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INTRODUCTION 

The Bexar - Medina - Atascosa Counties Water Control and Improvement District Number 
1 (BMA or District) and the Medina County Soil and Water Conservation District (SWCD) 
have cosponsored the development of a Natural Resources Plan for water conservation within 
the BMA service area. Assistance in the preparation of this plan was provided by the Natural 
Resources Conservation Service (formerly Soil Conservation Service, SCS). 

Presented in this report are viable alternatives for conveyance system optimization and a 
review of water quality issues for inclusion in the Natural Resources Plan. The conveyance 
system improvements included in this study are recommended in order to increase water 
availablity for agricultural, municipal, and industrial uses. With competition for water 
increasing in the region, it is imperative that agricultural users increase efficiency in 
conveyance, application and distribution of water. The report also presents the results of 
water quality testing of the canal system and a review of potential sources of impact on water 
qUality. 

BMA's service area is located in south central Texas in Bexar, Medina and Atascosa Counties, 
24 miles west of San Antonio. The District is predominantly rural with only seven 
communities: Devine (pop. 3,928); Castroville (pop. 2,159); Lytle (pop. 2,255); Natalia; 
La Coste; Pearson and Rio Medina. 

The District owns and operates four darns and more thant 250 miles of irrigation canals. Since 
the beginning of system construction in 1911, benefits to the Medina River Valley from the 
District include a strong agricultural base, contribution to the groundwater supply resulting 
from recharge ofthe Edwards Aquifer from the lakes, reduction of flash flooding risks as a 
result of the dampening effects of the two major dams, and by providing a more stable base 
river flow. The system is unique in that it uses no pumping. Water is released from Medina 
Lake into Diversion Lake where it is diverted into the canal system. The vast network of 
earthen canals works solely on gravity flow. The system uses siphons to cross obstacles, 
chutes and drops to maintain proper grade, and checks to regulate flow. Due to its age, the 
system is in need of renovation to minimize water losses. 

According to BMA's audited annual financial statements for the years 1980 through 1990, the 
District included over 34,336 acres of taxable land. Of this, only about 16,000 acres receives 
water for irrigation at least once per year. The subdivision of large farms has led to an 
increase in the number of tracts served by the District and a resulting increase in the cost of 
service. This change in circumstances requires construction and maintenance of an increasing 
number oflaterals for diminishing water sales. Historically, the District delivered water to the 
high point of a tract and the landowner was responsible for distribution throughout the tract. 
However, once water is delivered, waste can be high if part-time farmers of small tracts do not 
manage water use efficiently. Even some farmers oflarge tracts have historically practiced 
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poor irrigation techniques. The cause of such practices is simply that the current flat rate 
structure for purchasing water does not encourage conservation. 

Increasing urbanization within the District is rapidly shifting the demand for water from 
agricultural to municipal uses. Until recently, the entire region depended on the Edwards 
Aquifer to meet municipal, industrial, and a large portion of agricultural water demands. The 
Edwards Aquifer is one of the largest sole source aquifers in the United States and the first to 
be so designated by the Environmental Protection Agency. Rapid growth in San Antonio 
region has increased demand on this limited resource which has led to intervention by the 
Federal Courts. With increasing demands for water, inefficient use and conveyance wastes this 
limited resource. 

The loss of water along the route of delivery determines the conveyance efficiency. Losses 
can be determined by measuring the flow at the point of diversion, and again at the field. 
Whenever the loss exceeds 1/2 to 2 percent per mile, steps should be taken to determine the 
cause and implement corrective action. Causes of water loss may include excessive growth 
of trees along or in the canal, or seepage which can be corrected by lining or sealing. 

The District has been more aggressive recently in improving water conservation and delivery 
efficiency. These efforts have included: 1) increased maintenance and clearing of canals, 2) 
replacement offailing canal structures (Natalia Canal Diversion Structure), 3) terminating 
service to farms that waste water, 4) deleting small tracts from service area which cannot be 
served efficiently, 5) cooperative efforts with the Natural Resources Conservation Service to 
implement improved methods of irrigation, and 6) purchased and installed meters in the main 
canal with the assistance of the TWDB to identify{egments with high losses. 

I 

BMA has made considerable progress in improving its conveyance system efficiency. Another 
concern being addressed by BMA is water qUality. Potential sources of water quality 
degradation include agricultural and municipal stormwater runoff, partially treated wastewater 
discharges and other nonpoint sources. All of these sources are outside of the direct control 
ofBMA. However, these point and nonpoint sources can contribute sediment, chemical, and 
biological loadings of BMA's waterways. Potential pollutants from agricultural land uses 
include sediment, dissolved solids ("salinity"), nutrients (phosphates and nitrates), herbicides, 
and pesticides. 

Nitrogen and phosphorus loading from fertilizers can increase the cost of canal maintenance, 
while reducing the ability of a canal or stream to transport water by promoting growth of 
vegetation, and increase the growth of oxygen depleting algae in lakes. Another potential 
water quality problem may exist where the main canal flows near an area where the City of 
Castroville irrigates with sewage effluent at an elevation higher than the canal. In order to 
ensure confidence in the quality of water in the system, a monitoring program is 
recommended. 
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PREVIOUS STUDIES 

Over the past thirty years, several studies have been produced that evaluate BMA facilities, 
including the canal system. These previous studies include: 

1964 The SCS examined the feasibility of a PL-566 project to provide assistance to 
BMA and the SWCD. This project included renovating the delivery system, 
installing floodwater retarding structures, and providing on-farm assistance to 
cooperators with irrigation water management practices. The 
recommendations of the study were not implemented by the BMA directors 
due to their concerns about the assocated costs and federal government 
intervention into the operation of the District that threatened local control. 

1969 The United States Geological Survey (USGS) conducted a gain / loss survey 
ofBMA's Main Canal. The study identified a four cubic-feet-per second (cfs) 
loss in a 24 mile reach between the diversion point and a measuring site at the 
first lateral near Pearson. During the study, a constant flow in the main canal 
was achieved and maintained while the USGS personnel took current-meter 
measurements at specific locations. Documented losses were previously 
attributed to evapotranspiration. The findings of this study are summarized in 
Table 1. 

8/15/69 Main Canal Stream gaging station 0.4 

2 8/15/69 Main Canal Medina Dam Rd., 1.6 mi. nwof Rio Medina 4.8 

3 8/15/69 Main Canal Quihi Rd., 2.4 mi. west of Rio Medina 6.3 

4 8/15/69 Main Canal US Highway 90, 0.2 mi. west of Castroville 16.3 

1978 The Bureau of Reclamation prepared The Special Report on the San Antonio
Guadalupe River Basins Study, which reviewed multiple needs and demands 
for water use in the Lake Medina, Diversion Dam, and Medina Main Canal 
areas. 

1986 The City of San Antonio and the Edwards Underground Water District 
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(EUWD) hired CH2M-Hill to prepare a regional water resource study, 
including BMA's facilities. 

1987 EUWD hired W.E. Simpson, Inc. to evaluate the Medina and Diversion Lake 
dams as part of a due diligence review prior to tendering an offer to purchase 
the water resources. 

1987 PRODEK Inc. evaluated Medina and Diversion dams as part of a Federal 
Energy Regulatory Commission (FERC) permit application for a hydroelectric 
power plant on the main dam. 

1990 BMA, Bexar Metropolitan Water District and the Bexar County Technical 
Water Planning Committee reviewed potential water uses from Lake Medina 
and BMA's system. 

1991 The Texas Water Development Board (TWDB) conducted a gain / loss study 
on a 24 mile section of the main canal previously analyzed by USGS in 1969, 
an 18.3 mile section of the D-l canal, and Diversion Lake. The study found 
a 48 percent loss in Diversion Lake and a net loss of20 percent in the main 
canal. Although the TWDB could not reliably determine the losses in the D-l 
canal due to storage behind the many check structures, a 33 percent loss was 
estimated. TWDB and BMA personnel speculated that most of the loss in D-l 
occurs in the lower canal segment due to sandy soil conditions. The results of 
this investigation are summarized in Table 2. 

1992 A Bureau of Reclamation report assessed the resources ofBMA's service area 
and the operation and maintenance of its facilities. Reclamation recommended 
that BMA define its service area in order to eliminate the expense of 
maintaining unnecessary facilities. Reclamation also recommended more 
detailed seepage studies of the reservoirs and canal system. A water quality 
study was also recommended for the entire system. A study involving wetlands 
and other environmental considerations was also suggested in order to satisfy 
both federal and state concerns for cultural and wetland resources. Other 
recommendations involved BMA's facilities operation and maintenance. BMA, 
in cooperation with Reclamation, requested assistance from SCS for some of 
these recommended studies. 

1993 Blackwell Environmental Inc. conducted a detailed stability analysis of the 
Medina and Diversion Lake dams. A siltation study was conducted in 
conjunction with the analysis. 

1994 Blackwell, Lackey, & Associates, USGS, and Mike Sullivan and Associates began 
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work on a detailed water balance study of Medina Lake. 

Medina River Below Dam 10/1191 76.13 

Release Through Diversion Dam 10/1191 2 3.70 

Diversion into Canal 10/1/91 2 36.03 

2 

10/1191 2 36.03 

10/1191 3 2 34.32 

12 

Diversion into Canal 1012/91 2 36.55 

Irrigation Canal 10/2/91 5 2.8 30.02 

Irrigation Canal 10/2/91 6 4.8 28.42 

Irrigation Canal 1012191 7 6.4 27.07 

Irrigation Canal 10/2/91 8 10.5 25.93 

Irrigation Canal 10/3/91 9 13.8 24.63 

Irrigation Canal 10/3/91 10 15.1 26.63 

Irrigation Canal 10/4/91 11 16.1 29.92 

Irrigation Canal 10/4/91 12 18.1 34.73 

Irrigation Canal 10/4/91 13 19.5 30.88 

Irrigation Canal 10/4/91 14 21.4 31.10 

Irrigation Canal 10/4191 15 22.3 30.49 

Canal 10/4/91 16 24.3 28.63 
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PHYSICAL CHARACTERISTICS OF THE DISTRICT 

The District is located west of San Antonio in Atascosa, Bexar, and Medina Counties with 
Medina Lake located in Medina and Bandera Counties. Watershed topography is generally 
undulating to steep rocky soils with SCS classifications ofC and D. The District's service area 
is generally flat to rolling alluvial plains with fertile sandy loam and sandy clay soils. 
Elevations in the area range from 600 feet around Devine to 1,500 feet above Medina Lake. 

SOILS WITHIN THE DISTRICT 

According to the SCS Soil Surveys prepared for Bexar (1962), Medina (1977), and Atascosa 
(1980) Counties there are approximately nine soil groupings within the District service area. 
The following is a listing of these groups and a brief description of each: 

1) Knippa-Mercedes-Castroville Associaton: Deep, nearly level to gently sloping, 
loamy and clayey, calcareous soils. 

2) Lewisville-Houston Black, terrace Association: Deep, calcareous clayey soils in old 
alluvium. 

3) Atco-Divot Association: Deep, nearly level to gently sloping loamy calcareous. 
4) Venus-Frio-Trinity Association: Deep, calcareous soils on bottom lands and 

terraces. 
5) Olmos-Yologo-Hindes Association: Very shallow to moderately deep, gently sloping 

and undulating, gravelly and loamy, noncalcareous soils. 
6) Duval-Miguel-Amphion Association: Deep, nearly level to gently sloping, loamy, 

noncalcareous soils. 
7) Hockley-Webb-Crockett Association: Deep, loamy sands and sandy loams over 

loam, sandy clay, and interbedded sandstone. 
8) Poth-Wilco-F1oresvelle: Deep, nearly level to gently sloping, sandy and loamy soils 

that have slow permeability. 
9) Nueces-Patilo-Eufala Association: Deep, nearly level to gently sloping and gently 

undulating, sandy, noncalcareous soils. 

A map illustrating the distribution of these soils within the district is presented in Figure 3. 

CLIMATE 

The climate is considered to be subtropical sub humid, which is typified by hot summers, cool 
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winters, and low rainfall. Prevailing winds are out of the southeast during the majority of the 
year switching to the north during the winter months. Table 3 summarizes the data on the 
District according to the Texas Climactic Atlas. 
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SYSTEM DESCRIPTION 

The system of dams and canals that are presently owned and operated by BMA were originally 
designed, financed, and built by the Medina Vaney Irrigation Company in the early 1900's for 
the primary purpose of capturing and storing waters of the Medina River for irrigation. The 
company fell into bankruptcy after its founder and principal manager, Dr. Pearson, died in the 
sinking of the Lusitania. Ownership of the dam and other facilities were transferred in 1925 
to the newly formed Bexar-Medina-Atascosa Counties Water Control and Improvement 
District No.1. 

MAIN DAM AND MEDINA LAKE 

The watershed for Medina Lake is comprised of approximately 653 square miles ofrugged, 
rocky land on the Edwards Plateau. Vegetation consists mainly of grasses, cedars, and scrub 
oaks. Beginning in moderately steep to rolling plains, the headwaters of the Medina River are 
approximately 45 miles upstream from the lake. The river flows in a southeasterly direction 
about 36 miles to the city of Bandera, then flows southward approximately nine miles to enter 
Medina Lake. While the average rainfall in the area is only 28 inches, thin, rocky soils on 
steep slopes produce high runoff rates. 

The Main Dam was completed in 1912 after 53 weeks of construction at a cost of$1.5 million 
in private capital. The dam is a concrete gravity-type structure with an overall crest length of 
1,580 feet and contains 298,000 cubic yards of concrete. At its largest cross-section the dam 
is 164 feet tall, 136 feet wide at the base, and 23 feet wide at the top. 

Resting on massive Glen Rose Limestone, the base is anchored by 10 - 12 feet deep keys on 
both the upstream and downstream toes. A grout cut-off wall was constructed along the 
entire length of the face to minimize water flow under the dam. Construction of this wall 
consisted of drilling l1i4-inch holes on six foot centers to a depth of 20 feet and injecting 
alternate holes with neat cement under high pressure. The intermediate holes were grouted 
to complete the seal. To reduce uplift pressure on the dam, 122 relief wells were installed on 
centers oftive feet to a depth of30 feet below the foundation. These wens extend 13 feet 
above the foundation to the drainage/inspection gallery. These wells allow water to exit the 
downstream side of the structure. The gallery is four feet wide by six feet tall, 557 feet in 
length. The gallery is located 23 feet from the upstream face, with two access tunnels exiting 
from the downstream face. 

An interesting feature of the Main Dam is the spillway, which was constructed by cutting the 
ridge between the Medina River and the Mexican Draw canyons to an elevation twelve feet 
below the crest of the dam. The 880 feet long spillway has a three feet wide concrete cut-off 
wall along the crest to prevent erosion from cutting through the ridge. Flows that exceed the 
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storage capacity of the main reservoir spill into Mexican Draw and return to the river several 
hundred feet below the Main Dam into the Diversion Reservoir. 

Maximum pool level is elevation 1072' Medina Lake Datum (Medina Lake Datum = Mean Sea 
Level + 7.5 feet) which is also the crest elevation of the uncontrolled spillway. By owning or 
controlling by inundation easement all land upstream of Medina Dam to elevation 1084', BMA 
has provided twelve feet of protection from flooding above maximum pool elevation. 
Numerous residential, recreational, and commercial developments have been built around the 
perimeter of the lake above the 1084'elevation. The surface area of the reservoir at that level 
is approximately 5,575 acres with a total capacity of about 254,000 acre-feet of conservation 
storage. Dead storage below the invert of irrigation outlets at elevation 975.3 is about 4,780 
acre-feet. 

Measured at the USGS Pipe Creek gauge located on Medina River near the upper end of the 
lake, the average annual inflow to Medina Lake is about 94,500 acre-feet. The USGS 
established a stream flow measurement station (Mico station) at a location about 2,000 feet 
downstream from Medina Dam and measured daily flows in calendar year 1930. Below the 
Mioo station, the Medina River flows across a small reach of rapids before entering Diversion 
Reservoir, a 3.5 mile long impoundment created by Diversion Dam. A stream flow 
measurement station (USGS Gage 08180500 Medina River near Rio Medina) operated 
between 1922-1934 and from 1953-1983. This station historically provided a record of mean 
daily flows downstream from Diversion Dam. Records of diversions to the main canal were 
maintained by the USGS and reported as Gage 08180000 Medina Canal near Ri 0 Medina until 
1994 when a BMA gauge was installed. Annual diversions to the main canal have averaged 
30,280 acre-feet between 1957 and 1994. 

DIVERSION DAM AND RESERVOIR 

Diversion Dam and Reservoir are located approximately four miles downstream from Medina 
Lake. The dam was built in 1913, using 30,000 cubic yards of concrete at a cost of$250,000. 
The structure was built to avoid four miles of canal and tunnel work down the river canyon. 
The outlet structure of the dam is at an elevation that permits gravity flow through the BMA 
canals. The dam is a concrete, gravity! arch-type structure, which is 50 feet tall and 50 feet 
wide at its base. The design and construction of this dam is generally the same as was used 
for the Main Dam. The crest is 440 feet along an arch with a 700 foot radius. The overflow 
spillway consists of the middle 355 feet of the crest and is ogee-shaped for protection of the 
structure. The foundation of the dam rests on limestone with the heel extended approximately 
ten feet into rock and the toe extended five feet into rock. The headworks and control gates 
for the main canal are located at the western end of the dam. 
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PEARSON DAM AND RESERVOIR 

The Pearson Reservoir is located immediately south of the point where the D-l canal splits 
from the Main Canal (See Figure 2). This provides off-system storage for conservation of 
water remaining in the canal system at the end of the irrigation season and other times during 
the year when irrigation water is not needed due to rainfall. Water is diverted to the reservoir 
when flow in the main canal ceases and is stored until needed. This water management 
practice conserves water that would otherwise be lost. It is used to fill small orders for water 
without filling the entire canal system. (See PHOTO 7) 

The dam consists of an earthen or embankment type structure with a gated outlet. Water is 
diverted into the reservoir by lowering the gate into a concrete-lined chute and is raised until 
it overflows into the 23 acre impoundment. The embankment dam is approximately 30 feet 
tall, ten feet wide at the top, 90 feet wide at the bottom, and 1,700 feet along the crest. Side 
slopes of the structure are 1.5 (horizontal) to 1 (vertical). 

CHACON DAM AND LAKE 

Chacon Lake is formed by an earthen dam across Chacon Creek (See Figure 2). Like Pearson 
Reservoir, the 130 acre Chacon Lake is used as a holding facility for excess water in the 
system. However, unlike the Pearson, Chacon Lake also receives runoff from the 17 square 
mile Chacon Creek watershed. The dam is approximately 15 feet tall, 10 feet wide at the 
crest, 60 feet wide at the base, and 800 feet along the crest. The structure includes a spillway 
to allow surplus water to continue down Chacon Creek and a gated outlet works for releasing 
water into the lower canal system. (See PHOTO 8) 

JUNGMAN, KIRBY, DUBOSE, AND BALL LAKES 

These lakes were originally designed and built as off-system storage. Jungman Lake, though 
relatively small, is still being operated in this manner. Kirby Lake, which is located near the 
very end of the BMA system, is oflittle operational value to the District since pumps would 
be required to transfer the water back up to the system. Ball and Dubose lakes both need 
extensive repairs before they can be returned to service. (See PHOTO 9 - 12) 

TRANSMISSION SYSTEM 

The BMA irrigation canal system was designed in 1910 with a capacity of 600 cubic feet per 
second (cfs). Its alignment generally follows the west side of the Medina River past 
Castroville to a point north of the Southern Pacific Railroad near Pearson. The canal then 
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branches, providing irrigation to the area bounded roughly by Devine to the west, Macdonna 
to the east, the Southern Pacific Railroad to the north, and the Missouri Pacific Railroad to the 
south. The main or West Canal is approximately 24 miles in length and was designed with an 
average slope oftwo feet per mile. 

At Pearson, the canal drops 140 feet in less than a mile passing through a concrete lined chute 
and a series of drop structures. Native clay soils were used as a liner for all sections of the 
canal except for the previously described Pearson chute and the first segment near Diversion 
Dam. The rugged topography in the vicinity of Diversion Dam, with its steep side slopes, 
required a narrow concrete lined cross-section. Two reinforced concrete inverted siphons 
were constructed to permit two crossings of the Medina River. This alignment avoided the 
steep canyons at a bend in the river. The first siphon consists of two - eight foot diameter 
pipes 1,150 feet in length, while the second was constructed as two - seven foot diameter 
pipes, each 1,310 feet in length. Eleven flumes were constructed in lengths varying from 122 
feet to 1,520 feet with a maximum height of95 feet in order to cross creeks and low areas 
without changing the canal grade. These flumes consisted of a pair of semi-circular, 
galvanized steel flume channels supported by creosoted timber trestles. By 1938, most of the 
flumes had deteriorated to the extent that they were in danger of collapse. Over the next 
several years, the worst were by-passed by a canal constructed around the head of the canyon, 
installation of a drainage pipe and filling across a canyon, or by building siphons. Upon 
completion of the replacement structures, the flumes were demolished with the exception of 
one located approximately three miles north of Castroville which remains standing adjacent 
to the relocated canal. 

According to the District Engineer's report in 1938, the replacement siphons reduced the 
capacity of the main canal to 382 cfs at the site of Flume 11 based on anticipated losses in the 
canal system. The canals were originally built with 2: 1 side slope inside the channel, 1 Yz: 1 side 
slopes on the outside of the channel, and on a grade to maintain a velocity of 2.5 feet per 
second (tps). Over time, maintenance efforts have drastically altered the original trapezoidal 
cross-section such that the side slopes on most segments are approximately one to one and the 
bottom is irregular. Check, drop, control, and turnout structures currently in use in the system 
include both original ones of constructed of redwood and newer ones constructed of concrete. 

For the purposes of this study, the canal system has been divided into five categories based 
upon the relative size and capacity. Pictures of each type have been included in the Appendix 
for reference. Table 4 provides a summary of these categories and an inventory of the system 
broken down by length, size, and soil type. (See PHOTO 1 - 6) 
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A Main Canal 25 10 6 229 

B Minor Canal 12 - 16 6 -10 4 90 

C Major Lateral 8 - 12 4-6 3 36 

D Minor Lateral 3-8 1.5-4 3 22 

E Field or Pull Ditch 1 - 3 

• The estimated canal capacity is based upon Manning's Equation for a trapezoidal channel with an n = 0.029, a one 
to one side slope, and a slope of two feet per mile (0.0004 ftlft). 

In addition to the canal footage shown in Table 5 below, the District has installed 
approximately 1,000 linear feet of36 inch diameter plastic pipe in the D-2 canal immediately 
south ofUS-81 and 2,000 linear feet often inch diameter plastic pipe in canal 35-E. 

Knippa-Merccdes-Castroville 20,400 84,000 44,400 

Lewisville-Houston Black, terrace 

Atco-Divot 45,600 

Venus-Frio-Trinity 

Olmos-Yologo-Hindes 62,400 1,800 

Duval-Miguel-Amphion 16,680 60,600 

Hockley-Web~rockett 45,000 

Poth-Wilco-Floresvelle 

Nueces-Patilo-Eufala 33,240 
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52,200 64,800 

363,600 
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45,600 
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98,400 

359,160 

478,800 

3,000 
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IRRIGATION AND RIVER BASIN HYDROLOGY 

There are certain fundamental principles for water diverted for agricultural irrigation which 
must be considered to ensure efficient use. Figure 4 illustrates the relationship between 
irrigation diversions, water use, and river basin hydrology. 

The volume of water 
diverted for irrigation must 
be greater than the volume 
needed by an irrigated crop 
in order to compensate for 
losses in the delivery system. 
While the diverted irrigation 
water may include return 
flow from other areas, losses 
from the conveyance system 
will include crop 
evapotranspiration, seepage, 
operational spills, deep 
percolation, tailwater runoff, 
evaporation, and 
phreatophyte and 
hydrophyte consumption. 
Phreatophyte and Figure 4 
hydrophyte consumption is 
non-crop vegetative transpiration of water that may occur adjacent to streams and channels, 
or in areas of shallow water tables. The existence of such vegetation may provide or enhance 
wildlife habitat. 

Seepage varies according to canal and on-farm ditch condition. Piped or lined conveyance 
systems have lower seepage rates than unlined channels. Seepage and deep percolation 
(movement of water below the root zone) can return to natural stream channels either directly 
via drains, or indirectly through groundwater aquifers. Return flows reaching open canals or 
natural streams are available for instream use or downstream diversion. Return-flow water 
quality, however, may be affected. Seepage from the conveyance system may also contribute 
to aquifer recharge and maintain groundwater levels in the area. 

A small quantity of deep percolation, known as the leaching requirement, is necessary to 
remove chloride and sulfate salts that could otherwise accumulate within the root zone, 
hampering and eventually inhibiting plant growth. The volume of water required for leaching 
depends on soil type, crop type, climate, and water quality. Depending on geologic 
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conditions, deep percolating water may slowly enter deep aquifers or streams through natural 
or manmade drainage systems. 

In a graded inigation system, filling the root zone results in tailwater runoff at the lower end 
of a field. The amount of runoff depends on soil conditions, irrigation system design, and 
water application methods. Some tailwater runoff is unavoidable when a graded surface 
inigation system is operated to achieve adequate infiltration and water application uniformity. 
Tailwater may evaporate, percolate, be consumed by phreatophytes, or reach stream channels 
as surface or groundwater return flow. Runoff can be collected on-farm and pumped back into 
the delivery system for reuse, or may be intercepted by other users as a supplemental or 
primary water source. 

Irrigation water that recharges a ground-water aquifer through seepage or deep percolation 
adds to the water supply available to ground-water users in the area. Some farms and small 
communities depend on these replenished supplies. In a few instances aquifers are used to 
store and distribute excess surface water. 

Return flows to natural stream channels resulting from tailwater runoff, drainage flows, 
operational spills, or ground-water discharge can provide all or a portion of a downstream 
user's water demand. Return flows from irrigation sources often sustain flow in smaller 
streams to support aquatic habitat. Sources of return flows include surface runoff during 
irrigation, drainage from canal seepage, leakage at canal structures, waste water discharge 
during conveyance, discharge at the lower end of the canal, and drainage from excess 
percolation during irrigation. The amount of return flow depends on the amount and timing 
of water diverted, conveyance and inigation efficiency, subsurface soil formations, surface soil 
texture, and drainage facilities. 

Operational spills result when demand for water is reduced due to rainfall after the irrigation 
water has entered the conveyance system. These spills return to the natural stream channels 
via wasteways and become available for instream or downstream use. 
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WATER SUPPLY 

Precipitation in this region is unreliable for crop production. The three classifications of water 
supply within the region are surface water, ground water, and miscellaneous sources that 
include municipal water and treated wastewater. Application methodology and irrigation 
system design depend on the type of supply and its rate of delivery. Surface water impounded 
in Medina Lake is the primary source of irrigation water within the District. Secondary supply 
sources used by some farms, such as groundwater, may provide practical alternatives for the 
District in the future. 

SURFACE WATER 

Surface water supplies typically include water held in reservoirs and water diverted or pumped 
from streams and rivers. Excess irrigation water that reaches streams through surface 
drainage, flow through drainage ditches, or percolating return flow from irrigated land and 
available for rediversion is generally considered a surface supply. 

As previously discussed, return flow from an irrigated area can be available for instream use 
or downstream diversion. It is sometimes possible to impound out-of-season return flows in 
reservoirs for use during the next irrigation season. 

High efficiency in graded-border or furrow irrigation produces some surface runoff at the 
lower end of a field. In areas of shallow soils or steep grades, level fields are not always 
practical. Limited water supplies often make it economically feasible to recover excess water 
before it becomes return flow and to pump back into the delivery system for reuse. This 
requires a pickup ditch that directs water to a sump or storage basin and a pump with piping 
to deliver water back to the conveyance system. The capacity of pickup ditches should be 
sufficient for both irrigation water and rainfall runoff Sumps and pumps should have adequate 
capacity to insure efficient use of the pump-back stream in the irrigation system. If the 
capacity of the sump or storage pit is low in relation to the volume of runoff that can be 
expected, automatic controls on the pump are recommended. 

Tail-water recovery facilities should not be installed as a substitute for good irrigation 
practices. Instead they should serve as a supplement to increase irrigation efficiency. Efficient 
use of furrow irrigation requires that a tail-water recovery system be used to eliminate the 
labor required for cutback streams while maintaining high efficiency. 
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GROUND-WATER 

Three ways of obtaining ground-water include: pumping from porous or cavernous water
bearing fonnations; free flowing artesian wells, such as the widely-reported catfish fann east 
of the District; and from collecting the flow from large natural springs or seepage areas. 
Groundwater has the advantage of being free of weed seeds and debris, which is particularly 
important when using sprinkler irrigation. Groundwater supplies are usually developed and 
operated by individual fanners or by a few landowners working together. The Medina County 
Underground Water District and the Edwards Underground Water District, along with local 
well drillers are the best sources of infonnation about ground water availability. 

A properly constructed and developed well will be limited only by the yield capacity of the 
water-bearing formation. In areas where ground water is plentiful, wells are typically located 
near the center of the irrigated area for convenience and economy of pumping. The 
requirements for an irrigation well are: 

o The lift should be as small as possible, 
o The well should have a long life, and 
o The water pumped must be reasonably free of sand. 

The dominant water-bearing fonnations in the District are the Edwards Limestone fonnation 
and unconsolidated sand and gravel fonnations, such as the Carrizo-Wilcox. In limestone 
formations, wells are drilled through the limestone into a highly penneable zone and a casing 
is set and grouted in place. In unconsolidated sands or gravel, wells are drilled through the 
water-bearing fonnation, and casing is set. The lower end of the casing consists of either a 
perforated section or a well-screen that permits water to pass from the water-bearing sands 
or gravel into the well. Well casings are used to prevent contamination from surface or 
perched waters. 

While a group of wells drilled in one of these fonnations has certain characteristics, each well 
must be individually analyzed, designed, and constructed. No two water-bearing fonnations 
are exactly alike and wells should not be drilled and developed exactly like a nearby well 
without first determining the best development procedures. 

Drilled wells are put down by percussion drills, rotary drills or some modification of these 
tools. They can be drilled to diameters up to about thirty-six (36) inches through almost any 
material, and to any practical depth. For these reasons drilled wells are the most common 
irrigation wells. A casing is installed in the drilled hole down to the water bearing strata and 
a well screen is attached to the bottom of the casing. If the aquifer is predominantly sand, a 
perforated casing with a graded gravel pack is generally used instead of a well screen. 

Water from flowing artesian wells or pumped from artesian aquifers can produce substantial 
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amounts of water at relatively high pressures. In order to avoid depletion of artesian pressure, 
annual withdrawals should not exceed annual recharge. Excessive withdrawal will cause 
flowing wells to cease, making pumping or artesian wells necessary. 

MISCELLANEOUS SOURCES 

Miscellaneous sources of water include municipal water systems, effluent from wastewater 
treatment plants, and wastewater from industrial plants. The quantity of water available from 
these sources is usually sufficient only for irrigation of small areas. 

Municipal potable water supplies are usually too expensive and inaccessible for agricultural 
use, except for suburban gardening. However, effluent from municipal wastewater treatment 
plants can be used for irrigation under specific conditions. Wastewater effluent is return flow 
from domestic and industrial uses. Since it often amounts to two-thirds or more of the water 
delivered to consumers, effluent can be an important source of water for irrigation in the 
future. In considering the use of wastewater effluent for irrigation, the potential for crop 
contamination and groundwater pollution must be considered. To minimize the potential 
effects, state regulations govern the use of effluent for irrigation. Sewage effluent is generally 
more suitable for use on coarse-textured sandy soils than on fine-textured silt and clay soils 
since the nutrient content of effluent may improve the sandy soils. 
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CONVEYANCE SYSTEMS 

Current District policy requires that irrigation water be made available to the farm at a rate and 
elevation that permits proper operation of furrow irrigation systems. The District continually 
strives to convey irrigation water as economically, efficiently, and safely as possible. Due to 
the capacity limitations of the canal system, water is delivered to individual farms on a turn 
basis to ensure that irrigation can be completed within a reasonable time. Once finished, the 
next farmer that has placed an order is allowed to irrigate. BMA's conveyance system of 
surface canals includes the necessary grade-stabilization (drop structures) and water control 
structures necessary for open channel gravity delivery. 

Low construction costs make 
open ditches more widely used 
for irrigation water conveyance 
than any other type of conduit. 
Ditches that carry irrigation water 
from the source of supply to one 
or more farms are known as 
canals or laterals and are 
generally large, permanent 
installations. Field or pull ditches 
are smaller, semi-permanent Figure 5 
facilities that convey water from 
the farm source of supply to a 
field or fields within a limited area. 

Ditches work best in clay or loam soils since seepage is usually less and ditch banks are more 
stable than those in sands or sandy loam. Open ditches can carry large volumes of water, are 
easy to build, and have the advantage of low cost per volume of water carried. The 
disadvantages of open channels include, high losses from seepage and evaporation, increased 
maintenance costs due to vegetation and erosion control, require large land areas, and can 
hinder farm operations. 

OPEN CHANNEL DESIGN 

Open channels are designed to transport water at atmospheric pressure and may be 
constructed in a wide variety of shapes. The use of an open channel is dictated by topographic 
conditions suitable to permit gravity flow with minimal excavation or fill. With uniform flow 
conditions, the slope of the water surface is parallel to the bottom. The parameters affecting 
the design of open channels include the cross-sectional shape, slope, and roughness 
coefficients (Manning's "n"). Design of a channel begins by determining the cross-sectional 
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area necessary to transport a specified flow rate. 

Determining the depth offlow and velocity are important for selection of an appropriate liner 
material. High velocities require special liners which are not affected by erosion such as 
concrete. Canal liners are discussed in greater detail later in this section. The Manning's 
equation is the most widely accepted channel design calculation. 

Q = 1.486 A Ro.67 SO.5 

n 

Where: Q = Discharge, cubic feet per second (cfs) 
A = Cross-sectional area of flow, square feet 
R = Hydraulic Radius, ft = NWp where Wp is the wetted perimeter of flow. 
S = Slope of water surface, usually assumed to be parallel to stream bed 

slope (ftlft). Note that often, slopes are represented as percentages. 
The designer should assure that the units are feet per feet before using 
S in calculations. 

n = Manning's Roughness Coefficient 

The roughness coefficient is determined by the type of material used for the liner, vegetation, 
and any obstructions. Presented in Table 6 are typical ranges for Manning's coefficients. 

CHANNEL LINING 

Channel lining is an effective way to control seepage and erosion to the channel bottom and 
banks. Lining permits channels to transport more flow than larger unlined channels because 
of reduced roughness. This efficiency means that less land is needed for channel construction. 
Lining also provides some protection against damage by rodents, protects adjacent land 
against waterlogging and salinity, reduces maintenance costs, and minimizes interruptions in 
water delivery. 

Water loss through evaporation in a canal system is usually only a small percentage of the 
water volume. However, losses through the bottom and sides of the canal can be quite 
significant. Exfiltration loss varies according to soil permeability, soil thickness, depth of flow 
in the canal, and soil saturation. 

The two main reasons for constructing a liner in a water supply canal are to reduce water 
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A Fairly regular section 

1. Some gJ1ISS, weeds; little or no brush 

2. Dense growth; flow depth greater than weed height 

3. Some weeds, heavy bank brush 

4. Some weeds, dense bank willows 

5. For submerged branches, increase all values by 

B. Irregular section wi meander.< - increase above by 

C. Rocky, steep channels, little vegetation 

1. Small rocks 

2. Large rocks 

A Pasture, no brush 

1. Short gJ1ISS 

2. Tall gJ1ISS 

B. Cultivated areas 

1. No crops 

2. Mature row crops 

3. Mature field crops 

C. Heavy weeds, scattered brush 

D. Wooded - Coefficients vary with type and density. 
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losses caused by exfiltration and to reduce maintenance costs associated with slope instability 
caused by erosional or seepage forces related to leakage of water from the canal. The first 
type of problem is usually a global one that involves assessment of the entire length of canal 
and a generalized solution for the entire system. The second problem is usually a localized 
problem requiring a specific solution for each area of instability. 

Selection of a lining material depends on several factors including material availability, ease 
ofinstal1ation, ditch size, climatic and foundation conditions, whether the irrigation stream is 
continuous or intermittent, potential for damage due to freeze damage, potential for damage 
from livestock, fluctuation of the water table, and vegetation. There are a number of materials 
currently in use as liners. These include native soils, concrete, bituminous materials, butyl 
rubber, vinyl, and various synthetic fabrics. Of these, native soils are the most common due 
to economics. The reduction of exfiltration of water by the construction of a liner is often not 
as simple as it would appear. Analysis of the problem begins by asking: 

1) Is the leakage generally uniformly distributed along the length of the canal or is it 
concentrated along certain reaches of the canal? 

2) Does the entire wetted perimeter of the canal leak or are the leaks limited to a specific 
area of the cross-section such as the side-walls or bottom? 

3) What is the minimum thickness and permeability that will reduce the exfiltration to a 
satisfactory level? 

The second type of problem arises when a leaking canal bottom or side-wall causes the soil 
in the vicinity of the canal to become unstable. This instability can result in failure of the 
sidewall, bottom or entire canal cross section. These problems are the result of excess velocity 
through the system or soil instability. The purpose of channel lining is both to save water and 
to maintain the integrity of the canal and, thus its ability to convey water. 

The design, construction, and maintenance of a canal for the purpose of transporting irrigation 
water is one of the most difficult to analyze types of engineering problems. By its very nature, 
flow in an irrigation canal is seasonal and variable. Canals are usually constructed using 
natural materials that are susceptible to erosion and leakage. In addition, soil stability is widely 
variable through the course of the canal. Some canal properties change with respect to age, 
such as resistance to erosion and permeability. The water transported in the canal can erode, 
transport and deposit sediments. 

Oversimplification of variables in an engineering analysis can result in approximations that lack 
significance. The solution is to rely heavily on empirical data and observations. The 
appropriate slope, cross section, velocity, and soils stability can be easily observed in the 
existing canal system where they have either been proven successful or not. 
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LINER MATERIALS 

Earth - A canal that is constructed in natural soils must be stable and resist erosion while 
remaining relatively impermeable so as to minimize water losses due to exfiltration. Soils 
typically are divided into two categories based on the size of the grain particles: fine (clays and 
silts) and coarse (sands and gravel). 

Gravel can provide a canal with greater resistance to erosion owing to the weight of the 
material. However, gravel is also an extremely permeable material that would require fairly 
flat side slopes for stability. 

Clay soil (CL or CH), with its low permeability, makes an excellent liner except for its lack of 
resistance to erosion. Clay soil will also tend to crack when dried and swell when saturated. 
Clay is particularly well suited for liners in canals that are in constant use. Alternating wet and 
dry cycles can reduce the resistance of clay to erosion, reduce the density, and decrease the 
shear strength thereby increasing permeability. A compacted clay with a permeability of Ixi 0-9 

cm/sec and a void ratio of 0.40 may withstand the scour induced by water velocity in excess 
of four feet per second (fps) immediately after it is constructed. However, after several 
alternate periods of wetting and drying, the void ratio can rise to approximately 1.0 with the 
permeability increasing to more than IxlO-7 cm/sec. These changes can reduce the scour 
velocity to less than two fps. 

Occasionally the alternate wetting and drying is not a significant problem due to the canal 
becoming "armored" with coarse sand or gravel from the sediment transported with the water. 
After a few days of operation the swelling of the clay seals all of the cracks and leakage ceases 
to be a serious problem. These events are difficult to predict during design, but are simple to 
verify in the field. 

While armoring is an unpredictable occurrence, a similar effect can be designed into channel 
construction through material selection. One of the best liner materials for a canal is generally 
what is called dirty gravel. This is a gravel soil that has a significant clay constituent (GC). 
The gravel gives it a high resistance to erosion and the clay lends impermeability. 

Materials with similar characteristics to dirty gravel are dirty sand or sandy soil with a 
significant clay constituent (SC) and a low plasticity clay (CL) with a significant amount of 
sand or gravel. Mixtures of gravel, sand and silt that are classified as dirty gravel (GM) have 
been successfully used as constructed liners for canals. These soil mixtures are typically 
natural occurring rather than man-made mixtures. A notable exception has been liners 
constructed of scarified natural soils with bentonite and water mixed in the upper few inches 
and followed by recompaction of the mixture. The permeability of soils range from highly 
permeable (clean coarse uniform grain sized sand) to practically impermeable (well compacted 
saturated clay). The common classifications of permeability ranges are: 
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Degree ofPenneability 
High 
Medium 
Low 
Very Low 
Practically impermeable 

K. cm/sec 
> 1 x 10-1 

1 X 10-1 - 1 X 10-3 

1 X 10-3 - 1 X 10-5 

1 X 10-5 - 1 X 10-7 

< 1 X 10-7 

A change in magnitude of canal soil permeability in a long canal from medium to high can be 
significant and reduce exfiltration losses to an acceptable level. However, the costs of 
decreasing permeability by two to five orders of magnitude (10-5 to 10-7

) can be economically 
prohibitive, assuming a constant liner thickness and hydraulic gradient. 

An alternative to reconstruction would be design of a maintenance program to bring about 
a gradual change of soil thickness, soil type, and penneability through routine restorative 
efforts. Unfortunately, these changes can also bring about an unsatisfactory change in 
hydraulic gradient in the liner. Since water transported by an irrigation canal has a very low 
market value, only a relatively small expenditure per acre-foot of water is warranted. 

Constructing a soil liner for a canal with a penneability in the very low to low range is much 
easier, and less costly than similar construction in the practically impenneable range. Due to 
the installation techniques required, there is little or no cost differential between the very low 
to low range liners and those liners in the medium to high range of penneability. A liner 
constructed of clay with a penneability of 1 x 10-7 cm/sec may cost twice as much as a 
sand/silt/clay mixture of soil with a permeability of 1 x 10-5 cm/sec. Depending on the 
installation, a liner constructed of a sand/silt/clay mixture with a penneability of 1 x 10-5 

cm/sec may cost the same as another constructed of the same material with a permeability of 
1 x 10-2 em/sec. Cost differences are the result of differences in the type of equipment and 
effort required to construct liners with different materials. Lower permeability requires more 
compactive effort. 

Liners constructed with dirty sands, dirty gravel, and mixtures of sand/silt/clay are easier to 
construct than clay liners due to the difference in workability of the materials. Clays have a 
workability factor that is classified as poor, while dirty sands, dirty gravel and mixtures of 
sand/silt/clay have workability factors classified as good to excellent. Light rubber tired 
compactors with vibrations work well on these soils while clays require heavy sheep's foot 
rollers and much higher moisture contents during compaction. Clay used for liners also has 
a tendency to fonn clods that are very difficult to break up. This means that clay soils used 
for liner construction cannot be easily stockpiled unless it is heavily disked or pulverized 
before use. 

Dirty sand, dirty gravel, and mixtures of sand/silt/clay do not tend to fonn clods. The 
difficulties caused by poor workability and clod formation are two major cost factors that are 
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amplified by the fact that much of the liner is constructed on a slope. While it is difficult to 
operate heavy compactors on a slope, the high moisture contents required for the proper 
compaction of clays makes the work even more demanding. 

In addition to the difference in construction costs, there is also a difference in the amount of 
engineering inspection and supervision required. Higher acceptable permeability requires less 
engineering and supervision. The "Law of Diminishing Returns" is another factor which 
affects the cost ofliner construction. This is best explained by use of an example: 

A canal is built through two types of soil. One soil which covers 70 percent 
of the length of the canal has a permeability of I x 10-5 cm/sec has proven to 
be satisfactory. The other 30 percent of the canal length is constructed with 
a soil with a permeability of I x 10-3 em/sec which has proven to be 
unsatisfactory. A computation of the weighted (average) permeability of this 
canal results in a permeability of 3 . 07 x 10-4 over its entire length. A program 
to construct a liner on part or all of the unsatisfactory portion of the canal is 
investigated. Alternative ONE involves using a clay liner with a permeability 
oflx W-7 cm/sec. Alternative TWO involves using a mixture of sand/silt/clay 
with a permeability of I x 10-5 cm/sec. The cost of Alternative ONE on a unit 
area basis is significantly higher than the cost of Alternative TWO. 

Alternative ONE involves lining only a portion of the unsatisfactory area of the 
canal with a clay liner with a permeability of I x 10-7 cm/sec. The amount to 
be lined will result in an average permeability of the entire canal of Ix 10-5 

cm/sec. It turns out that 28.7% (all of the unsatisfactory portion of the canal 
except for l.3%) of the canal must be lined to get an average permeability of 
Ix 10-5

. 

Alternative TWO involves lining all the unsatisfactory portion of the canal with 
a liner with a permeability of Ix 10-5 cm/sec so that the average permeability 
will be IxlO-5 cm/sec. It turns out that the liner will cover all of the 30 percent 
of the unsatisfactory canal. 

Alternative ONE requires the construction of practically the same amount of 
liner as Alternative TWO, but the cost is significantly higher. 

The point to be illustrated by the example is that if a liner is to be constructed, there are two 
options to be considered. The first option is to line the entire canal, which is usually done if 
almost all of the canal has an unsatisfactory permeability. If this is done, the average 
permeability for the canal is equal to the permeability of the constructed liner. The other 
option is to line only that portion of the canal this is unsatisfactory. If that is done, there is 
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little or no advantage in making the new constructed liner any less permeable than that portion 
of the canal that is satisfactory. Another point to remember is that the seepage should be 
controlled to an acceptable level at a cost that does not exceed the value of the water saved. 

It is very important to determine a satisfactory liner permeability before a liner is designed. 
If a satisfactory liner permeability is in the range of 1 x 10-4 to 1 X 10-5, a significant cost 
saving can be made compared with using a liner with a permeability of less than 1 X 10-7 

cm/sec primarily because soils with a lower clay content can be used. 

Concrete Lining - Portland cement concrete is one of the most widely used materials. If site 
conditions are favorable, a well-constructed concrete lining gives long service with minimum 
repair and maintenance costs. Nonreinforced or lightly reinforced concrete is generally used. 
Thickness ranges from 1-1/2 to 3 inches, depending on climate and the expected water velocity 
in the ditch. 

Concrete linings can withstand high stream velocities and are, therefore, particularly suitable 
for erosion control as well as seepage prevention. They are superior to most other linings in 
resistance to mechanical damage. They are limited to nonexpansive soils where it is possible 
to get good internal drainage. If concrete linings are to be installed on poorly drained sites, 
in areas subject to severe frost heaving, or in soils having a high sulfate-salt concentration, they 
must be specially designed and protected. 

Higli quality, locally available concrete can make slip-form-placed Portland cement concrete 
an economical lining. In this method concrete is placed by a specially designed machine. The 
slip form rides on, and is guided by, the channel subgrade as it is pulled forward by a tractor 
or winch. Freshly mixed concrete is poured through a hopper so that the slip form distributes 
concrete to the sides and bottom of the ditch. The rear section of the slip form is a strike-off 
or screening mechanism. The thickness of the concrete lining is controlled by the difference 
in height between the bottom of the rear section and the bottom of the front section. Ready
mixed concrete is preferable because its quality is easy to control and sufficient volume is 
available to provide continuous operation. 

For smaller ditches, panel-formed lining has certain advantages. After digging the ditch to 
grade, guideform panels are set about ten feet long and pours concrete in every other panel, 
skipping a ten foot section. When the concrete is set, the guides are moved and the skipped 
panels are poured. The bottom in each section is poured first, and then the fresh concrete is 
screeded up the slope. 

Pneumatically applied mortar, known as shotcrete or gunnite, is sometimes used to line and 
resurface old concrete. Special machines are required and the concrete mix must be carefully 
controlled. While it is possible to get a strong durable lining, it is more costly than slip-form 
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concrete due to the difficulty in controlling the thickness. 

Asphalt Lining - Asphalt can be used as a seepage control lining, either as asphaltic concrete 
or in sheets, planks, or membranes. Asphaltic concrete consists of sand and gravel bound 
together with asphaltic cement. It is similar to portland cement in many respects but will not 
last as long or withstand higher velocities. Asphaltic concrete is not as hard as portland 
cement and is therefore more susceptible to mechanical damage. In many places the subgrade 
must be stabilized to prevent vegetation from growing through the lining and causing 
deterioration. Placement of hot-mix asphaltic concrete also requires special equipment for 
blending and placement. Placement is either by a slip form or heated screed moved slowly 
along the ditch by winch or tractor. 

Flexible-Membrane Lining - Strips of specially formulated film in sheet form, usually rubber 
or plastic can be joined using a heat fusion process and used as a ditch lining. The channel 
subgrade must be firm, smooth, and free of vegetation. All sticks, clods, and debris should be 
removed to protect the lining against punctures. 

In permanent ditches the membrane is buried to lengthen its usable life. The ditch is 
overexcavated, the lining is placed and followed by a protective soil cover. The covering 
material must be carefully selected and placed on the membrane to avoid damage during 
construction. Flexible membranes can be used only in ditches in which the stream velocity 
does not exceed three feet per second. A six to nine inches thick earth covering serves to 
hold the liner in place when the channel is empty and to minimize mechanical damage. Since 
weeds may pierce a plastic lining, a sterilizing agent is used on the subgrade before the 
membrane is placed. Butyl rubber resists deterioration due to exposure, biological activity, 
and root penetration. Maintenance work must be done very carefully to keep membrane 
linings from being damaged. 

Chemical Sea1ants- Chemical sealants can be used to make ditch subgrades nearly impermeable 
to seepage. These are effective if the channel perimeter is moist most of the year but are less 
effective if the ditch dries out. Cracking of the soil breaks the membranes formed by the 
sealant and provides channels for seepage. Chemical sealants can be used on any soil, but are 
not especially suited to sandy soils. Some are unsatisfactory owing to a short life, high cost, 
and toxicity to animals and crops. These sealants are waterborne and therefore must be put 
in the channel water, usually at a point of disturbance such as a drop structure to facilitate 
mixing the sealant with the water. Some supplemental mixing may be required. 

One application method is to put the sealant into a flowing ditch with the water checked at a 
ditch structure to reduce the velocity of flow. This allows more time for the sealant to act on 
the subgrade in a given reach than is possible under normal flow. Ponding is another 
application method. Treated water is allowed to stand in successive ponds formed in a ditch 
by temporarily sealing ditch structures or by placing temporary dams between structures. The 
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water is allowed to remain in each pond long enough for the sealant to act on the soil. 
Although this method may be more costly, the sealing effect is somewhat better than that of 
the flowing-water method. 

Bentonite - Bentonite is a low-cost material similar in appearance to ordinary ground clay. 
The material swells 12 to 15 times its dry size when wet and fills the voids through which 
water seeps. The three general methods of using bentonite for sealing ditches are by 
membrane lining, soil-mix lining, and sedimenting. 

In the first method, bentonite is spread as a membrane one to two inches thick over the canal 
subgrade and then covered with 6 to 12 inches of a protective blanket of stable earth or gravel. 
When properly placed, the membrane lining controls seepage for many years. 

The soil-mix method uses bentonite spread evenly over the perimeter of a ditch and then mixed 
with the upper 3 to 6 inches of soil by disk, spiked-tooth harrow, or rake. The treated soil is 
then rolled or tamped until a good soil density is obtained. In some instances, a protective 
cover of stable earth or gravel is applied. 

In the sedimenting method bentonite is applied in one of three ways, either scattered over the 
surface of the water, dumped into the ditch at intervals before the water is turned in, or put 
into the ditch water as slurry. As the bentonite swells, the resultant gel fills the voids along 
the sides and bottom of the ditch. Since it does not penetrate the soil to any depth it forms a 
thin coating on the wetted perimeter of the ditch which reduces seepage. Bentonite shrinks 
on drying allowing it to be eroded by flowing water. 

Table 7 presents a cost comparison the various lining materials. 
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Earth $2.25 

Concrete $2.00 

3" Steel- Fiber Reinforced Gunite $2.59 

Asphalt $3.37 

30-mil Flexible Membrane wi Gunite $2.14 

Chemical Sealants Not Available 

SLOPE STABllITY 

For all natural and man-made slopes there is a maximum slope angle at which the friction 
between the soil grains can resist the weight of the soil and prevent a slope failure. If an 
embankment is on the verge of 
sliding, these forces are equal. 
Cohesive soils (clays) generally 
have the highest amount of internal 
friction and is stable at a steeper 
angle (angle of repose) due to the 
very small size of the individual soil 
grains. This is why slopes in clay 
areas can be steeper than those TYPICAL fA.ILURE SURFACE.-J 

where granular (sandy) soils are Figure 6 
predominant. Presented in Table 8 
are the typical angle of repose and unit weight for various types of soils. 

High water content in a soil due to rain or exfiltration from a source such as the irrigation 
canal can dramatically alter the stability of a slope by adding weight and acting as a lubricant. 
Lateral tension cracks forming in a slope is the most obvious sign that failure has begun. (See 
PHOTO 13) The following are the typical methods employed for slope stabilization: 
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o Reduce the slope angle by 
filling; 

o Reduce the slope angle by 
installing a retaining wall; 

o Increase the friction of the 
soil with a Geogrid; and 

o Increase the friction of the 
soil with an additive. 
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Sand, clean, dry 1:1.5 

Sand & Clay 1:133 

Clay 1:3 

Gravel, clean 1: 1.33 

Gravel & Clay, dry 1 :1.33 

Gravel, Sand, & Clay, dry 1:1.5 

Soft Weathered Rock 1:1 

Hard Weathered Rock 

SLURRY CUT-OFF WALLS 

Soil-Bentonite slurry walls are 
subsurface, nonstructural barriers to the 
lateral flow of groundwater. The cut -off 
walls are constructed using a slurry 
trench technique and are composed of a 
mixture of soil and bentonite. The 
principal advantages of this type of cut
off wall is their low permeability (I0-6 -
10-9 em/sec), their general suitability for 
both new and remedial applications, and 
their construction can proceed without 
disturbing the function or operation of 
existing facilities. The soil-bentonite 
slurry trench technique has been in use in 
the United States since the 1940's. The 
early applications of soil-bentonite walls 
were for dewatering large excavations 
and as hydraulic barriers in dams and 
dikes. Recently, there has been a growing 
number of applications of slurry walls for 
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pollution control, particularly on projects where a positive leachate cutoff is required. Recent 
advances in the capability of excavating equipment and refinements in technique have brought 
the cost of slurry walls down. Slurry walls are now economically competitive on projects 
where compacted clay cutoffs, sheeting, or well points would have previously been used. 

The major characteristic of slurry cutoff wall construction is the use of bentonite-water slurry 
which allows excavation without the use of other lateral support. Slurry cutoff walls are built 
by excavating a narrow trench (2-4 ft. wide) while pumping in the slurry and maintaining its 
level at or near the top of the trench during the excavation process. Usually, the trench is 
keyed into an underlying layer of relatively impermeable soil which forms the bottom and the 
slurry wall the sides of the containment. This narrow trench is then backfilled with impervious 
materials to form a permanent cutoff. When the backfill consists of a mixture of soil and 
bentonite, the construction work is called a soil-bentonite slurry cutoff wall. After the trench 
has been excavated under a bentonite slurry, more slurry is mixed with the soil adjacent to the 
trench. A bulldozer is used to work the material to a consistency similar to wet concrete. It 
is then pushed back into the trench so that the backfill slope displaces the bentonite slurry 
forward. Excavation and backfilling are phased to make the operation continuous with 
relatively small quantities of new slurry required to keep the trench full and to mix backfill. 
Average costs for slurry cut-off wall installation is approximately $2.00 per vertical square 
foot. 

PIPELINES 

Irrigation pipelines are a means of conveying water through closed conduits. Since pipelines 
are costly, careful planning is necessary for location, sizing, material selection, and installation 
method. 

Pipelines can be place above or below ground. Portable surface pipe has an advantage over 
underground pipe in that it can be moved and used in more than one location, but it has a 
disadvantage in the labor required to move it. Underground lines are made of concrete, 
reinforced concrete, corrugated metal, steel, aluminum, or plastic. Surface pipe is made of 
aluminum, steel, rubber, plastic or canvas. The choice of material depends on the conditions 
under which the pipe is to be used, cost, and personal preference. 

Pipe conduits can be used in most places but are particularly suited to areas where seepage 
losses are high. Advantages of pipe over channel construction include its use in areas of poor 
soils and steep slopes, weed control and farming operations are easier, and less tillable land 
is taken up. Maintenance work in general is less than that for open ditches, and water control 
is easier. Generally, cost is the main limiting factor in irrigation practices. While construction 
costs are higher than for comparable open channel systems, the overall annual operating costs 
are often less. 
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Inigation piping systems are either low or high pressure. Low-pressure pipelines are open to 
the atmosphere and are usually used with operating heads ofless than 20 psi. High-pressure 
pipelines are closed to the atmosphere and are used where operating heads exceed 40 psi. 
Valves are used in lieu of open vents and stands. High-pressure pipelines generally are used 
to convey water for sprinkler irrigation systems and require pumping from a surface supply or 
well. In the BMA system, this type of pipeline would presently be typically limited to 
individual farms. 

Low-pressure pipelines are used primarily with surface irrigation methods. They can be 
permanent, semi-portable, or portable. Permanent systems usually consist of buried supply and 
distribution lines. In semi-portable systems on farms, buried pipe is used for field supply lines 
with a quick-coupling metal pipe or flexible pipe placed on the ground to distribute the water. 
A fully portable system uses metal or flexible surface pipe for both field supply and 
distribution. Concrete is typically used for low-pressure buried lines, but steel, aluminum, and 
plastic pipe can be used. Concrete pipe is made with tongue and grooved joints, which are 
sealed with rubber gaskets or filled with cement mortar. 

It is very important that a pipeline be large enough to convey the flow needed in various areas 
under present and future conditions. It must be large enough to supply the water required 
during the period of peak crop use even though this full capacity may be needed in only a small 
part of the total irrigating season. 

Specialized structures are needed on pipelines to control water and to protect them against 
damage. Pipelines on sloping land may develop excessive pressure heads that must be 
controlled by standpipes or regulating valves. Lines fed directly from pumps also must have 
structures for controlling the maximum pressure automatically. 

CONVEYANCE STRUCTURES 

Elevated ditches, inverted siphons, protective structures, drops, checks, road crossing 
structures, and flumes are used to carry water across swales, draws, and roads and along steep 
hillsides. These structures are necessary to transport irrigation water efficiently. 

Elevated Ditches - Elevated ditches are open channels built on compacted earth fill to 
convey water across shallow depressions or to deliver water by open ditch to a high part of 
a field. The fill material must compact readily but not crack when dry. Elevated ditches 
generally are used for carrying large flows or in places where they are less costly than flumes, 
siphons, or pipelines. 
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Major problems include 
seepage loss, dry-weather 
cracks through the ditch bank, 
difficulty of controlling weeds 
and rodents, and difficulty of '" - - - - - - - ~,,'" - - - -""', ..... - - - - - - -~ "" 

----~-~ maintenance. For these 
reasons it is usually best to use 
pipe conduits if the ditch must Figure 9 
be elevated more than two or 
three feet. Careful and timely 
maintenance is necessary because a break in the bank can result in serious washouts that will 
damage the structure and the surrounding area. The higher the fill, the greater the potential 
damage from breaks or holes made by burrowing animals. The ditches can be lined to lessen 
this hazard and to reduce seepage. If an elevated ditch crosses a drainageway, a culvert is 
needed. 

Inverted Siphon - An inverted siphon, or sag pipe, is a closed conduit with each end raised, 
forming a V-shaped structure. This structure is used to transport water under obstructions 
such as streams, canyons, or roadways and to regain as much elevation as possible after the 
obstruction has been passed. Siphons differ from culverts in that the top of the pipe drops 
below the hydraulic gradient causing it to operate under pressure. 

NOT[: THE INLET Of THE SlPHQII IS I-IGI-I[R THAN 
THE OUTlET TO IN'S1JR( SUffICIENT SLOPE M::ROSS 
THE STRVClURE .-.L.lOWlNG ORA'.,HV rLOW 

Figure 10 

Two considerations which govern the profile of a siphon are provision for hydraulic losses 
(friction) and ease of cleaning. The friction loss through the barrel will be determined by the 
design velocity and the roughness of the pipe material used. Normally, the water surface 
elevation at the entrance is maintained at a level sufficiently above that of the exit to overcome 
the head loss of the structure. Siphons are generally designed with a velocity of two to three 
feet per second to provide sufficient scouring to be self-cleaning under minimum flow 
conditions. They are usually made of corrugated or smooth metal pipe, concrete pipe, or 
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reinforced concrete poured in place. The amount of water they can carry depends on the size 
and kind of conduit and on the difference in elevation between the water surface at the inlet 
and at the outlet. Trash racks are needed to keep the siphon open. Properly installed inverted 
siphons require little maintenance. Since they are underground, they are well protected, 
especially against flood damage. 

Protective Structures - Protective structures are installed on a canal system to protect both the 
system and the adjacent property owners from uncontrolled releases. These releases can be 
caused by either restrictions or excessive storm water runoff flows in the canal. Restrictions 
in the canal can be due to a number of sources including landslides, excessive aquatic plant 
growth, and blockages on structures or safety racks. Excessive or uncontrolled stormwater 
flows entering a canal system can cause problems by exceeding the capacity of the canal or by 
reducing its capacity by filling in the canal with silt. In order to safeguard the integrity of the 
system from stormwater, the flows must either have a controlled entrance or be provided with 
a means to cross underl over the canal. Energy dissipators and erosion control measures such 
as concrete lining at locations where runoff is allowed to enter a canal. 

Excessive flows in a canal must be controlled to minimize the potential damage caused from 
overtopping. Protection can be incorporated into a system through the construction of drains 
and spillways. Drains allow a canal to be manually drained for normal maintenance or 
emergencies. A disadvantage to a manual drain is that if an emergency arises at a time that 
personnel are not in the area, the canal bank could be overtopped and breached. Spillways 
constructed at strategic locations in the system, such as immediately upstream of structures 
with safety racks, provide an automatic release of excess water in a controlled manner. The 
major components of a canal spillway include an inlet weir set at an elevation above the normal 
operating water level and the lowest elevation of the canal bank, a pipe or channel to direct 
the water to a drainageway without causing property damage, and energy dissipation to . .. . 
mmumze eroslOn. 

Drops - The purpose of drop structures is to transport water from a higher elevation to a 
lower one in a short distance while dissipating excess energy resulting from the drop. These 
structures are placed in areas where topography would require that a canal have an excessively 
steep slope or grade where velocities would cause erosion ifunlined. 

The common types of drops are: vertical, where the water spills over a vertical wall several 
feet tall to the next section of canal which has been protected from erosion by lining or rock 
rip rap; inclined (chute), where the water is routed down a steeply sloping concrete lined 
channel with energy dissipation at the lower end; and pipe, which is identical to the inclined 
drop (chute) except that a pipe is utilized in lieu of a lined channeL Inclined drops are 
generally used when large flows are being dropped from heights exceeding fifteen feet over 
long distances. Drops should not be spaced so closely together that uniform flow is not 
maintained between two structures. Large open drops are usually built of reinforced concrete. 
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Reinforced concrete, concrete block, rock masonry, or rot-resistant lumber, such as redwood, 
cedar, fir, or creosoted pine, can be used for smaller structures. 

Checks - Check structures are used in a canal system to raise and maintain the upstream water 
level at an elevation high enough to make water deliveries from a given reach of the system. 
The water surface is controlled by installing stop logs or raising gates until the desired level is 
backed up by the structure. Once the water reaches the desired level, it overflows the check 
and continues down the canal. 

Road-Crossing Structures - Culverts, inverted siphons, or bridges are used to carry water 
across roads. Culverts are used most often under farm roads because they are generally the 
least expensive. Corrugated metal, smooth metal, and concrete are used most commonly for 
culverts in farm ditches. The culverts should be long enough to maintain a roadway of 
adequate width and must have enough covering to protect the pipe from concentrated loads. 
Inverted siphons are particularly suited to crossings at which the water surface in the ditch is 
higher-than the road. Bridges can be used for road crossings over canals regardless of the 
elevation of the water in the ditch and can be built so there is little or no loss of head through 
the structure. 

Distribution-Control Structures - Distribution-control structures are required for easy and 
accurate distribution of irrigation water to the various fields on a farm. Good control practices 
permit efficient distribution and application and reduces labor requirements. Selecting the 
correct kind of water control structure and locating it properly is an important part of planning 
a farm irrigation system. 

1) Headgate - Farm headgates are used to divert the required amount of irrigation 
water from the farm source of supply to the farm field ditches. Headgates may 
include a weir measuring device that determines flow into a field ditch. They may 
be culvert-type diversion structures equipped with a measuring well or submerged 
orifices with measuring gages. 

2) Division Box - Division boxes are used to divide or direct the flow of water , 
between two or more ditches. Water enters the box through an opening on one side 
and flows out through openings on the other sides equipped with gates of a size to 
furnish the necessary flow to the field ditches. Division boxes are also used at 
pumps to control the flow of water from the pump outlet into one of two or more 
field ditches. Concrete or concrete block are the materials generally used for 
division boxes. Prefabricated metal panels that can be bolted together to form a box 
quickly and easily are also available. 

3) Checks - Checks are structures placed in ditches to form adjustable dams that 
control the elevation of the water surface upstream to divert flow from upstream. 
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Checks can be permanent or portable. A permanent check consists of a headwall 
with a weir opening equipped with grooves for flash boards or with metal slide 
gates for adjusting the upstream elevation of the water surface. Boards can be used 
as stops. By changing the number or height of the boards, the upstream elevation 
can be controlled as well as the rate of overpour. If slide gates are used, the 
upstream elevation is controlled by raising the gate so that the excess water flows 
under the gate. Permanent checks used in the more nearly permanent ditches 
generally are made of concrete, wood, or steel. Checks can also be combined with 
drops. Permanent overfall checks in unlined ditches should have an apron for the 
overflow to prevent scouring that might wash out the check. 

Portable checks can be removed after they have served their purpose for irrigating 
a given area and reset downstream for irrigating another area. They are generally 
made of canvas, plastic, rubber, or metal. Metal checks are forced into the sides 
and bottom of a ditch, the others are dug in and then backfilled so that they do not 
wash out. Portable checks can also be used in concrete-lined ditches. Portable 
metal checks usually are laid on a slant in lined ditches and are held in place by the 
weight of the water. 

4) Turnouts - Turnouts are boxes or orifice-type structures in the bank of a head ditch 
that provide and control the flow of water from the head ditch into border strips, 
contour levees, and contour ditches. These usually include a simple slide gate to 
regulate the flow. Wooden boxes and concrete or metal pipe are generally used for 
turnouts. 

Concrete or metal pipe turnouts must be long enough to extend through the ditch 
bank and should be equipped with an antiseep collar and slide gate. In lined ditches, 
turnouts should be located carefully and be installed at the time the ditch is lined. 
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UNACCOUNTED FOR WATER IN CONVEYANCE SYSTEMS 

In order to determine the efficiency of a canal, it is important to understand the factors that 
can cause changes water volume within the system. These include: 

o Seepage 
o Evaporation 
o Transpiration 
o Groundwater Inflow 
o Precipitation 
o Authorized / Unauthorized Withdrawal 
o Water Discharged During System Shut-down 
o Overland Inflow 

Of these, the greatest influences on IUNrl ,. 
unaccounted for water in the BMA I 
canal system are seepage, 
evaporation, transpiration, \w ::::-:.... 

De 

groundwater inflow, and 10- ID 
I Unauthorized Useor I 

authorized/unauthorized withdrawals. ,. 

SEEPAGE 

- •• ler Table 

G. 

Seepage is generally defined as the 
movement of water into or out of 
irrigation channels through the bed 
material. The amount of seepage may 
be measured in cubic feet per square 
foot of water surface or wetted 
surface, per 24 hour period; in cfs per 
mile; or in percentage of total flow per 
mile. Of these terms cfs per mile is 
believed to be most generally useful. 
(See PHOTO 14) 

SECTION A-A 

Figure II 

Ie .. channel inno_ 
]0 .. overland Inflow 
]1 .. Jl"Ouoowaler Inflow 
P .. pnclplteUon 
R .. relurn flow 
l: '"' evaporetJon 

T .. lrenaplrellon 
C ..... epele 
Oc .. channel outnow 
W .. withdrawal 
S .. cheDDel .lonIce 

Seepage is a complex hydrologic phenomenon and, because of the many variables involved, 
no general rules for computing the rate of seepage have been developed. In a canal, the water 
in contact with the bottom and the banks of the channel immediately starts to move into the 
spaces between the particles making up the lining of the channel. This movement is a 
combination of capillary flow and percolation. The capillary flow is caused by the capillary 
attraction of the fine passages between the particles of the bed material, whereas percolation 
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is caused by the action of gravity forcing water through the pores of the bed material. The 
action of gravity is always downward, but capillary attraction operates in all directions and 
may cause water to rise many feet above the level of the water in the channel. Capillary 
movement is extremely slow and is ordinarily small in comparison with percolation. 

The canal banks and bottom in contact with the water are always saturated, but as the water 
seeping from the canal leaves this zone this condition mayor may not exist. If the water table 
in the area is in contact with the bottom of the canal or has risen above it, all soil in the 
immediate vicinity of the canal below this level is saturated. Seepage then travels by 
percolation. 

If the water table is above the level of water in the canal, then the direction of flow will be 
toward the canal and a gain in water will occur. If, however, the water table is below the level 
of the bottom of the canal, the region immediately below the canal will not be saturated except 
in special cases, such as when the underlying material is less pervious than the bed of the 
channel. Where this occurs a pressure zone is built up around the wetted portion of the 
channel and the flow occurs as percolation. However, when the water table is below the 
bottom of the canal, the water seeping from the canal flows downward by gravity as a film of 
water surrounding the particles of the soil. Under these circumstances, water lost from the 
canal flows downward in a zone directly beneath the canal with little, if any, lateral spreading. 

Whether the material forming the lining of a canal is natural soil or an artificial lining, the 
permeability of the material forming the lining is the most important factor in determining the 
rate of seepage. Permeability is influenced by the size of the pores and the percentage of pore 
space or porosity of the material. Since permeability increases with porosity, low porosity 
materials such as clay are relatively impermeable. Permeability varies approximately as the 
square of the diameter of the pore spaces, and since in clay the pore spaces are very small, the 
permeability is also small. The presence of gravel in most materials increases the permeability 
because it increases porosity. Gravel alone, if made up of particles of uniform size, has a high 
permeability because the interstices between the particles are not filled with finer material and 
consequently the pore spaces are relatively large. Soils consisting of gravel mixed with clay 
are practically impervious to water and are quite stable. 

The most widely accepted rule governing the flow of water through soil is Darcy's Law. 

V=kiA 

where, V = rate of flow (cm3/s) 
k = coefficient of permeability for saturated soils 
i = slope of the hydraulic gradient (cm/cm) 
A = cross sectional area of the soil conveying flow (cm2

) 
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According to Darcy's Law, the velocity of flow through water-bearing sands is directly 
proportional to the head consumed. This law is generally assumed to apply to all saturated 
water-bearing materials in which the pores are of capillary size and the flow is uniform. 
Experiments have shown that samples of coarse gravel may transmit water at a rate 450 
million times that of clayey silt. For a head of one foot per foot of gravel, the discharge was 
90,000 gallons per square foot of cross-sectional area per 24 hour period. Under similar 
conditions the discharge through the clayey silt was only 0.002 gal10n per 24 hour period. 
The actual losses from canals, however, are far less than the maximum because the bed 
materials of canals are partially sealed by silt and clay carried in the water. Furthermore, 
although the depth of water in canals may be as great five feet or more, field studies have 
shown that seepage is only loosely correlated with the depth. Studies have also indicated that 
the seepage rate decreases materially when the water table reached the level of the water
spreading ground. However, the depth to ground water had no effect so long as the water 
table was below the surface of the ground. Maximum seepage rates occurred during the 
period that the water table was dropping after it had risen to the ground-level has dropped 
several feet. The combination of these factors, together with others the influence of which is 
not recognized at the present time, makes it difficult to evaluate the influence of depth of water 
on seepage. 

While permeability may be determined by direct measurement of the velocity of flow by means 
of dyes or chemicals, or by computation from the data for drawdown or discharge from 
pumped wells, the values would only be valid for the general area from which the observations 
were made. Difficulties are also encountered in determining the effective head causing the 
seepage from canals because of the great variations in conditions. The depth in the canal is 
only one of the factors. According to Darcy's Law, the pressure of both ends of the column 
through which seepage is occurring affects the rate of seepage, and their magnitude must be 
known before the effective head can be determined. Measurement of the area through which 
seepage is taking place presents no difficulty. Most canals are offairly uniform section and 
a few profiles across a canal will give a reasonably close approximation of the area. Where 
the canal is irregular, sufficient accuracy can be obtained by taking more profiles. 

Because of the difficulty in measuring the parameters, Darcy's formula V = k i A cannot be 
used in determining the actual seepage from a canal, but is quite useful in demonstrating the 
relationship between seepage and various factors. Even though the value of k or i may be 
unknown, and that A is highly variable, it is apparent from the formula that the seepage is 
proportional to each of these factors and any changes in them will affect the seepage in similar 
fashion. The method commonly utilized to determine the average loss for an existing section 
of canal is to determine the flow entering and leaving the area being studied and calculating 
the difference. If the flow is held constant during the study period, the difference can be 
attributed to seepage. 

Regardless of the lining, the quantitative determination of seepage from an existing channel 
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and the location of probable areas in a proposed canal or lateral through which seepage will 
occur are of major importance to the planner and designer in selecting the reaches of canal to 
be lined. Factors affecting seepage loss from canals in natural earth materials are: 

o Type of material forming the liner, its permeability, and the wetted perimeter; 
o Type and permeability of soil surrounding the canal; 
o Type of vegetation adjacent to the canal (trees, bushes and other vegetation); 
o Canal usage (intermittent use increases losses due to the saturation cycle); 
o Canal system age (seepage may reduce with age due to natural sealing by fine silt); 
o Weather conditions (temperature, rainfall, humidity); 
o Sediment carried in water (quantity, grading); 
o Depth of water flow in the canal; and 
o Depth to ground water in the vicinity of the canal. 

Other factors that affect seepage losses in canals to varying degrees are the percentage of 
entrained air in the soil, capillary tension in the soil, barometric pressure, soil and water 
chemistry, relative proximity of drainage channels to irrigation canals, and location of canals 
within the radius of influence of wells. 

EVAPORATION AND TRANSPIRATION 

These are processes by which moisture is released into the atmosphere. Evaporation is defined 
as the change of water from a liquid to gaseous state. While evaporation may occur from the 
surface of water bodies, plants, or ground, most occurs from water surfaces. Evaporation 
rates are a direct function of wind speed and temperature, but is inverse function of barometric 
pressure, humidity, and dissolved solids content. 

Transpiration is the process in which plants give off water vapor through the pores of their 
leaves during synthesis of plant tissue. The moisture is absorbed from the soil by the root 
system and transferred to the leaves by capillary action. In the presence of an unlimited 
source of water, the rates of transpiration for plants will be about the same rate as evaporation 
from a water surface. In areas where there is an abundant amount of rainfall, all vegetation 
will transpire at the same rate. 

However, where precipitation is limited or is seasonal, root depth becomes an important 
factor. Grasses with shallow roots die off as the soil surface dries while trees and brush with 
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deeper roots flourish by drawing water 
from the lower soil strata. Therefore, 
over the course of a year, vegetation 
with deep root systems will transpire 
greater amounts of water than grasses. 

While the rate of evaporation from soil is 
limited by available water, the rate of 
transpiration is not reduced significantly 
by a decrease in soil moisture until the 
wilting point of the soil is reached. In 
addition to the factors previously listed, 
sunlight increases photosynthesis in 
plants thereby increasing the rate of 
transpiration. The dripline of a tree, as 
depicted in Figure 12, is often used to 

o 
Sun 

Temperature 

estimate the limits of the root zone. In 
Figure 12 

reality, the roots extend two to three 
times this distance from the trunk. This 
is especially true in the vicinity of water supplies. 

Wind 

Humidity 

The Natural Resources Conservation Service recently reported the following findings of the 
Seco Creek Water Quality Demonstration Project being conducted in the northeastern portion 
of Uvalde County: 

o Evapotranspiration accounts for about sixty (60) percent of precipitation. 
o Evapotranspiration was ten (10) to twenty (20) percent less from an area without 

juniper than an area with it. 
o About seventy (70) percent of the evapotranspiration was from juniper, but when 

juniper was removed, other plants and soil compensated. 
o It was projected that elimination of all juniper in one study area could result in a thirty

three (33) percent increase in aquifer recharge. 

Evapotranspiration, commonly termed consumptive use, refers to the total evaporation from 
all sources such as water surfaces, ground, and plant-leaf surfaces. The impact oflarger, deep
rooted vegetation in close proximity to surface water (lakes, ponds, canals, etc.) is that the 
gross area available to transfer water to the atmosphere expanded. (See PHOTO 15 - 16) 

Evaporation from free-water surfaces is usually measured with an evaporation pan. This pan 
is a standard size and is located on the ground near the body of water whose evaporation is 
to be determined. The depth of water in this pan is checked periodically and corrections made 
for factors other than evaporation that may have raised or lowered the water surface. A pan 
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coefficient ranging from 0.6 to 0.8 is applied to the measured pan evaporation to obtain the 
reservoir evaporation. The standard evaporation pan of the u.s. Weather Bureau, called a 
Class A Level Pan, is four feet in diameter, ten inches deep and is positioned six inches above 
the ground. 

AUTHORIZED AND UNAUTHORIZED WITHDRAWALS 

Since its inception, the District has used a flat-rate structure for charging for water delivery. 
Water for irrigation is provided to farmers within the District on a "call" basis. Each farmer 
goes into the BMA office, places an order for water to be delivered to a specific tract, and 
pays the flat rate based upon number of surface acres to be watered. Once notified of the 
order, the ditchrider is responsible to adjust the various control structures in the canal system 
to ensure that adequate flow is diverted into the laterals serving the farm and to open the turn
out. Once irrigation of the field has been completed, the farmer notifies the ditchrider who 
adjusts the control structures on the canal system and turns the water off. The only time that 
the water is turned off prior to notification by the farmer is when water is observed flowing 
from the field on to a roadway or adjacent property. At the present time, neither the District 
nor the farmers know how much water has been diverted when an order has been filled. 

The purpose of water measurement in irrigated areas is to determine if excessive losses are 
occurring in the conveyance system, insure an adequate supply for the desired crops, and 
prevent unnecessary, wasteful diversions through volume based billing. One problem that 
has become apparent in addressing this situation is that the there is currently no way to 
determine the quantity of water diverted in an accurate and equitable manner. With no flow 
measurement devices in place, the responsibility and the authority to determine volume 
actually used rests exclusively in the hands of the District. An accurate, acceptable manner to 
determine flows is needed prior to any changes in the method of billing. 

The volume of water flow is computed simply by multiplying the cross-sectional area of a 
given flow by its average velocity. However, this is the ideal and is difficult to achieve in 
actual practice. The process of flow measurement in laterals and ditches by stream 
profiling (see Gain / Loss Study), is very time consuming and is not practical for determination 
offlow to individual farms. In order to accurately measure flow in these small laterals, weirs 
have become the most widely accepted method. Weirs are obstructions installed across an 
open channel which force the water to flow over a notch or through an opening of known size. 
The rate offlow is determined by measuring the head (height of water at the weir) on the weir. 

There are two general forms of weirs, suppressed and unsuppressed. A standard suppressed 
or contracted weir consists of a weir box with a thin plate forming the crest far removed from 
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the bottom of the weir box or approach 
channel to minimize frictional effects. 
The height of the crest above the bottom 
and the distance between the sides of the 
weir and ditch bank should be a 
minimum of twice the maximum flow 
depth over the crest. Weirs can be 
further broken down into four specific 
types: rectangular, Cipolletti, vee notch, 
and orifice. Each must be used in a ditch 
with a good slope so that the water will 
fall free over the crest. The rectangular 
and Cipolletti weirs can be used for large 
flows with equal accuracy. The vee 
notch weir is designed for small flows 
and should be used whenever the flow 
over a minimum width rectangular or 
Cipolletti weir is less than 2 inches. 
Other requirements which must be met 
include: 
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Figure 13 

o The weir should be set at the lower end of a long pool sufficiently wide and deep to 
pennit an even, smooth current with a velocity of approach of not over 0.5 foot per 
second, which means practically still water; 

o The center line of the weir box should be parallel with the direction of the flow; 
o The face of the weir should be perpendicular to the bottom, i.e., leaning neither 

upstream nor downstream; 
o The crest of the weir should be level, so water passing over it will be of the same depth 

at all points along the crest, and sharp so that the over-falling water touches the crest 
at only one point; 

o The distance of the crest above the bottom ofthe pool should be about three times the 
maximum depth of water flowing over the weir crest; the sides of the pool should be 
at a distance from the ends of the crest not less than twice the depth of the water 
passing over the crest; 

o The gage or weir scale may be placed on the upstream face of the weir structure and 
far enough to one side to insure that it will be in comparatively still water. It may be 
placed at any point in the weir pond or box, so long as it is a sufficient distance from 
the weir notch as to be beyond the downward curve of the water as it flows over the 
weir crest. The zero of the weir scale or gage should be placed level with the weir 
crest. This may be done with an ordinary carpenter's level or, where greater 
refinement is desired, with an engineer's level; 
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o The crest should be placed high enough so water will fall freely below the weir, leaving 
an air space under the over-falling sheet of water. If the water below the weir rises 
above the crest this free fall is not possible, and the weir is then said to be submerged. 
Unless complicated corrections are made, measurements on submerged weirs are 
inaccurate; 

o For accurate measurements the depth over the crest should be no more than one-third 
the length of the crest; 

o The depth of water over the crest should be no less than 2 inches, as it is difficult with 
smaller depths to get sufficiently accurate gage readings to give close results; and 

o To prevent washing by the falling water the ditch downstream from the weir should 
be protected by rip rap (concrete, loose rock, or by other material). 

During the late 1980's, the Lower Colorado River Authority (LCRA) converted to a volume 
based billing system for their Gulf Coast Irrigation District and needed to develop an 
economical method of flow measurement. In 1990, LCRA requested that the Bureau of 
Reclamation perform a calibration study on two types of existing water boxes (small check 
structures on laterals). The results of this calibration effort are included in Appendix 2. The 
4 and 6 foot wide water boxes were tested to determine if they could provide reasonable 
accurate flow measurements with only minor modifications. Due to the flat gradients within 
LCRA's irrigations districts, two types of modifications were evaluated to provide a 
standardized measurement and regulation, the submerged adjustable orifice (undershot) and 
weir (overshot). 

These devices were volumetrically rated in a testing tank and a family of curves were 
developed to cover the wide number of variables. Since the structures are relatively accurate 
and economical to construct, they have become an "acceptable" measuring device. Both types 
performed substantially better when the wood-edge weir plate or orifice opening was replaced 
with a metal edge. Another major advantage to the use of these existing structures is that the 
ditchrider or a farmer can measure the distance down to the water on each side of the planks 
and compute the head, measure the opening (on an orifice), and quickly determine the 
discharge. 

The Bureau of Reclamation also recommended that LCRA use existing pipes as flow 
measuring devices. By measuring the diameter of the pipe, water depth, silt depth, and 
velocity, field personnel can quickly determine the rate offlow. The current meter selected 
for this use by LCRA was the Flow Probe manufactured by Global Water Instrumentation. 
This meter is relatively inexpensive, rugged, and easy to use. 

The ultimate purpose of water measurement is to encourage and enable the user to conserve 
water for the highest and most beneficial use. Irrigation systems based on adequate, volume
based billing forces conservation on only the most wasteful by providing an incentive to use 

Bcxar-Mcdina-Alascosa Counties W.C.&LD. #1 
NaIUIal Rcooun:es Plan - Conveyance System Efficiency, Water Quality, and Municipal Water Demand 

47 
AprllIO, 1995 



only the amount of water that is necessary. Additionally, water conservation practices are not 
limited to crop requirements but include economic factors to be considered for conserving to 
use on the most profitable land. 

Two examples of precise measuring systems are the watt meter and the water meter 
conveniently located at the dwelling. However they are not useful to most users since the 
devices do not supply the information in a way that encourages application by the user. The 
devices require recording and subtracting of the previous reading to determine quantities. This 
procedure is satisfactory for the technician because he is paid to do so but is beyond the efforts 
that most users will expend. The addition of an accumulating total dial to be reset for each 
selected period of time whenever restrictive allotments are made would allow the user to 
identify a goal and the progress towards achieving that goal. 

The measuring needs for agricultural irrigation are similar to those for municipal water. The 
use made of the measuring information depends on the simplicity, completeness, and 
availability of the data. Consequently the challenge is to design a recording system to apply 
to the existing measuring devices that will either by design or because of demand be 
economically available for all agricultural uses. In some respects, it appears that the design 
efforts of metering have been unduly sophisticated, whereas the need for the majority of 
irrigation systems is to be as simple and inexpensive as possible. 

Irrigation water must be measured if it is to be used efficiently. The principal objective of 
measuring irrigation water is to permit efficient distribution and application. By measuring 
water, a farmer knows how much water is applied during each irrigation. Diversion quantities 
based on the fifteen minutes observation severely limits the possibilities of water conservation 
by supplying the information after the opportunity to manage has passed. 

During the process of initiating a flow measurement program as part of volume based billing, 
consideration should be given to the following: 

o Ifwell-maintained tongue and groove planks are not utilized, water boxes can permit 
excessive amount of unaccounted for water due to leakage. 

o In any delivery system, fluctuations occur in canal depth and flow. Measurement of 
head on a weir mayor may not be taken at the most equitable time. In several 
Districts located in western states which use water measurement devices that are 
influenced by fluctuations, the practice has developed whereby the farmer "pegs" the 
stream (placed a notched stick in the ditch to mark the water level). Any time the 
water level dropped the farmer would promptly notify the ditchrider to either measure 
the drop or make proper allowances. Some ditchriders, after taking the reading, make 
an allowance and adjust the charge in order to account for the fluctuating nature of the 
streams. The result is that with measurements based on a one-time daily check, some 
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water is used for public relation purposes. Whether or not equity is maintained is 
debatable. It is apparent that when the normal procedure is to take a once daily 
reading on which to base a charge there is not a true measurement. As a result, many 
charges are negotiated between District personnel and the user. 

o A program must be implemented to use the best device for any given location. Once 
the device has been selected, its operation should be explained to the farmers so as to 
encourage general acceptance of the measuring system. Farmers will participate only 
marginally if the measuring process requires them to use complicated, time consuming 
formulas or tables to determine flow. 

o Lining canals may necessitate changes in measuring structures because the design and 
construction may alter velocities and flow characteristics resulting in measuring 
devices having to be replaced. 

o Weirs should be inspected and repaired on a regular basis. Weeds or obstructions 
must be removed prior to and during times of use. In earthen channels, the upstream 
section eventually fills in with silt, sand, or gravel being deposited in the immediate 
vicinity of the gauge. 

o It is important to plan for enough measuring devices. If all the irrigation water is to 
be delivered to a field through a single headgate, then a measuring device placed at this 
location may be the only one needed. However, if the supply is divided between two 
or more ditches, measuring devices will be required at each ditch. 

In addition to the authorized water diversions as described above, there has been several 
occasions where District personnel have discovered individuals taking water. These 
individuals are generally caught either by accident or by District personnel investigating 
complaints of inadequate flow received from legitimate diverters. While ·the District has 
attempted to make every reasonable effort to prevent the unauthorized diversion of water, the 
practice has continued. 
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-. GAIN / LOSS SURVEY 

GENERAL 

In order to track water being conveyed in a system, it is necessary to know the flow or 
discharge at specific points along a canal. By comparing these flows at a given time, the 
system operator can determine if water is being gained or lost in a particular segment and its 
approximate quantity. While the most accurate method of determining discharge is by utilizing 
weir structures, reasonable results can be achieved by performing what is know as a stream 
profile. Stream profiling involves measuring the cross-sectional area and average speed 
(velocity) of the water passing the location on several different occasions when the depth of 
flow has changed. Discharge can be computed using the following formula: 

Q=VxA 

Where: Q = discharge or flow in cubic feet per second 
V = average velocity in feet per second 
A = cross sectional area in square feet 

The velocity within a channel varies 
greatly across the area of flow. 
Typically, velocity is greatest near 
the center of flow and lowest near 
the bottom or sides due to friction. 
In order to determine the flow at a 
given location, a measuring tape is 
stretched across the channel to 
determine the width and distance 
from the bank. The cross-section is 
divided into subsections 2 to 3 feet 
in width as shown in Figure 14. At 

STREAM CROSS SECTION 

the center of each subsection, the DEPTHS FOR VELOCITY READINGS 

average velocity is measured with a 
current meter held at a specific Figure 14 
depth for approximately 40 seconds. 

COMPUTING SEGMENT AREA 

If the depth is less than 3 feet, the single-point method is used where the velocity is measured 
at a distance of 0.6 of the depth from the surface. In channels with a depth greater than 5 feet, 
the two-point method is utilized where the velocity is measured at 0.2 and 0.8 depths and 
averaged for each subsection. 

Either method may be used in depths between 3 and 5 feet. The three most common types of 
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current meters are the Marsh-McBirney Model 2000, Global Water Flow Probe, and the Price
type meter which is manufactured by several companies. The area for each subsection is 
computed by utilizing the following equation: 

[-li!±hl] 
area=dx 2 

The flow or discharge for each subsection is then computed by multiplying the area by its 
respective average velocity. Totaling the flows for each subsection results in the discharge for 
the cross-section at that depth of flow. 

If continuous monitoring is needed, a stage-discharge rating curve can be developed for a 
given location in the system curve is developed by determining the discharge at several depths 
of flow and plotting them on a graph to create a curve for that site. Personnel may then 
determine flow by measuring the water depth at the site and comparing it to the curve. Data 
loggers can automatically measure the depth at predetermined time intervals and stored until 
an operator is ready to take the readings. 

Sites to be used for flow monitoring should have the following characteristics: 

o The canal should have a relatively straight run for a distance of approximately two 
canal widths upstream and one canal width downstream. 

o The canal should be relatively free of disturbances such as sudden changes in width or 
depth, obstructions, contributing or outgoing sidestreams, and close proximity to sharp 
bends. 

o The flow should be free of swirls, eddies, vortices, backward flow, or dead zones. 

o Areas immediately downstream from sluice gates or where the canal empties into a 
body of stationary water should be avoided. 

1994 GAIN / LOSS STUDY 

During this study, approximately 48.2 miles of canal were surveyed in an effort to determine 
not only losses in the specific canal segments identified in Figure 15, but also to develop an 
estimate of water loss per mile of canal. To achieve the best possible result, a constant 
discharge was maintained for three days prior to the survey in the main canal and 
approximately two days for the smaller channels. Surveys for each of the canal segments were 
completed on the day they were initiated. The results are summarized in the following tables. 
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7194 Main Meter @ Diversion 

2 7194 Rio Medina Meter, 2000' N. of Qui hi Rd. 

3 7194 Castroville Meter, 3000' S. of US 90 

4 7194 Flume 11 Meter (upstream), 1.7 mi. S. of US 90 

5 7n4 Flume 11 Meter (downstream), 3.12 mi. S. of US 90 

6 7/94 Main Canal @ D - I 

7 7/94 D-I Main Canal 

7/94 300' W. of Main Canal 

2 7194 100' E. of Noon an Siphon 

3 7/94 54" under Noonan Rd. @D- I 

4 Lake 

7194 Check, W. of Ward Fann 

2 7194 Check, E. of Natalia Canal 

3 7194 Check, 1,500' W. of Bexar Co. line 

4 7194 300' E. of Bexar Co. line 
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0.00 142 

5.68 114 

16.10 110 

19.32 111 

20.74 109 

23.86 65 

41 

0.00 22.3 

1.89 21.0 

2.75 20.6 

0.00 73.8 

0.76 69.7 

3.41 48.3 

42.6 

-28 (20%) 

-4 (3.5%) 

+1 (0.9%) 

-2 (2%) 

-3 (3%) 

-1.3 (6%) 

-0.4 (2%) 

-4.1 (6%) 

-21.5 (31%) 
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7/94 A - 3 @ Coleman Rd. 

2 7/94 A - 3, 0.57 mi. SE of Coleman Rd. 

3 7/94 Coal Mine Canal @ FM 463 

4 7/94 Natalia Canal @ FM 463 

5 7n4 Natalia Canal, 2 mi. S. ofFM 463 

6 7/94 Natalia Canal, 0.23 mi. N. of Draper Jones Rd. 

7 7/94 Field Ditch, W. off Natalia Canal, @ Site 6 

Ditch 

7/94 S canal@A-I 

2 7/94 Scanal@B-4 

3 7/94 S canal @ Jarrat Rd. 

4 7/94 S canal @ Ess Rd. crossing 
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0.00 7.2 

0.57 6.9 

1.37 0.3 

1.42 5.5 

3.69 4.7 

4.54 3.1 

0.00 1.0 

300' 0.8 

0.00 3.4 

0.66 3.0 

1.42 2.8 

1.99 2.3 

3.03 0.99 

-0.4 (6%) 

-1.1 (16%) 

-1.1 (19%) 

-1.6 (34%) 

-0.2 

-0.4 (12%) 

-0.2 (7%) 

-0.5 (14%) 

-1.4 
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7194 Service Lateral @ Main Canal 

2 7/94 Check @ 90' Bend 

3 7/94 Check 

Canal 
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0.00 2.1 

0.70 1.8 

1.80 1.7 

-0.3 (14%) 

-0.1 (6%) 
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7/94 15" Culvert, McGrath Fann, Block 12, @A - I 0.00 

2 7194 15" Culvert 0.25 

3 7/94 24" Culvert 0.50 

Main Canal, Diversion to D-I 23.86 

D-I Canal, Main Canal to Jungman Lake 4.73 

A-I Canal, 2000' W. of Mann Rd. to 300' E. of Bexar County Line 4.17 

A-3, Natalia Canal, Coal Mine Canal 4.54 

S Canal, A-I to Trawalter 3.03 

D-2, Williams Property to 1H-35 2.46 

Service Lateral, Main Canal to Lytle Canal 2.00 

B-12 Canal, Check 300' N. ofB Canal to Miles Rd. at Sherwood Rd. 2.27 

Field Ditch E. of Dubose Lake, D-2 to 0.2 mi. 0.20 

0.90 
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1.9 

1.7 

1.57 

36 

2.1 

31.3 

4.2 

2.5 

9.1 

0.8 

3.0 

0.8 

0.5 

-0.2 (11%) 

-0.13 (8%) 

1.5 

0.4 

7.5 

0.9 

0.8 

3.7 

0.4 

J.3 

4 

0.6 
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CONVEYANCE SYSTEM EFFICIENCY 

Loss of water from a ditch or canal along the delivery route to the field determines conveyance 
efficiency. This can be calculated by measuring the flow at the point of diversion or source, 
and again at the field. Whenever the loss exceeds 112 to 2 percent per mile, steps should be 
taken to determine the cause and corrective action implemented. As stated previously, the 
causes may be excessive growth of trees along or in the canal, seepage, or unauthorized 
diversion. The following is a generalized equation for conveyance efficiency: 

where: Ec = efficiency of conveyance 
R = all water that can be recovered for reuse 
Wf = water delivered to the field 
Wr = water diverted from a river, stream, storage facility, or other source 

Figure 16 illustrates the 
relationship between the 
water diverted into the 
BMA system over an 
extended period of time, the 
orders placed by the 
farmers, and the annual 
precipitation recorded at the 
station near Rio Medina. 
Based on this information, 
the efficiency of the system 
vanes between 49% and 
82% annually with the 
average for the ten year 
period being 62%. There 
appears to be a strong 
relationship between the 
amount of rainfall received 

WATER DIVERTED vs. WATER ORDERED 
AND PRECIPITATION 

7O.(IlJ .,----------------T70 

6ll.IXll 

Year 

Figure 16 

" = 

in the area, timing of the rainfall, orders, time for water in the main canal, system design, and 
canal efficiency. 

Water diverted into the main canal at Diversion Lake takes approximately three days to travel 
the 24 miles to the irrigated areas of the District. The occurrence of significant rainfall during 
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the irrigation season results in cancellation of orders. With the system running full and no 
orders to fill, District personnel must divert excess water from the canal to receiving streams 
through the many wasteways after topping off the limited off-system storage facilities 
(Chacon, Jungman, and Pearson). Even minor storm events can lead to large amounts of 
water being lost. Approximately 2,500 acre-feet of water is lost annually due to these events. 
The annual loss due to evaporation from the open canal system is estimated to be 600 acre
feet. 
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WATER QUALITY 

INTRODUCTION 

Water quality in the canal system of the Bexar-Medina-Atascosa Counties Water Control and 
Improvement District Number 1 has been the subject of previous studies by the Natural 
Resources Conservation Service and the Bureau of Reclamation. Lacking sufficient water 
quality information for the canal system, a survey of baseline conditions was conducted by 
field investigation. A literature search of previous testing of the Medina River was 
supplemented by river samples taken concurrent with sampling of the canal system. 

Within the BMA District, the standards for water quality are established for three primary uses 
- agricultural, municipal and industrial, and recreational. The water quality element of this 
study was designed to identifY existing water quality problems that could adversely affect any 
of the primary uses of water from the canal system or the Medina River. 

The overall project objectives were to assemble detailed data on the location and extent of 
existing and projected activities which might adversely affect the primary uses of water within 
the District. Activities which might contribute nonpoint source pollution or point source loads 
on the Medina River and the canal system were considered as they relate to the proposed uses 
of water and any resulting expenses to the users. 

Presented in Figure 17 is an overall map of the study area that identifies the locations for water 
quality sampling during this study. 

WATER QUALITY REGULATIONS 

Clean Water Act - The legislative roots of the Clean Water Act of 1987 can be traced as far 
back as the Rivers and Harbors Act of 1899. Federal statutes of the 1950's and 1960's 
contained most of the basic concepts oftoday's legislation but the far-reaching nature of the 
law came with the Federal Water Pollution Control Act of 1972. Enacted on October 18, 
1972, Public Law 92-500 was intended by Congress to address almost every type of water 
pollution control problem conceivable at the time. 

The Clean Water Act of 1972 established four basic precepts that have affected almost every 
federal, state and local water quality control issue since enactment. These precepts are: 

1. No one has a right to pollute the navigable waters of the U.S. In order to 
discharge pollutants, one must first obtain a permit. 
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2. Pennits shall limit the composition of a discharge and the concentrations of 
pollutants. Violators of the conditions of a permit are subject to fines and 
imprisonment. 

3. Some permit conditions require the best controls that technology can provide, 
regardless of the receiving water's natural purification ability. As such, Congress 
decreed that certain levels of control are worth their cost. 

4. Any limits or control higher than the minimum federal requirements must be based 
on receiving water quality. In order to impose standards higher than those required 
by PL 92-500, it must be demonstrated that continued protection of the receiving 
water demanded more stringent limits. 

Amended 12 times between 1972 and 1987, the Clean Water Act was reauthorized in 1987 
through 1994. Failing efforts to reauthorize the Act during 1994 with significant changes to 
certain provisions of the law, the Act as reauthorized in 1987 remains in effect until acted upon 
by Congress in 1995. 

Nonpoint Source Pollution - More so than in its 1972 version, the Clean Water Act of 1987 
emphasizes state responsibility for implementation of certain programs. One of the 1987 
amendments, Section 319, attempts to address some fifteen years of interest in the subject of 
nonpoint sources and their control. States are required to inventory waters within their 
jurisdiction that fail to meet water quality standards because of nonpoint source pollution. 

An important highlight of Section 319 of the Act is that it forms the foundation of the EPA's 
emphasis on a watershed approach to water quality management by requiring that states, 
wherever possible, develop nonpoint source pollution control programs on a watershed by 
watershed basis. Indications are that EPA's watershed approach to water quality control will 
play an even greater role in pennitting in the future. 

The sources of nonpoint source pollution are diffuse and cover substantial areas and are 
generated and transported as part of the hydrologic cycle. These sources include agricultural, 
municipal, silvicultural, and mining. Even without human activity, there are certain 
background levels of non point source pollution such as erosion and wildlife. Surface runoff 
from agricultural and municipal land uses have certain similarities in that they both can contain 
sediment, chemical and bacteriological constituents that may affect the water quality of 
receiving waters. 

The random, intennittent rainfall events that drive nonpoint sources, combined with their 
diffuse nature, make traditional treatment technologies impractical and prohibitively expensive. 
The content of urban runoff include many of the same constituents as municipal wastewater 
discharge including solids, bacteria, heavy metals, oxygen-demanding substances, nutrients, 
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and oils and grease. With the application of pesticides and fertilizer common practice among 
homeowners, urban runoff can contain some of the same constituents as agricultural runoff. 
Runofffrom agricultural land can contain solids, pesticides, and nutrients, as well as bacteria. 

Municipal Wastewater Discharge - The Clean Water Act of 1977 mandated an enforcement 
mechanism to ensure wastewater discharges meet the effluent limitations for particular stream 
segments. This mechanism is the National Pollutant Discharge Elimination System (NPDES). 
NPDES permits are issued to all municipal and industrial wastewater treatment plants to 
ensure that water quality standards are met. 

The NPDES permit contains the technology-based treatment requirements for municipal 
treatment facilities and for phased improvements in technology to allow higher levels of 
treatment. Technology-based limits prescribe minimum standards of pollution control for 
municipal and industrial dischargers without regard for the quality of the receiving waters. 
Water quality-based standards, on the other hand, identify an intended use for the receiving 
waters and prescribe the biological and chemical conditions that must be met to sustain that 
intended use. 

Through the TNRCC, the State of Texas issues a discharge permit in addition to the NPDES 
permit. The Castroville wastewater treatment plant operates under Permit No. 
WQOO10952-001 issued by the Texas Natural Resource Conservation Commission (TNRCC). 
This plant consists of a carousel aeration basin with a clarifier, an oxidation ditch, and two 
oxidation ponds. A copy of the most recent inspection of the facility has been included in 
Appendix 3. 

The plant is permitted to treat a maximum flow of 0.35 million gallons per day of municipal 
wastewater to a level of 65 mgll BOD and 65 mgll TSS. Effluent from the plant is used to 
irrigate pasture land adjacent to the Medina Canal. 

Sandy soils throughout the District allow for a high volume of percolation both from and into 
the canal system. There is reason to believe that treated effluent disposal in the vicinity of the 
Medina Canal is seeping directly into the canal. For agricultural uses, the elevated levels of 
BOD and nutrients contained in the wastewater are probably not of major concern. Municipal, 
industrial, and recreational uses of the water, however, are potentially adversely affected. 

Municipal wastewater discharge permits in Texas typically have minimum parameters of20 
mg/l for BOD and TSS for discharge into surface waters. The permit level of 65 mg/l for the 
Castroville plant is reflective of a no discharge permit. However, there may be reasons to infer 
from recent interpretations of the Clean Water Act by the U. S. Environmental Protection 
Agency that this situation may require the City of Castroville to upgrade its effluent qUality. 

Recent EPA interpretations have stated that all discharges which reach surface waters either 
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directly or indirectly through groundwater that is hydrologically connected to surface waters 
violate the Clean Water Act. In this case, it can be demonstrated that municipal eftluent used 
to inigate pastureland adjacent to the Medina Canal does, in fact, reach the surface waters of 
the canal. 

With proposed recreational and municipal uses just three to four miles downstream of the 
indirect discharge point from the Castroville plant, there is a high potential for reuse of the 
Castroville effluent. This would indicate that the City of Castroville will probably face a 
requirement to upgrade its level of treatment in order to continue inigation of the same 
pasture lands. (See PHOTO 17 - 18) 

Safe Drinking Water Act - The Safe Drinking Water Act (SDWA) establishes national 
standards to ensure that the public receives safe water throughout the United States. Interim 
standards adopted in 1975, defined contaminant as any physical, chemical, biological, or 
radiological substance or matter in water. Maximum contaminant level (MCL) was defined 
as the maximum permissible level of contamination in water at the point of use in a public 
water system. The Act delineates between health-related quality contaminants and 
aesthetic-related contaminants by classifYing the former as primary and the latter as secondary 
contaminants. 

Primary Drinking Water Standards under the SDWA list the tests as well as the MCLs 
required by federal law. The establishment of each of the MCLs was predicated on protecting 
consumers from detrimental effects over long term exposure to the water supply. For 
inorganic chemicals such as arsenic, chromium, mercury and lead, the MCLs were based upon 
possible health effects that might occur after a lifetime of exposure of approximately 2 liters 
of water per day. 

The MCLs for pesticides were derived from available data on the effects of acute and chronic 
exposure to both organochlorine and chlorophenoxy pesticides. Limits for constituents such 
as these are determined with a factor of safety to minimize the amount of toxicant contributed 
by the water supply when other sources, such as food and air, are known to represent 
additional sources of exposure to humans. Therefore, MCLs should not be regarded as the 
definition of safe or dangerous concentrations. 

While each of the tests mandated by the SDW A are performed to ensure compliance at the 
point of delivery to the customer, many of the Priority Pollutants are chemical compounds that 
are not significantly affected by the typical treatment processes. For this reason, it is important 
that raw surface water supplies are analyzed and monitored to ensure that violations of the 
SDWA do not occur. 

Several ofthe substances listed in Table 19 are not commonly found in nature and often result 
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from nonpoint source pollution. These criteria are most appropriate for evaluating the quality 
of a raw water supply source. 

WATER QUALITY STANDARDS FOR USAGES WITHIN THE DISTRICT 

Applying the various federal and state water quality standards to the waters within the District 
requires an examination of the historical and projected uses of water. Irrigation of cropland 
and pastures, as well as watering livestock, is expected to continue to as the primary consumer 
of water in the District. With available supplies of water and the projected retention of 
existing supplies resulting from reduction of water losses within the canal system, it is forecast 
that more water will be available for municipal and industrial uses in the coming years. 

One of the basic objectives of the Clean Water Act was to provide water quality that would 
protect fish and wildlife and provide for recreation. The State of Texas has established specific 
numerical criteria to prevent contamination of drinking water supplies and to ensure that fish 
are safe for human consumption. The numerical criteria for specific toxic materials are shown 
in Table 19. The first column lists the specific compound, the second column the criteria for 
drinking water and fish, and the third column the concentration for fish when waters are not 
used for drinking water supplies. 
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Aldrin 

Alpha-hexachoro-cyclohexane 

Arsenic (d) 

Barium (d) 

Benzene 

Benzide (d) 

Beta-hexachloro-cyclohexane 

Bis( chloromethyl)ether 

Cadmium (d) 

Carbon Tetrachloride 

Chloradane (c) 

Chlorobenzene 

Chloroform 

Chromium (d) 

Cresols 

DDD 

DDE 

DDT 

2,4-D 

Danitol 

Dibromochloromethane 

1,2-Dibromoethane 

Dieldrin (b) 
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0.0312 

0.645 

50 (a) 

1,000 (a) 

5 

OJI 

2.26 

0.207 

10 (a) 

5 (a) 

0.0210 

1,305 

100 (a) 

50 (a) 

4,049 

0.297 

0.0544 

0.0527 

100 (a) 

0.709 

1590 

0.0518 

0.0012 

0.0327 

0.997 

312 

0.0035 

3.49 

1.59 

182 

0.0213 

4,947 

12,130 

46,667 

0.299 

0.0545 

0.0528 

0.721 

15354 

l.l5 

0.0012 
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1,2-Dichloroethane 

1,I-Dichloroethylene 

Dieofol 

DioxinsIFurans (TCDD) Equivalents (b) 
C!!ml!Qund Eguivalency Factors 

2,3,7,S-TCDD 1 
2,3,7,S-PeCDD 0.5 
2,3,7,S-HxCDD 0.1 
2,3,7,S-TCDF 0.1 
1,2,3,7,S-PeCDF 0.05 
2,3,4,7,S-PeCDF 0.5 
2,3,7,S-HxCDF 0.1 

Endrin 

F10uride 

Lindane 

Heptachlor (b) 

Heptachlor Epoxide 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachloroethane 

Hexachlorophene 

Lead (d) 

Mercury (c) 

Methoxychlor 

Melhy Ethyl Ketone 

Mirex 

Nitrate-N 

Nitrobenzene 
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5(a) 

7 (a) 

0.215 

0.000001 

0.2 (a) 

4,000 (a) 

4 (a) 

0.0177 

LOS 

0.0129 

9.34 

84.4 

0.0531 

5 

0.0122 

100 (a) 

4411 

0.0171 

10000 

41.S 

1794 

S7.4 

0.217 

0.000001 

16 

O.OISI 

7.39 

0.0129 

11.2 

94.1 

0.0532 

25 

0.0122 

SS6667 

0.01S9 

721 
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n-Nitrosodiethylamine 0.0382 7.68 

N-nitroS<HIi-n-Butylamine 1.84 13.5 

PCB's 0.0013 0.0013 

Pentachorophenol 129 136 

Pyridine 88.1 13333 

Selenium (d) 10 (a) 

Silver (d) 50 (a) 

1,2,4,5-Tetrachlorobenzene 1.43 1.52 

Tetrachloroethylene 597 1832 

Toxaphene (b) 0.044 0.0445 

2,4,5-Trixhlorophenol 2767 4021 

Trichloroethylene 5 (a) 

1,1 ,I-Trichloroethane 200 (a) 

Total T rihalomethanes 100 (a) 

2 94.5 

(a) Based on maximum contaminant levels specified in 25 TAC Section 337. 

(b) Calculations based on measured bioconcentration factors, and no lipid content 
correction factor applied. 

(c) Calculations based on US Food and Drug Agency levels for fish tissue concentrations. 

(d) Indicates that the criteria for a specific parameter are for the dissolved portion in 
water. All other criteria are for total recoverable concentrations. 

(Reproduced from 31 Texas Administrative Code Section 307.6) 
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Inigation - The availability of water in sufficient quantities and of suitable quality is essential 
for all agricultural uses in the District. By minimizing water losses, the quantity of water is 
projected to be adequate for multiple uses leaving water quality as the primary determining 
factor for the various uses. 

Agricultural uses ofBMA District water require a low potential for salinity, as measured by 
the concentration of total dissolved solids, but can be more tolerant of concentrations of 
chemical constituents than municipal, industrial, and recreational uses. Soluble salts found in 
soils include sodium, calcium and magnesium. Chloride and sulfate anions also occur in soils 
and concentrations can be increased through irrigation. 

Water that is not used by plants or lost to evaporation becomes more concentrated with 
dissolved salts and can remain close to the surface. Waters with total dissolved solids (IDS) 
concentrations ofless than 500 mgll can be used for irrigation with little risk of significantly 
increasing soil salinity. As IDS concentrations increase, crop sensitivity to salinity becomes 
a serious consideration. 

Watering of Livestock - Water consumption by livestock varies with climatological conditions 
as well as the type of animal. Generally, livestock require water quality that has IDS levels 
under 3,000 mgll. There are few other standards for chemical or bacteriological parameters 
for water for livestock. 

Recreational Uses 
Water Contact Sports - Waters used for swimming should be free from obnoxious odors, 
floating or suspended substances, and color. These waters should also be reasonably free of 
toxic agents and have a low probability of containing pathogenic organisms. 

As an indicator of potential pathogens, the fecal coliform level for waters used for swimming 
should be below 200 per 100 mi. Most waterways may experience high bacterial 
concentrations after storm events in both urban and agricultural areas. Bacteria in runoff can 
come from a number of sources including birds, livestock, domestic animals, and wildlife. 
Septic tanks and wastewater systems that are surcharged during wet weather can also be 
significant sources of bacteria. 

Fishing - The tolerance of fish to variations in aquatic habitat is to a large part species 
dependant. Such factors as water temperature and depth, aquatic vegetation, turbidity, 
turbidity, and dissolved oxygen affect the survival and reproduction of different species to 
differing degrees. 

To be fit for human consumption, there are other factors that affect fish that must be 
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considered. Bacterial concentration and the concentration of various compounds prone to 
bioaccumulation are important standards for determining whether waters are suitable for 
fishing. 

As previously mentioned, Table 19 lists a number of pesticides and other compounds that are 
specifically identified by numerical limits by the rules of the Texas Natural Resource 
Conservation Commission. As noted in Table 19, several of the listed concentrations of 
constituents are listed according to bioconcentration. These limits affect all waters which have 
the potential for sufficient fish production to create a significant long-term human consumption 
of fish. In other words, if a waterway is used for fishing, then the water quality must meet the 
specific levels for those compounds listed. 

Municipal and Industrial - With the exception of certain manufacturing processes that require 
extraordinarily high quality process water, such as the semiconductor industry, domestic water 
supplies typically exceed the quality needs of industrial users. Industrial water uses include 
an element of the manufacturing process, cleaning, a coolant, and a source of steam. 

For those industrial operations that rely on raw surface waters there certain minimum 
standards that the supply source should meet. First, the water should be free of settleable 
solids. Secondly, the water should be free offloatables and oils in quantities that make the 
water unsightly. And finally, the water should be free from nuisance colors and odors. 

Since municipal water systems usually supply water that exceeds these minimum requirements 
for industrial use, most industries rely on public water supply systems for treatment. The 
development of surface water sources as municipal supplies must adhere to the requirements 
of the TNRCC as detailed in 31 TAC Section 290. 

According to the state regulations, prior to development of surface water sources, public 
water suppliers are required to evaluate the potential for adverse effects of municipal, 
agricultural, or industrial wastes within the watershed above the water source. Using sanitary 
surveys and laboratory analyses, the developer of the water source of supply is required to 
report to the TNRCC its conclusions of whether the raw water source is adequately protected 
form all sources of contamination. 

Most substances listed in Table 19 are not significantly affected by the routine treatment 
processes of coagulation, sedimentation, and filtration. If a potential raw water supply is 
shown to have concentrations of such substances, additional treatment processes must be 
included by the public water supplier before water can be distributed to the public. 

After plans for use of the raw water supply are approved and production begins, water 
supplied by the municipal water system must continually meet the standards of chemical 
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quality mandated by the Safe Drinking Water Act. The maximum contaminant levels (MCL) 
for inorganic chemicals in public water supplies are shown in Table 20. 

Arsenic 0.05 

Barium 1.0 

Cadmium 0.010 

Chromium 0.05 

Flouride 4.0 

Lead 0.05 

Mercury 0.002 

Nitrate (as N) 10.0 

Selenium 0.01 

Silver 0.05 

Source: 31 TAC Section 290.3 

Using data on the effects of acute and chronic exposure to pesticides, the Safe Drinking Water 
Act includes maximum contaminant levels for pesticides, both organochlorine and 
chorophenoxy. These levels are considered to provide a safety factor that accounts for other 
sources of exposure, such as food and air. The MCL for each compound listed in the Safe 
Drinking Water Act should not be considered as a finite margin between safe and dangerous 
concentrations. The maximum contaminant levels for organic chemicals are listed in Table 21. 
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Endrin (l,2,3,4,10,1O-hexachloro-
6,7-epoxy-I,4,4a,5,6,7,8,8a
octahydro-l,4-endo, endo-5,8-
dimethanonapthalene) 

Lindane (1,2,3,4,5,6-hexachloro
cyclohexane, gamma isomer) 

Methoxychlor (I, 1,1-Trichloro-
2,2-bis-[p-methoxyphenyIJethane) 

Toxaphene (C,Ji,oCII-Technical 
chlorinated camphene, 67-69% chlorine) 

Chlorophenoxys 
2,4-D (2,4-Dichlorophenoxyacetic acid) 
2,4,5-TP Silvex (2,4,5-Trichloro-

Source: 31 TAC Section 290.3 

MEDINA RIVER WATER QUALITY 

0.0002 

0.004 

0.1 

0.005 

0.1 
0.01 

Water quality data for the Medina River within the BMA District has been collected by the 
State of Texas and the USGS since at least the early 1970's. Since January, 1987 the water 
quality monitoring station at La Coste has continuously recorded specific conductance, pH, 
water temperature, and dissolved oxygen. Other parameters of chemical and biochemical 
analyses are gathered less frequently. 

The Medina River between Chacon Reservoir and the Diversion Lake is of relatively high 
quality, meeting applicable water quality standards. The applicable water quality standards 
according to the State of Texas Water Quality Inventory for stream segment 1903 are listed 
in Table 23. 
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Chloride (avg. not to exceed) 120 mgll 

Sulfate (avg. not to exceed) 120 mgll 

Total Dissolved Solids (avg. not to exceed) 700 mgll 

Dissolved Oxygen (not less than) 5.0 mgll 

pH Range 7.0-9.0 

Fecal Colifonn 200/100ml 

90 "F 

The averages presented are for a stream segment that is approximately 80 miles in length, 
reaching from the Diversion Dam downstream to the San Antonio River confluence. The 
average water quality for the segment appears to be lower in some respects due to the 
influence of Leon Creek, the receiving stream for the City of San Antonio's wastewater 
treatment plant. 

Water quality data gathered from the La Coste monitoring station and that from grab samples 
collected as a part of this report indicate that the upper reaches of this segment of the Medina 
River exceeds the minimum water quality standards. In order to evaluate the quality of the 
Medina River for parameters not included in the above table, a comparison of existing ground 
and surface water qualities is included for reference in Table 24. 
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pH 6.5·8.0 7.1·8.0 

Dissolved Solids mg/I 250-450 200·300 

Hardness mg/l 250·300 200·250 

Arsenic I1g/l 0·2 0-3 

Cadmium I1g/l 0·1 0 

Calcium mg/l 80·100 50·70 

Chloride mg/l 10·30 10·30 

Chromium I1g/l 0·15 0 

Copper I1g/l 0-40 0-4 

Fluoride mg/l 0.1.{).5 0.1'{)2 

Lead I1g/l 0·10 0-4 

Mercury I1g/l 0·1.5 0 

Total Nitrogen mg/l 1.5·3.0 02·3.0 

Total Phosphorous mg/l M.I O.l'{)2 

Sulfate mg/l 10·30 10·50 

Aldin I1g/l 0 0 

Chlordane I1g/l 0 0 

Endrin I1g/l 0 0 

PCB's I1g/l 0 0'{).5 

Toxaphene I1g/l 0 0 

0 0'{).3 

Source: Bureau of Reclamation, BMA Technical Report, August, 1992 
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Water quality records for the years 1987 through 1993 for the Medina River at La Coste are 
included as Appendix 5. By reviewing those records, it is evident that the Medina River 
exceeds the minimum water quality standards listed in Table 22. 

In order to supplement the historical water quality data, samples were collected in September, 
1994 and analyzed for biological and chemical parameters. The results of those analyses, 
which are included in Appendix 4, also revealed the water quality of the Medina River to 
exceed the minimum standards. Pictures of the the specific sampling sites are included in 
Appedix 1 (See PHOTO 19 - 28). 

BMA DISTRICT CANAL WATER QUALITY 

In addition to the sampling and analysis of Medina River water, three points along the canal 
system and the Chacon Reservoir were selected for sampling. In addition to the biological and 
chemical parameters analyzed for the Medina River, these samples were also analyzed for 
organic compounds. 

Testing for pesticides and herbicides revealed no compound above the analytical limits. All 
other parameters for these samples were similar to the results of the analysis of the Medina 
River water, with the exception of coliform bacteria in two locations. 

WASTEWATER TREATMENT UTILIZING CONSTRUCTED WETLANDS 

Natural wetlands occur in landscape low spots and through geological time they have adapted 
to and benefited from runoff borne substances carried in from adjacent upland regions. Since 
human societies first began to concentrate in villages and towns, natural wetlands received and 
processed their wastes. But waste loadings from larger populations in cities soon overloaded 
nearby wetlands damaging these systems and destroying their ability to process wastewater. 
Without natural wetlands buffering and treatment, concentrated wastes soon impacted streams, 
rivers and lakes. The developing technology of using constructed wetlands for wastewater 
treatment is merely an attempt to understand and use an important water quality improvement 
function of natural wetlands. And a natural method of wastewater treatment is much less 
expensive to construct and to operate than mechanical methods because a properly designed 
biological system is largely self-maintaining. 

Constructed wetlands presently treat municipal, domestic, agricultural, industrial, acid mine 
drainage, and non-point source wastewaters as well as urban stormwater runoff in many 
countries around the world. Specific applications include town and city municipal sewage, 
acid water drainage from strip-mines, deep mines, coal and ash storage areas, textile, food 
processing and pulp-paper manufacturer wastes, livestock wastes, and campground/visitor 
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center waste. The volume of effiuent is not a limiting factor since constructed wetlands oper
ate at individual home sites treating discharge from failed septic tank systems, small or large 
housing developments, towns and small cities. Mining, industrial and agricultural applications 
may vary from very small waste streams to millions of gallons per day. 

A wetlands constructed for wastewater treatment is a man-made marsh, designed, built and 
operated to simulate and enhance the physical, chemical, and biological processes in natural 
wetlands to treat wastewaters in lieu of complicated mechanical systems. The constructed 
wetland design integrates wetlands plants, microscopic organisms, aerobic and anaerobic 
substrates, and a meandering water course. This process is capable of removing nutrients, 
organic compounds, and trace metals while increasing oxygen and pH levels in a variety of 
wastewaters. It also has the ability to tolerate wide variations in water quality, fluctuating 
water levels, and can be adapted to most climatic regions. 

In the typical facility, wastewater flows through a pipe from the primary wastewater treatment 
system into the constructed wetland. The water can flow either above the soil (Free-water 
Surface System) or through a porus media of consistently sized rock (Submerged Flow 
System). Flow is distributed uniformly across the width of the cell to ensure that the entire 
area is utilized. The cell is planted with wetland vegetation that includes cattails, rushes, reeds, 
iris, elephant ear, arrowhead, duckweed, and water hyacinths. Roots and stems of the plants 
form a dense mat which filters the water and removes a high percentage of contaminants. 
Since the plants transpire water into the atmosphere the wetlands mayor may not discharge 
into a receiving stream. 

Operating costs are much lower than for conventional wastewater treatment systems. Since 
most constructed wetlands are designed as gravity flow systems, pumping and energy costs 
are eliminated and chemical additions are also unnecessary. Operating and maintenance 
typically consists of inspecting dike integrity and vegetation health and grounds keeping
mowing dikes and associated areas. A properly designed and carefully constructed wetlands 
system is largely self-maintaining with little need for inputs or adjustments. 

Land requirements vary with the level of pretreatment and desired discharge levels. For 
example, with only basic pretreatment (settling, degritting and/or communation) approximately 
twenty-five (25) acres per million gallons per day (MGD) will be needed to consistently meet 
the following secondary discharge standards: 

Biological Oxygen Demand (BOD) 
Total Suspended Solids (TSS) 
Nitrogen (NH3) 
Coliforms 

30 ppm 
30 ppm 

4-10 ppm 
<200 

However, only ten (10) to fifteen (15) acres per MGD may be necessary to polish effluent 
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from a lagoon, septic tank or package treatment plant to similar discharge standards. Tertiary 
treatment or nutrient removal will require larger effective treatment areas but actual area varies 
widely with the level of pretreatment and target discharge levels. Constructed wetlands are 
efficient at removing nutrients from the effluent of conventional systems providing excellent 
treatment at very low cost. 

BOD • 
Settleable Solids • • 
Colloidal Solids • • • 

Nitrogen • 
Phosphorus • • • 

Metals • • • 
Viruses • 
Bacteria • 
Coliform • 

Refractory Organics • • 
• 
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MUNICIPAL WATER DEMANDS 

Blackwell, Lackey, & Associates (BLA) recently completed a study for Bexar-Medina
Atascosa Counties WCID#1 and Bexar-Metropolitan WSC which investigated the use of 
surface water from Medina Lake as an alternative means of supply for the area in and around 
the District and to reduce the reliance of pumping from the Edwards Aquifer. Table 26 
summarizes the various systems existing facilities within the service area include the following 
entities: 

Bexar Metropolitan Southside 28,480 421 15 41,200 EdwardsAq. 

Bexar Metropolitan Lacldand 7,100 412 5 8,370 EdwardsAq. 
IColumbia 

City of Hondo 2,290 704 4 4,800 EdwardsAq. 

Atascosa Rural WSC 1,700 393 2 2,000 EdwardsAq. 

East Medina County WSC 1,520 334 4 3,050 EdwardsAq. 

City of Devine 1,450 127 7 3,435 EdwardsAq. 

Benton City WSC 1,400 250 2 905 EdwardsAq. 

YancyWSC 1,240 286 4 2,200 EdwardsAq. 

City of Lytle 990 520 2 1,100 EdwardsAq. 

City of Castroville 840 749 3 1,475 EdwardsAq. 

City of La Coste 450 452 2 2,020 EdwardsAq. 

West Medina WSC 280 364 600 EdwardsAq. 

Medina County WCID #2 210 577 400 EdwardsAq. 

Rio Medina 70 

TOTALS 48,020 390 53 71,700 

As can be seen, the water usage within the area has a large range to it. In particular, the usage 
averages 390 gallons per connection per day with a high of749 gallons per connection per day 
for the City of Castroville and a low of 127 gallons per connection per day from the City of 
Devine. The variations may include industrial water usage as opposed to domestic water 
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usage, unaccounted water loss or lack of conservation controls. The average water usage was 
used in the BLA study to project future water needs. 

POPULATION PROJECTIONS 

Population growth in Medina and Bexar Counties averages approximately 2% per annum. 
Medina County's growth rate is approximately 1 % per year, while Bexar County is somewhat 
higher at 3%. The cities and areas west of San Antonio are expected to have a good growth 
rate as more and more people move out of San Antonio and into the more rural communities. 
Tables 27 and 28 present the Medina and Bexar Counties population projections for the years 
1990 through 2026. These were prepared from information provided by the State 
Comptroller's office. 
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WATER DEMANDS 

One of the main purposes of any Water Plan is to determine the demand for water over the 
length of the Planning Study. In doing so, population and water use projections have been 
developed for the average growth scenario. The growth-related water demand forecast is then 
assessed for both with and without conservation. 

In general, the methods developed by the Texas Water Development Board for protecting 
population and water demands were used in the BLA study, and modified based on additional 
water use data and local input. Demand forecasting has been prepared and analyzed for the 
following categories of water use: 

Municipal Water Demand - Includes quantities offresh water used in homes, offices, public 
buildings, restaurants, and stores for drinking, food preparation, bathing, toilet flushing, 
clothes laundering, lawn watering, car washing, air conditioning, swimming pools, fire 
protection, street washing, and other sanitation and aesthetic uses. 

Irrigation Water Demand - The water required to meet consumptive use requirements of 
agricultural crops cultivated in the study area. 

Mining Water Demand - The water used in sand and gravel washing operations and in the 
recovery of oil and gas. 

Livestock Water Demand - The water required for drinking and sanitation associated with 
various livestock operations including: beef cattle, dairies, swine, sheep, goats, and poultry. 

Manufacturing Water Demand - The water used in the normal operation of an industry for 
cooling water, process/product makeup water, sanitation, and landscaping. 

Steam Electric Demand - The water needed to replace steam or induced evaporation generated 
through the operation of boilers, cooling the generation equipment and for general plant uses. 

PER CAPITA DEMANDS 

Per capita demands, or the average volume of water used in gallons per person per day is 
multiplied by the population to arrive at water demand. For the purpose of their report, BLA 
evaluated the historical demands in relation to accepted norms, water conservation goals, and 
economic impacts for each of the existing systems shown in Table26. The documents used 
for this analysis were obtained from the Texas Water Development Board (TWDB). 

The number of connections water pumpage rates and peak monthly water pump age were then 
analyzed. Growth in service connections were calculated and projected over the life of the 
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plan. Table 29 represents the anticipated growth rate of service connections within the study 
area. 

Bexar Metropolitan Southside 28,480 29,610 

Bexar Metropolitan LackJand 7,100 7,375 
City/Columbia 

City of Hondo 2,290 2,380 

Atascosa Rural WSC 1,700 1,770 

East Medina County WSC 1,520 1,580 

City of Devine 1,450 1,510 

Benton City WSC 1,400 1,450 

YancyWSC 1,240 1,290 

City of Lytle 990 1,030 

City of Castroville 840 870 

City of La Coste 450 465 

West Medina WSC 280 285 

Medina County WCID #2 210 215 

Rio Medina 70 75 

TOTAL CONNECTIONS 48,020 49,905 
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32,750 39,870 

8,160 9,930 

2,635 3,200 

1,955 2,380 

1,750 2,130 

1,670 2,035 

1,610 1,960 

1,425 1,735 

1,140 1,390 

960 1,170 

515 625 

315 385 

240 290 

80 100 

55,205 67,200 

44,140 

10,995 

6,550 

2,635 

2,355 

2,255 

2,170 

1,925 

1,540 

1,300 

690 

430 

325 

110 

75,165 
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PEARSON LAKE WATER TREATMENT PLANT 

A water treatment plant site at Pearson Lake has previously been selected by earlier studies 
due to the following: 

1. A central location between the consumer and the raw water storage facility (Medina 
Main and Diversion Lakes); 

2. BMA owns the property which the treatment facility will be located on, and; 
3. The site is presently used as a storage facility for irrigation waters and can be easily 

adapted to provide flow equalization during peaks and lows. 

As previously mentioned, the central Texas region typically receives low amounts of 
precipitation while having relatively high evapotranspiration rates. These conditions combined 
with soils possessing a low permeability rate, result in only small amounts of continuous 
runoff. Heavy runofffor limited periods during times of intense storms is also representative 
of the area. The intense groundwater use throughout the region has significantly reduced both 
the levels of and well pumpage yields from the Edwards Aquifer. This has led to a severe 
decline of spring flows in recent history which has threatened the habitats of many endangered 
species of wildlife. These events have increased the publics awareness of the fact that our 
water resources are limited and the trends of its use is changing. The State's total yield of 
ground and surface water resources is estimated to be 16 million acre feet per year and are 
currently 75 to 80 percent developed. Texas has experienced a state-wide decline in the total 
irrigated acreage (approximately 670,000 acres during the period between 1985 and 1989) 
while the population has continued to increase, causing a shift in water use from agricultural 
to municipal and industrial (M&I). 

In the past, the Edwards Aquifer has been utilized to satisfy the demands for M&I uses 
throughout the region, however, the aquifer can only supply a limited amount of water before 
it is in danger of depletion. Because of the recent decline in Aquifer levels, new regulations 
have placed restrictions on continued development within the Edwards Underground Aquifer. 
This change has focused new attention to Medina Lake and its ability to meet this challenge. 

The proposed plan of development of the Pearson Lake Water Treatment Plant is to initially 
serve designated customers by reducing their 1993 pumpage by 25% and serving all new 
growth through a surface water supply. The water utilized here will be delivered to the well 
production plants (existing well sites currently pumping out ofthe Edwards) for distribution 
through their existing facilities. 

Table30 is a summary of the projected connections, customers to be served, water treatment 
plant capacity and projected water usage. Plant sizing is based on the Texas Natural Resource 
Conservation Commission's (TNRCC) minimum criteria of 0.6 Gallons Per Minute per 
Connection, for peak day water needs. Average water usage through the plant, was based on 
the average daily demand of390 Gallons per Connection per Day, plus a 10% add on factor 
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for system water loss in the delivery system. The average water use in this situation equates 
to approximately one half of the peak day usage requirements. 

1995 49,927 13,923 12.0 

2000 19,203 55,207 16.6 

2010 62,207 31,203 26.9 

1) From Table 29 
2) From Table 29 utilizing 25% of 1993 connections plus an additional 2% annual growth for new connections 
3) Projection based on TNRCC criteria of 0.6 Gallons per Minute per Connection for minimum peak day production 
4) Projection based on 1993 average usage of390 Gallons per Connection per Day witb 10% water loss tbrough tbe 

proposed system. 

Based on the projected demands a 16 Million Gallon per Day (MGD) initial water treatment 
plant is required to meet the proposed demands through the year 2000. Subsequent plant 
additions are sized as 8 Million Gallons per Day treatment modules which can be added on as 
needed. Key components of the treatment facility are sized in Table 31. 

On-site storage of approximately seven days has been planned for it to provide flexibility in 
the operation of the delivery system from Medina Diversion Lake and the Irrigation Canals. 
Sizing of the treatment units is based on TNRCC criteria for public water system design. 
Coagulant chemicals of aluminum or iron salts (alum or ferric chloride) and polymer are 
proposed for sedimentation. The turbidity and sediments will be removed by addition of the 
coagulant chemicals and settling through an upflow, solids contact clarifier. This unit 
minimizes process sizing, while saving chemical costs, by its ability to recirculate settled sludge 
to aid in water treatment. Final treatment will be through mixed media gravity filters to insure 
thorough treatment performance. Chlorine and ammonia will be used as disinfectants prior 
to on-site storage of the treated water in a 2 million gallon c1earwell. 

6.75 

9.32 

15.14 

18.63 
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Max Flow Rate 16 MGD = 11,100 Gallons per Minute 

Number of Connections (@ 0.6 GPMlConnection) 18,500 Connections 

Average Water Usage 433 Gal./Day/Conn. = 8.0 MGD = 24.6 Ac-FeetfDay 

Avg. Raw Water Withdrawal from Medina Diversion 8,979 Acre Feet per Year - Firm Yield 

On-Site Raw Water Storage 7 Days = 172 Acre-Feet 

Raw Water Pump Stations 4 @ 3,700 GPM Each 

Solids Contact Clarifier 2 Each@ 12' SWD X 120' Diameter 

Mixed Media Gravel Filters 12 Each - IS' X IS' 

Water Treatment Plant Clearwell 2 Million Gallons 

GPMEach 
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CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions and recommendations are made based upon an analysis of the BMA 
system and operations: 

CONVEYANCE SYSTEM EFFICIENCY 

o In a study being prepared by the University of Texas at Austin LBJ School of Public 
Affairs for the Texas Water Development Board on water conservation efforts in 
LCRA's Gulf Coast Irrigation District, Professor David Eaton found that for every 
mile of canal rehabilitated, annual water diversion was reduced by an average of 544 
acre-feet. He went on to point out that there was an extremely strong relation between 
the incremental amount expended on maintenance (effort) and water savings. Removal 
of vegetation, reshaping of the canals, and continued maintenance can yield significant 
annual water savings. 

o As tracts are subdivided, BMA should require that the landowner install a piped 
delivery system to serve each tract in an easement deeded to the District. 

o Tracts smaller than ten acres should be dropped from the District service area. 

o Construct additional off-system holding ponds to capture water from the canals when 
the system is turned off Under current methods of operation, if it rains in the District 
and orders drop off, the excess water from the canals that cannot be retained in the 
existing reservoirs (pearson, Chacon, and Jungman) is diverted to streams via waste 
structures. Installation of holding reservoirs at strategic locations throughout the 
District would not only reduce this significant loss of water, but also allow the initial 
orders to be filled faster. Storage improvements should include: 

1) Removal of approximately 315,000 cubic yards of silt from Chacon Lake. This 
would provide an additional 195 acre-feet of storage at an estimated cost of 
$2,264,000. 

2) Expand the capacity of Pearson Lake from the present 230 acre-feet to 350 
acre-feet. The estimated cost would be $1,391,000. 

3) Expand the capacity of Jungman Lake from the 23 acre-feet to 40 acre-feet. 
The estimated cost of this work is $370,000. 

4) Construct a reservoir on A-I near the Bexar County line with a capacity of 3 6 
acre-feet. The estimated cost of $134,000 is based on using material from 
either Jungman or Pearson Lake expansions. 

5) Construct a reservoir south ofIH-35 on D-2 with a capacity of34 acre-feet. 
The estimated cost of$211,000 is based on using material from either Jungman 
or Pearson Lake expansions. 
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o In the 9,000 foot canal segment isolated by the construction of a siphon at flume site 
11, control structures should be constructed on the upstream and downstream ends to 
allow for water storage and a wildlife preserve. The estimated cost to design and 
construct the inlet and outlet structures is $20,000. Lining the entire length would cost 
an additional $825,000. 

o Line the main canal from the end of the existing concrete lining to Pearson Lake and 
A-I from Pearson Lake to the Bexar County Line. Check structures should be 
constructed at regular intervals along the canal to create storage in the system. These 
structures should be designed to allow for future automation (remote control) and 
overflow protection that allows excess water to flow over a weir to either continue 
down the canal or out of the system through a waste structure. Additional storage 
capacity could be achieved by increasing the freeboard in the main canal with the soil 
from the spoil piles along the route. 

o The following canal segments should be considered high priority for lining: 
1) D-I from Jungman Lake to the D-2 cross-connection. 
2) D-2 from Chacon Lake to Canal 35-A. 
3) B from the Bexar County line to Lucky Rd. 
4) Natalia canal from A-3 to US-81. 

Table 32 summarizes the estimated costs and water savings from lining/piping of the 
Main, A-I, B, lower D-I, D-2, and Natalia Canals. The water savings are based on 
an average use of each canal segment. 

Main (Diversion Lake to Pearson) $17,302,000 

A-I (pearson Lake to Bexar Co.) $2,934,000 

B (Bexar Co. line to Luckey Rd. $1,828,000 

D-I (Jungman to D-2) $4,232,000 

D-2 (Chacon Lake to 35-A) $5,614,000 

Natalia 
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11,000 

6,500 

1,600 

5,900 

4,600 
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o Structures along the canals should be modified to capture stormwater runoff in the 
canal system for storage and future use. Care must be taken to ensure that runoff 
exposed to potential sources of pollution is minimized. 

o As segments of the canal system are lined, wildlife stairs should be installed to permit 
animals an escape route. 

o Laterals in areas with sandy soils should be piped. Once these have been completed, 
the District should budget resources to annually pipe a minimum of 5 miles of lateral 
each year. 

OPERATIONAL 

o During the initial filling of the canal, soils forming the lining absorb a large amount of 
water until reaching saturation and seal. In order to minimize this loss, farmers served 
by common canals should be encouraged by the District to irrigate during the same 
time period. This will reduce water losses due to saturation and sealing of laterals 
when the water is first turned down the lateral. Eventually the District could expand 
this into a scheduling program based on the type of crop, date of last irrigation, 
estimated depletion of soil moisture, and the general weather forecast. 

o The District should move forward quickly with implementation of volumetric billing. 
This will not only encourage water conservation by the agricultural customers but also 
provide BMA with valuable information useful in managing this valuable resource. 
During the first year of volumetric billing, LCRA placed a ten percent cap on the 
amount that a bill would increase over the previous year. This allowed farmers an 
opportunity to see what the financial impact of the new system would be if they 
continued their current irrigation practices. 

o An early warning system should be installed at key locations to warn District personnel 
of high water levels in the main canal. This would minimize the chance of water 
overtopping and breaching the levee by allowing response personnel time to locate the 
cause of blockage and eliminating it. 

WATER QUALITY 

o Water quality in both the Medina River and the BMA Canal system is suitable for 
agricultural, municipal and industrial, and recreational uses. While sediment, chemical, 
and biological loadings are relatively low during normal flow conditions, two potential 
sources for water quality problems should be the subject of further assessment. These 
are nonpoint source pollution and discharges from the Castroville wastewater 
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treatment plant. 

o The 3,000 feet of canal isolated by the construction of siphon at flume site 6 could be 
modified as a wetlands treatment cell for the City of Castroville's wastewater treatment 
plant eftluent. This additional treatment could make the water available for reuse by 
the District while eliminating a factor causing the slope failures along one section of 
canal and potential source of contamination. The wetland could also serve to mitigate 
other sites disrupted by the lining of the canal system if required. Estimated cost to 
design and construct the inlet and outlet structures, 1,500 linear feet of force main 
from the wastewater treatment plant, and install the appropriate vegetation is $55,000. 

o Since traces of pesticides and herbicides can pass through standard water treatment 
processes, positioning a raw water intake such that the acreage in the watershed 
subject to cultivation is minimized would benefit the future operation of the plant. The 
site for the proposed Pearson Lake surface water plant may simplify monitoring for 
identification of the magnitude of any potential problems associated with storm runoff 
in the watershed above the proposed plant intake. An analysis of nonpoint source 
pollution sources and effects under current conditions would identify any potential 
problems that might affect development of a surface water plant and would provide 
baseline data that could be used to assess the impact of future development in the area. 

o While the treated eftluent from the City of Castroville wastewater treatment plant is 
a potential source of contamination of the BMA District's waters, uncontrolled and 
improperly controlled recreational activities at the Chacon Reservoir can also have 
adverse impacts on water quality. A septic tank drain field near the dam can introduce 
significant loads of nitrogen and coliform bacteria to the lake. Construction of a small 
lift station to transport sewage from the campgrounds away from the reservoir would 
minimize the effects of recreation on water quality. 

MUNICIPAL WATER DEMAND 

o As the area continues to urbanize, the need for alternative water sources will be 
required to relieve the intense pressure on the Edwards Aquifer. The cost of 
constructing a water treatment plant and the required transmission system is detailed 
in Tables 33 and 34. 
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TMI From Pearson WTP to East 60' 25,000FT 

TM2 From Pearson to Devine 20" 60,OOOFT 

TM3 From Pearson to Castroville 20" 28,000 FT 

TM4 FM 2790 South to Lytle 54" 20,000FT 

TM5 Along 1-35 to Loop 1604 54" 46,000FT 

TM6 Along 1-35 to Bexar Met South 48" 48,000FT 

TM7 Along Loop 1604 to Lackland City 24" 50,000FT 

TM8 Along FM 2790 to La Coste 8" 10,000FT 

TM9 Along Inig. Canal to Atascosa WSC 12" 5,000FT 

TMIO Along 1-35 Between Devine & Lytle 10" 50,000FT 

TMll Along FM 173 From Devine to Hondo 16" 45,000FT 

TM12 Along FM 173 From Devine to Hondo 12" 45,000FT 

TM13 Castroville to Rio Medina 6" 40,000FT 

TMI4 Castroville to Quihi 16" 48,000FT 

TM15 Quihi to Hondo 12" 42,000FT 

TM16 Hondo to D'Hanis FT 

TOTAL 
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30,400GPM 

3,520 GPM 

3,300 GPM 

28,700GPM 

27,500GPM 

22,000 GPM 

5,500GPM 

400GPM 

1,300GPM 

1,100 GPM 

1,850 GPM 

900GPM 

110 GPM 

2,500 GPM 

1,350 GPM 

480GPM 

S3.75M 

S3.60M 

S1.68M 

S2.70M 

S6.21 M 

S2.64M 

S3.60M 

SO.24M 

SO.18M 

SI.50 M 

S2.16M 

S1.62M 

SO.72M 

S2.30M 

S1.51 M 

M 

$35.37 M 
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Pearson Water Treatment Plant 

Pearson WTP Booster Station & Ground Storage 

Loop 1604/1-35 Booster Station & Ground Storage 

FM 173 to Hondo Booster Station & Ground Storage 

Quihi to Hondo Booster Station & Ground Storage 

Hondo to D'Hanis Booster Station & r~"m,,1 

TOTAL 

Bcxar-Mcdina-Alascosa Coomtics W.C.&.LD. #1 
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$16.00M 

$2.70M 

$2.00M 

$0.15M 

$0.18M 

$21-06 M 
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PHOTO 1 - TYPE A CANAL (Main at US-90) 

PHOTO 2 - TYPE B CANAL (Upper Portion ofD - 1) 



PHOTO 3 - TYPE C CANAL (D -2 Near E. Calame Rd.) 

PHOTO 4 - TYPE D CANAL (Beyond Check, Natalia Canal) 



PHOTO 5 - TYPE E (Pull Ditch Near N, Calame Rd,) 

PHOTO 6 - ENTRANCE TO RECENTLY PIPED SECTION OF 35-E 



PHOTO 7 - PEARSON LAKE 

PHOTO 8 - CHACON LAKE 



PHOTO 9 - JUNGMAN LAKE 

PHOTO 10 - KIRBY LAKE 



PHOTO II - BALL LAKE 

PHOTO 12 - DUBOSE LAKE (Dry) 



PHOTO 13 - SLOPE FAILURE ABOVE SIPHON 5 

PHOTO 14 - WETLAND DUE TO SEEPAGE FROM MAIN CANAL 



PHOTO 15 - EXCA VA TOR CLEANING MAIN CANAL 
(Note Excessive Vegetation on Far Canal Bank) 

PHOTO 16 - OVERGROWN CANAL (D-2 at Dubose Lake) 



PHOTO 17 - MAIN CANAL AT CASTROVILLE 

PHOTO 18 - SEEPAGE IN SLOPE FAILURE NEAR SIPHON 5 



< ...oj: 

PHOTO 19 - MEDINA RIVER WEIR BELOW DIVERSION DAM 

PHOTO 20 - MAIN CANAL AT OLD USGS GAGING STATION 



PHOTO 21 - MAIN CANAL, SOUTH OF US-90 

PHOTO 22 - MAIN CANAL AT SIPHON 5 



PHOTO 23 - PEARSON LAKE (Sample Taken Near Outlet Structure) 

PHOTO 24 - CHACON LAKE (Sample Taken Near Boat Ramp) 



PHOTO 25 - NATALIA CANAL, SOUTH OF FM 463 

PHOTO 26 - D-2 CANAL AT THE INGRAM REDI MIX PLANT 
(North of US-Sl ) 



PHOTO 27 - CANAL B-l-K AT TOUCHSTONE ROAD 

PHOTO 28 - LYTLE CANAL AT OLD FRIO ROAD 
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. dIsc:harge and can be applied for' all box sizes. The orifice calibration was generalized In 
. dimensionless form and can be used for all orifice lengths. openings, and elevations to within one 
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INTRODUCTION AND BACKGROUND 

About 2,000 water boxes are used by LCRA (Lower Colorado River Authority) to deliver water to 
rice farmers of the Gulf Coast Irrigation District near Austin, Texas. In order to conserve water, 
the LCRA plans to improve their accountability of water delivered at each turnout by treating the 
water box rurnouts as weirs or orifices. Water passes over the top stop planks When used as weirs; 
to create an orifice, spacers are placed between one set of the tongue-and-groove stop planks to 
separate them, thus forming rectangular orifices. LCRA requested that the hydraulic laboratory 
evaluate the water boxes and modes of operation as possible water measuring devices. If necessary 
these boxes will be modified and limits on their usage will be specified. 

The conversion to a more precise measurement program will take place in two stages. The first 
stage, covering a 2,OOO-acre pilot project containing about 20 boxes, started in April 1990. The 
second stage will consist of converting the remaining boxes in 1991. The desired target water 
measurement accuracy is :t 10 percent. 

Operators describe a "box of water" as 3,000 gal/min or 6.68 if /s which, in a 4-foot box used as a 
weir, is assumed to occur at about 6 inches of head. Generally, after a mode of operation and 
position of planks have been selected at a site, the weir or orifice geometry is unchanged from then 
on. However, weir and orifice elevations, flow approach depth, and downstream submergence can 
vary considerably with time and between different measurement sites. In addition the edge shape 
of tongue-and-groove planks can change due to damage and wear. There can even be variation of 
milling of the wood. Thus, the present method is at best an estimate. 

CONCLUSIONS 

The following are based on laboratory observations, data, and calIbration parameters: 

• Metal-edged orifices and weirs installed in LCRA boxes are adequate measuring devices. 

• Unit discharge equation 3a for the 4-foot box metal-edged weir should be used for all box 
sizes. The standard deviation for the weir equation is :t 2.0 percent discharge including 
the uncertainty of estimating between hundredth divisions on the staff gauges. 

• Rounding of orifice and weir edges by poor machining or damage and wear can affect the 
discharge measurement considerably. Thus the use of wood blades is not recommended 
because of variation of the tongue-and-groove milling and inevitable damage and wear 
during use. 

• The weir crest should be at least a distance equal to two maximum measuring heads from 
the invert of the box (immediately upstream of the weir crest). Weir lengths should be 
measured for each box after setting the blade level as a precaution against construction 
errors, form slipping and walls being out of plumb. Corrected values of blade length (L) 
should be used in the weir equations. 

• Metal orifice and weir blades can be installed on the planks and still allow the tongue
and-groove to seal and shut off the flow. 
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• Because LCRA water boxes lack a field data base as measuring devices, it is 
recommended, especially during the early stages of the conversion program, that careful 
current meter checks be made for box sizes tested in the laboratory and those not tested. 

• Flow through LCRA weirs seals against the sJot projections and prevents nappe 
ventilation when the downstream water level rises to within 05 foot of the crest elevation. 
Therefore, the water surface downstream should be kept at least 05 foot below the weir 
crest. 

• The metal-edged orifice coefficient curves on figure 1 can be used with equation 7 to 
determine discharge. The coefficient of discharge can be determined from the conic least 
square fit equations 9 and 10. The average standard deviation of the coefficient for 
elliptical orifice fits is 0.01. The discharge coefficients presented can be used for all sizes 
of boxes, orifice openings, orifice lengths, and elevations to within one orifice opening 
from of the upstream box bottom. 

• The outside edge of the orifice opening spacers should be parallel and in line with plank 
slot projections. The length and opening should be measured for each box after each 
setting of blade level as a precaution against construction errors, form slipping, and walls 
being out of plumb. 

• Staff gauge zero reference elevations and orifice dimensions should be determined after 
the wood planks have become water saturated. Orifice and weir installations and boxes 
should be checked routinely for tilting and shifting relative to the staff gauge. 

• Since plugging occurs where it cannot easily be seen, the orifices need to be checked 
frequently for plugging with weeds and other debris. 

• Sediment deposits on the bottom of the approach near shallow orifices can affect flow 
measurement accuracy. Special effort should be made to ensure that there is not a 
deposit that slopes up to the orifice edge. Sediment deposits upstream of the measuring 
head staff gauge and the stop planks should be cleaned out to a distance equal to at least 
six deposit depths. 

• If the right and left measuring heads differ by more than 0.02 foot, turning and blocking 
baffles should be placed upstream to correct the difference to within 0.02 foot. 

• The laboratory ca.l.tbrations presented for the tongue-and-groove weirs and orifices (figs. 4 
and 6) are not recommended for general use because they are based on wooden blades. 

• The simultaneous use of weir and orifice flow should not be used for flow measurement. 
Discharges determined under this combined flow condition should be considered as rough 
estimates only. 

2 



---------------------------------

THE MODEL 

Test Plan 

The following is basically the study plan as submitted to LCRA. The 4-foot box is the most 
commonly used. Therefore, this size was installed in the laboratory and tested fIrst. The tests were 
directed mainly at determining the orifice and weir boundary and edge effects. It was expected that 
this would require tests of the orifices at different distances from the invert and different distances 
from the water surface. Weir and orifice tests with and without the slot protrusions might be 
required as well as tests of weirs with protruding slots with and without the spacers and their rods. 
A vertical center railroad track used as a brace in the 6-foot box would be removed to determine 
its effect on discharge. Then the 6-foot box unit discharge equation would be predicted from the 
4-foot unit discharge equation and compared to a cal.tbration done with a 2/3 scale 6-foot box 
installed in the laboratory. Depending upon the degree of this comparison, the remaining sizes of 
the boxes would be installed and tested. Due to the expense of converting 2,000 boxes to ideal weir 
and orifice measuring systems, it was decided that tests would be performed to attain an acceptable 
accuracy with the least amount of modification necessary. 

Laboratory Installation and Measurements 

The water box, weirs, and orifices were installed in a 6-foot-deep, 7-foot-wide, and 22-foot-long 
rectangular channel (fIg. 5). Water was supplied to the model test channel using the standard 
laboratory water delivery system. Discharge through the model was measured with the 
volumetrically calIbrated venturi meters that are a permanent part of the hydraulic laboratory 
equipment. The volumetric tank water measurement system can measure discharge to within less 
than :t 1 percent. Thus with careful venturi differential readings the discharge measurements have 
a traceable accuracy of :t 1 percent. Before passing through the water boxes, the water was 
distributed and stilled by passing it through a gravel baffie. The downstream submergence head was 
controlled by positioning a flap-type tailgate. Head measurements were made using metal staff 
gauges that have O.Ol-foot minimum divisions. Therefore, bankside staff gauge readings can be 
estimated to :t 0.005 foot. 

WEIR CALIBRATIONS 

Conditions for standard sharp-crested weirs specified in the Water Measurement Manual (Bureau 
of Reclamation, 1981 reprint) are: 

• The weir crest elevation should be at least two maximum measuring heads above the 
approach channel invert. 

• The approach flow area should be at least eight times the flow area above the crest. 

• The velocity of approach should be less than 0.5 ft/s. 

• The blade crest length should be greater than three maximum measuring heads. 
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• The approach channel to the weir should be straight for a distance equal to 10 average 
channel widths. 

• The top of the weir blade should not be more than 1/16 inch thick and have a sharp 
upstream comer. 

These conditions can only be relaxed at the expense of determining more complicated equations 
with variable discharge coefficients, obtaining specific site and geometry calibrations and making 
velocity of approach corrections. Additional improvements in the field may also be required such 
as installing baftles to correct approach flow distnbution. 

The prediction of hydraulic relations can frequently be approximated by a form of a power function, 
that is, they plot as straight lines on log-log graph paper. But exponents and coefficients derived 
in this manner do not generally relate directly to the actual physics. For example the coefficient 
has to assume dimensional units that are commensurate with the independent variable raised to its 
exponent to obtain the proper units for the dependent variable. However, statistical best fit 
parameters such as correlation coefficient, standard deviation and mean error can be used to tune 
coefficients of simplified equations to achieve predictions within the limits of experimental error. 
To a degree, varying the coefficients and exponents can compensate for poor compliance of the 
above-mentioned conditions for standard weirs. 

Discharge (0) and measuring head (H) can be equated as: 

(1) 

Dividing equation 1 by the crest length (L) results in the unit discharge form, 

q = O/L = (C.JL)H" (la) 

letting 
c = C.JL 

then 
0= qL = cLH" (lb) 

Four-Foot Weir Calibrations 

The caltbration curve for the 4-foot box with flow over a stop plank tongue acting as a weir blade 
is shown on figure 6. The least square fit equations are 

where: 

o = 12. 74H/.3S1 

Q = 3.493LHl i.3S1 

HI = upstream head measured at the staff gauge. 
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The correlation coefficient for these equations is 0.9985 and the standard deviation (0') is 1.8 
percent discharge. Percent discharge was calculated as 

where: 

Q... = 
O. = 

0 .. = 100 [(0 ... - Q.)/O..] 

measured discharge. 
discharge based on least square fit equation. 

Assuming a normal statistical distnbution, 68.3 percent of the data points are expected to be within 
:0, 95.4 percent to be within :20 and 99.7 percent to be within :30. The value of 30' can be 
considered the maximum expected error. Any measured data pair that had a deviation greater than 
30' was considered to be a misreading and was removed from the least squares fit. 

Rounding of weir blades has a considerable effect on accuracy. Ackers et al. (1978) found that at 
measuring heads of about 0.5 foot, the increase in the coefficient of discharge in percent is equal 
to the radius of rounding in millimeters. Thus, the use of tongue-and-groove wood weirs is not 
generally recommended because of variations in milling and inevitable damage and wear in time. 

A method of incorporating metal blades is shown on figure 7. The metal blades could be used for 
weir or orifice configurations and still allow the tongue-and-groove to seal for shutting off the flow. 

The equations for the metal-edged weir blade in a 4-foot box are 

o = 12.18H/" ... 1 (3) 

(3a) 

The correlation coefficient for this equation is 0.9984 and the standard deviation is 2.02 percent 
discharge. The c:ahbration curve and measured data are shown on figure 2. Note that equation 3 
is for one crest length (3.67 feet); therefore, equation 3a should be used to correct calibration for 
difference in crest length. 

A comparison of calibrations between the sharp metal edge and the tongue plank edge indicates 
the sharp edge metal weir delivers about 10 percent less discharge than the plank tongue weir blade 
at the same head. 

To investigate the sensItIvIty of weir discharge measurements to both precIsIon of head 
measurement and zero elevation setting, equation 3 was used to compute discharge errors. For a 
zero or head reading error of one-half the minimum staff gauge division or :0.005 foot, the 
discharge error varies from: 1 to :4 percent as head varies from 0.6 to 0.2 foot. Over the same 
head range, assuming the head reading or staff gauge zero is off :0.01 foot, additional errors in 
discharge ranging from :2.5 to :7 percent occur. 

Six-Foot Metal Weir 

The 2/3 scale model of a weir with a center rail support in a 6-foot box was calibrated similar to 
the 4-foot version. The influence of the support rail on the discharge c:ahbration was determined 
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by conducting flow calibrations with and without the rail in place (fig. 3). Within experimental error 
the rail was not found to affect the cahbration. The best fit equations are 

Q = 18.71HIA112 (4) 

Q = 3.30LH1AII2 (4a) 

Note that equation 4 is for one crest length (5.70 feet). The correlation coefficient is 0.9993 and 
the standard deviation is 1.89 percent. 

Equation 4a compares closely to equation 3a and since the 6-foot box is from mode! data where 
experimental errors are amplified by the scale ratio along with other possible minor scale effects, 
it is recommended that equation 3a be used for all sizes of weirs. 

ORIFICE CAUBRAnONS 

Conditions for standard orifices specified in the Water Measurement Manual (Bureau of 
Reclamation, 1981 reprint) are: 

• The orifice blade should be at least two minimum orifice dimensions from all approach 
flow boundaries. 

• The approach flow area should be at least eight times the orifice area. 

• The velocity of approach should be less than 0.5 fils. 

• The downstream submergence head (measured from the top orifice edge) should be 
greater than two minimum orifice dimensions. 

As with weirs, these standard requirements can only be relaxed at the expense of defining more 
complicated equations with variable discharge coefficients, obtaining specific site and geometry 
calibrations and making velocity of approach corrections. 

Submerged Orifice Theory 

Rouse (1950) shows that the energy equation can be used to derive an approximate general orifice 
equation as follows 

where: 

.iH = 
HI = 
H2 = 
VI = 
g = 
b = 

Q = CcbL[2g(.iH + V/!2g)}I/2 

(HI - H~ . 
upstream measuring orifice head relative to orifice bottom 
submergence head relative to orifice bottom. 
approach velocity. 
acceleration of gravity, 32.2 ft/s2. 
opening between planks. 
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) L .. length of orifice. 
Cc .. coefficient of contraction. 

The coefficient of contraction, C .. and the approach flow velocity head, V/,/2g. are governed by the 
flow geometry. These can be combined into a coefficient of discharge, Cd' where: 

(6) 

Equation 5 can then be rewritten as: 

(7) 

Four-Foot Box Tests Using Tongue-and-groove Planks as Orifice Edges 

Generalized cahbration curves were developed from test data measured using three typical orifice 
configurations. Two 3-inch orifice geometries were tested, one with its bottom orifice edge 
3.5 inches from and the other 8 inches from the invert of the box. The third orifice geometry was 
a 6-inch orifice located 8 inches above the box invert. 

Tests of each orifice geometry were conducted at constant discharges equal to 1,3/4, 1/2, and 1/4 
boxes of water (6.68 ft'/s). For each nominal discharge, the submergence head was reduced in 
increments and both the upstream and submergence head were measured. A typical plot of 
upstream head versus submergence head for a 3-inch opening is shown on figure 8. For high 
upstream and submergence heads, the curves approximate 45· lines; however, as the downstream 
water surface approaches the top of the orifice, it becomes influenced by the orifice jet. The curves 
then ~ulge towards the ordinate and then drop nearly vertical. The horizontal lines shown represent 
constant values of (Bib), one of the parameters of equation 6. 

To develop coefficient of discharge curves, where the horizontal (Hib) lines (fig. 8) intersect the 
head curves the approach heads (Bl/b) are read from the abscissa. The corresponding discharge 
is interpolated between the associated venturi discharge measurements. Coefficient of discharge 
values can then be calculated and plotted against (Hdb) for constant values of (Hlfb) (fig. 4). The 
data measured from the different orifice geometries tested plot within the scatter of each other. 
Therefore, the solutions to equation 6 as given on figure 4 can be applied as general submerged 
orifice cahbrations for different orifice openings provided the orifice is located at least one orifice 
height above the approach box invert. The Cd values presented on figure 4 will apply to water boxes 
of similar geometry but different widths. 

Coefficient of discharge values can be presented in tables or directly calculated by performing a 
least squares fit of the dimensionless submerged orifice parameters. The coefficient of discharge 
curves for each submergence value of (Hu'b) on figure 4 were fitted by least squares. The 
cahbration of orifice control below radial gates could be approximated by a conic section of elliptical 
form (Buyalski, 1983). The conic form of the equation is 

(8) 
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where: 

x 
y 
E 
D 

= 
= 
= 
= 

the horizontal distance measured from the focus to the locus of point p. 
the vertical distance measure from the focus to the locus of p. 
the eccentricity equal to the ratio (r/d) (fig. 9). 
the directrix equal to a constant distance measured from a fixed reference line 

to the focus. 

Replacing x and y with the orifice ca.iJbration parameters given on figure 9 and solving for Cd' 
equation 8 becomes 

(9) 

where: 

F = HJb + E*D/(l+E) (10) 

The best fit values for (E) and (D) were found by a trial and error method (Box et aL, 1978) based 
on calculating the variance of measured (Cd) values relative to calculated (CeI) values on a (E) 
versus (D) grid. After the variance was calculated for all grid intersection points, the center of the 
grid was adjusted to the minimum variance and the spread of the grid was reduced to increase 
resolution. This iterative process was repeated until increasing the grid resolution did not 
significantly alter the minimum variance. The mean standard deviation of the least square fit curves 
is 0.01 with a maximum of 0.02 and a minimum of 0.004. A plot of the curves and a table of 
(H2/b), (E). and (0) values are given on figure 4. 

Six-Foot Box Orifice Tests WIth Tongue-and-Groove Planks 

Tongue-and-groove orifice ca.iJbration data were also obtained with a 2/3 scale model of the 6-foot 
box orifice both with and without the center supporting rail track. Comparison of coefficients with 
and without the rail, assuming no change in orifice area due to the track. indicated that there was 
no significant effect of the rail on discharge. Comparing the 6-foot box coefficient data to the 4-foot 
ca.iJbrations on figure 4 indicates a shift of about +0.4 inch in the value of HI/b. It is believed that 
variation in the board milling and the projection of the slot relative to the length of opening 
contributed to the shift. 

Metal-Edged Orifice Tests in 4-foot Box 

The metal orifice was ca.iJbrated in the same manner as for the tongue-and-groove orifice. However, 
based on the previous test results only one orifice opening and elevation was considered necessary 
to determine the functional form of equation 5. Values of E and D for use in equation 8 are given 
for sharp-edged orifices on figure 1. The dashed line curving down and to the right is a suggested 
lower limit of long-term use because of difficulty of interpolating within the steep part of the (HJb) 
curves. As the curves become steeper at low values of (H2/b) it is recommended that orifice 
geometries resulting in values of (H2/b) below 2 not be used. 

From the dimensionless orifice plots, a relative comparison of discharge capacity under equivalent 
head conditions between the tongue-and-groove orifice and the sharp-edged orifice was determined. 
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The tongue-and-groove orifice provides increased capacity from 9 to 22 percent over that of the 
sharp-edged orifice, averaging 13 percent over the applicable head ranges. 

Six-Foot Box With Metal Orifice Tests 

Data were also obtained for the 6-foot box with metal-edged orifice. These also showed a shift in 
the 6-foot dimensionless data when compared to data from the 4-foot box. The shift was less than 
found for the wood plank orifices and was in the opposite direction, -(Hl/b) from four-foot curves. 
Since the 6-foot box test results are from model data where experimental errors are amplified by 
the scale ratio along with other possible minor scale effects, it is recommended that the 4-foot box 
calibration equations be used for all box sizes. Current metering could be used in the field to 
determine if a shift in the dimensionless calIbration parameters does oa:ur. 

APPUCATIONS 

To use the calIbrations in this report the upstream staff gauge (H1) should be 2 feet from the stop 
planks for both weir and orifice measurements. For the orifice measurements the downstream staff 
gauge (Hl ) should be in the delivery channel 3 feet downstream from the end of the side walls. The 
outside face of the spacer blocks and the edges of their rods should be in line and parallel to the 
plank slot projections. 

A visual average of the staff gauge reading should be made and compared to a calculated average 
of observed high and low readings. Head should be estimated to at least one-half of the smallest 
staff gauge division or 0.005 foot. If the flow in the main supply canal is high, the water surface 
across the crest should be checked for level. A staff gauge on both of the approach side walJs or 
at least a reference line above the high water line on the opposite side of the approach channel to 
make this check may be required. If staff gauge readings on opposing sides at a (H1) distance from 
the planks differ by less than 0.02 foot they should be averaged. Differences of greater than 0.02 
should be corrected by improving the approach conditions by installing turning and blocking baffles. 
The location and deflection angle of the baffies should be set by trial and checking that the depth 
of flow is relatively constant across the box width in front of the crest. 

Typically weirs with good side ventilation can measure flow accurately with the downstream water 
level within 0.2 foot from the crest. However, the LCRA weirs do not exhibit adequate ventilation. 
The flow seals against the side slot projections at about 0.5 foot from crest elevation and therefore 
limits their use to downstream water levels 0.5 foot below the crest. 

Sediment in front of shallow weirs or orifices (blade elevation less than 1 foot above the floor) can 
influence the discharge coefficient. The region in front of shallow measuring stations should be 
probed frequently to check for sediment deposits. Sediment deposits should be cleaned out to a 
distance equal to at least six deposit depths upstream from the measuring head staff gauge and the 
stop planks. Each time after the stop planks have been used to shut off the water for some period 
the lowest stop planks should be raised to sluice accumulated sediment through the box. 

Rounding of orifice edges by poor machining or damage and wear will affect the discharge capacity. 
For example, Schuster (1970) cited a case of a I-inch orifice that was rounded by 0.01 inch. The 
rounded edge resulted in a 3-percent increase of discharge. On a similar basis for a 3-inch orifice 

./ slot in a water box the discharge would increase 3 percent for each 1/32 inch radius of rounding. 
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Thus the use of wooden planks as blades is not recommended because of variation in the tongue
and-groove milling and inevitable damage and wear during use. 

Submerged orifices are susceptible to plugging with weeds and other debris and may be difficult to 
see. Therefore, orifice boxes should be periodically checked for partial plugging and any debris 
removed. 

The boxes should not be used for water measurement when operating with combined orifice and 
weir flow simultaneously. The back pressure under the weir nappe and on the orifice varies 
considerably with height of weir crest and orifice size and elevation. 

As used in LCRA boxes, the weir and orifices are not standard water measuring devices. Thus they 
are lacking in terms of documented experience as measuring devices and quantity of field 
cahbrations and checks that standard devices have. Therefore, it is recommended that careful 
current meter checks be made on the devices in the pilot project. It is recommended, especially 
during the early stages of the conversion program, that careful current meter checks be made for 
box sizes tested in the laboratory and those not tested. If consistent average deviation of discharge 
of 5 percent or more are apparent then the laboratory cahbrations should be adjusted. 

Orifice and weir lengths should be measured for each box after each setting of blade level as a 
precaution against construction errors, form slipping and walls being out of plumb. Measured values 
of blade length (L), not nominal length, should be used in the weir and orifice equations 3a and 7. 
Weir and orifice zero datums and orifice openings should be determined after the wood planks have 
become water saturated. The boxes should be checked routinely for tilting and shifting relative to 
the staff gauge. 
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Pew Cutler. Commwion~r 

Anthony CriCSbY. £Z~CUIi". Dir~ctor ~
tr:. . 

. . .. . 
' .. /0952. _ /0/ 

TEXAS NATURAL RESOURCE CONSERVATION COMMISSION 
PrvI~Cling Turzs b" Rftiucin9 and ~ntin9 PoilU/ion 

CASTROVILLE. CITY OF 
PO BOX 479 
CASTROVILLE. TX 78009 

Dear Permittee: 

RE: PERMIT NO: WQOOI0952-001 

JULY II. 1994 

SOIL MONITORING(IOI)ANNUAL 

THE RECORDS OF THE SELF-REPORT! NG SYSTEM IND I CATE THAT WE HAVE NOT 
RECEIVED ANY REPORTS CONCERNING THE EFFLUENT QUALITY FROM THE WASTE 
TREATMENT FACILITY GOVERNED BY THE ABOVE-REFERENCED PERMIT FOR THE 
MONTH(S) OF SEPTEMBER. 1993 

COMPLIANCE WITH RULES 30 TAC 319.1 - 319.11 OF THE TEXAS NATURAL 
RESOURCE CONSERVATION COMMISSION. IS A REQUIREMENT OF YOUR PERMIT. 
FAILURE TO SUBMIT THE PROPER REPORTS IS A VIOLATION OF THE COMMISSION 
RULES. THE PERMIT REFERENCEO ABOVE AND THE TEXAS WATER CODE. 

EFFECTIVE SEPTEMBER 1. 1985. THE TEXAS NATURAL RESOURCE CONSERVATION 
COMMISSION ASSUMED ENFORCEMENT RESPONSIBILITY PURSUANT TO SENATE BILL 
249 FOR PROTECTION OF THE STATE'S WATER RESOURCES. ENFORCEMENT OPTIONS 
AVAILABLE INCLUDE COMPLIANCE ORDERS AND/OR ADMINISTRATIVE PENALTIES OF 
UP TO SIO.OOO PER DAY OR REFERRAL TO THE OFFICE OF THE ATTORNEY GENERAL 
FOR LITIGATION. 

THEREFORE. YOU SHOULD COMPILE ANY AND ALL OELINQUENT REPORTS AND SUBMIT 
THEM AS REQU I RED. I F YOU HAVE PREVI OUSL Y SUBMI TTED THE REPORT (S) • 
PLEASE SEND US A COPY FOR OUR RECORDS. WE SHOULD RECEIVE THE REPORT(S) 
BY JULY 29. 1994 • YOUR IMMEDIATE ATTENTION TO THIS MATTER WILL SE 
APPRECIATED. SHOULD YOU HAVE ANY QUESTIONS CONCERNING THIS LETTER. 
CONTACT ROSIE GARZA. WATERSHED MANAGEMENT. TEXAS NATURAL RESOURCE 
CONSERVATION COMMISSION. PHONE - 512/239-4574. 

SINCERELY. ... 

~~JJtJ 
PROGRAM SUPPORT ENFORCEMENT SECTION 
WATERSHED MANAGEMENT SECTION 

CC: TNRCC REGION 13 OFFICE 

P.O. Box L~ • Austin. Tc..us ilr.ll-J087 • 512'139-1000 



STATE PERMIT NO. IOCf5d.--a1 

TEXAS WATER COMMISSION 
NO DISCHARGE WWTP - INSPECTION REPORT 

PERe~yM~ Casf,w.llf FACle~ Ih i-Olll e SToP 

PE~(3~E~D;E~17'1 . 

X()t/li~ /r!~~ ?'8Oiff 
/l.l IN.1 C!..Piy 

1r C; II. , e vaAJ DC/.:ZS 
(adely,.; koe 
aVId ~c/U; 7'(W 

-P-Yl'J Gi;"ec .. 

B. INSPECTION SAMPLE RESULTS. 

PARAMETER 
. MEASURED 

VALUE 

TWC-0546C (Rev. 02·01-90) 
Page 1 of 5 

~OMESTIC 
[] INDUSTRY·TYPE 

INSPECtO~ATE u i)S oi..l-
DISTRICT~ 

TIT~ IJj 
CHECK IF 
CONT~ PHONE ;Ii, tor" troll.J.~/y.t/()y &'9'1- ?JI/u 

-D,redt>:Yt+L PuNIC Wort:~ 
oftJy;dcv ... .. 

PERMITTED 
VALUE 

tJ.3S0/ll@) 
&501-,) 
6£(~0 

TYPE 
SAMPLE 

GltjJ 

COC 
TAG NO. 

[] 
(?J/ 
[] 

f/ f/ 

// (/ 

(/ // 

PRIMARY 

SOURCE OF 

WASTBNA TER 

~i"~C 

No Discharge 



C. HYDRAULIC LOADING. (For domestic WWTP only) 

Has the plant reached 7~cent or greater of the permitted average daily flow for three consecutive 
months? 0 Yes [g1fo' - If yes, has the permittee Initiated engineering and financial planning for 
expansion/upgrading or requested a waiver from the Executive Director? 0 Yes D No 

Has the plant reached 90£rcent or greater of the permitted average daily flow for three consecutive 
months? DYes t3iro - - If yes, has the permittee obtained necessary authorization from the 
Commission to commence construction of additional facilities or requested a waiver from the 
requirement to expand/upgrade? DYes ONo 

Does the plant experience hydraulic overloading? 
periodic or continuous? 

DYes G~lf yes, is hydraulic overloading 
. Indicate the cause of hydraulic overloading and 

describe the permittee's corrective action. 

D. SELF-MONITORING. 

Does the permit specify self-monitoring frequencies? ~ 0 No 

Does the permittee use a commercial or in-house laboratory? COIH""'~I<'~ I . II an in-house 
lab is used, were any quality assurance defiCiencies noted? 0 Yes 0 No II yes, explain. 

Check tpefollowing statements and comment on "no" responses. 

~
y . No Type of samples collected and measurements made conform to requirements. 

(]/V.¢' D No Samples are taken and measurements are made at required frequencies. 
es D No Adequate records are maintained to document sample results. 

TWC.oS46C (Rev. 02-01-90) 
Page 2 of S No Discharge 



Is the permittee complying with permit parameters as indicated by self-monitoring data? ~ 0 No 
If no, explain. 

E. OPERATION AND MAINTENANCE. 

1. Operator(s). Indicate the number of operators and certification level (for domestic WWTP only). 

(/ /Je C- ) !VJVe}~ 

2. Sludge Disposal. Identify method of sludge disposal. 

Q~)e d!,., beck 

3. Treatment Facilities. Check the following statements and provide explanations. Use Attachment 

3 for additional explanations if necessary. 

a. o Yes o No 
b. o Yes o No 
c. o Yes o No 

6 d. o Yes 
e. o Yes R 
f. o Yes ~No 

g. ~s~· 
h. ~s 0 No 
i. ~s 0 No 
j. es 0 No 

k. ~es 0 No 

I. ~s 0 No 

/" 

ON/A 

Imhoff Tank 0 Applicable ~ 
Cleaning of sides and slot adequate. 
Scum removal adequate. 
Sludge withdrawal adequate. 

Ponds/Lagoons ~ble 0 NlA 
Minimum freeboard maintained. 
Significant problems with sludge accumulation. 
Excessive growth of vegetation. 

Irrigation System ~icable 0 NlA 
Application rate satisfactory. 
Adequate tailwater control provided. 
Nuisance conditions reported or observed. 
Compliant with chlorination/re-chlorination requirements. 

Flow Measurement 
Flow measurement equipment adequate. 

Other Facilities 
O&M deficiencies noted for other facilities. 

Explanations: ~1 ~,~~-l,d- 8' off;~e y~ce"vPcl ct,A...-) 

a M:)!f1'VIt-~ Cv./ / COl-Jet! rf.lj~ '-JRe .C+ t;{' Cu:/hovt"/Ir 
dISc.£)if.l, \?(W ..s'(/v..I~ (ltV uI1q~, ~v.e '-10 a 
bat-kiD, ~ work: ---{2~/ "Jle ~-S offce a!0 

\ ; ;:~cr-I;o}./ W(LS -P 1oJ" /Iy c/Of'.)C- ();.J (pj;Js/t.-~ , -?' 

TWC-0546C (Rev. 02-01-90j 
Page 3 of 5 No Discharge 



F. COMMENTS. Check the following areas if comments are warranted. Include comments in the space 
provided and use Attachment 4 for further explanations if necessary. 

1. 
2. 
3. 
4. 
5. 
6. 

TWC-C546C (Rev. 02-C1-90) 
Page 4 of 5 

Plant and/or disposal system modifications. 
Collection system or treatment facility bypasses. 
Special permit provisions. 
State compliance schedule: OSchedule in effect. 0 No schedule. 
Plans for expansion or major upgrading. 
Other areas of interest or concern. 

No Discharge 

.- -- .- .. __ .----_._--



G. FIELD OFFICE ACTION. Describe action proposed or taken to address deficiencies or 
noncompliances. 

L#fe~ ,~ 1l':5~ -.Sf; /f1,:) adrfi~) clC-0-i"f'~t/ze-s 
--t'cu.J. d~5 '--J4 "~i6tJ, 

H. CENTRAL OFFICE ACTION REQUESTED. 

/JOg' 

TWC-0546C (Rev. 02-0'-90) 
Page 5 of 5 

0! 0./} ~/'J/' 
Investigator 0~7j~ljJ 
Signature Date ~j.?iA·:l 

No Discharge 
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QUALITY CONTROL DATA REPORTS 
.~ .... 

~. -;.'.~'. 

John Ward 10/18/1994 
B-M-A 
WCID 11 NET Job Number: 

::P.;O. BOX 170 ...... ,:;.i. -,,_ ....••.• 

'""~Natal.ia, TX 78059 <..... Page 1 

~~~< .7-:; ....... ,.:~k . 
. ·.:Proj ect Description: 

J.ob Description: SCS Water Qual.i ty Study 

-\ -'. ~. -'> 

:Enclosed arecthe· Analytical Results and 
--the following samples submi ttedto .~T I 

. .,' . ,.-~, .. 
':Y:. ..' .'l~--~. '}:.; 

Sample': 'Descr~pt~ori';"t':'c'" . 

._109784 River 

. Date 
.Taken 

': \. 

j';';;'~ •.. '.: 
-..... ".~' .:..:' . 

This Quality control report is generated on a batch basis. Al.l information 
contained in this report is for the analytical batch(es) in which your 
sample(s) were analyzed. 

~OTE: Results apply only to the samples analyzed. Reproduction of this 
report is permitted only in its entirety. 



NET 

. John Ward 

NATI .;. 
ENVIRON ENTAL 
TESTING "U\JC . 

.. '-'''-' . 
:.:,i"-:" ~ .', 

.. ..; .. ":. 
···r'(: 
. '-. 

..~,~>.: ......... , 
:;-' -. 

. ANAL YTICAL"RESULTS REPORT 

·\"::;;;:'0:?>.:~,;w'r '::.:,~:':~:'''- .' 
.' ,. •.. '-O:f"'':.'"'~'.:" 

'-R:'~~~: , 13-M-A 
~:;:;Ywcro fl' NETCJob 

sample 
NW~E~r~~~~14~0273i~ 

<~:~' 
:.;P.O • BOX 170 

,,,.>Natalia, TX 78059 
Page 2 

:i';,:,,~r",proj ect"Oescription: .. -' --~~ 
_1~~~b Descrip~t~~ :';"'" SCS ,wate;-::"~~~~~~y ,Study 

"'~!~samPle Description: Ri ver;;:f.';;-~~~:; ; 

. ,_ AMlyttcal 
Pa,"-ter Flail Raul t Unl ts Jlethocl 
'-."'.'-.-'....... ." ...... """";'1';';:( :':;: ,:,,",>--~.: 

Alt.if~tt,:.;bicarb (CAC03) " ";152 iWL·;'e-310.1. 

~Vef:V~Z.Dty;,aY:'iq~~,;":-'\~""' __ '~'~90' .,=~.~, :~!~~.L~ . 
_...... • ..... UItIos/CII'E~_120:1:i'" 

Fluor,lde 0.3 -silL -E-.340.2_ 
.......... Total ''96 iWl E·130.2· 
P : AIaIIonia, Aqueous coq>lete E-350.2 
I----.Ia 0_10 ~/l 

I-Kjeldahl <0.50 ma/l 
I-Nitrate 0.60 mall 
I-Nitrate/Nitrite 0.60 mall 
I-Nitrite <0.01 mall 
l'Organic: <0.50 ~/l 

Cl>cy;en, Dissolved 6.6 mall 
pi! 7.3 units 
Pilosp/torus, Total 
silica 
Solids. Total Dissolved 
SUlfate. Turbidimetric: 

0.17 mall 
3.3 ~/l 

251 ~/l 

50 mall 
C:Clq)lete 

E-350.2 
E-351.2 
$M'4500 D 
$M·4500 D 
E·354.1 
E·354.1 
E·360.1 
E·150.1 
E·365.2 
$M·4500·si 0 
E·16O.1 
E-375.4 
E·200.7 Prep. Dissolved Metals, lOP 

Prep, Filtration 0.45 u 
calc:h_, Dissolved, lOP 
IlagneSIUIl, Dissolved, lOP 
Potassh_, Dissolved, lOP 
SocIh •• ",;oiasolved, lOP 

C:Clq)lete -ASTMD1094 
62.7 III9Il c:,,:c.E-:200:7 .. 
14.6 iWl,'''''-?:;:£~:i' 
2.2 I119/lE-200:7 
7.6 III9Il E-200.7 

Date Date 
Prepared AnalyZed AMlYllt 

09/30/1994 --0912811994 ndk 
. ,,09/3011994 ... 

... ;" 
,,,t • 

.- "09129/1994 --09/30/1994 --10/11/1994 --09/30/1994 ..". 

09/30/1994 10/03/1994 ..... 
10/06/1994 I18S 

10/03/1994 Icmd 
10/03/1994 Icmd 
09128/1994 Icmd 
10/1011994 Icmd 
09/2711994 ndk 
09/2811994 amr 
09129/1994 Icmd 
10/12/1994 Ica:I 
09129/1994 --10/04/1994 Ica:I 
10/10/1994 dpp 
10110119S'4 dpp 

10/'0/1~"0110/1994 dpp 
10/10/1994 10/10/1994 dpp 
10/10/1994 10/10/1994 dpp 
10/10/1994 10/10/1994 dpp 

.. 

;,,~ . j:·~t~~:~..:: 
••. ~; .. ~~~_ •• : ~ ' .. II" 

·.~~~}f~};~ . ':~::~:ii 
. '._::'. ,".o.:~~;.' c'· ';,c .""' 

", , .... i 

Prep R~ 

Batch .Batch R~ti"" 

lll111ber':'l1l111b1ir Liait· 
-., "~':: .':~-~--;~~f.:<'.;: 
' .. "~ ." .... .,,'" 1 ..... '" '. :~;:;:." , .. ,"- '. 
·",~.~-i',:~,:.~&~,. 

. . .,:,,'.163 t 0.1 
63 c

' 4 
45 
45 229 0.01 

206 0.50 
5 0.1 
6 0.1 
224 0.01 
36 0.10 
349 1.0 
804 0.1 
170 0.03 
41 C.01 
361 5 
195 5 

~041.,j.: ;:-,',:: 

"', 
. -:-:zr 

1041. 175 0_05 
1041 174 0.05 
1041 157 0.50 
1041 179 1.0 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

QUALII Y CONTROL REPOR I 
BLANKS 

John Ward 
B-M-A 
WClD #1 
P.o. BOX 170 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality study 

Blank 
Par_ter Flail Result Units 

Alkal inity, bicarb (CAC03) c1 IIIU/L 
IICII, Five Day c2 IIIUIL 

. Chloride c1 IIIUIl 
ConIb:tivity c1 u.nos/cm 
Fluoride cO.1 IIIUIl 
HarVless, Total c4 ~/L 

_ N-Almonia CO.Ol ~/L 

HC;eldahl cO.50 q//L 
II-Nitrate <0.1 ~/L 

N-NItrate/Nitrite <0.1 Dlg/L 
N-Nitrite <0.01 Dlg/l 

pH NA units 
Phosphorus , Total <0.03 mg/l 

Sl I ica <0.01 Dlg/l 

Solids, Total Dissolved <5 mg/l 

Sulfate, Turbidimetric <5 mg/L 

All paraaeters should be less than the reporting limit_ 

Austin Division 
2621 Ridgepoint Drive 
Suite 130 
Austin, TX 78754 
Tel: (512) 928-8905 
Fax: (512) 928-3208 

10/18/1994 

NET Job Number: 94.02731 

Prep RWI 
Reporting Date Batch Batch 

L 111ft Analyzed NLJ1t)er NlilDer 

1 09/30/1994 174 
2 09/28/1994 418 

09/30/1994 235 
09/29/1994 126 

0.1 09/30/1994 163 
4 ,0/1",994 63 
0.01 10/03/1994 45 229 
0_50 10/06/1994 206 
0.1 10/03/1994 5 
0.1 10/14/1994 6 
0.01 09/28/1994 224 
0.1 09/28/1994 804 
0_03 09/29/1994 170 
0.01 10/12/1994 41 
5 09/29/1994 361 
5 10/04/1994 195 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Austin Division 
2621 Ridgepoint Drive 
Suite 130 
Austin. TX 78754 
Tel: (512) 928-8905 
Fax: (512) 928-3208 

gUALIT t CONTROL REP~T 
CONTINUIN CALIBRATION VERIFIC TION STANDARD 

John Ward 
B-M-A 
weID U 
P.o. BOX 170 
Natalia, TX 78059 

project Description: 
Job Description: SCS Water Quality Study 

eM 
True 

Par_ter Flag Concentrat i on Units 

Alkalinity, bicarb (CAC03) 100 qj/L 
Bal, five Day 198 qj/L 
Chloride 100 qj/L 
Conductivity 1,409 umos/cm 
fluoride 5.0 qj/L 
Ha~, Total 80 qj/L 

-'j' AIIIIIoni. 1.0 I119/L 
j'lCjeldahl 2.00 mg/L 
N'Nitrate 1.0 mg/L 

N'Nitrate/Nitrite 1.0 mg/L 
N'Nitrite 0.10 mg/L 

pH 4.0 units 
Phosphorus, Total 0.50 mg/L 
Silica 7.5 mg/L 
Sulfate, Turbidi.etric 20 mg/L 
Calcium, Dissolved, ICP 100 mg/L 
Mallnes i um, D i ssol ved, J CP 25.0 mg/L 
Potassium, Dissolved, JCP 25.0 mg/L 
Sodium, Dissolved, ICP 100 I119/L 

ecvs • Continuing Calibration Verification Standard 

10/18/1994 

NET Job Number: 94.02731 

ccvs ccvs RU'I 
Concentration Percent Date Batch 
FCUlCI Recovery Analyzed IIli1Der 

100 100.0 0913011994 174 
202 102.0 O9mtl994 418 
98 98.0 09130/1994 235 
1,302 92.4 09/29/1994 126 
5.0 100.0 09130/1994 163 
80 100.0 10111/1994 63 
1.01 101.0 10/03/1994 229 
2.17 loa.5 10/06/1994 206 
1.09 109.0 10/03/1994 5 
1.09 109.0 10/14/1994 6 
0.10 100.0 09/28/1994 224 
4.0 100.0 09/28/1994 804 
0.48 96.0 09/29/1994 170 
7.4 98.7 10/12/1994 41 
20 100.0 10/0411994 195 
109 109.0 10110/1994 175 
23.7 94.8 10110/1994 174 
26.5 106.0 10/10/1994 157 
102 102.0 10110/1994 179 



·~-' 

,. 

.......... ---
~ 

NATIONAL 
ENVIRONMENTAL 

® TESTIN~~~INC. 

John Ward 
B-M-A ·f.~··' "': .~- ...... 

WCID fl 
P.O.BOX~170 '-, 
Natalia, TX78059 

, .. 
"':'." 

.-' ~ -'_.: 

" 

10/18/1994 
'. '-

NET .Job 

:~~:.-.. ;. -

Project~escription: 
Job Descrip~~:on: scs Water· Quality study 

v·· 

.-.1 
-, ... ~--. _;-_0_. 

,- .. ~;' "(':', . 
.' . flail :... Uni ts 
,:~~: ~,.~~.: 

Allcalf~lty, bicarb CCACQ'3):;:,<:~i2~~t~L 
Chloride -._-,' ..... ~.; .. -..,. -.giL 

Fluoride -aiL 
a.--,.., Total IIIII/L 
I, ~ia IIIII/L 
I-Ammonia IIIII/L 
M-Kjeldahl IIIII/L 
.-Nitrate mg/l 
.-Nitrate/Nitrite mg/L 
I-Nitrate/Nitrite IIIII/L 
.-Nitrate/Nitrite -aIL 
I-Nitrite -aIL 
Phosphorus, Total I19/L 
Silica I19/L 
Silica I19/L 
SUl fate, Turbidilletric IIIg/L 
SUl fate, Turbidilletric -aiL 
SUl fate, Turbidilletric IIIII/L 
calcila, Dissolved, JCP -aiL 
~ila, Dissolved, JCP -aiL 
Potasalla, Dissolved, JCP !III/L 
SocIila, Dissolved, JCP !III/L 

Spike .lIIItrlx MS. 
Saa.,le . Mcurt-Splke Percent 
Result· .. ·Added "'''Result Recovery 

':~,,~~~;j~i~ti'-" . 
'" . .,/~ ... 

268· ·:iif!iOO;~-::':'100.0 
18100:;'::~14 96.0 
0.3 1.0;".4! 90.0 
256 80' 332 95.0 
0.31 1.0 1.2 89.0 
1.4 2.0 3.4 100.0 
<0.50 0.50 0.52 104.0 
0.68 '.0 1.55 87.0 
50 '0 58 80.0 
1.9 1.0 3.1 '20.0 
0.60 1.0 1.55 95.0 
0.29 0.50 0.77 96.0 
0.17 0.50 0.72 110.0 
9 75 84 '00_0 
33 75 96 84.0 
875 500 1,500 125.0 
50 20 65 75.0 
50 20 65 75.0 
62.7 
14.6 
2.2 
7.6 

·,,:100 ~. -:,...,62 
"':;200 .;-'.~06 

110'.:' ;:c,12 
100 107 

99.3 
91.4 
99.8 
99.4 

Duplicate 
~~ ~ ~ ~ 
AaIIu'It ~ Percent MS~ Date. .· .. tch Batch 
Added Result· Recovery RPO.AniolYDct 1IUlber NUlber 

100 :~'.-::·368 100.0 .. " '., 

100 114 96.0 
1.0 1.2 90.0 
80 332 95.0 
1.0 1.2 89.0 
2.0 3.4 100.0 
0.50 0.57 114.0 
1.0 1.48 80.0 
10 59 90.0 
1.0 3.0 110_0 
1.0 1.43 83_0 
0.50 0.76 94.0 
0.50 0.73 112.0 
75 77 90.7 
75 96 84.0 
500 1,500 125.0 
20 65 75.0 
20 : .. 65 75.0 
100 -.. :161:· 98.3 
100 '104 89.4 
110'113 100.7 
100 106 98.4 

'.,~~thll~:. 
0.0 ",091301.1.994.: ,. , 174 
0.0 09130,1994 . 235 
0.0 09130(1994 . 163 
0.0 10/11/1994 63 
0.0 10103/1994 45 229 
0.0 10/03/1994 45 229 
9.2 10/06/1994 206 
8.4 10/03/1994 5 
11.8 10/14/1994 6 
8.7 10/14/1994 6 
13.5 10/03/1994 6 
2.1 09/28/1994 224 
1.8 09/29/1994 170 
9.7 10/12/1994 4' 
0.0 10/12/1994 41 
0.0 10/04/1994 195 
0.0 10/04/J994 195 
0.0 - "01041.1994.. 195 
1.0: ;!;;'to/l0/,1994 1041 175 
2.'2 10/10/1994 1041 174 
0.8 10/10/1994 1041 157 
1.0 10/10/1994 1041 179 

NOTE: The Qual ity Control data In this report reflects the betch in which your s~le was prepped and/or analyzed. 
The c8q)le selected for CIA _y not necessari ly be your saa.,le. 
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NET 

John Ward 
B-M-A 
WCID t1 

NATIONAL; , 
ENVIRONMENTAL 
TESTING,!INC. 

- .. - - I:' 

QUALlb~~9t'lfWJ- REPORT 

P.O. BOX 170 
Natalia, TX 78059 

NET Job 

Project Description: ','.' , 
Job Description: SCS , Watel:: ,Quality study 

, ._, ~.; Pa .. _te .. 
. '- ..... "_ . 

. "~-it:""=· . 
~:.:',~,..,. Five Day 

. :.~..:i;"!" 
;';C.L~ IICI). Five ,Day 

:>~~~iJlCl). Five Day 
'~"~' ' hif ' • of" Concb:t tv 

',";;, pH 
pH 

l Sol ids. Total Dissolved 
j Sol ids. Total Dissolved 

,-

FLa" 

Duplicate 
S...,le S...,le 

~Its Result Result 

III8IL'. ~-; 180 180 
, :,;:III8IL ';,.' 170 170 

~f.f~,;:~,-?~;'.~ ~ 115 .12t 
, '. "IilftOS/Cli ' ' 360 

... ~ 
-:lrIlts 7.7 7.7 
IrIlts 7.2 7.2 
-.;IlL 503 502 
I119IL 440 434 

RPO 

O.D 
0.0 
5.1 
0.0 
0.0 
0.0 
0.2 
1.4 

Prep RU'I 
llate Batch Batch 

Analyzed",,~ ,II""' .. 1l1IIIbe .. 
• _ .. ~ •. ,.{J .• 

. - '''.--~-; .. ::?:~~ .. ", 

O9~~F 418 
~18 

0' 

09 ""~-:-:i/ ' ~!f8!i"!4i"" ,,-418,k 
09129/J99"", 126: .... ~ ....... "~~;". .. 
O9/281~9SI4\',;' , '804 ., 
09n811994"~ -, 804 
09/29/1994 361 
09/29/1994 361 



'/;~ k 

John Ward :Y'-";,, B-H-A '.."._ .. 
welD U 
P.O. BOX 170,; . 
Natalia, TX 78059 

Project Description: 

NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

Job Descrip17ion:~' SCS water-Quality Study 

:-t:"·~la 
:::;"·lCjeldahl .. .. . 

4&PhOaptaorus. Total· ·:~::;:~ts'J}\~t~t·:~:: ~ . 
: r- PhOllllhorua. Total . '.~:': '. . 

- Sol leis. Total D\uolved . 

LCS • Laboratory Control Standard 

flag 

LCS LCS 
True Concentration 
Concentration Fan:! 

1.0 : 
,-,". 

0.99 
2.00 2.17 
0.50 - 0.50 
0.50 0.50 
100 97 

LCS 
Percent Date 
Recovery Analyzed 

99.0 10/03/1994 
108.5 10/06/1994 .. 

;100.0 09/29/1994 
100.0 09/29/1994 
97.0 09/29/1994 

For samples with insufficient sample volume, an LCS/LCS duplicate is reported instead of an MS/MSO. 

., 
Austin Division 
2621 Ridgepoint Drive 
Suite 130 . 
Austin, ·TX· 78754 

~--~ .. -"~ .' .... ~, .. 
Tel: (512) 928-8905 
Fax: (5 1 2~ 928~3208 

• <,," 

,;.~.~. ':11 
.,.',... ... ..;. ................ : .. _ .... ;. ... -" .. ~. ;';/ 

~ .... \,-. 

'!'" ';'~ "1 io';' 

,J -;- .. 

Prep RW'I 
aatch Batch 
NUliber ·NUllber ... 

; .229 
.. 206 

': .. :;~~\*~~~;~- .-." .-

':-36;'-



I ~ I ::j'.- ~~~II~~~~ENTAL ..... _ ..... __ "I1 __ <!!l TESTING, INC. 

S~PLEO JlY 1/ 
V(luq/,fJ /Y~,A.... 
IPRIN~---'--'''--'''-----='------

11'IlINT NAME) 

PHONE --f-~H""'-----::I--P' '.0. ~- '-A~ > ,. 

PROJECT NUMtlt:H / n / 

-----1--+ I I I I I I I I I 

CONDITION OF SAMPLE: BOTTLES INTACT? YES I NO 
FIELD FILTERED? YES I NO 

COC SEALS PRESENT AND INTACT? YES I NO 
VOLATILES FREE OF HEADSPACE? YES I NO 

SAMPLE REMAINDER DISPOSAL: RETURN SAMPLE REMAINDER TO CLIENT VIA ___________ _ 
I REOUEST NET TO DISPOSE OF ALL SAMPLE REMAINDERS 

nECEIVED BY: RElINOUISHED BY: 

5': 1<-. 
REMARKS: 

(til 

P.O. NO. 

TEMPERATURE UPON RECEIPT: CUb '!!:.(j 
BoHles supplied by NET? YES I NO 

DATE 

DATEITIME 



,\ 

. 
'~,.' -- '. 

John Ward,; 
B-H-A' :·f: 
WCrD ' 11 ---. 

"'P.O.':' BOX':). 70 
Natalia, '.,cTX" 78059 

. ,',-
, ' ' 

,-.,II .... LYTICAL~RESUL TS REPORT 
. ' .. .and :f:"~ 

. -, \\:: ,.::. ~"" ..... ~~,~- . 

,'QUALITY CONTROL DATA REPORTS1;:' 
-.:':- .. ~~~:~~~~~~~~,~ .::;;!':'~~'~~'~ :-~~~:: ~ . 

. ~ , 

-U/12/1994 

',~"''' .. ''- --, ..... ~ .. _, __ ~.~T Job NUlIIber: _ ,94 .• 02732 
• ' - .,: ~ .-t". ,_ , 

Project Description: 
Job Description: SCS water Quality study' 

'Enclosed;~~e·the Analyt~Ca1 Results andct!uality Control ~ta Reports 
the~~*t=j~~ng samplest;~itted to NE~~:rnC\ - Austin Di'\Tf;\~Jl fo~ ',',: 

Sampl:e·'r;;~>,,·:f~'. ;i:~;:'~'-'-;' Date -"d~ime'" '," _ It - : _--' ., }At:-:r'mr;'''<'~' ' -, ';.,.,,,.: .-,tiI{,I!JtoL. !,f,:~~-_-;r;j':'<:~' 

-'::NUlI1l:i~rt';;"'~:'':" Sample 'De~~1:.:~Ption "'$>: Taken -"::,!~en ""'~Re'ice~ 

~ 109785 
)l09786 
'109787 
109788 
1.09789 

:rngram 
A-5 
Siphon 5 
FM 2790 
Hwy. 90 

09/27/1994~~12:45 
09/27/1994 13:30 
09/27/1994 1.0:53 
09/27/1.994 1.4:20 
09/27/1.994 10:46 

09/2 I :/'"Li~~:'~ 
09/2 
09/2 
09/27/~994 
09/27/1994 

This Quality Control report is generated on a batch basis. All information 
contained in this report is for the analytical batch (es) in which your 
sample(s) were analyzed. 

~';ct Manager 

.~OTE: Results apply only to the samples analyzed. Reproduction of this 
report is permitted only in its entirety. 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Austin Division 
_. 262 1 Ridgepoint Drive 
. Suite 130 

Austin. TX 78754 
Tet: (512) 928-8905 
Fax: (512) 928-3208 

ANALYTICAL RESULTS REPORT 

John Ward 
B-M-A 
weID fl 
P.o. BOX 170 
Natalia, TX 78059 

Project Description: 
Job Description: ses Water Quality Study 

Sample Description: Ingram 

Analytical Date 
Par_ter Flaa Result Units Method Pr-epered 

Conductivity 380 UIiIOS/Cil E-120.1 
Oxygen, Dissolved 7.7 IIIII/L E-36O.1 
pit 7.4 . WIlt. E-150.1 
Sol ids, Total " .. ~ded 114 IIIII/L E-16O.2 
1urbidity 38 NTU E-180.1 
CQ.l.i.tOI'lll, fee. l 

) 
400 /100 .l S-9222O 

10/12/1994 

NET Job Number: 
Sample Number: 

Page 2 
.,-~~ .... 

Prep RIr. 
Date Batch Batch Report 1l1li 

Analyzed Analyst NLillber NLlllber LI.lt 

09/29/1994 ... 126 
09/27/1994 ndk 349 1.0 
0912B/1994 ... 804 0.1 
0912911994 ... 341 
09/2811994 kKt 47 0.01 
09/27/1994 cpc 89 0 



NET 
NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

Austin Division 
2621 Ridgepoinl Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

------------------------------------ "~~~%~. 
ANALYTICAL RESULTS REPORT 

John Ward 
B-M-A 
WeID #l 
P.o. BOX 170 
Natalia, TX 78059 

Project Description: 
Job Description: ses water Quality study 

sample Description: A-S 

Ana lyt i-eal Dete 
Parameter Flag Result Units Method Prepared 

:onductivity 400 UIIIhos/ca E-120.1 
:llcy;en, Di .. olved 8.7 III8IL E·360.1 
all 7.6 unit. E·1S0.l 
sol ids, Toul Suspended 62 III8IL E·160.2 
lurbidity 34 llTU E·180.1 
::ot;..lQrm, fecal 200 1100 .1 5·92220 

\ 
J 

J 

-- -.~ ... : 

10/12/1994 

NET Job Number: 
Sample Number: 

Page 3 ., '~.~: .. ::~ 
. - -. 

Prep R~" 

Dete aatch aatch Reporting 
Analyzed Analyst Ill111ber lIumer LI.lt 

09/29/1994 ... 126 1 
09/27/1994 nell: 349 1.0 
09/28/1994 ... 804 0.1 
09/29/1994 ... 341 1 
09/28/1994 bid 47 0.01 
09/27/1994 cpe 89 0 

-



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

ANAL YTICAL RESULTS REPORT 

John Ward 
B-M-A 
WCID #l. 
P.O. BOX 170 
Natalia, TX 78059 

project Description: 
Job Description: SCS Water Quality study 

Sample Description: siphon 5 

Par_ter 

COnductivity 
Ibtygen, Dissolved 
pH 

Sollda, TotalSUSpencled 
Turbidity 
CoJ.Wl<lnn, 

/ 
-' 

fecal 

Flag Result 

360 
8.3 
7.5 
7 
5.5 
144 

Analytical 
Units Method 

UllhOS/C8I E-120.1 
IIID/L E-36O.1 
units E-1S0.1 
IIIIIL E-160.2 
NTU E-180.1 
/100 .l $-92220 

Date 
Prepared 

10/12/1994 

:.;~r~: . 

Austin Division -~~, 
2621 Ridgepoint Drive -~"', 
Suite 130,' .&~:;' 
Austin, 1)( 78754 ,..'::.. 
Tel: (512) 928-8905 _::~ :¥''It
Fax; (512) 928-3208 -:."':0 ~.'!Iit, ,-, ~--:. "1! 

.... ,,:. ;-~ 
'"," 

NET Job Number: 
sample Number: 

Page 4 

Prep R~' 

Date Batch Batch Reporting 
Analyzed Analyst NLillber NLillber Liait 

.. :', . 

09129/1994 -- 126 
09/27/1994 ndIc 349 1.0 
09/2811994 -- 804 0~1;-:1{?:f 
09/29/1994 -- 341 1 ~~':"-'-~~~ 

09/28/1994 laid 47 0.01 .. 
09/27/1994 cpc: 89 0 

.. 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

ANAL YTICAL RESULTS REPORT 

John Ward 
B-M-A 
WC:ID fl 
P.o. BOX 170 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality Study 

Sample Description: FM 2790 

Analytical Date 
Pal'_tel' flail Result Units Method Prepal'ed 

Canductivlty 410 udlos/CII E-120.1 
Qly;en, Olaaolved 5.6 -aIL E-360.1 
fill 7.3 ",Its E-150.1 
Sol ids, Total SuspencIed 21 IIIg/L E-160.2 
lUl'bidity 12.9 MTU E-180.1 
Co'-"-',)I'II, feca I , 13,500 1100 .1 $-92220 

) 

10/12/1994 

Austin Division 
2621 Ridgepoint Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

NET Job Number: 94. 02732'~' -" 
109788 Sample Number: 

Page 5 

Prep R~ 

Date Batch Batch Repol'tillll 
Analyzed Analyst MUlDer MUlDeI' Li.it 

09/29/1994 -- 126 
09/27/1994 ncIIt 349 1.0 
09128/1994 -- 804 ~.1 

09/29/1994 -- 341 1 
09/28/1994 Ic8CI 47 0.01 
09/27/1994 cpc: 89 0 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

ANAL YTICAL RESULTS REPORT 

John Ward 
B-M-A 
WelD U 
P.O. BOX 1.70 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality study 

Sample Description: Hwy. 90 

Anal ytical Date 
Par_ter Flag Result Units Method Prepared 

Conductivity 390 umos/cs E-120.1 
OXygen, Diuolved 8.0 IIWl E-360.1 
pIf 7.5 WIlts E-150.1 
Sol ids, Total SUspended 6 IIWL E-160.2 
Turbidity 5.5 NTU E-180.1 
Cr-~orm, fecal 128 /100 .1 5-92220 

1.0/1.2/1.994 

Austin Division 
2621 Rldgepoint Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

NET Job Number: 
.. J ... " 

94.02732'1' 
Sample Number: 1.09789 

Page 6 

Prep RU'l" 
Date Batch Batch Reporting 

Analyzed Analyst NUltler NUlllber Li.1t 

09/29/1994 -- 126 1 
O9m/1994 nell: 349 1.0 
O9/U11994 -- 804 0.1 
09/29/1994 -- 341 1 
09/28/1994 ad 47 0.01 
09/27/1994 cpc 89 0 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

QUALITof CONTROL REPORT 
BLANKS 

John Ward 
B-M-A 
WeID U 
P.O. BOX 170 
Natalia, TX 78059 

Project Description: 
Job Description: ses Water Quality study 

Blenk 
Per_ter Fle" Result Units 

Conductivity <1 LIIhoa/c. 
pH IIA ",its 
Solids, Tote I Suspel oded <1 IIIIIL 
Turbidity <0.01 NTU 

) 

All per_ters should be less then the reporting limit. 

10/12/1994 

Austin Division 
2621 R,dgepoint Drive 
Suite 130 
Austin. TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

NET Job Number: 

Prep RWI 
Reporting Date Betch . Betch 

Lillit Analyzed Nl.IItler NUliber 

09/29/1994 126 
0.1 09/28/1994 804 

09/29/1994 341 
0.01 09/28/1994 '7 



John Ward 
B-M-A 
WeID 411 
P.O. BOX 170 
Natalia, TX 78059 

NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Project Description: 
Job Description: ses Water Quality study 

ccvs 
True 

Per_ter fIe; Concentretion Units 

ConcUctlvlty 1,409 _05/= 
pIf 4.0 IrIlts 
Turbidity 18 IITU 

.-

CCVS - Continuing Calibration Verification Standard 

Austin Division 
2621 Ridgepoint Drive 
Suite 130 
Austin, TX 78754 , 

Tel: (512) 928-8905 ... :" 
Fax: (512) 928-3208, - '. ' 

10/12/1994 

NET Job Number: 

ccvs ccvs Rill 
Concentration Percent Dat~ Betch 
fcxn:l Recovery Analyzed /llIIber 

1,302 92.4 09/29/1994 126 
4.0 100.0 09/28/1994 8D4 
18 100.0 09/28/1994 47 



John Ward 

". NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

QUALITY CONTROL REPORT 
DUPLlCATES 

B-M-A --.: .. 10/12/1994 
WelD #l 
P.O. BOX 170 
Natalia, TX 78059 

NET Job Number: 

Project Description: 
Job Description: SCS Water Quality study 

. Concb:t I vi ty 

. ~·~=;~t~;g.:,~·:,. 
Sollcla,'.Totel Suspended 
Soli cia, Totel SUspended 
Sol ids, Totel Suspended 
Turbidity 

Flell 
SMple 

Units ··Result 

udIoa/ca360 
Wilts .. :. :~:7.7. 

:~~.:U!~~:f" 
IIII/L . 16 .. 
IIII/l 2 
NTU 5.5 

." ..... 

Duplicate 
~le 
Result 

, . 

RPD 

360 
7.7 
7.2 
29 
16 

0.0 
.,,0.0 
'c .... · .. ':O :0 

4~:;.?,o:o 

2 
5.7 

.' . 0.0 
0.0 
3.6 

Prep' 'RWl' 
Dete Betch 

Analyzed 

09129/1994 
0912811994 
0912B11994 
0912911994 
0912911994 
09/29/1994 
09/2811994 

.. 'f,;:.\.;.; 



John Ward 
B-M-A 
WCID #1 
P.o. BOX 170 
Natalia, TX 78059 

NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

l.0/l.2/l.994 

Austin Division 
2621 Ridgepo,n1 Drive 
Surte 130 
Austin. TX 78754 

Tel: (512) 928·8905 
Fax: (512) 928-3208 

NET Job Number: 94.02732 

Project Description: 
Job Description: SCS Water Quality study 

-,~ LCS . LCS Prep RLI'I 
True COncentration Percent Date Batch Batch 

Flag Concentrat i on Fcuv:I Recovery Ana l yzed N.m:,er NUItler 

Sol ids, Total SUSpended 100 103 103.0 09/29/1994 341 

LCS - Laboratory Control Standard 

For samples with insufficient sample volume, an LCS/LCS duplicate is reported instead of an MS/MSO. 



NATIONAL CHAIN OF CUSTODY RECORD 
COMPANY 0-/11-.# ~,tIP ~ / . ENVIRONMENTAL 

TESTING, INC. ADDRESS ______________ _ 
REPORTTO: ~",t", r U r / 

I 

SAMPLET .1.1 
~ ~i" Hi!'oOtr.--... 

(PAIN E) 

(PRINT NAME) 

PHONE FAX .----r-~-__f_ 
PROJECTNAMEILOCATION fer ~t .. r ~~I?h ?r~1 
PROJECT NUMBER I 

CONDITION OF SAMPLE: BOITLES INTACT? YES I NO 
FIELD FILTERED? YES I NO 

COC SEALS PRESENT AND INTACT? YES I NO 
VOLATILES FREE OF HEADSPACE? YES I NO 

SAMPLE REMAINDER DISPOSAl: RETURN SAMPLE REMAINDER TO CLIENT VIA ___________ _ 
I REQUEST NET TO DISPOSE OF ALL SAMPLE REMAINDERS 

RECEIVED BY: RELINQUISHED BY: 

~rlf 
REMARKS: 

INVOICE TO: __________ _ 

PO NO. 

,-.,' : ~ 
\ 'I..... ./. 

~ 

TEMPERATURE UPON RECEIPT _L_'~I ,~ 

Boilies supplied by NE T? YES I NO 

DATE 

OATEfTIME 

lDJ f'Tl·01l1(iINAl WHITE PI<l·Nl:TPIll).JLCIMANAlitll YII!(JW 1'1.1 (.IJ~,IIIMI:III,lJl'" "IIi!\ 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

ANAL YTICAL RESULTS REPORT 

and 

~u,,...,LlTY CONTROL DATA REPORTS 

11/04/1994 

Austin DIvision 
2621 Ridgepoint Drive 
SUite 130 
Austin. TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

AaK-J~~JJ~I~A--A~ASOSA 
water Cntrl & Improvement 
District #1 

NET Job Number: 94.02733 

Natalia, TX 78059 Page 1 

Project Description: 
Job Description: SCS Water Quality study 

Enclosed are the Analytical Results and Quality Control Data Reports for 
the following samples submitted to NET, Inc. - Austin Division for analysis: 

sample 
Number 

......:].09790 
09791 

':09792 
109793 

Sample Description 

Chacon 
USGS 
Pearson 
Touchstone 

Date 
Taken 

09/27/1994 
09/27/1994 
09/27/1994 
09/27/1994 

Time Date 
Taken Received 

11:37 09/27/1994 
10:18 09/27/1994 
11:25 09/27/1994 
13:15 09/27/1994 

This Quality Control report is generated on a batch basis. All information 
contained in this report is for the analytical batch(es) in which your 
sample(s) were analyzed. 

~'bTE: 

~f.I~ 
Results apply only to the samples analyzed. Reproduction of this 
report is permitted only in its entirety. 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

ANAL YTICAL RESULTS REPORT 

11/04/1994 

Austin Division 
2621 A,dgepoint Drive 
Suite 130 
AustIn, TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District #1 

NET Job Number: 
sample Number: 

94.02733 
109790 

Natalia, TX 78059 
Page 2 

Project Description: 
Job Description: SCS Water Quality study 

Sample Description: Chacon 

Prep Run 
Analytical Dete Dete Betch Batch Reporting 

Paramete-r Flag Resul t Units Method Prepared Analyzed Analyst HUlt>er NUlt>er Umit 

Chtorlde 24 Dlg/L E -325_3 09/30/1994 amr 235 
Olromiun, hexavalent <0_01 DlgI L S·7196 09/28/1994 kmd 413 0.01 
CDnduet;v;ty 380 umos/cm E·120.1 09/29/1994 amr 126 
Prep' Cyanide Distillation c"""lete E-335.2 10/04/1994 kmd 242 
cyanide, total <0.01 Dlg/L E·335.2 10/04/1994 10/04/1994 kmd 242 233 0.01 
p- AfmM:)nia, Aqueous c"""lete E·350.2 09/30/1994 amr 45 

• " . <0.01 Dlg/L E·350.2 09/30/1994 10/03/1994 amr 45 229 0.01 
~·~jtrate 0.62 mg/L 5""4500 D 10/03/1994 kmd 5 0.1 
"'-Nitrite, for N·Nitrate only <0.01 mg/L E·354.1 09/28/1994 kmd 224 0.01 
:.ygen, Oissolved 8.8 mg/l E·360.1 09/27/1994 ndk 349 1.0 
or: 7.8 units E·150.1 09/28/1994 amr 804 0.1 
"-ep Phenols c"""lete E·420.1 10/04/1994 kmd 38 
~enols, COlorimetric <0.01 mg/L E·420.1 10/04/1994 10/04/1994 kmd 38 227 0.01 
~l ids, Total Oissol'ved 259 mg/L E·160.1 09/29/1994 amr 361 5 
~lfate, Turbidimetric 55 DIg/L E·315.4 10/04/1994 kmd 195 5 , 
'-ep, Total Aqueous ICP Metals c"""l ete E·200.7 10/10/1994 ddc 609 
A:"""senic, JCP <0.005 mg/L E-200.7 10/10/1994 10/11/1994 dpp 609 324 0.005 
~ril.lll, ICP 0.057 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 597 0.001 
50ron, ICP 

..,... o.on DIg/L E·200.7 10/10/1994 10/11/1994 dpp 609 289 0.010 
:..a.ctni I.IJI, ICP <0.001 Dlg/L E·200.7 10/10/1994 10/11/1994 dpp 609 338 0.001 
:;:,pper I ICP 0.003 mg/L E·200.7 10/10/1994 10/1111994 dpp 609 194 0.002 

"'on, tCP 0.781 mg/L E·200.7 10/10/1994 10/11/1994 dpp 609 166 0.005 
_2ad. ICP <0.005 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 361 0.005 
""anganese, ICP 0.017 mg/L £·200.7 10/10/1994 10/11/1994 dpp 609 161 0.001 
S'EI eniUTl, tCP <0.005 mg/L E·200.7 10/10/1994 10/11/1994 dpp 609 286 0.005 
5- tver, ICP <0.002 mg/L E·200.7 10/10/1994 10/11/1994 dpp 609 304 0.002 
: -ne. ICP 0.013 mg/L E·200.7 10/10/1994 10/11/1994 dpp 609 190 0.010 
~~ep. Pesticides; Wastewater c"""l ete £·608 10/03/1994 dh 69 



,. ... NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

Ausltn D,v,sion 
2621 RldgepOlnt Drive 
Suite 130 
Austin. TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

ANAL YTICAL RESULTS REPORT 

John Ward 11/04/1994 
BEXAR-MEDINA-ATASOSA 
Water cntrl & Improvement NET Job Number: 94.02733 
District #1 Sample Number: 109790 
Natalia, TX 78059 

Page 3 

project Description: 
Job Description: SCS Water Quality Study 

Sample Description: Chacon 

Prep RIrI 
Analytical Date Date Batch Batch Reporting 

Parameter Flag Result Units Method Prepared Analyzed Analyst Nuar Nl.IItIer Limit 

PESTICIDES - 608 AOUEIlIS 10/0311994 
Aldrin <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
alpha'BHC <0.10 ua/L E-608 10/0311994 dh 69 253 0.10 
beta-BHC <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
delta-SHC <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
9a'- IIHC (L i ndane) <0.10 U9/L E-608 10/0311994 dh 69 253 0.10 
CI ,ne <0.20 ug/L E-608 10/0311994 dh 69 253 0.20 
4,4' -DOD <0.10 ug/L E·608 10/03/1994 dh 69 253 0.10 
4,4'-00E <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
4,4 ' -OOT <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
Dieldrin <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
Endosul fan I <0.10 ua/L E-608 10/0311994 dh 69 253 0.10 
Endosulfan II <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
Endosulfan sulfate <0.10 ug/L E-608 10/0311994 dh 69 253 0.10 
Endrin <0.10 ua/L E-608 10/03/1994 dh 69 253 0.10 
Endrin aldehyde <0.10 ug/L E·608 10/0311994 dh 69 253 0.10 
Heptachlor <0.10 u9lL E-608 10/0311994 dh 69 253 0.10 
Heptachlor epoxide <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Toxaphene 

..,. <5.0 ug/L E-608 10/03/1994 dh 69 253 5.0 

HERBICIDES E-615 " AOUEIlIS 
2,4-0 <1.0 ug/L E-615M 1011411994 dh 7 1_0 
2,4,5-1 <0.50 ug/L E-615" 10/14/1994 dh 7 0.50 
2,4,5-TP (Silvex) <0.50 ug/L E-615" 10/14/1994 dh 7 0.50 

:oliform, fecal 170 1100 .1 S-9222O 09/27/1994 cpc 90 0 
:0 I itorm, tota I >200 1100 ml $·92228 09/27/1994 cpc 18 0 



John 

NET· 
NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

ANAL YTICAl RESULTS REPORT 

Ward 
BEXAR-MEDINA-ATASOSA 

11/04/1994 

Austin Division 
2621 Rldgepoint Dr,ve 
Suite 130 
Austin. TX 78754 

Tel: (512) 928-8905 
Fax: (512) 928-3208 

Water Cntrl & Improvement NET Job Number: 94.02733 
District 111 Sample Number: 109791 
Natalia, TX 78059 

Page 4 

Project Description: 
Job Description: SCS Water Quality Study 

Sample Description: USGS 

Prep R .... 
Analytical Date Date Batch Batch Reporting 

Paramet~r Flag Resul t Units Method Prepared Analyzed Analyst N'-'IOber N'-'IOber Limit 

Chloride 18 mg/l E-325.3 09/30/1994 amr 235 
ChromH,.m. hexavalent <0_01 mg/l S-7196 09/28/1994 kmd 413 0_01 
Conduct iv1ty 380 umos/em E-120_1 09/29/1994 amr 126 1 
Prep Cyanode Distillation complete E-335.2 10/04/1994 kmd 242 
Cyan ide, total <0_01 mg/l E-335_2 10/04/1994 10/04/1994 kmd 242 233 0.01 
Pr Arrrnoni a, Aqueous complete E-350_2 09/30/1994 amr 45 
N· jna 0_08 mg/L E-350.2 09/30/1994 10/03/1994 amr 45 229 0_01 
N-Nttrate 1.50 mg/L 5",-4500 0 10/03/1994 kmd 5 0_ 1 
N'Nitrite, for N-Nitrate only <0.01 mg/L E-354.1 09/28/1994 kmd 224 0.01 
Oxygen. Dissolved 8.8 mg/l E·360_1 09/27/1994 nclk 349 1.0 
0" 7.7 units E-150.1 09/28/1994 amr 804 0.1 
Prep . Phenols complete E-420.1 10/04/1994 kmd 38 
Phenols, COlorimetric <0.01 mg/l E-420.1 10/04/1994 10/04/1994 kmd 38 227 0.01 
SolIds. Total Dossolved 257 mg/l E-160.1 09/29/1994 amr 361 5 
Sulfate, Turb1dimetric 50 mg/l E-375_4 10/04/1994 kmd 195 5 
;'rep. Total Aqueous lCP Metals complete E-200.7 10/10/1994 ddc 609 
Arseni c, I CP <0.005 mg/L E-200.7 10,10,1994 10,'1,1994 dpp 609 324 0.005 
Bar1~, ICP 0.029 mg/l E-200.7 10/10,1994 10/11,1994 dpp 609 597 0.001 
Boron, lCP 

..,... 
0.067 mg/L E-200.7 10/10/1994 10/11/1994 dpp 609 289 0.010 

:admoum, ICP <0.001 mg/l E-200.7 10,10,1994 10,11,1994 dpp 609 338 0.001 
~opper, ICP <0.002 mg/l E-200.7 10/10/1994 10,11,1994 dpp 609 194 0.002 
]ron, ICP 0.019 mg/l E-200.7 10'10,1994 10,11,1994 dpp 609 166 0.005 
_ead, ICP <0.005 mg/l E-200.7 10/10/1994 10/11/1994 dpp 609 361 0.005 
"'Ianganese. ICP 0.004 mg/L E-200.7 10/10,1994 10/1111994 dpp 609 161 0.001 
Selen,un, lCP <0.005 mg/l E-200.7 10/10/1994 10/11/1994 dpp 609 286 0.005 
51 I ver. lCP <0.002 mg/L E-200.7 10/10/1994 10,11/1994 dpp 609 304 0.002 
.: 1 r'lC • ICP <0.010 mg/L E·200.7 1011011994 1011 111994 dpp 609 190 0_010 
jrep. Pesticides; Wastewater complete E-608 10/03/1994 dh 69 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Austin Division 
2621 R.ogepolnt Drive 
Suite 130 
Austin, TX 78754 
Tel: (512) 928-8905 
Fax: (512) 928-3208 

ANALYTICAL RESULTS REPORT 

John Ward 11/04/1994 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement NET Job Nwnber: 94.02733 
District #1 Sample Nwnber: 109791 
Natalia, TX 78059 

Page 5 

Project Description: 
Job Description: SCS Water Quality Study 

sample Description: USGS 

Prep RWl 
Analytical Date Date Batch Batch Reporting 

Parameter Flag Result Units Method Prepared Analyzed Analyst NUlber Millibar LI.it 

PESTICIDES • 608 AQUEOUS 10/03/1994 
Aldrin <0.10 uglL E-608 10/03/1994 ell 69 253 0.10 
alpha-BHC <0.10 ug/L E-608 10/03/1994 ell 69 253 0.10 
beta-BHC <0.10 ug/L E-608 10/03/1994 ell 69 253 0.10 
delta'BHC <0.10 ug/L E-608 10/03/1994 ell 69 253 0.10 
ge'- IIHC (Lindane) <0.10 ug/L E'608 10/03/1994 ell 69 253 0.10 
Ch 1Ine <0.20 ug/L E-608 10/03/1994 ell 69 253 0.20 
4,4'-000 <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
4,4'-DDE <0.10 ug/L E'608 10/03/1994 dh 69 253 0.10 
4,4'-DDT <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Dieldrin <D.l0 ug/L E-608 10/03/1994 ell 69 253 0.10 
Endosul fan I <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endosul fan II <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endosulfan sulfate <0.10 ug/L E-608 10/03/1994 ell 69 253 0.10 
Endrln <D.l0 ug/L E'608 10/03/1994 ell 69 253 0.10 
Endrin aldehyde <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Heptachlor <D.l0 ug/L E-608 10/03/1994 ell 69 253 0_10 
Heptachlor epoxide <0.10 uglL E-608 10/03/1994 ell 69 253 0.10 
Toxaphene' ." <5.0 ug/L E-608 10/03/1994 dh 69 253 5.0 

HERBICIDES E-615 M AQUEOUS 
2,4-0 <1.0 ug/L E-615H 10/14/1994 dh 7 1.0 
2,4,5-T <0_50 ug/L E-615H 10/14/1994 dh 7 0.50 
2,4,5-TP (Sllvex) <0_50 ug/L E-615H 10/14/1994 dh 7 0.50 

:ollfoMII, fecal 0 /100 ml 5-92220 09/27/1994 cpc 90 0 
:oli fOl"lll, total 69 /100 III S-9222B 09/2711994 cpc 18 0 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

ANAL YTICAL RESULTS REPORT 

11/04/1994 

AustIn DivIsion 
2621 Rldgepolnt Drive 
Suite 130 
Austin, TX 76754 

Tel: (512) 928·6905 
Fax: (512) 926·3206 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District til 

NET Job Number: 94.02733 
109792 Sample Number: 

Natalia, TX 78059 
Page 6 

Project Description: 
Job Description: SCS Water Quality study 

sample Description: Pearson 

Prep Run 
Analytical Date Date Batch Batch Reporting 

Parameter Flag Resul t Units Method Prepared Analyzed Analyst No.ntIer No.ntIer Li.it 

:t-doride 20 mg/L £·325.3 09/30/1994 amr 235 1 
:hromiun, hexavalent <0.01 mg/L S·7196 09/28/1994 kmd 413 0.01 
:onduct ;v; ty 380 uMos/cm £·120.1 09/29/1994 amr 126 
'rep' Cyanide Distillation c~lete £'335.2 10/04/1994 kmd 242 
:yanide, total <0.01 mg/L £·335.2 10/04/1994 10/04/1994 kmd 242 233 0.01 
'r - ,Ammonia, Aqueous e~lete £·350.2 09/30/1994 45 amr 
, . 18 0.10 mg/L £·350.2 09/30/1994 10/03/1994 amr 45 229 0.01 
,-Nitrate 0.81 mg/L 5M·4500 D 10/03/1994 kmd 5 O. I 
4-Nltrlte. for N'Nitrate only <0.01 mg/L £·354.1 09128/1994 kmd 224 0.01 
)xygen, Dissolved 7.7 mg/L £·360.1 09/27/1994 ndk 349 1.0 ,.. 7.6 ...,its £·150.1 09/28/1994 amr S04 0.1 
'rep . Phenols c~lete £·420.1 10/04/1994 kmd 36 
>nenols, colorimetric <0.01 mg/L E ,420. 1 10/04/1994 10/04/1994 kmd 36 227 0.01 
;01 ids, Total Dissolved 259 mg/L £'160.1 09/29/1994 amr 361 5 
iutfate. Turbidimetric 195 mg/L £·375.4 10/04/1994 kmd 195 5 
'rep, Total AqueoUS ICP Metals c~lete £·200.7 10/10/1994 ddc 609 
~rsenic, ICP <0.005 mg/L £'200.7 10/10/1994 10/11/1994 dpp 609 324 O.ODS 
i.ar 1 LID, ICP 0.060 mg/L £·200.7 10/10/1994 10/11/1994 dpp 609 597 0.001 
.. or-on, ICP 0.078 mg/L £·200.7 10/10/1994 10/11/1994 dpp 609 289 0.010 
:admlLID, ICP <0.001 mg/L £'200.7 10/10/1994 10/11/1994 dpp 609 338 0.001 
. opper , ICP <0.002 mg/L E·200.7 10/10/1994 10/11/1994 dpp 609 194 0.002 
ron, rcp 1.79 mg/L £'200.7 10/10/1994 10/11/1994 dpp 609 166 0.005 
ead, rcp <0.005 mglL E·200.7 10/10/1994 10/11/1994 dpp 609 361 0.005 
anganese, ICP 0.026 mg/L £'200.7 10/10/1994 10/11/1994 dpp 609 161 0.001 
etenil.A, ItP <0.005 mg/L £'200.7 10/10/1994 10/11/1994 dpp 609 286 0.005 
.1 vel-. rcp <0.002 mg/L E·200.7 10/10/1994 10/11'1994 dpp 609 304 0.002 
1nc. rcp 0.013 mg/L E·200.7 10,10/1994 10,11,1994 dpp 609 190 0.010 
-ep. Pesticides; Wastewater c~lete E·608 10,03,1994 dh 69 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

AustIn Division 
2621 Ridgepoint Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928·8905 
Fax: (512) 928-3208 

ANAL YTICAL RESULTS REPORT 

John Ward 11/04/1994 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement NET Job Number: 94.02733 
District #1 Sample Number: 109792 
Natalia, TX 78059 

Page 7 

project Description: 
Job Description: SCS Water Quality Study 

Sample Description: Pearson 

Prep Run 
Analytical Date Date Batch Batch Reporting 

Parameter Flag Result Units Method Prepared Analyzed Analyst IIUJi)er IIUJi)er Li.it 

PESTICIDES· 608 AOUEaJS 10/03/1994 
Aldrin <0.10 ug/L E·608 10/03/1994 dh 69 253 0.10 
alpha·INC <0.10 ug/L E-608 10/03/1994 dh 69 253 0_ 10 
beta-BNC <0.10 ug/L E-608 10/03/1994 ell 69 253 0.10 
delta-INC <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
S'-':INC (Lindane) <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
C -- <0_20 ug/L E-608 10/03/1994 dh 69 253 0.20 
4,4'-000 <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
4,4'-ODE <0.10 ug/L E·608 10/03/1994 ell 69 253 0.10 
4,4'-DDT <0.10 ug/L E·608 10/03/1994 dh 69 253 0.10 
Dieldrin <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endosulfan I <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endosul tan II <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endosulfan sulfate <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endrin <0.10 ug/L E-608 10/03/1994 ell 69 253 0.10 
Endrin aldehyde <0.10 ug/L E·608 10/03/1994 dh 69 253 0.10 
Heptachlor <0_10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Heptachlor epoxide <0.10 ug/L E-608 10/03/1994 ell 69 253 0.10 
Toxaphene 

.,.., <5.0 ug/L E-608 10/03/1994 dh 69 253 5.0 

HERBICIDES E-615 M AQUEaJS 
2,4-0 <1_0 ug/L E-615M 10/14/1994 ell 7 1.0 
2,4,5-T <0.50 ug/L E-615M 10/14/1994 dh 7 0.50 
2,4,5-TP (Silvex) <0.50 ug/L E-615" 10/14/1994 dh 7 0.50 

Col iform, fecal 400 /100 1111 S-92220 09/27/1994 cpc 9D 0 
Col iform, total 400 /100 1111 S-92228 09/27/1994 cpc 18 0 



·,.-
NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

ANAL YTICAL RESULTS REPORT 

11/04/1994 

Aushn DIvision 
2621 Ridgepoint Drive 
Suite 130 
Aushn, TX 78754 

Tel: (512) 928·8905 
Fax: (512) 928·3208 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District U 

NET Job Number: 94.02733 
109793 Sample Number: 

Natalia, TX 78059 
Page 8 

project Description: 
Job Description: SCS Water Quality Study 

Sample Description: Touchstone 

P~ep R.., 
Analytical Date Date Batch Batch Repo~tina 

Parameter Flag Result Units Method P~epa~ed Analyzed Analyst NLIIIbe~ NLIIIbe~ Limit 

:n I oride 18 mg/l E ·325.3 09/30/1994 am~ 235 1 
:nromium, hexavalent <0.01 mg/l 5·7196 09/28/1994 kind 413 0.01 
:onduetivi ty 360 lIMos/em E·120.1 09/29/1994 am~ 126 
'rep' Cyanide Distillation c~lete E·335.2 10/04/1994 kind 242 
:yanide, total <0.01 mg/l E·335.2 10/04/1994 10/04/1994 kind 242 233 0.01 
')~, - \Anmonia, Aqueous e~lete E·350.2 09/30/1994 45 am~ 'i. <0.01 mg/l E·350.2 09/30/1994 10/03/1994 am~ 45 229 0.01 
• .., 1 t rate 0.68 mg/l 5,..·4500 0 10/03/1994 kind 5 0.1 
i-t,;tr;te, for N·Nitrate only <0.01 mg/l E·354.1 09/28/1994 kmd 224 0.01 
)xygen. Dissolved 9.0 l119/l E·36O.1 09/27/1994 ndk 349 1.0 
:>0< 7.8 ..,its E·150.1 09/28/1994 am~ 804 0.1 
'rep . Phenols c~lete E·420.1 10/04/1994 kind 38 
>nenols, colorimetric <0.01 mg/l E·420.1 10/04/1994 10/04/1994 kind 38 227 0.01 
>01 ids, Total Dissol'ved 231 mg/l E·160.1 09/29/1994 amr 361 5 
;Ulfate, Tu~bidimetric 50 mg/l E·375.4 10/04/1994 kind 195 5 
'~ep, Total Aqueous rcp Metals c~lete E·200.7 10/10/1994 ddc 609 
'~senic, ICP <0.005 mg/l E·200.7 10/10/1994 10111/1994 dpp 609 324 0.005 
i.ar i un, I CP 0.065 mg/l E·200.7 10/10/1994 10/1111994 dpp 609 597 0.001 
1 !)ron , lep ."... 0.060 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 289 0.010 
:aanil..ln, lep <0.001 mg/l E·200.7 10/10/1994 10/1111994 dpp 609 338 0.001 
::>oper, rcp 0.003 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 194 0.002 
con, ICP 0.151 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 166 0.005 
ead. rcp <0.005 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 361 0.005 
'anganese, rcp 0.005 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 161 0.001 
:elenil..ln, lCP <0.005 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 286 0.005 

~ I ver. rcp <0.002 mg/l E·200.7 10/10/1994 10/11/1994 dpp 609 304 0.002 
:nc, rcp 0.022 mg/l E·200.7 10/10/1994 10/1111994 dpp 609 190 0.010 
-ep, Pesticides; lIastewater c~lete E'608 10/03/1994 dh 69 

/ 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

Austin Division 
2621 Ridgepoint Drive 
Suite 130 
Austin, TX 78754 
Tel: (512) 928-8905 
Fax: (512) 928-3208 

ANAL YTICAL RESULTS REPORT 

John Ward 1.1/04/1994 
BEXAR-MEDINA-ATASOSA 
water Cntrl & Improvement NET Job Number: 94.02733 
District #1 Sample Number: 109793 
Natalia, TX 78059 

Page 9 

project Description: 
Job Description: SCS Water Quality Study 

Sample Description: Touchstone 

P~ep RII'1 
Analytical Date Date Batch Batch Repo~ting 

Parameter Flag Result Units Method Prepared Analyzed Analyst NLIIIbe~ NLIIIbe~ Liait 

PESTICIDES • 608 AQUEOUS 10/03/1994 
Ald~in <0.10 ug/L E·608 10/03/1994 dh 69 253 0.10 
alpha'BHC <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
beta'BHe <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
delta-BHe <0.10 ug/L E·608 10/03/1994 dh 69 253 0.10 

9' IIIHe (Lindane) <0.10 uglL E-608 10/03/1994 dh 69 253 0.10 
Ct bne <0.20 ug/L E-608 10/03/1994 dh 69 253 0.20 
4,4'-DOO <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
4,4' -DOE <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
4,4' 'DDT <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Oield~in <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endosul fan I <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endosul fan II <0.10 uslL E-608 10/03/1994 dh 69 253 0.10 
Endosulfan sulfate' <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endrin <0.10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Endrin aldehyde <0.10 U91L E-608 10/03/1994 dh 69 253 0.10 
Heptachlor <0.10 ug/L E·608 10/03/1994 dh 69 253 0.10 
Heptachlo~ epoxide <0_10 ug/L E-608 10/03/1994 dh 69 253 0.10 
Toxaphene -r <5.0 ug/L E-608 10/03/1994 dh 69 253 5.0 

HERBICIDES E·615 M AQUEOUS 
2,4-0 <1.0 ug/L E-615M 10/14/1994 dh 7 1.0 
2,4,5-T <0_50 ug/l E-615M 10/14/1994 dh 7 0.50 
2,4,5-TP (Silvex) <0_50 ug/L E-615M 10/14/1994 dh 7 0.50 

:olifonn, fecal 100 /100 ml 5-92220 09/27/1994 cpc 90 0 
:ol ifonn, total 1,700 /100 III 5-9222B 09/27/1994 cpc 18 0 

; 



-NET NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

QUALII Y CON I ROt REPOR I 
BLANKS 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District #1 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality study 

Blank 
Parameter Ftag Result Units 

Chloride <1 mg/L 
Chromiun, hexavalent <0.01 mg/L 
Conduct ivi ty <I Llnhos/cm 
Cyanide, total <0.01 mg/L 
H-Anrnonia <0.01 mg/L 
N-Nitrate <0.1 mg/L 
~'Nitrite, for N·Nitrat" only <0.01 mg/L 
.• H NA units 
Phenols, colorimetric <0.01 mg/L 
Solids, Total Dissolved <5 mg/L 
Sulfate, Turbidimetric <5 mg/L 
Arsenit, JCP <0.005 mg/L 
Bariun, JCP <0.001 mg/L 
Boron, ICP <0.010 mg/L 
Csani un, I CP <0.001 mg/L 
Copper, ICP <0.002 mg/L 
J ron, JCP <0.005 mg/L 
Lead, ICP <0.005 mg/l 
Manganese, ICP <0.001 mg/l 
Seleni.a, ICP"'- <0.005 mg/l 
Silver, ICP <0.002 mg/l 
Zinc, ICP <0.010 mg/l 
PESTICIDES 608 AQUEOUS 
Aldr.n <0.10 U9/l 
alpha'SHC <0.10 ug/L 
beta-BHC <0.10 ug/L 
delta'BHC <0.10 u9/l 
ganm8'SHC Cl indane) <0.10 ug/l 

All parameters should be less than the reporting limit. 

11/04/1994 

Austin DIvision 
2621 Rldgepolnt Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928·8905 
Fax: (512) 928·3208 

NET Job Number: 94.02733 

Prep Run 
Reporting Date Batch Batch 

Limit Analyzed HurOer NurOer 

1 09/30/1994 235 
0.01 09/28/1994 413 

09/29/1994 126 
0.01 10/04/1994 242 233 
0.01 10/03/1994 45 229 
0.1 10/03/1994 5 
0.01 09/28/1994 224 
O. I 09/28/1994 804 
0.01 10/04/1994 38 227 
5 09/29/1994 361 
5 10/04/1994 195 
0.005 10/11'1994 609 324 
0.001 10/11/1994 609 597 
0.010 10/1111994 609 289 
0.001 10/11/1994 609 338 
0.002 10/1 1/1994 609 194 
0.005 10/11/1994 609 166 
0.005 10/1111994 609 361 
0.001 10/1111994 609 161 
0.005 10/1111994 609 286 
0.002 10/11/1994 609 304 
0.010 10/11/1994 609 190 

0.10 10/03/1994 69 253 
0.10 10/03/1994 69 253 
0.10 10/03/1994 69 253 
0.10 10/03/1994 69 253 
0.10 10/03/1994 69 253 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

QUALIT Y CONTROL REPOR I 
BLANKS 

11/04/1994 

Aust,n Division 
2621 R,dgepoint Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928·8905 
Fax: (512) 928·3208 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water cntrl & Improvement 
District #1 

NET Job Number: 94.02733 

Natalia, TX 78059 

project Description: 
Job Description: SCS water Quality Study 

Prep Run 
Blank Reporting Date Batch Batch 

Parameter Flag Resul t Units limit Analyzed NUlt>er NUlt>er 

Chlordane <0.20 ug/l 0.20 10/03/1994 69 253 
4,4' ·000 <0.10 ug/l 0.10 10/03/1994 69 253 
4,4"ODE <0.10 ug/L 0.10 10/03/1994 69 253 
4,4"00T <0.10 ug/l 0.10 10/03/1994 69 253 
Dieldrin <0.10 ug/l 0.10 10/03/1994 69 253 
Endosulfan I <0.10 ug/l 0.10 10/03/1994 69 253 

-.cIosul fan II <0.10 ug/l 0.10 10/03/1994 69 253 
~osulfan sulfate <0.10 ug/L 0.10 10/03/1994 69 253 

Endr in <0.10 ug/l 0.10 10/03/1994 69 253 
Endrin aldehyde <0.10 ug/l 0.10 10/03/1994 69 253 
Heptachlor <0.10 ug/l 0.10 10/03/1994 69 253 
Heptachlor epoxide <0.10 ug/l 0.10 10/03/1994 69 253 
Toxaphene <5.0 ug/l 5.0 10/03/1994 69 253 
HERBICIDES E'615 M AOUEOUS 
2,4'0 <1.0 ug/l 1.0 10/14/1994 7 
2,4,5'T <0.50 ug/L 0.50 10/14/1994 7 
2,4,5'TP (Silvex) <0.50 ug/l 0.50 10/14/1994 7 

All parameters should be less than the reporting limit. 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District #1 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality study 

ccvs 
True 

Parameter Flag toncentr-at i on Units 

Chloride 100 mg/l 
Chrom1um, hexavalent 0.15 mg/l 
Conductivity 1,409 ..moslem 
Cyanide, total 0.50 mg/L 
N-Arnnonia 1.0 mg/l 
N-Nitrate 1.0 mg/L 

~·Nltrite, for N Nitrate only 0.10 mg/L 
IH 4.0 units 
Ph~ls, colorimetric 0.06 mg/l 
Sulfate, Turbidimetric 20 mg/l 
Arsenl c. J CP 0.500 mg/L 

Bar ILA, ICP 0.500 mg/L 

Boron, ICP 0.500 mg/L 

Cadmiun. rcp 0.500 mg/L 

Copper, ICP 0.500 mg/L 
Iron, ICP 0.500 mg/L 

Lead, ICP 0.500 mg/L 
Manganese, ICP 0.500 mg/l 

Seleniun. rcp 0.500 mg/L 
51 lver, ICP 

.,.. 
0.500 mg/L 

Zinc. ICP 0.500 mg/L 

CCVS Continuing Calibration Verification Standard 

Austin Division 
2621 R,dgepoint Drive 
Suite 130 
Austin. TX 78754 

Tel: (512) 928·8905 
Fax: (512) 928·3208 

11/04/1994 

NET Job Number: 94.02733 

ccvs ccvs Run 
Concentration Percent Date Batch 
Found Recovery Analyzed N ...... r 

98 98.0 09/30/1994 235 
0.15 100.0 09/28/1994 413 
1,302 92.4 09/29/1994 126 
0.52 104.0 10/04/1994 233 
1.01 101.0 10/03/1994 229 
1.09 109.0 10/03/1994 5 
0.10 100.0 09/28/1994 224 
4.0 100.0 09/28/1994 804 
0.06 100.0 10/04/1994 227 
20 100.0 10/04/1994 195 
0.504 100.8 10/11/1994 324 
0.478 95.6 10/11/1994 597 
0.500 100.0 10/11/1994 289 
0.490 98.0 10/11/1994 338 
0.496 99.2 10/11/1994 194 
0.502 100.4 10/11/1994 166 
0.490 98.0 10/11/1994 361 
0.493 98.6 10/11/1994 161 
0.502 100.4 10/11/1994 286 
0.499 99.8 10/11/1994 304 
0.499 99.8 10/11/1994 190 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

AustIn DIvision 
2621 Rldgepoint Drive 
Suite 130 
Austin. TX 78754 
Tel: (512) 928·8905 
Fax', (512) 928·3208 

QUALITY CONTROL REPORT 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE 

John Ward 11/04/1994 
BEXAR-MEDINA-ATASOSA 
water Cntrl & Improvement NET Job Number: 94.02733 
District #1 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality study 

Dupl icate 
Spike Matrix MS Spike MSO Prep Run 

S~le Amount Spi ke Perc~t Amount MSO Percent MS/MSO Date Batch Batch 
Parameter Flag Units Resul t Added Resul t Recovery Added Resul t Recovery RPO Analyzed NLmler NLmler 

Chloride mg/L 18 100 114 96.0 100 114 96.0 0.0 09/30/1994 235 
Chrcmiun, hexavalent mg/L cO.Ol 0.15 0.14 93.3 0.15 0.14 93.3 0.0 09/28/1994 413 
ChromiLm, hexavalent mg/L cO.Ol 0.15 0.15 100.0 0.15 0.14 93.3 6.8 09/28/1994 413 
N onia mg/L 0.31 1.0 ,1.2 89.0 1.0 1.2 89.0 0.0 10/03/1994 45 229 
N j.nia mg/L 1.4 2.0 3.4 100.0 2.0 3.4 100.0 0.0 10/03/1994 45 229 
N-N'itrate mg/L 0.68 1.0 1.55 87.0 1.0 1.48 80.0 8.4 10/03/1994 5 
N'Nitrite, for N·Nitrate only mg/L 0.29 0.50 0.77 96.0 0.50 0.76 94.0 2.1 09/28/1994 224 
Phenols, colorimetric mg/L cO.Ol 0.06 0.05 83.3 0.06 0.05 83.3 0.0 10/04/1994 38 227 
Sui fate, Turbidimetric mg/L 875 500 1,500 125.0 500 1,500 125.0 0.0 10/04/1994 195 
Sulfate, Turbidimetric mg/L 50 20 65 75.0 20 65 75.0 0.0 10/04/1994 195 
Sulfate, Turbidimetric mg/L 50 20 65 75.0 20 65 75.0 0.0 10/04/1994 195 
ArS~lC, ICP mg/L cO.005 0.500 0.470 94.0 0.500 0.477 95.4 1.5 10/11/1994 609 324 
Arsenic, ICP mg/L 0.172 0.500 0.673 100.2 0.500 0.644 94.4 5.9 10/11/1994 609 324 
Bariun, ICP mg/L 0.057 0.500 0.531 94.8 0.500 0.537 96.0 1.3 10/11/1994 609 597 
Bar;un, ICP mg/L 0.144 0.500 0.572 85.6 0.500 0.569 85.0 0.7 10/11/1994 609 597 
Boron, ICP mg/L 0.077 0.500 0.546 93.8 0.500 0.552 95.0 1.3 10/11/1994 609 289 
Boron, lep mg/L 0.694 0.500 1.21 103.2 0.500 1.20 101.2 2.0 10/11/1994 609 289 
Caci'nIL.lll, ICP mg/L <0.001 0.500 0.456 91.2 0.500 0.461 92.2 1.1 10/11/1994 609 338 
Cadmh.ln, I CP mg/L cO.OOl 0.500 0.451 90.2 0.500 0.420 84.0 7.1 10/11/1994 609 338 
Copper, ICP mg/L 0.003 0.500 0.477 94.8 0.500 0.484 96.2 1.5 10/11/1994 609 194 
Copper, ICP mg/L 0.005 0.500 0.516 102.2 0.500 0.463 91.6 10.8 10/11/1994 609 194 
! ron, lep mg/L 0.781 0.500 1. 19 81.8 0.500 1.22 87.8 7.1 10/11/1994 609 166 

NOTE: The Quality Control data in this report reflects the batch in which your sample was prepped andlor analyzed. 
The sample selected for QA may not necessarily be your sample. 



NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Austin Division 
2621 R idgepoint Drive 
Suite 130 
Austin, TX 78754 
Tel: (512) 928·8905 
Fax: (512) 928·3208 

QUALITY CONTROL REPORT 
MA TRIX SPIKE/MATRIX SPIKE DUPLICATE 

11/04/1994 John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District #1 

NET Job Number: 94.02733 

Natalia, TX 78059 

Project Description: 
Job Description: SCS water Quality study 

Dupl icate 
Spike Matrix MS Spike MSD Prep R.., 

Sample Amount Spike Percent Amount MSO Percent MS/MSD Date Batch Batch 
Parameter Flag Units Result Added Resul t Recovery Added Resul t Recovery RPD Analyzed Nunt>er Nunt>er 

"'on, lep mg/l 0.355 0.500 0.869 102.8 0.500 0.855 100.0 2.8 10/1111994 609 166 
ead, lep mg/l <0.005 0.500 0.456 91.2 0.500 0.462 92.4 1.3 1011111994 609 361 
."d, lep mg/l <0.005 0.500 0.451 90.2 0.500 0.419 83.8 7.4 1011111994 609 361 .r ~ "se, lep mg/l 0.017 0.500 0.492 95.0 0.500 0.499 96.4 1.5 10/1111994 609 161 

". \-e. lep mg/l 0.159 0.500 0.647 97.6 0.500 0.618 91.8 6.1 10/11/1994 609 161 
~lenl1..Jn. lep mg/l <0.005 0.500 0.458 91.6 0.500 0.465 93.0 1.5 10/1111994 609 286 
~leniun. ICP mg/l 0.200 0.500 0.695 99.0 0.500 0.664 92.8 6.5 10/11/1994 609 286 
llver • ICP mg/L <0.002 0.500 0.474 94.8 0.500 0.479 95.8 1.0 1011111994 609 304 
llver. lCP mg/L <0.002 0.500 0.456 91.2 0.500 0.456 91.2 0.0 10/11/1994 609 304 

'nt, lCP mg/L 0.013 0.500 0.467 90.8 0.500 0.475 92.4 1.7 10/1111994 609 190 

Inc, ICP mg/L 0.049 0.500 0.526 95.4 0.500 0.496 89.4 6.5 10/11/1994 609 190 

~OTE: The QuaLIty ControL data in this report reflects the batch in which your sample was prepped and/or analyzed. 
The sample selected for QA may not necessarily be your sempLe. 
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NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

QUALITY CONTROL REPORT 
DUPLICATES 

11/04/1994 

Austin DIvision 
2621 Ridgepoint Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928·6905 
Fax: (512) 928·3206 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District #1 NET Job Number: 94.02733 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality study 

Duplicate P~ep Run 
San.,le San.,le Date Batch Batch 

Parameter Flag Units Resul t Resul t RPO Analyzed Nuri)e~ Nuri)er 

Conductivi ty umos/c:rn 360 36D 0.0 09/29/1994 126 
pH units 7.7 7.7 0.0 09/28/1994 804 
pH units 7.2 7.2 0.0 09/28/1994 804 
Sol ids, Total Dissolved mg/l 503 502 0.2 09/29/1994 361 
Sol ids, Total Dissolved mg/l 440 434 1.4 09/29/1994 361 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

John Ward 
BEXAR-MEDINA-ATASOSA 
water Cntrl & Improvement 
District #1 
Natalia, TX 78059 

project Description: 
Job Description: SCS water Quality study 

LCS LCS 
True Concentration 

Parameter Flag Conc:entration Found 

Cyanide, total 0.50 0.52 
Cyanide, total 0.50 0.S2 
N'AIrmonia 1.0 0.99 
Phenols, colorimetric 0.06 0.06 
Solids, Total Dissolved 100 97 
-"~enic, )CP 0.500 O.S09 

}ium, ICP 0.500 0.529 
Horon, ICP 0.500 0.504 
Caanium, ICP O.SOO O.S09 
Copper, ICP 0.500 0.523 
Iron, ICP 0.500 0.556 
Lead, ICP 0.500 0.509 
Manganese, ICP 0.500 0.528 
Selenium, ICP 0.500 0.507 
Si lver, ICP 0.500 0.518 
Zinc, ICP 0.500 0.511 

LCS . Laboratory Control Standard 

11/04/1994 

Austin Division 
2621 RidgePOin1 Drive 
Suile 130 
Austin. TX 78754 
Tel: (512) 928·8905 
Fax: (512) 928·3208 

NET Job Number: 94.02733 

LCS Prep Run 
Percent Date Batch Batch 
Recovery Analyzed Nlnber Nlnber 

104.0 10/04/1994 242 233 
104.0 10/04/1994 242 233 
99.0 10/03/1994 229 
100.0 10/0411994 38 227 
97.0 09/2911994 361 
101.8 1011111994 609 324 
105.8 10111/1994 609 597 
100.8 10/11/1994 609 289 
101.8 10111/1994 609 338 
104.6 10111/1994 609 194 
111.2 10/11/1994 609 166 
101.8 10/11/1994 609 361 
105.6 1011111994 609 161 
101.4 10/11/1994 609 286 
103.6 10/11/1994 609 304 
102.2 10/11/1994 609 190 

For samples with insufficient sample volume, an LCS/LCS duplicate is reported instead of an HS/MSD. 



NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water Cntrl & Improvement 
District #1 
Natalia, TX 78059 

Project Description: 
Job Description: SCS Water Quality study 

Date Percent 
Par_ter Analyzed Recovery 

PESTICIDES - EPA 608 AQUEOUS 
Alpha - IHC 10/0711994 68.6 
Lindane 10/0711994 74.0 
leta - INC 10/0711994 75.6 
Heptachlor 10/0711994 67.0 
Delta - IHC 10/0711994 76.4 
Aldrin 10/0711994 56.3 
Heptachlor epoxide 10/0711994 68.1 
Endosul fen I 10/0711994 74.3 
4,4' • DOE 10/0711994 70.4 
Dieldrin 10/07/1994 78.5 
Enddn 10/0711994 BO.O 
4,4 ' • DDD 10/0711994 71.8 
Endosul fen II 10/0711994 81.8 
4,4' • DOT 10/0711994 BO.8 
Endrin aldehyde 10/0711994 68.3 
Methoxychlor 10/0711994 76.5 
Endosulfen sulfate 10/07/1994 76.2 
Chlordane 10/0711994 NA 
Toxaphene .,.. 10/07/1994 NA 
PCB • 1016 10/07/1994 NA 
PCB • 1221 10/0711994 NA 
PCB • 1232 10/0711994 NA 
PCB - 1242 10/0711994 NA 

PCB - 1248 10/0711994 NA 

PCB - 1254 10/0711994 NA 
PCB - 1260 10/0711994 NA 

lCS - Laboratory Control Standard 

11/04/1994 

Austin Division 
2621 R,dgepoint Drive 
SuIte 130 
Austin, TX 78754 

Tel: (512) 926-8905 
Fax: (512) 928-3208 

NET Job Number: 94.02733 

For samples with insufficient sample volume, an LCS/lCS duplicate is reported instead of an MS/MSD. 
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NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

Austin DIvisIon 
2621 R,dgepoint Drive 
Suite 130 
Austin, TX 78754 

Tel: (512) 928·8905 
Fax: (512) 928·3208 

LABORATORY CONTROL STANDARD 

John Ward 
BEXAR-MEDINA-ATASOSA 
Water entrl & Improvement 
District #1 
Natalia, TX 78059 

Project Description: 
Job Description: ses Water Quality Study 

Date Percent 

Parameter Analyzed Recovery 

HERBICIDES . EPA 615 AQUEOUS 
Dalapen 10/13/1994 115 
Diclllltla 10/13/1994 n.4 
MCPP 10/13/1994 73.9 
MCPA 10/13/1994 76.0 
Dichlorprop 10/13{1994 85.8 
2,4 . 0 10/13/1994 81.8 
2,4,5 . TP 10/13/1994 79.7 
2,4,5 . T 10/13/1994 91.9 
2,4 . DB 10/13/1994 86.9 
Dinoseb 10/13/1994 98.5 

LCS Laboratory ControL Standard 

11/04/1994 

NET Job Number: 94.02733 

For sampLes with ,nsufficient sampLe voLume, an LCS/LCS dupLicate is reported instead of an MS/MSD. 



NE'T NATIONAL 
ENVIRONMENTAL 

CHAIN OF CUST~DY RECORD 
COMPANY p-,/?/~.# 4/C gl/P #- / 

, ® TESTING. INC. ADDRESS _________ ~ _____ _ 
REPORTTO: ,J;..!-t 11 Y 4{,~ 

1 
PHONE 

CATION 5'cf Mzf'l:r iP-:/lh 5't'q7'y 
FAX 

INVOICE TO: __________ _ 

( I 
I'HUJt:(.; I MANAllt:R Pd"" "'~ &~, "'-. i L 

1'11:1 uuuTE NO . 

>AMPlED~Y A.,/;tL :. t'''''-f'tt;'~li'-< . .. 

/1.1'''- "'~'r" V,- 'it" I'o-:J If 
,'C9/(:';~ '/.~<. ,.':;' 

I' : ~i'~~"("l .t PRINT E) SIG~E 

~'~V' .' 

PAINT NAME) SIGNATURE 

~ " 
• and Type 01 
Containers 

. " . '-<~' '~"!,' ',: .;·r ;,~~ ';' '~',iX~ .~.;:~ 
.... 

.. .~. ,_ .,',> '~.~-' " .. ,~:, -~':., .:: ~ COMMENTS 

-tal /I:J CIt: co ....... IttJ . c.pv rp A~t~4 4..,. ...... "-
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, 

CONDITION OF SAMPLE: BOTIlES INTACT? YES I NO COC SEALS PRESENT AND INTACT? YES I NO TEMPERATURE UPON RECEIPT: Ir/I Let 
FIELD FILTERED? YES I NO VOLATILES FREE OF HEADSPACE? YES I NO BoUles supplied by NET? YES I NO 

SAMPLE REMAINDER DISPOSAL: RETURN SAMPLE REMAINDER TO CLIENT VIA 
I REQUEST NET TO DISPOSE OF ALL SAMPLE REMAINDERS DATE 

y~-- ~1.1 >~z.~ 
RECEIVED BY, RELINQUISHED BY' DATEfTIME RECEIVED FOR NET BY, 

J ii.(.tu Je.PJt~,-
MEl'flOD OF SHIPMENT REMARKS: v 

f • 
(11"-, \ 

...... , .................. , ,." "........ ~'r-T nn" ,rf"T • ,,., ~I ~ rrn vr., Q'M '~T '1 f" 'PT ..... r·n ...... Il" """, 



WEED CONTROL 

Aquatic Weeds 

Aquatic weeds are objectionable in both canals and bathing areas. They cause blockages at 
structures in the canal system (trash racks, culverts, bridge piping, checks, etc.), become entwined 
around the legs and arms of bathers which interferes with swimming, and provide harborage for 
snails. 

Vegetation that grows and remains below the water surface does not generally cause difficulty. 
Decaying and emergent aquatic vegetation, as well as decaying leaves, brush, weeds, grasses, and 
debris in the water can cause tastes and odors in water supplies. The discharge of organic wastes 
from wastewater treatment plants, storm sewers, and drainage from lawns, pastures, and fertilized 
fields contains nitrogen and phosphorus, which promote algal and weed growths. The 
contribution of phosphorus from sewage treatment plants can be relatively small compared to that 
from surface runoff. Unfortunately little can be done to permanently prevent the entrance of 
wastes and drainage or destroy growths of rooted plants, although certain chemical, mechanical, 
and biological methods can provide temporary control. 

Reasonably good temporary control of rooted aquatic plants may be obtained by physically 
removing the growths by dredging or with wire, chain drags, or rakes, and by cutting. Filling of 
marshy areas and deepening the edges of reservoirs, lakes, and ponds to a depth of 2 ft or more 
will prevent or reduce plant growths. Weeds that float to the surface should be removed before 
they decay. 

Where it is possible to drain or lower the water level 6 ft to expose the affected areas of the 
reservoir for about one month, drying of weeds and roots, clearing and removal, direct burning, or 
oiling ofthe vegetation, peat, and so forth with a light oil such as kerosene and thorough burning 
is of great value. Drying out of roots and burning and removal of the ash is effective for a number 
of years. Flooding 3 ft or more above normal is also effective where possible. 

As a last resort, aquatic weeds may be controlled by chemical means. Tastes and odors may 
result if the water is used for drinking purposes; the chemical may kill fish and persist in the 
bottom mud, and it may be hazardous to the applicator. The treatment must be repeated annually 
or more often, and heavy algal blooms may be stimulated, particularly if the plant destroyed is 
allowed to remain in the water and return its nutrients to the water. Chemical use should be 
restricted and permitted only after careful review of the toxicity to humans and fish, the hazards 
involved, and the purpose to be served. Copper sulfate should not be used for the control of 
aquatic weeds, since the concentration required to destroy the vegetation will assuredly kill any 
fish present in the water. 

One of the simplest ways of controlling the growth of aquatic weeds, where possible, is lowering 
the water level sufficiently to cause the plants to dry out. If this is followed by burning and 
removal of the remaining debris, reasonably good control will result. The physical cutting and 
removal of the weeds is also temporarily effective. Where aquatic weeds grow above the water 



surface chemical control by the use of weed killers is possible. 

Sodium arsenite as ~03 at a rate of 4 to 7.5 mg/l has been very effective to control submerged 
rooted or anchored aquatic weeds, but its use is no longer advised due to it being is very toxic to 
man and dangerous to the applicator. Other chemicals such as Endothall, Acrolein, Diquat, and 
2,4-D granules or pellets may be used if approved by the proper control authority. Diquat,2,4-D 
low-volatile esters, Silvex, or Amitrole-T may be permitted for floating weeds. The 
manufacturer's directions should be carefully followed, and when the water is located on a water 
supply watershed permission must first be obtained from the water supply officials. 

A major problem to overcome in the treatment of aquatic vegetation in flowing water is the 
development of herbicides and methods of application that will ensure the desired contact time. 
While constant rate or slug applications have proven to be effective, most of the chemical is 
wasted. 

The health, agriculture, and conservation departments should also be consulted because some of 
the chemicals available are toxic to humans and fish. In many instances knowledge regarding 
persistence and effect on the ecology may be limited. A permit to apply chemicals to public 
waters is usually required. Only approved chemicals should be used and only when necessary. 
The correct use of aquatic herbicides is essential to achieve the desired weed control without 
causing undue public concern. 

Biological Control of Aquatic Weeds by Fish in Irrigation Channels 

Tilapie zillii is not a panacea for weed control, but can aid in the reduction of aquatic weeds. 
Equal or better control can be obtained for equal or less cost when compared to mechanical 
control techniques. Sometimes, integrated control techniques must be applied. The effectiveness 
ofTilapie zillii is limited by its feeding preference and its temperature requirements. 

In areas such as southern California, where there are over 5,000 miles of irrigation canals and 
drainage ditches. These service over 600,000 acres of cropland and open throughout the year. In 
these systems the ensuing aquatic weed problems great. Chemicals cannot be used for weed 
control because they are expensive, dilution due to flow, and the canal water provides part of the 
potable water supply. Mechanical control costs are about 112 million dollars annually. Biological 
control techniques have offered an opportunity to reduce these costs. By this approach, 
herbivorous fish which graze on the vegetation are introduced into the waters. 

While the limitations of the Tilapie zillii could be overcome by a good management scheme based 
on an annual stocking program, biological means of control are not well suited to BMA's canal 
system since flow in the canals is shut off numerous times in a given year. 



Conclusion 

Until the District can either line or pipe the entire system, control of vegetation in and along the 
canals will continue to be a major maintenance problem and expense. The timely application of 
herbicides in conjunction with mechanical removal is the only cost effective means available at this 
time. Historically, BMA has utilized excavators to remove aquatic vegetation which has led to an 
increase in seepage from the canals due to the removal of the clay liner. In lieu of buckets, the 
District should consider using drag chains or rakes to prevent the loss of any more liner. 



______________ MOVING WATER (Irrigation, etc.) 

DIQUAT 
Primarily used as a contact herbicide for submersed and free.. 
floating aquatic weeds. Onty provides shan-term top kill on 
emergent plants such as cattails. A surfactant or spreader 
should be added to the diqual solution when treating free
floating or emergent weedS. The chemical binds to suspended 
soil particles; therelore, do not use in ~r dilute in muddy water. 
Note 14 day water use restrictions. 

WeedtrlnHl 
Rate: 1-4 lb. ai/surface A 

2.5-10 gal.lsurfece A 
Condition of Application: Apply when weeds are actively growing but before 

weed growth has reached the water surface. 
WeedS: Aquatic _a: 

bladderwort elodea salvinia 
cattailS naiad waterhyacinlh 
coontail pennyworf waterletluce 
duckweed pond_s 

Remarks: Refer to label for specific rates to control weeds ilted. Do not use 
traated water for animal consumption, drinklng, spraying, irrigation, or do
mastlc purposes for 14 days, or swimming for 24 hours alter treatment. 

Rodeo 

GLYPHOSATE 
Used strictly for emergont and floating plant conlrol. Surfactant 
must be added to Rodeo to insure foliage·penetrstion. Broad 
spectrum activity. Only restriction is within one-haW mile of p0-
table water intakes. 

Rate: Boom equipment: .-5 lb. ai/A 
1.5-7.5 pJ.lA 

Handgun equipment: 
0.75%-1.5% solution 

Condition of Application: Apply to foliage of emerged weeds. Apply at early 
growth steges of aMuII weedS and when perennial weldS are approaching 
maturity. 

Weeds: AquatiC _a: 
alJigatorweed maidencane spetterdock 
cattail peragraas torpedogrlss 
giant cutgraas phragmites wI~ 

Remarles: Always use 0.5% by volume nonionlc surfactant. Apply in 3-20 
gel. water/A. Rate dependent upon weed species to be controlled. Effective 
on emerged and floating plants as well as ditchbanks or shoreline equatic 
weeds. Not effective on plants Which are either completely submerged or 
have most of their foliage under water. Can be used in and around all 
bodies of water which may be flowing, nonflowing, or transiant. Do not 
apply within one-haW mile upstreem of polable water Intakes. Do not apply 
in estuaries. 

Slow Release Algimycin - see copper complex 

Weeder - see 2,4-0 

Weedtrine-D - see diquat 

Weedtrine-II - see 2,4-0 

MOVING WATER 
(Irrigation, Drainage Canals, Bayous) 

Aquathol K - see endothall 

COPPER COMPLEXES 
Copper sulfeta and various chelated copper compoundS that 
are used primarily for algae control. Some of the chelates can 
also be used for hydrllla and southern naiad control. Copper 
suWate is widely used but may not be effective In hard water; 
the chelates are formulated to provide longer lasting elfect in 
herd water. Copper suHate and chelate. are the only com
pounds for which there ate no restrictions on water use atter 
treatmen!. with the exception that they should not be used in 

trout-bearing waters. When used lor filamentous algae, good 
distribution and contact with the mats is essential for optima! 
control. ' 

Cutrl_Plua Uquld (mixed copper .. lhanolamlne complex •• ) 
Rate: • qtJcls water flowlhour for 3 hours. 
Calculated Concentration in Water: , ppm ai. 
Condition of Application: Apply when algae begins 10 Inlerfere with normal 

delivery of water (clogging at headgates, sudion screens, weed screens, 
and siphon tubes). 

Weeds: Aigee: 
chara filamentous n~ella 

Remarks: Follow all label directions. Treat when there is sufficient water flow 
to allow dispersion 01 chemical. Apply eany In the morning. Chemical 
should be introduced 8t points ~t turbutence-crea.ing structures such as 
weirs. CI!,ered tor use in potable water up to , ppm copper. 

Trlongle Brand Copper Sulfahl (copper aulloto) 
Rate: Slug application: 0.5-2 lb. copper lullatelcfs waler fiowl3O miles of 
length; repeat in 2 weeks. Continuous application: 0.1-Q.2Ib. copper suHatel 
hourlcis water flow for 12 hours of each 24 hours. 
CondHion of Application: Apply as growth devalops. Feed may be solution 

or crys1al. 
Weeds: Algee: 

chara filamentous nitella 
Remarks: May be toxic to fish In soft water. Do not exceed 4 ppm in potable 

water. 

Cutrine-Plus - see copper complex 

2,4-0 - PHENOXY HERBICIDES 
Granular ester formulations are labeled for usa on submersed 
weeds end are particuJarly effective on Eurasian watermilloil. 
liquid amine formulations are elfective tor water hyactnth con
trol. Caution should be used when applying liquid ester for
mulations because they can cause a fish kill. Note restrielions 
on water use. 

Eateron 99 Concentrate (2,4-0 LV eatar) 
See 2,4-0 (2,4-0 LV .. ter) 

Rate: 1.25-2.25 lb. aVA 
2.5-4.5 pI. 99C1A 

Cond~ion of Application: Apply when leaves are fully developed above wa· 
tertine and plants are actively growing. 

Weeds: Aquatlc _.: 
alligatorweed 
arrowhead 
bulrush 
duckweed 

pennywort 
waterhyacinth 
waterlily 

walerplanta;n 
walerprimrose 
willow 

Rema"'s: Apply in 50-100 gal. water. Spray to wet foliage thoroughly. Per
ennial and other hard to control weeds may require B repeat appflcation 
to giva adequate control. Do nol apply to more than one-third to one-haW 
of 8 take or pond in anyone month because excessive decaying vegetation 
may deplete oxygen contenl ot water and kill fish. Consult your State 
Conservation Depertmant or Game and Fish Commission 10 determine the 
best time and rate of application under local conditions. 

Weedsr 64 (2,4-0 Imine) IlD 
Rate' 2-4 lb. aVA 

2-4 ql. 64/A 
Condition of Application: Spray when waterhyaclnths are actively glOWIng. 
Weeds: Waterhyactnth. 
Remarles: To be applied by federal, state, or local public agency personnel 

trsined in aquatic weed control. or by licensed commercial applicators 
under contract to the above agencies. 

ENDOTHALL 
Contact helbicide used for submersed weeds (Aqualhof) or 
algae and submersed weedS (Hydrothol). Fish are particularty 
sensitive to the itqufd formulation of Hydrothot. Bnd open water 
should be left untreated to provide an escape tor them, 
Aqualholls sate lor fish, and the liquid formulation is otten tank· 
mixed with copper cllelales to provide both algae and sub-
mersed weed control. Water use restrictions vary trom 24 hours 
10 25 days depending on use and dosage applied. 

Aqua~1 K 
Rale: 2-9.7 lb. aelA n. 

0.6-3.2 gal. KIA n. 
Calculated Concentration in Water: , -5 ppm dipotassium salt. 

NonCE The Information on these pago. is tor preliminary plennlng - not a guide tor use. Be 
lure to follow manufecturer's directions, notwithatanding information contained here. 
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r~OV~NG WATER (.Irrigation, etc.) _____________ _ 
.. _._---------------------,---------------

:)ndltion d A.pphCa1ron: A;>pIy attar water has warmed and weed growth is 
'lisi~e. 

"~!tEtC!s: A~L.latjc wee-dl.: 
t)esswee j hydrUJa pondweeds 
trurr ... J millcil (Potamogeton spp.) 
XlQntsfl naiad waterstargrass 

'<.marks: No injury to fISh. Do not us<> treated water for Irrigation, agricuHural 
sprays, l'veSlock, or domestic purposes for at least 7 to 25 days after 
t"'etmen:. Fish may be used for food or feed 3 days after trealment. May 
ne used ~or swimming 24 hours after treatment. 

Hydrothol 191 Uquld or Granular 
Rate: 2.8-13.5 lb. ae/A ft. 

1.4-6.75 gal. LiquidlA ft. 
55-270 lb. Granulerl A fl. 

CalCulated Concentration in Waler: 1-5 ppm. 
Condition of APPfi<;atioo: Refer to lebel. 
Weeds: AIg .. control: 

coontail Najas spp. pondweeds 
elodea 

Remarks: Do not use treated water for irrigation, agricuHural aprays, live
s1oe!<, or domes1ic purposes for at leest 7 to 25 days after treatment Do 
not tnsat more than one-tenlh 01 ansa at one time with dose. in excess 01 
t ppm. Fish may be used lor food or feed 3 days after treatment. If growth 
is heavy, treat in strip •. F,sh may be killed by dosages in excess 01 0.3 
ppm. 

Esteron 99 Con'centrate - see 2,4-0 

Rodeo 

GLYPHOSATE 
Used striclty for amergenl and floating planl oomrol. Surfactant 
must be added to Rodeo to insure torl8ge penetration. Broad 
spectrum activity. Only nsstriction is within one-haU mile of po
table water intakes. 

Rate: Boom equipment: 
1-5 lb. ai 
1.5-7.5 pt.lA 

Handgun eQulpmenl: 
0.75%-1.5% solulion 

CondHion of Application: Apply to lollage of emerged weeds. Apply at early 
growth stag85 of annual weeds arid whan perennial weeds are approaching 
maturity. 

Weeds: Aquatic weed.: 
alilgatorweed maldencane spanerdock 
cattail paragress torpadograss 
glenl Ou1grass ph,egmites willow 

Remarks, Always usa 0.5'10 by volume nonionlc surfectant. Apply in 3-20 
gal. waler/A. Rate dependent upon Weed speoies to be controlled as apeo
Hied on the label. Elfective on emerged and floating ptants as well as 
dijchbanks or shoreline aquatic weeds. Not eflective on plants which are 
either complately submerged or have most of their foliage Unde, water. 
Can be used in and around all bodies of water which may be flowing, 
nonflowing, or transient. Do not apply within one-heH mile upstream of 
potable water intakes. Do not apply in estuaries. 

Hydrothol - see endothall 

Rodeo - see glyphosate 

SEE 2,4-0 - see 2,4-0 

SONAR 
Primarily used for submersed flowering ptant control. Can be 
applied before or BOOn after weeds emerge_ Slow-acting; ef
I_ on ptanlS may not be aeen for 30 to 90 days after treat
ment. Howe_, in some caae&, treatmen! will provide more 
than one year's control. Must be used as a whole pond treat
ment. 

Soner 4-S., SP or SRP (flurfdone) 
Rate: 2 tb. aVsurface A 

• pt. A.S.I.urface A 
40 lb. 5P, SRPlsurface A 

Condition of Application: Apply prior to inHiation of weed growth or when 
weeds begin actively growing. Under optimum COnditions, 30 to 90 days 

are required before the desired level of aquatiC weed managemenl is 
achieved. 

Weed.: Floating weed.: 
common duckweed 

(A.S. only) 
EtMfMdweed.: 
spanerdock 

SubmefHd weeda: 
bladderwort 
common ooontaii 
common elodea 

Sh_I ... II .... _: 
paragraas 

waterfily 

egaria 
(Brazilian elodea) 

fanwort (Cabomba) 
hydrilla 

Vucular equdc weed ..... pp_.lon: 

naiad 
pondweed (except 

Hiinois pondweed) 
watermilfoil 

aligatorweed giant cutgrass southem watergrass 
American lotus Illinois pondweed apikerush 
cattail parrotle._ lorpedogra .. 
common watem18al nsed canarygra.. waterpu""ane 
creeping waterprimroae smartweed watersNeld 

Remartcs: To achieve satisfactory control, waler flow mUs1 be restricted for 
a minimum of 7 days to prevenldilulion ot Sonar. Usa an lIppIication pattem 
that will provtde unHorm distribution and avoid concenl ... tion 01 tha hell>
icide. Trees and shrubs growing in treated water may be injunsd. Do not 
apply in lidew.ter or brackish watar. Do not apply In lakes, ponds. or other 
bodies of water where crayfish farming is performad_ Do not eppIy this 
pnoduct through any type 01 irrigation system. 

Triangle Brand Copper Sulfate - see copper com
plex 

Weedar - see 2,4-0 

MOVING WATER 
(Oltchbanks) 

COPPER COMPLEXES 
Copper aulfate and vlrious chalated copper compoundS thet 
ara used primarily lor algae control. Some of the chafatas cen 
alao be uaed for hydrilla Ind southorn naiad control. Coppor 
sullate Is widely uled but may not be eftective in hard water: 
the chelates are lormulated to provide longer lasting elfect in 
hard water. Copper sulfate and chelates .... the only com
pounds for which thera ara no ras1rictions on water use aHer 
tnsatmant. with the eXQ8ption that they should not be used in 
trout-bearing waters. When uaed lor filamentous algae, good 
distribulion and contact with the mats is essential for optimal 
control. 

Alglmycin PLL-C (cheilled copper complex) 
Rate: 0.42 lb. ajfA It. 

1 gal. PLL-C/A ft. 
Calculated Concentration in Water: 0.155 ppm copper equiv. 
COndHion of Appfication: Apply when algae first appaar and as needed thens

after. 
Weeds: AI" .. : 

filamentous planktonic 
Remarks: Follow label directions. Treat on calm day when water temperature 

is 6O"F or over. For spot traatment use 2-3 gal.lA It. 

Slow R ...... Alglmycln PLL-C (chelated copper complex) 
Rate: 1-2 lb. a.surface A 

20-40 lb. PLL-c!surface A 
ConditiOn of Application: Apply when algoa first appaar and repaat as 
. needed. 
Weeds: Algae especially chara and nijella. 
Remarks: Follow label directions. Usa liquid Alglmycin PLL-C for surface 

treatment. Scaner pallels on bonom lor Iong-lasllng effect on bonom grow
Ing atg~e. 

2,4-0 - PHENOXY HERBICIDES 
Granular ester formulations are labeled for usa on aubmansed 
weads and are particularly effective on Eurasian watermlHoil. 
UQuld amine formulations ans affective for water hyacinth con
trol. Caution should be used when applying liquid ester for
mulations because lhay can cause a fish kill. Note r8s1rictions 
on water USB. 

·PP-preptant. PPI-pnsplant incorporated. PRE-preemergence • POST-postemergence • SEQ-sequential 
ai-active ingredient OF-dry flowable ElEC-emulsifiable concentrale FIFL-liowable G-grenule llLC-IiQuld WIWP-wettable powder 
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__________ QUIESCENT OR SLOW-MOVING WATER 

Weedll/' 84 (2,4-0 amine) 
Rate: 1-2 lb. aliA 

2~ pt. 641A 
Condition of Ajlplication: Ajlply when weeds are young IIICf growing vigor-

ously. 
Weeds: Annual IIICf perennial broadleaf weeds and woody brush. 
Ramarks: Read and observe precautions and directions on label. 
State Restrictions: For use on Irrigation canal·dHcl\banks in ArIzona. Cali

fornia. Colorado, Idaho, Kansas, Montana. Nebrul<a, Now Mexlco, Ne
vada, North Dakota, Oklahoma, Dragon, South Dakota, Texaa, Utah, 
Washington, Wyoming. -----------------Rate: 2~ lb. ailA 

4-8 pt. 641A 
Condition of Application: Spray when weterhyacinths are actively growing. 
Weeds: Waterhyacinth. 
Remarks: 'To be apptied by federal, ltate, or local public agency personnel 

trained in aquatie weed control, or by fioonsed oornmerclal applicators 
undar contract 10 the above agencies. 

DIQUAT 
Primarily ueed .. a contact herbicide for submersed and free. 
floating aquatic weeds. Only provides short-term lop kill on 
emergent plants such as cattails. A surfactant or spraader 
should be added to the diqual solution when treating fr .... 
floating or emergent weeds. The chemical binds 10 suapended 
soil particles; therefore, do not use In or dilute in muddy water. 
Note 14 day water use restrictions. 

WMdtrf....o (dlquat) 
Rate: 0.5-2 lb. ailsurface A 

1.25-5 galJaurfaca A 
Condition of Ajlplication: Ajlply before flowering and repeat as necessary 10 

control ragrowth. 
Weeds: Aquatic weeds: cahail. 
Remarks: Dilute wHh sufficient water IIICf add nonionic surfactant 10 spray 

solution prior to application. Wet toroage thoroughly and avoid drift onlo 
desirable plants. 

Rodeo 

GLYPHOSATE 
Used strictly lor emergent and floating planl control. Surfactanl 
must be added to Rodeo to insure foliage penetration. Broad 
spectrum activity. 

Rate: Boom equipment: 
1-5 lb. ai/A 
1.5-7.5 pt./A 

Handgun equipment: 
0.75%-1.5% solution 

Condition of Ajlplicalion: AIlPIy 10 fOliage of emerged weeds. Apply at eerly 
growth steges of annual_ and when perennial weedS are approaching 
maturity. 

Weeds: Aquatic weedo: 
alligatorweed maidencane spatterdock 
cahail paragrass torpedograss 
giant cutgrass phragmHes willow 

Rernarlcs: Always use 0.5% by \/Olume nonlonlc surfactant. Apply In 3-20 
gal. weler/A. Rale dependent upon weed species to be contrclled. Effective 
on emerged IIICf tloating plants as well as dHchbenka or shoreline aquatic 
Weeds. Not effectiva on plants which Ire eHher completely submerged or 
have most of their foliage under water. Can be ueed In and around all 
bodies 01 water which may be lIow1ng, nonflowlng, or transient. Do not 
apply within one-han mile upslream of potable water Intakes. Do not apply 
in estuaries. . 

Slow Release Aigimycin PLL-C - see Copper com
plex 

Weedar - see 2,4-0 

Weedtrine 0 - see dlquat 

QUIESCENT OR SLOW· 
MOVING WATER 

41gimycin PLL-C - see Copper complex 

Aquathol K - see endothall 

COPPER COMPLEXES 
Copper suHata and various chalated copper compounds that 
are ueed primarily for algae control. Some of the chalat .. can 
also be ueed for hydrin. and IIOUIhern naiad conlrol. Copper 
suHate Is widely used bul may not be effective In hard water; 
the chelates ara tormUlaled to provide longer IesHng effect in 
hard water. Copper sulfate and chelatea II/'e the only com
pounds tor which there are no restrictions on water use after 
treatmant, wHh the exception that they should not be used in 
trout-bearlng Walars. ~ used tor frlamantous algae, good 
distribution and contact wnh the mets Is asaentiel for optimal 
control. 

. Alllimycin PLLoC (cllelated copper complex) 
Rate: 0.42 lb. eilA n. 

1 gal. PLL-C/A It. 
Cak:ulal8d Concentration in Water: 0.155 ppm copper equiv. 
Condition ot Application: Apply when algae hrst appear and repeat as 

needed. 
Weeds: AIg .. : 

filamentous planktonic 
Rernarka: Follow label directions. Treat on calm day when water temperalu,e 

is 6O"F or over. For spol trealment, use 2-3 galJA ft. 

Cutri"..Plua Grenular (mixed copper_enolamlne comple •• a) 
Rate: 2.22 lb. ailsurface A 

60 lb. Glsurface A 
Calculated Concentration In Water: 0.4 ppm wHhin boftom 2 ft. waier. 
Condition of Application: Apply when algae fir.t appears and repeat as 

needed. 
Weeds: Alga.: 

boHorn-growing chera nhella 
filamentous algae . 

Remarks: Treated wale .. can be used fo, swimming, fishing, irrigating, or 
domestic use immedialely aner treatment. Can be used for spot treatment 
where localized infeatations exist. Heavy infestations should be treated in 
sections to avoid fish suffocation. 

Cutrt_Plua Liquid (mixed copper .. tllanolamlna complexH) 
Rate: 0.54-2.72 lb. aliA ft. 

0.6-3 gal.lA ft. 
Calculaled Concentration in Water: 0.2-1 ppm al. 
CondHiOn 01 Application: Apply when algae or hydrilla firsl appears and repaat 

as needed. For optimum affectiveness, treat under sunny condHions when 
water temperatures are ~F or hJgher. 

Weeds: AIg .. : 
Chera filamentous planktonic 

Aqllltic _a: Hydrilla verticillat •. 
Remarks: Approved for use in crop and noncrop irrigation systems, potable 

water raservolrs, ponds, lakes, and fish hatcheries. No restrictions or wait
ing periods on use of treated water. Heavy infestetions should be treated 
in sections 10 avoid fish suffocallon. 

Koman (copper-ethylenecllamlne complax) 
. Rate: 4.11-12.8 lb. ai 

6-16 galJsurface A mJ Calculated Concentrations In Water: 0.03-0.04 ppm. 
Conditions of Application: Apply when weeds are actively growing and in a I 

manner which will deposit the herbicide on leef surfaces. 
Weeds: Aquatic weed.: . 

• ageria (Brazilian etodee)Hyd,lUa verticillata southern naiad 
Remarks: Water may be used for fIShing, swimming, irrigation, or domestic 

use. Refer to label for further use directions. . 

K-T .. (copper-trlethanolamlne complax) 
Rate: 0.54-8.16 lb. ailsurface A 

0.88-10.2 galJsurface A 
Calculated Concentration in Water: 0.2-1 ppm Cu. 
Conditions of ApprlC8tion: Apply as soon as Hrst signs of algae appear. If 

hydrilla Is present. apply in bright sunlight. 
Weeds: F .... tIoating aillae: 

planktonic: filamentous: Hydrilla verticillate 
anabaena chara 
aphanizomenon chlorella 
dictyosphaerium ciedophora 
euglena hydrodiclyon 
microcystis oeoogonium 

phormidium 
spirogyra 

Remarks: Treat one-third to one-half of the water area In a single operation 
and wan 10 to 14 days between treatments. Reier to label tor p'ocau~ons 
and limMalions. 

NOTICE The Information on these pages is for preliminary planning - nol a guide for use. Be 
sure to follow mMufecturer's directions, notwilhatanding information contained here. 



QUIESCENT OR SLOW-MOVING WATER _________ _ 

Slow Relea .. Alq/myc/n pu.-c (elM/.ted copper comple.) 
Rale: '-2 lb. ailsurfaco A 

2()..40 lb. PLl-C!surfaco A 
Condition of Application: Apply When algae fir51 appear and repeat as 

needed. 
Weeds: Algae: 

bottom-growing algae chara nitella 
Remarks: Fo/iow label directions. Use liquid A/gimycin PLL-C for surface 

trealmanL Scaner pellets on boHom for iong·lasHng eHect on bottom-grow
ing algae. 

Cutrine-Plus - see copper complex 

2,4-0 - PHENOXY HERBICIDES 
Granular eater fonnulations are labeled lor uae on submersed 
weeds and are perticularty eHactive on Eurasian watermllfoil. 
Liquid amine formUlations are ellective for water hyacinth con
trol. Caution should be used when applying liquid eater for
mulations because they can cause a fiah kill. Note res1rictions 
on water use. 

Weecltrlne II (2,4-D Jaooctyl .... r) 
Rate: 28-56 lb. allsurface A 

101).200 1b.lSurfaca A 
Condition of Application: Application should be made on smooth surtace 

infested wHh weeds 10 granules settle to the bottom around roots and 
stems. 

Weeds: Aquatic weedo: 
bulrush spatterdock watermllfoU 
coontail welartily 

Remarks: Consutt your Fish and Game Department or water control agency 
prior to applicalion. Do not contaminate water in inigation ditches or lor 
domestic purposes. 

. DlaUAT 
Primarily used as a contact harblcide for submersed and free
IIoaling aquatic weeds. Only prOyides shOrt-term top kill on 
emergent plants such as cattails. A .uriactant Or spreader 
ahould be added to the cfoquat so/ulion when treating free
fioating or emargenl weeds. The chemical binds 10 suspended 
soil particles; there/ore. do not use In or dilule in muddy waler. 
Note 14 day water use raslrtctions. 

Valent D/quat H.rbieide-HIA 
Rate: 2 lb. ail100 gal. water 

1 gal.l1oo gal. water 
Cond~ion of Application: For top kill. Apply before Iiowering for best resu/lS. 
Weeds: Canai/s. 
Remarfcs: Rapeat treatment as necessary to control regrowth. 

Rate: 2-4 lb. ailsurface A 
1-2 gal./surface A 

Condition 01 Application: For best results, apply before weed growth reaches 
surface of water. 

Weeds: Submaread weed" 
bladderwort elodea pondwead' 
coontail naiad watermilfoil 

A/g •• (0.5-1.5 ppm) 
Spirogyra spp. Pithophora spp. 

, Except P. robblna/I, P. rl.m.ndoonilin Mlnn .. ol.o 
Remarks: Add 1 pt. Valent X-77 Spreader (nonionic) surfactant. Dense weed 

areas should be treated one part at a lime with 14 days between to avoid 
oxygen depletion with its rasuttont fI.h kill. Apply by injecting a dUuted (10-
20 to 1) solution beneath water surface or by pouring directly 'rom conteiner 
WhUe mOYing oyer surface of water. Do not apply to muddy water. Do not 
use treated water for animal consumption. spreying, or irrigation w~in 14 
days after treatment. 

Rata: 1-1.5 lb. ai/surfaco A 
0.5-0.75 galJsurface A 

Duckweed: 
2 lb. ailsurface A 
1 ga/./surfaca A 

Condition of Application: 0.5 gal. rate used aarly in .eason. 0.75 gal. rale 
used as season progresses and growth thiCkens. 

Weeds: Floating weed.: 
duckweed salvinis walenSUuce 
pennywOtt walerhyacinth 

Remarks: Apply as overall spray, wetting fofiaga thoroughly. Do nol apply to 
muddy water. For .. rial application to waterlenuce, use 7.5 gal. waterlA 
+ 1 pt. Valent X-77 Spreaderl100 gal. spray solution. 00 not usa treated 
wBter for animal consumption, crop spraying, or irrigation within 14 days 

alier treatment. ApplIcation use only by the Corps of EngiMers or other 
federal or state public agencies. or contractors or licensees under their 
direct control on slow-moving or quiascant waters. 

Rate: 3-4 lb. ailaurf..,. A 
1.5-2 gal./surface A 

Condition of ApplicatJon: For best resutts, apply in spring and summer when 
weeds ara growing rapidly. Timing is enhanced by routine survey of plant 
deye/opment. 

Waeds: SubmerMd weedl: 
coontail hydril/a narrowleaf pendweed 
elodea naiad watermi"oil 

Remarks: Apply as a spray mi. wHh water if necessary to gat uniform coy
III8ga of treated IAIU. Thickening agenlS such as NalquaJic may be added 
to spray solution to avoid underwaler drills and aid placement on the target 
plants. Some areas may require a later repeat application" treated earty 
in the spring. 00 not apply to muddy water or Ii11 covered plants. Refer to 
label for direcllons, restrictions, precau1ions. and workar safety rules. 

State RestriCtions: SLN-Alabema, Ten.-.e. 

Rate: 4 lb. ailsurf..,. A 
2 gaJ.Jaurfece A 

WeedS: Su __ a: 

bladderwort hydrIIIa 
coontail naiad 
elodea 

Rate: 1-1.5 lb. aVsurface A 
0.5-0.75 gal./surface A in 150 gal. water 

Weeds: floating weeda: 
salvinia waterhyacinth 

Rate: 2-4 lb. ailsurface A 
1-2 gal.lsurface A in 50-150 gal. water 

WeedS: Floating weeds: duckweed. 

Rate: 2 lb. ai/surface A 
1 gaUsurf..,. A in 100 gal. water 

Weeds: Marginal weeds: cattails. pennywort. 

pondweeds 
(except P. robbinsii) 

_term/HoII 

waterJettuce 

Remarks: Add 1 pI. Valent X-77 Spreader (nanionic). Rapeat treatmenlS will 
be necessary to control regrowth. For basi resutts, apply before flowering. 
Do not uselrealed water for .n/mal conaumption, drinking pUrposes, over
head irrigation or spraying wtIhIn 14 days alter trealment unIas& an ap
proYed analysis shoWs that tha water does not contain more than 0.01 
ppm Diquat Ion. Do not use dirty or muddy waler tor D/quat dilution as 
Diquat wijl be InactiYated. Refer to labol for directions, restrictions. pro
caulions. and worker salaty rules. 

State Restrictions: SLN-Fiorida. 

Weecltrlne-D 
Rate: 1-4 lb. ai/surfaco A 

2.5-10 ga/Jsurface A 
Condition 01 Application: Apply when weeds are actively growing but before 

weed growth has reached water surface. 
Weeds: Aquatic weed., 

bladdelWOrt elodea 
canaifs naiad 
coontall pennywort 
duckweed pendweads 

salvinia 
walerhyacinth 
waterl8ttuce 

Remarks: Refer to label for specifiC label rates to control weeds ~Sled. Do 
not use treated water tor drinking. irrigating. spraying. animal consumption. 
or domestic purposes lor 14 deys, or swimming for 24 hours aner treatment. 

DIQUAT TANK MIX 
(active Ingredient per acre) 

PRODUCT T1MINGJREMARKS 

Va'.nl Dlquat 20 lb. 
+ Kornean 16 lb. 

SLN-Florida: Hydrilla. 

Rodeo 

GLYPHOSATE 
Used strictly for emergent and floating plant control. Surfactant 
musl be added to Rodeo to insure foliage penetration. Broad 
spectrum activity. Only restriction is within one-half mile 01 PO
lable water intakes. 

Rate: Boom equipment: 
'-Sib. ei/A 
1.5-7.5 pt.lA 

Handgun equipment: 
0.75%-1.5% solution 

PP'prep/anl _ PP/-preplant incorporated - PRE-preemergence e POST -postemergence • SEO-sequential 
ai-active ingredienl DF-dry flowable EJEC-emu/sifiabJe concantra/e FIFL-fiowabJe G-granule Ll!.C-~quid W/WP,weftlble powder 
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__________ QUIESCENT OR SLOW-MOVING WATER 

Condnion of Apploealion: Apply to foliage of emerged weeds. Apply af early 
growth stages of annual weeds and when perennial weeds are approaching 
maturity. 

Weeds: Aquatic weeda: 
alligatorweed maid.neene spanerdock 
cahail peragrass torpedcgrass 
giant cutgrass phragmiles willow 

Ftemartcs: Always use 0.5% by volume nonionie surlactant. Apply in 3-20 
gal. water/A. Rale dependenl upon weed species to be conlrolled. Effective 
on emerged and floating plants as well as dnchbanks or shoreline aqualic 
weeds. Not effoctive on plants which are either completely submerged or 
have most of Iheir foliage under water. Cen be used in and around all 
bodies of waler which may be flowing, nonflowing, or transient. Do not 
apply within one-half mile upslream of polable waler Inlal<es. Do not apply 
tn estuaries. 

Komeen - see copper complex 

K-Tes - see copper complex 

Rodeo - see glyphosate 

Slow Release Aigimycin see copper complex 

Weedsr - see 2,4-0 

Weedtrine II - see 2,4-0 

NOTICE The information on thesa pages is for preliminary planning - nol a guide tor usa. Be 
sure to tolJow manufacturer's directions. notwithstanding information contained hera. 



·'YCI'·CROP1.A~ID ___________________ _ 

, 

'Iql ,:, !": NONCROPLAND 
I ;I~ , I I I 

r': At ES (Premix) 
11estric1&d Usa Pastlcide, 

Ace ... >i.mlold. 11 /oJ,.I, pltloram 6 2lbJgal. trlclopyr) 
~ ... : C o· .. e1t:o,,.1 base berk tr.6,tmenl: 1·2 gal.l1oo gel. spray mileture: 

low \lo-urne; 20-30 gal.l100 1;,111. spray mixture 
\' ..... cs Wooey plsnto: 

ash 
aspar 
~'C' 
che.". 
el~ 

nac<berry 

hiclwry 
IocuSI 
ma~e 
muJtUlora rose 
oak 

ooaanspray 
pine 
poplar 
sassafras 
Ianoak 

Remarks: Apply in enolJl;h oil to make 100 gal. spray mixture at any time, 
,ncludlng the winter monlhs, a.cepl when anow or waler prevent spraying 
to the ground line. Besl control will be obtainad when applications are 
maoe dunng the late dormant or active growing saason, Apply 10 81ams 
with basal diameter less than 6', For convenlional basal bark Ira81ment, 
thoroughly weI to besal pa~ 01 brush and tree siems (including the root 
COllar) and spray until runoff is noticeable, FOI low volume basal bark 
treatment, spray the basal parts of brush and tree stems in a manner which 
thoroughly wets the lower stam (includIng the fOOl collar) but nol to tha 
po<nt 01 runoff. For thinl,ne basal bark lraatment, apply undilutad In 8 thin 
slream to form a nemow bend which completely encircles the lower stem 
of brush end Iree species, Refer to labal for precautions, 

Areas 01 ApphcallOn: Eleoirical power lines, pipelines, roadside, end railroad 
nghts-ol·wey:'storage aites, fence rows, and other noncrop araas. 

Amltrol T 
AT·Llquld 

Rale: 2-4 lb. aVA 
1·2 gellA 

AMITROLE 
Restricted U .. Pesticide, 

Weeds: Annuel bnoadleaf wMdo: 
Canade thistle milk_d 
dock pigw ... d 
hotsenettle poison ivy 
horsetail rush poison oak 
Kochis sowthistle 
leaty spurge sunflower 

CWestem States) 
Annual gr ..... : 
annual bluegrass 
barnyardgrass 
bermudagrass 
chsatgrass 

Woody pianla: 
ash 
bigleaf maple 
blackberry 

• SUppI'fI.alon 

foxtail 
nutsedge 
Quackgrass 

Icouchgrass) 

honeysuckle 
kudzu 
locust 

volunleer aUeHa 
whitetop (hoary cress) 
wild ba~ey 
wild chrysanthemum 
wild hemp (marijuana) 

read canerygrass' 
ripgulgrass' 
ryegrass 
witchgrass 

salmonberry 
sumac 
wild cherry 

Remarks: Apply in 40·100 gal. water. A S&COnd treatment may be needed 
to control weeds not thoroughly sprayed or coming from dormanl S&ads 
or old roots. Apply when regrowth is young and growing aelively. Do not 
sprey or allow dri" to edible crops 01 water for inrigalion, drinking, Or d0-
mestic purposes. 

Areas of Application: Railroads, roadsides, fance nows, and hardwood nur· 
series. 

Amflol (90WP) 
AT·90 (80WP) 

Rate: 1.8·9 lb. ailA 
2·10 lb. 90WP/A 

Weeds: Broadleal weed.: 
aUalfa hempnetlle 
Canada thistle jimsonweed 
carpetwead knotw •• d 
catchny kochia 
chickw ... d lambsquarters 
chrysanthemum weed mustard 
(mugwort) nightshade 

cocklebur pigweed 
dandelion plantain 
groundsel poison ivy 

purslane 
ragweed 
shepherdspurse 
smartweed 
sowthlstle 
slinkw ... d 
white cockle 
wild buckwheat 
yellow rocke1 

0 ... _: 
bluegrass loxtail velvetgrass 
crallgrass goosegl88$ wild oat 
downy broma (cheat) quackgrass Witchgrass 

Remarks: AfJpIy In 100 gal. water when most weeds are 3·'10' tal. Of 
used in combinations 101 impnoYad kill of d"'p'fOOIad paremiais and .. 
kno<:i<down of existing vegetation. 

Areas of Application: Roadsides, dltehbanks, lence nows, industrial.re 
public utilHies, railroads. 

ARSENAL 
Broad·spectrum systemic herbicide with residual aelivi1y. 

ArMnel (Imazapyr) 
Rate: Annual g ...... s, broadleaves: 

0.S-1 lb. ae/A 
204 ptJA 

Perennial gr ...... , broadleaves, vines, brambles: 
0.S-1.5 lb. ae/A 
2·6 ptJA 

Deciduous trees: 
"'.5 lb. ae/A 
4·6 ptJA . 

Weeds: Broadleal wMd.: 
broom snakewaed hera_ed 
builihistie Indian mustard 
burdock Japanese bemboo 
camphorwead kochia 
Canada thistle lambsquarters 
Caroline gerenium iaspadaza 
carpatweed linle mallow 
clover milkweed 
cocklebur minerslanuce 
common chickweed mullein 
common ragweed netllelaaf gooseloot 
dandelion oxeye daisy 
desert cam&nhorn papparweed 
dillu .. knapw&ed pigweed 
dock plan lain 
dIogfennel pok_ead 
maree primrose 
fleabane puncturevine 
giant ragweed purple Iooaestrile 
goldenrod purslane 
hoary vervain 

0 .... _: 
annusl bluegrass 
bahiagrass 
beardgrass 
bermudagrass 
big bluestem 
broadleaf signal grass 
Canada bluegrass 
cattail 
cheat 
cogongrass 
crabglass 
dallisgrass 
downy brom& 
lail panicum 

Vln •• III\d bramble.: 

leathertop 
rescue 
foxteil 
goosegrass 
guineagrass 
Italian ryegrass 
johnsongrass 
Kentucky bluegrass 
tovegrass 
onchardgrass 
paragrass 
phragm"es 
prairie cotdgrass 
prairie threeawn 

blackberry kudzu 
dewberry Macartney rOS& 
fiald bindwead morningglory 
greenbriar multlUora rose 
hedge blndw ... d poison ivy 
honeysuckle. redvine 

Woody bru.h and _: 
American beech hawthorn 
ash hickory 
beldcypress maple 
bigleaf maple mulberry 
blackgum oak 
boxelder perSimmon 
cherry poplar 
chinabarry privet 
Chinese tallow·tree red alder 
dogwood red maple 

rush skelelOnweed 
RUSSian Ihislle 
RUSSian knapwaed' 
saltbush 
silveriaaf nightshade 
smertwaed 
sorrel 
soWlhistle 
slinging nenle 
sunflower 
sweet clover 
lansymuSlard 
Texas thistl. 
western ragweed 
wild carrol 
wild lenuce 
wild peranip 
wild tumip 
wooIlyleal bursage 
yellow stanhistle 
ystlow woodsorrel 

queckgrass 
read cana'Yllra •• 
sangrass 
sand dropsaed 
sandbur 
smooth brome 
Umothy 
torpedlograss 
vasaygrass 
Virginia creeper 
wild berley 
wild oat 
wiresfem mUhly 
witchgrass 

trumpatcreapar 
Virginia creeper 
wild buckWheal 
wild grape 
wild rosa 

rubber rabbltbrush 
Russian oUve 
saheedar 
sassafras 
sourwood 
sumac 
sweetgum 
willow 
yellow poplar 

PP'preplant • PPI·preplant incorporated. PRE·preemergence • POST·postemergence • SEQ·s""uantial 
ai'aelive ingredient OF.dry flowable ElEC-emulsifoabie concentrate FIFL-flowabta G·granule LAC-liquid WiWF'-wanabie poWder 
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Remarles: Arsenal is readily absorbed by both the roots and foliage providing 
both. ",eemergent and postemergent control of weeds. Pootemergence 
application is the recommended melhOd. particularly for the control of 
porennial&. The excallenlsoil residualacUviIy provides ", .. margent control 
of newly germinating weeds for several months after application. Although 
the compound is translocated quickly. kill of treated plants is slow. Biolypes 
of kochia hive been ldentHied that are nol adequately controlled wRh 
Arsenal. Use of Arsenal in combination with other registered herbicides 
that have a dillerent mode 01 action Is recommended for controlling these 
bIotypes. Control 01 Jcudzu requires a minimum 75 gel.!A tOlal solution and 
may require multiple applicatiOns. 

Arees of Application: Railroad. utilRy, and pipeline rights-of-way; uHIRy plant 
anas; petroleum tank farms; pumping installations; fence rows; nonirriga
tion ditchbanks; and storage areas. 

Arsenat 0_5 G .. nufe (fmllDpyrj 
Rate: 1 lb. aVA 

200 lb. O.5GlA 
Weeds: Same control as for Arsenal. Vines, brambles, woOdy brush and 

trees and the following broad leaf weeds which are not lisled on current 
label: 
broom snakeweed 
bull thislie 
burdock 
dasen carneRhom 
dfHuse knapweed 
goldenrod 

a ...... : 

Japanese bamboo 
kochia 
lespedaza 
puncturevine 
purple loosestrife 

rush skeletonweed 
Rullian knapweed 
Ruaslan thistle 
saitbush 
stinging nenle 

cogongrass phragmHes sallgrass 
'eathertop roed canarygrass Virginia creeper 

Remarks: Apply any time during the growing season before weeds heve 
emerged. Treated plants stop growing soon after spray application. Bio
types of kochia have been Identified thet are not edequately controlled 
wHh Arsenal. Use 0/ Arsenal in combinalion with other registered herbicides 
that have a different mOde of action is recommended for controlling these 
biOtypes. 

A,eas of ApplicatiOn: Rail,oad, utilRy, pipeline, and highway rights-o'-way, 
petroleum tank farms, pumping installations. fence rows, storage areas. 

A, •• nal Applicator. Conoentral' (Imazapyrj 
Rate: 0.375-1.25 lb. aVA 

0.75-2.5 pI. ASIA 
W .. ds: Same as for Arsenal. 
Rema"'s: Rate varies by species of conifer being managed and by purpose 

of application (srte preparation, herbaceous weed conlrol, conifer release). 
Arsanal is readily absorbed by both the roots and foliage providing both 
preemergenl and postemergenl control at weeds. Applications can be 
made during the growing season after leave. have anained full flush UP 
10 color change in lele summer or eany fan. Some minor growth inhlbHIon 
may be observed when release trealments are mede during periOd of active 
conifer growth. Although Ihe compound is Iranslocaled quickly, kill of 
lreated planls i. stow. The degree a' control on blackberries is species 
dependant. Control of kudzu requires a minimum of 75 gallA Iolal solution 
and may require multiple applications. 

Areas of Applicalion: Forest roads, forestry site preparation. coniter relea .. 
from woody and herbaceous compatnion, non.jlTigatlon ditchbanks and the 
establishment and rnaintenanca 01 wildlife openings. 

Ansar 6.6 - see MSMA 

Aaulox 3.34 WS (aoulamj 
Rale: 3.34-6.68 lb. aVA 

1-2 gol. 3.34 WSiA 
W .. ds:G ...... : 

ASULOX 

crabgrass paragrass western bracken 
jOhnsongras. 

Remarks: Apply postemergence. 
Are.s of Applicallon: Boundary fencas; ditchbanks; fence rows; highway, 

roadside, pipeline, railroad, and utilRy rights·of-way; lumberyards; storage 
areas; induSirial plant sHes; warehouse lots. 

ATRAZINE 
Restricted Use Pesticide due 10 groundwater concerns. 

Minox 4~ Of NI....o 
Ainotol 4~C or flO 
IiNxel Al,..lne 4~ or flO 

Rale: 4.8-10 lb. ailA 
4.8-10 ql. 4~, 4lClA 
3.8-8 qt. 5LJA 
6-12.5 lb. 80/A 
5.3-.11.1 lb. Nine-O, 90IA 

Weeds: Annual broad I •• , _.: 
lambsquartars regweed 
puncturevine 

a ...... : 
bernyerdgrass crabgrass 
cheatgra •• 

Rate: 10-20 lb. aVA 
1 ()'2O ql. 4l, 4lC/A 
8-16 ql. 5LJA 
12.5-25 lb. 801A 
11.1-22.2 lb. Nine-O, 90IA 

NONCAOPLAND 

turkey mullein 

foxtail 

Weeds: Annuaf and many perennla' broadl .. , _ •• uch a.: 
burdock doglennel purpletop 
Canade "'lsUe plantain redtop a .. _: 
bluegrass quackgrass smooth brome 
orchardgrass 

Rate: 20-40 lb. aVA 
20-40 qt. 4LJA 
16-32 ql. 5LJA 
25-50 lb. 80/A 
22-44 lb. Nln..o, 90IA 

Weeds: Hard-to-kllI biennial and p&reMial weeds such as bull thislle and 
sowthiSile. 

Remarles: Apply lh.se rales lor longer residual control in areas of high rainfall 
and a long growing season. Apply belore or soon after weeds begin growth. 
Postemergence applications should be made when Weeds are young and 
actively growing. lJae the higher rates on heavy clay and muck SOils. Use 
sulficient water to assure thorough cove .. ge. uao at leasl 1 gaf. water/ql. 
or lb. of product, mora If practical. Do not exceed 10 lb. oVA per year. Do 
not allow livestock to graze lreated areas Of illegal residues may resutt. 

Areas of Application: Noncrop areas such as utilRy, highway, pipeline, and 
railroad rights-of-way, petroleum tank farms, lumberyards, Slorage areas. 
industrial planl sites, and around buildings. 

ATRAZINE TANK MIXES 
(active Ingredient per ecre) 

PRODUCT 

Alralol flO 4-10 lb. 
+ ArIIenal 0.5-1.5 lb. 

Atratol gO 4-10 lb. 
+ Karmex 4-10 lb. 

Alr.lol flO 2.6-10 lb. 
+ Prfncep 2.6-10 lb. 

TIMINGIREMARKS 

For use onty in stales where registered. 

For use only tn states where registered. 

For use only in states where registered. 

BANVEL HERBICIDE 
Banvef Herbicide (DMA n" a' dlcambe) 9 

Rate: Cut surface treatments: 1 pa~ Banvel wilh 1 10 3 perts water. Use the 
lower dUulion when lreating hard-to-<:ontrol species. 

Weeds: Woody bru.h and IrMa .uch ae: 
ash oeda, serviceberry 
aspen elm sycamore 
basswood hickory 

Rema"'.: Frill or girdle treatments should be overlapping or continuous. 2,4-
o mey be added for more rapid foliar effects. 

Are .. of Application: Foresl and non crop areas including fence rows and 
rights-ol-way. 

Rate: Annuals: 
0.25-0.75 lb. ailA 
0.5-1.5 ptJA 

Biennials: 
0.25-1.5 lb. a~A 
0.5-3 pt.lA 

Parennials: 
0.5-6 lb. aVA 
1-12 pl.lA 

Weeds: Annual, biennial, and perennlo! broadlea'_. Including: 
burdock kochia Russian thislle 
Canada thislle lealy spurge tansy ragwen 
field bindweed pigweed 

Remarks: Apply in 5-600 gaf. diluted spray/A with ground equipment: 3-40 
gal. diluted spray/A by air. Apply when weeds are aCtively growing and 
when biannl8ls are in the rosette stage. Ratreatment may be made as 
needed, but dO not exceed 8 lb. ai (2 gaf.)lA during a growing season. 

Areas of Applicalion: Noncrop areas such as fence rows, roadways, wast .. 
land, and rights-of-way. 

NOTICE The Information on these pages is for preliminary planning - not a guide for use. Be 
sure to follow manufacturer'S directions, notwithstanding information contained here. 
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!WJl~~CROPLAND ______________________ _ 

-----.-- -_._-----_._--------,----.;..------------
flllt6 C.E-S), ai/A 

1·16 ~.I" 
\ I~ed,',: '''.nl· woodl' brulh and vine lpeelel Including: 
BS~ '"",ed sag.brUSh mul'Wlora rosa 
eSPf"n honeysuckle sumac 
blaokbm'Y hUlsache tarnush 
blac,""guM kud::u trumpetcreeper 
creosoleOUf.,h Macartney rose willow 
cawbe"" masqun. yaupon 
easlerr. oersimrnon 

Remarx.: App'y any t,m. aher '.al developm.nt. Retr.atm.nt may be mad. 
as needed. but do not exceed e lb. ai (2 gal.)/A during a growing season. 

Areas 01 ApplJcahon: Noncrop areas such as fence rows, roadways. waste
land. and rignlS-ol-w.y. 

BANVEL 
Banval CST (dlcamba) 

Ral.: Product requires no dilution or mixing. Apply to fr.shly cui surface. 
Frill. girdle, or stump tr88tm.nts: spray or painl fraahly cui surfaoe until 
wet. 

Weeds: Woody brulh Ind t ..... luch .. : 
ash oedar h~ 
aspen dogwood serviceberry 
b.sswood elm sycamore 

Rem ..... ' Frill or girdle lreatmenlS should be overlapping or continuous. 
Areas of Application: Forest and noncrop areas including fence rows, drain

age dijchbanks, and rights-ol-way. 

BROMAX 
Bromax 4G (bromacll) 

Ral.: 2.4-4.e lb. oVA 
60-120 lb. 4G!A 

W.eds: Broadleaf _.: 
lambsquarters pundurevine 
pigweed ragweed 

G ....... : 
brornegrass crabgrass 
chealgra.. foxta' 

Rale: 5.6-9.6 lb. aiiA 
140-240 lb. 4G/A 

Weeds: Broadl .. f weed.: 
aster doglennel 
broomsedge goldenrod 
dandelion p'antaln 

G ....... : 
balliagrass Quackgrass 
bluegrass smooth brome 

Brulh (broadc •• t treatment): 
oak _gum 
pine 

Rate: 12-24 lb. ailA 
3Q0.600 lb. 4G/A 

W.eds: Dlfllcull-to-control broadl.a! _.: 
bouncingbet brackenfarn 

Dllflcult-to-control gre.M.: 
bermudagra.. johnsongrass 
dallisgrass nUlgrass 

Bru.h: 
American elm hackberry 
cottonwood sumac 

turkey mullein 

ryegrass 
wild oat 

purpletop 
redtop 

wild carrot 

willow 

dogbane 

saltgrs!s 
v .... ygrass 

winged elm 

Rate: 1.25-2.5 oz. productlStem 2"-4" in basal diameter 
Weeds: Bru.h: 

cottonwood 
hackberry 
maple 
oak 

poplar 
redbud 
sweetgum 

wild cherry 
willow 
Winged elm 

Remarks: Apply in spring Dr summer as a broadcaSl Dr basal (spot) trealment. 
Length of control dependS on type of soil and rainfall condiliOns. Best 
results are oblained if applied when or shonty before plant growth starts. 
Rain or thOrough watering after application will cause material to move to 
rool zone and thus speed up control. Do nol apply when ground Is frozen. 
Do not apply or allow to dn" onlo desirable vegelation. Do nol apply to 
brush standing in water or use on rights.-of .. way or other sitas where mar
ketable timber or other desirable treBS or shrubs are immediately adjacent 
10 the trealed area. Refer to label before us.. Use the higher rales on 
absorptive SOils (those high in organic matter or carbon). 

Areas of Application: Rights-of-way, induslrial plants, lumberyards, tank 
farms, storage areas, around buried cable dosurss. transformer pads. and 
other non crop areas. 

Bromax 4L (brom.Iclf) 
Rate: 2.5-5 lb. aliA 

2.5-5 qt. 4LJA 
Weeds: Broad .... ' _.: 

lambsquartars puncturevine 
pigweed ragwaed 

Gra .... : 
bromagrass 
cheatgrass 
crabgrass 

Rate: 6-10 lb. ailA 
1.5-2.5 gal. 4UA 

foxtail 
orchardgrass 

Weeds: Broadl .. , _.: 
aster dogfennel 
broornaadga goldenrod 
dandelion plantain 0 __ : 

bahlegrass quackgrass 
bluegrass smooth brome 

Rate: 12-24 lb. aVA 
3-6 gal. 4UA 

Weeds: DlIfIcult-to-oonlrol broad .... f weeda: 
bouncingbet dogbene 
brackenfern 

DlfllQult-to-oontrol gr ..... : 
bermudagraas johnsongrass 
deflisgrass nutgrass 

Bruah-broadcaat lraatm.nt: 
American elm hackberry 
cottonwood sumac 

Rate: 4.8-10 lb. aiiA 
1.2:2.5 gal. 4UA 

Weeds: Bru.h: 
oak sweatgum 
pine 

turkey mullein 

ryegrBss 
wild oat 

purpl.top 
redtop 

wild carrot 

horsetail 

sangrass 
vlseygrass 

wlng.d aim 

willow 

Rate: Besal (spol) lrealment-diluted: mix 0.5 gal. product in 5 gal. waler; 
apply 1-2 fl. ozJslam 2"-4" in basal diameter, wet base of slem to 
runoH. Basal (spot) trealment-undiluted: apply wnh an exact delivery 
handgun applicator althe rates of 2.5-5 milliflterslstem 2"-4" in basal 
diamater 

Weacls: Woody pl.nta-dlluted 'ra.tment: 
cononwood poplar 
hackber~ ntdbud 
maple ,weetgum 
oak 

Woody planta-undlluted tnutment: 

wild cherry 
willow 
winged elm 

American elm oak sweetgum 
cottonwood poplar wild cherry 
maple sumac willow 

Rem ..... : Apply in spring or summ.r as a broadcast or basal (spot) treatment. 
Length of control depends on type of soil and rainfall conditiOns. Best 
results are obtained n appli.d &1 or shortly before plant growth begins. 
Rain Dr thorough watering after applicalion will causa the material to move 
to the root lone and thus speed up conlrol. Do not apply when ground is 
frozen_ Do not apply Dr allow to drift onlo desirable vegetation. Do not 
apply to brush standing in water, Dr use in rights-of-way or other ansa 
where markatable timber or other daairable treas or shrubs are Immediately 
adjaoBntto the traated area. Refer to label before usa. For brush control, 
usa the higher ratea on absorptive soils (those high In organic matter or 
carbon). Direct delivery of solutiOn 8t the base of tho brush (root collar 
area). When treating large siems and more than one deliVery 01 solution 
is neaded per stem, apply on the .opposite side of the stem. 

Areas of Application: Rights-of-way, industrial plants, lumberyards, tank 
farms, storage areas, and olner noncrop areas. 

Bueno 6 - see MSMA 

Casoron - see dichlobenil 

CHOPPER 
Chopper (2EC) (Imazapyr) 

Rat.: 0_125-0.1 as lb. aill gal. .00ution 
8-12 ft. oz. 2EC/1 gal. solution 

Weeds: Broedl .. ! weedl: 
a.h hickOry 
cher~ maple 
dogwood mulberry 
hawthorn multiftora rose 

oak 
poplar 
prickly wild rose 
privet 

PP-preplanl • PPI-prapiani Incorporated. PRE-preomergence • POST-poslamergonce • SEQ-sequential 
ai-active ingredient OF-dry lIowabie ElEC-emulsffiabie concenlrate FIFL-ftowable G-granule l.il.C-liquid WIWP-waltable powder 
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red maple sumac willow 
sassafras s_gum 

Remarlcs: Chopper may be applied In one gal. water. diesel 011 or penetrating 
011 such as Cide-Kick. Cide-Kick II. or Arborchem Basal Oil. Use water as 
8 diluent only when temperatures are sufficient to prevent freezing. 

Chopper applications may be made as cut stump. tree injections. frill or girdle 
or as low volume basal bark treatments. Do not use on food or faed crops. 
Do not apply on dttches usad to transport Irrigation water. Do nol use on 
lawns, driveways, tennis courts, or similar ar.as. 

Araas of application: For oonlrol Of brush in noncropland areas such as 
railroad. utility. end pipeline rights-of-way. utJllty p1anlanes. petrolaum tank 
farms. pumping installations. fence rows. storage araas. nonlrrlgation ditch
banks. and other similar araas. 

State Restrictions: Not for use in California. 

cnopper RTU (I ...... pyr) 
Rate: Apply undiluted as basal or CUlllump treatmen!. 
Weeds: Broadlea' weeds: 

ash live oek 
aspen maple 
Autumn olive rnuHillora rose 
blgleaf maple persimmon 
black Cheny rad alder 
boxelder rad oak 
oottonwood Russian olive 
hickory aaltced81 
laurel oak 

sassafras 
sumac 
sweetgum 
tulip poplar 
turkey oak 
water oak 
white oak 
willow 

Remarks: For brush with 4" OBH sterns. throughly wet the Iowar t2"-18" of 
the stam bark. For sterns graatar than 4" OBH. spray or brush undiluted 
solution onto tho cambium area of the frashly cut slump surface and the 
bark of the CUI stump. 

Areas of application: For oontrol of brush in noncropiand araas such as 
railroad. utility. and pipeline rights-ol-way. utility plant stte •• petroleum tank 
farms. pumping installations. fence rows. storage araas. nonlrrigation dnch
banks. and other similar areas. 

Stale Reslrlctions: Not for use in California. 

CLOPYRALID 
Tranallne 

Rate: 0.1-0.5 lb. ae/A 
0.25-1.33 pliA 

Weeds: Annual and perannlal broadlea' weeda auch aa: 
buckwheet knapweeds sunflower 
chamomile ragweed thlsll.s 
clover smartweed vetch 

Remerks: Apply broadcast or as spot trealment. Best results are achieVed 
when applied to actively growing weeds. Do not apply in droughl situalions. 
Do nol apply by aircraft. 00 nol apply 10 soils having a rapid 10 very rapid 
permeability. where a shallow aquifer exists. or 10 soils oontainlng sinkholes 
over limestone bedrock or ,ractured surfaces. 

Area. of Application: Rights-of-way. industrial .nes. and noncrop areas. 

COTTON-AIDE 
Cotton-Aide HC (cacodylic acid) 

Rale: 3.25 lb. aVA 
I gal. HClA 

WeedS: Nonselective general weed oontrof. 
Remarlcs: Apply in 65-80 gal. walerlA. Spray undesirable vegatatlon to rul1Oft. 

Usa wilh addijional surfactant or crop oil concentrale to anhance woad 
oonlrol in arid regions. Do not apply through any type of irrlgallon syatem. 

Areas 0' Applicallon: Noncrop are .. auch .. rights-o'_y, equipmenl yards. 
'once rows. and drainage dltchbanks. 

CROSSBOW (Premix) 
Croaabow (I IbJgal. trlclopyr • 2 IbJgal. 2,4-0) 

Rale: High volume applications throug, handguns. apply as a fOr.81 wening 
spray conlaining 1-1.5 gal. product/l00 gal. 101a1 spray. Broadcast 
I",atrnenl: 1.5-4 gaf. product In sulficlent water 10 deliver 15-30 gal. 
opray/A wilh ground equipment. 

Weeds: Woody planta: 
alder 
Bsh 
aspen 
birch 
black Iocusl 
blackbany 
bonesat 
buckbrush' 

coanothu. 
cheny (except black) 
elderberry 
elm 
hazel 
honeysuckle 
maple 
multiflora rOSe 

pine 
poison ivy 
poison oak 
RUSSian olive 
sassafras 
SoolCh broom 
sumac 
sweelgum 

NONCROPLAND 

aycamore tanoak willow 
tamarack whne oak 

• SuPPNuJon 
Remarlcs: Use tha lower rales lor more sensilive spoc;es such as bfackbeny 

and willow and tho higher rales and spray volumes for more lolerant spe
cies such as uh. oaks and maples. 

Areas 0' Application: Fenco rows. non-irrigation dilChbanks. roadside •• non
crop areas. industrial silos. 

Rate: Broadcast treatment: 2-4 Qt. productlA 
Weeds: Broadlea' weed.: 

annual fleabane dandelion 
bedstraw cfogfennel' 
brOadleaf planlain field pennycross 
bull thislle goldenrod" 
burdock hemp aesbanis 
buttercup horaanattle' 
Canada thistle honseweed (marsslall) 

(top growth) koehia" 
clover marahelder 
coddebur milkweed" 
oomrnon lambequarters mo",,"ar chickweed 
oommon ragweed muak thislle 
curiy dock 

• SupptnaJon 

oxalis 
planlain 
pokeweed 
redrool pigweed 
sunflower 
tall ironweed 
tansy ragwo~ 
vatch 
wild carrol 

(Queen Anne's lacs) 
wild mustard 
wild vlolel 

Remarlcs: Apply in sufflcienl water .needed 'or uniform coverage. 
Are .. of Application: Fence rows. roadaides. noncrop areas. Industrial siles. 

2,4-0 - PHENOXY HERBICIDES 
2,4-0 and 2.4-D-type oompounds aeIectivaIy oontrol broadleaf 
weeds wnh little or no control of grasses. 2.4-0 drift can injure 
edjacenl crops enhar by drift of spray or by voiltaliZation (Ihe 
spray turns into a vapor). Esler Iormulations are most volatile 
and the amlnes least volalile. ESler formulations can vaporize 
at lemperatures as low as 70'F and moved by wind to harm 
sensillve plants. VaporlZallon Increases as air lemperalu",s 
riae. 

Annual and perennial broadl .. , weed. controlled by 2.4-0 Including: 
alfalfa dogbane mugwor! a~emisia 
annual chickweed dwart mallow muslard 
annual sowthistle European bindweed nettle. 
annual yellow fBlseflax orange hawkweed 

swaelclover fanweed pennycross 
aster fiddleneck pennywo~ 
Austrian fielderess field blndweed peppergrass 
begga~icks (craoplng jenny) popperweed 
binerweed flixweed (excepl perennial) 
black medic flower-o'-an-hour perennial SOWlhislle 
blackayedsusan fronchweed plantain 
blue lettuce galinsoga poison ivy 9 
broornwaed giant ragweed poorJoo 
buckhorn plantain goalsbosrd prickly lettuce 
bull thislle goIIdenrod primrose 
burdock goosefool puncture vine 
Caneda Ihistie gooseweed ragweed 
carpatweed ground ivy rough fleabane 
catchweed bedstraw groundsel rushes 
catnip gumwead Russian Ihistle 
chickweed hall}' galinsoga Scotch Ihistle 
chicory heefall shophatdspurse 
cinquefoil hedge blndweed slender aster 
clover hemlock sneezeweed 
cockle hemp snow-on·th .. mountain 
cocklebur honM sour dock 
ooffoebean hoary cress spanishneedles 
ooff_aed horsenatlle spike rush 
common artemisia ironweed spiny sowthistle 
oommon broomweed ivyleal momingglory spurge 
oommon burclock Jerusalem attichoks SI. Johnswort 
oommon cocklebur jewelweed slarthistle 
oommon jim hili muslard Slinging nenle 
eye"lflgprimrose jimsonweed sumac 

oommon lambsquarters knapweed sun'lower 
oommon momlngglory knotweed lall butrarcup 
common ragweed lambsqua~ers tansy musterd 
oommon salsify lealy spurge tansy ragwor! 
oommon sowthistle locoweed tanweed 
curfy dock mallow Texas crolon 
curfy indigo manyflowered aster toadflax 
daisy fleabane maraslail lumbling pigweed 
dandelion marshelder velvetleal 
dayflower mekicanweed Venice mallow 
devllsclaw milkweed vervain 
dock momingglory velch 

NOTICE The information on thase pages Is for preliminary planning - not a guide lor use. Be 
sure to 'ollow manufacturer's directions, notwithstanding Information oontaIned here. 
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NONCROPLAND ______________________________________ _ 

------------------------------------~----------------------------------
wBS1em Ifcnweed 
western ra9weed 
w ... tem .. Isify 
whitetop 
wild CArrot 
wild cucurr,ber 
wild garlic 
wi Id lonuee 

wild onio1 
wild parsnip 
wild radish 
wild sweet potato 
wild tumip 
wiUow 
wintsrcress 
witchweed 

Oecemlne 40 (2,4-0 Imino) 
Rate: GEtnersi weed control: 

O.9-1.B lb. ai/A 
I·2qJ.lA 

Woody plant conlrol: 
3.6-5.4 lb. ai/A 
4-6 qUA 

woolly croton 
woolly morningglory 
wormwood 
yenkllOweed 
yerrow 
yellow rocket 
yellow slerthistle 

Remarks: Apply in 100 gal. water in lhe spring and earty summer. Thoroughly 
wet all pa~s of the plant to poinl of runoff. 00 not treat during periods of 
severe drought. Ref.r to label for fu~her use directions. 

Ar.as of Application: Wast. ar.as or noncrop areas such as powlrtines and 
highway rights-of-way. vacanl lois. flnee rows. roadsides. and around 
buildings. 

Eateron 99 Conoent",t. 
HI-Dep (2,4-0 mixed amine) 
WMd Rhap A-40 Dr LV-40 (2,4-0 amine Dr _er) 

Rate: 1-3 lb. aVA 
2-6 ptJA 

Remarks: By air. apply not tass than 2 qt. total spray salutlonlA; by ground 
equipment, mix with w.t.r to spr.y 1-10 gal. total spray solution. 00 not 
use on dichondra or other herbaceous ground covers. Do not use on 
creeping gr .... s such IS bent except for 'spot treating nor on frashly 
seeded turf until grass Is well ostablislted. 00 nol usa on aWalla. ctover. 
or other legumes. Reseeding of lawns should be delayed fallowing treat
ment. Wrth spring application. res •• d in the fall. Wrth tall appIic.tion. reseed 
in the spring. legumes ara usually damaged or killad. Deep rooted per
aMial weeds such .s bindwe.d and Canada thislfe may require repeated 
applications. 

AralS of application: Golf courses, cemeteri.s, parks. airfields, roadsides. 
vacanl lots. drainage dllChbanks. 

SEE 2,4-0 (2,4-0 LV elter) 
Rate: 2-3 lb. ailA 

4-6 pt.lA 
Remarks: Apply in 100 gel. waterlA. Higher _olumes of up 10 400 gaLlA are 

neces .. ry where the brush is _ery dense and over 6 H. to 8 H. high. Herd
lo-conlrol species may require retreatment next seaaon. 

Aroas of Application: AirfieldS. roadsides, vacent lots. drainage dHchbanks. 
fence rows. industrial sites, and othel noncrop areas. 

W_ 64 (2,4-0 amine) 
W_ne LV4 (2,.-0 butoxyelhyl .at.r) 

Rate: 1-4 lb. ai/A 
2-8 pt. 64 or LV41A 

Remer1<s: Appfy wh.n annuals are young end growing vigorously: when 
biennials and perennials are actively growing and near the bud stage but 
before flowering. and when woody species are in full leaf and growing 
ac1i_ely. 

Areas of Application: For use on t.nce rows, roadsides, drainaga ditchbanks, 
highway rights-of·way. 

WMdone 638 (2,4-0 .ater + acid) 
Rate: 1-3 lb. ai/A 

1.33-4 qt. 6381A 
Weeds: Meny broedle.t weedl Includtng: 

camelthorn hoary ",ess nutgrass 
Canada thistl. leafy spurge Russian knapweed 
field bindweed lotus tansy ragwo~ 

Remarks: Apply in 150-300 gal. total spray volume when temperaturas ara 
lowar than 80"F-8S·F. 

Areas of Application: For use on roadsides, fance rows, and drainaga dHch
banks. 

WMdone 2,4-0P (dlchlorprop butoxyethonol .. ter) 
Rate: 0.5-12 lb. ai/A 

0.5-12 qt.lA 
Weeds: Woody brulh: 

black locust hickory 
boxaldar maple 
cherry oak 
chinquapin persimmon 
conifer sandsage 

ssssafras 
sumac 
sweetgum 
wax myrtle 

Remarks: Apply in oil and water. Ref.r to label for techniques and ratas. 
Areas ot Application: Utility rights-ol-way, highways, railroads, drainage ditch· 

banks, and flrebr.aks; also pine release. 

2,4-0 COMBINATIONS 
Ac .... Bruah Killer 175 (2,4-0 .. MCPP .. dlc.mbII) 
Ac .... Su ..... Bruah Killer (2,4-0 .. 2,4-0P .. dlc.mbe) 

Rate: High volume: 
0.5-1 gal. producVloo gal. water at 100 to 300 gaLlA 

Weeds: BroedlHf weeda: 
bedstraw kochia 
bindweed lambsquarters 
black medie leafy spurge 
buckhono lospedeza 
burdock mallow 
chickweed momingglory 
chicory mustard 
cIoYer nettles 
cocIcIebur oxalis 
dandeliOn peppergrass 
dock pigweed 
ground ivy plantain 
healafl poison ivy 
henbH poison oak 
jimoonwead purslane 
knotweod 

Brueh: 
ash cononwood 
aspen dogwood 
birch elm 
black cherry gooseberry 
black locust honey locust 
brambles honeysuckle 
buckbrush ~u 
cedar maple 
cherry munKlora rose 

ragweed 
sheep sorr.1 
shepherdspurs. 
smartweed 
speedwell 
spurge 
sunfkrNer 
thistl ... 
trumpeNin. 
velveUeat 
wild carrol 
wild garlie 
wild lenuee 
wtkS on6on 
yarrow 

oak 
pine 
short leaf pine 
spruce 
sumac 
sycamore 
wild ptum 
willow 

Remarks: Apply when plants com. into full leaf (spring) to the time plants 
begin to go dormant. Best results are obtained when weeds are young 
and actively growing. Avoid spray drift to sensitive crops. 

Areas ot Application: Roadsides, rights-of-way. drainage ditchbanks. rail
roads. firebreaks. forests. fence rows, industrial ai1es, and other similar 
noncrop areas. 

Envart 171 (2,4-0" 2,4-0P eater) 
Rale: e.75-22.Slb. ai/A 

3-10 gal. 1711A 
Weeds: Mfled woody brUlh Including: 

blackgum k>cusl sassafras 
conifers oak sumac 
elm red mapl. 

Remarks: For creabng an inve~ emulsion or conventional spray. Use the 
higher rate on denae and tall (25 ft.-30 H.) brush or where conifer. are to 
be conlroflad. Apply through helicopter mountod Spra-Oisk or through 
ground mechanical invert system IUch as the Wanner sprayer. 

Areas of Application: For use on utility rights-of-way. roadsid .... drainage 
dHchbanks, and similar areas, 

WMdone CB (2,4-0 .. 2,4-DP) 
Rate: 2-10 lb. aVA 

1-5 gal. CBIA 
Weeds: Over 100 species of woody plants such as: 

ailanthus oak red maple 
blackgum osageorange ..... Iras 
cherry pine sumac 
hickory poison ivy _tgum 

Remarks: Weedone CB is a ready-to-apply formulation ot 2.4·0 & diehlorprop 
plus a penetrant tor use as a basal or slump tr.atment tor controlf'ng 
unwanted woody plants. Rate varies depending on amount and size of 
brush in the treated area. 00 not dilute w~h water. May be applied any 
time of yoar whether plants are actively growing or dormant. Weedone CB 
cen be tank mixed with trictopyr, pieloram, or dlcamba. 00 not graze meat 
or dairy animals on treated ansas. 

Areas of Application: For contrOlling woody plants in toresl manegement 
programs and on tonce rows, roadsides. drainage drtchbanks. railroads. 
utility rlghts-ol.way. and other noncrop araas. 

W_ne 170 (2,4-0 .. 2,4-0P eater) 
W_ne OPC Amine (2,4-0 .. 2,4-0P amine) 

Rate: Fofiage spray: 
1-1.5 gaLlA In 100 gal. water 

Basal bark application: 
3-4 gaUtoo gal. oil 

Weeds: Most brush species including sotid stands of oak or elm. 
Remarks: Apply after foliage is lul'y developed. Refer to label for _arious 

techniques and rates. 
Areas of Application: Fence rows, highways, utilily and railroad rights-al

way. and drainage d,tchbanks. 

PP-preplant 0 PPI-preplant incorporated. PAE-pre.mergance • POST-poslemerganc •• SEC-sequenlial 
ai·actwe ingredient OF-dry lIowable ElEC-emulslliable concentrate FIFL-tlowable G-granul. l./LC-lIquid WIWP-weneble powder 
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2,4-D TANK MIXES 
(actIve IngredIent per acre) 

llMINGlAEMAAKS PRODUCT 

HI-Dep 1·2 lb. 
+ Tordon 0.5 lb. 

Industrial noneropland shes: control 01 leafy 
spurge in CO, 10, MT, MN, NE, NO, SO. 
WA.WY. 

HI.Dep 1 lb. Same as lor Hi·Oep + Tordon. 
+ Banvel 2 lb. 

HI-Dep 2 lb. Same as for Hi·Oep + Tordon. 
+ Tordon 0.25 lb. 
+ Banvel 1 lb. 

Daconate - see MSMA 

Dal-E-Rad - see MSMA 

DICHLOBENIL 
Nonselactive in action and may destroy alt types 01 vegetatiOn. 

CUoron lOG 
Norouc lOG 

Rate: 12·20 tb. a~A 
120-200 lb. IOG/A 

Weeds: Broadluf weed.: 
artemisia gisekia rosarypea 
camphorweed groundsel Russian knapweed 
Canada lhisUe henbil Russian thisUe 
earp8tweed horseton sheep serrel 
chickweed ;eruaalemoak gooseloot shepherdspurse 
citronmelon knotweed smartweed 
coffeeweed lambsquarters spanishneedles 
cudweed leafy spurge spurge 
curly doeI< maypop teaweed 
dandelion mnkweed vine wild artichoke 
dogfennel miners lettuce wild uter 
evenlngptimrose pineappleweed wild carrot 
falsadandelion plantain wild mustard 

(catsear) purslane wild radish 
fiddle neck ragweed yellow rocket 
Aorida purslane red deadnenle yellow woodsorrel 

(pusley) redroot pigweed 
Gr •• _: 
annual bluegrass 'oxtail 
bluegrass natalgrass 
bun thistle old wilchgrass 
crabgrass orcherdgrass 
lescue peppargrass 

Texas panicum 
(hurrahgrass) 

timothy 
wild berley 

Remarks: Apply during season of Iowesttemperatu,es (November I ·March 
I in mosl areas 0, 10 April I on the northern tier 01 states). 00 not apply 
it air temperature IS expected to rise above 70"F within tha lollowing week. 
Apply only to araas where complete plant contrOl is desired. The treated 
area may be totelly or partially nonproduelive for one or more years. 

Areas 01 Application: Electric substations (equipment salas and storage 
areas). lumberyards (above ground pipes and tanks). nonsunace roadways 
(railroad and highway rights·ofoWay), petroleum installatIOns (around build· 
ings. along fenes rows), luel storage tanks and u.dler asphalt 

Valent Dlquat Herblclda-HiA 
Rate: 0.5-1 lb. ai 

DIQUAT 

t·2 qlJA + 8·16 oz. Valent x·n Spreadler (nonionic)l100 gal. water 
or 4 tsp. HlA + 0.5 tsp. Valent x·n Spreader (nonionic)/1 gal. water 

Weeds: For control of undesirable broadleal and grassy weeds. 
Remarks: Apply lor lull DOverage and thorough wead contact. Apply 10 young 

weeds since control decreases as weeds mature. Ratreatment may be 
necessary 10 control grasses and established wesds. Avoid spray contacl 
wHh loliage of lood crops or ornamenlal ptants. Do not apply this product 
through any type 01 irrigalion systom. 

Areas of Application: Rights-of-way. including ra.lroad, highways. roads. di· 
viders and medians, pipelines, public utility lines. including pumping sis· 
lions. transformer stations and substations. Around electric utilities, 
commercials buildings, manufacturing plants. storage yards, railyards, 
lenee lines and parkways. edges and nonflooded portions of ponds. lakes 
and ditches. Also around ornamental gardens. walkweys. patios. benealh 
greenhouse benches. along driveways, and around golf courses. 

Dlrex 4L or lOW 
Drexel Oluron 4L or BOW 

Rate: 4·32 lb .• UA 
1-8 gal. 4LJA 
5-60 tb. 80W/A 

Weeds: Broadleaf weedo: 

DIURON 

horsenaWe ragweed thistle 
momingglory 
G",_: 
guineagrass pangolagrass quackgrass 
johnsongrass 

Remarks: Refer to labef lor detailed use in irrigation ditches. Higher rates 
lor use on perennial grass and herbaceous weeds. Deep-rooted perennials 
may require ratreatment. Do not use in the presence of valuable plants. 
Use only where bare ground is not objectionable. 

Areas 01 Applica11On: Utility, highway. pipeline, and railroad rights-ol-way. 
around farm buildings, and other noncrop ar ..... 

Karmex OF 
Rate: 4-12 lb. aUA 

5-15 lb. DF/A 
Weeds: Annual weeds. 
Remarks: Add 1 qI. surlactanVl00 gal. sprey mixture lor eslablished weeds. 

Reier to label for dletailed use in irrigation dHches. 
Areas 01 Application: Railroad. highway, utility. pipeline, pelroleum tank 

farms. lumberyards, storege areas, industrial plant sites. around farm build· 
Ings, irrigation and drainage dhchas during noncrop saason. 

Drexar 530 - see MSMA 

DSMA 
Drexel DSMA Uqulcl or Slurry (DSMA + aurtactant) 
Helene Liquid OSMA (OSMA + aurt.etanl) 

Rate: 3.6-7.2 lb. aVA 
1-2 gal. LiquidlA 
0.5-1 gal. Slurry/A 

Waeds: Broadleaf weeda: 
COCklebur puncturevine ragweed 

G ...... : 
dallisgrass nutsedge sendbur 
johnson grass 

Remarks: No additional sunactant needed. Spray unwanted vegetatIOn lhor' 
oughly 10 just short of runoH. II regrowth occurs. reapply as rSQuired. 

Areas 01 BPPficetion: Drainage dHchbanks. rights·ol.way. storage yerds. and 
similar noncrap areas. 

DSMA Liquid (DSMA + aurfaetant) 
Rate: 3.6 lb. aVA 

1 gal.lA 
Weeds: Gr ••••• : 

barnyardgrass goosegrass 
cocklebur johnsongrass 
dallisgrass large crabgrass 

nutsedge 
smooth crabgrass 

Remarks: Apply in 40 gal water when weeds are small and cond~ions favor 
ective growth of weeds. Spray to point of runoff. Adlequate coverage and 
complate wening of loliage is important for eHactive control. Repeat ap
plications may be necessary II regrowth occurs. 

Areas ot Application: Drainage dHchbanks, lence rows. rights-of-way. storaga 
yards. and similar noncrop areas. 

'Envert - see 2,4-0 Premix 

ESCORT 
Eacort (BODF) (metaulfuron methyl) 

Rata: 0.2·1.2 oz. aVA 
0.3·2 oz. 800F/A 

Weeds: Broadleaf _.: 
aster Canada thistle-
bahiagrass chicory 
binsr sneszeweed common chickweed 
blackberry common mullein 
blackeyed Susan common yarrow 
broom snake weed crown velch 
broomweed curly dock 
buckhorn plantain dandelion 
buillhistie dogfennel 

lield bindweed' 
flixweed 
goldenrod 
gumweed 
henbit 
Kudzu (3·4 oz.) 
marestail 
muttittora rose 
plentain 

o The infonnation on these pagas is lor prehminary planning - not a guidle lor use. Be 
N TleE lure to loIlow manufacturer'S dineetions, notwfthstanding inlormatlon contained here. 
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.-.. _-------------------.---------------
Hussj~ln thiS1ie 
.!'''(x)tJringrush 
:!!j:weet Ck)v8r 
mnsyrrl<JSlard 

• SupprNalon 

treacte mustard 
tumble mustard 
white clover 
wild C8J'TOt 

wild lettuce 
woodsorrel 
yankMWeed 

Rama",": Nonselective control. May be III8d at low rates to .. lectlvely 
control annual broadleaf weeds in rough turf and native perennial range
land grasses. Kochia, Russian thistle and priCJcly lettuce may be resistant 
(bIotypes) and tank mix combinations or sequential treatments of other . 
regislered hertlicides are recommended. Refer to label lor application re
Slrictlons. Apply un~ormly with ground equipment using minimum of 10 
gal. spray solution/A. Apply any time e.cept when ground Is frozen. 00 
nol us. on bahiagress as se""'" Injury will resuK. Thare are no grllZing 
restrlctions lor up to 0.75 oz. 600F/A. 

Are.s of Application: Airports, highways, roadsides, utility, pipeline, and rall
road rights-of·way, palrOleum tank farms, plant sites, and other noncrop 
Breas. 

Stole Reslrictions: Use restricted to railroad rights-of-way in Montana, Nofth 
Dakota, and South Dakota. Not for use In CalKarnia and A1amoaa, Coalllla, 
Conejos, Rio Grande and Saguache counties of Colorado. 

Esteron 99 Concentrate - see 2,4-0 

Evlk sow (.rnmyn) 
Rate: 1-2 lb. aVA 

1.25-2.5 fb. SOW/A 
Weeds: Broldleot _"' 

EVIK 

Florida pusley ragweed veivetleaf 
lambsquarters smartweed wild muatard 
momingglofy 

Gra._: 
bamyardgrass goosegrasa elgnalgrua (brachiaria) 
crabgrass grean foxtail Te ... panlcum 
fan panicum nutsedge (Te.es millet) 
giant foxtail shanorcana ysllow foxtail 

Remarks: Apply in 20 gal. water to emerged _Iy growing weeds. Add 2 
ql. surfactanVlOO gal. spray. 00 not plant desirable pI.nts In treated area 
for one year. . 

Are.s of Application: fndustrtel sites, railroad rights-of-way, lumberyards, 
patroleum tank farms, etc. 

FENOXAPROP 
Horizon lEe 

Rale: 0.15-0.25 lb. aI/A 
1.2-2 pl. I EC/A 

Weed: Gra ... o: 
bamyartfgrass 
foxtail 
goosegrass 
hairy crabgrass 

johnsongrass 
panicum 
roughatalk bluegraaa 

silver Cf8bgraaa 
amooth crabgraas 
wild oat 

Remarks: Rainfall within one hour may cause a reduction In gra .. control. 
Fescue and ryegra .. may be overaeeded immediately, other gra .. spacie. 
should be overaeedled after a 21-day waning pe~od. 

Areas of applICation: Highway rights-of-way. 
State Re.tJiction&: Not for use in CaRfomia end Hawaii. 

FUSILADE 2000 
F .... 11CIe 2000 en uUlfo~P-buty1) 

Rate: 0.2!Hl.375 lb. aVA 
2-3 pI. 20001A 

Weeds: AnnUlI .nd peNnnl.f g ... _: 
barnyardgrass johnsongraas T .... panicum 
bermudagra.. (rhizome, seedling) tolPedogress 
bnoedfeaf signalgrass junglerice tropical crabgre.s 
fall penicum kikuyugras5 volunteer oareals 
field sandbur large crabgrass (bartey, com, milo, 
giant foxtail quackgra88 oats, rye, wheat) 
goosegrass red rice wild oal 
green foxtail shanereane wild proso millet 
gulneagras. smooth crabgress wireetem muhly 
italian ryegrass sorghum-almum wnchgraaa 
itchgrass aouthem crabgrass woolly cupgrass 

aoulhem sandbur yellow foxtail 
Remarks: Apply to actively growing gr ...... Add enher a crop oil concentrale 

at 1 % or nonionlc surfactant at 0.25% of the finished spray Volume. Rainfast 
in one hour. Refer to lebel fer complete use directions. 

Areas of Application: Nonfood areas. 

GALLERY 
Oet\ery 75DF (l8oxaben) 

Rata: 0.5-1 lb. aVA 
0.66-1.33 lb. 750F/A 

Weeds: Broadleal weed.: 
bltten:reaa cudweed 
black mustard diogfennel 
black nightshade gnsen tansymustard 
blackleeved fleabane helry galinsoga 
bracted plantaln henbll 
bucfshom plantain hotMweed (marestail) 
Carolina gorllnium ladysthumb 
COIs1 flddieneck iambsquarters 
common chickweed London rockel 
common ground.el mouseear chickweed 
common purslane pannywort 
common ragweed pigweed 
common sowthis1fe pineapplaweed 
(annual) prickly lenuce 

creeping WOOdsorreI prostrate knotweed 
G..- (.upp .... Ion): 

prostrate spurge 
redmalds rockpurslane 
redstem filarea 
shepherdspu"e 
albara 
slender plentain 
southem bressbuttons 
spaned spurge 
thymeleaf speedwell 
velvene.f 
whHeelover 
whlIestom filanse 
wild cefery 
wild mustard 
ysllow woodsorrel 

annual bluegrass bamyardgress foxtail 
annual ryegnoes crabgress gcoaegrass 

(Kalian) dandetion (from seed) mallow 
Remarks: Apply In late summer to early fall, or In earfy spring, prior to 

germination of target _s. Apply In 10-200 gal. water carrier/A. 00 nol 
apply this product through any type of Irrigation aystem. 

Areas of Application: Industrial sHes, utilfry substations, highway guard ralls, 
sign posts and delineators. 

Garlon - see triclopyr 

GLYPHOSATE 
Jury 
RIItIl.r 
Roundup 

Rate: Handgun and high Volume: mi. 4-8 qt. in 100 gal. clean water and 
appty to fOliage of vegetation to be controlled. Boom equipment 2-5 q1.1A 
in 20-30 gal. ctoan water as broadcast spray. Aertel Application: appty rec
ommended rates per weed species in 5-15 gal. wafer/A on rights-of-way 
only. 
Weeds: Broadl .. , weed.: 

Canada "'laUe field bindweed 
common mullein hemp dogbane G __ : 

bermudagrass 
dallisgrass 
fescue 

Woody bru.h epecl •• : 

johnsongrass 
paragress 
quackgrass 

milkweed 

vaseygrass 
wirestem muhly 

alder honeysuckle oak 
bfackberry kudzu trumpatcreeper 
dewberry maple willow 
elderberry mubiflora rose • 

Remarks: Provides top kill plus da.lNction of underground plant parts in
cluding rootstocks, rhizomo., etc. Apply to foUage of actively growfng 
weeds end graase. at recommended growth stage. Not a residual hetbi
clefe, therefore, fOllow wlth a fabel-approved program for effective IInnual 
and parennlaf seedUng weed control. 00 not mix with other hertliclefas. 00 
not allow spray or spray drift to contact desirable pfants. 00 not mow or 
IIU prior to treatment. 00 not apply K rainfall is Imminent. 

Areas of ApplIcation: Railroad, highway, pipaine, paweriine and telephone 
Une rights-of-way (labeled lor aerial appllcationa only), patroleum tank 
farms and pumping inataflations, lumberyards, parfcing arees, indullrial 
plant sHes, roadsides, storage areas, lence rows, SChools, parks, golf 
courses, other public ansas, airports, and slmUar industrial or noncrop 
ansas.righta-of-wayonly. 

Rate: Hand spraysr: mix 2 oz. (4 Tbs.)/gal. water for control of annual weed.; 
mix 3 oz. (6 Tbs.}lgal. water lor perennial weeds. 
Weeds: Same .. above. 
Remarks: If spraying arees adjacent to desirable plants, use a shield made 

of cardboard, sheat metal, or piyboard while spraying to help prevenl spray 
trorn contacting foflage of desirable plants. 

Areas of Application: Around farmatead building foundations, along and in 
fencas. ahe~erbeKs, and for general nonselective fannalead weed control. 

Rate: 2 q1. product broadcast spray or 1% sofution with hendheld oquipment. 
Weeds: Muhiflora rose. 
Remarks: Apply when canes are actively growing and at or beyond early to 

full bloom atage of growth. 

PP-preplant. PPI-praplent incorporated. PRE-preemergenoe. POST-pastemergence. SE~equenlial 
ai-active ingredlenl OF-dry ftowable ElEc-emutsifaable concentrate FIFL-ftowabfe G-granule L.A.C-liquid WIWP-wettabla powder 
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Gramoxone Extra - see paraquat 

HELENA WEED BLAST (Premix) 
ma WMd BIHt ... G (2% bromacll & 2% diu ron) 

riate: 8-16 lb. aliA 
200-400 lb. 4G/A 
0.5-1 lb. 401100 1Iq. It. 

Weeds: For control 01 annual and most perennial weeds and grasses. 
Remarl<s: Applications made e8l1y In the season have been found to give 

results superior to applications at a later dala. Repeat spot treatments may 
be required when deep rooted perennial weeds are pre .. n!. Read and 
follow alilebel directions. 

Areas of application: Railroad rights·of-way, induatrial araas. 

Hi-o.p - see 2,4-0 

Horizon - see fenoxaprop 

HYVAR 
Hyvlr X or DF (80%) (bromaC/l) 

Rate: 2.4-4.B lb. aVA 
3-6 lb. 8O%IA 

Weeds: Annual broadleaf wMda: 
lambaquarlers ragweed 
puncturavine 

Annuli gnaa ... : 
cheat downy brome 
crabgrass fOXlaIl 

Rate: 5.6-9.6 lb. aliA 
7·15 lb. BO'IJA 

Weeds: Penannlal broad ... ' wMd.: 

turkey mullein 

ryagraas 
wild oat 

dandelion goldenrod purpletop 
dogfennel plantain wild carrot 

Perennial llna .... : 
bahiagress broomaedge quackgras. 
bermudagras. johnaongra.. smoolh brome 
bluegrass natalgrass (redtop) 

.~rl<s: ControlS many annual and perennial weeds, noncorrosive, non· 
oIatile, nonflammable, Refer to label for ragistered tank mixas. 
~as of Application: Railroad, highway, pipeline rights-of·way; petroleum 
lank farms, lumberyards, storage areas, and industrial plant sfles. 

Hyvar X·L (bro .... d ij 
Rale: 3·6 lb. aliA 

1.5·3 gal, X·UA 
Weeds: Broadleel wMd.: 

lambsquaners ragweed 
puncturevlne turkey mullein 

Gra ... : 
bromegrass. 
cheatgrass 
crabgrass 

Rate: 6-12 lb. aliA 
3-6 gal. X·UA 

IoXlaii 
orchardgraas 

Weed.: Broadl .. , wMd.: 
aater goldenrod 
dandelion plantain 
dogIennel 
G_: 
bahlagrass broomsedge 
bluegraas quackgrass 

Rale: 12·24 lb. aliA 
6·12 gal. X·UA 

Weeds: Broadleel wMd.: 

ryegraas 
wild oaf 

purpletop 
wild carrot 

redtop 
smooth brome 

brackenf.rn dogbene horselall 
bounclngbet 

GnII ... : 
bermudagress johnsongrass saIIgraas 
dallisgra.. nulaadge vaseygrass 

Areas of Application: Railroad, highway, pipeline rights-of-way; petroleum 
tank farms, lumberyards, storage areas, and industrial plant sites. -----------------Rate: 4.5-10 lb. ailA 

2.25,5 gal. X·UA 
Weads: Brulh: 

oal< sweetgum 
-Ine 

willow 

Rate: 12·24 lb. aVA 
6-12 gal. X·UA 

Weeds: Brulh: 
American aim hackberry winged elm· 
cottonwood sumac 

Remarl<s: U .. highar ralas on absorptive soils (high In organic manar and 
cartlOn). For besal (soli) treatment, apply Hyvar X·L Undiluted with exact 
delivery handgun at 5-1 0 millil~ersl.tem 2" .... In basal dlamalar. Direct spot 
lreatmant at bue 01 brush (root collar area). When Ireating large stams 
and mora than one delivary of solution is neaded/stem, apply on oppoa~e 
side of slem. For dOuted spot traatment. mix 1 gal. productlA in 5 gal. 
water and apply 1·2 fl. oz.lstem 2"-4' In basaf diameler; wet base of stem 
to runolf. 

Areas of Application: Railroad, highway, pipeline rights-of·way; petroleum 
lank farms, lumberyards, storage araas, and Industrial plant site •. 

Jury - glyphosate 

Karmex - see diuron 

Kranfte S (f_mlne) 
Rate: 6-24 lb. aliA 

1,5-6 gslJA 

KRENITE S 

Weeds: BruaMlarbaceoul planta: 
American alder hickory' sweetgum 
b8sswood" leafy spurge' sycamore 
blgleal maple' loblolly pine lhimbIebe"Y 
binch multiflora rose tuliplre.' 
black charry' persimmon' (yellow poplar) 
bfeck Iocuat pin cherTY Iree-of·heaven 
blackberry Quaking upen vine maple 
bfackgum' red aldar Virginia pine 
brackenfern red mapla' walar oak 
chokeche"Y' red oak whije ash' 
eastem cononwood salmonbe"Y whhe oak 
aastem white pine sassafras' wild grape 
elm' slippery elm wild plum 
fiald bindweed' sourwood' willow' 
hawthorn' sumac winged elm' 

• Suppreaalon 
Remarks: Watar soluble liquid to be dilutad with waler and applied al a foliar 

spray lor control and/or growth luppra .. ion of many woody apecias. It is 
appliad to brush in summer or early fail, either by air or ground equipment. 
SuscapHble trealed plants fali 10 refoliat. the following SPring. For control 
of only a portion of a plant, as in trimming, direct apray to thoroughly cover 
only tha section of the plant to be killed. For field bindweed, apply altar 
plants begln.to bloom, Do nol apply through any type of irrigation system, 

Areas of Applocation: Railroads, pipelin., utility and highway rights-of·way; II 
reforestation areas, drainage dHchbanks, storage areas, induatrlal plant 
aitas, and slmliar areas. I 

State Rastrlctions: Not for sale or .... in Arizona or California. 

KROVAR PREMIXES 
Krovar I OF (40% bromlcl,. & 40% dlu,on) 

Aile: Annuals: 
3.2-4.8 lb. aliA 
4-6 lb. DF/A 

Perennials: 
6.6-14,4 lb. aVA 
7·18 lb. DF/A 

Hatd·tl)-kHI perannials: 
15.2,24 lb. aliA 
19·30 lb. DF/A 

Weed.: BroadIMI wMda: 
annual nlghlshade fleabane 
annual aowthisUa Florida pualay 
bouncingbet groundeel 

(hard-to''''") hors_eed 
chickweed lambequartars 
dogbane pigweed 
(hard-tl)-klll) pineappl_e.d 

flIar.e puncturevlne 
Gna_ (hard-tcMdll): 

purslane 
ragweed 
sandspur 
ahapherdspurse 
spanishneedles 
wlldlehuot 
wild mustard 

. barnyardgrass foxtail nalalgrass 
bermudagrass johnsongrass (seedling) nutsedge 
crabgrass funglen.. saltgrass 

Ramarl<s: Apply In 40-100 gal. water preemergence or In early stages of 
weed growth. Us. higher levals on absorptive soils. Ref.r to label for 
registered tank mixas. 

NonCE The Inlormation on lhase pagas is lor preUmlnaryplanning - not a guide for usa. Be 
aura 10 follow manufacturer'. directions, notwithltandlng Informetlon contained here. 
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.-------_._----_._._._._-------,---------------
~ rt:8:; Jj ,l pp c·lton Hl!ilro!ld, hi,ihway, pipeline rights--of-way; tank farms, 

LlOlt-'9I·(drd:. njuS"fla sit·~s, s·tO{sg8 ateas. 

--------_._--_._---"---------
t.rOlllr I. DF (53'. brtmecfl &. 27% dluron) 

P.e~e Ar<1ualc 
16-4 10. alA 
2·5 lb. DF:A 

EXleod60 control cI annuals: partial control of perennials: 
4.8-1 ~.2 I:J. a,fA 
6·14 It. DF/A 

Hard·tOoi<i:! perennials 
12-18 lb. aUA 
15-23 lb. OFf A 

Waeds: Bermudagn ... (hard-to-kill) and Ih. following annual broadluf 
weed.: 
annual nightshade dogbane pigweed 
annual sowth'Stl8 (hard-Io-kill) purslane 
oouncingbel Florida pusley ragweed 
(hard-to-kill) lambsquallars apanishneedles 

Ramarl<s: Apply in 40.100 gal. water just before weed emergence orin eany 
mgeB at weed growth. 

Areas of Application: R08d81das. storaga areas, and plant ailes. 

Drexel Unuran 4L 
Unal 4L or 500F 
LorOI 4L or OF 

Rate: 1-3 lb. ailA 
2-6 pI. 4UA 
2-6 lb. OF. 500FfA 

LlNURON 

Weeds: BroBdlaal weed.: 
carpetwaed gal,nsoga 
ch,ckwead lambsquartars 
common ragweed mustard 
Aorida pUlley nenleleat goosatoot 

Of'll .... : 

pigwead 
purslane 
amartwaad 
wild radish 

bamyardgrass crabgrass toxtail 
canarygrass tall panicum goosegrass 

Remarks: Apply In 40.100 gal. water. For established weeds, add 2 qt. 
surfactanVloo gal. spray mixture and apply as a thorough coverage spray 
during periods whon daily lemperalures exceed 7C1'F and betore _ed 
growth exceeds 8" ,n height. For bast rasulls. apply .hortly belore weed 
growth begins or at early seedling stage 01 growth. Do not reenter traated 
areas lor 24 hr. loIlowing apptication unle .. protective clothing is worn. 

Ar.as of Application: RoadsideS and fence rows. 

MONCIDE (Premix) 
Mancld. (3 IbJgel. MSMA & 1.25 IbJgal. cacodylic acid) 

Rate: 4.25-8.5 lb. ai/A 
1-2 galJA 

WeedS: NonMlacllvo ganorel broadleaf weed control: 
chickweed lambsquanar. punctureYina 
common plantain pigweed wild mustard 
common ragweed prostrate spurge 

G ... _: 
crabgrass sandbur yellow foxtail 
giant toxtail wild 081 

Top kilt of pe .. nnl. gre .... such ao: 
barmudegrass johnsongra.. nutsedge 
dallisgrass 

Remarks: Apply in 40.100 gal. water. If regrowth occurs. retreatment may 
ba necessary. Basi resulls are obtained on young actively growing weeds 
at air temperatures above 7C1'F. Use w"h addilional surfactant or crop oil 
concantrate to enhance weed control in arid regions. Dc not apply through 
eny type of irrigation syslem. 

Araa. of Application: Drainage ditchbanks. rights-ol-way. fence row •• storage 
yards. along highways. utility lines. pipe lines. around power plants and 
buitdings. and on similar noncrap ar8as. 

Montar (cacodylic acid) 
Rate: 7.71 lb. aUA 

3.11 gal.lA 

MONTAR 

Weeds: Nonselectiye general weed control. 
Remarks: NOI for use in vegetable gardens. Apply to unwanled yegetalion 

to runoN. Reapply H regrowth occurs. U.e with additionalsurfactanl or crop 
oil concanlrate to enhanca weed control in arid regions. Dc not apply 
through any type at irrigation system. 

Areas of ApplicatIOn: Apply on drainage ditchbanka. rights-at-way. along 
sidewalks. driveways. and fences. around buildings. ornamentals. and slm· 
ilar noncrop araas. 

Annr U (MSMA) 
Helena MSMA (MSMA) 

Rate: 2.5 lb. 01150 gal. waler 
3 pI. 6.6150 gal. water 

Weeds: Broadl .. , weed.: 

MSMA 

chickweed cocklebur 
G ... _: 
bamyardgrass johnaongrass 
delisgress large crabgrass 
goosegrass nutaedge 

sandbur 
smooth crabgrass 

Remarks: Add 3-4 pI. suitable nonlonic surlactant. Spray unwanted vege
tation thoroughly 10 point of runoff. Adequate cove raga and comptate wet
ting of foliage is Important lor effective control. H regrowth occurs. reapply 
as required. 

Ar ... of application: Drainage d"chbanka. righfS-ot-way. storage yards. and 
slmKor noncrop araa •• 

Bueno 6 (MSMA + .1II'I_t) 
Daco"at. 8 (MSMA + surtactanl) 

Ra1e: 1.875-2 lb. oU40 gal. water 
2.5-2.66 pU40 gal. water 

WeedS: Broad,"f weeda: 
chickweed pigweed puncturevine 
cocklebur 

Gr ..... : 
bamyardgras. dallisgrass nutsedge 
brachleri. goosegrass sandbur 
crabgrass johnsongress 

Remarl<s: Apply when weed. are small and conditions layor aclive growth 
of weeds. Spray 10 point of runoff. Adequate coverage and compte Ie wat
ling of foliage is important for effective control. Repeat applications may 
be necessary if ragrowth occurs. 

Alaas of Application: Drainage dnchbank •• fence rows. rights-at-way. storage 
yards, and Similar noncrop areas, 

Hatona MSMA Plul (MSMA + lurtlctlnt) 
Rate: 2 lb. 8U40 gal. watar 

4 pt.f40 gal. water 
Weeds: Gre ... " 

goosegrass nUl5edgo walergrass 
jOhnsongrass 

Remarks: Sprey unwanled vegetation thoroughly to just short of runaN. If 
regrowth occurs. raapply as required. 

Areas of application: Drainage ditchbanks. rights-of-way. atorage yards. and 
similar noncrop areas, 

Dal-E-Rad 120 (MSMA) 
Weed-Hoe 120 (MSMA) 

Rate: 2 lb. ail40 gal. water 
2.5 pI. 120140 gal. water 

Weeds: Broadleaf weed" 
chickweed WOodsorre/ 

Gr ••••• : 
goosegress johnsongrass yellow foxtail 
grean foxtail nul5edge 

Remarks: Apply when weed. are actiyely growing. Add 2 pI. surfactant. 
Areas at AppUcalion: Drainage ditchbanks. rights-ol-way. slorage yards. and 

simiar noncrop areas. 

Orelar 530 (MSMA + .urtaetanl) 
Drexal MSMA 4 Plul or 6 Plu. (MSMA + Burlactant) 

Rate: 2-5 lb. 011100 gal. waler 
4-10 pI. 530. 4 PluS/I 00 gal. water 
6-12 pI. 600. 6 Plus/IOO gal. water 

Weed.: Broedl .. ! weeds and gra .... inciuding johnsongra •• and nutsedge. 
Remarks: Spray unwented vegetation thoroughly 10 juot ahon at runoH. If 

regrowth occurs, reapply as required. 
Areas of Application: Noncrop areas such as drainage ditchbanks, r~hts-ot. 

way, fence rows, storage yards. 

Drelll MSMA e.6 (MSMA) 
Rate: 2.5-5 lb. aU100 gal. water 

3-6 pI. 6.61100 gal. water 
Weeds: Gr ••••• : 

barnyardgra.s johnsongrass nutsedge 
Remarks: Add a surfactant to spray solution for baSI re.uUs. Spray unwanted 

vagatalion thoroughly to juatshon of runoff. If regrowth occurs. raapply as 
required. 

PP-preplant. PPI-preplant Incorporaled • PRE-preemergence • POST-postemergence • SEQ-sequential 
ai-active ingredient OF-dry flowable ElEC-amulslliable concentrate FIFL-liowable G-granule ULC-liquid W/wp·wenabie powder 
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Areas 01 Application: Noncrop lIIau such as drainage dilchbanks, righta-ol. 
way, lence rows, storage yards. 

HeI .... MSMA PI ... H.C, (MSMA + .urfaClllnl) 
WMd-Hoe108 (MSMA + .urf_nl) 

Rate: 4.5-9 lb. aVl00 gal. water 
&-12 ptJl00 gal. water 

Weeds: Bro.dlea' _.: 
cocklebur puncturevine 

Graa_: 
bamyardgrals johnaongrass ragweed 
dallisgrass nutaedge aandbur 

Remarks: $pray unwanted vegetation at I rate of about 50 gIl. spray lOIutionl 
A. ff regrowth occurs, reapply as required. 

Areu 01 application: Drainage d~chbanks, righta-of-wsy, lence rows, a10rage 
yards, and similar ara.s. 

Norosae - see dlchlobenil listing 

Ou81 (auHometuron methyl) 
Rata: Arid araas: 

1·1.5 oz. aiJA 
1.33-2 ozJA 

WeedS: Broadl'" wMda: 

OUST 

annual sowthisUe common speedwell 
black mustard common yarrow 
buckhom plantain cuny dock 
burclover prickty coontail 
chickweed prickty lettuce 
common mallow 

Gra .... : 
annual bluegrass 
bamyardgrass 
cheat 
foxtail bar1ey 
foxtaillascue 

RIte: 2.25·3.8 oz. aliA 
3-50z.IA 

ttellan ryagrass 
Jointed goalgrass 
red broma 
read canarygrass 

WeedS: Broadl .. , _a: 
annual sowthistle hoary crISS 
bouncingbel kochia 
burctover litUe mallow 
Carolina geranium mustard 
common chickweed oxeye daisy 
common dandelion pepperweed 
oommon speedwell pigweed 
common Ylrrow prickly IIUuce 
crimson clover purple alal1hi.lle 
dogtennel ragweed 

Ora .... (up to 6',12" In helght): 
alta fescua fescue 
annual bluegrass loxtail 
annual ryagr.... (except green) 
annual 8prangletop Indlengraas 
bahlagrass lillian ryagrass 
bar1ey Kentucky bluegrass 
barnyardgrass little barley 
downy brome red broma 

RSle: 4.5-9 oz. aVA 
6·t20z.IA 

Weeds: Broedl .. , _": 
bedstraw groundsel 
Canade Ihlstle hemlock 
curly dock honeysuclde 
_rry horaatall 
flddleneck Jerusatem artichoke 
lleabane kudzu 
goldenrod mayweed 
Or_: 
johnsongrass yellow nutsedge 

seaside haliotrope 
apreading orach 
sunfklwar 
weltem ragweed 
wh~eatem tilaree 

ripgut brome 
saashore sallgrass 
aignslgrass 
yellow foldail 

Russian thistle 
sunflower 
sweet clover 
tansy ragwon 
tansymustard 
tumble mustard 
vetch 
wild carrol 
wild oal 
yalklw rockel 

red fescue 
reed canarygrass 
ripgut brome 
ryegrass 
smooth brome 
apranglalop 
volunteer wheat 

musk INstie 
poison ivy 
redltam ftlaree 
spanish needles 
turkey mullein 
VIrginia pepperweed 
wild blacl<barry 

RemarkS: Oust may be applied preemergence or poSlemargence 10 weeds. 
Basi resulls are obtained il application is made before or during early stages 
01 weed growth. Requlraa extreme care in use near crops. Refer 10 label 
for application restrictklns. 

Areas of Application: Noncrop areas such as railroad, roadSides, utility and 
pipeline rights-of·way. utility planl siles, petroleum lenk farms, pumping 
onalallalions, lence rows, storage areas. airports, lumberyards, and other 
Similar areas. 

PARAQUAT 
Restricted Use Pesticide. 

Oramoxone Extra 
Rale: 0.825-0.94 lb. aiJA 

2·3 ptJA 
Weeds: BroadlN' _I: 

burclover nellla 
chickweed pigweed 
ftllllee plantain 
groundsel puncturevine 
momlngglory° purslane 

Graa ... : 
bermudagr ... ' 
bluegrass 

• Top IeII/ 

chealgrass 
crabgrass 

red clover 
shepherdspurse 
thistie 
wild mustard 
wild radish 

johnaongrass· 
wild oal 

Remarks: Apply in 50 gal. water with ground equipment. Atways add an 
approved nonionio surfactanl or an approved crop oil concentrate as per 
label directions. Repeat as necessary. Avoid conlact wHh foliage 01 or· 
namentals or desirad plants. Do nol usa around home gardens, schools, 
nacreation pariks, or playgrounds. Do nol apply this product through any 
type of Irrigation systam. 

Areas of Application: Public airports, electric transformer alations and sub
stations, pipeline pumping stations, lllOUnd commercial buildings, storage 
yards and other Installations, fence lines, end Similar noncrop areas. 

Pathfinder - see triclopyr 

PATHWAY (Premix) 
I'8Ihway (3% picloram " 11.2% 2,4-0) 

Rate: Apply undiluled 10 Injeclor wounds, frills, or girdles. or freshly cut 
Slumps or stubs 01 Individual stems. 
Weeds: Woody ptanla: 

ailanthus dogwood maple 
alder Douglas·lir oak 
aspen elm pecan 
baiaam fir green ssh persimmon 
birch gum sarviceberry 
cedar hickory sourwood 
cherry hornbeam. _Ibay 

Remarks: Reedy·1o-us. product. Apply 10 cui surface of woody plants. 
Areas of Application: Foresta and noncrop areas such as fence rows, rights· 

of.way, and Indua1rial sHes. 

Pramltol 25E 
Rate: H)·15 lb. aiJA 

5,7.5 gel. 25E1A 

PRAMITOL 

Weeds: Annual and .uacaptJble perannlal _I luch as: 
goldenrod oalgrass puncturevine 
goo.egrass planlain quackgrass 

Rate: 40·60 lb. aVA 
20-30 gil. 25E1A 

Weeds: Hard-tcHdll perennial _. and lira .... auch al: 
bindweed johnsongrass wild carrot 

Remeriks: Appiy belore _ds emarge or up to 3 months after emergence. 
Apply 10 ground before laying asphen, or may be mixed ~h cutback 
asphalts. Usa only in araas where complele control 01 all vegetation is 
dealred and nol on land 10 be cropped, or near adjacent desirable trees, 
Shrubs, or plants because Injury may occur. 

Areas of Application: Noncrop areas such as utility, highway, pipeline and 
railroad righ15-ol-way;lence lines; petroleum tank farms,lumberyards, stor· 
age arau, Industrial plant lites and around buildings. 

PRAMITOL 5PS (Premix) 
Pramltol 5PS (5% promelon " 0.75% limazlne " 110% chlorato-borate) 

Rate: 218·872 lb. 5PSlA 
or 0.5-2 lb. 5PS/1 00 sq. 11. 

Weeds: For control ot most annual and perennial broadleat weeds and 
grasses. 

Rernariks: The high rale should be used in areas having a long growing 
season or high rainlall. The higher rates will also provide ionger residual 
conlrol. 

Areas of Application: Noncrop ares. such as ulUity. highway, pipeline and 
railroad ltghts.-of-way; fence lines; petroleum tank farms, lumberyards, stor
age areas. industrial plant sites, around buildings. 

NOTICE The Information on these pages is lor preliminary planning - nola guide for use. Ba 
sura to follow manufaClurer's directklns, nolwlthatanding information conlained here. 
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Rattler -- see glypho3u~ 

------------------
Redeem - see triclop~i: 

Remedy- see triclopyr 

Roundup - see glyphosate 

SEE 2,4-0 - see 2,4-0 

SIMAZAT (Premix) 
Restricted Use Pes1I~ due to groundwater concema, 

Blmezat 4L (2 tbJgal. almazlne /I 2 IbJgal. atnozlne) 
Rate: 4,33'10 lb. aliA 

4,33'10 ql. 4UA 
Weeds: MOSI annual broadle.1 and grass weeds. 
Remar": Apply betore 01 soon aher _da begin growllt, Pastemergence 

appllaltion should be made when weeds ara young and actively growing, 
Use high rates tor heavy clay and muck ooils, For hard·lo-I<ill annual and 
many perennial broadl •• f .nd grass weeds. broadca$t 10-20 qt 4UA: 
hard-to-kJR biennial and perennial weeds, sUCh as bull thistle. broadcas1 
20-40 qt, 4UA 

Areas of ApplicatIon: For use on fenos rows. utility poles, industrial sitas, 
highway medians and shoulders, railroad rights-of·way, lumberyards, pe
troleum tank farms. and noncrop areas on ferl1l$. 

SIMAZINE 
Drexef Simazlna 4L, BOW Or IIODF 
Prfnc:ep 4L, BOW, CallNr 110 or 4G 

Rate: 4.8,18 Ib, ai/A 
4.8·17,6 ql. 4lJA 
250-450 Ib, 4G!A 
6-22.5 Ib, 80W/A 
5.3,20 Ib, 90, 900F/A 

Weeds: Broadl.f weed.: 
annual momfnggJory flora's paintbrush redmalds 
burclover groundsel RUSSian thistle 
carelessweed henbit shtpherdspurs8 
carpatwead knawel (German moBS) smanweed 
common Chickweed ntghtshade apani$hneedles 
common lambsquarters pepperweed speedwell 
common purslane pigw .. d tansymuSlard 
fiddle neck pineappteweed turkey mullain 
filar.. prickly lettuce wild mustard 
fireweed puncl1Jrevine yellowflower 
Florida pusley ragweed pepperweed 

Gra._: 
annual bluegrass 
annual ryegrass 
bamyardgrass 

(watergrass) 
burdock 
Canada thistle 
crabgrass 
dogfennel 

downy brome 
(cheatgrass) 

fall panicum 
foxtail 
goosegrass 
junglslice 
orchardgrass 
plamain 
purpletop 

quackgrass 
rattaillescue 
radrop 
signaigras. (brachiaria) 
silver hairgrass 
smooth brome 
wild oat 
witchgrass 

Remar .. : Use higher rat. for perennials or for Iong.r residual. Apply before 
we.ds emerge, 

Are .. of Application: All noncultivated araas such as rights-Of-way, 

SIMAZINE TANK MIXES 

PRODUCT 

Prfncep 4·16 Ib, 
+ Ou.t 2.2509 oz. 

Prfnc:ep 4.8·18 lb. 
+ Roundup 1·5 Ib, 

(active Ingredient per acre) 

SODIUM TeA WEED KILLER 
SodIum TeA WMII KII .... Uquld Concentrate (aodlum TCA) 

Rate: 9.52·114,24 lb. ai/A 
2-24 gal.lA 

Waeds: Gra .... : 
bennudlagr .. s Japanese chess phragmit.s 
crabgrass johnsongrass quackgrass 
foxtail paragrass 

Remarks: Rate varias depending on ooil type and control dasired; reler to 
label. Also for grass SIIppression and seedling g_, Do not us. more 
then 25 gal. producVA. 00 not allow animals to graze on treated areas for 
at least 24 hours after traatment. 

Areas of Application: Noncultivated are ... 

SPIKE 
Splka 2OP, 4OP, 80W or 50 (tebuthluron) 

Rate: HI lb. aVA 
5-30 lb. 20P/A 
2.5,15 Ib, 40P/A 
1.25-7.5 Ib, BOWIA 
20·120 lb. SOIA 

Weeds: Control ovar 125 grasa and weed species and 110 woody species 
Including hard·to-contol species such as maple. oak, wMe ash and willow. 

Flemarks: Rate varias dlapending on weed 'pecie •• treatment, and ge0-
graphic location. ~ree and duration of control may vary Wilh amount 01 
ChemIcal applied, 8011 type. and other conditions, Spike will injure or conlrol 
other harbaceous vagetation in treated ar.a, !harefora. dO not apply Whera 
such injury cannot be tolerated. Do not apply on field crops. 00 not apply 
on or near desirable trees or other plants, or on ar.as where their roots 
may extend. or in locations where the chemical may be washed into contact 
with their roots, 

Araas of Applica1ion: Noncrop areas sUCh as railroad and utility rlghts-ol· 
way. Wildlife openings, industrial sites, pipelines, fence rows. f~.breaks, 
dltchbanks, and along highways, 

SPIKE TREFLAN 6G (Premix) 
Spike Traliin 8G (2% tebuthluron & 4% trlftureUn) 

Rate: 0.6-12 Ib, aVA 
1()'200 IbJA 

Weeds: Control over'125 grass and weed specias and 110 woody species 
ineJuding hard-to-contolspecies such as maple. oak, whHe ash end willow, 

Remer .. : Rat~ varies depending o~ weed species, treatment, and geo· 
graphic Iocallon, Oegr .. and duratIon of control may vary wHh amount of 
chemK:8f applied, soil type, and other conditions. Spike will injure Or control 
other herbaceous vegetanon m treated area. therefore. do not apply whore 
such injury connot be tolerated, Do not apply on lield crops, Do not apply 
on or near desirable tress or other planta. or on aroas where their roots 
may extend. or in locations where the chemical may be washed into contact 
with their roots. 

Areas of AppIicaUon: Noncrop areas sUCh as railroad and utility nghts'of, 
way, wildlife openings, industrial sites. pipelines, fenos rows, frrebrea" 
dHchban", and along highways, • 

Stinger (clopyralld) 
Rate: 0, 1-0.2 lb. aeiA 

0,25-0.5 ptJA 

STINGER 

Weeds: AnnUli and perennial broedlea1 wMII.: 
annual sowthistle' ladysthumb spotted knapweed 
Canadla thistle mayweed (dogfennel) volunt .. r alfalfa 
cockJebur musk thistle voluntear soybeans 
common ragweed perennial sowthistle' volunt .. r sunflower 
common sunflower ragweed wild buckwheat 
common velch scentl.ss chamomila wUd sunllowar 
diffuse knapweed (false) 
graen smanweed 

• SupprauJon 
Remarks: Rate varies depending on type 01 ground equipmant. Apply in 2· 

5 gal. water, Apply when weeds are 1',3' tall. Apply 0.5 pt.lA when w.eds 
are 3'·6" taf!, under dry condHions. or where Canada thistl. or knapweads 
are the primary peSI, To improva spectrum of activity or to incr .... activity 
against taller we.ds, Stinger may be fink miJCed with 0,502 Ib, .e/A DI 2,4-
o amine or low volatile ester. Do not apply by aircraft, Do nol apply this 
product through any type 01 irrigalion system. 

Areas of Application: Noncrop araaa including fenos rows. around farm bUild· 
ings, and equipment pathways. 

STOMP 
Stomp or Stomp WOG (50%) (pendfrnathalln) 

Rate: 2·4 lb. eVA 
4·8 pIJA 
3,3'6,6 lb. WOG/A 

PP'praplant _ PPI-preplant inCO/llOrated • PRE·preemergence - POST'postem.rgence • SEO·sequentiai 
ai·aclive ingradient OF·dry lIowabi. ElEC·emulsjijabie concentrate FIFL,flowabie Gilranule ULC·liquld WIWP·weltabla powder 
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Weeds: Broadl.a' _0: 
carpetwaad hop clOver 
common chiclcweed Icnolweed 
cudweed Icochia 
flddlenecK lambsquarters 
filaree London rocket 
Florida pus!ey mou.eear chickweed 
henbit Pa. lmart_ 

G ...... : 

pigweed 
puncturevine 
purslane 
shapherdspursa 
spurge 
valY8tleaf 
yellow woodsonel 

bamyardgrass foxtail Mexican sprangl8top 
bluegrass goosegrass red sprengletop 
browntop panicum Itchgress signaJgrass 
crabgrass johnsongrass Texes panicum 
crowIootgrass junglarice witcl1gress 
fall panicum large crabgrass woolly cupgress 
field aandbur lovegrus 

Remarks: Stomp will not control mature waado; ....... should be free of 
established weeds at the time of treatment. Stomp may be used In con
JUnction with herbicides registered for poatemergence use. Follow the most 
restrictive precautions, directJons and Mmltations that appear on ali !abets. 
Stomp is most effective In controlling waado wilen adequate rainfall is 
received within 30 days after applicatIOn. 

Areas of application: May be used on or around rai~oads, utility and pipeline 
rights-ot-way. highway guardrails, delineators and sign posts, I ~JIIty sub
stations, petroleum tank farms, pumping installations, f.nce rows, storage 
areas, windbreaks, and sheHerbelts. 

TeI.r (00) (chlonulluron) 
Rate: 0.19-0.75 oz. aVA 

0.25-1 oz. DG/A 

TELAR 

Weeds: Salective in Industrial turf: 
bah/agrass fescue 
bluegrass smooth brome 

Rale: 0.19-2.25 oz. eVA 
0.25-3 oz. DGIA 

Weeds: Nonselective: 

wheatgrass 

annual ryagrass com spurry prostrale pigweed 
annual sowthistle cowcodde punc1ureyine 
aSler curly doclc red clOver 
bedetraw dandelion redrOOI pigweed 
blacK mustard dyers woad Russian knspweed 
blue mustard fiddleneclc (tarweed) Scotch thistle 
bouncingbet field pennycrass scouringrush 
bull thistle ftixweed- shepherdspurse 
bur bealcchervil flIaree smooth pigweed 
burclOver foxtail sweetclOver' 
buttercup goldenrod tansymuetsrd 
Canada thistle' groundsel treacle mustard 
common chickweed hempnettle tumble mustard 
common cinquefoil henbH Oim hill) 
common lambsquarters horsetail turkey mullein· 
common mallow London rocket whHa clover 
common mullein mayweed whltatop (hoary cress) 
common ragweed. miners lettuce wild CllTtOt 
common sunflower music thistle wild ga~ic 
common speedwell" pepperweed wild onion 
common tansy pineappleweed wild mustard 
common yarrow poison hemlock wild parsnip 
conical catchfly prostrate knolwead· yellow starthlstle 

Remarks: Do not apply this product through any type 01 irrigetion eystem. 
, Do not use on food or feed crops. ReIer to label for further use directions 

and precautions. 
Areas ot Application: Airpons, highways, roedsides, utility, pipeline, and rail

road rights-of-way, patroleum tenk farms, plant sHes, and Other noncrop 
areas. 

State Restrictions: Use restricted to railroad rights-of-way in Montana, Nanh 
Dakota, and South Dalcota. Not lor use in Cellfomla and AllImoSa, Costilla, 
Conejos, Rio Grande, and Saguache counties of Colorado. 

Tordon 22K eplclorem) 
Rate: 1 lb. aelA 

0.5 gal. 22KJA 

TORDON 
Restricled Use Pesticide. 

Weeds: Controls annual and deep-rooted parennial weeds. 
Remarks: Carefully follow label. 
Areas Of Application: Areas such es fenca rows, roadsides or other righl8-

of-way and around larm buildings. 

Transline - see clopyralid 

Garfon3A 
Rate: 1-9 lb. &e/A 

1.33-12 qt. 3AJA 

TRICLOPYR 

Weeds: Annual and perennfal b,oedl .. , weed.: 
bindweed dandelion sma.rtweed 
burdock field bindweed tansy ragwort 
Cenada thistle lambsquarters vetch 
chicory plantain wild lettuce 
curty dock ragweed 

W_yplant.: 
alder Douglas-lir poplar 
arrowwood elderberry red maple 
ash elm sassafres 
aspen hawthorn Scotch broom 
beech hazel sumac 
birch hombeam sweetbay megnolia 
blacKberry locust sweet gum 
blactcgum madrone sycamore 
BrazIlian pepper mulberry tanoal< 
cascara oaks thimbleberry 
chinquapin persimmon tulip poplar 
choI<echerry pin cherry wax myr1fo 
cottonwood pine western hemlock 
dogwood poison oak willow 

Remarks: Foliar spray: apply when weeds and brush are actively growing. 
Use tower rates for weed control and higher retes for herd-to-control brush 
and for appfications made In late summer or during drought conditions 
(refer to labal for use directions lor broadcast and directed sprays). Cut 
surface trealrnents: appty aHher undiluted or diluted in a 1:1 ratio w~h 
water. Apply using the tree injector method, wHh frill or girdle method, or 
es a cut stump treetment. Apply at any seeson except during pertod of 
heavy asp flow 01 certain species such as maples. 

Areas of Application: Use for torest management applications, on noncrop 
sHes including industrial manufacturing and storege sHes, rights-ol-way, 
fence rows, nonlrrigation ditchbanks, wildtife openings, and around farm 
buildings. 

Garlon 4 
Rate: 1-8 lb. aeiA 

1·8 qUA 
Weeds: Same as for Garlon 3A plus: 

blacK medic ground ivy wild carrot 
clover mustard wild violst 
goldenrod oxalis 

Remerks: Foliar spray: same as lor Garton 3. For basal bark treatments, 
apply to stom wHh be.al diameters less than 6" at any time, including the 
winter months, except when snow or ica prevent spraying to the ground 9 
line. Conventional basel bark treatment: mix 1-5 gal. product in enough oil 
to make 100 gal. spray mixture and spray the basal parts of bnIsh and 
tree trunks until thoroughly wet and runoff at ground is noticeable. Low 
voluma basal bark treatment: mix 20-30 gal. product in enough oil to make 
100 gal. sprey mixture and spray the basal parts of brush and tree trunk 
in a manner which throughly wets the lower stems and root collar area, 
but not to the point 01 runOff. Thinline basel bark treatment: apply undiluted 
in a thin stream to form a narrow band which completely encircles the 
Iowar stem 01 brush and tree species. 

Areas of Application: Same es for Garton 3A. 

Pathfinder 
Rate: Apply undiluted to woody plant stems less than 6·. 
Weeds: Over 80 woody plant species induding: 

alder Douglas-lir poplar 
arrowwood elderberry red maple 
ash elm sassafras 
aspen hawthom Scotch broom 
beech hazel sumec 
birch hombeam sweetbay magnolia 
blackberry locust sweetgum 
blackgum madrone sycamore 
BraZilian pepper mulberry tanoak 
cascara oaks thimbleberry 
chinquapin persimmon tulip poplar 
chokecherry pin cherry wax myrtle 
cottonwood pine westem hemlock 
dogwood poison oak willow 

Remarks: Ready-to-use product. Spray to runoff around the entire circum
ference 01 the lower 12"-15· for a low volume besal treatment. For cut 
stump treatment, wet the area adjacent to the cambium and bark around 
the entire circumference and sides of freshly cut stumps. 

NOTICE The Inlormation on these pages is lor pretimlnary planning - not a guide for use. Be 
sure to follow manulacturer's directions, noIwithstandlng Information contained here. 



NONCROPLAND ____________________________________ _ 

Areas of Application: Rights-of-way. forests. industrfal sites. nonlrrigetion 
ditchbanks. wildlffe openings. 

R-.n 
Rate: Broadcast: 

6-9 lb. aeiA 
2-3 gal.lA 

High-volume leaf stem treatment: 
2-4 oz.13 gal. solution 

Weeds: Woody pI.n' ..... y to control: 
alder cascara 
a~ood ceanothus 
aspen chinquapin 
beech common persimmon 
birch cottonwood 
black locust dogwood 
'blackberry elderberry 
Brazm.n pepper gallberry 

Woody plant.-h.rd to control: 

mulberry 
poplar 
sassafras 
Scotch broom 
sycamore 
wax myrtle 
weslem hemlock 

ash elm (except winged) oak (except post. 
blackgum hazel blackj.ck. black oak) 
cherry (except black) madrone poison oak 
chokecllerry maple (mountain. sugar.aweetgum 
Douglas-fir red. striped) wlliow 

Remarks: Use of a nonionic surfactant such as Ortho X-77. Triton AG-96. 
or Tronic is recommended. May be tank mixed with 2,4-0. Refer 10 label 
for further use directions and precautions. Do not apply this product through 
any type of irrigation system. 

Areas of Application: Roadsides. fence rows, non-irrigation ditchbanks. 

Remedy 
Rale: Foliar-broadcasl: High-volume leaf stem trealment: 

1 lb. aelA 1-3 lb. aelA 
2 pl.lA 2-6 pt.lA 

Weeds: AnnUli and penonnf.f broadl .. , weed.: 
blaek medic curly dock plantain 
burdock dandelion vetch 
chicory lambsquarters wild carrol 
cinquefoil Iespedeza wild vioIel 
cloYer mustard yarrow 

M.aqulte and woody plant •• uch •• : 
alder cononwood oak (except black. 
esh dogwood blackjack. post. 
aspen elderberry shinnery) 
beech elm (oxcepl winged) poison oak 
bITch hewthorn poplar 
blackberry locust sassafras 
blBCkbrush maple (sKcept sumac 
cascara bigleaf and vine) wax myrtle 
ceanothus mulberry wild roses 
cherry willow 

Remarks: For lotiar broadcasl "ealmenl, apply in enough waler to make a 
minimum 10 gal. tOlal spray/A. For HV laaf-stem Ireatment, .pply in water 
10 make 100 gal. spray mixlure/A. May be t.nk mixed with 2,4-0. Refer 
to label for further use directions and precautions. Do nol epply this product 
through any type of irrigation syslem. 

Areas of Applic.tion: Roadsides, fence rows, non-irrigation dltchbanks. 

Trlmec - see 2,4-0 listings 

VANTAGE 
Restricted Use Pesticide due to groundwater concems. 

Vent.ge ( .. thoxydlm) 
Rete: 0.2-0.5 lb. ai/A 

1.5-3.75 pt.lA 
0.8-1.411. oZ,/1oo0 sq. ft. 

Weeds: Annual and perennial grasses. 
Remarks: Do not apply through any type of irrigation .ystem. 
Areas of Application: Righls-ol-way. roadsides and other paved areas, along 

fence and hedgerows. public buildings, recreation areas, induStri~1 sites, 
storage years, airports, electric Iranstormer Italiona, pipeline pumping sta
tions, sewage disposal areas. and general indoor/outdoor sites. 

Slat. Reslrictions: Registralion pending In California. 

VEGEMEC (Premix) 
Vegamec Veget.tlon KIIt.r (3.6% prometon • 1 % 2,4-0) 

Ral.: 1 pI. producVloo sq. h. 
Weeds: Gr ...... nd broldle.' Weedl luch .0: 

Canada thistle johnsongrass mRkweed 
Remarks: Nonselective. Do not apply on lawns. Pre- and postemergence, 

apply any time of year. Do nol replant within a year 01 application. 

VELPAR 
Vitlpar (IIOWP) or Vitlper L lheXufnone) 

Rele': 1.8-4.5 lb . • VA 
2-5 lb. WP/A 
2-5 lb. IVA 
1-2.5 gal. UA 

Weeds: Broadl .. , weedl (short term control-up to 3 months): 
bindweed fiddleneck Oxttis 
boundngbet' fllanae pigweed 
burdock fleabane purslane 
oocklebur goatsbaard vine smartweed 
crown vetch goklanrod trumpel cnseper' 
curly dock' lespedeza wild oat' 
dandelion milkweed' wild parsnip 
dogbane' mustard wild starthistle 0,.._ (short term control-up to 3 months): 
bamyardgraas cnabgrass 
bromegrass nutsedge' 
buHalograas' onchardgrass' 

Rate: 5,4-10.8 lb. aVA 
6-12 lb. WP/A 
6-12 lb. aliA 
3-6 gal, UA 

Weads: Broadl •• , weed. (8eason long control): 
broomsedge dogfennel' 
camphorwead he.th astar 
Canada thlsUe' honeysuckle 
chickweed lantana 
clover mares1ail 
dewberry plantain an._ (season long control): 
bahiagrass' fescu.· 
bermudagrass' fingergrass 
bluegnoss foxtail 
broom.edge guineagrass 

• Supprea/on 

paragnoss 
quackgrass 
ryegraas 

prickly fettuce 
ragweed 
spenishneedles 
wild bl.ckberry' 
wild CIIITOI 

nateigrass 
smufgrass 
vaseygrass 

Remarks: Apply as a postemergent aprlY during .ctive growth. 
Areas of Applicalion: Railroad. highway. utility and pipeline rights-of-w.y; 

petroleum tank I.rms. storage areas, Industrial plant snes, drainage dnch
banks. and similar areas. 

Weed Rhap - see 2,4-0 

Weedar - see 2,4-0 

Weed-E-Rad - see OSMA 

Weed-Hoe - see MSMA 

WEEDMASTER (Premix) 
_melter II IbJgal. OMA .. ft 01 dlcemi>l • 2.87 IbJgII. 2,4-0) 

Rate' 0,25-2 lb. ai/A 
0,5-4 ptJA 

Weeds: Broadleaf Weedl and woody pllnta: 
annuaf Heabane common lambsquarte .. poison ivy 
annual mustard curly dock poo~oe 
black knapweed dogfennel privef 
broom weed eastern perSimmon redroot pigweed 
buckeye elderberry Russian knapwaed 
buftalobur field bindweed sltverteaf nlghtshade 
burdock field pennycr.ss lOuthern dewberry 
bunercup hairy honeysuckle spottad beebelm 
Carolina horsenettle henbit spotted knepweed 
chicory knotweed f.1I morningglory 
common chickweed kochia Texas groundsel 
common cocklebur late eupatorium Virginia popperweed 
common dandelion Missouri goldenrod woolly croton 
common goldenweed plelns coreopsis 

Remarks: Apply when weeds .re actively growing. Adjuvenls or other apr.y 
addilives (emulsifiers, surfactants, watling agents, drift control agents, or 
penetrants) may be used for wening, penetration, or .dritt control. It spray 
additives are used, follow all restrictions end precautions on label. 

Areas of ~icatton: Noncrop areas such as fence rows, roadWays. waste
lands, and around farm buildings. 

Weedone - see 2,4-0 

PP-preplant • PPI-preplant Incorporaled _ PRE-preemergence • POST -postamergence • SEa-sequential 
ai-active ingradient OF-dry lIowabl. EJEC-emulsifiable concenlrate F/FL-liowabte G-granule LA.C-liquid WiWP-wen&ble powder 
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. ~-
PROPOSED IMPROVEMENTS 

BMAWCID#1 
II 'IIUN UNIT QUAN'III y UN. P~Ir.FCOSl 

I AT FLUME 6 SITE 
LABOR AND EQUIPMENT LF 700 $60 $42,000 
PIPE LF 700 $165 $115,500 
BEDDING LF 700 $12 $8,400 
GRASSING AC 1 $1,900 $1,900 
MISC. SITEWORK LS 1 $10,000 $10000 

Subtotal $177,800 
Engineering $17,780 
10% Contingency $17.780 

trOTAL ESTIMATED CONSTRUCTION COST $213,360 

SIPHON AT FLUME 11 SITE 
LABOR AND EQUIPMENT LF 1,650 $55 $90,750 
PIPE LF 1,650 $165 $272,250 
BEDDING LF 1,650 $12 $19,800 
GRASSING AC 3 $1,900 $5,700 
IMISC. SITEWORK LS 1 $10,000 $10.000 

Subtotal $398,500 
Engineering $39,850 
10% Contingency $39850 

trOTAL ESTIMATED CONSTRUCTION COST $478,200 

MAIN CANAL LINING 
EARTHWORK LF 89,760 $5 $448,800 
CONCRETE LINING LF 89,760 $75 $6,732,000 
CROSSINGS EA 10 $6,000 $60,000 
GRASSING AC 10 $1,900 $19,000 
MISC. SITEWORK LS 1 $25,000 $25000 

Subtotal $7,284,800 
Engineering $437,088 
10% Contingency $728480 

rrOTAL ESTIMATED CONSTRUCTION COST $8,450,368 

MAIN CANAL PIPING NEAR CASTROVILLE WWTP 
LABOR AND EQUIPMENT LF 21,120 $100 $2,112,000 
9X6 BOX LF 21,120 $210 $4,435,200 
BEDDING LF 21,120 $10 $211,200 
GRASSING AC 20 $1,900 $38,000 
MISC. SITEWORK LS 0 $10,000 $0 

Subtotal $6,796,400 
Engineering $407,784 
10% Contingency $679.640 

trOTAL ESTIMATED CONSTRUCTION COST $7,883,824 

MAIN CANAL CONTROL AND OVERFLOW STRUCTURES 
LAND AC 2 $1,000 $2,000 
STRUCTURE, GATES, & OVERFLO LF 5 $35,000 $175,000 
GRASSING AC 4 $1,900 $7,600 
\MISC. SITEWORK LS 5 $10,000 $50000 

Subtotal $234,600 
Engineering $18,768 
10% Contingency $23460 

trOTAL ESTIMATED CONSTRUCTION COST $276828 



PROPOSED IMPROVEMENTS 
BMAWCID#1 

UI 'IIUN UNIT QUAN'", Y UN. 
A-1 r.ANAI 

EARTHWORK LF 36,000 $4 
CONCRETE LINING LF 36,000 $65 
CROSSINGS EA 5 $6,000 
GRASSING AC 0 $1,900 
MISC. SITEWORK LS 1 $15,000 

Subtotal 
Engineering 
10% Contingency 

TOTAL ESTIMATED CONSTRUCTION COST 

0-1 PIPING 
LAND AC 0 $1,000 
48" PIPING LF 42,000 $85 
CONTROL STRUCTURE LF 50 $500 
GRASSING AC 28 $1,900 

Subtotal 
Engineering 
10% Contingency 

TOTAL ESTIMATED CONSTRUCTION COST 

D-2 PIPING 
148" PIPING LF 42,000 $85 
36" PIPING LF 8,000 $60 
~4" PIPING LF 8,000 $40 
18" PIPING LF 8,000 $30 
GRASSING AC 45 $1,900 
CONTROL STRUCTURE LS 125 $500 

Subtotal 
Engineering 
10% Contingency 

iTOTAL ESTIMATED CONSTRUCTION COST 

B CANAL LINING 
EARTHWORK LF 24,000 $4 
CONCRETE LINING LF 24,000 $60 
CROSSINGS EA 5 $6,000 
GRASSING AC 0 $1,900 
!MISC. SITEWORK LS 1 $10,000 

Subtotal 
Engineering 
10% Contingency 

iTOTAL ESTIMATED CONSTRUCTION COST 

NATALIA PIPING 
136" PIPING LF 16,000 $60 
CONTROL STRUCTURE LF 10 $500 
GRASSING AC 11 $1,900 

Subtotal 
Engineering 
10% Contingency 

h"OTAL ESTIMATED CONSTRUCTION COST 

l;U::;' 

$144,000 
$2,340,000 

$30,000 
$0 

$15,000 
$2,529,000 

$151,740 
$252-,900 

$2,933,640 

$0 
$3,570,000 

$25,000 
$53200 

$3,648,200 
$218,892 
$364 820 

$4,231,912 

$3,570,000 
$480,000 
$320,000 
$240,000 

$85,500 
$62500 

$4,758,000 
$380,640 
$475800 

$5,614,440 

$96,000 
$1,440,000 

$30,000 
$0 

$10000 
$1,576,000 

$94,560 
$157600 

$1,828,160 

$960,000 
$5,000 

$20,900 
$985,900 

$59,154 
$98,590 

$1,143644 



PROPOSED IMPROVEMENTS 
BMAWCID#1 

UI::~l..t(lt' IIUN UNIT QUANTITY UN. t'Kll..t: COST 
~H.Ar:nN f{E~ERVUIK ::ilL! Ii!F-Mf)VAL 
EXCAVATION CY 315,000 $4 $1,260,000 
HAUL OFF AND DISPOSAL CY 315,000 $5 $1,575,000 
GRASSING AC 2 $1,900 $3,800 

Subtotal $2,838,800 
Engineering $170,328 
10% Contingency $283880 

trOTAL ESTIMATED CONSTRUCTION COST $3,293,008 

EXPAND PEARSON LAKE 
LAND AC 10 $1,000 $10,000 
EXCAVATION CY 194,000 $2 $388,000 
HAUL OFF AND DISPOSAL CY 194,000 $4 $776,000 
GRASSING AC 3 $1,900 $5,700 
CONTROL STRUCTURE LS 1 $20,000 $20000 

Subtotal $1,199,700 
Engineering $71,982 
10% Contingency $119,970 

trOTAL ESTIMATED CONSTRUCTION COST $1,391,652 

EXPAND JUNGMAN LAKE 
LAND AC 5 $1,000 $5,000 
EXCAVATION CY 89,760 $3 $269,280 
GRASSING AC 10 $1,900 $19,000 
CONTROL STRUCTURE LS 1 $15,000 $15000 

Subtotal $308,280 
Engineering $30,828 
10% Contingency $30828 

iTOTAL ESTIMATED CONSTRUCTION COST $369,936 

NEW RESERVOIR AT BEXAR CO. LINE ON A-1 
LAND AC 10 $1,000 $10,000 
LEVEE (Material from Pearson Lake) CY 17,000 $4 $68,000 
GRASSING AC 10 $1,900 $19,000 
CONTROL STRUCTURE LS 1 $10,000 $10000 

Subtotal $107,000 
Engineering $16,050 
10% Contingency $10JOO 

trOTAL ESTIMATED CONSTRUCTION COST $133,750 

NEW RESERVOIR SOUTH OF IH-35 ON 0-2 
LAND AC 9 $1,000 $9,000 
LEVEE CY 16,000 $4 $64,000 
HOPE LINER SY 34,000 $1 $34,000 
PROTECTIVE COVER CY 11,500 $3 $34,500 
GRASSING AC 9 $1,900 $17,100 
CONTROL STRUCTURE LS 1 $10,000 $10000 

Subtotal $168,600 
Engineering $25,290 
10% Contingency $16,860 

trOTAL ESTIMATED CONSTRUCTION COST $210,750 
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BLACKWELL, LACKEY & ASSOCIATES INC. 

December 12, 1995 

Mr. Alfredo Rodriguez 
Project Manager 

708 E. Dessau Road ~ Austin. Texas 78753 ~ (512) 251-6169 ~ (512) 251-S557 FAX 

Texas Water Development Board 
1700 N. Congress Avenue 
Austin, Texas 78745 

Subject: Final Interim Report - Medina Lake Recharge Study 
TWDB Contract No. 95-483-071 

Dear Alfredo: 

Enclosed are twelve copies of the Final Interim Report for the Medina Lake Recharge Study for the period July 1994 
through August 1995. 

Sincerely, 

BLACKWELL, LACKEY & ASSOCIATES INC. 

Arthur J. Whallon, P.G. 

cc: John Ward, BMA 
Tom Moreno, BMWD - via MLK 
Ed McCarthy, MLK 
Lou Rosenberg, P.C. - via MLK 
Rebecca Lambert, USGS 
Michael Sullivan, MSA 
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1.0 INTRODUCTION 

This draft interim report was prepared in accordance with Texas Water 
Development Board Contract No. 95-483-071 as a report of findings for the 
period July 1994 through August 1995, which is the first year of a three year 
project. The project is entitled the Hydrologic. Recharge and Water Quality 
Assessment of Medina Lake. 

Medina and Diversion Lakes are located on the Medina River in northeastern 
Medina County and southeastern Bandera County (Figure 1). Medina Lake was 
constructed in 1912 to supplement existing irrigation supplies. The Medina 
River is impounded behind the upper dam at Medina Lake. Water from the 
upper dam is discharged down a four mile canyon to a smaller impoundment, 
Diversion Lake, where it is then diverted into a system of irrigation canals. Most 
of the reservoir area of Medina Lake and Diversion Lake overlies the Glen Rose 
Limestone. 

Seepage of the impounded water in both lakes into the underlying bedrock has 
been documented by various sources. Qualitative assessments have observed 
that the channel connecting both lakes experience large seepage losses. 
Quantitative estimates have shown that seepage losses from Medina and 
Diversion Lakes range from 72,000 acre-feet per year (USBR, 1930) to 41,000 
acre-feet per year from Medina Lake itself (Lowry, 1953). In recent past, the 
U.S. Geological Survey, while utilizing Lowry's methodology, have reported 
annual estimates of the change in reservoir storage for Medina Lake to be 
similar to the seepage losses reported by Lowry in 1953. Lowry's methodology 
involved the development of empirical curves based on observations of rising 
and falling reservoir levels. It did not include streamflow or rainfall data either 
into or out of the Medina Lake system. 

Current methodologies used to calculate long term, average annual seepage 
losses from Medina and Diversion lakes, and from the connecting channel 
between them, into the underlying bedrock contain inherent imprecisions. Water 
management agencies and the scientific community have voiced important 
concerns regarding the accuracy of such calculations in determining the 
availability of excess reservoir water for downstream water users. As well, 
current water supply management practices require a greater understanding of 
the water balance of the Medina and Diversion lakes. This project has been 
organized into three phases to investigate these related issues. 

Phase I is the assessment of hydrogeologic features in and around the lake 
system which involves the mapping of geologic features and hydrogeologic units 
and an inventory of wells and springs. This work will result in a better definition 
of which aquifers are receiving lake seepage. Phase 2 will provide a water 
balance analysis of the area by measuring surface water inflows/outflows at 
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critical locations, lake capacity relationships and evaporation estimates. The 
source and magnitude of water loss from the lake system will be more reliably 
quantified. Phase 3 is the determination of surface water and ground-water 
quality in Medina and Diversion lakes and of ground water from wells in the 
adjoining land areas. The chemical characteristics of both surface and ground 
water will provide greater understanding of the dynamics of lake seepage into 
the different bedrock units that are contiguous to both lakes. 

A key factor to the project is the oversight provided to the primary team 
members by the Technical Advisory Committee (TAC). TAC members with 
particular expertise in certain areas are kept appraised of the project's progress 
and are provided monthly progress reports detailing activities, findings and 
particular problems. 
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2.0 TECHNICAL ADVISORY COMMITTEE 

The Technical Advisory Committee (TAC) is comprised of technically qualified 
and respected members of the scientific and regulatory communities. The 
members of the TAG review all phases of this project at meetings convened on 
a quarterly basis, assist in the execution of specific tasks, critique and provide 
comment of preliminary and final project results, and serve as overall technical 
consultants to the Project Team during the course of these investigations. The 
TAC is comprised of representatives of the following organizations: 

• Bexar Metropolitan Water District (Bexar Met), 
• Bexar-Medina-Atascosa Counties WCID No.1 (BMA), 
• U.S. Geological Survey (USGS), 
• Texas Water Development Board (TWDB), 
• Texas Natural Resource Conservation Commission (TNRGC), 
• Texas Parks and Wildlife Department (TP&WD), 
• San Antonio Water System (SAWS), 
• Edwards Underground Water District (EUWD), 
• San Antonio River Authority (SARA), 
• Medina County Underground Water Conservation District (MCUWCD), and 
• Springhill Water Management District (SWMD). 

The TAG met on five occasions during the first year of the project at 
dates/locations indicated below: 

• July 15, 19941 Plaza San Antonio 
• October 7, 19941 San Antonio River Authority 
• January 6, 19951 Castroville and Project Field Sites 
• April 21, 19951 Edwards Underground Water District 
• August 24, 19951 U. S. Geological Survey 

These meetings were conducted in a forum that combined formal presentations 
by the Project Team followed by a question and answer period where all 
members were given the opportunity to hear from other TAC members and 
contribute to the meeting. Presentations have included topics such as: 

• Site selection of field monitoring sites 
• Hydrogeologic mapping 
• Rainfall and streamflow characteristics 

The Project Team has benefited from direct assistance by members of the TAC 
in the following areas: 1) personnel and equipment during the installation of 
monitoring equipment, 2) equipment for the measurement of streamflow data, 3) 
personnel to assist in the selection of field monitoring sites and 4) personnel 
and equipment to conduct technical oversight in areas involving field data 
collection and data analysis. 
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3.0 PHASE 1 - HYDROGEOLOGIC ASSESSMENT 

Phase 1, which is an inventory and hydrogeologic assessment of the area, is 
being performed by the USGS. The hydrogeologic assessment includes field 
mapping of rock units that compose the Edwards and Trinity aquifers and a well 
inventory in the study area. A geologic and hydrogeologic map of the study area 
will be constructed which will include the identification of lithostratigraphic units 
of the Trinity and Edwards aquifers exposed in outcrop. An inventory of wells 
and springs in the study area, along with existing historical well data, will be 
used in Phases 2 and 3 to develop a three-dimensional conceptual model of the 
hydrogeology around Medina Lake and Diversion Reservoir. Available water
level measurements will be used to establish the depth to groundwater in 
inventoried wells and, if possible, determine the regional direction of ground
water flow in the Edwards and Trinity aquifers in the study area. The USGS will 
document this effort in a Phase 1 report. 

3.1 Scope of Work Revisions 

The scope of work proposed for the hydrogeologic assessment (Phase 1) is 
approximately 85-90 percent complete. Phase 1 tasks included 1) the 
compilation of available historical data, 2) field mapping of geologic features and 
hydrogeologic units of the Edwards and Trinity aquifers, 3) inventory of wells 
and springs, and 4) construction of cross sections and GIS coverages of the 
hydrogeologic units in the study area. The task of constructing geologic cross 
sections and water-level elevation maps will be completed in FY96. A 
preliminary draft report detailing the results of the field mapping was provided for 
review and comment to the TWDB and the Local Sponsors in October, 1995. 
The report is currently being peer reviewed at the USGS and will be finalized in 
March, 1996. 

3.2 Findings 

Significant findings, accomplishments and percent complete estimates for Phase 1 
are described below in the following six tasks: 
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Seepage losses from Medina and Diversion Lakes have been documented by 
the USGS and other sources since completion of the irrigation structures in 
1912. Historically, all of the water lost from the lakes has been assumed to enter 
the Edwards aquifer, either directly or indirectly through the Trinity aquifer. The 
overall objective of Phase 1 has been to determine if this assumption could be 
validated by more precisely mapping the geologic features and hydrogeologic 
units exposed in outcrop. Previous hydrogeologic investigations in the area 
mapped individual rock units only to the group or formation level, separating the 
Edwards Group (Edwards aquifer) from the Glen Rose Limestone (Trinity 
aquifer). One of the most recent maps, the geologic map of Texas published by 
the Bureau of Economic Geology (BEG) in 1992, shows geologic unit mapping at 
the Group and Formation level. The BEG map shows that Medina Lake is 
underlain by the Glen Rose Limestone, and that the intervening canyon between 
the two dams and Diversion Lake is underlain by the Edwards Group. 

Compilation of historical data and field mapping (tasks 1 and 2) of the 
hydrogeologic assessment have been completed and the information is being 
used to develop a GIS coverage of the hydrogeologic units and structural 
features in the study area. This coverage is included in the draft report submitted 
by the USGS in October, 1995. Information was compiled from historical 
geologic and hydrogeologic maps, geologic cross-sections, geophysical and 
driller's logs, aerial photos, and other available pertinent information on Medina 
and Bandera Counties for use in field mapping. Next, the hydrogeologic units in 
the Medina and Diversion Lakes watershed were mapped. The mapping units 
were based on the hydrogeologic units defined in Maclay and Small (1976) for 
the Edwards aquifer and the geologic units modified from those defined in 
Stricklin, Smith, and Lozo (1971) for the Trinity deposits comprising the Trinity 
aquifer. Distinct marker beds, such as the regional dense member of the Person 
Formation (Edwards aquifer), and the Corbula bed and the evaporite zones in 
the Glen Rose Limestone (Trinity aquifer), were used as stratigraphic identifiers 
of the Glen Rose Limestone when possible. The porosity and permeability 
characteristics of each mappable unit were described. Structural and karst 
features, including faults and fractures, caverns, and sinkholes were also 
recorded. 

Results from the field mapping confirmed the conclusion reached by previous 
investigations - that Medina Lake lies on rocks of the Upper Glen Rose 
Limestone. The upper end of Diversion Lake and the intervening canyon 
between the two dams also lie on the Upper Glen Rose Limestone, not on rocks 
of the Edwards Group as previously assumed. The lower end of Diversion Lake 
(near the dam) lies on a thin section of the lowermost unit in the Edwards Group 
- the Basal Nodular member. Rocks of the Edwards Group are present in the 
study area, primarily on the southern side of Medina Lake. In this region, rocks 
of the Edwards Group form the caps and bluffs on the hills surrounding the lake. 
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By separating the Edwards Group into smaller hydrogeologic units as described 
in Maclay and Small (1976), a more precise determination of the relative 
stratigraphic position in the section is being made and will be documented in the 
Phase 1 report by the USGS. The lithologic and hydrologic properties of the 
hydrogeologic units of the Edwards aquifer are similar to those that were 
mapped by Stein and Ozuna (1995) in Bexar County (Table 1). Most of the 
Edwards rocks that may be hydrologically connected with the lake system at 
higher lake stages are primarily from the Kainer Formation, stratigraphically the 
lowest formation in the Edwards Group. These rocks are exposed in outcrop as 
caps on the hills and bluffs to the south and west of Medina and Diversion 
Lakes. 

As part of the hydrogeologic assessment (task 3), approximately 160 wells and 
13 springs have been inventoried and field checked. Most of the inventoried 
wells are completed in rocks of the Trinity Group - primarily the Glen Rose 
Limestone and the Travis Peak Formation. These wells are located to the 
northwest, north and east of Medina Lake. Some Edwards wells have been 
inventoried, but these wells are located primarily to the south and west of 
Medina and Diversion Lakes. Information on existing wells and springs was 
obtained from files of the USGS, TWDB, EUWD, MCUWCD, SWMD, and other 
local agencies, drillers, and interested parties in the area. All of the inventoried 
well and spring information will be entered into the USGS's ground-water 
database and forwarded to the TWDB for assignment of a state well number in 
FY96. Water-level measurements were made, when possible, at each 
inventoried well. The water-level measurements will be used to determine the 
altitude of water in the Trinity and Edwards aquifers and if possible, determine 
the ground-water flow gradient in the vicinity of the lakes. 
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Table 1. Summary of the lithologic and hydrologic properties of the hydrogeologic subdivisions of the 

Edwards aquifer outcrop. Bexar County. Texas 

[Hydrogeologic subdivisions modified from Maclay and Small (1976); groups, formations, and members modified from Rose 

(1972); lithology modified from Dunham (1962); and porosity type modified from Choquette and Pray (1970). eu, confining unit; 

AQ. aquifer] 

Hydrogeologic 
Group, Hydro-

Thickness Field Cavern Porosity! 
formation, logic Lithology 

subdivision 
or member function 

(feet) 

~ 
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" u 
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5 
t 
0. 
0. 

=> 

" g 
~ 

U 
0 • 0 

..J 

Upper Eagle Ford Group eu 30·50 Brown, flaggy shale and 
confining argillaceous limestone 

units Buda Limestone eu 40 - 50 Buff, light gtay, 
dense mudstone 

Del Rio Clay eu 40 - 50 Blue-green to 
yellow-brown clay 

I Gt!'orgetown Karst AQ; 2 - 20 Reddish-brown. gray (0 

Formation nol karst light tan marly 
eu limestone 

~ Cyclic and AQ 80 - 90 Mudstone to packstone; 
marine miiio/id grainstone; 
members, chert 

0 
undivided 

~ S 
Le:J.ched and AQ 70·90 Crystalline limestone; ;; 

E collapsed mudslone to 
~ 
0 

members. grainstone; chert; 

§ undivided collapsed breccia 

" "-

rv-
I 

Region::J.1 eu 20 - 24 Dense. argillaceous 
"- dense muds lOne 0 

~ 0 
member 

y- ~ 
C; 

" "2 Grainstone AQ 50 - 60 Miliofid grainstone: 

"" ~ member mudslone 10 -
~ wackeslone; chert 

~ Kirschberg AQ 50 - 60 Highly altered crystalline 
evaporite limestone: Chalky 
member mudstone: chert 

ViI § 
Dolomitic AQ 110 - 130 Mudstone to grainstone; 

~ member crystalline limestone; 
g 

chen ? 

ViiI '" Basal nodular Karst 50- 60 Shaly, nodular 
member AQ; limestone; mudstone 

not karst and miliolid grainstone 
eu 

Lower Upper member of the eu; 350- 500 Yellowish tan, thinly 

confirung Glen Rose evaporite bedded limestone 

Unit Limesrone beds AQ and marl 
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Identification development permeability type 

Thin flagstones; None Primary porosity losr/ 
petroliferous low penneability 

Porcelaneous limestone Minor surface karst Low porosilynow 
with calcite-filled permeability 

veins 

Fossiliferous; None None/primary upper 
Ilymatogyra arietina confining uml 

Marker fossil; None Low porosityllow 
Waconella permeabiliry 
W{lcoensis 

Thin graded cycles; Many subsurface: L:uerally extensive; both 
massive beds to may be associated fabric and nor f:J.bricl 
relatively thin beds; with earlier \I,:J.ter-yiddmg 

crossbeds karst development 

Bi oturbated ira n-s tai ned Extensive lateral }'bjorily not fabric/one of 

beds separated by development; large the most perme::J.ble 
massive limestone rooms 
beds; stromatolitic 
limestone 

Wispy iron-oxide Very few; only Sal f:J.bncllow 
stains vertical fracture permeabiliry: vertical 

enlargement barrier 

White cross bedded Few :-';01 fabricl 
grainstone recrystallization 

reduces permeability 

BOllwork voids. with Probably extensive ~Iajonty fabnc/one of the 
neospar and travertine cave development most penneable 
frame 

Massively bedded Caves related to Mostly nor fabric: some 
light gray. TOllctJsia structure or bedding bedding plane-fabric! 
abundant planes water-yielding 

Massive. nodular and Large lateral caves at Fabric; stratigraphically 
mottled. Exogyra surface: a few caves controlled/large conduit 
texana near Cibolo Creek flow at surface; no 

permeabiliry in 
subsurface 

Stair-step topography; Some surface cave Some water production at 
alternating limestone development evaporite bedsl 

and marl relatively impenneable 
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4.0 PHASE 2 - WATER BUDGET 

Phase 2 consists of the development of a water budget for the Lake Medina and 
Diversion Reservoir System, and is being performed jointly by the engineers 
representing the Local Sponsors, the U.S. Geological Survey, and the Texas 
Water Development Board. Representatives of the USGS perform Quality 
Assurance oversight and provide the Local Sponsors with written guidance and 
field training to conduct Phase" activities in accordance with U.S. Geological 
Survey protocol. Representatives of the TWDB completed the bathymetric 
survey on Medina Lake and Diversion Lakes in July 1995. 

4.1 Scope of Work Revisions 

The initial scope of work for Phase 2 provided that the Local Sponsors and the 
Texas Water Development Board would collect, analyze and present the 
findings of the data gathered from all of the hydrologic monitoring stations and 
that the U. S. Geological Survey would provide oversight on a regular basis as a 
member of the TAC. Other members of the TAC expressed an interest that the 
protocols of the USGS would be followed during the actual data collection and 
analysis so that a standard familiar to the TAC members was incorporated into 
the water budget analyses. In discussions with the Local Sponsors and the 
TAC, it was decided that the USGS would assume the role of lead technical 
agency during Phase 2. 

Representatives of the USGS are performing Quality Assurance oversight and 
have provided the Local Sponsors with written guidance and field training to 
conduct Phase 2 activities in accordance with USGS protocol. The USGS will 
review all surface water data collected by the Local Sponsors, program and load 
all data into the USGS surface water data base (ADAPS) and provide training on 
the use of ADAPS, conduct quality assurance field trips and storm-event field 
trips, maintain and operate the Medina Lake weather station, estimate 
evaporation and prepare a preliminary water budget. 

4.2 Findings 

Significant findings, accomplishments and percent complete estimates for 
Phase 2 are described below in the following four tasks: 

EstablishMonitor Sites 
Hydrologjc Data Collection 
Bathymetric Survey 
Hydrologic·DataAnalysis 
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As indicated by the percent complete figures, the first year efforts were directed 
toward establishing site locations and installing monitoring equipment at all of 
the sites. Approximately one-half of the monitoring sites were installed and 
began reporting hydrologic data during May-June, 1995. Installation of the 
remaining sites was completed during July-August, 1995. 

4.2.1. Establish Monitor Sites 

Reconnaissance for acceptable sites were conducted by the Local Sponsor's 
Project Engineers, Remote Operating Systems (ROS), and the USGS. ROS was 
selected to supply all real-time monitoring equipment for the streamflow gaging 
stations, rainfall stations and the weather station at the Main Dam. The primary 
consideration in the selection of ROS is their current contract with the EUWD to 
install and maintain an extensive network of streamflow and rainfall stations 
within the Medina River basin. The USGS provided all equipment for the 
weather station on the lake. 

Factors affecting the final selection of each site involved the accessibility of the 
site for measurement during regular and peak flow events, condition of the 
channel cross-section, the ability to make a discharge measurement, slope 
stability, and range of possible flow conditions per U.S. Geological Survey 
oversight and protocol. Site selection also included obtaining permission to 
install and operate the station from the proper authorities and/or landowners. 

The site types were categorized as either a recording streamflow station, a 
recording weather station, a recording precipitation station, a recording lake 
level station or a non-recording peak-stage station. A recording station contains 
a specific ROS sensor(s) that continuously transmits, in six minute intervals, real 
time data to the project's Master Terminal Unit (MTU). A non-recording station 
must be physically visited to record the peak stage of a runoff event. The 
project's MTU is located in the offices of BMA's District Engineer in San Antonio. 
Attachment A is a description of each site and the monitoring equipment that has 
been installed. 

Eight (8) streamflow stations, two (2) weather stations, seven (7) precipitation 
stations (includes one at each weather station), two (2) lake level sensors and 
four (4) peak stage stations have been instrumented and are reporting data. In 
addition, four recording precipitation stations operated by the EUWD in the 
general area of the lake system are available to the project team and are used 
primarily as advance warning of rainfall events. One of the weather stations is 
located on land at the west side (spillway side) of the Main Dam and the other 
station is on the lake surface, moored on a platform off of Walton Island, about 
two miles north of the dam. A description of the monitoring equipment and a 
map showing the location of each site is provided in Attachment A. 
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A broad-crested weir was installed in the main canal immediately downstream of 
the Diversion dam to improve the gaging of canal flows into irrigation system. 
This flow control structure will also provide a more accurate measure of 
discharge from Diversion Lake. 

4.2.2. Hydrologic Data Collection 

At all recording stations, unit values of river stage, lake stage, rainfall and 
climatic data are collected on a continuous basis at six minute increments to 
document the intensity and duration of a particular parameter. These data are 
transmitted via radio signals from each individual field unit to the Bandera 
microwave tower. The Local Sponsor's MTU has a direct telephone line to the 
tower that queries the tower every six minutes for data from each site. These 
data are transmitted to the MTU so that real time information can be observed at 
any time for any field station. 

Alarm levels are programmed into the MTU that will call selected telephone 
numbers and inform the individual that a certain station has reached an alarm 
limit. This information is used to determine if a field trip is immediately required 
to measure streamflow in rising streams. 

Five field trips to measure both baseflow and stormflow events have been 
undertaken since May, 1995. Measurements have recorded streamflows at all 
eight recording stations and at three of the four peak-stage stations. The data 
collected during these measurement events are summarized in Attachment B. 
Hydrologic data collection during the summer of 1995 has shown the short 
duration of runoff in the watersheds around Medina Lake. 

Surveys have been conducted at all streamflow sites for use in generating stage
discharge rating curves at each of the sites. 

4.2.3. Hydrologic Data Analysis 

The analysis of the hydrologic data collected during the first year has been 
limited to measurements of streamflow and the preparation of field survey data 
for use in developing rating curve information. Extensive analyses will be 
undertaken during the second year of the project to include the development of 
rating curves and stage discharge relationships for each site. 

Stream discharges are computed immediately following a field trip. These 
analyses are reviewed and confirmed by USGS personnel for accuracy and 
consistency with USGS protocols. The stream discharge measurements are 
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summarized in Attachment B. Raw stage data recorded in all stream-level 
sensors and daily rainfall amounts measured at all continuous precipitation 
stations are illustrated in Attachment C. 

A preliminary rating curve for the broad-crested flume that was installed in the 
main canal immediately downstream of the Diversion dam was completed 
following its installation in June, 1995. Field verification of the rating curve for 
the flume is being conducted. This flow control structure has allowed a more 
efficient means of gaging outflows entering the downstream irrigation system. 

To accurately determine the amount of loss from Medina and Diversion Lakes to 
the ground-water system, a water balance for each lake will be constructed to 
account for all components that affect storage in the lakes. The water balance 
will be solved for ground-water outflow thus: 

GWout = Ppt + SWin + GWin - SWout - E (+1-) SChange 

Precipitation (Ppt) is being measured on a continuous basis at seven recording 
precipitation stations (Attachment A). Components of surface-water inflow and 
outflow (SWin and SWout) are being determined by continuous monitoring of stage 
at eight gaging stations (Attachment A). Evaporation (E) will be estimated in a 
mass balance approach using continuously recorded data from two weather 
stations, one on the land at the Main Dam and one on the lake. These stations 
are recording wind speed, air temperature, relative humidity and lake surface 
temperature. An evaporation pan at the land weather station is also being 
monitored in an attempt to correlate the mass balance estimates with the pan 
data in order to derive a reasonable lake pan coefficient. Ground-water inflow 
(GWin) is assumed to be insignificant over the time frame of several months to 
years because the regional water table is well below the altitude of the lake. 
Lake storage changes (Schange) will be monitored by a continuous stage recorder 
at each lake and a stage-to-volume relationship that is being developed through 
the bathymetric survey. 

4.2.4. Bathymetric Survey 

The Texas Water Development Board conducted a bathymetric survey of both 
Medina and Diversion lakes during the summer of 1995. The data collected is 
being analyzed by TWDB staff and a final report of this work will be completed 
and distributed in February or March, 1996. A draft version of bathymetric 
survey map is included in Attachment D. It does not include surveyed 
information above the water surface of the lake at the time of the field survey but 
will be amended to show this area. 
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5.0 PHASE 3 - WATER-QUALITY ASSESSMENT 

The water-quality assessment (Phase 3), will be performed by the U.S. 
Geological Survey (USGS). The primary objective of Phase 3 is to characterize 
the quality of water in the Medina and Diversion Lakes watershed, and 
determine, if possible, regions where lake water may enter the Edwards or 
Trinity aquifers. Water-quality samples from selected ground- and surface-water 
sites will be collected and analyzed for selected inorganic constituents, trace 
elements, nutrients, and stable isotopes (Table 2). These analyses will provide 
additional information on the hydrologic communication between the lakes and 
the aquifers. The isotopic analyses will be used to determine the "source" of 
water in samples and, if possible, to trace the isotopic signature of surface water 
from Medina and Diversion Lakes into the Edwards or Trinity aquifers. 

5.1 Scope of Work Revisions 

The scope of work proposed for the water-quality assessment (Phase 3) is 
approximately 5-10 percent complete. Phase 3 tasks include 1) selection of 
water-quality sampling sites, 2) collection of water samples at 35 ground-water 
sites, 3) collection of water samples at 3 surface-water sites, and 4) analysis of 
water-quality and hydrogeologic data. The selection of ground- and surface
water sampling sites has been completed. A map is being prepared which will 
show the locations of all surface water and ground-water sampling sites. 

Initial collection of surface-water samples was conducted in May 1995 to allow 
for additional site selection and installation of gaging equipment by the Local 
Sponsors. Surface water samples were collected at site locations: # 6 (Koenig 
Creek), # 7 (Medina River below Main Dam) and # 9 (Medina River below 
Diversion Dam) during May, 1995. Lake water samples were collected during 
May and August, 1995. Surface water samples will be collected during 
November, 1995 at site locations: # 1 (Medina River at English Crossing), # 7 
(Medina River below Main Dam) and # 9 (Medina River below Diversion Dam). 

A greater percentage of wells completed in the Trinity aquifer were selected for 
ground-water sampling because of problems in obtaining enough wells 
completed in the Edwards aquifer that were suitable for sampling. Ground-water 
sampling was rescheduled to July 1995 so that additional inventory of wells on 
the south and west sides of Medina Lake could be conducted to locate more 
wells completed in the Edwards aquifer. Sampling of the ground-water sites 
began the last week of July and three wells were sampled. At that time, Phil 
Nordstrom (TWDB) indicated that TWDB probably would not be billed for any 
samples sent to the Texas Department of Health Lab (TDHL) until the next fiscal 
year when TWDB would no longer have a contract with the TDHL. Based on this 
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information, the USGS and TWDB agreed to postpone collection and processing 
of additional samples until TWDB finalizes a contract with the new lab. 
Postponing the collection and analysis of samples will maintain the integrity of 
the dataset because both rounds of sampling will be analyzed by a single lab, 
thus decreasing the potential for errors introduced by multiple labs. The first 
ground-water sampling event will occur in November, 1995. 

5.2 Findings 

Significant findings, accomplishments and percent complete estimates for Phase 
3 are described below in the following six tasks: 

Surface-water sampling began in May 1995. Water-quality samples were 
collected at three sites (Nos. 6,7 and 9 - see Attachment A Figure A-1) and 
analyzed for standard inorganics, trace elements, and nutrients (Table 2). Two 
water-quality surveys to determine the stratification characteristics of Medina 
Lake were conducted in May and August 1995 at five transect locations. The five 
sites are located at the upper end of the lake (riverine environment), the mid
section of the lake near Mormon Bluff (transition zone), approximately 500 ft 
upstream of the main dam, Elm Cove, and Habys Cove. At each transect, a 
depth profile along the transect was made. At the center portion of each 
transect, measurements of temperature, specific conductance, pH, and 
dissolved oxygen were collected at 10ft intervals. The results of this water
quality survey indicate that Medina Lake was well-mixed in May and August, and 
did not show any stratification. Additional surveys will be conducted in the fall 
and winter to determine if stratification does occur. 

Additional water-quality results are expected within the next few months from 
samples submitted to the Texas State Health Lab. Results from the isotopic 
analysis are not yet available from the National Water Quality Lab, but are 
expected within six months. 
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Major Anions/Cations 

Sulfate 
Chloride 
Fluoride 

Silica 

Isotopes 

Oxygen 
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TABLE 2 

Water Quality Parameters 
Surface Water and Ground Water 

Trace Elements 

Arsenic 
Barium 

Beryllium 
Bromide 
Cadmium 
Chromium 

Cobalt 
Copper 

Iron 
Lithium 

Lead 
Manganese 

Mercury 
Molybdenum 

Nickel 
Silver 

Strontium 
Vanadium 

Zinc 
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Nutrients 

Nitrate-N 
Nitrite-N 

Ammonia-N 
Kjeldahl- N 

Orthophosphate-P 

Water Properties 

Alkalinity 
Conductance 

pH 
Temperature 
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FIGURE 1 
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ATTACHMENT A 

HYDROLOGIC DATA COLLECTION SITES 

The following is a brief description of each site and the hydrologic monitoring 
equipment that has been installed to assess the volume of seepage of ground
water outflow from Medina and Diversion Lake into the Edwards and Trinity 
aquifers. The hydrologic data which will be collected includes: precipitation, 
streamflow, water stage during storm events, lake levels and lake evaporation . 

The Site # designation is used for SMA water management issues. The alpha
numeric designation following the site's name is used for the combined 
SMNEUWD real-time data collection system. If this designation is absent, then 
the data is collected during site visits or from a non-transmitting data logger (Site 
5A). 

FINAL INTERIM REPORT. FISCAL YEAR 1995 
HYDROLOGIC. RECHARGE AND WATER aUALnY ASSESSMENT OF MEDINA LAKE 
DECEMBER, 1995 



HYDROLOGIC MONITORING SITES 



Site #1 Medina River at English Crossing - BA 02 

Site No. 1 is located on the Medina River upstream of the low water crossing at 
English Crossing, near its confluence with Medina Lake. This site collects 
perennial streamflow data as inflow into Medina Lake from a watershed area of 
approximately 310,000 acres, or about 76 percent of the Medina Lake 
watershed. The installation, maintenance and rating of this site is being 
performed under another contract by the Edwards Underground Water District 
(EUWD) and the United States Geological Survey (USGS). The USGS has 
designated this site as one of three surface water stations for water quality 
characterization. 

The monitoring equipment installed at this site include: 

FINAL INTERIM REPORT· FISCAL YEAR 1995 
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SITE #1 
MEDINA RIVER AT ENGLISH CROSSING - BA 02 

Looking upstream about two miles above Medina Lake; RTU pole in 
front of park sign. 

Looking southeast; river flow left to right 



Site #2 Red Bluff Creek - BA 01 

Site No.2 is located on Red Bluff Creek at the FM 1283 bridge crossing. This 
site collects ephemeral streamflow data as inflow to Medina Lake from a 
watershed area of approximately 40,000 acres, or about 10 percent of the 
Medina Lake watershed. The installation, maintenance and rating of this gage 
site is performed under another contract by EUWD and USGS. BMAlBMWD 
has added an ROS Raingage to the EUWD equipment at this site to record 
continuous precipitation data. 

The monitoring equipment installed at this site includes: 
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SITE #2 
RED BLUFF CREEK - BA01 

Looking upstream; about one mile above Medina River. 



Site #3 Elm Creek - BMA 03 

Site No. 3 is on Elm Creek at the FM 1283 bridge crossing. This site collects 
ephemeral streamflow data as inflow into Medina Lake from a watershed area of 
approximately 10,000 acres or about three percent of the Medina Lake 
watershed. The site also includes a raingage to collect continuous precipitation 
data. 

The monitoring equipment installed at this site include: 
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SITE #3 
ELM CREEK - BMA 03 

Looking upstream; about one-half mile above Medina Lake. 

RTU pole with solar panel and cone shape raingage. 



Site #4 Unnamed Creek 

Site No.4 is located on an ephemeral, unnamed creek, south of Mescal Creek, 
at the FM 1283 bridge crossing east of the lake. This site collects peak stage 
data, on the upstream and downstream side of the bridge, as inflow into Medina 
Lake from a watershed area of approximately 4,000 acres or about one percent 
of Medina Lake watershed. 

The monitoring equipment installed at this site include: 
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SITE #4 
UNNAMED CREEK 
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Crest stage gage 

Looking downstream; about one-half mile above Medina Lake. 
Red pipe deflects large debris from gage. 

Downstream crest stage gage anchored to culvert abutment. 



Site #5 Main Dam Weather Station - BMA 05 

Site No.5 is located at the west end of the Medina Lake dam. This site consists 
of a weather station, a lake temperature probe and a lake level sensor. The 
weather station is located on the land surface at the western side of the dam and 
the lake level sensor is located about 20 feet from the existing wire weight gage. 
The weather station continuous records various climatic parameters, including 
evaporation pan data in order to compute evaporation as outflow from Medina 
Lake. A lake evaporation pan coefficient will also be calculated. 

The monitoring equipment installed at this site include: 
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SITE #5 
MAIN DAM WEATHER STATION - BMA 05 

Weather station on west side of main dam; evaporation pan on 
ground with 1.5 foot level sensor. 

Lake water temperature probe anchored to buoy approximately 
100 feet from dam. 



SITE #5 
MAIN DAM WEATHER STATION - SMA 05 

Level Sensor 

Lake level sensor at Medina Lake, looking east. 



Site #5A Medina lake Weather Station 

Site 5A is located on Medina Lake about two miles north of the dam on a floating 
platform moored off of Walton Island. The station will collect climatic data 
similar to the land weather station on the main dam, except as noted below. The 
USGS installed and will maintain this station for the length of the project. The 
data from this station will be recorded onto an on-site data logger and serviced 
every 2-4 weeks. The data from this site is not included in the BMAlEUWD real
time data collection system. 

The monitoring equipment installed at this site include: 

FINAL INTERIM REPORT· FISCAL YEAR 11l1l5 
HYDROLOGIC. RECHARGE AND WATER aUALlTY ASSESSMENT OF MEDINA LAKE 
DECEMBER 1995 



Site #6 Koenig Creek - SMA 06 

Site No. 6 is located on Koenig Creek at a county road crossing about 200 feet 
upstream from its confluence with the Diversion Lake. This site will collect peak 
stage data as inflow into Diversion Lake from a watershed area of approximately 
3500 acres. 

The monitoring equipment installed at this site include: 
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SITE #6 
KOENIG CREEK - BMA 06 

Looking upstream about 300 feet from the Medina Riverbelow the main dam. 

Looking downstream at backwater near confluence with Medina River below 
the main dam. 



Site #7 Medina River Below Main Dam - BMA 07 

Site No. 7 is located approximately 1500 feet downstream of the Medina Lake 
dam. This site collects streamflow data as outflow from Medina Lake and as 
inflow into Diversion Lake. The USGS has designated this site as one of three 
surface water stations for water quality characterization. 

The monitoring equipment installed at this site include: 
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SITE #7 
MEDINA RIVER BELOW MAIN DAM - BMA 07 

Looking upstream at left bank with backwater in background. 

Looking upstream from right bank. 

Looking upstream at staff plate and crest stage gages on right bank of channel 



Site #8 a,b,c Diversion Dam - ME 05 

Site NO.8 is located at the Diversion Lake dam. This site collects lake level data 
(8a), flow data at the head of the irrigation canal system as outflow from 
Diversion Lake (8b) and streamflow data on the Medina River as outflow from 
the Diversion Lake (8c). The EUWD has installed the RTU and the lake level 
sensor. 

The monitoring equipment to be installed at this site include: 
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SITE #8 
DIVERSION DAM - ME 05 

looking east at Diversion Dam. 

looking downstream at main canal, broad crested flume in background. 



SITE # 8 
DIVERSION DAM - ME 05 

Looking downstream on Medina River below Diversion Dam and 
above Haby's Crossing Fault. 

Looking upstream on Medina River below Diversion Dam and 
above Haby's Crossing Fault. 



SITE # 8 
DIVERSION DAM - ME 05 

Press-to-read box on top of canal turn
out; canal gate controls on right. 

Looking east from ridge above Diversion Dam. 



Site #9 Medina River below Diversion Dam - ME 04 

Site No. 9 is located on Medina River about 4500 feet downstream of the 
Diversion Dam. This site collects perennial streamflow data between the 
Diversion Dam and Habys Crossing fault, which is located about 150 feet 
upstream of the gage site. The USGS has designated the outflow gage to the 
Medina River as one of three surface water stations for water quality 
characterization. The installation, maintenance and rating of this site is being 
performed under another contract by EUWD and USGS. 

The monitoring equipment installed at this site include: 
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SITE#9 
MEDINA RIVER BELOW DIVERSION DAM - ME 04 

Looking downstream at low-mid stage level sensor. 

Looking upstream at high stage level sensor and staff plate. 



Site #11 Cypress Creek - BMA 11 

Site No. 11 is located near the confluence of Cypress Creek and Medina Lake 
on the west side of the lake. This site collects perennial streamflow data from a 
watershed area of approximately 10,000 acres or about three percent of the 
Medina Lake watershed. A raingage is also at the site to collect continuous 
precipitation data. 

The monitoring equipment installed at this site include: 
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SITE # 11 
CYPRESS CREEK - SMA 11 
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looking upstream about one-half mile from Medina lake. 

looking downstream about one-half mile above Medina lake. 



Site #12 Bruins Creek - BMA 12 

Site no. 12 is located near the confluence of Bruins Creek and Medina Lake on 
the west side of the lake. This site collects peak stage data from a watershed 
area of approximately 6000 acres or about one and one half percent of the 
Medina Lake watershed. A raingage is also located higher in the watershed of 
Bruins Creek to collect continuous precipitation data. 

The monitoring equipment installed at this site include: 
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SITE # 12 
BRUINS CREEK - BMA 12 

Looking upstream about 300 feet from Medina Lake. 

Near Walker Ranch pond about 1.5 miles above Medina Lake. 



Site #13 Rocky Creek 

Site No. 13 is located near the confluence of Rocky Creek and Medina Lake on 
the west side of the lake. This site col/ects peak stage data from a watershed 
area of approximately 4000 acres or about one percent of the Medina Lake 
watershed. 

The monitoring equipment instal/ed at this site include: 
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SITE # 13 
ROCKY CREEK 

Looking upstream from Old Castroville Road. 

Looking upstream about 400 feet from Old Castroville Road. 
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Ivll:UIIJ.. LAK~ ~,,,JAMFLuv. ",10 RAlm-"LL10ATA 

Site No_ Site Name Date CSG GH Avg. Ve Disehg. Rainfall Patterns 
Ft. Ft. FUSee CFS Month/Dav=lnehes 

Site No. Site Name Date CSG GH Avg.Ve Disehg. Rainfall Patterns 
Ft. Ft. FUSee CFS Month/Dav=lnehes 

11 BA02 MR @ English Crossing Apr 26,95 na TD=2.2 2.19 76.9 
s May 30, 95 na no SP --- ---

Jun 20 95 na TD=2.0 1.02 144 
Jun 30 95 na TO=-O.87 1.36 319 
Aug 17,95 na 3.07 0.5 531 

21 BA01 Red Bluff Creek NJr26,95 na TO=2.46 0 0 4/17=0.56 
s,r May 30, 95 na 1.07 --- --- 5/5=0.53; 5/6=0.37; 5/8=1.48; 5124=0.86; 5127=0.66 

Jun 1995 na TD=0.1 0.3 0.71 5/30=3.59; '6/11-0.65; 6/18-0.21; 6126-0.95; 6/29-1.69; 
Jun 29,95 2.57 TD=-19.71 1.43 120 713=0.69; 7/6=0.12; 8121=1.15' 8128=1.15: 8/31=0.16 
Aug 18,95 0 0 0 0 

3/BMA03 Elm Creek May 5 95 0 --- --- - -- 8/12=0.03; 8113=0.19; 8118=0.03; 8/19=0.03 
s,r May 30, 95 0 TD=16.65 0.79 1.61 8121 =0.23; 8/31 = 1. 79 

Jun 12, 95 1.5 TD=15.1 0.82 1.91 
Jun 19,95 na TD-16.82 0.89 0.39 
Jun 29,95 0 TD-16.37 1.15 4.66 
Aug 18,95 0 TD-15.65 0.19 0.035 

Sept 20,95 1.75 TD=14.60 101 11.1 
Oct 6,95 0 TD=17.01 0.14 0.184 

4/- - Unnamed Creek May 5, 95 U&O =0 - -- no flow ---
csg Mav31,95 U&O-O --- - - - - - -

Jun 19,95 na na na na 
Aug 18,95 0 na na na 

5/- - Main Oam Weather Sta Operational Auaust 1995 
r,lI.cl,e 

5/- - Lake Weather Station Operational in Auaust 1995 
r,cl 

6 Kaenig Creek May 5,95 0 0.80 --- ---
csg May31,95 0 0.86 - - - - - -

Aug 18,95 0 1.46 0.5 0.77 

s-stage recorder. r-raingage. II-lake level, csg-crest stage gage, d-weather station, e-evaporahon pan 



~,t:u",~ LAK~ :" KJAMFLuvv II,JO RAINt-ALL10ATA 

-----

Site No. Site Name Date CSG GH Avg.Ve Disehg. Rainfall Patterns 
Ft. Ft. FUSee CFS Month/Day=lnehes 

71 BMA07 MR bel Main Dam Jun 1, 95 0.58 1.62 0.89 34.3 
i s Jun 27, 95 0.43 2.36 1.43 89.1 
I Aug 18,95 0.54 2.76 1.99 146 
I Oct 5,95 0.65 1.59 0.99 32.8 

Sa I ME05 Lake Level @l Div Dam 
II 

I Bbl ME05 Canal bel Div Dam May 8, 95 2.83 1.82 --- - -- 5I28=On; 5/30=1.28; 6/11=2.27; 6126=0.16; 6129=4.61; 
s,r Jun 1, 95 3.26 dlY --- --- 713=0.69; 8/13=0.53 

Jun 13,95 --- 2.64 1.81 35.3 
Jun 13, 95 --- 2.85 2.27 52.0 
Jun 13, 95 --- 3.67 3.23 120.6 
Jun 13, 95 --- 3.67 3.37 126 
Jun 20, 95 --- 3.52 3.20 109.8 

I, Oct 5,95 --- 1.61 2.51 70.4 

I, 8cl ME05 MR bel Div Dam Mar 8,95 none --- 0.58 3.23 
Mar 8,95 na 0.54 2.7 

s May 8, 95 0 1.29 - - - ---
Jun 1, 95 0 1.32 0.80 8.04 
Oct 6,95 0 0.24 0.8 6.75 

91 ME04 MR bel Paradise Canyon Mar 8,95 --- - -- 0.50 15.6 
s Mar 8,95 0.51 15.1 

Jun 19,95 na TD-6.31 0.9 30.9 

10 MR @l RioMedina Mar9,95 --- - -- 0.49 20.7 
Mar 9,95 0.58 23.5 

ll/BMAll Cypress Cr @ Haby May 8, 95 0 0.57 --- --- 7/30-0.18; 8/12=0.11; 8/18-0 .. 07; 8/21-0.38; 8/31 =0.30 
s,r May 30, 95 --- 0.95 1.15 27.6 

Jun 12,95 0 0.64 0.5 6.69 
Jun 29,95 4.3 1.08 1.35 33.5 
Aua 16,95 0 0.19 0.34 1.57 

Sept 20,95 0.3 0.46 0.96 19.1 
Oct 5.95 0 0.24 0.31 3.99 

s-slage recorder, r·raingage, II-lake level, esg·eresl slage gage, cl-wealher slallon, e-evaporallon pan 



1 I I I 
MEDINA LAKE STREAMFLOW AND RAINFALL DATA 

- -------

Site No. Site Name Date CSG GH Avg. Ve Disehg. Rainfall Patterns 
Ft. Ft. FUSee CFS MonthlDay=lnehes 

121 BMA12 Bruins Creek @ Walker May 8, 95 0 0.20 - - - --- 6/11 =2.11; 6/19=0.35; 6/26=1.00'6/29-2.05; 713=0.55 
r May31,95 0 0.36 --- --- 7130=0.11; 8112=0.19; 8121-1.04; 8128=1.79 

Jun 12,95 0 0.28 0.22 0.42 
Jun 29,95 0.12 0.47 0.72 5.48 
AUQ 21,95 0 0 0 0 

Sept 20,95 0.63 0.44 0.41 6.36 

13 RockyCreek Mav5,95 0 - -- --- ---
esg May 30, 95 0.94 - -- 1.30 38.0 

- -/ME07 EUWD South Lake 5/5-0.12; 5/6-0.20; 518=1.15; 5/18-0.08; 5127-1.38; 
r 5/30=2.25;6/11-1.88;6/19-0.20;6/26=0.12;6/29=3.58 

713-0.40; 7/30-0.12; 8118=0.20; 8/21-0.08 

xxx Medina R. @ Bandera Jun 20,95 na 4.94 1.64 75.6 

s-stage recorder. Halngage. II-lake level. csg-crest stage gage. cI-weather station, e-evaporation pan 
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STAGE AND RAINFALL CHARTS 

FINAL INTERIM REPORT. FISCAL YEAR 1995 
HYDROLOGIC, RECHARGE AND WATER QUALITY ASSESSMENT OF MEDINA LAKE 
DECEMBER 1995 



4 

MEDINA LAKE RECHARGE STUDY 
Site: BA-02 I BMA 1 English Crossing 

Data from April 1, 1995 to May 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: BA-01 I BMA 2 Red Bluff Creek 

Data from April 13, 1995 to May 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: BA-01 / BMA 2 Red Bluff Creek 

Data from April 1, 1995 to May 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: BMA-O? I BMA ? M.R. Below Main 

Data from April 28, 1995 to May 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-05 I SMA 8b Canal 
Data from April 1, 1995 to May 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-OS / SMA 8b Canal 

Daily Discharge Data from April 1, 1995 to April 3D, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-04! SMA 9 M.R. @ Haby C. 

Data from April 1, 1995 to May 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: SA-02 / SMA 1 English Crossing 

Data from May 1, 1995 to June 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: BA-01 I BMA 2 Red Bluff Creek 

Data from May 1, 1995 to June 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: BA-01 / BMA 2 Red Bluff Creek 

Data from May 1, 1995 to June 1, 1995 

C 4.0 1 3D-May I 
'-"" 

3 0 + CO. 
~ 

c 
"m 
0::: 2.0 
>. -"- 8-May 

CO ....... 1 ~ 1.0 r 5.M~6.M'Y 
(5 
I- 00 I I I I I 

·01-May-95 08-May-95 

24-May 
27-May 

15-May-95 22-May-95 29-May-95 

Date 

r-. Rainf~Fl 



MEDINA LAKE RECHARGE STUDY 
Site: BMA-07 I BMA 7 M.R. Below Main 

Data from May 1, 1995 to June 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-OS / SMA 8a Diversion Dam 

Data from May 1, 1995 to June 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-OS I SMA 8b Canal 
Data from May 1, 1995 to June 1, 1995 
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Data from June 1, 1995 to July 1, 1995 
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Site: SMA 12 Bruins Creek 
Data from June 1,1995 to July 1,1995 
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Data from July 1, 1995 to Aug 1, 1995 

4.0 ,-, -------------------

~3.0 + H.:::: 

Q) 

~ 
'-'" 
Q) 2.0 
C) 
CO ....., 

(J) 1.0 +. . .................. . 

0.0 I I I I I I I I I :' I I I I I I I I I I I I I I I I I I I I I 

01-Jul-95 08-Jul-95 15-Jul-95 22-Jul-95 29-Jul-95 

Date 

I=- Stage-A~;Rume I 



....-... 
+-' 

400.0 

l.L U 300.0 

« 
'-'" 
(J.) 
0)200.0 
s-
ea 
.c: 
~ 100.0 
. -
Cl 

f-. 

MEDINA LAKE RECHARGE STUDY 
Site: ME-OS I BMA 8b Canal 

Daily Discharge Data from July 1,1995 to July 31,1995 

. .... - .... ---.-- ............ _--_ ....................... ... 

r·························· ................................. ... . _- ... . .. ... -... _- ... ... ... " .. ---

-........... __ ... __ ..... . ....... _--_ .......... .. .. ... . .. .. ... ... ... ... . .. 

. .. 

. .. . .. 

III 1 1 1 III 
III 1 1 1 1 III 0.0 

01-Jul 
+ ') ') I: + ~ ~ + ~ 4 ,: I: I: I: 4 ~ + + ~ 

08-Jul 15-Jul 22-Jul 29-Jul 

Date 

[.DaiIY Dis~harg~ I 



-+-' 
Q) 

0.5 

0.4 

~ 0.3 
'-" 
Q) 

0>0.2 
CO 

+-' 
(J) 

0.1 

0.0 
01-Jul-95 

MEDINA LAKE RECHARGE STUDY 
Site: ME-04! BMA 9 M.R. @ Haby C. 

Data from July 1, 1995 to Aug 1, 1995 

-......... __ ._-_ .. 

---.................... _-----------.-............ 

.. --..... _-""" ---.-............. 

-_ .. -......... _-_._---_. __ .. -........... --_. 

08-Jul-95 15-Jul-95 22-Jul-95 29-Jul-95 

Date 

F- staQe] 



-+-' 

3.0 

MEDINA LAKE RECHARGE STUDY 
Site: SMA 11 Cypress Creek 

Data from July 1, 1995 to Aug 1, 1995 

(J) 2.0 . __ .... --_ ... __ ........ -_ .. _---------............ --................. _----_. __ ........... __ . .. - ................ __ ._---_ ......... _-_ .... _--_ ...... -.......... __ ._----_ ............ __ ..... --_._-.......... -------_ ........... 

~ 
----(J) 
0> 
CO 

+-' 1.0 
CI) 

0.0 
01-Jul-95 

............. _-_. __ ...... 

08-Jul-95 

. ............ _--_ ..... -.............. __ . __ .... 

.... 

15-Jul-95 22-Jul-95 29-Jul-95 

Date 

[--=-s~6] 



MEDINA LAKE RECHARGE STUDY 
Site: BMA 11 Cypress Creek 
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Site: BMA 3 Elm Creek 
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Site: SMA 3 Elm Creek 

Data from Aug 1, 1995 to Sept 1, 1995 

'2 2.0 f' --------------
"'-' 

3 I-Aug 

~ 1.5 
c --ro 

0:: 1.0 +--------------------- ---- -------------------- ------------------- ------------------------

~ ---ro 
0 0.5 +----

I3-Aug 2 I-Aug ro ...... o 
J- 00 ' I " I'" I I 1-1- ' I I I I I I ,_, I I I I I I I I I I' • I I I I I I I I I I I I I I I 

o 1-Aug-95 OB-Aug-95 15-Aug-95 22-Aug-95 2B-Aug-95 

Date 

[ .. Ra-ini;1I I . 



4.0 

~3.0 
(I) 

~ 
----

MEDINA LAKE RECHARGE STUDY 
Site: BMA 7 M.R. Below Main 

Data from Aug 1, 1995 to Sept 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-OS / SMA 8a Diversion Dam 

Data from Aug 1, 1995 to Sept 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-OS I BMA 8b Canal 
Data from Aug 1, 1995 to Sept 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-05 I BMA 8b Canal 

Daily Discharge Data from Aug 1, 1995 to Aug 31, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: ME-04! BMA 9 M.R. @ Haby C. 

Data from Aug 1, 1995 to Sept 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: BMA 11 Cypress Creek 

Data from Aug 1, 1995 to Sept 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: SMA 11 Cypress Creek 

Data from Aug 1, 1995 to Sept 1, 1995 
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MEDINA LAKE RECHARGE STUDY 
Site: BMA 12 Bruins Creek 
Data from Aug 1, 1995 to Sept 1, 1995 
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Site: ME-07 EUWD Koenig Creek 

Data from Aug 1, 1995 to Sept 1, 1995 
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MEDINA LAKE JULY 1995 SURVEY 

ELEV. FEET 

933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
961 
962 
963 
964 
965 
966 

967 
968 

969 
970 
971 
972 
973 

974 
975 

976 
977 
978 
979 
980 
981 

.0 

14 
30 
41 
55 

71 
83 
92 

103 
114 
126 
139 
151 
165 
180 
197 
217 
243 
268 
297 
325 
350 
376 
402 
428 
461 
499 
545 
576 
604 
633 

AREA IN ACRES 
.1 .2 

15 
31 
42 
57 
72 

84 

93 
104 
115 
127 
140 
152 
167 
182 
199 
220 
245 
271 
300 
327 
352 
379 

405 
430 
465 
503 
548 
579 

607 
636 

16 
32 
42 
58 
73 

85 
94 

105 
116 
128 
141 
154 
168 
184 

201 
222 
248 
274 
303 
329 
355 
381 
407 
434 
469 
507 
551 
582 
610 
639 

TEXAS WATER DEVELOPMENT BOARD 
RESERVOIR AREA TABLE 

Oct 24 1995 

.3 

3 

18 
34 
43 
60 
75 
86 
95 

106 
118 
130 
143 
155 
170 
185 
203 
225 
250 
277 
306 
332 
357 
384 
410 
437 
472 

512 
555 
584 
613 
641 

.4 

5 
20 
35 
44 
62 
76 
87 
96 

107 
119 
131 
144 
157 
171 
187 
205 
227 
253 
279 
309 
334 
360 
386 
412 
440 
476 
516 
558 
587 
616 
644 

ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 

6 
22 
36 
45 
63 
77 
88 

97 
108 
120 
132 
145 
158 
172 
189 
207 
230 
255 
282 
312 
337 
362 
389 
415 
443 
480 
521 
561 
590 
619 
647 

8 
24 
37 
46 
65 
79 
88 

98 
109 
121 
134 
146 
160 
174 
190 
209 
232 
258 
285 
314 
339 

365 
392 

417 
446 
483 
527 
564 
593 

622 
649 

10 
25 
38 
47 
66 

80 
89 
99 

110 
122 
135 
147 
161 
175 
192 
211 
235 
260 
288 
317 
342 
368 

394 
420 
450 
487 
532 
567 
595 

625 
652 

11 
27 
39 
50 
68 
81 
90 

100 
111 
123 
136 
149 
163 
176 
194 
213 
238 
263 
291 
320 
344 
371 
397 
422 
454 
491 
537 
570 
598 
628 
655 

.9 

12 
28 

. 40 

52 
69 
82 
91 

102 
113 
124 
138 

150 
164 
178 
196 
215 
240 
266 
294 
322 
347 
373 

400 
425 
457 
495 
541 
573 

601 
630 
657 



MEOINA LAKE JULY 1995 SURVEY 

ELEV. FEET 

982 
983 

984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 

1,000 
1,001 
1,002 
1,003 
1,004 
1,005 
1,006 
1,007 
1,008 
1,009 
1,010 
1,011 
1,012 
1,013 
1,014 
1,015 
1,016 
1,017 
1,018 
1,019 
1,020 
1,021 
1,022 
1,023 
1,024 
1,025 
1,026 
1,027 
1,028 
1,029 
1,030 
1,031 

.0 

660 
685 
709 
735 
762 
788 
812 
838 
866 
897 
931 
962 
989 

1016 
1042 
1070 
1096 
1124 
1153 
1183 
1214 
1246 
1277 
1309 
1341 
1373 
1406 
1443 
1486 
1533 
1579 
1626 
1671 
1717 
1766 
1815 
1864 
1917 
1980 
2038 
2090 
2141 
2193 
2245 
2300 
2361 
2433 
2505 
2580 
2641 

AREA IN ACRES 
.1 .2 

662 
687 
711 
737 
765 
790 
814 
840 
869 
900 
935 
965 
992 

1018 
1044 
1072 
1099 
1127 
1155 
1186 
1217 
1249 
1280 
1312 
1344 
1376 
1410 
1447 
1491 
1537 
1583 
1630 
1676 
1722 
1771 
1820 
1869 
1922 
1987 
2043 
2095 
2147 
2198 
2251 
2306 
2368 
2440 
2512 
2586 
2647 

665 
690 
714 
740 
768 
793 
817 
843 
872 
903 
938 
967 
995 

1021 
1047 
1075 
1102 
1129 
1158 
1189 
1221 
1252 
1283 
1315 
1347 
1379 
1413 
1451 
1496 
1542 
1588 
1635 
1680 
1727 
1776 
1824 
1874 
1928 
1993 
2048 
2100 
2152 
2203 
2256 
2311 
2376 
2447 
2519 
2593 
2653 

RESERVOIR AREA TABLE 

.3 

667 
692 
716 
742 
771 
795 
819 
846 
875 
907 
941 
970 
997 

1023 
1050 
1078 
1104 
1132 
1161 
1192 
1224 
1255 
1286 
1319 
1350 
1382 
1417 
1455 
1500 
1547 
1593 
1639 
1685 
1732 
1781 
1829 
1879 
1934 
1999 
2053 
2105 
2157 
2208 
2261 
2317 
2383 
2455 
2526 
2599 
2659 

.4 

670 
694 
719 
745 
m 
797 
822 
849 
878 
910 
944 
973 

1000 
1026 
1053 
1080 
1107 
1135 
1164 
1195 
1227 
1258 
1290 
1322 
1353 
1386 
1421 
1459 
1505 
1551 
1597 
1644 
1689 
1736 
1785 
1834 
1884 
1940 
2005 
2058 
2110 
2162 
2213 
2267 
2323 
2390 
2462 
2533 
2605 
2664 

DRAFT page 2 

ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 

673 
697 
721 
748 
776 
800 
824 
851 
881 
914 
947 
976 

1002 
1029 
1056 
1083 
1110 
1138 
1167 
1198 
1230 
1261 
1293 
1325 
1357 
1389 
1424 
1464 
1510 
1556 
1602 
1649 
1694 
1741 
1790 
1839 
1890 
1946 
2011 
2063 
2115 
2167 
2218 
2272 
2329 
2397 
2469 
2540 
2611 
2670 

675 
699 
724 
750 

778 
802 
827 
654 
684 
917 
950 
978 

1005 
1031 
1056 
1066 
1113 
1141 
1170 
1202 
1233 
1264 
1296 
1328 
1360 
1392 
1428 
1468 
1515 
1560 
1607 
1653 
1699 
1746 
1795 
1844 
1895 
1952 
2016 
2066 
2120 
2172 
2224 
2276 
2335 
2404 
2476 
2547 
2617 
2676 

677 
702 
727 
753 
761 
804 
630 
857 
667 
921 
953 
961 

1006 
1034 
1061 
1088 
1115 
1144 
1173 
1205 
1236 
1268 
1299 
1331 
1363 
1396 
1432 
1472 
1519 
1565 
1612 
1656 
1703 
1751 

1600 
1649 
1900 
1959 
2022 
2074 
2125 
2177 
2229 
2263 
2341 
2411 
2484 
2555 
2623 
2662 

660 
704 
729 
756 
763 
607 
632 
660 
690 
925 

956 
984 

1010 
1036 
1064 
1091 
1118 
1147 
1177 
1206 
1239 
1271 
1302 
1334 
1366 
1399 
1435 
1476 
1524 
1569 
1616 
1662 
1706 
1756 
1605 
1654 
1906 
1965 
2027 
2079 
2131 
2163 
2234 
2269 
2346 
2419 
2491 
2561 
2629 
2667 

.9 

682 
706 
732 
759 

765 
609 
635 
863 
693 
926 

959 
987 

1013 
1039 
1067 
1094 
1121 
1150 
1160 
1211 
1242 
1274 
1306 
1338 
1369 
1403 
1439 
1481 
1526 
1574 
1621 
1667 
1713 
1761 
1610 
1859 
1911 
1971 
2032 
2064 
2136 
2188 
2240 
2294 
2354 
2425 
2498 
2568 
2635 
2693 



MEDINA LAKE JULY 1995 SURVEY 

ELEV. FEET 

1,032 
1,033 
1,034 
1,035 
1,036 
1,037 
1,038 
1,039 
1,040 
1,041 
1,042 
1,043 
1,044 
1,045 
1,046 
1,047 
1,048 
1,049 
1,050 
1,051 
1,052 
1,053 
1,054 
1,055 
1,056 
1,057 
1,058 
1,059 
1,060 
1,061 
1,062 
1,063 
1,064 
1,065 
1,066 
1,067 
1,068 
1,069 
1,070 
1,071 
1,072 

.0 

2699 
2756 
2810 
2865 
2919 
2976 
3037 
3100 
3165 
3232 
3306 
3382 
3456 
3531 
3613 
3702 
3788 
3871 
3958 
4044 
4136 
4254 
4343 
4404 
4464 
4524 
4585 
4646 
4735 
4798 
4861 
4926 
4993 
5070 
5141 
5214 
5301 
5380 
5542 
5545 
5549 

AREA IN ACRES 
.1 .2 

2705 
2761 
2815 
2870 
2925 
2983 
3044 
3106 
3172 
3239 
3313 
3389 
3464 
3539 
3622 
3711 
3797 
3879 
3967 
4053 
4146 
4288 
4349 
4410 
4470 
4530 
4591 
4652 
4741 
4804 
4868 
4932 
5001 
5077 
5148 
5221 
5309 
5388 
5542 
5546 

2710 
2766 
2820 
2876 
2930 
2989 
3050 
3112 
3178 
3247 
3321 
3397 
3471 
3547 
3631 
3719 
3805 
3888 
3975 
4062 
4155 
4295 
4355 
4416 
4476 
4536 
4597 
4658 
4747 
4810 
4874 
4939 
5009 
5084 
5155 
5228 
5317 
5396 
5543 
5546 

RESERVOIR AREA TABLE 

.3 

2716 
2772 
2826 
2881 
2936 
2995 
3056 
3119 
3185 
3254 
3328 
3405 
3479 
3555 
3640 
3728 
3814 
3896 
3984 
4071 
4165 
4302 
4361 
4422 
4482 
4542 
4603 
4664 

4754 
4817 
4880 
4945 
5016 
5091 
5162 
5235 
5325 
5403 
5543 
5546 

.4 

2722 
2777 
2831 
2886 
2941 
3001 
3062 
3125 
3192 
3262 
3336 
3412 
3486 
3563 
3648 
3736 
3822 
3905 
3992 
4081 
4175 
4308 
4367 
4428 
4488 
4548 
4609 
4670 
4760 
4823 
4887 
4952 
5024 
5098 
5169 
5243 
5333 
5411 
5544 
5547 
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ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 

2727 
2783 
2837 
2892 
2947 
3007 
3068 
3132 
3198 
3269 
3344 
3419 
3493 
3571 
3657 
3745 
3830 
3914 
4000 
4090 
4185 
4314 
4373 
4434 
4494 
4554 
4615 
4676 
4766 
4829 
4893 
4958 
5032 
5105 
5177 
5250 
5341 
5418 
5544 
5547 

2733 
2788 
2842 
2897 
2953 
3013 
3075 
3139 
3205 
3277 
3351 
3427 
3501 
3579 
3666 
3753 
3839 
3922 
4009 
4099 
4195 
4320 
4379 
4440 
4500 
4560 
4621 
4683 
4772 
4836 
4900 
4965 
5039 
5113 
5184 
5257 
5349 
5426 
5544 
5547 

2739 
2793 
2848 
2903 
2959 
3019 
3081 
3145 
3212 
3284 
3359 
3434 
3508 
3587 
3675 
3762 
3847 
3931 
4018 
4108 
4206 
4325 
4385 
4446 
4506 
4566 
4627 
4689 
4779 

4842 
4906 
4971 
5047 
5120 
5191 
5264 
5357 
5433 
5545 
5547 

2745 
2799 
2853 
2908 
2964 
3025 
3087 
3152 
3218 
3291 
3367 
3442 
3516 
3595 
3684 
3771 
3855 
3939 
4026 
4117 
4219 
4331 
4391 
4452 
4512 
4573 
4634 
4695 
4785 
4849 
4913 
4978 
5054 
5127 
5198 
5271 
5365 
5441 
5545 
5548 

.9 

2750 
2804 
2859 
2914 
2970 
3031 
3094 
3158 
3225 
3299 
3374 
3449 
3524 
3604 
3693 
3779 
3863 
3948 
4035 
4127 
4235 
4337 
4397 
4458 
4518 
4579 
4640 
4701 
4791 
4855 
4919 
4984 
5062 
5134 
5205 
5278 
5373 
5448 
5545 
5548 



DRAFT 
MEDINA LAKE JULY 1995 SURVEY 

ELEV. FEET 

933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
961 
962 
963 
964 
965 
966 
967 
968 

969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 
981 

.0 

6 

28 
64 

110 
173 
250 
337 
435 
543 
663 
795 
940 

1098 
1271 
1459 
1666 

1896 
2151 
2434 
2745 
3082 
3445 
3834 
4248 
4692 
5172 
5694 
6255 
6845 
7463 

VOLUME IN ACRE-FEET 
.1 .2 

8 

31 
68 

115 
180 
258 
347 
445 
554 
675 
809 
955 

1115 
1289 
1479 
1688 
1921 
2178 
2464 
2778 
3117 
3482 
3874 
4291 
4738 
5222 
5748 
6312 
6905 
7527 

9 
34 
72 

121 
187 
267 
356 
456 
566 

688 

823 
970 

1132 
1307 
1499 
1710 
1945 
2206 
2494 
2811 
3152 
3520 
3915 
4335 
4785 
5272 
5803 
6370 
6966 

7591 

TEXAS ~ATER DEVELOPMENT BOARD 
RESERVOIR VOLUME TABLE 

Oct 24 1995 

.3 

11 

38 
76 

127 
195 
275 
366 

466 
578 
701 
837 
986 

1148 
1325 
1519 
1733 
1970 
2233 
2524 
2844 
3188 
3559 
3955 
4378 
4832 
5323 
5858 
6429 
7027 
7655 

.4 

13 
41 
81 

133 
202 
284 
375 
477 
589 
714 
851 

1001 
1165 
1344 
1540 
1755 
1995 
2261 
2555 
2877 
3224 
3597 
3997 
4422 
4879 
5375 
5914 
6487 
7089 
7719 

ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 

15 
44 
85 

139 
210 
293 
385 
487 
601 
727 
866 

1017 
1183 
1363 
1560 
1778 
2021 
2289 
2586 
2911 
3260 
3636 
4038 
4466 
4927 
5427 
5970 
6546 
7150 
7783 

2 

17 
48 
90 

146 
218 
301 
395 
498 
613 
740 
880 

1033 
1200 
1382 
1581 
1801 
2046 
2317 
2617 
2944 
3296 
3675 
4079 
4510 
4975 
5479 
6026 
6605 
7212 
7848 

3 

20 
52 
94 

152 
225 
310 
404 
509 
625 
754 
895 

1049 
1217 
1401 
1602 
1824 
2072 
2346 
2649 
2978 
3333 
3714 
4121 
4555 
5024 
5532 
6083 
6665 
7275 
7913 

4 

22 

56 
99 

159 
233 
319 
414 
520 
638 
767 
910 

1065 
1235 
1420 
1623 
1848 
2098 
2375 
2681 
3013 
3370 
3754 
4163 
4600 
5073 
5585 
6140 
6724 
7337 
7979 

.9 

5 

25 
60 

104 
166 
242 
328 
425 
532 
650 
781 
925 

1082 
1253 
1440 
1645 
1872 
2125 
2404 
2713 
3047 
3407 
3794 
4206 
4646 
5122 
5639 
6197 
6784 
7400 
8044 



DRAFT 
MEDINA LAKE JULY 1995 SURVEY 

ELEV. FEET 

982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 

1,000 
1,001 
1,002 
1,003 
1,004 
1,005 
1,006 
1,007 
1,008 
1,009 
1,010 
1,011 
1,012 
1,013 
1,014 
1,015 
1,016 
1,017 
1,018 
1,019 
1,020 
1,021 
1,022 
1,023 
1,024 
1,025 
1,026 
1,027 
1,028 
1,029 
1,030 
1,031 

.0 

8110 
8783 
9479 

10201 
10949 
11724 
12524 
13348 
14200 
15081 
15995 
16942 
17917 
18920 
19948 
21004 
22087 
23197 
24335 
25502 
26701 
27931 
29192 
30485 
31809 
33166 
34555 
35979 
37443 
38953 
40509 
42111 
43759 
45453 
47195 
48985 
50824 
52714 
54660 
56671 
58734 
60849 
63017 
65235 
67507 
69837 
72234 
74703 
77243 
79854 

VOLUME IN ACRE-FEET 
.1 .2 

8176 
8851 
9550 

10274 
11025 
11803 
12605 
13432 
14286 
15171 
16088 
17038 
18016 
19021 
20053 
21111 
22197 
23309 
24450 
25621 
26822 
28055 
29320 
30616 
31944 
33303 
34696 
36124 
37592 
39106 
40667 
42273 
43926 
45625 
47371 
49167 
51011 
52906 
54859 
56874 
58943 
61064 
63236 
65460 
67738 
70073 
72477 
74954 
77501 
80118 

8243 
8920 
9622 

10348 
11102 
11882 
12687 
13516 
14374 
15261 
16182 
17135 
18116 
19123 
20157 
21218 
22307 
23422 
24566 
25739 
26944 
28180 
29448 
30747 
32078 
33441 
34837 
36269 
37741 
39260 
40825 
42437 
44094 
45798 
47549 
49349 
51198 
53098 
55058 
57079 
59153 
61279 
63456 
65685 
67968 
70310 
72722 
75205 
77760 
80383 

RESERVOIR VOLUME TABLE page 2 

.3 

8309 
8989 
9693 

10422 
11179 
11962 
12768 
13601 
14461 
15351 
16276 
17231 
18215 
19226 
20262 
21326 
22417 
23535 
24682 
25858 
27066 
28306 
29576 
30879 
32213 
33579 
34979 
36414 
37891 
39415 
40984 
42600 
44263 
45971 
47727 
49532 
51386 
53291 
55257 
57284 
59363 
61494 
63677 
65911 
68200 
70549 
72967 
75458 
78020 
80649 

.4 

8376 
9058 
9765 

10497 
11256 
12041 
12850 
13685 
14549 
15442 
16370 
17329 
18315 
19328 
20367 
21434 
22527 
23648 
24798 
25978 
27189 
28431 
29705 
31011 
32348 
33718 
35120 
36560 
38042 
39570 
41144 
42765 
44431 
46144 
47905 
49715 
51574 
53485 
55458 
57490 
59574 
61710 
63898 
66138 
68432 
70787 
73213 
75711 
78280 
80915 

ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 

8443 
9128 
9837 

10571 
11333 
12121 
12933 
13770 
14636 
15533 
16464 
17426 
18415 
19431 
20473 
21542 
22638 
23762 
24915 
26098 
27312 
28557 
29834 
31143 
32484 
33856 
35263 
36706 
38192 
39725 
41304 
42929 
44600 
46318 
48084 
49899 
51762 
53679 
55658 
57696 
59785 
61926 
64119 
66364 
68665 
71026 
73459 
75964 
78541 
81182 

8511 
9198 
9909 

10646 
11411 
12201 
13015 
13856 
14725 
15625 
16559 
17524 
18516 
19534 
20578 
21650 
22749 
23876 
25032 
26217 
27435 
28684 
29964 
31276 
32620 
33995 
35405 
36853 
38343 
39881 
41464 
43094 
44770 
46492 
48263 
50083 
51952 
53874 
55860 
57902 
59997 
62143 
64341 
66592 
68898 
71266 
73707 
76218 
78802 
81449 

8578 
9268 
9982 

10721 
11489 
12281 
13098 
13941 
14813 
15717 
16654 
17622 
18616 
19637 
20684 
21759 
22861 
23990 
25149 
26338 
27558 
28810 
30093 
31409 
32756 
34135 
35548 
37000 
38495 
40037 
41625 
43260 
44940 
46667 
48443 
50267 
52141 
54070 
56062 
58109 
60209 
62361 
64564 
66820 
69131 
71507 
73955 
76474 
79064 
81717 

8646 
9338 

10055 
10797 
11567 
12362 
13181 
14027 
14902 
15809 
16750 
17720 
18717 
19741 
20791 
21868 
22973 
24105 
25266 
26458 
27682 
28937 
30223 
31542 
32892 
34275 
35692 
37147 
38647 
40194 
41786 
43426 
45111 
46842 
48623 
50452 
52332 
54266 
56264 
58317 
60422 
62579 
64787 
67049 
69366 
71749 
74204 
76730 
79327 
81986 

.9 

8714 
9409 

10128 
10873 
11646 
12443 
13265 
14113 
14991 
15902 
16846 
17818 
18818 
19844 
20897 
21977 
23085 
24220 
25384 
26579 
27806 
29064 
30354 
31676 
33029 
34415 
35835 
37295 
38800 
40351 
41948 
43592 
45282 
47018 
48804 
50638 
52523 
54463 
56467 
58525 
60635 
62798 
65011 
67278 
69601 
71991 
74453 
76986 
79590 
82255 



DRAFT 
MEOINA LAKE JULY 1995 SURVEY 

ELEV. FEET 

1,032 
1,033 
1,034 
1,035 
1,036 
1,037 
1,038 
1,039 
1,040 
1,041 
1,042 
1,043 
1,044 
1,045 
1,046 
1,047 
1,048 
1,049 
1,050 
1,051 
1,052 
1,053 
1,054 
1,055 
1,056 
1,057 
1,058 
1,059 
1,060 
1,061 
1,062 
1,063 
1,064 
1,065 
1,066 
1,067 
1,068 
1,069 
1,070 
1,071 

.0 

82524 
85252 
88034 
90871 
93763 
96710 
99717 

102785 
105917 
109116 
112385 
115729 
119148 
122641 
126212 
129870 
133615 
137445 
141358 
145359 
149449 
153636 
157948 
162321 
166754 
171248 
175803 
180418 
185094 
189860 
194690 
199583 
204541 
209573 
214678 
219855 
225104 
230445 
235863 
241407 

1 ,072 246954 

VOLUME IN ACRE-FEET 
.1 .2 

82794 
85527 
88315 
91158 
94055 
97008 

100021 
103096 
106234 
109439 
112716 
116067 
119494 
122995 
126574 
130240 
133994 
137832 
141754 
145764 
149863 
154063 
158382 
162761 
167201 
171701 
176261 
180882 
185568 
190340 
195176 
200076 
205041 
210080 
215192 
220376 
225634 
230983 
236417 
241962 

83065 
85804 
88597 
91445 
94348 
97306 

100325 
103406 
106552 
109764 
113047 
116406 
119840 
123349 
126937 
130612 
134374 
138220 
142151 
146169 
150278 
154492 
158817 
163202 
167648 
172154 
176720 
181348 
186042 
190821 
195663 
200569 
205541 
210588 
215707 
220898 
226166 
231522 
236972 
242516 

RESERVOIR VOLUME TABLE page 3 

.3 

83337 
86081 
88880 
91733 
94641 
97606 

100631 
103718 
106870 
110089 
113380 
116747 
120188 
123704 
127300 
130984 
134755 
138610 
142550 
146577 
150694 
154922 
159254 
163645 
168096 
172608 
177181 
181814 
186518 
191303 
196151 
201064 
206043 
211097 
216224 
221422 
226698 
232063 
237526 
243071 

.4 

83608 
86358 
89162 
92021 
94935 
97906 

100937 
104030 
107189 
110415 
113713 
117087 
120536 
124060 
127665 
131357 
135137 
139000 
142948 
146984 
151111 
155353 
159690 
164087 
168545 
173063 
177641 
182281 
186993 
191785 
196640 
201559 
206545 
211606 
216740 
221946 
227231 
232604 
238081 
243626 

ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 

83881 
86636 
89446 
92310 
95229 
98206 

101243 
104343 
107508 
110741 
114047 
117429 
120885 
124417 
128030 
131731 
135519 
139391 
143348 
147392 
151529 
155784 
160127 
164530 
168994 
173518 
178102 
182748 
187469 
192267 
197128 
202054 
207047 
212116 
217257 
222470 
227765 
233145 
238635 
244180 

84154 
86915 
89730 
92600 
95524 
98507 

101550 
104657 
107828 
111068 
114382 
117771 
121235 
124774 
128396 
132106 
135903 
139783 
143748 
147802 
151948 
156215 
160564 
164974 
169443 
173973 
178564 
183216 
187946 
192750 
197618 
202550 
207551 
212627 
21m5 

222996 
228299 
233687 
239189 
244735 

84427 
87194 
90014 
92889 
95820 
98808 

101858 
104971 
108149 
111396 
114717 
118114 
121585 
125132 
128763 
132482 
136287 
140175 
144150 
148212 
152368 
156647 
161002 
165418 
169894 
174430 
179027 
183685 
188424 
193234 
198108 
203047 
208055 
213139 
218294 
223521 
228834 
234230 
239743 
245289 

84702 
87474 
90299 
93180 
96116 
99111 

102167 
105286 
108471 
111725 
115054 
118458 
121937 
125492 
129131 
132859 
136672 
140569 
144552 
148624 
152790 
157080 
161442 
165863 
170345 
174887 
179490 
184154 
188902 
193719 
198600 
203545 
208561 
213651 
218814 
224049 
229371 
234774 
240298 
245845 

.9 

84976 
87754 
90585 
93471 
96413 
99414 

102476 
105601 
108793 
112055 
115391 
118803 
122289 
125852 
129500 
133236 
137058 
140963 
144955 
149036 
153212 
157514 
161881 
166308 
170796 
175344 
179954 
184624 
189381 
194204 
199091 
204043 
209066 
214164 
219334 
224576 
229908 
235318 
240853 
246399 



TEXAS WATER DEVELOPMENT BOARD 
RESERVOIR AREA TABLE DRAFT Oct 25 1995 

DIVERSION LAKE JULY 1995 SURVEY 

ELEV. FEET 

880 
881 
882 
883 
884 

885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
699 
900 
901 
902 
903 
904 
905 
906 
907 
906 
909 
910 
911 
912 
913 
914 
915 
916 
917 
916 
919 
920 
921 
922 
923 

924 

925 
926 

.0 

1 

2 
2 

3 

5 

9 

10 
11 

12 
13 
16 
16 
21 
23 
26 
30 
33 

36 
39 
42 
47 
51 
56 
60 
64 
70 
75 
61 
66 
91 
97 

102 
107 
112 
117 
124 
129 
135 
140 
146 
154 
163 

AREA IN ACRES 
.1 .2 

1 

2 
3 

4 

5 

9 

10 
11 

12 
13 
16 
19 
21 
23 
26 
30 
33 

36 
39 
42 
47 
52 
56 
60 
64 
70 
76 
61 
67 
92 

97 
103 
106 
113 
116 
124 
130 
135 
141 
146 
155 
164 

1 

2 

2 
3 

4 
5 

9 

10 
11 

12 
14 
16 
19 
21 
24 
26 
31 
34 
37 
39 
42 
46 
52 
56 
61 
65 
71 
76 
62 
67 
92 
96 

103 
106 
113 
116 
125 
130 
136 
141 
147 
156 
165 

.3 

1 

2 
2 
3 

4 

5 

9 

10 
11 

12 
14 
17 
19 
22 
24 
26 
31 
34 
37 
40 
43 
48 
53 
57 
61 
65 
71 
77 

62 
88 
93 
98 

104 
109 
114 
119 
126 
131 
136 
142 
148 
156 
166 

.4 

2 

2 

3 

4 

5 

9 

10 
11 

13 
14 
17 
19 
22 
24 
26 
31 
34 
37 
40 
43 
49 
53 
57 
61 
66 

72 
77 
83 
88 
94 
99 

104 
109 
114 
119 
126 
131 
137 
142 
148 
157 
167 

ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 

2 

2 

3 
4 

5 

9 

10 
12 
13 
14 
17 
20 
22 

24 
27 
32 
35 
37 
40 
43 
49 
53 
58 
62 
66 
72 
76 
83 
89 
94 
99 

105 
110 
115 
120 
127 
132 
137 
143 
149 
158 

169 

1 

2 
2 
3 

4 
5 

9 

11 

12 
13 
14 
17 

20 
22 

25 
27 
32 
35 
36 
41 
44 
50 
54 
58 
62 
66 
73 

78 
64 
89 
95 

100 
105 
110 
115 
121 
127 
133 
136 
144 
149 
159 

2 

2 
3 

4 

5 
10 
11 

12 
13 
14 
16 
20 
22 

25 
27 
32 
35 
38 
41 
44 
50 
54 
59 
63 
67 
74 
79 
64 
90 
95 

101 
106 
111 
116 
121 
128 
133 
139 
144 
150 
160 

2 

2 

3 

4 
6 

10 
11 

12 
13 
14 
18 
20 
23 
25 
27 
32 
35 
38 
41 
44 
50 
55 

59 
63 
67 
74 
80 
65 
90 
96 

101 
106 
111 
116 
122 
126 
134 
139 
145 
150 
161 

.9 

1 

2 

2 
3 

4 

6 
10 
11 

12 
13 
14 
18 
21 
23 
25 
28 
33 

36 
39 
42 
45 
51 
55 

59 
64 
68 
75 
60 
85 
91 
96 

102 
107 
112 
117 
122 
129 
134 
140 
145 
151 

162 



TEXAS WATER DEVELOPMENT BOARD 
RESERVOIR VOLUME TABLE 

Oct 25 1995 

DIVERSION LAKE JULY 1995 SURVEY DRAFT 
ELEV. FEET 

880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 

.0 

2 

4 

6 
9 

13 
18 
28 
38 
50 
62 
76 
93 

113 

135 
159 
186 
217 
252 
289 
330 
373 

422 
476 
533 
595 
661 
734 

812 
895 
984 

1078 
1177 
1282 
1392 
1506 
1626 
1753 
1885 
2023 
2166 
2314 
2472 

VOLUME IN ACRE-FEET 
.1 .2 

3 

4 

7 

10 
14 
19 
29 
39 
51 
64 
78 
95 

115 
137 
162 
189 
221 
256 
293 
334 
378 
427 
481 
539 
602 
668 
741 
820 
904 
993 

1088 
1188 
1293 
1403 
1518 
1639 
1766 
1899 
2037 
2180 
2330 
2489 

2 

3 
5 

7 
10 
14 
20 
30 
40 
52 
65 
79 
97 

117 
140 
164 
192 
224 
259 
297 
338 
383 

433 

487 
546 
608 
675 
749 
828 
912 

1002 
1097 
1198 
1303 
1414 
1530 
1651 
1779 

1912 
2051 
2195 
2345 
2505 

.3 

2 

3 

5 

7 

10 
15 
21 
31 
41 
53 
66 
81 
99 

119 
142 
167 
195 
228 
263 
301 
342 
387 
438 
493 
552 
615 
683 
757 
836 
921 

1011 
1107 
1208 
1314 
1426 
1542 
1664 
1792 
1926 
2065 
2210 
2361 
2522 

.4 

2 

3 

5 

7 

11 
15 
22 

32 
43 
55 

68 
83 

101 
121 
144 
170 
198 
231 
267 
305 
347 
392 
443 
498 
558 
621 
690 
764 
844 
930 

1021 
1117 
1219 
1325 
1437 
1554 
1676 
1805 
1939 
2079 
2224 
2376 
2538 

ELEVATION INCREMENT IS ONE TENTH FOOT 
.5 .6 .7 .8 
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CONVERSION FACTORS AND VERTICAL DATUM 

Multiply By To obtain 
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Geologic Framework and Hydrogeologic 
Characteristics of the Edwards and Trinity Aquifers, 
Medina Lake Area, Medina and Bandera Counties, 
Texas 

By Ted A. Small and Rebecca B. Lambert 

Abstract 

The Edwards aquifer is one of the most productive carbonate aquifers in the nation. In 

addition to providing a public water supply to more than 1 million people in a six-county region in 

south-central Texas, the Edwards aquifer supplies large quantities of water to agriculture, industry, 

and major springs. The Medina Lake watershed contributes an average of 61 ,300 acre-ft per year 

recharge to the Edwards aquifer. 

Medina and Diversion Lakes are located on the Medina River in northeastern Medina and 

southeastern Bandera County. The Medina Lake system, completed in 1912, was constructed to 

supplement existing irrigation supplies. Most of the reservoir area of Medina Lake is assumed to 

overlie the Glen Rose Limestone, which is the upper unit of the Trinity aquifer (Holt, 1959, p. 58), 

while Diversion Lake possibly lies on rocks of the Kainer Formation in the Edwards aquifer 

recharge zone. Seepage losses from Medina and Diversion Lakes have been documented by the 

USGS and other sources since completion of the irrigation structures in 1912. All of the water lost 

from the lakes has been assumed to enter the Edwards aquifer, either directly or indirectly through 

the Trinity aquifer. 
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Geologic and hydrogeologic information was compiled and included historical geologic and 

hydrogeologic maps, geologic cross-sections, geophysical and driller's logs, and aerial photos. 

The hydrogeologic units of the Edwards and Trinity aquifers and other geologic features exposed 

in outcrop were mapped. The outcrop porosity and permeability characteristics of each of the 

hydrogeologic units of the Edwards and Trinity aquifers were also described. Most of the faults in 

the study area trend northeast, some cross-faults trend northwest. Generally, the faults are en 

echelon and normal, with the downthrown blocks typically toward the coast. 

The Edwards aquifer recharge zone has relatively large permeability resulting, in part, from 

the development of secondary porosity. Lithology, stratigraphy, diagenesis, and karstification 

account for the effective porosity and permeability in the Edwards aquifer outcrop. Karst features 

that greatly enhance effective porosity in the outcrop area include sinkholes, dolines, and caves. In 

the Medina Lake study area, Hydrogeologic subdivision VI, the Kirschberg evaporite member, 

appears to be the most porous and permeable subdivision within the Kainer Formation. 

Hydrogeologic subdivision III, the leached and collapsed members, undivided, is the most porous 

and permeable subdivision within the Person Formation. Hydrogeologic subdivision II, the cyclic 

and marine members, undivided, is moderately permeable, with both fabric and not fabric selective 

porosity. The porosity and permeability of Glen Rose Limestone (Trinity aquifer) is much less than 

that observed in the most porous and permeable units of the Edwards aquifer. 
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Results from the field mapping confirmed the conclusion reached by previous investigations 

- that Medina Lake lies mainly on rocks of the Upper Glen Rose Limestone. However, the channel 

downstream of Medina Dam along the intervening canyon to the upper end of Diversion Lake lies 

on the Upper Glen Rose Limestone, not on rocks of the Edwards Group as previously assumed. 

The lower end of Diversion Lake (near Diversion dam) lies on a thin section of the lowermost unit 

in the Edwards Group - the Basal Nodular member. Rocks of the Edwards Group form the caps and 

bluffs on the hills surrounding the lakes. Most of the Edwards rocks that may be hydrologically 

connected with the lake system at higher lake stages are primarily from the Basal Nodular and 

Dolomitic members of the Kainer Formation (table 1), stratigraphically the lowest formation in the 

Edwards Group. 
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INTRODUCTION 

The Edwards aquifer is one of the most productive carbonate aquifers in the nation. In 

addition to providing a public water supply to more than 1 million people in a six-county region 

in south-central Texas, the Edwards aquifer supplies large quantities of water to agriculture, 

industry, and major springs. The major springs, in tum, support recreational activities and 

businesses, provide flow to downstream users, and provide habitat for several threatened or 

endangered species. The aquifer is extremely complex - with intensely faulted and fractured, 

karstic limestone outcrops that are recharged by local streams and precipitation. 

Medina and Diversion Lakes are located on the Medina River in northeastern Medina and 

southeastern Bandera County (fig. 1). Medina Lake, completed in 1912, was constructed to 

supplement existing irrigation supplies. The Medina River is impounded behind the upper dam at 

Medina Lake. Water from the upper dam is discharged down a 4-mile canyon to a small 

impoundment (Diversion Lake) where it is then diverted into a system of irrigation canals. 

Previous mapping investigations (Sayre, 1936; Guyton and Associates, 1955; Holt, 1956; Barnes 

and others, 1992) showed Medina Lake overlying the Glen Rose Limestone, the upper unit of the 

Trinity aquifer (Holt, 1959, p. 58), and Diversion Lake overlying rocks of the Edwards Limestone. 

Figure 1 near here. 

Seepage losses from Medina and Diversion Lakes have been documented by the USGS and 

other sources since completion of the irrigation structures in 1912. Most of the water lost from the 

lakes has been assumed to enter the Edwards aquifer, either directly or indirectly through the 

Trinity aquifer. 
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Most recharge to the Edwards aquifer is from direct infiltration of precipitation and 

streamflow loss in the recharge zone. After entering the aquifer, the water generally moves from 

west to east through Medina County, where it is discharged by wells. U.S. Geological Survey 

estimate of recharge to the Edwards aquifer from 1934-94 averaged 677 ,600 acre-ft per year (D.S. 

Brown, USGS, oral commun.). Of this total, the estimated contribution of the Medina Lake 

watershed ranged from 6,800 to 104,000 acre-ft per year, with an average of 61 ,300 acre-ft per year 

tJ!~sf "7 j' 
for 1934-94 (D.S. Brown, USGS, oral commun.).KThe contribution of recharge to the Edwards 

aquifer from the Medina Lake watershed is assumed to be seepage losses from Medina and 

Diversion Lakes. 

Previous hydrogeologic investigations in the area mapped individual rock units only to the 

group or formation level, separating the Edwards Group (Edwards aquifer) from the Glen Rose 

Limestone (Trinity aquifer). Sayre (1936) completed a field map for a report describing the geology 

and ground-water resources in Uvalde and Medina Counties. The Edwards and Georgetown 

Limestones in the Medina Lake Study area were mapped together by Sayre as a single unit. Sayre 

also mapped the Glen Rose Limestone in the areas to the northwest and east of Medina Lake 

ew faults in the Medina Lake area were reported by Holt (1956). ~,' ;:l ,:S i-e A •. -"a 

orr ~e .~ /A":,;",~ ~-
W.E Guyton & Associates (1955) described the characteristics of the "Edwards Limestone ........ 

tJ./,€f}--
Reservoir" in the San AntomoAand produced a map showing the distribution of rocks of the 

Edwards and associated limestones (Edwards Group), rocks older than the Edwards and rocks 

younger than the Edwards. This map is very similar to the map previously published by Sayre 

(1936) but does not show any additional detail of the stratigraphy or structure in the Medina Lake 

study area. 
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Holt (1956) further refined the work previously done by Sayre (1936) mapping the Glen Rose 

Limestone and the Edwards Limestone in the Medina Lake study area. Holt mapped the Glen Rose 

Limestone, the Edwards Limestone, and the Georgetown Limestone in the Medina Lake area, 

without differentiating the units into individual members. Holt's published map shows that the 

distribution of the Edwards Limestone is not as widespread as Sayre had mapped - the Glen Rose 

Limestone comprises a greater portion of the outcrop and the Edwards Limestone appears to be 

more discontinuous and dissected. 

One of the most recent maps, the geologic map of Texas published by the Bureau of 

Economic Geology (BEG) in 1992, is also to this scale (Barnes and others, 1992). The BEG map 

shows that Medina Lake is underlain by the Glen Rose Limestone, and that the intervening canyon 

between the two dams and Diversion Lake are underlain by rocks of the Edwards Group. Although 

a few additional structural features have been added, the spatial distribution of rock units for the 

Edwards and Trinity Groups on the BEG map are approximately the same as the previously 

published maps. 

Purpose and Scope 

The purpose of this report is to document the results from mapping the hydrogeologic 

subdivisions ofthe Edwards aquifer in the vicinity of Medina and Diversion Lakes. Seepage losses 

from Medina and Diversion Lake have been documented by the USGS and other sources since 

completion of the irrigation structures in 1912. All of the water lost from the lakes has been 

assumed to enter the Edwards aquifer, either directly or indirectly through the Trinity aquifer. 

Previous hydrogeologic investigations mapped the geology only to the formation level. Further 

refinement of the stratigraphy was needed to show the spatial distribution of individual members 

in the Glen Rose Limestone and the Edwards Group and the location of faults. 
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This report describes the geologic framework and the hydrogeologic characteristics of the 

Edwards and Trinity aquifers in the Medina Lake area in Medina and Bandera Counties (Maclay 

and Small, 1976; Stricklin, Smith and Lozo, 1971). This information will help to provide a better 

understanding of the processes controlling the spatial distribution of recharge and the flow of water 

into the aquifer. The study area, as defined, includes the watershed area encompassing Medina and 

Diversion Lakes and an area for several miles or more down gradient from both lakes (fig. 1) 
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Methods of Investigation 

Information was compiled from historical geologic and hydrogeologic maps, geologic cross

sections, geophysical and driller's logs, aerial photos, and other available pertinent information on 

Medina and Bandera Counties for use in field mapping the hydrogeologic units in the Medina and 

Diversion Lakes watershed. The mapping units were based on the hydrogeologic units defined in 

Maclay and Small (1976) for the Edwards aquifer and the geologic units modified from those 

defined in Stricklin, Smith, and Lozo (1971) for the Trinity deposits comprising the Trinity aquifer 

(table 1). Distinct marker beds, such as the regional dense member of the Person Formation 

(Edwards aquifer), and the Corbula bed and the evaporite zones in the Glen Rose Limestone 

(Trinity aquifer), were used as stratigraphic identifiers of the Glen Rose Limestone when possible. 

The porosity and permeability characteristics of each mappable unit were described. Structural and 

karst features, including faults and fractures, caverns, and sinkholes were also recorded. Field 

identification of the various members in the Kainer and Person Formations of the Edwards Group 

and the members of the Trinity Group was based on their characteristic lithologies and fossils 

(table 1). The hydrogeologic subdivisions of the Edwards and Trinity aquifers in the Medina Lake 

study area are shown on plate 1. 

Table 1. 

Plate 1. 
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SUBJ[:ClJ"' l'n RE=VIE~,\] 
Table 1. Summary of the lithologic and hydrologic properties of the '1fydroge~ogic subdivisions of the 
Edwards and Trinity aquifers outcrop, Medina and Bandera Counties, Texas 

[Hydrogeologic subdivisions modified from Maclay and Small (1976); groups, formations, and members modified from Rose (1972), Stricklin, 
Smith, and Lozo (1971), Holt (1956), Asworth (1983); lithology modified from Dunham (1962); and porosity type modified from Choquette and 
Pray (1970). CU, confining unit; AQ, aquifer] 

Hydrogeologic Group. Hydro-
Thickness Field Cavern Porosltyl 

subdivision formation, logic 
(fe01) 

Lithology 
Identification development permeability' type or member function 

1l1~ 
Anacacho Limestone CU 240·450 Argillaceous, light gray Soft, marly limestone None Low penneability . 

Upper to buff, fossiliferous 
confining limestone 

I-- units CU 225·300 Chalk, marl, and hard Soft. marly limestone Low penneability Austin Group None 
limestone 

I--
CU 30· 50 Brown. Haggy shale and Not observed in field None Primary porosity lostl Eagle Ford Group 

~ 
argillaceous limestone low permeability 0 

~ 
u 

~ Buda limestone CU 40· 50 Buff, light gray. Not observed in field Minor surface karst Low porositynow 
U dense mudstone permeability 
1l. Del Rio Clay CU 40·50 Blue-green to Not observed in field None None/primary upper Co 
:> yellow-brown day confining unit 

[ Georgetown Karst AQ; 2·20 Reddish-brown, gray to Not observed in field None Low porositynow 
Formation not karst light tan marly penneability 

CU limestone 

ru- Cyclic and AQ 80·90 Mudstone to packstone; Massive beds to Many subsurface; Laterally extensive; both 
marine miliolid grainstone; relatively thin beds; may be associated fabric and not fabric! 
members, chert crossbeds with earlier water-yielding 
undivided karst development rm- 0 

Leached and AQ 70·90 Crystalline limestone; Bioturbated iron- Extensive latera1 Majority not fabric/one of 0 ." • collapsed mudstone to stained beds development; large the most permeable E 
&: members, grainstone; chert; separated by massive rooms 
0 undivided collapsed breccia limestone 
0 
~ beds; stromatolitic 
~ 

"- limestone 
I---

~ Regional CU 16-20 Dense. argillaceous Wispy iron-oxide Very few; only Not fabricllow IV . . ; 
"- mudstone stains vertical fracture permeability; verticaJ Ii ~ dense 

il e member enlargement barrier 0 
fy- ~ il ~ Grainstone AQ 50·60 Miliolid grainstone~ White crossbedded Few Not fabric! 

~ ~ • member mudstone to grainstone recrystallization 
<il wackestone; chert reduces permeability 

~ CyJ- Kirschberg AQ 50·60 Highly altered crystalline Boxwork voids, with Probably extensive Majority fabric/one of the 
0 

limestone; chalky neospar and travertine cave development most penneable u 
c evaporite u 

.9 0 
member mudstone; chert frame 

c5 ." · rvn- E lID· 140 Massively bedded Caves related to Mostly not fabric; some ~ &: 
Dolomitic AQ Mudstone to grainstone; 

• member crystalline limestone; light gray, Toucasic, structure or bedding plane·fabric! 0 ~ ...J c chert abundant bedding planes water-yielding 

fym 
'a 

'" Basal nodular Karst 50·60 Shaly. nodular Massive, nodular and Large latera] caves at Fabric; stratigraphically 
member AQ; limestone; mudstone mottled, abundant surface; a few controIledllarge conduit 

not karst and miliolid grainstone gastropods and caves near Koenig flow at surface; no 
CU Exog)'ra texana Creek penneability in 

subsurface 

Upper CU; 350·500 Yellowish tan, thinly Stair-step topography; Some surface cave Some water production at 

.l! member evaporite bedded limestone alternating limestone development evaporite bedsl 

.; 
beds AQ and mar] and marl relatively impenneable 

Ii 
?;> c 
'2 0 ." ·c Co • fo- ~ E 
::i .s 0 

u.. 
?;> ~ 

r.:- '2 0 ·c '" Lower AQ; 300-320 Massive fossiliferous Massive, reefal Some cave Small to moderate ~ f0- e .; ..!l member limestone. rudistid limestone with development quantities of water from 
"" 0 . reefs and caves, few Corbula martinae. caves and reefs 
?;> 

thin beds of marl and Orbitolina '2 

i9 dolomitic limestone 

::E 

*equivalent to the Devils River Limestone (undivided) 
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Well logs and geologic map data were compiled and used in mapping the hydrogeologic 

subdivisions and determining the thickness of the Edwards aquifer in the study area. The lower 

confining unit of the Edwards aquifer, the upper member of the Glen Rose Limestone of Lower 

Cretaceous age (table 1), was mapped where it is adjacent to the recharge zone. The Anacacho 

Limestone and the Austin Group, the upper confining units which are juxtaposed against the 

Edwanl, Group on the ,"uthe",t ,ide of the Habfm"ing Fmdt (plate I), w",e mapped ruong 

the southern boundary of the recharge zone. 

Caves and other karst features were located during mapping using information from Elliot 
",g :~ f"~ fC~ .... c., s-

and Veni (1994, p. 231-23~) and local residents. Aerial photographs at a scale of 1 :24,000 (1" = 

2,000 ft) were used to locate the most recent rock exposures so that relatively fresh outcrops could 

be examined. Original land-surface topography of excavated quarries was interpolated from 

exposed outcrops and 7-112-minute quadrangles. Edwards and Trinity aquifer outcrop mapping 

also was interpolated through areas that were covered by alluvial deposits. 

Determination of fault displacement often is difficult in carbonate rocks. Fault traces 

commonly are obscured and difficult to identify in the field. Fault displacements were postulated 

and estimated on the basis of abrupt lithologic or stratigraphic dissimilarities and at least one of the 

following: fault scarps, fault breccia, long linear travertine or sparry calcite deposits, or steeply 

dipping strata thought to represent fault-bend folds. Fault-bend folds are bedding deformation 

associated with fault-block movement (Suppe, 1985, p. 343). The strike of these features was 

measured with a compass in order to determine the orientation of the faults. The lengths of many 

of the faults were projected on the basis of lineaments visible on land surface or in aerial 

photographs. Faults were inferred based on the location of lineaments on photographs in areas 

where only slight stratigraphic dissimilarities were indicated, or where the faults extended beyond 

the mapped area. 
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GEOLOGIC FRAMEWORK 

General Features 

The regional dip of rocks of the Edwards Group was reported to be 15 to 20 ftlmile to the 

of .J-
southeast in Medina County by Holt (1956, p. 14) and thicknessestfeported by Rose (1972, table 

1). The faults in northern Medina County are part of the Balcones fault zone (fig. 1). Although 

most of the faults in the area trend southwest to northeast, a few cross-faults trend southeast to 

northwest. Generally, the faults are en echelon and normal, with the downthrown blocks typically 

toward the coast (southeast). Topographic relief is not visible at all of the faults, partly because the 

rocks on both sides of the fault have similar weathering characteristics, and possibly because the 
~~ ? 

rate of movemen0J no faster than the rate of erosion. 

Maclay and Small (1984, p. 33) define flow-barrier faults as faults that have vertical 

displacement greater than 50 percent of the total thickness of the aquifer, sufficient to juxtapose 

permeable layers against relatively less permeable layers. The approximate thickness of the 

Edwards aquifer in Medina County is 450 ft; 50 percent of this is 225 ft. Thus, faults in the study 

area with a vertical displacement of about 225 ft or greater were designated as flow-barrier faul,f 

A series of flow-barrier faults extends from the southwest part of the study area toward the 

northeast. 

Some of the faults in Medina County are similar to those in Bexar County described by 

Arnow (1959, p. 20) and mark the trace of shatter zones, where the faults are not single, sharp 

breaks as shown by a single line placed on a map. Field observations of features associated with 

faults included linear sparry travertine (a clear to translucent secondarily precipitated calcite) 

deposits within many of the fault shatter zones, and of caliche-like fault gouge, sometimes 

containing small boulders, as well as actual displacement of beds. 
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Stratigraphy 

The Glen Rose Formation of the Trinity Group is about 820 feet thick in the study area and 

is composed of two members. George and others (1952) divided the Glen Rose Limestone into 

lower and upper members separated by a thin, resistive Corbula limestone bed. The lower member 

is the topmost unit of the Middle Trinity aquifer (Asworth, 1983) consisting of thick-bedded, 

massive rudistid limestones and thin beds of limestone, marl, and shale (Stricklin and others, 

1971). Overlying the basal unit is a fossiliferous shale and nodular marl capped by the flaggy 

limestone Corbula bed at the top. 

The lower Glen Rose Limestone is composed of beds of massive fossiliferous limestone, 

characterized in the study area part of Bandera County by rudist patch reefs (Petta, 1977). The 

rudist reef complex on Red Bluff Creek is part of what Petta (1977, p. 138) refers to as "probably 

the best exposed rudist reef in the world." Overlying the limestone beds are thin, locally 

fossiliferous marly limestone and limestone beds. The fossil clam Corbula martinae (Whitney, 

1952) is common to abundant in one of these beds and this bed is considered to be at the boundary 

between the upper and lower member of the Glen Rose Limestone. 
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The upper Glen Rose limestone is about 320 feet thick (Ashworth, 1983, p. 27) in the study 

area and is characterized by alternating beds of shale and nodular marl interbedded with thin beds 

of impure limestone and two evaporite zones (Reeves, 1967). The upper member can be 

recognized by the development of terrace (or stair-step) type of topography caused by the uneven 

weathering of those beds. The two evaporite beds are found near the middle and at the base of the 

upper member. At the outcrop, the evaporites have been leached by downward-percolating ground 

waters, producing uneven settling of claystone beds formerly between or overlying the gypsum bed 

(Ashworth, 1983). Concurrent with the dissolution of evaporite is the development of collapse 

breccia zones of increased porosity and permeability as evidence by the numerous sinkholes and 

caverns that are exposed along stream beds where thiower Glen Rose Limestone crops out 

(Reeves, 1967). The upper member of the Glen Rose Limestone is divided from the lower member 

by the presence of the small clam Corbula martinae. Profuse numbers of these clams commonly 

occur in a thin bed at the top of the lower member of the Glen Rose1tmestone. However, this bed -
is not always easily found. 

Because thelower Glen Rose Limestone is massive, it is more susceptible than the upper 

member to the development of secondary porosity which results from jointing, faulting, and the 

dissolving action of ground, and hence is generally the more prolific water-producing zone 

(Ashworth, 1983). 
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Overlying the Trinity Group is the Edwards Group, which includes the Edwards Limestone 

and equivalent rocks. On the San Marcos Platform in Medina and Bandera Counties, the Edwards 

Group is divided into the Kainer and Person Formations (Rose, 1972). Massive nodular beds at the 

base of the Kainer Formation, the oldest formation of the Edwards Group, conformably overlie the 
of 

alternating marl and limestone beds~he upper member of the Glen Rose~mestone. The rock 

units of the Kainer and Person Formations form the basis of the eight hydrostratigraphic units of 

the Edwards aquifer defined by Maclay and Small (1984). The basal member of the Person 

Formation, a shaley mudstone known as the regional dense member, is laterally extensive and 

easily mapped (Maclay and Small, 1984). 

In the vicinity of Medina Lake, the Edwards aquifer consists of approximately 450 ft of 

cherty limestone (table 1). The major formal lithostratigraphic units of the Edwards aquifer are the 

Kainer, Person, and Georgetown Formations (Maclay and Small, 1976). The Kainer and Person 

Formations are subdivided into informal members by Rose (1972). The rocks of these members, 

or subdivisions, were deposited in shallow to very shallow marine waters (Rose, 1972) and reflect 

depositional environments resulting from slight changes in water level, water chemistry, 

temperature, and circulation. All of these factors can cause subtle to not-so-subtle changes in the 

overall lithology of the various members and some changes within the individual members. 
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The Kainer Formation (Rose, 1972, p. 18) is approximately 260 to 310ft thick in the Edwards 

Plateau. A geophysical log from a well in the study area in Medina County contains 312 ft of 

Kainer Formation (table 1). The lithology of the Kainer Formation includes marine sediments 

consisting of fossiliferous (most commonly rudistids) mudstones and wackestones that grade 

upward into intertidal and supratidal dolomitic mudstones with evaporites, and terminate in a 

shallow marine miliolid grainstone. The lower part of the dolomitic member of the Kainer 

Formation in Medina County is distinctly burrowed, similar to the facies equivalents of the 

burrowed member of the Fort Terrett Formation (Rose, 1972, p. 30,46; Miller, p. 15,22) northwest 

of the study area. Major collapsed features noted elsewhere by Rose (1972) in the Kirschberg 

evaporite member are not evident in Medina County. This might indicate fewer massive gypsum 

deposits and more interbedded limestone that would have prevented major collapses after 

evaporite removal. 

The Person Formation (Rose, 1972, p. 19) is about 160-180 ft thick in Medina County (table 

1). The regional dense member at the base of the Person Formation is a dense, argillaceous 

mudstone, which is easily recognized in cores and usually recognizable on geophysical logs 

(Small, 1985). Deposition of the Person Formation above the regional dense member continued 

with dolomitic biomicrite, which contains layers of collapsed breccias, burrowed mudstones, and 

stromatolitic limestone. The cyclic and marine members, undivided, consist of small upward

grading cycles of mudstones to grainstones that range from massive to thin beds and occasionally 

are crossbedded. According to Rose (1972), all of the cyclic and much of the marine members in 

Medina County might have been removed by erosion prior to the deposition of the Georgetown 

Formation. 
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The Kainer and Person Formations change facies into the Devils River Limestone in the far 

southwest corner of the study area (Plate 1). The Devils River Limestone is equivalent to the 

Edwards Group, but discerning and mapping hydrogeologic subdivisions in the Devils River 

Limestone is beyond the scope of this work. 

The Georgetown Formation was not observed in the study area during field mapping, but 

may be present in some of the areas that were inaccessible. However, nearby in western Bexar 

County, an outcrop in a quarry near Helotes Creek contains an unweathered tannish-yellow 

biomicrite sequence of Georgetown Formation that is approximately 20 ft thick. 

The Upper Cretaceous Del Rio Clay, Buda Limestone, Eagle Ford Group, Austin Group and 

Anacacho Formation overlie the Georgetown Formation (plate 1, table 1). However, only the 

Anacacho Formation and Austin Group crop out in the study area. In the study area, the upper 

Cretaceous Austin Group and Anacacho Formation are exposed south of the Haby Crossing Fault 

(plate 1) and were not mapped. The underlying upper confining units do not crop out in the study 

area. 
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HYDROGEOLOGIC CHARACTERISTICS 

General Features 

The Trinity aquifer is comprised of Cretaceous-aged rocks of the Trinity Group, underlying 

the Edwards Group. The Glen Rose Limestone, stratigraphically the youngest formation in the 

Trinity aquifer, crops out over the northern part of Medina and Bandera Counties. Wells completed 

in the Glen Rose Limestone in Medina County supply fresh to slightly saline water from the lower 

Glen Rose (Ashworth, 1983, p. 12) and potable, but highly mineralized water sufficient for stock 

and domestic use (Holt, 1959). 

The Edwards aquifer, composed of rocks of the Edwards Group in the Balcones fault zone, 

is a hydraulically independent regional aquifer system with a very great transmissive capacity 

within the artesian zone. The Edwards aquifer is multilayered, consisting of highly solutioned and 

porous honeycombed strata separated by hard, dense, massive limestone (Jorgensen and others, 

1988). The Edwards aquifer in Medina County supplies abundant quantities water of good quality 

for pubic supply, industry, irrigation, and domestic and stock use for more than half of the county 

(Holt, 1959, p. 22). Recharge to the Edwards aquifer occurs in the Balcones fault zone where 

streams draining the Edwards Plateau lose their base flow and much of their storm runoff by 

infiltration through porous and fractured limestones (Maclay and Small, 1984). Water is discharged 

naturally from springs that occur along major faults east of the study area or induced by pumping 

of wells located in, to the south, and to the east of, the study area. 
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The Edwards aquifer has relatively large permeability resulting, in part, from the 

development or redistribution of secondary porosity (Maclay and Small, 1976). Lithology, 

stratigraphy, diagenesis, and selective dissolution (karstification) account for the effective porosity 

and permeability in the Edwards aquifer outcrop. Karst features that can greatly enhance the 

effective porosity in the outcrop include sinkholes, dolines, and caves. The dry-subhumid climate 

(Thornthwaite, 1952) is not favorable for rapid karst development. The presence of caves in the 

Edwards Group limestone in Medina County is random and the morphology is controlled by the 

local stratigraphy. 

Porosity and Permeability 

According to Choquette and Pray (1970, p. 212), porosity in sedimentary carbonates is either 

fabric selective or not fabric selective. Fabric selective porosity is secondary porosity that 

preferentially developed along specific sedimentary structures, strata, or mineralogy. Not fabric 

selective porosity is secondary porosity that developed generally without the influence of 

sedimentary structures as well as secondary porosity that developed preferentially along fractures 

or faults not associated with the original sedimentary or diagenetic processes. Effective, or 

drainable, porosity consists of pores that are well-connected by sufficiently large openings, 

generally greater than 0.1 micrometer in diameter. In the Edwards aquifer, effective porosity is 

more closely associated with large permeability than with total porosity, which includes 

unconnected or dead-end pores (Maclay and Small, 1976). 
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Permeability is the capacity of a porous rock to transmit water. According to Ford and 

Williams (1989, p. 130), permeability depends on the physical properties of the rock, particularly 

pore size, shape, and distribution. Ford and Williams (1989, p. 150) further state that, "As a 

consequence of the effects of fissuring and differential solution, permeability may be greater in 

some directions than in others as well as in certain preferred stratigraphic horizons." 

The lower and upper members of the Glen Rose Limestone and the eight hydrogeologic 

subdivisions and the names of the corresponding members, and the type of porosity and 

permeability observed in the field within the subdivisions are discussed below in ascending order. 

The lower member of the Glen Rose Limestone exposed in outcrop in the Medina Lake Study 

has good permeability and porosity associated with patch reefs and caves. Most of the porosity 

associated with the patch reefs is fabric selective moldic porosity. The porosity associated with 

caves is not fabric selective. The upper member of the Glen Rose Limestone is relatively 

impermeable and usually acts as a lower confining unit of the Edwards aquifer. However, in most 

~p~ ... t....h¢$ D f 
of the study arealfhe Glen Rose Limestone yields small to moderate quantities of water to wells. 

Hydrogeologic subdivision VITI (basal nodular member) has negligible porosity and 

permeability in the subsurface, and can be regarded as part of the lower confining unit (Maclay and 

Small, 1984). In the outcrop, this subdivision is extensively karstified and has secondary (mostly 

not fabric selective) porosity in the form of large undercut caves. The lateral cave development 

might result from dissolution associated with perching of infiltrating meteoric water on the 

underlying relatively impermeable upper member of the Glen Rose Limestone (Kastning, 1986). 

The perching would allow time for dissolution to occur within this subdivision. Many seeps and 

springs discharge from the lower part of this hydrogeologic subdivision in Medina and Bexar 

"e'7 County. 
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Hydrogeologic subdivision VII (dolomitic member) generally is porous and relatively 

permeable. Some of the evaporite beds within this subdivision are burrowed and dissolved to the 

extent of being honeycombed and, therefore, permeable. Many of the beds contain isolated molds, 

casts, and burrows with large secondary (fabric selective) porosity but little permeability because 

the openings rarely are connected. Therefore, the permeable layers are restricted to solution

enlarged bedding planes. A small, but relatively deep, cave was found in this subdivision near 

Medina Lake. 

Hydrogeologic subdivision VI (Kirschberg evaporite member) appears to be the most porous 

and permeable subdivision of the Kainer Formation. The porosity, chiefly fabric selective, has 

been described as boxwork (Maclay and Small, 1976) because of the configuration of voids and 

the secondary neospar and travertine deposits. The boxwork porosity does not prevail throughout 

hydrogeologic subdivision VI, but is interbedded with massive limestone beds. 

Hydrogeologic subdivision V (grainstone member) is widely recrystallized. The 

recrystallization greatly reduces the effective porosity and permeability of this subdivision; 

however, there is local interparticle and intraparticle porosity and local fracture porosity and 

permeability. 

Hydrogeologic subdivision IV (regional dense member) is probably an effective vertical 

confining unit between the underlying Kainer Formation and the overlying members of the Person 

Formation. However, caves, faults, and fractures, primarily not fabric selective porosity, and 

fracture-associated permeability, might greatly reduce the confining effects of this subdivision in 

some areas. 
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Hydrogeologic subdivision III (leached and collapsed members, undivided) is the most 

porous and permeable subdivision within the Person Formation. The predominant type of porosity 

in this subdivision is fabric selective where evaporite minerals have been dissolved. However, 

breccia porosity resulting from evaporite dissolution can be either fabric selective or not fabric 

selective (Choquette and Pray, 1970). Cave porosity and permeability associated with faulting and 

(or) evaporite dissolution also is common. Haby Bat Cave and Boehm Cave are in this subdivision. 

Hydrogeologic subdivision II (cyclic and marine members, undivided) is moderately 

permeable, with both fabric and not fabric selective porosity. Field observations indicate that this 

subdivision has only slightly less porosity and permeability than subdivision III. 

Hydrogeologic subdivision I (Georgetown Formation) was not observed in the study area. 

The thickness of the Georgetown in the subsurface of the Medina Lake area is estimated to be 2-

20 ft (table I). In Bexar County, the Georgetown is approximately 20 ft thick (Steirt'Kfitl 6~1iria,eFere<1l ~5 
1995). Generally wells completed in this unit yield little water. This subdivision has negligible 

porosity and permeability, especially in the subsurface. 

The upper confining units consist of the Del Rio Clay, Buda Limestone, Eagle Ford Group, 

Austin Group, and Anacacho Limestone (Rose, 1972). Because the Del Rio Clay consists mostly 

of clay and has negligible effective porosity and permeability, it forms the primary upper confining 

unit of the Edwards aquifer. 
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SUMMARY AND CONCLUSIONS 

The Edwards aquifer is one of the most productive carbonate aquifers in the nation. It is the 

sole source of public water supply for San Antonio and for most of southern Medina County. In 

addition, the Edwards aquifer provides large quantities of water to agriculture, industry, and major 

springs. The major springs support recreational activities and businesses, provide water to 

downstream users, and provide habitat for several threatened or endangered species. However, it 

is not a reliable aquifer in the Medina Lake area. 

The dissolution-modified, faulted limestone aquifer is recharged in its outcrop area in the 

Ba1cones fault zone. The Edwards aquifer comprises the Kainer and Person Formations of the 

Edwards Group and the overlying Georgetown Formation. The Kainer and the Person Formations 

consist of seven informal members. These seven members, together with the overlying 

Georgetown Formation, compose the eight informal hydrogeologic subdivisions of the aquifer. 

The Edwards aquifer has relatively large permeability resulting, in part, from the 

development or redistribution of secondary porosity. Lithology, stratigraphy, diagenesis, and 

karstification account for the effective porosity and permeability in the Edwards aquifer outcrop. 

Karst features that greatly enhance effective porosity and permeability include sinkholes, do lines, 

and caves. 

Hydrogeologic subdivision VI (Kirschberg evaporite member) appears to be the most porous 

and permeable subdivision in the Kainer Formation. Hydrogeologic subdivision III (leached and 

collapsed members, undivided) is the most permeable subdivision in the Person Formation. 

Hydrogeologic subdivision II (cyclic and marine members, undivided) is moderately porous and 

permeable. 
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\d ~)i 
Results from the field mapping confirmed the conclusion reached by previous investigations CcJl 

\)hat Medina Lake lies mainly on rocks of the~per Glen Rose Limestone. However, the channel 

downstream of Medina Dam along the intervening canyon to the upper end of Diversion Lake lies . \ 
\-"f)l':» • 

on the ¥pper Glen Rose Limestone, not on rocks of the Edwards Group as previously assumed.( cJAt-

The lower end of Diversion Lake (near Diversion dam) lies on a thin section of the lowermost unit 

in the Edwards Group - the Basal Nodular member. Rocks of the Edwards Group form the caps and 

bluffs on the hills surrounding the lakes. Most of the Edwards rocks that may be hydrologically 1 ". 
connected with the lake system at higher lake stages are primarily from the Basal Nodular and J t\~ 

"j1~vtr 
Dolomitic members of the Kainer Formation (table 1), stratigraphically the lowest formation in the (i~ . 

Edwards Group. 

medlake.doc 23 rbl(10/12195) 



PROVISIONAL REPORT - SHOULD NOT BE REFERENCED, CITED, OR RELEASED WITHOUT THE 

APPROVAL OF THE DIRECTOR OF THE U.S. GEOLOGICAL SURVEY 

REFERENCES CITED 

Arnow, Ted, 1959, Ground-water geology of Bexar County, Texas: Texas Board of Water Engineers Bulletin 5911, 

62p. 

Ashworth, J.B., 1983, Ground-water availability of the Lower Cretaceous Fonnations in the Hill County of south

central Texas: Texas Department of Water Resources, Report 273, 172 p. 

Barnes, Y.E., and others, 1992, Geologic map of Texas: Bureau of Economic Geology, The Univerisyt of Texas, 

Austin, Texas. 

Choquette, P.W., and Pray, L.C., 1970, Geologic nomenclature and classification of porosity in sedimentary 

carbonates: American Association of Petroleum Geologists Bulletin, v. 54, no. 2, p. 207-250. 

Dunham, R.J., 1962, Classification of carbonate rocks according to depositional texture, in Classification of Carbonate 

Rocks Symposium: American Association of Petroleum Geologists Memoir I, p. 108-121. 

Elliot, W.R. and Veni, George, eds., 1994, The caves and karst of Texas: A Guidebook for the 1994 Convention of 

the National Speleological Society with emphasis on the southwestern Edwards Plateau, Brackettville, Texas, 

JuneI9-24, 1994, National Speleological Society, Huntsville, Alabama, p. 231-238. 

Ford, D.C., and Williams, P.w., 1989, Karst geomorphology and hydrology: London, Chapman and Hall, 601 p. 

George, W.O., S.D. Breeding, and W.W. Hastings, 1952, Geology and Ground-water Resources of Co mal County, 

Texas: U.S. Geological Survey Water-Supply Paper 1138, 126 p. 

Guyton, W.F. and Associates, 1955, The Edwards Limestone Reservoir: Private consultant's report to the City Water 

Board, San Antonio, Texas by W.R. Guyton and Associates, Austin, Texas, 30 p. 

Holt, C.L.R., 1956, Geology and ground water resources of Medina County, Texas: Texas Board of Water Engineers, 

Bulletin 5601, 283 p. 

Holt, C.L.R., 1959, Geology and ground· water resources of Medina County, Texas: U.S. Geological Survey Water

Supply Paper 1422, 213 p. 

Jorgensen, D.G., J. Downey, A.R. Dutton, and R.W. Macaly, 1988, Region 16, Central Nonglaciated Plains in Back, 

W., J.S. Rosenshein, and P.R. Seaber, eds., Hydrogeology: Geological Society of Ameria, Volume 0-2, p. 141-

156. 

Kastning, E.H., 1986, Cavern development in the New Braunfels area, central Texas, in Abbott, P.L., and Woodruff, 

C.M., Jr., eds., The Ba1cones escarpment - geology, hydrology, ecology and social development in central Texas: 

Geological Society of America, p. 91-100. 

medlake.doc 24 rbl (10/12/95) 



PROVISIONAL REPORT - SHOULD NOT BE REFERENCED, CITED, OR RELEASED WITHOUT THE 

APPROVAL OF THE DIRECTOR OF THE U.S. GEOLOGICAL SURVEY 

Maclay, RW., and Small, T.A., 1976, Progress report on geology of the Edwards aquifer, San Antonio area, Texas, and 

preliminary interpretation of borehole geophysical and laboratory data on carbonate rocks: U.S. Geological 

Survey Open-File Report 76-627, 65 p. 

___ 1984, Carbonate geology and hydrology of the Edwards aquifer in the San Antonio area, Texas: U.S. 

Geological Survey Open-File Report 83-537, 72 p. 

Miller, B.C., Smith, C.I., Rose, P.R., Humbphreys, C.H., and RE.Webster, eds., 1984, Stratigraphy and structure of 

the Maverick Basin and Devils River Trend, Lower Cretaceous, Southwest Texas: San Antonio Geological 

Society Guidebook, San Antonio, Texas, 128 p. 

Petta, T.J., 1977, Diagensis and geochemistry of a Glen Rose patch reef complex, Bandera County, Texas: in 

Cretaceous Carbonates of Texas and Mexico, Application to subsurface exploration, Bebout and Loucks, 

eds., University of Texas Bureau of Economic Geology Report of Investigation No. 89, 332 p. 

Reeves, RD., 1967, Ground-water resources of Kendall County, Texas: Texas Water Development Board Report No. 

60, 100 p. 

Rose, P.R, 1972, Edwards Group, surface and subsurface, central Texas: Austin, University of Texas, Bureau of 

Economic Geology Report ofInvestigations 74, 198 p. 

Sayre, A.N., 1936, Geology and ground-water resources of Uvalde and Medina Counties, Texas: U.S. Geological 

Survey Water-Supply Paper 678, 146 p. 

Small, T.A., 1985, Identification and tabulation of geological contacts in the Edwards aquifer, San Antonio area, 

Texas: Texas Department of Water Resources LP-199, 54 p. 

Stricklin, EL., C.1. Smith, and EE. Lozo, 1971, Stratigraphy of Lower Cretaceous Trinity Deposits of Central Texas: 

University of Texas Bureau of Economic Geology Report oflnvestigations No. 71, 63 p. 

Suppe, J., 1985, Principles of structural geology: Englewood Cliffs, N. J., Prentice-Hall, 537 p. 

Thornthwaite, C.W., 1952, Evapotranspiration in the hydrologic cycle, in The physical and economic foundation of 

natural resources, v. II, The physical basis of water supply and its principal uses: U.S. Congress, House of 

Representatives, Committee on Interior and Insular Affairs, p. 25-35. 

Young, Keith, 1986, The Pleistocene terra rossa of central Texas, in Abbott, P.L., and Woodruff, C.M., Jr., eds., The 

Balcones escarpment, central Texas: Geological Society of America, p. 63-70. 

medlake.doc 25 rbl(10112195) 



THE MEDINA LAKE PROJECT 

BRINGING MEDINA LAKE WATER EAST 
A REGIONAL PARTNERSHIP TO SUBSTITUTE 

MEDINA LAKE SURFACE WATER FOR 
PRESENT MUNICIPAL DEMAND ON THE EDWARDS AQUIFER 

SPONSORED BY: 

BEXAR-MEDINA-ATASCOSA COUNTIES WCID NO. 1 

October 27, 1993 



BMA TOUR FOR TWDB STAFF 

Packet Contents 

1 . Tour Agenda 

2. Medina Lake Map 

3. BMA/BMWD Relationship Map 

4. Medina Lake Photographs 

5. Diversion Lake Photographs 

6. Map locating BMA/BMWD existing meters to monitor canal system 
losses (TWDB grant funded) 

7. Map locating proposed additional meters (TWDB application 
pending) 

8. SB 1477 §1.44 

9. Summary of benefits under §1.44 

10. Photographs of Canal Refurbishing Work 

11. Dam Stability Study letters 

12. 1993 SCS Annual Report - BMA Article 

G:\B\BMA\TOURS\TOC.5 



Stop 1 

Stop 2 

Stop 3 

Stop 4 

Stop 5 

Stop 6 

BMA MEDINA/DIVERSION LAKES & CANAL SYSTEM FIELD TOUR 
FOR TEXAS WATER DEVELOPMENT BOARD 

Wednesday, October 27, 1993 

Hosted By 

BEXAR-MEDINA-ATASCOSA COUNTIES WCID NO. 1 
P.O. Box 170 

8:30 

12:30 

Highway 132 
Natalia, Texas 78059 

Telephone: (210) 663-2132 
Telecopier: (210) 663-3519 

Meet at the Alsatian Inn, 
Castroville, Texas 

Highway 90, 

Tour Medina Lake - Main Dam 

Tour Diversion Lake Diversion 
beginning of BMA Canal System, BMA 
Program 

Dam and 
Metering 

Tour canal refurbishing sites, BMA syphon, and 
potential wetlands park near Castroville 

Tour canal other BMA canals and meter sites as 
time allows 

Lunch at the Alsatian Inn, Castroville, Texas, 
and return to Austin 
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S.B. No. 1477 

1 of those rules and orders. The authority shall provide to the 

2 district notice that the delegation of authority to it has been 

3 terminated. After the termination notice is given, the authority 

4 of the district to manage or control vater in the aquifer is 

5 limited to the authority granted by Subsection (b) of this section. 

6 SECTION 1.43. CREATION OF OHDERGROOHD WATER CONSERVATION 

7 DISTRICT. An underground vater conservation district may be 

8 created in any county affected by this article as provided by 

9 Subchapter B, Chapter 52, Water Code. 

10. SECTION 1.44. COOPERATIVE CONTRACTS FOR ARTIFICIAL RECHARGE. 

11 (a) The authority may contract vith any political subdivision of 

12 the state under Chapter 791, Government Code, to provide for 

13 artificial recharge of the aquifer, through injection vells or vith 

14 surface vater subject to the control of the political subdivision, 

15 for the subsequent retrieval of the vater by the political 

16 

17 

18 

19 

subdivision or its authorized assignees for beneficial use within 

the authority. 

(b) The authority may not 

enter into a cooperative contract 

unreasonably deny a request to 

under this section if the 

20 political subdivision agrees to: 

21 (1) file with the authority records of the injection 

22 or artificial recharge of the aquifer: and 

23 (2) provide for protection of the quality of the 

24 aquifer vater and of the rights of aquifer users in designating the 

2S location of injection vells or recharge dams, the methods of 
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S.B. No. 1477 

1 injection or recharge, and the location and type of retrieval 

2 wells. 

3 (c) The political subdivision causing artificial recharge of 

4 the aquifer is entitled to withdraw during any 12-month period the 

5 measured amount of water actually injected or artificially 

6 recharged during the preceding 12-DOnth period, as demonstrated and 

7 established by expert testimony, less an amount determined by the 

8 authority to: 

9 (1) account for that part of the . artificially 

10 recharged water discharged through springs: and 

11 

12 

(2) compensate the authority in lieu of users' fees. 

(d) The amounts of water withdrawn under this section are 

13 not subject to the mazimum total peraitted withdrawals provided by 

14 Section 1.14 of this article. 

15 SECTION 1.45. RECHARGE DAMS. Ca) The authority may build 

16 or operate recharge dams in the recharge area of the aquifer if the 

17 recharge is made to increase the yield of the aquifer and the 

18 recharge project does not impair senior water rights or vested 

19 riparian rights. 

20 (b, The commission shall determine the historic yield of the 

21 floodwater to the Nueces River basin. The historic yield is equal 

22 to the lesser of: 

23 (1) the average annual yield for the period from 1950 

24 to 1987: or 

25 (2) the annual yield for 1987. 
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SECTION 1.44 (S.B. 1477) 
SUMMARY OF POTENTIAL BENEFITS TO 

THE REGION 

Implementation of Section 1.44 of Senate Bill 1477 
authorizing political subdivisions to contract with the 
new Edwards Aquifer Authority to use the Aquifer to 
"transport" surface water via the Aquifer provides the 
following substantial benefits, at a minimum: 

• to build a 
Antonio to 

to Bexar 

Avoid $50 million estimated cost 
pipeline from Medina Lake to San 
transport Medina Lake surface water 
County. 

• The Aquifer as a transport mechanism is already in 
place and immediately available - avoids 5 to 10 
year minimum delay to construct a pipeline. 

• Avoid the potential environmental impact associated 
wi th construction of a conventional surface 
pipeline from Medina Lake to San Antonio, or 
anywhere else where the Aquifer can be used to 
transport surface water. 

• Result in increased contributions to the Aquifer, 
as a portion of surface water injected into the 
Aquifer for transport must remain in the Aquifer 
for the benefit of the "common whole." 

• Anticipate minimal, if any, environmental impact to 
the Aquifer other than increased volumes of water. 

• Eliminates any evaporative losses from canals, 
reservoirs or streams used to transport water. 

• Makes water "available" for sale to any pumper in 
the system. 

• Aquifer will receive water not otherwise available 
by "natural" processes. 
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John Hall. Chairman 
Pam Reed, Commissioner 
Peggy Gamer, Commissioner 

TEXAS WATER COMMISSION 
PIWTEmSG TE.U\S' II£HT!I <so S.,FETY BY PR[I'E,vT1SG .-I.\'O NEDI:Cl.\'G POLWT10S 

April 12, 1993 

Mr. John W. Ward, President 
Bexar-Medina-Atascosa Counties WCID No. 1 
Post Office Box 170 
Natalia, Texas 78059 

Re: Medina Lake Dam, Inventory No. TX 1787 
Medina Diversion Dam, Inventory No. TX 1788 

Dear Mr. Ward: 

We have completed our review of the "structural Stability Analysis 
for Medina Lake's Main and Diversion Dams" dated March 29, 1993, by 
Blackwell Environmental, Inc., for the BMA. This report and the 
monitoring program established for the structures have addressed the 
concerns outlined in our letter of April 4, 1990, (copy attached) . 
Accordingly, by letter dated April 6, 1993, we have notified Mr. 
Doug Hearn, P.E., R.P.L.S., of Blackwell Environmen~al, Inc., that 
we agree that both dams should be considered structurally and 
hydraulically adequate, as designed for the current conditions at the 
site. 

As you are aware, site conditions can change over time. Due to the 
sensitivity of these two projects to certain parameters, our 
acceptance of the future safety of the dams is conditional upon the 
continued monitoring program that has been established for the 
projects. Therefore, we would request that BMA periodically provide 
us with copies of the monitoring reports in order that we might 
continue our acceptance of the future safety of the dams. 

If you have any questions concerning our position on the status of 
the dams, or if we can be of additional assistance, please feel free 
to call my office (512/463-7884). 

Warren D. Samuelson, P.E. 
Manager, Flood Management & 
Groundwater Programs section 

DeS/am 

cc: Edmond R. Mccarthy, Jr., McGinnis, Lochridge & Kilgore, Austin 
Jim Blackwell, President, Blackwell Environmental, Austin 

P.O. Box 13087 • 1700 -':orth Congm< .\venue • .-\uslin. Tens 78711·3087 • ;12/i6,·7830 
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TEXAS WATER COMMISSION 

s. J. \Vynne. III. C"a",,,,an 

John E. Birdwell. Comm,ss;oner 

Cliff Johnson. Commissioner 

Allen Beinke. Execullve DlTeCIOr 

April 4, 1990 

Mr. C. A. Muellar, Preside~~ 
Bexar-Medina-Atascosa Counties WClD No. 1 
P.O. Box 170 
Natalia, Texas 78059 

Re: Medina Dam 
Inventory No. TX 1787 

Medina Diversion Dam 
Inventory No. TX 1788 

Adju=icatio~ Certificate No. 2130(B) 

Dear Mr. Muellar: 

John J. Vay. Genera, Couns,,: 

Michael E. Field. C;'lei Heaf'r1gs :o"a~:"e' 

Brenda W. Fosler. Ciller CerK 

Thank you for your letter of March 27, 1990, concerning reco~~e~=a
tions offered as a result of our inspections at your dams. We are i~ 
agreement with repairs undertaken or planned. 

We have completed our review of the engineering reports o~ refere~=e= 
dams prepared for the Edwards Underground Water D~str~ct. We offer 
~~e following commen~s and recommenda~~ons: 

1. ) As indicated in the enclosed copy of our hydrau_~c s-:''':'=::, 
the reservoir and tailwater elevations used in the 
stability analysis of Medina Dam are appropriate. We are 
also in agreement that the structure is hydraulically 
inadequate. Modifica~ion of the dam to withstand over
topping or to pass the probable maximum flood needs -:e be 
pursued. Hensley-Schmidt, Inc. indicated in their reper-: 
of September 28, 1989, that the structure would not be 
threatened by erosion along the downstream toe if over
topped. It is recommended that this question be further 
addressed in conjunction with other studies recommende= 
below. 

2.) Our review of the stability analyses prepared by Prode~, 
Inc. and by Hensley-Sc~~idt, Inc. indicates that the 
analysis is sensitive to the values used in the assump
tions. It also appears that both dams may be unstable 
during flood events. Due to the lack of reliable base line 
data and to the issues listed below, the detailed desig~ 



L 

L 

r 

I 

I 

r 
r 
r 
t 
r-
r-
r-

b 

, 

~r. c. A. Muellar 
?age 2 
Apr':'l 4, :990 

3 . ) 

4. ) 

5. ) 

=epor~ =ecoIT~e~dec ~y He~s:ey-Sc~~ic~, :~C. sho~:~ ~e 
under~aken as soor. as possible to de~erm':'ne wha~ mod':':':'
ca~i=r.s, ~= any, a=e neece= :0= bc~h cams. 

It is indica~ed in the geological assessmer.t that: 
a) "faults oco:.:.r ;:,eneath Med':'na Dam" and "in the vioini::y 
of Diversion Dam"; =J the artesian well wa~er or':'::':'::ates 
from the lake and is poss~=:y coming through a fa~lt; and 
cJ solutior.':'ng and large cavities may exist beneath the 
dam. We too have concerns about the faults, solu~ion~::g, 
and cavi~ies and about che large seepage flows ':'n ~he lef:: 
(east) abuwment and the apparent fluctuation of their 
discharge points. It appears that further study and moni
toring are warranted and should be pursued as soon as 
possible. It would also appear that additional investi
gations may be necessary to determine if ocher solutioni::; 
channels or cavities exist. 

The effectiveness 0: the curren~ relief well system is 
a concern and should be addressed as part of the design 
report. 

The other recommendations given in the reports should also 
be implemented as soon as possible. 

6.) If post tension anchors are to be used, will corrosion -
the anchors be a ~ro=lern? 

We appreciate the opport~~ity ~~ review the reports. All reports 
have been retu=~ed ~o ~~e Edwa=~s U~de=~==~~~ wa~e= =~S~=~=~ as 
re~ested. Final copies of the reports should be provided for 
:ommission files as soo~ as ~~ey a=e avai~able. 

I~ is re~ested tha~ the i~ems lis~e~ i~ this le~~e= be ac==es5a~ __ 
soon as possible. A time fr~~e for completion of these ite~s a::~ --
~ocifica~~on of the dams shoulc be ;==videc a~ an early ca~e. -
addition, the emergency action plan shculd be reviewed a~d update~. 
The revised plan sho~ld then =e provided to all appropriate parties. 

If there are any ~estions, feel free to call (S12/3il-6301). 

Sincerely, 

1{~w-4/L~ 
Warren D. Samuelson, P.E. 
Chief, Darn Safety and 
Flood Management Section 

w"DS :ph 
Enclosure 
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John Hall, Ch:mm:ln 
pam Reed, Commissioner 

Pe~"Y Garner, Commissioner 

TEXAS WATER COMMISSION 
PROrEmSC 7"E.U\s·IIE.~LTH .,,\0 SAFETY BY PREYENTT.VC .,.VO UOUCI.\·C POLLLT/OS 

Apr i 1 6, 1993 

Douglas Hearn. P.E., R.P.L.S. 
Blackwell Environmental. Inc. 
9020 Capital of Texas Highway North 
Bldg II, Suite 550 
Austin, Texas 78759 

Re: Medina Lake Dam, Inventory No. TX 1787 
Medina Diversion Dam, Inventory No. TX 1788 

Dear Mr. Hearn: 

We have completed our review of "Structural Stability Analysis for 
Medina Lake Main and Diversion Dams", dated March 29, 1993. Based on 
your investigations and study we agree that both dams should be 
considered as structurally and hydraulically adequate, as designed. 
for the current conditions at the site. Because of the sensitivity of 
these sites to certain parameters such as uplift pressures, our 
acceptance of the future safety of the dams is conditional upon t~e 
the continued monitoring program that has been established for the 
projects. 

If you have any questions concerning our position on the status of 
the dams, or if we can be of additional assistance, please feel f~~~ 

to call my office (512/463-8575). 

Sincerely, 

Warren D. Samuelson. P.E. 
Manager, Flood Management & Groundwater 
Programs Section 

DCS 

P.O. Ilox 1308i • 1700 )(onh Congress .\Venue • Austin. Tex:lS 78711-;08i • ;111'\6;·7830 
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Medina Lake: 
MVSWCD Annual Reporl. 

expects to 5ee • remarkable inercue 
in water congerV8tion in the system 
once volume based rates are adopted 
and users realize the value of the re
source. SMA's ton8 range plans in
clude monitoring each individual 
walter CUSIOmer'S imption tmnout(s) 
either with. pe:nnanendy irtualled or 
portable meter. Again. any savinI! in 

Rediscovered resource 
BMA begins upgrade, looks to the future 

Long ignored by all but the fanners 
in Medina and western Bexar coun· 
ties and the individuals who came 10 
know the reluation of recreation on 
its calm waters, Medina Lake.nd its 
owner, the Bexar-Medina -Atascosa 
Countie! Water Control &. Improve· 
ment ()jstrict (BMA), have been 
thrust recently into the public's eye. 
Although more than 80 years old. 
Medina Lalte and the BMA iniglllion 
system has only recently aunc:ted the 
attention of municipal wiler u~ in 
the eentral Texas region. 

SpurTed on by the growinl water 
cri!is created by the overdrafting of 
the region's sole source of drinking 
water-the Edwards Aquifer-and the 
ruling by a Federal Judge earlier this 
year that the overdraftin, would have 
to come to an end, municipal water 
users, particularly in Bexar County, 
have begun eyeing Medina lake. TIle 
only eJ:i!>ting surface water resource 
in lhe region. it is coveted asa poccn
lial sourcc of supplemental municipal 
water sUJ'Plics. 

The concept was no surprise to the 
rolksal BMA. Thcyhad long ago con· 
ceivedofusing Medina Lake asamu· 
nkipal water source, and begun work 
to bring theidca to fruition.)n (act, the 
only surprise to SMA was why it took. 
so long foreveryonc else 10 figure out 
the potential value or Medina Lake. 

Medina Dam wa! constructed duro 
ing a 53·week period between No· 
vember II, 1911 and November 28, 
1912. total cost of the Dam was 
S 1,550.750. These arc remarkable 
figure!i when compared to the costs 
and time frame associated with even 
smaller rcservoirs today. 

The lake. which holds some 
254,000 acre·reet of waler, provldes 
up 10 M,roo acre· feet of irrigation 
water annually. 

Continued urbani7.alion within the 
8 M A system has resulted in a re· 
duced demand for irrigation water 
during the paSI decade. Annual de· 
mands for inigation water wrthin the 
syslem have dropped to approxi· 
mately 39,000 acre·reet per year. The 

uce§ deliverable waler from !he five miles of the canal. A ponion of Medina lake water atribuled to re
Medina We can be made available thelirst year's money was alsouJCd to duced inililion demand can be con
(Of' other beneficial uses, including purchased speciaUzed machinery verted 10 municipal use. 
municipal use. capable of more efficiently and effec- To comp~1e the steps necessary 

Kill< Decl<er. SMA Manage, 

As early u 1986. SMA belan E- lively maintainin, and repairina: the for BMA 10 realize itl8ml ormakinl 
lively investigllinl ways to convert canal system. To dale. BMA has up- waler available for municipal u!Je, 
i1.5 excess irrigation waler 10 rnunici- graded more than 60 miles of the BMA has pending before the Texas 
palwaterforusebyBMA'sneighbon system's MainClnallfwough repain. Natural Resources Conservation 
in Medina, BeJlar and Bandera colin· relining and refurbishins efforts. Commission (formert)' the Texas 
tics. Theseefforts climaxed in August Tn a relaled cooservation effort, Waler Commission) an application to 
1991 when SMA signed. along·1erm BMAidenLified!he needlD lac_and amend Its present authorization to occurrence o( a loo.year flood event 
watersuppl)'lgreementforthesaleo( correct Ioues from the canal sysaem divert Wlter from Medina Lake for and even the theoretical "Probable 
these exc:eu w.ten to the Bek. caused b)' seepage and evaporation ini8ar.tonU.lOthe~ition.luseof Maximum Flood (PMF)" event. Tn 
MetropoUlln W ... , DiSlric' (Bex· IQI1lYaIOd by poor lIInsponallon "munlclpllptJlpOSeJ," Tha'appllca· April 1993. !he Te ... Wale' Com· 
arMet). efficiencies and, in !Orne instances, lion Is schedu~ (or action b), the mi5Sion accepted the conclusions or 

BexarMeL. the sc:cond large~lI retail unauthorized "borrooNinl" of water. Commission on Dec, 1. 1993. BMA's enlineerina anal),sis. 
municipal waler system in Bexar To accompHsh this J08.I BMA <Jb.. Though unrelaled toBMA's direct 8MA also haspending I request to 
County had contracted with BMA 10 wood matt;hing grant funds from the conservation efToru. between March the Soil Conservation Service. 
obtain a surface waler supply 10 Slip· Texas Water Development Board 1990 and April 1993, BMA under· USDA, to develop a work ptan lead· 
plement its groundwater supply - the (TWDB) 10 install five flow me1ers took a signiflcanl effortto protect and ina into a "Small Watershed Project" 
Edwards Aquifer. The agreement be- alonglhe Main Canal (rem Diversion promote the value.oCMedina Lake IS pursuant to Public Law 566. This 
tween SMA and 8exarMet contem· Lake Ii) the Pearson Junction in a surface water resource. Relying projecL. ifauthorized, would result in 
plated use of the water by BexarMet Medina County. BMA has plans to upon assumptions thai were unsup. SCS providinglechnicaJ and. po~i· 
as well IS other municipal users in install additional meters to monitor portedbYlCtuairlCldtestsordata.thc bly. fmancial assistance to BMA to 
Bexar and Bandera counties. the losses liong .11 of ill primary Edwards Undergound Water Districi further develop its conservation and 

Due 10 the age of the SMA system canals within the system. To rurther (EUWD) had previously raised ques· resource enhancement efforts in the 
and the limited maintenance that had those plans, SMA has UI applicaLim lions about the stability of Medina BMA system below the Medina and 
been performed during this SO-plus pending before the TWOB for addi. Dam. EUWDft:presentatJves 'NCntso Diver!i:ion dams. 
year history, 8MA undertook. an in. tionaJ matching grant funds. If apo- far as 10 describe this engineering These efforts comtcmJ'latc en· 
tensiverefurbishing effort to improve proved,that grant would allow SMA marvell! being. mere -blob of can· hanced canal refurbishing and repair 
the transportation and emcieocy of 10 instaJl metcrsalonl the Main Canal crete." crforts to facilitate grealer conscrva-
the cDnal delivery system. into Bexar County, , Asa resultoflhis mischaractcri7.a- Lionofwllern:~ourcc!; identificatinn 

In part, this errort wa.~ spurTed on In addition to completinl iu: re(ur. lion, BMA spent in exccs.s of ?" o~r environmental rc!iOurces. 
by 8MA'! initiation of water conser· bishing efforts atool the canaI.ys. SIJ.5,<XO ~ a tJvee·year period to Includml wetJands area which may 
vacion IV'nIH'IIms within the s-aem Iem BMA plan. to conduct 1011 .... '"'-· «IIMIUCl. iIHhe..fiekI _.lneerln. ,J'aluire pnMetDon or rep~enl 
belinn;;;il'~-I990. which led Ie; lho.~ ... anaIY*j~~_ IaIIYlllIIl.IhINt'POnd die ,tIIIouaIllDiJl ..... ~ ...... 0/ " 
formal adoption of a Water Conser- !ySlCffi. This information w.mn~ur 1 •• 1-&144£?LU.ilt.IIIftII«~ 
vation Plan in October 1992. BMA used in I pilot project In which SMA Jtajblily of the ICt'Uc:IUreI duri"l .. WIIJlI~ the ~yslem whteh empha~~7e 
realized that through conservation it planstomoniiorirriaaUon BM~ s envUOflrm:n&a.1 re_~urce~ 111· 

could meel ils existing and rutllre .nd demands within the cludinl ash and Wildlife and thelJ re· 
demand, (or irTiga'ioo "'a'er and in- 'ypes in !he sy ... m ID ~ hobtlll; .... I ... , but ce,· 
crease the amount of excess Wlter proved iniption eaiftty not .... hnproved ~puon 
.ha' could be made a.ailable (or in(~tion ... 11I1hen , ':~.;;[~.!:"I= 
municipal use. the md,vldUlI farmers for ~1-.ln the 8MA -stem, 

BMA'! rerurbishing efforts began ~--.. "'1 

in earnest in 1992 with a fivc-ye. -':.:. ' Eachof1hete projects isan inLCgral 
program to spend S300,C()() per year ; eleme.Ilo(BMA'. MasterP1an and its 
within the system on conservation. 2!I.year plannina horizon. BMA has 
oricnlCd projccl!i. In 1992 and early ... -joyed IIKI benefitted from its close 
1993, a portion of lhese monies were wortlnl rdadonship with SCS and 
used in • matching lrant program MediN Valley SWCD durinl the 
sponsored by the Soil Conservation put several re-s. AI BMA looks 
So ' , I' .•• '( I'dcI tcrwud 10 carryina out !he Master-

rvlCe mvo vlng UIII;l repair 0 S I PIIn. which wilt takeil intoils second 
co canal bank. along _Imalely ,hundrod ~ BMA 1"'ler to con. 

Fanning is more than a way of lifo ••• 

it's a business 

e ',dn.. 10 _~ its portnenhip 

r Ct~"nar1 oCJ'he.I~~ .c~.a11olA ,~" ~,~.ind ~~~CD. ' ': 

Our farmers and ranchers and the related Agri·Businesses are 
the backbone of our economy, They are the cornerstones on 

which Medina County has progressed. See us for your money needs. 

~ Castroville 
~State Bank 

"Proudly Serving T11fI lledllUl Valley Artie For OWr 30 Yeers" 

Paris & lorenzo 
CUlrovlll •• T .... 538-2201 MEMBER 

FDIC 


