.03/1,000. gallons was assumed; the annual 
equipment maintenance costs were estimated as the sum of 10% and 4% of the 
mechanical and non-mechanical process equipment capital costs, respectively; 
and the administrative costs were calculated as the sum of 20% and 25% of the 
labor and maintenance costs, respectively. 

For comparative purposes, annual costs and production costs were 
developed for each treatment system. These costs were expressed in 
conventional units to be consistent with those reported in other studies. The 
annual cost was computed as .the sum of the amortized capital cost and the O&M 
cost. The amortized capital cost is the total capital cost amortized over a 
20 year time period at a 9% interest rate. A 20 year time period was chosen 
since it reflects a typical engineering design life for water treatment 
systems (Montgomery, 1985). The interest rate of 9% reflects the current 
(June 1989) U.S. Treasury Bill (T-Bill) interest rate. Production costs 
($/1,000 gallons) were calculated by dividing the annual cost by the volume of 
water treated per year assuming the system was operated at the design flow. 

Based on the findings of this study, that iron and manganese have the 
potential to foul the radon removal technologies, an additional cost for 
pretreatment to remove iron and manganese was estimated and used to compute 
the resulting production cost of radon removal with pretreatment. For 
comparative purposes, it was assumed that iron·and manganese removal would be 

- achieved via cation exchange. The production cost of this cation exchange 
system is estimated for design flows up to 38 ml/day to be $1.50/1,000 gallons 
based on quotations from leading ion exchange system suppliers. This cost 
estimate is comparable to those reported by Reid, Lassovszky and Hathaway 
(1985) for use of cation exchange to remove radioactivity from drinking water. 
It should be noted that the cost of ion exchange for removal of iron and 
manganese does not include disposal of the resin regenerant or the spent ion 
exchange cartridges (used for non-regenerated systems). These costs may b~ 
substantial since the regenerant stream or spent cartridges are likely to 
contain accumulated radionuclides (e.g., uranium and radium) and require 
special handling ~nd disposal. However, there is insufficient data to provide 
a sound basis for estimating the costs of handling and disposal of regenerant 
or spent cartridges. Further, it should be noted that the selection of the 
most cost effective pretreatment technique for iron and manganese removal is 
site specific and may not always involve the use of ion exchange. 

All cost figures were updated to second quarter 1989 dollars using the 
ENR Construction Cost Index (CCI). The 1967 base year CCI index for second 
quarter 1989 is 426. 

The cost estimates presented in this report are intended to give a 
general indication of the economics of the radon removal technologies studied. 
Specific treatment requirements will vary from site to site and may not be 
accurately reflected by the systems or assumptions used in this economic 
analysis. Further, any plans for selection, design and operation of 
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TABLE 10. COST ESTIMATE FOR GAC TREATMENT AT MONT VERNON, NH 

Total Cost * 
Item (2nd. Quarter 1989 dollars) 

CAPITAL COSTS 

DIRECT COSTS 
Process Equipment 

1 - 91 cm diameter fiberglass 
pressure vessel 

1 - 76 cm diameter fiberglass 
pressure vessel 

1.33 m3 of Barnebey Cheney 3 
Type 1002 GAC ($2091/m ) 

2 - PVC Distributor Systems ($98/system) 
1 - Rockwell flow rate recorder/ . 

totalizer 
1 - Brooks Rotometer 
1 - Differential Pressure Meter+ 

Total Process Equipment Cost 

Support Equipment 
Installation 
Plumbing 
Electrical 

To'tal Support Equipment Cost 

TOTAL DIRECT COST 

INDIRECT COSTS 

Sitework 
Engineering 
Contractor Overhead and Profit 
Legal and Financial Fees 
Interest 
Contingencies 

TOTAL INDIRECT COST 

TOTAL CAPITAL COST 

AMORTIZED CAPITAL COST (Annual) 

(continued) 
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. , 

$ 1,301 

905 

2,782 
196 

1,036 
443 
600 

$ 7,263 

195 
1,545 

98 

$ 1,838 

$ 9,101 

$ 1,365 
1,365 
1,092 

228 
546 

$ 1,365 

$ 5,961 

$15,062 

$ 1,650 



TABLE 10 (continued) 

Item 

ANNUAL O&M COSTS 
Power 
Maintenance 

Mechanical 
Non-mechanical 

Labor 
Administrative 

TOTAL ANNUAL O&M COST 

TOTAL ANNUAL COST 

TOTAL PRODUCTION COST 
(Design flow 25 m3 /day) 

PRETREATMENT COST 

TOTAL PRODUCTION COST 
YITH PRETREATMENT 

GAC DISPOSAL COST++ 

TOTAL PRODUCTION COST 
YITH GAC DISPOSAL 

TOTAL PRODUCTION COST 
YITH PRETREATMENT AND GAC DISPOSAL 

Total Cost * 
(2nd Quarter 1989 dollars) 

208 
207 

71 
118 

$ 604 

$ 2,254/year 

$0.95/1,000 gallons 

$1.50/1,000 gallons 

$2.45/1,000 gallons 

$0.19/1,000 gallons 

$1.14/1,000 gallons 

S2.64/1,000 gallons 

* Based on ENR Construction Cost Index, Base Year 1967 = 100. 

+ Pressure meters were not used during the research, but should be required 
for process control in full scale facilities. 

** d' . d b f h Ad Itiona1 power costs Incurre y operation 0 t e GAC system are 
considered negligible. 

++Based on estimated disposal cost of $335/m 3 -yr (assuming it is classified 
and regulated as a low level radioactive waste) and the design flow. 
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full-scale systems should be based on large scale, on-site pilot data reviewed 
by design professionals familiar with the specific site requirements. 

The cost estimates for the GAC system installed in Amherst, NH are shown 
in Table 10. Based on the design flow of 34 m~/day the production cost for 
GAC treatment at Amherst was $0.56/1,000 gallons. The production costs for 
this GAC system with pretreatment for iron and manganese and/or GAC disposal 
were also computed. The total production cost with pretreatment and GAC 
disposal for Amherst, NB is estimated to be $2.15/1,000 gallons. 

The total annual O&M cost estimate for Amherst was $551. It should be 
noted that the O&M cost estimate assumes that power costs are negligible. 
This assumption is valid providing that the cost of the system backwashing is 
neglected. It is estimated that to backwash the GAC system at Amherst. using a 
hydraulic loading rate of 4.9 m3 H20/m Z-hr for a 15 min period would have a 

.power cost of $0.09/backwashing event. Therefore, if the backwashing 
frequency is less often than once per day, which the data in this study 
indicates it should be, the cost of backwashing at Amherst would be less than 
$0.01/1,000 gallons. 

The'costs of GAC disposal, assuming it must be handled as a regulated low 
level radioactive waste, were computed based on an estimate (in 1989 dollars) 
of $4238/ml of GAC obtained from General Dynamics Services Company, Groton, 
CT. Based on the work of Lowry and Brandow (1985), it is assumed that with 
proper pretreatment and backwashing, the GAC would not require replacement or 
regeneration. Therefore, this disposal cost would be incurred at the end of 
the 20 year design life. Thus, the dispgsal cost was adjusted to a future 
cost using the ratio of ENR CCI over the previous 20 year period (1969 vs. 
1989). This resulted in an estimated future cost of $17,163/ml of GAC or 
$14,580 for disposal of the 0.85 ml of GAC used in Amherst. The future cost 
was then translated to an annual cost assuming 9% interest over 20 years. The 
resulting annual cost was $335/ml/yr or $285/yr. This annual cost represents 
an additional production cost of $0.09/1,000 gallons at Amherst. 

Cost estimates for the GAC facility at Mont Vernon, NH are presented in 
Table 11. The costs of CAC treatment at Mont Vernon were estimated in the 
same manner as described for the Amherst facility. The total production cost 
including pretreatment and GAC disposal at Mont Vernon was estimated to be 
$2.64/1,000 gallons. The major differences in cost between Amherst and Mont 
Vernon relate to the additional equipment (i.e., pressure vessel and GAC) 
required to treat the higher radon loading at Mont Vernon. In particular, the 
additional capital and disposal costs of the GAC at Mont Vernon account for 
95% of the increased costs •. 

The cost estimates presented for GAC treatment of radon containing well 
water at Amherst and Mont Vernon, NH should be interpreted with the following 
stipulations. (i) The costs of using GAC will be highly dependent on the 
influent flow and radon activity as well as the treated water radon standard 
which must be attained. The costs presented for Amherst are based on system 
design specifications of 84% radon removal at a flow of 34 ml and a 39,750 
pCi/L average influent radon activity (0.85 ml GAC). Mont Vernon was designed 
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TABLE 11. COST ESTIMATE FOR GAC TREATMENT AT AMHERST, NH 

Item 

CAPITAL COSTS 

DIRECT COSTS 
Process Equipment 

1 - 91 cm diameter fiberglass 
pressure vessel 

0.85 m3 ?f Barnebey Cheney 3 
Type 1002 GAC ($2091/m ) 

1 - PVC Distributor System 
1 - Rockwell flow rat~ recorder/ 

totalizer 
1 - Brooks Rotometer 
1 - Differential Pressure Heter+ 

Total Process Equipment Cost 

Support Equipment 
Installation 
Plumbing 
Electrical 

Total Support Equipment Cost 

TOTAL DIRECT COST 

INDIRECT COSTS 

Sitework 
Engineering 
Contrac.tor Overhead and Profit 
Legal and Financial Fees 
Interest 
Con t ingenci es 

TOTAL INDIRECT COST 

TOTAL CAPITAL COST 

AMORTIZED CAPITAL COST (Annual) 

Total Cost * 
(2nd Quarter 1989 dollars) 

$ 1,301 

1,776 
98 

1,036 
543 
600 

$ 5,354 

215 
1,611 

111 

$ 1,937 

$ 7,291 

$ 1,094 
1,094 

875 
182 
437 

$ 1,094 

$ 4,776 

$12,067 

$ 1,322 

(continued) 
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TABLE 11 (continued) 

Item 

ANNUAL 0&11 COSTS 
Power 
Maintenance 

Mechanical 
Non-mechanical 

Labor 
Administrative 

TOTAL ANNUAL O&M COST 

TOTAL ANNUAL COST 

TOTAL PRODUCTION COST 
(Design flow 34 ml/day) 

PRETREATMENT COST 

TOTAL PRODUCTION COST 
VITH PRETREATMENT 

GAC DISPOSAL COST++ 

TOTAL PRODUCTION COST 
VITH GAC DISPOSAL 

TOTAL PRODUCTION COST 
VITH PRETREATMENT AND GAC DISPOSAL 

Total Cost * 
(2nd Quarter 1989 dollars) 

** NA 

218 
127 
100 
106 

$ 551 

$ 1,873/year 

$0.56/1,000 gallons 

$1.50/1,000 gallons 

$2.06/1,000 gallons 

$0.09/1,000 gallons 

$0.65/1,000 gallons 

$2.15/1,000 gallons 

* Based on ENR Construction Cost Index, Base Year 1967 = 100. 

+ Pressure meters were not used during the research, but should be required 
for process control in full scale facilities. 

**Additional power costs incurred by operation of the GAC system are 
considered negligible. 

++Based on estimated disposal cost of $335/m 3 -yr (assuming it is classified 
and regulated as a low level radioactive waste) and the design flow. 
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SECTION 5 

DIFFUSED BUBBLE AERATION 

INTRODUCTION 

Diffused bubble aeration has been used effectively to remove many 
volatile contaminants from drinking water. It is easy to operate and the 
equipment can be retrofit into existing tanks (as long as sidewall depth 
effects are considered). Unlike the GAC system, it does not concentrate radon 
and its progeny and as a result is not a source of gamma emissions. Unlike 
the packed tower, it does not require a large tower structure to be built. 
However, in contrast to packed tower aeration, diffused bubble aeration 
requires contact times of several minutes or more and higher volumetric A:V 
ratios to achieve equivalent removals. The disadvantages most often 
associated with diffused bubble aeration include: high costs of operation 
(aeration system), release of radon to the atmosphere, potential for oxidation 
of iron, the need for additional pumping or repressurization of the water and 
excessive noise of the air blower. 

Diffused bubble treatment for radon removal has been studied previously 
for household (Lowry and Brandow, 1981) and small community water supplies 
(Perkins and Hewett, 1988). The studies using small community supplies 
(Perkins and Hewett, 1988) were limited to an average influent radon activity 
of about 16,560 pCi/L and an average water flow of 0.11 m3 H20/min with a 
volumetric A:V ratio = 10:1. For the UNH study, the average influent radon 
activity was 71,937 ± 8,766 pCi/L and two water flow ranges were monitored: 
0.045-0.047 m3 H20/min and 0.102-0.106 m3 /min at volumetric A:V ratios = 2:1, 
3:1, 5:1, 7:1, 10.5:1, 15:1, and 20:1. These A:V ratios and water flowrates 
were chosen to determine the effect of air and water flowrates on radon 
removal efficiency. Costs, the effects of water quality, such as iron and 
turbidity, and stack gas emissions were also considered during the diffused 
bubble study. 

METHODS AND MATERIALS 

Description of Units 

The diffused bubble aeration system, designed by Dr. Jerry Lowry (Unity, 
ME), consisted of 3 polyethylene tanks aligned in series, each with a holding 
capacity of 1022 L (Figure 70). The system was installed in a small community 
water supply in Derry, NH. An insulated, plywood building protected the 
system from adverse weather and vandalism. Aeration was provided by an air 
blower with a 2.66 m3 /min capacity which forced ambient outdoor air into· the 
tanks via Schedule 40, 3.8 cm diameter PVC piping connected to the diffusers 
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which consisted of 1.90 cm diameter coiled plastic tubes with 0.038 cm holes 
drilled in their underside. The distance between the holes ranged from 0.5 to 
1.6 cm. Air flow was regulated with a globe valve located on the influent air 
line. The diffusers were located about 79 cm below the water's surface and 36 
cm from the bottom of each tank. Once the radon was stripped from the water, 
the contaminated air flowed from the top of each tank through Schedule 40 3.18 
cm PVC piping and was vented outside of the building. 

Vater was pumped directly from the bedrock wells into the system through 
3.18 cm plastic hose. The water from each upstream tank overflowed into the 
adjacent downstream tank by simple gravity displacement. Since the water 
supply was not being used by the community, treated water bypassed the 
atmospheric storage tank and flowed from the third tank by gravity through a 
Schedule 40, 5.1 cm PVC pipe to a wetland area outside of the pumphouse. The 
first two tanks maintained higher water volumes, of about 38 liters due to the 
expansion of the water column by the air. 

An influent water sampling port was located in the influent line to the 
first tank (Figure 70). The 5.1 cm PVC connections between Tanks 1 and 2 and 
Tanks 2 and 3 were tapped using ball valve faucets with 1.1 cm diameter hose 
connections to provide sampling ports. The hoses attached to the ports each 
had the neck of a polyethylene funnel (10 - 15 cm maximum opening) fitted into 
their free end. During sampling, the mouth of the funnel was upright so that 
the water from the port filled it and flowed over its lip.· In this way a 
radon sample could easily be collected from the funnel with little disturbance 
at a low water flowrate. An effluent sampling port was similarly constructed 
and tapped into the 5.1 cm PVC pipe carrying effluent water from Tank 3 to the 
wetland. The PVC connections between tanks were located 114 cm above the 
bottom of each tank. 

Experimental Design 

The system allowed comparison of the removal efficiencies over a wide 
range of influent radon activities (Tank 1: 60,843 to 86,355 pCi/L radon, 
Tank 2: 10,096 to 80,271 pCi/L and Tank 3: 1,767 to 74,112 pCi/L). Two flow 
ranges were obtained by manually operating one (low flow = 0.047 ± 0.00053 m3 

H20/min) or two wells (high flow = 0.10 ± 0.0019 m3 /min). Radon activities 
averaged 65,487 ± 5,657 pCi/L during high water flow and 78,385 ± 6,120 pCi/L 
during low water flow. The two water flowrates and the two radon activities3 resulted in applied radon loading rates averaging 6,819 ± 548 nanoCuries (10 
pCi) per minute (nCi/min) for high water flow and 3,639 ± 295 nCi/min for low 
water flow. A:V ratios of 2:1, 3:1, 5:1, 7:1, 10.5:1, 15:1, and 20:1 were 
tested for both water flowrates. The tanks were drained at the end of each 
run and refilled with raw water immediately before the start of a new run. 

Sampling Plan 

The parameters monitored for the diffused bubble aeration system are 
shown in Table 12. Samples were collected at 0, 15, 30, 60 and 90 min at both 
water flowrates and also at 120 and 150 min for the low flowrate. Vater 
flowrate was monitored using an in-line water flowmeterltotalizer located in 
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the influent piping directly before the diffused bubble system. Air flowrate 
was monitored using a pitot tube installed in the influent air pipe and 

connected to a DwyerR Hagnehelic pressure difference gauge. Air samples for 
radon analysis were taken before each run (background) and approximately 1 hr 
into the run. A 0.97 cm diameter plastic tube"; which was placed 20 cm inside 
the off-gas (air effluent) pipe, was used to pump air samples to a Pylon AB-5 
monitor. 

RESULTS AND DISCUSSION 

Radon --
Overall System Performance--

Figures 71 and 72 show percent removals of applied radon over time for 
each run (A:V ratio and high or low water flowrate combination). Percent 
removals were calculated by dividing the mass of radon removed per time (i.e., 
applied radon loading (Ow x Cinf ) - radon remaining (Ow x Ceff » by the 

applied radon mass loading (Ow x Cinf ) and multiplying by 100. (This is 

equivalent to (Cinf - Ceff)/Cinf because Ow factors out of the equation.) A 

mean influent radon activity was computed for each run and used in the percent 
removal calculation. This approach is valid since there was <15% variation in 
influent activity during a run. 

ANOVA analyses were run on the data to determine when the system was at 
steady state for each run. This delermination was necessary because the three 
tanks in the diffused bubble system were filled with raw water at the 
beginning of a run. Steady state was defined as the minimum time after which 
effluent radon activities at a given condition (A:V ratio and a ) were not 
significantly different at « - 0.05. However, true steady-stat~ conditions 
could not be achieved because there were changes in the raw water 
quality and water flowrate from the wells over time. Table 13 shows the time 
required to reach steady state removal at all conditions tested. The times 
required for the high water flowrate conditions were shorter than those for 
the lower flowrate. For all subsequent statistical analysis of the diffused 
bubble system, different conditions were compared using. data collected at 60 
and 90 min for high flow and 90, 120 and 150 min for low flow. These times 
were chosen because for all A:V ratios tested the radon removals were at 
steady state. 

For a diffused bubble system of a given construction, the percent removal 
of the radon applied is controlled by (i) the contact time between the 
contaminated water and diffused air (the hydraulic detention time), (ii) the 
aeration system's KLa (which is temperature dependent), (iii) the 

concentration of the contaminant in the air, and (iv) the influent 
concentration of the contaminant in the water. 

* Ow = water flowrate (volume/time) 
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TABLE 13. TIME REQUIRED TO ACHIEVE STEADY STATE OPERATION* DURING THE 
DIFFUSED BUBBLE EVALUATIONS 

Time <,~in) 
A:V Ratio Low Vater Flowrate High Vater Flowrate 

2:1 60 60 

3:1 90 60 

5:1 90 60 

7:1 90 60+ 

10.5:1 60 60 

15:1 30 15 

20:1 30 15 

* Minimum time after which there was no significant difference in effluent 
quality achieved in diffused bubble system, «= 0.05 (ANOVA). 

+Not significantly different at « = 0.04, significant different at « = 0.05. 
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Figure 71 shows the overall percent removals of radon applied vs. A:V 
ratio for the high and low water flowrates using da'ta after steady state 
conditions were achieved. As the A:V ratio increased from 2:1 to 5:1 for each 
flowrate, there was a sharp increase in radon removal. However, above 5:1, 
there was much less improvement in efficiency with large increases in A:V 
ratio.' ., 

Vhen operating at A:V ratios of 5:1 and greater (at both high and low 
water flowrates), the overall radon removal efficiency ranged from 90.0% to 
>99.6%; the greatest efficiency was obtained at A:V ratios of 15:1 and 20:1. 
At A:V ratios of 10.5:1 and greater for the low flowrate and 15:,1 and greater 
for the high flowrate, there was no significant difference in removal 
efficiency (" = 0.05 and 0.01, ANOVA). Hence, for the diffused bubble system 
tested at the given conditions of radon loading, the lowest A:V ratios to 
yield (statistically significant) maximum radon removal for low and high water 
flowrates were in the range 7:1 to 10.5:1 and 10.5:1 to 15:1, respectively. 
From the practical viewpoint of designing the diffused bubble ~ystem, the A:V 
ratio should be based on the most cost effective blower size and mode of 
operation. Given the design water flowrate of 37.85 ml/day and assuming a 
minimum A:V of 20:1 (0.53 m3/min) with an estimated static pressure of 38 
cm-H20, the most cost effective (capital and power rating) input horsepower 

size for the blower would be 0.5 hp (R.G. Vilson; Aladdin HVAC, Corp; personal 
communication; 1989). Using this blower represents a conservative engineering 
design (i.e., a 1.13 m3/min air flow is delivered) since the resulting A:V 
ratio would be 43:1. The data suggests such a high A:V ratio would achieve 
removals of ~99.6% with an influent averaging 72,000 pCi/L. 

At the lowest A:V ratio (2:1) at both water flowrates, the low air flow 
«0.23 m3/min) severely limited bubble distribution in the tanks, resulting in 
lower radon removal (Figure 73). At air flowrates of <1.0 m3/min, the percent 
removal achieved with the low water flowrate was significantly greater than 
the higher water flowrate in spite of the significantly higher radon 
activities entering the tank during the low flow runs (High. 65,487 ± 5,657 
pCi/L vs. Low. 78,385 ± 6,120 pCi/L) (" = 0.05 and 0.01, StT). This 
difference may have been a function of the longer detention time in the units 
at the low water flowrate condition. The overall mass removal of radon 
(pCi/min) was, however, considerably greater at the higher water flowrates for 
comparable air flowrates (Figure 73). These results reflect the greater mass 
loading (Ow x Cinf ) of radon to the units which negated the effect of the 

decreased detention time by increasing the rate of mass transfer (i.e., higher 
concentration gradient Cli 'd - C ) particularly in Tanks 2 and 3. qUl gas 

Previous studies of diffused bubble aeration performance on removal of 
radon are comparable to those obtained with the system at Derry. Perkins and 
Hewett (1988) found that a diffused bubble system employing 61 cm diameter 
stainless steel bowl diffusers containing fritted plastic diffuser media could 
achieve percent removals of radon activities of 95% and greater, Their system 
was run at an A:V = 10:1, and a 0.23 m3 H20/min water flow, with a hydraulic 
detention time of 60 min and a raw water radon activity of 16,560 pCi/L. 
Their setup consisted of 2 manholes, 2.4 m in d~ameter and 2.4 m deep so that 
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sidewall depth was more of a factor than in the Derry system. A third 
manhole, 1.8 m in diameter and 2.4 m deep, acted as a clear well. 

Lowry and Brandow (1981) also found that 95% removal of radon activity 
could be achieved with diffused aeration. The system they tested was a static 
(Q = 0 ml/min) tank (132 - 151 L), usable in pOint-of-entry applications. 
Th~ influent radon activity was 30,000 pei/L, and yielded an effluent activity 
of 1,100 pei/L with a detention time of 30 min and an air flow of 0.014 
ml/min. They estimated that 95-100% removal of applied radon activity could 
be achieved for a continuous flow system after 60 min of operation. 

In more recent research, Lowry et al. (1987) tested a 454L vessel with 
fine bubble diffusers using an aeration rate of 1,400 L/hr and attained 99% 
removal with a 60 min aeration period (A:Y ratio. 3.4:1). A multi-stage 
bubble aeration system (Lowryet al., 1988) has been installed in 22 
point-of-entry applications and has achieved radon removals of 92 to 99.9% 
with influents ranging from 20,000 pei/L to over 500,000 pei/L. 

Though results from all 6f these diffused bubble systems are similar to 
the Derry results, extrapolating from individual system performance at a given 
loading and with different construction (including diffusers) and water 
quality to other water supplies, especially those with considerably lower 
radon mass loadings, should be avoided because of variations in mass transfer 
characteristics. 

Individual Tank Performance--

The performance of the individual tanks was analyzed to better understand 
what was occurring within the diffused bubble system. It was designed to act 
as three completely stirred tank reactors in series. In initial testing of 
the diffused bubble system at the Derry site, the results indicated that there 
were problems with the construction (Figure 74). Tank 2 removed <18% of the 
total radon regardless of A:Y ratio or water flowrate. In addition, at the 
lower A:Y ratios (2:1, 3:1, 5:1), Tank 1 was also not performing well. Visual 
observation indicated that air flow was somewhat restricted to Tank 2, but 
this was hardly noticeable. Dye studies indicated that hydraulically all 
tanks were completely mixed and_not short circuiting even at the lowest A:Y 
ratios and high water flowrate. The theoretical detention time of 9.6 min for 
each 1022 L tank at the high water flowrate of 0.11 ml H20/min showed 
excellent agreement with the actual detention times shown in Figure 75. The 
air supply lines to all tanks were moved to a single header, which improved 
the removal in Tank 1, but had no effect on Tank 2. Upon careful examination 
of the system, the brackets holding the diffuser in Tank 2 were found to be 
7.6 cm lower on one side of the circular tank than on the other. Tank 1 was 
also raised 1.0 cm to be level with Tanks 2 and 3. These improvements yielded 
markedly better performance in Tank 2, however, equal air distribution to Tank 
1 continued to be a problem at air flows <0.23 ml/min. These data indicate 
that equal tank and diffuser elevations (i.e., equal air distribution) in 
small community multiple tank systems are crucial in achieving efficient radon 
removal. Further, diffusers must be operated at air flowrates within their 
design specifications. 
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Figure 74. Diffused bubble aeration - Derry, NH. (Before repairs to aeration 
systems). Percent radon removal for high (H) and low (L) water 
flowrates and varying A:V ratios in each tank. 
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After these problems were corrected, the diffused bubble system yielded 
the results shown in Figure 76. At the lowest A:V ratio, the percent radon 
removal in the third tank was greater than in the first or second tanks 
indicating the continued difficulty in getting equal air distribution in a 
small system unless the construction details are more sophisticated. As the 
A:V ratio increased, the efficiency in the fir'st tank iricreased from 39% at 
A:V = 5:1 (high water flowrate) to 85% at A:V = 20:1 (high water flowrate). 
As air flowrates increased, the radon removal observed in Tank 1 increased 
(Figures 76 and 77). However, as the removal increased in the first tank, 
Tanks 2 and 3 became increasingly less efficient with respect to the overall 
process and served as polishing units. The data suggest that for the diffused 
bubble system tested at water flowrates of 0.047 and 0.10 m3 H20/min radon 
removal was highly dependent on the radon activity and therefore the 
concentration entering the tank . 

• 
Radon removal in the diffused bubble system appeared to be a function of 

mass transfer. As the radon activity became progressively lower through the 
series o~ tanks, the driving force (Cliquid - Cgas ) decreased, limiting 

removal. It is also possible that in some applications where radon activity 
is very low in the water, the activity in the air could be significant, making 
gas phase mass transfer limited. Similarly, if the radon concentration in the 
air above the tanks is allowed to accumulate (i.e., poor exhaust gas venting), 
transfer limitations may also occur. Though mass transfer may make it more 
difficult to achieve low effluent activities, the diffused bubble system 
tested produced water with effluent activities of about 1,849 to 280 pCi/L for 
A:V ratios of 10.5:1 and greater (Table 14). These data suggest that it may 
be possible to meet an MCL of 200 pCi/L if the air flowrate is high, and/or 
there is a long contact time. 

Radon removal in diffused bubble systems is dependent on many factors not 
evaluated in this study including: sidewall depth, bubble size and diffuser 
type, air and water temperature, and tank and diffuser configuration. Though 
it appears that most diffused bubble systems tested (Perkins and Hewett, 1988; 
Lowry and Brandow, 1981 and this study) can achieve high percent radon 
removal, pilot scale testing of a given configuration may be required 
especially when (i) retrofitting diffusers into existing tanks in a small 
community water system, (ii) treating water with low influent radon activity 
and/or (iii) attempting to meet low MCLs. 

Mass Transfer Coefficients--

Theoretically, the global liquid mass transfer coefficient, KLa, for a 

given diffused bubble system is primarily a function of the air flowrate (Qg) 

which can affect the bubble diameter (db)' the contact time as the bubble 

rises which is a function of sidewall depth (HL) and bubble velocity, the 

water characteristics such as viscosity (~w) and density (pw)' the contaminant 

diffusivity compared with oxygen (~), oxygen diffusivity in water (0 ), and o 
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TABLE 14. EFFLUENT RADON ACTIVITIES FROM THE DIFFUSED BUBBLE SYSTEM 
OPERATING AT A:Y RATIOS OF 10.5:1 AND GREATER 

Vater A:Y Radon Activity (pCi/L) 

Flowrate Ratio Influent * Effluent 

Low 10.5:1 74,986 ± 5,894 1,541 ± 87 
15:1 79,799 ± 2,878 777 ± 16 
20:1 76,609 ± 4,995 556 ± 49 

High 10.5:1 61,352 ± 7,406 1,849 ± 48 
15:1 69,392 ± 6,003 564 ± 73 
20:1 60,843 ± 4,729 280 ± 14 

Raw water radon activity from wells to diffused bubble system. 
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the water temperature (since the water density, viscosity, and diffusivity are 
all temperature dependent). The KLa can be expressed as: 

6~' 

db VL (llw)1/2 
(eq. 5) 

where ~' = ~/HL1/3 and VL = the liquid volume of the tank (Schroeder, 1977). 

For a given diffused bubble system, assuming well mixed conditions, the 
fraction of the radon removed (l-Ceff/Cinf) can be estimated using the 

following steady state formula (Eckenfelder,1989): 

" [1 + ~ H (1-
0L c 

(eq. 6) 

where Ceff s effluent radon activity in water at steady state, Cinf = raw 

water radon activity, a = air flowrate, 0L = liquid flowrate, H = g c 
dimensionless Henry's constant, and + = bubble saturation parameter defined 

as: 

+ = 
KLa VL 
H a c g 

(eq. 7) 

The + term accounts for the fractional saturation of the air bubble with 
respect to radon. 

Figure 78 shows the relationship between air flowrate and the fraction of 
radon removed for each tank at high and low water flowrates. Theoretically, 
the fraction removed for each tank (assuming identical design and operation) 
should be the same (eq. 6 and 7). However, Tank 3 consistently had 
significantly higher removals (<< = 0.01, StT) than Tanks 1 and 2 under all 
conditions except the A:V ratio of 20:1 for the high water flowrate (Table 
15). Further, Tank 2 had significantly (<< = 0.01, StT) higher removals than 
Tank 1 in most cases. These observed differences may have been a function of 
the assumption that all tanks received an equal air flowrate. The 
construction and operation of the air distribution system appeared to favor 
Tank 3, with Tank 1 receiving the least flow. The decreased air flowrate to 
Tank 2 and especially to Tank 1 would account (eq. 6 and" 7) for the decreased 
removals observed in those tanks. As predicted by eq. 6 and 7, the removals 
increased significantly (<< = 0.05, StT) as air flowrate increased in all cases 
except high water flowrate (A:V = 15:1 and 20:1) and low water flowrate (A:V = 
2:1 and 15:1 and 20:1) which were only different at « ~ 0.10 (StT). 

Differences in tank volume, diffuser type and configuration, air 
flowrate, sidewall depth, water quality and temperature make comparisons of 
KLa values (eq. 5) and removals (eq. 6 and 7) among diffused bubble systems 
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TABLE 15. 
C 

STATISTICAL COMPARISONS* OF FRACTION OF RADON REMOVED (1 _ eff) 
IN TANKS IN THE DIFFUSED BUBBLE SYSTEM Cinf 

Yater Flowrate A:Y Ratio 

Low 2:1, 5:1, 10.5:1 

3:1, 7:1, 15:1, 
20:1 

2:1, 3:1, 5:1, 
7:1, 10.5:1, 15:1, 
20:1 

High+ 3:1, 5:1, 7:1, 
10.5:1 

15:1 

20:1 

* assessed by ANOVA. As 

Statistical 
Relationship 

Tank 1 • Tank 

Tank 2 > Tank 

Tank 3 > Tank 
Tank 3 > Tank 

Tank 2 > Tank 
Tank 3 > Tank 
Tank 3 > Tank 

Tank 2 > Tank 
Tank 3 > Tank 
Tank 3 > Tank 
Tank 3 • Tank 

Tank 1 = Tank 
Tank 3 • Tank 
Tank 3 > Tank 
Tank· 3 • Tank 

2-

1 

1 
2 

1 
1 
2 

1 
1 
2 
2 

2 
1 
2 
2 

Significance Level 
ot 

0.05 & 0.10 

0.05 & 0.01 

0.05 & 0.01 

0.05 & 0.01 

0.05 & 0.01 
0.05 & 0.01 
0.05 
0.01 

0.05 & 0.10 
0.05 & 0.10 
0.05 
0.01 

+ High water flowrate and A:Y ratio of 2:1 not included because of air flow 
distribution problems in Tank 1. 
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inappropriate (Eckenfelder, 1989; Perkins and Hewett, 1988; Lowry and Brandow, 
1981). 

.' 
Off-Gas Radon Activities--

Stack emissions were monitored to determine if the off-gas radon 
activities from the diffused bubble system would affect the air quality of the 
surrounding environment. The measured off~gas radon emission rates were 
plotted against the theoretical off-gas radon emissions rates (Figure 79). 
Theoretical off-gas rates were found by mUltiplying the actual difference 
between the measured influent and effluent water radon activities in the 
diffused bubble system by the measured air flowrates for a given operating 
condition. The measured activities were 10% to 50% lower than those predicted 
by theoretical calculation. The differences may have been a function of (i) 
variation in radon loading over the runs, (ii) lack of replicate sampling, 
(iii) slight variations in the air flowrate, (iv) dilution of the sample 
collected with ambient air at the end of the stack andlor (v) air sampling 
problems from streamlining of the off-gas flow around the sampling tube. 

As the A:V·ratio and air flowrate increased, there was a decrease in the 
radon activity in the off-gas (Figure 80). The increased air flow diluted the 
mass of radon removed from the water in increasingly larger volumes of air. 
Higher air flowrates would be expected to decrease the off-gas activity even 
further. For the system tested, the off-gas activity (3,361 to 18,356 pCi/L) 

would need to be diluted 104 to 105 times to be similar to radon activities 
found in the ambient air at the site (0.1 to 0.15 pCi/L) (NH Bureau of 
Radiological Health, personal communication, 1986). 

Iron and Manganese 

As observed with radon, there was a difference in the influent total iron 
and manganese concentrations in the raw water between the high and low water 
flowrate tests (Low Vater Flowrate: 0.14 ± 0.11 mg FelL and 0.10 ± 0.05 mg 
Mn/L; High Vater Flowrate: 0.31 ± 0.28 mg FelL and 0.32 ± 0.04 mg Hn/L). 
This probably occurred because of differences in the wells over time at the 
D~rry site. In all cases, except low water flowrate A:V • 3:1 (L3:1), there 
was no significant change in total iron through the diffused bubble system 
(<< = 0.05 and 0.10, StT). At ~3:1, the influent iron 0.31 ± 0.01 mglL 
decreased to below detection (0.06 mg/L) in the effluent. In all cases, 
except for high water flowrate A:V = 3:1 (H3:1), there was also no significant 
change (<< = 0.05 and 0.10, StT) in total manganese through the system. At 
H3:1 the influent manganese decreased from 0.30 ± 0.14 mglL in the influent to 
0.13 ± 0.04 mglL in the effluent. Overall, there was little change in the 
total concentration of either metal through the system. The effects of 
aeration on metal oxidation would not be noticeable in a total metals analysis 
unless settling were occurring in the completely mixed diffused bubble system, 
which is doubtful. In the future, soluble and total metal concentrations 
should be analyzed to determine if oxidation and precipitate formation are 
factors. This would be problematic if it occurred because of potential 
accumulation of sludges in the atmospheric storage tank and fouling of the 
diffusers. 
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Turbidity, Alkalinity and pH 

The influent turbidity averaged 0.20 ± 0.09 NTU and 0.08 + 0.07 ~ITU for 
the high and low water flowrates, respectively. Vith the exception of the low 
water flowrate at an A:V ratio of 2:1, there was no significant difference in 
turbidity through the units at all A:V ratios "and low water flowrate (<< = 0.05 
and 0.10, StT). At the high water flowrate for A:V ratio 2:1 to 5:1, there 
was no significant change in turbidity through the units (<< = 0.05 and 0.01, 
StT). However at A:V ratios of 7:1 and greater significant increases in 
turbidity occurred (Table l6). It appears that at these air flowrates, there 
may have been some increase in precipitate formation within the units, but 
this cannot be corroborated with the iron data because the latter does not 
reflect changes in soluble iron. It is unlikely that manganese precipitates 
would have formed at this pH (6.25 ± 0.09) and detention time (30 to 60 min). 

There was no clear pattern in the alkalinity data (Table l7) and in most 
cases there was no significant change in this parameter through the units. 
Again there was a difference in raw water alkalinity between the high water 
flowrate and the low water flowrate runs (41 ± 3.9 mg/L as a CaC03 vs. 79 ± 
4.0 mg/L as CaC03 , respectively). The only decrease in alkalinity occurred at 
the low water flowrate and an A:V ratio of 20:1 (81 ± 0.64 to 71 ± 1.0 mg/L as 
CaC03), but is likely the result of variations in the analytical technique. 

The pHs of the high and low water flowrates were 6.3 ± 0.09 and 6.5 ± 
0.20, respectively. In all cases, except the high water flowrate and A:V 
ratio of 2:1, there was a significant increase in pH through the units at « 
0.05 (except low water flowrate and A:V ratio of 3:1 which was at « = 0.10) 
and at « = 0.01 (except high water flowrate and A:V ratios of 3:1 and 10.5:1). 
As shown in Table 18, the effluent pH "increased as A:V ratio increased. The 
increases probably resulted from an increased removal of CO2 from the water 
with larger air flowrates. 

ECONOMICS 

The cost estimates for the diffused bubble aeration system used at Derry, 
NH are shown in Table 19. The economic analysis was performed using the 
techniques described in Section 4. The total production cost for the diffused 
bubble system used at Derry, treating 37.85 ml/min, was estimated to be 
$0.64/1,000 gallons. If pretreatment for iron and manganese via ion exchange 
is required (see Section 4) then the total production cost with pretreatment 
would be $2.14/1,000 gallons. The capital and O&M costs for the diffused 
bubble system are in close agreement with those reported by Malcolm Pirnie, 
Inc. (1988). The latter study estimated the capital and O&M costs for a plant 
treating an average daily flow of 49 ml/day (227 ml/day design flow) to be 
$12,200 and $l,OOO/year, respectively. 

The major costs of the diffused bubble system result from the capital 
costs of process equipment and the resulting annual O&M costs of this 
equipment. The diffused bubble performance data obtained in this study 
indicates that the same process equipment can achieve comparable radon 
removals

3
at flows up to 150 ml/day (0.10 ml H20/min) which is far in excess of 

the 38 m Iday design flow. Therefore, the production costs for diffused 
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TABLE 16. INFLUENT AND EFFLUENT TURBIDITY FOR THE HIGH YATER FLOVRATE 
DIFFUSED BUBBLE SYSTEM RUNS (A:Y RATIO 7:1 AND GREATER) 

Turbidity (NTU) 
A:Y Ratio Influent Effluent 

7:1 0.13 ± 0.04 1.21 ± 0.25 

10.5:1 0.18 ± 0.05 -1.29 ± 0.12 

15:1 0.27 ± 0.01 1.33 ± 0.06 

20:1 0.36 ± 0.01 2.23 ± 0.81 

*AS assessed by Student's t test. 

+«: significance level. 
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Inf < Eff «+. 0.05 & 0.01 

Inf < Eff «= 0.05 & 0.01 

Inf < Eff «= 0.05 & 0.01 • 
Inf < Eff «- 0.05 & 0.01 



TABLE 17. 

Vater 
F10wrate 

Low 

High 

* STATISTICAL COMPARISON OF INFLUENT AND EFFLUENT ALKALINITY IN 
THE DIFFUSED BUBBLE SYSTEM 

A:V Ratio 

2:1, 3:1, 5:1, 
7:1, 10.5:1, 15:1 

20:1 

2:1, 3:1, 5:1, 
7:1 

10.5:1 

15:1 

20: 1 

Statistical 
Re1a tionshi.p 

Inf • Eff 

Inf > Eff 

Inf .Eff 

Inf • Eff 
Inf <Eff 

Inf > Eff 
Inf .Eff 

Inf • Eff 

Significance Level 
at 

0.05 & 0.10 

0.05 & 0.01 

0.05 & 0.10 

0.05 
0.10 

0.05 
0.01 

0.05 & 0.10 

* assessed by Student's t test. As 
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Yater 

Flowrate 

~ow 

High 

TABLE lB. EFFLUENT pHs FOR DIFFUSED BUBBLE RUNS 

A:Y Ratio Effluent pH 

2:1 6.B ± 0.02 
3:1 - 6.B ± 0.11 
5:1 7.5 ± LOB 
7:1 7.4 ± 0.05 

10.5:1 7.7 ± 0.04 
15:1 7.7 ± 0.05 
20:1 7.B ± 0.09 

2:1 6.5 ± 0.04 
3:1 6.8 ± O.IB 
5:1 6.9 ± 0.07 
7:1 6.9 ± 0.16 

10.5:1 6.8 ± 0.15 
15:1 7.4 ± 0.13 
20:1 7.2 ± 0.20 
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TABLE 19. COST ESTIMATE FOR THE DIFFUSED BUBBLE ~YSTEM AT DERRY, NH 

Total Cost * 
Item (2nd .. Quarter 1989 dollars) 

CAPITAL COSTS 

DIRECT COSTS 
Process Equipment 

3 - Polyethylene tanks 
($370.94/tank) 

1 - Fuji ring compressor 
1 - Float valve 
1 - Control panel 
1 - Air pump filter assembly 
1 - Air vent assembly 
1 - Air manifold 
3 - Air diffuser assemblies 

($358.67/diffuser) 
+ 1 - Booster/transfer pump 

1 - Rockwell flow rate recorder/totalizer 

Total Process Equipment Cost 

Support Equipment 
Installation 
Plumbing 
Electrical 

Total Support Equipment Cost 

TOTAL DIRECT COST 

INDIRECT COSTS 

Sitework 
Engineering 
Contractor Overhead and Profit 
Legal and Financial Fees 
Interest 
Contingencies 

TOTAL INDIRECT COST 

TOTAL CAPITAL COST 

AMORTIZED CAPITAL COST (Annual) 

(continued) 

158 

$ 1,113 

606 
155 
207 

31 
108 
205 

1,076 

800 
1,036 

$ 5,337 

150 
1,123 

700 

$ 1,937 

$ 7,310 

$ 1,097 
1,097 

877 
183 
439 

$ 1,097 

$ 4,790 

$12,100 

$ 1,326 

- . 
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TABLE 19 (continued) 

Item 

ANNUAL O&H COSTS 
Power 
Maintenance 

Mechanical 
Non-mechanical 

Labor 
Administrative 

TOTAL ANNUAL O&M COST 

TOTAL ANNUAL COST 

TOTAL PRODUCTION COST 
(Design flow 37.85 ml/d) 

PRETREATMENT COST 

TOTAL PRODUCTION COST 
VITH PRETREATMENT 

Total Cost * 
(2nd.Ouarter 1989 dollars) 

391 
57 

110 
134 

$ 1,002 

$ 2,328/year 

$0.64/1,000 gallons 

$1.50/1,000 gallons 

$2.14/1,000 gallons 

* Based on ENR Construction Cost Index, Base Year 1967 = 100. 

+·Although a transfer pump was not required at this site, it is likely to be 
required at most locations. 

** Cost based on input power requirements of 1 hp each for the air blower and 
the transfer pump, operating period of 5.6 hr/day for each, and an electric 
rate of $0.10157/kV-hr. 

, 
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bubble systems may decrease markedly as design flows increase. (N.B., the 
most cost effective blower is a 0.38 kY constant speed blower for the range of 
flows evaluated in this study, so capital and power costs for the blower would 
be constant.) 

A major assumption implicitly made in the· economic analysis is that the 
radon present in the off-gas will disperse in the wind currents and will not 
require additional treatment. Although the economic analysis does account for 
the cost of venting the radon above the average home roof line (i.e., 11 m), 
no additional air treatment costs· are included. If subsequent treatment is 
required to meet federal or state air quality standards, then the cost 
estimates could be significantly higher . 

• 
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SECTION 6 

PACKED TOYER 

INTRODUCTION 

Packed tower aeration has several advantages when used as a treatment 
technique for removing radon from water. It is rapid, requiring contact times 
of seconds to minutes. It also uses fairly low volumetric A:V ratios, often 
less than those used for diffused bubble aeration. In addition, a tower can 
be easily retrofit to most buildings without requiring much floor space. 
Unlike GAC systems, it does not concentrate radon and its progeny and as a 
-result is not a source of gamma emissions. The disadvantages most often 
associated with packed tower aeration include: high costs of operation 
(aeration system), release of radon to the atmosphere, potential oxidation of 
iron, accumulation on and sloughing of bacteria from the packing media, and 
the need for additional pumping or repressurization of water. Other potential 
problems may be the excessive noise of the air blower and in northern 
climates, freezing conditions causing ice formation with the tower and pipes. 

Cummins (1987) evaluated the radon removal efficiency of packed tower 
aeration for small community water supplies using several packing heights 
(0.15- to 5.33 m), and A:V ratios (0.05:1 to 15:1). These field studies used a 
0.61 m diameter tower packed with plastic saddles receiving an influent radon 
activity ranging from 4,100 to 6,200 pCi/L. At A:V ratios of 2:1, 5:1 and 
15-:1, the tower achieved 95, -99.1 and 99.4 percent removal, demonstrating it 
could efficiently remove radon yielding effluent activities <50 pCi/L. Dixon 
and Lee (1987, 1989) reported radon removals of 95-97% using a packed tower 
4.88 m in height and 1.37 m in diameter with an A:V ratio of 50:1 (packing 
medium unknown). The influent radon activity to the tower, which was designed 
to remove volatile organic compounds, was 646-783 pCi/L. 

METHODS AND MATERIALS 

The research was conducted in two phases. Phase I evaluated the effect 
of various parameters on the tower's performance including liquid loading 
rate, volumetric A:V ratio, packing media and influent radon activity. Phase 
II involved continuous operation over 6 to 8 hr periods at one condition. 

Description of Packed Tower System 

The packed tower aeration system, designed by North East Environmental 
Products (Lebanon, NH), treated the water supply at the same mobile home park 
in Mont Vernon, NH used in the GAC study. The system consisted of an 5.49 m 
tall, 0.30 m diameter, stainless steel tower containing randomly packed 
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plastic media (Figure 81). It was supported within a wooden housing and set 
on a concrete base. iater was provided to the top of the tower directly from 
1 or 2 bedrock wells via 3.18 cm PVC piping. A nozzle located 15.24 cm above 
the top of the media distributed the water. Air entered the tower 1.07 m from 
the bottom (0.15 m below the media) and was supplied from a manually-triggered 
American Fan (Fairfield, OB) single phase industrial electric air blower via a 
10.16 cm plastic tube connection. The countercurrent air flow aided in the 
release of the radon from the water. A 10.16 cm plastic hose connected to the 
top of the tower carried the effluent gas (off-gas) outside. A 0.63 em 
plastic tube was inserted 15.24 cm into the end of the hose and was used to 
sample radon activity in the off-gas. 

The treated water was collected in a reservoir at the base of the tower 
below the media. Electrodes were placed in this reservoir so that when the 
water level reached a height of 0.91 m, a transfer pump would empty it to a 
level of 22.86 cm. The treated water was pumped into the community's 7,571 L 
atmospheric holding tank. During Phase II, the effluent water was wasted to a 
field behind the pumphouse. Vasting was necessary to operate the system 
continuously without flooding the pumphouse. 

An in-line water flowmeter was located in the 3.18 cm PVC pipe that 
carried the effluent water to the atmospheric tank or outside the pumphouse. 
A rotometer capable of measuring water flowrates ranging from 0.97 - 9.65 
m3 /hr was located on the influent line to the tower. Pressure and temperature 
gauges were placed in the influent and effluent water lines and in the 
influent air flow line. A pitot tube was placed in the influent air flow line 
and attached to a pressure gauge to measure air flowrates, which were 
regulated by an in-line globe val~e. 

The tower contained 3 sampling ports located within the media, as well as 
influent and effluent sampling-ports. Each sampling port consisted of a 
stainless steel, half cylinder trough (0.95 cm dia~eter) which protruded about 
15.24 cm into the tower. Hedia sampling ports were located 0.46 m, 1.98 m, 
and 3.81 m below the influent nozzle. Plastic tubing (1.27 cm diameter) 
carried the sample water from each port to a sampling board located at the 
base of the tower. The influent port was tapped into the influent 3.81 cm PVC 
line just before the water entered the tower and the effluent port was tapped 
into the reservoir 5.08 cm from the bottom. 0.97 cm plastic tubing 
transported the influent and effluent water from the ports to the sampling 
board. A 10.16 cm diameter plastic funnel was attached to the free end of 
each sampling hose. During sampling, the mouth of the funnel was upright so 
that the water from the hose filled it and overflowed its lip. This 
facilitated collection of radon samples even at low water flowrates. 

Experimental Design 

The Hont Vernon raw water had an average radon activity of 190,134 ± 
48,237 pCi/L throughout the packed tower study. Phase I of the study 
.consisted of several separate 3 hr runs designed to determine the tower's 
radon removal efficiency for a variety of operating conditions. A second 
phase tested one of these conditions over two 8 hr and one 6 hr continuous 
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Figure 81. 
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flow periods.- The duration of these continuous flow periods was based on 
access to the water supply as regulated by the community. 

Comparisons were made among combinations of four parameters: packing 
type, packing height, liquid loading rate, and volumetric A:Y flow ratios. 
During Phase I, three types of packing media were tested: 5.08 cm diameter 

GlitschR mini rings (packing factor (Cf ) = 30), 2.54 cm diameter GlitschR 

saddles (Cf = 33), and 2.54 cm diameter KochR pall rings (Cf = 45) using 

the ports installed at the 3 depths within the tower to monitor removal. The 
packing heights were 0.30, 1.83, 3.66 and 3.75 m when the tower was filled 
with mini rings and saddles, and 0.15, 1.68, 3.51, and 3.60 m when filled with 
pall rings. Two liquid loading rate ranges were obtained by adjusting the 
liquid flow into the tower. Manually activating one well provided the low 
flowrate range of 0.18 to 1.07 m3 HzO/hr (liquid loading rate of 2.5 to 14.7 
m3 H20/m 2 -hr), whi~e 2 wells provided a high flowrate range of 0.74 - 2.55 m3 

H20/hr (liquid loading rate of 10.2 to 35.0 m3 H20/m 2 -hr). Variations in 
fIowrate were the result of the low yield of the wells at Mont Vernon during 
this testing period. Air flows were adjusted to obtain approximate volumetric 
A:V ratios of 20:1, 10:1, and 5:1 for each liquid flowrate range, media type, 
and packing height. A:V ratios of 2:1 and 1:1 were subsequently tested for 
the high flowrate, using the pall rings. 

Phase II was conducted using both wells with an average water flowrate of 
1.46 ± 0.20 m3 H20/hr and an A:V ratio of 2:1. Pall rings were used as 
packing media since they were the last medium tested in Phase I and had 
yielded good radon removals. The influent radon activity 9uring this phase of 
the research averaged 203,675 ± 22,412 pCi/L. 

Sampling Plan 

The parameters monitored for the packed tower aeration system are shown 
in Table 20. During Phase I, water samples/measurements for radon, 
alkalinity, turbidity, iron, manganese, temperature, pressure, and flowrate, 
and air samples/measurements for pressure,_ temperature, and flowrate were 
taken at 15, 30, 60, 120, and 180 min. Air temperature, barometric pressure, 
and relative humidity were measured inside the pumphouse at the beginning of 
each run. Background air samples for radon analysis were taken at the 
beginning of each run, and off-gas emissions were monitored once each sampling 
run, usually after two hours of operation. 

During Phase II, water samples/measurements for radon, alkalinity, 
turbidity, iron, manganese, temperature, pressure, and flowrate and air 
samples/measurements for pressure, temperature, and flowrate were all taken at 
initial startup and each hour thereafter (over the 6 to 8 hr run time). These 
parameters were monitored during Phase II to determine the effects of aeration 
over longer operational periods. Relative humidity, temperature, and 
barometric pressure of the air in the building were measured at the beginning 
of each run. Background air samples for radon were taken at the beginning of 
each run and off-gas emissions were measured halfway through and at the end of 
each continuous operation period. All temperatures were measured using 
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in-line thermometers. Vater and air pressures were also measured using 
in-line gauges. Vater flowrates were measured using an in-line flowmeter. 
Air flowrates were measured using a pitot tube placed in the influent air 

line, which was attached to a DwyerR magnehelic differential pressure gauge 
(Michigan City, IN). Pitot tubes were placed tn PVC pipes of sizes 1.27, 
2.54, 5.08 and 10.16 cm, depending on the required air flow. The magneheli~ 
had a gauge reading 0 to 1.27 cm (water). 

RESULTS AND DISCUSSION 

Radon 

Phase I - Evaluation of A:V Ratio, Packing Media and Vater Flowrate--

Overall System Performance--The experimental design for the packed tower 
experiments was supposed to evaluate the effect of water flowrate (liquid 
loading), air flowrate (A:V ratio) and packing media on radon removal. 
Unfortunately, during Phase I, the wells at Mont Vernon were pumping 
erratically (summer and early fall 1988) •. At that time, New Hampshire had 
received little rainfall and the groundwater table was depressed. In spite of 
the fact that the wells in Mont Vernon were deep (61-91 m) and believed to be 
in a bedrock aquifer, they appeared to be affected by the lower water table. 
Their yields were low and the radon activities associated with the water 
fluctuated greatly on a daily basis. 

As a result, the liquid loading rates (i.e., water flowrates) and radon 
activities for packed tower runs made during Phase I were not comparable 
(Figures 82 and 83). For example, the high water flowrate runs had 
significantly different flowrates for each packing medium within a given A:V 
ratio. Similarly, the runs yith a given packing medium at the different A:V 
ratios often had very different radon activities in the raw water further 
confounding comparisons. 

The only factor which was well regulated among the trials was the air 
flowrate which could be controlled by the sampling team. In addition, 
influent radon activities were often similar for more than one of the sampling 
times within a run at a given test condition (Figure 84). For purposes of 
data analysis when there was <8.0% difference between the raw water radon 
activities in a given run they were considered to be similar and were pooled 
for use in statistical analysis. 

Determinations of treatment efficiency could not be made based on the 
percent mass of radon removed per time [i.e., (Ow x Cinf - Ow x Ceff)/Ow Cinf 
x 100] because of the constant variations in water flowr~te. Therefore, all 
percent removals were expressed in terms of the change in radon activity 
[(C. f - C ff)/C. f x 100]. Due to the very short residence time of water in In e In 
the tower, comparison of influent and effluent activities at a given sampling 
time was justified because short term variations in influent activity were 
minimal. 
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Though the fluctuations in water flowrate and radon activity prevented 
comparisons of the effects of A:Y ratio and packing type, there was relatively 
little difference in the overall percent radon removal observed among the 
conditions tested (Figure 85). For a packed tower aeration system, mass 
transfer is usually less sensitive to changes in air flowrate than to changes 
in liquid loading rate and interfacial surface "area provided by the media 
(Kavanaugh and Trussell, 1980). The percent radon removals only varied from 
92.7 to 99.8, which is surprising considering the variation in water flowrate 
(0.18 to 2.6 ml/hr), radon activity (115,255 to 278,488 pCi/L) and packing 
type. The resilience of the packed tower system is encouraging considering 
that many small communities required to install radon treatment systems may 
experience variations in water flowrate and radon activity similar to those 
observed at the Hont Vernon site. At the air flowrates tested, the changes in 
liquid loading and mass loading of radon probably did not impact the effluent 
activity because (i) radon is a highly volatile gas and thus is readily 
transferred from water to air in the tower and (ii) the tower (-3.66 m of 
packing media) was deep enough to compensate for the large variations in 
loading (i.e., the tower contained far more theoretical transfer units than 
required since radon is so volatile). 

It is important to note that the height of the packed tower (5.49 m) and 
the range of liquid loading rates (2.5 to 35 ml/mz-hr) used in this study were 
in the lower range of those used in water treatment for volatile organic 
contaminant removals where typical heights and liquid loadings are 4.3 to 12.2 
m and 13.7 to 105 ml/mz-hr, respectively. Therefore, the effects of using 
greater tower heights and/or liquid loadings on effluent radon activity should 
be considered, particularly for systems required to meet stringent effluent 
radon design goals. 

Performance within Tower Sections--Figure 86, profiles of percent radon 
removal obtained within the tower during the various runs, shows that a 
significant amount of the treatment occurred in the top 0.30 m of the mini 
rings (59.1 - 72.5%) and saddles (45.4 - 53%~. In this section, the driving 
force (CL - CG) for mass transfer of radon from the liquid concentratio~ (CL) 

to the gas phase concentration (CG) was the greatest. In addition, the end 

effect of the nozzle spraying the water over the packing probably aided in 
release of the radon to the air. Likewise, the water flowing through the very 
top section of the packing was experiencing the most turbulent flow conditions 
in the tower. It is well documented in the literature (Perry and Chilton, 
1983) that end effects in packed tower air strippers resulting from liquid 
distributors, free fall and turbulence can increase removal of the 
contaminant. This pattern is less clear with the pall ring (38.9 - 47.3%) 
data in which the water only passed through 0.15 m of packing before reaching 
the first sampling port. 

Through the next approximately 1.52 m of mini-rings and saddles, the 
radon removal efficiency decreased, ranging from 23.2 to 42.0%. Yith the pall 
rings, the removal efficiency of the middle section was as good or better than 
the top section (43.0 - 50.6%). It is possible that most of the removal still 
occurred in the top 0.30 m of the pall rings, but because of differences in 
packing heights and sampling depths, this could not be determined. The last 
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1.83 m of packing, in all cases, removed less than 10% of the radon from the 
water, except with the pall rings at an air flowrate of 10.7 m3 /hr (16.9%). 
The lower radon removal efficiency with depth in the tower probably resulted 
from the decreased mass transfer due to the lower driving force (CL - CG). In 

addition, the liquid flow conditions in these £ections were probably far less 
turbulent than in the top section, especially because there was no 
redistribution of the liquid flow within the tower at mid-depth. The 
decreased turbulence can increase the liquid film thickness, which in turn 
decreases the mass· transfer of radon from the water to the air. 

Mass Transfer Coefficients--The global liquid mass transfer coefficient, 
KLa, within a packed tower can be expressed as a function of (i) the molecular 

diffusion coefficient of the contaminant in water (0 ), (ii) the viscosity w 
(pw) and density (pw) of the water, (iii) the liquid loading rate (L), and 

(iv) empirical constants (m and n) dependent on the type and size of the 
packing media as shown by the correla.~ion developed by Sherwood and Holloway 
(1940): 

~a .. 
L (l-n) PL 1/2 

[m(-) (-») 0 
Pw PwOw w 

(eq. 8) 

KLa is also dependent on the water temperature which affects P , P and 0 . w w w 
Therefore, the KLa within a packed tower operating at a given liquid loading 

rate with a specific randomly distributed packing is not a function of packing 

he~ght. However, the KLa for a given system can be calculated based on data 

collected from continuous flow operation by solving the mass balance-derived 
packed tower equations: 

R = HG/PtL 

NTU = R/(R - l)ln[(Cin/Cout(R - 1) + 1)/R) 

HTU .. ZI(NTU) 

(eq. 9) 

(eq. 10) 

(eq. 11) 

(eq. 12) 

where Z .. packing height, NTU .. number of transfer units, R = stripping 
factor, H = Henry's Constant, Pt = ambient pressure, HTU = height of a 

transfer unit, L = liquid loading rate, G = air loading rate, KLa = overall 

mass transfer coefficient, and em = density of the liquid. (N.B., the units 

for Henry's constant must be in atmospheres in this equation). 

The KLa values calculated for the top sections of the tower with all of 

the media (Figure 87) were substantially higher than those for the lower two 
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Figure 87. 
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sections and the overall KLa. (The calculated KLa values only serve as an 

indication of the true KLa because of the variations in the liquid loading 

rate during the runs. 

for each run.) These 

The values shown were calculated using the average L 

higher KLa values result from the end effects of the 

spray nozzle and the turbulent flow in the top section. As seen in Figure 87, 

the KLa values for the bottom two sections and the overall ~a were very 

similar and are a better representation of the mass transfer coefficients for 
the packed tower operating at a given liquid loading rate and with a specific 
packing medium. (Statistical comparisons were not justified because of the 
variations in L). 

Factors Affecting Packed Tower Operation--The data indicate that mass 
transfer limitations may be a major factor in designing towers to achieve very 
low radon activities. These limitations primarily arise from the change in 
radon concentration (activity) with depth in the tower reducing the driving 
force. Therefore, in order to achieve low effluent activities, the packing 
height (and hence, the contact time) would need to be substantial. This was 
demonstrated by Cummins (1987), who obtained very low effluent activities «50 
pCi/L) with a raw water activity of 4,100 - 6,200 pCi/L at A:W ratios of 2:1, 
5:1 and 20:1, but only with a large packing height (5.33 m). For small 
communities such as Mont Vernon, which have moderate to high radon activities, 
packed towers may be impractical because mass transfer limitations will 
dictate the use of extremely large packing heights to meet a 200 pCi/L MCL. 
As a result of mass transfer limitations, pilot scale testing over the 
expected range of water flowrates and if possible, radon activities should be 
conducted in most cases. 

The air intake for the blower used at the Mont Vernon site was located 
inside the building. This was done to decrease problems associated with 
pumping very cold outside air into the tower during the winter. However, this 
practice can have repercussions with respect to radon removal efficiency. In 
the Mont Vernon pumphouse, the air contained as much as 100 pCi/L of radon. 
Such a high air activity will decrease the driving force (CL - CG) and thus 

the mass transfer of radon, especially when radon activity in the water is 
low. Therefore, when designing packed tower systems in northern climates, one 
must evaluate the cost effectiveness of using cold or preheated outside air 
versus using pump house air which may have a significant radon activity. 

Though the variations in water flowrate and influent activity prevented 
detailed statistical analysis of the performance of the 3 packing media, there 
was a lower overall percent removal observed during Phase I for the saddles 
(94.4 ± 1.71%) compared with the mini rings (99.2 ± 0.49%) and pall rings 
(99.3 ± 0.33%). These differences, also observed in the KLa values for the 

media, occurred even though the range of water flowrates and raw water radon 
activities tested were similar (Table 21). When the saddles were removed from 
the tower, it appeared that water was ponding in this packing. Perhaps the 
ponding occurred because the saddles are primarily solid pieces of plastic, 
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TABLE 21. RANGE OF INFLUENT RADON ACTIVITIES AND \lATER FLOIlRATES 
DURING PHASE I . 

Packing Influent \later F10wrate 
Medium Radon (m 3 /hr) 

Activity 
(pCi/L) 

Mini Rings 146,630 - 262,753 0.35 - 2.55 

Saddles 
• 

114,996 - 276,191 0.72 - 2.04 

Pall Rings 116,546 - 267,306 0.18 - 1.52 
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while the mini and pall rings have many openings to facilitate water and air 
flow. Further testing is probably warranted to determine if there is a 
significant difference in radon removal efficiency among the packing media. 

Phase II - Radon Removal--

Phase II runs were conducted to determine if the packed tower could 
operate continuously, achieving similar results to those obtained during Phase 
I. The packed tower was operated on 3 separate days for 6 to 8 hr during the 
winter of 1988. The water flowrate was much more constant averaging 1.46 ± 
0.20 m3 H20/hr. The pall rings were used and the A:Y ratio was set at 2:1. 
The influent activity on the 3 days averaged 181,614 ± 32,781; 202,989 ± 
36,429; and 226,422 ± 52,870 peilL, respectively. Figure 88 shows overall 
percent removals of applied radon over time for each of the three days. As 
observed in Phase I, removal efficiency remained fairly constant regardless of 
the variation in influent activity. Effluent activities were 4,882 ± 1,659, 
3,558 ± 1,311 and 5,173 ± 1,667 peilL, respectively. As observed during Phase 
I with the pall rings, the majority of the radon removal occurred in the top 
(43.3 ± 2.4%) and middle (46.8 ± 1.3%) sections of the tower (Figure 89), 
while the bottom 1.83 m removed only a small peraentage (7.5 ± 0.41%) of the 
radon applied. The KLa values were also similar to those obtained at an A:Y 

ratio of 2:1 (pall rings) during Phase I (Figure 90). 

The Phase II tests were conducted during the winter, in part, to 
determine whether colder air and water temperatures would affect performance. 
During Phase II, air and water temperatures as low as 7°e and 4°C, 
respectively did not appear to decrease the removal over that obtained during 
Phase I when the temperatures were 21.2 ± 1.64°C and 13.1 ± 1.4°C, 
respectively. However, the tower and its piping must be protected from 
freezing conditions. The tower was enclosed in a wooden structur~ attached to 
the Mont Vernon pumphouse. This structure channeled cold ambient air into the 
building. There were a few extremely cold nights «-18°C) during the 
operating period and some of the Schedule 40 PVC piping used to plumb the 
tower and the glass water flowrate rotometer cracked, even though neither of 
them contained water. (All water was drained from the system when the tower 
was not operating.) This experience indicates that in full-scale operation at 
small communities in northern climates, provisions should insure that pipes 
andlor towers are insulated to prevent freezing, especially during periods of 
low or intermittent water flow. 

Off Gas Monitoring 

Off-gas emissions were monitored to determine the radon activity exiting 
the tower. In most cases for Phase I and II, the radon activity measured in 
the air using a Pylon AB-5 monitor was less than the theoretical radon 
activity (Figures 91 and 92) calculated using a mass balance approach 
(QwCw/QACA)' There are several explanations for this discrepancy. The wide 

fluctuations in water flowrateand influent radon activity made calculation of 
the theoretical radon activity in the off-gas difficult. However, the 
fluctuations were probably not great enough to account for recoveries 
consistently less than 50%. There may have been problems associated with the 
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collection of the air samples. The off-gas exited the top of the tower via a 
10.16 cm diameter black plastic hose. The 0.69 cm diameter air sampling tube, 
attached to the side of the outlet hose, protruded approximately 0.30 m inside 
it. The inlet of the sampling tube faced into the off-gas flow. It is 
possible that the boundary layer effects caused the off-gas air to divert 
around the intake for the Pylon resulting in the low activities recorded. 

In all cases, the off-gas radon activities were extremely high (Figures 
91 and 92) and would require a large amount of dilution to approach the 
activity of ambient air (average of 0.1 to 0.15 pCi/L) (NH Bureau of 
Radiological Health, personal communication, 1986). In future research, the 
radon activity surrounding the building should be monitored in addition to the 
emissions at the top of the tower to determine the dilution rate and the 
effects of the off-gas on air quality. 

Iron and Manganese 

The influent total iron concentrations ranged from below detection (0.06 
mg/L) to 1.70 mg/L. In almost all of the samples taken at Mont Vernon during 
operation of the packed tower, the influent iron concentrations were below 
detection. As a result, the effect of the tower on iron oxidation could not 
be determined. The average total manganese concentrations"in the raw water 
(0.06 ± 0.01 mg/L) did not change significantly through the tower (a • 0.05 
and 0.01, StT). This is not surprising since the tower's aeration system was 
not expected to change the total iron and manganese concentrations unless the 
metals accumulated in the reservoir or within the packing. In future research 
on the packed tower system, changes in soluble iron and manganese should be 
determined to see if precipitate formation is occurring. Pretreatment of 
waters containing.significant amounts of iron and manganese may be necessary 
to prevent accumulation of metal precipitates within the tower system and 
problems associated with oxidized iron and manganese in the distribution 
system. 

Turbidities, Alkalinities, and pH 

Turbidity, alkalinity, and pH were monitored to determine if the packed 
tower treatment system had any effect on these basic water quality parameters. 
Influent turbidities ranged from below detection (0.05 NTU) to 0.95 NTU during 
Phase I and-from 0.05 to 2.80 NTU during Phase II. Effluent values ranged 
from below detection to 0.80 NTU for Phase I and from 0.05 to 2.00 NTU during 
Phase II, which was not significantly different from the influent (a = 0.05 
and 0.10, StT). This was expected since the media were not expected to 
contribute to the turbidity of the water nor were they expected to remove a 
significant amount of turbidity from the water. 

Influent alkalinities to the packed tower ranged from 18 to 32 mg/L as 
CaC03 during Phase I and from 20 to 28 mg/L as CaC03 during Phase II, while 

effluent alkalinities ranged from 19 to 30 mg/L as CaC03 during Phase I and 

from 13 to 24 mg/L as CaC03 during Phase II. No significant difference was 

detected between the influent and the effluent alkalinity (a = 0.05 and 0.10, 
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StT), except for two runs where the differences were statistically significant 
at « = 0.10, but the change in alkalinity was less than 0.7 mg/Loas CaC03• 

Changes in alkalinity due to air stripping were not expected at Mont Vernon 
based on raw water characteristics. 

At all conditions, the tower raised the pH of the water significantly 
(<< = 0.05 and 0.01, StT). Influent pH values ranged from 6.3 to 6.9 during 
Phase I and from 6.4 to 6.7 during Phase II, while effluent pH values ranged 
from 6.6 to 7.7 during Phase I and from 6.9 to 7.5 during Phase II. The 
aeration process within the packed tower probably caused the increase in pH by 
removing CO2 from the water. Even though the pH was raised significantly, the 

resulting effluent pH was not outside the 6.5 - 8.5 acceptable range for 
drinking water • 

• 
ECONOMICS 

Cost estimates for the packed tower treatment system operated in Mont 
Vernon, NH, were developed using the approach described in Section 6 and are 
presented in Table 22. These data indicate that the total production cost for 
the packed tower system was $0.60/1,000 gallons. If pretreatment for iron and 
manganese is required then production cost estimates would increase to 
$2.10/1,000 gallons (Section 4). The production cost for the packed tower 
system is comparable to that reported by Malcolm Pirnie, Inc. (1988). The 
latter report concluded that the production cost to treat an average flow of 
49 m3 H20/day (227 m3 H20/day design flow) would be $0.58/1,000 gallons for 
99% radon removal. 

It should be noted that a major component of the packed tower system cost 
at Mont Vernon is related to support equipment costs. Since support equipment 
includes a variety of site specific factors (e.g., installation), one would 
expect this cost to be highly variable from site to site. In addition, 
performance data for the packed tower system indicates that this facility can 
be operated at flows up to 61 m3 H20/day (i.e., a continuous flowrate of 2.54 

m3 H20/hr and still achieve radon removals comparable to those achieved at the 

38 m3 H20/day design flow. Therefore, the production cost of the packed tower 

system may decrease as design flows increase (for the range of flows observed 
in this study). 

In addition, as was discussed for the diffused bubble system (Section 5), 
the cost estimates for the packed tower aeration system only include venting 
the radon contaminated off-gas to the air at a height equivalent to the 
average home roof line (i.e., 10.7 m). Therefore, if treatment of the off-gas 
for radon is required to meet air standards, system costs could increase 
significantly. 

184 



TABLE 22. COST ESTIMATE FOR THE PACKED TOVER SYSTEM AT MONT VERNON, NH 

Item 
Total Cost * 

(2nd Quarter 1989 dollars) 

CAPITAL COSTS 

DIRECT COSTS 
Process Equipment 

1 - Stainless steel column 
10 cu. ft. plastic packing media 

($668/mJ) 
1 - Air flow meter 
1 - Bete fog nozzle 
1 - Demister pad 
1 - Air blower 
2 - Air pressure gauges ($34.86/gauge) 
1 - Air vent assembly 
4 - Temperature gauges ($22.62/gauge) . 
1 - Booster/transfer pump 
1 - Rockwell flow rate recorder/totalizer 

Total Process Equipment Cost 

Support Equipment 

Installation + 
Plumbing 
Electrical 

Total Support Equipment Cost 

TOTAL DIRECT COST 

INDIRECT COSTS 

Sitework 
Engineering 
Contractor Overhead and Profit 
Legal and Financial Fees 
Interest 
Contingencies 

TOTAL INDIRECT COST 

TOTAL CAPITAL COST 

AMORTIZED CAPITAL COST (Annual) 

(continued) 
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. , 

$ 

$ 

511 

189 
47 
28 

102 
348 
70 

100 
91 

800 
1,036 

3,322 

2,350 
1,133 
1,381 

$ 4,864 

$ 8,186 

$ 1,228 
1,228 

982 
205 
491 

$1,228 

$ 5,362 

$13,548 

$ 1,484 



TABLE 22 (continued) 

Item 

ANNUAL O&H COSTS 
Power 
Maintenance 

Mechanical 
Non-mechanical 

Labor 
Administrative 

TOTAL ANNUAL O&M COST 

TOTAL ANNUAL COST 

TOTAL PRODUCTION COST 
(Design flow 37.85 m3 ) 

PRETREATMENT COST 

TOTAL PRODUCTION COST 
VITH PRETREATMENT 

Total Cost * 
(2nd Quarter 1989 dollars) 

232** 

252 
32 

110 
93 

$ 719 

$ 2,203/year 

$0.60/1,000 gallons 

$1.50/1,000 gallons 

$2.10/1,000 gallons 

* Based on ENR ~onstruction Cost Index, Base Year 1967 = 100. 

+ Installation includes cost of poured concrete base for tower and cost to 
remove and reroute existing utilities to facilitate new construction. 

** Power costs are based on input power of 0.5 Hp for the blower and 1 Hp for 
the pump, an operating period of 5.6 hr/day for each, and an electric rate 
of $0.10157/kV-hr. 
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SECTION 7 

LOV TECHNOLOGY ALTERNATIVES 

INTRODUCTION 

Many very small communities, required to treat their groundwater supplies 
for radon, will face severe financial problems'paying the capital and O&M 
costs associated with installing GAC, diffused bubble or packed tower aeration 
systems. The objective of this part of the study was to evaluate the 
potential of some low technology treatment alternatives to reduce radon levels 
in drinking water. Low technology systems should (i) be easily retrofit into 
existing facilities, (ii) require little initial capital investment, (iii) 
require little routine maintenance, and (iv) have lower operating costs than 
the conventional radon technologies. In a typical small community water 
supply in rural New England, water is pumped to an atmospheric storage tank 
(7571-37,854 L) and then repressurized in a second storage tank (7571-
37,854 L). The existing atmospheric storage tank could be readily adapted to 
low technology radon removal techniques such as coarse bubble aeration. The 
study included pilot-scale experiments monitoring radon reduction in (i) a 
distribution system and (ii) in a flow-through reservoir system with a variety 
of influent control devices and a coarse bubble (>500 ~m diameter) aeration 
system. During this phase of the project, radon was the primary contaminant 
of concern and thus the techniques evaluated were monitored exclusively for 
radon removal. 

METHODS AND MATERIALS 

Loss in a Distribution System 

This study was conducted at the Mont Vernon, NH site. The influent radon 
concentration during this phase of the project ranged-between 150,000 to 
250,000 pCi/L. The GAC unit was treating the water at Mont Vernon during this 
period and the GAC effluent ranged between 22,000 to 27,000 pCi/L. The exact 
design of the distribution system at the site was not available, however, it 
was determined that the pipes ranged from 3.8 to 5.1 cm diameter (I.D.) and 
were constructed of black polyethylene. The network (Figure 93) serves 
approximately 33 mobile homes. Distances between the homes and connections 
were approximated using a surveyor's tape. 

The loss of radon in the distribution system was assessed with both 
untreated and GAC-treated water at 5 homes (Figure 93). The homes, where 
samples were collected, were chosen to give an overall assessment of the 
potential effectiveness of passive removal of radon in the distribution system 
tested. 
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Radon samples were taken in duplicate from the kitchen faucet in each 
home after all aeration devices were removed. The first two sets of data were 
collected when the homes were receiving GAC-treated water. Vhen the untreated 
water test was conducted, the GAC system was by-passed beginning 1.5 to 3 hr 
before sampling commenced. This lag time insured that the distribution system 
was completely flushed of treated water. Samples were always taken between 
1700 and 1930 hr because of the higher water use during that time and for the 
convenience of the homeowners. The high use period was chosen because it 
would simulate the worst case scenario (i.e., shortest detention time in the 
system). 

Loss During Storage 

A 1.8 m diameter fiberglass tank was placed outside of the pumphouse at 
the Derry, NH site. During the study period, a centrifugal pump was used to 
continuously supply water from the atmospheric storage tank at Derry to the 
pilot scale fiberglass storage tank located approximately 13.7 m away. 
In-line brass flow controlle~s were installed in the pump's effluent line. 
Three flow controllers were used during the course of the study (1.3 ml/day, 
3.3 ml/day, and 4.9 ml/day). 

The storage reservoir (Figure 94) was filled to yield a water depth of 
0.6 m (total volume - 1628 L as determined in a dye study). The reservoir was 
covered with a plywood lid which had a hole (0.3 m x 0.30 m) in the center to 
allow for overhead entry of raw water. A plywood baffle (0.91 m x 0.96 m) was 
suspended in the water near the effluent port to prevent short circuiting. 
The modes of influent entry during the study were: (i) entry at the bottom of 
the reservoir, (ii) discharge 0.61 m above the reservoir water level, (iii) 
discharge 0.61 m above the reservoir water level using a spray attachment and 
(iv) discharge 0.61 m above the reservoir level through a.venturi apparatus to 
add air to the stream. In addition to the four tests with varied types of 
influent entry, a coarse bubble aeration system was added to entry types (i) . 
and (ii). Influent flowrates of 1.3 ml/day, 3.3 ml/day and 4.9 ml/day 
(theoretical detention times of approximately 8, 12, and 30 hr, respectively) 
were tested for all operating conditions. Duplicate influent and effluent 
water samples were taken at 0.5 hr intervals over a 3 hr period and were taken 
only after the system had been operated for at least 3 detention times at each 
condition. 

A dye test was conducted to determine the hydraulic detention time of the 
low technology tank. Rhodamine B was added to the tank, after it had filled 
with raw water, and the contents were mixed with a large paddle to achieve 
homogeneity. Then the flow of water through the system was started and a 
time = 0 sample of the effluent and tank contents was taken. The effluent dye 
concentrations were measured, using a Turner Hodel C10-005 fluorometer 
(Sunnyvale, CA), after 0.25, 0.5, 0.75, 0.88, 1 and 1.5 theoretical detention 
times. Studies were conducted using the 1.3 ml/day and 4.9 ml/day flow 
controllers. 

The spray attachment (entry mode iii) was a standard garden hose 
screw-type adjustable nozzle. The diameter of the spray was set at 
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Figure 94. 
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Schematic of the pilot-scale atmospheric storage tank. Derry, NH. 
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approximately 15 cm when it reached the water'S surface. At the low flow of 
1.3 m3/day, a fine spray could not be achieved and thus data are not available 
for that condition. In tests where the coarse bubble aeration system was 
used, a'laboratory-made apparatus was added to the reservoir. Air was 
supplied by a small laboratory air pump (capacity = 0.031 m3/min, max. 
pressure - 414 kPa) and pumped through 0.64 cm··(I.D.) clear plastic tubing. 
The main air line to the storage reservoir was subdivided into four 81 cm 
symmetrical radial arms using plastic connectors. The radial arms were 
plugged at the terminal ends with small corks. Small holes were pressed in 
the wall of the radial arm tubing, every 10 cm, using a steel-plated 11 mm 
long thumbtack which made.635 ~m (I.D.) holes. The bubbles emanating from the 
tubing appeared to be approximately 4.8 mm diameter and were produced at an 
average rate of 2 to 3 per second from each hole. The venturi device (entry 
mode iv) used was designed for a laboratory faucet. The lowest flow 
accommodated by commercially available venturi devices was 27 m3/day and 
therefore, could not be retrofit to the reservoir system. 

RESULTS AND DISCUSSION 

Loss in a Distribution Systems 

The results obtained from the distribution system evaluations are 
summarized in Table 23. The overall loss during distribution was low (0 to 
18.8%), over a distance of 497 m (hydraulic detention time 0.7 to 17.9 min). 
The greatest reduction (15.6%) in radon activity occurred at the home located 
furthest from the pumphouse and therefore where the water had the longest 
hydraulic detention time in the system. The differences observed, however, 
were not always statistically significant (Table 24). 

During the evaluation with the untreated water, faucets were allowed to 
flush for several minutes, but it is possible that at site KO an insufficient 
time was allowed to completely clear the pip~ng and the very small home 
storage tank. During some sampling, especially at sites KO and CU, it was 
very difficult to sample from the faucet without entraining air in the 
sampling syringe, even when using the universal hose connector suggested by 
EPA (1978). 

The loss of radon due to decay alone would be minimal in the distribution 
system at Hont Vernon because of the short detention time (0.7 to 17.9 min) at 
the 8t m3/day water flowrate. The community's daily flowrate is usually a 
minimum of 27 m3/day, with a daily maximum of 82 m3/day. At these flow 
conditions the loss of radon from decay would range from <0.01% to 0.67% in 
the homes sampled. Although the sampling techniques may have accounted for 
some of the observed radon removal, the mobile home park is known to have many 
leaks in its distribution system which may account for the radon loss. 

The data suggest that flow in a small community distribution system 
(3.8-5.1 cm diameter pipes) at distances up to 497 m and detention times of 18 
min or less will not significantly reduce the radon activity of the raw water. 
It is doubtful that this mechanism would be useful in lowering the radon 
levels to meet proposed standards unless a very small decrease was needed (10 
to 20%). However, data were collected at Hont Vernon during periods of high 
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TABLE 23. LOSS IN THE DISTRIBUTION SYSTEM 

Percent Radon Removal 

Site Distance Hydraulic RUN 1+ RUN 2 RUN 3 
(m) Detention 

Time* 
(min) 

HA 35 0.7-1.2 0 0 2.1 . 

SI 52 1.0-1.8 ** ** N/A 

KO 100 2.0-3.6 10.8 7.3 ++ 

CU 220 4.4-7.8 4.1 9.2 11.8 

LA 497 10.0-17.9 15.6 ** 7.5 

Hydraulic detention time range for 82 m3/day water flowrate assuming 3.8 
cm and 5.1 cm diameter piping. 

Runs 1 and 2 with GAC-treated water. Run 3 with untreated water. 

Radon level slightly higher than influent. 

N/A Homeowners not available during sampling. 

++ Invalid sampling procedure (inadequate flushing or sample aeration). 
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TABLE 24. STATISTICAL COMPARISON* OF RADON REMOVALS VITH TIME 
IN A DISTRIBUTION SYSTEM 

Statistical Comparisons 
+ vs. System Influent 

Site Hydraulic RUN 1++ RUN 2++ RUN 3++ 
Detention 

Time ** 
(min) 

HA 0.7-1.2 INF • MA INF • MA INF • HA 
(a-O.OS&0.10) (a.-O.OS&0.10) (a.-O.OS&0.10) 

S1 1.0-1.8 INF • SI INF • SI N/A 
(a-O.OS&0.10) (_0.05) 

INF>SI 
(a.-O.10) 

KO 2.0-3.6 INF > KO INF > KO N/A 
(a.-O.OS&O.Ol) (a.-O.OS) 

INF • KO 
(a.-O.01) 

CU 4.4-7.8 INF > CU INF > CU INF > CU 
(a.-O.OS) (a.-O.OS) (_0.05&0.01) 
INF • CU INF • CU 
(a-O.01) (a.-O.01) 

LA 10.0-17.9 INF > LA INF • LA INF > LA 
(_0.05&0.01) (_0.05) (_0.05) 

INF < LA INF • LA 
(_0.10) (_0.01) 

As assessed by Student's t test. «: significance level. 

INF • Radon activity entering the water distribution system. 

Hydraulic detention time range for 82 m3
/day water flowrate, assuming 

3.8 cm and 5.1 cm diameter piping. 

Runs 1 and 2 = GAC-treated water, Run 3 = untreated water. 

N/A Invalid sampling- procedure or homeowner not available. 
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flow and thus probably represented the shortest detention time in the system. 
Though small reductions in radon are anticipated in short distribution 
systems, the removal rate would vary with water usage. Removal of radon could 
be higher if the water was retained in the system for a period of time, 
however, that condition could not be relied upon to consistently deliver water 
of acceptable quality. 

Loss During Storage 

A series of dye studies were completed on the flow-through reservoir. 
Tests were conducted to determine-if the tank was well mixed. The data 
indicate that the hydraulic detention time at the high flowrate (Q = 4.5-4.8 
m3/day) was very close to the theoretical time of 8 hr (8.27 ± 0.40 hr) 
Figure 95). There was no stratification within the tank as a function of Toe 
or dye concentration at this flowrate. At the low flow condition (Q = 1.2-1.4 
m3/day), however, the calculated detention time from the dye study was 23.3 ± 
6.72 hr, as contrasted to the theoretical time of 30 hr (Figure 96). The 
detention time for the three separate dye studies ranged from 18.9 to 30.3 hr. 
Though the water volume of the tank remained constant (2,043 L), the Toe and 
dye concentrations varied with depth in the tank, indicating that flow was 
short circuiting across the surface of the tank. In addition, the 1.3 m3/day 
flow controller tended to clog with fine particles even when a sediment trap 
was used. As a result, the flow slowly decreased with time. Possibly account 
for the larger detention time during the second trial. This implies that the 
data obtained during subsequent studies for the reservoir using the 1.3 m3/day 
flow controller probably underestimated the removal attainable at a true 
detention time of 30 hr. A dye study was not run using the 3.3 m3/day flow 
controller, however, it was observed during the loss studies to respond 
similarly to the 4.9 m3/day controller therefore, it is assumed that no 
problems with clogging or short-circuiting occurred at this flow condition. 

The da~a collected during the pilot-scale flow-through reservoir studies 
at Derry are summarized in Figures 97, 98 and 99. The radon removals achieved 
at the different detention times were significantly diff.erent for all 
conditions (<< = 0.05 & 0.01, StT) (i.e., removal always significantly higher 
with increased detention time) except for the venturi. However, results from 
the different flowrates should not be directly compared because of the 
potential problems with short-circuiting at the 1.3 m3/day flowrate. The 
reduced removals with the venturi may have been a function of the fact it was 
designed for laboratory use as an aspirator. In addition, the flowrates 
tested were probably too low to generate good venturi action (aeration), 
preventing better removals from being observed in the venturi runs. Testing 
should be performed at higher flowrates with a commercially-available device 
to thoroughly evaluate the venturi's ability to enhance radon removal. 

Losses for the bottom entry of the influent into the reservoir were very 
similar to the removals expected as a result of decay and volatilization of 
radon. However, in all cases where the influent had a 0.61 m free fall upon 
entry into the tank, radon removals were much greater than those predicted 
from decay alone or bottom entry without aeration. (N.B., statistical 
analyses of the data were not warranted because the influent radon activity 
changed among some of the experiments at a given flowrate from 58,641 to· 
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Figure 95. 
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Low technology alternatives - Derry, NH. Dye concentration in 
pilot-scale atmospheric storage tank with free fall as a function 
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Figure 96. Low technology alternatives - Derry, NH. Dye concentrations in 
the pilot-scale atmospheric storage tank with free fall as a 
function of time. Runs 1 (a) , 2 (b) and 3 (c). (W'ater flowra te 
4 . 9 m 3 / day) . 
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Figure 97. Low technology alternatives - Derry, NH. Percent radon removed 
for different conditions. (Vater flowrate = 4.9 mJ/day). 

197 

, , 



I 

o 
52 

-0 
> 
o
r- U1 = IV 
IV -.... ,.... 
E'=_"0 .= IV 

E c: 
.- IV 
X U1 

~.D 
C 0 

o 
CO 

-0 
>
Q U1 
,.... IV 
c-
~.~ 
~"O 
- IV ;2 > 
~ .... . = IV r- If) 

.;: .D 
C 0 

I 

o 
\D 

o 
N 

lN3J~3d -03!\OV'i3~ NOO'V~ 

o 

Figure 98. Low technology alternatives - Derry, NH. Percent radon removed 
for different conditions (~ater flowrate = 3.3 m)/day). 
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Figure 99. Low technology alternatives - Derry, NH. Percent radon removed 
for different conditions (Vater flowrate = 1.3 m'/day). 
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95,704 pCi/L.) Vhile removals with the 0.61 m free fall entry alone were 50% 
(3.3 and 4.9 m3/day) to 70% (1.3 m3/day), they were enhanced by the use of the 
spray nozzle (60-70%, 3.3 to 4.9 ml/day) and the coarse bubble aeration system 
(86-89%, 3.3 to 4.9 m3/day; 96%, 1.3 mJ/day). The radon removal was also high 
using the coarse bubble aeration system in conjunction with the bottom entry 
to the reservoir; removals ranged from 83% (4.~ m3/day) to 95% (1.3 m3/day). 
The data collected in this phase of the study showed that addition of a coarse 
bubble aeration system to a storage tank may be very effective for radon 
reduction and might be easily applied in small communities which have existing 
atmospheric storage tanks. However, pilot scale testing would be needed 
because sidewall depth could affect removals. In the reservoir tested, the 
sidewall depth was only 0.61 m. Existing storage tanks may be much deeper 
causing poorer mass transfer (i.e., bubbles to be saturated with radon before 
they reach the surface) thus requiring greater air flowrates (A:V ratios) to 
achieve effective radon removal. 

Shortly after our pilot-scale study at Derry was completed, the local 
water authority decided to add a coarse bubble aeration system to the existing 
atmospheric storage tank. Two 6 m long PVC pipes (5 cm I.D.) were installed 
81 cm apart and 46 cm off the bottom of the tanks. The bottom part of each 
pipe contained a series of 3 mm diameter holes drilled every 5 cm for the 
first 4.6 m of length and at 2.5 cm intervals for the remaining 1.5 m. Raw 
water was pumped from the wells to the terminal end of the tank (6.7 m) before 
exiting the influent pipe a minimum of 0.30 m above the water's surface. A 
compressor delivered 0.57 m3/min of air to the tank through the perforated 
pipes and was run continuously. The average detention time of the water in 
the tank was 5.3 hr. Two 15 cm diameter vent pipes were welded on top of the 
tank for ventilation. Radon removal efficiencies ranged from 80 to 88%, the 
latter occurring after approximately 6-8 hr of contact (overnight). 

Several potential problems may arise with these kinds of coarse bubble 
aeration techniques. No gas phase monitoring was conducted during the study 
so the fate of the radon release into the ambient air remains unknown. 
However, based on the diffused bubble and packed tower aeration data, this may 
be a concern and should be monitored. In addition, water supplies which 
contain significant amounts of reduced iron and manganese may experience 
problems with precipitate formation and deposition in the storage tank and/or 
the distribution system. 

It is important to note that in the case of this water supply the 
reductions of 80% to 96% observed for the coarse bubble aeration system would 
not be sufficient treatment to attain the effluent activity of 200-1,000 pCi/L 
which may be required by the MCL (influent activity = 58,641 to 95,704 pCi/L). 
In addition, extrapolation of the performance data to design systems which can 
achieve these required levels for this water supply is not advisable based on 
the importance of mass transfer limitations found in the diffused bubble and 
packed tower aeration studies at low radon activities. Additional pilot-scale 
testing at low radon activities would be required to determine if the coarse 
bubble aeration system could attain effluent activities of 200-1,000 pCi/L at 
Derry, NH. 
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ECONOMICS 

Several low technology systems were evaluated for radon removal in small 
communities. However, since the major costs of these low technology systems 
involve retrofitting and system specific designs, it is not possible to 
provide a detailed estimate of these system costs. Therefore, a simple cost 
example of one type of low technology treatment will be presented for· 
illustrative purposes. 

The cost example is based· on the low technology coarse bubble aeration 
system used by the water authority at Derry, NH. Cost estimates (or this low 
technology system are shown in Table 25. The techniques used to estimate the 
costs of the low technology system are analogous to those described in Section 
4 with the following exceptions: 1) support equipment costs were minor and 
thus combined with process equipment costs; 2) indirect costs wer.e considered 
negligible and thus omitted from the analysis; 3) O&H costs were based solely 
on power and maintenance costs; and 4) pretreatment costs were not considered 
since it was assumed that construction of a sophisticated pretreatment system 
for iron and manganese would defeat the purpose of using a low technology 
system for radon removal. Based .on these assumptions, the total production 
cost estimate of retrofitting the full-scale low technology system used at 
Derry, NH was $0.15/1,000 gallons. It should be noted that the cost estimate 
assumes no treatment of the radon contaminated vent gas other than discharging 
at the average home roof line (i.e., 10.7 m) is required. 
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TABLE 25. COST ESTIMATE FOR LOY TECHNOLOGY TREATMENT AT 
DERRY, NH 

Total Cost * 
Item (2nd Quarter 1989 dollars) 

CAPITAL COSTS 

12.2 m (5.08 cm 1.0.) PVC aeration system $ 208 
(Assembled and Installed) 

0.5 Hp air compressor 630 

15.2 cm diameter air vent system 446 
(Assembled and Installed) 

TOTAL CAPITAL COST $ 1,284 

AMORTIZED CAPITAL COST (Annual) $ 141 

ANNUAL O&M COSTS 

Power 332+ 
Maintenance 

Mechanical 63 
_ Non-mechanical 26 

TOTAL ANNUAL O&M COST $ 421 

TOTAL ANNUAL COST $ 562 

TOTAL PRODUCTION COST $0.15/1,000 gallons 
(Design flow 37.85 m3/day) 

* Based on ENR Construction Cost Index, Base Year 1967 = 100. 

+Includes required input power of 0.5 Hp for the compressor, operating period 
of 24 hr/day, and an electric rate of $0.10157/kY-hr. 
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INTRODUCTION 

SECTION 8 

EVALUATION OF THE LIQUID SCINTILLATION 
TECHNIQUE FOR RADON ANALYSIS 

• 
As part of the maximum contaminant level (MCL) regulation for radon in 

drinking water, EPA must recommend sampling and analytical techniques to 
insure uniformity and comparability in monitoring and compliance. At a 
minimum, the me~hod(s) recommended must be reliable, available and have an 
acceptable practical quantification level. In addition, easy operation and 
moderate cost are desirable characteristics. There have been several 
techniques developed to measure radon in water. In the Lucas cell method 
(Lucas, 1957), radon is de-emanated from a water sample into a zinc-sulfide 
phosphor-coated chamber where the alpha scintillations occurring as a result 
of radon and its progeny's radioactive decay are counted by a photomultiplier 
detection system. Though the procedure is labor and equipment intensive, it 
is the most sensitive of all of the radon techniques available (0.2 pCi/L for 
a 60 mL sample) (Yang, 1987). Lucas (1964) developed a faster method, later 
modified by Irfam and Read (1981), which uses gamma spectroscopy for 
monitoring radiation from the radon progeny, polonium-214 and bismuth-214. 
The procedure involves minimal sample preparation, but requires large sample 
volumes (1 L) to have a detection limit in the range of 10-100 pCi/L. Alpha 
track detector cups, without tops, have also been used for water storage 
tanks. Radon released from the water is trapped in the inverted cup and 
energy from alpha decay causes sub-microscopic tracks in the plastic material 
in the cup. The tracks are made visible by etching the plastic in a caustic 
soda solution. The number of tracks is counted microscopically. However, the 
method is difficult to calibrate because it depends on how often the toilet is 
flushed (P.B. Hahn, USEPA, Environmental Monitoring System Laboratory - Las 
Vegas, personal communication, 1989). Orme" and Eaton (1986), adapted a method 
used in oceanography, where radon, purged from water, is concentrated on 
activated carbon and subsequently desorbed into a Lucas cell. The method has 
a minimum detection limit of 2.0 pCi/L. 

Perhaps the most promising method for widespread monitoring because of 
its reliability, simplicity and speed (-1 min preparation time) is the liquid 
scintillation technique originally "developed by Pritchard and Gesell (1977). 
In this procedure, a water sample (5 or 10 mL) is injected into a glass vial 
containing a liquid scintillation cocktail. The cocktail consists of a high 
molecular weight organic compound (fluor) and a solvent. The solvent 
originally used was toluene because radon is 12.7 times more soluble in 
toluene than in water and therefore can be readily extracted from a water 
sample into the cocktail (Pritchard and Gesell, 1977). A period of 4 hr after 
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injection is required before the samples can be analyzed to allow secular 
equilibrium to develop between radon and its short-lived progeny. Yhen alpha 
and beta particles created during the decay of these radionuclides strike the 
fluor molecules in the cocktail, they emit light pulses which are counted by 
photomultipliers located in the automated liquid scintillation counter. The 
decay series of radon-222 through polonium-214"yields three alpha particles 
(5.49, 6.0, and 7.69 MeV) and two beta particles with end points ranging from 
0.69 to 3.26 MeV. Liquid scintillation techniques based on measurement of 
these kinds of energetic particles are approximately 100% efficient. 
Detection limits as low as 10 pCi/L (40 min counting time) have been reported 
for this technique (Pritchard and Gesell, 1977). However, recent research by 
Hahn (USEPA Environmental Monitoring Systems Laboratory - Las Vegas, personal 
communication, 1989) indicates that in order to have counting uncertainties 
(2a) of S 10% when measuring samples with low activity (S 500 pCi/L) counting 
times » 100 ~in are required (background counting rate -100 cpm). If the MCL 
for radon in drinking water is set in the range of 500 to 1,000 pCi/L, 
counting times of approximately 60 to 20 min, respectively, would be required 
to achieve a 10% counting uncertainty (2a) (P.B. Hahn, USEPA Environmental 
Monitoring Systems Laboratory - Las Vegas, personal communication, 1989). 

The liquid scintillation technique is the only method allowing relatively 
rapid processing of samples and requiring small sample volumes. These 
advantages are important because compliance with the radon regulation will 
probably necessitate analyzing millions of water samples each year. The 
method has one disadvantage in that it lacks specificity. It will detect any 
alpha or high energy beta~emitting radionuclide soluble in the liquid 
scintillation cocktail. However, this drawback is considered insignificant in 
most groundwater supplies because radon is the primary radioactive contaminant 
soluble in the two-phase cocktails used. 

EPA (1978) has used the liquid scintillation technique in its national 
monitoring programs to determine the distribution of radon concentrations in 
water supplies. Their procedures specify mineral oil as the cocktail solvent 
because toluene cannot be mailed without special handling and can present a 
problem with respect to laboratory safety and disposal. In addition, EPA 
collects samples in volatile organics bottles (VOA) and processes them in the 
laboratory (i.e., injection into the vial containing the cocktail). Though 
the EPA procedure adds an extra step in processing, it avoids widespread 
distribution of syringes. 

There are several ways to calculate the radon present in the original 
sample. EPA (1978) uses the formula: 

A '" 

where: 

(CS - CB) (1000 mL/L) 

(E) (V) (D) 

A '" radon activity in original water sample (pCi/L) 

Cs sample counts per minute (cpm) 
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T 

= background obtained from counting an equivalent volume of 
laboratory grade water in the same scintillation cocktail (cpm) 

- efficiency factor (cpm/pCi) 

= volume of sample analyzed (mL) 

-0.693T/t~ 
= decay correction = e 

- time from sample collection to midpoint of counting time 
(days) 

t~ = half-life of radon-222 (3.82 days) 

The efficiency factor (E) is based on the cpm obtained from counting a 
standard containing a known amount of radon (dpm or pCi). The standard is 
prepared by dissolving a known amount of radiurn-226, the long-lived parent of 
radon-222, in water. After a period of 20-25 days (i.e., 6 half-lives), the 
radium-226 is in secular equilibrium with radon so that a constant amount of 
radon-222 is always present in the vial. 

A series of experiments was conducted to evaluate how certain factors 
affected the liquid scintillation technique results (i.e., radon concentration 
and variability). Factors investigated included: (i) sampling in the field 
with a syringe and immediate injection into the liquid scintillation vial 
versus collection in a VOA bottle and subsequent laboratory processing 
(Sampling Experiment); (ii) storage in VOA bottles (Storage Experiment); (iii) 
groundwater source, sample preparation and instrumentation variability 
(Variability Experiment); (iv) different liquid scintillation cocktails 
(Cocktail Experiment); and (v) extraction of radon into the cocktail 
(Extraction Experiment). 

METHODS AND MATERIALS 

Samples from all of the experiments were collected and analyzed according 
to the procedure outlined in Section 3 with specific modifications noted below 
for each experiment. They were all counted for 10 min using a Beckman LS 7000 
Liquid Scintillation Counter (Fullerton, CA) with windows set at 0-397 
(channel 1) and 397-940 (channel 2). Counts from both channels were used to 
calculate radon activities. A correction for interference was made for each 
sample using an internal cesium-137 source. This procedure is called the 
quench determination and is expressed as an H number (LS 7000 Program Number 6 
- Appendix B). A Beckman tritium (hydrogen-3) instrument calibration 
standard, a radium-226 standard and a field blank (made from double deionized 
water (DOl» were counted at the beginning of each analytical run. Duplicate 
analyses were performed every tenth sample. All glassware used in the 
experiments was cleaned in warm, soapy tapwater, rinsed three times with 
deionized water (Dl), soaked for 1 hr in 10%.Extran (VVR Scientific; Boston, 
MA), rinsed three times with DI, rinsed once with DOl and air dried. 
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The radium stock solution (117.5 pCi/mL) was prepared from a radium-226 
(4.45 nCi/g) standard supplied in a glass ampule by the USEPA Environmental 
Monitoring Systems Laboratory (Las Vegas, NV). 

The contents of the ampule were emptied into a tared beaker and weighed. 
They were subsequently transferred to a volumetric flask with several rinses 
of 0.05M HN03 and dilufed to 200 mL with 0.05H HNOj. This 200 mL dilution was 

used as the stock radium-226 solution. Each radium-226 standard was prepared 

by pipetting 5 mL of the stock and 5 mL of 0.05H HN03 into a 20 mL low 

absorbance glass liquid scintillation vial to achieve a final activity of 
588 pCi. The standards were purged of radon by bubbling nitrogen gas through 

. them for 20 min. 10 mL of liquid scintillation cocktail was slowly added to 
each vial before capping. Additional details of the radon analytical 
technique are given in Section 3. 

Sampling Experiment 

Radon samples were collected from two homes: one in Deerfield, NH (radon 
activity - 46,600 - 57,500 pCi/L) and one in Lee, NH (radon activity = 
1,800-2,700 pCi/L). At each site, aerators on the faucets were removed before 
sampling and 18 samples were collected: 6 were obtained in amber VOA bottles 
fitted with teflon septa using the universal faucet connector (EPA, 1978), 6 
were collected in amber VOA bottles using free falling water (0.15-0.30 m) 
directly from the faucet, and 6 were collected from the faucet connector using 
a 10 mL gas-tight glass syringe fitted with a 13 gauge needle and were 
injected directly into vials containing a cocktail of Liquifluor (40.3 mL/L) 
(New England Nuclear; Boston, MA) in a balance of liquid scintillation grade 
toluene (toluene-based cocktail). For all of the sampling techniques, the 
wa~er flowrate was set at 927 mL/min at Lee and 800 mL/min at Deertield. 
Samples were collected after the water had run for 3 min. The order of 
sampling was integrated, so that immediately after a free fall sample was 
taken, one was collected using the faucet connector, followed by one using the 
syringe. This alternation of sampling methods (free fall, faucet connector, 
syringe) throughout the collection period avoided confounding (time effects) 
in the results. Four field blanks of DDI (2 VOA bottles, 2 direct syringe) 
were collected at the end of each sampling. The entire collection period at a 
given site was performed within 15 min. After filling, VOA bottles were 
checked to ensure that air bubbles were not present. Once in the laboratory, 
10. mL water samples were removed from each VOA bottle using a 10 mL gas-tight 
glass syringe and were injected into a toluene-based cocktail. All samples 
were then analyzed in the liquid scintillation counter as outlined in Section 
3. 

Storage Experiment 

Samples were collected from an abandoned municipal ground water supply in 
Derry, NH (radon activity = 77,477 + 6,512 pCi/L) using 60 mL amber VOA 
bottles filled using the universal faucet connector. A total of 24 water 
samples and 11 DDI field blanks were collected. In addition, 7 samples were 
taken using the direct syringe technique. Immediately, after all of the 
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samples were collected (10 min), aliquots from 2 sample VOA bottles and 1 
blank VOA bottle were taken and added to scintillation vials containing the 
toluene-based cocktail. After returning to the laboratory, these 3 samples, 
as well as the 7 direct syringe technique samples were counted immediately. 
All other sample and blank VOA bottles were returned to the laboratory and 
stored at room temperature (18-22°C). Two sample VOA bottles and one blank 
VOA bottle were processed and analyzed after storage periods of 0.4, 1.0, 3.0, 
5.0, 7.0, 9.0, 11.0, 13.0, 15.0, 17.0 and 21.0 days. 

Variability Experiment 

A hierarchical experiment (Box et al., 1978) was conducted to determine 
the variation in radon activity associated with a groundwater source, sample 
preparation and instrumentation. Fourteen samples were collected at the 
Derry, NH site: 7 using the 60 mL amber VOA bottles and-the universal faucet 
connector with subsequent laborato~y processing and 7 using the universal 
faucet connector and the direct syringe technique. Two subsamples were 
processed from each VOA bottle. A toluene-based cocktail was used for all 
samples. The contents of the vials were analyzed in the liquid scintillation 
counter on 2 consecutive days according to the procedure outlined in 
Section 3. 

Cocktail Experiment 

Six radium-226 standards were prepared using a toluene-based cocktail; 3 
using a cocktail containing Liquifluor (40.3 mL/L) in a balance of mineral oil 
(New England Nuclear; Boston, HA) and 3 using an Opti-Fluor 0 cocktail 
(Packard; Sterling, VA). All standards were prepared on the same day from-the 
same radium-226 stock solution and were analyzed each day for a period of 29 
days, then every 2-3 days for 2 weeks and weekly thereafter for a period of 7 
months. In addition, 6 water samples were collected using the direct syringe 
technique with the universal faucet connector over a period of 20 min using 
each cocktail at both the Derry and Lee, NH sites. As in the Sampling 
Experiment, the order of sampling was integrated. Immediately after a 
toluene-based cocktail sample was taken, one was collected in the mineral oil
based cocktail, followed by one in the Opt i-Fluor O. This ·alternation of 
cocktails used throughout the sample collection period avoided confounding in 
the results. All standards and samples were analyzed as outlined in 

.. Section 3. 

Extraction Experiment 

Three identical sets of four radium-226 standards were prepared using 
each cocktail (toluene-based, mineral oil-based and Opti-Fluor 0): Set A was 
shaken before every analysis; Set B was shaken only on the day the standard 
was prepared; and Set C was never shaken. In addition, 12 samples were 
collected using the direct syringe technique with the universal faucet 
connector over a period of 15 min at both the Derry and Lee, NH sites. Six 
samples of each cocktail from each site were shaken for 1 min immediately 
after collection. All samples and standards were analyzed according to the 
method outlined in Section 3. 
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RESULTS AND DISCUSSION 

Sampling Experiment 

Radon samples are usually collected in th~ field in VOA vials and sent to 
the laboratory for subsequent processing. This avoids distribution of 
syringes and volatile scintillation cocktails, and problems with collection of 
bubbles within the syringe. EPA (1986) recommends filling the bottles with a 
universal connector attached to a faucet without an aerator. In the sampling 
experiment, the direct collection of samples using a syringe from a faucet 
fitted with the universal connector was compared with collection in VOA 
bottles filled directly from the faucet (free fall) or filled using the 
universal connector • 

The results of samples collected at the Lee and Deerfield, NH sites are 
presented in Table 26. At the Lee site, analysis of variance (ANOVA) showed 
that the direct syringe technique yielded significantly higher activity than 
the free fall and universal connector techniques at « = 0.05, but not at « = 
0.02. There was no significant difference between either VOA sampling method 
(<< = 0.05 and 0.10). At the Deerfield site, none of the three methods of 
sample collection were significantly different at «s 0.05 or 0.1. 

Numerically, the direct syringe technique always yielded the highest 
activities of the three methods, while the VOA bottle filled with free falling 
water yielded the lowest. This is not surprising as less sampling handling 
prior to injection into the scintillation vial and less agitation during 
sampling should result in less loss of radon. However, though the VOA 
collection techniques involve extra handling of the sample, they can produce 
results statistically similar to the syringe method. 

The direct syringe technique may be preferred by researchers because it 
has the potential to yield results with the least radon loss and sample 
handling. Its use in compliance monitoring may be limited because of the 
costs and safety problems associated with widespread distribution of gas-tight 
glass syringes and volatile scintillation cocktails. In addition, samples 
taken with syringes must be drawn slowly to avoid cavitation and inclusion of 
air bubbles. Though plastic disposal syringes _may be used, they are not 
designed for air-tight sampling. Thirteen gauge needles are large enough to 
limit these problems with air bubbles, but even experienced persons can still 
have problems completely eliminating them. 

Sample collection with the free falling water must be done carefully at 
low water flowrates (800 to 927 mL/min was used) to insure results comparable 
to the direct syringe method. Splashing water into the bottles at 
substantially higher water flows would probably yield markedly lower results. 
The proper sampling techniques would need to be clearly outlined in any 
sampling procedure supplied with the VOA bottles. Distribution of universal 
faucet connectors would be cumbersome and increase the costs of sampling. 
However, their use insures collection of samples at lower water flowrates. As 
a result, the samples collected using the connector may be more consistently 
representative of the radon activity in a water supply and therefore more 
desirable for compliance monitoring. 
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TABLE 26. SAMPLING EXPERIMENT RADON ACTIVITIES 

Site Direct Syringe Universal Faucet Free Fall 
Connector 

(pCi/L) (pCi/L) (pCi/L) 

Lee, NH 2,360 2,290 2,072 
2,492 2,578 2,338 
2,360 2,261 2,228 
2,440 2,105 2,415 
2,524 2,360 2,198 

* 
2,468 2,314 2,207 

X ± S 2,486 ± 90 2,318 ± 154 2,243 ± 120 

Deerfield, NH 53,349 54,378 46,655 
53,358 52,941 50,313 
54,107 51,252 54,533 
51,441 48,826 46,832 
52,220 51,505 47,985 

S* 
57,446 59,591 50,825 

X± 53,664 ± 2,084 53,082 ± 3,688 49,524 ± 3,008 

*S represents 1 standard deviation. 
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Storage Experiment 

Radon has a relatively short half-life necessitating a minimal storage 
time, especially for samples with activities near the MCL. Most radon 
sampling, conducted to ensure compliance with t.he MCL, will involve collection 
in VOA bottles, transportation (often by mail) and laboratory processing. The 
storage experiment was designed to examine the effect of the length of time 
between collection and laboratory processing on the results obtained. Losses 
of radon in the VOA bottles are caused by radioactive decay and possible 
leakage. The effect of decay is easily predicted based on the half-life of 
radon and the time between sample collection and analysis. The extent of 
leakage is unknown. 

The 7 samples collected initially using the direct syringe technique had 
a mean radon activity and standard deviation of 65,068 + 2,941 pCi/L. These 
samples were used as a basis of comparison for all of the VOA samples. The 
radon activity measured in the samples held in the VOA bottles decreased 
exponentially over time as predicted by radioactive decay (Fig. 100). Vhen 
the results were corrected for the decay which occurred between the time of 
collection and analysis, only 4 samples (3.0, 5.0, 13.0, 17.0 days) had 
activities which were significantly different (~ = 0.05, StT) from those of 
the direct syringe method. (At ~ = 0.02, only 3.0, 5.0 and 13.0 days were 
significantly different.) For the 3.0, 5.0, 13.0 and 17.0 day samples, the 
loss of radon ranged from 8.5 to 16.5%. There was no correlation between the 
length of storage time and leakage, indicating that leakage was probably a 
random function of specific bottles and their assembly or variability in 
sampling rather than storage time (Fig. 101). 

The data indicated that loss of radon from VOA bottles could be a factor 
in some cases, but the loss resulting from radioactive decay has the greatest 
'potential impact on storage time. Vi thin 4 days, 50% of the radon originally 
present will be lost due to decay. For samples containing high levels of 
radon, permissible storage times could be substantial provided that the amount 
remaining at the time of analysis is above the practical quantification level. 
(For example, a sample containing approximately 7,670 pCi/L could be held up 
to 10 days, even with a 20% loss due to leakage, and still contain 1,000 
pCi/L). However, the amount ~f radon in a sample is often not known, so the 
maximum storage time adequate to obtain a valid measurement must be based on 
the MCL. 

Variability Experiment 

The total variability and relative contribution of various sources of 
error within a sampling and analytical procedure can be determined using a 
hierarchical experiment (Box et al., 1978). In the variability experiment, 
samples were collected from a single water source over a 20 min period in 
order to measure the percent relative standard deviation (% RSD) associated 
with variation in the groundwater source, sample preparation and 
instrumentation. The hierarchical experiment was conducted using (i) direct 
syringe sampling and (ii) collection in VOA bottles with subsequent laboratory 
processing. The variation due to sample preparation could not be separated 
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from the variation associated with the instrumentation for the direct syringe 
technique. 

Table 27 shows the total variation and that associated with each phase of 
the process for both sampling methods. T~ere was a significant difference (<< 
= 0.01 and 0.05, StT) between the mean radon content obtained by the two 
methods. The direct syringe technique yielded a significantly higher radon 
activity. This differed from the findings of the sampling experiment where 
the two methods yielded similar results. During the variability experiment, 
the water flowrates were higher which probably resulted in greater loss of 
radon when the VOA bottles were filled. However, as noted in the"sampling 
section, the direct syringe procedure would require the widespread 
distribution of syringes which is not desirable and may offset its 5 to 6% 
higher activities. 

The total variability associated with the two methods was not 
significantly different (<< - 0.05 and 0.10, F test). Total variation of 4 to 
6% as a result of sample handling and instrument variation is not high 
considering the volatile nature of radon. For example, purgeable organics 
analysis for water may have standard deviations as high as 10 to 20% (EPA, 
1984). In an interlaboratory collaborative study using sealed radium-226 
standards, Yhittaker et al. (1987) found within-laboratory average 
repeatability for the liquid scintillation techniques of 3.6 ± 3.0% at 95% 
confidence (18 laboratories). Their data includes variations due to sample 
preparation and instrumentation and agrees with the mean %RSD results shown in 
Table 27. 

For many contaminants, the variability i~ the concentration in the 
environment represents the largest component of the standard deviation. For 
radon, very little variation was due to changes in the water source (0-1.6%) 
over the 20 min sampling period. This may not be true, however, for new wells 
or those sampled over much longer intervals. (F.R. Hall, Unive~sity of New 
Hampshire, Department of Earth Sciences, personal communication, 1988}. Host 
of the variability in the direct syringe method (92.1% of total variance) was 
due to a combination of sample handling and instrumentation. In the VOA 
technique, the variation (as percent of total variance) due to sample 
preparation and instrumentation was 55.5% and 44.5%, respectively. Use_of an 
air inlet needle when removing the sample from the VOA bottle and slow 
injection of the water from the syringe beneath the cocktail's surface are 
essential to having a small variation associated with sample handling. The 
air inlet needle prevents a vacuum from forming when the 10 ml sample is 
withdrawn from the VOA bottle. Tightly capping the scintillation vials and 
wiping their outside walls clean prior to placement in the counter are also 
important steps. 

Cocktail Experiment 

In the original liquid scintillation method developed by Pritchard and 
Gesell (1977), toluene was chosen as the cocktail solvent. The major problems 
associated with use of toluene-based cocktails are mailing restrictions, 
laboratory safety, its volatility and waste disposal. To avoid these 
problems, EPA (1978) prescribed mineral oil as the solvent for the cocktail 
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TABLE 27. ~ESULTS OF THE HIERARCHICAL EXPERIMENT TO MEASURE THE 
VARIABILITY ASSOCIATED WITH THE GROUNDWATER SOURCE, 
SAMPLE PREPARATION AND INSTRUMENTATION 

Sampling Method 

Direct Syringe 

Groundwater Source 

Sample Prep. and 
Instrumentation 

VOA Bottle 

Groundwater Source 
Sample Preparation 
Instrumentation 

Mean 
Activity 
(pCilL) 

64,977 

61,482 

Deviation 
(la) (pCilL) 

3,873 

1,087 

3,717 

3,693 

0+ 
2,752 
2,464 

* 2 2 % of Total Variance a ax laT x 100. 

Mean 
% Relative 

Std. Dev. 

5.96 

1.67 

5.72 

6.00 

0+ 
4.47 
4.01 . 

* % of Total 
Variance 

7.9 

92.1 

0+ 
55.5 
44.5 

ax
2 = the variance due to the groundwater source, sample preparation or 

instrumentation. 

the total variance including groundwater source, sample 
preparation and instrumentation. 

+ Groundwater source deviation much less than those associated with sample 
preparation and instrumentation deviations, so it approaches zero in 
calculations. 
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because it can be transported through the mail without restriction and does 
not require special disposal. Recently, Packard (Sterling, VA) began 
manufacturing Opti-Fluor 0, a cocktail designed for use in radon analysis, 
which can also be sent through the mail and discarded without special 
handling. 

The results of the cocktail experiment (Fig. 102) indicated that all of 
the radium-226 standards approached secular equilibrium within 25 days, as 
predicted by theory. An ANOVA showed that the mean count rates for the 
mineral oil and Opt i-Fluor 0 cocktails were not significantly different (<< _ 
0.05 and 0;10), however, the mean count rate of the toluene-based cocktail was 
significantly less than both of these (<< a 0.05 and 0.01). In addition, the 
tRSD associated with the toluene-based cocktail (3.22%) was greater than those 
of the mineral oil (0.90%) and Opt i-Fluor 0 (1.34%). The H numbers (Appendix 
B) for all of the standards were low (Toluene z 15+1.5, Mineral Oil = 25+2.1, 
Opti-Fluor 0 - 17+2.8) indicating that quenching was not a major factor for 
any of the cocktaIls. All three exhibited good two-phase separation from the 
water, although the mineral oil and Opti-Fluor 0 had small amounts of emulsion 
formation at the interface. 

Vhen the cocktail experiment was conducted using water samples collected 
at Derry and Lee, NH similar results were obtained (Table 28). At« = 0.05 
and 0.01 (ANOVA), the toluene-based cocktail's count rates were significantly 
less than those of the mineral-based and Opt i-Fluor 0, which were not 
significantly different from each other (<< = 0.05 and 0.10). 

In all cases, the toluene-based cocktail yielded significantly fewer 
counts (-10%) than the mineral oil and Opt i-Fluor 0 cocktails. The increased 
counts may have come from radium-226 contained in the small emulsions formed 
at the interface of the water and the Opt i-Fluor 0 or mineral oil-based 
cocktails. To test this hypothesis, an experiment with the cocktail Instagel 
was performed. Since Instage1 forms a single phase gel emulsion with the 
aqueous phase one would expect to obtain counts from radium-226 present in the 
water. Radium-226 standards made with Instagel (Fig. 103) had counts 
approximately 1.6 times greater than the other cocktails. The increased 
counts resulted from radium-226, lead-210, bismuth-21a and polonium-210 which 
emit alpha or beta particles, but are not normally soluble in the toluene, 
mineral oil and Opti-Fluor 0 cocktails. These radionuclides are miscible in 
Instagel and as a result, this cocktail is exposed to additional radioactive 
disintegrations compared to two-phase cocktails (Table 29) (Section 3). 

The count rates obtained for the samples in the toluene-based cocktail 
taken at the Lee and Derry, NH sites were also approximately 10% lower than 
those taken in the mineral oil and Opt i-Fluor 0 cocktails. In these samples, 
radium-226 activity was substantially lower «10 pCi/L) than in the standards 
(588 pCi/L). Therefore, it is unlikely that the radium-226 activities in the 
samples were high enough in the mineral oil-based and Opt i-Fluor 0 emulsions 
to account for the 10% higher count rate. Perhaps, it occurs because they 
have a higher counting efficiency than the toluene-based cocktail. 

The standards containing toluene showed a significant increase in %RSD (<< 
= 0.05 and 0.01, F test) over time compared with the other two cocktails 
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TABLE 28. COCKTAIL EXPERIMENT COUNT RATES AT LEE AN~ DERRY, NH 

Scintillation Cocktail 
Site Toluene-Based Mineral-Oil Based Opt i-Fluor 0 

(cpm) (cpm) (cpm) 

Lee 225±8* 244±9 248±7 

Derry 3,O28±68 3,426±58 3,483±42 

* S represents 1 standard deviation. 
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TABLE 29. RADIONUCLIDES PRESENT IN COCKTAILS YIELDING DISINTEGRATION 

Instagel Mineral Oil, Toluene, Opti-Fluor 0 

Radium-226 Radon-222 

Radon-222 Polonium-218 

Polonium-218 Lead-214 

Lead-214 Bismuth-214 
• 

Bismuth-214 Polonium-214 

Polonium-214 

Lead-210+ 

Bismuth-210+ 

Polonium-210+ 

Lead-210 low energy beta disintegrations will be counted at a 50-90% 
efficiency in a lower energy window (P.B. Hahn, USEPA Environmental 
Monitoring Systems Laboratory - Las Vegas, personal communication, 1989). 

+These radionuclides are not in secular equilibrium with radium-226. 

--------------------------
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possibly because of volatilization of the cocktail. A 1-2 mL decrease in 
volume was observed in some of the scintillation vials stored in the 
laboratory over a period of 100 days in spite of the fact that they were 
tightly capped. This represents a loss of 10-20% of the cocktail indicating 
that toluene-based standards may have a limited shelf life. Others have 
reported that the mineral oil~based cocktail also has a limited life because 
by chemical reaction or some other means it degrades to a yellow color which 
in turn causes photodegradation and thus a reduction in light quality (R. 
Velten, USEPA Environmental Monitoring Support Laboratory - Cincinnati, 1987). 

The choice of a cocktail may be influenced by other factors such as cost, 
disposal and mailing restrictions. Opt i-Fluor 0 is the least expensive 
($6.50/L), followed by the toluene-based ($8.50/L) and the mineral oil-based 
($31.00/L) cocktails. The overall cost of the toluene-based cocktail is 
higher (-$12.00/L) when the disposal fees and special mailing requirements are 
included because toluene is an EPA listed hazardous material. Opt i-Fluor 0 
appears to provide the highest efficiency with the lowest variability and 
cost. 

Extraction Experiment 

The EPA procedure (1978) for analyzing radon in water requires that the 
capped vial containing the cocktail and water sample (or standard) be shaken 
for 1 min. This step is used to speed the extraction of the radon from the 
water into the eocktail while radionuclides, such as radium and uranium remain 
in the aqueous phase. The vial is held for 4 hr prior to counting to allow 
the short-lived progeny of radon to come to secular equilibrium so that a 
constant number of disjntegrations will be occurring during analysis. The 
extraction experiment was conducted with each cocktail, to test the need for 
shaking, however the results from different cocktails should not be compared 
as they were prepared at different times. 

The results for the standards with all of the cocktails had the expected 
increase in count rate over time as radon and its progeny came to secular 
equilibrium with radium-226 (Figures 104, 105 and 106). In all cases, there 
were only small differences in the count rates obtained for the standards 
regardless of whether or not they were shaken daily. If the extraction 
procedure was correct, the standards never shaken or shaken only on the first 
day should have had count rates approaching background. The data suggest that 
transfer of radon to the cocktail is continuous: The same pattern was 
observed for the samples taken at Lee and Derry (Table 30). 

Though there were not large discrepancies between the count rates of the 
standards and samples as a result of shaking, there were statistically 
significant differences (Tables 31 and 32). However, there was no clear 
pattern emerging from these data. For the standards, the differences observed 
for each cocktail may be due to variations during preparation. The greatest 
contributors to variation in standards are pipetting, pipette rinsing and air 
stripping. During each of these steps, even with proper radiological 
techniques, small amounts of radium may be lost leading to variation in the 
count rates obtained. This is especially true for the bubbling of the 
standard which is difficult to regulate properly and consistently. Use of 
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TABLE 30. MEAN COUNT RATES OF EXTRACTION EXPERIMENT AT LEE 
AND DERRY, NH . 

Site Toluene-Based (cpm) 
Never Shaken Shaken 

Mineral Oil-BaSed (cpm) 
Never Shaken Shaken 

Opt i-Fluor 0 (cpm) 
Never Shaken Shaken 

Lee, 274±12 2B9±6 240±7 2BB±10 254±14 

Derry, 5,6B4±103 5,649±10B 4,17B±59 4,3BO±49 4,212±4B 

2B3±11 

4,439±30 

* Comparisons should not be made among cocktails as they were sampled on 
different days. 

TABLE 31. STATISTICAL DIFFERENCES BASED ON MEAN COUNT RATES 
OF STANDARDS FOR EXTRACTION EXPERIMENT . 

Cocktail 

Toluene-Based 

Mineral Oil-Based 

Opt i-Fluor 0 

* Statistical Relationship 

Shaken Daily .+ Never Shaken 
Shaken Daily < Never Shaken 

Shaken Daily < Shaken Initially 
Never Shaken < Shaken Initially 

Shaken Initially. Never Shaken 
Shaken Initially < Shaken Daily 
Never Shaken < Shaken Daily 

Never Shaken • Shaken Daily 
Shaken Daily E Shaken Initially 
Never Shaken. Shaken Initially 

Significance Level 
ex 

0.05 
0.10 

0.05 & 0.01 
0.05 & 0.01 

0.05 & 0.10 
0.05 & 0.01 
0.05 & 0.01 

0.05 & 0.10 
0.05 & 0.10 
0.05 & 0.10 

* As assessed by Scheffe analysis which was used because variances were not 

homogeneous. 

+ .: not significantly different at·ex specified. 
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TABLE 32 STATISTICAL DIFFERENCES BASED ON MEAN COUNT RATES 
OF SITES FOR EXTRACTION EXPERIMENT 

Site Cocktail Statistical R~lationship 

Lee, NB Toluene-Based Never Shaken < Shaken 
Never Shaken + Shaken iI 

Mineral-Oil Based Never Shaken < Shaken 
Opt i-Fluor 0 Never Shaken < Shaken 

Derry, NB Toluene-Based Never Shaken iI Shaken 
Mineral Oil-Based Never Shaken < Shaken 
Opti-Fluor 0 Never Shaken < Shaken 

* As assessed by S~udent's t test. 

+ .: not significantly different at « specified. 
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0.05 
0.02 
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multiple point standard curves in the calculation of sample activities will 
help to overcome the effects of these variations in preparation. An 
interlaboratory QA/QC program is essential to insure that results obtained at 
different laboratories are comparable. 

The data for the field samples collected at Lee and Derry indic~te that, 
though extraction via shaking is not essential for radon transfer to the 
cocktail, it does yield significantly higher mean count rates (~ 20%) for all 
cocktails. The extraction procedure for samples should be used to maximize 
the rate of transfer of radon to the cocktail phase. 

The extraction experiment results have repercussions with respect to the 
calculation of the efficiency factor, -E, (cpm/pCi) used to determine the radon 
activity in the samples (eq. 12). Extraction procedure (EPA, 1978) predicts 
that once radon-222 in the standards is in secular equilibrium with radium-226 
in the aqueous phase, a known amount of radon is available to be extracted 
into the cocktail, but can only be transferred by shaking. In that case, the 
time between extraction (shaking) and analysis for the standards would 
determine the amoUnt of radon and its progeny and hence, the number of 
disintegrations (dpm) occurring in the cocktail at the time of counting. 

For example, if a standard containing ~87 pCi of radium-226 were in 
secular equilibrium with radon-222, it would contain 587 pCi of radon. 
According to the procedure, all of the radon would remain in the aqueous phase 
until extraction. Immediately, after shaking nearly all of the 587 pCi of 
radon would be transferred to the cocktail. After 4 hr, the radon in the 
cocktail would be in secular equilibrium with its short-lived progeny. Based 
on the data from the extraction experiment, the count rate in the standard at 
4 hr would be 5,400 and the net count rate would be 5340 (i.e., 5400 - 60 cpm 
for the blank). After 4 hrs, 2.98% of the original radon in the cocktail 
would decay away and not be regenerated from the aqueous phase, so only 569.5 
pCi would be present when the analysis was performed. The efficiency factor 
is therefore 5,340 cpm/569.5 pCi = 9.38 cpm/pCi (equivalent to 5,340 
cpm/1,264.3 dpm where 1 pCi = 2.22 dpm). 

A similar calculation could be made if the standard were counted 24 hr 
after shaking. Based on the data from the extraction experiment, the count 
rate obtained would still be approximately 5,340, but the radon activity 
remaining in the cocktail according to the theory would have decayed to 489.7 
pCi (83.4% of the original 587 pCi). Hence, the efficiency factor would be 
10.90. 

The effect of this change can be demonstrated by examlnlng eq. 12. 
According to the extraction procedure, a 10 mL sample yielding a net 89 cpm 
(sample cpm - background cpm) and counted 12 hr after collection would contain 
1,038 pCi/L assuming only 4 hr elapsed between shaking and counting of the 
standard, whereas the sample would be calculated to contain 894 pCi/L if the 
standard were counted 24 hr after shaking. However, in reality the actual 
radon activity would be 1,071 pCi/L based on the findings of the extraction 
experiment (i.e., the efficiency factor of the standard would remain 5,340 
cpm/587 pCi or 9.10 cpm/pCi regardless of when the standard is counted). If 
the MCL for radon was set at 1,000 pCi/L, such a difference might be crucial. 
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Thus, if extraction principles are applied to standards, efficiency factors 
would be inflated leading to an underestimation of actual radon activities in 
the samples. This error would be especially critical for samples at or near 
the MCL. 

Finally, it is important to analyze radium~226 standards (at secular 
equilibrium) during every sample run. As shown in Figures 104-106, the count 
rate obtained from standards analyzed on consecutive days using the same 
liquid scintillation counter may vary by as much as 5%. Preparation of a 
calibration curve based on radium-226 standards of various activities analyzed 
during each liquid scintillation counter run may also provide a better 
conversion of cpm to pCi. This is especially significant when samples with a 
variety of radon activities are analyzed • 

• 

227 

. 
• 

- -. 



REFERENCES 

APHA, AVYA and VPCF. Standard Methods for the Examination of Vater and 
Vastewater. (16th edition) APHA, Vashington, D.C. (1985). 

Bean, J.R., et. al. Zeta Potential Measurements in the Control of Coagulation 
Chemical Doses. Jour. AVYA, 56:2:214 (1964). 

-Bourbigot, M.M., et al. Treitement Biologique de l'Eau Potable. Mesure de 
l'Activite Materiaux Filtrants. Techniques et Sciences Municipales -l'Eau, 
12:639 (1989). 

Box, G.E. et al. Statistics for Experimenters. John Viley and Sons, N.Y. 
(1978). 

Camper, A.K., et al. Bacteria Associated with Granular Activated Carbon 
Particles in D.rinking Vater. Appl. Environ. Microbiol., 52:3:434 (1986). 

Camper, A.R., et al. Growth and Persistence of Pathogens on Granular 
Activated Carbon Filters. Appl. Environ. Microbiol., 50:6:1378 (1985). 

Camper, A.K., et al. Operational Variables and the Release of Colonized 
Granular Activated Carbon Particles in Drinking Vater. Jour. AVYA, 79:5:70 
(1987). 

Castren, O. et al. High Natural Radioactivity of Bored VeIls as a Radiation 
Hygenic Problem in Finland. 4th IntI. Congress Radiation Protection Assn., 
Paris, France (1977). 

Cothern, R.C. 
Their Costs. 

Analytical Methods for Radionuclides in Drinking Vater and 
Proc. AVYA Annual Conference, St. Louis, MO (June 14, 1987). 

Cotton, F.A. and Vilkinson, G. Advanced Inorganic Chemistry. (4th ed.), 
Viley and Sons, New York (1980). 

Crittenden, J.C., et al. Design of Rapid Fixed-Bed Adsorption Tests for 
Nonconstant Diffusivities. Jour. Env. Eng. (ASCE), 113:2:243 (1987). 

Cummins, M.D. Removal of Radon from Contaminated Ground Vater by Packed 
Column Air Stripping. USEPA Draft Report, Office of Drinking Yater, Technical 
Support Division. Cincinnati, OH (1987). 

Dixon,K.L. and Lee, R.G. Radon Survey of the American Vater Vorks System; 
Radon in Ground Vater. Lewis Publishers, Chelsea, MI (1987). 

228 

, , 



Dixon, K.L. and Lee, R.G. Occurrence of Radon in Yell Supplies. Jour. AYVA, 
80:8:65 (1988). 

Dixon, K.L. and Lee, R.G. Radon in Ground Yater Supplies. YV Jour,:44, 
(June, 1989). 

Eckenfelder, Y.Y. Industrial Yater Pollution Control. (2nd edition) 
McGraw-Hill, New York (1989). 

EVans, R.D. Engineers Guide the Elementary Behavior of Radon Daughters. 
Health Physics, 17:229 (1969). 

Faust, S.D. and Aly, O.M. Adsorption Processes for Yater Treatment. 
Butterworths, Boston, HA (1987). 

Federal Register. Yater Pollution Control; National Primary Drinking Yater 
Regulations; Radionuclides; Advanced Notice of Proposed Rulemaking. 51:189 
(Sept. 1986). 

Graese, S.L., et al. Granular Activated Carbon Filter Adsorber Systems. 
Jour. AYVA, 79:12:64 (1987). 

Hess, C.T., et al. The Occurrence of Radioactivity in Public Yater Supplies 
in the United States. Health Physics, 48:5:553 (1985). 

Hoather, R.C. and Rackham, R.F. Some Observations on Radon in Yaters and Its 
Removal by Aeration. Proc. Inst. of Civil Engrs., London, England (1962). 

Irfam, M. and Read, J.H. Low-Level Activity of 226Ra in Yaters Measured with 
a 3x3 inch NaI(Tl). Nuclear Instrument and Methods, 179:389 (1981). 

Jelinek, R.T. and Sorg, T.J. Operating a Small Full-Scale Ion Exchange System 
for Uranium Removal. Jour. AYVA; 80:7:79 (1988). 

Johnson, Edward E. Inc. Ground Yater and Yells. St. Paul, HN (1975). 

Kavanaugh, M.C. and Trussell, R.R. Design of Aeration Towers to Strip 
Volatile Contaminants from Drinking Yater. Jour. AYVA, 72:12:684 (1980). 

Keene, B. and Rydell,S. "CARBDOSE. BAS Version 2.0." USEPA Region 1. 
Boston, MA (1988). 

Longtin, J.P. Occurrence of Radon, Radium, and Uranium in Groundwater. Jour. 
AYVA, 80:7:84 (1988). 

Lowry, J.D. and Brandow, J.E. Removal of Radon from Groundwater Supplies 
Using Granular Activated Carbon or Diffused Aeration. University of Maine, 
Orono. (July 1981). 

Lowry, J.D. Design of a GAC Yater Treatment System for Radon. Proc. ASCE 
Environ. Engg. Conf., Boston, MA (July 1985). 

.-

229 

• , 



Lowry, J.D. and Brandow, J.E. Removal of Radon from Yater Supplies. Jour. 
Env. Eng. (ASCE), 111:4:511 (1985). 

Lowry, J.D., et al. Point-of-Entry Removal of Radon from Drinking Yater, 
Jour. AiVA, 79:4:162 (1987). 

Lowry, J.D. and Lowry, S.B. Modeling Point-of-Entry Radon Removal by GAC. 
Jour. AiVA, 79:10:85 (1987). 

Lowry, J.D. and Lowry, S.B. Radionuclides in Drinking Yater. Jour. AiVA, 
80:1:50 (1988). 

Lowry, J.D., et al. New Developments and Considerations for Radon Removal 
from Yater Supplies. Proc. USEPA Symposium on Radon and Radon Reduction 
Technology, Denver, CO (Oct. 1988). 

Lucas, H.F. Improved Low Level Alpha Scintillation Counter for Radon. Rev. 
Scient. Instrum., 28:680 (1957). 

Lucas, H.F. A Fast and Accurate Survey Technique 
Radium-226. in The Natural Radiation Environment. 
Press, Chicago, IL (1964). 

for Both Radon-222 and 
University of Chicago 

Malcom Pirnie, Inc. Aeration Alternatives for Radon Reduction. Addendum to 
Technologies and Costs for the Removal of Radon from Potable Yater Supplies. 
Unpublished Report to USEPA (Yashington, DC) (1988). 

Montgomery Consulting Engineers, Inc. Yater Treatment Principles and Design. 
John Yiley and Sons, New York (1985). 

Netzer, A. and Hughes, D.E. Adsorption of Copper, Lead and Cobalt by 
Activated Carbon. Yater Res., 18:8:927 (1984). 

New Hampshire Radiological Health Program. New Hampshire Rules for Control of 
Radiation. Division of Public Health Services. Concord, NH (April 1983). 

Orme, E.D. and Eaton, A.D. Experience in Developing Procedures for Radon 
Analysis of Natural Yaters and Results of a Groundwater Monitoring Program. 
AiVA Yater Quality Technology Conference, Baltimore, MD (Nov. 1987). 

Perkins, Y.D. and Hewett, J.C. 
Aeration in Steep Falls, Maine. 
1988). 

Full Scale Removal of Radon Gas by Diffused 
Proc. AiVA Annual Conf., Orlando, FL (June, 

Perry, R.H. and Chilton, C.H. Chemical Engineers Handbook (5th ed.). McGraw 
Hill, New York (1973). 

Prichard, H.M. and Gesell,T.F. 
Yater with a Commercial Liquid 
33:12:577 (1977). 

Rapid Measurements of 222Rn Concentrations in 
Scintillation Counter. Health Physics, 

230 



Prober, R., et al. Interaction of Activated Carbon with Dissolved Oxygen. 
AIChE. Jour., 21:6:1200 (1975). 

Reed, D.F. Radon Treatment for a Maine Public Yater Supply. SEA Consultants, 
Cambridge, MA (1989). 

Reid, Y.R., Lassovszky, P., and Hathaway, S. Treatment, Yaste Management and 
Cost for Removal of Radioactivity from Drinking Yater. Health Physics, 
48:5:671 (1985). 

Rubin, A.J. 
Solution by 
Interfaces. 

and Mercer, D.L. Adsorption of Free and Complexed Metals from 
Activated Carbon; Adsorption of Inorganics at Solid Liquid 

Ann Arbor Science Publishers, Ann Arbor, MI (1981). 

Schroder, E.D. Yater and Yastewater Tre~tment. McGraw-Hill, New York (1977). 

Sherwood, T.R. and ,Holloway, F.A.L. Performance of Packed Towers-Liquid Film 
Data for Several Packings. Trans. Am. Inst. Chem. Eng., 36:39 (1940). 

Snoeyink, V. Control Strategy - Adsorption Techniques; Occurrence and Removal 
of Volatile Organic Chemical from Drinking Yater. AYVA Cooperative Research 
Report, Denver, CO (1983). ' 

Sorg, T.J. Methods for Removing Uranium from Drinking Yater. Jour. AYVA, 
80:7:105 (1988). 

Sorg, T.J. and Logsdon, G.S. Treatment Technology to Meet Interim Primary 
Drinking Yater Regulations for Inorganics: Part 2. Jour. ~YVA, 70:7:379 
(1978). 

Stumm, Y. and Morgan, J. Aquatic Chemistry (2nd ed.). John Yiley and Sons, 
New York (1981). 

USEPA. Handbook for Analytical Quality Control 'in Yater and Yastewater 
Laboratories. EPA-600/4-79-0l9, Environmental Monitoring and Support 
Laboratory, Cincinnati, OH (March 1979). 

USEPA. Prescribed Procedures for Measurement of Radioactivity in Drinking 
Yater. EPA-600/4-80-032 (August 1980). 

USEPA. Manual of Methods for Chemical Analysis of Yater and Yastes. 
EPA-600/4-79-020, Environmental Monitoring and Support Laboratory, Cincinnati, 
OH (March, 1983). 

USEPA. National Inorganics and Radionuclides Survey Sampling Instructions -
Radon. OMB #-2040-0055. (1986). 

USEPA. Removal of Radon from Household Yater. OPA-87-0l1. (Sept. 1987). 

USEPA. Status of the Radionuclides Proposal. Office of Drinking Yater. 
(Jan. 1989). 

231 

, , 



Victoreen, Inc. Operating Instructions TRYAC IV Survey Meter Model 290. 
Cleveland, OR (1985). 

Vitz, E. Preliminary Results of a Nationwide Vaterborne Radon Survey. Proc. 
USEPA Symposium on Radon and Radon Reduction Technology. Denver, CO (Oct. 
1988) . 

Veber, V.J., Jr. Physiochemical Processes for Vater Quality Control. John 
Viley and Sons, New York (1972). 

Vilcox, et al. Microbial Growth Associated with Granular Activated Carbon in 
a Pilot Vater Treatment Facility. Appl. Environ. Microbiol., 46:2:406 (1983). 

Vhi t taker , E.L., et al. Two Test Procedures for Radon in Drinking Vater. 
Interlaboratory Collaborative Study. EPA 68/03/3249. (Sept. 1987). 

Yang, I.C. Sampling and Analysis of Dissolved Radon-222 in Surface and Ground 
Vater. Radon in Ground Vater. Lewis Pub., Ann Arbor, MI (1987). 

232 

, 
1 



APPENJIX A 

Dm.Y AVFPJGE ANALmC'llL PREcrSICN AID NJJJRN::[ 

Analysis pH 

Date * Sx %RS)+ 

7-28-88 0.03 <1 
8-2lH!8 0.04 <1 
8-25-88 0.02 <1 
8-26-88 0.01 <1 
8-29-S1 0.01 <1 
8-3Q..88 0.02 <1 
9-1-88 0.03 <1 
9-2-88 0.01 <1 
9-15-88 0.05 1 
9-ll...a9 

8-4-87 0.01 <1 
8-7-87 0.01 <1 
8-1O-a7 0.04 <1 
8-12-87 0.01 <1 
8-14-87 0.02 <1 
8-18-87 0.04 <1 
8-2O-a7 0.00 <1 
9-1-87 0.10 1 
9-3-87 0.02 <1 
9-4-87 0.07 1 . 
9-9-87 0.01 <1 
9-1O-a7 0.02 <1 
9-ll-87 0.05 <1 

-------- _._-_ .... - .. 

IlIFFUSED BUBBlE 

Alkalinity 'l\Jrbidi ty 
(oWL as Caal3) (NlU) 

Sx %RSD Sx %RSD 

1.27 2 5.3 IIJ 
0.63 1 0.01 8 
0.00 0 0.09 13 
0.96 3 0.06 2 
7.00 8 0.02 II 
0.95 3 0.1lI 1 
2.23 4 0.67 25 
1.20 2 0.01 4 
2.33 4 0.03 2 

PACKID 'ro.IER 

0.00 0 
0.17 1 
0.27 1 
0.17 <1 
0.54 2 
0.54 2 
0.00 <1 
0.06 <1 
0.00 <1 
1.43 6 
0.00 <1 
0.18 <1 
0.17 <1 

0.00 
0.01 
0.01 
0.01 
0.05 
0.00 
0.00 
0.00 
0.02 
0.01 
0.00 
0.00 

( cattirrued) 
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<1 
17 

4 
21 
51 
0 
0 

1.2 
38 
25 
0 
0 

Hn Fe 
(oWL) (n~;lL) 

Sx Sx 

0.01 0.02 

Hn Fe 

'1J!.Ff:.** '1J!.Ff:. 

llO 109 

----.., 
_-. i 



PAO<ID 'lUWER (coo. timJed) 

Analysis IiI Alkalinity Turbidity Hn Fe Hn Fe 

* %RS)+ 
(ng/L as CaCX)3) (Nru) (JJK/L) (JJK/L) 

"IR1:-** rate S Sx %RS) Sx %RSD S Sx "IR1:-x -. x 

1-30-88 0.02 <l. 0.00 <l. 0.06 18 
2-3-88 0.02 <l. 0.23 <l. 0.01 8.4 
2-~ 0.02 <l. 0.37 2 0.01 12 
2-21-81· 0.00 0.00 124 ll3 
2-24-81 0.00 0.00 84 88 
6-14-81 0.01 0.01 107 98 
6-17-81 0.01 0.01 100 95 

GAC SYSl'EMS 

Analysis IiI Alkalinity Turbidity Hn Fe Hn Fe 

S/ %RS)+ 
(ng/L as ~) (Nru) (ng/L) (ng/L) 

"IR1:-** rate Sx Sx .%RS) Sx Sx "IR1:-

lO-~ 2.12 9 0.00 0 
ll-30-S6 - 0.35 1 0.26 14 
12-4-a6 0.01 <l. 0.22 1 0.10 3 
12-ll..a6 0.02 <l. 0.62 3 0.04 8 
12-lB..a6 0.04 <l. 0.15 1 0.01 13 
1-7-87 0.01 <l. 0.18 1 0.04 13 
1-16-87 0.02 <l. 0.27 1 0.05 18 
1-24-87 0.02 <l. 0.09 <l. 0.00 0 
1-29-87 0.01 <l. 0.29 1 0.01 6 
2-9-87 0.01 <l. 0.29 1. 0.02 1 
2-ll-87 0.02 <l. 0.59 2 0.01 10 
2-18-87 0.02 <l. 0.71 3 0.01 2 
2-25-87 0.05 1 0.35 2 0.01 15 
3-4-87 0.02 <l. 0.59 2 0.10 18 
3-ll-87 0.03 <l. 0.41 1 0.03 13 
3-13-87 0.01 0.01 136 205 
3-16-87 0.01 0.01 llO 142 
3-17-87 0.00 <l. 0.00 0 0.00 0 
4-14-87 0.04 1 0.00 0 0.01 17 
5-13-87 0.02 <l. 0.00 0 0.01 15 
6-ll-87 0.05 1 0.18 1 0.00 0 
6-15-87 0.00 0.01 75 90 
6-16-87 0.00 0.01 83 90 
6-17-87 0.00 0.01 97 90 
6-21-87 0.01 0.01 81 106 
6-25-87 0.00 0.01 89 80 

( coo.tirrued) 
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GN; SYmMS (cmtimJed) 

Analysis !Xi Alkalinity Turbidity Hn Fe 

Sx* %RSI)+ 
(~lLas ~) (NlU) (~IL) (~/L) 

rate Sx Sx %RSI) .. Sx Sx 

7-1-a7 0.01 <l. 0.25 1 0.00 0 
7-2-a7 0.01 <l. 0.53 2 0.00 0 
7-7-a7 0.01 <l. 0.14 2 0.00 0 
7-16-87 0.04 1 0.35 2 0.00 0 
8-4-87 0.05 1 0.35 2 0.00 0 
8-6-87 0.01 0.01 
8-11-a7 • 0.00 0.01 
8-13-87 0.04 1 0.36 2 0.00 0 0.00 0.00 
9-14-a7 0.04 1 0.00 0 0.00 0 
9-17-a7 0.00 1 0.00 0 0.00 0 
1-28-88 0.14 2 0.40 1 0.01 15 
1-29-a8 0.03 4 0.50 1 0.01 11 

* Sx is the average starxlard deviatitn. 

+ %RSI) is the average perce1t relative starxlard deviatitn. 
** "InC is the average perce1t recovery. 
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RADON 

The analytical precision, as % relative standard deviation (%RSD), 
was calculated several times during the course of the project. This was done 
by counting different blanks and standards three consecutive times in the 
liquid scintillation counter. The % RSD data are shown below: 

Sample X (pCi/L) S (pCi/L) % RSD x 

Blank 83.2 3.3 3.9 
Blank 99 4.4 4.4 
Blank 98 4.0 4.1 
Blank 57 2.2 3.9 
Blank 56 3.6 6.4 
Standard 3,028 168.4 5.6 
Standard 4,019 230 5.7 
Standard 4,921 58 1.2 
Standard 5,195 35 0.7 
Standard 4,994 126 2.5 
Standard 4,902 159 3.2 
Standard 4,902 159 3.2 
Standard 4,921 58 1.2 

The percent % 
usually < 6%". 
these samples 
the source as 

RSD, as shown in Section 8, for the scintillation counter is 
Duplicate samples were also run every tenth sample, however, 

were taken consecutively and therefore, reflect variability in 
well as the analysis. 

236 



~ 
"" > 
0 
u 
"" a:: 
I-
z 
"" u a:: 
"" 0.. 

>-a:: 

~ 
u 
L..I 
a:: 
I-z 
L..I 
u a:: 
"" 0.. 

150 

1-40 a dl a a UCl - DI5 

130 -- a ac 
ac 

120 a 

1 10 
00 a a a a a a 

a a ~- 102 
lOa 

90 

ecce c a CDC 
a 

'h a c dl cPom D 
D 

D D a D -
D a ac a a D a D 

80 -t- ac ace 

70 
p a a a a 

LCL .. 68 D a 

-60 

50 
a 

180 

10 20 JO 

a a 
a 

a 

50 60 70 

SAIoIPU: NUMBER 

160 _vet -..15a 

HO a a 
c a 

120 001 a a 
a D 

ac 0 ~ _ 105 0 
a 

a 0 aD 

100 ... aaaa a a ao a 
a a a em a a a D a a CDC D 

80 CD D a a .a 
a a D a 

D a a CD 
D a 

a a 
60 a LCL .. 53 

D a 
-40 

o 10 20 .:50 50 60 70" 

SAIoIPU: NUMBER 

eo 

b 

a 
a 

a 

80 

90 

90 

Figure AI. Mont Vernon, NH GAC system. Control charts 
for accuracy. (a) Iron and (b) manganese. 

237 



0.100 

0.090· a 

0.080· 
UCL = 0.08 

0.070 ...... 
...J 0.060 ....... 
'" UWL - 0.05 E 0.050 ....... 
z 

0.0-40 0 go 
0.030 a 

0.020 a a 

0.010 a a a ao a 
0.000 

0 10 20 30 

SAMPlE NUt.lBER 

0.100 

0.090 b . 
0.080 

...... 
...J 0.070 ....... 
'" E 0.060 ....... 

11t"l .. n nil . 
1&.1 

0.050 III 
1&.1 

~ 0.0-40 UWL- 0.04 

~ 
::::I: 

0.030 

0.020 a a 

0.010 'r a a a 0 a a a 

0.000 
o 10 15 

SAMPlE: NUMBER 

Figure A2. Mont Vernon, NH GAC system. Control charts 
for precision. (a) Iron and (b) manganese. 

238 



1!50 a 
1-40 _UC1. ". 13B 

a 

130 

~ 
a 

10.1 120- a 

~ 
a 

110- a 
c.J t- 102 10.1 II 
a:: 100- II 
~ II a II z 90- a aa 10.1 II c.J II a a:: BO II II II 
10.1 
C1. II 

70 LCL.a 65 

60 

50 
0 10 20 

SANPLE NUMBER 

Figure A3. Amherst, NH GAC system. Control charts 
for accuracy. (a) Iron and (b) manganese. 

239 

, , 



,... 
...J 
........ 
01 
E 
~ 

z 
0 
!!i 

0.100 

0.090 

O.OBO 

0.070 

0.060 ·r 
0.050 

0.040 . 
0.030 

0.020 

0.010 

0.000 
a 

0.100 

0.090 

0.080 
'::j' 
........ 0.070 
01 

E 0.060 

0.050 

0.040 

0.030 

0.020 

0.010 

0.000 

· 

· 
· 

a 

a a 

a 

C 

UCL" 0.08 
.. 

UWL - 0.05 

a a 

a a a 

a 

a a a a a a a 

5 

Ilrl - Cl1l6 

UWL - O.O~ 

C c 

5 

10 

SAMPLE NUMBER 

a 

a c c 

SAMPLE NUMBER 

15 

c a 

10 

a 

a 

a 

20 

b 

c a c 

15 

Figure A4. Amherst, NH GAC system. Control charts 
for precision. (a) Iron and (b) manganese. 

240 

, , 



~ ... 
i; 
<.J ... 
a:: 
I-
Z 
LU 
<.J 
a:: ... a. 

& 
~ 
<.J 
LU 
a:: 
I-

i3 
<.J 
a:: ... 
a. 

150 

1<W · 
1:30 · 
120 · 
110 · 
100 

90 

80 

70 

60 

50 
o 

160 

160 

140 · 

120 

100 

BO r 

60 · 

a c 

c 

a 

'" a 
--.U.C1. - i:3f1 

.. 
a a 

a c 
~ X' - 102 

a a 

Let,. 68 

:; 10 15 

SAMPlE NUMBER 

b 
.' 

UCl - 158 

o· 

a a a a 
a -y _ 105 

u 
a 

LCL'"' 5:3 

5 10 15 

SAMPLE NUMBER 

Figure AS. Diffused bubble aeration. Control charts 
for accuracy. (a) Iron and (b) manganese. 

241 

, , 



...... 
...J 
....... 
'" E ....... 
z 
0 
!!: 

-:i' 
....... 
'" E 
w 
<II w z 
~ z 
~ 

0.100 

0.090 

0.080 

0.070 ~ 

0.060 · 
0.050 

0.0"10 

0.0.30 · 
0.020 

0.010 

0.000 
a 

0.100 

0.090 

0.080 

0.010 

0.060 

0.050 

0.0"10 

0.030 

0.020 

0.010 

~ 

· 
· 

0.000 
o 

a 

a 

a a 

a a 

a 

a 

UCl = Q.Of; 

_lffll. - 0.04 

" 

UCl" 0.08 
-. 

UWL - 0.05 

a. 

a a a a 

10 

SAMPlE NUt.lBER 

. 

a 

a 

a 

a 

15 

a aa a aaaaaaaa 

10 15 20 

SAMPLE NUMBER 

a 

a 

a 

a 

20 

b 

aa 

25 

Figure A6. Diffused bubble aeration. Control charts 
for precision. (a) Iron and (b) manganese. 
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Figure A7. Packed tower aeration. Control charts 
for accuracy. (a) Iron and (b) manganese. 
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APPENDIX B 

SUMMARY OF LIQUID SCINTILLATION COUNTER PROGRAM 

The program outlined below was obtained from the operations manual for 
the Beckman (Fullerton, CAl LS 7000 liquid scintillation counter used in this 
research project. It is library program #6 for this instrument. 

Unmodified Count Time 10 min 

Channels Counted Lower Limit Upper Limit 

* 1 2.0017%* 0 397 
2 2.0017% 397 940 

Sample Channels Ratio No 

H Number Calibration ** 1 time (in channels 1 & 2) 

Automatic Ouench Compensation Yes 

Data Printout Units cpm 

* 2.0017% = 200/IN where N = total number of counts obtained at the time of 
calculation. 

** The H-number quantifies quench and indicates the effect of interferences on 
the counting efficien~y. Automatic quench compensation uses an internal 
cesium-137 source to generate an H-number for each sample, which the liquid 
scintillation counter uses to adjust the count rate generated in . 
correspondence to the quenching. 

;245 



APPENDIX C 

METHODS OF CALCULATION OF LEAD-210 ADSORPTION 

I. Calculation of Lead-210 activity from gamma counter data using channels 
89-96. 

A, _ Net Peak Counts 
- (t) (m) (E) (I ) 

g 

where A' = activity (dpm/g GAC dry weight) 

A = A' 

where 

Net Peak Counts = (Adjusted Peak Counts - Adjusted Compton Counts) 

Adjusted Peak - (Sample Peak - Background Peak) 
Counts Counts Counts 

Adjusted Compton - (Sample Compton - Background Compton) 
Counts Counts Counts 

t = time sample counted (min) 

m = mass of sample (g) 

E - efficiency factor based on counts obtained from Lead-210 
standard sorbed to equivalent volume of virgin GAC (cpm/dpm) 

Ig = 0.04 = amount of Lead-?IO emissions which are gamma radiation 

I pCi 
2.22dpm 

1,000 g 
kg 

A = pCi Lead-210 measured 
kg GAC (dry weight) 

II. Calculation of theoretical Lead-210 accumulated on the GAC. 

Assumptions: 

(i) 

(ii) 

(iii) 

All radon-222 removed by the GAC was completed retained. 

All lead-210 accumulation originates from decay of the radon-222 
progeny. Any direct adsorption of lead-210 from the water supply 
or lead-210 resulting from the decay of other adsorbed species 
such as radium-226 was considered negligible. 

The measured water flowrate and radon removed by a given volume 
of GAC were constant over a sampling interval. 
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A. Calculation of pCi of Radon-222 adsorbed in a given volume of GAC 
during the entire operating period (up to time of coring) 

= 0 (C. f - C ff )t i wi ln i e i 

where 

A.r '" 
Rn 

where 

A. = pCi radon adsorbed during sampling interval i 
lRn 

water flowrate during sampling interval i (Lid) 

measured influent radon into volume of GAC during 
sampling period i (pCi/L) 

C - measured effluent radon out of volume of GAC during 
effi sampling period i (pCi/L) 

(Cinfi - C ff ) - net change in radon activity through the 
e i volume of GAC (pCi/L) 

-t i - length of time of sampling interval (d) 

n 
}LA 
i-1 iRn 

A.r '" pCi 
Rn the 

of radon adsorbed to a given volume of GAC during 
entire operating period (up to time of coring) 

B. _ Calculation of mass of Radon-222 adsorbed to a given volume of 
GAC 

-18 H A- x 6.50 x 10 g Rn 
Rn .. --r

Rn 
pCi Rn _ 

where HRn .. g of radon adsorbed to a given-volume of GAC during the 
operating period (up to the time of coring) 

-18 6.50 x 10 g Rn 
pCi Rn 

where 

2.22 dpm 1 mole Rn 
1 pCi x ~ x 23 

In 2 
tl/2 

Rn 

-~n 6.023 x 10 atoms 

0.693 
= "'"(""3 .'"'S'""2-:"d""')(-:-:2":;4+h=-r l:;':d"")-:"(":"60""m-:i-n-:"/h:-r""-) 

x 222gRn 
mole Rl\ 

1.26 x 10-4 min- l 

= number of radon atoms disintegrati~g-per total radon 
atoms present per-minute 

tl/2 = half-life of Radon-222 = 3.82d 
Rn 
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C. Calculation of atoms of Radon-222 absorbed to·agiven volume of GAC. 

mole Rn 6.023 x 1023 atoms Rn 
NRn = MRn x 222gRn x mO"le Rn 

where NR = number of atoms of radon adsorbed to a given volume of 
n GAC 

D. Calculation of mass of Lead-210 (Pb) adsorbed to a given volume 
of GAC 

Npb = NRn 

where Npb - number of atoms of Lead-210 adsorbed to a given 
volume of GAC 

N mole Pb 
Mpb • Pb x 23-

6.023 x 10 atoms 
x 210g Pb 

mole Pb 

where Mpb • g of Lead-210 adsorbed to a given volume of 
of GAC 

E. Calculation of pCi of Lead-210 (Pb) adsorbed to·a given volume of 
GAC 

pCi Pb Ar = Mpb x 14 
Pb 1.24 x 10- g Pb 

pCi Pb _ 
-14 -

23 pCi A x 6.023 x 10 atoms Pb x mole Pb 
2.22 dpm x '~b mole Pb 210g Pb 1.24 x 10 g Pb 

where Ar = pCi 
Pb 

Lead-210 adsorbed to a given volume of GAC 

0.693 6.28 x 10-8 min-1 

where >-Pb = number of Lead-210 atoms disintegrating per total 

Lead-210 atoms present per minute 

t half-life of Lead-210 = 21 yr 
1I2Pb 

F. Calculation of pCi of Lead-210 per mass of GAC: 

pCi Lead-210 
kg x 

where x kg (dry weight) of GAC per given volume 
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