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ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 1 

RESEARCH PROJECT 
OBJECTIVES, GOALS AND APPROACH 

Principal Author: David C. Lewis, P.E. 

Technical Memorandum No.1 (TM-1), Research Approach, addresses: 

o 

o 

o 

o 

o 

Authority and Acknowledgments 
Statement of Problem, Opportunity, and Brief History 
Overall Objectives 
Project Format 
Study Approach 

AUTHORITY AND ACKNOWLEDGMENTS 

This project was conducted in accordance with the general contract be
tween the City of Abilene (COA) and Texas 11ater Development Board (TWDS) 
dated August 7, 1986, and specific subcontracts between GOA and Freese and 
Nichols, Inc.; Freese and Nichols, Inc. and GH2M HILL; and GOA and Baylor 
College of Medicine. Authorization to proceed was December 10, 1986. A 
copy of the general contract agreement between GOA and TWDB is attached as 
Appendix A. 

The Research team extends thanks and appreciation to the numerous 
agenci es and personnel who ass i s ted us du ri ng thi s research p roj ect. The 
following agencies deserve special credit: 

o 

o 

o 

o 

American Water Works Association (AWWA) 
Groundwater Foundation 
Texas Water Development Board (TWDB) 
Texas Department of Health (TDH) 
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In 1986, Abilene agreed to participate in the Colorado River t4unicipal 
Water District's Stacy Reservoir Project, effectively securing water rights 
for the last available surface water supply of acceptable quality for 
Abilene. 

In 1985, Abilene developed the "Water Management Plan". This water 
conservation plan addresses the effectiveness of pricing, regulations, and 
education on water demand in Abilene. In May 1986, a drought contingency 
plan was approved and amended to the City ordinances. 

In 1984, Abilene commissioned Freese and Nichols, Inc. (FN) to conduct 
a study of alternative water supply sources. The study evaluated the pos
sibility of using brackish water (saltwater) or reclaimed wastewater as a 
water resource. The study concluded that the use of brackish water is not 
economically feasible at this time, but the use of reclaimed wastewater was 
possible. In 1985, the Abilene City Council authorized the City staff to 
begin planning an advanced wastewater treatment plant pilot project. 

OVERAll OBJECTIVES 

The overall objective of this project is to identify a system of 
treatment processes that could be implemented by the City of Abilene to in
crease its water supply without detrimental effects on water quality. 
Specific goals and objectives developed for the project are as follows: 

Acceptable Effects of the Discharged Water on the Water Quality of the Re
servoi rs 

The discharge water (WWTP effluent) shall not cause any adverse ef
fects on the water quality which would alter its current attainable benefi
cial use, such as potable water supply, recreation, fisheries, and irriga
tion. 
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Public Acceptance 

Public officials and selected community representatives shall be ap
prised of the objectives, goals, findings, and recommendations of the re
search project. 

A public meeting to present the research project shall be held to 
start the public involvement and participation in any follow-up project. 

Non-potable Water Supply Reuse 

Non-potable water reuse options that reduce demands on the potable 
water system shall be investigated. 

PROJECT FORMAT 

In order to use the total resources of the research team, a technical 
memorandum approach was used in report preparation and project management. 
Technical memoranda (TM's) deal with specific issues and allow presentation 
of data in a format that relates to the specific issue, resulting in a more 
focused approach. As a set, the TM's comprise a complete report. They 
also provide the basis for the summary report, which presents a more con
cise account of the key project issues for a broad and often non-technical 
audience. 

A list of TM's for this project is: 
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TM 

No. Description 

8B Bench-scale testing - Nitrification/ 
Dentrification 

9 Recommended Plan 

10 Evaluation of financing options 

11 Non-potable system(s) 

STUDY APPROACH 

Author(s) 

T. Simpkins 

D. Lewis 

J. King 
R. Longoria 

R. Longoria 
D. Lewis 

Figure 1.1 illustrates the interrelationships of the major project 
tasks. A more detailed work plan was developed for each task and then as
signed to a team member. The primary evaluations and conclusions were de
veloped at project team meetings in which draft TM's or portions thereof 
were presented and discussed. The meetings were generally one- or two-day 
sessions including six to ten team members. This approach allowed for a 
greater interchange of ideas from various team members. 

The primary research team members are: 

Team Member 

John Cook, P.E. 
David Lewis, P.E. 
Bob Chapman, P.E. 
Carl Hamann, Ph.D. 
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Assignment 

Principal-in-Charge 
Project ~lanager 
Technical Advisor 
Water Treatment Specialist 
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0 Texas Water Commission (TWC) 
0 United States Geological Survey (USGS) 
0 Environmental Protection Agency (EPA) 
0 Research Foundation of AWWA 
0 City of Abilene 

The Research team particularly wishes to recognize the staff of the 
City of Abilene (COA) Water and Wastewater Department who assisted in the 

collection of water quality data and with bench scale testing, and extend a 
special thanks to Cindy Manning, Assistant to the Director of Water Utili

ties, who assisted in travel arrangements and meetings. 

TM-2 describes and acknowledges the efforts of the members of the 
Public Advisory Committee (PAC) for their efforts. 

STATEMENT OF PROBLEM, OPPORTUNITY, AND BRIEF HISTORY 

The City of Abilene's growth over the last 50 years has required the 

development of new water resources. Abilene has co~nitted itself to con
tinued growth. While economic and population growth may not be directly 

tied to water demand, it is strongly interrelated. Without new water re
sources, Abilene's growth and the life-style of its residents would be 
seriously affected. In the early 1980's, a drought nearly exhausted 
Abilene's water supplies. In response to this situation, Abilene committed 

itself to providing water supplies in sufficient quantity and quality to 
meet future water demands without sacrificing growth or quality of life. 

In order to accomplish this goal, Abilene has developed and begun imp1e
lnenting a three-part appraoch. Its objectives are to: 

1. Develop surface water resources to the maximum extent practical. 
2. Develop and implement an effective water conservation program. 

3. Evaluate alternative water supply sources. 
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Acceptable Water Quality for Discharges into Public Drinking Water Reser
voirs, Specifically Lake Fort Phantom Hill 

Discharges to Lake Fort Phantom Hill shall comply with state and 
federal water quality regulations. In addition, the discharge shall not 
cause aesthetic problems with the lake. The discharge to the lake should 
produce a water resource compatible with production of a potable drinking 
water of equal or greater quality than Abilene's present water resources. 

Acceptable Operational Constraints in Selection of Unit Treatment Processes 

Unit treatment processes selected shall be consistent with the City of 
Abilene's operation and maintenance capabilities. It is recognized that ad
vanced treatment systems will require additional training and possibly new 
personnel. Selection of unit processes should take into account eXisting 
operational constraints. 

Risk Involving Public Health 

Unit treatment processes selected shall maintain or reduce the current 
public health risks associated with the potable water supply and wastewater 
treatment and disposal. 

Acceptable Costs for Construction and Operation of Water Reclamation 
Facilities 

Water reclamation shall be implemented only if it is determined to be 

cost-effective in comparison to other alternatives. 



TM 
No. 

1 

2 

3 

4 

5 

6 

7 

7A 

8A 

Descri pti on 

Project objectives and goals, state
ment of problem, methodology 

PAC activities, meetings, comments and 
recommendations 

Basic data development: population 
projections, hydrology, water demand, 
existing water rights, WWTP and WTP 
capabil i ti es 

Water quality data: historic, de
veloped, monitoring program, assess
ment 

Water quality model 

Water quality criteria and goals 

Process selections and conceptual de
sign and cost estimates 

Process Selection, Sizing, and 
Locati on 

Bench-scale testing - High lime and 
alum coagulation 
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Author( s) 

D. Lewis 

R. Longoria 

R. Longoria 
B. Chapman 
D. Lewis 

D. Gattis 
B. Nickerson 

K. Iceman 

B. Chapman 

R. Longori a 
B. Chapman 
D. Lewis 

D. Lewis 
R. Longoria 

R. Longoria 



Team Member 

Ray Longoria, P.E. 
J. L. Melnick, M.D. 
Ted Metcalf, Ph.D. 
Terry Foster, Ph.D. 
Barbara Nickerson 
Tom Simpkin, Ph.D. 
Glen Daigger, Ph.D. 
Ken leeman, P.E. 
Jim Nichols, P.E. 
Ken Miller, P.E. 

Assignment 

Task Leader 
Vi rol ogy Study Leader 
Virology Study Leader 
Parasitic Study Leader 
Water Qual ity/r~onitoring Task Leader 
Wastewater Treatment Specialist 

Wastewater Treatment Specialist 
Water Quality Modeling Specialist 
Quality Control Task Leader 
Quality Control Task Leader 
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ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 2 

PUBLIC ADVISORY COMMITTEE ACTIVITIES AND MEETINGS 

Principal Author: Raymond R. Longoria, P.E. 

Technical Memorandum No.2 (TM-2l, PAC Activities addresses: 

o 

o 

o 

o 

Public Advisory Committee (PAC) Formation and Responsibility 
Summary of PAC Meetings and Comments 
Summary of PAC Water Reclamation Plant Tours 
Public Meeting 

INTRODUCTION 

Despite all the technologic and economic elements that comprise a 
water reclamation research project, it is foremost a public involvement 
project. A project of this type requires non-wavering public support and 
funds to be successful. Two avenues were provided for public participa
tion: a select Public Advisory Committee was formed, and a public meeting 
providing a forum for the whole community to discuss the project was 
planned. 

PUBLIC ADVISORY COMMITTEE FORMATION AND RESPONSIBILITY 

Public Advisory Committee (PAC) members, representing various segments 
of the community, were nominated by the City and approved by the Texas 
Water Development Board. 

The seven-member Public Advisory Committee included: 
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Jackie Cox 

Jeanette Davis 

George Dawson, M.D. 

Dr. Terry Foster 

Bill Hollowell, P.E. 

Harold Nixon 

Dr. Clark Stevens 

Private citizen, geologist 

Private citizen, former State Board of 
League of \~omen Voters 

General practitioner in family medicine 

Fairleigh Dickinson Laboratories, Inc., 

a local research 1 aboratory performi ng 
grant research 

Professional engineer, Tippett and Gee, 
Inc. 

Current City Councilman and businessman 

Retired biology professor, Abilene 
Christian University 

Ms. Davis was elected chairperson at the initial meeting and presided 
at the remaining meetings. 

The purpose of the committee was to act as an advisory group to the 
research project team, providing comments and guidance during the project. 
The organization's major responsibilities were to provide a public forum 
for the exchange of ideas, disseminate accurate information to the public 
and channel the concerns of the Abilene citizens to the research project 

team. A copy of the PAC Chapter (Public Advisory Committee Duties, Respon
sibilities and Schedule) is included at the end of this Technical f4emoran
dum. 
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SUMMARY OF PAC MEETINGS AND COMMENTS 

Although only four meetings were identified in the scope of the pro
ject, a total of six formal PAC meetings were held. All meetings were con
ducted in Abilene. The dates and subjects of those meetings are described 
below: 

Meeting 1 April 15, 1987 

Meeting 2 July 23, 1987 

Meeting 3 August 23, 1987 

Meeting 4 September 24, 1987 

Meeting 5 October 15, 1987 

Meeting 6 January 13, 1988 

TM2-3 

PAC formation and intro
duction of project goals 
and objectives. 

Baseline physical and 
water quality data. 

Water quality effects and 
proposed concept plan. 

Water quality standards 
and process alternative 
evaluation. 

Presentation of the draft 
report. 

Presentation of revised 
final draft report and dis
cussion of Public Meeting 
format and content. 



Copies of meeting minutes are available at the Municipal Building in 

Abil ene. 

SUMMARY OF PAC WATER RECLAMATION PLANT TOURS 

The project scope required visits by the PAC, and project team to the 
Denver Metro and the El Paso water reclamation projects. A third visit was 
also conducted to the Upper Occoquan Sewage Authority water reclamation 
project, since it more closely resembled the conditions of the Abilene re

search project. A summary of the plant tours is provided below: 

1. Fred Hervey Water Reclamation Plant, El Paso, Texas. Site visit 
was conducted on t4ay 12, 1987. The El Paso project is an ad
vanced wastewater treatment plant whose water reclamation facil
ity discharges up to 10,000,000 gallons-a-day to help recharge 
the depleting Hueco Bol son aquifer. r"any of the treatment pro
cesses used at this plant were under consideration for the 
Abilene research project. It was estimated the reclaimed water 
would take in excess of two year to reach the point where water 
was withdrawn from the aquifer. To date, there is no confirma
tion the reclaimed water has reached the well field. Roberto 
Bustamante, the El Paso Sewage System Manager conducted the tour. 

2. Denver Potable Water Reuse Demonstration Plant. Site visit was 
conducted on May 13, 1987. The Denver project, often referred to 
as the Denver Metro Plant is a demonstration plant producing 1 
million gallons per day of potable water. The water is not in
troduced into the Denver potable water supply. Rather, it is 
part of a research project generating data to answer the ques
tion, "ls reclaimed water safe to drink?" An additional 5-10 
year of monitoring remains. This level of testing is necessary 
since the plan is to introduce the reclaimed water directly into 
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the potable water system instead of a large aquifer like El Paso, 
or a large lake such as Occoquan Reservoir in Alexandria, 
Virginia. 

3. Upper Occoquan Sewage Authority Water Reclamation Plant. Site 
visit was conducted on June 24, 1987. The Upper Occoquan Sewage 
Authority (UOSA) project most closely resembles the project con
cept for the Abilene water reclamation research project. Ad
vanced treatment units reclaim water which is then discharged to 
Bull Run Creek, a tributary to the Occoquan Reservoir. The UOSA 
plant discharges up to 15 million gallons per day to the reser
voir, and is in the process of being expanded. The treatment 
units were similar to those being considered for the Abilene pro
ject. Millard Robbins, the Executive Director of UOSA conducted 
the tour. 

PUBLIC MEETING 

A public meeting was held on February 23, 1988 in the City of Abilene 
Council Chambers. Approximately two dozen citizens were in attendence. 
The Summary Report was presented by the research team, then the meeting was 
opened for questions. A summary of the meeting minutes is included at the 
end of this technical memorandum. 
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PUBLIC ADVISORY COMMITTEE DUTIES. RESPONSIBILITIES AND SCHEDULE 

I. PURPOSE OF THE COMMITTEE 

The Committee shall act as an advisory group to the City of Abilene 
and its consultants. The Committee shall review and comment on 
elements of the study and make recommendations to the City pertain
ing to the project. The Committee's role shall be an advisory role 
making recommendations to the City and a communications role re
flecting the interests of the community. with decision-making re
sponsibility remaining with the City. 

II. STRUCTURE OF THE COMMITTEE 

A Chairperson and a Vice-Chairperson shall be elected by a majority 
vote of the Public Advisory Committee. 

The Chairperson shall preside at all meetings of the Committee and 
shall represent the Committee to the City. it consultants. to State 
and federal agencies. the media. and the general public. 

The Vice-Chairperson shall perform the functions of the Chairperson 
when that person is unable or unavailable to perform them. 

The City shall provide secretarial assistance to the Committee in 
order to facilitate its work. 

III. MEETINGS OF THE COMMITTEE 
, 

A. REGULAR MEETINGS 

The Committee shall have three regular meetings. The initial 
orientation meeting will be held at the City Hall in Abilene on 
Wednesday. March 11. 1987. The remaining meetings will be 
scheduled on March 11. 1987. Committee meeting shall be open 
to the general public. Notice of time and place of regular 
committee meetings shall be given in advance of the meetings. 
Notice of regular meetings shall be mailed to Committee members 
and to local media in order to inform the general public. The 
members of the committee will also be notified by phone a few 
days before the meeting. All meeting notices shall be accom
panied by an announced agenda for the meeting in question. 

All material for review and comment by the Committee shall be 
available to the members sufficiently in advance of the time 
designated for Committee comment so that adequate review time 
is provided. 
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The City staff, its consultants, and staff of appropriate 
entities (such as the Texas Water Development Board) shall pro
vide necessary information to the Committee to facilitate its 
advisory function. 

S. SPECIAL MEETINGS 

Special meetings of the Committee may be called by the Chair
person, the City, or its agent, when special needs require the 
involvement of or consideration by the Committee. Notice of 
the tim~ and place of such special meetings shall be given at 
least three days in advance of the meeting. Committee members 
shall be advised by telephone, as well as by written notice, of 
such special meetings. 

IV. COMMITTEE ACTIONS 

A quorum of the Committees shall be defined at 50~ of the Committee 
membership. A quorum must be present before the Committee can take 
definitive actions. 

Procedural matters may be decided by consensus or by majority vote 
of the members present. 

Comments and recommendations to the City on the final product shall 
be by majority vote of those present. 

V. REPLACEMENT OF COMMITTEE MEMBERS 

If, for any reason, a Committee member cannot continue to serve, the 
City shall appoint a replacement, naming a person from the same 
category of membership in which the replaced member was designated. 

Members absent from more than two consecutive regular Committee 
meetings without accepted excuse (illness of member or member's 
family, death in family, or business travel) may be replaced by the 
City. 

VI. AMENDMENTS TO RULES OF PROCEDURE 

Changes in these Rules of Procedure may be made by majority vote of 
the Committee. 

No changes in the Rules of Procedure may be made which would be in 
conflict with the legal reqUirements of the City or the TWOB. 
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CITY OF ABILENE 
WATER RECLAMATION RESEARCH PROJECT 

PUBLIC HEARING 
TUESDAY, FEBRUARY 23, 1988 

Jim Blagg opened the meeting with a brief background of the Reclamation 
Research Project. He introduced the Public Advisory Committee members 
in attendance: Jeanette Davis, Dr. Terry Foster, Dr. George Dawson, 
Harold Nixon and Dr. Clark Stevens. The purpose of the public hearing 
is to obtain feedback from the citizens of Abilene. 

Dwayne Hargesheimer introduced Mike MCDevitt with the Texas Water 
Development Board and briefly described the board's involvement with 
the project. Dwayne also introduced Dr. T. G. Metcalf from the Baylor 
College of Medicine as a research team member available to answer 
questions regarding health concerns. 

Dwayne presented an overview of the City of Abilene water supply. He 
described the area's watersheds and storage and explained the Lake 
Hubbard reservoir supply. Dwayne detailed the future water supply 
expected from stacy. The present water supply is adequate, however, in 
view of the area's drought history, the Staff feels obligated to 
pursue all resources at our disposal. 

John Cook from Freese & Nichols, Inc. elaborated on the project and 
needs. He stated that the unconventional water sources are being 
investigated because it is felt that Abilene'S ability to supply water 
by conventional sources is limited over the long term. This situation 
is being faced by most municipalities in Texas. The research project 
explores the possibility of reclaiming wastewater now discharged after 
treatment around Lake Fort Phantom down the Brazos to Possum Kingdom 
Reservoir. 

Bob Chapman, Assistant Director of water Engineering for CH2M Hill, 
Inc. reviewed similar projects from across the nation and explained how 
other communities are addressing their needs for water supply. Mr. 
Chapman presented overviews of projects now operating in Denver, CO., 
Tampa, FL., st. Petersburg, FL., EI Paso, TX, and in North Virginia. 
These projects are producing high quality effluent. Some are receiving 
support from governmental agencies. Most communities first explored 
non-potable uses of reclaimed wastewater in an effort to reduce or 
level out the demand for fresh water supply. 

John Cook explained how the study was conducted. David Lewis (Freese & 
Nichols, Inc.) was project manager, Ray Longoria (Freese & Nichols, 
Inc.) was project engineer. Assistance came from other staff members 
of Freese & Nichols, Inc. and CH2M Hill, Inc. Virology work was 
supported by Baylor College of Medicine. Technical memorandums pro
vided a discourse on each of the key elements of the study and were 
assembled into the project report. Information was reviewed by the 
research team in a quality control effort to critique scientific find
ings. City Staff and the Public Advisory Committee were met with 
several times. The water Development Board role was financial support 
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of the research project and review of the report. 
Development Board has no future commitment beyond 
summary report of the project has been prepared. 

The Texas Water 
this pOint. A 

David Lewis discussed water quality findings. Water quality was a key 
element and a driving force for the project team. The research team 
inventoried historic data, implemented a water quality monitoring pro
gram, and developed water quality standards which were in most cases in 
excess of standards established by the EPA and the state of Texas. 
These high standards became the goal of the team. The research team 
developed a water quality model to show impact of decisions that would 
be made. Data included biological parameters, chemical parameters, 
physical parameters, and toxics. Special studies were conducted. 
Water quality of Lake Fort Phantom Hill is good. Runoff and drainings 
into Lake Fort phantom Hill are poor. The lake is well mixed. The 
lake meets surface water criteria set by the State of Texas for drink
ing water supplies. The water quality model findings were: 

-Lake Fort phantom Hill is nitrogen/phosphorus limited. It has 
trouble ridding itself of nitrates. High phosphorus levels in the 
discharge will create algae blooms. These two parameters must be 
controlled. 

-Under drought conditions: 
quality will improve. 
degrees of treatment. 

at 3 mgd of reclaimed discharge, water 
More than 3 mgd would require higher 

-Levels of treatment were investigated to maintain historical water 
quality. 

Bob Chapman addressed health effects. Chronic effects are long term 
health effects. Acute effects include viruses and parasites. Safe
guards can be provided. Proje~ts in use across the nation do not 
indicate long term problems. Natural pollutants in fresh water are of 
more concern to regulatory agencies than wastewater contaminants. Mul
tiple barriers will remove viruses and parasites to assure a safe water 
supply. Continual monitoring assures efficient process operation. 

Ray Longoria described the proposed treatment facility. They faced two 
evaluations: technical evaluation of the treatment facility and imple
mentation of a process into a workable water reclamation system. The 
water quality model provided an optimum operation level of 3 mgd. Two 
selection criteria were reliability and economics. Biological phospho
rus with alum coagulation was chosen as the most effective treatment 
process. The treatment involves preliminary and biological procedures 
similar to conventional wastewater treatment plants. The difference 
comes with the tertiary treatment which adds chemicals to enchance 
solids removal and disinfectants prior to discharge into the receiving 
stream. Alternatives were developed including enhancement of existing 
wastewater treatment facilities at Hamby. Development of a non-potable 
distribution system was investigated. A second alternative involved 
construction of a tributary plant in conjunction with a non-potable 
distribution system. The second alternative was chosen primarily be
cause of economic considerations. 

2 



John Cook presented project findings: 

-Reclaimed wastewater can be safely produced. 
-A process was identified to produce effluent within governmental 
standards and to maintain or improve water quality of Lake Fort 
Phantom Hill. 

-A full scale pilot facility operating at 3 mgd which would have 
minimal or beneficial effects on Lake Fort Phantom Hill. 

-A turf irrigation system is feasible. Such a system would pro
vide users with a cost savings over use of potable water. 

-All means of increasing water supply (conservation, Stacy, 
reclamation) should be considered. 

If the City elects to proceed with this project, they need to: (1) 
develop the treatment facility; (2) develop a management and operations 
program; and (3) begin implementation. 

project recommendation included: 
-3 mgd at the Hamby treatment facility or on a tributary of Lake 
Fort Phantom Hill; 

-sewer improvements - development of a non-potable distribution 
system. 

-Determination of water rights. 
-water quality monitoring should be continued and expanded. 
-Public Advisory Committee role should be expanded. 
-Conservation should be continued. 
-Conventional water treatment and monitoring should continue. 
-Pilot testing should be conducted. 
-Financing alternatives should be investigated. 

John elaborated on projected water demands. At this point, the meeting 
was opened to questions and comments. 

Questions and Answers: 

Dwayne Hargesheimer encouraged questions from the public. He reminded 
the audience that Dr. Metcalf was available for questions concerning 
health· concerns as was Dr. George Dawson of the Public Advisory 
Committee. 

A: Citizen expressed opinion that potential toxicity of additives in 
the water should be studied in more detail. He feels long term health 
problems can result from inadequate removal of chemicals and the addi
tion of treatment chemicals in the reclamation process. He pointed out 
that the EPA has recognized over 700 chemicals in the water and has 
only set acceptable levels on about 40. How will levels of chemicals 
such as trichloroethylenes be dealt with? 

A: Bob Chapman: Many of these issues are being addressed by federal 
regulations. The compounds you mentioned are of concern. We have the 
programs in place to deal with them. TCE is an example. It is an 
extremely volatile compound which will be removed to a great degree by 
aeration of any conventional wastewater plant. TCEs would be further 
removed as they move along streams. 
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Dwayne advised 
discussed with 
breaks up. 

that specific technical questions 
the technical support people after the 

can be 
public 

Q: Will chlorine removal be required by future regulations? 

further 
meeting 

A: John Cook: Chlorine is of a concern. The EPA is moving towards 
removal of chlorine from wastewater treatment plant discharge. Their 
concern is not human health but toxicity to aquatic life in the 
receiving stream. On the potable side, the concern is for human 
health. A great deal of work is under way. Ray Longoria added that 
proposed plant would be adaptable to ozone disinfection. 

Q: Would there be effective removal of the AIDS virus in the treatment 
process? 

A: Dr. Metcalf: There is absolutely no concern. The AIDS virus is 
too fragile to survive the environment in a wastewater treatment plant. 
Dr. Dawson concurred. 

Q: Is there cost effectiveness in storage in Lake Fort Phantom Hill 
reservoir if it is silting? 

A: Dwayne Hargesheimer: That may be a problem in the distant future. 
Projections show no great effect on the current water supply up to the 
year 2000. 

Q: Who will be responsible for monitoring the water and how often will 
it be monitored? 

A: That will be the option of the City Council. Existing projects use 
satellite groups such as local universities for monitoring. Several 
options were looked at by the research project. The research team 
recommends involvement of a quasi-independent group. Recommendation is 
to monitor at regular intervals varying according to the chemical group 
being examined. 

Q: How does the water quality of effluent from the existing wastewater 
treatment plant compare to quality of Lake Fort Phantom Hill? 

A: John Cook: You are comparing apples and oranges. Quality of water 
coming from the existing plant is secondary, not suitable for drinking 
or recreational use. It is presently discharged into an arroyo which 
dries up or eventually discharges into Possum Kingdom. LFPH is a 
reservoir of good quality - not great quality. It is safe for human 
contact and supports diverse fisheries. 

Q: Expressed concern about high concentration of organics and pollu
tants during dry times. Will the public be notified if that reclaimed 
wastewater creates unsafe levels of regulated compounds? (specifically 
trihalomethanes). 

A: John Cook: THMS are not of immediate health concern as might be 
something like coliform bacteria. "Who will watch the quality?" is a 
question we felt important enough to address in the project. Again, we 
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recommend an independent group to monitor quality of the discharge. 

comment-Jeanette Davis: The standards followed by the research pro
ject exceeded quality standards set up by regulatory agencies. 

Q: Does the total project cost include the pipeline, right-of-way, and 
construction? 

A: Ray Longoria: Construction and implementation were computed as 
total project cost. Included in the cost comparison of the complete 
water reclamation system is the cost of sewage collection system 
improvements needed to get wastewater from point of generation to 
treatment. This was the big factor that swung us in favor of the west 
side tributary plant. That option avoids the major expense of moving 
sewage to the existing northeast location. 

• Dwayne Hargesheimer: There are technical memorandums available which 
break down cost projections in detail. 

Q: How will sludge be disposed of? 

A: Dwayne Hargesheimer: The current permit allows ponding of digested 
sludge. Water is decanted and used to irrigate. Sludge remains in the 
pond. After the silting process is completed (60 years), sludge will 
be dried up and disposed of. 

Q: Is there a danger of the water used to irrigate the golf courses 
contaminating drinking water supply by seeping into water wells? 

A: The risk of a home well being contaminated by this project is 
unlikely because high standards would be applied which would result in 
near potable discharge. 

Q: Comment. Decanted water contains high solids. 

A: The situation 
different matter. 

Q: Are there any 
into the creek? 
looking at? 

at the existing wastewater treatment plant is a 
There are no nearby wells at the existing facility. 

guarantees against accidental discharge of raw sewage 
What kind of operation maintenance costs will we be 

A: John Cook: The reliability of the process is a key concern. The 
plant will be designed to be reliable. It will have back up units and 
multiple units. There is no way to eliminate all risk of release of 
partially treated wastewater. The risk is minimal. Even extreme 
situations can be handled. 

Comment-Jackie Cox: The length of Elm Creek itself provides a natural 
barrier to accidental contamination of LFPH. 

David Lewis: Overall cost of the facility was increased by 20% to allow 
for additional safeguard. 

Q: Will the plant, if it is built, be shut down from time to time for 
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maintenance? 

A: project design with multiple units allows for shutdown of one unit 
for repair without incapacitating the entire plant. 

Q: Did I understand an earlier overheard comment that 99.7% of the 
discharge is guaranteed to be free of viruses? 

A: Bob Chapman: We were referring to a log reduction of 
parasites. Several log reductions will take place in the 
process. 

virus or 
treatment 

Dr. Metcalf: In terms of virus reduction through the usual treatment, 
you can count on at least 4 - 6 log reductions prior to diSinfection. 
Disinfection will provide 2 - 3 more log reductions. As we look at the 
present treatment and the proposed project we see the addition of two 
processes. 

Q: Can I get a list of chemicals used in the proposed project? 

A: Yes. 

Q: The point is that the new chemicals which will be introduced into 
the water supply may be dangerous. Over the long term, many people 
feel that the nations water supply is a major health risk. 

A: John Cook disagreed - feels the national water supply is safe. 
There are greater health concerns such as improper diet, smoking, 
pesticide use, etc. which have a greater "total body burden" impact. 

Comment: Bob Chapman - what we have here is a microcosm of a larger 
national debate concerning "How Safe is Safe?" 

Q: Does water quality change when the lake turns? 

A: David Lewis: We found that LFPH does not turn over. In the late 
fall, we see indications of a tendency toward stratification, but since 
the addition of a mixing system, actual turnover has not occurred. 

Dwayne Hargesheimer: Phantom is sensitive in this area. That was 
recognized in the study. 

Q: During the treatment process, will heavy metals be removed? 

A: Yes. Heavy metal accumulations are in removed sludge. 

Q: Will industries be restricted as to discharge quality? 

A: Dwayne Hargesheimer: There is already enforcement of an industrial 
waste ordinance. It will continue. 

Q: Is monitoring of water quality expensive? 

A: David Lewis: $30 to $50 thousand a year are estimated to be needed 
to monitor quality of LFPH. This does not include cost of daily moni-
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toring at water and wastewater plants. Special studies may be needed 
periodically. They were not included in these estimated costs. This 
significant program carries with it significant expense. 

Q: With budget cuts, is there any assistance available? 

A: Dwayne Hargesheimer: We are not sure at this point. Cost parame
ters will be considered at time of implementation. 

Ray Longoria: This cost of monitoring is incremental. Monitoring is 
always required for a water supply. 

Q: Is the sanitary landfill a threat to our water supply? 

A: Dwayne Hargesheimer: 
watershed. 

The landfill is not situated in the LFPH 

Jim Blagg: Current permits for the state don't allow surface runoff 
from landfills. It must be impounded. 

Q: Will this project be put to voters? 

A: That decision would be left up to the Council. 

Q: There is no new water. All water is recycled. When will water be 
available from stacy Dam? 

A: We will have a right to use stacy water any time after construction 
is completed. 

Q: When will that be? 

A: In 1992, the project will be impounding water. It may take 5 years 
to fill. Transportation facilities will need to be built. 

Q: Are we looking at this project in the same time frame? 

A: This project was not intended to support current water supply 

Q: What is total cost? 

A: Ray Longoria: Total estimated cost is $10.5 million based on 1987 
costs. This cost is at the recommended production level of 3 mgd. 

Q: There are 
conservation, 
built anyway. 

many components in the overall future water supply, 
stacy, reclamation, etc. Some of this project must be 
Is that correct? 

A: Dwayne Hargesheimer: Yes. We must build the primary and biological 
phases irregardless. 

Q: IWhen must this building be completed? 

A: Dwayne Hargesheimer: We are contemplating improvements now and 
again in 1992. It would depend on community growth. 
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Q: Who will take the initiative to advise the public of problems with 
the water such as taste and odor problems? 

A: This is a consumer acceptance factor rather than a health concern. 

Dwayne Hargesheimer concluded the meeting. Final documents will be 
presented to the state in the next 30 days and the project will wrap 
down. The staff and Research Team will be available after the meeting 
for follow-up. 
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GENERAL 

ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 3 

BASELINE DATA DEVELOPMENT 

Principal Authors: Raymond R. Longoria, P.E. 
Bob Chapman, P.E. 
David Lewis, P.E. 

Assembly of baseline data was required as a prerequisite to completing 
the various tasks in the Water Reclamation Research Project. The data and 
information was obtained from existing sources and is presented in fact 
sheet format. 

A list of the fact sheets assembled in this technical memorandum is 

presented below: 

FACT SHEET 

A 
B 

C 

D 
E 
F 
G 
H 
I 

J 

K 
L 

Existing and Projected Population 
Existing Quantity and Quality Models of Lake Fort 

Phantom Hill 
Historical Water Quality - Lake Fort Phantom Hill 
Potable Water Reduction and Usage 
Wastewater Flows and Quality 
Wastewater Treatment Plant Capacity 
Water Treatment Plant Capacity 
Water Rights (Permits and Contracts) 
Historical Climatological Data 
Current Water Conservation Measures 
Design Criteria of Similar Reuse Projects 
Summary of Literature on Public Health Impacts 
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A. FACT SHEET ON EXISTING AND PROJECTED POPULATION 

HISTORICAL POPULATION 

Table A-I gives historical population figures for the City of Abilene 
and Taylor County from 1900 to 1986. The reported census population in 
1980 was 98,315 people, and a census estimate made in 1984 is 106,790. The 
population estimated by the City Planning Department for 1985 is 108,541. 

The increase in population from 1970 to 1980 represented a 9.6 per
cent increase, or 0.9 percent per year. The increase in population from 
1980 to 1985 suggests a 2.0 percent growth rate. 

Based on the above information, ,a more recent estimate was made by 
the City of Abilene's Planning Department. The estimate was for tQe 
wastewater study area shown on Exhibit A, which is broader than the ex
isting City limits. The estimate of total population for 1986 was 
113,000. Of this total, 112,659 were estimated to be served by City 
sewer. 

PROJECTED POPULATION 

The City's Planning Department prepared a population projection for 
the year 2005. This is presented in "City of Abilene, Population Projec
tion", July 1986. The City's Planning Department anticipated the 2 percent 
per year growth seen in the 1980's to continue through 2005. This yields 
a 2005 total population of 166,792, with 165,865 estimated to be served by 
sewer in that year. Of the approximately 54,000 population increase, 
about 30,000 or about 60 percent is estimated for the southwest quadrant 
of the City. 

A one percent per year increase would result in a year 2005 popula
tion of 136,500 with approximately 136,000 served by City sewer. Figure 
I-A gives a plot of the historical, and projected populations at 1 and 2 
percent growth. The population increase is expected to fall within the 
limits of these values. 
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Table A-1 

Abilene and Ta~tor Count~ 
Historical Populations 

Year Abi lene Ta~lor Count~ Percent of 
Population Annual Population Annual Taylor County 

Growth Growth in Abilene 

1900 3,411 10,499 32.5% 
10.4% 9.6% 

1910 9,204 26,293 35.0% 
1.1% -0.9% 

1920 10,274 24,081 42.7% 
8.5% 5.5% 

1930 23,175 41,023 56.5% 
1.4% 0.7% 

1940 26,612 44,147 60.3% 
5.5% 3.7% 

1950 45,570 63,370 71. 9% 
7.1% ·4.8% 

1960 90,368 101,078 89.4% 
-0.1% -0.3% 

1970 89,653 97,853 91. 6% 
0.9% 1. 3% 

1980 98,315 110,932 88.6% 
2.5% 2.5% 

1981* 100,778 113,744 88.6% 
2.0% 2.0% 

1982* 102,767 115,989 88.6% 
3.8% 3.8% 

1983'" 106,700 120,429 88.6% 
0.1% 2.2% 

1984 106,790 123,100 86.8% 
1.6% -0.4% 

1985'" 108,541 122,506 88.6% 

1986* 113,000 4.1% 

*Population for 1981, 1982, 1983, 1985 and 1986 are from the Planning and 
Community Development Department and the water Utilities Department of the 
City of Abilene. The 1984 population was estimated by the U. S. Census, 
and figures for other years are from U. S. Census Report. 
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B.2 Fact Sheet on Existing Models of Lake Fort Phantom Hill 

Since 1976, Freese and Nichols has conducted a number of studies of Lake 
Fort Phantom Hill to analyze reservoir yield, water quality, pumping 
cost and operation as a system with Hubbard Creek Reservoir. The com
puter models of the lake used in these studies are described below. 

1. 

2. 

3. 

1976 - Report on Lake Fort Phantom Hill Yield: This report in
vest i gated the yl e 1 d of Lake Fort Phantom Hlll and the effect of 
increased reservoi r capacity on yi e 1 d. (The study found that 
increasing the capacity of the lake would not increase the yield 
significantly.) The study used a computer model to conduct a 
monthly mass balance of reservoir inflows, evaporative losses, 
withdrawals for water supply and spills. The data used by the 
model include historical monthly evaporation rates, historical 
monthly inflows (adjusted for current conditions), and area and 
capacity information. 

1980 - Stud¥ of Coordi nated Operation of Exi st i nfi Raw Water Supe ly 
Sources and tudy of Long Range Water SURP1Y: T ese studles In
vestigated the operatlon of Lake Fort P antom Hill in coordination 
with Hubbard Creek Reservoir. A computer model was developed for 
the studies to conduct a mass balance operation study of the two 
reservoir systems. The model was used to determine the yield of 
the system and to analyze the total di sso 1 ved soli ds 1 eve 1 s for 
water in Lake Fort Phantom Hill, water in Hubbard Creek Reservoir 
and water supplied to Abilene. A second computer model was de
veloped to analyze the cost of pumping for various operating 
strategies with the two-reservoir system. 

1984 - Evaluation of the Use of Brackish Water and Reclaimed Waste
water for Long-Range Water $U¥P1Y: This study investigated the 
total di ssolved sol ids leve s and costs for various alternative 
sources of water supply. The computer models used were based on 
those developed in 1980 and described in Item 2 above. 

Summary 

Existing models of Lake Fort Phantom Hill have been used to analyze 
reservoir yield, water quality in terms of total dissolved solids, 
pumpi ng cost and operation as a system wi th Hubbard Creek Reservoi r. 
All the models described were developed by Freese and Nichols for 
speci fi c studi es and are based on a monthly mass balance of water and 
salts. 

The quality modeling conducted for Lake Fort Phantom Hill shows that 
concentrations of total dissolved solids in the lake should remain at 
acceptab 1 e 1 eve 1 s. In a system operation study us i ng 1940-1985 i nfl ows 
and estimated 1990 demands, the total dissolved solids concentration in 
Lake Fort Phantom Hill averaged about 385 mg/l, ranging from 189 mg/l to 
725 mg/l. Hi gh concentrations of TOS were associ ated with drouths, and 
lower levels coincided with high inflow and spills. 
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A table showing the demand of the West Central Texas Municipal Water 
District is given on the attached table. Approximately 1,000 acre
feet/year is met by Lake Abilene. The remainder is a combination of 
Lake Fort Phantom Hill, Hubbard Creek Reservoir and the scalping from 
the Clear Fork of the Brazos River. 
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Abilene 

Albany 

Anson 

Breckenridge 

Total 

West Central Texas Municipal Water District 
Projection of Normal Water Use by Member Cities 

- Values in Acre-Feet per Year -

1985 Projected Normal Use 
Actual Use 1990 1995 2000 

21,375 26,400 28,300 30,200 

681 700 700 700 

608 700 700 700 

1,531 1 1 800 1 1 900 2 1 000 

24,195 29,600 31,600 33,600 



C. FACT SHEET ON HISTORICAL WATER QUALITY 

Historical water quality and the findings of the current water quality 
testing program are contained in the Technical Memorandum on Water Quality 
Assessment - Lake Fort Phantom Hill, Abl1ene, Texas. 

C.l 



D. FACT SHEET ON WATER USAGE AND WATER PRODUCTION 

The City of Abilene Water Utility Department provides potable water 
for the City, including residential/commercial usage, and major industrial 
customers and also sells water to various cities and water corporations in 
the area. 

Water supply is principally from Lake Fort Phantom Hill, Hubbard Creek 
Reservoir and Lake Abilene. The City also has water rights to other sources. 
The City's water rights are identified in Fact Sheet H. 

Three water treatment plants operated by the City produce the potable 
water from the raw supply water. These are described further in Fact Sheet 
G. 

Water Customer Information 

The City has both raw and treated water customers. Raw water custo
mers include the Abilene Country Club and Fairway Oaks Country Club which 
purchase water from Lake Kirby for irrigation. Treated water customers in
clude City of Abilene residents, businesses and industries, and several 
major water wholesale customers. As of June, 1987 the City had 34,010 cus
tomers excluding the major users. The major users are as follows: 

Dyess Air Force Base 
City of Merkel 
City of Potosi 
View-Caps Water Supply Corporation 
City of Hawley 
Ci ty of Hamby 
S.U.N. Water Supply Corporation 
City of Blair 
Steamboat Mountain Water Supply Corporation 

The major users account for only about 13 percent of the total average 
day usage, or about 3.0 mgd. 

Water Production 

Average water production information from 1978 to 1986 is given in 
Table D.1. Since the City supplies large industrial customers and water 
corporation, the data reflects Abilene residential use separately from total 
usage. The 1985 Abilene, Texas Upper Pressure Planes Water Distribution 
System Analysis by Freese and Nichols identlfied the average day per capita 
demand at 178 gpcd without major users and 208 gpcd including them. 

This is the average usage over an entire year. Flows within the year 
vary significantly and are highly dependent upon the weather and time of 
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day. Figures D.1 and D.2 illustrates this relationship for Abilene. Flows 
that are useful in design of water treatment and distribution facilities in-
clude the peak day usage and the maximum hour usage. These are generally 
given as ratios. For Abilene the recent historical ratio of Peak-Day to 
Average-Day is 1.89 and the ratio of maximum-hour demand to peak-day demand 
was 1.60. The 1.89 peak-day/average-day ratio is lower than the previously 
identified ratio in the 1978 Water System Report. This appears to reflect a 
decrease in peak usage due to the recently adopted water conservation pro
gram. If this trend continues the lower ratio should adequately predict 
future water needs. A sumnary of the flows is given below. 

Summary of Current Water Demands 
City of Abil ene 

Average-Day Demand 
Peak-Day Demand 
Maximum-Hour Demand 

Excl udi ng Maj or 
Users 

MGD gpcd 

19.02 178 

Total 
Incl udi ng Maj or 

Users 
MGD gpcd 

22.18 
41.86 
63.43 

208 
393 
595 

Using the historical per capita flows an estimated 2005 population of 
136,500 and an assumed increase in usage of 10 percent by the major users, 
the estimated future water requirements (year 2005) are as follows: 

Average-Day Demand 
Peak-Day Demand 
Maximum-Hour Demand 

Summary of Year 20051 
Water Demands 

Ci ty of Abil ene 

Excluding Major 
Users 

MGD gpcd 

23,62 178 

Total 
Incl uding Major 

Users 
MGD gpcd 

27.6 
56.3 
83.0 

208 
425 
626 

1Extrapolated from estimate through year 2000 made in 1985 Abilene, Texas 
Upper Pressure Planes Water Distribution System Analysis. 
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Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

Avg. 

Table D.1 

Historical Average Water Use Characteristics 
City of Abilene 

Average Day Use Average Day Use 
Excluding Major Users Major Users 

Population (MGD) ( gpcd) 

97,449 17.2 177 2.5 
98,101 17.0 174 2.3 
98,315 20.0 204 2.8 

100,778 18.4 183 2.7 
102,767 18.1 176 2.8 
106,700 19.0 178 3.2 
106,790 18.8 176 3.2 
109,720 
113,000 

Total Average 
Day Use 

(MGD) ( 9pcd) 

19.7 202 
19.3 197 
22.8 232 
21.1 209 
20.9 203 
22.2 208 
22.0 206 
19.8 180 
19.6 173 



ABILENE 

SEASONAL PATTERN OF WATER USE 
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PEAK DAY HOURLY PATTERN OF WATER USE 
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E. F~CT SHEET ON W~STEWATER FLOWS AND WASTEWATER QUALITY 

Wastewater Quantity 

The Average annual 
Treatment Plant since 1978 
total flow into the plant 
flow/infiltration. 

daily flows measured at the Hamby Wastewater 
are given in Table E.1. This represents the 
form all sources; domestic, industrial and in-

1. Domestic Wastewater. Includes residential (houses, nursing homes, 
apartments, dormitories), institutional (schools, libraries, 
public buildings) and commercial (restaurants, retail stores, 
office buildings, etc.) wastewater. 

2. Industrial Wastewater. Wastewater flow generated by industries 
as identifled by the City of Abilene Industrial Waste Ordinance. 
A listing of these industries and their average daily flow is 
given in Table E.2. 

3. Inflow/Infiltration. Inflow is the unintentional direct entry of 
surface stormwater runoff into the wastewater sewer system. In
filtration is the unintentional entry of groundwater into the 
sewers from the surrounding soil. 

Figure E.1 shows the trend of total wastewater flows since 1978. The 
total rainfall in each year ;s also shown. The affect of rainfall, via 
inflow/infiltration can be seen on this figure. 

In the Wastewater Collection System Analysis, City of Abilene, May 
1987 by Freese and Nichols, proJectlons of future wastewater Flows were 
estimated. The estimates were based on review of the historical wastewater 
flow data, and population projections estimated by the City of Abilene 
Planning Department. A summary of the results is presented below. The 
total wastewater flows are presented graphically in Figure E.2. 

Sewered Population 
Per Capita Flow (gpcd) 
Industrial Flow (mgd) 
Total Average Annual Flow (mgd) 
Maximum Month Average Flow (mgd) 
Peak 2-Hour Flow (mgd) 

1986 

112,659 
100 

1.64 
12.99 
14.3 
44.0 

2005 

165,865 
100 

1.80 
19.0 
20.9 
66.0 

The maximum-month flow, rather than the annual average flow, ;s gene
rally used for process sizing of treatment facilities. The peak 2-hour flow 
;s the maximum flow expected to be sustained for a 2-hour period and occurs 

E-1 



with enough frequency to be significant. Sewer lines and treatment plant 
hydraulics are typically sized to handle the peak 2-hour flow. 

Wastewater Quality 

Wastewater quality data is available only for the flow received at the 
plant. Quality data is not available for wastewater in the system or from 
specific dischargers. 

The wastewater treated at the Hamby Wastewater Treatment Plant is 
characterized as a moderately strong waste that is primarily domestic 
wastewater. During periods of high rainfall the incoming sewage is diluted 
to a level categorized as weak. 

The average values of key wastewater parameters at the Hamby Waste
water Treatment Plant and national average values are presented in Table 
E.3. 
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Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

Tabl e E.1 

Historical Wastewater Flows 
and Number of Customers 

Average Annual Total 
Daily Flow (MGD) 

10.47 
11.50 
12.38 
13.23 
13.12 
13.09 
13.48 
11.88 
12.99 

Sewered 
Popul ation 

97,449 
98.101 
98.315 

100,778 
102,767 
106,700 
106,790 
109,908 
112,659 



TABLE E. 2 

Average Annual Industrial Point Source Wastewater Flows 
City of Abilene, Texas 

Industry 

Texas Instruments 

Victor Equipment 

Humana Hospi ta 1 

Baird Bakeries 

State School 

ACCO (Mill & Ref.) 

Martin Linen 

Gooch Packing 

Ab i1 ene li nen 

Coca-Cola 

U.S. Brass 

Hendrick's Hospital 

Crown Cork & Seal 

Abtex 

General Oynamics 

Borden's Milk 

Dyess AFB 

Martin Sprockett 

Sandag, Inc. 

Band Instrument Plating 

Di scharge1 
(gal/day) 

40,083 

13,110 

41,008 

12,252 

136,081 

18,134 

13,742 

210,820 

23,028 

19,781 

101,241 

94,596 

211,129 

34,321 

232,734 

12,603 

699,233 

4,159 

18,162 

20,501 

1,956,718 

lEstimated fra. average yearly water consumption. 

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



Table E.3 

Water Quality Characteristics 
City of Abilene, Texas 

Constituent Average Abilene Typical Composition 
Untreated Wastewater of Untreated 

Domestic Wastewater 

BODS 236 220 

Total Suspended Solids 191 220 

Volatile Suspended Solids (TSS) 145 165 

Total Dissolved Solids (TDS) 

Total Organic Carbon (TOC) 

Chemical Oxygen Demand (COD) 

Ammonia-Nitrogen (NH3-N) 

Phosphorous 

Alkalinity 

71 

460 

26 

150 

500 

160 

500 

25 

8 

100 



AVERAGE MONTHLY WASTEWATER FLOW 
and ANNUAL RAINFALL at HAMBY WWTP 
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F. FACT SHEET ON WASTEWATER TREATMENT PLANT CAPABILITIES 

The City of Abilene Wastewater Treatment Plant (also referred to as 
Hamby WWTP) handles the entire wastewater flow from the City of Abilene. 
The Plant is a conventional activated sludge plant rated at 13.4 mgd daily 
flow/24 mgd peak flow. Discharge ;s to Freewater Creek which flows into 
Deadman Creek around the eastside of Lake Fort Phantom Hill and eventually 
to the Brazos River. A part of the treated effluent also is used for irri
gation as weather permits. Effluent Set II governs effluent quality. This 
requires an effluent quality of 20 mg/l BODS' 20 mg/l TSS and a chlorine re
sidual of 1.0 mg/l. 

Design loadings are described in Table F.l 

Table F.1 

Design Loadings for Abilene WWTP 

QO - DeSign Average Flow/Actual 
Q - Design Peak Flow/Actual 
A~erage Influent BODS 
Average Influent TSS 
Average Influent COD 
Average Ammonia-Nitrogen 

Unit Operation and Process 

13.4/13.0 mgd 
24/18.0 mgd 

267 mg/l 
225 mg/l 
518 mg/l 

26 mg/l 

Preliminary treatment is accomplished at Buck Creek Lift Station. 
Preliminary treatment consists of the removal of large inorganic debris by 
screening and removal of small dense inorganic material via gravity grit re
moval. All wastewater is then pumped approximately 5 miles to the Hamby 
Plant using a combination of centrifugal wastewater pumps. The firm capa
city of the Buck Creek Lift Station is 24 mgd. Two 1 MG aerated equaliza
tion basins at Buck Creek serve to dampen the peak flows to Hamby Wastewater 
Treatment Plant. The peak flow to the treatment facility is limited to the 
effective 24 mgd capacity of Buck Creek Lift Station. 

Hamby Wastewater Treatment Plant is sized for 13.4 mgd at design aver
age flow and 24 mgd at peak flow. Wastewater receives primary and secondary 
treatment and disinfection before being discharged to Freewater Creek. 
Primary treatment consists of removal of settleable solids in primary clari
fiers. This stage reduces the total suspended solids an average of 64 per
cent and the BODS an average of 23 percent. 

Secondary treatment consists of conventional activated sludge basins, 
with fine bubble dome diffusers for aeration and mixing, and final clari
fiers. The majority of the organic material (both suspended and dissolved) 
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is removed in this process. The removal of suspended solids and BODS across 
this process averages 64 and 88 percent respectively. 

Disinfection consists of chlorination of secondary effluent to provide 
a 1.0 mg/l chlorine residual after a 20 minute detention time. 

The overall removal efficiency at the plant including disinfection is 
91 percent and 94 percent for TSS and BOD, respectively. Removal of 
ammonia-N averages 68 percent. This equals Sto effluent quality of 17 mg/l 
TSS and 14 mg/l 3005 and 8.6 NH3-N. 

Facilities at the Buck Creek Lift Station and Hamby Wastewater Treat
ment Plant are described ;n Table F.2 and shown in Figure F.1. 
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Table F.2 

Unit Process and Operation Description 
Buck Creek Lift Station and Hamby Wastewater Treatment Plant 

Buck Creek Lift Station 

Preliminary Treatment 
o Two mechanically cleaned bar screen 

chain and sprocket 

o Two grit chambers (with grit classi
fier) detritor type 

Pumping Equipment* 
o Four (4) motor-driven pumps 

o One (I) engine-driven pump (Standby) 

Equalization Basins 
o Two (2) concrete lined basins 
o Two (2) aeration centrifugal blowers 

Hamby Wastewater Treatment Plant 

Primary Treatment 
o Three circular plow type clarifiers 

85 ft. diameter, 10 ft. SWD 

Secondary Treatment 
o Eight single pass conventional 

activated sludge. 208' x 25' xIS' 

o Four PD blowers. One large and 
one small blower are engine driven 

o Uniformly spaced ceramic dome dif
fusers w/gas cleaning system 

Fi nal 
o 

Clarifiers 
Three circular, peripheral feed plow 
type clarifiers. 105 ft diameter, 
8.75' SWD. 

Rated (per unit) 

17 mgd 

20 mgd 

(2) 8 mgd 
(1) 12 mgd 
(I) 17 mgd 

9 mgd 

1 MG 
N/A 

10.2 mgd 

16.6 mgd (Total) 

(2) 7,500 scfm 
( 2) 3,500 sc fm 

N/A 

10.4 

*Due to the limitations of the force main, the maximum flow achievable with 
multiple pumps is approximately 24 mgd. 
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Disinfection 
o Chlorine solution injection, two 

2,000 ppd chlorinators, one 1,000 
ppd chlorinator. 

o Two rectangular baffled chlorine 
contact chambers, 28 ft. x 103 ft., 
8 ft. SWD. Total volume of 336,000 
gallons. 

Sludge Handling 
o Two DAFT. 45 x 16 x 9.75. 

Design based on 6% @ 7 tons/day 

o Anaerobic Digesters 
Two fixed cover 

95 ft. diameter x 25 ft. 
Two floating cover 

80 ft. diameter x 25 ft. 

o Ponds. Existing ponds are used for 
sl udge di sposal . 

Irrigation 
o Approximately 400 acres on ponds 

with varying depths. 

o Permitted for 4,400 acre-ft./yr. to 
land application 

F.4 

N/A 

12.1 mgd 

7 tons/day 

Equivalent population 
of 116,000 (Total) 

N/A 

N/A 
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G. FACT SHEET ON WATER TREATMENT PLANT CAPABILITIES 

General 

The City of Abilene is served by three surface water treatment plants: 
the Northeast Water Treatment Plant, the Grimes Water Treatment Plant and 
the Abilene Water Treatment Plant. 

The Northeast and the Grimes Water Treatment Plant produce in excess 
of 90 percent of the potable water for Abilene in a given year. Both are 
supplied principally from Lake Fort Phantom Hill, with up to 15.5 mgd avail
able from Hubbard Creek Reservoir when necessary. The Abilene Water Treat
ment Plant is supplied by Lake Abilene. A summary of the raw water quality 
for these supplies is given in Tables G-l, G-2 and G-3. 

The Northeast Water Treatment Plant is a lime softening facility. The 
other two are turbidity removal facilities. Disinfection is provided using 
chlorine and ammonia to produce chloramines. Since the Abilene Water Treat
ment Plant does not receive water supply from Lake Fort Phantom Hill it is 
not discussed in detail. 

Northeast Water Treatment Plant 

Northeast Water Treatment Plant was placed in service in 1971. The 
plant uses lime to soften the lake water using solids contact clarifiers. 
It has a rated capacity of 24 mgd. 

The unit operation data is as follows: 

o Sedimentation; three solids contact clarification units, 80 ft. 
diameter, 14.5 ft. SWD; lime and polymer addition. 

o Filtration; six gravity filters (multi-media coal, sand, garnet, 
and gravel). 

o Disinfection; chlorine and ammonia and storage in 5 MG clear well. 

o Sludge handling; sludge lagoons. 

Overall plant performance is considered satisfactory. 

Grimes Water Treatment Plant 

Grimes Water Treatment Plant was placed in service initially in the 
1940's. Several expansions have been made. The plant removes turbidity 
and color but softening is not provided. It has a rated capacity of 25 
mgd. 

The unit operation is as follows: 

o Sedimentation; two solids contact clarification units, feed poly
mer, aluminum sulfate and sodium hydroxide. 



o Filtration; eight dual media gravity filters (sand and coal). 

o Disinfection; chlorination and ammonia and storage in on-site clear 
wells. 

o Sludge handling; disposal to the sanitary sewer system. 

Overall plant performance is considered satisfactory. The site is con
gested and is land locked limiting additional expansion. Additionally a 
hydraulic restriction at the solids contact unit limits the current plant 
flow to 25 MGD. Plant can be increased to overall rated capacity of 38 
MGD by making improvements to the raw water delivery system, renovating 
the conventional clarification units and renovating additional existing 
gravity filters, and increasing the high service pumping capacity. 

Abilene Water Treatment Plant 

The Abilene Water Treatment Plant was placed in service initially in the 
1920's. It has a rated capacity of 3 MGD. Since Abilene Water Treatment 
Plant will not take flow from Lake Fort Phantom Hill it will not be dis
cussed in detail. 
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Table G-l 

Summary 

Abilene Raw \~ater Qual ity 
Lake Fort Phantom Hill 

Test Lake Fort Phantom Hill 
Performed ~lax . Min. Avg. 

pH 8.48 8.0 8.23 

Alkalinity 180.0 121.0 149.45 

Hardness 250.0 174.0 250.00 

TDS 653.0 432.0 527.00 

N03-N 20.591 0.005 2.42 

S04 115.0 55.0 84.51 

Cl 149.4 84.0 125.21 

Ca 67.8 36.9 49.93 

Na 106.4 47.3 85.04 

Mg 37.0 17.3 27.77 

lAppendix C of 1978 Abilene, Texas Municipal Water System Analysis 
1 isted a NOrN value of 20.59 for November 1977. Review of data sug
gests this was an analytical error. The next highest value observed 
was 1.705 mg/l. 



Table G-2 

Summary 

Abilene Raw Water Quality 
Lake Hubbard 

Test Lake Hubbard 
Performed Max. Min. Avg. 

pH 8.6 7.48 7.99 

Alkalinity 123.0 70.0 100.67 

Hardness 364.0 204.0 312.55 

TDS 1026.0 700.0 863.00 

N03-N 0.736 0 0.28 

S04 75.4 39.8 58.11 

CL 392.7 106.7 310.65 

Ca 266.7 35.0 109.73 

Na 236.0 33.9 133.84 

Mg 29.8 12.6 25.48 



Table G-3 

Summary 

Abilene Raw Water Quality 
Lake Abilene 

Test Lake Abilene 
Performed Max. Min. ~ 

pH 8.5 8.1 8.28 

A 1 ka 1 i ni ty 180.0 122.0 155.73 

Hardness 280.0 176.0 240.55 

TDS 576.0 328.0 429.20 

N03-~j 0.731 0.058 0.34 

S04 91.8 31.6 59.86 

CL 113.1 54.0 82.40 

Ca 69.2 30.4 45.74 

Na 64.6 32.6 46.53 

Mg 44.8 15.8 29.50 



H. Fact Sheet on Water Rights (Permits and Contracts) 

The City of Abilene currently obtains water supplies from a number of 
sources, including Lake Abilene, Lake Fort Phantom Hill, the Clear Fork 
of the Brazos River, Deadman Creek and Hubbard Creek Reservoir (owned by 
the West Central Texas Municipal Water District). In the future, the 
City plans to obtain water from Stacy Reservoir, which is now being 
built by the Colorado River Municipal Water District. 

Summary of Surface Water Supply for Abilene 

1. Abilene currently obtains about 1,000 acre-feet per year from Lake 
Abil ene under Permit 253. Thi sis the dependab 1 e yi e 1 d of the 
reservoir. 

2. Abilene diverts water from the Clear Fork of the Brazos River into 
Lake Fort Phantom Hill by pumping under Permit 1481C. Abilene also 
diverts water from Deadman Creek into Lake Fort Phantom Hi 11 by 
gravity under Permit 1726. 

3. Abilene diverts water for municipal supplies from Lake Fort Phantom 
Hill under Permit 1249A. 

4. Even with di vers ions from the Cl ear Fork and Deadman Creek, Lake 
Fort Phantom Hill cannot supply all municipal use for the City of 
Abilene. When Lake Fort Phantom Hill is low, Abilene decreases 
di vers ions from the 1 ake and recei ves the necessary addit i ona 1 
supply of water from the West Central Texas Municipal Water 
Di stri ct. 

5. In the future, Abi 1 ene plans to obtain addit i ona 1 water from Stacy 
Reservoir, now under construction on the Colorado River. 

The water rights and contracts under which Abilene obtains its surface 
water are discussed below: 

Rights Held by Abilene Used for Municipal Water Supply 

1. Permit 1481C - Diversions from Clear Fork Brazos River: Permit 
1481C allows the City of Abilene to divert up to 30,000 acre-feet 
per year from the Clear Fork into Lake Fort Phantom Hill for later 
use for municipal, industrial and domestic purposes. The diver
sions can be made at a rate of up to 1,006 cfs, and special con
ditions in the permit limit diversions to times of high flow. The 
30,000 acre-feet per year from the Clear Fork are included in and 
not in addition to the permitted use from Lake Fort Phantom Hill. 

2. Permit 253 - Lake Abilene: Permit 253 allows the City of Abilene 
to impound 11,868 acre-feet of water in Lake Abilene and to use up 
to 1,675 acre-feet per year for municipal purposes. 

3. Permit 1249A - Lake Fort Phantom Hill: Permit 1249A allows the 
City of Abilene to impound 73,960 acre-feet of water in Lake Fort 
Phantom Hill and to use up to 20,690 acre-feet per year for munici
pal purposes and 10,000 acre-feet per year for industrial purposes. 
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4. Permit 1726 - Diversion from Deadman Creek: Permit 1726 allows the 
city of Abilene to divert up to 3,000 acre-feet per year from 
Deadman Creek into Lake Fort Phantom Hi 11 by gravi ty. The permi t 
also allows Abilene to redivert the water from Lake Fort Phantom 
Hill for municipal use. The 3,000 acre-feet per year is in addi
tion to Abilene's permitted use from Lake Fort Phantom Hill under 
Permit 1249A. 

Other Water Rights Held by Abilene 

1. Permit 1051A - Lake Kirby: Permit 1051A allows the City of Abilene 
to impound 8,500 acre-feet in Lake Kirby and to use 3,765 acre-feet 
per year for muni ci pal purposes and 1,120 acre-feet per year for 
irrigation. The lake is not now used for municipal water supply, 
but the authorization is maintained as an emergency backup source. 

2. Certified filing 173A - Lakes Cameron and Lytle: Certified Filing 
173A allows Abilene to impound 62 acre-feet in Lake Cameron and use 
it for recreat i ona 1 purposes. The fil i ng also allows Lake Cameron 
and Lake Lytle (maintained by West Texas Utilities) to be used as 
emergency standby power plant cooling water. 

3. Permit 4266 - Irrigation with Treated Effluent: Permit 4266 allows 
Abilene to use up to 4,330 acre-feet of treated sewage effluent for 
irrigation on its own land and the land of others to whom the City 
se 11 s effl uent. 

West Central Texas Municipal Water District 

The West Central Texas Municipal Water District holds Permit 1890A, 
which allows it to impound 317,750 acre-feet in Hubbard Creek Reservoir 
and to divert and use up to 56,000 acre-feet per year (44,800 municipal; 
6,000 mining; 2,000 irrigation; 2,000 domestic and livestock; 1,200 
industrial). Hubbard Creek Reservoir is used to supply water to Albany, . 
Anson and Breckenridge, as well as to Abilene. Abilene currently has a 
contract with the West Central Texas MWD to receive up to 15.5 MGD from 
Hubbard Creek Reservoir in any given day. Upon the completion of a 
parallel water transmission line from Hubbard Creek Reservoir to 
Abi 1 ene, the Ci ty wi 11 be ent it 1 ed to recei ve up to 31. 0 MGD in any 
given day, with the average diversion limited to 15.5 MGD. 

Stacy Reservoir 

The Colorado River Municipal Water District holds Permit 3866A, which 
authorizes it to impound up to 554,340 acre-feet in Stacy Reservoir and 
to divert and use up to 103,000 acre-feet per year for municipal pur
poses and 10,000 acre-feet per year for industrial purposes. Abilene is 
currently paying a portion of the development cost of Stacy Reservoir in 
order to obtain 15,000 acre-feet per year of the reservoir's municipal 
supply. The Texas Water Commission has authorized the diversion of this 
water from the Colorado River Basin to the Brazos River Basin. 

2. 



I. FACT SHEET ON HISTORICAL CLIMATOLOGICAL DATA 

Abilene is located in the very western edge of north central Texas in 
the low rolling plains. The approximate elevation is 1,750 feet. The normal 
annual rainfall is 23-inches, with most of the precipitation occurring in 
the spring, during April, May and June,a and in the fall during September and 
October. Thunderstorms account for most of the rainfall. 

Temperature extremes for Abilene range from 9° in 1947, to 111° in 1943. 
The mean maximum monthly temperature in July is 94°, while the mean minimum 
temperature in January is 33°. Average monthly temperature and total 
monthly precipitation for Abilene from1976 to 1985 is shown in Table 1-1. 



CLIMATOLOGICAL DATA 
Abilene, Texas 

Average Tem~erature 
(Total Precipitation) 

i976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

Jan 42.4 35.7 34.5 35.6 45.2 44.8 44.8 42.6 39.5 37.2 
(0.02) (1. 22) (0.62) (0.72) (0.77) (1. 20) (1.00) (2.28) (0.98) (0.53) 

Feb 56.0 50.9 38.7 44.9 47.9 49.4 44.7 47.0 49.9 44.4 
(0.08) (0.08) (1. 26) ( 1.10) (0.72) ( 1.06) ( 1.20) (0.12) (0.46) (1. 50) 

Mar 56.5 56.8 55.0 56.7 54.8 54.9 58.3 54.9 55.3 57.5 
(0.25) (2.35) (0.17) (5.16) (0.69) (2.36) (0.43) (1.95 ) (0.47) (2.86) 

Apr 64.8 62.4 70.3 64.2 63.9 68.3 62.9 60.6 63.6 66.7 
(3.70) (3.11) (1.00) 0.72) (0.17) (3.52) (0.38) (0.54) (0.20) (0.90) 

May 68.2 73.4 76.3 69.8 72.1 71.6 72.1 70.8 75.3 73.8 
0.04) (0.44) (1. 50) 0.86) (5.00) ( 1.48) (6.87) (1.42 ) (0.42) (4.03) 

Jun 78.9 81.3 83.3 79.0 84.4 80.3 78.8 76.7 83.1 77 .9 
(0.68) 0.71) 0.24) (2.89) (1.14 ) (2.73) (3.98) (3.86) (1. 70) (1. 78) 

Jul 77 .7 83.8 89.0 83.7 89.4 85.8 84.1 82.8 83.7 81.6 
(4.27) (1.82 ) (0.72) (1. 55) (0.24) (1.69 ) (1.50) (2.57) ( 0.97) (1.71) 

Aug 81.6 83.4 82.3 82.2 86.1 83.3 85.6 85.2 83.1 84.9 
(1.47) (2.54) (6.70) (1. 55) (1.62 ) (0.63) (1.12 ) (0.10) (3.24) (3.66) 

Sep 7.35 82.6 77.3 77.7 77.7 78.0 77.6 77 .9 73.1 75.7 
(3.97) (0.09) (2.36) (0.01) (6.30) (1. 74) (1.09) (0.87) (3.55) (1. 28) 



1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

Oct 56.9 66.9 66.9 71.6 64.9 66.2 65.9 69.1 63.8 65.7 
(6.24) (2.15) ( 1.49) (0.53 ) (0.71) (10.68) (0.74) (3.25 ) (5.15) ( 2.43) 

Nov 45.6 54.6 55.3 50.9 52.6 57.4 54.4 57.0 52.7 54.6 
(0.63) (0.57) (0.94) (0.65) 0.62) (0.43) 0.72) (1.77) (2.11) (1. 56) 

Dec 42.5 48.7 43.3 47.7 49.3 48.8 45.8 34.2 48.8 41.4 
(0.18 ) (0~19) (0.28) (2.62) ( 1.69) (0.25) (128) (0.77) (3.08) (0.03 ) 

Annual 62.1 65.0 64.4 63.7 65.7 65.7 64.6 63.2 64.3 63.5 
(22.53) (16.27) (18.2,8) (20.36) (20.67) (27.77) ( 21.31} (19.50) (22.33) (22.27) 



J. FACT SHEET ON CITY OF ABILENE WATER CONSERVATION PLAN 

History 

In 1983, Abilene's water conservation program, consisting mainly of 
extensive public eduction, was developed and implemented. This was followed 
in 1984 by the adoption of a Water Conservation Ordinance. The severe 
weather of 1984 and 1985 required activating mandatory water conservation 
measures. Some revisions, and a name change to the Drought Contingency Plan 
became effective in 1985. In 1986 the Drought Contingency Plan was incorpo
rated into the broader scoped Water Management Plan. 

Description of Plan 

The overall goal of the City of Abilene Water Management Plan is to 
guide the development, management, conservation and protection of the City's 
water resources. Two of the specific goals are to reduce the average-day 
and the peak-day water usage. Reduction of the average-day usage decreases 
the water supply needs. Reduction of the peak-day rate decreases the water 
treatment facility needs. 

The City's water management plan is broken down into supply management 
and demand management. 

Supply management includes: 

1. Improvement of metering ability and accuracy. 
2. Systematic program of leak detection and repairs. 
3. Management of watersheds feeding water supply sources. 
4. Evaporation suppression. 

Demand management includes: 

1. Price structuring to promote conservation. 

2. Issuing enforcement restrictions on water use, such as those in 
the Drought Contingency Plan and strict plumbing code require
ments. 

3. Education and demonstration programs emphasizing conservation 
such as: 

o Public Information and Education Programs 
o Xeriscape. Low Water Demand Landscaping Workshops. 
o Residential Water Conservation Retrofit Program. 
o City Building Retrofit Program. 
o Commercial/Industrial Water Conservation and Workshop. 
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A Water Conservation Advisory Committee and a Xeriscape Advisory Com
mittee have been formed and serve to promote the goals and objectives of the 
Waste Management Plan. 

Program Effectiveness 

A Reduction of annual water usage starting in 1983 is evident from 
reviewing the historical flow records. Figure J.1 demonstrates this 
graphically. Although much of the decrease in 1985 can be attributed to the 
weather and the loss of some industries, it does appear that the water con
servation measures have produced the desired result. The ratio of peak-day/ 
average-day since 1982 has consistently been less than 1.89. Prior to 1982 
the historical data would have suggested a higher ratio. 
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K. FACT SHEET ON SIr4ILAR RECLAMATION PROJECT'S DESIGN CRITERIA AND 
TREATMENT LEVELS 

Design criteria and treatment levels was reviewed for the foll
owi ng p roj ects: 

o 

o 

o 

o 

o 

Upper Occoquan Water Supply System 
Denver Water Re-Use Project 
El Paso Water Reclamation Project 
Tampa Reuse Project 
Water Factory 21, So. California 

Design Criteria and treatment levels differed between these pro
jects, but generally the following items were addressed: 

o 

o 

o 

o 

Need for redundancy in process treatments and design. 

High level of treatment for 
o Nutrients 
o Metals 
o Biological organisms 

Independent revi el'l of operati ons and water qual i ty data. 

Extensive monitoring program of the facility and receiving 
waters. 

The most complete policy was by Upper Occoquan Water Supply 
District. A copy is attached for information purposes. 
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Commonwealth of Virginia 

STATE WATER CONTROL BOARD 

Policy for Waste Treatment 
and Water Quality Management 

in the Occoquan Watershed 

SUBPART A. INTRODUCTION 

I. PUrpOIl and Au1flority 
To provide a policy for interim and long-term solutions to the Occoquan Watershed's 

pollution problems. The policy was adopted pursuant to au1flority vested in the Board by 
Section 62.1-44.15 of the State Water Control Law, Code of Virginia 1950. as amended. 

II. Water Qua/ity Standard 
This "Occoquan PoliCY" also constitutes Special Standard "g" in the Board's Water 

Quality Standards for Sections 7, 7a, 7b, 7c, and 7d of the Potomac River Basin's Potomac 
River Subbasin, which sections ar. d.linuted geographically in the "Basin and Section 
Description" ponion of the Water Quality Standards publication. In addition, the text of 
this policy is referred to under subparagraph 5.01 g., entitled "Occoquan Watershed 
Policy," of the Water Quality Standards. 

III. Background 
During the 19605 there was a great deal of conc.rn generated about the large amount 

of treated sewage effluent being discharged in the Occoquan Watershed, since the rKeiv· 
ing streams feed the Occoquan Reservoir, a drinking wat.r supply for over 600,000 
peopl. in Nonh.rn Virginia. 

In response to this, the Stat. Water Control Board commiuion.d the firm of Met· 
calf & Eddy to study the problems of the Occoquan Reservoir and to recomm.nd a coune 
of action to preserve the Occoquan as a valuable water resource for future generations. 

The results of the Metcalf & Eddy study stated that point source pollution was the 
primary cause of water quality degradation in the Occoquan Watershed and that a high 
degree of waste treatment would be nKeS5ary to prolong the life of the drinking water 
supply. 

In 1971 the State Water Control Board adopted a Policy fOl' Waste Treatmttnt IIIId 
Watlfr OUMity Man.,nttnt in til" OccoqUIIII W.tlfnlled (the Occoquan Policy) which out· 
lined a course of action to control point source pollution In the watershed. 

The Occoquan Policy provided for the construction of regional high-performance 
treatment facilities in the watershed and .. monitoring program to obtain water quality 
data both before and after construction of any of the high-performance plants. 

The Occoquan Watershed Monitoring Program (OWMP or monitoring program) was 
established in 1972 which gathered an extensive amount of information and found that 
water quality problems in the Occoquan Watershed were related directly to point source 
pollution and to non-point source pollution. 

In 1978, a regional high-performance treatment facility (the Upper Occoquan Sewage 
Authority-UOSA) was placed in operation. This facility eliminated eleven major point 
sources of pollution in the watershed. 

Ad"",,", July 26. 1971 in Min 
ule 10. 

Effecti .. , AUJuSI 29.1971. 

., It.., .... , December 12. J980 if 
~Mimate 20. ~.""- ... ~.-... )' .. 

Eff4lCti .. , Muc:h 4.1981. 



Shortly after UOSA began operations, costs and charges for sewage treatment in 
systems tributary to UOSA increased rather sharply. To date a significant part of those 
high costs have been associated with large amounts of infiltration and inflow being sent 
by the user jurisdictions to the regional facility for treatment. 

In an attempt to control non-point source pollution the Commonwealth of Virginia 
adopted an erosion and sediment control law in 1973. In accordance with this law all of 
the watershed jurisdictions have adopted erosion and sediment control ordinances. In 
addition, a number of best management practices (BMP) handbooks were written and 
published in 1979 by the Board. In mid·1980 Fairfax County adopted a BMP ordinance. 

In 1978, the Water Control Board contracted the firm of Camp Dresser & McKee 
(COM) to reevaluate certain aspects of the Occoquan Policy. Their report was presented 
to the Board and to the local communities in 1980 and recommended that few changes 
be made to the policy. 

As a result of the COM report, input from the local communities and the Board's 
staff, an updated version of the Occoquan Policy was drafted. 

IV. References 
1. A Comprehensive Pollution Abatement Progam for rh~ Occoquan Watershed, 

Metcalf & Eddy Engineers, March 18, 1970. 
2. Record of Public Hearing on March 31, 1971, concerning State Water Control 

Board's Occoquan Policy. 
3. Occoquan Policy Reevaluation, Phase III R~port, Camp Dresser & McKee. 

June 1980. 
4. Record of Public Hearing on November 20, 1980, concerning amendments 

to the Occoquan Policy. 

SUBPART B. LONG·RANGE POLICY 

I. Number and General location of Regional Treatment Plants 
A. The number of high·performance regional plants which shall be permitted in this 

watershed is not mo~ than three, but preferably two, generally located as follows: 
1. One plant in the Fauquier Countyfflarrenton area. 
2. One plant in the Manassas area to serve the surrounding area in Prince William, 

Fairfax, and loudoun Counties. 
3. All point source discharges will preferably be located at least 20 stream miles 

above the Fairfax County Water Authority'S raw water intake. In no case shall a plant be 
located less than 15 miles above the raw water intake. 

B. This shall not limit the consideration of land disposal systems for waste treat· 
ment in the watershed, provided such systems shall have no point source discharge to 
State waters and shall have the approval of the State Water Control Board. 

II. Regional Plant Capacity AII~ions for the Occoquan Basin 
A. The initial allotment of plant capacity for the Upper Occoquan Sewage Authority 

treatment facility shall be approximately 10 MG 0, based on all effluent being from high. 
performance plants meeting the requirements of Sections IV. V, and VI below and all 
those treatment facilities belonging to the City of Manassas, the City of Manassas Park, 
the Greater Manassas Sanitary District, and Sanitary District 12 of Fairfax County being 
abandoned. 

B. Incremental increases in the regional plant capacity may be approved by the 
State Water Control Board (Board) based on the results of a monitoring program which 
shows that current and projected discharges from the high·performance plants do not 
CIeate a water quality or public health problem in the reservoir. Such incremental in· 
creases shall not exceed 7.5 MGD at anyone time. The Board advises that since severe 
infiltration/inflow stresses the performance reliability of the regional treatment plant(s!. 
jurisdictions r:nust pursue III correction within their individual systems. 

III. Prerequisites for Preliminary Plant Approv" 
Prerequisites before the State Water Control Board gives approval to preliminary 

plans for a regional high·performance plant are: 
1. A monitoring program for the receiving waters shall be in effect. 
2. The Authority who is to operate the proposed plant shall enter into a written 

and signed agreement with the Board that the Authority shall meet the administrative 
requirements of Section V I. of this subpart. 



Shortly after UOSA began operations, costs and charges for sewage treatment in 
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SUBPART B. LONG·RANGE POLICY 

I. Number and General LOClition of Regional Treatment Plants 
A. The number of high·performance regional planu which shall be permitted in this 

watershed is not more than three, but preferably two, generally located as follows: 
1. One plant in the Fauquier County/Warrenton ar ••• 
2. One plant in the Manassas area to serve the surrounding are.! in Prince William, 

Fairfax, and Loudoun Counties. 
3. All point source discharges will preferably be located at least 20 strum miles 

above the Fair'"x County Water Authority'S raw water intake. In no case shall a plant be 
located less than 15 miles above the raw water intake. 

B. This shall not limit the consideration of land disposal systems for waste treat
ment in the walershed, provided such systems shall have no point source discharge to 
Slate waters and shall have the approval of the State Water Control Board. 

II. Regional Plant Capacity Alloc:.Itions for the Occoquan Buin 
A. The initial allotment of plant ClIpacity for the Upper Occoquan Sewage Authority 

treatment facility shall be approximately 10 MGD, based on all effluent being from high. 
performance planu meeting the requiremenu of Sections IV, V, and VI below and all 
those treatment facilities belonging to the City of Manassas, the City of Manassas Park, 
the Greater Manassas Sanitary District. and Sanitary District 12 of Fairfax County being 
abandoned. 

B. Incremental increases in the regional plant capacity may be approved by the 
State Water Control Board (Board) based on the results of a monitoring program which 
shows that current and projected discharges from the high·performance plants do not 
create a water quality or public health problem in the reservoir. Such incremental in· 
creases shall not exceed 7.5 MGD at anyone time. The Board advises that since severe 
infiltration/inflow stresses the performance reliability of the regional treatment plant(s!. 
jurisdictions r:nust pursue III correction within their individual systems. 

III. Prerequisites for Preliminary Plant Approval 
Prerequisites before the State Water Control Soard gives approval to preliminary 

plans for a regional high-performance plant are: 
1. A monitoring program for the receiving waters shall be in effect. 
2. The Authority who is to operate the proposed plant shall enter into a written 

and signed agreement with the Board that the Authority shall meet the administrative 
requiremenu of Section VI. of this subpart. 
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IV. Design Concept for High·Performance Plants on the Occoquan 

A. Plant design requirements are: 
1. The design of the high·performance sewage treatment plants discharging to 

the Occoquan Watershed shall meet all the requirements specified herein as well as those 
specified in the most recent edition of the Commonwealth of Virginia Sewerage Regula' 
tions. 

2. The basic sewage plant design concept for the regional plants discharging to 
the Occoquan Watershed shall be based on the Upper Occoquan Sewage Authority 
Wastewater Reclamation Facility. . 

B. Changes in plant design requirements will be made according to these criteria: 
1. Changes to the plant design described herein shall only be acceptable if the 

change does all of the following: 
•. Improves or ~quals the plant performance and final effluent quality. 
b. Increases or equals plant reliability and maintainability. 
c. Has a demonstrated performance in a plant of at least 5 to 10 MGD size 

for an operating period of not less than one, but preferablv two years. 
2. Before such changes are incorporated in the plant, specific wrinen approval 

shall be obtained from the Board. 
3. Changes to the plant design solely to reduce cost and which jeopardize plant 

performance and reliability will not be approved. 

V. Plant Performance Requirements 
A. The plant performance requirements for high-performance plants discharging to 

the Occoquan Watershed are given in Table I. 
B. The regional sewage authority must accumulate at least two seasons of opera· 

tional data regarding the process reliability and effectiveness of the nitrogen removal 
facilities. In the case of the existing regional Sewage Authority (UOSAI, those two 
seasons of data may be accumulated in two stages. The first stage may be gathered during 
the shakedown period of the nitrogen removal facilities {at or near the 10.9 MGD flowl 
while the second stage may be gathered at or near the 15 MGD flow. 

C. Full·time operation of the nitrogen removal facilities is to be dependent upon 
the ability of the Occoquan Reservoir to maintain an ambient nitrate concentration of 
5.0 mg/l as N or less in the vicinity of the Fairfax County Water Authority intake point. 
It is recommended that the Fairfax County Water Authority and the owner of the 
regional Sewage Authority enter into an agreement whereby both parties can be kept 
informed as to the need for operation of the nitrogen removal facilities. 

TABLE I 

MINIMUM EFFLUENT QUALITY REQUIREMENTS· FOR ANY REGIONAL 
SEWAGE TREATMENT PLANT IN THE OCCOQUAN WATERSHED 

S __ nded Nitro- PhOl- Coliform 
COO Soli. .n phorus MBAS TurbMlity Per 100 ML 
Mell Mell MgII Mell Mg/I .rrU Sample 

Final Effluent Less 
Requirements 10.0 1.0 1-- 0.1 0.1 0.5··· than 2 

Typical P.rOlnt 
Aemow.l, 
m" • • ,. fOl' 98% 99.5% 97% 99.5% 99% 100% 100% 
inf."",.rion only: 
not requirements} 

-A, m.asured on a weekly 8Yerage unless otherwi. noted. Since these are minimum rlQuiremenu. 
the normallYtl~ would be IX~ to be IUbstantially boner. 

··Total ni1r~n during oper.tton of nitrogen removal by ion exchange: unoxidated nitrogen (es 
TKNI II all olher times. Refer 10 Subpart B. Section V for further infonnation . 

• --Measured immediately prior to chlorination. 



VI. Administrative ..,d Tect.nical Requirements for 1f\e Control of the Sewer System 
Tributary to a Regional, Hi\t1-Perforrnance Plant in the Occoquan Watershed 
A. The owner to whom the permit is issued for operation of a regional plant shall 

meet the general and administrative requirements covered below. These requirements 
shall also be contractually passed on by the owner to any parties andlor jurisdictions 
with which the owner may contract for the processing of waste water. 

These requirements are not applicable to the existing small, independent dis
charges in the watershed. 

B. The high·performance regional treatment plant shall be manned by an appro
priate number of trained and qualified operating, maintenance and laboratory personnel 
and manned continuously 24 hours a day, 7 days a week throughout the year. 

C. The owner shall include, as part of his preliminary and final plans and speci
fications which are submitted to the State Water Control Board for approval, II detailed 
statement indicating how each of the technical and admininrative requirements in this 
policy has been met. Any proposed deviation from any of these requirements shall be 
clearly identified and technically justified, and shall require formal State Water Control 
Board approval. These subminals shall also include: 

1. Simplified fluid system diagrams which clearly identify the following: 
a. The average and peak capacity of each unit. 
b. The number of units of each type needed to handle the normal average 

flow and the peak of flow. 
e. The number of spare units and their capacity for both average and peak 

flow cases shall also be identified. 
In addition, a brief narrative summary description shall be submined to 

identify what has been done to ensure that each unit and major subsystem can be main· 
tained and expanded without nlease of effluent that does not meet the minimum stand
Ifds. 

2_ A simple one-fine power distribution system diagram showing how outside 
power is brought into the plant and how power is distributed within the plant proper 
shall be submitted. This diagram shall also show as a minimum: 

a. Ratings and characteristics of electrical components such as transformers, 
circuit breakers, motor controllers, etc. making up the system. 

b. Protective devices such as thermal overloads, under frequency, or under 
voltage relays. 

c. Voltages supplied by all buses. 
d. Normal circuit breaker and switch conditions. (Notes shall also be pro· 

vided as required to cover abnormal, casualty, and emergency operating modes.1 
e. How electrical loads are combined into switch gear and load center. (The 

use of cubicle outlines in phantom or doned line is suggested_I 
D. The final subminal of plans and specifications for the plant to the State Water 

Control Board shall include a systematic failure mode and effects analysis on the 
meChanical and electrical portions of the plant so as to demonstrate that a single failure 
of • mechanical or electrical component wilt not interrupt the plant operations which 
are necessary to meet the effluent requirements of Table I of this policy. 

E. Pumping stations on the collection systems which are located in the Occoquan 
Watershed and are tributary to a regional treatment works shall: 

1. Have stand-by pumping units. 
2. Have at least one "on·site" backup power supply. 
3_ Have at least one "off-site" power supply. 
4. Be designed so that no single failure of a mechanical or electrical component· 

could degrade pumping capability. 
5. Have pumps and valves arranged so that these units can be removed and re

placed without the by-passing of sewage. 
6. Have flow measure devices with provisions for recording flow. 
7. Have retention basins of a minimum one-day capacity. 

If these pumping stations are remote and unmanned, an alarm system shall be pro
vided at manned stations to indicate that problems are developing and to direct mainten· 
ance assistance to the affected pumping station. The owner of each pumping station shall 
be required to obtain a State Water Control Board certificate. 



A waiver may be sought from requirement 7. above. particularly in new collection 
systems exhibiting no 1/1 problems. However. the jurisdiction requesting such a waiver 
must submit documentation to the Water Control Board for review that the sewer system 
tributary to the pump station meets the criteria established by the Virginia Sewerage 
Regulations for infiltrationlinflow and any other such information that the Board may 
reQuire. 

F. The major junctions in the collection system (e.g .• at least at the 1 to 2 MGD 
collection points) shall have continuous recording flow measuring devices to help in the 
early identification of problem portions of a collection system in the event of unex· 
plainable high flows (e.g .• excessive infiltration). Also. such flow measuring devices and 
isolation valves shall be provided between jurisdictions as well as any others who con· 
tract for services of the regional plant. The flow measuring devices and isolation valves 
between jurisdictions shall be under the control and responsibility of the owner to whom 
I plant certificate is issued. 

G. Each regional sewage treatment plant shall have a pretreatment program ap· 
proved by the Board. • 

H. Waste being processed in any existing small plants shall have the first priority 
on treatment capacity and such capacity shall be specifically reserved for them in the new 
high·performance regional plants. New developments are to have second priority. 

\. If any of the various administrative procedures of the owner or of jurisdictions 
served by the plant prove ineffective under actual operating conditions. the State Water 
Control Board shall have the right to place new reQuirements on the owner and juris' 
dictions Ind to require any necessary Iction by these parties to physically correct the 
damage done to the reservoir due to ineffective implementation of the administrative 
reQuirements covered herein. 

J. The owner's interceptor and collection systems of the jursidictions in the Occo· 
quan Watershed shall be designed. installed. inspected. and tested by the respective owner 
to limit infiltration to 100 gallinch-dia/mile/day as a maximum. The test results shall be 
certified and submitted to the Board. 

K. Whenever the owner enters into an agreement with a jurisdiction for services of 
I regional plant. the owner shall be responsible for seeing that such jurisdictions have 
ordinances and rules to meet all the applicable requirements covered by this policy. 
These ordinances and rules shall meet the owner's approval and the owner shall monitor 
Ind spot-check to see that the jurisdictions are effectively implementing their ordinances 
Ind rules to meet the requirements covered herein. The Board. It its discretion. can reo 
quest the owner to submit to the Board for its approval the ordinances and rules that will 
be used to meet the Board's requirements covered herein. 

Further, anytime I user violates any of the administrative or technical require· 
ments of the contract between the user and the owner which can affect the plant oper.· 
tions. hydraulic loading, or effluent quality or which affect the reservoir's water quality 
due to urban run-off (e.g. Siltation), the owner shall not allow the user to discharge ad· 
ditional waste water to the owner's plant until the problem has been resolved to the 
owner's satisfaction. 

L Up·to-date as·built drawings and manuals shall be available at least once a year 
for State Water Control Board inspection and review. These documents shall include as II 

minimum: 
1. Up·to-date as·built electrical and fluid system diagrams. 
2. Detailed as·built and installed drawings. 
3. Normal operating and casualty procedures manual. 

The documents shall be updated at least once a year to reflect all changes and modifi· 
cations to the plant. 

M. The design engineer shall have the responsibility of meeting the proposed effluent 
quality as shown in Table I. To demonstrate that the plant as designed by the engineer 
can meet the effluent standar.ds, the plant is to be operated under the supervision of the 
design engineer for a minimum of one year of continuous operation after the "debug· 
ging" period. 

SUBPART C. EXPANSION OF EXISTING PLANTS IN THE OCCOQUAN 
WATERSHED 

I. One of the objectives of the Occoquan Policy is to reduce water quality problems in 
the Occoquan Watershed due to pollution from point sources. To date the means of ac· 
complishing this objective have been the construction and utilization of a high·perform-



·nce regional plant-the Upper Occoquan Sewage Authority (UOSAI-and the elimina· 
tion of eleven low.performance treatment plants in favor of the UOSA facility. The 
eleven low·performance treatment plants constituted the major point sources of poilu· 
tion in the Occoquan Watershed; however. there are a number of smaller sewage treat· 
ment facilities which are still discharging. These facilities were not connected to the 
regional facility for at least one of the following reasons: (al a collector system to the 
regional plant was not constructed in close enough proximity to provide service. and/or 
(bl the small facility was outside of the service area for the regional plant. At some point 
in the future, these remaining plants may wish to expand and increase their flows. 

II. Existing waste treatment facilities may be expanded to receive increased sewage 
flows; however, the degree of treatment must also be upgraded so that there will be no 
increase in the Quantity of pollutant loadings to the receiving stream. A no-<iischarge 
land·application system may be considered in lieu of upgr ading a facility. 

III. Plants exceeding approved design performance levels will not be allowed additional 
capacity until the owner has installed additional treatment and demonstrated by means of 
• minimum of three months of performance data that the plant has been brought to with· 
in approved design performance levels and can accept additional waste loads without ex· 
ceeding such approved design performance levels. 

IV. No expansion shall be approved until the owner gives a written agreement to the 
State Water Control Board stating that the facility will connect to a regional facility 
when the appropriate conveyance facilities become available. 

V. Proposed interim expansion of plants shalt be reviewed with the appropriate regional 
Sewage Authority and its concurrence obtained to assure that such expansions are coordi· 
nated with the Authority regional plans and can be readily incorporated into the regional 
system. The appropriate regional Sewage Authority concurrence shall be obtained be· 
fore the State Water Control Board approval is given. 

VI. The plans and specifications for expansion of collection and interceptor systems 
shall be reviewed with the appropriate regional Sewage Authority and its concurrence 
obtained before they are submitted to Board and State Department of Health for ap· 
proval. Any proposed expansion of collection and interceptor systems shalt meet the 
technical and administrative requirements of Subpart B .• Section V I.. and the jurisdiction 
proposing such an expansion shall submit a formal letter to the Board stating that its 
expansion will meet the requirements of Section VI. 

SUBPART D. OCCOQUAN WATERSHED MONITORING PROGRAM 
(OWMP) 

Due to the critical nature of the receiving waters. intensive monitoring will be reo 
Quired to ensure that plants achieve desired performance levels at all times. and the ef· 
fects of pointsourcesand non1)oint sources on the receiving waters are measured and pro· 
jected. 

I. Watershed Monitorinll Subcommittee 
A. In order to ensure that performance levels are maintained and that the eHects 

of point sources and non·point sources on receiving waters are known. a Watershed 
Monitoring Subcommittee shall be established and shalt be convened at least twice each 
calendar year. A Subcommittee of this type must necessarily be composed of high-caliber 
personnel knowledgeable in the field of water and waste water treatment and manage· 
ment. Accordingly. the Subcommittee shall consist of three ex-oHicio members or their 
designated representatives as follows: 

1. Executive Secretary. State Water Control Board. 
2. Director of State Department of Health's Division of Water Programs. 
3. Director of Virginia Soil and Water Conservation Comminion. 

and three other members or their designated representatives as follows: 
4. A representative of the Environmental Protection Agency. 
5. A representative of a State university in Virginia. 
6. A nationally recognized consultant in the water and waste water treatment field. 



B. The ex·officio members shall select and submit to the State Water Control Board 
for approval the names of the other members of the Subcommittee. The Subcommittee 
shall elect a Chairman and such chairmanship shall be rotated on a biennial basis. 

C. From time to time the Subcommittee may seek additional expert advice. 

II. Monitoring Subcommittee's Responsibilities 
The Watershed Monitoring Subcommittee shall have the following responsibilities: 

1. To ensure that there is adequate monitoring of the regional plant effluent 
and process control testing at the regional plant. 

2. To develop a water quality monitoring program for the Occoquan Reser· 
voir and its tributary streams to ensure that there is a continuous record of waier quality 
available. To further ensure that projections are made to determine the effect of ad· 
ditional waste loading from point sources as well as noniloint sources. 

3. To ensure that the stream monitoring program is separate and distinct from 
plant process control testing and effluent monitoring. 

4. To review data collected from the monitoring program and submit to the 
Board and the various jurisdictions reports on the status of plant performance and water 
quality in the watershed every six months. All reporu by Occoquan Watershed Moni· 
toring Program (OWMP) or Occoquan Watershed Monitoring Laboratory (OWML) per· 
sonnel concerning evaluation of Occoquan monitoring data must be approved by the 
Occoquan Watershed Subcommittee prior to release or publication. 

5. To report to the Board immedi.1tely significant changes in plant performance 
. or water quality due either to point source or non·point source pollution. 

6. To maintain close liaison with the Fairfax County Water Authority in order 
to ensure satisfactory raw water which can be adequately treated at the Authority's 
facifities. . 

7. To establish the Occoquan Watershed Monitoring Laboratory (OWML) to 
conduct sampling and analyses to fulfill the above responsibifities. 

III. Provision for Restructuring of the OWMP 
A. The Occoquan Watershed Monitoring Program (OWMP) and the Occoquan 

Watershed Monitoring Laboratory (OWM L) were established in accordance with the 
above provisions. This was done on July 1,1972. Since that time a large body of informa· 
tion regarding the functioning of the Occoquan Reservoir system has been accumulated. 
Major point sources have been consolidated into and eliminated by a high·performance 
sewage treatment facility (UOSA). As growth increases in the watershed, this trend is 
expected to continue. 

B. The work performed by OWML has indicated that the key to water quality is a 
two-PIrt issue. Those parts are point source pollution and noniloint source pollution. 
Point source discharges in the watershed are currently regulated by the Board's NPDES 
Permit program. Non·point sources of pollution are currently being addressed by State 
and local voluntary and mandatory control programs. However, in the future it may be 
necessary that additional mandatory programs be adopted. 

C. Recently, several jurisdictions have expressed concern about the continuance of 
the OWMP in regard to monitoring non·point source pollution. Therefore the Subcommit· 
tee should re-evaluate its program direction and means of funding to more adequately 
reflect the concerns and needs of its supporting jurisdictions, specifically to direct more 
attention to the effects of noniloint source pollution on the Occoquan Reservoir. A pro· 
gram restructuring shall take place to account for shifts in monitoring trends and fund· 
ing by December 31, 1982, or the regional Sewage Authority must assume the monitor· 
ing program. 

IV, Financing the OWMP 
A. It is recommended that the con of the OWMP be split equally between water 

supply and sewage uses. This would mean that the Fairfax County Water Authority 
would have to fund half of the OWMP budget while the counties of Fairfax, Prince Wil· 
liam, Loudoun, and Fauquier and the cities of Manassas and Manassas Park would be 
responsible for jointly funding the other half. That portion of the OWMP budget funded 
by the counties and cities would be divided so that each jurisdiction would be charged in 
proportion to its allotted sewage capacity in the Occoquan Watershed. The budget shall 

. be reviewed by the jurisdictions prior to approval by the Subcommittee. 



B. Written agreemenu shall be obtained from each of the jurisdictions which shall 
commit them to supply the above funds yearly to finance the OWMP. This monitoring 
program is for their protection and benefit. If for some reason a county or city does not 
wish to retain its sewage allotment in the Occoquan Watershed and lor will not fund the 
monitoring program, then iu allotment can be divided up among the remaining partici· 
pating jurisdictions, with their portion of the cost of the monitoring program rising ac· 
cordingly. 

C. If Federal funds and assistance can be obtained, the cost to the counties and the 
Fairfax County Water Authority will be reduced proportionally. The funding of the 
program without Federal funds is to be assumed, so as not to further deiay or compli· 
cate the initiation of this program. 

D. The State Water Control Board staff coordinator will be responsible for con· 
trolling the funding of the OWMP. 



L. FACT SHEET ON PUBLIC HEALTH IMPACTS ASSOCIATED WITH WASTEWATER REUSE 

Attached is an overview of public health issues related to public 
confidence, disease risk, control strategies and the overall reli
ability of reclamation project prepared by John r~. Gaston. Since this 
subject is so large, no attempt will be made to represent all the data. 
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Introduction 

In developing and promoting a successful wastewater reclamation 
program, a variety of issues must be consi dered by both regulatory and 
developmental agencies. Central to this program are the public health 
issues that relate to public confidence, disease risk, control strate
gies, and the overall reliability of the reclamation project. These 
issues, if properly addressed, will increase the chances for a success
ful reclamation project. This analysis will examine the public health 
risks extant in wastewater reclamation projects and the mitigating 
steps that may be employed to reduce those risks. For the purposes of 
this exercise, reclaimed wastewater is defined as treated sewage from 
domestic, commercial, and industrial sources. This reclaimed water, as 
a result of appropriate treatment, is suitable for a direct beneficial 
use or a controlled use that would not otherwise occur. 

Risk Identification 

What Kind of Risks? 

If we assume that the public health risks that may occur because 
of the use of reclaimed wastewater will be directly related to the 
quality of that wastewater, we may then identify those risks from ex
posure. Dismissing, for the purposes of this discussion, the risks 
associated with the ingestion (direct) of treated wastewater, we may 
assume that whatever risks are present come about as a result of con
tact with the treated wastewater or secondary contact with associated 
items. This contact may result in some form of disease transmission. 
Various investigators (Clark, 1981), (Majeti, 1981), (Cooper, 1981), 
have identified specific diseases that may be transmitted by untreated 
(or inadequately treated) wastewater. These include (in no special 
order) : 

Infectious hepatitis 
Typhoid 
Other Salmonella 
Parasitical: E. Hystolytics 
Shigella 
Enteric virus related diseases 
Skin rash, infection 
Eye inflammation 
Respiratory infections 
Earache or infection 

Organisms associated with these diseases do occur in wastewater 
and the possibility of disease transmission is real. 
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lihat Factors Influence the Risk? 

Assuming that the entire population is not going to be completely 
and constantly exposed to raw untreated wastewater, we may attempt to 
identify those exposure and disease risk factors that will influence 
the population at risk. This listing, and similar factors, have been 
tested in public involvement surveys (Bruvold, 1976 and 1981). 

o 

o 

Duration of Ex~osure: The risk from contact with reclaimed 
wastewater woul , we assume, be directly related to the time 
and duration of exposure. A single, casual contact should 
have far less risk than an ongoing daily exposure. In a 
survey of waste treatment plant workers (Clark, 1981) no 
specific relationship was established, but the following t\~O 
pOints were noted: 

1. "Gastrointestinal illness rates were higher in the 
inexperienced wastewater exposed workers than in the 
experienced workers and controls." 

2. "Antibody titers to coxsackievirus B5 were signifi
cantly higher for one subgroup of wastewater workers, 
the spray irrigation nozzle cleaners, when compared to 
either other wastewater workers or to the road commis
sion workers. This suggests that there may be a risk 
of viral infection only in those with the greatest and 
more direct exposure to wastewater." 

These two points would suggest that the disease risk would 
be highest in that portion of the population with frequent 
and direct exposure. 

Method of Exposure: Because of the information on duration 
of exposure, we may also assume that there may be difference 
in disease risk as it relates to the method of exposure. At 
one end of the scale would be complete submersion in waste
water. The opposite case would be no exposure or perhaps 
walking in an irrigated field and the resultant secondary 
contact with the damp soil. Aerosol exposure from spray may 
also carry disease organism and the hazard of respiratory 
infection. 

From these two factors we may draw the following assump
tions: 

High Low 
Risk Risk 
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o 

o 

o 

o 

l~ethod: Compl ete Submers i on>Aerosol Contact>Secondary Ex
posure 

Duration: Constant Exposure>Worker Contact>Casual Exposure. 

Population at Risk: Certain portions of the population may 
be more at rlsk than average. If children or high risk 
groups are exposed to disease organisms, the chances of 
infection are greater than if a healthy adult is exposed. 
This factor may be a consideration in selection of potential 
reclamation sites and in determining the degree of treatment 
necessary for specific projects. If the entire population 
is to be exposed (park irrigation in an urban area) the 
treatment requirements will be higher than if only a speci
fic portion of the population is at risk (golf course). 

Degree of Treatment: The degree of treatment provided re
lates directly to the disease risk from microbiological 
agents. Some State agencies have established specific cri
teria for treatment as it relates to use (Ongerth, 1982). 
The summery in Table 1 shows the criteria as established by 
the State of California. 

These requirements also relate specifically to the cost of re
claimed water and the overall economic analysis of the project. Cur
rently, one of the most controvers i al requi rements in these criteri a 
re 1 ates to the need for II fi ltered effl uent II when i rri ga ti ng parks, 
playgrounds, and school yards. This requirement has also been extended 
to include golf courses with homes built in and around the landscape 
area. In this case the different requirement relates to irrigation of 
yards at the home versus golf courses that only provide for golfers and 
not homes. 

Risk Mitigation 

The following factors should be considered when analyzing waste
water reclamation projects. Tradeoffs between the various factors may 
be possible depending upon the population at risk, the proposed use and 
treatment provided. 

Treatment Reliability: The size and sophistication of the re
clamation plant is a factor in the uses for the product water. These 
reliability features include: 

o 

o 

Optional sources for use when treatment upsets occur. 

Online or realtime monitoring of the treated water quality. 
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Table L-I 
Descrl2tlon of Minimum Regulred Wastew~ter Characteristics 

Coagu I ated, Coliform 
Secondary Fllteredc MPN/IOO ml 

Use of and and Median 
Reclaimed W~stewater Primary b Disinfected Dis Infected (dall y samp II n9) 

Irrigation 
Fodder crops X No requirement 
Fiber X No requ I rement 
Seed crops X No requ Irement 
Produce eaten raw, 

surface Irrigated X 2.2 
Produce eaten raw, 

spray Irrigated X 2.2 
Processed produce, 

surface Irrigated X No requirement 
Processed produce, 

spray Irrig~ted X 23 
Landscapes: gol f course, 

cemeteries, freaw~ys X 23 
Landscapes: parks, play-

grounds, schoolyards X 2.2 
Recreational Impound-

ments 
No public contact X 23 
Boating & fishing only X 2.2 
Body-contact (bathing) X 2.2 

aWastewater Reclam~tlon Crlterl~, C~llf. Adm. Code, Title 22, Dlv. 4, Environmental 
Health, 1978. 

b Effluent not containing more than 0.5 ml/liter/hr settleable solids. 

CEffluent not containing more than 2 Turbidity Units. 
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o 

o 

o 

Flexibility of treatment design to permit operation under 
upset conditions. 

Alarm features to indicate loss of power, process failure or 
plant shutdown. 

Standby power supply, multiple treatment units, emergency 
storage or disposal options, or other reliability features. 

Exposure and Access Control: A reduced degree of treatment may 
be acceptab 1 e if the exposu re and access to the recl ai med wastewater is 
closely controlled. An example of this requirement might be the 
primary effluent irrigation of cotton. Under normal circumstances 
this use would not require close supervision or access control. The 
irrigation would proceed with primary effluent (undisinfected), and the 
access conditions would be governed by soil moisture, and the date of 
harvest. If, however, the cotton field were directly adjacent to 
homes, the irrigation with undisinfected primary effluent may not be 
acceptable because of the following factors: 

o 

o 

Ready access to ch il dren, and the di sease ri sk from damp 
soil, and irrigation water that exists from undisinfected 
primary effluent. 

Aesthetic considerations relative to odors and vectors that 
would impact the adjacent houses. 

In this case unless the access could be closely controlled (fenc
ing, etc.), and the aesthetic concerns addressed, this would not be an 
acceptable use for the reclaimed primary effluent. 

Environmental Concerns and Public Involvement: Public education 
programs are essential 1n developing a healthy climate for reclamation 
programs. An extensive study of ten project areas (Bruvold, 1981) 
showed that three conditions must be met in order to ensure public 
support: (1) safeguard public health (2) protect the environment, and 
(3) conserve water. Some projects may meet one requirement, but fail 
to meet others and thus be rejected by the public. In a specific 
example, oxidation pond effluent was used in California to supplement 
source waters for rice fields (ponds). Initial reaction was that this 
was an appropriate use for the reclaimed wastewater for the following 
reasons: 

1. Public access was limited or non-existent, 

2. The rice is a processed food crop and secondary disease 
transmission is not a problem, and 

3. The rice field discharge location is not in a sensitive area. 
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Following startup of the project an unexpected problem occurred 
and caused all the rice irrigation projects to be cancelled. Because 
of the nutrient content in the oxidation pond effluent extensive algae 
growth occurred in the rice fields, and because of the presence of the 
rice stalks, the standard mosquito control measures were not effective. 
This resulted in massive breeding of Culex tarsal is mosquitoes and the 
increased threat of encephalitis. T~ddit;onal treatment required 
for nutrient removal made the project too costly and removed rice 
fields from the cost effective category of reclaimed wastewater. 

Specific Project Analysis 

Individual wastewater reclamation projects may be analyzed to 
assess the public health risk on a case-by-case basis. 

The highest risk factors include: 

o 

o 

o 

o 

o 

Sensitive population at risk---children, etc. 

Extensive and frequent exposure to the reclaimed wastewater. 

Little or no waste treatment to reduce disease organisms. 

Multiple modes of contact---direct, spray, secondary (food 
contamination). 

No reliability features to reduce adverse impacts from 
treatment failures, etc. 

Conversely, the lowest risk factors include: 

o 

o 

o 

o 

o 

Closely controlled access to the reclamation reuse area. 

Limited exposure and duration. 

Limited population at risk. 

Advanced waste treatment to eliminate -or limit disease or
ganisms. 

Alternate disposal and treatment units. 

The balance between the two positions may be obtained for speci
fic projects with tradeoffs established to ensure public health pro
tection. For instance, it may be possible to control exposure and 
access to a reuse area if treatment is not sufficient to protect the 
public, or additional treatment may make up for unlimited access. In 
either case public support is essential and the project must be cost 
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effective. If treatment and access (exposure) requirements make the 
project more expensive than "other" water costs, the project will ope
rate at a loss and will be in jeopardy from a financial standpoint. 

Di rect Potable Reuse 

Several projects have been proposed to provide reclaimed waste
water for potable reuse. Some are in existence for indirect reuse uti
lizing groundwater recharge and as a supplement to surface water 
sources (Beresford, 1983), but direct reuse projects have not progres
sed beyond the planning stage. State and Federal regulations have not 
been developed for these uses and it is unlikely that criteria will be 
developed in the near future. Generally, this also corresponds with 
the risks that the public are willing to accept. 

In consumer attitude surveys (Bruvold, 1976), the majority of the 
publ ic are unwi 11 ing to accept recl aimed wastewater for drinking, com
mercial food preparation, home food preparation, or home/commercial 
canning. The acceptability of other uses, not involving ingestion, 
varies with greater acceptance of lesser contact uses. This would seem 
to correspond with the comments of R. Handler (1979): 

"It has become a function of government to determine whether a 
given technological benefit is worth the attendant risk where 
such exists; it also assesses whether the cost of mitigating or 
eliminating such risk are justified by the latter's nature and 
magnitude. A sensible guide would surely be to reduce exposure 
to hazard wherever possible, to accept substantial hazard only 
for great benefit, minor hazard for modest benefit, and no hazard 
at all when the benefits seems relatively trivial." 
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I NTRODUCTI ON 

ABILENE RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 4 

WATER QUALITY ASSESSMENT 

Principal Authors: Barbara Nickerson 
Steven P. Watters 

The City of Abilene, Texas is evaluating the feasibility of using 

treated wastewater effluent to supplement their existing municipal water 

supply, Lake Fort Phantom Hill. One part of that evaluation is to 

consider existing water quality of the lake to predict the effects of 
the i ntroduct i on of treated effl uent on future water qual i ty. Thi s 
report summari zes the current water quality of Lake Fort Phantom Hi 11 

relative to current standards and criteria. The analysis is based on 

sampling data collected by the City of Abilene, the Texas Water Commis

sion (TWC) and the U. S. Geological Survey (USGS). The City's data 

provi ded the longest continuous record wi th the greatest parametri c 
coverage. 

Lake Fort Phantom Hill is located in Jones County, approximately 10 

miles northeast of Abilene. The lake is operated by the City of Abilene 

as a municipal water supply. When full, it has a surface area of ap

proximately 4,000 acres and storage capacity of approximately 69,000 

acre-feet. It receives runoff from a 470 square mile watershed, some of 

which is controlled by Lake Abilene and other upstream impoundments. 

Part of the watershed is drai ned by El m Creek and Cedar Creek. In 

addition, up to 30,000 acre-feet per year of supplemental diversions can 

be pumped into the lake from the nearby Clear Fork Brazos River during 
hi gh flow peri ods when the quality of the Cl ear Fork is suitable for 

municipal use. Occasionally, water also is diverted into the lake from 
Deadman Creek, a neighboring stream to the east. 

Fort Phantom Hill dam is an earthfill structure with a top width of 

25 feet, maximum height of 84 feet and length of 3,740 feet. The spill

way is natural ground with a concrete control weir. The spillway has a 
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crest length of 800 feet, crest elevation of 1,635.9 feet above mean sea 

level (msl) and is located 0.7 miles from the east end of the dam. The 

servi ce outlet cons i sts of a concrete tower with gated openi ngs and a 

four by seven-foot conduit. Impoundment of water began in October 1938. 

During the 1960's, the City of Abilene was experiencing taste and 

odor problems with Lake Fort Phantom Hill water. As a solution to this 

problem, a mechanical aeration system was installed in the lake and is 

used during the summer months to mix the lake waters and to help prevent 

further taste and odor problems. 

APPLICABLE WATER QUALITY STANDARDS AND CRITERIA 

Water quality in Lake Fort Phantom Hill was evaluated in comparison 

to the "Texas Surface Water Qual ity Standards" (TWC, 1985), and "Drink

ing Water Standards Governing Drinking Water Quality and Reporting 

Requirements for Publ ic Water Supply Systems" (Texas Department of 

Hea 1 th [TDH] , 1987). The surface water qual i ty standards are estab

lished by the TWC ·to maintain the quality of water in the state and 

protect the water uses deemed desirable for each classified water 

quality segment. Lake Fort Phantom Hill is designated as Segment 1236 

and its designated uses include contact recreation, high quality aquatic 

habitat, and public water supply (TWC, 1985). The applicable criteria 

are presented in Table 4-1. 

The Texas Water Commission is currently reviewing its water quality 

standards for possible revision beginning in 1988. A recent draft of 

those standards i ndi cates a proposal for thi s segment to lower the 

chloride criteria to 130 mg/l, raise the sulfate criteria to 150 mg/l, 

and lower the total dissolved solids criteria to 550 mg/l. This re

flects a continued review of dissolved inorganic constituent data to 

base the criteria on historical trends. 

The Texas Drinking Water Standards are designed "to assure the 

safety of public water supplies with respect to bacteriological, chemi

cal and radiological quality" (TDH, 1987). The drinking water standards 
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Table 4-1 

Current Surface Water Criteria for 
Lake Fort Phantom Hill 

Const ituent 

Chloride 

Sulfate 

Total dissolved solids 

Dissolved oxygen 

pH 

Fecal col iform 

Temperature 

Source: Texas Water Commission 

Criteria 

Annual mean not to exceed 200 mg/l 

Annual mean not to exceed 100 mg/l 

Annual mean not to exceed 600 mg/l 

Not less than 5.0 mg/l 

Range from 6.5 to 9.0 

30 day geometric mean not to exceed 
200 colonies/IOO ml 

Not to exceed 34° C 

were developed in compliance with requirements of the Federal Safe 

Drinking Water Act (PL 93-523 as amended) and the Environmental 

Protection Agency's (EPA) "Interim Primary Drinking Water Regulations." 

The applicable standards are presented in Table 4-2. 

The primary drinking water standards are establ ished to protect 

human health, while the secondary levels are designed to minimize non
health related problems such as taste and odor. It should be noted that 

the point of compliance for the drinking water standards is after treat

ment, so that comparison of these standards with raw untreated water may 

not always be appropriate. In particular, turbidity and bacterial 

population are substantially el iminated with proper water treatment. 
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Table 4-2 

Texas Drinking Water Standards 

Primary Standards: 

Constituent 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Nitrate 
Selenium 
Silver 
Fluoride 
Eudrin 
Lindum 
Methoxychlor 
Toxephene 
2,4-0 
2,4,5-T 
Turbidity 
Coliforms 
Strontium - 90 
Total trihalomethanes 

Secondary Levels: 

Constituent 

Chloride 
Color 
Copper 
Fluoride 
Foaming agents (MBAS) 
Iron 
Manganese 
Odor 
pH 
Sulfate 
Total dissolved solids 
Zinc 

Standard (mg/l) 

0.05 
1.0 
0.010 
0.05 
0.05 
0.002 
10.0 
0.01 
0.05 
4.0 
0.0002 
0.004 
0.1 
0.005 
0.1 
0.01 
1 NTU 
1/100 ml 
8 pCill 
0.10 mg/l 

Level --
300 mg/l 
15 color units 
1.0 mg/l 
2.0 mg/l 
0.5 mg/l 
0.3 mg/l 
0.05 mg/l 
3 threshold odor number 
7.0 or greater 
300 mg/l 
1,000 mg/l 
5.0 mg/l 

Source: Texas Department of Health, Division of Water Hygiene. 
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HISTORICAL WATER QUALITY SAMPLING DATA 

City of Abilene (1976-1987) 

Thirty-two water quality parameters were analyzed by the City of 

Abilene in water samples from Lake Fort Phantom Hill during the sampling 
period 1976-1987. The period from 1976-1987 was chosen for evaluation 
to represent a recent time period which included both wet and dry years. 

The City's sampling data are summarized in Table 4-3. Table 4-4 pre

sents the average values of the samples collected by the City between 
1976 and 1987 compared with the applicable surface water quality 

criteria for Lake Fort Phantom Hill. All water samples were collected 

within one meter of the water surface near the City's intake structure. 
Since thermal and water quality stratification is prevented during the 
summer months of most years by mechanical aeration in the vicinity of 

the intake tower, and the lake is naturally mixed during the rest of the 

year, these near-surface samples are assumed to be representative of the 
water column. Table 4-5 compares the sample concentrations to the 

applicable drinking water standards. A correlation matrix of all 
\ 

sampling parameters for the 1976-1987 Abilene data is presented in 

Appendix A. Only correlation coefficients of approximately 0.50 or 

greater with probability levels (p) less than 0.05 were considered to be 

significant. 

Texas Water Commission (1976-1986) 

The Texas Water Commission reported a number of lake profile 

samp 1 es coll ected from the two sites in Lake Fort Phantom Hill duri ng 

the period 1976 through 1986. One of the sampling sites was located at 

mid-lake near the dam, and the other site was located near the West 

Texas Utilities Company cooling water outfall, approximately two-thirds 
of the distance up-lake from the dam to the head of the reservoir (see 

Figure 4-1). Selected sampling data from these sites are summarized in 

Tables 4-6 and 4-7 and provide an areal and vertical comparison of water 

quality at different sites in the lake. Temperature and dissolved 
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Table 4-3 

Statistical Summary of Water Sampling Data Collected by 
the City of Abilene from Lake Fort Phantom Hill between 1976 and 1987 

Parameter Mean Std. Deviation No. Samples 

Ammonia N, mg/l 0.30 0.54 73 

Bromide, mg/l 0.46 0.86 88 

Cadmium, Total mg/l 0.001 0.002 88 

Calcium, Total mg/l 61 19 124 

Ch 1 ori de, mg/l 94 23 131 

Conductivity, umhos/cm 674 142 101 

Copper, Total mg/l 0.01 0.04 88 

Dissolved Orthophosphate P, mg/l 0.05 0.13 105 

Dissolved Oxygen, mg/l 8.9 2.1 89 

Fecal Coliform, #/100 ml 38 57 81 

Fluoride, Total mg/l 0.29 0.14 129 

Hardness, Total mg/l as CaC03 232 29 131 

Iron, Total mg/l 0.23 0.31 84 

Lake Surface Elevation, Ft msl 1,627 5 114 

Lead, Total mg/l 0.003 0.008 88 

Magnesium, Total mg/l 22 10 123 

Manganese, Total mg/l 0.01 0.04 60 

Nickel, Total mg/l 0.01 0.01 88 

Nitrate N, mg/l 0.18 0.32 112 

Nitrite N, mg/l 0.01 0.03 97 

pH, S.U. 8.4 0.2 131 

Potassium, Total mg/l 8.6 3.8 74 
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Table 4-3, Continued 

Parameter Mean Std. Deviation No. Samples --
Sil ica, Total mg/l 4.3 2.8 90 

Silver, Total mg/l 0.01 0.01 47 

Sodium, Total mg/l 64 22 100 

Sulfate, mg/l 94 40 129 

Temperature, °C 19.1 8.0 98 

Total A 1 ka 1 i n ity , mg/l as CaC03 143 21 131 

Total Dissolved Solids, mg/l 466 105 81 

Turbidity, turbidity units 37 36 89 

Zinc, Total mg/l 0.05 0.19 87 
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Table 4-4 

Summar~ of Cit~ of Abilene Data (1976-1987) 
Compared to Surface Water Criteria 

Lake SamEles 
State Std. No. 

Constituent Criteria Mean Dev. SamEles 

Chloride (mg/l) 
Annual mean not to exceed 200 94 23 131 

Sulfate (mg/l) 
Annual mean not to exceed 100 94 40 129 

Total Dissolved Solids (mg/l) 
Annual mean not to exceed 600 466 105 81 

Dissolved Oxygen (mg/l) 
Not less than 5.0 8.9 2.1 89 

pH range 6.5-9.0 8.3 0.2 131 

Fecal Coliform (#/100 ml) 
Thirty-day geometric mean 
not to exceed 200 38'" 57 81 

Temperature (Degrees C) 
Not to exceed 34 19.1 8 98 

"'Value reported is actually the arithmetic mean of 81 samples collected 
during the period 1976 to 1987 and, therefore, is not comparable to the 
fecal coliform criterion. 
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Table 4-5 

Texas Drinking Water Standards for Public Water Supplies 
ComQared to Cit~ of Abilene Mean SamQling Values 

from Lake Fort Phantom Hill 
Between 1976 and 1987 

Lake SamQles 
Max. Allowable Mean, Std. No. 

Primary Standards Level, mg/l ~ Dev. SamQles 

Arsenic 0.05 0.001 1'" 

Barium 1.0 0 

Cadmium 0.01 0.001 0.002 88 

Chromium 0.05 0.02 0.18 87 

Lead 0.05 0.003 0.008 88 

Mercury 0.002 0.0002 1'" 

Nitrate-N 10.0 0.18 0.32 112 

Selenium 0.01 0 

Silver 0.05 0 0 47 

Turbidity 1.0 37 36 89 
(turbidity units) 

Recommended 
Secondary Levels Limit, mg/l 

Chloride 300 94 23 131 

Fluoride 15 0.29 0.14 129 

Copper 1.0 0.01 0.04 88 

Iron 0.3 0.23 0.31 84 

Manganese 0.05 0.01 0.04 60 

pH 7.0 8.4 0.2 131 

Sulfate 300 94 40 129 

Total Dissolved Solids 1,000 466 105 81 

TM4-9 



Table 4-5, Continued 

Secondary Standards 

Zinc 

Recommended 
Limits, mg/l 

5.0 

Mean, 
!!!9LL 
0.05 

Lake Samples 
Std. 
Dev. 

0.19 

No. 
Samples 

87 

NOTE: Lake samples were collected at Station 1236.012, described as 
north area near intake tower, unless otherwise noted. 

*This sample was collected 11/20/78 at Station 1136.01, described 
as mid-lake near dam. 
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Table 4-6 

Summart Statistics for Water Qualitt SamQles Collected from Lake Fort Phantom Hill 
bt the Texas Water Commission at Mid-Lake near the Dam 

(1976-1986) 

Relative 
Sampling 

Constituent DeQth Mean Std. Dev. Maximum Minimum Number 

Water Depth, feet 41. 2 5.2 50 30 21 

Secchi Disk 24.6 9.2 49 15 17 
Depth, inches 

Total Suspended near surface 11.4 2.9 21 L.D. 18 
Solids, mg/l 

Chlorophyll ~, mg/l near surface 0.010 0.009 0.042 L.D. 18 

Temperature °c near surface 17.8 7.8 29.5 4.5 28 

Temperature °c deep 17.6 7.3 27.3 4.5 21 

Elec. Conductivity composite 740 140 1000 500 27 
umhos/cm @ 25°C 

Dissolved Oxygen, mg/l near surface 9.4 2.4 14 4.7 24 

Dissolved Oxygen, mg/l deep 7.1 3.6 12.9 0.6 21 

Total Dissolved composite 385 68 500 255 22 
Solids, mg/l 

on "' -~ - '-- '-boratory detection limhs. 



Table 4-7 

Summar~ Statistics for Water Qualit~ Sameles Collected from Lake Fort Phantom Hill 
by the Texas Water Commission near the Power Plant Outfall 

(1976-1986) 

Relative 
Sampling 

Constituent Deeth Mean Std. Dev. Maximum Minimum Number 

Water Depth, feet 23 6 35 15 20 

Secchi Disk 21.3 7.0 39 14 17 
Depth, inches 

Total Suspended near surface 13.9 6.0 31 L. D. 21 
Solids, mg/l 

Chlorophyll ~, mg/l near surface 0.014 0.016 0.033 L. D. 21 

Temperature, °C near surface 19.4 8.0 31 5.5 22 

Temperature, °C deep 17.6 7.3 28 5.5 20 

Elec. Conductivity, composite 778 131 1100 542 22 
umhos/cm @ 25°C 

Dissolved Oxygen, mg/l near surface 9.4 2.2 13.6 4.4 22 

Dissolved Oxygen, mg/l deep 8.4 2.9 12.8 2.0 20 

Total Dissolved composite 389 66 550 272 22 
Solids, mg/l 

*1: D. indicates less than laboratory detection 1 imits. 



oxygen levels exhibited statistically significant differences between 

surface and bottom levels. 

Water samples were collected from the two TWC sites at a depth of 

one foot, and then at ten-foot intervals downward to near the bottom. 

The mi d-l ake near dam site was the deeper of the two samp 1 i ng sites, 
ranging from 30 feet to 50 feet deep on sampling dates. The station 
near the power plant outfall ranged from 15 feet to 35 feet deep on 

sampling dates. 

An examination of the water quality profiles for both TWC stations 

revealed that the lake was distinctly stratified, both chemically and 

thermally, on only one of the sampling dates (August 9, 1978). At that 
time, water column temperatures at the near-dam site ranged from 29.5°C 
at one foot depth ·to 22.5°C at 42 feet in depth. The thermocline, which 

is defined as the zone where water temperatures decrease at the greatest 

rate, was between five feet and ten feet below the surface. Tempera

tures at those depths were 28°C and 26°C, respectively. Dissolved 

oxygen concentrations ranged from 14 mg/l near the surface to 0.6 mg/l 
at 42 feet, and total dissolved solids levels at corresponding depths 
ranged from 350 mg/l to 160 mg/l. Dissolved oxygen was still available 
on the sampling date in sufficient quantity to sustain a viable aquatic 

community from the lake surface to the upper portion of the hypolimnion, 

the layer of the lake underlying the thermocline, as evidenced by dis
solved oxygen levels of 7.1 mg/l at ten feet falling to 4.3 mg/l at 15 
feet. 

Stratification al so was evident at the TWC site near the power 

plant outfall on August 9, 1978, although differences in measurements 

throughout the profil e at thi s site were not as great as those at the 
near-dam site. Water temperatures at the power plant outfall site 
ranged from 27.5°C near the surface to 23°C at 25 feet. The thermocline 
was between ten and 15 feet where temperatures decreased from 26°C to 

24°C with depth. Dissolved oxygen levels were 9.4 mg/l near the sur

face, decreased to 6.9 mg/l at five feet, 3.2 mg/l at ten feet, and 2.0 

mg/l at 25 feet. Total dissolved solids varied from 340 mg/l near the 

surface to 240 mg/l at 24 feet. 
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Temperatures at both TWC stations varied less than approximately 

two degrees from the surface to the bottom on all but one of the re

maining sampling dates. On August 22,1979, temperatures ranged from 

29°C to 26°C at the near-dam site and from 3loC to 26°C at the power 

plant outfall site. However, dissolved oxygen and total dissolved 

solids concentrations varied little throughout the water column on this 

date, indicating that chemical stratification was not present even 

though the lake may have been weakly stratified thermally. In most of 

the samples, 1 ess than 50 mgll difference was observed between total 

dissolved solids concentrations in the upper and lower portions of the 

water column. 

Water column transparency, as indicated by secchi disk depth 

measurements, and total suspended solids and chlorophyll ! concentra

tions are reasonably similar between the two TWC sampl ing stations 

(Tables 4-6 and 4-7). The slight differences in observed values are at

tri butab 1 e to the di fferent 1 ocat ions of the samp 1 i ng sites and the 

different numbers of samples collected for total suspended solids and 

chlorophyll! levels. 

The Texas Water Commission also collected and identified algae in 

Lake Fort Phantom Hill intermittently between 1978 and 1982. One sample 

was collected in 1978, two samples were collected in 1979, one sample in 

1981 and two samples in 1982. The predomi nant speci es ina 11 six 

samples was Cyclotella, a filter and screen-clogging diatom. 

Cyclote11a values ranged from 35/ml in May 1979 to 350/ml in October 

1978. 

U.S. Geological Survey (1976-1984) 

The U. S. Geo 1 ogi ca 1 Survey (USGS) has sampled Lake Fort Phantom 

Hill for a number of years at the outlet gate tower near the dam (see 

Figure 4-1). Table 4-8 contains a statistical summary of parameters 

obtained from a listing of USGS records entered into EPA's water quality 

data base STORET and includes the sampling period from May 1976 through 

April 1984. Samples were collected near the surface. Compari ng the 
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Table 4-8 

Summary Statistics for Water Quality Samples 
Collected from Lake Fort Phantom Hill near the Outlet Tower 

by the U.S. Geological Survey (1976-1984) 

Number of 
Mean Std. Dev. Maximum Minimum Samples 

Temperature, °C 22.0 5.1 30.0 15.0 14 

Conductivity, 795 93 987 677 13 
umhos/cm @ 25°C 

Chloride, mg/l 107 20 150 83 13 

Sulfate, mg/l 91 19 130 76 13 

Fluoride, mg/l 0.37 0.06 0.5 0.3 13 

Silica, Dissolved 2.0 1.3 4.1 0.6 13 
mg/l 

Total dissolved 440 50 540 386 13 
Solids, mg/l 
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USGS sampling data with that reported by the City of Abilene (Table 4-3) 

and the TWC (Tables 4-6 and 4-7) reveals no important differences. 

INTENSIVE WATER qUALITY MONITORING PROGRAM (1987) 

The City of Abilene has recently completed a seven-month intensive 

sampling program to obtain baseline water quality data for Lake Fort 
Phantom Hill. The fi fty-ni ne parameters shown in Table 4.9 were ana

lyzed on a monthly, quarterly or bi-annual basis. Four sampling sites 

were tested during the seven-month period (see Figure 4-1). Two 

sampling sites were located in Lake Fort Phantom Hill, near the City of 
Abilene water plant intake structure and near the West Texas Utilities 

intake structure. A third sampling point consisted of a composite of 

two samples collected from El m Creek and Cedar Creek. The fourth 

sampling site consisted of the City's wastewater treatment plant ef

fluent. 

The mean values at all four sites are compared to drinking water 

standards in Tab 1 e 4-10. Thi s data i ncl udes resul ts for the seven 
months through September. The raw sampling data, with the exception of 

most of the organic parameters, are included in Appendix B. A report on 

quality assurance procedures used during the analysis is included in 

Appendix C. 

Table 4-10 indicates that, in general, water quality at the two 

lake sites is comparable to the quality of the composite cFeek samples. 

However, the creek composite samples had considerably greater mean 

concentrations of turbidity, bacteria, iron, odor, total Kjeldahl 

nitrogen (TKN) , total phosphorus, chlorophyll ~, and total organic 

halogen (TOX) than the lake samples. These results were to be expected, 

since the creek composite samples were collected during runoff events, 
which might explain the presence of greater levels of these consti

tuents. The table also i ndi cates that the treated effl uent generally 

had the poorest quality, particularly from the standpoint of nutrients, 

salts, and odor. 
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Table 4-9 

Water Quality Parameters Monitored 
March - September 1987 

Algal identification 
Alkalinity 
Aluminum 
Ammonia 
Arsenic 
Barium 
Boron 
Bromide 
Cadmium 
Calcium 
Chloride 
Chlorophyll a 
Chromium 
Cobalt 
Color 
Copper 
Cyanide 
Dissolved oxygen temperature 
Fecal coliform 
Fecal streptococcus 
Fluoride 
Iodide 
Iron 
Lead 
Magnesium 
Manganese 
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Mercury 
Methylene blue active 

substances (MBAs) 
Nitrate 
Nitrite-N 
Nitrogen, total Kjeldahl 
Pesticide scan 
Phosphorus 
Potassium 
Selenium 
Sil i ca 
Silver 
Sodium 
Standard plate count 
Strontium 
Sulfate 
Threshold odor 
Total dissolved solids (TOS) 
Total hardness 
Total organic carbon 
Total organic halogens 
Total suspended solids (TSS) 
Total trihalomethane (TTHM) 
TTHMFP 
Turbidity 
Virus 
Volatile organic carbon 
Zinc 



Table 4.10 

ComEarison of Water Qualit~ SamEling Results (3/87-9/87) 
From the Abilene Water Reuse Stud~ 
With State Drinking Water Standards 

(Values are in mg/l unless otherwise noted) 

Mean Concentration 
Drinking Lake Lake 

Water Station Station WWTP Creek 
Parameter Standard No. 1 No. 2 Effl uent ComEosite 

Primar~ Standard 

Arsenic 0.05 0.002 0.002 0.003 0.025 
Barium 1 0.130 0.152 0.052 0.230 
Cadium 0.01 0.001 0.001 LD LD 
Chromium 0.05 0.006 0.001 0.005 0.003 
Fluoride 4.0 
Lead 0.05 0.012 0.002 0.003 LD 
Mercury 0.002 10 ID ID ID 
Nitrate-N 10 LD LD 8.600 0.200 
Selenium 0.01 0.008 0.005 0.003 0.002 
Silver 0.05 0.018 0.022 0.037 0.025 
Endrin 0.0002 LD LD LD LD 
Li ndane 0.004 NO NO NO NO 
Methoxychlor 0.1 LD LD LD LD 
Toxaphene 0.005 LD LD LD LD 
2,4-0 0.1 LD LD LD LD 
2,4,5-T 0.01 LD LD LD LD 
Turbidity 1 27 14.6 8 74 

(Turbidity units) 
1a 1b 62.4b 1b 533b Total Coliforms 

Secondar~ Levels 

Chloride 300 81 81.4 229 102 
Fluoride 2.0 0.264 0.304 1. 340 0.213 
Copper 1 0.008 0.012 0.010 0.017 
MBAs 0.5 0.2 0.14 1. 024 0.175 
Iron 0.3 0.722 0.380 0.118 0.933 
Manganese 0.05 0.043 0.610 0.040 0.073 
Odor 3 3.5 5 35 6.750 

(threshold odor no.) 
Sulfate 300 64 64 192 70 
TDS 1,000 434 438 992 491 
Zinc 5 0.009 0.067 0.322 0.021 
TTHM (mg/l) 0.1 ID 0 0.013 LD 
TTHMFP (mg/l) 0.1 ID 0.09 ID ID 
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Table 4-10, Continued 

Mean Concentration 
Drinking Lake Lake 

Water Station Station WWTP Creek 
Parameter Standard No. 1 No. 2 Effluent Composite 

Other Constituents 

Nitrite-N NA 0.02 0.07 l3.63 
Ammonia-N NA 0.39 0.21 4.93 
Total Kjeldahl Nitrogen NA 1. 75 3.15 7.08 
Dissolved Ortho-P NA LD LD 6.63 
Total Phosphorus NA 0.07 0.08 8.1 
Chlorophyll a NA 0.002 0.001 0.001 
Total Organic Carbon NA 34.2 34.2 15.6 
Volatile Organic Carbon NA 17.4 20.6 25.8 
Total Organic Halogen NA 0.014 0.014 0.280 
Total Alkalinity NA 144 144 181 
Calcium NA 52 58 76 
Magnesium NA 22 24 59 
Hardness NA 224 213 314 
Sodium NA 52 52 157 
Potassium NA l3 11 16 
Sil i ca NA 5 4 15 
Bromide NA 0.35 0.60 NO 
Fecal Streptococcus NA 23 20 NO 

(#/100 ml) 
Standard Plate Count NA 3,186 4,753 6,853 

(#/100 ml) 
Aluminum NA 1.1 0.74 0.09 
Iodide NA 0.9 0.56 1.40 
Strontium NA 0.4 0.50 0.58 
Boron NA 0.2 0.12 0.40 
Cobalt NA 0.001 LO 0.001 

LD indicates less than laboratory detection limit. 
NO indicates that no determinations were made for a constituent. 
NA indicates that no standard has been established. 
10 invalid data 

0.22 
1. 84 
5.09 
0.04 
0.16 
0.04 
37.8 
27.1 
63.3 
142 

59 
28 

226 
44 
11 

7 
0.22 

1. 700 

6,000 

1. 68 
0.75 
0.25 
0.14 

0.001 

aOne coliform per 100 ml as the arithmetic mean of all samples examined 
bper month. 

Fecal coliforms. 
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Samples were tested for a variety of organic chemicals using gas 
chromatographic methods. The majority of the organic compounds tested 

for were not detected, i ncl udi ng the pest i ci des 1 i sted in Table 4-10. 

However, the scan for organic compounds indicated dimethyl phthalate (15 

mg/l, March), acetone (98 mg/l, June), and 1,1,1-Tri charoethene (1 ess 

than 5 mg/l, June) in the creek samples. Bio (2-ethylhexyl) phthalate 
(5 mg/l, March) was identified in only one of the wastewater treatment 
plant effluent samples. 

Methylene chloride was also identified in samples from all sites, 

but the laboratory suspected that contaminated sample vials may.have 

introduced this compound during the analysis. The compounds detected in 

the creek composite and wastewater effluent samples probably were random 
occurrences related to runoff or an isolated disposal event, and likely 
will not pose a persistent water quality problem. 

Lake Sediment Samples 

Sediment samples were taken at both lake locations and analysis for 

total metal and leachate (EP Toxicity method) for each of the following 
elements: As, Hg, Se, Zn, Cd, Pb, Ni, B, Cr, Cu, and Ag. Analysis for 

barium and manganese were analyzed for total metals only; data for the 

leachate samples were inconclusive. Only zinc and boron were found in 

the leachate; zinc was identified in quantities less than the Maximum 

Contaminant Level Goal (MCLG) of the Safe Drinking Water Act. No MCLG 
has been adopted for boron; however, the levels appear reasonable. Once 
deposition has occurred, analysis indicates little potential of leaching 

from the sediments. 

The bioaccumulation of heavy metals and pesticides through the food 
chain is always a concern for a near-static system like LFPH. The 

concentrating effect of the food chain may need to be monitored through 
bi oassays of fi sh and benthi c organi sms duri ng the next moni tori ng 
program. Metals should be expected to concentrate in the lake sediments 

as a natural event. The levels of metal measured in the WWTP effluent 
are higher, but comparable to the composite creek samples. Additional 
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wastewater levels of treatment, especially precipitation processes 

(i.e., high-lime), would reduce this concentration. 

In August 1987, lake sediment grab samples were also collected at 

both lake sampl ing stations. These samples were analyzed for kjehdal 

nitrogen (TKN), potassium, and orthophosphate. The TKN values ranged 
from 20 to 83 mg/l, the potassium analysis was incorrect, and the 
orthophosphate was 0.1 mg/l. 

WATER QUALITY ASSESSMENT 

The water qual i ty data collected to date i ndi cates that overall 

water quality in Lake Fort Phantom Hill is good. Only a few isolated 
parameters exhibited levels which are of potential interest or concern. 
Each of the major parameters are summarized below: 

Temperature 

Temperature is an important measure of water qual ity because it 

controls the rates of biological and chemical processes. It is also 

important in controlling physical mixing when temperature differences 
between surface and bottom layers become sufficient in summer to cause 

the lake to stratify. During stratification, the bottom layer may 

become anoxic and result in other adverse water quality effects. 

The average water temperature of Lake Fort Phantom Hill based on 98 

measurements by Abilene during the 1976-1987 sampling period was 19.1°C 
(Table 4-3). Monthly mean water temperatures are plotted in Figure 4-2 

and range from approximately 7.0oC in January to 28°C in August. The 

maximum temperature recorded during the period was 34°C in August 1983, 
and the minimum was 2.0oC in January of 1982 and 1984. The temperature 
in Lake Fort Phantom Hill is probably influenced by the West Texas 

Util it i es power plant located on the eastern side of the 1 ake. As 

indicated in Figure 4-3, the intensive sampling data indicates that 1987 

has been s imil ar in temperature in the 1976-1987 average condi t ion. 
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Lake Fort Phantom Hill was not thermally or chemically stratified 

according to most of the samples collected at two sites between 1976 and 

1986. However, since the lake was distinctly stratified in August 1978, 

it is apparent that under some conditions, thermal and chemical strati

fication is possible. Three reasons are noted as possibilities of why 

the lake usually remains fairly mixed: (1) the aeration system located 

in the vi ci ni ty of the City's raw water intake tower keeps the 1 ake 

mixed (Brazos River Authority, 1975), (2) the lake's north-south orien

tation along the axis of the prevailing southerly winds may keep the 

lake mixed during most years, and (3) circulation of cooling water from 

the West Texas Utili ties generating plant may have at 1 east a 1 oca 1 

mi xi ng effect. These factors may operate in combi nat i on or i ndepen

dently to prevent stratification, and there may be other as yet un

identified factors acting to keep the lake mixed. 

Dissolved Oxygen 

Dissolved oxygen is a necessary requirement for maintenance of a 

healthy aquatic community. Lack of dissolved oxygen can cause stress or 

death to fi sh and other aquatic 1 He, and also may be an i ndi cator of 

other water qual i ty problems. The Texas Water Commi ss i on has estab

lished 5.0 mg/l as the minimum level of dissolved oxygen to maintain 

high quality aquatic life. 

Dissolved oxygen (DO) was at or above 5.0 mg/l in all but one of 

the 89 samples analyzed by Abilene from 1976-1987. The mean DO con

centration for the period was 8.9 mg/l, and monthly averages ranged from 

7.1 mg/l in July to 11.3 mg/l in February (see Figure 4-3). The minimum 

observed DO occurred in July 1981 when, for some unknown reason, a 

concentration of 3.5 mg/l was recorded. Dissolved oxygen levels during 

the summer months likely would be lower in the absence of mechanical 

aeration which the City of Abilene uses to modify and improve water 

qua 1 i ty in the 1 ake. As expected, DO showed a s i gnifi cant inverse cor

relation (r) with temperature (r = -0.59; p .01). 
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A review of 1987 intensive sampling dissolved oxygen levels reveals 

somewhat lower DO levels than in the historical data. The samples taken 

at the lake station near the City's intake are depicted on Figure 4-3 

and show DO levels falling below the 5.0 mg/l criterion during June and 

July. Dissolved oxygen levels at the other stations were also depressed 

during July. 

Nitrogen 

Nitrogen may be found in several forms in aquatic systems. As 

unionized ammonia, it may be toxic to fish in the range of 0.14 to 4.60 

mg/l, depending on temperature, pH, and species of nonsalmonid fish. 

Nitrites react with hemoglobin and can cause serious poisoning, par
ticularly in infants. The EPA has established a level of 1 mg/l of 

nitrite-nitrogen to protect human health. Nitrate is an important 

nutrient for algae and other plant life which form the base of the food 

chain. However, too much nitrate can cause an overgrowth of algae, or 

bloom, a process commonly referred to as eutrophication. In addition, 

high nitrates may be reduced to nitrites in human infants. The EPA has 

established a level of 10 mg/l of nitrate-nitrogen to protect human 

hea 1 th, although many pub 1 i c water systems commonly exceed thi s 1 imi t 

and only one case of nitrate poisoning (mothemoglobinemia) has been 

reported from a public water supply. 

Samples were analyzed by Abilene (1976-1987) for three forms of 

nitrogen; 112 samples we.re analyzed for nitrate nitrogen (N03-N), 97 

samples for nitrite nitrogen (N02-N), and 73 samples for ammonia nitro

gen (NH3-N). The mean N03-N concentration for the period was 0.18 mg/l. 

Average monthly concentrations ranged from 0.32 mg/l in January to 0.07 

mg/l in March. Figure 4-4 shows that the mean monthly concentrations 

are fairly constant throughout the year. Relatively high N03-N levels 

were reported in January 1976 (2.2 mg/l) and September 1977 (1.71 mg/l). 
Nitrate-nitrogen was below detectable limits in many of the 112 samples 

analyzed from 1976-1987 (see Appendix D), and continued to be undetected 

in the 1987 inclusive data. Only the wastewater effluent had signifi

cant levels of nitrate. 
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Nitrite-nitrogen was absent or not detected in most of the 97 

samples analyzed by Abilene from 1976-1987. During the 1987 intensive 

sampling effort, the reported nitrite levels from the wastewater plant 

were unusually high during the first several months of sampling. The 

elevated levels were due to modifications in the daily operation of the 

wastewater treatment plant during the first several months of sampling. 

Once the plant operation was modified, nitrite-nitrogen levels from the 

plant were in the expected range. 

Ammonia nitrogen concentrations averaged 0.30 mg/l in 73 samples 

co 11 ected duri ng the 1976-1987 peri od. Mean monthly NH3-N concentra

tions showed slightly more fluctuation than N03-N means and varied from 

0.04 mg/l in September to 0.68 mg/l in July (see Figure 4-5). The 

maximum reported level was 3.50 mg/l in July 1985. Many samples had no 

detectable NH3-N. Ammonia was significantly correlated with conduc

tivity (r=0.50;p 0.01) and sulfate (r=0.63;p 0.01), but the reason for 

this correlation is not known. The 1987 intensive sampling data fall 

within the same range as the 1976-1987 tests. 

As a general guide to evaluating the probability of potential water 

quality problems from high nitrogen levels, the TWC (1986) considers a 

combi ned NH3 -N and N03 -N concentration of greater than 1. 0 mg/l as 

"elevated". Based on this general guide, mean nitrogen levels in Lake 

Fort Phantom Hill would not be considered elevated, although occasional 

samples did exceed the combined 1.0 mg/l ammonia plus nitrate-nitrogen 

level. 

Phosphorus 

Phosphorus, in the form of phosphate, is of interest primari ly 

because of its role as an algal nutrient and its effect on eutrophica

tion. Dissolved orthophosphate phosphorus (P04-P) was analyzed in 105 

samples during the period and averaged 0.05 mg/l. Average monthly con

centrations ranged from less than detectable limits in September to 0.11 

mg/l in June and 0.12 mg/l in November (see Figure 4-6). Peak concen

trations occurred in June 1983 (0.90 mg/l) and November 1983 (0.65 

mg/l), while less than detection limits were reported as minimum values 
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FORT PHANTOM HILL RESERVOIR QUALITY 
DISSOLVED ORTHO-P (1976-1987) 
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in all months. The 1987 intensive data also fall below detection limits 

for all months at Lake Station Number 1. The TWC (1986) employs a 

guideline of 0.07 mg/l dissolved phosphorus as the level above which the 

nutrient is considered elevated. Based on the TWC guideline concen

tration, the overall mean P04-P level is not elevated, but mean monthly 

phosphate 1 eve 1 s have been elevated in February, June, and November. 

Dissolved orthophosphate showed a significant relationship only with 
nickel (r=0.S9;p 0.01), but the importance of the relationship is not 

apparent. 

Eutrophication 

Eutrophication is the nutrient enrichment of a water body and the 

resulting aquatic plant production. The productivity level is directly 

related to the conditions necessary for aquatic plant growth, primarily 

nutri ent input, sun 1 i ght, hydraul i c res i dence time, and temperature. 

Therefore, the level of eutrophication or trophic status will depend on 

the extent to which one or more of the factors required for aquatic 

plant growth may be limiting. 

Most reservoirs in Texas are considered to be eutrophic, meaning 

that they are well suppl ied with nutrients and are highly productive. 

The TWC (1986) ranked Lake Fort Phantom Hill 71st out of 96 Texas reser

voirs evaluated using Carlson's (1977) trophic state index method based 

on Secchi disk transparency, chlorophyll ~ and total phosphorus concen

trations. A rank of one was the least productive while a 96 indicated 

the most productive reservoir. The mean chlorophyll ~ levels presented 

in Tables 4-6 and 4-7 indicate that Lake Fort Phantom Hill is borderline 

eutrophic, or meso-eutrophic, based on the EPA (1973) suggested criteria 

that concentrations between 0.01 mg/l and 0.1 mg/l correspond to 

eutrophic conditions. However, the recent sampling results indicate the 
lake may be less productive (see Table 4-10). 

The mean inorganic nitrogen to orthophosphorus ratio, computed from 

the values reported in Table 4-3, was 10:1. Although this indicates 

that productivity is nitrogen-limited, other monitoring data indicate 
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that phosphorus may be the 1 imiting nutrient at times. For example, 

comparison of nitrate-nitrogen (Figure 4-4) and dissolved orthophosphate 

phosphorus concentrations (Figure 4-6) for the month of September show 

that some ni trate was avai 1 ab 1 e, but orthophosphate was always below 

detectable limits. The recent sampling data (Table 4-10) indicate that 

dissolved orthophosphate was below detection limits from March through 
August 1987 in the 1 ake. However, 1 i ght may be the most s i gni fi cant 
factor limiting productivity as evidenced by the low Secchi disk trans

parencies (Tables 4-6 and 4-7) and high turbidities (Tables 4-3 and 

4-10). 

In the Environmental Protection Agency's eutrophication study on 
Lake Fort Phantom Hill (EPA, 1977), the EPA classified the lake as 

eutrophic and identified nitrogen as the 1 imiting nutrient. The EPA 

also noted that the low mean secchi disk transparency (24 inches) sug

gests that "primary productivity may be 1 ight-l imited at times rather 

than nutrient-limited." 

The differences between nitrate-nitrogen and dissolved ortho

phosphate-phosphorus 1 eve 1 s duri ng wet and dry years were exami ned to 

evaluate the effects of drought periods on these nutrients. A review of 

annual precipitation data at Abilene, Texas for the period 1976 through 

1986 showed that 1986 was the wettest year with 31.98 inches, and 1977 

was the dryest with 16.27 inches. Figures 4-7 and 4-8 show that nitro
gen and phosphorus levels were below laboratory detection limits during 

the wet year (1986), but measureable concentrations were present during 

dry year sampling (1977). This may be attributable to the dilution 

effect of higher rainfall in 1986. Note that the 1987 intensive 

sampling data for nitrate and phosphate also fall below detection 

limits, reflecting the continued high rainfall in Abilene during 1987. 

pH and Alkalinity 

The pH of Lake Fort Phantom Hill averaged 8.4 standard units based 

on the 131 samp 1 es collected between 1976 and 1987. Fi gure 4-9 shows 

that the mean monthly pH level is fairly constant during the year, 
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ranging from 8.3 in January and June to 8.4 in April. The lowest ob

served pH was 7.8 in September 1977, and the maximum pH was 9.0 in April 

1985. 

The relatively stable, alkaline pH reflects the high buffering 

capacity of the lake water. Total alkalinity was measured in 131 

samples from 1976-1987 and averaged 143 mg/l as CaC03. The observed 

range of total alkalinity was from 76 mg/l in April 1981 to 204 mg/l in 

April 1980. The alkalinity means and ranges are plotted in Figure 4-10. 

Neither pH nor alkalinity were strongly correlated with other para

meters. The 1987 alkalinity values were similar to the historical mean 

values (see Figure 4-10). 

Total Dissolved Solids 

High levels of dissolved solids, including chlorides and sulfates, 

is a common prob 1 em in both surface and ground water in west central 

Texas. These emanate from both naturally occurring mineral deposits and 

from past oil and gas production practices. The presence of dissolved 

mi nera 1 sin excess of the dri nki ng water standards can be of concern 

because of their objectionable taste, limitations for use in industrial 

boilers, and potential laxative effects. 

The total dissolved solids (TDS) concentration in Lake Fort Phantom 

Hill averaged 466 mg/l based on 81 samples collected during the 1976-

1987 period. Figure 4-11 indicates that mean monthly TDS varied from 

401 mg/l in November and December to 535 mg/l in May. The mi ni mum 

observed TDS levels occurred in 1982 with 200 mg/l in November and 203 

mg/l in December. The peak concentration was 920 mg/l in May 1986. 

Not surprisingly, total dissolved solids were positively correlated 

(p .01) with hardness (r=.75), chlorides (r=.67), sulfates (r=.58), and 

specific conductivity (r=.73). Mean monthly specific conductivity and 

ranges are plotted in Figure 4-12. An inverse relationship was noted 

between TDS concentration and water surface elevation (r=-.52; p .01), 

reflecting the influence of lake evaporation and freshwater inflows on 
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mineral levels. The intensive sampling data for 1987 indicates slightly 

lower levels of dissolved solids. 

The average chloride concentration of 131 samples collected between 

1976 and 1987 was 94 mg/l. Mean monthly chlorides during the period are 

plotted in Figure 4-13 and varied from 88 mg/l in January to 104 mg/l in 

June. Observed concentrations ranged from 51 mg/l in March 1982 to 152 

mg/l in April 1980. Chlorides showed significant positive correlations 

(p .01), with conductivity (r=.70), TDS (r=.67), and hardness (r=.55). 

Chlorides observed in the 1987 intensive sampling effort were lower than 

the 1976-1987 mean values. 

Sulfates averaged 94 mg/l in 129 samples collected during the 

period. The average monthly concentrations for the period were between 

80 mg/l and 100 mg/l in all months except March, June and July, when 

mean levels ranged above the 100 mg/l surface water qual ity criteria 

(TWC, 1985) up to 108 mg/l (see Figure 4-14). The observed extremes 

included a minimum sulfate concentration of 31 mg/l in January 1983, and 

a maximum of 270 mg/l in November 1983. Sulfate was significantly, 
positively correlated (p .01) with TDS (r=.58), NH 3-N (r=.63), and 

conductivity (r=.48). The 1987 intensive sampling indicates lower 

levels of sulfates. 

The mean concentrations of total dissolved solids, chlorides, and 

sulfates in Lake Fort Phantom Hill are within state limits for drinking 

water qual ity. These constituents woul d be expected to become more 

concentrated during hot, dry periods when evaporation removes water and 

leaves the salts behind. However, comparison of wet year and dry year 

concentrations indicates that the opposite effect occurred in the lake 

for two of these constituents. Total dissolved solids levels were 

greater during the wet year (1986 rainfall = 31.98 inches) than the dry 

year (1983 rainfall = 19.50 inches) in nine out of 12 months (see Figure 

4-15). Chloride concentrations during the wet year (1986) were greater 

than during the dry year (1977 rainfall = 16.27 inches) only in May (see 

Figure 4-16). Sulfate concentrations during the wet year (1986) ex

ceeded the dry year (1977) levels in every month (see Figure 4-17). 
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Further investigation may be necessary to determine the reason for these 

unexpected results, particularly since the 1987 intensive sampling data, 

which also represent a wet year, do not always conform to the levels 

observed in 1986. Some factors whi ch potentially may i nfl uence the 

di sso 1 ved mi nera 1 1 eve 1 s i ncl ude the amount of 1 ake i nfl ow deri ved from 

the Clear Fork Brazos River, Deadman Creek, and the lake's natural 

watershed; the quality of water from each of these sources; monthly 

rainfall; and water surface elevation on the day of sample collections. 

Iron 

Of all the i norgani c substances whi ch have been eval uated, only 

iron exhibits consistently high levels. Iron is naturally abundant in 

soil s and rock and commonly found in waters in vari ous forms and con

centrat ions. Although it is not a concern from a health standpoi nt, 

iron can stain laundry and porcelain and can cause an unpleasant taste 

at levels exceeding 0.31 mg/l (Manahan, 1975). 

The average concentration of iron analyzed in 84 samples during the 

1976-1987 peri od was 0.23 mg/l. Mean monthly concentrations exceeded 

the 0.30 mg/l recommended limit for drinking water (TDH, 1986) in March, 

July, November and December and varied from 0.12 mg/l to 0.25 mg/l 

during the remaining months (see Figure 4.18). The observed extremes 

ranged from less than detectable limits to 1.31 mg/l in August 1980. No 

important corre 1 at ions were observed between i ron and other samp 1 i ng 

parameters. The 1987 intensive sampl ing data exhibits continued high 

levels of iron in all but the wastewater effluent (see Table 4-10). 

The 1987 intensive sampling data also contained some elevated 

levels of manganese, particularly in the creek samples. Manganese 

exhibits the same objectionable characteristics as iron, but at much 

lower concentrations. 
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Fecal Col iform 

The presence of fecal col iforms in water is used to measure the 

potential risk of contamination by various pathogenic bacteria from 

intestinal wastes of warm-blooded animals. Escherichia coli is normally 

the dominant organism measured as fecal coliform, but other genera may 

also include Streptococcus, Pseudomonas, and other pathogenic organisms. 

A level of 200 colonies per 100 milliliters has been established for 

protection of public health during contact recreation such as swimming. 

Fecal coliform bacteria averaged 38 colonies per 100 ml in 81 

sampl es collected from Lake Fort Phantom Hi 11 between 1976 and 1987. 

Figure 4-19 shows that the mean monthly concentrations varied somewhat 
during the year with higher counts observed during May and October. The 

average May and October fecal coliform levels were 147 colonies per 100 

ml and 83 colonies per 100 ml, respectively. The mean counts during 

other months vari ed between 13 col oni es and 49 col oni es per 100 ml. 

Zero counts were observed in each month at 1 east one year, and the 

maximum observed counts were 300 colonies per 100 ml in May 1981, and 
232 col oni es per 100 ml in October 1979. It shoul d be noted that the 

200 colonies per 100 ml surface water quality criterion for fecal coli

forms adopted by the TWC (1985) is based on a geometric mean of at least 

fi ve samples collected over a 3D-day peri od. Thus, the i ndi vi dua 1 

samples reported as greater than 200 colonies per 100 ml do not con
stitute a water quality standards violation. No important correlations 

were observed between fecal coliforms and the other parameters. 

Turbidity 

The average sampling value was 37 Formazin turbidity units (FTU). 

Mean monthly values varied from 20 FTU in February to 53 FTU in June. 
The observed extremes ranged from 4 FTU in January 1984 to 170 FTU in 

July 1979. The turbidity sampling statistics are plotted in Figure 

4-20. The 1987 intensive sampling data fell within the same range. No 

important corre 1 at ions were detected between turbi dity and the other 

sampling parameters. 

TM4-48 



FORT PHANTOM HILL RESERVOIR QUALITY 
FECAL COLIFORM (1976-1987) 

300 

280 

260 

'" ..l 240 
~ 

0 
220 

0 
200 " 

SURFACE WATER CRITERIA 

\ 
'*" 180 
...." 

::i! 160 
P: 
0 140 
r... ... 

120 ..l 
0 
U 100 

~ 80 

r.l 60 
r... ~ 

40 I 

20 

0 
"TI 
(j) 

J F M A M J J A S o N D 

C 
::0 MONTH 
m o MEAN + MINIMUM <> MAXIMUM 
.j:>. 

I D. MEAN-STD DEV x MEAN+STD DEV 
..... 
CD 



FORT PHANTOM tiLL RESERVOIR QUALITY 
TURBIDITY (1976-1987) 

170 

160 

150 

140 

130 

120 
'"' 
~ 110 (-0 
II. 100 "'" 
?< 90 
(-0 ... 80 Q ... 
III 70 
p: 
P 60 
(-0 

50 

40 

30 

20 

10 

0 
-n 
G5 J M M J S N D F A J A o 
C 
:D MONTH 
m 
~ 
I 

I\) 

o MEAN + MINIMUM <> MAXIMUM 
6. MEAN-STD DEY } x MEAN+STD DEY 



Little information on algae is available for Lake Fort Phantom 

Hill. The City of Abilene has records of algae identification inter

mittently from 1963 to 1974. During this time, algae were identified, 

but not quantified. Data from 1970 to 1974 indicate that Cyclote11a 

were present throughout the spri ng, fall and wi nter months, but that 
Anabaena was the predominant algae during the summer months. Oscilla

toria was also present during the summer months. 

Organic Chemicals 

With the excepti on of the i so 1 ated samples conta i ni ng phtha 1 ato, 

acetone, and trichloroethene, none of the other organic chemicals 

(including pesticides) analyzed during the intensive sampling of 1987 

have exhibited detectable levels. Total organic carbon, total tri

halomethane forming potential, and odor were elevated in the lake which 

probably reflects the presence of naturally occurring humic substances. 

Viruses 

Water samples were collected in April and August to determine the 

presence of any viruses in the reservoir, creek or wastewater effluent. 

Hepatitis A virus (HAV) was not detected in any of the samples. Human 

rotavi rus (RV) was only found in the April wastewater samples, con
sistent with the recognized occurrence of rotavirus in winter and 

spri ng. A number of enterovi ruses were present in wastewater with 

significantly greater numbers detected in summer than in the spring. 

The only viruses detected in samples other than the raw and treated 

wastewater were reovirus type 2. This virus was found in both creeks; 
one reservoir site, and the wastewater. The virology technical report 

is found in Appendix E. 
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Parasitics 

Water samples were collected in September 1987 and January 1988 to 

determine the presence of any parasitic organisms in water system and 

wastewater system. Samples were co 11 ected from the Northeast WTP i n

fl uent and effl uent waters and the Hamby WWTP i nfl uent and effl uent 

wastewaters. No parasitics were found in the potable water system on 

either occasion. 

A pathogeni c organi sm Acanthamoeba was encountered in the co 1 d 

weather sampling of the raw water supply in a dilute concentration of 4 

per 1 iter. A nonpathogeni c amoeba, Entamoeba hartmanni, was i dent ifi ed 

in higher, although normal concentrations of 241 per 1 iter. Three 

organisms, Entamoeba hartmanni, Entamoeba coli, and Endolimax nana were 

identified in the wastewater effluent in concentrations of 2377-130 per 

liter, 679-66 per liter, and 340 per liter, respectively. Where two 

values are given, the second were the warm weather values. 

As would be expected, large quantities were found in the raw waste

water. The same organi sms i dent ifi ed in the effl uent plus Acanthamoeba 

sp. were quantified as 60,000-860 per liter, 25,000-286 per liter, 

5,000-143 per liter and 3,200-3 per liter. The higher values are the 

cold weather counts. 

During the cold weather monitoring, special testing was conducted 

for cryptospiridium sp. No cryptospiridium sp. were identified in 

either the waters or wastewaters tested. 

The parasitic organism technical report is found in Appendix E. 

OVERALL EVALUATION 

The water quality data indicate that Lake Fort Phantom Hill is good 

to excellent, with few parameters at levels which would limit its use 

for domestic use or aquatic 1 ife. The lake supports an excellent 

fishery, which is indicative of its quality. 
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HG - . lS!>9 .02" .0llO .0419 .2321 .1134 .0783 .2543 .0414 .0!>19 .2669 I 123 I I 1231 I 115. 901 ( 811 I 1231 I 811 ( 931 1,) I I 1231 I 1231 p •. Ot) p •. 393 p •• tt5 p •• 324 p •. 019 p •• 106 p •• 243 p •. 007 p •. 345 p •. 21t p •. 001 

ICoeU iClent I ICAsesl I l-tailed SiQnificancel 

- IS prInted If .. coeffiCIent cannot be computed 



Page 4 fORT PHANTOM Hl~~ RESERVOIR QUA~lTY !'>/!,>/87 

Correlations: YLU MOIITH DAY TEMP DO PH TUItI COHO TDS TAU HUD 

C~ -.4720 .0019 .11'1 .lI17 - .llll -.04!'>1 .1109 .69n .6148 .llll .!'>!'>Ol I 1311 llli I llli I 981 I 891 I llli 891 1011 I 811 lll1 1311 p •• 000 p •• 464 p •• 10' p •• 002 p •• 1l1 p •• l02 p •• 1!'>0 p •• 000 p •• 000 p •• 000 p •• 000 

p~ .063!'> .10ll .OU' .2313 - .1113 .On9 .02'1 .0601 .1l33 .13!'>0 .246' I 1191 I 1191 I 1121 981 I 891 I U91 I 891 1001 801 1191 1191 p •• 231 p •• ll' p •• U3 p •• 011 p •• O!'>' p •• 295 p •• 409 p •. 214 p. ; 138 p •• 064 p •• OO~ 

P04 .ltOl -.0102 - .1914 -.llll .1135 .0969 .1905 -.0891 -.1963 -.0315 -.1049 
I 1051 I 10!'>1 I 911 I 131 6!'>1 1051 641 I 161 I S11 I lOS I I lOS) p •• 011 p •• 459 p •• 026 p •• 153 p •• 18' p •• 16l p •• 066 p •• 220 p •• 012 p •. l15 p •• 143 

51 .'011 .1615 - .1111 -.1092 .0654 -.0202 -.0159 .0112 .02" -.26ll -.028) 
I 901 I 901 I 861 I 901 I 881 I 90) I 881 I 901 131 I 90) ( 90) p •• 000 p •. 051 p •• on p •• Ul p. • l12 p •• 425 p •• 2'1 p •• 'S8 p •• '19 p •. 006 p •• 396 

PCO~l -.l5ll .0083 -.05l' .1004 -.1011 - .1685 - .1121 -.0111 -.069!'> .020l .0411 I 811 III I 191 ( 801 I 141 I 811 I 131 ( 811 ( 62) ( III ell p •. 001 p •• 471 p •• llO p •• 188 p •. 180 p •• 066 p •• 111 p •• l62 p •. 296 p •• 429 p •• 338 

CR .1122 - .1036 -.Ull -.0391 .ll94 -.0101 -.1118 -.05l0 - .1240 .1190 -.0!'>6C 
I 811 I 871 I all ( 5!'>1 I 461 ( 871 I 46) I !'>11 I 40) 871 ( 87) 
p •• 1SO p •• 170 p •. 085 p. .389 p •• 06l p •• 2!'>8 p •• l18 p •• l!'>O p. .2ll p •. 040 p •• l03 

CU -.Oll3 .1056 -.1111 -.1391 . HOl -.0260 -.1116 -.0298 -.0!'>84 -.0099 -.046e 
I UI I U) I 841 I 561 n) I 881 ( 47) I 511 ( 401 I .. I I 88) p. .)97 p •• 164 p •. 144 p •. 1Sl p •. 010 p •. 405 p •. 124 p •. 412 p •. )60 p •. 46) p •. 33~ 

HI .1104 -.0085 .0265 .1009 -.0165 .0546 .l440 -.0141 -.0717 .0711 .058:; 
I III I III , 141 I 56) ( 471 I II) I nl I 581 I 4O) I III I II) p •. 15) p •• 469 p •. 'OS p •. 230 p •• )05 p •• )07 p •. 009 p •• 290 p •. 317 p •• 25S p- .l9~ 

PB .0100 -.0802 -.On6 -.1545 -.0886 .0702 .017!'> -.1689 .0822 .19!'>4 -.102:< 
I 88) I 811 I 841 , S61 I 471 I 88) 47) ( 51l I 40) 881 I 8S} 
p •. 2S9 p •• ll9 p •• 2S6 p •. 128 p •. 277 p •. 2!,>8 p •. )02 p •. 102 p •. )01 p •. OH p •. 17; 

7.H -.0113 .0199 .1935 .Hit - .0076 -.OS27 -.OllS -.0396 -.lOlS .0396 . 01S~ 
I 111 I 811 I a31 I SSI ( 461 I 81) , 461 ( 571 ( 40) , 871 871 
p •. 256 p. . III p •. 040 p •. 152 p •. 480 p •. )14 p •. 291 p •. 3a5 p •. 261 p •• 358 p •. 44: 

fE .3165 .0408 - .1466 - .1056 .1090 -.0028 .0(3) -.0417 .0119 -.1596 .205: 
841 841 , 791 I 51) 4) I ( 84) (2) I 54) )7) I 841 84\ 

p •• 002 p •. )56 p •. 099 p •. 230 p •. 243 p •. 490 p •. )9) p •. 382 p •. 472 p •. 074 p •. 0)( 

• AG 
• 47) (7) 46) (6) (0) 47) )9) (7) 30) 471 47) p. p. p. p. p. p. p. p. p. p. p. 

HA ·.0609 -.0539 -.1380 ·.068) .1"6 -.1106 .2081 .2828 .3110 .2111 .318~ 
I 100) , 100) I 95) (7) 58) I 100) I 58) I 70) 52) I 100) 1001 p. .214 p •. 291 p •. 091 p •. 291 p •. 012 p •. 131 p •. 058 p •. 009 p •. 011 p •. 017 p •. 00: 

jCOf'!ttlC'lent else.' l·talled SiQnificancel 



P .. oe ~ FORT PHANTOH HILL RESERVOIR QUALITY 
~(!o/81 

Correl .. tions: YEAl HONTH DAY TEHP DO PH TUR8 COHO TDS TALI( HARD 

IIA 
0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) p. p. p. p. p. p. p. p. p. p. p. 

, 
t~H) .3755 - .0777 - .oon .1906 .Ol06 .1313 -.2n. .5025 .• 059 -.2713 •• 056 

( 73) ( 73) ( 70) U) 37) 73) ( 35) .61 311 ( 73) 73) 
p •. 001 p •. 257 p •. n6 p •. 101 p •• '29 p •. 1H p •. 076 p •• 000 p •. 012 p •. 010 p •• 000 

H03 -.2111 .OUI .0688 -.0363 -.0'05 -.1216 -.065. -.U31 -.3166 .0050 -.0919 
( 112) ( 112) 10.) ( 82) ( 73) ( 112) ( 13) ( 85) ( 66) lUI ( l1l) p •. 001 p ••• 02 p •. 2" p •. 373 p •. )61 p •. 101 p •. l91 p •. 000 p •. 005 p ••• 79 p •• 152 

H02 .0552 .0139 .1569 -.0562 .2201 -.0697 - .1977 .0577 -.0.11 - .1655 .03&3 
( 91) ( 911 ( 90) ( 661 ( 57) ( 97) ( 57) 681 ( ") ( 97) ( 97) p •. 296 p •.•• 6 p •. 010 p •. ll7 p •• 050 p •. 2'9 p •• 070 p •• )20 p •. )72 p •. 05) p •. 369 

HN .U78 .2031 -.2171 -.06U -.0416 .1919 .2837 - .07&9 - .1177 .0162 -.07)8 
( 60) ( 60) ( !o7) ( 30) ( 23) 60) 211 ( 32) ( 14) 60) ( 60) p •. 130 p •. 059 p •. 052 p •. )67 p •. 415 p •• 065 p •• 106 p •. H2 p •. 272 p •• '51 p. .287 

ELEV -.2527 -.0616 .lO10 -.1051 -.0206 - .2)18 -.0797 -.5571 -.!o258 -.2229 -. )942 I 1U) I 1U) ( 1071 I 82) I 7)) ( 114) ( 1) ) ( .. ) I 64' ( 114) ( 114) p •. 003 p •. 2H p •• 019 p •. 17. p •. 411 p •. 001 p •• 251 p •• 000 p •. 000 p •. 009 p •• 000 

It -.3041 -.0359 .2361 -.2012 -.0132 .00" .0'21 .2U) .4102 .1319 .l!o44 ( 7&) ( 7&) ( 70) ( U) ( 35) I '"~ ( 3l) ( UI ( 26) H) ( H) p •. 00. p •. 381 p •. Ol5 p •. 101 p •. no p •.• 72 p •. '08 p •. 056 p •• 019 p •. 1ll p •. 014 

504 .5359 -.0236 -.2092 .1981 .0010 .2026 -.0168 .'764 .5841 -.0103 .4919 ( 1191 I 1291 ( 1111 ( 911 ( 88) ll91 ( .. ) I 100) ( 81) ( 129' I 1291 p •• 000 p •• 395 p •. 011 p •. 026 p •. 496 p •. 011 p •. U8 p •• 000 p •• 000 p •. 183 p •. 000 

CD .1206 -.ll17 -.10ll - .1755 -.0205 - .1373 -.2186 -.0368 .ll6l .0000 ( II' ( II' ( 841 ( 56' 411 ( 88) ( '71 ( 581 r '0) 881 881 p •• 13l p •. 116 p •• 171 p •• 098 p. • p •. '25 p •. 179 p •• 050 p •. '11 p •• 013 p •• 500 

IIR .17l9 .0059 -.090l .lOU -.2006 .0159 .16&2 .2795 - .1356 .155' .U20 671 ( 67) ( 611 661 ( 641 671 ( 65) 661 ( 50) 67) 671 p •. 011 p •.. U1 p •. lU p •• 007 p •• 056 p •• 2'5 p •• 096 p •. 012 p •. 1" p •. 105 p •. 1l6 

(Coeft lC:ient I IC ... e.' I I-t .. iled Sianific .. nce' 

• i. printed if .. coefficient cannot be coaputed 



PAQe 6 fORT PHAlITOH HILL RESERVOIR ~UALIT'" 5/.5/87 

Correlations: CA HG CL fL P04 S1 FCOL1 CR CU N1 P8 

YEAl .4665 -.lsS9 -.4120 . 0635 .1401 .4077 -.l!>23 .1122 -.0283 .1104 .0700 
1241 ( 1231 ( lll1 ( 1291 1051 901 ( 811 ( 871 ( 88) ( 881 ( 88) p. .000 p. .00 p •. 000 p •. 237 p. .077 p • . 000 p. .001 p • . 150 p. .397 p. .153 p • . 259 

HONTH -.0061 .02" .0079 .1023 -.0102 .1675 .00a3 - .1036 .1056 -.0085 -.0802 
( U41 ( 1231 ( lll1 ( 1291 ( 1051 901 ( 811 ( a71 881 ( 881 ( 881 p. .473 p. .393 p. .464 p. .124 p • . 459 p • . 057 p. .471 p • . 170 pa .164 p •. 469 p • . 229 

DAY .0110 .0130 .1141 .0154 - . 1914 -.1817 -.OsH -.1521 -.1171 .0265 -.0726 
( 116) ( 11 51 ( 1231 ( 1221 ( 971 ( 861 ( 791 ( 831 ( 841 ( 841 ( Btl pa .4!>3 p. .Us p •. 104 p •. ell p •. 026 p. .041 p •. 320 p. .08S p. .144 p •. 405 p •. 256 

TEHP .1387 .0489 .2817 .2ll3 - .1213 -.1092 .looe -.0391 -.1397 .1009 -.1545 
( 91) ( 901 ( 981 ( 981 ( 731 ( 90) ( 80) ( 55 ) ( 561 ( 56) ( 56) p. .\)95 p •. 32e p. .002 p •. 011 p • . 153 p. .153 p. .188 p •. 389 p- .152 p. .230 p • . 128 

DO .0642 .2321 -.1223 - .1713 .1135 .065e - .1017 .2294 .3402 -.0765 -. 0886 
( 82) ( 811 89) ( 891 65) 88) ( H) ( 46) ( 47) ( 41) ( 47) p. .283 p. .019 p. .127 p • . 05e p • . 18e p. .272 p. .180 p • . 063 p. .010 p. .305 p • .271 

PH .2913 . 1134 -.oe57 .0e79 .0969 -.0202 -.1685 -.0707 -.0260 .05e6 .0702 
( 1241 ( 123) ( 1311 ( 129) ( 105) ( 90) ( 81) ( 87) ( 88) 88) 88) p. .001 p. .106 p •. 302 pa .295 p. .163 p. .425 p. .066 p. .258 p. .405 p. .)07 p • . 258 

TURB .0553 .0783 .1109 .0241 .1905 -.0759 - . 1127 -.1178 - .1716 .3440 .0775 
( 82) ( al) ( 89) ( 891 6e) ( 88) ( 73) ( 46) ( 47) HI 4" p. . )11 p. .2CJ p. .150 p • . 409 p • . 066 p • . 241 p. .171 p. .218 p. .124 p. .009 p • . 302 

COND .2085 .250 .6972 .0607 -.0897 . 0112 - .0717 -.0520 -.0298 -. 0741 - .1689 
i HI ( 93) ( 1011 100) ( 76) 901 ( 811 ( 571 ( 58) ( 511 ( 581 p. .022 p. .007 p. .000 p. .274 p. .220 p • . 458 p. .262 p. .350 p •• 412 p •• 290 p • . 102 

TDS .1079 .0eH .6748 .1233 -.1963 . 0244 -.0695 -.1240 -.0584 -.0777 .0822 
( HI ( 7)) ( 81) 801 57) 731 ( 621 ( 401 ( 401 ( 401 401 
p. . 110 p. . 345 p. .000 p • . 138 p. .072 p. .419 p. .296 p. .223 p. .360 p • .317 p • .307 

TALI': .OU3 .0519 .3331 .1350 -.0315 -.2633 .0203 .1890 -.0099 . 0711 .1954 
124) ( 123) ( III 1 1291 105) ( 90) 811 871 ( 88) ( 88) 88) p. . 312 p • .2Ie p. .000 p • . 064 p • . 375 p • . 006 p. .429 p. .040 p= .463 p. .255 p • . 034 

HARD .2914 .2669 .5503 .2469 -.1049 -.028) . 0471 - . 0560 -.0460 .0582 -.1022 
( 124) ( 1231 ( 1311 129) ( 105) ( 90) ( 81) ( 871 88) ( 881 ( 88), 
p. .000 p. .001 p. .000 pa .002 p. .143 p. .396 p. .3)8 p. .)03 p. .))5 p= .295 p. .172 

CA 1.0000 .4192 -.1315 .lU5 .3320 -.1669 -.0272 -.0356 -.127) .7390 -.0043 
1241 ( 123) ( 1441 ( 122) ( 98) ( 83) ( 771 ( 85) ( 86) 861 ( 861 p. p. .000 p. .07) p • . 056 pa .000 p • . 066 p. .407 p •. 373 p. .141 p • . 000 p • . 484 

HG .4192 1.0000 .J069 .0730 .2086 -.209) -.1248 -.0114 .0296 .5356 -.1942 
\ 1231 I 123) 12) ) 1211 97) ( 82) 771 ( 851 ( 86) ( d6) ( 86) p. . )00 p= p. .000 p • . 213 p. .Q20 p • . 0)0 pa .140 p. .459 pa .J94 p= .000 p • . OJ7 

·.C'~tf l' l~nt ( ,~ I ~ tI! 5 I I t"ll~d SlonltlcanCp) 



Paoe 7 FORT PHANTOH HILL RESEIIVOIR QUALIT'i 5/5/67 

Correlatlons: CA HG CL FL P04 SI FCOLI ell CU NI PB 

CL -.lll5 .3069 1.0000 .0696 -,2034 -.1163 .0548 -.ll63 -.0385 -.1665 -.0986 
( 1441 1 HI ( 1311 ( 1291 I 1051 ( 901 ( 811 I 871 ( 881 ( 88) ( 881 p. . 073 p • . 000 p. p. . l16 p. .019 p. .U8 p • .313 p •. 1U p •. 361 p •. 061 p •. 180 

FL .lU5 .0730 .0696 1.0000 -.0338 .OU1 -.0:.126 -.4117 - .1790 .15l5 .0794 
( lUI 1U) ( 129) ( 1H) ( 103) ( 90) ( 81) ( 861 ( 871 ( 87) ( 87) p. .056 p •. U3 p •. 216 p. . p. .367 p. .140 p. .421 p. .025 p. .049 p. .079 p •. :.132 

P04 .3320 .2086 -.2034 -.0338 1.0000 .2U7 -.l656 .1136 .0804 .5933 -.1771 
( 981 97) ( 105) ( 103) ( 1051 ( 66) ( 591 781 791 ( 79) ( 791 p. .000 p • . 0lO p. .019 p. .367 p. p •. 024 p •. on p •. 161 p •. 241 p •. 000 p. .059 

SI - .1669 -.2093 -.1163 .OU1 .2447 1.0000 - .lO19 .0076 .0451 - .1813 -.4325 
( 83) ( 8l) ( 90) ( 90) ( 661 ( 901 ( 14) 47) ( U) ( 481 ( 481 p. .066 p. .030 p. .138 p. .140 p. .024 p. p- .04l p •. 480 p. .380 p •. 109 p. .001 

PCOLI -.onl - .1l41 .0541 -.0226 -.2656 -.2019 1.0000 -.0601 -.1184 -.05l6 -.03l1 
( 77) ( 77) ( 81) ( Il) ( 591 ( 14) ( 811 ( 511 ( 521 ( 52) ( 5l) p. .407 p • . 140 p. .313 p. .421 p. . on p • . 042 p. p •. 338 p • . 202 p. .356 p • . 411 

CII -.0356 -.0114 -.ll63 -. H17 .1136 .0076 -.0601 1.0000 .4574 -.0189 -.0418 
a51 ( 85) ( 87) ( 86) ( 78) 411 ( 511 ( 871 871 ( 87) ( 871 p. . )13 p. .459 p. .122 p. .025 p. .161 p. .480 p. .338 p. p. .000 p. .431 p. .350 

CU - . 1273 .Ol96 -.0385 - .1790 .0804 .0451 - .1184 .4574 1.0000 -.0385 -.0439 
( 861 ( 86) ( 88) ( 87) ( 79) 481 ( 5l) ( 87) ( 88) ( 88) ( 88) p •. 121 p. .394 p. .361 p. .049 p. .241 p. .380 p. .l02 p. .000 p. p. .361 p. .34l 

NI ,7390 .5356 - .1665 .1525 .5933 - .1813 -.05l6 -.0189 -.0385 1.0000 .00l6 ( 861 ( 86) ( 88) ( 871 ( 79) ( 48) ( 5l) ( 87) ( B8) I 881 .81 p. .000 p. .000 p. .061 p. .079 p. .000 p •. 109 p •. 356 p •. 431 p. .361 p. p. .491 

PB -.0043 -.194l -.0986 .0794 -.1771 -.4325 -.0321 -.0418 -.0439 .0026 1.0000 
( 861 ( 8" ( II) 17) ( 79) ( 48) ( 5l) ( 87) ( 88) ( 88) ( 88) p • . 414 p. .037 p • . 180 p. .Hl p. .059 p •• 001 p. .U1 p •• 350 p • . 34:.1 p •. 491 p. 

ZN -.1393 .O.ll .0469 .4001 -.0104 .1319 - .1497 -.0331 -.0660 - .OU1 - .0634 
( 8!> ) ( 851 ( 87) 86) I 78) 471 ( 51) ( 86) ( 87) ( 87) ( 87) p. .10l p. .U5 p. .333 p. .000 p. .464 p • . 188 p •. 147 p. .381 p. . l7 2 p •. 343 p • . lBO 

FE .0621 -.0467 -.1)18 .1741 .1192 .2758 - , 11 32 -.0747 .Ol40 -.0015 .0639 Bl) 8l) ( 841 821 77, 431 ( 49) I 8l) 831 ( 83) 83) p. .290 p. .339 p. .106 p • . 059 p. .151 p. .037 p. .l19 p. .25l p • . 415 p. .495 p. .283 

AC 
451 451 41) 411 431 ( 4O) 471 46) 471 411 471 p. p. p • p. p. p. p. p. p. p. p. 

NAo .1391 .350) . 3499 .0902 . 1801 -.0338 -.1643 .11 )1 .0405 .4048 -.2051 
981 , 981 I 1001 I 981 ( 801 ( 591 ( 611 I 811 ( 88) I 881 ( 881 p. 086 p. . 000 p. .000 p. .189 p. .054 p. .400 p. .103 p. .054 p. . ) 54 p • . 000 p • .021 

(Cot!'fflClent (Cast-.' / I-tailed Slonltlcancel 

l' II r 1 n t ed 1 t • coettlC'l~nt cann.lt bt!' cOMr'url!'d 



Paat:: • fORT PHANTUH HILL RESERVOIR QUALITY !>/!>/87 

CorrelAtions: CA HG CL FL P04 51 FCOLI CR CU NI I'B 

SA 
0) 0) 0) 0) 0) 0) 01 0) 0) 0) 01 p. p. p. p. p. p. p. p. p. p. p. 

NH3 .~654 -.OU6 .1171 -.0979 -.0033 .~091 -.~763 .01l1 .0)30 -.OU5 -.U6~ 
( 681 ( 67) ( 7)1 ( 7:11 ( 7)1 ( 371 ( 351 551 ( 56) ( 56) ( 561 p •. 01' p •. )60 p •. 16~ p •. 207 p •. 489 p •. 106 p •. 054 p •• 465 p •. 405 p~ .375 p •. 141 

NO) -.2l9l - .1150 .0)56 .0771 -.Ol8) - . 1192 .01l9 -.0661 -.00)) -.0916 -.037 ) 
( 1071 I 106) 1121 ( 1101 ( 91) I 151 651 I 681 I 691 I 691 I 691 p •. 009 p. .1:10 p •. )55 p •. 212 p •. )59 p •. 154 p •. 460 p •. 296 p •. 489 p •. 2~7 p •. )80 

N02 .Ol21 .1563 -.0)26 .20H .0584 .0468 -.0755 -.0169 .1!>22 .0299 -.1965 
I 971 ( 911 ( 911 I 961 f 76) I 591 I 511 I 70) I 111 I 111 I 71) p •. 415 p •. 06) p •. 316 p •. 024 p •. 308 p •. 362 p •. 288 p •. U5 p •. 103 p •. 402 p •. O!>O 

HH .0875 - .1391 -.08)5 .0816 - .1109 .llll -.0348 .0)41 -.058) .2))1 .0430 I 601 I 601 I 601 ( 591 I 58) 2~) I 291 591 I 601 I 60) 60) p •. 253 p •. 145 p •• ~6) p •. ~69 p •. 204 p •. 078 p •. 429 p •. 399 p •. 329 p •. 037 p •. 37~ 

ELEV -.1~6~ - .011) -.390l -.2429 .0401 -.0359 -.0510 .1085 .1668 .0706 -.13)8 I 112) I 112) I 114) ( Ill) ( 88) ( H) ( 7)) ( 87) I 88) , 88) ( 88) p •• 092 p •. 221 pa .000 p •. 005 p •. 355 p •. )81 p •. )H p •. 159 p= .060 p= .257 p •. 107 

II: -.1~68 .1916 .3601 -.0~99 -. )))) -.0605 .1511 .0415 -.0412 - .1352 .0657 ( nl ( 111 ( HI ( 7)1 ( 721 ( )4) ( )91 ( 731 ( 741 ( HI ( HI p •. 144 p. .053 p. .001 p. .401 p. .002 p •• 367 p •. 169 p •• 357 p •. )64 p •. 125 p •. 289 

504 .3070 .0236 .17 H .0675 .~058 .3275 -.~)09 .~H1 .0550 .O'O~ -.1825 I 1211 ( 1211 ( 1:191 ( 1211 ( 105) 90) ( 801 ( lSI I 86) ( U) ( 16) p •• 000 p •• 399 p. .Ol5 p •. 225 p •. 018 p •. 001 p •• 0lO p •• 005 p •. 307 p •• 232 p •• 046 

CD .0519 -.0151 -. lOll .2143 .0919 -.0128 -.0019 .0797 .2123 
( 86) ( 161 ( 181 87) 19) 481 521 ( 871 ( 88) ( 881 181 p •. 318 p •• 216 p •. Ol9 p •. Ol3 p. . p •. 261 p. . p •• 453 p •. 493 p •• HO p •. Ol4 

DR .2389 -.0189 -.0082 -.n14 .04)) -. H06 - .0l11 .0548 .0546 .0659 .155l 
I 62) ( 61) ( 671 ( 61) ( 46) ( 661 ( 501 ( 251 261 ( 261 ( 261 p •. Oll p •. U3 p •. 414 p •. 021 p •. 388 p •. 003 p •. 424 p •. 397 p •. )96 p •. )75 p •. 225 

'Coeffic1ent I ICases) / I-tailed Sianificance) 

.. ,. Prlnted it a coefflcient cannot be cOllputed 



) FORT PHANTOM HILL RESERVOIR QUALITY 
) 

Paoa > 
~/5/81 

Correlation.: tN Fa AG NA BA NH3 N03 N02 KN ELEV K 

YLU -.0713 .3165 -.0609 .3755 - .l818 .0552 .1418 -.2527 -.3041 
( 17) ( at) 47) ( 100) 0) ( 73) ( l1:U ( 911 ( 601 ( 1141 ( H) 
p •. 256 p •• 002 p. . p •• 274 p. . p •. 001 p •. 001 p •. 296 p •. 1l0 p •. 003 p •. 004 

ItOHTN .0799 .040. -.0539 -.0777 .0231 .0139 .2037 -.0686 -.0359 
( 17) ( U) 471 ( 100) 01 ( 73) ( 112) 97) ( 60) ( 114) ( H) 
p •. 231 p •. 356 p. . p •. 297 p. . p •. 257 p •• 402 p •• 446 p •. 059 p •• 234 p •• 381 

DAY .1935 -.1466 - .1380 -.0072 .o"a .1569 -.2171 .2010 .2361 
( 8)) ( 79) 46) ( 95) 0) ( 70) ( 104) ( 90) ( 57) ( 107) 70) 
p •• 040 p •. 099 p. . p •• 091 p. . p •• 476 p •. 244 p •• 070 p •. 052 p •• 019 p •• 025 

TEMP .1414 -.1056 -.0683 .1906 -.0363 -.0562 -.0646 - .1051 -.2012 
( 55) ( 511 46) ( 67) 0) 44) ( 82) ( 66) ( 30) ( 82) ( 42) 
p •• 152 p •. :UO p. . p •. 291 p. . p •. 108 p •. 373 p •. 3l7 p. .367 p • .114 p •. 101 

DO -.0076 .1090 • 1946 .0306 -.0405 .2201 -.0476 -.0206 -.0132 
( 46) ( 43) 40) 58) 0) ( 37) ( 7)) ( 57) ( 23) ( 73) ( 35) 
p •. 410 p •• 243 p. . p •• 072 p. . p •• 429 p •. 361 p •. 050 p •. 415 p •. 431 p •• 470 

PH -.0521 - .0028 -.1106 .1313 -.1216 -.0697 .1979 -.2318 .0084 
( 81) ( 84) 47) ( 100) 0) 13) ( 112) ( 91) 60) ( 114) H) 
p •. 314 p •• 490 p. . p •. 137 p. . p •. 134 p •. 101 pa .249 pa .065 p •. 007 p •. 412 

TUU -.0835 .0433 .2087 -.H74 -.0654 -.1977 .28)7 -.0791 .0421 
( 46) ( 42) 391 581 0) ( 3!)) ( 731 ( 57) ( 211 ( 73) JJ) 
p •. 291 p •. 393 p. . p •• 05a p. . p •. 076 p •. 291 p •. 010 p •. 106 p •. 251 p •. 408 

COND -.0396 -.0417 .2828 .5025 -.4431 .0577 -.0749 -.5571 .2433 
( 571 ( 541 47) ( 70) 01 46) ( as) ( 681 ( 321 ( 84) .. , 
p •. 385 p •. 382 p. . p •. 009 p. . p •• 000 p •. 000 p •• 320 p •. )42 p •. 000 p •. 056 

TDS -.1015 .0119 .3170 .4059 -. )166 -.0471 - .1777 -.5258 .4102 
( 40) ( 37) )01 ( 521 01 ( 31) ( 66) ( 49) ( 141 ( 641 26) 
p •. 267 p •. 472 p. . p •. 011 p. . p •. 012 p •• 005 p •. 372 p •• 212 p •. 000 p •. 019 

TALK .0)96 -.1596 .2112 -.2713 .0050 -.1655 .0162 -.2229 .il19 
( 871 ( 141 471 100) 01 ( 7)) 112) ( 97) ( 601 ( 1141 HI 
p •. 358 p •• 074 p. . p •. 017 p. . p •• 010 p •• 419 p •. 05) p •• 451 p •. 009 p •• ill 

.3185 .4056 -.0979 .0)4) -.0738 -.3942 • liARD .0155 .205) .2544 
( 171 ( 84) 411 1001 01 ( 1)1 ( 112) ( 91) ( 60) ( 1141 14) 
p •. U3 p •. 030 p. • p •. 001 p. . p •. 000 p •. 152 p •. )69 p •. 281 p. .000 p •. 014 

CA - .1393 .0621 .1391 .2654 -.2292 .0221 .0815 -.1262 -.1268 
( IS) ( 121 451 ( 981 01 68) ( 107) ( 971 ( 60) t 112) ( 121 
p •. 102 p •. 290 p. . p •. 086 p. . p •. 014 p •. 009 p •. 415 p~ .253 p •. 092 p •. 144 

KG .oln -.0461 .3503 - .OU6 - .1150 .1563 -.1391 -.071 3 .1916 
t 851 ( 821 451 981 01 t 61) t 1061 t 97) t 601 t Ill) 12) 
p •. 225 p •. )39 p. p •. 000 p. . p •. )60 p •. 120 p •. 06) pa . 145 p •. 228 p •. 053 

tCoeff,c,,,nt ,- ICases) I I-tailed SiQn,ficancel 

- 15 pr,nted 'f • coeffic1ent cannot be computed 



P.Qe 10 fORT PHANTOM HILL RESERVOIR QUALITY S~5/87 

Corre1a~ions: ZN n AG NA 81. NH) NO) NO:l KIf ILIV J; 

CL .0469 -.1)7' .H99 .1171 .0356 -.Oll6 -.0835 - .390:1 .3607 
I 87) ( U) 41) I 100) 0) I 73) ( 1121 I 971 I 601 ( lUI ( 741 p •. l)) p •. 106 p. . p •. 000 p. . p •. 16:1 p •. l55 p •. 376 p •. :16) p •. 000 p •• 001 

PL .4001 .1141 .090:1 -.0979 .0771 .:10:14 .0816 -.H:l9 -.0:199 
( 161 ( Il) 411 981 0) ( 7:11 ( 1101 961 ( 591 ( lll1 ( 7)1 
p •. 000 p •• 059 p. . p •. 119 p. . p •• :107 p •• :lll p •. 0:14 p •. 269 p •. 005 p •. 401 

P04 -.0104 .119:1 .1807 -.OOll -.Ol83 .0584 - .1109 .0401 -.333) 
( 78) ( 77) 43) ( 80) 0) ( 73) ( 91) 761 ( 58) ( 881 ( 7:1) 
p •. 464 p •• 151 p. • p •. 054 p. . p •. 489 p •• 359 p •. )08 p •. 204 p •. )55 p •• 00:1 

51 .lll9 .:175' -.Oll8 .2098 - .119:1 .0468 .llll -.0)59 -.0605 
( 41) ( 43) 40) ( 59) 0) 37) ( 751 59) 22) I 74) ( H) 
p •. 188 p •. 037 p. • p •• 400 p. • p •. 106 p •. 154 p •. 36:1 p •. 078 p •. 381 p •. 367 

PCOLI - .1497 -.l1ll -.1643 - .:176) .01l9 -.0755 -.0348 -.0510 .1577 
I 511 I 49) 41) ( 61) 0) ( 351 ( 65) ( 571 ( 29) ( 73) )9) 
p •. 147 p •. :119 p. . p •. 10) p. . p •. 054 p •. 460 p •. :lU p •• 429 p •. ll4 p •• 169 

Cit -.Olll -.0747 .1737 .01l1 -.0661 -.0169 .0341 .1085 .0435 
I B6) ( 82) 461 87) 0) 55) ( 61) ( 70) 591 ( 871 7)1 
p •. 381 p •. :15:1 p •. p •. 054 p. . p •• 465 p •• :196 p •• 445 p •. )99 p •. 159 p •• 357 

CU -.0660 .0:140 .0405 .0330 -.00)) .15:12 -.058) .1668 -.041:1 
( 871 Il) 47) I 88) 01 561 ( 69) ( 711 ( 601 ( 881 ( 741 
p •. 27:1 p •• 415 p. . p •. 354 p. . p •• 405 p •. 489 p •• 103 p •. 329 p •• 060 p •• 364 

HI -.OUl -.0015 .4041 -.0415 -.0916 .0:199 .:1331 .0706 - .ll5:1 
( 871 ( all 41) B81 0) ( 561 ( 691 ( 711 601 ( 811 ( 741 
p •. )43 p •. 495 p. • p •. 000 p. . p •• 375 p •• :1:17 p •. 40l p •• 037 p •• l57 p •• 1lS 

PB -.06H .06)9 -.:1057 - .146:1 -.0)7) - .1965 .0430 - .1338 .0657 
I 171 a31 471 ( 881 01 ( 561 ( 691 ( 711 ( 601 ( 881 741 
p •. :180 p •• le) p. . p •• 0:17 p. . p •• 141 p •• )80 p •• 050 p •. )7:1 p •• 107 p •. :119 

Ztt 1.0000 -.0516 .0145 .0873 .U8:1 .6633 -.0149 .110l -.on7 
I 871 ( 811 46) 871 0) ( 551 ( 681 70) ( 591 ( 87) ( 731 
p. . p •. 3:13 p. . p •. 447 p. . p •• l63 p •• 06l p •• 000 p •• 455 p •. 155 p •• l71 

FE -.0516 1.0000 .0419 .0619 -.051:1 .14)9 .:1661 -.1534 .0916 
I 82) ( HI 461 841 0) 55) ( 651 661 591 ( 831 711 
p •. 32) p. . p. • p •. 35) p. p •. ):17 p •. )4) p •. 1:15 p •. 021 p •. 083 p •. 224 

AG 1.0000 
46) 46) ( 41) 41) 0) :16) )1) III 29) 471 37) 

p. . p. • p. • p. p. p. p. p. p. p. p. 

NA .0145 .0419 1.0000 .1900 -.1223 .0896 -.0200 - . 2996 .0341 
I 871 ( 84) 41) ( 100) 01 56) ( 811 I 821 ( 60) ( 991 ( 14) 
p •. 447 p •. )53 p. . p. p. . p •. 080 p •. 138 p •. 21J p •. 440 p. .001 p •. 3B5 

(CoefflClent / ICases) / I-tailed SiQnltlcancel 



PaQe 11 fORT PHANTO" HILL RESERVOIR QUALITY 5/5/81 

Correlations: ZN FE AG NA BA NH) NO) NOl HN ELEV It 

IA 1.0000 
0) 0) 0) 0) I 0) 0) 0) 0) 0) 01 0) p. . p. . p. . p. . p. . p. p. p. p. p. p. 

NH) .0113 .0619 .1900 1.0000 - .0399 .0106 - .0660 .lU3 -.0816 I 55 ) 55) l61 I 561 0) I 13) ( 7:l) I 51) I 54) I 58) ( 56) p •. l6l p. .ll7 p. . p •. 010 p. . p. . p •• 370 p •. 469 p •. 318 p •. 055 p •• l60 

NOJ .18ll - .05lJ -.llll -.0399 1.0000 .0189 -.0970 .l618 -.05l8 611 I 65) 311 ( 81) 01 I 7:l1 I lUI 95) I 56) 95) I 6l) p •. 06l p •• l4l p. . p •• lll p. . p •. 370 p. • p. . U8 p •. 239 p •. 000 p •. 338 

NOl .6633 .1439 .0896 .0106 .0189 1.0000 - .1143 .105l .0431 I 70) 66) 311 ( 8l) 01 57) I 95) I 97) I 58) I 961 I 65) p •. 000 p •. ll5 p •. p •• Ul p. . p •. 469 p •. 4l8 p. . p •. 191 p •. 154 p •. l61 

HN -.0149 • U61 -.OlOO - .0660 -.0910 -.1143 1.0000 -.1410 -.0104 I 59) I 59) :l9) ( 60) 0) I 54) I 561 I 58) I 601 I 60) I 60) p •. 455 p •. 0ll p. • p •• 440 p. . p •. 318 p •. 1J9 p •. 197 p. . p •. U9 p •. 469 

ILEV .1l0l -.1534 -.l996 .lU3 .l618 .105l - .1480 1. 0000 -.0798 I 87) I 83) n) I 99) 0) ( 581 95) I 961 I 601 I 114) I H) p •• 155 p •. Oll p. . p •. 001 p. . p •. 055 p •• 000 p •. 154 p •. 129 p. . p •. l50 

It -.07:l7 .0916 .0347 -.0876 -.0538 .0431 -.0104 -.0791 1.0000 ( 13) I 71) 37) ( H) 0) I 56) ( 63) ( 65) I 60) I 74) ( 74) p •. l71 p •• ll4 p. . p •. 385 p. . p •. l60 p •. 338 p •. 367 p •. 469 p •• 250 p. 

504 -.0640 .0951 .3589 .6l74 -.U70 .0031 .0707 -.3U1 -. lOll I 85) I Il) 46) I 911 ·01 I 73) I 112) I 971 I 5" I 112) I 7:l) p •. lIO p •. 196 p. . p •. 000 p. . p •• 000 p •. 00l p •. 4" p •. 299 p •. 000 p •• 045 

CD -.OllO -.0872 -.0631 -.055l .1045 
I 17) 831 47) I 88) 0) 561 ( 69) I 71) 60) ( 88) H) p •. 45l p. . p. . p •. 210 p. . p. . p •. 303 p •. 324 p. . p •. 166 p. 

II -."94 .2231 -.0799 .0101 -.l43l -.6809 .l2ll -.1583 -.0738 
I l5) I 211 17) I 37) 0) I 191 ( 61) I 5l) I 15) I 5l) I 20) p •. 000 p •• 166 p. . p •• l19 p. . p •. nl p •. 024 p •. 000 p •. 213 p •. 131 p •• 379 

ICoefficient / ICa.e.) / 1-tailed SiQnificancel 

• i. printed if a coefficient cannot be computed 



PaCie II fO~T PHANTOH HILL ~&5E~VOI~ QUALITY 
~/5/87 

Correlation.: 50' CD Il 

YU~ • !>l!)9 .ll06 .17:19 
I ll9' I II' I 61' 
p •• 000 p. .13l p •• 011 

MONTH -.Ol36 -.un .0059 
I 1:19' I II' 61' 
p •• 395 p •• 116 p ••• 11 

DAY - .:I09l - .10:13 -.0903 
( lll' ( U, I 63' 
p •• 011 p •• 117 p •• :1.1 

T!HP .1981 -.lH5 . lOll 
( 911 I !>6' 66' 
p •• 0:16 p •• 098 p •• 001 

DO .0010 -.:1006 
881 .71 I 6., 

p •• U6 p. . p •• 056 

PH .l026 -.0:l0!> .08!>9 
( 1191 I 88' 67, 
p •• 011 p ••• :15 p •• :1.5 

TUU -.0168 - .1313 .1"2 
I 88' I '" I 65) 
p •• UI p. .119 p •. 096 

COHO ."" - . l186 .2195 
( 100) ( 581 I 661 
p •. 000 p •. 050 p •• 012 

TDS .5'" -.0368 -.1356 
( 11' I '01 I 50' 
~ •. 000 p •• Ul p •• 17' 

TAU -.0103 .:136) .155' 
I 119' I II' I 61) 
p •. 183 p •• 013 p •. 105 

HA~D .U19 .0000 .H:IO 
1:191 I 881 67, 

p •. 000 p •. 500 p •• 1:16 

CA .l070 .0519 .2389 
( llli I 86' 6:1' 
p •. 000 p •. 311 p •. 031 

HG .0:136 -.0151 -.0189 
( lll! I 86' I 61' 
p •. 399 p •. :116 p •. U3 

(COeU1C1ent I ICa •• ,) I i-tailed Sianificancel 



Paoe 13 FORT PHANTOM HILL RESERVOIR QUALITY 5/5/87 

Correlation.: 504 CD aa 
CL .1714 -.2011 -.001l 

( 129) ( II) ( 67) 
p •. 025 p •• 029 p •. u, 

n .0615 .:uu -.21" 
I ll7) ( 111 ( 67) 
p •. U5 p •. Oll p •• Ol7 

P04 .l051 .0Ul 
I 105) 19) ( '" p •. 011 p. . p •. 111 

51 . )l75 .0919 -.lt06 
( 90) ( UI ( 661 
p •. 001 p •• l67 p •• 001 

FCOLI -.l)09 -.0271 
( ao) 5l) ( 50) 
p •. 0lO p. • p •. 'l' 

CR .l'" -.Olll .05U 
I 85) ( 17) ( lSI 
p •. 005 p •. 45) p •. )97 

CU .0550 -.0019 .05" 
( 16) ( III ( l61 
p •. )01 p •• '91 p •• )96 

NI .080l .0197 .0659 
I 16) ( .. , ( l61 
p •• lll p •• llO p •• 175 

P8 - .lIl5 .1l21 .1552 
I 16' II' ( l61 
p •. 0'6 p •• Ol' p •. llS 

IN -.OUO -.0130 -.889' 
I as) ( 811 I l51 
p •. llO p •. 'Sl p •. 000 

FE .0958 .llll 
8l' 8)) l1l 

p •. 196 p. p •. 166 

AG 

4" 41) 17) 
p. p. p. 

NA .3589 -.O81l -.0199 
( 981 I 81) I )1) 
p •. 000 p •. l10 p •. 319 



Page 14 FO~T PHANTOM HILL RESERVOIR QUALITY 5/5/81 

Correlation.: SO, CD BR 

IA 
0) 0) 0) 

p. p • p. 

NB) . 61H .0108 
( 73) 561 19) 
p. .000 p. . p. • '78 

NO) -.l610 -.0631 -.lUl 
( lll) ( 69) ( ,67) 
p. .00l p •. )0) p • . Ol' 

N02 .00ll -.0552 -.6809 
91) ( 11) ( 52) 

p •. U8 p. .)24 p • .000 

KH . 0101 .UU 
( 58) 60) 15) 
p. .299 p. p • . 2l) 

!L!V -.1491 .10'5 -.158) 
( lll) ( .. ) ( 52) 
p. .000 p. .166 p. .1ll 

II: -.20ll -.0138 
I 12) HI I 20) 
p •• 0'5 p. . p. .379 

SO, 1.0000 .0290 .128) 
( 1291 ( 861 ( 671 
p • p •. )96 p • . 150 

CD . 0290 1.0000 -.Olll 
86) ( 88) ( 26) 

p • .J96 p. . p. .'H 

BR . 1283 -.Oll2 1.0000 
( 671 I 26) ( 671 
p. .150 p •. n, p. 

(CoeffiCient / tC.se.) / I-tailed Significance) 

" i. printed if a coefficient cannot be co.puted 
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TITLE FORT PHANTOK HILL RESERVOIR QUALITY. 
DATA LIST FILE-'B:PHAKTWQ.DAT' I YEAR 1-2 KONTH 1-4 DAY S-6 TEMP 7-10 

DO 11-15 PH 16-20 TURB 21-25 
COHO 26-10 TDS 11-15 TAL~ 16-40 HARD 41-45 CA 46-50 KG S1-55 
CL 56-60 FL 61-65 P04 66-70 51 71-75 FCOLI 76-80 I CR 7-10 CU 11-15 
HI 16-20 PB 21-25 ZH 26-10 FE 11-15 AG 16-40 HA 41-45 BA 46-50 
HH1 51-55 N01 56-60 N02 61-65 KN 66-70 ELEV 71-75 ~ 76-80 I 
504 7-10 CD 11-15 BR 16-20. 

VALUE LABELS KONTH 01 'JANUARY' 
02 'FEBRUARY' 
01 'MARCH' 
04 'APRIL' 
05 'MAY' 
06 'JUNE' 
07 'JULY' 
08 'AUGUST' 
09 'SEPTIDUIER' 
10 'OCTOBER' 
11 'NOVEMBER' 
12 'DECEMBER'. 

KI'~SIHG VALUE ALL (-1). 
SORT CASES BY KONTH YEAR. 
The raw data or transfor.ation pass is proceedinQ 

113 cases are written to the uncompressed active file. 

Size of File to Be Sorted: 111 Cases of 112 Bytes Each. 
111 cases are written to the uncompressed active file. 

SORT completed successfully. 



Palle 2 FORT PHANTOH HILL RESERVOIR QUALITY 

This procedure vas co.pleted at 13:11:37 
FORMATS TEMP (F8.2) DO (F8.2) PH (Fa.2) FCOLI (Fa.2) CL (F8.2) S04 (F8.2) 

) TDS ( Fa • 2) COND (Fa. 2) . 
REPORT FORHAT - LIST(4) HISSING '.' IRKSPACE(-l) 

IVARIAILES - TEMP , , 'TEMPERATURE' 'DEGREES C' (11) 
) DO 'DISSOLVED" OXYGEN' 'HG/L' (9) 

PH "" PH • • S aU. I 

FCOLI 'FECAL' 'COLIFORM' "/100 HL' 
) CL "'CHLORIDE' 'HG/L' 

S04 ' , 'SULFATE' 'HG/L' 
TDS 'TOTAL DISSOLVED' 'SOLIDS' 'HG/L' (15) 

) COND 'SPECIFIC' 'CONDUCTANCE' 'UMBOS/CH. 25C' (14) 
/BREAK - HONTH (LABEL) (PAGE) 
/StlHHARY - HIN 

) ISUHHARY - HAl( 

ISUHHARY - HJ!.AN 
/StlHHARY - STDEV 
/SUHHARY-VALIDN 
/BREAK - YEAR. 

) REPORT REQUIRES 3856 BYTES FOR THIS TASK 

) 

) 

) 

) 

) 

) 

) 

, 
J 

) 

5/ 



fORT PBAMTOK BILL RBSS1VOIR QUALITY PAGB 1 

MOJITB -an DISSOLVED FBCAL TOTAL DISSOLVBD SPBCIFIC 
'l'BHPBItA '!'mB OXYGEN PH COLIFOIUf CHLORIDB SULFATB SOLIDS CONDUCTANCB 

DBGRBBS C IIG/L S.U. 1/100 HL IIG/L HG/L HG/L \1HHOS/CH • 25C 

JAlIUUY 76 • • 8.50 • 1U.OO 66.00 • • 
77 • • 8.10 • 99.00 66.00 • • 

78 • • 8.40 • ll1.80 101.00 • • 
79 6.00 • 8.30 2.00 98.00 83.00 • 600.00 

80 10.00 9.80 8.50 86.00 106.00 75.20 546.00 675.00 

81 10.00 10.50 8.20 22.00 80.00 85.30 • 675.00 

U 2.00 11.80 8.40 • 56.00 71.00 350.00 520.00 

83 7.00 9.90 8.00 16.00 62.50 31.00 432.00 461. 00 

84 2.00 • 8.60 0.00 55.20 90.00 330.00 442.00 

85 10.00 10.40 7.90 52.00 96.00 105.00 526.00 790.00 

86 7.00 8.40 8.40 0.00 94.00 150.00 530.00 795.00 

87 10.50 12.90 8.20 14.00 62.00 78.00 350.00 525.00 

HIH 2.00 8.40 7.90 0.00 55.20 31.00 330.00 442.00 
IUJt 10.50 12.90 8.60 86.00 128.80 150.00 546.00 795.00 
ImAM 7.1667 10.5286 8.2917 24.0000 87.6250 83.4583 437.7143 609.2222 
S'l'DBV 3.3541 1.4557 .2151 30.3127 24.2600 28.3815 95.7944 132.7213 
VALIDN 9 7 12 8 12 12 7 9 



FORT PRANTOH HILL RESBRVOIR QUALITY 
PAGE 2 

MONTH yBAJt DISSOLVED FECAL TOTAL DISSOLVED SPBCIFIC TBKPEIUTUaE OXYGBH PH COLIFORH CHLORIDE SULFATE SOLIDS CONDUCTANCE DEGREES C HG/L S.U. 1/100 HL HG/L HG/L HGIL UHHOS/CH • 25C , 
FEBRUARY 76 • • 8.40 107.00 75.00 • • 

77 • • 7.90 • 107.00 7:1.00 • 
78 • 8.40 • 139.50 113.00 • • 
79 8.00 • 8.40 38.00 99.00 78.80 UO.OO 640.00 
80 11.00 9.70 8.60 11.00 110.00 83.40 549.00 680.00 
81 8.00 10.10 8.10 130.00 78.00 85.90 • HO.OO 
8:1 5.00 1:1.00 8.50 H.OO 57.00 66.00 340.00 375.00 
83 8.00 8.30 • 61. 20 97 .80 U5.00 470.00 
U 7.10 13.00 8.50 0.00 80.00 100.00 467.00 700.00 
85 6.00 11.90 8.:10 12.00 84.50 100.00 HO.OO 660.00 
86 7.00 11.10 8.17 94.00 148.00 560.00 840.00 

HIN 5.00 9.70 7.90 0.00 57.00 66.00 340.00 375.00 HAlt 11.00 13.00 8.60 130.00 139.50 148.00 560.00 840.00 HZAII 7.51:15 11. 3000 8.3155 35.8333 92.47:17 9:l.7182 463.0000 600.6250 STDSV 1.7691 1.2474 .2060 47.9183 23.7712 23.2021 74.5341 156.8994 VALIDN 8 6 11 6 11 11 7 8 



FORT FHANTOM HILL RESBAVOIR QUALITY PAGE • 3 

MONTH YDJl DISSOLVED FECAL TOTAL DISSOLVED SPECIFIC 
TBHPERATU1lE OXYGBH PH COLIFORM CHLORIDE SULFATB SOLIDS CONDUCTANCB 

DBGRBBS C HG/L S.U. 1/100 HL HG/L HG/L MG/L UMBOS/CM • :l5C 

KARCH 76 • • 8.30 • 99.00 75.00 • • 

77 • • 8.10 • 107.00 88.00 • • 

78 • • • • • • • 
79 15.00 • 8.40 U8.00 100.00 76.80 410.00 no.oo 

80 15.00 9.:l0 8.50 4.00 114.00 86.:l0 578.00 780.00 

81 17.00 9.00 8.40 5.00 80.00 76.70 • 510.00 

B:l 13.00 10.00 8.60 :l.00 51.00 77.00 360.00 460.00 

8l 16.00 11.90 8.20 16.00 75.10 176.00 410.00 620.00 

at 8.00 11.10 8.S0 0.00 80.00 95.00 caO.OO no.oo 

8S n.oo 10.40 8.50 • 86.00 143.00 473.00 710.00 

86 17 .00 9.60 8.20 30.00 94.00 lS3.00 567.00 850.00 

MIN 8.00 9.00 8.10 0.00 Sl.00 15.00 360.00 460.00 
MAX n.oo 11. 90 8.60 U8.00 114.00 176.00 578.00 850.00 
HBAN lS.:lS00 10.1714 8.3700 26.4:l86 88.6100 104.6700 416.8571 671.2S00 
STDEV 3.7311 1.0468 .1636 45.9995 18.26U 37. n78 18.0S:l:l 1l:l.7121 
VALIDN 8 1 10 1 10 10 1 8 



FO.T PHANTOH HILL RESERVOIR QUALITY PAGE 4 

MONTH YV.It DISSOLVED FBCAL TOTAL DISSOLVBD SPBCIFIC 
TBKPERATURE OXYGEN PH COLIFORH CHLORIDB SULFATB SOLIDS CONDUCTANCE 

DEGRBES C HG/L S.U. tl100 HL HG/L HG/L HG/L UMHOS/CH • 25C 

AnIL 76 • • 8.50 • 135.00 78.30 • • 

77 • • 8.30 • 107.00 70.00 • • 

78 • 8.30 • 127.00 10&.00 610.00 10ll.00 

79 • 8.l0 10.00 90.00 '73.90 uO.OO 500.00 

80 ll.OO 6.80 8.30 5.00 15l.00 9&.10 • 890.00 

81 16.00 11.50 8.70 101.00 78.00 79.80 • 430.00 

al 19.00 10.50 8.l0 3l.00 5l.00 67 .00 365.00 500.00 

83 14.00 1l.60 8.80 0.00 71. 80 75. &0 4l0.00 630.00 

8& 15.00 11.00 7.90 0.00 95.l0 101.00 50l.00 800.00 

85 20.00 15.00 9.00 6.00 9l.00 113.00 493.00 7&0.00 

86 l2.00 8.20 8.60 • 104.00 175.00 581.00 8n.00 

KIll 14.00 6.80 7.90 0.00 52.00 67.00 365.00 430.00 
HAlt 22.00 15.00 9.00 108.00 15l.00 175.00 610.00 102l.00 
KIWI 18.2857 10.8000 8.416& H.OOOO 100.3636 94.6818 &87.l857 709.3333 
STOP 3.30ll 2.7160 .3171 39.0&27 29.1&07 31.700l 87.3760 205.5432 
VALIDII 7 7 11 7 11 11 7 9 



FORT PBAHTOK HILL RESIRVOIR QUALITY PACE 5 

MOIITB ylAlt DISSOLVED FECAL TOTAL DISSOLVID SPECIFIC 
TEMPERATURE OXYGEN PH COLIFORM CHLOUDB SULFATll SOLIDS COIfl)UCTANCB 

DECREES C HG/L S.U. 11100 HL HG/L HG/L HG/L UMHOS/CH • :l5C 

KAY 76 • • 8.10 • 1:18.00 80.80 • • 
77 • • 7.90 • 99.00 55.00 • • 
78 • 8.U • 136.70 115.00 • • 
79 :11. 00 • 8.40 13:1.00 9:;1.00 H.:lO 390.00 580.00 

80 :11. 00 8.30 8.40 162.00 128.00 88.90 • 860.00 

n :13.00 9.70 8.40 300.00 82.00 72.80 • 550.00 

8:1 :12.00 5.00 8.30 ltO.OO 53.00 t6.00 385.00 550.00 

83 19.00 9.00 8.30 71.80 155.00 425.00 630.00 

at 20.00 9.00 8.60 0.00 83.:10 1:17.00 5:;15.00 800.00 

85 19.00 8.70 8.:10 • 85.00 55.00 563.00 US.OO 

86 :15.00 9.50 8.40 • 110.00 175.00 920.00 945.00 

HIN 19.00 5.00 7.90 0.00 53.00 t6.00 385.00 550.00 
!tAX :15.00 9.70 8.60 300.00 136.70 175.00 9:10.00 945.00 
HDJ( :11.:1500 8.4571 8.3164 146.8000 97.1545 94.9727 534.6667 7:10.0000 
STDEV :1.05:19 1.59t6 .19:1:1 106.6733 26.1:17:1 4:I.6U9 20:1.35:18 159.3514 
VALIDN 8 7 11 5 11 11 6 8 



FORT PHANTOM HILL RBSERVOIR QUALITY PAGE 6 

MONTH YBAJ. DISSOLVED FECAL TOTAL DISSOLVED SPECIFIC 
TBllPERATtaB OXYGEN PH COLIFOllH CHLOIlIDB SULFATB SOLIDS CONDUCTANCB 

DIGR"S C HelL S.U. 1/100 KL HelL HelL KG/L UMHOS/CK • 25C 

JUtf! 76 • • 8.'0 • 128.00 80.00 • • 
77 • • 8.20 • 107.00 60.00 • • 
71 • • 8.20 • U9.'0 • • • 
79 25.00 • 8.10 28.00 90.00 73.50 (70.00 750.00 

80 26.00 7.50 8.'0 210.00 102.00 81.10 • 798.00 

81 27.00 6.00 8.50 62.00 100.00 119.00 • 550.00 

8l 30.00 11.20 8.30 18.00 63.00 '0.00 390.00 550.00 

83 25.00 8.20 8.'0 0.00 il.IO 1l3.00 '30.00 "0.00 

U 29.00 1.20 8.30 0.00 102.10 170.00 '05.00 610.00 

85 29.00 7. 10 8.'0 2'.00 1'7.00 200.00 600.00 900.00 

86 27.00 6.10 8.00 19.00 130.00 500.00 750.00 

KIll 25.00 6.00 8.00 0.00 63.00 '0.00 390.00 550.00 
MAX 30.00 11.20 8.50 210.00 U9.'0 200.00 600.00 900.00 
KDII 27.2500 7.8571 8.2909 U.8571 103.5727 107.6600 '65.8333 693.5000 
STDEV 1. 9086 1. 7358 .151' ".0708 28.312' 50.2910 77.3514 125.9059 
VALIDII 8 7 11 7 11 10 6 I 



................................................ ~.~ ; 

PORT PBAHTOH HILL RESERVOIR QUALITY PAG! 7 

MONTH 'iBAR DISSOLVED nCAL TOTAL DISSOLVED SPECIFIC 
TEMPERATURE OXYGEN PH COLIFORH CHLORIDE SULFATE SOLIDS COlfDUCTANCE 

DEGREES C HaIL S.U. 11100 HL HaIL HaIL HaIL UHHOS/CH • l5C 

JULy 76 • • 8.50 • lU .00 61.00 • • 
77 • • 8.30 • 9l.00 61.00 • • 
71 • • 8.l0 • 149.40 108.00 • • 
79 l6.00 6.90 8.10 8.00 88.00 75.40 U5.00 690.00 

80 30.00 6.tO 8.50 50.00 110.00 87.10 • 710.00 

81 l7.00 3.50 8.10 lO.OO 80.00 135.00 600.00 

al la.OO 7.30 8.80 14.00 64.00 68.00 405.00 600.00 

83 17 .00 9.60 8.40 0.00 14.70 135.00 UO.OO 6l0.00 

U 19.00 8.tO 8.50 10.00 107.70 130.00 U5.00 665.00 

85 31.00 8.10 8.60 0.00 110.00 165.00 600.00 900.00 

86 19.50 6.50 8.40 0.00 83.00 130.00 503.00 755.00 

KIll l6.00 3.50 8.10 0.00 64.00 61.00 405.00 600.00 
lWt 31.00 9.60 8.80 50.00 149.tO 165.00 600.00 900.00 
MJWI l8.H75 7.0875 8.4000 ll.7500 98.1636 105.0455 '14.6667 69l.5000 
STDSV 1. n04 1.8059 .lU5 16.7311 H.365l 36.189l 7;1.8469 100.l853 
VALIDIf a 8 11 8 11 11 6 8 



FORT PHANTOM HILL RESERVOIR QUALITY PAGE 8 

HONTH yEAlt DISSOLVED FECAL TOTAL DISSOLVED SPECIFIC 
TEMPERATURE OXYGEN PH COLIFOIlH CHLORIDE SULFATE SOLIDS CONDUCTAKCE 

DEGR.EES C MG/L S.U. 11100 ML HG/L MG/L MG/L UMHOS/CM • 25C 

AUGUST 16 • • 8.10 • U8.00 15.00 • • 

11 • • 8.30 • 109 •• 0 U.OO • • 
18 • • 8.10 • 96.00 16.50 335.00 615.00 

19 21.00 6.20 8.00 U.OO 88 .00 13.60 U5.00 520.00 

80 28.00 1 .• 0 8.60 H.OO 1H.OO 63.10 • 115.00 

81 25.00 1.20 8.50 0.00 96.00 122.00 500.00 450.00 

8:1 :18.00 6.00 8.30 6.00 66.00 3:1.00 390.00 640.00 

83 H.OO 8.80 8.80 • 10.00 15.00 390.00 588 .00 

84 30.00 1.10 8.30 36.00 101.00 135.00 600.00 900.00 

85 :19.00 1.60 8.40 •. 00 101. 00 160.00 561.00 850.00 

86 :19.00 1.90 8.30 • 85.00 133.00 5:11.00 190.00 

~!IN 25.00 6.00 8.00 0.00 66.00 3:1.00 335.00 .50.00 
MAX H.OO 8.80 8.80 U.OO 128.00 160.00 600.00 900.00 
OAK :18.1500 1.3500 8.3364 21.0000 96.4000 90.1091 U8.0000 681.5556 
STOEV 2.6049 .9011 .2335 19.8696 18.5218 .0.89H 94.6:1U 15:1.68U 
VALIDN 8 8 11 6 11 11 8 9 

) 



• ) 
FORT PHA. •• vH KILL RESKR.VOIR. QUALITY PAGB 9 

• HON'MI YEll DISSOLVED FECAL TOTAL DISSOLVBD SPECIFIC 
TEMPERATURB OXYGEN PH COLIl'OIlH CHLOR.lDB SULFATB SOLIDS CONDUCTANCB 

• DBGRBES C HGIL S.U. 1/100 HL HelL MGIL He/L UMBOS/CM • l5C 

SEl'TBHIIBIl 16 • • • • • • 

• 11 • • 7. 80 • 137.90 71.00 • • 

• 78 • 8.10 • U.OO H.80 • • 
79 lO.OO 7.00 8.30 2.00 98.00 73.l0 410.00 515.00 

• 80 26.00 6.10 8.40 36.00 116.00 71.40 • BCO.OO 

• 81 28.00 6.60 8.80 5.00 H.OO 129.00 600.00 600.00 

82 H.OO 6.30 8.30 6.00 10.00 30.00 415.00 560.00 

• 83 29.00 8.80 8.60 0.00 78.20 70.00 no.oo 615.00 

• at l8.00 9.10 8.60 34.00 105.00 164.00 601.00 910.00 

85 24.00 11.30 8.70 • 108.00 160.00 591.00 895.00 

• 86 lS.OO 6.60 8.l0 • 75.00 13) .00 no.oo 7:Z0.00 

MIN le.OO 6.l0 
MAX lO.OO 11.30 • 7.80 0.00 70.00 )0.00 no.oo 515.00 

8.80 36.00 131.90 164.00 607.00 910.00 
MIWi l6.1S00 1.8000 8.3800 13.8333 95.6100 98.0eOO 502.71e3 106.8750 
STDBV l.3U6 1.1696 
VALIDN 8 8 • .3048 16.5"59 21.3566 U.9659 95."llC 157.1155 

10 6 10 10 1 8 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 



FORT PHAKTOH HILL RBSERVOIR QUALITY PAGE 10 

MONTH YEAR DISSOLVED FECAL TOTAL DISSOLVED SPECIFIC 
TEMPERATURE OXYGEN PH COLI FORH CHLORIDE SULFATE SOLIDS CONDUCTANCE 

DEGREBS C HGIL S.U. 11100 HL HGIL HGIL HGIL UHHOS/CH • 25C 

OCTOBBR 76 • 8.40 • 107.00 60.00 

77 • 8.00 116.60 55.00 

78 8.60 108.00 81.50 • • 

79 30.00 7.10 8.10 232.00 100.00 73.60 405.00 590.00 

80 ll.OO 7.80 8.10 150.00 76.00 39.20 • 690.00 

81 H.OO 7.30 8.60 50.00 86.00 85.00 550.00 610.00 

82 20.00 8.10 8.60 14.00 70.00 38.00 410.00 690.00 

83 23.00 6.20 8.50 2.00 79.10 80.00 460.00 640.00 

U 22.00 11. 40 8.90 40.00 112.00 160.00 573.00 860.00 

85 22.00 8.20 8.50 90.00 100.00 157.00 627.00 940.00 

86 19.00 7.10 8.20 • 60.00 85.00 375.00 560.00 

. KIN 19.00 6.20 8.00 2.00 60.00 38.00 375.00 560.00 
MAX 30.00 11.40 8.90 232.00 116.60 160.00 627.00 940.00 

, ItEAM 22.7500 7.9000 8.4091 82.5714 92.2455 83.1182 485.7143 697.5000 
STDEV 3.3274 1. 5547 .2773 82.6617 18.9206 40.9498 97.3648 134.5628 
VALIDN 8 8 11 7 11 11 7 8 



FORT PHANTOH HILL RBSERVOIR OUALITY PAGE 10 

MONTH YEAR DISSOLVED FECAL TOTAL DISSOLVED SPECIFIC 
TEMPERATURE OXYGEN PH COLIFORH CHLORIDE SULFATE SOLIDS CONDUCTANCE 

DEGREES C HG/L S.U. 11100 HL HGIL HGIL HGIL UHHOS/CH • 25C 

OCTOBBR 16 • 8.40 • 101.00 60.00 

11 • 8.00 116.60 55.00 • 
18 8.60 108.00 81.50 • 
19 30.00 1.10 8.10 232.00 100.00 73.60 405.00 590.00 

80 22.00 7.80 8.10 150.00 76.00 39.20 • 690.00 

81 U.OO 7.30 8.60 50.00 86.00 85.00 550.00 610.00 

82 20.00 8.10 8.60 14.00 70.00 38.00 410.00 690.00 

83 ot3.00 6.20 8.50 2.00 79.10 80.00 460.00 640.00 

84 22.00 11. 40 8.90 40.00 112.00 160.00 573.00 860.00 

85 22.00 8.20 8.50 90.00 100.00 157.00 627.00 940.00 

86 19.00 7.10 8.20 60.00 85.00 375.00 560.00 

HIN 19.00 6.:10 8.00 2.00 60.00 38.00 375.00 560.00 
KAX 30.00 11. 40 8.90 232.00 116.60 160.00 627.00 940.00 

.1fBAH :1:1.1500 1.9000 8.4091 82.5714 9:1.2455 83.1182 485.7143 697.5000 
STOEV 3.3:174 1. 5547 .2713 82.6617 18.9206 40.9498 91.3648 134.5628 
VALION 8 8 11 7 11 11 7 8 
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PORT PHANTOM HILL RBSBRVOIR OUALITY 

MONTH 

MO'IBIOID 

HIH 
HAlt 
K&AH 
STDEV 
VALIDN 

yEAlt 

76 

77 

78 

79 

80 

81 

8l 

83 

U 

85 

86 

DISSOLVBD 
TEMPBUTUltB OXYGEM 

DEGREBS C HG/L 

• 
• 

19.00 

18.00 

19.00 

17.00 

14.00 

20.00 

17.,00 

16.00 

12.00 

12.00 
20.00 

16.8889 
2.S7l2 

9 

• 
• 

9.90 

9.30 

7.60 

10.00 

6.30 

8.10 

13.'0 

7.60 

6.l0 
13.'0 

9.0250 
2.180l 

8 

PH 
S.U. 

8.20 

8.20 

8.25 

8.70 

8.65 

8.00 

8.80 

8.60 

8.60 

8.'0 

8.10 

8.00 
8.80 

8.4091 
.2728 

11 

. --- ------

PAGB 11 

FBCAL TOTAL DISSOLVED SPBCIPIC 
COLIPORH CHLORIDB SULFATB SOLIDS CONDUCTANCB 
1/100 HL HG/L HG/L HG/L IlHHOs/CH • 2SC 

• 114.00 U.OO • • 
• 118. SO 67.00 • • 
• 97.5·0 U.20 413.00 550.00 

".00 108.00 77 .80 • 710.00 

'0.00 72.00 75. SO • 615.00 

65.00 62.00 90.00 300.00 '00.00 

16.00 77 .00 H.OO 200.00 700.00 

0.00 90.00 270.00 ns.oo 700.00 

2.00 117.00 105.00 500.00 750.00 

18 .00 93.00 152.00 5'l.00 815.00 

• 65.80 85.00 l80.00 570.00 

0.00 62.00 H.OO 200.00 '00.00 
65.00 118. SO 270.00 SH.OO 815.00 

29.2857 92.2545 99.0'55 '01.5714 "5.5556 
27.3905 20.7683 " .2905 120.1566 125.3855 

7 11 11 7 9 



FORT PHANTOM HILL RESERVOIR QUALITY PAGE 1_ 

MONTH YEll DISSOLVED FECAL TOTAL DISSOLVED SPECIFIC 
TEMPIUTUltB OXYGEN PH COLIFOIlM CHLORIDB SULFATE SOLIDS CONDUCTANCE 

DEGRIES C HelL S.U. tl100 HL HelL HelL MG/L UMHOs/cM • JSC 

DBCBMBBa 76 • • 8.30 • 107.00 6l.70 • • 
77 • • 8.l0 • 120.50 65.S0 • • 
78 13.00 • 8.50 • 101.60 79.00 • 6l0.00 

79 ll.OO 10.l0 8.60 2J.00 116.00 • 790.00 

80 ll.OO 9.70 8.40 34 .00 76.00 83.90 610.00 

81 8.00 10.10 8-.30 53.00 Sl.OO 73.00 340.00 4lS.00 

8l ll.00 9.30 8.50 • 70.00 32.00 l03.00 700.00 

83 11.00 7.70 8.40 0.00 90.00 120.00 435.00 700.00 

84 ll.OO 11.90 8.50 0.00 96.00 101. 00 483.00 7:15.00 

85 13.00 10.70 8.40 l8.00 95.00 130.00 576.00 850.00 

86 11.00 8.90 8.30 50.00 60.00 78.00 370.00 555.00 

MIN 8.00 7.70 8.l0 0.00 5l.00 3l.00 l03.00 4:15.00 
MAX 13.00 11.90 8.60 53.00 llO.50 130.00 576.00 850.00 
MEAN 11.5556 9.81l5 8.4000 26.7143 89.4636 8l.5100 401.1667 663.8889 
STDEV 1. 5092 1.2506 .1183 21.3597 22.4ll4 28.5983 128.3673 ll7.7883 
VALIDN 9 8 11 7 11 10 6 9 



TlTLB FoaT PHANTOH BILL aBSERVOIa QUALITY. 
DATA LIST FILB.'I:PBAMTVQ.DAT' I YBAa 1-l MONTH l-' DAY 5-6 TBHP 7-10 

DO 11-15 PH 16-l0 TVaI l1-l5 
CONn l6-l0 TOS l1-l5 TALK l6-'0 HAkD '1-'5 CA '6-50 MG 51-55 
CL 56-60 FL 61-65 PO, 66-70 SI 71-75 FCOLI 76-80 / CR 7-10 CU 11-15 
HI 16-l0 PI l1-l5 ZK l6-30 FB l1-l5 AG l6-'0 HA '1-'5 IA '6-50 
HHl 51-55 HOl 56-60 MOl 61-65 KH 66-70 BLEV 71-75 K 76-80 / 
SO, 7-10 CD 11-15 la 16-l0. 

VALtn !.ABELS MONTH 01 'JAHUUY' 
Ol 'FBlaUUY' 
Ol 'HUCH' 
0' 'APUL' 
05 'HAY' 
06 'JtIHB' 
07 'JUt.Y' 
08 'AUGUST' 
09 'SBPTBKID' 
10 'OCTOIER' 
11 'NOVSKBD' 
II 'DBCEHID'. 

MISSING VALUB ALL (-11. 
soaT CASBS IY MONTH YBU. 
The r •• d.t. or tr.nsfor •• tion p ••• i. proc.edino 

III c ••••• r. written to the unco.pr.s.ed .ctiv. fil •. 

Size of Fil. to I. Sort.d: ll3 c •••• of l12 Bytes Each. 
1ll c ••••• r. writt.n to the unco.pre.sed .ctiv. fil •. 

SOaT co.pleted succe •• fully. 



·aaa l FOkT.RANTOM HILL kBSIaVOIk QUALITY 

~1. procedura w •• coap1ata4 at 10:0l:&3 
~TS P04 IFI.ll M03 IF'.ll MOl IFI.l) HR3 IFI.l) K IF'.ll. 
kUOk'l' ro .... T • LIST 1,1 KISSI1IG '.' BUSPACBI-11 

IVAkIABLBS • PO, 'DISSOLVED' 'OkTHo-P' 'KG/L AS P' (9) 
N03 'NITkATB' 'NITkOGKM' 'KG/L AS N' (9) 
NOl 'NITkIT&' 'NITkOGKN' 'KG/L AS N' (9) 
HR3 'AMMONIA' 'NITkOGKM' 'KG/L AS N' (9) 
K "'PO'l'ASSIUK' 'KG/L AS K' (91 

IB~ • ~HTB (LAB&L) (PAGB) 
ISUKKAkY • KIN 

. ISUKKAkY • MAX 
ISUKKAkY • KBAH 
ISUKKAkY • S'l'DBV 
ISUKKAkY-YALIDII 
IBnu: - YUll. 

UPOkT nQUIUS 3116 BYTBS FOk THIS TASK 

5/5/87 
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FORT PHANTOM HILL RESERVOIR QUALITY PAGE ~ 

MONTH YEll DISSOLVED NI'BATB NITRITE AMMONIA 
ORTHO-P NI'BOGBII NITROGBN NITROGBII POTASSIUM 

HaIL AS P HaIL AS H HaIL AS N HaIL AS H HaIL AS It 

nUUAJlY 16 0.00 .03 0.00 .~O 11.00 

11 .09 .08 0.00 0.00 8.U 

18 0.00 .31 0.00 .70 8.U 

19 0.00 0.00 0.00 0.00 7.90 

10 0.00 0.00 0.00 0.00 7.80 

11 0.00 .45 0.00 0.00 9.30 

U • .30 .O~ • • 
83 • 0.00 0.00 • 

U •• 0 • • • 
85 .~3 0.00 .06 7. 80 

86 0.00 0.00 • .60 • 
KIN 0.00 0.00 0.00 0.00 7.80 
KAX •• 0 .(5 .06 .70 11.00 
HBAN .080~ .12:1( .0089 .2H3 8.73140 
STDBV .14029 .1783 .0~03 .3078 1.1526 
VALIDN 9 10 9 7 7 



~..: 0 0 0 0 0 0000.., .., 0 • ... ... r-'\4DO.n ...... • • • • '1"10 

... 0< • ... ... ... ... .. co .... ,.... ... 
O<~ 

...... 
~u 
CIoZ 

~i5Z on on 0 0 .., 0 OOOr-~ ... ... 0 0 .., • O .. .nco 

z8~ • • • • &I"I-C"t 
0 0 .... 0.-4..-"\'" 

!~~ ....... 
z~ 

:!i5 z 0 .., on 0 0 .., ... .. oco~,...CG 

0 0 0 0 0 0 0 0 oo ... ao 

"'8'" • • • ....... 
~ 0< 0 0 0 0 00 

... ~~ z ....... 
z~ 

:!i5 z ... ... 0 0 0 • 0 0 0 o co.n'lllf 0\ ... ... 0 0 0 ... 0 0 0 ONO'" 

a8~ 
....... 

0 0 0 0 0 0 0 0'" 

... ~~ z ....... 
zi 

=~o. 
on 0 0 0 0 0 1"1 0 o II'HD.n co ... 0 0 0 0 0 0 0 O.-4~~ 

0'" • • • 1"1 on 
~:.:o< 0 0 0 0 0 0 0 00 

01-< 
"''''~ "'0 .... ... i Q 

t: ... 
~ '" ... ... '" 0 ... 1"1 .., • on '" 0< ... ... ... ... ... ... ... ... ... ... ... 
::> 

e 0 

'" ... 
° > 
'" I0OI 

'" I0OI 

'" 
~ 
~ ... 
:II 

; I :.: 
t! CIo :.: 

I-< u ~ait~ '" a ° ... 



!j" 0 0 0 0 0 OOOM...., 
0 '" '" '" r- \COOO 

... 111 • • • • • • · '" '" 1Il.c '" '" '" .. r- \Dt"t.P'4 III ... ... 

.c~ .. '" 
t' .i 

~a· ... 0 0 0 0 oot't .... ~ 
ttl '" 0 0 '" O\DC"'t .... 

.8 111 • • • • • • • CD '" 

I~: 
0 0 ... O ...... -.D 

... , 
zi 

=a· 0 .. 0 0 0 0 ... 01'1 0.n0'l .... 00 
0 0 0 0 0 0 0 0 00("1...-4 

E8~ • • • · ... '" 0 0 0 0 0 0 00 

... ~~ .... , 
zi 

I!a· .. '" 0 '" 0 0 .. 0 0 0 000.""0 .. '" 0 '" 0 0 '" '" ... 0 O,.,r--re .... 

e8~ • .", .. 
0 0 0 0 0 ..... 

... ~~ .... , 
zi 

r"· ttl '" 0 0 0 0 .. ... 0 O .... ,.,OC7\ 

0111 
... 0 0 0 0 0 ,., 0 0 OI""lO'r-

• • • II> 0 

6~.c 0 0 0 0 0 0 0" 

1Il1ll~ 
1110' 
::; i 

r:: ... 
~ '" ... .. '" 0 .. '" '" .. II> '" ... r- r- r- .. .. .. CD .. CD .. 
& a 
III >-... 
0 
> 

= III 
101 
III 

~ 
~ ... :.: 

~ I • t~ ~ 

~ 
... 

~ai~~ $ J: III> 



!P' 0 II> 0 0 0 0 0 OO\Dor--

'" '" '" '" .... .. 0 Or-eGa:) 

... '" • • • ........ 
"'0< eD .... eD ... '" ... 0 OG\Of't 

'" 0<,.,. .... .., 
f;' 
"'~ 

~i5:O: 0 '" 0 0 0 oo.,\D1I1 ... .., ... 0 .... Or-\D\D 

:0:8'" • • • • • « ......... 

~~: 
0 0 ....... 

... , 
:o:~ 

~i5:O: 0 II> 0 0 0 .... 0 0 .... or-CJ'IOCJ'l 

0 0 0 0 0 0 0 0 0 OOIl'lr-

28 :: 
• « ....... 

0 0 0 0 0 0 0 00 

... ~,.,. 
:0:"" :O:i 

~i5:O: .. '" 0 0 0 0 0 II> 0 oo,.,""(P!I ... ... 0 0 ... '" 0 ... 0 o \D'" co 

~8:: • • • II> '" 
0 0 0 0 0 ...... 

... ~,.,. 
:0:"" 

:o:~ 

Ill':'''' II> 0 0 0 0 0 0 II> 0 0'" OH',", CJ'I 

.... 0 0 0 0 0 0 ... 0 ONt"'tO 

>0'" • • ... '" 
6~0< 0 0 0 0 0 0 0 0 00 

"'''',.,. "'0' ... i g 

r: ... 
~ ... .... eD '" 0 ... ... .., .. otI ... 

.... .... .... ... eD .. ... .. .. .. .. 
g e '" ... 
g 
'" to! 

'" to! 

'" ,.,. ,.,. ... 
:0:: 

~. E 
i 

:0:: :0: 
'" .. tc:l 
'" 5 aaat~ 2 

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



4 

C 

FORT PHAHTOM BILL RESERVOIR QUALITY PAGE 6 

lIOII'l'B YBAJ. DISSOLVED NITIlATK NITllITK AtOtONIA 
ORTKO-P NITllOGIUf NITllOGIUf NITllOGaN POTASSIUM 

HaiL AS P HaiL AS N HaiL AS N HaiL AS N HaiL AS It 

JUJIB 76 .03 .11 .03 .08 :.It.OO 

77 .03 .:13 0.00 0.00 7.70 

78 • • • • 10.tO 

79 0.00 .:.19 .0) 0.00 6.70 

80 0.00 0.00 0.00 0.00 8.80 

81 0.00 .53 0.00 • • 
8:.1 • .70 .01 • • 
83 .90 0.00 .01 • .90 

at 0.00 0.00 .10 • • 
85 0.00 .10 • 1.34 • 
16 0.00 0.00 • 1.10 • 

KIN 0.00 0.00 0.00 0.00 .90 
HAlt .90 .70 .10 1.34 1t.00 
KKAII .1068 .1955 .Olt5 .U91 9.7500 
S1'DEV .2978 .lt6t .0333 .6156 7.6969 
VALIDN 9 10 8 6 6 
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FO~T PHANTOM HILL ~!S!~VOI~ QUALITY PAG! 8 

MONTH yu. DISSOLVID NlTUTB NITUT! AMMONIA 
ORTHO-P NIftOGIDf NlftOGIDf NIftOGBN POTASSIUM 

HG/L AS P HG/L AS N HG/L AS N HG/L AS N HG/L AS It 

AUGUST 76 .03 .ll .0' .07 9.00 

77 0.00 .58 .17 .36 8.65 

78 0.00 .15 .01 .9l 1'0.60 

79 0.00 0.00 0.00 0.00 7.30 

80 0.00 0.00 0.00 .11 9.70 

81 • .60 0.00 • • 
a:z • 0.00 .01 • • 

83 .:ZO 0.00 0.00 • .:ZO 

84 0.00 • • • 11. :ZO 

85 0.00 0.00 0.00 • • 
86 0.00 0.00 • 0.00 • 

KIN 0.00 0.00 0.00 0.00 .:ZO 
MAX .:ZO .60 .17 .9:Z 11. 20 
K&AII .0:Z57 .1456 .0:Z57 .:ZU3 8.0929 
STDKY .066:Z .:ZUO .0556 .3571 3.7099 
VALIDN 9 10 9 6 7 



FORT PHANTOH HILL RBSERVOIR QUALITY PAGB 9 

MONTH YLU DISSOLVED NITRATB NITRITB AHttONlA 
ORTRO-P NITROGKN NITROGKN NITROGKN POTASSIUM 

HG/L AS P HG/L AS N HG/L AS N HG/L AS N HG/L AS It 

SBPTBHBBR 76 • • • • 
77 0.00 1.71 0.00 0.00 8.ll 

78 0.00 .35 0.00 .19 7.40 

79 0.00 0.00 0.00 0.00 7.40 

80 0.00 0.00 0.00 0.00 9.80 

81 .37 .01 • • 
8l • 0.00 0.00 • • 

83 • • • • • 
U 0.00 • • 10.70 

85 0.00 0.00 0.00 • • 

86 0.00 0.00 • 0.00 • 
HIN 0.00 0.00 0.00 0.00 7.40 
MAX 0.00 1.71 .01 .19 10.10 
IIBAH 0.000 .3034 .0014 .0380 8.6860 
STDBV 0.000 .5894 .0038 .0850 l.UlI 
VALIDN 7 8 7 5 5 



FORT PHANTOM HILL RESERVOIR QUALITY PAGE 10 

MONTH YIWt DISSOLVED HITRATE HITUTE AMMOHIA 
ORTHO-P HITltOGBH HITltOGBH HITltOGBH POTASSIUM 

HG/L AS P HG/L AS N HG/L AS H HG/L AS H HG/L AS I: 

OCTOBER 76 0.00 .01 .03 0.00 9.20 

77 0.00 .10 0.00 1.28 8.27 

78 0.00 .19 0.00 .:1:1 8.30 

79 0.00 0.00 0.00 0.00 8.50 

80 0.00 .32 .03 0.00 11. 50 

81 • .61 0.00 • • 
82 .20 .01 • • 
83 • • 

at .08 • • 8.00 

85 0.00 0.00 0.00 • • 

86 0.00 0.00 • 0.00 • 

HIH 0.00 0.00 0.00 0.00 8.00 
HAlt .08 .61 .03 1.28 11.50 
H&AM .0100 .1590 .0091 .2500 8.9617 
STDBV .0283 .20U .0143 .5112 1.3080 
VALID', 8 9 a 6 6 
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FORT PBAHTOK RILL RBSERVOIR QUALITY PAGB 12 

IIONTII 'lEU DISSOLVBD NITllATB NInITB AMMONIA 
ORTHO-P NITROGEN NInOGEN NInOGEN POTASSIUM 

HG/L AS P HG/L AS N MG/L AS N HG/L AS N MG/L AS II: 

DBCEMBER 76 0.00 .29 .06 .17 5.96 

77 0.00 .53 0.00 0.00 8.55 

78 0.00 0.00 0.00 0.00 8.80 

79 • • • • 7.70 

80 0.00 0.00 0.00 0.00 10.50 

81 • .37 .oc • • 
82 • 0.00 .02 • • 
83 .10 • • 6.80 

8C .36 • • • 8.00 

85 0.00 0.00 • .70 • 
86 0.00 0.00 • 0.00 • 

MIN 0.00 0.00 0.00 0.00 5.96 
HAlt .36 .53 .06 .70 10.50 
MBAM .0575 .U89 .0205 .1447 8.0CCl 
STDBV .1271 .2155 .0266 .2802 1.46C6 
VALIDN 8 8 6 6 7 
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1ST ECBO-oHI P~IHTZ~-ONI EJECT-ON I SC~EBH - OFFI WIDTH-WIDE. 
TITLE rOtT PHANTOM BILL ~ESEtVOI~ QUALITY. 
DATA LIST rILE-'B:PRANTWQ.DAT' I ~ l-l MONTH 3-' DAY 5-6 TEHP 7-10 

DO 11-15 PB 16-l0 TOtB ll-l5 
COHO l6-30 TDS 31-35 TALK 36-'0 HARD '1-'5 CA '6-50 KG 51-55 
CL 56-60 FL 61-65 PO, 66-70 SI 71-75 rCOLI 76-80 I CR 7-10 CU 11-15 
NI 16-l0 PB ll-l5 ZN l6-30 rE 31-35 AG 36-'0 NA '1-'5 BA '6-50 
KR3 51-55 N03 56-60 NOl 61-65 KN 66-70 ELEV 71-75 K 76-80 I 
SO, 7-10 CD 11-15 BR 16-l0. 

VALUE LABELS MONTH 01 'JANUA~Y' 
Ol 'nB~UAJ.Y' 

03 'MUCH' 
0' 'AP~IL' 
05 'KAY' 
06 'JUNE' 
07 'JULY' 
08 'AUGUST' 
09 'SEPTEMBU' 
10 'OCTOBU' 
n 'NOVEMBU' 

, II 'DECEMBE~'. 

HISSING VALUE ALL (-1). 
SO~T CASES BY MONTH YEAt. 
Th. r.w d.t. or tr.n.fora.tion P.s. i. proce.dina 

133 c ••••• r. writt.n to the uncoapre •• ed .ctive file. 

Size _: Pile to Be Sort.d: 133 Case. of 31l Byte. E.ch. 
133 c ••••• r. written to the uncoapre •• ed .ctive file. 

SO~T coaplatad .ucc ••• fully. 



P.oe 4 PORT PHAHTOH HILL RESERVOIR QUALITY 

Thi. procedure ••• coaplated at 9:47:47 
FORMATS TURB (pa.l) TALK (pa.l) HARD (pa.l) CA (PB.l) HG (pa.l) NA (PB.l) 

HM (pa.l). 
"PORT PORMAT - LIST (4) HISSING '.' BR~SPACE(-l) 

IVARIABLES - TURB 'TURBIDITY' 'PORMAZIN' 'T. UNITS' (9) 
TAL~ 'TOTAL' 'AL~LINITY' 'NG/L AS CACO) , (1) 
BARD 'HARDNESS' 'NG/L' 'AS CACO) , 
CA 'CALCIUM' 'NG/L' 
NG "'MAGNBSIUM' 'NG/L' (9) 
NA "'SODIUM' 'NG/L' 
HM •• 'HAJIGANBSE' 'NG/L' (9) 

IBRBAK - MONTH (LABEL) (PAGE) 
ISI1tIHAItY - HIN 
1 SI1tIHAIt Y - KAX 
1 SI1tIHAItY - HBAN 
1 SI1tIHAIt Y - STDKV 
ISI1tIHAItY-VALIDN 
/BRKA~ - YKAR . 

.. PORT REQUIRES 3598 BYTES POR THIS TAS~ 

5/5/87 
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FORT PRAHTOH HILL RBSBRVOIR QUALITY PAGB 1 

MONTH yKAlt TUUIDITY TOTAL ILUDNBSS 
FORMAZIM ALULIMITY HelL CALCIUM KAGNBSIUM SODIUM KANGANBSB 
T. UMITS HelL AS CAC03 AS CAC03 HelL HelL HG/L HG/L 

JAllUARY 76 • 152.00 2(0.00 52.00 22.10 48.50 0.00 

77 • 12( .00 2:18.00 37.00 (l.00 5(.:10 0.00 

78 • 163.00 :170.00 51.80 3(.60 88.70 0.00 

79 • 150.00 U2.00 6:1.00 1(.00 75.00 0.00 

80 10.00 151.00 226.00 55.00 21.00 9(.00 0.00 

81 120.00 141.00 220.00 5(.00 U.OO 67.00 .01 

82 17.00 141.00 190.00 62.00 9.00 U.OO • 
81 6.80 195.00 :lU .00 53.70 13.00 (3.70 • 
8( (.00 9:1.00 159.00 (J.OO 13.00 6(. :10 • 
85 19.00 90.00 :112.00 • • 57.00 • 

86 (.90 125.00 :170.00 67.(0 H.80 • • 
81 10.00 U(.OO :100.00 • • • 

MIM (.00 90.00 159.00 37.00 9.00 (3.70 0.00 
MAX 120.00 195.00 :170.00 67.(0 (3.00 94.00 .01 
MBAJI 26.(625 137.5000 ;!:l0.08H 53.7900 21. 5700 6(.0100 .0017 
STDP 38.7927 :19. :1810 31.1666 8.9879 10.5559 17.2996 .0041 
VALIDN 8 U 12 10 10 10 6 



FORT PHANTOH HILL RESERVOIR QUALITY 
PAGE 2 

MONTH YEAJ. TUltBIDITY TOTAL IL\JU)NESS 
FOIU!AZIR ALULINITY MG/L CALCIUM MAGNESIUM SODIUM HAHGAHESE T. UNITS HG/L AS CAC03 AS CAC03 HG/L HG/L HG/L HG/L 

FEBRUAlty 76 • 145.00 :145.00 77 .00 :14.00 61. 50 0.00 

77 • 135.00 210.00 58.00 :10.00 56.00 0.00 

78 • 167.00 :170.00 50.30 31.60 79.70 • 
79 • 143.00 :110.00 52.00 '19.00 60.00 0.00 

80 40.50 166.00 244.00 60.00 :13.00 63.00 0.00 

81 26.00 142.00 :126.00 56.00 :11. 00 50.00 .01 

8:1 :18.00 130.00 168.00 60.00 4.00 • • 
83 5.60 195.00 23:1.00 65.00 17.00 50.60 • 
84 11.00 147.00 238.00 63.40 19.40 48.60 • 
85 16.00 1l0.00 236.00 57.70 :!l.40 59.00 • 
86 13.00 130.00 27:1.00 65.00 27.00 • • 

MIN 5.60 1l0.00 168.00 50.30 4.00 48 .60 0.00 MAX 40.50 195.00 27:1.00 77.00 31.60 79.70 .01 MKAR 20.0143 147.27:17 231.9091 60.4000 20.7636 58.7111 .0020 STOKV 12.0665 21.3546 :19.1700 7.2951 6.8939 9.4849 ·.0045 VALIDN 7 11 11 11 11 9 5 



PORT PHANTOH HILL RESERVOIR QUALITY PAGB ) 

HONTH YEAR TUltBIDITY TOTAL HARDNESS 
PORHAZIM ALnLIMITY HGIL CALCIUH MAGNESIUH SODIUH MANGANESE 
T. UNITS HG/L AS CAC03 AS CAC03 HGIL HGIL HGIL HGIL 

MARCH 76 • 168.00 210.00 48.00 24.00 45.00 0.00 

77 • 133.00 220.00 42.00 26.00 60.00 0.00 

78 • • • • • 
79 159.00 218.00 66.00 12.00 67.00 0.00 

80 57.00 176.00 224.00 58.00 19.00 77 .00 0.00 

81 105.00 150.00 268.00 74.00 24.00 57.00 .09 

8l 47.00 130.00 180.00 56.00 10.00 34.00 • 

83 9.40 184.10 218.00 51.30 21.90 102.10 • 
84 34.00 153.00 238.00 52.10 26.20 D3.90 • 
85 35.00 120.00 232.00 58.00 21.00 • • 
86 35.00 134.00 274.00 86.00 15.00 • 

HIM 9.40 120.00 180.00 42.00 10.00 34 .00 0.00 
MAX 105.00 184.10 274.00 86.00 26.20 123.90 .09 
HEAR 46.0571 150.7100 228.2000 59.1400 19.9100 70.7500 .0180 
STDEV :19.8008 21.3249 27.3650 13.0'14 5.7828 29.7108 .0402 
VALIDM 7 10 10 10 10 8 5 



FORT PHANTOH RILL RESERVOIR QUALITY 
PAGE 4 

MONTH YEn TURBIDITY TOTAL HARDNESS 
FORHAZIIf ALItALINITY HelL CALCIUM MAGNESIUM SODIUM MANGANESE T. UNITS HGIL AS CAC03 AS CAC03 HGIL HGIL HGIL HGIL 

APRIL 16 • 180.00 HO.OO 50.00 30.60 56.00 0.00 
17 • 1015.00 235.00 36.00 :12.00 51.00 0.00 
18 • 111. 00 266.00 52.00 33.00 85.00 • 
79 135.00 200.00 46.00 :10.00 53.00 0.00 
80 14.00 :104.00 :160.00 85.00 1:1.00 64.00 0.00 
81 18.00 16.00 :13:1.00 54.00 :14 .00 50.00 .01 
8:1 39.00 131.00 184.00 45.00 11.00 • • 
83 64.00 154.00 218.00 59.30 14.60 51.50 • 
at :19.00 15:1.00 24:1.00 12.:10 15.10 1:10.00 • 
85 13.00 11:1.00 230.00 152.00 18.00 • • 
86 21.00 134 .00 270.00 88.:10 1:1.:10 • 

HIN 13.00 16.00 184.00 36.00 1:1.00 50.00 0.00 MAX 14.00 :104.00 :110.00 152.00 18.00 1:10.00 .01 HJWf 37.1143 1015.4545 234. :l1l7 61.:1455 :15.318:1 61.8125 .00:10 STDEV :13.0919 34.1:144 26.5101 3:1.6391 18.818:1 :n .1034 .0045 VALIDN 1 11 11 11 11 8 5 



FORT PHANTOM HILL .ESE.VOI. QUALITY PAGE 5 

tIONT1I YIlU TUltBIDITY TOTAL HARDNESS 
FOItHAZIN ALULINITY ItG/L CALCIUM HAGNESIUM SODIUM MANGANESE 
T. UNITS HGIL AS CAC03 AS CAC03 HGIL HGIL HGIL HGIL 

HAY 16 • 15:1.00 :U8.00 46.00 :18.00 58.00 0.00 

11 • 130.00 2:U.00 35.90 :1:1.70 95.00 0.00 

78 • 180.00 :170.00 59.:10 33.20 86.10 0.00 

79 136.00 19:1.00 u.OO 11.00 49.00 0.00 

80 • 18:1.00 :156.00 65.00 23.00 1:1.00 0.00 

81 13.00 140.00 290.00 90.00 16.00 '5.00 .0:1 

8:1 :17.00 13:1.00 :200.00 53.00 16.00 3:1.00 • 

83 36.00 16:1.00 :1:1'.00 65.80 U.60 9:1.00 • 
U 18.00 150.00 250.00 51. 30 29.60 90.00 • 
85 :18.00 1:16.00 :16'.00 66.00 :14.00 • • 
86 :26.00 138.00 :198.00 81.00 19.00 • • 

HIN U.OO 1:16.00 19:1.00 35.90 U.60 3:1.00 0.00 
HAlt 36.00 18:1.00 :298.00 90.00 33.:10 95.00 .0:1 
"EAN lC.6667 148.0000 :246.9091 60.65'5 :22.1000 68.7889 .0033 
STDBV 8.0911 19.U13 H.UH 16.6:185 6.:1016 23.U67 .0082 
VALIDN 6 11 11 11 11 9 6 



FOkT PHANTOH HILL kESERVOIR QUALITY 
PAGE 6 

HONTH YEAR TURBIDITY TOTAL HARDNESS 
FORHAZIN ALItALINITY HG/L CALCIUM MAGNESIUM SODIUM HANGAHESB T. UNITS HGIL AS CAC03 AS CAC03 HGIL HGIL HGIL HGIL 

JUJIB 76 • 164.00 256.00 53.00 41. 50 80.00 0.00 
17 • 152.00 184.00 55.00 23.60 45.40 0.00 
78 171. 00 254.00 48.00 32.40 94.80 0.00 
19 153.00 :nO.OO 59.00 15.00 52.00 0.00 
80 59.00 167.00 2ll.00 63.00 18.00 51.00 .03 
81 27.00 158.00 236.00 67.00 16.00 • • 
82 42.00 131.00 194 .00 43.00 21.00 30.00 • 
83 140.00 156.00 232.00 172.00 60.00 152.00 • 
U 10.00 164.00 296.00 80.l0 23.30 80.20 • 
85 ll.OO 116.00 272.00 72.00 22.00 • • 
86 63.00 128.00 240.00 68.00 17.00 • 

HIN 10.00 116.00 lB4.00 43.00 15.00 30.00 0.00 HAlt 140.00 171. 00 296.00 172.00 60.00 152.00 .03 MEAN 53.2857 150.9091 236.9091 10.9273 26.3455 73.1150 .0060 STDEV '2.'096 11.9636 ll.8678 35.2315 13.6233 38.4510 .013, VALIDN 1 11 11 11 11 8 5 



) • 
FORT PHANTOH HILL RESERVOIR QUALITY PAGE 7 II 

NONTH YEAR TURBIDITY TOTAL HARDNESS 
FORMAZIN ALKALINITY NG/L CALCIUM MAGNESIUM SODIUM HANGANESE II 
T. UNITS HG/L AS CACO) AS CACO) HG/L HG/L NG/L NG/L 

JULY 76 • 151.00 :Z5:Z.00 61.00 )0.70 65.00 0.00 II 

11 158.00 :zn.oo 46.80 :Z1.00 11.10 • 
II 

78 • 16:Z.00 264.00 45.:Z0 37.00 106.40 .05 

79 170.00 150.00 214.00 50.00 20.00 58.00 0.00 II 

80 51.00 190.00 246.00 58.00 24.00 61.00 .02 
41 

81 40.00 140.00 246.00 68.00 18.00 • • 
82 14.00 131. 00 186.00 52.00 14.00 48.00 • 41 

83 17.00 153.00 230.00 61.80 18.50 45.00 • 
41 

84 12.00 155.00 270.00 80.00 20.00 68.00 

85 13.00 124.00 270.00 12.00 22.00 • • 
86 26.00 1:22.00 240.00 69.00 11.00 • 

HIN 12.00 12l.00 186.00 45.20 14.00 45.00 0.00 
MAX 170.00 190.00 210.00 80.00 37.00 106.40 .05 
HEAN 43.6250 148.7213 241.7273 60.3455 22.5636 65.3125 .0175 
STDEV 53.4494 19.3551 25.0044 11.1941 6.1190 18.9488 .0236 
VALIDN 8 11 11 11 11 8 4 
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FORT PHANTOH HILL RESERVOIR QUALITY 
PAGE 9 

HONTH YEAR TURBIDITY TOTAL HARDNESS 
FORMAZIN ALULINITY HG/L CALCIUH MAGNESIUM SODIUH MANGANESE T. UNITS HG/L AS CAC03 AS CAC03 HG/L HG/L HG/L HG/L 

SEPTEHBER 76 • • 
77 • 125.00 l50.00 39.50 lO.10 '7.30 o . (;il 
78 • 130.00 :lOl.OO 33.20 11.30 49.l0 0.00 
79 110.00 150.00 :108.00 '5.00 23.00 62.00 0.00 
80 35.00 161.00 :15:1.00 61.00 :1'.00 66.00 0.00 
81 150.00 131.00 :150.00 66.00 :11. 00 • • 
82 18.00 140.00 lOO.OO 10.00 12.00 :18.00 • 
83 :11. 00 137.00 :110.00 57.50 16.00 53.00 • 
84 H.OO 140.00 :160.00 15.00 11.70 67.00 • 
85 16.00 117.00 272.00 78.00 19.00 • • 
86 :18.00 126.00 :132.00 • • • • 

KIN 16.00 117.00 :100.00 33.20 1:1.00 :18.00 0.00 HAX 150.00 161.00 :017 l. 00 18.00 :1'.00 67.00 0.00 KEAN 51.5000 136.9000 :133.6000 58.3556 18.9000 53. lH3 0.000 STOSV 50.0970 H.1451 26.6&61 15.9350 3.6861 13.6UO 0.000 VALIDN 8 10 10 9 9 1 , 
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FORT ~TOH HILL RESERVOIR QUALITY 
)PAGE 11 

HONTH YEAR TURBIDITY TOTAL HARDNESS 
FORMAZIN ALULINITY HGIL CALCIUH MAGNESIUH SODIUH HANGANESE 
T. UNITS HGIL AS CAC03 AS CAC03 HGIL HG/L HGIL HGIL 

NOVEHBER 76 l:l5.00 220.00 33.00 23.70 60.00 0.00 

77 • 139.00 254.00 67.S0 26.60 99.80 0.00 

78 140.00 190.00 44.80 18.90 131. 20 .03 

79 26.00 160.00 226.00 57.00 20.00 66.00 0.00 

80 27.00 138.00 276.00 70.00 26.00 47.00 0.0c,' 

81 54.00 112.00 174.00 62.00 5.00 • • 
82 36.00 156.00 2:12.00 64.00 15.00 56.00 • 
83 100.00 148.00 244.00 65.00 19.90 53.00 • 
84 :1:1.00 132.00 :116.00 52.90 20.40 52.00 • 
85 11.00 122.00 :154.00 62.00 :14.00 • • 
86 20.20 108.00 190.00 • • • 

HIN 11. 00 10S.00 174.00 33.00 5.00 47 .00 0.00 MAX 100.00 160.00 276.00 70.00 26.60 131. 20 .03 HEAN 37.0250 134.5455 224.1818 57.8500 19.9500 70.6250 .0060 STOEV :lS.4435 16.7891 31.310S 11.4652 6.3299 29.U21 .0134 VALIDN 8 11 11 10 10 S 5 



FORT PHANTOM HILL RESERVOIR QUALITY 
PAGE 1l 

MONTH YEAR TURBIDITY TOTAL HARDNESS 
FORMAZIN ALULINITY HG/L CALCIUM MAGNESIUM SODIUM MANGANESE T. UNITS MG/L AS CAC03 AS CAC03 HG/L MG/L MG/L MG/L 

DECEMBER 16 121.00 228.00 30.30 25.20 73.00 0.00 

71 • 138.00 216.00 50.10 28.50 88.40 0.00 

18 • 142.00 194.00 52.00 15.60 51.80 .30 

19 19.00 160.00 236.00 56.00 :23.00 62.00 0.00 

80 32.00 130.00 no.oo 56.00 19.00 66.00 .03 

81 lJ.OO 136.00 112.00 56.00 8.00 53.00 

82 23.00 156.00 :n2.00 138.00 14.00 3<t.00 • 
83 U5.00 140.00 :131.30 63.00 19.50 60.00 • 
U n.oo ll:l.00 n4.00 • 54.00 

85 11.00 126.00 268.00 U.OO 26.00 • • 
86 11.00 114.00 :106.00 • • • • 

HIN 11.00 114.00 11:1.00 30.30 8.00 32.00 0.00 MAX 1:15.00 160.00 216.00 138.00 14.00 88.40 .30 HEAN H.6250 135.5455 <tH.U55 62.8889 <t6.5333 60.6889 .0660 STDEV 36.8314 13.8801 30.0949 29.U13 18.8439 15.3506 .1315 VALIDN 8 11 11 9 9 9 5 



TITLE FORT PHANTOM HILL RBSBRVOIR QUALITY. 
DATA LIST FILE-'B:PHANTVQ.DAT' I YEAR 1-2 MONTH l-' DAY 5-6 TEHP 7-10 

DO 11-15 PH 16-20 TURa 21-25 
COMO 26-30 TOS l1-l5 TALK l6-'0 RARD '1-'5 CA '6-50 MG 51-55 
CL 56-60 FL 61-65 PO, 66-70 SI 71-75 FCOLI 76-80 I CR 7-10 CU 11-15 
NI 16-20 PB 21-25 ZN 26-30 FE l1-l5 AG l6-'0 NA '1-45 BA '6-50 
NYl 51-55 NOl 56-60 N02 61-65 KN 66-70 ELEV 71-75 K 76-80 I 
SO, 7-10 CD 11-15 BR 16-20. 

VALUE LABBLS MONTH 01 'JANU~Y' 
02 'FEIIRUARY' 
Ol . HARCH , 
0' 'APRIL' 
05 'HAY' 
06 'JUNE' 
07 'JULY' 
08 'AUGUST' 
09 'SBPTEHIIBR' 
10 'OCTOBBR' 
11 'NOVBHBBR' 
12 'DBCBMBER'. 

KISSING VALUE ALL (-1). 
SORT CASES BY MONTH YEAR. 
Th. r.w d.t. or tran.tor.ation P ••• i. proceeding 

1ll c •• e •• re written to the unco.pre •• ed .ctive tile. 

Size of Fil. to lie Sorted: 1ll C •• es ot l12 Byte. B.ch. 
1ll c ••••• re written to th. unco.pres.ed active tile. 

SORT co.pleted .ucces.tully. 



'aae ~ FORT .HANTOM BILL .xSBlVOIR QUALITY 

Thi. procedure ••• coapieted.t 9:lS:~6 
roaHATS FL (FS.~) SI (F8.~) CR (FS.~) CU (FS.~) WI (FS.~) .a IFS.~) 

Zlf IFS.~). 
klPQRT FOaHAT - LIST It) IIISSI»Q '.' aRKS'ACal-i) 

IVAAIA8LES - FL "'FLUORIDE' 'HG/L AS F' 
SI 'DISSOLVED' 'SILICA' 'HG/L AS SIO~' 11~) 
CR 'TOTAL' 'CKlOHIUH' 'HG/L AS CR' (10) 
CU 'TOTAL' 'CO"ER' 'HG/L AS CU' (10) 
NI 'TOTAL' '''ICaL' 'JIG/L AS NI' (10) 
.a 'TOTAL' 'L&AD' 'HG/L AS .a' (101 
%II 'TOTAL' 'ZINC' 'JIG/L AS ZN' (10) 

IBRaU - JIOHTH I LABELl I PAGEl 
ISUKIIARY - 11111 
ISUKIIARY - IIAX 
I SUHIIAJI. Y - IfSAJI 
ISUHHAIY - STDEV 
ISUHHAIY-VALIDN 
laREAlt - YBAR. 

RB.ORT RBQUIRES 3630 BYTBS FOR THIS TAS~ 

5/5/87 



roaT PHAHTOH BILL RBSBRVOIR QUALITY 
PAGB 1 

HOHTB Y&U. DISSOLVBD TOTAL TOTAL TOTAL TOTAL TOTAL FLUORIDB SILICA CHROMIUM coppn NICII:BL LBAD ZINC MG/L AS MG/L AS 5101 MGIL AS CR MGIL AS CU MGIL AS NI MG/L AS PB MGIL AS ZN 
JAJlUAaY 76 • • 0.00 0.00 0.00 0.00 0.00 

77 . 10 0.00 0.00 0.00 0.00 0.00 
78 .37 • 0.00 0.00 0.00 0.00 .01 
79 .1' • 0.00 0.00 0.00 0.00 0.00 
80 .15 .80 0.00 0.00 0.00 .01 .03 
81 .37 '.00 .01 0.00 0.00 .01 .01 
81 .18 9.00 • • • • • 
83 .1' .73 0.00 .0' 0.00 .0' .03 
at .03 '.50 0.00 0.00 0.00 0.00 .01 
85 .It 5.10 0.00 0.00 0.00 0.00 0.00 
86 .1' '.80 • • • • • 
87 .18 6.60 • • • • • 

MI. .03 .73 0.00 0.00 0.00 0.00 0.00 IWt .37 9.00 .01 .0' 0.00 .0' .03 MKAII .1581 '.'537 .0011 .OOU 0.000 .0067 .0113 STOBV .09U 1.76U .0033 .0133 0.000 .0131 .0115 VALID. 11 8 9 9 9 9 9 



FOR~ 'HANTOM BILL RESERVOIR QUALITY PAGE ~ 

IIONTB YKAJl DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL 
FLUOJ.IDE SILICA CftOKIUH COPPER NICOL LEAD ZINC 
HelL AS IIG/L AS SIO~ HelL AS CIl HelL AS CU HelL AS NI HGIL AS '8 HelL AS ZN 

FDRUUY 76 .~O * 0.00 .10 0.00 0.00 0.00 

77 .~5 * 0.00 0.00 0.00 0.00 .00 

78 .33 * 0.00 0.00 0.00 0.00 0.00 

79 .~7 * 0.00 0.00 0.00 0.00 0.00 

80 .33 .30 0.00 0.00 0.00 .01 0.00 

81 .30 3.70 0.00 0.00 0.00 .01 .O~ 

8~ .~O 6.50 * * * * * 

83 .6~ 6.H 0.00 .01 .01 .O~ .03 

U .21 8.00 0.00 0.00 0.00 0.00 .0' 

85 .lO 5.60 0.00 0.00 0.00 0.00 0.00 

86 .:18 4.~0 * * * * * 

HIN .~O .30 0.00 0.00 0.00 0.00 0.00 
HAlt .6~ 8.00 0.00 .10 .01 .O~ .04 
HEAH .l900 4.9~00 0.000 .01ll .0011 .00401 .010~ 

STDZV .1l04 l. (928 0.000 .03)1 .0033 .0073 .0155 
VALIDN 11 7 9 9 9 9 9 



FORT PHANTOM HILL RBSBRVOIR QUALITY 
PAGB 3 

IIOII'1'H YEAJt DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL FLUORIDE SILICA CHROHIUM COPPD NICItBL LEAD ZINC IfG/L AS IfG/L AS SIOl HelL AS CR HelL AS CU HelL AS NI HG/L AS PB HGIL AS ZN 
MARCR 16 0.00 • .03 .Ol 0.00 0.00 0.00 

11 .ll • 0.00 0.00 0.00 0.00 0.00 

18 • • • • • • • 
19 .ll • 0.00 0.00 0.00 0.00 0.00 

80 .ll .10 0.00 0.00 0.00 .Ol .10 

81 .35 5.10 • 0.00 .01 .01 .Ol 

8l .lC 6.00 • • • • • 
83 0.00 C.'6 1.10 .lO 0.00 0.00 0.00 

Be .l6 1.20 0.00 0.00 0.00 0.00 .09 

85 .;23 3.60 • • • • • 
86 .l6 3.60 • • • • 

HIN 0.00 .10 0.00 0.00 0.00 0.00 0.00 twt .35 1.l0 1. 70 .~O .01 .Ol .10 HU.K .l070 '.l9C3 .l883 .031' .OOU .00'3 .030C STDIV .1l5l l.l518 .6917 .07C7 .0038 .0079 .0'50 VALIDN 10 7 6 7 7 7 7 



PORT PBANTOH HILL RBSBRVOIR QUALITY 
PAGE 4 

HON'1'H YKU DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL FLUORIDB SILICA CHROKIUM coppn NICOL LUI) ZINC HelL AS HelL AS SIOl HelL AS CR HelL AS CU HelL AS HI HGIL AS PB HelL AS ZM 
APItIL 76 .l9 • .Ol .03 0.00 0.00 0.00 

77 .n • 0.00 0.00 0.00 0.00 .30 
78 • • • • • • 
79 0.00 0.00 0.00 0.00 0.00 0.00 
80 .31 1. 90 0.00 0.00 0.00 .Ol 0.00 
81 .45 l.40 0.00 0.00 0.00 .01 0.00 
8l .l3 4.90 • • • • • 
83 .n 3.60 0.00 0.00 0.00 0.00 0.00 
U .33 7.40 0.00 0.00 0.00 0.00 .10 
85 .n .80 • • • • • 
86 .30 .40 • • • • • 

HIM 0.00 .40 0.00 0.00 0.00 0.00 0.00 MAX .45 7.40 .Ol .03 0.00 .Ol .30 HJWI .l790 3.0571 .00l9 .OOH 0.000 .0043 .0571 S'l'DBV .1l31 l.4657 .0076 .0113 0.000 .0019 .1134 VALIDM 10 7 7 7 7 7 7 



• 

FORT .HAHTOH HILL aasaaVOIa QUALITY PAGa 5 

HOMTB YUA DISSOLVlm 'l'OTAL TOTAL TOTAL 'l'OTAL TOTAL 
'LUOUDa SILICA CRaOHIUM Coppu. NICUL LEAD ZINC 
HG/L AS HG/L AS 5103 HG/L AS ca HG/L AS CU HG/L AS NI HG/L AS PB HG/L AS ZN 

BY 16 .36 • .06 .03 0.00 0.00 0.00 

11 .3. • 0.00 0.00 0.00 0.00 0.00 

18 .35 • 0.00 0.00 0.00 0.00 0.00 

19 0.00 • 0.00 0.00 0.00 0.00 0.00 

80 .30 1.50 .01 0.00 0.00 .01 0.00 

81 .36 3.80 0.00 0.00 .01 0.00 .03 

8l .31 3.90 • • • • • 
83 .36 .50 0.00 0.00 0.00 0.00 0.00 

at .36 .80 0.00 0.00 0.00 0.00 0.00 

85 .30 3.60 • • • • • 
86 .30 1. 30 • • • • • 

MIll 0.00 .50 0.00 0.00 0.00 0.00 0.00 
MAX .36 3.90 .06 .03 .01 .01 .03 
tmAJI .3759 1.9U3 .0087 .0035 .0013 .0013 .0035 
STDBV .1003 1. 33.0 .0310 .0011 .0035 .0035 .0011 
VALIDN 11 7 8 8 8 8 8 



QUALITY 
PAGS 6 

IIONTII YB.U DISSOLVBD TOTAL TOTAL TOTAL TOTAL TOTAL rLUOIlIDIl SILICA CHIlOKIUH COPPSIl NICOL LBAD ZINC ItG/L AS ItG/L AS SIOl HG/L AS CIl HG/L AS CU HG/L AS III HG/L AS PB "GIL AS ZN 
JUJIIl 76 .l9 • 0.00 0.00 .01 0.00 0.00 

17 .l6 • 0.00 0.00 0.00 0.00 0.00 
78 .ll • 0.00 0.00 0.00 0.00 .lO 
79 .lO • 0.00 0.00 0.00 0.00 0.00 
80 .lB l.lO 0.00 0.00 0.00 0.00 0.00 
81 .to t.tO • • • • • 
U .50 .75 • • • • • 
83 .49 .79 0.00 0.00 .10 0.00 0.00 
at .39 3.00 0.00 0.00 0.00 0.00 .10 
85 .l5 5.60 • • • • • 
86 .30 5.00 • • • • • 

MIH .lO .75 0.00 0.00 0.00 0.00 0.00 !tAX .50 5.60 0.00 0.00 .10 0.00 .lO KB.\lf .3156 3.1057 0.000 0.000 .0157 0.000 .Otl9 STDav .1038 1. 9676 0.000 0.000 .03,. 0.000 .0787 VALIDN 11 7 7 7 7 7 7 



~'f PBAII'rOK HILL USD.VOn QUALITY PAGK 7 

tIOlft'II un DISSOLVBD TOTAL TOTAL TOTAL TOTAL TOTAL 
FLUOI.IDB SILICA CHJ.OMIUH COPPD. NICUL LEAD ZINC 
HG/L AS HG/L AS SI02 HG/L AS CIl MG/L AS CO MG/L AS NI HelL AS PB HelL AS ZN 

JULy 76 .20 • 0.00 .01 .01 0.00 .01 

77 .27 • 0.00 0.00 0.00 0.00 .26 

71 .38 • 0.00 0.00 0.00 0.00 0.00 

79 0.00 •• 60 0.00 0.00 0.00 0.00 0.00 

80 .50 •. 30 .01 0.00 0.00 0.00 .03 

81 .68 •• 0 • • • • • 
8l .30 .H • • • • • 
83 .8l 5.10 0.00 0.00 0.00 0.00 .50 

at .• 5 •. 80 0.00 0.00 0.00 0.00 .20 

85 .12 7.20 • • • • 

86 .33 6.80 • • • • • 

MI. 0.00 .40 0.00 0.00 0.00 0.00 0.00 
MAX .82 7.20 .01 .01 .01 0.00 .50 
tmAH .3685 •. 2425 .0014 .0014 .0014 0.000 .142. 
S'fDKV .2381 2. H28 .0038 .0038 .0038 0.000 .1899 
VALIDN 11 8 7 7 7 7 7 



FOn .1IAN'rOlt BILL usnvoIll QUALITY 
PAGS I 

IIOIITIl YBA1 DISSOLVKD TOTAL TOTAL TOTAL TOTAL TOTAL FLUOI.IDS SILICA CBl.OMIUJI COPPSI. NICOL LUD ZINC MG/L AS MG/L AS 510:1 MG/L AS CI. MG/L AS CU MG/L AS III MG/L AS PI MG/L AS :til 
AUGUS'l' 76 .:17 • 0.00 .0:1 0.00 0.00 .03 

77 .76 • 0.00 0.00 0.00 0.00 1.6:1 
71 • :&8 • 0.00 0.00 0.00 0.00 0.00 
79 0.00 1.10 0.00 0.00 0.00 0.00 0.00 
10 .tS :1.10 .0:1 0.00 .01 .0:1 .03 
11 .:17 5.50 • • • • • 
U .19 .at • • • • • 
13 .11 7.10 0.00 0.00 0.00 0.00 0.00 
at .38 5.20 0.00 0.00 0.00 0.00 0.00 
85 .20 7.00 • • • • • 
16 .36 6.80 • • • • • 

"111 0.00 .U 0.00 0.00 0.00 0.00 0.00 MAX .76 7.80 .0:1 .02 .01 .02 1.6:1 MnJI .2970 t.7S50 .0039 .00:19 .ooa .0029 .:1396 STO&V .1987 2.SUO .0076 .0076 .0031 .0076 .6019 VALID" 11 I 7 7 7 7 7 



PORT PRANTOH BILL RISEaVOIR QUALITY PAGI 9 

IIOMTH YIU DISSOLVBD 'I'O'l'AL 'I'O'l'AL 'I'O'l'AL TO'l'AL 'I'O'l'AL 
FLUORIDI SILICA CRIlOHIUIt COPPEa NICOL LlW> ZINC 
MOIL AS MOIL AS SIO~ MOIL AS CR MOIL AS CO MOIL AS NI MOIL AS P8 MOIL AS ZN 

SIPTlHBEa 76 • • • • • • • 
77 .35 • 0.00 0.00 0.00 0.00 .:U 
71 .::15 • 0.00 0.00 0.00 0.00 0.00 

79 .31 ::1.10 0.00 0.00 0.00 .0::1 .0' 

80 .53 .70 0.00 0.00 0.00 .01 0.00 

81 .35 '.00 • • • • • 
1::1 .~9 .85 • • • • • 
83 .60 9.00 0.00 0.00 0.00 0.00 0.00 

U .39 7.'0 0.00 0.00 0.00 0.00 0.00 

85 .~6 6.10 • • • • • 
86 .'0 7.90 • • • • • 

HIN .::15 .70 0.00 0.00 0.00 0.00 0.00 
MAX .60 9.00 0.00 0.00 0.00 .O~ .::1, 
HBAH .37::18 '.7563 0.000 0.000 0.000 .0050 .0413 
STDIV .1143 3.~9S6 0.000 0.000 0.000 .0014 .0968 
VALIDN 10 8 6 6 6 6 6 



MONTH YEAR DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL FLUORIDB SILICA CHROMIUM COPPER NICOL LEAD ZINC 
"GIL AS HG/L AS SIO:l "GIL AS CR HG/L AS CU "GIL AS NI HGIL AS PB HG/L AS ZN 

OCTOBER 76 .:1, 0 0.00 0.00 0.00 0.00 0.00 

77 .38 0 0.00 0.00 0.00 0.00 .0:1 
78 .:18 • 0.00 0.00 0.00 .o!> .01 
79. .30 :1.70 0.00 0.00 0.00 0.00 .06 

80 .:19 '.:10 .01 0.00 0.00 .01 • 
81 .:1:1 3.'0 • • • • • 
8:1 .1!> .1:1 • • * • • 
83 .80 13.00 0.00 0.00 0.00 0.00 0.00 .. .!>O 6.00 0.00 0.00 0.00 0.00 0.00 
85 .:15 6.60 0 • 0 • 
86 .3:1 7.00 • • • 0 • 

HIN .1!> .8:1 0.00 0.00 0.00 0.00 0.00 MAX .80 13.00 .01 0.00 0.00 .05 .06 H£AN .3388 5."50 .OOH 0.000 0.000 .0086 .0153 STDEV .17H 3.6993 .0038 0.000 0.000 .0186 .0:lU VALIDN 11 8 7 7 7 7 6 
I , 



FORT PHANTOM HILL RESERVOIR QUALITY PAGE 11 

MONTH YEAR DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL 
FLUORIDE SILICA CHROKIUM COPPER NICUL LEAD ZINC 
MG/L AS HG/L AS 5102 HGIL AS CR MGIL AS CU MG/L AS NI MG/L AS PB HG/L AS ZH 

NOVEKBER 76 .:16 • 0.00 0.00 0.00 0.00 0.00 

71 .36 • 0.00 0.00 0.00 0.00 .03 

78 .:n • 0.00 0.00 0.00 0.00 .0:1 

79 .38 :l.60 0.00 0.00 0.00 0.00 · ,\ 1 

80 .30 :l.10 0.00 0.00 0.00 .01 0.00 

81 .3:1 1. 76 • • • • • 
8:1 0.00 .81 • • • • • 
83 .H 1:1.10 0.00 0.00 0.00 0.00 .10 

at .10 5.80 0.00 0.00 0.00 0.00 0.00 

85 .:14 6.40 • • • • • 
86 .18 1.60 • • • • • 

KIN 0.00 .81 0.00 0.00 0.00 0.00 0.00 
HAlt .38 1:1.70 0.00 0.00 0.00 .01 .10 
KEAN .:l3H 4.9788 0.000 0.000 0.000 .OOH .0231 
STDEV .116:1 3.9708 0.000 0.000 0.000 .0038 .0360 
VALIDN 11 8 7 7 7 7 ., 

• it) • .,,", ;;"R c" gp'~"'77 iiV' 'T"~';:..;;..,;.;j_ ....... ,. 



HONTH YEAR DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL FLUORIDE SILICA CHROHIUH COPPER NICKEL LEAD ZINC HGIL AS HGIL AS 5102 HGIL AS CR HGIL AS CU HGIL AS NI HGIL AS PI! HGIL AS ZN 
DECEHBER 76 .22 0.00 .30 0.00 0.00 0.00 

77 .40 • 0.00 0.00 0.00 0.00 .01 
78 .25 • 0.00 0.00 0.00 0.00 .07 
79 .34 0.00 0.00 0.00 0.00 .05 
80 .32 3.00 0.00 0.00 .01 .01 0.00 
81 .02 6.70 • • • 
82 .26 .78 • • • 

I 83 .60 8.70 0.00 0.00 0.00 0.00 .09 
U .29 6.00 0.00 .20 0.00 0.00 0.00 
85 .26 6.40 • • 
86 .22 7.40 • • • 

HIN .02 .78 0.00 0.00 0.00 0.00 0.00 MAX .60 8.70 0.00 .30 .01 .01 .09 HEAN .2882 5.5686 0.000 .0714 .0014 .0014 .0320 STOEV .1404 2.7J39 0.000 .1254 .0038 .0038 .0380 VALION 11 7 7 7 7 7 7 
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h .. I",L·1I r~;L' r".~li ...... u, I ... LJ'<I 
L':"T •• I l;:)1 iLt- j,:r.I.1tj:....,\ .i.:1: .L..,r- Illi,.~h r,d 

veJ 11-15 PH 16-20 TURB 21-25 
COlm 26-30 TDS 31-35 TALK 36-40 HARD 41-45 CA 46-&0 HG 51-Sf, 
CL 56-60 FL 61-65 P04 66-70 S1 71-75 FeOLI 76-80 / CR 7-10 CU 11-15 
NI 16-20 PB 21-25 ZN 26-30 FE 31-35 AG 36-40 NA 41-45 BA 46-50 
NH3 51-55 N03 56-60 N02 61-65 MN 66-70 ELEV 71-75 K 76-80 / 
504 7-10 CD 11-15 BR 16-20. 

VALUE LABELS MONTH 01 'JANUARY' 
02 'FEBRUARY' 
03 'MARCH' 
04 'APRIL' 
05 'HAY' 
06 'JUNE' 
07 'JULY' 
08 'AUGUST' 
09 'SEPTEHBER ' 
10 ' OCTOBER • 
11 ' NOVEKBER' 
12 'DECEMBER'. 

HISSING VALUE ALL (-1). 
SORT CASES BY I10IITB YEAR. 
The raw data Or transforaation pass is proceedina 

133 cases are written to the unco.pressed active file. 

Size of File to Be Sorted: 133 Cases of 312 Bytes Each. 
133 cases are written to the unco.pressed active file. 

SORT co.pleted successfully. 



Pa.e 2 FORT PHANTOH HILL RESERVOIR QUALITY 

This procedure was coapleted at 20:10:04 
FORMATS FE (F8.2) AG (F8.2) SA (F8.2) CD (F8.2) BR (F8.2) XLEV (F8.2). 
REPORT FORHAT = LIST (4) HISSING '.' BRKSPAC1(-1) 

/VARIABLES = FE 'TOTAL' 'IRON' 'HG/L AS FE' (10) 
AG 'TOTAL' 'SILVER' 'HG/L AS AG' (10) 
BA . TOTAL' 'BARIUH' 'HG/L AS BA' (10) 
CD . TOTAL' 'CADHIOH' 'HG/L AS CD' (10) 
BR ' , 'BROHIDE' 'HG/L AS SR' (10) 
ELEV 'LAKE XLIV' 'ON· SAMPLING' 'DATE FHSL' (11) 

/SREAI< = HONTH (LASEL) ( PAGE) 
/SUHHARY = HIN 
/SUHHARY = MAX 
/SUHHARY = MEAN 
/SUHHARY = STDEV 
/SUHHARY=VALIDN 
/SREAK = YEAR. 

REPORT REQUIRES 3380 BYTES FOR THIS TASK 

5/5/87 



I'CIlT PlWlTOHHILL RESERVOIR QUALITY 
PAGE 1 tQn'8 YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV IRON SILVER BARIUM CADMIUM BROeIIDE ON SAMPLING HG/L AS FK HG/L AS AG HG/L AS BA HG/L AS CD HG/L AS BR DATE fMSL 

JAHUAllY 78 .05 .. .. 0.00 .. 1634.00 
77 0.00 .. .. 0.00 • 1633.00 
78 0.00 .. .. 0.00 .. 1827.00 
79 0.00 0.00 .. 0.00 .. 1626.00 
80 .01 0.00 .. 0.00 .. 1622.00 
81 .43 0.00 .. 0.00 .14 1625. 00 
82 .. .. .. .. .29 1635.00 
83 .. .. .. 0.00 .60 1631. 00 
84 .18 0.00 .. 0.00 0.00 1625.00 
85 .60 0.00 .. 0.00 .. 1624.00 
d6 .. .. .. .. .74 • 
87 • t- o. .. .40 .. 

HIN 0.00 0.00 .. 0.00 0.00 1622.00 MAX .60 0.00 .. 0.00 .74 1635.00 HEAN .1588 0.000 .. 0.000 .4617 1628.2000 STDIV .2325 0.000 .. 0.000 .2900 4.6380 VALIDN 8 5 0 9 6 10 



FORT PRANTOH BILL RESERVOIR QUALITY 

PAGE <: HONTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE lLEV IRON SILVER BARIUM CADHIUM BRC»tIDI ON SAMPLING HG/L AS FE HG/L AS AG HG/L AS BA HG/L AS CO HG/L AS BR DATE FHSL FlBRUARY 76 .12 .. .. 0.00 .. 1633.00 
77 .10 .. .. 0.00 .. 1633.00 
76 . 05 .. .. 0.00 .. 1626.00 
79 0.00 0.00 .. 0.00 .. 1626.00 
80 .01 0.00 .. 0.00 .. 16<:1.00 
81 .47 0.00 .. 0.00 .13 1626.00 
82 .. .. .. .. .38 1634.00 
83 .. .. .. . 02 .33 1631.00 
84 .13 0.00 .. 0.00 • 1625.00 
85 .50 0.00 • 0.00 .08 1624.00 
86 .. .. .. .. .50 .. HIM v.OO 0.00 .. 0.00 .08 1821. 00 

HAlt .50 0.00 .. .02 .50 1634.00 
HEAM .1725 0.000 .. .0022 .2840 1627.9000 
STDIV .1988 0.000 .. .0067 .1756 4.4833 
VALIDN 8 5 0 9 5 10 



') 

I'ORT PRAMTOH HILL RESERVOIR QOALITY 
PAGE 3 HOIITH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV IROK SILVER BARIUM CADHIUM BRC»fiDI OK SAMPLING HG/L AS FE HG/L AS AG HG/L AS BA HG/L AS CD HG/L AS BR DAn: FHSL 

HARCH 76 .16 * * 0.00 * 1633.00 
77 .50 * * 0.00 • 1632.00 
78 * * • • * * 79 0.00 0.00 * 0.00 • 1625.00 
80 .14 0.00 • 0.00 .. 1620.00 
81 . 97 0.00 • 0.00 .66 1626.00 
82 • • • • .36 1633.00 
83 0.00 * * 0.00 .75 1631. 00 
84 1. 20 0.00 • 0.00 • 1625.00 
85 • • • * .45 1626.00 
86 • • * * .36 * HIN 0.00 0.00 * 0.00 .36 1620.00 MAX 1. 20 0.00 • 0.00 .75 1633.00 MEAN .4243 0.000 * 0.000 .5160 1627.8889 STDEV .4858 0.000 * 0.000 .1792 4.5399 VALIDN 7 4 0 7 5 9 



roRT PHAHTOH HILL RESERVOIR QUALITY 
PAGE " HONTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV IRON SILVER BARIUH CADHIUH BRQtIDI ON SAMPLING HG/L AS FE HG/L AS AG HG/L AS BA HG/L AS CD HG/L AS BR DATI: FMSL APRIL 16 .14 * • 0.00 • 1632.00 

71 0.00 • • 0.00 • 1634.00 
18 .32 * • • • • 
79 0.00 0.00 • 0.00 * 1629.00 
80 0.00 0.00 • 0.00 1.01 1619.00 
81 .62 0.00 * 0.00 .45 1625.00 
82 *, • • • .37 1632.00 
83 0.00 • • 0.00 .60 1630.00 
84 .90 0.00 • 0.00 * 1624.00 
85 * • • * .07 1626.00 
86 * • • * .56 * HIN 0.00 0.00 * 0.00 .01 1619.00 IWt .90 0.00 * 0.00 1.01 1634.00 MEAN .2475 0.000 * 0.000 .5100 1627.8889 STDEV .3436 0.000 * 0.000 .3090 4.7813 VALIDN 8 4 0 7 6 9 



FORT PBAKTOH HILL RESERVOIR QDALITY f 
PAGE .!> 

HONTlI YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV C IRON SILVER BARIUM CADHIUM BROHIDI ON SAMPLING HG/L AS FE HG/L AS AG HG/L AS SA HG/L AS CD HG/L AS BR DATE FHSL 
HAY 76 .40 .. .. 0.00 • 1632.00 

77 .40 0: .. 0.00 .. 1835.00 
78 0.00 .. .. 0.00 • 1617.00 
79 0.00 0.00 .. 0.00 • 1630.00 
80 .01 0.00 .. 0.00 .99 1619.00 
61 .41 0.00 .. 0.00 .59 1628.00 
82 .. .. • .. .36 1635.00 
83 .. .. .. 0.00 .78 1829.00 
84 0.00 0.00 .. 0.00 .. 1623.00 
65 • .. .. .. .56 1627.00 
86 .. .. .. .. .3!> .. 

HIN 0.00 0.00 .. 0.00 .35 1617.00 HAX .41 0.00 .. 0.00 .99 163!>.OO HEAN .1743 0.000 .. 0.000 .6050 1627.5000 STDIV .2143 0.000 .. 0.000 .2474 6.1869 VALIDN 7 4 0 8 6 10 



FORT PHANTOH HILL RESERVOIR QUALITY PAGE 6 

MONTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV 
IRON SILVER BARIUM CADHIUM BR<»tIDK ON SAMPLING 

HG/L AS FE HG/L AS AG HG/L AS BA HG/L AS CD HaIL AS 8R DATE Fl1SL 

JUNE 76 0.00 * * 0.00 * 1631.00 

77 0.00 * * 0.00 * 1633.00 

78 0.00 • • 0.00 • 1622.00 

79 0.00 0.00 * 0.00 * 1629.00 

80 • 0.00 * 0.00 .68 1622.00 

81 • * • • .51 1630.00 

82 • • • • .81 1636.00 

83 0.00 • • 0.00 .73 1629.00 

84 .80 0.00 * 0.00 .80 1620.00 

85 * • * • .76 1630.00 

86 • • * • 0.00 * 
HIN 0.00 0.00 * 0.00 0.00 1620.00 
HAl .60 0.00 • 0.00 .80 1636.00 
MEAN .1333 0.000 • 0.000 .5843 1628.2000 
STDiV .3266 0.000 * 0.000 .2755 5.2026 
VALIDN 6 3 a 7 7 10 



roRT PHANTOH HILL RESERVOIR QUALITY 

PAGE 7 HONTB YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV IRON SILVER BARIUH CADHIUH BRatID! ON SAMPLING HG/L AS n: HG/L AS AG HG/L AS BA HG/L AS CD HG/L AS BR DATE FHSL JULY 78 .83 * * 0.00 * 1830.00 
17 0.00 * • 0.00 * 1632.00 
78 .51 • • 0.00 * 1620.00 
79 0.00 0.00 * 0.00 .. 1629.00 
80 .50 0.00 • 0.00 l.08 1819.00 
61 • .. 

* * .62 1632.00 
82 • • * * .30 1634.00 
83 • * * 0.00 1.47 1826.00 
64 .50 0.00 * 0.00 * 1819.00 
65 * • * * .80 1829.00 
86 * • • * .48 • HIN 0.00 0.00 • 0.00 .30 1619.00 

HAX 
.63 0.00 • 0.00 l.47 1634.00 

HEAN .3567 0.000 • 0.000 .7917 1627.2000 
STDEV .2606 0.000 • 0.000 .4289 5.7116 
VALIDN 

6 3 0 7 6 10 



fORT PBANTOtt RILL RESERVOIR QUALITY PAGE Eo 

K>tITB YEAR TOTAL TOTAL TOTAL TOTAL LAKi: iLlV 
IRON SILVER BARIUM CADHIUH BRaiID& ON SAMPLING 

HG/L AS FE HG/L AS AG HG/L AS SA HG/L AS CD HG/L AS BR DATE FMSL 

AOGUST 76 .04 * * 0.00 * 1830.00 

77 0.00 * * 0.00 * 1631. 00 

78 0.00 • • 0.00 • 1629.00 

79 0.00 0.00 * 0.00 * 1826.00 

80 1. 31 0.00 * 0.00 1. 13 1611.00 

81 * * * * .77 1630.00 

82 • * * * .73 163f>.00 

83 0.00 • * 0.00 .60 1628.00 

84 0.00 0.00 * 0.00 * 1617 .00 

• 85 * * * • .69 1629.00 

• 86 • • • * .38 * 
HIN 0.00 0.00 • 0.00 .38 1617.00 

1. 31 0.00 • 0.00 1.13 1635.00 
.1929 0.000 * 0.000 .7167 1821.2000 • MAX 

MEAN 
STDEV .4928 0.000 • 0.000 .2456 5.8462 

• VALIDN 7 3 0 1 8 10 

• 
• 
• 
• 
It 

It 

• 



FORT PHANTOH HILL RESERVOIR QUALITY 
PAGE 9 

MONTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV I ROil SILVER BARIUH CADHIUH BROHIDE ON SAMPLING HG/L AS FE HG/L AS AG HG/L AS BA t!G/L AS CD HG/L AS BR DATE FMSL 
SEPTEMBER 76 * * '* '* * '* 

17 .13 * '* 0.00 • 1630.00 
78 0.00 '* '* 0.00 '* 1628.00 
79 0.00 0.00 • 0.00 '* 1623.00 
80 0.00 0.00 • 0.00 .91 1615.00 
81 '* '* '* '* .26 1627.00 
82 '* '* '* '* .35 1633.00 
83 .00 0.00 '* 0.00 • 1626.00 
84 0.00 0.00 '* 0.00 • 1616.00 
65 • '* '* '* .40 1626.00 
66 '* '* '* '* .38 '* HIli 0.00 0.00 '* 0.00 .26 1615.00 MAX .60 0.00 '* 0.00 .91 1633.00 MEAN .1217 0.000 • 0.000 .4600 1625.1111 STDEV .2400 0.000 • 0.000 .2572 6.0919 VALIDN 6 4 0 6 5 9 



FORT PHANTOH RILL RESERVOIR QUALITY 

PAGE Iv HONTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV IRON SILVER BARIUM CADHIUH BROHIDI ON SAMPLING HG/L AS FE HG/L AS AG HG/L AS SA HG/L AS CD HG/L AS DR DATE FMSL OCTOBER 76 .20 .. .. 0.00 .. 1631. 00 77 .16 .. .. 0.00 .. 1629.00 78 .07 .. .. 0.00 .. 1628.00 79 0.00 0.00 .. v.OO * 1623.00 80 .46 0.00 .. 0.00 .60 1625.00 81 .. .. .. .. .56 1636.00 82 .. .. .. .. .86 1632.00 63 .10 0.00 .. 0.00 • 1625.00 84 0.00 0.00 .. 0.00 .. 1616.00 85 • • • .. .66 * 66 .. .. .. • .25 .. HIN 
0.00 0.00 .. 0.00 .25 1616.00 

HAl{ 
.46 0.00 .. 0.00 .86 1636.00 

HEAN 
.1414 0.000 • 0.000 .5860 1627.2222 

STDiV 
.1592 0.000 .. 0.000 .2204 5.8262 

VALIDN 
7 4 0 7 5 9 



FORT PHANTOH HILL RESERVOIR QUALITY 
PAGE 11 IQfTH YEAR TOTAL TOTAL TOTAL TOTAL L.AKE ELEV IRON SILVER BARIUM CADHIUH BRattIDI ON SAMPLING HG/L AS FE HG/L AS AG HG/L AS BA HG/L AS CD HG/L AS BR DATE FHSL 

NOI"EKBER 76 .80 '" " 0.00 " 1633.00 
77 0.00 .. .. 0.00 " 1628.00 
78 .20 .. " 0.00 " 1627.00 
79 .06 0.00 • 0.00 .. 1623.00 
80 .11 0.00 .. 0.00 .53 1625.00 
81 • • .. .. .38 1637.00 
82 • .. • • .77 1632.00 
83 .51 (1.00 .. 0.00 .. 1626.00 
84 .60 0.00 .. 0.00 • 1620.00 
85 • • " .. .. .. 
86 .. • .. .. .16 .. 

HIN 0.00 0.00 .. 0.00 .16 1620.00 HAX .80 0.00 .. 0.00 .77 1637.00 HiAN .3343 0.000 '" 0.000 .4550 1627.8889 STDEV .3029 0.000 • 0.000 .2588 5.3020 VALIDN 7 4 0 7 4 9 



FORT PHANTUM HILL kE.,ER·,0Ik QUALITi' 
f'/,GE I:. 

MoNTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV IRON "ILVER BARIUM CADMIUM BROtt I DE ON SAMPLING MGiL AS FE HG/L AS AG HG/L AS SA HG/L AS CD MG/L AS BR DATE FHSL 
DECEMBEr.. 76 .::0 0.00 1633.00 

~7 .Z3 • 0.00 • 1627.00 
78 0.00 • 0.00 1627.00 
73 .02 0.00 • 0.00 .. 1622.00 
80 .31 0.00 • 0.00 .61 1626.00 
81 • • • • .32 1634.00 
82 • • • • 1. 60 1632.00 
83 .74 0.00 • 0.00 • 1626.00 
84 .70 0.00 • 0.00 • 1620.00 
85 • • .. • .44 • 
86 • • .23 

HIN 0.00 0.00 • 0.00 .23 1620.00 HAl .74 0.00 • 0.00 l. 60 1634.00 MEAN .3143 0.000 • 0.000 .6400 1627.4444 STOEV .2988 0.000 • 0.000 .5~~2 4.7987 ','ALIDN 7 4 0 7 5 :1 



TITLB FORT PHANTOH HILL RBSERVOIR QUALITY. 
DATA LIST FILB-·B:PHANTWQ.DAT' / YEAR 1-2 HONTH 3-4 DAY 5-6 TBHP 7-10 

DO 11-15 PH 16-20 TURB 21-25 
COND 26-30 TDS 31-35 TAL~ 36-40 HARD 41-45 CA 46-50 HG 51-55 
CL 56-60 FL 61-65 P04 66-70 SI 71-75 FCOLI 76-80 / CR 7-10 CU 11-15 
NI 16-20 PB 21-25 ZH 26-30 FB 31-35 AG 36-40 NA 41-'5 BA 46-50 
NRJ 51-55 N03 56-60 N02 61-65 HH 66-70 BLBV 71-75 ~ 76-80 / 
S04 7-10 CD 11-15 BR 16-20. 

VALUE LABBLS MONTH 01 • JANUARY , 
02 'FBBRUARY' 
OJ 'KARCH' 
04 'APRIL' 
05 'KAY' 
06 'JUNB' 
07 'JULY' 
08 'AUGUST' 
09 'SBPTIIHBBR' 
10 'OCTOBBR' 
11 ' NOVllHBBR ' 
12 'DBCIIHBBR'. 

HISSING VALUB ALL (-1'. 
CORRBLATION VARIABLBS-ALL 
The raw data or tran.for •• tion p... i. proc •• ding 

133 c ••••• re writt.n to the unco.pr •••• d activ. file. 
/OPTIONS-2 5 
/STATISTICS-1. 



PaQe 2 FORT PHANTOH HILL RESERVOIR QUALITY 
5/5/87 

Variabla ea •• s H.an 5td Oev 

HAlt 1ll 81.0.51 3.l0U 
tIONTH 133 6 .• 586 3.UU 
DAY ll3 11.8780 9.«683 
TBKP 98 19.1031 7.9981 
DO 89 8. n.7 l.09U P. 131 8.36ll .ll51 oru.lI 89 37. «652 35.6806 
COHO 101 6H.2376 U1.9099 
TD5 81 «66 •• 938 10 •. 8803 
TALIt 131 Ul.9U3 20. Hl2 
IlAllD 131 231.9031 29.3995 
eA 1H 60.59U 19.3952 
IIG 123 l2.U06 10.2599 
eL 131 U.U86 l2.8382 
FL U9 .29«6 .U52 PO. 105 .05l2 .1338 
51 90 •• 32U l.8016 
FeOLI 81 38.3951 57.1736 
CIt 87 .0215 .18ll 
eu 88 .0108 .04017 
NI 88 .0019 .0109 
PII 88 .003. .00a. 
ZN 87 .os:a .1871 
FB a. .2306 .3076 
AG .7 0.0 0.0 
NA 100 U.5070 l1. 7961 
IIA 0 
NH3 73 .l977 .5U:I 
N03 l1l .1813 .318:1 
NO:I 97 .0138 .0:163 
HH 60 .01l0 .OU8 
BLBV lU 1621.U:l5 5.1167 
It H 8.6:138 3.7855 
50. 129 9 •. U:n 39.5131 
CD 88 .000:1 .00ll 
III. 67 .«60' .8510 

• 
• 
• 
t 



PaQe 3 .JRT PHANTOH HILL RESERVOIR QUALITY 
5/5/87 

Correlations: YEAR HONTH DAY TEHP DO PH TURB COND TDS TALI!: HARD 
YEAR 1.0000 -.0222 - .1056 -.0255 .2345 .2149 -.4234 .2892 .2889 -.3252 .1112 ( 133) ( 133) ( 123) ( 98) ( 89) ( . 131) ( 89) ( 101) 81) ( 131) ( 1Jl) p. p. .400 p- .123 pa .402 p- .013 pa .007 p • . 000 p- .002 p- .004 p- .000 p- .103 
HONTH -.0222 1.0000 .0167 .3699 -.3393 .1218 .0750 .0887 -.1049 -.1566 -.0182 ( 133) ( 133) 123) ( 98) ( 89) ( 1311 89) ( 1011 ( 81) ( 13l) ( 131) p •. 400 p. pa .427 p- .000 p- .001 p- .083 p- .243 p- .189 p- .176 p- .037 p •• 418 
DAY -.1056 .0167 1.0000 .1586 -.1844 -.0913 -.2478 .0542 -.0762 .0587 .0420 ( 123) ( 123) ( 123) ( 94) ( 85) ( 123) ( 85) ( 96) ( 76) ( 123) ( 123) p. .123 p- .427 p- . pa .063 p. .046 p • . 158 p- .011 p- .300 p- .257 p •. 260 p- .322 
TEHP -.0255 .3699 .1586 1.0000 -.5926 .1011 .2068 .2626 .2583 .1002 .3178 ( 98) ( 98) 94) ( 98) ( 89) 98) 89) 98) ( 78) 98) 98) p. .402 p= .000 p- .063 p- . p- .000 p. .161 p • . 026 p. .004 p- .011 p •. 163 p- .001 
DO .2345 -.3393 -.18U -.5926 1.0000 .2129 -.3156 -.0008 -.0220 -.1940 -.0736 89) ( 89) ( 85) ( 89) ( 89) ( 89) ( 87) ( 89) ( 71) ( 89) ( 89) p. .013 p • . 001 pa .046 p •. 000 p. . p. .023 p. .00} p- .497 P- .428 p- .034 p- .247 
PH .2149 .1218 -.0913 .1011 .2129 1.0000 -.0753 .1321 .1108 .0497 .1186 ( 131) ( 131) ( 123 ) ( 98) ( 89) ( 1311 ( 89) ( 1011 ( 811 1311 ( 1311 p- .007 p. .083 p= .158 p- .161 p= .023 p- p- .241 p- .094 p- .162 p- .286 p • .089 
TURB -.4234 . 0750 -.2478 .2068 -.3156 -.0753 1.0000 -.0536 .0202 .2176 -.0<187 ( 89) ( 89) ( 85) ( 89) ( 87) ( 89) ( 89) ( 89) 72) ( 89) ( 89) p • . 000 p •. 243 p- .011 p. .026 p. .001 p. .241 p- p= .309 pa .433 p= .020 p •. 395 
COND .2892 .0887 .0542 .2626 -.0008 .1321 -.0536 1.0000 .7347 .1184 .6292 ( 1011 ( 1011 96) ( 98) ( 89) ( 1011 ( 89) ( 1011 811 1011 ( 1011 p. .002 p- .189 p •. 300 pa .004 p= .497 p. .094 p= .309 p- . p •. 000 p- .119 p • . 000 
TDS .2889 -.1049 -.076<1 .2583 -.0220 .1108 .0202 .7347 1.0000 .004) .7529 811 ( 811 ( 76) ( 78) ( 71) ( 8ll ( 7:l) ( 811 ( 811 ( 811 81) p- .004 p •. 176 p. .257 p •. 011 p. .428 p. .162 p •. 433 p- .000 p= . p= .485 p- .000 
TAL": -.3252 -.1566 .0587 .1002 - .1940 .0497 .2176 .1184 .0043 1.0000 .2476 ( 131) ( 1311 ( 123) ( 98) ( 89) ( 131) 89) ( 101) ( 81) ( 131) ( 1311 p • . 000 p •. 037 p= .260 p •. 163 p. .034 p- .286 p. .020 p •. 119 p= .485 p. . p • .002 
HARD .1112 -.0182 .0420 . 3178 -.0736 .1186 -.0287 .6292 .7529 .2476 1.0000 1311 ( 13l) ( 123 ) ( 98) ( 89) ( 1311 ( 89) ( 1011 811 ( 1311 ( 131 ) p • . 103 p. .418 p= .322 p •. 001 p. .247 p= .089 p= .)95 p= .000 p • .000 p= .002 p. 
CA .4665 -.0061 .0110 . 1387 .0642 .2913 .0553 .2085 .1079 . 0443 .2974 124) ( 124) ( 116 ) ( 911 ( 82) ( 124) 82) ( 94) ( 74) I 124 ) 124) p- .000 p. .473 p. .453 p- .095 p. .283 p. .001 p- .311 pa .022 p= .180 p- .312 p= .000 
HG -.1559 .0248 .0130 .0489 .2321 .1134 .0783 .2543 .0474 .0519 .2669 ( U31 ( 123) ( 115) ( 90) ( all ( 123) I 811 ( 931 ( 731 ( 123) I 123 ) p. .043 p. . 393 p. .445 p- .324 p= .019 p= .106 p- .243 p= .007 p= .345 p • .284 p= .001 

(Coeff icient I (Cases) I I-tailed Siqnificance) 

.. 
is printed it 4 coefficient cannot be co~puted 



Paae 4 FORT PHANTOM HILL RESERVOIR QUALITY 
5/5/87 

Correlations: YEAR HONTH DAY TEHP DO PH TlJRB COND TDS TALJI: HARD 
CL - .4720 .0079 .11U .lS17 - .1223 -.0457 .1109 .6972 .6748 .3331 .5503 I 131) 131 ) I Ill) 98) I 89) I 131) I 89) I 1011 81) I 131) I 131) p •. 000 p. .46t p. .104 p •. 002 p • . 1l7 p. .302 p. .150 p •. 000 p •. 000 p •. 000 p •. 000 
FL .0635 .1023 .0154 .ll13 -.17l3 .0479 .0247 .0607 .1l33 .1350 .2469 129) 119) 122) ( 981 I 89) 129) 89) 100) 80) I 129) 129) p •. 237 p •. 124 p. .433 p. .011 p • . 054 p. .295 p •. 409 p •. 274 p •• 138 , p. .064 p. .002 
P04 .1401 -.0101 -.1974 -.1213 .1135 .0969 .1905 -.0897 -.1963 -.0315 -.1049 I 105) ( 105) ( 97) ( 73) 65) I 105) I 64) I 76) ( 57) ( 105) ( 105) p •. 077 p •• 459 p. .016 p. .153 p •. 184 p. .163 p. .066 p. .UO p. .072 p •. 375 p. .143 
SI .4077 .1675 - .1817 -.1092 .0654 -.0:10:1 -.0759 .0111 .0244 -.2633 -.0283 90) I 90) ( 86) ( 90) ( 88) ( 90) ( 88) 90) ( 73) ( 90) ( 90) p. .000 p. .057 p •. 047 p •. 153 p •. 172 p •. 415 p. .241 p. .458 p • . 419 p •. 006 p •. 396 
FCOLl -.3523 .0083 -.0534 .1004 -.1077 -.1685 - .1127 -.0717 -.0695 .0203 .0471 I 81) 811 ( 79) 80) ( 74) ( 81) I 73) ( 811 ( 62) ( 811 ( 811 p. .001 p •. 471 p •. 320 p •. 188 p •. 180 p. .066 p •. 171 p •. 26:1 p. .296 p. .429 p. .338 
CR .1122 -.1036 - .15:21 -.0391 .2294 -.0707 -.1178 -.05:10 -.1240 .1890 -.0560 ( 87) I 87) I 83) ( 55) 46) I 87) ( (6) ( 57 ) ( (0) I 87) I 87) p= .150 p. .170 p. .085 p •• 389 p= .063 p. .258 p •• 218 p •. 350 p •. 2lJ p- .040 p. .303 
CU -.0283 .1056 -.1171 -.1397 .3402 -.0260 - .1716 -.0298 -.0584 -.0099 -.0460 I 88) I 88) ( U) ( 56) 47) ( 88) ( (7) I 58) ( 40) ( 88) ( 88) p= .397 p. .164 p- .144 p. .152 p. .010 p. .405 p. .124 p. .4l2 p. .360 p •. 463 p • . 335 
NI .1104 -.0085 .0265 .1009 -.0765 .0546 .3440 -.0741 -.0777 .0711 .0582 I 88) I 88' I 84) I 56) ( 47) ( 88) 47) ( 58) I (0) ( 88) 88) p= .153 p. .469 p= .405 p= .230 p= .305 p •. 307 p. .009 p •. 290 p= .ll7 p •. 255 p. .195 
PI .0700 -.0802 -.0726 -.1545 -.0886 .0702 .0775 -.1689 .0822 .1954 -.1022 I 88) I 88) I 84) I 56) ( 47) ( 88) ( (7) ( 58) ( (0) ( 88) ( 88) p. .259 p. .229 p. .256 p. .128 p. .277 p. .258 p= .302 p • . 102 p. .307 p. .034 p •. 172 
ZN -.0713 .0799 .1935 .1414 -.0076 -.0527 -.0835 -.0396 -.1015 .0396 .0155 \ 

I 87) ( 87) I 83) ( 55) ( (6) I 87) I (6) ( 57) I (0) I 87) ( 87) p: .256 p. .2ll p. .040 p. .152 p: .480 p. .314 p. .291 p= .385 p. .267 p= .358 p= .443 
FE .3165 .0408 -.1466 -.1056 .1090 -.0028 .0433 -.0417 .0119 -.1596 .2053 I 84) ( 84) ( 79) ( 51) ( (3) I 84) (2) I 54) 37) ( 84) 84) p. . 002 p. .356 p. .099 p. .230 p- .243 p. .490 p. .393 p= .382 p- .472 p. .014 p • .030 
AG 

(7) (7) 46' (6) 40' 47' 39' 47) 30' (7) 47) p. p. p: p. p= p. p. p. p= p. p. 
NA .0609 -.0539 - . 1)80 - .0683 .1946 - .1106 .2087 .2828 .3170 .2112 .3185 100) I 1001 95' I 67) I 581 I 1001 I 581 ( 70) 52' I 100' ( 100) p. .214 p. .297 p. .091 p. .291 p. .072 p. .1 J7 p • . 058 p. .009 p- .011 p: .017 p • . 001 

(Coeffl~lent iSes· l-talled Sianlficancel 

.. i9 f'rlnle(1 If o!I C'oettlC'lent ~annot be cnmpute~ 



) 
Paqe !> .ORT PHAHTOM HILL RESERVOIR QUALITY 

!>/!>/87 
Correlations: YEAR HONTH DAY TEHP DO PH TURB COHO TDS TALIt HARD 

8A 
0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) P- P- P- pa p. p. p. p. p. p. p-

HH3 .3155 -.0111 -.0072 .1906 .0306 .1313 -.2414 .50l5 .4059 -.:2113 .4056 1)) ( 13) ( 70) ( 44) 37) ( 73) ( 35) 46) 31) ( 13) 13) p. .001 p. .251 P- .476 P- .108 P- .429 P= .134 p. .016 p •. 000 p •. 012 p •. 010 p • . 000 
H03 -.2818 .0238 .0688 -.0363 -.0405 -.1216 -.0654 -.4431 -.3166 .0050 -.0919 ( 112) ( 112) ( 104) ( 82) ( 73) ( 112) ( 73) ( 85) ( 66) 112) ( 112) p- .001 p. .402 p • . 244 p- .373 p= .361 p. .101 p- .291 pa .000 p •. 005 p •. 419 pa .152 
H02 .0552 .0139 .1569 -.0562 .2201 -.0697 -.1977 .0577 -.0411 -.1655 .0343 ( 91) 91) 90) ( 66) ( 51) ( 97) ( !>7) 68) ( 49) ( 97) ( 97) p- .296 pa .446 pa .070 p= .327 p= .050 p= .249 p= .070 pa .320 p- .312 p- .053 p. .369 
HH .1418 .2037 -.2171 -.0646 -.0476 .1979 .2837 -.0749 - .1777 .0162 -.01)8 ( 60) ( 60) ( 57) ( 30) ( 23 ) ( 60) ( 211 ( 32) ( 14) ( 60) ( 60) p- .130 p. .059 p= .052 p- .367 p- .415 pa .065 p. .106 p- .342 p= .272 p • . 451 p- .287 
ELEV -.2527 -.0686 .2010 -.1051 -.0206 -.2318 -.0797 -.5571 -.5258 -.2229 -.3942 ( 114) ( 114) ( 107) ( 82) ( 7)) ( 114) ( 73) ( 84) ( 64) ( 114 ) ( 114) p- .003 p= .234 p= .019 p= .114 p- .431 p= .007 p. .251 pa .000 p= .000 p= .009 p= .000 
It -.3041 -.0359 .2361 -.2012 -.0132 .0084 .0421 .2433 .4102 .1319 .2544 ( H) ( 14) ( 70) ( 42) ( 35) ( 74) ( 33) ( U) ( 26) ( 74) ( 74) p- .004 p= .381 p= .025 p- .101 p= .470 p= .472 p= .408 p= .056 p= .019 p • . 131 p- .014 
504 .5359 -.0236 -.2092 .1981 .0010 .2026 -.0168 .4764 .5847 -.0803 .4919 ( 129) ( 1:19) ( 121) ( 97) ( 88) ( 129) ( 88) ( 100) ( 811 ( 129) ( 129) p- .000 p= .395 p- .011 pa .026 p= .496 p= .011 p. .438 p= .000 p= .000 p= .183 p= .000 
CD .1206 -.1281 -.1023 -.1155 -.0205 - .1373 -.2186 -.0368 .2363 .0000 ( 88) ( 88) ( 84) ( 56) 41) ( 88) ( (7) ( 58) ( (0) 88) ( 88) p= .132 p- .116 p- .111 p •. 098 p- p. .425 p- .119 p •. 050 p= .411 p- .013 p • .500 
8R .11:19 . 0059 -.0903 .30n -.2006 .0859 .1642 .2795 - .1356 .1554 .1420 ( 61) ( 61) ( 63) 66) ( 641 ( 61) ( 65) ( 66) ( 50) 67) 61) p. .081 p- .481 p. .241 pa .007 p= .056 p= .245 p= .096 pa .012 p= .174 p- .105 p= .126 

(Coeff lcient I (Cases) I I-tailed Siqnificance) 

• is printed if a coefficient cannot be co.puted 



P.oe & fORT PHMITOH HILL RESERVOIR ijUALIT"i 
5/5/87 

Correlations; CA HG CL fL P04 SI fCOLI CR CU NI PB 
YIUR .4&&5 -.1559 -.4720 .0&35 .1401 .4077 -.3523 .1122 -.0283 .1104 .0700 I 124) I 123) I 131 ) I 129) I 105) I 90) I 8ll 87) I 88) ( 88 ) ( 88) p. .000 p. .043 p • . 000 p. .231 pa .077 p. .000 p. .001 p- .150 p. .)97 p= .15) pa .259 
MONTH -.00&1 .0l48 .0079 .10:13 -.0102 .1675 .0083 -.1036 .105& -.0085 -.0802 ( 124) I 1:13) I 1)ll ( U9) I 105) 90) 8ll ( 87) 88) ( 88) ( 88) p- .473 p- .l93 p= .464 p= .124 P= .459 p- .057 p= .471 P- .170 P= .164 p. .469 pa .229 
DAY . 0110 .01)0 .1141 .0154 -.1974 -.1817 -.0534 -.1521 -.1171 .0265 -.072& I 116 ) I 115) 12) ) ( 122) I 97) I 8&) ( 79) I 8) ) I 84) I 84) ( 84) p= .453 p. .445 p= .104 p. .433 p. .02& p: .047 p= .320 p= .085 p- .144 p- .405 pa .25& 
TEMP .1387 .0489 .2817 .2)1) -.1213 -.1092 .1004 -.0391 -.1397 .1009 -.1545 I H) I 90) I 98) I 98) I 73) I 90) 80) I 55) I 5&) I 5&) I 5&) p= .095 p: .324 p= .002 p= .011 Pz .15) p- .153 p- .188 p- .389 p- .152 p- .230 p • .128 
DO .0642 .2)21 -.1223 -.1713 . 11)5 .0&54 -.1077 .2294 .3402 -.0765 -.0886 ( 8l) ( 8ll I 89) I 89) I 65) I 88) ( 74) 46) ( 47) ( 47) ( 47) p- .28) p= .019 p= .127 p= .054 p= .184 p. .272 p= .180 p • . 06) p: .010 p= . )05 p- .277 
PH .2913 .1134 -.0457 .0479 .0969 -.0202 -.1&85 -.0707 -.0260 .0546 .0702 ( 124) I 123) ( 131 I ( 129) ( 105) I 90) I 8ll I 87) I 88) I 88) I 88) p= .001 p= .106 p- .)02 p= .295 p= .163 p= .425 p= .066 pa .258 p= .405 p= .)07 p= .258 
TURB .055) .078) .1109 .024; .1905 -.0159 -.1127 -.1178 -.1716 .3440 .0775 I 8l) I 811 I 89) I 89) ( 64) I 88) I 73) ( 46) I 47) I 47) I 47) p= .311 pz .24) p= .150 p= .409 p= .066 p= .241 p- .171 p= .218 p= .124 p= .009 p- .302 
COND .2085 .254) .6972 .0607 -.0897 .0112 - .0717 -.0520 -.0298 - . 0741 -.1689 I 94) 93) I lOll 100) I 76) I 90) I 8ll I 57) I 581 I 58) I 58) p- .Ol2 pz .007 p= .000 p. .274 p • . 220 pa .458 p= .262 p= .350 p= .412 p= .290 p= .102 
TDS .1079 .0474 .6748 .1233 -.19&3 .0244 -.0695 -.1240 -.0584 -.0177 .0822 I 74) I 7) I 8ll 80) ( 57) I 7) ) 62) I 40) ( 40) I 40) 40) p- .180 p= .)45 p= .000 p= .138 pa .072 p= .419 p- .:196 pa .22) p= .)&0 p= .ll7 p- .307 
TALK .0443 .0519 • ))31 .1350 -.0315 -.2633 .0203 .1890 -.0099 .0711 .1954 ( 124) ( ll) ( 131 ) ( 129) ( 105) ( 90) 8ll I 87) ( 88) I 88) 88) pz . )12 p- .l84 p= .000 p= .064 p= .375 p- .006 p- .429 p- .040 p= .46) p= .255 p= .034 
HARD .2974 .2669 .5503 .2469 -.1049 -.0283 .0471 - .05&0 -.0460 .0582 -.1022 ( 124) I 123) I 131 ) ( 129) I 105) I 90) ( 8ll ( 87) ( 88) ( 88) ( 88) p= .000 p- .001 p= .000 p= .002 p= .14) p= .)96 p= .338 p- .303 p= .3)5 p= .295 p= .172 
CA 1.0000 .4192 -.1315 .1445 .))20 - .1669 -.0272 -.035& -.1273 .1)90 -. 0043 ( 1241 I 123) I 124) ( 122) I 98) I 83) ( 77) ( 85) I 86) 86) I 86) p= p= .000 p= .07) p= .056 p= .000 p= .06& p= .407 p= .373 p. .121 p= .000 p= .484 
HG .419~ 1.0000 )059 .0730 .20B6 -.~1)9) -.L~48 -.0114 .0296 .5356 -.1942 12), 1 12) 1 1 ~)) I 1211 ( 971 321 ( 17) I ~5) I 86) I d6) 861 p= . )00 p= p= 1'00 p= .213 p= .020 p= .. J )0 p= .140 p= .459 pa .394 p= .000 p= . on 

tC0ettl r lent ( " lse s ' I tclilt:"d Slonltl:-"ncp) 

.. 
15 rll I;, t ,-. J \ ! , ,·"~ttl··l~Tlt ' "n: OJ ~ t,t· rorr.pu t. t:- 1 



Paae FORT PHANTOM HILL RESERVOIR ~U~~ITY 
5! 5/ S" 

Correlations: CA MG CL fL P04 SI fCOLI CR CU NI PB 
CL -,1)15 .3069 1.0000 .0696 -.2034 -.1163 .0!>48 -.1263 -.038!> -.1665 -.0986 ( U41 ( 1231 ( 1311 129) ( 10!>1 ( 901 ( 811 ( 811 ( 831 ( 881 ( 881 P~ .013 P- .000 pa P= .216 p= .019 p= .138 p- .313 p- .122 p- .361 p= .061 p- .180 
FL .lU5 .0130 .0696 1.0000 -.0338 .0441 -.0226 -.2117 - .1790 .152!> .0794 1221 ( 1211 ( 1291 ( 1291 ( 1031 ( 90) ( 811 ( 86) ( 871 ( 871 ( 871 pa .056 p. .n3 p= .216 p- p= .367 p= .340 pa .421 p. .025 pa .049 pa .079 p- .232 
P04 .3)20 .2086 -.2034 - .0338 1.0000 .2441 -.2656 .1136 .0804 .593) -.1771 ( 981 ( 971 ( 1051 ( 1031 ( 10!>1 66) ( 591 ( 18) ( 19) ( 79) ( 791 p- .000 p~ .0:10 p= .019 p- .361 p- p: .024 p- .021 p. .161 p= .241 p- .000 p= .059 
51 -.1669 -.2093 -.1163 .0441 .2447 1.0000 -.2019 .0016 .0451 -.1813 -.4325 ( 831 ( 821 I 90) ( 901 ( 661 ( 901 ( HI ( 41) ( 481 ( 481 ( 481 p= .066 pa .030 p= .138 p= .340 p= .024 p= p= .042 p- .480 p= .380 p= .109 p= .001 
PCOLI - .0272 - .1248 .0548 -.0226 -.2656 -.2019 1.0000 -.0601 -.1184 -.0526 -.0321 ( 111 ( 11) ( 811 ( 81) ( 591 ( 141 ( 811 ( !>11 ( 521 ( 521 ( 521 p- .401 pa .140 p= . )13 p- .421 p= .021 p •. 042 p. . p= .338 p= .202 p= .)56 p~ .411 
CR -.0356 -.0114 -.1263 -.2117 .1136 .0076 -.0601 1.0000 .4!>14 -.0189 -.0418 ( 351 I 851 ( 871 ( 861 ( 781 ( 411 ( 511 ( 871 ( 871 ( 811 ( 811 p- . )13 p= .4!>9 p= .122 p= .025 p= .161 p= .480 p= .))8 p= p= .000 p= .431 p- .350 
CU -.1213 .0296 -.0385 - . 1190 .0804 .04!>1 -.1184 .4!>14 1. 0000 -.0)8!> -.0439 ( 86) ( 861 ( 88) ( 81) ( 19) ( 48) ( !>2) ( 81) ( 88) ( 88) ( 88) p- .121 p= .394 p= .361 p= .049 p= .241 p= .380 p= .202 p= .000 p= p= .)61 p- .342 
NI .1)90 .5356 -.1665 .152!> .59)) -.1813 -.0526 -.0189 -.038!> 1. 0000 .0026 ( 86. ( 86) ( 881 81, ( 791 ( 481 ( 521 ( 811 ( 881 ( 88. ( 881 p= .000 p- .000 p= .061 p= .019 p= .000 p= .109 p= .356 p= .431 P= .)61 p= p= .491 
PB -.0043 -.1942 -.0986 .0194 -.1171 -.432!> -.0321 -.0418 -.0439 .0026 1.0000 ( 861 ( 86) ( 881 ( 81) ( 19) ( 48) ( !>2) ( 81) ( 88) ( 881 ( 88) p= .484 pa .031 P= .180 p- .232 P= .059 p- .001 P= .411 P- .350 p. .342 pa .491 pa 
ZN - .1393 .0831 .0469 .4001 -.0104 .1319 -.1491 -.0331 -.0660 -.0441 -.0634 ( 851 ( 851 ( 871 ( 361 ( 181 I 411 ( 511 ( 861 ( 811 ( 87) ( 811 p= .102 p= .225 p= .33) p= .000 p= .464 P- .188 p= .141 p= .381 p= .272 p= .343 p= .280 
FE .0621 -.0461 -.1313 .1141 .1192 .2758 -.1132 -.0141 .0240 -.0015 .0633 I 82) 821 I g4. I 82, I 77, 43 ' I 491 I 821 8) I ( 831 831 p= .:90 p= .)39 p= .106 p= .059 p= ,151 p= . 037 p= .219 p= .252 p= .415 p= .~95 p= .283 
AG 

I 45. 45. 471 ~"1. I ~)I I 4ul I ~ 7 ) 461 \ 47. ( 47. I 411 p= p- p= p= p= p= p= p= p= p= p= 
IIA ,1 Hl . )50) .3499 . ,~?O ~ .!307 ,'J) J; - .164) . 1737 .0405 .4048 -.2057 'lot 98' :00~ ~81 so' 591 611 I 8"1. ( 88. I 88. ( 88. p= J86 p= ,000 p= . '.'1)0 p= , 1 g:) ?= .J5~ p= .400 p= . 10 J p= .354 p= . J '> ~ p= .000 p= .021 

jCo~ttlclent ,,~. 5 . talled ';lQnlf::~ance) 

i. 5 pr 1 rjt ~l1 ~ t • ~tt\,,-l ... n~ ·>~nn • r,o:' <:,~ ... [, II .. t=>(j 



"' ___ n • ..., .... 
yv ....... .I. I I 

~, ~/37 

Corre1atlonS: CA HG CL FL P04 51 FCOL1 CR CU HI PB 
8A 

0) I 0) 0) 0) I 0) 0) I 0) ( 0) 0) i 0) ( 0) p= p= p= p= p= pc p= p= p= p= p • 
NH) .2654 - .OU6 . 1171 -.0979 -.00)) .2098 -.276) .0121 .0)30 -.0435 - .1462 ( 6S) ( 67) ( 73) ( 72) ( 7)) ( 37) ( 35) 55) ( 56) ( 56) ( 56) p- .014 p. .)60 p= .162 p- .207 p= .489 p= .106 p= .054 p- .465 p= .405 p= .375 p= .141 
N03 -.2292 -.1150 .0356 .0771 -.0383 -.1192 .0129 -.0661 -.00)) -.0916 -.0373 ( 107) ( 106) ( 112 ) ( 110) ( 911 ( 75) \ 65) ( 68) ( 69) ( 69) ( 69) P= .009 p= .120 p= .355 p= .212 p- .359 p= .154 p= .ao p= .296 p= .489 p= .227 p. .380 
N02 .0221 .1563 -.0326 .2024 .0584 .0468 -.0755 -.0169 .1522 .0299 -.1965 \ 971 ( 97) ( 971 ( 961 ( 761 ( 59) ( 571 ( 101 ( 711 ( 711 I 11 I P= .415 p= .063 p= .376 p= .024 p= .308 p= .362 p= .2SS p= .445 P= .103 p= .402 p= .050 
HN .0875 -.1391 -.08)5 .0816 - . 11 09 .3131 -.0348 .0)41 -.0583 .2))1 .04)0 ( 60) ( 60) ( (0) ( 591 ( 581 ( 221 291 ( 59) ( 601 (0) (0) p- .25) pc .145 p. .26) p= .269 p= .204 p= .078 p= .429 p= .)99 p= . )29 p= .037 p= .372 
ELEV -.1262 -.0713 -.3902 -.2429 .0401 -.0)59 -.0510 .1085 .1668 .0106 -.1)J8 112 I \ 1121 I 114 I ( 113 I ( 881 14) 131 ( 871 881 381 ( 881 p= .092 p= .228 p= .000 p= .005 p= .)55 p= .381 p= .334 p- .159 p= .060 p= .251 p= .107 
II: -.1:68 .1916 .J607 -.0299 -.)))) -.0605 .1571 .0435 -.0412 -.1352 .0657 ( 72) I 72) ( 141 ( 7 3 I \ 721 I ]4) I 391 ( 7)) ( 14) I 14) ( 14) p= .144 p= .05) p= .001 p= .401 p= .002 p= .367 p= .169 p= .)57 p= .364 P= .125 p= .289 

\ 504 .3010 .02)6 .17 J4 .0675 .2058 .3275 -.2:>09 .2147 .0550 .0802 -.1825 122, \ 1211 I 129) ( 127) \ 105i \ 90) 801 ( 851 I 361 I 861 \ 861 p= .000 p= .)99 p= .025 p= .225 p= .018 p= .001 p= .020 p= .005 p= .307 p= .232 p= .046 
CD .0519 -.0858 -.20)) .2143 .0919 -.0128 -.0019 .0797 .212) I 861 I 86) \ 881 I 87) 791 \ 48) 521 ( 87) I 881 I 88) ( 88) p= .318 p= .216 p= .029 p= .02) p= p= .267 p= p= .45) p= .49) p= .2)0 p= .024 
BR .2389 -.0189 -.0082 -.2)14 .0433 -.3406 -.0217 .0548 .0546 .0659 .1552 I 6.2) I 611 I 671 I 671 I 461 ( 661 ( 501 ( 25) I 261 I 261 I 26) p= .)31 p= .44) p= .474 p= .027 p= .388 p= .00) p= .424 p= .)97 p= .)96 p= .375 p= .225 

(Coefficler,t 'Cases l I-talled SlonltlcanCeJ 

" is prln"e"': If a co~ttlclent :an~0t be cQ~puted 



PaQe 9 FORT PHANTOM HILL RESERVOIR QUALITY 
51~/a7 

Correlations: ZN FE AG NA BA NH3 N03 N02 MN ELEV J<: 
YBAR -.0713 .3165 -.0609 .3755 -.2818 .0~52 .1478 -.2527 -.3041 ( 871 ( 841 471 ( 1001 0) ( 73) ( 1U) ( 97) I 60) 1141 I 74) p. .256 p • . OO~ p. p. .274 p. p. .001 p • . 001 p- .296 p- .130 p. .00) p. .004 
MONTH .0799 .0408 -.0539 -.0777 .0~38 .0139 .2037 -.0686 -.0359 ( 87) 84) 47) ( 100) 0) ( 73) 11~) 97) 60) ( 114 ) I 74) p. . ~31 p. .356 p. p. .297 p. p. .~57 p • . 40~ p. .446 p • . 059 p. .234 p. .381 
DAY .1935 -.1466 - .1380 -.007~ .0688 .1569 -.2171 .2010 .2361 ( 83) ( 79) 46) ( 95) 0) ( 70) 104) ( 90) ( 57) I 107) 70) p • . 040 p. .099 p. p. .091 p= p. .476 p. .244 p •. 070 p. .052 p. .019 p • . OJ5 
TEMP .1414 -.1056 -.0683 .1906 -.0363 -.056~ -.0646 -.1051 -.2012 551 I 511 I 46) ( 67) ( 0) 44) ( 8~) ( 66) ( 30) ( 82) ( 42) p= .152 P= .~30 p. p= .291 p= p- .108 p. .373 p •. 327 p. .367 p= .174 p • . 101 
DO -.0076 .1090 .1946 .0306 -.0405 .2201 -.0476 -.0206 -.0132 ( 46) ( 4)) 401 ( 58) 0) ( 37) ( 73) ( 57) ( 231 ( 731 ( 35) p. .480 p. .243 p. p. .on pa p • . 429 p. .367 p- .050 p • . 415 p • . 431 p- .470 
PH -.05~7 -.0028 -.1106 .1313 -.1216 -.0697 .1979 -.2318 .0084 ( 87) ( 84) ( 47) ( 100) 0) I 7)) ( 112) ( 97) ( 601 ( 114 ) 74) p. .314 p= .490 p= p. .137 p. p- .ll4 p= .101 p- .249 p= .065 p= .007 p • . 472 
TURB -.0835 .0433 .2087 -.2414 -.0654 - . 1977 .2837 - . 0797 .0421 ( 46) ( 4~) 39) ( 58) 0) ( 35) ( 73) ( 57) ( 21) I 73) ( 33) p- .291 p. .393 p. p= .058 p= p. .076 p= .291 p= .070 p= .106 p= .251 p • . 408 
COND -.0396 -.0417 .2828 .5025 -.4431 .0577 -.0749 -.5571 .2433 ( 57) ( 54) ( 471 ( 70) 0) I 46) I 851 ( 68) I 32) I 84) ( 44) p. .385 p. .382 p= p= .009 p= p= .000 p= .000 p= .320 p= .342 p= .000 p= .056 
TDS -.1015 .0119 .3170 .4059 -.3166 -.0477 - .1777 -.5258 .4102 ( 40) ( 37) 30) ( 52) 0) ( 311 ( 66) I 49) ( 14) I 64) I 26) p •. 267 p. .472 p- p= .011 p. p • . 012 p •. 005 p: .372 p. .272 p. .000 p= .019 
TALI<: .0396 -.1596 . 211~ -.2713 .0050 -.1655 .0162 -.2229 .1319 ( 87) I 84) ( 47) ( 100) 0) I 73) I 112) I 97) I 601 I 1141 74) p. .358 p- .074 p= p= .017 p. p= .010 p- .479 p= .053 p. .451 p. .009 p- .131 
HARD .0155 .2053 .3185 .4056 - .0979 .0)43 -.0738 -.3942 .2544 I 87) I 84) I 471 ( 100) 01 73) ( 112) I 971 I 601 I 114 ) I 741 p. .443 p- .030 p. p- .001 p= p. .000 p= .15~ p. .369 p. .287 p. .000 p • .014 
CA -.1393 .06Jl .1391 . 2654 -.2292 .0221 .0875 -.1262 - . 1268 I 85) I 82) I 45) ( 98) I 0) I 68) ( 107) ( 97) I 60) 1121 I 72) p- . 102 p. .290 p. p. .086 p. p. .014 p= .009 p • . 415 p • .253 p= .092 p • . 144 
HG .0831 -.0467 .)50) -.0446 - . 1150 .1563 , I 131 -.071) .1916 851 82) 45, g8) ,J \ 67) 1)61 I 371 I 6.J I 1121 721 p. .225 p= .3)9 p. p. ,-)00 p. p- .360 p. . 120 p- .063 p= ,1~~ p= .228 p- .053 

Ie oe t t .. ,~ ~ -= rl ': dses l-talled SlQnltlc~n=el 



PaQe 10 FORT PHANTOM HILL RE5ERVOIR;,lUALITY 
5/5/87 

Correlations: ZN FE AG HA SA tlH) HO) H02 HN ELEV II: 
CL .0469 -.1378 .3499 .1171 .0)56 -.0)26 -.08)5 -.)902 .)607 ( 87) ( 84) 47) ( 100) ( 0) 7 )) ( 112) ( 97) ( 60) ( 114) 74) p. .333 p. .106 p. p- .000 p= p. .162 p. .)55 p. .376 p. .26) p •. 000 P- .001 
FL .4001 .1741 .0902 -.0979 .0771 .2024 .0816 -.2429 -.0299 ( 86) ( 82) 47) ( 98) 0) ( 72) ( 110) 96) 59) ( 113) ( 7)) p. .000 p- .059 p. P= .189 Pz p. .207 p •. 212 p •. 024 p. .269 p • . 005 P- .401 
P04 -.0104 .1192 .1807 -.00)) -.038) .0584 -.1109 .0401 -.)))) ( 78) ( 77) 4)) ( 80) 0) ( 7 3) ( 91) 76) ( 58) ( 88 ) ( 72) p. .464 p- .151 p. p. .054 p. p. .489 p= .)59 p •. )08 p. .204 p: .355 p • . 002 
51 .1319 .2758 -.0)38 .2098 - .1192 .0468 .3131 -.0359 -.0605 ( 47) ( 43) 40) ( 59) 0) 37) ( 75) ( 59) 22) ( 74) ( )4) pz .188 p. .037 p. p. .400 p. p. .106 p: .154 p •. )62 p. .078 p • . )81 p. .)67 
FCOLI -.1497 -.1132 - .1643 -.276) .0129 - . 0755 -.0)48 -.0510 .1577 ( 51) ( 49) 47) ( 61) 0) ( 35) ( 65) ( 57) ( 29) ( 73) ( 39) p. .147 pa .219 p. p- .103 p. p. .054 pa .460 p •. 288 p- .429 p. . ))4 p. .169 
CR -.0331 -.OH7 .17)7 .0111 -.0661 -.0169 .0)41 .1085 .04)5 ( 36) ( 82) 46) ( 87) ( 0) 55) ( 68 ) ( 70) ( 59) ( 87) ( 73) p. .)81 p. .252 p. p. .054 p= p- .465 p= .296 pz .445 P= .399 p= .159 p •. )57 
CU -.0660 .0240 .0405 .0))0 -.0033 .1522 -.058) .1668 -.0412 ( 871 ( 83) ( . 47) ( 88) 0) ( 56) ( 69) ( 71) ( 60) ( 88) ( 74) p: 0272 p= .415 p. p • . )54 p. p. .405 p= .489 p •. 103 p. .329 p= .060 p= .364 
HI -.0441 -.0015 .4048 -.0435 -.0916 .0299 .2331 .0706 -.1352 ( 87) ( 83) 47) ( d8) ( 0) ( 56) ( 69) 71) ( 601 88) ( 74) p. .34) p= .495 p. p= .000 p= p= .)75 p. .227 p •. 402 p= .037 p. .257 p • . 125 
PS -.06)4 .06)9 -.2057 - .1462 -.0373 -.1965 .04)0 -.1338 .0657 I 87) ( 83) nl I 881 0) 56) ( 69) ( 71) ( 60) I 88) ( 74) p= .280 p. .283 p. p= .027 p. p • . 141 p. .380 p= .050 p. .372 p. .107 p • . 289 
ZN 1.0000 -.0516 .0145 .0873 .1882 .6633 -.0149 .1102 -.on7 I 871 ( 82) I 461 871 01 ( 55) ( 681 ( 70) ( 59) I 87) ( 73) p= p. .323 p. p= .447 p. p= .263 pz .062 p= .000 p • . 455 p. .155 p • . 271 
FE -.0516 1.0000 .0419 .0619 -.0512 .1439 .2661 -.1534 .0916 ( a 2) ( 84) 461 ( 841 0) 551 ( 651 ( 66) ( 59) ( 831 71) p. .32) p. p. p= .35) p. p= .327 p= . )4) p= .125 p • . 021 p. .OB3 p. .224 
AG 1.0000 

461 461 I 47) ( 471 ( 0: 26) I 31) 311 29) 471 I )7) p. p. p. p. p. p. p. p= p. p. p. 

HA .0145 .0419 1.0100 .1900 -.1223 .0896 -.0200 .2996 .030 87) I 841 4'1 I 1(0) I 01 I 56) I BlI 82) I 6,) I '191 1 741 p. .447 p. .353 p= p. pa p • . 080 p. .138 p= .212 p. .HO p. . :J \) 1 p= . 385 

ICo"tflClent ':'lSeSl 1--talled Sl~nl~lcance. 



Page 11 FORT PHANTOH HILL RESERVOIR QUALITY 
5/5/87 

Correlations: ZN FE AG NA SA NH3 N03 1102 HN ELEV p; 
SA 1.0000 

0) 0) 0) 0) ( 0) 0) 0) 0) ( 0) 0) 0) p. p. p. p. p. p- p- p. p= p. p-
NH3 .0873 .0619 .1900 1.0000 -.0399 .0106 -.0660 .2U3 -.0876 ( 55) ( 55) 26) ( 56) 0) ( 73) ( 72) ( 57) ( 54) 58) ( 56) p. .263 p- .327 p. p. .080 p. p. p. .370 p. .469 p= .318 p. .055 p- .260 
N03 .1882 -.05ll - .1223 -.0399 1.0000 .0189 -.0970 .3618 -.0538 ( (8) ( 65) 311 ( 81) 0) ( 72) ( 112) ( 95) ( 56) ( 95) ( (3) p= .062 p. .343 p. p. .138 p. p- .370 p. p- .428 p. .239 p • . 000 p- .338 
NOl .6633 .1439 .0896 .0106 .0189 1.0000 - .1143 .1052 .0431 ( 70) ( 66) )1) ( 82) 0) 57) ( 95) ( 97) ( 58) ( 96) ( 65) p. .000 p. .ll5 p= p. .2ll p. p= .469 pa .428 p. . p= .197 p= .154 p. .367 
HN -.0149 .l661 -.0200 -.0660 -.0970 - .1143 1.0000 -.1480 -.0104 ( 59) ( 59) 19) ( 60) 0) ( 54) ( 56) ( 58) ( 60) ( (0) ( (0) p- .455 p- .021 p. p- .440 p. p- .318 p- .239 p. .197 p. . p. .129 p- .469 
ELEV .110l -.15H -.2996 .2ll) .3618 .1052 -.1480 1.0000 -.0798 ( 87) ( 83) ( 47) ( 99) 0) ( 58) 95) ( 96) ( 60) ( 114) ( 74) pa .155 p • . 08) p= p •. 001 p. p= .055 p •. 000 p •. 154 pa .129 p= p= .250 
p; -.0727 .0916 .0347 -.0876 -.0538 .0431 -.0104 -.0798 1. 0000 ( 73) ( 71) )7) ( H) 0) ( 56) ( 63) ( 65) ( (0) ( 74) ( 74) p= .271 p. .:124 p. p- .385 pa p • . 260 p •. 338 p= .367 p. .469 p= .250 p. 
S04 -.0640 .0958 .3589 .6274 -.2670 .0031 .0707 -.3491 -.2013 ( 85) 82) 46) ( 98) 0) 73) ( 112) ( 97) ( 58) ( 112) ( 72) p= .280 p. .196 p= p • . 000 p= p • . 000 p= .002 p= .488 p= .299 p- .000 p. .045 
CD -.0130 -.0872 -.0631 -.0552 .1045 ( 87) 83) 47) ( 88) ( 0) 56) ( 69) ( 71) ( (0) ( 88) 74) p= .452 p- p. p • . 210 p= p- p. .303 p= .324 p= p= .166 p. 
BIt. -.8894 .ll31 -.0799 .0108 - .l431 -.6809 .2223 -.1583 -.0738 ( 25) 21) ( 17) ( 37) ( 0) ( H) ( (7) ( 52) ( 15) ( 52) ( 20) p. .000 p= .166 p= p= .319 p= p. .478 p. .024 p. .000 p. .213 p= .131 p= .379 

(Coefficient / ICases) " 1-tailed SlQnificance) 

" is printed It a coetficient cannot be computed 



Paqe 12 FORT PHANTOH HILL RESERVOIR QUALITY 
5/5/87 

Correlations: S04 CD BR 

YEAR .5359 .1206 .1729 
( 129. ( 88. ( 67. 
P- .000 P- .ll2 pa .081 

MONTH -.0236 - .1287 .0059 
( 129. ( 88. 67. 
p. .395 p- .116 p • . 481 

DAY -.2092 -.1023 -.0903 
( lU. ( 84. ( 63. 
p. .011 p. .177 pa .241 

TEHP .1981 -.1755 .3023 
( 971 ( 56. ( 66. 
p= .026 p. .098 p. .007 

DO .0010 -.2006 
( 88. 47. ( 641 
p. .496 p. p. .056 

PH .2026 -.0205 .0859 
( 129. ( 88. ( 67. 
p= .011 p. .425 p= .245 

TURB -.0168 - .1373 .1642 
( 88. ( 47. ( 65. 
p= .438 p. .179 p. .096 

COND .4764 -.2186 .2795 
I 100) ( 58. 66) 
p. .000 pa .050 p= .012 

TDS .5847 -.0368 - .1356 
( 8U ( 40. ( 50. 
p= .000 p •. 411 p= .174 

TALI( -.0803 .2363 .1554 
( 129. ( 88. ( 67. 
P- .183 p • .Oll p= .105 

HARD .4919 . 0000 .1420 
( 1291 ( 88. ( 67) 
P= .000 p= .500 p= .126 

CA .3070 .0519 .2389 
( 1:2 21 ( 861 ( 62l 
p= .000 p. .318 P= .031 

HG .0236 -.0858 -.0189 
1.21 ) I 86) I 611 

p. .399 p. .216 p- .443 

ICoeU1Clent :~!ies' 1 -talied Slonltlcancel 



Page 13 fORT PHANTOM HILL RESERVOIR QUALITY 
5/5/87 

Correlations: S04 CD 8R 

CL .1734 - .::1033 -.008::1 
( 1::19) ( 88) ( 67) 
pa .0::15 p. .029 p • .474 

FL .0675 . 2U3 -.2314 
( U7) ( 87) ( 67) 
p. .::1::15 p •. 0::13 pa .027 

P04 .2058 .0433 
105) 79) ( 46) 

p • . 018 p~ pa .388 

SI .3275 .0919 -.3406 
( 90) ( 48) ( 66) 
p. . 001 pa .267 p • .003 

FCOLI -.2309 -.0277 
( 80) 52) ( 50) 
p. .0::10 p. p • .424 

CR .2147 -.0128 . 0548 
( 85) ( 87) 251 
p= .005 p= .453 p= .397 

CU .0550 -.0019 .0546 
( 86) ( 881 ( 26) 
p. .307 p. .493 p •. 396 

NI .0802 .0797 .0659 
( 861 ( 88) ( 261 
p= .232 p= .::130 p= .375 

PB - .1825 .21::13 .1552 
I 861 ( 88) I ::16) 
pa .046 p •. 024 p= .2::15 

ZN -.0640 -.0130 -.88H 
( 851 I 871 I 251 
pa .280 p= .45::1 p= .000 

fE .0958 .2231 
( a 21 ( 8) I ( 211 
p~ .196 pa p= .166 

AG 
461 471 171 

pc p= pc 

NA .3589 -.0872 .- .0799 
I .81 ( 881 37) 
p= .000 pa .210 pa .319 

\ J~tfl(:len~ ,:ase~ ) , I-tdlled sianirl~dnce) 



Paae 14 FORT i'HAHTGH HILL REsER',OIR QUALI IT 

Correla~ions: 504 

BA 

KB3 

N03 

H02 

MN 

ELEV 

II: 

504 

CD 

Bit 

0) 
pa 

.6l14 
73) 

p •. 000 

-.2670 
till) 
p: .002 

. 0031 
t 97) 
p= .488 

.0707 
t 58) 
p •• 299 

-.3491 
t 112) 
p= .000 

- .2013 
t H) 
pc .045 

1.0000 
t 129) 
p= 

.0290 
t 86) 
p •. 396 

.1283 
t 67) 
p= .150 

CD 

0) 
p. 

56) 
pc 

-.0631 
t 69) 
p •• 303 

-.0552 
t 71) 

p= .324 

60) 
p. 

.1045 
88 ) 

p- .166 

t 14) 
p. 

.0290 
86) 

p= .396 

1.0000 
t 88) 
p-

-.0132 
t 26) 
p •. 474 

BR 

0) 
p. 

.0108 
29) 

p •. 478 

-.2432 
t 67) 
p= . 024 

-.6809 
t 52) 
p: .000 

.2223 
t 15) 
p •. 213 

-.1583 
t 52) 
p= .131 

-. 0738 
t lO) 
p •. 379 

.1283 
t 67) 
p •• 150 

-.0132 
( 26) 
p: .414, 

1.0000 
t 67) 
p= 

(Coefficlen~ / .Cases) / l-~ailed sianiflcanCe) 

~ is printed It a coefficient cannot be computed 

5/5/87 



APPENDIX B 



Lake Fort Phantom Hill 
1987 Water Qualit~ SamEling Results 

Lake Station No. 1 
(mg/l except as noted) 

March AEri 1 ~ June ~ August SeEtember 

Alkalinity 142 146 143 141 147 145 145 
Aluminum 0.59 2.6 0.88 0.05 1.2 1.1 0.63 
Ammonia-N 0.34 0.1 0.19 0.23 0.6 0.98 1.0 
Arsenic 0.0 0.0 0.01 0.003 0.0 0.0 0.004 
Barium 0.18 0.07 0.13 0.12 0.15 0.152 
Boron 0.05 0.17 0.16 0.15 0.31 0.17 
Bromide 0.46 0.38 0.44 0.24 0.23 0.49 
Cadmium 0.0 0.0 0.0 0.0 0.007 0.0 0.49 
Calcium 55.7 74.5 34.6 48.0 45.9 51.8 
Chloride 81.0 8.4 80.8 78.0 78.0 82.3 86 
Chlorophyll a 0.0 1. 61 3.2 4.8 3.2 
Chromium 0.002 0.01 0.002 0.008 0.007 0.002 
Cobalt 0.002 0.001 0.0 0.0 0.0 0.0 
Color .06 .05 40.0 15 
Copper 0.01 0.007 0.006 0.01 0.008 
Cyanide 0.005 0.02 
2,4-D, ug/l BDL 
Dissolved oxygen 6.4 7.0 4.3 6.4 6.2 6.6 
Endrin, ug/l BDL 
F eca 1 Co 1 if . (#/100 ml) 0.0 0.0 0.0 5.0 5 0.0 4 
Fecal Strep. (#/100 ml) 100.0 0.0 0.0 15.0 0.0 0.0 12 
Fluoride 0.5 0.43 0.29 0.27 0.33 
Iodide 0.25 1.11 0.95 1. 27 
Iron 0.28 1.4 0.51 0.64 0.78 0.72 0.69 
Lead 0.02 0.01 0.01 0.0 0.03 0.0 0.0 
Lindane 
Magnesium 27.9 34.3 11. 9 17.7 17.0 19.53 
Manganese 0.01 0.05 0.03 0.05 0.08 0.04 0.03 
MBAS 0.4 0.15 0.28 0.37 0.04 
Mercury 0.005 0.01 0.065 0.01 0.0 0.0 0.02 
Methoxychlor, ug/l BDL 
Nitrate-N 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Nitrite-N 0.1 0.03 0.003 0.04 0.01 0.01 
Ni trogen, TKN 4.0 1.0 1.0 1.0 2.0 2.0 1. 31 
pH 8.0 8.1 7.7 8.2 8.0 8.2 8.3 
Phosphate, dissolved 

ortho (P) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Phosphorus (total) 0.21 0.23 0.1 0.1 0.1 0.1 0.1 
Potassium 8.5 18.8 7.6 5.5 25.5 6.5 
Selenium 0.0 0.005 0.0 0.01 0.03 0.0 0.0 
Silica 3.0 5.6 4.4 7.0 7.4 
Silver 0.02 0.0 0.05 0.0 0.02 0.00 
Sodium 

umhos/cm3 630 
69.9 47.24 50.6 49.2 44.8 50.6 

Specific conductance, 641 667 660 630 600 630 
Standard plate count(#/100 ml) 2200 5100 3500 1946 2600 2222 3385 

B-1 



Lake Station No. I, Continued 

March April ~ June ~ August September 

Strontium 0.58 0.23 0.08 0.49 0.55 0.54 
Sulfate 8.75 82.5 76.0 73.0 74.0 71. 0 75 
2,4,5-T, ug/l BOL 
Threshold odor,# 6.0 3.0 3.0 2.0 3.0 
Total dissolved solids 438.0 427.5 481. 5 389.0 473.0 496 496 
Total hardness 220.0 233.0 229.0 211.0 220.0 228.0 228.0 
Total organic carbon 35.9 41.2 27.5 32.2 31. 6 35.7 
Total organic halogen, 'ug/l 14.0 20.0 7.0 10 
Total suspended solids 2.0 42.5 79.0 27.0 9.0 24.0 40.0 
ITHM 0.0 10 10 
ITHMFP, ug/l 10 10 10 10 
Toxaphene, ug/l BOL 
Turbidity (NTU) 14.0 36.0 18.5 31. 0 36.0 28.0 34 
Volatile organic carbon 20.0 9.3 23.1 22.0 27.0 33.1 
Water temperature (OC) 14.0 16.5 24.0 26.0 26.0 29.5 
Zinc 0.02 0.002 0.01 0.01 0 0.01 0.015 

BDL = Below Detection Limit 
10 = Invalid Data 

B-2 



Lake Fort Phantom Hill 
1987 Water Qualit~ SamEling Results 

Lake Station No. 2 
(mg/l except as noted) 

March AEri 1 ~ June ~ August SeEtember 

Alkalinity 146 145 142 142 145 14.6 145 
Aluminum 0.58 1.3 1. 01 0.3 0.37 0.89 0.05 
Ammonia-N 0.34 0.1 0.14 0.17 0.38 0.94 0.5 
Arsenic 0.0 0.0 0.01 0.002 0.0 0.0 0.0 
Barium 0.15 0.23 0.12 0.12 0.14 0.15 
Boron 0.15 0.13 0.14 0.001 0.16 0.14 
Bromide 0.51 0.6 0.55 0.52 0.8 0.42 
Cadmium 0.0 0.001 0.003 0.0 0.001 0.0 0.0 
Calcium 62.8 71.4 57.9 45.7 52.5 51.4 
Chloride 85.0 85.0 81. 0 78.0 78.0 82.3 86.0 
Chlorophyll a 0.27 
Chromium 0.0 0.0 0.002 0.001 0.001 0.003 0.001 
Cobalt 0.002 0.0 0.0 0.0 0.0 0.00 
Color 6.0 5.0 40.0 10.0 15 
Copper 0.001 0.01 0.03 0.007 0.014 0.003 
Cyanide 0.005 0.02 
2,4-D, ug/l BDL 
Dissolved oxygen 5.8 8.4 6.9 5.9 3.8 8.2 6.6 
Endrin BDL 
Fecal Col if. (#/100 ml) 300.0 0.0 0.0 10.0 2.0 2.0 6.0 
Fecal Strep. (#1100 ml) 100.0 0.0 0.0 0.0 0.0 2.0 1.0 
Fluoride 0.5 0.43 0.3 0.47 0.32 
Iodide 0.2 0.59 0.48 0.95 
Iron 0.28 0.17 0.45 0.5 0.31 0.29 0.22 
Lead 0.0 0.01 0.0 0.0 0.0 0.0 0.004 
Lindane 
Magnesium 21. 6 33.3 28.2 15.8 19.1 18.8 
Manganese 0.01 0.008 0.02 0.02 0.02 1. 82 0.002 
MBAS 0.4 0.16 0.04 0.36 0.04 
Mercury 0.009 0.0 0.0 0.0 0.0 0.0 
Methoxychlor, ug/l BDL 
Nitrate-N 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Nitrite-N 0.23 0.05 0.003 0.01 0.01 0.01 
Nitrogen, TKN 5.0 3.0 3.0 1.6 2.0 1.8 
pH 8.0 8.6 7.7 8.3 8.3 6.4 8.3 
Phosphate, dissolved 

ortho (P) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Phosphorus (total) 0.21 0.25 0.1 0.1 0.1 0.1 0.1 
Potassium 6.8 18.6 0.64 4.5 26.1 6.3 
Selenium 0.0 0.01 0.002 0.0 0.02 0.0 0.0 
Sil ica 2.9 2.9 4.0 6.2 
Sil ver 0.0 0.01 0.0 0.11 0.0 0.01 0.001 
Sodium 3 - 55.4 27 41 43.2 91. 7 53.6 
Specific conductance, umhos/cm 582 626 690 645 630 600 680 
Standard plate count(#/100 ml) 2600 875 5000 13,622 1666 2777 
Strontium 0.61 0.62 0.25 0.48 0.51 0.53 

B-3 



Lake Station No. 2 

March Apri 1 ~ June ~ August September 

Sulfate 82 85 80 71 74 71 76.0 
2,4,5-T, ug/l BDL 
Threshold odor, # 6.0 8.0 4.0 2.0 
Total dissolved solids 448 417 484 401 490 666 
Total hardness 224 234 179 210 218 226 222 
Total organic carbon 37.9 40.1 26.1 32.5 32.5 36.6 
Total organic halogen 8.0 18.0 15.0 10.0 
Total suspended solids 6.0 13.0 9.0 9.0 22.0 6.0 
TTHM 0.0 0.0 ID ID 
TTHMFP, ug/l ID ID ID ID 
Toxaphene, ug/l BDL 
Turbidity (NTU) 15.0 6.0 11.0 23.0 18.0 21. 0 12.0 
Volatile organic carbon 21.7 13 21. 9 25.6 27.2 31.5 
Water temperature (OC) 14.0 21. 5 24.0 27.0 28.5 27.0 
Zinc 0.02 0.0 0.22 0.15 0.0 0.01 0.01 

BDL = Below Detection Limit 
ID = Invalid Data 
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Lake Fort Phantom Hill 
1987 Water Qualit~ SamEling Results 

Creek ComEosite 
(mg/l except as noted) 

March AEri 1 ~ June ~ August SeEtember --
A 1 ka 1 i ni ty 206 105 116 105 
Aluminum 2.7 2.2 0.15 1.3 
Ammonia-N 4.8 0.45 0.26 0.16 
Arsenic 0.04 0.03 0.004 0.002 
Barium 0.18 0.28 0.09 
Boron 0.165 0.11 0.19 
Bromide 0.1 0.43 
Cadmium 0.0 0.0 0.0 0.0 
Calcium 64 53.7 28.2 
Chloride 148 82.7 74.0 47 
Chlorophyll a 2.67 5.3 3.86 
Chromium 0.003 0.003 0.002 0.005 
Cobalt 0.0 0.002 0.0 
Color 50.0 80.0 
Copper 0.01 0.01 0.03 0.01 
Cyanide 0.005 
2,4-0, ug/l BOL BOL BOL 
Dissolved oxygen 9.7 5.2 5.7 5.1 
Endrin, ug/l BOL BOL BOL BOL 
Fecal Colif. (#/100 ml) 800 265 TNTC TNTC 
Fecal Strep. (#/100 ml) 400 3,000 TNTC 700 
Fluoride 0.5 0.27 0.37 0.38 
Iodide 0.75 0.75 1.11 
Iron 1.5 0.0 1.3 1.4 
Lead 0.0 0.0 0.0 0.0 
Lindane, ug/l 
Magnesium 29.0 26.2 12.9 
Manganese 0.08 0.09 0.05 0.07 
MBAS 0.28 0.07 0.65 
Mercury 0.013 0.0 0.0 1.2 
Methoxychlor, ugll BOL BOL BOL BOL 
Nitrate-N 0.1 0.5 0.1 0.1 
Nitrite-N 0.35 0.1 0.01 
Nitrogen, TKN 10.0 4.7 0.56 0.3 
pH 7.9 7.6 8.2 8.2 
Phosphate, dissolved 

ortho (P) 0.1 0.13 0.1 0.1 
Phosphorus (total) 0.23 0.16 0.1 0.1 
Potassium 17.4 4.6 4.7 
Selenium 0.0 0.002 0.003 0.0 
Silica 8.4 7.2 5.6 7.2 
Silver 0.0 0.0 0.076 0.0 
Sodium 42.2 45.3 46.7 
Specific c~nductance, 

umhoslcm 617.5 420 465 420 
Standard plate count(#/100 ml)6,000 TNTC TNTC 
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Creek Composite, Continued 

Strontium 
Sulfate 
2,4,5-T, ug/l 
Threshold odor, # 
Total dissolved solids 
Total hardness 
Total organic carbon 
Total organic halogen (ug/l) 
Total suspended solids 
TTHM 
TTHMFP (ug/l) 
Toxaphene, ug/l 
Turbidity (NTU) 
Volatile organic carbon 
Water temperature (OC) 
Zinc 

BOL = Below Detection Limit 
10 = Invalid Data 

March April ~ June ~ August September 

0.18 
94.0 49.0 
BOL 
10.0 3.5 

674 416.5 
324 178 

54.1 23.9 
15.0 150 
170 55.5 
10 
10 

BOL BOL 
90.0 41. 5 
38.2 17.5 
14.5 23 
0.03 0.013 

0.32 
66.0 
BOL 

383.5 
176 

35.4 
25.0 
83.0 

BOL 
91. 0 
25.5 
25.5 
0.02 

0.34 
59 

BOL 

428 
126 

34.9 
11.0 
56.0 

10 
10 
BOL 

58 
27.4 
28.0 
0.01 
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Lake Fort Phantom Hill 
1987 Water Qualit~ SamEling Results 

Wastewater Plant Effluent 
(mg/l except as noted) 

March AEril ~ June ~ August SeEtember --
Alkalinity 220 155 167 174 192 179 159 
Aluminum 0.18 0.07 0.0 0.01 0.17 0.04 
Ammonia-N 1.0 5.5 1.65 1.4 12.4 7.6 13.3 
Arsenic 0.0 0.003 0.01 0.003 0.0 0.0 0.007 
Barium 0.05 0.075 0.05 0.025 0.058 0.06 
Boron 0.44 0.45 0.37 0.26 0.48 0.51 
Bromide 
Cadmium 0.0 0.0 0.0 0.0 0.001 0.0 0.0 
Calcium 61. 3 73.0 159.7 40.8 44.1 42.6 
Chloride 296 256 215.7 196 202 208 208.7 
Chlorophyll a 0.53 
Chromium 0.006 0.003 0.004 0.002 0.005 0.008 0.008 
Cobalt 0.001 0.002 0.0 0.0 0.0 0.0 
Color 15.0 12.0 15.0 15.0 15.0 20.0 
Copper 0.015 0.009 0.013 0.007 0.012 0.006 0.02 
Cyanide 0.005 
2,4-D, ugll BDL 
Dissolved oxygen 5.9 6.0 5.5 3.4 5.3 6.6 
Endri n, ug/l BDL 
Fecal Colif. (#/100 ml) 0.0 0.0 0.0 2.5 0.0 0.0 0.0 
Fecal Strep. (#/100 ml) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fl uori de 1.3 1.6 1.14 0.99 1. 67 
Iodide 1.3 1.19 1.19 1.9 
Iron 0.15 0.1 0.13 0.17 0.07 0.09 0.16 
Lead 0.0 0.004 0.0 0.0],2 0.0 0.0 0.001 
Lindane 
Magnesium 38.8 58 145.7 25.9 24.9 25.1 
Manganese 0.02 0.01 0.03 0.11 0.03 0.05 0.02 
MBAS 0.91 1. 02 0.175 1. 99 0.17 
Mercury 0.0 0.04 0.0 0.0 0.0 0.0 0.0 
Methoxychlor, ugll BDL 
Nitrate-N 9.0 18.0 9.3 5.8 5.8 3.8 6.4 
Nitrite-N 61. 0 6.5 0.175 0.15 0.31 0.02 
Nitrogen, TKN 15.0 7.0 5.0 1. 33 9.9 5.8 
pH 7.1 6.8 6.8 7.2 7.2 7.3 6.6 
Phosphate, dissolved 

ortho (P) 4.0 6.25 6.5 7.5 8.9 7.4 
Phosphorus (total) 7.5 7.7 7.0 8.4 10.6 7.4 9.3 
Potassium 11.2 17.6 11.8 10.7 27.7 13.7 
Selenium 0.008 0.001 0.0 0.004 0.0 0.003 0.0 
Silica 15.0 17.6 14.8 14.3 14.2 
Silver 0.0 0.02 0.003 0.19 0.0 0.01 0.02 
Sodium 161. 5 170 143.2 161.8 146.7 174.3 
Specific c~nductance, 

umhoslcm 1675 1493 1275 1250 1200 1200 1200 
Standard plate count(#/100 ml) 4100 275 26,000 2224 1667 1666 555 
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Wastewater Plant Effluent, Continued 

March April ~ June ~ August September --
Strontium 0.75 1. 07 0.06 0.34 0.68 0.65 
Sulfate 279 227 205 150 153 136 151 
2,4,5-T, ug/l BDL 
Threshold odor, # 35.0 35.0 
Total dissolved solids 1223 995 957 792 580 
Total hardness 452 350 319 261 254 251 231 
Total organic carbon 72.3 52.5 35.7 50.1 47.3 
Total organic halogen 340 280 220 320 
Total suspended solids 4.0 145 10.0 6.75 24.0 12.0 
TTHM, ug/l ID ID ID ID 
TTHMFP, ug/l ID ID ID ID 
Toxaphene, ug/l BDL 
Turbidity (NTU) 16.0 17.0 3.6 7.5 3.0 5.0 6.0 
Volatile organic carbon 38.4 17.2 25.1 35.7 35.8 41. 9 
Water temperature (OC) 18 22 24 25 28.0 28.0 
Zinc 0.03 0.03 1.4 0.03 0.12 0.06 

BDL = Below Detection Limit 
ID = Invalid Data 
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Lake Fort Phantom Hill Water Qualit~ 
Lake Station No. 1 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Alkalinity 144.143 2.193 147 141 7 
Aluminum 1.007 0.799 2.6 0.05 7 
Ammonia-N 0.477 0.394 1.0 0 7 
Arsenic 0.002 0.004 0.010 0 7 
Barium 0.134 0.037 0.180 0.070 6 
Boron 0.168 0.083 0.310 0.050 6 
Bromide 0.373 0.113 0.490 0.230 6 
Cadmium 0.071 0.185 0.490 0 7 
Calcium 51. 75 13.233 74.5 34.6 6 
Chloride 81. 443 2.954 86.000 78.000 7 
Chlorophyll a 2.562 1.823 4.8 0 5 
Chromium 0.005 0.004 0.010 0.002 6 
Cobalt 0.001 0.001 0.002 0 6 
Color 16.5 16.299 40 5 4 
Copper 0.008 0.002 0.010 0.006 5 
Cyanide 0 0 0 0 2 
2,4-D BDL 1 
Dissolved Oxygen 6.060 1. 029 8.3 7 7 
Endrin BDL 1 
Fecal Colif. 2 2.517 5.000 0 7 

(#/100 ml) 
Fecal Strep. 18.143 36,663 100.000 0 7 

(#/100 ml) 
Fluoride 0.264 0.160 0.430 0 5 
Iodide 0.895 0.449 1.270 0.250 4 
Iron 0.717 0.344 1.4 0.280 7 
Lead 0.010 0.012 0.030 0 7 
Li ndane BDL 0 
Magnesium 21. 383 8.192 34.300 11.9 6 
Manganese 0.041 0.022 0.080 0.010 6 
MBAS 0.168 0.157 0.370 0 5 
Mercury 0.016 0.023 0.065 0 7 
Methoxychlor BDL 1 
Nitrate-N 0.1 0 0.1 0.1 7 
Nitrite-N 0.014 0.017 0.040 0 6 
Nitrogen, TKN 1. 759 1. 085 4 1 7 
Odor 3.4 1. 517 6 2 5 
Pesticides 0 0 0 0 6 
pH 8.071 0.198 8.3 7.7 7 
Phosphate, ortho 0.014 0.038 0.100 0 7 
Phosphorus, total 0.077 0.104 0.230 0 7 
Potassium 12.067 8.156 25.5 5.50 6 
Selenium 0.006 0.011 0.030 0 7 
Silica 5.480 1.825 7.400 3 5 
Silver 0.015 0.020 0.050 0 6 
Sodium 52.1 10.051 69.900 44.800 5 
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Lake Station No. 1 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Sped fi c Con-
ductance 636.857 22.214 667 600 7 

Standard count 3064.714 1149.646 5100 1946 7 
(#/100 ml) 

Strontium 0.412 0.206 0.580 0.08 6 
Sulfate 64.750 25.392 82.5 8.750 7 
2,4,5-T BDL 1 
Total dissolved 457.286 40.317 596.0 389 7 

solids 
Total hardness 224.143 7.515 233 211 7 
Total organic 34.017 4.682 41. 2 27.5 6 

carbon 
Total organic 12.75 5.620 2.0 7 4 

halogen 
Total suspended 31. 929 25.499 79 2 7 

solids 
TTHM (mg/l) ID ID ID ID 2 
TTHMFP (mg/l) ID ID ID ID 4 
Toxaphene BDL 1 
Turbidity 28.214 8.746 36.0 14.0 7 
Volatile organic 22.417 7.920 33.1 9.3 6 

carbon 
Water temperature 

(OC) 22.667 6.064 29.5 14 6 
Zinc 0.010 0.007 0.020 0 7 

BDL = Below Detection Limit 
10 = Invalid Data 
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Lake Fort Phantom Hill Water Qualit~ 
Lake Station No. 2 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Alkalinity 144.429 1. 718 146 142 7 
Aluminum 0.742 0.391 1.3 0.3 6 
Ammonia-N 0.353 0.308 0.94 0.0 7 
Arsenic 0.002 0.004 0.010 0.0 7 
Barium 0.152 0.045 0.230 0.120 6 
Boron 0.12 0.059 0.16 0.001 6 
Bromide 0.567 0.129 0.8 0.42 6 
Cadmium 0.001 0.001 0.003 0.0 7 
Calcium 56.950 9.177 71.4 45.7 6 
Chloride 82.186 3.338 86.0 78.0 7 
Chlorophyll a 0.27 0.27 0.27 1 
Chromium 0.001 0.001 0.003 0.0 7 
Cobalt 0.0 0.001 0.002 0.0 6 
Color 15.2 14.412 40.0 5.0 5 
Copper 0.011 0.010 0.03 0.001 6 
Cyanide 0.0 0.0 0.0 0.0 2 
Dissolved oxygen 6.314 1. 571 8.4 3.8 7 
2,4-0 BDL 1 
Endrin SOL 1 
Fecal Calif. 45.714 112.187 300 0.0 7 

(#/100 ml) 
Fecal Strep. 14.857 37.556 100 0.0 7 

(#/100 ml) 
Fluoride 0.304 0.184 0.47 0.0 5 
Iodide 0.555 0.31 0.95 0.2 4 
Iron 0.17 0.119 0.50 0.17 7 
Lead 0.002 0.004 0.01 0.0 7 
Lindane NO 0 
Magnesium 22.8 6.626 33.3 15.8 6 
Manganese 0.269 0.676 1.801 0.002 7 
MBAS 0.120 0.147 0.36 0.0 5 
Mercury 0.001 0.004 0.009 0.0 6 
Methoxychlor BDL 1 
Nitrate-N 0.029 0.049 0.100 0.0 7 
Nitrite-N 0.051 0.090 0.230 0.0 6 
Nitrogen, TKN 2.733 1. 263 5.0 1.6 6 
Odor 5.0 2.582 8.0 2.0 4 
pH 7.943 0.737 8.6 6.4 7 
Phosphate, ortho 0.029 0.049 0.01 0.0 7 
Phosphate, total 0.080 0.109 0.0 0.25 7 
Potassium 10.490 9.732 26.1 0.64 6 
Selenium 0.005 0.008 0.02 0.0 7 
Silica 4.0 1. 556 6.2 2.9 4 
Silver 0.019 0.041 0.11 0.0 7 
Sodium 51. 983 21. 971 91. 7 27.0 6 
Specific con-

ductance 636.143 49.329 582 690 7 
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Lake Station No. 2 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Standard count 4752.6 5194.325 13622 875 5 
(#/100 ml) 

Strontium 0.502 0.134 0.62 0.25 6 
Sulfate 6.457 26.174 85.0 8.2 7 
2,4,5-T BDL 1 
Total dissolved 484.333 95.743 666 401 6 

so 1 ids 
Total hardness 216.143 17.948 234 179 7 
Total organic 34.283 5.012 40.1 26.1 6 

carbon 
Total organic 12.750 4.573 18.0 8.0 4 

halogen 
Total suspended 10.833 6.047 22 6.0 6 

solids 
TTHM (ug/l) ID ID ID ID 3 
TTHMFP (ug/l) ID ID ID ID 7 
Toxaphene BDL 1 
Turbidity 15.143 5.984 23.0 6.0 7 
Volatile organic 23.483 6.295 31. 5 13.0 6 

carbon 
Water temperature 23.667 5.363 28.5 14 6 
Zinc 0.059 0.059 0.220 0.0 7 

BDL = Below Detection Limit 
ID = Invalid Data 
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Lake Fort Phantom Hill Water Qualit~ 
Creek Composite 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Alkalinity 133 18.9 206 105 4 
Aluminum 1. 56 1.12 2.7 0.15 4 
Ammonia-N 1.42 2.26 4.8 0.16 4 
Arsenic 0.019 0.019 0.04 0.002 4 
Barium 0.183 0.095 0.28 0.04 3 
Boron 0.155 0.041 0.19 0.11 3 
Bromide 0.215 0.304 0.43 0.0 2 
Cadmium 0.0 0.0 0.0 0.0 4 
Calcium 48.6 18.4 64.0 28.2 3 
Chloride 87.9 42.8 148 47 4 
Chlorophyll a 3.94 1. 32 5.3 2.67 3 
Chromium 0.003 0.001 0.005 0.002 4 
Cobalt 0.001 0.001 0.002 0.0 3 
Color 65.0 21. 2 80.0 50.0 2 
Copper 0.015 0.010 0.03 0.01 4 
Cyanide 0.0 0.0 0.0 0.0 1 
Dissolved oxygen 6.4 2.2 9.7 5.1 4 
2,4-D BDL 2 
Endrin BDL 3 
Fecal Calif. 532 378 800 265 2 

(#/100 ml) 
Fecal Strep. 1367 1838 3000 400 3 

(#/100 ml) 
Fluoride 0.255 0.177 0.38 0.0 4 
Iodide 0.87 0.21 1.11 0.75 3 
Iron 1. 05 0.71 1.5 0.0 4 
Lead 0.0 0.0 0.0 0.0 4 
Lindane ND 0 
Magnesium 22.7 8.6 29.0 12.9 3 
Manganese 0.073 0.017 0.09 0.05 4 
MBAS 0.333 0.294 0.65 0.07 3 
Mercury 0.303 0.598 0.12 0.0 4 
Methoxychlor LD 3 
Nitrate-N 0.150 0.238 0.5 0.0 4 
Nitrite-N 0.15 0.18 0.35 0.01 3 
Nitrogen, TKN 3.89 4.54 10.0 0.30 4 
Odor 6.75 4.6 10.0 3.5 2 
pH 8.0 0.3 8.2 7.6 4 
Phosphate, ortho 0.06 0.07 0.13 0.0 4 
Phosphorus, total 0.15 0.06 0.23 0.1 4 
Potassium 8.9 7.4 17.4 4.6 3 
Selenium 0.001 0.002 0.003 0.0 4 
Silica 7.1 1.15 8.4 5.6 4 
Silver 0.019 0.038 0.076 0.0 4 
Sodium 44.7 2.3 46.7 42.2 3 
Speci a 1 con-

ductance 481 94 618 420 4 
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Creek Composite, Continued 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Standard count 6000 1 
(#/100 ml) 

Strontium 0.28 0.087 0.34 0.18 3 
Sulfate 67.0 19.3 94.0 49.0 4 
2,4,5-T BDL 2 
Total dissolved 475.5 133.7 674 383.5 4 

solids 
Total hardness 201 85 324 126 4 
Total organic 37.1 12.5 54.1 23.9 4 

carbon 
Total organic 50.2 66.8 150 11.0 4 

halogen 
Total suspended 91.1 54.1 170 55.5 4 

solids 
TTHM (ug/l) ID ID ID ID 2 
TTHMFP (ug/l) ID ID ID ID 2 
Toxaphene BDL 3 
Turbidity 70.1 24.5 91. 0 41.5 4 
Volatile organic 27.2 8.5 38.2 17.5 4 

carbon 
Water temperature 21. 5 4.8 25.5 14.5 4 
Zinc 0.018 0.009 0.03 0.01 4 

BDL = Below Detection Limit 
ID = Invalid Data 
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Lake Fort Phantom Hill Water gualit~ 
Wastewater Plant Effluent 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Alkalinity 178 22.316 220 155 7 
Aluminum 0.078 0.079 0.18 0.0 6 
Ammonia-N 6.121 5.197 13.3 1.0 7 
Arsenic 0.003 0.004 0.01 0.0 7 
Barium 0.053 0.016 0.075 0.025 6 
Boron 0.418 0.091 0.510 0.26 6 
Bromide 0 
Cadmium 0.0 0.0 0.001 0.0 7 
Calcium 70.25 45.617 159.7 40.8 6 
Chloride 226.057 36.527 296 196 7 
Ch 1 orophyll a 0.53 0.53 0.53 1 
Chromium 0.005 0.002 0.008 0.002 7 
Cobalt 0.001 0.001 0.002 0.0 6 
Color 15.333 2.582 20 12.0 6 
Copper 0.012 0.005 0.02 0.006 7 
Cyanide 0.0 0.0 0.0 0.0 1 
Dissolved oxygen 5.45 1.1 3.4 6.6 6 
2,4-D BDL 1 
Endrin BDL 1 
Fecal Col if. 0.357 0.945 2.5 0.0 7 

(#/100 ml) 
Fecal Strep. 0.0 0.0 0.0 0.0 7 

(#/100 ml) 
Fluoride 1.34 0.292 1. 67 0.99 5 
Iodide 1.395 0.341 1.9 1.19 4 
Iron 0.124 0.038 0.17 0.07 7 
Lead 0.002 0.004 0.012 0.0 7 
Lindane ND 0 
Magnesium 53.067 47.164 145.7 24.9 6 
Manganese 0.039 0.034 0.11 0.01 7 
MBAS 0.853 0.75 1. 99 0.17 5 
Mercury 0.006 0.015 0.04 0.0 7 
Methoxychlor BDL 1 
Nitrate-N 8.3 4.689 18.0 3.8 7 
Nitrite-N 11.359 24.451 61. 0 0.02 6 
Nitrogen, TKN 7.338 4.676 15.0 1. 33 6 
Odor 35.0 0.0 35.0 35.0 2 
pH 7.0 0.265 7.3 6.6 7 
Phosphate, ortho 758 1. 642 8.9 4.0 6 
Phosphorus, total 8.271 1. 278 10.6 7 7 
Potassium 15.367 6.319 27.2 10.7 6 
Selenium 0.002 0.003 0.008 0.0 7 
Silica 15.18 1".394 17.6 14.2 5 
Silver 0.035 0.069 0.19 0.0 7 
Sodium 159.583 12.394 174.3 143.2 6 
Specific con-

ductance 1327.571 185.148 1675 1200 7 
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Wastewater Plant Effluent, Continued 

Standard 
Parameter Mean Deviation Maximum Minimum Number 

Standard count 6853 10790.956 26000 275 5 
(#/100 ml) 

Strontium 0.592 0.35 1. 07 0.06 6 
Sulfate 185.857 52.916 279 136 7 
2,4,5-T BDL 1 
Total dissolved 909.4 239.909 1223 580 5 

solids 
Total hardness 302.571 78.228 452 231 7 
Total organic 51. 58 13.256 72.3 35.7 5 

carbon 
Total organic 290 52:915 340 220 4 

halogen 
Total suspended 13.542 5.858 24 6.75 6 

solids 
TTHM (mg/l) ID ID ID ID 4 
TTHMFP (mg/l) ID ID ID ID 4 
Toxaphene BDL 1 
Turbidity 8.3 5.802 17.0 3 7 
Volatile organic 32.35 9.306 41. 9 17.2 6 

carbon 
Water temperature 24.167 3.817 28 18 6 
Zinc 0.278 0.551 1.4 0.03 6 

BDL = Below Detection Limit 
ID = Invalid Data 
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Lake Fort Phantom Hill 
1987-88 Water Quality Sampling Results 

Sediment Analysis 
(mg/l except as noted) 

Pump Station Intake 
Total Metals Leachate 

West Texas Utilities Intake 
Total Metals Leachate 

2/25/88 3/15/88 
As 0 0 
Hg 0 0 
Se 0 0 
In 2.567 0 
Cd 0.061 0 
Pb 0.400 0 
Ni 0.009 0 
B 2.074 0.944 
Cr 0 0 
Cu 0.065 0 
Ag 0 0 
Ba 10.93/10.45* 20.617 
Mn 113.93 115.355 

*Samples Reanalyzed on 3/16/88 

2/25/88 
o 
o 
o 
2.009 
o 
0.880 
1.184 
1.189 
0.43 
0.804 
0.001 
5.19/5.04* 
127.53 

3/15/88 
o 
o 
o 
0.072 
o 
o 
o 
0.889 
o 
o 
o 
18.403 
89.798 
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APPENDIX C 



QUALITY CONTROL PROGRAM 

A qual i ty control program was in place for 1 aboratory anal ys i s 

during the seven-month sampling program. Both the City of Abilene 

1 aboratory and the CH2M Hill 1 aboratory part i ci pated in the qual i ty 

control program. 

The City of Abilene laboratory performed two sets of analysis for 

each parameter sampled. From the two data, a percent relative deviation 

was determined. In addition, two known spi ke concentrations were added 
to the sample and the percent recovery determined for each spike added. 

The CH2M Hill laboratory performed quality control measures for the 
parameters they analyzed. In addition, surrogate recoveries were 

identified and the percent recovery determined for analysis of pesti

cides, organic and inorganic priority pollutants. 
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8.60 

1.2917 
.2151 

12 

86.00 

22.00 

• 
16.00 

0.00 

52.00 

0.00 

14 .00 

0.00 
86 .00 

l4 .0000 
)0.)127 

8 

114.00 

99.00 

121.10 

91.00 

106.00 

80.00 

56.00 

62.50 

55.20 

96.00 

94.00 

62.00 

55.20 
121.80 

17.6250 
24.2600 

12 

TOTAL DISSOLVED 
SULFATE SOLIDS 

HG/L HG/L 

66.00 • 
66.00 

101. 00 

13.00 • 
15.20 546.00 

15.30 • 

71.00 350.00 

31.00 432.00 

90.00 ))0.00 

105.00 526.00 

150.00 530.00 

78.00 350.00 

31.00 330.00 
150.00 546 .00 

8).458) 437.714) 
28.)815 95.7944 

12 7 

PAGE 

SPECIFIC 
CONDUCTANCE 

UHHOS/CH • l5C 

• 
• 

600.00 

675.00 

675.00 

520.00 

461. 00 

442.00 

790.00 

795.00 

525.00 

442.00 
795.00 

609.2222 
132.7213 

9 

1 



FOlT PHANTOH HILL R!SElVOIR QUALITY PAG! 2 

HONTH YEAR DISSOLVED nCAL TOTAL DISSOLVED SPiCIFIC 
TEHPERATUR! OXYGEH PH COLI FORH CHLOIUDE SULFATE SOLIDS COHDUCTANCE 

DEGREES C HG/L S.U. 1/100 HL HGIL HGIL HGIL UHHOS/CH • 25C 

FSBRUARY 16 8.'0 101.00 15.00 • 
~ 

11 1.90 • 101.00 n.oo 

~ 18 8.'0 • 139.50 113.00 

19 8.00 8.'0 38.00 99.00 18.80 UO.OO 640.00 
t 

80 11.00 9.10 8.60 11.00 110.00 83.'0 549.00 680.00 

~ 81 8.00 10.10 8.10 130.00 11.00 85.90 • "0.00 

82 5.00 12.00 8.50 2'.00 57.00 66.00 340.00 375.00 
~ 

13 8.00 8.30 • 61.20 97.10 U5.00 470.00 

• 14 7.10 13.00 8.50 0.00 80.00 100.00 ·467.00 700.00 

85 6.00 11.90 8.20 1l.00 84 .50 100.00 440.00 660.00 

86 1.00 11.10 8.17 H.OO In.OO 560.00 140.00 

i I HIN 5.00 9.10 7.90 0.00 51.00 66.00 340.00 315.00 
KAX 11.00 13.00 1.60 130.00 139.50 148.00 560.00 840.00 
HEAN 7.5125 11.3000 8.3155 35.8))3 92.4721 92.7182 463.0000 600.6250 
STOEV 1.1691 1.2414 .2060 47.9183 23.1112 23.20ll 14.5141 156.1994 
VALIDN 8 6 11 6 11 11 7 8 
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rO~T PHAHTOK HILL RES&lVOI~ QUALITY 

KONTH YEll 
TEHPKUTtaE 

DKG~EES C 

MllCH 76 • 
77 • 
71 • 
79 15.00 

80 15.00 

81 17.00 

8l 13.00 

83 16.00 

U 8.00 

85 21. 00 

86 17.00 

MIN 1.00 
MAX ll.OO 
M!AN 15.2500 
STOBV 3.7321 
VALIDN 8 

DISSOLVID 
OXYGEN PH 

MGIL s.u. 

• 8.30 

• 8.10 

• • 

• 8.'0 

9.20 8.50 

9.00 8.'0 

10.00 8.60 

11. 90 8.20 

11.10 8.50 

10.'0 8.50 

9.60 8.20 

9.00 8.10 
11.90 8.60 

10.17U 8.3700 
1.0468 .1636 

7 10 

PAGE 3 

FECAL TOTAL DISSOLVED SPECIFIC 
COLIFORM CHLORIDI SULFATE SOLIDS COKDUCTANCE 
11100 HL HelL HelL HGIL UMHOS/CM • l5C 

99.00 75.00 • 
• 107.00 88.00 • 

• • • 
U8.00 100.00 76.80 "0.00 no.oo 

'.00 lU.OO 86.20 578.00 780.00 

5.00 80.00 76.70 • 510.00 

2.00 51.00 77 .00 360.00 460.00 

16.00 7!1.10 176.00 410.00 620.00 

0.00 80.00 95.00 no.oo 720.00 

86.00 U3.00 473.00 710.00 

30.00 9'.00 153. 00 567.00 150.00 

0.00 51.00 75.00 360.00 '60.00 
128.00 11'.00 176.00 578.00 850.00 

26.'286 88.6100 104.6700 "6.8571 671.l500 
'5.9995 11.26<16 37.7278 78.05:1:1 1H.71U 

7 10 10 7 • 



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

ItONTH 

') 

APaIL 
.;, 

• 
• 
• 
• 
• HIN 

IWt 
HUll 

• S'rD!V 
VALIDN 

• 
• 
• 
\. 
, 

, 
, 
, 
, 
, 

~D~DKYUlft QUALITY 

Y!AJ. 

76 

77 

78 

79 

80 

81 

8:1 

83 

It 

85 

86 

TEMPERATURE 
DEGREES C 

22.00 

16.00 

19.00 

14.00 

15.00 

20.00 

22.00 

14.00 
22.00 

18.2857 
3.3022 

7 

DISSOLVED 
OXYGEN 

HG/L 

• 
6.80 

11.50 

10.50 

12.60 

11.00 

15.00 

8.20 

6.80 
15.00 

10.8000 
2.7160 

7 

FECAL 
PH COLIFORH CHLORIDE 

S.U. ./100 HL HG/L 

8.50 

8.30 

8.30 

8.20 

8.30 

8.70 

1.:10 

8.80 

7.90 

9.00 

8.60 

7.90 
9.00 

•. t364 
.3171 

11 

• 

10.00 

5.00 

108.00 

)2.00 

0.00 

0.00 

6.00 

• 
0.00 

108.00 
23.0000 
39.0427 

7 

135.00 

107.00 

127.00 

90.00 

152.00 

71.00 

52.00 

71.80 

95.:10 

92.00 

10'.00 

52.00 
152.00 

100.3636 
29. U07 

11 

TOTAL DISSOLVED 
SULFATE SOLIDS 

HG/L HG/L 

78.30 

70.00 

10'.00 

7).90 

H.I0 

79.80 

67.00 

75.'0 

101.00 

12).00 

175.00 

67.00 
175.00 

H.6I18 
31.7002 

11 

610.00 

HO.OO 

• 

365.00 

'20.00 

502.00 

u).oo 

581.00 

365.00 
610.00 

"7. :1857 
17 .3760 

7 

PAGE 

SPiCIFIC 
CONDUCTANCE 

UMHOS/CH • 25C 

• 

1022.00 

500.00 

890.00 

UO.OO 

500.00 

6)0.00 

800.00 

HO.OO 

872.00 

UO.OO 
1022.00 

709.1lJl 
205.5ua 

9 

4 
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• 
rO~T PHAHTOK HILL RESIRVOIR QUALITY PAGI 5 

• MONTH YIAR DISSOLVID nCAL TOTAL DISSOLVID SPIICIrIC 
TBKPEUTUU OXYGZH PH COLIFORM CHLOUDI SULFATI SOLIDS CONDUCTANCI 

• DIG~BBS C ItG/L S.U. t/l00 IfL ItG/L ItG/L ItG/L UMBOS/CM • :.I5C 

KU 76 • •. 10 UI.OO 80.10 • • 

• 77 7.90 • 99.00 5S.00 • 

• 71 • • 8.U 136.70 11S.00 • 
79 :.11. 00 • ' .• 0 lll.OO 9l.00 ".:.10 390.00 580.00 

• 80 11.00 '.30 ' .• 0 162.00 1:.18.00 88.90 • 860.00 

• 81 13.00 9.70 '.10 300.00 n.oo 72.80 550.00 

8:.1 :.Il • 00 5.00 1.30 UO.OO S3.00 U.OO 385.00 550.00 

• 83 19.00 9.00 8.30 71.80 iSS .00 425.00 630.00 

• 14 20.00 9.00 8.60 0.00 83.10 U7.00 515.00 800.00 

85 19.00 8.70 8.:.10 85.00 55.00 563.00 U5.00 

• 86 :.15.00 9.50 8.10 110.00 115.00 9l0.00 945.00 

• 111M 19.00 5.00 7.90 0.00 53.00 16.00 385.00 550.00 
IWt lS.OO 9.70 •. 60 300.00 136.70 175.00 920.00 U5.00 
I1I!.AN H .2500 8.1571 8.3161 116.1000 97.U.s ".9n7 !H.6667 7:.10.0000 

~ STD!V 1.0529 1.59U .19:.1:.1 106.6131 l6. U72 H.6U9 lOl.lS:38 159.3511 
VALIDN 8 7 11 5 11 11 Ii 8 

• 

• 
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FORT PHANTOM HILL RES&aVOIR QUALITY • PAGI 7 

MONTH Y'UR DISSOLVED nCAL TOTAL DISSOLVED SPECIFIC 

• TBHPUATUltI OXYGItH 
DEGRUS C HG/L 

PH COLIFORH CKLOUDI SULrATI SOLIDS CONDUCTANCE 
S.U. 1/100 HL ItG/L HG/L MGIL mutOS/CM • l5C 

JULY' 76 • '.50 • 121.00 61.00 • • 77 • • 8.30 • 92.00 61. 00 

• 71 • 8.l0 • 149.40 108.00 • 
79 ~6.00 6.90 8.10 

• '.00 81.00 75.40 485.00 690.00 

80 30.00 6.40 8.50 50.00 110.00 87.10 710.00 

• 81 ~7.00 3.50 8.10 lO.OO 10.00 135.00 600.00 

I~ U.OO 7.30 8.80 14.00 64 .00 68.00 405.00 600.00 • 83 :/7.00 9.60 8.40 0.00 H.70 135.00 no.oo 6l0.00 

• U 29.00 8.40 8.50 10.00 107.70 130.00 U5.00 665.00 

85 31.00 '.10 •. 60 0.00 110.00 165.00 600.00 900.00 

• 86 29.50 6.50 8.40 0.00 83.00 130.00 503.00 755.00 

• HIN 26.00 3.50 8.10 0.00 64.00 61.00 405.00 600.00 
IWt 31.00 9.60 8.80 50.00 149.40 165.00 600.00 900.00 
HUH ll.4375 7.0175 '.4000 ll. ?!tOO 98 .1636 105.0455 474.6667 69l.S000 

• STDKY 1. 7204 1.1059 .l145 16.7311 H.3652 36.189l 72.8469 100.2853 
VALIDN • 8 11 8 11 11 6 8 

• 
• 
• 
• 
• 
• 
• 
• 
• 
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FORT PHANTOH HILL RESERVOIR QUALITY PAGB 9 

• MONTH YBAlt DISSOLVED FECAL TOTAL DISSOLVBD SPBCIFIC 
TEMPERATURB OXYGEN PH COLIFORM CHLORIDB SULFATB SOLIDS CONDUCTANCB 

• DEGREES C NG/L S .U. ./100 ML NG/L MG/L MG/L UHHOS/CM • :25C 

SEPTEHBBR 76 • 

• 77 • 7.80 137.90 71.00 • • 

• 78 8.10 1t.00 7::1.80 • 
79 lO.OO 7.00 8.l0 l.OO 98.00 73.::10 no.oo 515.00 , 
aD 26.00 6.70 8.40 36.00 116.00 77 .40 1t0.00 

, 81 l8.00 6.60 8.80 5.00 ".00 1::19.00 600.00 600.00 

8::1 H.OO 6.l0 8.30 6.00 70.00 3()'.00 U5.00 560.00 , 
19.00 8.80 8.60 0.00 78.::10 70.00 410.00 615.00 83 , It l8.00 9.10 8.60 H.OO 105.00 1".00 607.00 910.00 

85 :14.00 11.l0 8.70 108.00 160.00 597.00 895.00 

• 86 25.00 6.60 8.l0 • 75.00 13l.00 taO.OO 7l0.00 

• MIN :14.00 6.l0 7.80 0.00 70.00 lO.OO no.oo 515.00 
MAX lO.OO l1.l0 8.80 36.00 137.90 164.00 607.00 910.00 
MEAN 26.7500 7.8000 8.l800 ll.8lll 95.6100 98.0400 502.7143 706.8750 

• STOEV 2.3146 1.7696 .lOta 16.5459 1l.l566 ".9659 95.4U4 U7.1155 
VALl ON 8 • 10 6 10 10 7 • 

• 
• 

I 
\. 



tIONTH YEAIt DISSOLVED nCAL TOTAL DISSOLVED SPECIFIC TEN PBItA TUIt! OXYGEN PH COLII"OItH CHLOUDE SULFATE SOLIDS CONDUCTANCE DEGItEES C HG/L s.u. 11100 HL HelL HGIL HGIL UHHOS/CH • 25C 
OCT08E1t 76 8.40 107.00 60.00 • 

n 8.00 116.60 55.00 

78 8.60 108.00 81.50 

79 )0.00 7.10 8.10 232.00 100.00 73.60 405.00 590.00 
80 22.00 7.80 8.10 150.00 16.00 39.20 690.00 
81 H.OO 7.)0 8.60 50.00 86.00 85.00 550.00 610.00 
82 20.00 8.10 8.60 14 .00 10.00 38.00 410.00 690.00 
83 23.00 6.20 8.50 2.00 79 .10 80.00 460.00 640.00 
84 n.oo 11. CO 8.90 40.00 112.00 160.00 573.00 860.00 
85 22.00 8.20 8.50 90.00 100.00 151.00 621.00 940.00 
86 19.00 7.10 8.20 60.00 85.00 375.00 560.00 

HIN 19.00 6.20 8.00 2.00 60.00 38.00 375.00 560.00 KAX )0.00 11. CO 8.90 232.00 116.60 160.00 627.00 940.00 HEAN 22.7500 7.9000 8.4091 82.5714 92.2455 83.1182 485.7143 697.5000 STDEV 3.12H 1.55e7 .2773 82.6617 18.9206 eO.9498 97 . 3648 IJC.~628 VALIDN 8 8 11 7 11 11 1 8 

• 

\ , 



.~-- ----

FORT PHANTOH HILL RSSSRVOIR QUALITY 
PAGS 11 

HONTK YEAR DISSOLVED FECAL TOTAL DISSOLVED SPECIFIC TEHPERATtaB OXYGEN PH COLIFORH CHLOUDI SULFATE SOLIDS CONDUCTANCE DEGRSES C HaIL S.U. 11100 HL HGIL HG/L HaiL UHHOS/CH • :l5C 
HOvatBb. 76 • 8.:l0 • 114.00 49.00 • • 

77 • • •. :l0 • 118.50 67.00 • • 
7. 19.00 8.:l5 • 97.50 U.:lO 413.00 550.00 
79 18 .00 9.90 8.70 6'.00 108.00 77 .80 710.00 
10 19.00 9.30 1.65 '0.00 n.oo 75.50 615.00 
11 17.00 7.60 8.00 65.00 6:l.00 90.00 300.00 '00.00 
.:l 14.00 10.00 8.80 16.00 77 .00 3'.00 :l00.00 700.00 
83 :l0.00 6.30 '.60 0.00 90.00 :l70.00 'H.OO 700.00 
U 17.00 8.10 1.60 :l.00 117.00 105.00 500.00 750.00 
85 16.00 13. '0 1.'0 18 .00 93.00 15:l.00 543.00 815.00 
86 !:l.00 7.60 8.10 • 65.80 85.00 380.00 570.00 

HIN 1l.00 6.30 8.00 0.00 6:2.00 H.OO lOO.OO '00.00 KAX lO.OO 13.'0 1.80 65.00 118.50 :l70.00 5'3.00 815.00 HEAN 16.8189 9.0:2S0 8.'091 H.l1S7 9:l.lS'S 99.045S '01.5714 U5.5556 STDEV l.57U l.1803 .:l7:l1 :27.3905 lO.7613 " .lt05 ll0.1566 ll5.3855 VALIDN 9 8 11 7 11 11 7 9 



FORT PHANTOM HILL RESERVOIR QUALITY 

PAGE 1~ MONTH 'fEAR DISSOLVID FECAL 
TOTAL DISSOLVID SPECIFIC TEMPIItATUItE OXYGIH PH COLIFORM CHLORIDE SULFATE SOLIDS CONDUCTANCE DIGItIlS C HelL S.U. 1/100 ML HelL HelL MG/L UMHOS/CM • 25C DICIKaIR 76 • 8.30 107.00 62.70 

77 • 8.20 1~0.50 65.50 
78 13.00 8.50 101. 60 79.00 • 6~0.00 79 1l.00 10.20 8.60 2~.00 116.00 • 790.00 80 12.00 9.70 8.'0 H.OO 76.00 83.90 

610.00 81 8.00 10.10 8.30 53.00 52.00 73.00 HO.OO '~5.00 82 1~.00 9.30 1.50 • 70.00 32.00 203.00 700.00 83 11.00 7.70 8.'0 0.00 90.00 120.00 '35.00 700.00 U 1l.00 11. 90 8.50 0.00 96.00 101.00 '13.00 7J5.00 85 13.00 10.70 8.40 28.00 95.00 130.00 576.00 850.00 86 11.00 8.90 8.30 50.00 60.00 78.00 370.00 555.00 MIN 
1.00 7.70 I.~O 0.00 52.00 32.00 203.00 425.00 

HAX 
13.00 11.90 8.60 53.00 1~0.50 130.00 576.00 850.00 

Hl'-'H 11. 5556 9.8ll5 8.4000 ~6. 7143 89.4636 8~.5100 C01.1667 663.8889 
STDEV 

1. 5092 1.2506 .1183 21.3597 22. C2lC 28.5983 128.3673 127.7883 
VALIDH 

') 8 11 7 11 10 6 9 
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FORT PHANTOH HILL RISIRVOIR QUALITY 

HONTH YLU. 

J.uru.u.y 76 

77 

78 

79 

80 

11 

8l 

83 

U 

15 

16 

17 

HI" 
IO.X 
HIAH 
STDn 
VALID" 

FLUOlIDI 
HG/L AS 

.lO 

.)7 

.H 

.l5 

.37 

.:U 

.l' 

.03 

.H 

.l' 

.21 

.03 

.37 
.l5ll 
.09" 

11 

DISSOLVID TOTAL 
·SILICA CHlOHIUH 

HG/L AS SIOl HGIL AS CR 

0.00 

0.00 

0.00 

• 0.00 

.80 0.00 

'.00 .01 

9.00 • 

.73 0.00 

'.50 0.00 

5.l0 0.00 

'.10 • 

6.60 • 
.7) 0.00 

9.00 .01 
' .• 537 .0011 
l.76U .0033 

• , 

TOTAL 
COPPER 

HG/L AS CU 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

.Ot 

0.00 

0.00 

0.00 
.0' 

.00" 

.0133 
9 

TOTAL 
NICltlL 

HGIL AS NI 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

• 
0.00 

0.00 

0.00 

0.00 
0.00 

0.000 
0.000 

9 

TOTAL 
LEAD 

HG/L AS PB 

0.00 

0.00 

0.00 

0.00 

.01 

.01 

.Ot 

0.00 

0.00 

0.00 
.Ot 

.0067 

.Olll 
9 

PAG! 

TOTAL 
ZINC 

HG/L AS ZN 

0.00 

0.00 

.Ol 

0.00 

.03 

.01 

.0) 

.01 

0.00 

• 

• 
0.00 

.03 
.011) 
.01lS 

9 

1 



i 

I 

~ FOIT PHAHTON HILL IESIAVOII QUALITY 
PAGE ~ KeNTH yKAlt DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL FLUOUD& SIUCA CHIOKIUK COPPER NICItEL LEAD ZINC NG/L AS KG/L AS SIO~ HGIL AS Cl KG/L AS CU HGIL AS NI HGIL AS PB KG/L AS ZN 

FEBlUllY 76 .~O • 0.00 .10 0.00 0.00 0.00 
77 .l5 • 0.00 0.00 0.00 0.00 .00 
71 .33 • 0.00 0.00 0.00 0.00 0.00 
79 .~7 • 0.00 0.00 0.00 0.00 0.00 
10 .33 .30 0.00 0.00 0.00 .01 0.00 
81 .30 3.70 0.00 0.00 0.00 .01 .Ol 
8~ .lO 6.50 • • • 
13 .6l 6.14 0.00 .01 .01 .Ol .03 
84 .21 •. 00 0.00 0.00 0.00 0.00 .04 
85 .~O 5.60 0.00 0.00 0.00 0.00 0.00 
86 .21 4.~0 

HIN .lO .30 0.00 0.00 0.00 0.00 0.00 KAX .6l •. 00 0.00 .10 .01 .Ol .04 
HBAJI .l900 4.9300 0.000 .0Ul .0011 .OOU .0lOl 
STDEV .la04 ~. Ul8 0.000 .0331 .00ll .0073 .O15! VALIDN 11 7 9 9 9 9 9 

) 
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rOkT PKANTOK HILL klSlkVOIk OU~LITY rAGI 4 

HONTH YLU DISSOLVID TOT~L TOT~L TOTAL TOTAL T?TAL rLUOUDI SILIC~ CnOKIUM COPPlk NICOL LLW ZINC HelL AS HC/L AS SIOl HelL AS Ck HG/L AS CU HelL AS NI HG/L ~S PB HelL AS 7.N 

~PUL 76 .l9 • .Ol .03 0.00 0.00 0.00 

77 .lI 0.00 0.00 0.00 0.00 .30 

78 • • • • 
79 0.00 0.00 0.00 0.00 0.00 0.00 

80 .31 1. 90 0.00 0.00 0.00 .Ol 0.00 

81 .4!i l.40 0.00 0.00 0.00 .01 0.00 
~ 8l .l3 4.90 • • • • 

• 83 .ll 3.60 0.00 0.00 0.00 0.00 0.00 

" .J) 7.40 0.00 0.00 0.00 0.00 .10 
t l!i .lI .80 • • • 

86 .30 .40 • • • 
HIN 0.00 .40 0.00 0.00 0.00 0.00 0.00 HU: .4!i 7.40 .Ol .03 0.00 .Ol .30 "8M! .l790 3.0SH .00l9 .0043 0.000 .0043 .0!i71 STDIV .U3l l. U!i7 .0076 .0113 0.000 .0079 .1134 V~LIDN 10 7 7 7 7 7 7 



PORT PHAKTOK HILL RIS!RVOIR QUALITY PAGI 5 

NOHTH nu. DISSOLVID TOTAL TOTAL TOTAL TOTAL TOTAL PLUORIDI SILICA CHROHIUM COPPO NICUL LIAD ZINC 
HG/L AS HG/L AS SIOl HG/L AS ca HG/L AS CU HG/L AS NI HG/L AS PII HG/L AS ZN 

HAY 76 .l6 • .06 .O~ 0.00 0.00 0.00 

71 .H • 0.00 0.00 0.00 0.00 0.00 

78 .35 0.00 0.00 0.00 0.00 0.00 

79 0.00 • 0.00 0.00 0.00 0.00 0.00 

80 .30 1. 50 .01 0.00 0.00 .01 0.00 

11 .36 l.ao 0.00 0.00 .01 0.00 .O~ 

a~ .ll J. 90 • • 
83 .36 .50 0.00 0.00 0.00 0.00 0.00 

" .l6 .80 0.00 0.00 0.00 0.00 0.00 

85 .lO l.60 • • 
86 . lO 1. lO • • • • 

HIN 0.00 .50 0.00 0.00 0.00 0.00 0.00 MAX .l6 3.90 .06 .O~ .01 .01 .Ol HI.AJI .l759 1.9143 .0087 .00l5 .00ll .0013 .00l5 STD&V .100l 1.lleO .0llO .0071 .00l5 .00l5 .0071 VALIDH 11 7 8 • • 8 • 



a.SClVOIR QUALITY PAGB 6 

tIONTIl YUa DISSOLVBD TOTAL TOTAL TOTAL TOTAL TO'tAL 
fLUOUDS SILICA CHROHIIJM COPPER NICOL LKAD ZINC 
HG/L AS HG/L AS SIOl HG/L AS CR HG/L AS CU HG/L AS III HG/L AS PB HG/L AS tN 

JUJIlI 76 .l9 • 0.00 0.00 .01 0.00 0.00 

17 .l6 0.00 0.00 0.00 0.00 0.00 

71 .ll 0.00 0.00 0.00 0.00 .lO 

79 .lO • 0.00 0.00 0.00 0.00 0.00 

10 . le l.lO 0.00 0.00 0.00 0.00 0.00 

81 .40 4.40 • • • • 
Il .!l0 .7!0 • • • • 
a3 .49 .79 0.00 0.00 .10 0.00 0.00 

84 .39 3.00 0.00 0.00 0.00 0.00 .10 

I!I .l!l 5.60 • • • 
16 .30 5.00 • • 

HIli .lO .7 !I 0.00 0.00 0.00 0.00 0.00 HAlt .!l0 !I.60 0.00 0.00 .10 0.00 .lO KLUI .3l!l6 3.1057 0.000 0.000 .0157 0.000 .OU9 STO&V .103a 1. 9676 0.000 0.000 .0314 0.000 .0717 VALIDN 11 7 7 7 7 7 7 
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PORT PBANTOK BILL .BSBaVOI. QUALITY 
PAGB I 

IIOImI YUa DISSOLVIW TOTAL TOTAL TOTAL TOTAL TOTAL PLUOUDB SILICA CDOKIUM coppn MICDL LEAD tIMC IIG/L AS IIG/L AS SI02 IIG/L AS C. IIG/L AS CU IIG/L AS 111 IIG/L AS .. IIG/L AS U 
AUGUST 76 .27 • 0.00 .02 0.00 0.00 .03 

77 .76 • 0.00 0.00 0.00 0.00 1.62 
7. .21 • 0.00 0.00 0.00 0.00 0.00 
79 0.00 2.10 0.00 0.00 0.00 0.00 0.00 
10 .n 2.10 .02 0.00 .01 .02 .03 
11 .27 5.50 • • • • • 
12 .19 .It • • • • • 
Il .11 7.80 0.00 0.00 0.00 0.00 0.00 
U .31 5.20 0.00 0.00 0.00 0.00 0.00 
15 .20 7.00 • • • • • 
16 .36 6.10 • • • • • 

MI. 0.00 ••• 0.00 0.00 0.00 0.00 0.00 tWt .76 7.10 .02 .02 .01 .02 1.12 ICLUf .2970 •• 7550 .0029 .0029 .oou .0029 .2396 STDBV .1987 2.5UO .0076 .0076 .0038 .0076 .6011 VALIDW 11 I 7 7 7 7 7 



roRT PHANTOM RILL I.B511VOII. QUALITY PAGa ~ 9 

IIONTR YaAI. DISSOLVBD TOTAL TOTAL TOTAL TOTAL TOTAL 
rLUOUDB SILICA CHJtOHIUM COPPI1 NICOL LUI) UIIC 
NOlL AS NG/L AS 5102 NOlL AS CI. NG/L AS CU NG/L AS NI NG/L AS PI NG/L AS ZJI 

laPTDIBn 76 • • • • • • • 
77 .35 • 0.00 0.00 0.00 0.00 .2. 

71 .25 • 0.00 0.00 0.00 0.00 0.00 

79 .31 2.10 0.00 0.00 0.00 .02 .0 • 

10 .53 • 70 0.00 0.00 0.00 .01 0.00 

11 .35 •• 00 • • • • • 
12 .29 .15 • • • • • 
13 .60 9.00 0.00 0.00 0.00 0.00 0.00 .. .39 7 •• 0 0.00 0.00 0.00 0.00 0.00 

15 .26 6.10 • • • • • 
16 •• 0 7.90 • • • • • 

NI. .25 .70 0.00 0.00 0.00 0.00 0.00 
IWt .60 9.00 0.00 0.00 0.00 .02 .2. 
tIIWI .3721 •• 7563 0.000 0.000 0.000 .0050 .0.73 
lTD .. .11U 3.2956 0.000 0.000 0.000 .00" .0961 
VALIDII 10 1 6 6 , 6 6 



.,~ 

• 
rO~T PHAHTOM HILL ~ISIRVOIR QUALITY PAGI 10 • 

tIOHTH YEA~ DISSOLVID TOTAL TOTAL TOTAL TOTAL TOTAL 
rLUOUDI SILICA CH~OKIUK COPPU NICUL LEAD ~IIIC • HGII. AS HG/L AS SI02 HG/L AS CR KG/L AS CU MG/L AS III KG/L AS PI KG/L AI U 

OCTO,a 16 .24 0.00 0.00 0.00 0.00 0.00 • 
11 .31 • 0.00 0.00 0.00 0.00 .02 • 11 .:z8 • 0.00 0.00 0.00 .05 .01 

19 .30 2.10 0.00 0.00 0.00 0.00 .06 • 
80 .:39 4.20 .01 0.00 0.00 .01 • 
11 .22 3.40 • • • • • • 
12 .15 .12 • • • • • • 
U .80 13.00 0.00 0.00 0.00 0.00 0.00 

U .50 6.00 • 0.00 0.00 0.00 0.00 0.00 

85 .25 6.60 • • • • • • 
16 .32 1.00 • • • • • 

MIll .15 .12 
MAlt .80 13.00 
K&lJI .33" 5."50 
STIllY .1114 3.6993 
VALIOII 11 8 

0.00 • 0.00 0.00 0.00 0.00 
.01 0.00 0.00 .05 .06 

.oou 0.000 0.000 .0016 .0153 • .0038 0.000 0.000 .0186 .026' 
7 7 7 7 6 • 

• 
• 
• 
• 
• 
• 



= 

• 
FORT PRlKTOK HILL ~SIaVOIR QUALITY PAca 11 e 

MONTH YBAJI DISSOLVaD TOTAL TOTAL TOTAL TOTAL TOTAL 
FLUORIDE 
ItG/L AS 

SILICA CHROMIUM COPPEl HIC~L LUD ZINC • ItG/L AS SIOl ItG/L AS CR ItG/L AS CU ItG/L AS HI ItG/L AS PI IIC/L AS U 

NOVEHIIU 76 .~6 • 0.00 0.00 0.00 0.00 0.00 • 
71 .36 • 0.00 0.00 0.00 0.00 .03 

71 .~7 • 0.00 0.00 0.00 0.00 .02 • 
79 .38 2.60 0.00 0.00 0.00 0.00 .01 • 
10 .30 l.10 0.00 0.00 0.00 .01 0.00 

11 .32 1.76 • • • • • • 
12 0.00 .17 • • • • • • 
13 .U 12.70 0.00 0.00 0.00 0.00 .10 

It .10 5.10 0.00 0.00 0.00 0.00 0.00 • 
15 .2C 6.CO • • • • • • 
16 .11 7.60 • • • • • 

MIN 0.00 
KAX .38 
NEAll .23U 
STDEV .116~ 
VALIDN 11 

• .17 0.00 0.00 0.00 0.00 0.00 
ll.70 0.00 0.00 0.00 .01 .10 

C.97" 0.000 0.000 0.000 .OOU .0231 • 3.970' 0.000 0.000 0.000 .0031 .03'0 , 7 7 7 7 7 

• 
• 
• 
• 
• 
• 
• 
• 



• 
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FORT PHANTOM HILL RESERVOIR OUALITY PAGE 12 • 
KONTH YEAR DISSOLVED TOTAL TOTAL TOTAL TOTAL TOTAL 

FLUORIDE SILICA CHROHIUH 
HelL AS HG/L AS SI02 KG/L AS CR 

COPPER NICU!. LEAD UNC • HG/L AS CU HelL AS HI HG/L AS PB HelL AS Uf 

DECEMBER 16 .22 0.00 .30 0.00 0.00 0.00 • 
77 .40 0.00 0.00 0.00 0.00 .01 

71 .25 0.00 0.00 • 0.00 0.00 .07 

79 .34 0.00 0.00 0.00 0.00 .05 • 
80 .32 3.00 0.00 0.00 .01 .01 0.00 

11 .02 6.70 • • • • 
.2 .26 .78 • • • • • 
83 .60 8.70 0.00 0.00 0.00 0.00 .09 

U • :19 6.00 0.00 .20 0.00 0.00 0.00 • 
15 .26 6.40 • • • • • • 
16 .:12 7.40 • • • • 

HIH .02 .78 0.00 
MAX .60 '.70 0.00 
KEAH .2882 5.5686 0.000 
STDEV .1404 2.7)39 0.000 
VALIDH 11 7 7 

• 0.00 0.00 0.00 0.00 
.10 .01 .01 .09 

.0714 .0014 .0014 .01jO • .1254 .003' .0018 .0310 
7 7 7 7 

• 
• 
• 
• 
• 
• 
• 



FORT PHAlfTOtt HILL USERVOIR QUALITY 
PAGE 1 t«lNTH YVJl TOTAL TOTAL TOTAL TOTAL LAKE ELIV IRON SILVER BARIOH Cu.iIOH BRCtIlIlE ON SAMPLING ttO/L AS n ttO/L AS AG HaIL AS 8A ttO/L AS CD HaIL AS BR DATE ~L 

JANUARY 71 .05 • • 0.00 • 1634.00 
77 0.00 .. • 0.00 • 1633.00 
78 0.00 .. • 0.00 • 1627.00 
78 0.00 0.00 .. 0.00 • 1626.00 
80 .01 0.00 • 0.00 • 1822.00 , 81 .43 0.00 • 0.00 .14 1625.00 
62 • • .. • .29 1835.00 
83 .. • .. 0.00 .60 1631. 00 
84 .18 0.00 • 0.00 0.00 1625.00 
85 .60 0.00 .. 0.00 • 1824.00 
056 • • • • .74 .. 
87 • .. .. • .40 .. I I 

HIN 0.00 0.00 .. 0.00 0.00 1822.00 HAlt .80 0.00 • 0.00 .74 1836.00 HUN .1588 0.000 • 0.000 .• 811 1828.2000 STDIV .2325 0.000 • 0.000 .2800 4.6380 VALIDN 8 5 0 9 8 10 



• 
FORT P8AHTQt HILL USmVOIR QUALITY 

PAGE 1 • 
tIONTII 'BAR TOTAL TOTAL TOTAL TOTAL LAKJ ELIV IRON SILVER BARIOH CAI»iIUH BRaUDE ON SAMPLING HaIL AS FE HaIL AS AG HaIL AS BA HG/L AS CD HaIL AS DR DA TIi: fMSL 

• 
JAllUAKY 7' .05 • • 0.00 • 1834.00 • 

77 0.00 • • 0.00 • 1633.00 • 78 0.00 • • 0.00 • 1827.00 
18 0.00 0.00 • 0.00 • 1828.00 • 
80 .01 0.00 • 0.00 • 1822.00 • , 81 .43 0.00 • 0.00 .74 1825.00 
82 • • • • .28 1835.00 • 
83 • • • 0.00 .80 1631. 00 • 84 .18 0.00 • 0.00 0.00 1825.00 
8!. .60 0.00 • 0.00 • 1624.00 • 
d6 • • • • .14 • • 87 • • • • .40 • 

HIN 0.00 0.00 • 0.00 0.00 1822.00 HAlt .80 0.00 • 0.00 .14 1836,.00 HEAN .1588 0.000 • 0.000 .t817 1828.2000 STDEV .2325 0.000 • 0.000 .2»00 4.6380 VALIDN 8 S 0 9 8 10 

• 
• 
• 
• 
• 
• 
• 
• 
• 



FORT P8ANTOH BILL RESERVOIR QUALITY 
PAGE ~ 

HON1'H YIAR TOTAL TOTAL TOTAL TOTAL LAJa: KLEV IRON SILVER BAR I ott CADHIUH IW»tIDK ON SAMPLING I«}/L AS n HaIL AS AG HaIL AS 8A I«}/L AS CD I«}/L AS BR DAn IltSL 
RBRUARY 78 .12 * * 0.00 * 1833.00 

77 .10 * * 0.00 * 1633.00 
78 .O~ * * 0.00 * 1626.00 
79 0.00 0.00 • 0.00 * 1626.00 
80 .01 0.00 • 0.00 • 1621.00 
81 .41 0.00 * 0.00 .13 1828.00 
82 * • • • .l8 1834.00 
83 • * * .02 .33 1831. 00 
84 .13 0.00 * 0.00 • 162~.00 
8~ .~O 0.00 • 0.00 .08 1824.00 
86 • * • • .~ * HIM V.OO 0.00 • 0.00 .08 1821.00 HAl .~O 0.00 • .02 .~ 1834.00 Hi.AH .172~ 0.000 • .0022 .2840 1827.9000 STOP .1988 0.000 • .0087 .1n8 4.4833 VALIIlN 8 ~ 0 9 5 10 



• 
• fORT P8AMTOtt HILL RESERVOIR QUALITY 

PAGI 3 • tQlTS YEAR TOTAL TOTAL TOTAL TOTAL LAKE ILlY IRON SILVD . IWUllH CADHIllH BlQfIDI ON SAMPLING ItJ/L AS J'I ItJ/L AS AG HaiL AS SA HaiL AS CD HaiL AS 8ft DATI n1SL • KARCH 78 .18 * * 0.00 * 1833.00 • 77 .50 * * 0.00 • 1832.00 
78 * * * * * * • 79 0.00 0.00 * 0.00 • 1825.00 • 80 .14 0.00 • 0.00 • 1820.lle 
81 .97 0.00 * 0.00 .68 1828.00 1\ 
82 * • * • .36 1833.00 • 83 0.00 • * 0.00 .75 1631. 00 
84 1. 20 0.00 • 0.00 • 1625.00 • 
85 • • • * .45 1828.00 • 88 • • • * .38 * I1IN 0.00 0.00 * 0.00 .38 1820.00 • HAl 1. 20 0.00 • 0.00 .76 1833.00 HEAN .4243 0.000 • 0.000 .51'0 1827.8889 STDiV .4858 0.000 • 0.000 .1782 ... 6399 • VALIDN 7 .. 0 7 5 9 

• 

• 

• 

• 

• 

• 



FORT PllAHTOH RILL RESERVOIR QUALITY 
PAGE 4 

HOIITH YEAR TOTAL TOTAL TOTAL TOTAL LAJ(I ELrI I ROIl SILVER BARIUH CADHIUH BRQtIDI OM SAHPLlIlG HG/L AS FE HaIL AS AG HaIL AS SA HaIL AS CD HG/L AS 8R DAn JHSL 
APRIL 7S .14 • • 0.00 • 1832.00 

77 0.00 • • 0.00 • 1834.00 
78 .32 • • • • • 
711 0.00 0.00 • 0.00 • 18211.00 
80 0.00 0.00 • 0.00 1.01 18111.0ei 
81 .82 0.00 • 0.00 .4~ 162~. 00 
82 • • • • .37 1632.00 
83 0.00 • • 0.00 .80 1630.00 
84 .110 0.00 • 0.00 • 1624.00 
85 • • • • .07 1628.00 
86 • • • • .58 • 

I11N 0.00 0.00 • 0.00 .07 1619.00 
) MAX .90 0.00 • 0.00 1.01 1634.00 HUN .2U~ 0.000 • 0.000 .~100 1827.8889 STDEV .3438 0.000 * 0.000 .3090 4.7813 VALIDN 8 4 0 7 6 9 

) 

) 

• 
• 
• 



roRT PllANTOH HILL RESERVOIR QUALITY 
PAGE !> 

HONTH YEAR TOTAL TOTAL TOTAL TOTAL LAKJ: ELEV IRON SILVER BARIUM CADHIUM BRaUDE ON SAMPLING HG/L AS Fl HG/L AS AG HaIL AS BA HaiL AS CD HG/L AS BR DATE rHSL 
HAY 16 .40 • • 0.00 • 1632.00 

11 .40 • • 0.00 • 1835.00 
18 0.00 • • 0.00 • 1611.00 
19 0.00 0.00 • 0.00 • 1830.00 
80 .01 0.00 • 0.00 .99 1619.00 
81 .41 0.00 • 0.00 .59 1628.00,. 
82 • • • • .36 1635.00 
83 • • • 0.00 .18 1829.00 
84 0.00 0.00 • 0.00 • 1623.00 
85 • • • • .56 1627.00 
86 • • • • .n • 

"IN 0.00 0.00 • 0.00 .35 1611.00 HAl .41 0.00 • 0.00 .99 163!>.OO HEAlt .1143 0.000 • 0.000 .6050 1621.5000 STDIV .2143 0.000 • 0.000 .2474 6.1869 VALIDN 1 4 0 • • 10 



FORT PHAHTOH HILL RESERVOIR QOALITY PAGI 6, 

tfOMTH YEAR TOTAL TOTAL TOTAL TOTAL LAD ILlY 
IRON SILVER BARIUH CADHIIIf 8RQtIDI ON SAMPLING 

HG/L AS n HG/L AS AO HG/L AS BA HaIL AS CD HaIL AS BR DATE fliSL 

JUNE 78 0.00 • • 0.00 • 1831.00 

77 0.00 • • 0.00 • 1633.00 

78 0.00 • • 0.00 • 1622.00 

78 0.00 0.00 • 0.00 • 1628.00 

80 • 0.00 • 0.00 .68 1822.00 

81 • • • • .51 1630.00 

82 • • • • .81 1636.00 

83 0.00 • • 0.00 .73 1628.00 

84 .80 0.00 • 0.00 .80 1620.0tl 

85 • • • • .76 1630.00 

86 • • • • 0.00 • 
HIN 0.00 0.00 • 0.00 0.00 1620.00 
HAl .80 0.00 • 0.00 .10 1838.00 
~ .1333 0.000 • 0.000 . lin 1821.2000 
STDIV .3288 0.000 • 0.000 .2755 5.2028 
VALID" 8 3 0 7 7 10 



• 
FORT PItANToK RILL REsERVOIR QUALITY 

• 
• 
• 
• 
• 
• '. 

•• 
• 
• 
• 

PAGE 
t«lNTlI YEAR TOTAL TOTAL TOTAL TOTAL 

LAO EUV 
IRON SILVER BARIDIt CADltIUK BRCIIIDI ON SAMPLING 

HG/L AS n HaIL AS AG HG/L AS BA HaIL AS CO HaIL AS BR DATE PlfSL .JULY 
78 .113 • • 0.00 • 1830.00 77 0.00 • • 0.00 • 1832.00 78 .51 • • 0.00 • 1820.00 78 0.00 0.00 • 0.00 • 1829.00 80 .50 0.00 • 0.00 1.08 16U.eO 61 • • • • .82 1632.00 82 • • • • .30 1834.00 83 • • • 0.00 1.47 1826.00 84 .50 0.00 • 0.00 • 1619.00 85 • • • • .60 1629.00 86 • • • • .48 • HIN 

0.00 0.00 • 0.00 .30 1619.00 
HAl 

.63 0.00 • 0.00 1.47 1834.00 
HUN 

.3567 0.000 • 0.000 .1817 1827.2000 
STDEV 

.2808 0.000 • 0.000 •• 288 5.1118 
VALIDN 

8 :I 0 7 8 10 • 
• 
• 
• 
• 
• 
, 
I 



~ 
~ 

• fORT P1lANTOH HILL RESERVOIR QUALITY 
PAGE 8 • 

• 
tt:>HTB YEAR TOTAL TOTAL TOTAL TOTAL !.AU ILEV IRON SILVER BARIUH CAIlttIUH BlQtIDE OM SAMPLING HG/L AS FE HG/L AS AG HG/L AS SA ItG/L AS CD ItG/L AS sa DATI ntSL 

AUGUST 76 .04 • • 0.00 • 1830.00 

• 77 0.00 • • 0.00 • 1831.00 

• 
18 0.00 • • 0.00 • 1828.00 
78 0.00 0.00 • 0.00 • 1828.00 

• 80 1. 31 0.00 • 0.00 1.13 1811.00 

• 81 • • • • .71 1830.00 
82 • • • • .13 163!i.00 

• 83 .0.00 • • 0.00 .80 1828.00 

• 
84 0.00 0.00 • 0.00 • 1611.00 
8!i • • • • .68 1829.00 

• 86 • • • • .38 • 
• 
• 

HIM 0.00 0.00 • 0.00 .38 1817.00 IWt 1. 31 0.00 • 0.00 1.13 163!i.00 HUM .1928 0.000 • 0.000 .1161 1821.2000 STD1V .4928 0.000 • 0.000 .24!18 !i. 8482 VALIDM 7 3 0 7 • 10 

• 
• 
• 
• 
• 
• 
• 



FORT P8ANTOtt HILL RESERVOIR QUALITY 
PAGE II 

HONTII YEAR TOTAL TOTAL TOTAL TOTAL LAO ItLrl IRON SILVER B/JUOH CAIlHIOH BROKIDI: ON SAMPLING HelL AS 11 HelL AS AG HelL AS BA HQ/L AS CD HelL AS BR DAR I'HSL 
SIPTIHBIR 76 • ,. • ,. • • 

77 . 13 ,. ,. 0.00 • 1630.00 
78 0.00 • ,. 

0.00 ,. 
1628.00 

711 0.00 0.00 • 0.00 « 1623.00 
80 0.00 0.00 • 0.00 .111 1615.00 ' 
81 « ,. « « .26 1627.00 
82 • « « • .35 1633.00 
83 .60 0.00 « 0.00 « 1626.00 
84 0.00 0.00 • 0.00 « 1616.00 
85 « « ,. ,. 

.CO 1628.00 
86 « « ,. « .38 « 

HIM 0.00 0.00 ,. 0.00 .26 1615.00 I MAX .60 0.00 « 0.00 .111 1633.00 MEAN .1217 0.000 ,. 0.000 .CIOO 1825.1111 STDEV .2COO 0.000 « 0.000 .2572 6.01119 VALIDM 6 4 0 6 5 II 



FORT PHAHTOH HILL RESERVOIR QUALIT. PAGE 1(j 

I10NTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ILEV 
IRON SILVER BARIUH CADttIUH BROttI .. ON SAMPLING 

HG/L AS FE HG/L AS AG HG/L AS SA HG/L AS CD HaIL AS BR DATE FliSL 

OCTOBIR 78 .20 .. .. 0.00 • 1831.00 

77 .18 .. .. 0.00 • 1629.00 

78 .07 .. .. 0.00 .. 1628.00 

79 0.00 0.00 .. 0.00 • 1623.00 

80 .46 0.00 .. 0.00 .60 162!1.00 . 

81 .. « .. • .!l6 1838.00 

82 • • .. • .88 1632.00 

83 .10 0.00 • 0.00 • 162!1.00 

84 0.00 0.00 • 0.00 • 1816.00 

8!1 • • • • .88 .. 
86 • • • • .2[, • 

HIN 0.00 0.00 .. 0.00 .25 1616.00 
MAX .48 0.0(1 • 0.00 .18 1636.00 
HEAH .1414 0.000 • 0.000 .5860 1827.2222 
STDIV .1592 0.000 .. 0.000 .2204 5.8282 
VALIDN 7 4 0 7 5 9 



fORT PIWITOtt KILL RlSDVOIR QUALITY 
PAGE 11 

HOtITK YV.R TOTAL TOTAL TOTAL TOTAL LAD J:LJ:V IRON SILVER BARIUH CADHIUH BRaUDI 011 SAKPLUIG HaiL AS n HaiL AS AG HaiL AS BA HaiL AS CD HaiL AS 8ft DATI: FHSL 
IIOVEHBER 18 .80 • • 0.00 • 1833.00 

11 0.00 .. .. 0.00 • 1828.00 
18 .20 .. .. 0.00 • 1627.00 
19 .06 0.00 .. 0.00 • 1823.00 
80 .17 0.00 • 0.00 .&3 162&.00' 
81 • • .. • .38 1837.00 
82 • • • .. .77 1832.00 
83 .51 0.00 • 0.00 • 1828.00 
U .80 0.00 .. 0.00 • 1820.00 
8& • .. .. • • • 
88 • .. • • .18 .. 

"III 0.00 0.00 .. 0.00 .18 1820.00 IWt .80 0.00 .. 0.00 .77 1837.00 HEAN .3343 0.000 • 0.000 .U50 1827.81189 STDE\' .3029 0.000 • 0.000 .2588 5.3020 '1ALIDN 1 4 0 1 4 9 

I 

I, 



F.)RT f'HAIITl,H H 1 LL kE.,ER·"01 k QUAL IT'" 
PAGE .. 1 ;.,. HuNTH YEAR TOTAL TOTAL TOTAL TOTAL LAKE ELEV IRON SILVER BARIUH CADHlUH 8ROtUDE ON SAMPLING HG/L AS FE t«l/L AS AG HG/L AS 8A HG/L AS CD HG/L AS BR DATE Fl1SL DECEHBEf.. 76 .~O 

0.00 1633.00 
77 .:!3 • 0.00 • 1627.00 
78 0.00 • 0.00 1627.00 
73 .1>2 0.00 • 0.00 • 1622.00 
80 .31 0.0':' • 0.00 .61 1626.00 
81 • • * • .32 1634.00 
82 • • • • 1. 60 1632.00 
83 .74 0.00 • 0.00 • 1626.00 
84 .70 0.00 • 0.00 • 1620.00 
a5 • • • • .44 • 86 • • * • .23 • HIN 

0.00 0.00 • 0.00 .23 1620.00 
HAl 

.74 0.00 • 0.00 1.60 1634.00 
HEAH 

.3143 0.000 • 0.000 .6400 1627.4444 
tTDE~.~ 

.2888 0.000 • 0.000 .f,!,r,2 4.7987 
· .. ALtOO 

7 4 0 7 5 9 



FORT PHAHTO" HILL RESERVOIR QUALITY 
PAGI 1 

"OHTH Y!U DISSOLVID NITUTE NITUTI AMMONIA ORTHO-P IIITROGEN NITROGEIf NITROGEN POTASSIUM "GIL AS P "GIL AS N "GIL AS N "GIL AS N KG/L AS It 
JANUUY 16 0.00 l.ll 0.00 .(0 1.50 

11 .09 .01 0.00 .H 1.l0 
18 0.00 0.00 0.00 0.00 11. 80 

19 0.00 0.00 0.00 0.00 8.l0 

80 0.00 0.00 0.00 0.00 9.30 

81 0.00 0.00 0.00 .11 16.80 

8l .l8 .03 

83 .15 0.00 

8( .(0 .lO .01 

85 .01 1.(0 

86 0.00 0.00 1. (0 

81 0.00 0.00 0.00 

"IN· 0.00 0.00 0.00 0.00 1. 20 ItA.)( .(0 l.l2 .03 1. (0 16.80 "IAN .0562 .3199 .00" .2690 9.1(29 STOEV .12S5 .6699 .0101 . (198 l. SOll VALl ON 10 11 9 8 1 
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FORT PHANTOH HILL RESERVOIR QUALITY 
PAGE ) 

HOKTH YItAIt DISSOLVED NITltAT! NITRITE AHHONIA 
OItTHO-P NITROG!lf NITROG!H NITItOG!N POTASSIUM HGIL AS P HGIL AS N HGIL AS N HGIL AS N HGIL AS II: 

HA.ltCH 16 .15 .28 0.00 .25 4.)0 

11 0.00 .11 .0) .15 8.00 

18 

19 0.00 0.00 .05 0.00 1 .• 0 

.0 0.00 0.00 0.00 0.00 8.80 

81 0.00 0.00 0.00 .J) 1.10 

12 .:It .03 

8) 0.00 .01 

It 0.00 

85 .02 0.00 .08 

86 0.00 0.00 1. .0 

HIN 0.00 0.00 0.00 0.00 •. 30 H.U .15 .28 .08 1. .0 8.80 HBAN .0216 .0105 .02" .3550 1.1200 STDEV .0535 .11" .0281 .5281 1.1050 VALl ON 8 9 8 6 5 



FORT PHAHTOH HILL RESERVOIR QUALITY PAGE 4 

HONTH YIAR OISSOLnD NITtiTE NITRITI AHHONIA 
ORTHO-P N ITlOG Ell IIITlOG!1I II I TlOG III POTASSIUlI 

HG/L AS P HG/L AOS N HGIL AS II HGIL AS N HGIL AS II: 

APRIL 76 .1!> .14 0.00 .51 lJ.OO 

77 .06 .n .04 .30 6.60 

78 0.00 0.00 

79 0.00 . ~3 0.00 0.00 6.90 

ao 0.00 0.00 0.00 0.00 8.90 

81 0.00 0.00 0.00 7.70 

IJ .3& 0.00 • 
al .JO .01 

U .31 

85 .01 .10 .05 

86 0.00 0.00 1. 60 

HIN 0.00 0.00 0.00 0.00 6.60 
HAlt .31 .38 .05 1. 60 lJ.OO 
HlAlI .0!>93 .1374 .01H .un 8.4JOO 
STDEV .1070 .14J6 .0Jll .6611 J.190J 
VALION 9 10 8 5 5 



FORT PHANTOM KILL RESERVOIR QUALITY PAGE 5 

ItONTH YEll DISSOLVED NITllTE NITRITE AMMONIA 
ORTKO-P NIT1I.OG!N N I T1I. OG EN NITROGEN POTASSIUM 

MG/L AS P HGIL AS N HGIL AS N HGIL AS N HGIL AS II: 

illY 76 .25 .14 0.00 .10 8.60 

77 0.00 .n .05 .39 7.95 

78 0.00 0.00 8.60 

79 0.00 0.00 0.00 .20 7.)0 

80 0.00 0.00 0.00 0.00 9.70 

81 0.00 .20 .02 7.40 

82 .60 0.00 

8) 0.00 0.00 0.00 0.00 

U • 

85 .15 .15 . 07 

86 0.00 0.00 .70 

HIN 0.00 0.00 0.00 0.00 0.00 
KlX .25 .60 .07 .70 9.70 
MVJf .0439 .15)) .0159 .2768 7.0786 
STDEV .090) .1985 .0270 .2766 ).2280 
VALIDN 9 9 9 5 7 



) 

• 
• 
• FORT PKAKTOK HILL RISIRVOIR QUALITY PAGI 

• MONTH YIll DISSOLVID NITRATI NITUn AHHONIA 
ORTHO-P NITROGI!N NITROGIH NITROGEN POTASSIUM 

IIG/L AS P KG/L AS N NG/L AS N HG/L AS N HG/L AS II: 

• KAY 76 .25 .14 0.00 .10 8.60 

• 77 0.00 .l9 .05 .39 7.95 

78 0.00 0.00 8.60 

• 79 0.00 0.00 0.00 .20 7.30 

• 80 0.00 0.00 0.00 0.00 9.70 

11 0.00 .20 .02 7. 40 

• 12 .60 0.00 

• 83 0.00 0.00 .0.00 0.00 

U • 

• 85 .15 .15 .07 

86 • 0.00 0.00 .70 

KIN 0.00 0.00 0.00 0.00 0.00 

• MAX .25 .60 .07 .70 9.70 
KJtAN .0439 .153) .0159 .2768 7.0786 
STDIV .0903 .1985 .0270 .2766 ). 2280 
VALIDN • 9 9 9 5 7 

• 
• 
• 
.! 

• 
• 
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PORT PHANTOH HILL RESERVOIR QUALITY 
PAGE 7 

HOHTH YLU DISSOLVED NITRATE NITUTE AHHONIA 
ORTHO-P NITlOGEN NITlOGIH NITlOGIN POTASSIUM 

HelL AS P HelL AS N HGIL AS N HelL AS N HGIL AS II: 

JULY 76 .0) .10 .0) .07 26.00 

77 0.00 .07 0.00 0.00 9.11 

78 0.00 .34 0.00 10.90 

79 0.00 0.00 0.00 .ll 7 .• 0 

80 0.00 0.00 0.00 0.00 11. )0 

81 0.00 .• 0 .O!i 

Il .ll 0.00 

8) .lO .20 .01 .lO .. .07 

8!i .01 0.00 0.00 ) .• 0 

86 0.00 0.00 .• 0 

HIN 0.00 0.00 0.00 0.00 .20 
,'UJC .20 .• 0 .O!i ) .• 0 26.00 
~IUH .0)10 .1326 .0100 .68ll 10.8)00 STDEV .06)!i .1500 .0180 1.HO) 8 .• !i98 VALIDN 10 10 9 6 6 



.. 
ro~T PBANTOH HILL l!SIAVOIl QUALITY PAG! • • 

ItOIITH YEll DISSOLV!D NITUTE NITUTE AHItONIA 
OlTHO-P NInOOEN NInOOEN NlnOO!N POTASSIUH 

ItG/L AS P ItG/L AS N ItG/L AS N ItG/L AS N ItG/L AS It • 
AUGUST 76 .03 .1l .0' .07 9.00 • 

77 0.00 .58 .17 .36 8.65 

78 0.00 .15 .01 .9l 10.60 • 
79 0.00 0.00 0.00 0.00 7.30 • 80 0.00 0.00 0.00 .11 9.70 

11 .60 0.00 • • • 
U • 0.00 .01 • • • 83 .lO 0.00 0.00 • .lO 

" 0.00 • • 11.l0 • 
85 0.00 0.00 0.00 • • • 86 0.00 0.00 • 0.00 • 

HIN 0.00 0.00 0.00 0.00 .lO 
HAlt .lO .60 .17 .9l 11.l0 
HUll .0257 .U56 .0257 .Hll 8.09l9 
STDBV .0662 .<lUO .0556 .3571 3.7099 
VALIDN 9 10 9 6 7 
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rO~T PHANTOM HILL ~ES!~VOI~ QUALITY PAGE 10 

MONTH YKU DISSOLVED NITllTE }fI'nITE AMMONIA 
O~THO-P NI'nOG&N NI'nOGIDI NI'nOGaN POTASSIUM 

HG/L AS P HG/L AS N HG/L AS N HG/L AS N HG/L AS r: 

OCTOaa. 76 0.00 .01 .03 0.00 9.l0 

77 0.00 .10 0.00 loll 8.l7 

78 0.00 .19 0.00 .ll 8.30 

79 0.00 0.00 0.00 0.00 1.50 

80 0.00 .ll .03 0.00 11.50 

11 .61 0.00 • • 

Il .lO .01 

13 • 
U .08 • 8.00 

85 0.00 0.00 0.00 

86 0.00 0.00 0.00 

MIN 0.00 0.00 0.00 0.00 8.00 
lUX .08 .61 .0) 1.28 11. 50 
HEAlI .0100 .1590 .0091 .l500 8.9617 
STD&V .Ol8) .lOU .OU) .51ll 1.3080 
VALIDN 8 9 1 (, 6 
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t 'ORT PKlHTOM RILL RSSSRVOIR QUALITY 
PAGS 1 

MONTH TSAR TUUIDITY TOTAL IlARDNSSS , 
'OQlAZIII ALItALIIIITY MG/L CALCIUM KAGHSSIUM SODIUM KANGAM!SS 
T. UMITS MG/L AS CAC03 AS CAC03 MGtL MG/t. KG/L KG/L 

~ JANUUY 76 • 152.00 240.00 52.00 22.30 ".50 0.00 

"I 77 • 124.00 228.00 37.00 43.00 54.20 0.00 

71 163.00 270.00 51.80 34.60 ".70 0.00 
"I 

" • 150.00 212.00 62.00 14.00 75.00 0.00 

"I 80 30.00 153.00 226.00 55.00 21.00 94.00 0.00 

81 120.00 141.00 220.00 54.00 21.00 67 .00 .01 .., 
82 17.00 141.00 190.00 62.00 9.00 48.00 

"I 13 6.80 195.00 214.00 53.70 13.00 43.70 • 
84 4.00 92.00 159.00 43.00 13.00 64.20 • 

.... 
85 19.00 90.00 212.00 • • 57.00 

.... 86 4.90 125.00 270.00 67.40 24.'0 

17 10.00 124.00 200.00 • • • • 
.... Kl~ 4.00 90.00 159.00 37.00 9.00 43.70 0.00 

MAX 120.00 195.00 270.00 67 .40 43.00 94.00 .01 
K!AM 26.4625 137.5000 220.0833 53.7900 21.5700 64.0300 .0017 .... STD!V 31.7927 29.2870 31.1666 8.9879 10.5559 17.2996 .0041 VALIDN 8 12 12 10 10 10 6 
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• 
» FoaT PHANTOM RILL ass saVOIa QUALITY PAGE ) 

ItONTIl YLU TURBIDITY TOTAL BAaDMISS 
t FOaKAZIM ALItALIMITY MG/L CALCIUM MAGnSIUM SODIUM MAJfGAJlISll 

T. UMITS MG/L AS CAC03 AS CAC03 MG/L MG/L HG/L MG/L 

t HAaCK 76 • 161.00 210.00 48.00 1(.00 '5.00 0.00 

77 • 133.00 220.00 '2.00 26.00 60.00 0.00 • 71 • • • • • • 

• 19 159.00 218.00 66.00 12.00 61.00 0.00 

80 51.00 176.00 22'.00 58.00 19.00 77 .00 0.00 • 81 105.00 150.00 268.00 H.OO 1(.00 57.00 .09 

~ a2 n.oo 130.00 180.00 56.00 10.00 H.OO • 
a) 9.'0 1U.10 118.00 51. )0 21.90 102.10 • 

'I 
u H.OO 153.00 238.00 52.10 26.20 123.90 • 

'I 85 35.00 120.00 232.00 58.00 1l.00 • • 
86 )5.00 IH.OO 2H.00 86.00 15.00 • • ., 

HIN 9.'0 120.00 110.00 n.oo 10.00 H.OO 0.00 
MAX 105.00 lU.10 2H.00 16.00 26.20 123.90 .09 ., H!AH 46.0571 150.7100 228.2000 59.1'00 19.9100 10.7500 .0110 
STDIN 29.aooa 21.31(9 27.3650 1l.OU' 5.7UI 29.7108 .0'02 
VALION 1 10 10 10 10 8 5 ., 

., 

., 

., 
II) 

II) 

., 



FORT PRANTOM BILL RESERVOIR QUALITY 
PAGE • HOHTB YEll TUll.8IDITY TOTAL IIAJlDNESS 

FOJtM.\ZIII ALItALIIIITY ItG/L CALCIUM MAGNESIUM SODIUM MANGANESE T. UNITS HaIL AS CACOl AS CACOl HGIL ItG/L HGIL HGIL 
APUL 76 • 110.00 l40.00 50.00 lO.60 56.00 0.00 

77 • U5.00 ll5.00 l6.00 22.00 57.00 0.00 
71 • 171.00 U6.00 52.00 ll.OO 85.00 • 
79 • 135.00 lOO.OO U.OO 20.00 53.00 0.00 
10 H.OO 204.00 UO.OO 85.00 12.00 U.OO 0.00 
11 11.00 76.00 232.00 54.00 2'.00 50.00 .01 
12 19.00 137.00 1".00 45.00 17.00 • 
Il U.OO 154.00 nl.oo 59.l0 14.60 57.50 • 
U H.OO 152.00 l'2.00 72.20 15.10 120.00 • 
IS ll.00 112.00 2l0.00 152.00 71.00 • • 
16 n.oo 114.00 270.00 ".20 12.20 • 

HIli 13.00 76.00 1".00 36.00 12.00 50.00 0.00 MAX 74.00 204.00 270.00 152.00 78.00 120.00 .01 HEAN 37.714l 145.4545 23'.2727 67.2455 25.l112 67.8125 .0020 STDEV 23.0919 34.1244 26.5107 32.6391 11.1182 :n.70H .0045 VALl ON 7 11 11 11 11 8 5 



roRT P1lAIftOK BILL RESOVOn QUALITY PAG. S 

IIONTII YDJ. TUJlIIDITY TOTAL ILUDIfBSS 
POQU,ZIIf ALu.LIBITY ItG/L CALCIUM MAGIfBSIUM SODIUM MARGAJRS. 
T. UlfITS ItG/L AS CAC03 AS CAC03 ItG/L ItG/L ItG/L ItG/L 

MAY 76 • 15l.00 lU .00 U.OO lI.OO 58.00 0.00 

77 • 130.00 :Z:Z'.OO 35.90 :Zl.10 95.00 0.00 

11 • 110.00 :Z10.00 59.:Z0 ll.lO 86.10 0.00 

19 • 136.00 1n.00 ".00 11.00 ".00 .' 0.00 

10 • U:Z.OO l56.00 65.00 l3.00 ?l.00 0.00 

11 13.00 ltO.OO no.oo 90.00 16.00 '5.00 .Ol 

Il l1.00 13:Z.00 :ZOO.OO 53.00 16.00 3l.00 • 
13 36.00 16l.00 :Z:Z'.OO 65.10 1t.60 n.oo • 
It 11.00 150.00 l50.00 51.30 :Z9.60 90.00 • 
as :a.00 1U.00 :ZU.OO 66.00 :Z'.OO • • 
16 :Z6.00 131.00 :Z9l.00 11.00 19.00 • • 

11111 13.00 U6.00 1n.00 35.90 1t.60 3l.00 0.00 
MAX 36.00 11l.00 nl.oo 90.00 33.20 95.00 .02 
IIBAII :Z'.6661 1".0000 lU.9091 60.65t5 2l.1000 ".1I1t .0033 
STOn 1.0911 19.Ull Jt .133' n.6las 6.l016 l3."" .001l 
VALIDII 6 11 11 11 11 9 6 
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FOl~ ~ BILL ass saVOIa QUALITY 
PAGS 6 

MOIft1I nu TVUIDITY 'l'O't~L IlUDIfBSS 
FOaMAZIB ALnLIBITY MG/L CALCIUM HAGMSSIUM SODIUM IWtG~SSB T. UIIITS MG/L AS C~C01 AS C~C01 MG/L MG/L MG/L HG/L 

JUIIB 16 • lU.OO :l56.00 51.00 U.50 10.00 0.00 
11 • 15:l.00 1".00 55.00 :l1.60 ~5.~0 0.00 
11 • 111.00 :l5~.00 ".00 1:l.60 ".80 0.00 

, 19 • 151.00 :ll0.00 59.00 15.00 5:l.00 0.00 
10 59.00 1".00 :l1:l.00 63.00 11.00 51.00 .01 
11 n.oo 158.00 :lU.OO 67.00 16.00 • • 
u U.OO 131.00 196.00 U.OO :ll.00 10.00 • 
Il UO.OO 156.00 n:l.oo 11:1.00 60.00 15:l.00 • .. 10.00 lU.OO :l".00 10.:l0 :l1.10 10.:l0 • 
15 1:l.00 116.00 :l1:l.00 1:1.00 22.00 • • 
16 63.00 UI.OO :lU.OO 61.00 17 .00 • • 

KI. 10.00 116.00 1".00 U.OO n.oo 10.00 0.00 IWC UO.OO 111.00 :l96.00 11:l.00 60.00 152.00 .01 NUB 51.:lU1 150.9091 :l16.9091 10.9:l13 26.1655 13.1150 .0060 non .:a.60" 11."16 1:l.1"1 15. :l115 1l.U11 11.6510 .0136 VALIDII 1 11 11 11 11 1 5 

) ) 
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FoaT PRAMTOH HILL aESlaVOIa QUALITY PAGI 7 « 
ItONTII vp.a TUUIDITY TOTAL HUDNISS 

FoaMAnN ALKALINITY ItG/L CALCIUM MAGNISIUM SODIUM KAHGANISI « 
T. UMITS HelL AS CAC03 AS CAC03 "GIL "GIL "GIL MOIL 

.JOLT 76 • 151.00 :15:1.00 61.00 30.70 65.00 0.00 « 
77 • 151.00 :141.00 U.IO :17.00 71.10 • • 71 • 16:1.00 :1".00 .5.:10 37.00 106 •• 0 .05 

79 170.00 150.00 :lH.OO 50.00 :10.00 51.00 0.00 f 

10 57.00 190.00 :1.6.00 51.00 :1 •• 00 61.00 .02 
C 

U .0.00 HO.OO :lU.OO 61.00 11.00 • , . 
12 H.OO 131.00 116.00 5:1.00 H.OO ".00 • • 
U 17.00 153.00 :130.00 61.'0 11.50 «5.00 • 

• It 12.00 155.00 270.00 10.00 :10.00 61.00 • 
15 13.00 1:1 •• 00 :170.00 ?l.00 :1:1.00 • • f 

16 :16.00 12:1.00 :1.0.00 69.00 17 .00 • • , 
KIll 12.00 12:1.00 116.00 U. :10 H.OO .5.00 0.00 
KU 170.00 190.00 :170.00 10.00 37 .00 106 •• 0 .05 
NIAll U.6:150 1".7273 :lU.7:l73 60.3U5 22.5636 65.3125 .0175 
1TIl .. n ... ,. 19.3151 35.00" 11.1,.7 6.7190 11.'''' .02l6 
VALID. • 11 11 11 11 I , 
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PORT .~ HILL lESElVOIl QUALITY 
PAGE 9 

tIOMTII YUl TUIBIDITY TOTAL HAIDNESS 
rOIUUZIN ALULINITY NG/L CALCIUM MAGNESIUM SODIUM IlAHGANEU T. UMITS NG/L AS CAC03 AS CACO) NG/L NG/L NG/L NG/L 

76 • • • • • • • 
77 • 125.00 250.00 39.50 20.10 n.30 0.00 ,. • 130.00 202.00 33.20 17.30 n.20 0.00 

7t 110.00 150.00 201.00 n.oo 23.00 62.00 0.00 

10 35.00 167 .00 252.00 61.00 2 •• 00 66.00 0.00 

11 150.00 137.00 250.00 66.00 21.00 • • , 
&2 11.00 UO.OO 200.00 70.00 12.00 21.00 • 
n 21.00 137.00 210.00 57.50 16.00 53.00 • 
at H.OO UO.OO 260.00 75.00 17.70 67.00 • 
85 16.00 117.00 272.00 78.00 19.00 • • 

" 21.00 126.00 232.00 • • • • 
KIH 16.00 117.00 200.00 33.20 12.00 21.00 0.00 I KAX 150.00 167 .00 272.00 71.00 2 •• 00 67 .00 0.00 ICUIf 51. 5000 136.9000 233.6000 58.3556 11.9000 53.2U) 0.000 .TDIV 50.0970 U.U57 26.U67 15.9350 3.6161 13.6UO 0.000 YALIDIf 8 10 10 , 9 7 • 



• FoaT PHANTOM HILL aaSKaVOIa QUALITY "'Gil 10 

MONTH nAIl. TURBIDITY TOTAL HAaDNSSS 
FOaHAZIN ALItALINITY HG/L CALCIUH HAGNKSIUH SODIUH HANGANKS. 
T. UNITS "GIL AS CACO) AS CAC03 HG/L HG/L HG/L HG/L 

OC'l'OBKa " • 1:16.00 22 •• 00 55.00 32.00 61.00 0.00 

71 • UI.OO 266.00 36.90 25.60 1 •• 20 0.00 

71 • 120.00 186.00 31 .• 0 19.)0 .5.20 0.00 

19 • U9.00 222.00 66.00 U.OO 65.00 0.00 

10 11.00 131.00 22 •• 00 61.00 11.00 u.oo .01 

11 53.00 161.00 251.00 61.00 21.00 • • , 
12 9.00 160.00 200.00 52.00 11.00 ts.OO • 
13 21.00 150.00 226.00 10.60 12.20 U.OO • 
U 11.00 13 •• 00 2".00 56.10 26.20 90.00 • 

15 26.00 131.00 216.00 66.00 :11.00 • • 

" 19.00 110.00 1".00 • • • • 
KI. 9.00 110.00 116.00 36.90 12.20 u.oo 0.00 
MAX 53.00 161.00 216.00 10.60 32.00 90.00 .01 
IIUJI 2 •• 2151 139.3636 229 •• 5.5 51.0000 21.2300 59.9250 .0020 
ITDK'I 13.9966 11.2116 29.6660 11.U91 6.3151 11.0901 .00.5 
VALID. 1 11 11 10 10 I 5 

) 



FORT PHANTOH HILL RISIRVOIR OUALITY 
PAGI' 11 

MONTH YIAl TUUIDITY TOTAL HAlDNESS 
'ORHAZIN ALItALIHITY HG/L CALCIUM HAGNISIUM SODIUM HANGAHISI T. UMITS HG/L AS CAC03 AS CAC03 HG/L MG/L MG/L HG/L 

IfOvacan 76 • 12S.00 220.00 33.00 23.70 60.00 0.00 

77 • 139.00 2S •• 00 67 .10 26.60 99.10 0.00 

71 • HO.OO 190.00 ".80 11.90 131.20 .03 

79 26.00 160.00 226.00 S7.00 20.00 66.00 0.00 

10 27.00 131.00 276.00 70.00 26.00 ., .00 0.00 
11 S •• OO 112.00 1,..00 62.00 S.OO • • 
12 36.00 lS6.00 222.00 it.OO 

~ 

lS.00 S6.00 • 
U 100.00 1.1.00 2".00 6S.00 19.90 S3.00 • .. 2l.00 lll.OO 116.00 Sl.90 lO •• O Sl.OO • 
IS 11.00 lll.OO 2S •• 00 6l.00 2 •. 00 • • 
16 20.20 101.00 190.00 • • • 

IIDI 11.00 101.00 1,..00 33.00 S.OO .7.00 0.00 IW[ 100.00 160.00 276.00 70.00 l6.60 131.20 .03 ICDII 37.0lS0 ll •. S.SS :12 •• 1111 S7.noo 19.9500 70.6250 .0060 ITDn 21."35 16.7891 31.3101 11.t65l 6.3l99 29."11 .013. YALID. I 11 11 10 10 I 5 
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November 18, 1987 

Mr. Dwayne Hargesheimer 
Director of Water Utilities 
P. O. Box 60 
Abilene, Texas 79604 

Deal' Mr. Hargesheimer: 

BAYLOR 
COLLEGE OF 
MEDICINE 
Texas Medical Center 
Houston, Texas 77030 

Department of "'rology 
and Epidemiology 
(713) 799-4444 

loseph L Melnick, I'Il.D. 
Dlsdngulshed Servke Professor 
and Chairman 

Enclosed please find our final report of the work done 
under contract with the City of Abilene, dated March 13, 
1987. As you will note, because of the importance of the 
study we conducted many more tests than originally 
requested in the contract. 

enclosure 

cc: Mr. John H. Cook ~ 
Freese and Nichols, Inc. 
811 Lamar Street 
Fort Worth, Texas 76102 

Sincerely yours, 

Joseph L. Melnick 
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TECHNICAL REPORT 

Abilene Water Reclamation 

Attention: Mr. Dwayne Hargesheimer 

Director of Water Utilities 

City of Abilene 

Study objective: Establishment of baseline data of viral occurrence in 

wastewater. Fort Phantom Hill Reservoir and creeks feeding 

the reservoir. 

Study design and sampling sites: 

( The sampling regime. as dictated by financial considerations and distance 

from the laboratory. was as follows. Raw and treated wastewater. two 

reservoir sites and two creeks flowing into the reservoir were sampled in 

April (spring) and August (high summer) 1987. Details of volume and water 

conditions are given in Table 1. All samples were collected and concentrated 

to a volume of approximately 2 liters in the field before transfer to the 

laboratory on wet ice for further concentration and assay. Raw wastewater was 

collected as a composite sample (3.8 liters collected hourly over 5-hour 

period) to ensure a more representative virus sample. Wastewater was 

collected upon discharge from the plant following treatment that included 

conventional activated slu~geprocess after primary clarification. aeration , 

with the addition of polyme,r. .. to enhance flocculation. and final clarification 

by settling. Reservoir samples were taken from intakes supplying the 

electricity generating plant and potable water treatment plant. Duplicate 

samples were collected of reservoir and treated wastewater on each occasion. 

----------------_ ..... _----



I 2 

occasion. The two creeks included in the study flowed through residential 

areas and received city storm water before emptying into the reservoir. 

Table l. Collection sites and water conditions 

April August 

Collection site pH temp. volume pH temp. volume 
(OC) (1 iters) (OC) (liters) 

Wastewater 1 

raw 7.22 NT3 18.9 7.29 ND 18.9 
treated 7.05 17.2 473 7.02 29 378 

Reservoir 2 

utility intake 8.8 12.8 473 8.25 31 378 
potable water intake 8.06 11.7 378 8.36 28 378 

Elm Creek 8.53 13.3 378 8.56 31 378 

Cedar Creek 8.22 13.4 378 8.29 31 378 

( 
1 Raw sewage sample was a composite of 5 x 3.8 liter samples collected at 
hourly intervals over the period of maximum flow. 

2 Duplicate samples were collected at each reservoir site and of wastewater 
effluent. 

3 Not tested. 



\ 

Field: 

Field and laboratory sampling. concentration. virus 

assay and identification 

3 

Collect sample (378 - 470 liters) in a large tank; adjust pH to 3.5. and 

add AlC13 to 0.5 mM final concentration; pass through 3.0 + 0.45;um porosity 

filterite cartridge filters (25.6 cm long): elute each filter with 1 liter of 

elution media (10% tryptose phosphate broth. 3% beef extract. 0.05 M glycine. 

pH 9.5) for 5 minutes with shaking and back flush under positive pressure; 

separate virus from solids by filtration of eluate at pH 9.5. through 0.45 and 

3.0pm. 47 or 90 mm flat filters: adjust pH to 7.5: transport to laboratory on 

wet ice. 

Laboratory: 

Reconcentrate: Add polyethylene glycol 6000 to 8% final concentration. Stir 

1.5 hour to overnight at 5°C. Centrifuge 10.000 x g. resuspend pellet in 10 

mI. 0.15 M Na2HP04 final pH 9.0. Shake 30 minutes at 300 RPM. centrifuge 

10.000 x g 30 minutes. adjust pH to 7.5. 

Decontaaioate: Pass through 0.22 ~ low protein binding. serum treated filter 

or add antibiotics. 

Assay: 

Hepatitis A virus (HAV): Dot blot hybridization using ssRNA probes. 

Rotavirus (RV): Immunofluorescence using combination of monoclonal (human 

strains) and polyclonal (human and non-human strains) antibodies. 

Enteroviruses: Plaque assay in BGM cells: cytopathic effects (CPE) assay in 

BGM cells in liquid culture. Identification by serum neutralization tests. 

Other huaan enteric viruses: CPE assay in primary monkey kidney cell line 

(African green). Identified by electron microscopy and serum neutralization. 
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Table 2. Virus detection 

Hepatitis 
A virus 

Enteroviruses 
(BCM cells) 

Human 
ROt8virus 

(lU
1
/100 mil Plaque assay Liquid Identity3 

(PFU 2/100 m1l culture 

April 

Wastewater 
S raw -- 4500 880 

Treated A 9 8 

B 4 6 

Reservoir 

Site 1A 
B 

Site 2A 
B 

Creek 1 

Creek 2 

Auguat 

Wastewater 
Rew 7250 

Treated A 
B 

not determined 
50 

Reaervoir 
Site lA 

B 

Site 2A 
B 

Creek 1 
2 

1 
2 IU • Infectious unit. 
3 pro • Plaq ... fomina unit. 

Pl, P2, P3 • poliovirus type 1, 2 and 3. 
CB4, CB5 = coz •• ckieviru. B, type 4 and S. 

4 17 = echovirus, type 7 
5 Cytopathic effect 
6 Not detected 

Virus positive 

6 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

P1,P2,P3 
CBS,!7 

P1,P3,CB4 
CBS 

CB5 

4 

Other enteric viruses 

CP!4 on 
(ACtt<) 

+ 

+ 

+ 

Identity 

Reovirus 2 

Reovirus 2 

Reovirus 2 

+ Reovirus 2 

+ Reovirus 2 

+ 

+ 
+ 

+ 
+ 

Reovirus 2 

Reovirus 2 
Reovirus 2 

Reovirus 2 
Reovirus 2 
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Results 

The results of all viral studies are shown in Table 2. No HAV was 

detected in any sample. RV was only found in the April wastewater samples 

consistent with the recognized occurrence of rotavirus in winter and spring. 

A variety of enteroviruses were present in wastewater with significantly 

greater numbers detected in summer than in the spring. The only viruses 

detected in samples other than raw and treated wastewater were reovirus type 

2. which occurred in both creeks and at one reservoir site as well as 

wastewater. The general occurrence of this virus type and the known presence 

of this virus in both human and animal populations make it difficult to 

ascertain its origin. particularly as the municipal wastewater includes 

abattoir wastes. Virus reduction was quite significant following the 

treatment regimen (greater than 99.99% for RV and enteroviruses). Reovirus 

concentrations were not quantified. 
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Parasitlogy Study 

City of Abilene Water Department 

Performed and Submitted by Terry L. Foster, Ph. D. 

October 14, 1987 

Objective: To evaluate water sources in the city of Abilene for the 
purpose of identifying the presence and concentration of 
protozoan parasites identified by the State of Texas as worthy 
of establishing baseline data. 

Specific Organisms to be Included: 

Giardia 1amb1ia 
cryptosboridium sp. 
Entamoe a hartmanni 
Entamoeba coli 
Endo11max nana 
Nagleria sp:
Hartmanella sp. 
Acanthomeba sp. 

Summary of Characteristics of Microorganisms: 

A. G. 1 amb 1 i a 

Intestinal parasite (flagellate) acquired by injestion of cysts. 
Incubation period averages 9 days. 
Nausea, upper intestinal cramping, malaise, diarrhea. 
Diagnosed by finding cysts or trophozoites in feces. 
10-20 microns length 

B. Cryptosporidium sp. 

Coccidia, 3-6 microns, no cysts, identified by acid-fast stain. 
Normal disease course is diarrhea, cramping, nausea, anorexia and 
usually lasts 10-15 days. 
Immunocompromised patients have similar symptoms but disease is 
prolonged from weeks to years. 
No treatment. 
Prevalent in AIDS patients 

C. Entamoeba hartmanni, I. coli, and Endolimax nan a 

Amoeba, produce cysts which are hardy, may live in the cecum and 
colon. Non pathogenic, but must be differentiated from their 
pathogenic cousin, E. histolytica. 



O. Nag1eria, Hartmane11a, Acanthomeba 

Free living amoeba found in soil, fresh water, and sewage. 
Nag1eria and Acanthomeba may cause a fatal disease of the central 
nervous system 1n humans. 
Nag1eria - Usually enters through nasal passage, invades brain and 
causes an acute and fulminating primary amebic meningoencephalitis 
which generally produces death in 5-7 days after symptoms develop. 
May respond to therapy with amphotericin B if administered early. 

Acanthomeba cause a chronic granulomatous encephalitis whiCh last 
for weeks or months before causing death. It has recently been 
recognized as causing eye infections whiCh may lead to loss of an 
eye. It has been isolated from the ear, lungs, nasopharynx, and 
intestine. Portal of entire for encephalitis is usually 
inhalation of cysts from freshly turned soil. Infection may 
respond to treatment with sulfadiazine and selected antibiotics. 

Water Samples to Be Assayed: 

Wastewater Treatment Plant 
Intake 
Effl uent 

Water Treatment Plant 
Intake 
Effl uent 

( One sampling to be taken during warm season and one in cold season. 

Method of Processing: 

Sample Acqisition 
Sample Concentration - 0.22 micron, cross-flow filters 
Special Processing - Flotation. sedimentation 
Microscopic Identification -

Wet Mount-stained and unstained 
Permanent Mount-stained 

Identification - Life cycle stage 
Size, shape 
Staining reactions 
Moti 1 ity 
Number of nuclei 
Presence of cellular inclusions 
Chromatin material 

Enumeration - Volumetric sampling 
Microscopic counts 
Calculation of concentration factor 

-2-
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Table 1. Parasitology Study 

City of Abilene Water Department 

October 14. 1987 

Sample Date 
Sample Site Volume Collected 

Water Treatment 
. P 1 ant-Effl uent 44.3 gal 9/18/87 
(Holding Tank) (167.6 1 iters) 

Ft. Phantom Lake 46.3 Q~l 9/18/87 
Water Intake (175.1 liters) 

Raw Sewage 40 g~l 9/25/87 
(151 I hers) Primary LF2 

Wastewater 50.2 gal 9/23/87 
Effluent (190 liters) 

Concelltrate 
Volume 

1.0 1 iter 

1. 0 1 iter 

2.5 liter 

1.0 1 iter 

Centrifuged 
Volume 

10ml 

lOml 

25ml 

10m 1 

Fairleigh Dickinson Laboratories. Inc. 
Abilene. Texas 
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Table 2: Parasitology Study 

City of Abilene Water Department 

October 14. 1987 

Microscopic Analysis of Stained and Unstained Wet Mounts 
and Stained Permanent Mounts 

Concentrate 
Volume 

Sample Site Assayed 

Water Treatment 
Effluent 0.4m1 

Ft. Phantom 0.4m1 

Wastewater 0.4m1 
Effluent 

Raw Sewage 0.lm1 

Concentration 
Factor 

167X· 

175X 

190X 

70X 

Organisms 
Detected 

None 

Entamo'eba 
hartmann; 

Entamoeba Coli 

Entamoeba 
hartmann; 

Entamoeba 
coli 

Entamoeba 
hartmann; 

Endolimax 
nana 

Number 
Detected 

None 

14 per 
54 per 

liter 
gallon 

66 per liter 
250 per gallon 

130 per liter 
500 per gallon 

286 per 1 iter 
1080 per gallon 

860 per liter 
3240 per qal10n 

143 per liter 
540 per qa110n 

Acanthomeba sp. 3 per 1 iter 
11 per qa 11 on 

Fairleiqh Dickinson Laboratories. Inc. 
Abilene. Texas 



PARASITOLOGY STUDY - FINAL REPORT 
CITY OF ABILENE WATER DEPARTMENT 

. Performed by Fairleigh Dickinson Laboratories, Inc. 

Objective: 

Protocol: 

Terry L. Foster, Ph. D. 

lndentifications Performed by Clark Beasley, Ph. D. 

Submitted January 13, 1988 

To evaluate water sources in the City of Abilene for 
the purpose of identifying the presence and 
concentration of protozoan parasites identified by the 
State of Texas as worthy of establishing baseline 
data. . 

Sampling and assay procedures were described in FDL 
reports dated October 14 and November 23, 1987. This 
report includes final results of the cold water 
samples. 

Results Overview: Numbers are generally increased and rationale is 
given. Acid fast stain yielded what appears to be 
Crytosporidium sp. in high concentration. 
Inordinately high levels are explained as incorrect 
identification. This observation re-emphasizes the 
need for more specific diagnostic assays. 

Samples: 

Ft. Phantom Lake Jan. 4, 1987 187 liters to 1 1 iter 
Treated Effluent Jan. 4, 1987 188 1 i ters to 1.4 1 iters 
Wastewater Jan. 5, 1987 80 liters to 40 liters 
Treated Wastewater Jan. 5, 1987 105 1 iters to 2.0 1 iters 
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Parasitology Study 

City of Abilene Water Department 

January 5-6, 1988 

Microscopic Analysis of Stained and Unstained Wet Mounts 

Concentrate Organisms NUmber 
Sample Site Yolyme Assayed Detected Detected 

Water Treat. Plant 
Raw Water 0.1 ml .. 

EotamQ~bg ba(tmaooj 241 / liter 
ACgothamQeba sp. 4 / liter 

Water Treat. Plant 
Finished Water O. 1 ml None None 

Sewage Treat. Plant 
Raw Sewage 0.1 ml EotgmQebg ba(tmanoj 60,000 / II tel' 

EotamQeba illl 25,000 / liter 
Eodoilmax ~ 5,000 / liter 
lIcgntamoebg sp. 3,200 I liter 

Sewage Treat. Plant 
Plant Effluent 0.1 ml EotamQebg hg(tmaool 2,377 I I Iter 

EotamQeba Wl 679 I liter 
Eodoilmax .D.MA 340 I liter 
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Parasitology Study 

City of Abilene Water Department 

January 5-6, 1988 

Microscopic AnalYsis of Acla-Fast Stain for Cryptosporldlum sp. 

Concentrate Organisms Nurnoer 
Sample Site volume Assayed Detected Detected 

Water Treat. Plant 
Raw Water 0.1 ml Cryptosporldlum sp. None 

Water Treat. Plant 
Flnlshea Water 0.1 ml None None 

Sewage Treat. Plant 
Raw Sewage 0.1 ml None None 

Sewage Treat. Plant 
Plant Effluent 0.1 ml None None 
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Comments relating to 

Parasitology Study 
City of Abilene Water Department 

January 5-6, 1988 

The organisms dealt with are parasitic, and so adapted to survival In 
the host (In this case mammals, usually the human). In Entamoeba 
hlstolytlca, according to Chandler (1930), "After the stools have been 
passed the amebae begin to become abnormal and to die almost Immediately 

• This is no doubt true of all the parasitic amoebae, since their 
existence Is tied to the internal environment of the host. Therefore we 
probably should not expect to find the trophozoite (amoeba form) in the 
water samples. 

The cyst. on the other hand, Is the stage that Is utilized for transfer 
from one host to another. They, therefore, ar-e the stages wh I ch can 
survive outside the host and would be found in the water samples. 
According to Schmidt and Roberts <1981> "Cysts of E. hlstolytjca can 
remain viable and Infective In a moist, cool environment for at least 12 
days, and In water they can live up to 30 days. They are rapidly killed 
by putrefaction, desiccation, and temperatures below -5 C and above 40 
C." From this we might expect to find higher numbers of cysts In the 
winter samples than In the summer samples. 

Schmidt and Roberts (1981> state that E. WJ. has a superior ability 
over E. hlstolytlca to survive putrefaction. It Is assumed, therefore, 
that It has a greater chance of passing through a sewage treatment 
plant. According to the same r-eference the Endoljmax ~ cyst "is more 
susceptible to purefactlon and desiccation than Is that of E. &Qll." 

A technique to be checked which may be of value Is noted by Chandler-: 
"The criterion which has been extensively employed to deter-mine the 
viability of cysts Is the fact that dead cysts usually stain with eosin 
whereas living cysts do not, but this test Is not Infallible." 

MaCkinnon and Hawes (1961) states "E. Invadens. from snakes and other 
reptiles, is morphologoically Indistinguishable from E. hlstolytjca at 
every stage in Its life history ... "0 Also, they state "A considerable 
number of amoebae described under various names so closely r-esemble E. 
hlstolytlca as to be morphologically Indistinguishable from It at any of 
the known stages of their- life-cycles. They are widely distributed and, 
with. the except Ion of E. moshkovsk II, wh I ch occurs I n sewage and has not 
yet been connected with any host (Neal, 1953), they are entozoic." 
Therefore, a test such as monoclonal antibody assay would be essential 
when dealing with lake water- or sewage treated in open ponds. 
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ACID-FAST STAIN FOR Cryptosporldlum 

1. Spread sample on sl Ide, and allow to dry. 

2. Fix the dried film In absolute methanol for 1 min., and aIr 
dry the s I I de . 

3. FlOOd the slide with Kinyon carbol-fuchsln, and stain the 
smear for 5 min. 

4. Wash the slide with 50% ethyl alcohol In water, and 
Immediately rinse It with water. 

5. Destaln the smear with 1% sulfuric acid for 2 min. or until 
no color runs from the slide. 

6. Wash the slide with water. 

7. Counterstain the smear with Loeffler methylene blue for 1 
min. 

e. Rinse the slide with water, dry It, and examine the smear 
with oil immersion. 

The results are that Cryptosporldlum oocysts stain bright red, 
and background materials stain blue or pale red. 

KINYOUN CARBOL-FUCHSIN STAIN 

Basic fuchsin ................... 4 9 
A I coho I, 95% •.•..••...•........ 20 9 
Phenol crystals •.•.•••.......••. e 9 
Distilled water ..•...••....•.. 100 ml 

LOEFFLER METHYLENE BLUE 

1. So I u tl on A 
Methylene blue ...••.•••. 0.3 9 
95% ethanol ..•••....•••• 30.0 ml 

2. Solution B 
0.01% potassium hydroxide ••. 100 ml 

Dissolve the methylene blue In alcohol, and add the 
potassium hydroxide solution. 
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INTRODUCTION 

ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. S 

LAKE FORT PHANTOM HILL - WATER QUALITY STUDIES 

Principal Author: Ken Iceman, P.E. 

The previous water quality studies and models developed for Lake Fort 
Phantom Hill (LFPH) were used to determine, to the extent possible, if the 
U.S. Army Corps of Engineers Reservoir Water Quality Model (WQRRS) is a 
reasonable candidate for the impact analysis of advanced wastewater treat
ment (AWT) effluent discharge into LFPH a water supply reservoir for the 
City of Abilene, Texas. The model was then used to examine the resultant 
impact of effluent discharges on LFPH during a 2-year drought period. The 
basic chemical and biological processes of the water quality model are 
shown in the flowchart of Figure 1. 

The first step in the evaluation procedure was to take available 
(historic) data on the reservoir and surrounding basin, apply it to the 
water quality model, and evaluate whether the model was able to estimate 
the historic water quality in the reservoir in an acceptable manner. 

This calibration process included the development of numerous kinds of 
input data for the reservoir, tributaries, diversions, weather, water man
agement, water consumption, and related water quality. 

Historic reservoir water quality in LFPH was used to compare the model 
results with the field sampling information. The time consistency of each 
model input with the field sampling data is critical in establishing cri
teria for appropriate model performance. The manner in which the model re-
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sults are examined is directly dependent upon the data base used as input 
and the data used to compare against. 

The model strengths and limitations can be properly evaluated through 
a realistic set of objectives/goals for the analysis approach recognizing 
data deficiencies and inconsistencies, model limitations, expected perfor
mance of the model related to field knowledge and experience, and a working 
understanding of the model framework. 

Once the calibration process is completed, it is customary to examine 
the model performance using an independent (time) set of field data to con
firm the validity of the model coefficients and data. The data sampling 
program conducted from March 1987 to October 1987 would be a reasonable 
candidate for this verification. The data sampling period base would be 
sufficiently long to observe the biological productivity cycles, the spring 
and fall runoff periods, and the warming and cooling cycles in the reser
voir from early spring through late fall. 

Upon completion of the verification analysis, using the same cali
brated coefficients, the evaluation of the model could be completed and 
final judgment made on the accuracy of the model for in-lake water quality 
impact analysis. 

At this point, based on initial acceptance of the model's calibration, 
a variety of what-if studies have been performed on levels of wastewater 
treatment, A\~ flow augmentation, and water management. The alternative 
analyses show the effect of various AWT treatment levels on algal produc
tion in LFPH. 

The results of these studies can also be correlated to the impacts of 
water quality constituents which are not direct model results. In the case 
of LFPH, the historic data show a positive correlation between TDS and Cl, 
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S04' and conductivity. The model results for TDS can therefore be used to 
estimate changes to Cl, S04' and conductivity through application of the 
empirical equations for each alternative. 

APPROACH 

The model has been developed from the perspective of critical drought 
conditions in the basin. These conditions prevailed between 1979 and 1982 

within the historic data base which extends for 11 years from 1976 to 1986. 
Since specific water-quality data for this shorter period were even more 
limited than over the II-year period, it was decided to calibrate the model 
for the mean conditions over the entire II-year period. 

Because the model was to be used for comparison of several AWT 
discharge levels into LFPH, particularly during dry years, an estimate of 
both normal and dry year diversion levels from the Clear Fork of the Brazos 
River and Deadman Creek were incorporated into the analysis. Although the 
amount of these diversions into LFPH varied greatly, it was assumed the 
lesser quantities coupled with lower direct rainfall and larger raw water 
intake quantities would approximate the hydrology of a drought-type condi
tion. 

A 12-month period was used for calibration in an effort to include a 
complete seasonal cycle of variations in the weather, inflows, and diver
sions. Although 12-hour time steps were used in the model, the results 
were evaluated on a monthly basis. There were insufficient monthly water 
quality and quantity data of the LFPH system to be more time-specific in 
the calibration. As an example, in the 11 years of City of Abilene data 
(132 months), there were fewer than 20 values of chlorophyll-a and 
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suspended solids, and no orthophosphate data between 1979 and 1982. Other 
measures of nutrients in both the lake and the tributaries were severely 
lacking for certain months. 

These kinds of data restrictions were considered in the evaluation of 
the model's performance. Similarly, the known model limitations such as no 
anaerobic chemistry and biological processes, no shoreline erosion/washoff 
capacity, and one-dimensional analysis (i.e., vertical layers with no hori

zontal variations) were also considered with respect to the presently 
understood processes of LFPH. 

CRITICAL CONSIDERATIONS 

The LFPH reservoir has at least three unique environmental characte
ristics that must be represented by the model. These conditions are: 

1. Well mixed, nonstratified water in the reservoir throughout most 
of the year 

2. High turbidity levels 

3. Light- and phosphorus-limited algae productivity 

These conditions are not always common in reservoirs due to seasonal 
weather changes and inflows which typically permit stratification, water 
clarity improvements, and algal growths resulting from higher levels of 
nutrients (usually well above normal half-saturation levels). 

In order to achieve Condition 1 in LFPH, the WQRRS model vertical 
diffusion coefficients were adjusted to increase the transfer of mass 
throughout the water column as a function of wind speed and density 
gradient. The empirical relations used in the model permit modification of 
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coefficients to increase or decrease vertical mixing to achieve well-mixed 
conditions or stratified conditions. 

The second condition was developed in the model by reducing the 
settling velocities for inorganic suspended solids to a level which main
tained a relatively constant concentration in the reservoir throughout the 
year. The suspended solids data indicated about 10 to 12 mg/l was a 
reasonable level at all times. Inflow concentrations of suspended solids 

for the diversions or tributaries (Elm Creek) were not available. The 
shoreline washing of material from wind and wave action was thought to con
tribute substantially to the low water clarity and high turbidity suspended 
solids relationships. The most straightforward way the model could be ad
justed to account for this expected physical condition was to limit the 
settling of the material. 

A light-limited and phosphorus-limited algal productivity (Condition 
3) was achieved in the model at elevated nutrient levels by including self
shading characteristics of suspended material in the determination of the 
composite light extinction coefficient and by increasing the phosphorus 
half-saturation constant. This procedure was available in the model but 
needed to be activated through the specification of different light atten
uation constants for suspended particulate material and algae. These at
tenuation constants and the base secchi depth (without suspended material) 
were adjusted in the calibration to provide a composite light extinct co
efficient approximately equivalent to a 24-inch secchi depth. 

The following field data and model data show the similarity of light 
penetration characteristics used for the LFPH calibration: 
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Range: 
Average: 

SECCHI DISC DEPTH 
(inches) 

Field Data 

15 to 49 
25 

Modell 

M~27 

26 

lEffective secchi disc depth due to composite effects of pure water, algae, 
and suspended solids. 

As a result of the various adjustments to the model, the three LFPH 
critical conditions were approximated in the calibration procedure. Addi
tional data on suspended solids of the inflows, light penetration data, and 
nutrients/algal growth would further assist in developing the appropriate 
balance between settling of the suspended material, light penetration, and 
algal productivity. Ultimately, some measure of algal productivity under 
varying conditions of nutrient concentrations and available light may need 
to be considered in sampling program. 

DATA BASE 

The historical data base and model coefficient information used 
throughout the preliminary calibration were derived from the following 

sources: 

o City of Abilene--Water quality records compiled by Freese and 

Nichols 

o Texas Water Commission--Water quality data compiled by Freese and 
Nichols 
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o U. S. Geological Survey--Mapping and surface-water records 

o 

o 

o 

o 

o 

o 

Freese and Nichols--Draft Water Quality Assessment Lake Fort Phan
tom Hill, 1987 

Freese and Nichols--Chloride Control Program Report, 1984 

Tetra Tech--Rates, Constants, and Kinetics Formulations in Surface 
Water Quality Modeling, Second Edition, 1985 

U. S. Army Corps of Engineers--Water Quality for Rivers-Reservoir 
Model Documentation, HEC, 1978 (Revised 1984) 

U. S. Army Corps of Engineers--Water Quality Study of the Trinity 
River, Fort Worth District, 1974 

NOAA--National Weather Service Data, Abilene, Texas, 1971-1980 

o Freese and Nichols--Study of Coordinated Operation of Existing Raw 
Water Supply Sources, Abilene and West Central Texas Municipal 
Water District, 1980 

o West Texas Utilities Company 1986 Operations Data 

Several computer graphs of the II-year monthly means of LFPH water 
quality data base have been presented in the Draft Water Quality Assessment 
Report by Freese and Nichols. The mean values of the following water qual
ity parameters were used in calibrating the WQRRS model: 

o Temperature 
o Dissolved Oxygen (DO) 
o Ammonia (NH

3
) 
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0 Nitrate (N0 3) 
0 Ortho-Phosphate (0-P04) 
0 Fecal Coliform 
0 Total Suspended Solids (TSS) 
0 pH 
0 Total A 1 ka 1 i ni ty 
0 Total Dissolved Solids (TDS) 
0 Chlorophyll-a 

The estimated quantities of water diverted to LFPH from Clear Fork and 
Deadman Creek during drought conditions were taken directly from Table C-5 
of Freese and Nichols' "Study of Coordinated Operation of EXisting Raw 
Water Supply Sources" report (1980) and Clear Fork diversion data supplied 
by Freese and Nichols. These data covered the period of record from 1941 
through 1977 and 1976 through 1985, respectively. In addition, the natural 
inflow quantities from local drainage and Elm Creek were taken from Table 

C-3 in the same report. 

The water quality data for these inflows (Clear Fork, Deadman Creek, 
Elm Creek) were estimated from several sources-the Chloride Control Program 
Report; the Corps of Engineers, Fort Worth District, Trinity River Report; 
ongoing project sampling study; and previous 1973 sampling data from Freese 
and Nichols. The Chloride Control Program Report indicated that the Clear 
Fork waters were typically of poorer quality most of the year except during 
the hi gher runoff peri ods, r~ay through June and September through October. 
For those months, the alkalinity, TDS, and pH data were generally much 
lower, similar to Deadman Creek. The Trinity River Basin lies south of the 
study area by some distance. These data may not be representative of the 
LFPH drainage basin, but the information appears reasonable for use until 
better data are made available through the sampling program. March 1987 
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and May 1987 tributary sampling data and earlier 1973 data provided the 
most legitimate data base for establishing runoff water quality. 

Due to the sparsity of site-specific data for each tributary or diver
sion, the ~/ater qual ity of each inflow was assumed to be approximately the 
same. This was deemed permissible for the Clear Fork because the flows 
diverted to LFPH were assumed to occur during periods of higher runoff when 
the water quality was typically better and thus similar to Deadman and Elm 
Creeks. 

Table 1 shows the water quality data assumed for the Clear Fork diver
sions (May, June, September, and October), Deadman Creek (r~ay and October) 
and Elm Creek (all year). 

The initial conditions of the LFPH reservoir were determined from the 
computer graphs of the ll-year mean water quality data. An estimated ini
tial condition value for each water quality constituent was made using the 
December and January data. The calibration period was from January through 
December. Table 2 shows the initial reservoir conditions assumed for the 
calibration of the model. 

The physical reservoir data for the model were composed of area-capa
city curves; length of the reservoir; bottom elevation; intake tower gate 
elevations; the location, size, and elevation of the raw water intake; West 
Texas Utilities (WTU) intake/discharge; and the proposed siting of the AWT 
plant outfall. 

The effects of the WTU intake/discharge were considered in calibrating 

the model The effects of the DO diffuser were not directly included in 
either the calibration or the analysis of alternatives. The AWT plant 
discharge was included by first simulating 1 year without the discharge to 
develop the monthly water quality profiles in the lake. These results were 
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Constituent 

Temperature: 

Dissolved Oxygen: 

Anmonia: 

N i trate-N i tri te: 

Ortho-Phosphate: 

TDS: 

Chlorophyll-a: 

pH: 

Alkalinity: 

Suspended Solids: 

Fecal Coliforms: 

Table 1 

TRIBUTARY/DIVERSIONS WATER QUALITY 

Value 

Variable with month (SOC to 2SoC range) 

SO percent of saturation at given temperature 

0.25 mg/l 

0.10 to 0.50 mg/l 

0.05 mg/l 

350 to 400 mg/l 

3 to 20 mg/l 

7.S to 7.9 units 

90 to 120 mg/l 

11 mg/l 

S,OOO I~PN/100 ml 
(except May and October--18,OOO to 20,000 
MPN/IOO ml) 

4 mg/l 
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Table 2 

LFPH INITIAL WATER QUALITY CONDITIONS 
(December Period) 

Constituent 

Ammonia 
Nitrate + Nitrite 
Ortho-Phosphate 
TDS 
Chlorophyll-a 
pH 
Alkalinity 
Suspended Solids 
Fecal Coliforms 

TM5-11 

Value 

0.19 mg!l 
0.31 mg!l 
0.06 mg!l 

475 mg!l 
2 mg!l 

8.7 units 
153 mg!l 

11 mg!l 
6 MPN!100 ml 



then used to define the inflow water quality conditions of the circulated 
cooling water and included the temperature increment of 5°C above the lake 
temperature. The resultant rise in lake temperatures was found to be less 
than one degree Celcius for all the months. This change in temperature was 
felt to have no impact on the reservoir water quality, and the WTU was 
therefore dropped from further analysis in the alternatives. 

14eteorological information for air temperatures, cloud cover, wind 
speed, and precipitation were taken directly from the NOAA National Weather 
Service station in Abilene. Daily data were compiled for each month from 
1971 to 1980 and monthly average were calculated. The weather data shown in 
Table 3 were used in the model calibration process. These data were not 

changed during the alternative analysis of drought conditions. 

MODEL CALIBRATION 

The LFPH calibration process was based on the philosophy that for pur
poses of examining model performance during the annual cycle, the reservoir 
pool elevations should remain approximately the same at the end of the year 
as at the beginning. This would reduce the need to consider a fluctuating 
water volume in the lake in interpreting the model. In addition, the 
mixing processes, algal productivity, nutrient uptake, evaporation, and 
water budget should be similar to that found in the 11-year mean monthly 
data developed for LFPH. 

In evaluating the water budgets, the hydrologic data and model results 
were found to be in approximate agreement once direct precipitation on the 
reservoir surface was included. The difference in beginning and ending re
servoir volumes was less than 7 percent. The consumption of the WTU-circul
ated cooling water made up the majority of the reservoir net losses in one 
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Table 3 

AVERAGE MONTHLY WEATHER DATA FOR ABILENE, TEXAS 

Air Dew Cloud Air Wind 
Temperature Point Cover Pressure Speed 

r"'onth (OF) ( oF) (%) (in. Hg) (mph) 

Jan 40.3 26.9 59 28.2 1.9 
Feb 47.3 31.0 53 28.2 3.1 
Mar 57.0 36.7 50 28.2 4.2 
Apr 64.7 46.1 50 28.2 6.1 
May 71.9 56.2 52 28.2 6.5 
Jun 80.5 61.2 41 28.2 8.9 
Jul 83.3 62.6 43 28.2 8.2 
Aug 81.9 62.8 46 28.2 8.3 
Sep 75.1 59.6 53 28.2 4.4 
Oct 65.3 48.9 41 28.2 4.8 
Nov 52.2 38.9 47 28.2 2.9 
Dec 46.0 29.8 51 28.2 3.4 
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year. The total evaporation data (net evaporation plus rainfall) showed an 
approximate depth of 69 inches per year, where the model estimated the 
total annual evaporation to be 67 inches. 

The diversions into the reservoir, natural inflows, and depletions 
during the calibration period are shown in Table 4. 

Through the annual water balance, the reservoir fluctuations in the 
model were between 1.0 and 2.0 feet, which is similar to the mean monthly 

variations found in the data base. 

The water quality calibration was developed through the adjustments of 
suspended sediment settling, inclusion of self-shading light attenuation 
constants on suspended solids, nitrification rates, algae maximum-specific 
growth rates and half-saturation constants, and temperature dependent ad
justments to chemical and biological rate coefficients. The other coeffi
cients in the model were left at their default values, which have been de
termined from several years of research, empirical studies, and field ex
perience along with engineering applications in diverse environmental con
ditions. The results of the model calibration are shown in Figures 2 
through 12. The TSS and chlorophyll-a graphs show only approximate his
torical monthly means due to lack of data. 

The model calibration results indicate a definite relationship between 
the water column DO and the water temperature. This result is consistent 
with field knowledge since the reservoir is well mixed, experiences aver
age wind velocities of 3 to 8 mph throughout the year, and has low levels 
of algal productivity. In addition, the profile data suggest limited 
chemical stratification and DO depletions due to bacteriological decay. 

The general nutrient-photosynthesis interaction in the model appears 
to be consistent with the mean historical values of NH3, N03, and 0-P04, 
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Table 4 

LFPH CALIBRATION WATER BALANCE 

Component 

Clear Fork Diversion (+vel 
Deadman Creek Diversion (+vel 
Elm Creek Inflow (+vel 
Direct Rainfall (+vel 
Direct Evaporation (-vel 
Raw Water Intake (-vel 
Consumptive Use by WTU (-vel 

NET 

Volume 
( acre-feetl 

6,000 
22,000 
22,500 
5,900 

15,100 
21,600 
2,200 

-2,5002 

2Less than 7 percent of total initial volume of 39,000 acre-feet. 
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Figure 4 
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Figure 6 
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The model has not been able to entirely capture the monthly fluctuations of 

NH3 and N0 3 or 0-P04 via nitrification and biological activity. The ove
rall magnitudes of the nutrients on an annual basis are reasonable. The 

model may require better tributary loading information to appropriately ac

count for the monthly changes shown in the field data. The timing and 
location of sampling may also have biased the actual mean reservoir concen
trations shown in the comparison graphs. 

The dips and rises in the historic NH3 and 0-P04 are probably related 
to algal productivity, but the'September rise in observed ~J03 suggests the 

model may also have some imbalance in the NH3 loading, since the model tW3 
actually decreases rather than increases in September. Careful review of 
the historical data has shown that several monthly means of the nutrients 

were established from only a very few data values over the II-year period. 
This tends to severely bias the historical means and must be acknowledged 
in the interpretation of the model results. 

The vertical profiles of water qual ity in the model indicate less than 
a l°C temperature variation from the reservoir surface to the bottom 
throughout the year. Average monthly water column levels of DO are above 
7.0 mg/l, which is sufficient to maintain aerobic conditions and support 

fish and other aquatic life. 

Surface concentrations of algae vary throughout the annual cycle with 
low levels during winter and spring periods, increasing throughout the sum

mer with peaks in August and September. The model ratio of chlorophyll-a 
(ug) to algae biomass (mg) was assumed at 30. This ratio provided 

chlorophyll-a concentrations in the range of the observed field data be
tween 2 and 40 ug/l. The maximum chlorophyll-a concentrations were esti
mated by the model during calibration at 8 to 10 ug/l, assuming complete 
mixing. Should the model algae concentrations have been limited to the 
surface layers, the resultant values would be three to four times greater 
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or about 24 to 40 ug/l of chlorophyll-a. Therefore, the completely mi xed 
levels of 8 to 10 ug/l were felt to be appropriate in calibrating the model 
for a generally well mixed system. 

The concentration of fecal coliform in the water column varied sea
sonally with the assumed runoff effects (inferred in the data) and the den
sity of the inflows. The vertical coliform distribution showed where the 
equil i brium 1 evel dens i ty occu rred and whether the i nfl ows to the reservoi r 
tended to stay near the surface of the reservoir or the bottom. This phe
nomenon may be critical to the AWT discharge and raw water intake. Fecal 
coliform concentrations tend to exaggerate the effects of vertical water 
movement from month to month because of the significant differences (three 
times) of the inflow values assumed during the higher runoff periods. The 
other values of water quality are less variable, and changes due to various 
ecologic processes become masked. 

The TDS and alkalinity model results are generally similar to the 
historical data. The monthly variations depicted by the field data are 
thought to be more a result of variations in the tributary inflows since 
the model uses relatively constant values of TDS and alkalinity for the 
runoff • 

The pH-alkalinity-algal productivity relationships may not be properly 

captured in the field data. The pH-C02 equilibrium routines in the model 
indicate the pH-C02 balance with alkalinities of this range are virtually 
unaffected by biological activity. A sensitivity analysis with the model 
demonstrated no more than 0.2 pH unit variance due to algae. It is 

apparent the model finds a pH-C02 equilibrium different from that found in 
the field. A chemical imbalance may be suggested in the field data between 

the CO2 gas transfer mechanisms, the alkalinity and pH of the tributary in
flows or diversions and the reservoir. The reservoir pH adjusts itself by 
0.2 unit in the first month to a pH of 8.5 and oscillates between 8.6 and 
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8.8 for the balance of the year. The field data suggest a pH of no more 
than 8.3 or 8.4 is the range to be expected. 

Some discussion has been offered about the legitimacy of the model's 
pH-C02 equilibrium mechanics in light of current research on acid rain. It 
is conceivable that new technology may be available for modeling the 
acid-pH chemistry of surface waters. At this point, however, better quan
tification of pH and alkalinity date for the diversion and inflow water may 
be a more practical approach to consider, if necessary. 

The fecal coliform results are only as good as the estimated data for 
the monthly tributary /diversion loadings. No data were available; there
fore, estimates of loads were made based on the principle that high runoff 
periods often carry high washoff loads of co1iforms not typically found 
during other times of the year. This phenomenon is dependent on the sur
rounding land use patterns and the location of potential sources such as 
feed lots, dairies, and similar facilities which could produce peaks of 
fecal co1iforms during high runoff periods. 

MODEL CALIBRATION COMMENTS 

The WQRRS model calibration on LFPH shows substantial promise for de
veloping a representation of the lake system consistent with the field data 
and observations. Parameters which may require changes and/or updates in 
the future are: 

o pH-C0 2-a1kalinity balance 

o Nutrient-algal relationships to the tributary loadings 

o General tributary/diversions water quality data base 
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As the inconsistencies in these parameters are either resolved through 

more data collection or model modifications, or are determined to be of 
minor consequence, the WQRRS model should become a more useful tool to ex
amine the relative impacts of AWT discharge levels in LFPH. 

The objectives of this study and the ultimate goals of the analysis 
have been discussed with Noel Williams/SAC. Should one of the planning 
goals be to track an effluent plume through the lake (assuming one would 

exist), then another model may need to be considered since the one-dimen
sional WQRRS model assumes uniform concentration in each horizontal layer 
and therefore cannot show transport of material horizontally. For the pur
pose of tracking an AWT plume which might contain a pathogenic substance, a 

two-dimensional model of the lake would be needed to follow the material 
from the discharge location throughout the lake as it is affected by wind 
shear, inflows and withdrawal velocity fields. This sort of approach would 
assume complete vertical mixing at the point of maximum rise height of the 
plume. The ultimate concern of mixing AWT water with the raw water supply 

will probably be the issue of dilution and potential contamination levels 
in the lake, locally and far afield. 

In addition to the current modeling objectives, the issue of toxic 

concentrations of un-ionized ammonia in the LFPH waters will be a concern 
to the fishery. The temperatures and pH of the waters are adequate to 
generate percentages of un-ionized ammonia in the range of 10 to 20 percent 
of total ammonia. Since the total ammonia concentrations in LFPH are cur
rently of the O.2~ mg/l magnitude, the existing un-ionized fraction could 
approach or exceed the 0.02 to 0.04 mg/l level during drought conditions. 

The EPA standard for un-ionized ammonia will also become stricter. This 
issue will be discussed in the alternatives analysis section. 
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AWl DISCHARGE -- ALTERNATIVES ANALYSIS 

The proposed AWT discharges to LFPH were determined to be 3, 7, 12, 
and 17 mgd for Type A, Type B, and Type C effluent quality. Type A quality 
would be defined as the best quality effluent with lower BODS 0-P04, NH3, 

N03, TDS, and suspended solids. Table 5 shows the water quality parameters 
defined for the AWT effluent types. 

These data were used in the analysis of alternatives using Type A, 
Type B, and Type C discharge water qual ity for each of the two plant flow
rates (3 mgd and 7 rngd) and Type A only at the 12 mgd and 17 mgd flowrates 

for comparison. 

These alternatives were considered for a 2-year drought-type hydro
logic condition following operation under normal hydrologic conditions. 
The drought condition comparisons show the impacts of the AWT plant on LFPH 
water quality during severely low water supply conditions. 

The inflow water quality from the natural runoff and from the 
sions is likely to be of poorer quality during the drought conditions. No 
data were available to assess the degree of degradation in the natural 
runoff except as reflected in the LFPH data in 1977, which was considered a 
drought year. The LFPH data indicated a significant increase in nitrates 
and TDS during dry years with phosphates remaining near their normal 
levels. 

Due to lack of specific data, the water quality of the natural runoff 
and diversions into LFPH were kept the same for drought conditions as for 
the normal runoff conditions used during model calibrations. These water 
quality concentrations are shown in Table 5. 

m5-20 



Table S 

AWT DISCHARGE WATER QUALITY 

Parameter TYEe A T.lEe B T.lEe C 

DO 8S% Saturation Same Same 
BODS S.O mg/l S.O mg/l 10.0 mg/l 
NH3 2.0 mg/l 2.0 mg/l 3.0 mg/l 
N03 10.0 mg/l 10.0 mg/l 2S.0 mg/l 
P 0.2 mg/l 2.0 mg/l 10.0 mg/l 
TOS 800 mg/l 800 mg/l 1,100 mg/l 
pH 7.0 units Same Same 
Fecal Col iform 2.0 MPN/100 ml Same Same 
Alkalinity 100 mg/l Same Same 
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The hydrology of the drought condition analysis was adjusted according 
to data in Table C-3 of Study of Coordinated Operation of Existing Raw 
!-later Supply Sciences, Abilene and ~Jest Central Texas f.lunicipal l-later 
District, (Freese and Nichols, 1980) and assumptions based on project team 
discussions. 

Table 6 shows the hydrologic data used in the analysis for both the 
normal year (calibration) and the drought year (alternatives). The reduc

tion of natural waters directed into LFPH during drought conditions is 
about 73 percent from the normal-year condition. 

The drought-condition base case was used to compare each of the AWT 
discharge alternatives with how the systems would operate without AWT 
discharge during drought years but having been preceded by 3 mgd discharge 
under normal years for some time. An initial storage pool of 65,000 acre
feet was assumed using the Table 6 inflows and diversions. Included into 
the base case analysis was the "drought year" water demand for the year 
1990 of 17 mgd, or approximately 19,200 acre-feet annually. The water 
balance during 2 years of the drought conditions would show a maximum de
crease in the storage pool of about 46,000 acre-feet at the 3 mgd discharge 
level for the AWT plant. Figure 13 shows the other changes in LFPH storage 

for the different discharge alternatives. 

The alternative analysis process incorporates and separately analyzes 
the impacts on LFPH from an increase to the available water supply due to 
AWT discharges from 3 mgd to 17 mgd (3,350 acre-feet/year to 19,000 acre
feet/year). These AWT inflow accretions to LFPH would serve to attenuate 
the 2-year storage losses from a possible 50,000 acre-feet with AWT inflows 
to between 22,000 acre-feet and 46,000 acre-feet. The minimum ending 
balance of LFPH water storage would be about 19,000 acre-feet under the 3 
mgd discharge alternatives. 
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Table 6 

HYDROLOGIC CONDITIONS OF LFPH INFLOWS 
(acre-feet) 

NORMAL HYDROLOGIC CONDITIONS (CALIBRATION) 

Reservoir Accretions 

Natural Inflow 
Direct Rainfall 
Deadman Creek Diversion 
Clear Fork-Brazos Diversion 

Reservoir Withdrawals 

Raw Water Intake 
Lake Evaporation (Model Result) 
Consumptive Use by WTU 

2-YEAR DROUGHT HYDROLOGIC CONDITIONS (ALTERNATIVES) 

Reservoir Acretions 

Natural Inflow 
Direct Rainfall 
Deadman Creek Diversion 
Clear Fork-Brazos Diversion 

Reservoir Withdrawals 

Raw Water Intake (1990 projected demand) 
Lake Evaporation (Estimated) 

22,500 
5,900 
2,000 
6,000 

36,400 

21,600 
15,100 
2,200 

38,900 

5,500 
2,300 

o 
2,140 
9,940 

19,2001 16,000 
35,200 

1WTU evaporative losses are included within this total. WTU has reported 
water rights of 2,500 ac.ft. per year and no drought contingency plan. 
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The water quality impacts resulting from discharging 3 mgd AWT ef
fluent into the LFPH system over a 2-year drought period following a period 
of AWT discharge during normal water years at a 3 mgd level using Type A 
effluent water quality are shown in Figures 14 through 18. These figures 
describe the changes due to the AWT discharge to LFPH at a 3 mgd level 

only. Additional insight into the affects of the three treatment levels at 
the proposed AWT are also shown. Figures 19 through 23 and Figures 24 
through 28 show the similar effects of the three effluent water quality 
types a the 7 mgd and the Type A effects at 12/17 mgd levels. The alterna
tives were each analyzed using an estimate initial condition in the LFPH 
reservoir. This initial condition reflects the impact of 3 mgd effluent 
discharging into the lake using Type A water quality for a period of 2-5 
years. The estimated initial conditions of the LFPH water quality are 

shown in Table 7. 

HYDROLOGIC IMPACTS 

The drought condition alternatives experience about a 23,000 to 46,000 
acre-foot water storage deficit in LFPH over the 2-year cycle using the de
sign year 1990 water demand estimates. The results of this demand are to 
lower the initial storage of LFPH from 65,000 acre-feet to between 37,000 
and 50,000 acre-feet by the end of the first year, and to between 19,000 
and 42,000 acre-feet by the end of the second year. 

By continuing to add varying amounts of AWT discharges to LFPH, the 
resulting water balances of the system at the end of 2 years are shown in 
Table 8. 

At the full 17 mgd AWT discharge level, the LFPH water storage in the 
system was kept to approximately 65 percent of the initial storage volume 
at the end of the drought. 
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Figure 15 

FORT PHANTOM HrLL RfSERVO]R QUALITY-DROUGHT PERIOD 
AMMONIA NITROGEN (IN1TIAL VOLUME: 65000 AF) 
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Figure 16 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
NITRATE NITROGEN (INITIAL VOLUME=65000 AF) 
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Figure 17 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
DISSOLVED ORTHO-P (INITIAL VOLUME=65000 AF) 
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Figure 18 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
CHLOROPHYLL-a (INITIAL VOLUME=65000 AF) 
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Figure 19 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
TOTAL DISSOLVED SOLIDS (IN1T1AL VOLUME= 65000 AF) 

A 1s3 MGD BASE CASE WI NORMAL HYDROLOGY-AWT ~ TYPE A 
1a---1U 7 MGD ALTERNATIVE-AWT ~ TYPE A 
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.- - .... 7 MGD AL TERNAT IVE -AWT II TYPE C 

::: I _¥J/:~:~:~:~ 
~ _~_~-~-~-~-~_W_W_k .w· 

Is IJ Is Is lJ~ ~ IJ Is IJ .,. 

J 

_.~~.~.~ ... ~ ...•. ~.~.~.r 

400 

200 

o 

• ..-_ ~-: r--= r-:: ~ J.--"6-1J ~1J,--,Is!l---IsIs--l.Isr---,6---Ir--Ir--+- A_ 

J F M A M J J A SON D J F M A M J J A SON 0 

MONTH 



A 
M 
M 
o 
N 
I 
A 

N 
I 
T 
R 
o 
G 
E 
N 

m 
9 
I 

4 

3.5 J 

3 

2.5 

2 
I 

1.
5 1 

I 

1 
I 

o . 5 ~ 

o 

Figure 20 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
AMMONIA NITROGEN (INITIAL VOLUME= 65000 AF) 
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Figure 21 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
NITRATE NITROGEN (INITIAL VDLUME=6S000 AF) 
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Figure 22 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
DISSOLVED ORTHO-P (INITIAL VOLUME=65000 AF) 
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Figure 23 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
CHLOROPHYLL-a (INITIAL VOLUME=65000 AF) 
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Figure 24 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
TOTAL DISSOLVED SOLIDS (INITIAL VOLUME= 65000 AF) 

A 63 MGD BASE CASE WI NORMAL HYDROLOGY-AWT ~ TYPE A 
Ia---IU 12 MGD AL TERNA1 rVE -AWT " 1YPE A 
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Figure 25 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
AMMONIA NITROGEN (INITIAL VOLUME: 65000 AF) 

A 63 MGD BASE CASE WI NORMAL HYDROLOGY-AWT e TYPE A 
1a---1il 12 MGD AL TERNATIVE -AWT e TYPE A 
"'-"17 MGD ALTERNATIVE-AWl e TYPE A 
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Figure 26 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
NITRATE NITROGEN (INITIAL VOLUME=65000 AF) 

6 63 MGD BASE CASE WI NORMAL HYDROLOGY-AWT e TYPE A 
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Figure 27 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
DISSOLVED ORTHO-P (INITIAL VOLUME=65000 AF) 

A A3 MGD BASE CASE WI NORMAL HYDROLOGY-AWT ~ TYPE A 
Ia---i) 12 MGD AL TERNAT IVE -AWT ~ TYPE A 
.... -.-1> t 7 MGD ALTERNATIVE -AWT ~ TYPE A 
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Figure 28 

FORT PHANTOM HILL RESERVOIR QUALITY-DROUGHT PERIOD 
CHLOROPHYLL-a (INITIAL VOLUME=65000 AF) 

A A3 MGD BASE CASE WI NORMAL HYDROLOGY-AWT ~ TYPE A 
1a---1il 12 MGD ALTERNATIVE -AWT ~ TYPE A 
.... - ... t 7 MGD ALTERNATIVE -AWT ~ TYPE A 

,~ 

,I '" ,~ I 

,I \ 
.J6 ~ • 

J F M A M J J A SON D J F M A M J J A SON D 

MONTH 



Table 7 

INITIAL CONDITIONS FOR THE 2-YEAR DROUGHT PERIOD 
(December Period) 

Anmonia 
Nitrate 
Ortho-phosphate 
TDS 
Ch 1 orophy ll-a 
pH 
Alkalinity 
Suspended Solids 
Fecal Coliforms 

Table 8 

0.25 mg/l 
1.10 mg/l 
0.07 mg/l 
500 mg/l 
2 ug/l 
8.3 units 
145 mg/l 
11 mg/l 
30 r4PN/100 ml 

LFPH WATER BALANCE WITH AWT INFLOWS 
(After 2 Years) 

Amount of LFPH LFPH 
AWT Inflow Initial Storage Ending Storage 

(mlld) (acre- feet) (acre-feet) 

3.0 65,000 19,000 
7.0 65,000 26,000 

12.0 65,000 34,000 
17.0 65,000 42,000 
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WATER QUAlITY IMPACTS 

The water quality impacts of the various AWT effluent treatment levels 
are gradual increases in most of the nutrient concentrations and algal pro
duction along with increases in TDS. The water temperature and DO in the 
lake remained relatively constant between the calibration and the drought 
base case. The DO varies throughout the year as a function of temperature 
and algal productivity similar to the calibration. A tabulation of water 
quality at various lake levels are presented in Table 9. 

The Type B and Type C AWT treatment alternatives appear to increase 
the biological productivity by approximately a factor of 2.5 for the Type A 
at both the 3 mgd and 7 mgd discharge rates. The Type A drought cases 

showed a peak chlorophyll-a level of 40 ug/l, while the Type B and Type C 
cases resulted in a peak of 100 ug/l. This additional productivity was 
probably the major contributor to a 0.2 mg/l increase in surface DO levels. 
The 12 mgd and 17 mgd effluent discharge levels using Type A water quality 
produced about the same levels of chlorophyll-a as the other Type A cases. 
This suggests that the controlling factor for the LFPH water quality from a 
biological viewpoint is the effluent quality more than the quantity. 

Substantially greater levels of nutrients are present in LFPH under 
the Type B and Type C effluent alternatives. In addition, the increased 
discharge rate at the same level of AWT treatment tends to elevate lake 
concentrations of nutrients but to a lesser degree than by varying the 
levels of treatment. Table 10 shows the changes in LFPH nutrient concen
trations subject to the changes in discharge rate for the same trea~nent 

level, Type A. The concentration of nitrogen compounds shows about a 
twofold increase due to the increased AWT discharge, whereas the change 
from Type A to Type C treatment at the same discharge rate caused an in
crease in nitrogen compounds of about three times (see Figures 14 through 
18). Because of the apparent light- and phosphorous-limited environment, 
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1. 
2. 
3. 
4. 
5. 

Table 9 

Tabulation of Water Quality 
at Various Lake Levelsa 

Selected Water Lake Level (ac-ft 1 b 
Qual it~ Parameters 65,000 45,000 

TDS mg/l 500 600 
Ammonia mg/l c 0.25 0.20 
Nitrate mg/l c 1.1 1.6 
Ortho-P mg/l c 0.05 0.05 
Chlorophyll-a ug/l c <2 <5 

30,000 

700 
0.25 
2.2 
0.06 

<10 

awater quality varies both in time of year and with lake levels. The flows 
selected represent a near-full lake, 65,000 ac-ft; low water condition, 
45,000 ac-ft; and extreme drought condition, 30,000 ac-ft. Values shown 
are based on Type A treatment levels. 

bThe water quality of most parameters are not independent of historic 
trends or time of year; i.e, the past levels of the lake influence present 
water quality. The 65,000 ac-ft level shown is a January date and the 
45,000 ac-ft is a July date in the first year of drought condition, and 
the 30,000 ac-ft is a June date in the second year of drought condition 
for this table. 

COrtho-P, chlorophyll-a, ammonia and nitrate will vary from values pre
sented depending on time of year; i.e., nitrate values projected for 
30,000 ac-ft in September-October is 1.3 mg/l versus 2.2 mg/l shown for 
June, due to euthrophication. 

TM5-27 



AWT Discharge 
(mgd) 

3 
7 

12 
27 

Table 10 

LFPH NUTRIENT CONCENTRATION VERSUS AWT DISCHARGE 

Ammonia 

0.57 
0.70 
0.83 
0.89 

TM5-28 

Nitrate Ortho-Phosphate 

2.67 
4.09 
5.39 
6.29 

0.067 
0.072 
0.075 
0.078 



the differences in chlorophyll-a caused by changes in discharge rate are 
insignificant for the same treatment level. The algal uptake of phos
phorous has probably attenuated the increases of this nutrient in the lake 
during the rapid growing period (August through September) due to changes 
in flowrate. However, during the spring season before the algae begin to 

bloom, the levels of 0-P04 have increased by 16 percent in the 3 mgd alter
native. 

The concluding overview of the Type A effluent discharge into LFPH 
appears to be an elevation of nutrients with little change in biological 
activity as the quantity of AWT inflow increases. Although the amount of 
nitrogen in the lake increases more than the ortho-phosphate, the growth in 
algae appears to more closely follow the phosphorus changes. This supports 
the concept of phosphorus limitation developed in the model. 

It is also felt that these levels of nutrients in the lake could 
normally produce much higher levels of algae in a less turbid environment 
(NTU = 50). Because of the turbidity levels in LFPH, the algal produc
tivity is expected to be light-limited as well. This may develop into a 
problem should the AWT effluent be of substantially better clarity, espe
cially at the higher discharge rates. The improvement of overall lake 
clarity would likely encourage more algal production due to the greater 
penetration of light into the water column. 

The model has suggested a phosphorous-limiting environment, but this 
phenomenon has not been absolutely confirmed by bioassay studies. The 
growth rates of algae in the model can be adjusted according to the limit
ing nutrient factors shown in the field data. Since nutrient limitation 
analysis data of this sort were not available, the model values for both 
nitrogen and phosphorous half-saturation constants were applied to encour
age a phosphorus-limiting environment. 
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The Type B and Type C effluent alternatives at the 3 mgd discharge 
level demonstrated a significant change from the Type A alternative and the 
base case. The differences in the treatment level and subsequent changes 
in effluent water quality were shown in Table 5. These differences re
sulted in significantly greater algae production from a peak of 40 ugl1 

ch1orophyll-a for Type A to a peak of 105 ugl1 chlorophy11-a for Type C ef

fluent. The amount of nitrogen (NH3 + N03) in the lake remained somewhat 
similar for the 3 mgd case with a factor of 1.5 increase, but the ortho
phosphate concentrations by the end of the drought period hand increased 
from 0.067 mgll to 1.08 mgl1, a factor of 16. 

Table 11 shows the changes in nutrient concentrations and peak 
ch1orophy11-a as a result of different AWT treatment levels. 

Since the nitrogen in the lake remained similar but the ortho
phosphorus increased by a factor of 16, the added algal growth appears to 
be linked to phosphorus levels in the lake. The expected lowest possible 
AWT effluent phosphorus concentration of 0.1 mgl1 was tested for the 3 mgd 
discharge rate and resulted in lowering the peak ch1orophy11-a concentra
tions from 40 ugll to 30 ug/1. Further reductions in phosphorus are not 
likely to provide additional biological control in LFPH due to the back
ground concentrations of the runoff. 

The TDS of the lake increased by approximately 120 mgl1 over the year 
due to the increased AWT load from 800 mgl1 (Type A) to 1,100 mg/1 (Type C) 
in the 3 mgd alternative. The change would probably be slightly greater in 
the 17 mgd case due to the additional inflow at the higher Type C concen
tration of TDS in the effluent; however, this alternative was not examined. 
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Table 11 

LFPH NUTRIENT CONCENTRATIONS VERSUS AWT TREATMENT AT 3 MGD 

AWT Treatment 

Type A 
Type B 
Type C 

Near Surface Nutrient Concentrations 
(mg/l ) 

Ammonia Nitrate Ortho-Phosphate 

0.57 
0.99 
1.29 

2.67 
1.60 
3.89 

TM5-31 

0.067 
0.175 
1.080 

Peak 
Chlorophyll-a 

(u gil) 

40 
102 
105 



The physical properties of the LFPH reservoir appear to be preserved 
with respect to complete mixing, no stratification, and adequate DO sup

plies. 

Although additional algal growth will encourage more settling of 

organic material, the direct influence of this is only suggested in the 
model by changes in organic sediment. The organic sediment at the bottom 
of the lake is shown by the model to increase from about 21 g/m2 for the 

Type A effluent to 52 g/m2 for the Type C alternative. This increase is 
due to the increase in algal 
and settling to the bottom. 

production coupled with greater respiration 
Since the model includes the interaction of 

the decay of organic sediments, DO uptake, and release of nutrients into 
the water column, the influence of this biological activity has been in
cluded. the bottom of the reservoir shows a slight decrease in DO levels 
for the Type A and Type C alternatives, but the minimum amount of DO in the 
water column is above 7.0 mg/l. The buildup of the organic material over 
several years of increased biological activity should be considered in 
light of the changes found in the 2-year simulation. 

Table 12 shows the relative changes in the DO profile for the Type A 
and Type C AWT effluent water quality at the 3 mgd flowrate. The'apparent 
lack of anaerobic conditions in the reservoir hypolimnion precludes the 
conversion of nitrate to nitrogen gas by anaerobic bacteria, a process 
often found in the lower elevations of euthropic lakes. From the moderate 
algal productivity and the apparent lack of anaerobic conditions, the 
nitrate buildup may be substantial. Over a long period of time, the change 
in peak algae concentrations from 10 ug/l to 40 ug/l may encourage a larger 
organic sediment layer and thus the potential for more oxygen uptake. How
ever, the drought condition analysis was for 2 years, and it is expected 
that AWT discharge during normal hydrologic conditions will have a lesser 
impact on both nutrients and algal production in LFPH. 
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Table 12 

DO PROFILE CHANGES DUE TO EFFLUENT QUALITY AT 3 MGD 

Type A 
Type C 

DO Surface, mg/l 

7.7 
B.O 

EVALUATION OF BASE CASE DROUGHT WITHOUT AWT 

DO Bottom, mg/l 

7.5 
7.4 

The previous base case analysis was developed on the basis of a 
non-drought 2-year period with a constant AWT inflow of 3 mgd using Type A 
(best W.Q.) effluent. This combination of conditions was selected as a 
reasonable pre-drought operating scenario for the Lake Fort Phantom Hill 
(LFPH) system. 

During the review process the concern of drought conditions without 
the AWT discharge was raised for purposes of comparison. The need to look 
at drought conditions under existing operations (without AWT discharge) was 
appropriate to view the relative differences of what would be expected to 
occur. 

Approach 

The existing LFPH W.Q. model was set up to evaluate a two year period 
using the drought condition hydrology but without the AWT inflow. The 
model coefficient for chemical/biological/physical interactions in the 
reservoir were left unchanged from the previous analysis. The drought 
condition inflows and water supply requirements were applied to the system 

as noted. 

The results of the two year drought period without the AWT were plot
ted as before for TDS, NH3 , 0-P04 and chlorophyll. The time history of 
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reservoir volume was also plotted for the two case alternatives to provide 
a visual comparison between themselves as well as with Figure 13 of the 
technical memo. 

RESULTS AND COMMENTS 

The six figures included herein, Figures 29 through 34, demonstrated 
the impacts of the drought conditions without AWT inflow. The reservoir 
volume drops to approximately 19,000 AF by the end of the two years. This 
is slightly lower, as it should be, than the amount shown for 3 mgd on 
Figure 13 because there is not AWT inflow. The TDS increases in the "re
vised" base case by about 250 ppm due to the substantial drop in the inflow 
to the reservoir coupled with the concentrating affects. 

The alJlllonia nitrogen and the nitrate nitrogen both show some increases 
during the drought condition. This is likely due to two factors; first a 
concentrating of the nutrients from lesser water volumes; and secondly an 

increase in NH3 due to decay of organic material (settled algae, detritus). 
Probably the reason the nitrate does not show the same degree of increase 

(since there's more NH3 to oxidize) late in the second year is due to algae 
uptake. 

The ortho-phosphate (soluble) shows little change from the previous 
base case. It seems logical this is due to the growth mechanics of the 

system. The 0-P04 should increase due to concentration effects just like 
any of the parameters, however it may not show up due to the algal uptake. 
The system seems to be phosphorous limited from the indicators we have re
viewed and the algae tend to utilize the available phosphorus down to near 
the half-saturation constant levels of 0.04 to 0.05 mg/l. At that level 
the growth rate drops off considerably and the algae uptake slows down. 
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The chlorophyll-a response shows substantially higher peaks in the 

late summer periods than was prevalent in the previous base case. This 
would be expected in the "revised" base case due to the concentrating of 

nutrients in LFPH. Al though the fi rst years growth does not seem appre
ciably greater, the second years concentration of chlorophyll-a increase 

from about 10 mg/l (old base case) to 40 mg/l (revised base case). This 

four fold increase produces a level of chlorophyll-a approximately the same 
as the 3 mgd AWT - Type A case shown on Figure 18. 

SUMMARY 

The comparison of drought type "existing" condition with the proposed 

3 mgd - Type A discharge under normal hydrology shows a substantial worsen-
ing of the water quality from the previous assumed base case. 

"revised" base case conditions without AWT inflows during a 
nearly identical to those with the 3 mgd AWT inflow during a 

the effluent is of Type A quality. 

However the 

drought are 
drought when 

A conclusion to this comparison is, the water remalnlng in the LFPH 
reservoir is of about the same qual ity with or without the 3 mgd AWT 

discharge. The effects of the AWT plant do not appear to have a substan
tial influence over what would happen under todays existing conditions 

should there be a two year drought. This is true only for the Type A 
treatment level at the AWT plant and for the 3 mgd discharge level. When 
higher flows or poorer effluent quality are used, the LFPH water quality 
shows more degradation. 

CONCLUSION 

The analysis of alternatives using the WQRRS model appears to provide 
reasonable results and information that are consistent l'iith our present 
understanding of the LFPH system and general ecological successions. Addi-
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tional alternatives of water quality levels in the AWT discharge, quanti
ties of AWT discharge, and tributary flow augmentation are possible with 

the present system configuration. 

Key findings of the Water Quality Model are: 

1. Predictive analysis of alternatives using the WQRSS model appears 

to provide reasonable results and information that are consistent 
with our general understanding of the LFPH system and general eco

logical successions. 

2. Lack of detailed tributary water quality data limited the analysis 

of alternatives to major additions of flow au~nentation to LFPH. 

3. The apparent lack of anaerobic conditions in the reservoir hypo
limnion, due to considerable mixing (power plant, mechanically in
duced air system), precludes the conversion of nitrate to nitrogen 

gas by anaerobic bacteria. The model projected that an increase 
level of nitrate will develop in the lake due to the limited 

ability of LFPH to convert nitrates. 

4. A light-limited and phosphorus limited algal production was model
led at elevated nutrient levels by including self-shading char

acteristics of suspended material in the determination of the com
posite light extinction coefficient and by adjustments to the 

phosphorus half saturation constant. These model methods cali
brate well with historical data. 

5. Total dissolved solids (TDS) will increase over time due to the 
limited flushing of the reservoir by inflows. TDS's are projected 
to increase by 100 to 200 mg/l (to a total concentration in the 
600 mg/l range) at normal flows with the addition of a 3 MGD 
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flows. Historically these parameters have not presented a known 
problem, periodical major flushing of the reservoir occurs. 

6. During drought conditions the projected water quality with Type A 
treatment should equal or exceed the water quality without a 
discharge. 
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INTRODUCTION 

ABILENE RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 6 

WATER QUALITY CRITERIA AND GOALS 

Principal Author: Bob Chapman, P.E. 
David Lewis, P.E. 

Developed and summarized in this memorandum are the basic water qual
ity criteria and goals which will be the fundamental basis for subsequent 
selection and development of appropriate treatment processes. Appropriate 
criteria and goals must be adopted for each basic element of the overall 
water reuse scheme to assure public health and acceptance, including the 
qual ity of: 

1. Reclaimed water used for landscape irrigation. 

2. Reclaimed water discharged from a proposed Tributary Wastewater 
Treatment Plant (WWTP) which eventually flows into Lake Fort 
Phantom Hill. 

3. Future reclaimed water discharged directly to Lake Fort Phantom 
Hill from the Hamby WWTP. 

4. Water within Lake Fort Phantom Hill. 

5. Potable water ultimately produced by the City's water treatment 
plants. 

ADOPTED GOALS AND OBJECTIVES 

The research team developed a set of goals and objectives during its 
initial meetings, which were subsequently adopted by the PAC. The goals 
and objectives are discussed in greater detail in Technical Memorandum No. 
1 and are summarized below. 
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ACCEPTABLE EFFECTS OF THE DISCHARGED WATER ON THE WATER QUALITY OF THE RE
SERVOIRS 

The discharge water (WWTP effluent) shall not cause any effects on the 
water quality which would alter its current attainable beneficial use, such 
as potable water supply, recreation, fisheries, irrigation. 

ACCEPTABLE WATER QUALITY FOR DISCHARGES INTO PUBLIC DRINKING WATER RE
SERVOIRS, SPECIFICALLY LAKE FORT PHANTOM HILL 

Discharges to Lake Fort Phantom Hill shall not exceed state and fed
eral water quality regulations. In addition, the discharge will not cause 
aesthetic problems with the lake. The discharge to the lake should produce 
a water resource compatibility with production of a potable drinking water 
of equal or greater quality to Abilene present water resources. 

ACCEPTABLE OPERATIONAL CONSTRAINTS IN SELECTION OF UNIT TREATMENT PROCESSES 

Unit Treatment Processes selected shall be within the capability of 
Abilene to operate and maintain in a reliable and consistent manner. It is 
recognized that advanced treatment systems will require additional training 
and possible new personnel. Selection of unit processes should reflect ex
isting operational constraints. 

RISK INVOLVING PUBLIC HEALTH 

Maintain or reduce the current public health risks associated with the 
potable water supply and wastewater treatment and disposal. 

ACCEPTABLE COSTS FOR CONSTRUCTION AND OPERATION OF WATER RECLAMATION 
FACILITIES 

Based on a comparison with other alternatives, implement water re
clamation only if it is the cost-effective alternative. 
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GOALS FOR PUBLIC ACCEPTANCE 

Public officials and selected community representatives shall be know
ledgeable of the objectives, goals, findings, and reco~nendations of the 
research project. 

A public meeting to present the research project shall be held to 
start the public involvement and participation on any followup project. 

NONPOTABLE WATER SUPPLY REUSE 

Investigate nonpotable water reuse options that reduce demands on the 
potable water system. 

MULTIPLIABLE BARRIER CONCEPT 

In order to comply with the goals and objectives, similar projects 
throughout the nation have adopted the concept of mUltipliable barrier. An 
example of a multipliable barrier would be the control of pathogenic bac
teria by various processes and natural barriers. A list of barriers on a 
normal indirect reuse project are listed below: 

0 Activated sludge WWTP 
0 Disinfection at WWTP 
0 Natural cleansing of stream flow 
0 Natural attenuation in the lake 
0 Coagulation/sedimentation at WTP 
0 Filtration at WTP 
0 Disinfection at WTP 
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These seven barriers vary in effectiveness but taken together provide 
multipliable barriers to pathogenic bacteria. If anyone of them fails. 
then public health is not endangered by that single failure. 

A corollary of the multipliable barrier concept is that barriers are 
more effective if they are not all manmade. one type. all natural. at one 
location. operated by one person. etc. 

Therefore in selection of processes and operations. the concept of 
multipliable barriers should be used in determining need. We recommend 
that no system of processes be considered which will utilize only one ef
fective barrier for contaminant removal which effects public health. 
Any proposed system should be evaluated as a total system, WWTP. stream, 
lake. and WTP. not as a single site or process. 

As a goal. the process selected should be able to meet design criteria 
at peak monthly flows with one unit out of service, and more than one bar
rier should be provided for contaminants which affect public health. 

REVIEW OF REGULATIONS 

Abilene's proposed water reuse program must as a minimum comply with 
the following basic water regulations: 

1. Wastewater discharge regulations (NPDES permit) for purified 
water discharged to surface waters. 

2. Nonpotab1e water reuse regulations for landscape irrigation and 
for unrestricted public contact. 
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3. Surface water standards (Texas Surface Water Quality Standards -
TWC, 1985). 

4. Federal and state drinking water regulations (National Safe 
Drinking Water Act; Drinking Water Standards Governing Drinking 
Water Quality and Reporting Requirements for Public Supply - TDH, 
1987) • 

WASTEWATER DISCHARGE REGULATIONS 

The current wastewater discharge standards for the Hamby WWTP are 
secondary treatment requirements, summarized below: 

BOD 5 
TSS 
pH Range 
Chloride Residual 

<20 mg/L 
<20 mg/L 

6 - 9 

1.0 mg/L 

The anticipated discharge requirements, based on discussions \tith n~c, 
for a proposed Tributary WWTP are: 

BOD5 
TSS 
pH range 
Ammonia 
Phosphorus (to be based on modeling) 
Dissolved Oxygen 
Chlorination 

5 mg/L 
5 mg/L 

6 - 9 

2 mg/L 
1 mg/L 
5 mg/L 
1 mg/L 

The above regulations will be superceded by more stringent goals as 
developed hereafter in this memorandum, in accordance with the project 

goals and obje"ctives. 
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SURFACE WATER CRITERIA 

The surface water quality criteria applicable to lake Fort Phantom 
Hill was presented and evaluated in Technical Memorandum No.3. The stan
dards are repeated hereafter for ease of reference: 

Chloride (mg/l), annual mean 
Sulfate (mg/l), annual mean 
Total Dissolved Solids (mg/l), annual mean 
Dissolved Oxygen (mg/l), not less than 
pH Range 
Fecal Coliform ( lIDO ml - 30 day mean) 
Temperatu re (degrees C) 

DRINKING WATER REGULATIONS 

<200 
<100 
<600 
5.0 

6.0 to 9.0 
<200 

<34 

Current Drinking Water Regulations \~ere also presented in Technical 
Memorandum No.3. 

Drinking water regulations are undergoing major revisions as a result 
of the 1986 amendments to the federal Safe Drinking Water Act. The U.S. 
Environmental Protection Agency (EPA) has been directed to develop new 
Maximum Contaminant levels (MCl's) for a wide variety of potential drinking 
water contaminants, including microorganisms, synthetic organic chemicals, 
volatile organic chemicals, inorganic chemicals, radionuclides, and disin
fection byproducts. A list of contaminants currently regulated or for 
which Mel's must soon be developed is included in Table 1. The implementa
tion of these regulations will likely require modifications to the City of 

Abilene's water treatment plants regardless of whether a water reuse pro
gram is implemented. 
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Table I 
REGULATED DRINKING WATER CONTAMINANTS 

Organics 
Microbiological 

Microbial Factors 

Col1forms
a 

Turbidity 
a 

Heterotrophic Bacteria 
Pathogenic Viruses 
Pathogenic Protozoans 
Legionella 

Synthetic Organic Chemicals 

Endrin
a 

a 
Methoxychlor 
2 4_Da 

, a 
Lindane 

a 
Toxaphene 

a 
2,4,5-TP 
cis- and trans-

1,2,Dichloroethylene 
Dichlorobenzene(s) 
Aldicarb 
Chlordane 
Carbofuran 
Heptachlor 
Styrene 
Polychlorinated 

biphenyls (PCB's) 
Dibromochloropropane (DBCP) 
1,2-Dichloropropane 
Pentachlorophenol 
Alachlor 
Ethylene dibromide (EDB) 
Epichlorohydrin 
Xylene 
Toluene 
2,3,7,8-TCDD (dioxin) 
Chlorobenzene 
Hexachlorobenzene 
Ethyl benzene 
Acrylamide 
Monochlorobenzene 
Atrazine 
Simazine 

a Currently regulated contaminants. 

Volatile 
Organic Chemicals 

Tetrachloroethylene 
Trichloroethylene 
1,2-Dichloroethane 
Carbon Tetrachloride 
Vinyl Chloride 
Benzene 
l,l-Dichloroethylene 
I, I, I-Trichloroethane 
para-Dichlorobenzene 

Inorganic 
Chemicals 

Arsenic
a 

Cadmium
a 

a 
Lead 
Nitrate

a 

Silvera 
Barium

a 

Chromium
a 

a 
Mercury 
Asbestos 
Sulfate 
Copper 
Nickel 
Selenium

a 

Nitrite 
Aluminum 
Cyanide 
Molybdenum 
Sodium 
Antimony 
Beryllium 
Thallium 
Vanadium 
Zinc 

Radionuclides 

Radium 226
a 

Radium 228
a 

Gross alpha 
a 

particle activity 
Beta particle and 

a photon radioactivity 
Uranium 
Radon 

Disinfection 
Byproducts 

TllMs 
Others 

SOURCE: "Concept Outline, August 1987, Development of Best Available Technology Criteria." Science and Technology Branch, Criteria and Standards 
Division, Office of Drinking Water, U.S. EPA, Washington, D.C. 

DFW25/003 



ADDITIONAL WATER QUALITY CRITERIA 

The above-referenced regulations are intended to protect public health 
under a broad range of conditions and situations. However, they do not 
completely address aesthetic issues, nor the extra degree of care required 
for an indirect reuse project such as Abilene is considering. Aspects of 
the proposed project which require particular attention and may require 
treatment beyond that required to meet basic regulations are discussed in 

subsequent sections. 

Tributary Creek Discharge Considerations 

Reclaimed water discharged from a proposed Tributary WWTP will flow 
through suburban areas of Abilene; the flow in which will then at many 
times be nearly all reclaimed water. The area 
proposed discharge pOint is sparsely developed. 

downstream of the present 
The tributary steams in 

Abilene are not used for recreation and they have limited uses that involve 
human contact. However, access is not controlled and the opportunity exists 
for human contact. The discharge should therefore be adequately disin
fected to accommodate the likelihood of occasional nonrestricted recrea
tional contact, primarily children playing along the creek. Furthermore, 
the effluent should be treated to the extent required to prevent aesthetic 
detriment such as would occur with excessive oxygen depletion or algal 
growth. 

Current State of Texas water quality bacterioligcal standards govern
ing such receiving streams, are coliform concentrations, not exceeding 
200/100 ml. Coliform concentration is commonly used as an indicator for 
determining effectiveness of disinfection. Coliform itself, is not patho
genic but indicates the likelihood of presence of other pathogenic orga
nism, such as virus and cysts. For effluent discharged to the stream the 
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typical disinfection treatment required to conform to this standard is dis
infection for 20 minutes with an ending chlorine residual of 1.0 mg/L. At 
this standard, no significant known health outbreaks have been documented. 

However, the trend by state regulatory agencies is towards higher 
stream quality standards. Discussions with Texas Water Commission staff 
indicate the standards are likely to be modified but no firm values were 
suggested. One of the strictest disinfection standards governing a stream 

with uses similar to Abilene's tributary streams are the State of Cali
fornia regulations (commonly called Title 22 regulation). The performance 
criteria of Title 22 are as follows: 

Performance Criteria: <2.2 coliforms/100 ml mean 
<23 coliforms/100 ml max on 

any sample during a 30-day 
period 

<2 NTU Turbidity average 
during each 24-hour period 

The treatment criteri a was al so estab 1 i shed to produce a water with a 
low solids content and low chlorine demand to enhance the effectiveness of 
disinfection on a reliable basis, as opposed to strictly relying on con-
forming with bacterial indicators as an index of pathogen removal or in

activation. 

It is recommended that standards stricter than the current State of 
Texas criteria be adopted. Disinfection to achieve a maximum coliform con
centration of 100/100 ml is suggested for any wastewater discharged at this 
point. Provisions should be made in the process design to upgrade treat
ment to meet future State of Texas requirements. It is anticipated the 
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Title 22 regulations define the strictest parameters the State of Texas 
would adopt. It recommended that, as a goal, the performance criteria of 
Title 22 standards be adopted. 

To meet other aesthetic goals for water quality within the tributary 
stream, the discharge from the proposed WWTP should be such as to minimize 
oxygen depletion in the stream with resultant malodorous conditions, and 
minimize the nutrient content which may result in excessive algae well 
oxygenated with minimal carbonaceous and nitrogenous demand. Recommended 
effluent criteria in this regard are: 

Dissolved Oxygen 

BODS 
NH3-N 

>5.0 mg/L 

<5.0 mg/L 
<2.0 mg/L 

Recommended effluent criteria for nutrient content relates not only to 
conditions in the tributary stream, but conditions in Lake Fort Phantom 
Hill. From a practical perspective, a realistic goal for nutrient levels 
for water within the tributaries would be to achieve approximately the same 
levels as currently result from nonpoint source runoff. Very limited data 
on non-point runoff is available to date. ·Samples from Elm Creek and Cedar 
Creek were collected and combined as a composite sample as part of the cur
rent study primarily for inclusion in the reservoir analysis. The fol
lowing results were obtained from analyses of these samples: 

Parameter 

Total Phosphorus, mg/L as P 
TKN, mg/L as N 
N03 , mg/L as N 

Mean 

.15 
3.89 
0.15 

The data include very high levels of nitrogen, but relatively low 
levels of phosphorus, particularly with respect to concentrations commonly 
occurring in treated effluent (>4 mg/L). Thus, of the two basic nutrients, 
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phosphorus is likely to be the controlling factor preventing additional 
eutrophication within Elm or Cedar Creek (high turbidity values are also a 
likely controlling factor). As was demonstrated in Technical Memorandum 
No.5, Lake Fort Phantom Hill is predicted to be sensitive to phosphorus 
concentrations, and discharge limitations to minimize excessive algae 
growth in the reservoir will require effluent phosphorus concentrations 
comparable to the existing background concentrations measured to date in 
Elm Creek. Thus, no effluent nutrient criteria will be proposed which is 

specific to meeting water quality within the tributary streams. 

Lake Fort Phantom Hill Considerations 

Developed and presented in Technical Memandum No.3 and 4 were basic 
water quality data for the Lake Fort Phantom Hill source of supply, in
cluding influent characteristics, quality within the reservoir, and quality 
of a water pump from the reservoir for treatment and distribution to the 
City of Abilene. This data was used as a basis for calibration of a water 
quality model, which was subsequently used to predict water quality changes 
in the reservoir which would result from input of reclaimed wastewater fol
lowing varying stages of treatment. Key conclusions drawn from these eval
uations are summarized as follows: 

1. The water quality in Lake Fort Phantom Hill generally is well 
within established limits for surface water suitable as a munici
pal source of supply. 

2. The reservoir is generally well mixed and exhibits very little 
stratification, and dissolved oxygen depletion in the reservoir 
has not historically been nor is projected to be a problem. 
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3. Lake Fort Phantom Hill is considered to be borderline eutrophic, 
with a tendency toward growth of algae and other aquatic plants. 
Such growth can contribute to significant water quality problems 
from a potable use prospective due to the growth of filter
clogging algae, unpleasant taste and odor conditions, ammonia 
nitrogen release during decay cycles, and possible formation of 
trihalomethanes during chlorination. 

4. The water in the reservoir is typically quite turbid with typical 
secchi readings near 2 feet and turbidity values of 20 to 40 NTU. 
The presence of high turbidity values in the water is believed to 
be one of the factors that limits algae growth in the reservoir. 

Water quality modeling was performed to determine predicted impacts of 
wastewater discharge on Lake Fort Phantom Hill, under a critical condition 
of an extended 2-year drought. The variables in the model were the quantity 
of reclaimed wastewater discharged to the reservoir, and the degree of 
treatment provided to the wastewater as follows: 

1. Flows of 3, 7, 12, and 17 mgd. 

2. Treated wastewater quality variations as follows: 

~ BOD5 
A 3.0 
B 5.0 
C 10.0 

Basic conclusions drawn from 

0-P04 NH3 

0.2 2.0 
2.0 3.0 

10.0 3.0 

the modeling 
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late algae growth. Such growth is most undesirable due to the unpleasant 
taste and odors related either directly to algal secretions, or the in
teraction of actinornycetes with the algae. A second related problem is the 
release of organic nitrogen and ammonia nitrogen during the algal decay 
cycle. If ammonia concentrations exceed about 2 mg/L in the reservoir, 
fish toxicity problems may develop. The modeling results indicate that the 
reclaimed wastewater phosphorus concentration should be as low as practic
able, which is about 0.2 mg/L, to minimize the growth of algae and the re

lated problems. 

The second basic water quality concern is with respect to the poten
tial increase of nitrate nitrogen in the reservoir. The concentration in 
the reservoir must be maintained at less than 10 mg/L as nitrogen to be in 
compliance with drinking water standards. As reclaimed wastewater flows 
increase, the nitrate nitrogen concentrations must be decreased or will 
approach the standard. Ultimately, it appears that the nitrate-nitrogen 
concentration in the reclaimed wastewater should be limited to approx
imately 10 mg/L. 

CONTROL OF TRACE CONTAMINANTS 

Additional contaminants that may be found in the wastewater which have 
not been addressed above include trace concentrations of various organic 
compounds (such as TTHM's, pesticides, etc.) and metals (such as lead, cad
mium, etc.) which are currently regulated or may be regulated in the 

future. 

TRACE ORGANICS 

The majority of trace organics of health concern such as herbicides, 
pesticides, and other synthetic organic chemicals are rarely found in 
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significant concentrations in conventionally treated wastewater. These 
compounds are more likely to be found in equal or greater concentrations in 
natural runoff currently entering the reservoir. Volatile organic com
pounds such as cleaning solvents which may periodically be found in waste
water will eventually dissipate through natural aeration within the treat
ment plant and in the creak and reservoir. 

Another family of organics of health concern is disinfection by
products such as trihalomethanes (THM' s) formed when water is chlorinated. 
The organic compounds which are precursors to THM formation are found in 
wastewater, but in most "natural" surface waters as well; decaying vegeta
tion results in the release of humic acids which are a primary THM pre
cursor, as an example. The water currently in Lake Fort Phantom Hill 
typically has a high THM formation potential already. 

Residual organics in treated wastewater usually impart some color to 
the water. This color is of no direct health significance, and would not 
be particularly apparent in Elm Creek or Lake Fort Phantom Hill. However, 
color removal would be desirable to improve the aesthetic quality of re
claimed water in a direct reuse project or a project wherein the reclaimed 
water was a significant fraction of the total supply. Full implementation 
of a proposed Abilene reuse program, including water reclamation at the 
Hamby WWTP, would likely result in the need to reduce the color in the re
claimed water to assure public satisfaction. Color removal from the initial 
Westside WWTP discharge is not considered necessary due to the relatively 
small contribution to the total supply. 

Trace organics remaining in the treated water may also impart a slight 
odor to the reclaimed water. As in the case of color, odor of the re
claimed water is not a public health issue and is only anticipated to be-
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come an aesthetic issue in the reclaimed water upon full implementation of 
the proposed Abilene reuse program. 

The above considerations result in our recommendation that control of 
trace organics be implemented in the future at the City's water treatment 
plants rather than investing in facil ities for removing trace organics as 
an advanced wastewater treatment process. Such treatment is not required 
prior to discharge of the reclaimed water to the reservoir to protect any 
beneficial uses other than augmenting the public water supply. Further
more, supplemental organic control treatment will likely be required at the 
water treatment plants in any event to meet emerging drinking water regula
tions and to effectively control taste and odor challenges. Therefore, we 

recommend that supplemental trace organic control efforts be focused on up
grading the treatment processes at the existing water treatment plants as 
necessary to meet new regulations and to offset any incremental effects re
lated to the reuse program. 

One exception to this approach relates to the use of chlorine for dis
infection at the wastewater treatment plants. It is common practice to 
heavily chlorinate treated wastewater to best assure the water is ade
quately disinfected prior to discharge. Often times the chlorinated ef
fluent is dechlorinated with a chemical such as sulfur dioxide to eliminate 
the residual chlorine which is toxic to fish and other aquatic organisms. 
However, many of the chlorinated organic compounds remain in the water and 
are not removed by the dechlorination reactions. Given the movement 
towards increased regulation of chlorinated organic compounds in drinking 
water, consideration should be given to minimize the discharge of chlori
nated wastewater to Lake Fort Phantom Hill. However, the prime need to ade
quately disinfect the wastewater must receive foremost consideration. 
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INORGANIC CHEMICALS 

Trace inorganic chemicals of public health significance are listed in 
Table 1. These are primarily metals for which drinking water MCl's have 

already been established, or will be established by EPA in the future. 
Such metals are typically not encountered at excessive concentrations in 
the discharge from conventional wastewater treatment plants, particularly 
where the wastewater is primarily of domestic origin. Samples collected to 
date from the Hamby WWTP discharge have not had metal concentrations in ex
cess of established MCl's for drinking water. Furthermore, the coagulation 
and/©H or lime treatment processes included at the City's water treatment 
plants, and anticipated as part of the advanced wastewater treatment pro
cesses if reuse is implemented, are relatively effective in precipitating 
these metals. Therefore, trace metals are not anticipated to represent a 
water quality problem with respect to the reuse program. The program 
should include routine monitoring to verify this condition, and emphasis on 
strict industrial waste ordinances to minimize the discharge of these 
metals to the wastewater collection system. 

Nitrate is one other constituent of interest included on EPA's in
organic chemical contaminant list. An MCl of 10 mg/l of nitrate-nitrogen 
has been established. Projected concentrations of nitrate nitrogen in Lake 
Fort Phantom Hill were presented in Technical Memorandum No. 5 for various 
reuse scenarios. These projections indicate that full implementation of 

the proposed Abilene reuse program (including water reclamation at the 
Hamby WWTP) will require either nitrate removal at the water treatment 
plants or reduced discharge concentrations at the wastewater treatment 
plants. The latter is much more practical and economical. Therefore, the 
reuse program should include provisions to ultimately reduce nitrate-nitro
gen concentrations in the discharge to as low as 10 mg/L. 
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SUMMARY AND CONCULSIONS 

The above water quality considerations result in the following recom
mendations with respect to reclaimed water quality goals for various as
pects of a proposed Tributary Water Reclamation Facility. 

Reclaimed water discharged via a tributary to Lake Fort Phantom Hill: 

0 BOD 

0 Turbidity 

0 Ammonia nitrogen 

0 Nitrate/nitrite nitrogen 

0 Total Phosphorus 

0 Dissolved Oxygen 

0 Coliform Organisms 

o Virsus/Parasitics 

5 mg/L 

2 NTU 

2 mg/L 

20 mg/L <3 mgd 
10 mg/L >3 mgd 

7.0 mg/L <3 mgd 
0.2 mg/L >3 mgd 

>5.0 mg/L 

<100/100 ml mean 
<2.2/100 ml as a 

goal 

4-Log Reduction Goal; 
Free of pathogenic 
virsus >1.0 pfu/ 100 
liter Enteroviruses; 
free of pathogenic 
parasites <1.0 active 
entamoeba hartamanni/ 
1 iter 

In addition, an ongoing program needs to be implemented to assure 
satisfactory management of water quality issues relating to control of 
trace organic compounds. This includes taste and odor compounds and other 
trace organics that are best managed at the water treatment plants in con
junction with compliance with future drinking water regulations. The pro-
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gram should also address the issue of chlorine disinfection at the waste
water treatment plants and whether or not alternative or modified disin
fection practices are necessary or desirable in the future to minimize the 
discharge of chlorinated organic compounds to Lake Fort Phantom Hill. 
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INTRODUCTION 

ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 7 

PROCESS SELECTIONS, CONCEPTUAL DESIGNS, 
AND PRELUtINARY COST OPINIONS 

Principal Authors: Raymond R. Longoria, P.E. 
Bob Chapman, P.E. 
David Lewis, P.E. 

This Technical Memorandum (TM) provides a summary of the processes 
that are being suggested for the wastewater and the water treatment plants 
as part of the proposed City of Abilene water reclamation system. The TM 
first reviews the basic design requirements that have been developed in 
other TM's and is followed by a presentation of the processes available to 
meet these requirements. A more detailed process evaluation is next pre
sented. This evaluation includes a conceptual design of the most promising 
system configurations and a preliminary cost opinion of each configuration. 
From this evaluation, a recommended process system is presented. A pro
posed testing program is presented at the end of this TM. 

The criteria established on Technical Memorandum No.5, Water Quality 
Criteria and Goals are the foundation for the process selections and con
cept designs. There are many different process in various combinations 
that are capable of achieving the effluent quality established in TM No.5. 
The recommended process is applicable regardless of where the water re
clamation plant is located, and even if it is constructed at the existing 
Hamby WWTP. At the Hamby location, some of the existing units would be 
utilized requiring less new construction. The water reclamation system 
alternatives evaluated in Technical Memorandum No. 7A will incorporate the 
processes recommended in this TM. 
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PROCESS DESIGN REQUIREMENTS 

Design Flows - Tributary 

The proposed WWTP facility for water reclamation will accomplish four 
basic goals. The first is the treatment of wastewater to meet the waste
water treatment needs of Abilene. The construction of a new plant on the 
west side of Abilene has been shown to be more economical then constructing 
new sewers to transport wastewater to the Hamby WWTP ("City of Abilene, 
Wastewater Collection System Analysis", Freese and Nichols, May, 1987). A 
second goal of the Westside WWTP will be to supplement the City of 
Abilene's water supply in Lake Fort Phantom Hill. The third goal is to 
provide a source of non-potable water for use on the west and southside of 
the city. The fourth basic goal of the Westside WWTP is to demonstrate 
advanced wastewater treatment technologies. These technologies will be 
demonstrated when the discharge flow from the Westside plant is still re
latively low (average of 2.4 mgd), so that it will not have a significant 
impact on the water quality in Lake Fort Phantom Hill. 

From the Freese and Nichols report, the following flow rates have been 
determined: 

Phase I 

Design Average Flow 
Peak Month Average Flow 
Peak Day Average Flow 
Peak 2 Hour Flow 
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2.4 mgd 
3.0 mgd 
4.6 mgd 

10 mgd 



Phase II 

Design Average Flow 
Peak r<\onth Average Flow 
Peak Day Average Flow 
Peak 2 Hour Flow 

EFFLUENT REQUIREMENTS 

5.6 mgd 

7.0 mgd 
10.7 mgd 
23.3 mgd 

The water quality criteria and goals for each point in the water re
clamation process were discussed in Technical Memorandum 6. Two effluent 
requirement sets were developed for the WWTP. each providing a different 
level of water quality in the receiving tributary stream and in Lake Fort 
Phantom Hill during drought periods. These two effluent requirement sets 

are repeated below: 

Effluent Requirements A: 

BOD 5 mg/L 
Turbi di ty 2 NTU 
Ammonia Nitrogen 2 mg/L 
Nitrate/nitrite nitrogen 10 mg/L 
Total Phosphorus 0.2 mg/L 

Dissolved Oxygen >5.0 mg/L 
Coliform Organisms <2.2/100 ml mean 

< 23/100 ml max 

Effluent Requirements B: 

BOD 5 mg/L 
Turbidity 2 NTU 

Ammonia Nitrogen 2 mg/L 
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Nitrate/nitrite nitrogen 
Total Phosphorus 
Dissolved Oxygen 
Col Horm Organisms 

OPERATIONAL REQUIREMENTS 

15 mg/L 
2.0 mg/L 

>5.0 mg/L 
200/100 ml mean 

The operational requirements of the proposed water reclamation WWTP 

will be more demanding than a typical secondary wastewater treatment pro
cess. The extra demands will be in man power, operator skill, and mate
rials. The additional materials required will be included as part of the 
cost estimation. The additional operator skills required to operate the 
facility will be a result of the more complex nature of the biological pro
cess and the tertiary process proposed. In addition, the strict effluent 
discharge requirements will take special operator care of the processes. 

RELIABILITY.REDUNDANCY REQUIREMENTS 

Reliability and redundancy of treatment processes are important con
siderations when evaluating the risks involved in wastewater reclamation. 
The risk involved in not providing sufficient reliability and redundancy is 
that the discharge of the plant will not meet the required effluent stan
dards and thereby adversely impact the receiving water. 

In the case of the water reclamation facility, a higher degree of re
liability and redundancy is required than for conventional wastewater 
treatment plants due to the high impact of not meeting the effluent stan
dards. In other words, it is felt that to safe guard public health, the 
discharge from the plant should never exceed its effluent standards and a 
high degree of reliability and redundancy are, therefore, required. It is 
recommended that the design be based on meeting effluent standards at the 
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peak monthly flow with anyone unit out of service. To estimate the impact 
of this redundancy requi rement a factor of 1.3 has been appl ied to the 
sizing of all of the critical processes for cost estimation. 

PROCESS ALTERNATIVES 

There are a number of treatment process that may be used to meet the 
design requirements discussed above. These processes are briefly discussed 
in this section and summarized in Table 7-1. A summary of the advantages 
and disadvantages associated with the alternatives is presented in Table 
7-2. The discussion below is limited to those factors which are important 
to deciding whether the process should be considered for implementation in 
the Abilene water reclamation system. More detailed information on these 
processes can be found in many text books and EPA publications. 

PACT 

Description 

Powdered Activated Carbon Treatment (PACT) is a patented process in 
which powdered activated carbon is added to an aeration basin of a acti
vated sludge wastewater treatment system. The activated sludge system func
tions in a typical manner, with the exception that the carbon provides an 
added degree of organic material removal. The carbon serves to adsorb some 
of the soluble organic material that is in the wastewater. The adsorbed 
organic material may eventually undergo biological oxidation or it may be 
removed from the system with the spent carbon. To achieve effective settl
ing of the powdered carbon containing mixed liquor, polymer is typically 
dosed to the secondary clarifiers at a rate of less than 1 mg/L. 
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) 

TREAn4ENT TYPE 

PROCESS DESCRIPTlON
I 

EFFLUENT QUALITY 

BOD 
TSS 
TKN 
NItrate 
Phosphorous 
DIssolved Oxygen 
Col I form 
NTU 

COST PRELIMINARY 
per 1,000,000 

CapItal 
0&"1 
EquIvalent Annual 2 

Table 7-1 

ABILENE WATER RECLAMATION RESEARCH PROJECT 
TREAn4ENT PROCESS ALTERNATIVES 

HI-LIME 

ActIvated Sludge 
NItrIfIcatIon 
De-Nltr If Icatlon 
ClarIfIcatIon 
HI-LIn 
Re-Carbonatlon 
F II trat.lon 
ChlorInatIon 
Post AeratIon 

DesIgn/Average OperatIng 
CondItIons 

5.0/2.0 
5.0/<1.0 
2.0/1.0 

10.0/5-7 
.2/.1 

5.0/6.0 
2.212.0 
2.0/1.0 

13.41 
0.70 
2.09 

2 
AL1J4. 

ActIvated 51 udge 
NItrIfIcatIon 
Oe-Nltr I f Icatlon 
CoagulatIon 
Cham. P. Removal 
Clar I f I cat Ion 
FIltratIon 
Break-pt. ChlorInatIon 
Post AeratIon 

5.0/2.0 
5.0/<2.0 
2.0/0.1 

10.0/5-7 
.2/.15 

5.0/6.0 
2.2/N.D. 
2.0/1.0 

11.26 
0.56 
1.7J 

3 
AL1J4. & BIO. P. 

ActIvated Sludge 
Nltrl f Icatlon 
BIologIcal Phosphorous 
CoagulatIon 
FII tratlon 
ClarIfIcatIon 
FIltratIon 
Break-pt. ChlorInatIon 
Post AeratIon 

5.012.0 
5.0/<1.0 
2.0/0.1 

15-20/15-20 
.2/.15 

5.0/6.0 
2.2/N.D. 
2.0/1.0 

10. I 2 
0.46 
1.51 

4 
NITRIFICATION 

ActIvated 51 udge 
NI trlf Icat Ion 
BIologIcal Phosphorous 
ClarIfIcatIon 
FIltratIon 
ChlorInatIon 
Post AeratIon 
Pump StatIon and 

Force MaIn 

5.0/3.0 
5.0/5.0 
2.0/1.5 

15-20/15-20 
2.012.0 
5.0/6.0 

200.0/100 
N.A./4-10 

11.5B 
0.35 
1.55 

NOTES: 1. AI I preceded by prellmlnay treatment, screenIng, and grit removal; dechlorInatIon also provIded. 
2. Based on 20 years • B~ Interest. 



Advantages 

Table 7-2 

ABILENE WATER RECLAMATION RESEARCH PROJECT 
SUBJECTIVE EVALUATION TREATMENT PROCESS ALTERNATIVES 

HI-LIme 

1. Total organic car
bon reduction. 

2. Total dIssolved 
solids reduction. 

3. Track record of 
success. 

4. Relatively stable 
process. 

5. High reliability 
because of HI-Lime. 

6. High disinfection 
capabilities, both 
pH and CI removals, 

2 both viruses patho-
gens. 

7. Removes NH
3

• 

8. Denltrlfled ef
fluent. 

2 
Alum 

I. Total organic carbon 
reduction 

2. Relatively easy sludge 
handling, If discharged 

3. Track record of success 
for P removal. 

3 
Alum & B.P. 

4 
Nltr I flcatlon 

1. Total organic car- 1. Lowest capital cost. 
bon reductIon. 

2. Relatively easy 
sludge hand" ng. 

3. Track record of 
succes for P re
moval. 

2. Lowest O&M cost. 

3. Least comples opera
tion. 

4. Removals vlruses/patho- 4. Removals vlruses/ 4. Has ability to pump 
out of basin for re
liability. 

gens. pathogens. 

5. Easler maintenance than 
HI-LIme. 

6. High disinfection capa
bilities with break-pt 

C1 2• 

7. Removes NH3 

8. Denltrlfled effluent. 

5. Easler maintenance 5. Removes NH • 
3 than HI-LIme. 

6. HIgh dIsinfection 
capabilities with 
break-pt CI

2 

7. Removes NH3 

8. Lower capital cost 
than HI-LIme and 
Alum. 

6. Removes maJ or I ty of 
phosphorus. 



Disadvantages 

9. High level of 
phosphorous and 
heavy metal re
moval. 

10. Color and hardness 
removlIl. 

11. lower THM formation 
than BP-CI • 

2 

I. Highest capital 
cost. 

2. Highest O&M cost. 

3. Require specially 
trained operations 
staff. 

4. lime sludge handling 
and disposal. 

5. High maintenance with 
scaling problems. 

9. lower capital costs. 

10. lower O&M than HI-lime, 
higher than and Alum & 
B.P. 

11. less complex operations 
than HI-lime or Alum 
& B.P. 

1. Increase TDS. 

2. Higher chemical cost 
than Blo-P. 

3. Requires specially 
trained operations 
staff; however, 
slmpller than Blo-P. 

9. Lower O&M cost than 
than HI-Lime and Alum 

10. Less of an Increase 
of TDS than Alum. 

1. stili Increases 
TDS. 

2. Requires specially 
trained operations 
staff; less mainte
nance than HI-Lime. 

1. less effective In 
removal of vlruses/ 
pathogen. 

2. Not as easily ex
panded without ad
ditional unit opera
tion for P-removal 
and nitrate reduc
tion. 

3. More complex opera- 3. Request trained 
tlon than Alum operational staff, 
alone. but less complex 

than other alterna
tive. 

4. Higher capital cost 4. Requires careful 
than Alum alone. ooperatlon of Blo-P. 



Spent carbon is removed from the system with the waste activated 
sludge (WAS). The carbon can be regenerated from the WAS by wet air oxida
tion. Regeneration is typically only economical for large installations or 
where sludge disposal costs are high. If the sludge can be simply stabi
lized and lagooned, it is not likely to be economical to regenerate the 

carbon. It addition, wet air oxidation produces a number of recycle 
streams that may be difficult to deal with. 

Activated carbon doses vary with the purpose of the addition. For the 
purpose of reducing the organic carbon content of the water to as low a 
level as possible, carbon dosages between 100 and 200 mg/L may be required. 

Powdered activated carbon is a fairly abrasive material, so that pumps 
or piping that comes into contact with a slurry containing the carbon must 
be abrasion-resistant. Thus, in a typical activated sludge system, all re

cycle pumps and piping must have special materials of construction. This 
construction will add to the capital cost of the system. The activated car
bon feed system is the only other additional capital cost associated with 
PACT, if carbon regeneration is not used. 

Operations 

The operations of a PACT system without carbon regeneration are re
ported to be only slightly more complex and time consuming that a typical 
activated sludge system. Some people even claim that a PACT system is 
easier to operate than conventional activated sludge due to the process 
stability that organic material adsorption provides. However, the addition 
of the powdered carbon can be difficult and messy. Regeneration of the 
spent carbon will greatly increase the operational complexity of the plant. 
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The operating cost of a PACT system without carbon regeneration versus 
a conventional activated sludge system will depend on the current cost of 
powdered activated carbon. In 1984 the price of powdered activated carbon 
ranged from $0.30 to $0.33 per pound. Thus, for a 3 mgd plant at a dose of 
150 mg/L, the cost of carbon would be $411,000 per year to $452,000 per 
year. 

Since the PACT process is a patented process, a one time license fee 
must also be payed. In 1984 a 3 mgd plant using a dose of 150 mg/L would 
have payed a license fee of $113,000. 

Applicability 

The need to remove organic contaminants from wastewater prior to 
discharge to Lake Fort Phantom Hill was discussed in TM 6. Summarizing, 
organic removal will reduce the THM's that are produced during chlorination 
and thereby reduce the build up THM's in Lake Fort Phantom Hill during 
drought conditions. Organic removal through activated carbon will also re
duce the level of possible priority pollutants in the wastewater plant 
discharge and in the intake to the water treatment plant during drought 
conditions. However, as pointed out in TM 6, it is felt that the use of 
activated carbon in the water treatment plant is a much more economical 
means of providing organic carbon and THM removal. Thus, based on a 
organic priority pollutant and THM potential removal, PACT is not sug
gested. 

The other major benefit that PACT provides is its ability to improve 
process stability. PACT is reported to improve the stability of an acti
vated sludge system by adsorbing toxic organic compounds in the wastewater, 
thereby rendering them non-toxic. This may be a major benefit for a system 
that must nitrify and also has a high loading from industries that 
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discharge toxics. The proposed WWTP will receive wastewater from mostly 
residential areas, but also from Dyess Air Force base. The wastewater 
discharge from the Air Force base could, at times contain a significant 
amount of organic solvents and other toxic compounds. Process stability is 
also improved by the addition of powdered activated carbon by it tendency 
to reduce the impacts of organic shock loads. A fraction of the organic 
shock load will be adsorbed, thereby reducing the impact of this load. It 
is however, impossible at this time to judge the possible merits of using 
PACT at the proposed WWTP. 

PACT has as its major draw back, its costs. The additional capital 

costs for the abrasion-resistant pumps and piping and the carbon feed 
system must be considered. The one-time license fee must also be con
sidered as a capital cost. The major cost of using PACT will be the cost of 
the carbon. At the 3 Qgd initial design capacity of the proposed WWTP, 
carbon regeneration is not feasible, so that all of the carbon dose must be 
made up with virgin carbon. 

These costs are difficult to justify with a process that may not pro
vide any benefit. On the other hand, since PACT may in fact provide a 
benefit, it may be beneficial to design the proposed WWTP for PACT 
(abrasion-resistant pumps and piping on the recycle streams) in the advent 
it is needed at some latter point in time. 

GAC 

Use of granular activated carbon (GAC) was carefully considered for 
inclusion in the initial phases of the Abilene reuse project. GAC is 
capable of removing a broad range of trace organic compounds, including 
herbicides, pesticides, other synthetic organic compounds which are to be 
regulated in drinking water supplies, surface-active compounds which tend 
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to cause foaming, and taste and odor causing compounds. For these reasons, 
GAC has frequently been included in water reuse projects. 

The reuse concepts envisioned by Abilene are somewhat unique from many 
reuse schemes, primarily in that the City of Abilene has complete control 
over the wastewater system as the source of water, the intermediate water 
storage reservoir (lake Fort Phantom Hill) and the drinking water supply 
system. This allows application of removal and control techniques at their 
overall, optimum location. 

A second relevant consideration are the requirements for enhanced 
drinking water supply treatment as a result of the 1986 Amendments to the 
National Safe Drinking Water Act. Resultant EPA regulations will require 
additional treatment of many public water supplies, including in many in
stances such processes as adsorption using GAC. 

Consideration of these two factors resulted in our recommendation that 
GAC not be included as part of the wastewater reclamation plant process. 
Use of GAC for advanced wastewater treatment is not necessary to meet 
discharge regulations, or to protect the beneficial uses of lake Fort 
Phantom Hill or its tributaries. Rather it is recommended that GAC be 
considered for potential future application at the City's water treatment 
plants, when and if proven desirable or necessary. The benefits of so 

doing are as follows: 

o The GAC would remove organic contaminants introduced to lake Fort 
P~antom Hill as a result of surface runoff, which is likely to 
have equal or greater concentrations of synthetic organic com
pounds as compared to the treated wastewater. 
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o 

o 

The GAC would reduce natural occurring humic acids from LFPH which 
otherwise could react with chlorine to form THMs. 

THE GAC would remove taste and odor compounds associated primarily 
with algae growth in lFPH. 

Testing to date has not identified the presence of any priority pol
lutants in excess of current drinking water standards in the wastewater 
discharged by the Hamby Wastewater treatment plant. This fact, coupled 
with the limited discharge of reclaimed water to LFPH envisioned during the 
initial phases of Abilene's reuse, clearly do not require use of GAC at 
either the wastewater or water treatment plants initially. However, we 
recommend that evaluation begin at the water treatment plants on a pilot 
scale to determine the benefits and criteria for possible future GAC 
application to meet emerging regulations and/or produce more aesthetically 
pleasing water. 

NITRIFICATION 

Description and Operations 

Biological nitrification provides a means of reducing the concentra
tion of ammonia to relatively low levels with only slight modifications to 
the conventional activated sludge system. If even lower concentrations are 
required than can be achieved with nitrification, break point chlorination 
can be used to polish the effluent of ammonia. Nitrification is today, a 
widely accepted process. 

Nitrification involves the biological oxidation of ammonia to nitrate 
by a class of microorganisms called nitrifiers. 
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Nitrifiers have a number of rather special environmental requirements 
for their proliferation and activity. Among these special requirements are 
a relatively long solids residence time (SRT) in the activated sludge 

system. The Texas Design Criteria calls for a SRT of 10 days for a nitri
fying activated sludge system. Long SRT's require larger aeration basins, 
and thus, somewhat higher capital cost versus conventional activated sludge 
systems. 

Another requirement of nitrification is dissolved oxygen. Nitrifiers 
will consume oxygen, and thus will increase the aeration requirements of an 
activated sludge system. The dissolved oxygen concentration should be 
maintained above about 2 mg/L for successful nitrification. 

Along with oxygen, alkalinity will also be consumed during nitrifica
tion. If the incoming wastewater has a low alkalinity concentration, 
nitrification will reduce it even further and the resulting low alkalinity 
levels may inhibit nitrification and other biological processes. Chemical 
addition or denitrification (to be discussed below) can be used to control 
alkalinity. It does not appear that alkalinity should be a significant 
problems in Abilene since the alkalinity of the source water is relatively 
hi gh. 

Nitrification is also very sensitive to toxic compounds in the waste
water. Consequently, a great deal of care must be used in the operation of 
a nitrifying activated sludge system. A strictly enforced pretreatment 
ordinance is the most cost effective means of avoiding inhibition of nitri
fication by toxic compound, although PACT and other process alterations may 

be used. 
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Applicability 

Nitrification has proven itself as a cost effective means of removing 
ammonia from wastewaters. The other physical/chemical process available 
are more costly and often difficult to operate. The problems with nitri
fication may be overcome by special design and operations procedures. 
Thus, nitrification is recommended for implementation at the proposed WWTP 
and the Hamby WWTP. 

DENITRIFICATION 

Denitrification is the biological reduction of nitrate to nitrogen gas 
in an atmosphere void of oxygen. In the process of denitrification, 
nitrate (produced during nitrification) serves as the terminal electron 
acceptor in place of oxygen for the oxidation of organic matter. In addi
tion to providing a means of removing nitrate, denitrification also pro

vides a number of process benefits. 

To accomplish denitrification, special zones in the activated basins 
must be created in which oxygen will· be absent. These anoxic zones may 
either be at the influent end of the aeration basin (upstream anoxic zones) 

or towards the effluent end of the basins (downstream anoxic zones). 
Figure 7-1 depicts these two zones. In upstream anoxic zones the rate of 
denitrification will be higher due to higher organic concentrations. How
ever, nitrified mixed liquor must be recycled to provide the nitrate for 
denitrification. In downstream anoxic zones the nitrate will be carried in 
with the incoming mixed liquor so that mixed liquor recycling is not re
quired. However, the rate of denitrification will be lower (two or three 
times lower) so that downstream anoxic zones must be larger. In general, 
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it is more economical to use upstream anoxic zones and to recycle denitri
fied mixed liquor. The pumping head for the recycled mixed liquor will be 
relatively low, so that the cost of pumping will be relatively minor. 

Operations 

The operations of an activated sludge system with denitrification is 

general not any more difficult than a conventional activated sludge system. 

The microorganisms responsible for denitrification are much more hardy than 
are nitrifiers, and they are 1 ikely to be present in mixed 1 iquor under 
almost all conditions. About the only problem that is sometimes encountered 

in denitrifying systems is the presence of Nocardia foam. However, this 
foaming problem can generally be handled by proper design and operation. 

Three major process benefits can be attributed to denitrification. 
The first is the recovery of alkalinity lost during nitrification. About 
40 percent of the alkalinity lost during nitrification can be recovered 
during nitrification. This is often enough to prevent the need to add 
chemicals for alkalinity control. 

Denitrification will also reduce the amount of oxygen required for 

organic matter oxidation. This is a result of the nitrate being used as a 
substitute for oxygen during the oxidation of organic matter. Aeration re

quirements can be reduced by as much as 10 to 20 percent through denitrifi

cation. 

The third operations benefit of denitrification is the production of a 

good settling sludge. The operations of upstream anoxic zones has been 
shown to avoid the problem of filamentous bulking. An upstream anoxic zone 
will act much like an aerobic "selector" in that it selects for floc form

ing microorganisms over filamentous organisms. 

Tf.17-13 



App 1 i cabil ity 

Denitrification, in conjunction with nitrification, provides a rela
tively economical means of removing total nitrogen from a wastewater. Re
ducing the effluent nitrate concentration to 10 mg/L should be easily 
achieved with denitrification. The process benefits denitrification pro
vides are also a significant advantage. These benefits alone make denitri
fication worth considering for both the proposed water reclamation WWTP and 
the Hamby WWTP. Thus, denitrification in upstream anoxic zones is recom
mended for implementation at the proposed Westside WWTP. 

BIOLOGICAL PHOSPHORUS REMOVAL 

Enhanced biological phosphorus (P) removal is a relatively new process 
for the removal of P from wastewaters. Enhanced bi 01 ogi cal P removal re

quires the addition of an anaerobic zone in the activated sludge basin. 
This zone must be void of both oxygen and nitrate. To be effective this 
zone must be at the influent end of the aeration basin. The anaerobic zone 
can be relatively small, requiring about 20 percent of the total volume. 

The reactions involved in biological P removal are rather complex. 
They involve the release by certain microorganism of previously stored P in 
the anaerobic zone, and then the subsequent uptake of the P in the aerobic 
zones of the activated sludge. P is removed from the waste stream as part 
of the waste activated sludge. Waste activated sludge from a biological P 
removal system is typically three times higher in P than a conventional 
activated sludge system. 

More detailed information on enhance biological P removal can be found 
in a paper by Daigger et al. 
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A number of named process configurations are available for biological 

P removal. Figure 7-2 presents schematics of three of these process. The 
processes pictured provide for both phosphorus and nitrogen removal. 

Al though the differences between the process does not appear to be major, 
they are significant. The difference are discussed in detail in the paper 

by Daigger et al. For application at the proposed Westside WWTP, it is 

felt that the University of Cape Town (UCT) process provides the greatest 

benefits. 

Operations 

The operations of a biological nutrient removal facility requires 

greater skill than a conventional activated sludge system. This is pri

ma ri ly due to the re 1 ati ve ly narrow "wi ndow of opera t ion" tha tis ava i1 ab 1 e 
with biological P removal systems. The window of operations is defined by 

the minimum SRT that must be maintained for nitrification and by the maxi

mum SRT at which P release starts to diminish. A very high SRT's the 

amount of P removed through biological uptake will decrease due to, among 

other things, the lower waste activated sludge production. Thus, a bio
logical P removal system must be operated at as low a SRT as possibl e, but 

with a SRT great enough for nitrification. 

Sidestreams from sludge treatment processes must also be closely con

trolled in a biological P removal process. These sidestreams may be very 
high in P, and thus may reduce the overall P removal in the process. 

If sludge sidestreams can be controlled and the correct window of 
operation found, biological P removal systems can offer stable operation. 

The sludge settling characteristics of biological P removal systems is 

typically very good. 
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The effluent P concentrations achievable with a biological P removal 

system will depend on a number of factors. Concentrations below 2 mg/L of P 

are very commonly reached in these system. Under the proper conditions, it 

its also possible to aChieve concentrations down to 0.5 mg/L of P. 

The most economical means of P removal to very low levels is often a 

combination of biological and chemical methods. Biological P removal is 

used to lower the concentration to what ever is most econ~nical and chemi

cal {alum} addition is used to polish the remaining P to the required 

level. This combination of chemical and biological removal can greatly re
duce the cost of alum P removal alone. 

App 1 i cabil i ty 

The applicability of biological P removal is highly dependent on what 

downstream tertiary processes are used. If high lime treatment is used, 

there is no reason to use biological P removal since the 1 ime will remove 

the P with no additional lime required. HOI-lever, if alum coagulation with 

filtration is used, biological P will provide an advantage. The dose of 

alum can be greatly reduced with the use of biological P removal. A lower 

does of alum can be used for coagulation alone, rather than coagulation and 

P precipitation. 

One significant draw back of using biological P removal is the pro
prietary nature of-most of the named process configurations. The UCT pro

cess is the only major naQed process that is not proprietary. The design 
of a biological P removal system must be approached with caution to avoid 

conflicting with a proprietary process. 

The installation of the basins required for biological P removal will 

require only a marginal increase in the required aeration basin sizing and 

thus, the cost of the basins. The 20 percent increase in activated sludge 
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basin sizing required for biological P removal should only result in a 
srnall increase in the capital cost of the system. 

HIGH LIME TREATMENT 

Descri pti on 

The addition of lime in high dosages improves the quality of the 

wastewater effluent by precipitating certain compounds out of solution and 
by promoting coagulation to remove others. 

Lime reacts with alkalinity and phosphorous in the wastewater to form 
the precipitants calcium carbonate, calcium hydroxyapitite and magnesium 
hydroxide. The first and third precipitate remove calcium and magnesium 
reducing the hardness and total dissolved solids of the water. The calcium 
hydroxyapitite removes calcium and soluble phosphorous. The calcium re
moval reduces hardness and TDS as stated above. The near complete removal 
of phosphorous in the biggest benefit of the lime treatment of wastewater. 
In theory almost all of the soluble phosphorous is converted to the in
soluble form at pH's above 9.5. The amount of alkalinity present in the 
wastewater greatly affects the· pH level required and thus the amount of 
lime required for actual phosphorous removal. The higher the alkalinity 
the higher the pH requirement. 

Less extensive, but equally important is the resulting precipitation 
of certain heavy metals at the elevated pH's created by the lime addition. 

Additional benefits are gained by the coagulating affect of the 
precipitating compounds. As the coagulants settle, solids, turbidity and 
color are removed. With the removal of the solids and colloidal particles 
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additional organic removal is accomplished. 

effluent is achieved. 

Additionally, a clearer 

The elevated pH levels associated with high lime is effective in de
stroying bacteria, cysts, viruses and parasites in the wastewater. At pH's 

of 10.8 to 11.0 and detention times typical for wastewater coagulation, the 
removal of these organisms is almost complete. 

Operation 

High lime treatment follows conventional secondary treatment in the 

process train. The clarified effluent is dosed with lime, mixed, floccu
lated and allowed to settle. The appropriate lime dosage and treatment 
time vary with the wastewater. Typically 300 to 400 mg/l of calcium 

hydroxide dosage is required to raise the pH to 11.0. A rapid mix deten
tion time of 2 to 3 minutes, flocculation of 5 to 15 minutes, and sedimen

tation of 1 to 2 hours are typical. As with all chemical coagulation 
treatlnent, it is recol11l1ended that jar tests be conducted to establ ish 
appropriate dosage and detention times for design. 

The efflue"nt from the chemical clarifier has a pH of 10.5 to 11.0. 

Prior to discharging into a receiving stream, the pH needs to be lowered. 
Most discharge permits require effluent pH's to be in the range of 7.0 to 
9.0. This is accomplished in a recarbonation step where carbon dioxide 

(which coverts to carbonic acid) is introduced into the effluent. 

Although the operation of a high lime system is not a normal waste
water treatment process, it is cOl11l1on in potable water treatment systems. 
The technology and operational expertise required is similar to what is 
practiced at the City of Abilene Northeast WTP. 
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Applicability 

High lime coagulation is a proven means for removing phosphorous and 

colloids in a wastewater effluent and improving the bacteria and viral 
kill. All of the reuse facilities studied in this project included high 
lime treatment as a unit operation. 

The construction cost and operations and maintenance cost for high 
lime coagulation are high. It is typical for this process to result in an 
increase of $0.40 to $0.50/1,000 gallons of wastewater treatment or 
$146,000 to $183,OOO/year for every 1 mgd of treatment capacity. The waste 
sludge generated in a high lime plant are greater than those using other 
chemical coagulants. Sludge disposal requirements are likewise greater. 

High lime treatment, as with any coagulation process step, adds 
stability to plant performance. Upsets in the biological portion of the 
process train will result in increased organics and solids in its effluent. 
The presence of the high lime step following the biological will minimize 
the effect of the upset on the downstream units and the receiving stream. 
This protection serves as an additional barrier of protection and is con
sistent with the multiple barrier philosophy described in TM 6. 

The bench scale high lime studies conducted at the Hamby WWTP and de
scribed in TM 8A revealed removal performances at Abilene similar to those 
described in the literature. However, the alkalinity of the wastewater is 
high; accordingly the lime dosage requirements were high, as was the re
carbonation level. High lime treatment would be effective treatment pro
cess for water reclamation in Abilene but would car~ a high operational 

cost. 
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COAGULATION SEDIMENTATION 

Description 

Chemical precipitation and coagulation in wastewater treatment in
volves the addition of chemical to enhance the removal of dissolved and 
suspended solids by sedimentation. It is possible to obtain a clear 
effluent, substantially free from suspended and colloidal particles. 

There are three major classes of coagulants that are used singly or in 
combination: lime, polymers and metal salts. Lime precipitation is covered 
in detail in the discussion of high lime treatment. 

The use of polymers as the primary coagulant generally is not economi
cally favorable when compared to the inorganic coagulants available. Addi
tionally, polymers do not provide phosphorous removal. The use of polymers 
as a coagulant aid would be suggested for the detailed pre-design evalua
tion but will not be considered here as a primary coagulant. 

Metal salts include ferric chloride, ferric sulfate, copperas, alumi
num sulfate and sodium aluminate. The performance efficiency of each 
coagulant will vary with the wastewater characteristics. Due to require
ments for alkalinity and dissolved oxygen in the subject water for the iron 

salts to be effective, aluminum salts generally are more successful in 
wastewater applications. As with any chemical treatment, jar tests are 
recommended to identify the optimum coagulant, dosage and treatment deten
tion times. 

Whichever coagulant is used, the removal benefits are similar to those 
identified for high lime treatment. Good suspended and colloidal particle 
removal is accomplished, and a clear low turbidity effluent can be con-
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sistently achieved. With the removal of these particles suspended and 
dissolved organics and phosphorous and color are reduced. 

Metal salt precipitation does not achieve hardness or TDS removal. In 
fact, TDS levels are increased by the release of inorganic ions when these 
chemicals are added. Although disinfection is not as complete as with the 
high pH of high lime treatment, a meaningful reduction of bacteria, virus, 

cysts and parasites is produced. 

The waste sludge volume generated by inorganic coagulants is smaller 
than that from lime. However, it is a gelatinous sludge that is difficult 
to dewater. 

Operation 

Coagulants can be added at either the primary or secondary clarifier 
to enhance sedimentation. To obtain the results desired for water re
clamation the chemicals are added at the secondary clarifier. Typically a 
dosage of 75 to 200 mg/l of alum will remove 90 percent of the phosphorous. 

As with lime addition, the addition of inorganic coagulants is not 
typical at wastewater facilities but is a common practice at water treat
ment plants, such as the Grimes and Lake Abilene WTPs. The operation is 
less involved than high lime treatment in that less equipment is involved 
and pH adjustment is not required. 

Applicability 

Chemical coagulation/sedimentation is a proven means for removing 
phosphorous, suspended and colloidal particles, and malignant microorga
nisms from wastewater. The ability to add chemicals to improve effluent 
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quality adds flexibility and reliability to the treatment process, and pro
vides an additional barrier of protection to the receiving stream. 

The bench scale alum studies conducted at the Hamby WWTP and described 
in TM8A demonstrated aluminum sulfate could be used successfully on Abilene 
wastewater. The removal efficiencies were comparable to those found in the 
literature and were adequate to achieve the desired treatment levels de
scribed in TM6. The dosage of alum required to achieve the observed 
phosphorous and turbidity removal was at the low end of typical dosage 
range. This would suggest alum coagulation would be economically favor

able for the Abilene wastewater as chemical costs and waste sludge produc
tion would be relatively low. 

FILTRATION 

Description 

Filtration involves the removal of residual solids in wastewater by 
passing the effluent through a granular media. The removal is accomplished 
by a combination of straining, sedimentation and adhesion. The use of 
granular-media filters for filtration of wastewater treatment plant 
effluent is a relatively recent practice. However, it has becon~ well 
established and is now one of the most widely used unit processes for re
moval of residual solids. 

Treated and settled wastewater effluent (either with or without 
chemical coagulation) is distributed to a granular media filter. Several 
different types of filters have been developed but the types most in use in 
the wastewater treatment industry are continuous backwash sand gravity 
filters and sand pressure filters. A dual media of sand and coal is used 
in the filters to improve performance. 
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Operation 

Granular media filtration is a common treatment process in water 
treatment plants. All three water plants in Abilene include filtration. 
The technology and required operational expertise for treatment of waste
water is not significantly different and is a widely known process. 

The units are typically sized for overflow rates of 2 to 6 gpd/sf of 
bed area, with gravity filters run at the lower end of the range. Without 
chemical treatment preceding the filters, TSS levels of 5 to 10 mg/l can be 
consistently achieved. With chemical coagulation in combination with fil
tration, TSS levels under 5 mg/l would be expected. Because of the greater 
amount of solids in the wastewater effluent, reduction of solids in the 
filtrate to typical potable water levels is not practical. Filters are 
designed to allow some penetration of solids, to obtain reasonable filter 
run 1 engths. 

When the accumulation of solids on the filter increases the headloss 
through the filter to unacceptable levels, the media is backwashed to clean 
of of the solids. The filtration rate and acceptable terminal headloss are 
generally selected to achieve a minimum filter run length of 6 to 8 hours. 
The filter is then returned to service. 

Most filter units in wastewater plant are set up for automatic back
washing. When headloss rises to a preset level or a present period of time 
is exceeded, the backwashing operation begins. Continuous backwashing 
units are gaining in popularity. In these units portions of the media are 
backwashed while the rest remains in service. The backwashing unit travels 
the length of the unit then stops. When the headloss or time parameter is 
exceeded it resumes operation. 
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Applicability 

To achieve the desired effluent TSS levels identified in the water 
quality standards memorandum (TM 6), filtration will be required. Although 
it has a high capital cost, the operational costs are relatively low. The 
filters provide an additional barrier of protection of the quality of the 
receiving stream. In conjunction with chemical coagulation, the reliabil
ity of treatment performance and effluent quality is compatible with the 
requirements for water reclamation and the multiple barrier philosophy of 
TM 6. 

DEMINERALIZATION 

Description 

The removal of dissolved inorganic substances from water as measured 
by the total dissolved solids concentration is referred to as deminerali
zation. The main treatment processes used for demineralization include 
chemical precipitation, ion exchange, reverse osmosis and electro dialysis, 

and distillation. 

Chemical precipitation has limited demineralization ability. Various 
inorganic ions, principally heavy metals can be removed, but some coagu
lants, such as slum, add ions thus increasing the total dissolved solids. 

Ion exchange is a unit operation by which ions of a given species are 
displaced by ions of a different species in solution. For reduction of the 

total dissolved solids, a cation exchanger substitutes hydrogen ions for 
the positive ions and an anionic exchanger replaces negative ions with 
hydroxide ions. The substituted ions react to form water molecules. 

TM7-24 



The reverse osmosis process forces water under a 200 to 600 psi pres
sure through a semi-permeable membrane to separate the dissolved solids 
from the smaller water molecules. This process has the added benefit of 
removing dissolved organics which are less selectively removed by other de
mineralization techniques. 

The electrodialysis process uses an electric field to separate dis
solved inorganic sUbstances from water. The transfer of dissolved solids 
ions takes place across a series of ion-selective membranes, resulting in a 
stream of fresh product water and a smaller stream of concentrated waste
water. 

The removal of dissolved solids from water by distillation consists of 
raising the temperature of the water until it evaporates, leaving the dis
solved chemical behind, and then condensing the pure water vapor by cool
i ng. 

Operation 

Costs for demineralization in excess of $1 per thousand gallons an be 
expected. This would add $467,000 per year for every mgd of flow treated. 

The operational requirements associated with demineralization are 
quite limiting. Water fed to any of the demineralization unit processes 
described has to be of a very high-quality for efficient operation. With 
the exception of chemical precipitation, demineralization has a large 
energy input, and suffers from frequent membrane fouling. The operation of 
these unit processes requires a high skill level. 

A key operational benefit is the flexibility of operation. A properly 
designed system can handle a large variation in flow without materially 
affecting performance. Total dissolved solids at times of minimal concern, 
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such as wet weather flows diluting the stream and flushing the reservoir, 
the units can be taken off line entirely and then reactivated when neces
sary. 

Applicability 

Recycling wastewater tends to increase the total dissolved solids con
centration. In a closed loop system like Abilene/Lake Fort Phantom Hill, 
the concern is accentuated. 

However, the results of the Lake Fort Phantom Hill Quality Model pre
sented in Technical Memorandum 5 indicates TDS concentrations are within 
acceptable levels, at all flow/quality combinations evaluated. At design 
drought conditions and a future effluent flow of 17 mgd the TDS values were 
950 mg/l. This is less than the drinking water recownended limit of 1,000 

mg/l and slightly greater than the historical TDS of the Hubbard Creek 
water used to supplement the Abilene water supply during drought periods. 
The accumulation of TDS to unacceptable levels is deterred by the periodic 
flushing of the lake during wet weather cycles. 

The results of the model evaluation, coupled with the high operational 
complexity and cost limits the need and applicability of demineralization 
for the Abilene Water Reclamation Research Project. 

DISINFECTION 

Disinfection of the effluent from a typical wastewater treatment plant 
is necessary to safe guard the health and safety of the public. Typical 
wastewater effluents that are not disinfected may contain pathogenic bac
teria, pathogenic viruses and pathogenic parasites (such as giardia). The 
degree to which these pathogens are of a concern, and the degree to which 
they must be removed, depends on the final use of the effluent water. If 
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the effluent is discharged to a large river that is only used for minimal 
body contact sports, the required degree of pathogen removal may be small. 
However, if little dilution is available in the receiving stream and 
bodily contact is likely, or if the water will eventually become a part of 
a potable drinking water source, pathogen removal may be of significant 
concern. 

TM 6 presented the effluent quality requirements for the proposed 

wastewater treatment plants in the Abilene water reuse system. For the 
proposed Tributary WWTP, discharge to Elm or Cedar Creek is of major con
cern in terms of the degree of pathogen removal required. As discussed in 
m 6, it will be assumed that to protect the health and safety of the 
public, the effluent discharged to the creek should have a turbidity of 
less than 2 NTU, a total coliform count of less than 2.2 per 100 ml, and 
process to significantly reduce other pathogens. 

Another aspect of pathogen removal for the reuse of wastewaters is the 
Multiple Barrier Concept. This concept states that more than one pathogen 
barrier should be provided between the wastewater source and the potable 
reuse. The water from the proposed water reclamation plant or from the 
proposed Hamby WWTP tertiary system will be required to pass through a num
ber of pathogen barriers before it becomes part of the potable water 
system. Coagulation and sedimentation, whether high lime or alum, will pro
vide a certain degree of pathogen removal and thus, may be considered the 
first barrier. Filtration is a second barrier that is often effective in 
removal of pathogens associated with solids particles. Disinfection will 
be used to provide a positive means of pathogen removal and is thus, a 
significant barrier. Natural pathogen die off in the creeks and in Lake 
Fort Phantom Hill will provide an addition pathogen barrier before the 
water enters the water treatment plant. And of course, the treatment pro
cess in the water treatment plant provide a significant pathogen barrier. 
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As mentioned above, coagulation and filtration provide a significant 
removal of pathogens. There is data which suggests that with adequate co
agulation and filtration only a minimal amount of disinfection is required 
to remove bacterial pathogens, viruses and giardia. However, since this 
data is as of yet not complete, it will be assumed that significant disin
fection will be required for the Abilene vlater Reuse Project. The defini
tions of significant disinfection to be used are from the "Pomona Virus 
Study" (Los Angeles County), "Surface Water Treatment Rules Associated With 
the 1986 Amendments to the Safe Drinking Water Act" (U.S. EPA), and from 

experience. 

The technologies available for disinfection are discussed in the re
mainder of this section along with design criteria for the technologies. 

Chlorination 

Description. Chlorine has been used extensively for the disinfection 
of wastewater effluents and potable waters. Its disinfection properties 
are due to its strong oxidizing nature. 

The process of disinfection with chlorine is relatively simple. A 
chlorine solution is added to a relatively turbulent region to ensure ade
quate contact between the water and the solution. A contact period is next 
provided to allow the chlorine to act on the pathogens. Dechlorination by 
the addition of sulfur dioxide typically follows the chlorine contact basin 
prior to discharge of the effluent. 

Chlortne added to a water may be in a number forms, depending on other 
chemical constituents in the water. Chlorine will react with ammonia to 
form chloramines. Chlorine in the form of chloramines is called "combined 
chlorine." If little or no allJl10nia is present in the water, the chlorine 
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may remain uncombined, or as "free chlorine." The disinfection properties 
of these two forms of chlorine vary significantly. 

The degree of pathogen removal with chlorine is a function of both the 
concentration of chlorine in the water and the contact time between the 
water and the chlorine. Typically there is a trade off between contact 
time and chlorine concentration. The combined effects of contact time and 
concentration is described by "CT" values. 

Design Basis. The design of chlorination facilities will vary depend
ing on if combined chlorine or if free chlorine is available in the contact 
basins. For example, a CT value of about 1,100 minutes-mg/l is required 
for 99.9% giardia removal with a combined chlorine residual and a tempera
ture of 15 degrees C (EPA). A similar value was also reported to achieve a 
4 log reduction in virus at 20 degrees C (Los Angeles County). On the other 
hand, a CT value of 100 minutes-mg/l is reported to be required for 99.9% 
giardia removal at a pH of 7 and a temperature of 15 degrees C. Thus, free 
chlorine is a much more effective disinfectant. 

As mentioned previously, nitrification will be employed as part of the 
activated sludge process of the proposed Westside WWTP. Effluent ammonia 
concentrations of below 2 mg/l should be relatively easy to meet with such 
a system. Consequently, it should be possible to achieve a free chlorine 
residual at the proposed WWTP. Enough chlorine must be added to oxidize 
any remaining ammonia and the most of remainder will be available as a free 
chlorine residual. A dose of between 20 mg/l and 30 mg/l may be required 
to achieve this goal. Thus, the proposed water reclamation plant will be 
designed for a free chlorine residual. 

The CT value to be used for design will be based on the EPA rules for 
surface water treatment. These rules are applicable since the water enter
ing the chlorination system should be of a quality near drinking water 
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standards (in terms of turbidity and suspended solids) after it has passed 
through coagulations and filtration. Suspended solids are a hindrance to 
disinfection so that effective coagulation and filtration must be achieved. 
A 99.9% inactivation of giardia will be used as the criteria for selecting 
the CT value since giardia is more difficult to inactivate than either 
viruses or bacteria. With these guidelines, a conservative CT value of 200 

minutes-mg/l at a pH of 8 and a temperature of 10 degrees C will be used 
for design. 

A number of combinations of contact time and free chlorine residual 
may be used. A 60 minute contact time at the maximum equalized flow is a 
practical value. This will require a free chlorine residual of 3.3 mg/l, 
which is also achievable. The chlorine feed system will be designed to be 
able to feed 30 mg/l of chlorine at the maximum equalized flow to achieve 
this residual and to remove and remaining ammonia. 

Applicability. As mentioned previously, disinfection with chlorine 
has a long proven history of use. Data available of chlorination, although 
somewhat limited, is more extensive than other forms of disinfection. In 
addition, its operation is fairly straight forward and most wastewater 
treatment plant operators are familiar with it. A number of safety pre
cautions have to be made, although they are very standard at this point in 
time. Based on its extensive application, chlorination is a leading candi
date as the disinfection process for the proposed facility. 

The cost of chlorination is also very favorable compared to other 
technologies. This is true even with the higher chlorine doses required to 
achieve a free chlorine residual. 

A significant detrimental aspect of chlorination is the production of 
chlorination by-product. These by-products, typically called tri-haloge
nated methanes (THM's), are formed when chlorine and other halogens (e.g. 
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bromi ne) bond to organi c compounds in very oxi di zed envi ronments. TH~1' s 

are suspected carcinogens and mutagens. Government regulations on THM's 
in drinking water are currently being reviewed. Currently the drinking 

water standard in Texas for THM's is 100 ug/l. An important question is 
whether the production and discharge of THM's by the proposed water re

clamation plant and the Hamby WWTP tertiary system will increase the THf1 
level of the City of Abilene drinking water above the future THt,1 1 imit. 

It is not likely that the production and discharge of THM's in the 

initial 3 mgd phase of the proposed facility will have significant adverse 
impact on the THr~ level in the Abilene drinking water. I'lany THr~'s are 

volatile so that they will be stripped in post aeration and in the creek 
before they ever reach Lake Fort Phantom Hill. Degradation, both physical/ 

chemical and biological, of the THM's is also likely to occur to some de

gree in the creek and in the lake. These factors, in addition to the re
latively small proportion of the total potable water flow that will be from 
the water reclamation plant discharge, suggest that THM's will not 

initially be a problem. 

For future expansions of the facility and for the reuse of the Hamby 
WWTP tertiary effluent, THr·1 production may be a significant problem. Con

sequently, it is suggested that the THM production and THM fate be closely 
monitored at the initial phase of the proposed project. In addition, it is 

suggested that some of the other technologies to be discussed below be 
piloted at the initial facility. 

Ozone 

Ozone is a strong oxidant which has several potential benefits for use 

as a reclaimed water disinfectant as part of the Abilene reuse project. 
The potential benefit include: (a) excellent microbiological disinfectant, 
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(b) not affected by residual anunonia in the water, (c) does not result in 
chlorinated by-products such as THM's, (d) wi 11 probably achieve fringe 
benefits such as color and odor reduction. However, ozonation has sub
stantially higher capital and operating costs relative to chlorination, and 
experience with the use of ozone in wastewater applications is still 
somewhat limited. Additional development work would be required to 
establish firm preliminary design criteria. 

We suggest that ozonation not be included in the initial phases of the 
Abilene reuse project, but that it be considered for pilot plant evaluation 
at a later date, particularly if chlorination by-products become a signi
ficant issue. 

Ultraviolet Radiation 

Ultraviolet radiation (UVR) has been proven in numerous research 
studies to be an effective means of bacteria and virus destruction. Less 
is known about the efficiency of UVR in parasite inactivation. There are 

also a number of fairly large installations at water and wastewater plants. 
UVR offers several potential advantages relative to chlorination primarily 

in that it does not result in the production of undesirable chlorinated 
organic by-products. The disadvantages of the UVR process included higher 
maintenance requirements and limited field experience, particularly for 

wastewater disinfection. 

We suggest that, like ozonation, UVR not be included in the initial 
phases of the Abilene reuse project, but be evaluated on a pilot plant 
basis for possible inclusion in future expansion of the reuse project. 
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Chlorine Dioxide 

Chlorine dioxide (C102) is another strong oxidant that can be used as 
an effective disinfectant. It is not as effective as ozone, nor does it 

offer some of the benefits related to ozone. However, C102 is not affected 
by the presence of ammonia, and will not create presently regulated THM 

by-products. However, use of C102 is more expensive than chlorine, and it 
is likely that other disinfection by-products resultant from use of C102 
may be regulated in the future, for drinking water supplies. Therefore, 

C102 is not recommended for use on the Abilene reuse project. 

DETAILED PROCESS EVALUATION 

Process Configuration 

The process discussed above can be configured in a few different ways 
to produce an effluent with the required water quality parameters as listed 
previously. For this evaluation, the four most likely candidate configura

tions are being suggested. Figures 7-3 and 7-4 are flow schematics of the 

four configurations. Alternatives 1, 2 and 3 will be able to achieve Type 
A effluent requirements, while Alternative 4 will only be able to achieve 
Type B effluent requirements. 

The same basic treatment process are suggested for preliminary (bar 

screens and grit basins) and primary treatment (primary clarification). 
The suggested secondary systems are also the same, with the exception that 

biological P removal is suggested for Alternative 3 and 4. Nitrification 
and denitrification are suggested as components of all activated sludge 

systems, with the exception of Alternative 3 and 4, \~hich only achieves 

nitrification. 
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Alternative 1 can be considered as a high lime tertiary system. Since 

the 1 i me dose \~i 11 be independent of the P concentrati on, and P will be re

moved in the process, there is no need to use hio10gical P removal in con

junction with high lime. A single stage system is suggested, so that re

carbonation will only take place after the chemical clarifier. Since it is 

difficult to ensure a low suspended sol i ds content from the 1 ime system, 
filtration is suggested following recarbonation. As with Configuration A, 

conventional dual media pressure filtration are suggested, as well as 

chlorination/dechlorination with a free chlorine residual. 

An oxidation ditch type of activated sludge system could potentially 

be used for Alternative 4. However, the benefits of an oxidation ditch do 

not necessarily outweigh the problems of its application. The primary 

benefit of an oxidation ditch is its ease of operation, and the resulting 

101~ staffing requirements. However, the water reclamation WWTP will re

quire a relatively high level of operator attention even with an oxidation 

ditch, due to the tertiary treatment process that will be used. In addi

tion, the land requirements for an oxidation ditch at the 2.4 mgd scale are 

fairly large, and at 7 mgd the land requirements of an oxidation ditch are 

prohibitive. The power requirements of an oxidation ditch are also high 

compared to a conventional activated sludge systems. Thus, for the many 

reasons discussed above, oxidation ditch type of systems were not eval

uated. 

The tertiary segment of Alternative 2 and 3 can be considered as alum 

coagulation/filtration systems. Biological P removal is suggested for 

Alternative 3 to cut down on the alum dose required. Alternative 2 is a 

purely alum P removal system, which provides a cost comparison against bio-

1 ogi ca 1 P removaL To ensu re that the sol i ds ca rry over from the secondary 

system will not over load the filters, flocculating type clarifiers are 
suggested for the secondary clarifiers of Alternative 2 and 3. The capabi

lity to add alum and polymer to the clarifiers or just upstream of the fil-
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ters is suggested. Conventional dual media pressure filters are suggested 
for filtration for both. Chlorination/dechlorination with a free chlorine 
residual is suggested for disinfection. 

Sludge Disposal 

Sludge disposal can also be handled in a number of ways. The simplest 
means of handling the primary sludge and waste activated sludge (HAS) is to 

put it back into the sewer and send it to the Hamby IJWTP. The other most 
viable option would be to anaerobically digest the primary and WAS sludge. 
For Phase I, it is suggested that the primary and WAS sludge be sent to 
Hamby. The amount of sludge flow (about 0.06 mgd) will not have a signifi
cant impact on the Hamby WWTP. For Phase II, it is suggested that anaerobic 
digesters be built to stabilize the sludge. 

The alum concentration by the time the waste sludge reaches the Hamby 
plant is estimated to be between 10-15 mg/l. At this concentration there 
is no predicted effect on the biological system at Hamby. The current 
means of ultimate sludge disposal, sludge lagooning is expected to continue 
through the projected design year of Phase I Improvements. An evaluation 
of the existing treatment plant capacity was conducted under a separate 
study. The sludge handling and disposal capacities at Hamby are adequate 
to handle the projected loads of the Phase I Improvements. For additional 
information, reference the Response to TWDB Comments in Appendix A to this 
technical memoranda, Comment No. 14. 
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Conceptual Design 

Table 7.3a-d provide a summary of the conceptual design for the four 
alternatives. The design criteria and the total size required are listed 
in these tables. The sizings presented are conceptual designs, prepared 
for project evaluation only. More detailed design analysis will be required 
during the predesign for this facility. 

During the design of Phase II, a re-evaluation of the processes and 
the design criteria should be perform. The basis of the re-evaluation 
should be the results of the operation of Phase I, the pilot tests con
ducted, and results from other plants through out the country. 

Cost Opinion 

An order-of-magnitude cost opinion has been prepared for the two con
figurations and are presented in Tables 7.4a-d. The costs opinions pre
sented were prepared without detailed engineering data. They have been 
prepared for guidance in project evaluation from the information available 
at the time the opinions were prepared. It is likely that the final pro
ject costs will vary from the opinions of cost presented herein. 
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TABLE 7.3 a 
ABn.nlE WEST SIDE WI'P: PRELIMINARY SIZING 10/08/87 

ALTERNATIVE 1 - SINGLE STAGE HIGH LIME AND FILTRATIOO 

PROCESS 

BAR S~S 

GRIT BASTIIS 

PRlMARY CLARIFIERS 

~ZATIOO 

AEROBIC ZOOES 

ANOXIC ZOOES 

'IUI'AL ACI'IVATED SIlIDGE SYSTE21 

SECctIDARY CLARIFIER 

Lll1E FEED SYSTEll 

RAPID MIX BASINS 

CHE!lICAL CLARIFIER 

PRESSURE FILTERS 

CHLORJJ'lE carmCI' BASIN 

502 DE!1AND 

SUMMARY TABLE 

DESIGN CRITElUA 

1800 GPD/SF 
AT PEAK FIJ:M 

8.0 DAY SRT 
AT PM lJ)AD 

0.7 SOLIDS YIELD 

3.1 HR HRT 
AT PM FIJ:M 

500 GPD/SF 
AT AVG Fl.OW 

400 KG/L OOSE 

2.4 MIN 
AT liEF 

10 MIN 
AT MEF 

1100 GPD/SF 

2.5 MIN 
AT MEF 

5.S GPM/SF 
AT MEF 

60 MIN. 
AT MEF 

10 KG/L 
AT AVG 

2 MG/L 
AT AVG 

'IUI'AL 
SIZE 

5,556 SF 

1.0 KG 

1.49 KG 

0.50 KG 

1.99 KG 

5,683 SF 

12,000 LBS/DAY 

11,366 GAL 

47,358 GAL 

6,200 SF 

11,839 GAL 

861 SF 

284,146 GAL 

200 LBS/DAY 

40 LBS/DAY 



TABLE 7.3 b 
ABILEm WEST SIDE 1M'P: PRELIMINARY SIZING 10/08/87 

ALTERNATIVE 2 - AUJM P REIDVAL, ALUM COAGULATIOO AND Fn..TRATIOO 

PROCESS 

BAR SCRErnS 

GRIT BASINS 

PRIMARY CLARIFIERS 

Er,JUALIZATI(l~ 

AEROBIC ZOOES 

ANOXIC ZOOES 

'IUl'AL ACTIVATED sunx;E SYSTEM 

SECCtIDARY CI.J\RIFIm 

AI1JM USE 

PRESSURE Fn..rms 

ClIL()RWE COOTACI' BASIN 

CHLORINE D:rnAND 

502 DnIAND 

DESIGN CRImUA 

1800 GPD/SF 
AT Pm FLOW 

8.0 DAY SRT 
AT PM lJJAD 

0.7 SOLIDS YIELD 

3.1 lIR lIRT 
AT PM FLOW 

500 GPD/SF 
AT AVG FLOW 

176 MG/L 
AT AVG 

5.5 GPMISF 
AT MEr 

60 MIN. 
AT MEr 

30 MG/L 
AT AVG 

5 MG/L 
AT AVG 

'IUl'AL 
SIZE 

5,556 SF 

1MG 

1.49 MG 

O.SO MG 

1.99 KG 

7,182 SF 

3,526 LBS/DAY 

861 SF 

284,146 GAL 

601 LBS/DAY 

100 LBS/DAY 



TABLE 7.3 c 
ABIW-lE WEST SIDE WWTP: PRELDIDlARY SIZING 10/08/87 

ALTERNATIVE 3 - BIOUXITCAL P REMOVAL, AWM COAGULATIOO AND FILTRATIOO 

PROCESS 

BAR SCRElliS 

GRIT BASllIS 

PRil'IARY CLARIFIrnS 

B2UALIZATIa~ 

AEROBIC zcms 

ANAEROBIC ZOOES 

Tal'AL ACITVATED SWIX;E SYSTEM 

SECOODARY CLARIFIrn 

ALUM USE 

PRESSURE FILTERS 

CH!DRINE ccmACT BASllI 

CH!DRINE ODlAND 

502 DEt-IAND 

SUMMARY TABLE 

DESIGN CRITERIA 

1800 GPO/SF 
AT PEAK FlJJW 

8.0 DAY SRT 
AT PM !DAD 

0.7 SOLIDS Ym..D 

2 HR HRT 
AT PM FlJJW 

500 GPO/SF 
AT AVG FlJJW 

40 MG/L 
AT AVG 

5.5 GPM/SF 
AT MEr 

30 MIN. 
AT MEr 

30 MG/L 
AT AVG 

5 MG/L 
AT AVG 

Tal'AL 
SIZE 

5,556 SF 

1MG 

1.49 MG 

0.33 MG 

1.81 MG 

7,182 SF 

801 UlS/DAY 

861 SF 

142,073 GAL 

601 UlS/DAY 

100 LBS/DAY 



TABLE 7.3 d 
ABIWIE WEST SIDE Wl'P: PRELIMINARY SIZING 10/08/87 

ALTERNATIVE 4 - BlOoP, NITRIFYING ACTIVATED SllJ)X;E, WITH PUMPING DURING DRCXXMl' 

REOONDANCY ~ = 1 

PROCESS 

BAR SCREENS 

GRIT BASTIIS 

PRIMARY CI.ARIFJ::mS 

El;lUALIZATIOO 

AEROBIC ZOOES 

ANAEROBIC zero; 

'roTAL ACTIVATED SllJDGE SYSTEM 

SECOODARY ClARIFIER 

PRESSURE FILTERS 

CHLORINE COOTACT BASTII 

CHLORINE DElWID 

S02 DEWIND 

SUMMARY TABLE 

DESIGN CRITEAUA 

1800 GPD/SF 
AT PEAK ~ 

8.0 DAY SRT 
AT PM WAD 

0.7 SOLIDS YIELD 

2 fIR IIRT 
AT PM WAD 

500 GPD/SF 
ATAVG ~ 

5.5 GPM/SF 
AT MEr 

30 MIN. 
AT MEr 

10 MG/L 
AT AVG 

2 MG/L 
AT AVG 

TOTAL 
SIZE 

5,556 SF 

1.0 MG 

1.14 MG 

0.25 MG 

1.39 MG 

4,804 SF 

662 

109,287 GAL 

200 IllS/DAY 

40 lBS/DAY 



TABLE 7.4 a 
ABIIDlE WEST SIDE Wl'P: PRELD1INARY SIZING 10/08/87 

ALTERNATIVE 1 - SINGLE STAGE HIGH LlliE AND rn.;I'RATIOO 

SUM11ARY AND CAPITAL COST OPINIOO OF PLANT UPGRADE 

USE COST CURVES IN ":nK>VATIVE AND ALTERNATIVE TECHOOLOOY ASSESSMEm MANUAL" 
EPA, 1980 :rnR COST lNDEX OF CURVES = 2475 

CURREm' ABIIDlE INDEX = 4400 ? 
OR EPA ESTIMATING WATER TREA'MNI' COSTS, :rnR = 2851 

BAR SCREENS AND GRIT BASINS 

CAPITAL COST 

USE FACI' SH:EFl' 3.1.12 FOR PRELIM1INRY TREA'MNI' 

AVG. DESlGi FI.af = 2.40 MGD 

FRC!1 CURVE, COST = $0.08 MILLIOO, 

THUS CURREN!' COOSTR. COST = $0.14 MILLIOO 

OPEmTIOOS COSTS 

ELEX:TRICAL ENERGY = 
= 

O&M COST = 

PRIMARY CLARIFIERS 

CAPITAL COST 

1,000 + 
2,300 KWH/YR 

$0.015 MILLIOO/YR 

1,300 

USE FACI' SH:EFl' 3.1.1 FOR CIRCULAR PRIMARY CLARIFIERS WITH PUMP 

TOI'AL DESlGi SURFACE AREA = 5,556 SF 

800 GAL/D/SF * DESlGi SF = 4.44 MG 

FRC!1 CURVE, COST = $0.25 MILLIOO, 

THUS CURROO COOSTR. COST = $0.44 MILLIOO 

OPEmTIOOS COSTS 

ELECI'RICAL ENERGY = 40,000 KWH/YR 

O&M COST = $0.016 MILLIOO/YR 



CAPITAL COST 

USE FAC'I' SHEXI' 3.1.9 FOR D;.lUALIZATIOO 

TOl'AL VOUJME = 1.0MG 

muIVALENl' E1DW = TOTAL VOL 1 DAY HRT = 0.99 MGD 

FROO CURVE, COST = $0.17 MILLIOO, 

THUS CURROO COOS'l'R. COST = $0.30 MILLIOO 

OPERATIOOS COSTS 

O&M COST = $0.015 MILLIOO/YR 

TOTAL ACITVATED SIJJIX;E SYSTEl1 

CAPITAL COST 

USE FAC'I' SHEXI' 2 .1.1 FOR ACITVATED SUJDGE 
ASSUME THAT MIXERS COST EtUIV. ro AIR SUPPLY Fl;lUIP. COST 

TOl'AL VOI1lME OF UPGRADE = 1.99 MG 

6 HR HRT * DESI<2f VOUJME = 7.96 MGD 

FRa1 CURVE, COST = $1.20 MILLIOO, 

THUS CURROO crnSTR. COST = 52.13 MILLIOO 

OPERATICNS COSTS 

ELEt"l'RICAL ENERGY = 1. 26E-+{)6 KIIH/YR 

O&M COST = $0.070 MILLIOO/YR 

SECCtIDARY CLARIFIER 

CAPITAL COST 



USE FACT SHEEr 3.1.3 roR CIRCULAR SEX:aIDARY ~ 

'roI'AL DESIGN SURFACE AREA = 5,683 SF 

600 GAL/D/SF * DESIGN SF = 3.41 MGD 

FRct1 CURVE, COS!' = $0.45 KILLIrn, 

THUS CURRmI' crnsTR. COS!' = $0.80 KILLIrn 

OPERATIOOS COSTS 

ELEcrRICAL mERGY = 60,000 KWH!YR 

O&M COS!' = $0.017 KILLIrn/YR 

LIME FEED SYSTEM 

USE EPA ESTIMATING WATER TREA'OONI' COSTS, PG 60, INCREASE #' S BY 20% 

'lUI'AL LBS/D = 12,000 La/D 

'lUI'AL COS!' FROO CURVE = $0.09 MILLIOO 

THUS CURREN!' roISTR. COS!' = $0.17 KILLIrn 

OPERATIOOS COS!'S 

ELEcrRICAL mERGY = 70,000 KWH!YR 

O&M COS!' = $0.030 MIlUOO/YR 

LIME COST= $105,288 ~ YEAR 
@ $72 p~ 'ltfi 

RAPID 1m. BASINS 

USE EPA ESTIMATING WATER TREA'OONI' COSTS, PG 115, INCREASE #' S BY 20% 

'roI'AL VOlllME = 1,519 CF 

'lUI'AL COS!' FROO CURVE = $0.04 MILLIOO 

THUS CURRmI' roISTR. COS!' = $0.07 KILLIOO 

OPERATIOOS COS!'S 

ELEcrRICAL ENERGY = 600,000 KWH/YR 



O&M COST = $0.001 MILLIOO/YR 

FliXCULATIOO BASIN 

USE EPA ESTIMATING WATm TREA'OONl' COSTS, PG 119, :INCREASE #' S BY 20% 

'roI'AL VOLUME = 6,331 CF 

'roI'AL COST FRa1 CURVE = $0.07 MILLIOO 

THUS CURRFNI' CCNSTR. COST = $0.13 MILLIOO 

OPERATIOOS COSTS 

ELEt'TRICAL ENERGY = 25,000 KWHIYR 

O&M COST = $0.001 MILLIOO/YR 

- CHEllICAL CLARIFIER 

USE EPA ES'l'IMATING WATm 'I'REA'OONl' COSTS, PG 130, :INCREASE #'S BY 20% 

'roI'AL VOUlME = 6,200 SF 

'roI'AL COST FRCM CURVE = $0.22 MILLIOO 

THUS CURRFNI' COOSTR. COST = $0.41 MILLIOO 

OPERATIOOS COSTS 

ELEX:'I'RICAL mERGY = 70,000 KWHIYR 

O&M COST = $0.039 MILLIOO/YR 

USE EPA ES'IDIATING WATER TREA'OONl' COSTS, PG 190, INCREASE #' S BY 20% 

'IUJ'AL VOLUME = 1,583 CF 

'roI'AL COST FRCM CURVE = $0.11 MILLIOO 

THUS CURRFNI' CCNSTR. COST = $0.20 MILLIOO 



PRESSURE FILTERS 

USE EPA ESTIMATING VATER TREA'IMENI' com, PG 190, IOCREASE # I S BY 20% 

'IUI'AL LBS/D = 9,000 I..a/D 

'IUI'AL COST FRCl1 aJRVE = SO .18 MILLIrn 

THUS CURREm CCNSI'R. COST = SO.33 MILLIrn 

OPmATIOOS COSTS 

ELEX:'I'RICAL rnERG'l = 110,000 KWH!YR 

O&M COST = SO. 011 MILLIrn/YR 

CO2 COST = S98, 707 Pm YEAR 
@ SO.045 Pm I..a 

USE EPA ESTIMATING \lATm TRFA'IMENI' COSTS, PG 233, IOCREASE #' S BY 20% 

'IUI'AL ARFA = 861 SF 

'IUI'AL COST FRC!1 CURVE = SO.4O MILLIrn 

THUS CURREm COOSTR. COST = SO.74 MILLIrn 

OPERATIrnS COSTS 

ELEX:TRICAL rnERG'l = 200,000 KWH/YR 

O&M COST = SO.044 MILLIrn/YR 

CHWRINE COOTACf BASIN 

CAPITAL COST 

USE FACf SHEE:l' 4.5.1 FOR CIruJRlNATIrn 



'IUI'AL DESIGI VOl1JI1E = 284,146 GAL 

30 MIN HRT * VOlllME = 13.64 MGD 

FRCM CURVE, COST = $0.42 MILLIctl, 

THUS CURRENI' CctlSI'R. COST = $0.75 MILLIctl 

OPERATIctlS COSTS 

ELEX:TRICAL DlERGY = 30,000 KWH/YR 

o&M COST = $0.015 MILLIctl/YR 

CHI.ORlNE COST = $0.0234 MILLIctl/YR 
@ $0.32 PER POOND 

'roTAL CAPITAL COSTS 

BAR SCREEm & GRIT BASINS $0.14 
PRIMARY c:L1!RIFmS $0.44 
EtUALIZATIctl $0.30 
TCYI'AL ACTIVATED SUJDGE SYS'I'E}! $2.13 
SEX:aIDARY CLARIFIF.'R $0.80 
LIME FEED SYSTEM $0.17 
RAPID MIX BASmS $0.07 
ruJCCULATIctl BASm $0.13 
CHEMICAL CLARIFIER $0.41 
REClIRllCmTIctl $0.20 
REClIRllCmTIctl SUPPLY $0.33 
PRESSURE FTI.TERS $0.74 
CHI.ORlNE ccmACT BASm $0.75 
MISCELLANEroS STRUC'ruRES $0.60 

SUBTal'AL 1: $7.22 

ICt-CCI1PCMNI' COSTS 
PIPlNG 
ELErI'R. 
INSTRUM. 
SITE PREP 

SUBTal'AL 2: 

AT 
10 % 
8% 
5 % 
5 % 

$0.72 
$0.58 
$0.36 
$0.36 

$2.02 



OPERATIOOS COSTS 

CCNr:rnGENCY , 
ENGINEERING AND 
RELATED COSTS 

SUB'roI'AL 3: 

'IUI'AL CAPITAL COST 

~USE 

4S % 

BAR SCREENS & GRIT BASm5 
PRIMARY~ 

~ZATICN 

'IUI'AL ACTIVATED SUJDGE SYSTEM 
SEXXlIDARY CLARIFIER 
LIME FEED SYS'l'E}! 
RAPID MIX BASmS 
FLOCCULATICN BASm 
CHEMICAL CLARIFIER 
RD:ARBCW.TIOO SUPPLY 
PRESSURE rn..ms 
CHI£RINE COO'ACT BASm 

'IUI'AL 

$4.16 

'IUI'AL COST @ $0.08 /KWH 

O&M COSTS 

$4.16 

$13.41 MILLIOO 

2300 KWH!YR 
40000 

o 
1263922. 

60000 
70000 

600000 
25000 
70000 

110000 
200000 
30000 

2471222. KWH!YR 

$0.20 MILLIOO PER WAR 

BAR SCREENS & GRIT BASm5 $0.02 
PRIMARY ~ $0.02 
~TICN $0.02 
'IUI'AL ACTIVATED SUJDGE SYS'l»1 $0.07 
SEXXlIDARY CLAR.IFIm $0.02 
LIME FEED SYSTEM $0.03 
RAPID MIX BASms $0.00 
FLOCCULATIOO BASm $0.00 
CHEMICAL CLAR.IFIm $0.04 
RD:ARBCW.TIOO SUPPLY $0.01 
PRESSURE rn..TERS $0.04 
CHI£RINE rorrACT BASm $0.02 
LIME COST $0.11 
CO2 COS'I1 $0.10 
CHLORlNE COST SO. 02 



TO!'AL $0.50 MILLIOO PER YEAR 

'roTAL OPERATIOOS COSTS $0.70 MILLIOO PER YEAR 

OPERATIOOS COST PER 1000 GAL. $0.80 PER 1000 GAL 

ANNUAL COST OF CAPITAL COSTS = $1.39 MILL. PER YEAR FOR 20 YEARS 
AT 8.25 % lNrnlES'l' RATE 

SUM OF OPERATIOOS AND CAPITAL COST = $2.09 MILLIOO PER YEAR 

'lUI'AL COST PER 1000 GAL = $2.38 PER 1000 GAL 



TABLE 7.4 b 
ABILENE WEST SIDE Wl'P: PRELIMlNARY SIZING 10/08/87 

ALTrnNATIVE 2 - AWM P ROOVAL, AWM COAGUlATICN AND Fn.'ffiATICfi 

SUMMARY AND CAPITAL COST OPlNICfi OF PLANT UPGRADE 

USE COST CURVES m "INOOYATIVE AND ALTrnNATIVE 'l'EX:HOOI1lGY ASSF.'>SlIDlT MANUAL" 
EPA, 1980 Em COST INDEX OF CURVES = 2475 

CURRmI' ABILENE INDEX = 4400 ? 
OR EPA ESTIMA~ WATER 'IREA'OONI' COSTS, Em = 2851 

BAR SCREENS AND GRIT BASmS 

CAPITAL COST 

USE FACT SHFEI' 3.1.12 FOR PRE:I.IMANRY 'IREA'OONI' 

AVG. DESIGN F'lm = 2.40 MGD 

FRCM CURVE, COST = $0.08 MILLICN, 

THUS CURRmI' CCNS'm. COST = $0.14 MILLICfi 

OPERATICNS COSTS 

EJ..El:TRICAL Elml.GY = 
= 

O&M COST = 

PRIMARY CLARIFIERS 

CAPITAL COST 

1,000+ 
2,300 KWH/YR 

$0.015 MILLICfi/YR 

1,300 

USE FACT SHFEI' 3.1.1 FOR CIRCULAR PRIMARY CLARIFIERS WITH PUMP 

'lUl'AL DESIGN SURFACE AREA = 5,556 SF 

800 GAL/D/SF "' DESIGN SF = 4.44 fiG 

FRCl'I CURVE, COST = $0.25 MILLICN, 

THUS CURRmI' CCNS'm. COST = $0.44 MILLICfi 

OPrnATIOOS COSTS 

EJ..El:TRICAL ENERGY = 40,000 KWH/YR 

O&M COST = $0.016 MILLICN/YR 



E1;lUALIZATIOO 

CAPITAL COST 

USE FACI' SHFXI' 3.1.1 FOR CIRCULAR PRIMARY CLARIFIERS WITH PUMP 

'roTAL VOliJME = 1MG 

1 DAY HRT = 0.99 MGD 

FRCI1 CURVE, COST = $0.17 MILLIOO, 

THUS CURREN1' COOSTR. COST = $0.30 MILLIOO 

OPERATIOOS COSTS 

o&M COST = $0.015 MILLIOO/YR 

'roTAL ACI'IVATED SJ1JJX;E SYSTEM 

CAPITAL COST 

USE FACI' SHFXI' 2.1.1 FOR ACTIVATED sw::x;E 

ASSUME THAT MIXERS COSTS EIJJIV. ro AIR SUPPLY EJl)IP. COST 

'roTAL VOlllME OF UPGRADE = 1.99 MG 

6 HR HRT '" DESIGN VOllJME = 7.96 MGD 

FRCI1 CURVE, COST = $1.20 MILLIOO, 

TlRJS CURREN1' COOS'IR. COST = $2.13 MILLIOO 

OPERATIOOS COSTS 

ElE'TRICAL ENERGY = 1. 32Ei-06 KWH!YR 

o&M COST = $0.070 MILLIOO!YR 

CAPITAL COST 



ALUM FEED SYS'mI 

PRESSURE FILms 

USE FAcr SHEET 3.1.3 roo. CIRCULAR SEXmDARY CLARJ:FIP:RS 

'roTAL DESIGN SURFACE AREA = 7,182 SF 

600 GALlD/SF '" DESIGN SF = 

FRCM CURVE, COST = $0.50 MILLIrn, 

THUS CURRIN!' COOS'I'R. COST = $0.89 MILLIrn 

OPERATIrnS COSTS 

ELEX:TRICAL ENERGY = 60,000 KWH!YR 

O&M COST = $0.023 MILLIrn!YR 

CAPITAL COST 

USE FAcr SHEET 5.1.1 roo. ALUM ADDmrn 

DESIGN AVG. FIDl = 
DESIGN ALUM OOSE = 

2.40 MGD 
176 MG/L 

200 MG/L '" Q '" DESIGN OOSE = 

FRC!1 CURVE, COST = $0.04 MILLIrn, 

THUS CURRIN!' COOSTR. COST = $0.068 MILLIrn 

OPERATIrns COSTS 

ELEX:TRICAL ENERGY = 15,000 KWH!YR 

O&M COST = $0.028 MILLIrn/YR 

ALUM COST = $0.1287 MILLIOO!YR 
@ $0.10 PER PCX.lND 

4.31 MGD 

2.11 MGD 

USE EPA F.S'I'I:WI.TING YAm TREA'OONI' COSTS, PG 233, INCREASE # I S BY 20% 

roTAL AREA = 861 SF 

'roTAL COST FRCM CURVE = $0.40 MILLIOO 



THUS CURRmI' COOSTR. COST = $0.74 MILLIOO' 

OPERATIOO'S COSTS 

ELEX:'I'RICAL ENERGY = 200,000 KWH/YR 

O&M COST = $0.044 MILLIOO'/YR 

CHI.DRlNE COO'TAcr BASIN 

CAPITAL COST 

USE FAcr SHEET 4.5.1 FOR CHLORINATIOO' 

WAL DESIGN VOWME = 284,146 GAL 

30 MIN HRT * VOli.lME = 13.64 MGD 

FR01 aJRVE, COST = $0.42 MILLIOO', 

THUS CURRmI' COOSTR. COST = $0.75 MILLIOO' 

OPERATIOO'S COSTS 

ELEX:'I'RICAL ENERGY = 30,000 KWH/YR 

O&M COST = $0.015 MILLIOO'/YR 

CHLORINE COST = $0.0702 MILLIOO'/YR 
@ $0.32 PER PaJND 

WAL CAPITAL COSTS 

COOSTRUCIOO' COST 

BAR SCRElNS & GRIT BASINS $0.14 
PRIMARY CLARIFIERS $0.44 
EtUALIZATIOO' $0.30 
WAL ACTIVATED SWDGE SYSTEM $2.13 
SIDJIDARY CLAR.IFIF:R $0.89 
AilJM FEED SYSIDI $0.07 



OPERATIrnS COSTS 

PRF.'lSURE FTI.TERS 
CHLORINE COOTACT BASIN 
MISCELLANEXXJS S'I'RUC'ruRES 

SUB'IUI'AL 1: 

tm--<Xl'1l'aIDn' COSTS AT 
PIPING 10 % 
ELEX':'I'R. 8 % 
INS'I'RUM. 5 % 
SITE PREP 5 % 

SUBTaI'AL 2: 

tm-COSTRllCTlrn 

CC!fl'INGEN:Y , 45 % 
ENGINEElUNG AND 
RELATED COSTS 

SUBTal'AL 3: 

'IUI'AL CAPITAL COST 

BAR sc:RElNS & GRIT BASINS 
PRll1ARY CLARIFIERS 
:u;)UALIZATIOO 
'IUI'AL ACTIVATED SWIlGE SYSTEM 
SDDIDARY <:I..ARIFm!. 
AllJM FEED SYSTEH 
PRF.'lSURE FTI.TERS 
CHLORINE COOTACT BASIN 

$0.61 
$0.49 
$0.30 
$0.30 

$3.49 

'IUI'AL COST @ $0.08 IKWH 

O&M COSTS 

$0.74 
$0.75 
$0.60 

$6.07 

$1. 70 

$3.49 

$11.26 mLLIrn 

2300 KWH!YR 
40000 

o 
1316586. 

60000 
15000 

200000 
30000 

1663886. KWH!YR 

$0.13 PER YFAR 

BAR sc:RElNS & GRIT BASINS $0.02 
PRIl1ARY CLARIFIERS $0.02 
a;mLIZATIOO $0.02 
'IUI'AL ACTIVATED SWIlGE SYSTEM $0.07 



SECOODARY Cl.J\RIFIm 
AWM FEED SYS'ln1 
AWM 
PRESSURE FILTERS 
CHIDRINE CCWI'ACT BASlN 
CHI.OR1NE 

TOI'AL OPERATIOOS COSTS 

OPERATIOO COST PER 1000 GAL = 

ANNUAL COST OF CAPITAL COSTS = 

SUE OF OPERATIOOS AND CAPITAL COST = 

TOI'AL COST ~ 1000 GAL = 

$0.02 
$0.03 
$0.13 
$0.04 
$0.02 
$0.07 

$0.42 MILLIOO Pm YEAR 

$0.56 11ILLIOO ~ YEAR 

$0.64 Pm 1000 GAL 

$1.17 MILL. ~ YEAR FOR 20 YEARS 
AT 8.25 % DlTEREST RATE 

$1. 73 MILLIOO ~ YEAR 

$1. 97 Pm 1000 GAL 



TABLE 7.4 c 
ABILmE WEST SIDE WWTP: PRELIMINARY SIZING 10/08/87 

ALTERNATIVE 3 - BIOlDGICAL P ROOVAL, ALUM COAGULATICfi AND FILTRATICfi 

SUMMARY AND CAPITAL COST OPlNICfi OF PLANT UPGRADE 

USE COST CURVES IN "lNOOVATIVE AND ALTERNATIVE ~ ASSESSMEm MANUAL" 
EPA, 1980 ENR COST INDEX OF CURVES = 2475 

C\JRREl'IT ABnmE INDEX = 4400 ? 
OR EPA ESTlliATING WATER 'IREA'MNI' COSTS, ENR = 2851 

BAR SCRm'IS AND GRIT BASINS 

CAPITAL COST 

USE FACT SHEET 3.1.12 FOR PRELIMANRY 'IREA'MNI' 

AVG. DESIGN ru::M = 2.40 I«7D 

FRQ1 CURVE, COST = $0.08 MIILICfi, 

'THUS C\JRREl'IT CCfiS'IR. COST = $0.14 MIILICfi 

OPERATICfiS COSTS 

El.EI'R1CAL mEll.GY = 
= 

O&M COST = 

PRIMARY CLARIFIERS 

CAPITAL COST 

1,000 + 
2,300 KWH/YR 

$0.015 MIILICfi/YR 

1,300 

USE FACT SHEET 3.1.1 FOR CIRCULAR PRIMARY CLARIFIERS WITH PUMP 

TOTAL DESIGN SURFACE AREA = 5,556 SF 

800 GALlD/SF * DESIGN SF = 4.44 MG 

FRCM CURVE, COST = $0.25 MIILICfi, 

nrus C\JRREl'IT CCfiS'ffi. COST = $0.44 MIILICfi 

OPOOTIOOS COSTS 

El.EI'R1CAL ENERGY = 40,000 KWHIYR 

O&M COST = $0.016 MIILICfi/YR 



CAPITAL COST 

USE FACT SHEET 3.1.1 FOR CIRCULAR PRIMARY ~ wrm PUMP 

'IUl'AL VOllJME = 100 

:El'JllVAImI' F'UJIo' = 'IUl'AL VOL 1 DAY HRT = 0.99 MGD 

FRCI1 CURVE, COST = $0.17 MILLIOO, 

TlnJS C1JRRml' CCNSTR. COST = $0.30 MILLIOO 

OPERATIOOS COSTS 
a 

O&M COST = $0.015 MILLIOO/YR 

TOTAL ACTIVATED SWDGE SYSTEM 

CAPITAL COST 

USE FACI' SHEET 2.1.1 FOR ACTIVATED SWDGE 
ASSUME THAT MIXERS COSTS mrrv. TO AIR SUPPLY s;.mP. COST 

TOTAL VOliJME OF UPGRADE = 1.8100 

6 IIR HRT / DESI~ VOI1JME = 7.24 MGD 

FRCI1 CURVE, COST = $1.15 MILLICH, 

TlnJS CURRF.NI' coosm. COST = $2.04 MILLICH 

OPERATIOOS COSTS 

ELD::TRICAL ENERGY = 1. 32E-+<l6 KWH!YR 

O&M COST = $0.070 MILLICN/YR 

SECOODARY CLARIFIER 

CAPITAL COST 



AUJl1 FEED sysm 

PRESSURE FILTERS 

USE FACT SHEE.'I' 3.1.3 FOR CIRCULAR SIDlIDARY ClJIRIFIERS 

'!WAL DESIGN SURFACE AREA = 7,182 SF 

600 GAL/D/SF * DESIGN SF = 

FROO CURVE, COST = $0.50 ffiLLICN, 

THUS CURROO CCNSTR. COST = $0.89 ffiLLICN 

OPERATIOO COSTS 

E!.JX."I'RICAL ENmGY = 60,000 IOOl/YR 

O&M COST = $0.023 ffiLLICN/YR 

CAPITAL COST 

USE FACT SHEE.'I' 5.1.1 FOR AllJM ADDITICN 

DESIGN AVG. FIJ)W = 
DESIGN AllJM OOSE = 

2.40 MGD 
40 MG/L 

200 MG/L * Q * DESIGN rosE = 

FROO CURVE, COST = $0.02 ffiLLICN, 

THUS CURRmI' COOSTR. COST = $0.039 ffiLLICN 

OPERATIOO COSTS 

E!.JX."I'RICAL ENmGY = 15,000 IOOl/YR 

O&M COST = $0.028 ffiLLICN/YR 

AllJM COST = $0.0292 ffiLLICN/YR 
@ $0.10 PER POOND 

4.31 MGD 

0.48 MGD 

USE EPA ESTIMATING WATER TREA'OONI' COSTS, PG 233, INCREASE #' S BY 20% 

'TOl'AL AREA = 861 SF 

TOrAL COST FROM CURVE = $0.40 MILLICN 



nrus CllRRmI' COOSTR. COST = $0.74 MILLIOO 

OPffiATIOOS COSTS 

ELECTRICAL ENERGY = 200,000 KWH!YR 

O&M COST = $0.044 MILLIOO!YR 

CHIDRINE COOTACf BASlN 

CAPITAL COST 

USE FACf SHEET 4.5.1 FOR CHLaUNATIOO 

'IUl'AL DESIGN VOWME = 142,073 GAL 

30 MlN IIRT * VOUJME = 6.82 MGD 

FRCl'1 CURVE, COST = $0.14 MILLIOO, 

nrus CllRRmI' COOSTR. COST = $0.25 MILLIOO 

OPERATICl'lS COSTS 

ELECTRICAL ENERGY = 30,000 KWH!YR 

O&M COST = $0.015 MILLIOO!YR 

CHIDRINE COST = $0.0702 MILLIOO!YR 
@ $0.32 PER POOND 

'IUI'AL CAPITAL COSTS 

COOSTRUCIOO COST 

BAR SCREmS & GRIT BASlNS $0.14 
PRIMARY CI..ARIF'ImS $0.44 
El;lUALIZATIOO $0.30 
'IUI'AL ACTIVATED SWDGE SYS'I»I $2.04 
SIDlIDARY ~ $0.89 
AllJM FEED SYS'I'E}! $0.04 



OPERATIOOS COSTS 

PRESSURE FILms 
CHIDRINE ccm'Acr BASIN 
MISCEl..oLANEroS STRUC'I'URES 

SUBTOTAL 1: 

~COSTS AT 
PIPING 10 % 
EUX:'lR. 8 % 
INS'IRUM. 5 % 
SITE PREP 5 % 

SUBTOTAL 2: 

Im-<:OSTRUCI'IOO 

~, 45 % 
mGINEERlNG AND 
RELATED COSTS 

SUBTOI'AL 3: 

TOTAL CAPITAL COST 

POWER USE 

BAR SCRIDIS & GRIT BASINS 
PRIMARY~ 
EQJALIZATIOO 
TOTAL ACTIVATED SWDGE SYS'I'E}I 
SECOODARY 0ARIF.Im 
AWM FEED Si'S'I'm 
PRESSURE mTERS 
CHIDRINE ccmAcr BASIN 

TOTAL 

$0.55 
$0.44 
$0.27 
$0.27 

$3.14 

'1UI'AL COST @ $0.08 /KWH 

00i COSTS 

$0.74 
$0.25 
$0.60 

$5.45 

$1.53 

$3.14 

$10.12 MILLIOO 

2300 KWH/YR 
40000 

o 
1316586. 

60000 
15000 

200000 
30000 

1663886. KWH/YR 

$0.13 PER YEAR 

BAR SCREENS & GRIT BASINS $0.02 
PRIMARY 0ARIF.ImS $0.02 
muALIZATIOO $0.02 
TOTAL ACTIVATED SWDGE SYS'lD1 $0.07 



SECC!IDARy CLARIFIER 
ALUM FEED SYSTEM 
ALUM 
PRESSURE FIL'I'ffiS 
CHI.OR1NE CCNI'Acr BASIN 
CHI.OR1NE 

'IUI'AL OPERATIOOS COSTS 

OPERATIOO COST PER 1000 GAL = 

ANNUAL cosr OF CAPITAL COSTS = 

SUM OF OPERATIOOS AND CAPITAL COST = 

mTAL cosr PER 1000 GAL = 

$0.02 
$0.03 
$0.03 
$0.04 
$0.02 
$0.07 

$0.33 MILLIOO PER YEAR 

$0.46 MILLIOO PER YEAR 

$0.52 PER 1000 GAL 

$1.05 MILL. PER YEAR FCR 20 YEARl 
AT 8.25 % mTEREST RA1 

$1.51 MILLIOO PER YEAR 

$1. 72 PER 1000 GAL 



TABLE 7.4 d 
ABILENE WEST SIDE WWTP: PRELn1INARY SIZlNG 10/08/87 

ALTERNATIVE 4 - BIo-P, NITRIFYING ACTIVATED SUJIXiE, WITH PUMPING DURING DROOGIfl' 

SUMMARY AND CAPITAL COST OPINICN OF PLANT UPGRADE 

USE COST CURVES m "INIDVATIVE AND ALTERNATIVE 'I'EXlINOU):;Y ASSESSMFm MANUAL" 
EPA, 1980 rnR COST INDEX OF CURVES = 2475 

CURREm ABILENE INDEX = 4400 ? 
OR EPA ESTIMATING WATER TREATMml' COSTS, mR = 2851 

BAR SCREENS AND GRIT BASINS 

CAPITAL COST 

USE FAcr SHEEI' 3.1.12 FOR PRELIMANRY TREA'OONI' 

AVG. DESIGN FLai = 2.40 l'KID 

moo CURVE, COST = $0.08 MILLI<Jl, 

THUS CURREN!' COOSTR. COST = $0.14 MILLICN 

OPm'I'ICNS COSTS 

ELEX:TRICAL rnmGY = 1,000 + 1,300 
= 2 ,300 IOOi/YR 

O&M COST = $0.015 MILLI<Jl/YR 

CAPITAL COST 

USE ncr SHEE:1' 3.1.1 FOR CIRCULAR PRIMARY CI..ARIFIF.RS WITH PUMP 

TOTAL DESIGN SURFACE ARFA = 5,556 SF 

800 GAL/D/SF * DESIGN SF = 4.44 MG 

FROO CURVE, COST = $0.25 MILLI<Jl, 

THUS CURROO CCNSTR. COST = $0.44 MILLI<li 

OPERATI<liS COSTS 

ELECTRICAL :rnERGY = 40,000 KWH/YR 

O&M COST = $0.016 MILLIOO/YR 



CAPITAL COST 

USE FACT smxr 3.1.9 FOR D}l1ILIZATICN 

TOTAL VOllJME = 1.0 MG 

1 DAY HRT = 0.99 MGD 

FRCM CURVE, COST = $0.17 MILLICN, 

THUS CURROO CCNSTR. COST = $0.30 MILLICN 

OPERATICNS COSTS 

O&M COST = $0.015 MILLICN/YR 

"roI'AL ACTIVATED SUJDGE SYSTEM 

CAPITAL COST 

USE FACT SHEE:I' 2.1.1 FOR ACTIVATED SllJDGE: 
ASSUME THAT MJ::mS COST a;;mv. TO AIR SUPPLY ~. COST 

"roI'AL VOWME OF UPGRADE = 1.39 MG 

6 HR HRT * DESlrn VOIlJME = 5.57 MGD 

FRCM CURVE, COST = $0.85 MILLICN, 

THUS CURROO CCNSTR. COST = $1. 51 MILLICN 

OPERATICNS COSTS 

EW:TRICAL rnERGY = 1.26E~ IOOI/YR 

O&M COST = $0.070 MILLICN/YR 

CAPITAL COST 



USE FACT SHE:E:l' 3.1.3 FOR CIRCULAR SECaIDARY CLARIFIERS 

TOl'AL DESIGN SURFACE AREA = 4,804 SF 

600 GMJD/SF * DESIGN SF = 2.88 MGD 

FRai CURVE, COST = $0.38 MILLIrn, 

TIiUS CURRmI' <nISTR. COST = $0.68 MILLIrn 

OPEmTIOOS COSTS 

EI.H:'l'RICAL ENmGY = 50,000 KWHIYR 

o&M COST = $0.014 MILLIrn!YR 

CHLaUNE ccmACT BASIN 

CAPITAL COST 

USE FACT SHEE:I' 4.5.1 FOR CIIlDRINATIOO 

TOl'AL DF.SIGN VOUJME = 109,287 GAL 

30 MIN HRT * VOlllME = 5.25 nID 

FRct1 CURVE, COST = $0.13 MILLIOO, 

THUS CURRmI' CCliSTR. COST = $0.23 MILLIrn 

OPEmTIrns COSTS 

ELEX:TRICAL EllrnGY = 30,000 KWHIYR 

O&M COST = $0.015 MILLIrn!YR 

CHLDRINE COST = $0.0234 MILLIOO!YR 
@ $0.32 PER POOND 

'lUI'AL CAPITAL COSTS 

COOSTRUCIrn COST 

BAR SCREl'NS & GRIT BASINS $0.14 



OPERATIct1S COSTS 

PRIMARY CLARI:F'ImS $0.44 
EQUALIZATIOO $0.30 
TOI'AL ACTIVATED SWDGE SYSTEH $1.51 
SIDlIDARY CI.ARIFIm $0.68 
PRESSURE FILTERS $0.57 
CHlDRINE COOTACT BASIN $0.23 
MISCELLl\NFllJS S'lRUCl'URES $0.50 

SUBTOI'AL 1: $4. 38 

~-<XX1FQIDfl' COSTS 
PIPING 
ELEX:TR. 
INSTRUM. 
SITE PREP 

AT 
10 % 
8 % 
5% 
5 % 

PUMP STATIOO, AND PIPELINE 

SUBTOI'AL 2: 

CCNl'INGENCY , 
ENGINEERING AND 
RElATED COSTS 

SUBTOI'AL 3: 

TOTAL CAPITAL COST 

POWER USE 

45 % 

BAR SCRIDlS & GRIT BASINS 
PRIMARY~ 

EQUALIZATIOO 
TOTAL ACTIVATED SWDGE SYsm!: 
PRESSURE FILTERS 
SEXXlIDARY CI.ARIFIm 
CHlDRINE COOTACT BASIN 
EFFIlJENl' PUMPS 

TOI'AL 

$0.44 
$0.35 
$0.22 
$0.22 

$3.15 

TOI'AL COST @ $0.08 /KWH 

$1.41 

$2.63 

$3.15 

$11. 58 MILLIOO 

2300 KWH/YR 
40000 

o 
1263922. 

200000 
50000 
30000 
27600 

1613822. KWH/YR 

$0.13 MILLIOO Pffi YEAR 



O&M COSTS 

BAR SCREENS & GRIT BASINS 
PRDI1lRY CLARIFIERS 
EQUALIZATI<l! 
TOTAL ACI'IVATED Sll1DGE SYSTEM 
sro::tIDARY ~ 
PRESSURE FILTmS 
CHI.£.ffiNE C<M'ACT BASIN 
CHI.£.ffiNE COST 
PUMPS & PIPELlNE 

TOTAL 

TOTAL OPERATI<l!S COSTS 

OPERATIOOS COST Pm 1000 GAL. 

ANNUAL COST OF CAPITAL COSTS = 

SUM OF OPERATIOOS AND CAPITAL COST = 

TOTAL COST Pm 1000 GAL = 

0.02 
0.02 
0.02 
0.07 
0.01 
0.04 
0.02 
0.02 

0.015 

$0.22 MILLI<l! Pm YEAR 

$0.35 MILLI<l! PER YETIR 

$0.40 Pm 1000 GAL 

$1.20 MILL. PER YEAR FtR 20 YEARS 
AT 8.25 % INTEREST RATE 

$1. 5S MILLIOO PER YEAR 

$1. 77 PER 1000 GAL 



APPENDIX A 



ABILENE WATER RECLAI4ATION PROJECT 
RESPONSE TO DRAFT REPORT COMMENTS 

TWDB Contract No. 55-61027 

In response to the specific comments in the Texas Water Development Board's 
letter of I~ovember 19, 1987 (copy attached) we offer tile following: 

Draft Surnnary Report 

QUESTION NO.1 

High levels of manganese and iron are mentioned on page 2.15 of the draft 
summary report. On page 2.12, Table 2.2, high levels of mercury, TTHM, and 
TTHf4FP are mentioned. The health and environmental implications of these 
high levels should be discussed. We have also found the following mistakes 
in the table: 

o Drinking water standard for Endrin is .0002 mg/l. 

o Fluoride has both primary and secondary standards, 4.0 mg/l primary 
and 2.0 mg/l secondary. 

o The coliforms do not necessarily have to be fecal coliforms. 

o Need to show the locations of Lake Stations No. 1 and No.2, and the 
points where the creek composite samples were taken on figure 2.5. 

RESPONSE 

The elevated mercury levels during the sampling were apparently a result of 
using the inductively coupled plasma (ICP) unit without a hybrid generator. 
This caused the background level from the burner noise to be high. Recent 
analysis with the proper instrumentation indicates no problem with mercury. 
The tables have been modified to reflect invalid data points. 

Both the total trihalomethane (TTHM) and total trihalomethane forming poten
tial (TTHMFP) were occasionally higher than the drinking water standards 
early in the sampling program. This occured only during the first two 
sampling trips of March and April. Apparently, the laboratory was experi
encing difficulty in calibrating the analytical procedures and the data is 
probably invalid. Subsequent analysis indicates no problem. The tables 
have been revised to reflect the the invalid data points. 
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Gi ven that nei ther mercury or TTHr~ is an apparent probl em, no di scuss i on on 
the health and environmental implications are presented. 

The other corrections requested have been made. 

QUESTION NO.2 

The fi na 1 sUllll1ary report needs to i ncl ude the results of the vi ro logy and 
parasitology studies. 

RESPONSE 

The virology and parasitology reports have been included as appendices to 
TM-4 and a summary of findings will be included in the summary report. 

'QUESTION NO.3 

A tabulation of the findings of the water quality model need to be pre
sented. Page 3.10 states lFPH is "very sensitive" to increased cbncentra
tion of phosphorus, but page 2.15 states turbidity may be "limiting." Which 
is correct? 

RESPONSE 

A tabulation of key findings of the water quality model will be presented in 
a revised TM-5 as shown below: 

1. Predictive analysis of alternatives using the WQRSS model appears 
to provide reasonable results and information that are consistent 
with our general understanding of the lFPH system and general eco
logical successions. 

2. lack of detailed tributary water quality data limited the analysis 
of alternatives to major additions of flow augmentation to lFPH. 

3. The apparent lack of anaerobic conditions in the reservoir hypoli
mnion, due to considerable mixing (power plant, mechanically in
duced air system), precludes the conversion of nitrate to nitrogen 
gas by anaerobic bacteria. The model projected that an increase 
level of nitrate will develop in the lake due to the limited 
ability of lFPH to convert nitrates. 

4. A light-limited and phosphorus limited algal production was model
led at elevated nutrient levels by including self-shading characte
ristics of suspended material in the determination of the composite 
light extinction coefficient and by adjustments to the phosphorus 
half saturation constant. These model methods calibrate well with 
historical data. 
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5. Total dissolved solids (TDS) will increase over time due to the 
limited flushing of the reservoir by inflows. TDS's are projected 
to increase by 100 to 200 mg/l (to a total concentration in the 600 
mg/l range) at normal flows with the addition of a 3 MGD discharge 
into LFPH or its tributaries. The discharge of metals and other 
parameters are in the background range of normal inflows. Histori
cally these parameters have not presented a known problem, periodi
cal major flushing of the reservoir occurs. 

QUESTION NO.4 

On page 3.7, the secondary effluent level parameters should be restated. 
Also, include the acceptable level for viruses and pathogenic parasites. 

RESPONSE 

The secondary effluent level parameters will be added to the recommended 
criteria for reclaimed water for irrigation. Secondary effluent level is 
taken to be 20 mg/l BODS' 20 mg/l TSS, and a chlorine residual of 1.0 mg/l. 

There are currently no generally accepted criteria setting acceptable levels 
of virus in wastewater effluents. The State of Arizona has a criteria on 
viruses in wastewater effluent. A copy of their regulations are attached. 
These regulations are based on enteric viruses as a general indicator for 
all virus in the effluent. In their continued studies they have found 
enteric viruses are not a good indicator and are investigating other moni
toring techniques. 

There are no generally accepted criteria for pathogenic parasites. Estab
lishing acceptable levels for these parameters is beyond the scope of the 
current project. We have elected to approach this issue by establishing 
mlnlmum treatment levels for removal of these organisms. This includes 
chemical coagulation, filtration and chlorination disinfection. Discussions 
with Dr. Ted f>\etcalf from the Baylor College of Medicine Department of Viro
logy and Epidemiology established that the level of treatment we are pro
posing is consistent with treatment levels at facilities he is knowledgeable 
of that are producing effluent acceptable for reuse applications. In parti
cular, Monterey, California. 

QUESTION NO.5 

A tabulation of projected lake levels and water quality as discussed in 
Section 3.2 after a two-year drought, needs to be presented for the various 
reclaimed water volumes and qualities. 

RESPONSE 

A tabulation of lake levels and water quality parameters will be included in 
TM-5 as presented below: 
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) 

1. 
2. 
3. 
4. 
5. 

Table 7-2 

Tabulation of Water Quality 
at Various lake levelsa 

Selected Water lake level (ac-ft)b 
Quality Parameters 65,000 45,000 

TDS mg/l 500 600 
Ammoni a mg/l c 0.25 0.20 
IHtrate mg/l c 1.1 1.6 
Ortho-P mg/l c 0.05 0.05 
Chloropnyll-a ug/l c <2 <5 

30,000 

700 
0.25 
2.2 
0.06 

<10 

aWater quality varies both in time of year and with lake levels. The 
flows selected represent a near-full lake, 65,000 ac-ft; low water condi
tion, 45,000 ac-ft; and extreme drought condition, 30,000 ac-ft. Values 
shown are based on Type A treatment levels. 

bThe water quality of most parameters are not independent of historic 
trends or time of year; i.e, the past levels of the lake influence 
present water quality. The 65,000 ac-ft level shown is a January date 
and the 45,000 ac-ft is a July date in the first year of drought condi
tion, and the 30,000 ac-ft is a June date in the second year of drought 
condition for this table. 

COrtho-P, chlorophyll-a, ammonia and nitrate will vary from values pre
sented depending on time of year; i.e., nitrate values projected for 
30,000 ac-ft in September-October is 1.3 mg/l versus 2.2 mg/l shown for 
June, due to euthrophication. 

QUESTION NO.6 

The draft summary report includes a equivalent annual cost analysis of four 
treatment trains. We understand that the cost estimates are still being 
refined. A summary of the economic analysis of the complete proposed system 
(treatment, non-potable system, capital, and O&M) needs to be included. 
Other alternatives that the proposed system need to be contrasted with in
clude the cost of a "no reuse" option, and the options for discharge points 
(lake versus stream), the Phase I and II as described on page 4.3. What are 
the economics of going to advanced treatment at Hamby STP versus advanced 
treatment at the new Westside STP? What is the comparable cost of develop
ing other water sources, i.e., Stacy Reservoir and brackish water. The 
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sludge handling and proposed disposal techniques need to be included. Will 
dechlorination be necessary? If so, the cost will need to be included. 

RESPONSE 

The economic evaluation has been modified to include the complete proposed 
system. The alternatives are based on producing a reclaimed water in 1992 
of 2000 acre-ft and in 1998 of an additional 3000 acre-ft. This is consis
tent with the supply curve in Figure 4.1. The complete system includes 
advanced wastewater treatment (AWT), wastewater collection system infra
structure improvements, non-potable water system and the operations and 
rna i ntenance (O&r~) cos ts associ ated with each. A summa ry of the cos t and a 
net present worth (NPW) comparison of the alternatives are given in Table 
3-6. The tributary plant option is estimated to be less expensive by 
approximately $9 million. 

The two alternatives considered include 1) a reuse system centered around an 
AWT plant on one of the tributaries to Lake Fort Phantom Hill and 2) addi
tion of AWT units at Hamby WWTP to produce an effluent suitable for 
discharge to Lake Fort Phantom Hill. A no-action alternative was developed 
and was added. It was resolved that the no-action alternative was incon
sistent with the City of Abilene's goals and objectives, leading to the de
velopment of the alternatives described above. 

Although a specific treatment plant site on Little Elm Creek was used in 
costing out a non-potable water system, the recommended plan is based on a 
tributary water reclamation plant. That is, the plant could be located any
where along any of the tributary streams feeding Lake Fort Phantom Hill. 
Therefore, the evaluation of the effect of the discharge on Lake Fort 
Phantom Hill and the selection of the recommended process were based on the 
worst case situation of a direct discharge to the lake. We would not pro
pose using different, less stringent criteria for a facility discharging to 
a tributary stream of the lake. 

In Table 3-6, the cost of developing this additional water supply is shown 
to be $400/acre-ft., for the Tributary Plant option and $520/acre-ft. for 
the Hamby Plant option. If it is recognized that a wastewater treatment 
plant would be built anyway to address wastewater treatment needs, it is 
appropriate to describe the economics in terms of incremental cost. The 
incremental cost between the recommended tributary plant plan and a plan, 
centered around a conventional treatment plant is estimated at 
$335,OOO/year. This includes annualized capital costs and expected opera
tions and maintenance costs. The recommended plan would generate 2,000 
acre-ft. of flow to Lake Fort Phantom Hill and 340 acre-ft. for the nonpo
table system for a total of 2340 acre-ft. This is a development cost of 
$143/acre-ft. The City of Abilene Evaluation of the Use of Brackish Water 
and Reclaimed Wastewater for Long-Range Water Supply, 1984, Table 6.S 
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presents development costs for three brackish water supplies, the Clear Fork 
of the Brazos River, Possum Kingdom, and Cedar Ridge. The reported compar
able development costs, adjusted to 1987 dollars, are $1,085, $1,240 and 
S1,653/acre-ft., respectively. 

For the recdn~ended process, an alum coagulatea waste activated sludge would 
be produced. For the Tributary Plant option it is proposed to return the 
waste sludge to the wastewater collection system for treatment at the Hamby 
WWTP. For the Hamby WWTP option, the waste sludge would be directed to the 
existing solids treatment facilities. The adequacy of the existing system 
to handle the additional load is addressed in our response to Comment No. 14 
below. Dechlorination is proposed and is included in the costs presented. 

QUESTION NO.7 

In TM-5, Table 6.1, the concentration of N03-N differs greatly with that 
shown in Figures 5 of TM-5. If Figure 5 is correct, then based on the Red
field ratio of C:N:P more being 100:10:1 respectively, phosphorus is not 
limiting but nitrogen is. Please clarify the inconsistency with the re
ported need to control phosphorus in the proposed plant's effluent. 

RESPONSE 

Table G.1 of TM-3 is incorrect and will be revised in final edition. 

The Redfield ratio of 100:10:1 of C:N:P: was originally developed from 
studies in the Gulf of Maine to predict the uptake and release of nutrients 
from phytoplankton and zooplankton. The application of Redfield ratio from 
existing data identified during the recent monitoring program produces a 
ratio of 450/52/1 for total nitrogen and total phosphorous and 800/7/1/1 for 
inorganic nitrogen and soluble phosphorous. Based on the total nitrogen 
available we are of the opinion that phosphorus is the limiting nutrient. 
It must be stressed that light presently exert a major control on the lake's 
biological activity. . 

Studies by Joseph Shapiro and Valh Smith at the Limmology Research Center at 
the University of Minnesota confirm the importance of both ratios of total 
and inorganic, nitrogen and phorphorous in the eutrophicatic process. A key 
ratio in LFPH appears to be the inorganic nitrogen (ammonia and nitrate) to 
soluble phosphorous. Shapiro recommends a lower ratio of 5:1, N:P. This 
ratio is 0.48 to 0.05 or 9.6:1 historically and 0.345 to 0.04 or 6.9:1 re
cent monitoring program. 

Based on the LFPH inability to convert nitrates, due to the lack of an 
anaerobic zone caused by the lack of mixing and sampling and model data, we 
are of the opinion that phosphorous is the control nutrient. 
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I~e will add a discussion of these conclusions in the revised TM-5. 

QUESTION NO.8 

Table TM-4.10 is not completely consistent with Table T/>1-4.4.1. The value 
costi ng out a non-potable water system, the recolllllended plan is based on a 
tributary water reclamation plant. That is, the plant could be located any
where along any of the tributary streams feeding Lake Fort Phantom Hill. 
shown for the concentrations of mercury, manganese, iron and TTHM either 
match or exceed the state's drinking water standard. What are the reasons 
or sources for this? In Figures 4.7 and 4.8 the values shown for the wet 
year appear to be zero, which seems unlikely. Please correct these figures. 

RESPONSE 

The table has been corrected to reflect the invalid mercury and TTHM data. 
Figures 4.7 and 4.8 have been modified. Both iron and manganese are 
naturally occurring in sediments in the Abilene area. 

QUESTION NO.9 

What conclusions were reached in regard to the high nitrite-nitrogen levels 
mentioned on page 25 in TM-4? 

RESPONSE 

This is still under investigation and will be addressed in detail in the 
fi na 1 report. 

QUESTION NO. 10 

In TM-5, the drought-condition base case assumes an initial storage pool of 
65,000 acre-feet, assuming Table 6 inflows and diversions are used. It is 
unclear if the 65,000 acre-feet is the normal pool level of the reservoir or 
the useful storage of the reservoir. Table 6 does not show any consumptive 
use by West Texas Utilities (WTU) under drought conditions. Does the util
ity have a contingency plan for cooling water during caused by droughts? If 
it does, to what volume must the reservoir diminish before the utility im
plements its plan? 

RESPONSE: 

TM-5 will be modified to reflect that 65,000 ac-ft is near full condition 
(68,000 ac-ft is full). The reason for using 65,000 ac-ft is that the his
toric design drought and reservoir operating plan is based on initial condi
tions of 65,000 ac-ft. LFPH is operated in an over-draught mode in connec
tion with Hubbard Creek Reservoir. 

The consumptive use by WTU is included in the evaporative losses in Table 6. 
The historical consumptive uses were provided by WTU as follows: 
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Year Consumetive Use (ac-ft) 

1981 1,178 
1982 1,734 (drought year) 
1983 1,495 
1984 1,571 (drought year) 
1985 1,282 
1986 1,266 

Average 1,421 

WTU reported its water rights at 2,500 ac-ft. 

The total evaporative losses of 15,000 to 16,000 ac-ft/year, including WTU, 
is projected during a drought year. 

WTU does not have a drought contingency plan. The reservoir has, according 
to its historical record, operated below 30,000 ac-ft. It is assumed that 
minimum capacity is 25,000 ac-ft. This will be reflected in TM-5. 

QUESTI ON NO. 11 

The base case used for modeling water quality assumes that a three MGD AWT 
has been discharging into the lake for a period of time previous to the 
drought. It would seem that modeling the lake without the discharge of the 
AWT would be of interest for comparison purposes. Please include informa
tion for this scenario in TM-5. Also, please assess the mitigation on lake 
impacts due to discharging into Elm Creek at a pOint about ten stream miles 
above the lake. Will the nutrients be attenuated by sedimentation, preda
tion, and other factors to the extent that less treatment would be neces
sary? 

RESPONSE 

A presentation of no discharge during drought conditions will be included in 
the revised TM-5. 

An assessment of the mitigating impact of discharging on a stream 10 miles 
from lFPH will also be included in Hl-S. The high quality of the proposed 
discharge coupled with relatively short travel time (17 hours) minimizes any 
long-term mitigation. The research team recognizes that some mitigation 
will occur, but a conservative approach to this effect was chosen in site 
recol1ll1enda t ions. 

QUESTION NO. 12 

In reference to number "8." above, what will happen to these inorganic ele
ments in drought conditions? Particularly in the case of mercury, would the 
concentration increase to the point where the lake could not be used as a 
water source or for recreation? Would there be a dangerous accumulation of 
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mercury in the lake's fish? Would there be health or toxicity problems with 
other heavy metals or sodium? What could be the fate of the heavy metals in 
the water column during drought conditions? Would there be movement of the 
heavy metals into the sediments? Since indications are that the lake does 
not get flushed out very frequently, could there be a long term problem from 
resolubilization of the metals from the sediments into the water column when 
the lake refills after a drought period? 

RESPONSE 

A discussion of accumulation of metals and toxic elements will be added to 
TM-S. As reflected in our response to questions I, 7, and 8, the metal con
centrations are not as high as that was indicated by the original data. 

QUESTION NO. 13 

In TM-6, the discussion of the trace organics indicated that the lake has a 
high trihalomethane potential, and the discharge to the lake would not make 
any appreciable difference. However, what effects would there be if the 
chlorinated effluent was discharged into a stream? Would dechlorination be 
necessary. 

RESPONSE 

The response to Comment No.8 above states that the high TTHMP concentra
tions in the draft were invalid. Regardless of the THMP level, it is recom
mended that the effluent be dechlorinated prior to discharge to a receiving 
stream or the lake. The sUlTll1ary report has been modified to clarify that 
dechlorination is recommended. 

QUESTION NO. 14 

Regarding TM-7, page 26, when will sludge handling capacity at Hamby STP be 
reached if all Westside sludge is sent there? What is the ultimate disposal 
of the sludge? What are costs of sludge handling under each alternative? 
Will alum sludge interfere with treatment at Hamby? 

RESPONSE 

An evaluation of the existing treatment plant capacity was conducted under a 
separate study. As a supplement to that study the solids treatment units 
were reviewed. Currently, primary and waste activated sludge is blended, 
thickened in a dissolved air flotation thickener, anaerobically digested and 
conveyed to sludge lagoons for ultimate disposal. The digesters are the 
limiting unit in the solids treatment train. Presently only two of the four 
digesters are heated. They operate as two stage digesters, with the first 
stage heated and the second used for additional digestion and storage. 
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The attached 
State desi gn 
If all units 
MGD. 

table presents the capacity of the digesters in relation to 
criteria. Under current operation, they are rated at 14.4 MGD. 
are operated as high rate digesters, this increases to 16.37 

Another common criteria for sizing digesters, is to design for a minimum 
solids retention time (SRT). For heated digesters a minimum SRT of 15 days 
is appropriate. Historical plant operating records were reviewed to estab
lish the operating solids retention time (SRT). The SRT at current flows 
and operati ng condi ti ons is approxi rna te ly 27 days. Assumi ng the same BOD 
loading in the future, and a minimum SRT of 15 days, the digesters have ade
quate capacity for the sludge corresponding to a wastewater flow of 24 MGD. 

The wastewater flow projection curve in Figure 2.4 of the Summary Report was 
used to estimate when the 24 MGD would be generated. The curve presents the 
projected average annual daily wastewater flow for Abilene. The digesters 
are evaluated at maximum-month average daily flows. Historically, the maxi
mum month has been 10 percent higher than the average annual flow. A maxi
mum month flow of 24 ~'GD corresponds to the projection for the year 2013. 

The current facilities can accommodate the waste sludge requirements of the 
3 MGD treatment plant of Phase 1 and likely can handle the sludge generated 
from the Phase 2 expansion to 7 MGD. The capacity of the digesters would 
need to be reviewed during the planning for the Phase 2 expansion to verify 
their adequacy. 

The ultimate disposal of the sludge is sludge lagoons as is currently prac
ti cede 

Under either alternative the sludge would be treated at the Hamby plant and 
the costs are assumed equal. 

The alum dosage at the proposed facility is 40 mg/l. During Phase 2 (the 
more critical flow phase) the flow from the AWT would be 7 MGD and the total 
system flow would be approximately 21.0 MGD. The resultant alum concentra
tion into Hamby would be 13.3 mg/l. The sludge would be wasted continuously 
as is the current practice. This concentration of alum is not expected to 
interfere with the treatment at Hamby. 

QUESTION NO. 15 

Recommended discharge standards are given in TM-9. For parasitic organisms, 
the goal is to have a parasite free discharge. There was no indication in 
TM-SA that any testing was done to see if this goal is obtainable. There is 
some data lately obtained with regards to parasitic organisms in raw sewage, 
and treated effluent from the Hamby S.T.P., we believe that at the very 
least the recommended treatment system, "Alum with Biological Phosphorous" 
should be tested to discover how effective it is in removing the organisms . 
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RESPONSE 

We proposed that testing for both parasitic organisms and viruses should be 
performed at facilities similar to those proposed here in Abilene. We have 
identified two potential candidate systems, one in Colorado and the other in 
Oregon. No similar systems are known in Texas. Please advise if you are 
aware of other likely candidates. 

The preliminary cost estimates are: 

Task 

Parasitic Anal~SiSa 
Virus Analysis 
Sample Collection 
Concentration of Sample 
Coordination, Arrangements 
Report 

TOTAL 

Estimated Costs 

$ 3,000 - $ 4,000 
$ 4,000 - $ 5,000 
$ 2,000 - $ 3,000 
$ 2,000 - $ 3,000 
$ 2,500 - $ 3,000 
$ 2,500 - S 3,500 

$16,000 - $21,500 

aIt is proposed that four tests be performed: influent, after activated 
sludge treatment, after filtration, and after disinfection. 

It is recommended that the monitoring program be modified to perform these 
tasks. The original budget for the monitoring program was $80,000. We have 
spent to date approximately $46,000. Therefore, sufficient funds exists in 
the budget to accomplish these tasks. It is doubtful that the additional 
testing can be completed by the date set for final report (February 29, 
1988). Please indicate your desires as specific budgets and contract modifi
cations are required, prior to starting work. 

QUESTION NO. 16 

In the Water Reuse section of TM-9, it was indicated that the option of re
claimed water use for industrial/commercial operations was evaluated, but 
discarded due to various factors. The listing of potential users shown in 
Tables 11-1 and 11-2 does not include West Texas Utilities nor Dyess Air 
Force Base's golf course. Since there are two stream power stations located 
in Abilene, it would seem that they would use the reclaimed water for cool
ing purposes. This could be very attractive to the utility during drought 
periods, especially at the Lake Fort Phantom Hill Station, if the lake level 
lowers to the point below the station's cooling water inlets. There could 
also be another benefit for the City such as a trade-off of reclaimed water 
for a portion of WTU's water rights at Lake Fort Phantom Hill. 
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RESPONSE 

Dyess AFB is included as a potential user on Table 11-1 at 699,233 gal/day. 
The non-potable system is di rected at Dyess AFB during Phase I. It is pro
posed that an 8-i nch 1 i ne be con structed to provi de up to 500, 000 gal/day of 
non-potable water for Dyess AFB uses (mainly golf course irrigation). 

The reclaimed water use for flow augmentation will also be used by WTU for 
cooling, since their once through cooling use LFPH waters. 

However, no estimate of the possible water savings were made due to the de
crease in LFPH temperatures due to the increase of volume in LFPH. The 
water savings are minimal. The WTU power plant located in Abilene was not 
considered due to its infrequent operations (peak-facility only). 

QUESTI ON NO. 17 

In the Specific Recol11nendations for Abilene secti on we note that recom
mendation number "7." adVlses the City to aggressively pursue all financial 
opportunities, including construction loans and grants from TWC among 
others. TWC in this area is strictly a regulatory and enforcement agency 
and does not provide any funding of construction by either loans or grants. 
We do suggest that you consider the recommendation that the City submit the 
application to TWC for a discharge permit in the near future. 

RESPONSE 

The reference to the TWC as a funding source was incorrect. It has been 
changed in the Summary Report. 

QUESTION NO. 18 

In TM-I1 there is a discussion on constructing a Lake Kirby non-potable 
water treatment plant and later" building a non-potable line from the AWT to 
Lake Kirby. What are the economics of building the non-potable line from 
the AWT to Lake Kirby now and using the reclaimed water as blend water in 
Lake Kirby to improve its quality. What is the availability and feasibility 
of using ground water in the area as supplemental water and blending-it with 
the AWT effluent and Lake Kirby water, or with just AWT effluent and using 
it in a non-potable system. Has the use of using non-potable water for fire 
protection at Dyess, and in any industrial parks or new residential subdivi
sion in the area been investigated? 

As mentioned in Recommendation No. "15.", it seems WTU would be interested 
in the use of the reclaimed water for cooling purposes. Has the feasibility 
of the option been investigated? This option could also provide a pipeline 
to serve the north and northeast parts of town. 
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RESPONSE 

During Phase I, there is insufficient reclaimed water available from the AWT 
plant to make a meaningful impact on the quality of the water in Lake Kirby. 
Therefore the economics of building the non-potable water line as part of 
Phase 1 were not considered. 

The availability and feasibility of using the groundwater was not consi
dered practical based on a general review and understanding of the area's 
geology. No significant aquifer exist in the Abilene area. It is our 
general understanding that groundwater quality and the reliability of yield 
in the area is poor. Considering the information assembled on the nonpo
table system was in addition to the contract scope, a detailed investigation 
of the groundwater feasibility has not been undertaken. 

Use of the non-potable water for fire protection would be an appropriate 
application. A detailed evaluation of the feasibility was left to those 
specific entities which would benefit from the use. We strived to have the 
system be flexible and planned for yet unspecified water demands in sizing 
the system. 

The subject of WTU using non-potable water for cooling purposes is addressed 
in response to Comment No. 16 above. 

QUESTION NO. 19 

Has the Texas Water Commission and'Texas Department of Health been provided 
with copies and requests for comments? 

RESPONSE . 
We met with both the Texas Water Commission, Permits Water Quality Sections, 
to receive input in September 1987. We discussed primarily wasteload allo
cations and permitting procedures. The proposed plans have been discussed 
with the TDH in general terms in both April and September 1987. 

We propose to send copies of the summary report to both the TWC and TDH in 
January for their review and comments. 
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Table 3-6 

Economic Comparison of Alternatives 
Abilene Water Reclamation Research Project 

(Mi 11 ions $) 

Phase 1 Improvements (1992)1 

a. 3.0 MGD AWT 
b. AWT 0&14 (NPW)2 3 
c. Infrastructure 
d. Non-Potable System 
e. Non-Potable O&M (NPW)2 

Sub-Total 

Phase 2 Improvements (1998) 

a. 4.0 MGD AWT Expansion 2 
b. AWT Expansion g&M (NPW) 
c. Infrastructure 
d. Non-Potable System 

Non-Potable O&M (NPW)2 e. 

Sub-Total 

Net Present Worth (1987 Dollars)4 

Equivalent Annual CostS 

Water Supply Development Cost6 

Notes 

Alternative 1 
Tributary AWT 

$10.12 
4.52 
9.99 
0.57 
0.50 

$25.70 

$ 9.66 
5.20 

11.03 
1.60 
0.20 

$27.69 

$29.37 

$ 2.99 

$384/ac-ft. 

Alternative 2 
Hamby AWT 

$ 5.55 
2.31 

25.91 
3.15 
0.25 

$37.17 

$ 5.79 
2.89 

20.25 
0.83 
0.12 

$29.88 

$38.12 

$ 3.88 

$498/ac-ft. 

1. Phase schedule years basedon implementation plan on Figure 4.1 

2. Net Present Worth based on (PIA 20, 8%) 

3. From Table 5.6 Wastewater Collection System Analysis, May 1987 

4. Net Present Worth based on (P/F, 5, 8%) and (P/F, 11, 8%) 

5. Based on (AlP, 20, 8%) 

6. Based on (AlP, 20, 8%) and an additional water supply of of 7800 
acre-ft. 



ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 7A 

PROCESS SELECTION, SIZING, AND LOCATION 

Principal Authors: David C. Lewis, P.E. 
Raymond R. Longoria, P.E. 

Technical Memorandum No. 7A (TM-7A), Process Selection, Sizing, and 
Location, provides a summary of reasoning and judgments that led the re

search team to focus their efforts on a full scale WWTP. 

INITIAL PROJECT CONCEPTION 

Initially, the research team's concept of the location and size of a 
reclaimed water treatment facility was at the existing Hamby WWTP and ap
proximately 0.5 to 1.0 mgd in size. It was suggested during contract ne
gotiations that an option of a satellite facility located on a tributary to 
Lake Fort Phantom Hill (LFPH) in the southwest portion of the City be eval
uated to provide nonpotable water for turf irrigation in addition to flow 
augmentation in LFPH. This option was discounted due to the additional 
costs of construction and operating a separate facility, and limited impact 
a discharge of less than 1.0 mgd would have on LFPH after stream losses. 

FACILITY SIZE SELECTION 

Initially, the research team (RT) concentrated the evaluations based 
on a flow range of 0.5 to 1.0 mgd, primarily to limit the cost impact of 
the project. This assumption created three basic problems for the RT: 

o No economies of scale were available to the RT in process selec
tion or operations. 
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o 

o 

Limited direct benefits to Abilene could be derived from a pro

ject of this small size. 

Processes selected for a facility in this size range might not be 
effectively up-scaled to a larger size, due to the inability to 
identify impacts on LFPH. 

The first two reasons deal primarily with costs. The last reason 

presented the RT with the greatest problem. If the discharge was too small 
to have an appreciable impact, then requirements for treatment would also 
be reduced. Therefore, the treatment systems selected would not be appli
cable at higher beneficial flows and very little might be demonstrated. We 
rejected a 0.5 mgd treatment plant as not being practical and used the 
model size of 3.0 mgd for the system size. 

The problem was to select a flow at which benefits and impacts could 
be derived and measured, without creating significant environmental and 
cost concerns. A flow size that could be implemented and would provide 
impacts and benefits without significant risks. 

The effects of different levels of treatment at various flows were 
made using the water quality model. The levels of treatment selected by 
the RT represented treatment systems believed to be applicable to full-size 
facilities (see TN-S for details). Only the two higher levels of treatment 
were selected as satisfactory. The difference in water quality impacts 
between these levels of treatment became noticeable at flows in the 2- to 

4-mgd range. 

A flow of 3 mgd was selected as an initial size for a reuse facility. 
A flow in this range could provide significant benefits in terms of flow 
augmentation, allow for some economies of scale, and represent a system 
which could be expanded or upscaled. 
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The water quality model data indicated this treatment level would be 
acceptable for flows as high as 7 to 10 mgd without major modifications. 
Therefore, the processes selected can be expanded directly. 

A review of the findings and proposed recommendations of a separate 
previous study, Wastewater Collection System Analysis - City of Abilene 
(rvlay 1987), al so was made. The report recollll1ended a new wastewater treat
ment plant located on the westside of Abilene in two phases; 3 mgd (initial 
capacity) and 7.0 mgd (final capacity). This plan eliminated many of the 

concerns facing the RT. 

The proposed sizing and phasing of the recommended WWTP matched the 
needs of the water reuse facility identified by the RT's modelling efforts. 
Substantial cost reductions could be realized by integrating the water re
clamation treatment needs into the design of the previously recommended 
wastewater treatment plant. Therefore, the focus of the research project 
was directed towards the possibility of utilizing the plant reco~nended for 
the westside of Abilene, for water reclamation. Since no specific site had 
been reco~nended for this plant and its water reclamation effectiveness 
would be equal regardless of which tributary to Lake Fort Phantom Hill it 
discharged to, it got identified as the Tributary WWTP alternative. 

COST COMPARISON OF TRIBUTARY WWTP VERSUS HAMBY FACILITY 

At the time the decision was made to focus on the Tributary facility, 

no cost analysis was made, since it was the RT's opinion that the costs 
were significantly in favor of this option over the Hamby Facility. It is 
important to note that the water quality model assumes that discharges in 
the tributaries of LFPH are the same as direct discharges. Therefore, the 
selected treatment processes would remain essentially the same under either 

scenario. 
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A cost comparison for a comparable facility is presented in Table 
7A-I. 

The principal advantages of locating the water reuse facility at the 
Hamby WWTP are primarily: 

o 

o 

o 

The centralization of operation. 

An economy of scale in conventional treatment unit process; i.e., 
primary clarifiers. 

Elimination of the need to transport sludge through the collec
tion system. 

The advantages of the Tributary location of the water reuse facility 
are primarily: 

o 

o 

o 

o 

o 

Less costly, savings of $8 to 10 million. 

Discharge at a pOint further from LFPH; more publically accept
abl e. 

Supports a system which el iminates overflow of waste'liater in the 
collection to the tributaries of LFPH. 

Provides a discharge which is of equal or better quality than the 
urban runoff presently in the tributaries. 

Greater compatibility with the nonpotable water system. 
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Table 7A-l 

Cost Comparison Between Hamby and Tributary Location 
Abilene Water Reclamation Research Project 

Phase 1 Improvements (1992)1 

a. 3.0 MGD AWT 
b. AWT O&M (NPW)34 
c. Infrastructure 

Non-Potable System 
Non-Potable 0&1-1 (NPli)3 

d. 
e. 

Sub-Total 

Phase 2 Improvements (1998) 

a. 4.0 MGD AWT Expansion 3 
b. AWT Expansion ~&M (NPW) 
c. Infrastructure 
d. Non-Potable System 3 
e. Non-Potable O&M (NPW) 

Sub-Total 

(Mi 11 ions $) 

Hamby Location 

$ 5.552 
2.31 

25.915 3.15 
0.25 

$37.17 

$ 5.792 

2.89 
20.255 0.83 
0.12 

$29.88 

Net Present Worth (1987 Dollars)6 $38.12 

Notes 

Tributary 
Location 

$10.12 
4.52 
9.99 
0.57 
0.50 

$25.70 

$ 9.66 
5.20 

11.03 
1.60 
0.20 

$27.69 

$29.37 

1. Phase schedule years from Wastewater Collection System Analysis, May 
1987. 

2. Based on preliminary treatment (screening, grit removal, primary clari
fication) and other systems being provided by existing facilities. No 
redundancy and equalization would be needed. 

3. Net Present Worth based on (PIA 20, 8%) 

4. From Table 5.6 Wastewater Collection System Analysis, May 1987 

5. Based on piping Hamby WWTP effluent to proposed nonpotable system. 

6. Net Present Worth based on (P/F, 5, 8%) and (P/F, 11, 8%) 
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For these reasons, the RT chose to concentrate the focus of the pro
ject on reclaiming water from wastewater at a tributary WWTP. 

TM-7A addresses the questions posed at the October 15, 1987 PAC meet
ing on the draft report concerning what are the costs and advantages of 
constructing a reclaimed water facility at the proposed Tributary WWTP, and 
the request by the Texas Water Development Board to provi de an economic 
comparison based on total sytsem costs. 

SUMMARY 

Basic conclusions of the RT was that: 

o 

o 

o 

An optimum reuse facility should be 3.0 mgd. 

Tributary location is preferable to a Hamby location, primarily 
because of difference in cost. 

Tributary location is "cleaner" in planning, design, and con
struction of a reuse facility. 
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INTRODUCTION 

ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 8A 

BENCH SCALE STUDY - HIGH LIME AND ALUM COAGULATION 

Principal Author: Raymond R. Longoria, P.E. 

Bench scale studies were conducted at the Hamby Wastewater Treatment 
Plant (WWTP) in Abilene, Texas during the week of August 3, 1987 to deter
mine the response of Hamby WWTP secondary effluent to chemical treatment. 
The bench-scale studies included treatment of unchlorinated, secondary 
clarifier effluent with lime and alum independently. The performance of 
these chemicals were evaluated by measuring the removal of hardness, TOC, 
phosphorous, turbidity, TDS metals and other water constituents. These 
studies were conducted using a six-paddle Phipps and Bird variable speed 
jar test machine for coagulation and flocculation. After optimum pH for 
lime was established, a larger scale test was run and a sample collected to 
confirm viral reduction. All laboratory analysis was performed by City of 
Abilene staff at the Northeast WTP laboratory, except for TOC and TDS which 
was run at the Hamby WWTP lab. 

SAMPLE SOURCE WATER 

Unchlorinated wastewater was needed as subject water for the testing. 
Since the point where the effluent from the three clarifiers joined was 
chlorinated, the sample water was drawn from the outfall box at Clarifier 
No.2. This included effluent from both Clarifiers No. 1 and 2. It was 
assumed the effluent from these two was representative of the total plant 
effluent. 

The average characteristics of the secondary effluent at this pOint in 
the process were as follows: 
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Parameter 

Temperature (OC) 
pH 
Total Alkalinity (as CaC0 31 
Total Hardness (as CaC03) 
Calcium Hardness (as CaC03) 
Magnesium Hardness (as CaC03) 

Conductivity 
Total Organic Carbon 
Ortho-Phosphate (as P) 

Turbidity 

Feca 1 Co 1 Horm 
TDS 

LIME TREATMENT 

Range of Values 

24-27 
6.9-7.0 
194-220 
260-272 
173-184 
79-90 
1300-1400 
10.4-11. 0 
7.0-8.0 

2.6-4.7 
TNTC (1:10 dilution) 
838-876 

Bench scale studies with lime addition were begun by establishing the 
relationship between the lime dosage and the pH of the wastewater. Known 
increments of a stock solution of lime was added to the wastewater and the 
pH measured. A lime dosage - pH curve was developed relating the lime 
dosage required to reach a given pH. A new stock solution of lime using 

CaO was prepared. Although a Ca(OH)2 stock solution was requested it was 
not available. The water used for preparing the lime was boiled for 5-10 

minutes to purge CO2 from the deionized water. A stock solution of 10 gm/l 
was prepared. Subsequently a 4 gm/l and a 20 gm/l stock solution were 
prepared. During the lime addition, both the stock solution and the sample 
were kept mixed to keep the lime in solution. A composite lime dosage - pH 
curve of the three runs is given in Figure 8A-I. 

This was followed by a general settling test to identify an adequate 
sedimentation time to be used in the subsequent jar tests. 
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A standard six-paddle Phipps and Bird gang mixer with an illuminated 
base was utilized. Standard size 1500 ml circular beakers were not avail
able and 2000 ml beakers were substituted. The standard 1 liter sample 
did not adequately submerge the paddles in the 2 liter beakers. A 2000 ml 
sample was used in the sedimentation tests and 1500 ml samples were used in 
the remaining tests. At a rapid mix time of 1.5 minute at top speed and 
flocculation of 7.5 minutes at 30 rpm, sufficient sedimentation occurred by 
20 minutes. 
tests. 

This was used as the sedimentation time for all subsequent 

Hardness Reduction. The subject water had an average hardness of 266 

mg/l (as CaC03) and average alkalinity of 207 mg/l (as CaC03). The 
presence of almost 60 mg/l of non-carbonate hardness would suggest only a 
moderate total hardness reduction might be expected. 

Three series of jar tests were run to determine the pH at which the 
optimum hardness reduction occurred. The first series included pH's rang
ing from 10.8 to 11.2 but was found to not be broad enough to determine an 
optimum pH. The subsequent test pH's ranged from 10.2 to 11.2 and an opti
mum point was established. The third series spanned from 10.4 to 11.2. 
Figure 8A-II shows the results obtained from all three test runs. 

Both total hardness and calcium hardness reached a minimum value at a 
pH of about 10.6 -10.8. The magnesium hardness reached a minimum and 

leveled off at around 16.0 mg/l (as CaC03) at a pH of 11.0. Despite a de
fined minimum point in hardness, the hardness value was not reduced signi
ficantly. The average hardness of the untreated secondary effluent was 268 
mg/l while the average minimum after high lime addition was 197 mg/l, a re

duction of 71 mg/l (as CaC03). Addition of soda-ash to remove the non
carbonate hardness would be required to achieve lower hardness levels. 
Even at 197 mg/l, the hardness is less than the historical 232 mg/l hard

ness in Lake Fort Phantom Hill. 
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Total Dissolved Solids. TDS removal paralleled the hardness reduction 
as can be seen by the TDS reduction curve on Figure 8A-II. The effect on 
TDS is shown as TDS reduction opposed to the absolute value, to better 
illustrate the quantitative effect. The TDS of the untreated product water 
ranged from 838 to 876 mg/l. The maximum removal occurred at a pH of 10.6 
to 10.8, similar to the point of maximum hardness removal, as would be ex
pected. For water similar to the sampled water, the test results indicate 
a reduction of about 260 mg/l or 30 percent of TDS can be expected at a pH 
between 10.6 and 10.8. This produces an effluent that is marginally (10 
percent) higher than the historical TDS levels in the lake. 

Total Organic Carbon. The TOC concentration of the untreated subject 
water ranged from 10.4 to 11.0 mg/l. This is consistent with the histori
cal WWTP data reviewed. As expected, removal of TOC increased as pH was 
increased, but it leveled off beyond a pH of 10.8 to 11.1. The maximum ob
served TOC reduction as shown on Figure 8A-II was about 40 percent. 

Phosphorous Removal. Review of the ortho-phosphate and total phos
phorous analyses since March of this year indicated ortho-phosphate con
stituted over 80 percent of the total phosphorous. To simplify laboratory 
analysis, phosphorous removal was monitored by tracking the ortho-phosphate 
reduction. It was assumed that the majority of the phosphorous present was 

in the form of a 0-P04 and poly phosphates and organic phosphates (or total 
phosphorous) would have comparable reductions. The samples were filtered 
through a 0.45 um filter to remove any suspended forms of phosphorous. 

Since phosphate removal increases with increasing pH and improves in 
high alkalinity waters it was expected that good phosphorous removal would 
be observed. The soluble ortho-phosphate concentration was less than 0.1 
at all pH's greater than 10.2. Unfortunately not enough low pH samples 
were tested to plot a curve depicting the removal from normal pH (6.9) up 
to 10.2. The curve shown on Figure 8A-II reflects the data reported and is 
extrapolated to lower pH's using the typical phosphorous removal curve in 
WPCF MOP No.8. 
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Metals Removal. Metals removal by lime treatment was not examined in 
detail in the jar test runs, but metals were run on two series of the lime 
jar tests to determine general performance. The tests performed indicated 
favorable results, with removal of zinc, barium, iron, manganese and mag
nesium in excess of 86 percent at pH's above 10.6. Other heavy metals 
were also analyzed, such as arsenic, mercury, selenium and cobalt with none 
detected in the treated or untreated samples. Since many metals are in
soluble at the pH range tested it is expected that good metals removal will 
result with high lime treatment. 

Other Consideration. At the optimum pH range of 10.6 to 10.8 the floc 
formation was rapid and a large heavy fast settling floc was produced. 

Despite the quick forming and initial good settling, some fine particles 
remained suspended even after 25 minutes of settling. This tended to pro
duce higher turbidities than expected. Turbidity of the untreated samples 
ranged 2.6 to 4.7. The turbidities of the lime dosed samples exceeded 2.0. 
Only the turbidities of the third series of lime samples reached a minimum 
below 1.0. This may have been the result of supernatant withdrawal techni
que or excessive agitation since samples had to be transported to the 
Northeast Water Treatment Plant for turbidity measurements. 

Above pH 10.4 fecal coliform removal was complete. The untreated 
samples, at a 1:10 dilution had an f. coliform level that was too numerous 
to count. The count dropped to 10 per 100 ml at 10.4 and zero at all pH's 

above 10.4. 

Color reduction determinations were not made. Qualitative visual ob
servation indicated that the color in subject water was reduced by the high 
lime treatment. 

There had been a concern that the results of the lime testing might 
not be applicable when Hubbard Creek Reservoir water was being used to sup
plement the potable water supply. Hubbard Creek water is historically 
higher in TDS. The secondary effluent TDS values at Hamby WWTP during the 
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most recent period that Hubbard Creek water was being used were reviewed. 
Although the average values tended to be higher, no values were found that 
exceeded the range of TDS values when only Lake Fort Phantom Hill water was 
used. The results of the testing done now should be valid even during the 
periods that Hubbard Creek water is used as a potable water supply. 

LIME FIELD TEST 

On August 11, 1987, followup testing was performed on a large sample 

volume. The purpose of the test was to dose a sample to optimum pH (10.6 to 
10.8) and analyze the viral and bacterial reduction. Approximately 150 
gallons of secondary clarifier effluent was pumped into a rectangular con
tainer. A lime dosage - pH curve was prepared for the new stock lime solu
tion. A dosage of 3600 ml of 2% lime was calculated to be required to 
raise the pH of the 150 gallon sample to 10.8. During the field test the 
initial dosage brought the pH to only 10.05. An additional 2000 ml was 
added which brought the pH to 10.6. After mixing, using a chemical mixer 
and the portable pump, flocculation and settling, 100 gallons of the super
natant was collected and then concentrated by the field crew from the 
Baylor College of Medicine (BCOM). This sample and a sample of the un
treated subject water were to be analyzed for virus concentration, by BCOM. 
The results are expected in September 1987. 

A separate sample of approximately 6 gallons was collected for analy
sis of microorganisms identified by the State for analysis. These samples 
were delivered to the Fairleigh-Dickinson Laboratories in Abilene. 

The remaining sample was inadvertently discarded before a sample could 
be drawn for running the parameters of the previous week. 

Recarbonation. A sample of subject water was dosed with lime to raise 

the pH to 11.0, was mixed, flocculated and allowed to settle. A 500 ml 
quantity of supernate was drawn to identify the neutralization character
istics of the treated wastewater. A titration curve using H2S04 was pre-
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pared and is shown in Figure SA-III. To lower the pH using carbon dioxide 
would require dosages similar to those of the CO2 curve shown on Figure 
SA-III. 

ALUM TREATMENT 

Two series of jar tests were run using alum (aluminum sulfate) rather 
than lime on the same subject water. Again, 2 liter beakers and 1500 ml 
samples were used with mixing and flocculation accomplished using the 
Phipps Bird mixer. The alum dosages ranged from 40 to 100 mg/l. An opti
mum dosage of about 65 to SO mg/l of alum was observed for TOC removal. Re
duction of TOC averaged about 20 percent in this range with a maximum re
duction of 24 percent. Although higher removals were expected, the begin
ning TOC level of the subject water was relatively low (10-11 mg/l) and may 
explain the low removal percentages. 
shown in Figure SA-IV. 

The TOC values and reductions are 

The observed phosphorous reduction using alum was good despite the 
high alkalinity of the wastewater. The soluble phosphate levels dropped to 
less than 1.0 at concentrations of only SO to 90 mg/l of alum. The minimum 

value noted was 0.56 mg/l P04 (as p) at an alum dosage of 93.3 mg/l. Ob
serving the trend of the curve on Figure SA-IV it is expected that meaning
fully lower values could be expected at increased dosages. 

Turbidity removal was also good. Dosages of sufficient strength to 
reach an optimum turbidity removal were not tested. It appears that tur
bidity removal to a value less than 0.7 NTU could be expected and the re
quired dosage would be around 100 mg/l. 

CONCLUSIONS OF BENCH-SCALE TESTS 

Lime treatment of the secondary effluent at the City of Abilene's 
Hamby WWTP were similar to results found in the literature and observed at 

TMBA-7 



) 

FIGURE 8A-m 

CARBON DIOXIDE REQUIREMENTS FOR NEUTRALIZATION OF 
HIGH LIME TREATED SECONDARY EFFLUENT 

10 

9 

8 

." 
r.1 

6 

5 

4 

3 
o 

HAMBY WWTP - ABILENE, TEXAS 

-~ 
"" " 

"" \ 
1\ 

I 

\ 
\ 

NOTE: CURVE CALCULATED FROM \ T~rATION USING 0.72 N 
H 0 4 , 
100 200 300 400 500 600 

CARBON DIOX I DE (mg / I ) 



..J 

~30 
o 
~ 20 
0: 

o 10 o 
~ 

f!. 0 

3. 1 

2.9 

-

\ 
\ 

1\ 

I I 

/'" 
% Toe REMOVAL 

~ 
" I ------ :---- -1"'-_ 

2. -~ 
CIt 2 . 
c 

7 

\ e. ... 
-_ 2. '2 

...... 

~2 
w 
~ I. 
ex 
:J: 
~ I. 
C/) 

.1 

9 

7 

~ I. 5 
~ 

I I. 
o 

3 
.s::. -~ o 

.1 

o. 9 

o .7 

.: .... o 

" 

40 

\ k'0rtho - PHOSPHATE-~ 

\ \ 

" "-" '\ ~ 
"-

" 1.3 'J, 
............. ~TURBIDITY OF SETTLED WATER ~ ......... 

>-
1.1 ~ 

o 
0.9 III 

'0: 
'::J 

0.7~ 

so 

1 
............. r--- , ....... 

O.S 
60 70 80 90 

AL (504), mg/ I 
FIGURE SA-IS[ 

ALUM TREATMENT OF 
HAMBY WWTP EFFLUENT 



full-scale AWT plants in this country. A good settling dense floc occurred 
at a wide range of pH's (10.4 to 11.0). 

At a pH of 10.6 to 10.8, TOC reduction is approximately 40 percent, 
phosphorous is reduced to less than 0.1 mg/l phosphate (as P), the total 
hardness is reduced by approximately 70 mg/l, and a TDS removal of about 
260 mg/l. Metals and fecal coliform reductions were also observed. 

The TOC reduction was good considering the beginning TOC was rela
tively low. Finished TOC's of approximately 7.0 mg/l were observed. The 
phosphorous removal exceeded anticipated values. Soluble phosphate concen
trations less than 0.1 mg/l (as P) occurred at pH's as low as 10.2. Al
though the majority of the hardness in the wastewater is carbonate hardness 
there is appreciable non-carbonate hardness. Accordingly, only marginal 
hardness reduction can be expected, although TDS removal is significant. 

Approximately 400 mg/l of lime as CaO was required to produce the de
sired pH. 

Alum treatment was found to be effective in removing phosphates to a level 

below 1.0 mg/l (as P) at a reasonable dosage level. However, TOC removal 
was only one-half of what occurred in the lime treatment. Acceptable tur
bidity removals were observed and TDS on the one series run showed no mean
ingful increase. Approximately 75 mg/l of alum was required to produce the 
effects described. 
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ABILENE RECLAMATION RESEARCH PROJECT 
Technical Memorandum 8B 

BENCH SCALE STUDY 
NITRIFICATION/DENITRIFICATION 

Principal Author: Tom Simpkin, P.E. 

This memorandum briefly describes the procedures for and the results 
of the nitrification/denitrification bench scale tests performed on August 

5 and 6, 1987 at the Hamby Wastewater Treatment Plant (WWTP). 

PURPOSE 

The discharge of WWTP effluent from a possible Westside plant or from 
the Hamby plant to Lake Fort Phantom Hill for eventual reuse, will require 
at least partial nitrogen removal. As discussed in Technical Memorandum 6 
(TM 6), both ammonia and nitrate may have to be removed. Denitrification, 
the process of nitrate removal, also provides a number of process advant
ages. More information on nitrogen removal can be found in Technical Memo
randum 7 (TM 7). 

The design of activated sludge systems for nitrification and denitri
fication is typically based on the solids retention time (SRT) and assump
tions of the rates at which these two reactions will occur. However, it is 
often difficult to acccurately predict the rates at which nitrification and 
denitrification will occur. To refine the process of designing the acti
vated sludge system for nitrification and denitrification, bench-scale 
batch nitrification and denitrification tests were conducted with the mixed 
liquor and the wastewater at the Hamby WWTP. The rates determined from 
these test will be used as an aid in designing the nitrification/denitri
fication activated sludge systems. 
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PROCEDURE 

Relatively simple batch procedures were used for the tests discussed 
here. For the denitrification tests, mixed liquor, return sludge, and 
primary effluent samples were combined in various ratios. The samples were 
mixed at a slow speed, spiked with nitrite and sampled for nitrite periodi
cally over about two hours. The rate of decrease in nitrite concentration 
with time was taken as the rate of denitrification. The suspended solids 
concentration of the sample was also determined in order to express the 
rate as a specific rate. 

Four different ratios of wastewater to mixed liquor were used for the 
denitrification rate tests and are listed below: 

Run Wastewater/Mixed Liquor 

lA 1.0 
1B 0.5 
2A 0.33 
2B 0 

These four ratios cover the possible range of nitr~fied mixed liquor 

recycle rates that would be used in the full scale installation. Only 
one ratio of wastewater to return sludge was used for the nitrification 
rate test. Since the rate of nitrification is not a function of the 
organic wastewater strength, as denitrification is, there was no need to 
perform more than one test. 

For the nitrification rate test, samples of return sludge and primary 
effluent were combined and then aerated for approximately 4 hours. Samples 
were collected periodically and analyzed for ammonia. The decrease in am
monia concentration over time was taken as the rate of nitrification. 
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RESULTS 

Denitrification 

The results of the denitrification rate test are presented in Figures 

1 and 2. For Runs lA and 2A the rates were fairly linear until the nitrate 

concentrations became less than 1 mg/l. Runs 2A and 2B, for some unknown 

reason, had a lag of 30 minutes before denitrification proceeded. Similar 

results have been observed in other denitrification rate tests at other 

plants. 

The specific rates of denitrification calculated from these results 
and corrected to 20 degrees C are summarized below: 

tion: 

Run 

lA 
IB 
2A 
2B 

Specific Rate 
Wastewater/Mixed Liquor 

1.0 
0.5 
0.33 
o 

(mg N0 2/g VSS-hr) 

3.94 
2.75 
1.64 
0.56 

The above rates were corrected to 20 degrees C by the following equa-

R
t 

= R
20 

* 1.08 (t -20) 

These rates are well within the range of rates that have been observed 

at other wastewater treatment plants, and provide a good basis for the de

sign of the anoxic basins. 

Figure 3 presents the relationship of the specific rate of denitri

fication observed and the ratio of wastewater to mixed liquor. As is ex

pected, the rate increases as this ratio increases. The genal relationship 

expressed in Figure 3 has been observed at other wastewater treatment 
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facilities. This relationship can be used to estimate the effect on the 
rate of denitrification of varying the rate at which mixed liquor is re
cycled to the anoxic basin. 

Nitrification 

Figure 4 presents the results of the nitrification rate test. As is 
expected, the ammonia concentration decreased in essentially a linear 
fashion. The rate observed in this test was 0.04 g NH 3/g VSS-day when cor
rected to 20 degrees C. This rate is rather low in comparison to values re
ported in the literature. The low rate may be a result of a number of fac
tors, including a low population of nitrifiers or the presence of toxic 
compounds. If the population of nitrifiers was low compared to other 
nitrifying activated sludge systems, the volatile suspended solids would 
contain a smaller fraction of nitrifying microorganisms, and would thus, 
result in a lower specific rate. 

The rate determined in this test must be used in conjunction with the 
minimum SRT for nitrification as the basis for design of the activated 
sludge systems at the proposed Westside WWTP or Hamby WWTP. The volume of 
the aerobic basin should be determined based on the minimum SRT for nitri
fication. This volume should then be checked with the rate of nitrifica
tion determined in the batch test. If the volume is not large enough to 
remove the ammonia to the desired concentration, a larger volume should be 
used. 
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ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 9 

RECOMMENDED PLAN 

Principal Author: David Lewis, P.E. 

I NTRODUCTI ON 

Techni ca 1 14emorandum No. 9 (TII1-9) presents the research team's fi nd
ings, conclusions, and recommendations for the Abilene Water Reclamation 
Research Project. The basic topics addressed in TM-9 are as follows: 

o 

o 

o 

o 

o 

o 

Water Qual ity 
Facility Types and Needs 
Implementation Needs 
Why Water Reuse for Abilene 
Specific Recommendations for Abilene 
Specific Recommendations for TWDS 

WATER QUALITY 

Water quality recommendations are based on the development and analy-
sis of historic and current water quality data, 
health effects, and State and Federal regulations. 
is presented in greater detail in the following TM's: 

o 

o 

o 

TM-4, Water Quality Assessment 
Tt1-5, Water Qua 1 i ty Mode 1 i ng 
TM-6, Water Quality Criteria and Goals. 

modeling projections, 
This data and analysis 

Historic water quality data was supplemented with a current monitoring 
program to provide a broad baseline of v/ater quality data, to which com-
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parisons can be made. A water quality model was developed and calibrated 

to historic and current data to allow for projections of changing condi
tions. Using this model, projections of future water quality based on 
various flows and levels of treatment were made. 

As explained in the following paragraphs, it was found that water 
quality goals and regulations can be met by providing advanced wastewater 
treatment with nutrient removal for a plant discharging to Lake Fort 
Phantom Hill (LFPH) or its tributaries. 

Level of Treatment Reguired 

Three levels of treatment to meet the water quality goals were se
lected for comparsion. These levels ranged from systems that combine many 
of the aspects of both advanced wastewater and water treatment processes 
with near full nutrient removals (designated Type A herein), to advanced 
tertiary wastewater treatment with some nutrient removal (Type B), to ad
vanced tertiary wastewater treatment with limited nutrient removed (Type 
C). The effects of discharge flows from 3 mgd to 17 mgd on LFPH were pre
dicted by use of the model. Because of the short travel times (less than 24 
hours) in the tri butari es to Lake Fort Phantom Hi 11 (LFPH) it is the 
opinion of the research team that discharges into LFPH or its tributaries 
should be treated as discharges into LFPH for modeling purposes. Due to the 
high levels of treatment selected, no violations of the water quality stan
dard in the tributary are projected. 

Based on these evaluations, it was determined that Type A treatment-
nutrient removal-- is required for flows greater than 3.0 mgd and that Type 
A and B treatment levels are acceptable for flows less than 3.0 mgd., pri
marily due to the need for phosphorous control. Phosphorous control is 
important to prevent eutrophication (Algal growth) in LFPH. In a compari
son of treatment costs, water quality, and health effects, the Public Advi-
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sory Committee (PAC) indicated a preference for Type A treatment for dis
charges into Lake Fort Phantom Hill and/or its tributaries. However, at 
flows of 3 mgd or less, Type B treatment is acceptable. Variation from 
these limits may be considered, if more detailed model and sampling was 
conducted to justify it. 

Recommended Discharge Standards 

Specific recommendations for key parameters are as follows: 

Nutrients 

Treatment Parameters 

Chemical and Biologial Parameters 

Phosphorous discharge levels should not ex
ceed 0.2 mg/l at flow greater than 3.0 mgd 
and 2.0 mg/l at flows less than 3.0 mgd. 
Ammonia discharge levels should not exceed 
2.0 mg/l to prevent toxicity to the fishery 
in the tributaries or at the discharge 
point in LFPH. Nitrate levels should be 
closely monitored, since modeling indicates 
that LFPH has marginal ability to cleanse 
itself of this compound. At flows greater 
then 3.0 mgd, nitrate discharge levels 
should not exceed 10 mg/l. 

The following conventional treatment para
meters should be adhered to: 
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Toxics Parameters 

Microbiological Parameters 

Parameter <3.0 mgd >3.0 mgd 

BOD 5 mg/l 5 mg/l 
TSS 5 mg/l 5 mg/l 
Ammonia 2 mg/l 2 mg/l 
Nitrate 10 mg/l 25 mg/l 
D.O. 5.0 mg/l 5.0 mg/l 
NTU 2.0 mg/l 2.0 mg/l 
pH 6.5-8.5 6.5-8.5 

Discharge levels should meet the i'1ean Con-
taminant levels (MCl's) and Recommend Hean 
Contaminent levels (Rr4Cl' s) for drinking 
water standards in lFPH. 

The discharge levels for viruses should be 
less than one plaque forming unit (PFU). 
The specific discharge goal for individual 
parasitic organisms is undefined due to 
lack of specific long-term data, but 
general goal of a discharge free of para
sitic organism is recommended. The dis
charge level for coliform bacteria should 
be 2.2/100 ml. A level of 100/100 ml is 
acceptable on some stream tributaries of 
lFPH. 

The water quality discharge recommendations presented here are site 
specific for lFPH. While they may serve as a guide for other sites in the 
state, site specHi c data and model i ng are recommended for every s i mil ar 
project undertaken in the state. 
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FACILITY TYPES AND NEEDS 

TM-7, Process Selection, and TM-8, Benchscale Testing, present in 
greater detail the topics of process evaluation, operation, capital and 
operational cost, and background data. Results are sunmarized below. 

The processes evaluated ranged from various biological processes to 
phys i ca 1 and chemi ca 1 treatment processes. The recoJmllended sys tern, "A 1 urn 
with Biological Phosphorous" contains the following basic processes: 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Prel iminary Treatment, Screening and Grit Removal 

Primary Settling, Clarification 
Biological Treatment, Activated Sludge Nitrification 
Phosphorous Removal, combination of both Biological and Chemical 
De-Nitrification, Biological Treatment 

Coagulation, Alum Treatment 
Cl a rifi ca ti on 
Filtration 
Disinfection, Chlorination (Breakpoint Capabilities) 
Dechlorination 
Post Aeration 

The capital cost for a system at 3.0 mgd is estimated to be approxi
mately $10-12 million dollars with an operational cost of $400,000 per 
year. For comparsion, an advance wastewater treatment plant (15/5/3, BOD/ 

D.0./NH3) has an estimated capital cost of 9-10 million dollars and an ope
rational cost of $250,000 to $300,000 per year. 
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Primary Alternative Considered 

The primary alternative to the selected process is a system using 
High-Lime with re-carbonation. 

The High-Lime system has several advantages over the "Alum with Bio
logical Phosphorus" system, primarily: 

o 

o 

o 

Reduction instead of increase in Total Dissolved Solids (TDS) 
concentration 

High disinfection capabilities, 
Chl ori ne 

High levels of metals removal 

using two methods-- ph and 

The High-Lime system may be the system of choice at flows greater than 
7-10 mgd because of TDS reduction capabilities. Modeling indicates that TDS 
concentration in LFPH does not exceed recommended standards under normal 
inflow conditions. At discharge flows greater than 7-10 mgd, Texas surface 
water cri teria will be exceeded more frequently. Due to the length of time 
needed before implementation of a system with flows in this range it was 
not considered a significant factor in initial selection. If a system 
greater than 10 mgd was to be implemented and the water quality monitoring 
confirmed the modeling, then modifications to the selected system by con
version to High-Lime. 

The High-Lime system was not selected primarily because of: 

o 

o 

o 

High capital and operational cost 
Higher operational needs and staff training 
Requires complex sludge handling and disposal 
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The recommended system accomplishes many of same goals of Hi-Lime at 
less cost and with lower complexity. 

All alternatives evaluated represent a high degree of treatment and 
subsquently produce high quality waters. The recommended treatment system 
provides a combination of advantages including costs (capital and operatio
nal), operational capabilities, effluent quality, and system fexibility. 

Two unit processes not included were a carbon system (granular acti
vated carbon--GAC--or powered activated carbon--PAC) and a membrane system 
(Reserve Omosis or EDR). 

A carbon system was not included primarily because the monitoring data 
indicated no abnormal amounts of organic pollutants in the existing waste
water treatment plant effluent. Other proposed unit operation processes 
(coagulation, filtration, post-aeration) will increase normal organic re
moval rates as compared to existing wastewater system. A major portion of 
the natural drainage to LFPH consists of an urban area. The research 
team's opinion is that the discharge from the proposed water reclamation 
facility may be of better or comparable quality than the existing urban 
stream flow. As Abilene grows and the requirements of the Safe Drinking 

Water Act become more defined, it is anticipated that upgrades to the water 
treatment plant may be required. Therefore, the location of either of these 
processes (carbon or membrane) would be more effectively utilized in con
nection with the water treatment plant, if needed. The need for carbon or 
water treatment process combination in lieu of carbon (ozone and air strip
ping) should be addressed through a pilot plant operation at the water 
treatment plant. If a reclamation system greater than 7 mgd is proposed to 
be implemented, then a piloting facility should be considered prior imple

mentation. 
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Abilene Specific Needs 

Abil ene's exi s ti ng water and was tewater sys telOs are under i ncreas i ng 
pressures to expand and upgrade treatment levels. These pressures are from 
primarily two sources: (1) past and future population growth, and (2) in
creased regulation of water quality standards. 

Abi 1 ene has addressed these needs by expandi ng and upgradi ng i ts \~ater 
and wastewater treatment plants and sources of supply. Abilene has re
cently completed an expansion and upgrade to its Hamby WWTP and has com
mitted to further upgrades in the near future. Abilene is presently de
signing and constructing additional water supply pipeline from Hubbard 
Reservoir and has committed to the construction of Stacy Reservoir. 30th 
of these improvements will increase Abilene's water supply. The water 
treatment facilities will be evaluated as requirements for the Safe Drink
ing Water Act become available. 

Abil ene has recently commi tted i tse 1f to the expansi on of its waste
water systems. This evaluation was performed under a separate study. This 
expansion calls for increasing the hydraulic capacity at Hamby WWTP-- from 
13.4 to 18.0 mgd. Also the design and construction of a new WWTP on the 

westside of Abi lene will alleviate sewer system flows from the west and 
southside, therefore increasing downstream capacity of the sewer system and 
eliminating sel'ier overflows. This Westside WWTP is scheduled to be de
veloped in two phases. The first phase will be at an average daily flow of 
2.4 mgd and the second at 5.6 mgd. Since this westside facility would need 
to meet many of the treatment requirements of a full water re-use facility 
or pump its discharge to another drainage basin, it provides a unique op
portunity for Abilene, to address its water supply needs concurrently with 
its wastewater needs. 
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If Abilene chooses to proceed with the Westside WWTP as a Tributary 
Water Reclamation Facility, some of the advantages and disadvantages would 
be: 

Advantages 

o 

o 

o 

o 

o 

o 

The initial size--2.4 mgd avg. daily flow-- would allow for imple
mentation without major impacts on LFPH or its drinking water. 

Abilene would gain operational and cost experience prior to large
scale implementation of water re-use facilities. 

The cost of implementation would only be the marginal cost between 
a WWTP and a water reclamation facility. 

Approximately 1750 acre-foot or 1.6 mgd water supply would be 
created by the project. 

The proposed system would be compatible with the non-potable 
system and allow for a reduction in water demand, and therefore 
cost savings. 

Location of a water reclamation facility on a tributary more than 
10 miles from LFPH of a size less than 3.0 mgd would allow for de
monstration of water re-use without the problems associated with a 
large scale facility discharging directly into LFPH. 

Disadvantages 

o Implementation would increase capital and operational cost of the 
Westside facility. 
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o 

o 

Public confusion regarding the differences between a Westside WWTP 
and a tributary water reclamation facility might delay imple
mentation of needed wastewater systems. 

Immediate requirements to proceed with improvements to Abilene's 
wastewater system, might not allow for adequate time to develop 
public acceptance for a water reclamation facility. 

Additional Needs 

Abilene should consider developing a piloting facility to evaluate the 
need for future treatment processes at the Northeast and Grimes WTP. The 
Safe Drinking Water Act may require the upgrade of these WTP's. Imple
mentation of piloting studies within the next few years might allow Abilene 
to reduce its cost of upgrading its water treatment plants. These studies 
might consist of a full-scale granular activated column, ozone with air 
stripping, and powder activated carbon with air stripping. 

IMPLEI4ENTATION NEEDS 

If Abilene commits to proceed with a water reclaiming facility, the 
reco~nended implementation needs are as follows: 

Public Acceptance Program 

The general public preception of water re-use projects is a positive 
one. In its general concept, its depiction is the most difficult portion 
of a public acceptance program. The connection between wastewater and water 
is not one that the general public desires to make. To ask the public to 
accept wastewater as a direct water source is a "difficult sell". It nor
mally requires a public information and relations campaign to convince the 
public of this type of concept. The acceptance of water re-use through sup-
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plementation of existing water supplies has also been demonstrated in the 
state at El Paso. The public acceptance of non-potable use has been demon
strated throughout the nation and state. The development of a public in
formation and acceptance program should begin with this study. A public 
meeting was held to present the study conclusion, findings and recommendat
ion on February 23, 1988. The results of that meeting are presented in de
tail in TM-2. 

Pilot Plant/Facilities 

Abilene should consider developing a piloting facility to evaluate the 
need for future treatment processes at the Northeast and Grimes WTP. The 
Safe Drinking Water Act may require the upgrade of these WTP's. Imple
mentation of piloting studies within the next few years might allow Abilene 
to reduce its cost of upgrading. These studies would also assist in the 
planning for any future improvements to water reclamation facilities. 

Future Water Quality Monitoring Programs 

Abilene should continue with a water quality montoring program to pro
vide basic data on needs or performance in evaluating water quality effects 
of any program implemented or comtemplated. The monitoring program should 
continue with sampling locations both within the lake and its tributaries 
(including Clear Fork diversion). A proposed sample monitoring program is 
presented below: 

Parameter 

Metal Scan 
Nutrients 

Nitrogen(s) 
Phosphorus 

Frequency 

Bi -Annual 
Monthly, Runoff2 
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NOTES: 

TOC 
BOD 
TOH 
VOC 
Color 

Solids 
TSS 
TVSS 
TDS 

Hardness 
Al kal i nity 
Chlorides 
Chlorophyll a 
Algal Identification 
r>1i crobi 01 ogi ca 1 

Fecal Coliform 
Streptococcus 
Total Coliform 
Virus 
Parasitics 
TTHMFP 

Monthly 

r"'onthly 
Quarterly 
Quarterly 
Quarterly 

"lonthly, Runoff 

Monthly, Runoff 
Monthly, Runoff 

''''onthly, Runoff 
Monthly 
~lonthly , S,S,F 3 

~'onthly , Runoff 
Monthly 
Monthly 
Quarterly4 

Unknown5 

Quarterly 

(1) L- Lake, T - Tributaries 
(2) Run-off, measured during storm water flows 
(3) Spring, Summer, and Fall 

(4) Dependent on local capabilities 
(5) Dependent on need, to be determined 

L, T 

L, T 
L, T 
L, T 

L, T 
L, T 

L, T 
L, T 
L, T 
L 

L 

L, T 
L, T 
L, T 
L, T 

Unknown 
L, T 

It is estimated that a monitoring program of this type and frequency 
would cost approximately $30-50,000, if performed primarily by city forces 
and a local university. To eval uate the results and make recommendations 
to the City, it is recommended that a technical committee on water quality 
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be appointed to review the data. This committee should consist of local 
qualified persons, state or federal personnel from TDH, TWC, or EPA, and 
others as needed. The responsibility of the committee would be to advise 
the City of Abilene on water quality in LFPH. Therefore, provide assurance 
to the pub 1 i c an effect i ve water qual i ty protect i on program is bei ng 
achieved in any implementation of water reuse. 

Financing 

The financing need of this project and its impact on Abilene are pre
sented in TM-10. Abilene presently has numerous water and wastewater pro
jects proposed for implementation. The ability to finance this and other 
projects is a critical element in any implementation plan. 

Water Ri ghts 

This study does not evaluate the requirements, or needs rel ated to 
water rights in water reuse project, both general and specific. However, a 
specific recommendation was made to the Texas Water Development Board to 
study the problems associated with water rights on water reuse projects. 
If Abilene proceeds with implementation of a water recl amation facil i ty, 
the City should establish its rights to the increased water yield in LFPH. 
This is a complex problem and appropriate legal and technical representa
tion should be obtained by the City. 

Scheduling of Projects 

Figure 9.1 is a graphical presentation of West Central Texas Municipal 
Water District, (Abilene accounts 75-80% of WCTMUD), water supply versus 

TM9-13 



... ... ... ... , ... 
0:: 

~ ... 
o 

'" o 
z 
c( 

'" g 
:I: ... 

80 

70 

TRIBUTARY 
FACILITY 

.... 
IL 

!il NON-POTABLE ~ 
-g WATER SYSTEM

N 8 
w.n w N 
en I CI) t 

STACY RESERVOIR 

WATER SUPPLY 
INCREASE FROM 
RECLAMATION 

WATER DEMAND 

WATER 

HAMBY 
FACILITY 

.... 
IL 

:;!il 
"0 "'0 %0 
~'" 

~o ~§ 
~li! ~-~L-I ____________________________ --L ____________________________ ~ ____________________________ ~L___ ____________________________ L___ 

1990 2000 2010 2020 2030 

NOTES: 
I. SUPPLY AND DEMAND FIGURE 

ARE FOR WEST CENTRAL TEXAS 
TEXAS MUNICIPAL WATER DIS
TRICT (ABILENE REPRESENTS 
1S-80"4 OF TOTALl. 

YEARS 

2. PROJECTED WATER DEMAND 
IS FOR "QRY- YEAR USE 
APPROXIMATELY. 10"4 ABOVE 
NORMAL USE. 

FIGURE 9.1 

PROPOSED 
IMPLEMENTATION SEQUENCE 

WATER SUPPLY 
VERSUS WATER DEMAND 

L-___________________________________________________________________________ ~n~~~~ ft~n~I~UN~ Iwr -----------------------------------------------------------------------------------



water demand, for the next forty years. The following assumptions and con

ditions were used in development of Figure 9.1: 

o 

o 

o 

o 

Projected water demand curve assumes that Abilene's population 

grows is at 1% rate, other WCTMUD users at zero and/or less than 

1%. 

Projected water demand (lower) curve assumes that Abilene water 

conservation plan is in effect. 

Non-potable water system, phase 2 assumes implementation of a 1.5 

- 2.5 mgd system, no present water demand is specifically identi
fied at present for this demand. 

Projected water demand is based on a "dry" year, 10% greater than 

norma 1 . 

The effects of implementation of a tributary Phase 1 and 2 is that 

water supplies are created for 5-8 years of additional normal historic de

mand growth in Abilene. The effects of non-potable Phase 1 and 2 is to re
duce the water deamnd and therefore provi de an a ddi ti ona 1 4 to 6 years of 

normal growth in demand without additional water supplies. The combined 

effect is to provide for water supply or an increased additional 9 to 13 
year period of normal Abilene growth. 

The need to construct pipelines and pumps stations from Stacy Resrvoir 

for additional water suppies could be delayed by implementation of either 

or both of tributary reclamation and/or non-potable projects. The require
ments for Stacy water would be in the 2010 to 2020 year period depending on 
growth factors. 
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WHY WATER REUSE FOR ABILENE 

The compari son bet\~een water-reuse projects and neyl water development 
projects is not usually limited to only an economic analysis. The compari
son or analysis will involve other significant items i.e. public accep
tance, environmental concerns, health risks, etc. 

Generally, water reuse projects vary greatly in nature and application 
from turf irrigation to groundwater recharge to surface water augmentation. 
In recommending any water reuse project it is necessary that a careful 
analysis of needs (water demand) and supplies be made. This analysis 
should identify factors which significantly affect the demand and supply, 
such as, water conservation measures, population growth, etc. 

Generally, water reuse projects should be evaluated as alternatives 
and/or companion projects to the development of new water supplies when 
some or most of the following conditions exist: 

1. Existing surface and ground suppl ies are near full development. 

2. Distant water supply sources are being proposed or developed. 

3. Major environmental concerns have been identified in the de
velopment of new sources. 

4. A water conservation plan has been developed and/or implemented. 

5. Major expansions of water and/or wastewater facilities is pro
posed or needed. 

6. Cost of the development of new water supplies is high. 
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Implementation of water reuse projects should normally be considered 

in their relative order of greatest public acceptance and cost/benefit. 
The general order for water reuse projects: 

1. Non-Potable Irrigation Systems 

o 

o 

Public lands (golf course, parks) 
Private lands (lawns) 

2. Industrial/Commercial Uses 

o Cooling water 
o Process water 
o Wash/cleaning water 

3. Augmentation to Existing Sources (Indirect Potable) 

o Groundwater recharge 
o Surface water augmentation 

4. Direct Reuse 

o Washing, bathing 
o Potable uses 

It is recommended by American Water Works Association (AWWA) that re

use project should be considered for all cases except "Direct Reuse". 
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SPECIFIC ANALYSIS OF ABILENE POTENTIAL AND NEED FOR WATER REUSE 

Abilene meets most of the conditions previously identified for when 
water reuse projects should be considered for development. Abilene has or 
is: 

o Fully developed its nearby surface waters. 

o No effective groundwater exist in the area. 

o Distance source of supply are being developed; Hubbard and Stacy 
Reservoirs and/or pipelines. 

o Abilene has implemented a water conservation program and drought 
contingency plan. 

o Major expansions are planned for its wastewater treatment facili
ties. 

o Cost of new water is high. 

WATER REUSE 

The recommended water reuse plan for Abilene utilizes 2 of 3 cate
gories acceptable method of reuse technology. 

1. Non-Potable System (Turf Irrigation) 

2. Augmentation of Existing Surface Waters, LFPH (Indirect Potable 

Use) 

TM9-17 



The option of using reclaimed wastewater for industrial/cotmlercial 
water user was evaluated, but proved not acceptable due to the location, 
size and nature of the users, see TM-II. 

Abilene should implement the proposed phased program of water reuse, 
both non-potable and indirect potable, in concert with its development of 
surface water suppliers because: 

o Abilene needs water to grow. 

o Costs for the development of additional \~ater from the tributary 
water reclamation facility to additional water from Stacy Reservoir 
are less or comparable. 

o Marginal costs for the development of additional \~ater supplies in 
less than 10,000 ac. ft. increments from Stacy Reservoir are signi
fi cantly hi gher. Therefore, a cap i ta 1 improvement program may be 
developed that more closely "tracks" demand at lower incremental 
costs. 

SPECIFIC RECOMMENDATIONS FOR ABILENE 

1. Water supply in Lake Fort Phantom Hill can be augmented in an environ
mental sound and economical manner by using wastewater, as a supply 
source, if advanced treatment and operational are provided. 

2. Abilene should consider designing, constructing, and operating a water 
reclamation facility for the purpose of augmenting water supply in 
Lake Fort Phantom Hill. 

3. If implemented, Abilene should continue with a water quality monito
ring program, possibly with the involvement of local universities, to 
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provide future assessments in order to evaluate the impact of expan
sions and/or modifications to the treatment processes. 

4. Abilene should continue its program of encouraging public support for 
water and wastewater improvements. An increase in public information 
and involvement through continuation of Public Advisory Committee is 
recommended. 

5. Abilene should proceed to acquire the water rights to any increase in 
water yield of Lake Fort Phantom Hill, due to implementation of this 
project. 

6. Abilene should continue to develop all other conventional water 
supply sources. 

7. Abilene should aggressively pursue all possible financial opportuni

ties. 

8. Abilene should implement a non-potable water reuse system. The first 
phase should be to eliminate the existing and future water demands 
from golf courses on the potable system. An expanded system of lakes 

and other uses should be developed as needed and as financing cap
abilities allows. 

9. Abilene should continue with its strong water conservation program to 
reduce and control future water demand. 

SPECIFIC RECOMMENDATION FOR TWDB 

1. TWBD should consider the development of a State of Texas Water Reuse 
Task Force to address the desirability and implementation problem of 
water reuse systems in the state. 
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2. TWDB should consider evaluating water reuse projects, both non-potable 
and indirect potable water project, when the cost of new water sup
plies exceed $300 - 500 acre-foot. 

3. TWBD should continue to provide funding for research and development 
of water reuse projects. 
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ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 10 

EVALUATION OF FINANCING OPTIONS 

Principal Authors: Joe King, II, P.E. 
Raymond R. Longoria, P.E. 

INTRODUCTION 

Technical Memorandum No. 10 (TM-10) provides a summary and evaluation 
of the potential funding sources available for the Abilene Water Reclama
tion Research Project. The basic topics addressed in TM-10 are as follows: 

o 

o 

o 

o 

Federal Financing Options 
State Financing Options 
Local Financing Options 
Evaluation of Financing Options and Recommendations 

FEDERAL FINANCING OPTIONS 

Recent inquiries were made at the federal level to identify potential 
sources of funding available for water, wastewater, reuse, and research 
projects. Two major legislative acts that address water were identified. 
These are the Clean Water Act (Wastewater), and the Safe Drinking Water Act 
(Water). 

Many projects, with costs totalling hundreds of millions of dollars, 
have been funded in the past by the federal government under the Clean 
Water Act Construction Grants Program. Funding for this program has been 
approved through the year 1990. However, the Texas Water Development Board 
(TWDB), the managing agency for the program in Texas, plans to phase out 
the Construction Grants program, replacing it with the State Revolving Fund 
(SRF), a new program consisting of low interest loans to qualified pro-
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jects. TWDB is presently establishing guidelines for the new fund under 
the supervision of the U.S. Environmental Protection Agency (EPA) Region 
VI. More information on the SRF is provided in following sections. 

No funds for construction are available through the Safe Drinking 

Water Act. However, research projects may be eligible for funding through 
EPA's Research Division in Cincinnati. 

In summary, it appears federal funding is not an option the City of 
Abilene should realistically consider. 

STATE FINANCING OPTIONS 

State Revolving Fund (SRF) 

The State Revolving Fund Program is still in early development and is 
only recently capable of funding projects. An off-shoot of the Federal 
Construction Grants Program, the State Revolving Fund is expected to re
place that program completely. At present, the Texas Water Development 
Board (TWOS) intends to encourage all potential recipients of federal 
grants under the amended Clean Water Act (PLIOO-4) to convert to the State 
Revolving Fund as soon as possible. This means that the Construction 
Grants Program will probably die a natural death in 1988. 

Seed money for this fund will originate from an allocation from the 
federal grants program during the next few years. Though the program re
quirements are not yet complete, it appears that the State Revolving Fund 
will have some of the same project requirements and stipulations currently 
in place for the Construction Grants Program. Rules covering the require
ments of this program have been drafted and will most likely be adopted in 
the very near future. 
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Since several projects are currently waiting for funding by the Grants 
Program. the potential for funding by the SRF program within the next 
couple of years is minimal. However. projects with a planned lead time of 
greater than 2 years prior to actual need should consider this program in 
earnest due to the potential availability of funds and low interest rate. 

Other than the bulk of the funds coming from State revenues. the State 
Revolving Fund differs from the Construction Grants Program primarily in 
that funding is provided on a low interest loan basis rather than a grant 
basis. Also. there is no specific incentive for innovative/alternative 
projects. 

The interest rate on these loans has been set at 4 percent. Loans 
provided by this program will be for 100 percent of eligible project com
ponents. Project eligibility will be established during the application 
process. Other advantages include the establishment of the amount to be 
loaned. if any. early in the project. Applicant's projects will be priori
tized and thereafter funded on a first come. first serve basis. 

Texas Water Development Board Policies 

The goal of the Texas Water Development Board (TWOS) is to provide 
financing. where appropriate and in the public interest. An additional 
goal is the implementation of projects and programs to further orderly de
velopment and management of the State's water resources. As directed by 

th~ Texas Legislature. the programs are intended to assist eligible politi
cal subdivisions unable to implement projects without State assistance, and 
to further the development of regional wastewater facilities through loans 

and State participation. 
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Several funding programs are available to help finance water and 
wastewater projects i ncl udi ng the Water Development Fund; Water, Waste'f4a ter 
and Storage Facility Acquisition Program; and Water Assistance Fund. In 
general, an applicant seeking assistance must submit information on project 
design and cost, other potential sources of funding, and bonds being pur
sued. The funding available for anyone project is determined on a project
by-project basis. Funding amounts and maturity on loan repayments are 
structured to maximize financial resources available to the Board and en
courage maximum utilization of any other funding source. 

It is the policy of TWOB to finance wastewater projects involving col
lection systems and treatment facilities. The funding allocation is based 
on the need and benefit of projects relative to state-wide needs, project 
compliance with state policies such as regionalization, conservation of 
water resources, and the applicant's use of all available financial re
sources to the maximum extent prior to seeking state assistance. Interest 
rates are based on fair market rates at the time of project bidding. At 
present, this ranges from 7.8 to 8.0 percent. 

Through 1984, the board was authorized to issue up to $600 million in 
general obligation bonds to finance the Water Development Fund. However, 
in 1985 new state laws and constitutional amendments approved by Texas 
voters authorized issuance of up to $980 million in additional bonds to 
fund the programs. These actions also established the Water Bond Insurance 
Program for the commitment of up to $250 million in local government bonds. 

Under the Water, Wastewater and Storage Facility Acquisition Program, 
the State may purchase up to 50 percent interest in a reservoir, regional 
water supply facility and/or regional wastewater collection and treatment 
facility to allow construction of the reservoir to its optimum size or in 
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the case of regional water and sewer facilities, provide funds for excess 
capacity. When local needs develop, the State's interest is to be bought 
back. 

In an application several points must be covered. Time estimates for 
the recovery of the Board's investment and evidence of the project's con
sistency with the State Water Plant and/or the State Water Quality Manage
ment Plan are required. In addition, proof of inabil ity to finance without 
state participation must be provided, unless the project is a regional 
system or facility. The City of Abilene wastewater system is considered a 
regional system since Tye and Impact are served. Therefore this limitation 
would not be applicable. 

In addition to these funds, the board has access to the Water Assis
tance Fund, established in 1981 to provide loans to local governments for 
water and wastewater utility and treatment projects as well as storage 
acquisition, water research, flood control, and regionalization of water 
and wastewater systems. However, this fund is extremely limited in funding 
power compared to the Water Development Fund. 

Texas Capital Access Program (TEXCAP) 

The TEXCAP Program was originated by the Texas Small Business Indus
trial Development Corporation (TSBIDC) as a source of low-cost funds for 
public entities in Texas to use in their economic development efforts. The 
Texas Economic Development COll1l1ission (TmC) is the "governing body" of 
TSBIDC. Public entities applying for loans to TSBIDC are approved based on 
their eligibility, their project's eligibility and their credit worthiness. 

TSBIDC funds were acquired through a tax-exempt bond sale on July 15, 
1986. The 1986 tax reform laws do not affect participants in this program 
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due to the timing of the sale. The amount of money in the acquisition fund 
is limited by the original bond sale to approximately $660 million. All 
TEXCAP bond proceeds must be distributed to borrowers prior to July 15, 
1989. At present, no loans have been made through this program. 

To qualify for this program, an applicant must be a public entity 
legally eligible to participate, or an entity proposing to lease and/or 
sell a project to a public entity legally eligible to participate. A mini

mum debt rating is also required. 

A project is eligible if it is located in Texas and is within the 
power of the eligible public entity to finance. Any project determined by 
TEDG to be a benefit to economic development is eligible for funding. De
velopment and expansion of sewage facilities are considered eligible pro
jects. However, it is TEXCAP's policy on all water projects to provide 
funds only when funding from TWDB is unavailable. 

The TEXCAP Program provides flexibility regarding the terms of borrow
ing. In particular, the form of obligation, terms of repayment and vari
able rate risk may all be selected by the borrower. Although a variable 
funding interest rate may seem risky, the current rate is approximately 5 
1/2 percent for an entity with an A credit rating. Also, the borrower can 
either refinance the note or terminate the loan on a 30 day notice if it 
finds more advantageous financing. 

In the opinion of some financial advisers, TEXCAP is difficult and 
costly to access and has many uncertainties, such as the variable interest 

rate. 
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The average term of loan is twenty years. While the minimu~ loan 
offered is $250,000, no maximum amount is set on the loan for an individual 
project. Allocation of TEXCAP funds is on a first come, first serve basis. 

LOCAL FINANCING OPTIONS 

General Fund 

The general fund of the City is the "base II of fina nci ng for muni ci pa 1 
programs, with revenues from a number of sources including property taxes, 
excise and sales taxes, business licenses and taxes, utility taxes, and 
fees of several types. It supports wholly or partially those city functions 
which do not have other sources of funding such as service charges. 

City officials have discretionary control of the general fund through 
the budget process. Identified municipal responsibilities and political 

realities tend to define how most of these revenues are spent, however. 
It has historically been difficult for programs which focus on long-term, 
capital intensive, public facilities construction and maintenance to com
pete effectively in an annual municipal budget process. 

There are few explicit limitations of the use of general fund re
venues. They can be spent on both operational and capital expenses, al
though most often they are used for annual operating costs. Capital outlays 
which are sometimes paid from the general fund include equipment and land 
acquisition, but only rarely major construction. 

General fund revenues are often relatively susceptible to economic 
conditions in the community. Sales tax and excise tax receipts drop during 
a bad economic slump. Property values may decline leading to reduced tax 
assessments. Property tax delinquencies tend to increase during periods of 
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recession and high interest rates. At the same time, demand for many muni
cipal services (especially police and social services) increases. 

In Abilene, general funds are viewed as a low preference means of 
financing utility construction. 

General Obligation Bonding Repaid by Property Taxes 

Capital improvements are often too expensive to finance from operating 
revenues, especially when an activity is funded from the general fund. 
General obligation bonding is a form of municipal borrowing in which the 
full credit of the city is pledged to service the bond debt. These bonds 
require voter approval, and usually involve an excess property tax levy. 
They have been used for many purposes in the past, though use of them for 
utility projects has diminished with greater acceptance of revenue bonds. 

Because they are backed by the full credit of the local government, 
general obligation bonds normally receive the most attractive (lowest) in
terest rates of any municipal borrowing instrument. They can be issued 
with varying maturities and other provisions which may affect their market
ability and the interest rate they must pay. 

Revenue Bonding Repaid by Service Charge Revenues 

Enterprise funds, such as utilities, which have a source of financing 
separate from the general fund can borrow money for capital improvements 
through bonds to be paid off with service charge revenues. These bonds do 
not require a voted approval, but are usually subject to slightly higher 
interest rates than general obligation bonds because the full credit of the 
city is not pledged. 

TMIO-8 



Revenue bonds do not authorize an increase in taxes, nor do they 
usually authorize a specific increase in utility service charges. If nece
ssary to support the bonds, a rate increase is normally enacted separately. 
It is possible to use service charge revenues from throughout a service 
area to repay revenue bonds or to specify that only revenues from one area 
or even certain properties be used for the bond payments. In most cases, 
it is best to place few limitations within the bond ordinance which relate 
to revenue sources, while still being consistent with financing philoso
phies and local policies. This provides the bondholders with some assurance 
of payment, and may result in a lower interest rate. 

Although typically the bonds are repaid from the regular service 
charge revenues, municipalities may also establish system development 
charges, hook-up fees and other financing methods and earmark those funds 
for repayment of the revenue bonds. This reduces the revenue required from 
the standard service charge by the amount generated by the special fees and 
charges, and ensures that developing properties help pay for the project. 

Certificate of Obligation with Ad Valorem Tax and Pledge of Surplus Revenue 

Since 1979, the preferred means of financing utility construction 
projects in Abilene has been to acquire Certificate of Obligation (General 
Obligation Bonds) with an Ad Valorem Tax to obtain favorable interest 
rates. Since general funds cannot be permanently transferred to a utility 
fund, the money is loaned to the utility and repaid on a defined schedule. 

Surplus utility revenues are also pledged to repayment of the Certificates 
of Obligation to further enhance their ability to attract lower interst 

rates. 
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Fees and Charges 

Ci ti es have developed a vari ety of speci a 1 fees and charges to cover 

expenses which are associated with permits and other services for indivi
duals. In most cases an identifiable "client" is assessed the fee or 

special charge, which is often earmarked to support that specific function. 

Impact Fees: Impact fees are charges or assessments against new de

velopment to fund the cost of capital improvements or facility expansions 
necessitated by and attributable to the new development. As of June 1987, 
Texas cities are expressly authorized to assess impact fees for wastewater 
facilities provided that the fees are directly associated with actual im

pacts and earmarked to ensure they are used to mitigate those effects. 
Further, the costs of oversizing facilities constructed prior to adoption 
of an impact fee ordinance may be recouped through the fees. 

Impact fees are perceived as a mechanism to make growth pay it's own 

way by participating in the cost of new facilities at the front end of a 
project rather than indirectly through long-term enhancement of the tax 

base and increased local employment. The nelt law requires that, prior to 
adoption of an ordinance establishing impact fees, the City conduct several 

studies to determine the real impact of new development on the infrastruc
ture. These studies include land use assumptions, establishment of ser

vice areas, a capital improvements plan, and an analysis relating the costs 

of improvements to i ndi vi dual "servi ce uni ts" . The statute also pre
scribes a definitive adoption procedure and requirements for earmarking and 
accounting, refunds, and assessment and collection of the fees. Prohibi
tions on the use of fees inlcude "repair, operation or maintenance of ex
isting or new capital improvements" and "administrative and operating 

costs" of the City. 
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Impact fees are sometimes confused with the other types of special 
fees and charges cited in this memorandum. Care should be taken to dif
ferentiate between impact fees, which are associated specifically with the 
impact of a project, and the general need for new facilities to serve the 
community. 

System Development Charges (SDCs): System development charges differ 
from other similar charges in that they are associated with specific im

provements and are often levied on new developments after the improvements 
are constructed as a means of balancing financial participation. SDCs are 
intended to enable a community to achieve excess capacity improvements in 
advance of growth, yet place an equitable portion of the cost on those pro
perties which later develop and make use of the extra capacity that was 

built into the system. 

When revenue bonds (supported by utility service charges) are used to 

finance capital improvements, SDCs can ensure that all properties equitably 
participate in the financing of the infrastructure. Major water and sewer 
improvements are normally sized with future development in mind and have a 
design life longer than the bond maturity. One purpose of the SDC concept 
is to ensure that the properties which develop after the bonds are sold 
also help to pay for the improvements. SDCs should be consistent with the 
amount paid by developed properties when the improvements were constructed. 

The SDC provides a rational financing method which responds to the 
sensitive issue of who pays for oversizing to accommodate future growth. 
Care must be taken, however, not to place too much confidence on future 
growth as a revenue source. If the growth slows or does not occur, the 
existing developed properties might have to pay a larger service charge in 
the future to cover the shortfall of the SDC revenue. Unanticipated in-
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creases in service charges due to SDC shortfalls can erode a utility's 
credibility with the public, and should be avoided through conservative 
projections. 

General Facilities Charges: General facilities charges are similar to 
the SDC concept, although they are more often used for overall improvement 
to a system, or for maintenance or replacement than for specific capital 
improvements. This method of financing is most often used when improve

ments which will benefit an entire service are involved. 

The general facilities charge is probably most appropriate when a 
simplified rate structure is used which lumps operating and capital expense 
into a uniform system of charges or an "equivalent residential unit" 
approach. In such cases, the cost of all elements of the program are spread 
area-wide without a highly refined cost distribution formula. 

The underlying philosophy of this approach is that the improvement 
serves everyone, or the system is viewed as a fairly uniform whole rather 
than as a number of discrete parts. There is usually no need to break down 
a general facilities charge into component parts, whereas a system develop
ment charge is often associated specifically with revenue bonds for indivi
dual improvements, which suggests that much closer accounting practices are 
justified. 

Latecomer's Fees: These charges are especially useful in developing 
areas or where major reconstruction or upgrading of a water or sewer system 
is needed, public funds are limited or not available, and a private de
velopment is contingent on the improvement. Through a developer extension 
agreement, the City can allow the developer to construct the improved and 
oversized facility in conjunction with the project. 
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Developer extensions are common for water and se\'ier systems in new 
developments. The latecomer's fee is usually only used for oversizing 
cos ts, for example in the case of sanita ry sewer interceptors or to ensure 
water system fire flow capacity to other properties. 

EVALUATION OF FINANCING OPTIONS AND RECOMMENDATIONS 

Federal Financing Options 

Federal financing is not a realistic option, and thus no funding 
source at the federal level is recommended. 

State Financing Options 

Only one of the State of Texas financing options described above are 
recommended for further consideration by the City of Abilene. The State 
Revolving Fund accords with the requirements and needs of both the City and 
the project. Funding from this program will most likely be available in 
1988; definitely by the early 1990s, at the time of Abilene's need. Al
though the funding is provided on a loan rather than a grant basis, the low 
interest rate of 4 percent is advantageous. r"'oreover, the loa covers 100 
percent of the project cost; thus, local contribution or matching funds are 

not required. 

Local Financing Options 

Two of the local level financing options discussed above are recom
mended for further cnsideration by the City of Abilene. This includes 
revenue bonds and Certificates of Obligation with Ad Valorem Tax and pledge 
of revenue surplus. 
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For large wastewater utilities operated on a self-supporting basis 
(i.e., service charges), revenue bonds are a frequently used financing 
technique. The significant advantage of revenue bonds is that they are not 

a drain on the general municipal tax base. Another advantage is their 
potential use in financing projects extending beyond normal municipal boun
daries. The bonds may be pledged against the collection of service charges 
in any legitimate and ongoing area of operation, in or out of the geo
graphical limits of the borrower. Revenue bonds do not count against a 
city's direct debt, and are not considered overlapping debt. This can be a 
crucial advantage for a community near its debt limit or for the rating 
agencies, which consider very closely the amount of direct debt when 
assigning credit ratings. 

The second recommendation, Certificates of Obligation with monies 
loaned to the utility fund is consistent with the pay as you go philosophy 
of revenue bonds but has the advantage of lower interest rates. Histori
cally, where the voters have approved Certificates of Obligation for use in 
this fashion, as in Abilene, it is the preferred means of financing. 

SUMMARY 

State Revolving Fund loans, revenue bonds, and/or Certificate of 
Obligation funds loaned to a utility are the recommended means of financing 
water reclamation projects for Abilene. It is likely that a combination of 
thee funding sources would be involved in implementing the recommended 
project. For instance, some of the turf irrigation water reclamation re
commendations primarily benefit specific entities. It would be appropriate 
that these entities assist in financing those projects, while the remaining 
projects would be financed through more conventional means. 
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ABILENE WATER RECLAMATION RESEARCH PROJECT 
Technical Memorandum No. 11 

NON-POTABLE WATER SYSTEM 

Principal Authors: David Lewis, P.E. 
Raymond R. Longoria, P.E. 

INTRODUCTION 

This Technical Memorandum (TM) investigates the possibility of a non
potable water system for turf irrigation to reduce drinking water demands. 
Different alternatives are evaluated, including the use of reclaimed waste
water and Lake Kirby surface water. A phase program and cost estimates are 
developed for implementation. 

OBJECTIVES AND GOALS 

The primary objective is to develop a nonpotable water system to pro
vide safe water for uses other than potable uses, i.e., turf irrigation, at 
a cost less than potable water. Therefore, to induce the water user to con
serve the potable water supply source. If this objective is successful, 
then the goal of a reduction in potable water demand will be achieved and 
the need for additional new potable water supplies may be delayed. 

A nonpotable system must meet several specific goals: 

o 

o 

o 

Acceptable water quality 
Costs below potable water 
Availability of water to potential users 

It is necessary that this water meet standards in excess of that nor
mally required for discharge directly to a stream. This is because of the 
health effect related to contact with reclaimed wastewater. In addition, 

TMll-1 



the water must not be deleterious to the customers intended uses and safe 
for human contact. A later section of this TM discusses the health aspects 
and water quality goals in greater detail. The costs must be sufficiently 
lower than potable water costs to justify its use and encourage a customer 
to change water supplies. These costs must include any treatment, opera
tions, and distribution costs. A separate costs base may be required in 
implementing a nonpotable system. Separate contractual relationships may 
be needed with each user. 

The availability of the nonpotable water was restricted to control ac
cess areas, i.e., parks, airports, etc. during this initial investigation 
phase. The TWC and TDH presently prohibit reclaimed wastewater application 
on noncontrol areas, i.e., private lawns. A proposed transmission and 
distribution system was developed for delivering the nonpotable water to 
each potential identified client. 

IDENTIFICATION OF NON-POTABLE WATER DEMAND 

Existing Non-Potable Water Systems 

Presently, two non-potable water systems are operated in the City of 
Abilene. One system uses surface water from Lake Kirby for turf irrigation 
of three golf courses on the southside of the City. The second system uses 
reclaimed wastewater from the City's Hamby Wastewater Treatment Plant 
(WWTP) for agricultural crop irrigation on the northside of the City. The 
golf course turf irrigation system is privately owned and operated. The 
agricultural crop system is operated by the City on a contractual basis 
with local area farmers. 

The turf irrigation system uses untreated Lake Kirby water, pumped 
directly to each golf course for distribution. Lake Kirby total water 
yield in normal rainfall years, is relatively small, less than 1,000 ac-ft. 

TMll-2 



per year. However, this system has alleviated the need for providing ap
proximately 300 million gallons per year of potable water for turf irriga
tion to the golf courses. Specifically about 275,000 gallons per day on 
average and 500,000 gallons per day of peak demand per golf course. This 
is the equivalent water demand of more than 1,000 homes in Abilene. 

The basic problem with the existing golf course turf irrigation system 
is the water quality. Lake Kirby's water contains a high concentration of 
colloidal clays (non-settleable particles). This clay coats the grass and 
over time builds a surface hard pan in the soils. This increases mainte

nance and affects play. The problem has not advanced to the point where 
existing management practices cannot cope with the difficulties caused by 
the poor water quality. The City has been approached on an informal basis 
to address the operations of the existing system. 

The agricultural crop irrigation system using Hamby WWTP effluent pro
vides an important source of water for local farmers but is primarily a 
disposal system and does not directly effect the potable water system de
mand. Therefore, it was eliminated from further consideration. 

A non-potable waterline which transports raw Lake Fort Phantom Hill 
water to the Grimes Water Treatment Plant (WTP) exists. It could be used 
as a source of non-potable for an area on the northeast and southeast sides 
of the City. However, its use would reduce the capacity of the waterline 
to Grimes WTP and directly reduce the availability of water from Lake Fort 
Phantom Hill. Therefore, alternatives using this waterline were eliminated 
from further study. 

The only available effective existing non-potable water system which 
could effect the potable water system by reducing present or future water 
demand is Lake Kirby's golf course turf irrigation system. This system 
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could be upgraded by construction of a non-potable WTP to improve the water 
quality. 

The non-potable WTP envisioned would provide only limited treatment, 
sufficient only to meet the needs of turf irrigation and health considera
tions. This WTP could consist of coagulation, limited flocculation, and 
settling. 

This upgraded system would eliminate the possible future need of 
potable water supplies for the existing golf courses in the area. The 
water yield of Lake Kirby is relatively small, therefore expansion of the 
system without additional supplies is limited. 

The upgraded system's water supply could be augmented by construction 
of a non-potable waterline from the proposed Westside WWTP. This would al
low for the transfer of non-potable water from the westside of the City 
through the southwest, south, southeast, east, and northeast portions of 
the City. The two systems could possibly support and compliment each 

other. 

Identification of Existing and Future Non-Potable Demands 

Lake Kirby represents the only surface water supply source available 
for non-potable water uses which does not effect existing potable water 
supply sources. However, it "is assumed that this source will continue to 
be totally committed for golf course irrigation. 

Groundwater exists in small quantities and at varying degrees of qual
ity throughout the Abilene area. Past studies have evaluated its pos
sible use and have concluded it is impractical on a large-scale basis for 
Abilene. A review of the existing needs and data indicates groundwater as a 
supply of either a non-potable or potable water is not practical. There-
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fore, groundwater as a possible source of supply was eliminated from 
further consideration. 

Reclaimed wastewater is available as a source of supply for non
potable water. It is assumed permits could be obtained and both the pro
posed water reclamation WWTP and Hamby WWTP effluents are available as a 
source of supply. The identification of demands are limited to those uses 
compatible with reclaimed wastewater. 

Five areas of possible demands and/or uses for non-potable water in
vesti gated were: 

o 

o 

o 

o 

o 

Agricultural 
Industrial and Commercial 
Recharge of Existing Sources 
Turf and Landscape Irrigation 
Aesthetic 

Agricultural demand exists throughout the surrounding Abilene area. A 
portion of the existing Hamby WWTP effluent is presently used for crop 
irrigation on a contractual basis with local farmers. This portion of the 
effluent has declined in recent years, mainly due to climatological condi
tions. It is envisioned that a portion of the Hamby t~WTP effluent will 
continue to be used for crop irrigation for many years. The agricultural 
demand at the Hamby WWTP will not reduce existing or future potable water 
demand. The proposed water reclamation WWTP also is not expected to have a 
long-term agricultural demand. 

Industrial and commercial potable water users were evaluated for pos
si bl e futu re demands of non-potable water. The twenty 1 a rgest water users 
in Abilene are identified in Table 11-1. These water users vary in average 
water demand from 4,000 to 700,000 gallons per day, with only six greater 

Tl41l-5 



Table 11-1 

Average Annual Industrial and Commercial Water Flows 
City of Abilene, Texas 

Industry 

Texas Instruments 

Victor Equipment 
Humana Hospital 
Baird Bakeries 

State School 
ACCO (Mill & Ref.) 
Martin Linen 
Gooch Packing 
Abilene Linen 

Coca-Cola 

U. S. Brass 
Hendrick's Hospital 

Crown Cork & Seal 
Abtex 
General Dynamics 
Borden's Milk 
Dyess AFB 
Martin Sprockett 

Bandag, Inc. 
Band Instrument Plating 
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Demand 
(gal/day) 

40,083 
13,110 

41,008 
12,252 

136,081 

18,134 
13,742 

210,820 

23,028 
19,781 

101,241 
94,596 

211,129 
34,321 

232,734 
12,603 

699,233 
4,159 

18,162 
20,501 

1,956,718 

-----------



than 100,000 gallons per day. A review of the type of water use and SIC 

codes reveals that most are food processors, schools, and metal plating 
industries. The geographic distribution of the potential user is not 
favorable for reuse of wastewater as major distribution lines would be re
quired. Only one potential user was identified, Dyess Air Force Base 
(AFB). Further analysis of Dyess AFB water demand indicates that a major 
portion is used for golf course irrigation which will be addressed later as 
turf irrigation. The remaining portion is used for domestic needs and as 

washdown water. The washdown portion is normally compatible with reclaimed 
wastewater, however, separate distribution system would be required at 
Dyess AFB. Due to the relatively small quantity and the special needs of 
one user no further detail investigation will be made. If a turf irriga
tion system is installed, then Dyess AFB may wish to consider an internal 
dual distribution system. No major industrial or cOIlTllercia1 demand exist 
for non-potable water. 

Recharging existing source is possible and is addressed in detail in 
TM-9 for Lake Fort Phantom Hill. Other source are too distant to be con
sidered at this time. 

Turf and landscape irrigation can reduce potable water demand in the 
Abilene area. On a seasonal basis, Dyess AFB golf course uses between 
200,000 and 500,000 gallons per day of potable water. Water from the water 
reclamation WWTP could be used to replace this higher quality water at min
imum cost. This is addressed in greater detail later in this technical 
memorandum. Table 11-2 identifies existing and future non-potable water 
demand for public turf irrigation needs in Abilene. 

Aesthetic demands for water exists throughout Abilene. The demand for 
water vistas and fountains in an urban semi-desert environment is always 
present, provided it can be done at a reasonable cost. The development of 
detail plans for this type of uses are beyond the scope of this study. 
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Table 11-2 

Potential Future Users of Non-Potable Water 

Approximate 
Possible Users 

1. Abilene Christian University 

2. Abilene Zoo/Park 

3. Future IS-Hole Golf Course 
4. Parks/Greenbelts on Catclaw Creek 

5. Parks/Greenbelts on Upper Elm/Kirby 
(200,000 gpd each) 

6. Northeast Golf Course 

7. Unknown Future and Existing Sources 

Seasonal Average 
Day Flow 

(gpd) 

300,000 

300,000 

275,000 
200,000 

400,000 

275,000 

500,000 

Total of Future Potential User Demand 1,750,000 - 2,250,000 

TMll-S 



However, the basic infrastructure is identified later in this technical 
memorandum. 

ALTERNATIVES AND COSTS 

Three potential sources of non-potable irrigation waters were identi
fied to meet the current and future demands. This included (1) surface 
water from Lake Kirby with treatment provided to remove turbidity/colloidal 

particles, (2) pump treated effluent from Hamby WWTP to meet demands and 
(3) pump treated effluent from the proposed water reclamation WWTP to meet 
the demands. 

Alternative 1 

The Lake Kirby alternative follows logically from the current prac
tice, in which three of the existing four golf courses are irrigated with 
this lake water. The three are the Municipal, the Abilene County Club and 
Fairway Oaks golf courses. The fourth golf course is at Dyess AFB and cur
rently uses potable water for irrigation. 

The quality of the water would need to be improved to address the con
cerns of the golf course grounds keepers. The water has a high colloidal 
clay concentration which tends to blind the greens detracting from appear
ance, hardening the ground, decreasing irrigation efficiency, and affecting 
play. 

Inorganic colloidal particles in water typically are removed by coagu
lation/sedimentation. Under this alternative, it is proposed that a solids 
contact basin be constructed at the Lake Kirby site. Modified design cri
teria would be utilized since drinking water requirements are not applic
able. Chemical coagulants would be introduced in a rapid mix chamber then 
directed into the basin. Chlorination facilities would be provided for 
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algal control, it necessary. Transmission of the treated water supply to 
Abilene Country Club, Fairway Oaks and Abilene r·lunicipal golf courses would 
continue as currently practiced. Pump and piping facilities to convey the 
treated surface water to the Dyess AFB golf course would have to be con
structed. 

Although Lake Kirby meets the water requirements of three of the ex
isting golf courses it is uncertain if the water quantity requirements of 
all four can be met, and doubtful that the additional future demands given 
in Table 11.2 can be met. Since this alternative cannot meet the demand 
requirements on its own, it will be considered only in combination with the 
other two alternatives. 

Alternative 2 

Effluent from wastewater treatment plants treating to secondary ef
fluent quality is commonly used to irrigate parks and golf courses. The 
effluent from the existing City of Abilene 13.4 mgd (Hamby WWTP) meets this 

standard. 

Specific disinfection requirements for these effluents are related to 
the level of access control practiced at the receiving end. Parks 
typically have little access control. The municipal and private golf 
course have some level of access control but it is not fully controlled. 
The Dyess AFB golf course has greater control over access. Accordingly, 
any wastewater effluent discharged to parks should have stricter disinfec
tion requirements than turf irrigation water for the Dyess golf course. 
Current requirements would allow effluent from Hamby, at existing disin
fection abilities to be applied. However, the TWO has produced "draft" de
sign criteria that are more strict and would require increased disinfection 
ability. This is discussed in more detail in the Water Quality Require
ments section of this technical memorandum. 
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The City of Abilene is obligated to return a minimum of 40 percent of 
the water drawn from it surface water supply sources back to the Brazos 
River Basin. With this quantity accounted for, sufficient effluent is still 
discharged to meet the water quantity requirements of the golf courses and 
the projected future needs identified in Table 11-2. 

Under this alternative, it is proposed that pumping equipment and a 

transmission line would be constructed to convey the effluent to the golf 
courses and other non-potable user sites. Additional treatment will be re
quired to produce water compatible with the anticipated future disinfection 
requ i rements. 

The Hamby WWTP is at the extreme northeast portion of Abilene while 
the golf courses are in southern Abilene. Pump and piping facilities to 
transport the effluent to the golf courses would be substantial. Figure 
11-1 del i neates the proposed improvements. 

Alternative 3 
Under a separate study, a new 3 mgd Westside WWTP has been proposed. 

To allow cost estimates to be prepared, a site consistent with the Westside 
WWTP recommendation was adopted. Location of the water reclamation facil
i ty at a di fferent 1 ocati on on the s trearn on a separate tri butry to Lake 
Fort Phantom Hill would have comparable results. The general site of the 
proposed Westside facility is in western Abilene, north of Dyess AFB and 
would collect and treat wastewater from south and southwest Abilene. The 
effluent quality would meet or exceed secondary effluent quality and would 
be suitable for use for golf course irrigation even under the draft changes 
proposed for disinfection. Under this alternative it is proposed that 

effluent would be pumped to the various non-potable user sites. This system 
is shown in Figure 11-2. 
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Alternative Evaluation 
From preliminary screening of the alternatives it was clear that 

Alternative 2 (pumping from Hamby WWTP) differed little from Alternative 3, 
(pumping from Westside WWTP) except for cost. Clearly, pumping from Hamby 
would be more costly because of the greater distance and elevation rise to 
the non-potable user sites and capital improvements cost necessary for up
grading the disinfection ability at the Hamby WWTP. Alternative 2 was 
dropped from further consideration. 

It is also appeared that a combination of the remaining two alterna
tives formed a logical solution to the irrigation needs. 

Since three of the golf courses are currently being irrigated from 
Lake Kirby, a continuation of this practice with coagulation/sedimentation 
treatment added would offer an economical approach to satisfy those water 
demands. It is assumed the water quantity available for the three course 
would be adequate since it is currently supplying those demands. To meet 
the demands of the fourth gol f course and potential future demands an addi
tional supply is necessary. It is proposed the effluent from the West
side WWTP would be used to supply the irrigation needs of the Dyess AFB 
golf course and the potential future non-potable water users in southwest 
Abilene. This system is shown in Figure 11-3. 

Opinion of Estimated Construction Costs 

A summary of the estimated construction and operation costs are given 
on Table 11-3. 

The opinion of estimated construction cost for the 825,000 gpd Lake 
Kirby WTP is $350,000. Including the estimated operations and maintenance 
cost the unit cost for these improvements is $0.30/1000 gallon. This would 
be in addition to the pumping costs for the current system. 
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Table 11.3 

Estimated Opinion of Probable Construction and 
O&M Cost for Using Westside WWTP Effluent to Irrigate 

Dyess AFB Golf Course 

Phase 1 

825,000 gpd Modified Water Treatment Plant4 

Phase 2 

Westside Pump Station (350 gpm) 
Westside Non-Potable Line 

TOTAL 

Phase 3 

Expand Westside Pump Station (1850 gpm) 
Non-Potable Line 

TOTAL 

NP-1A (12,000 LF, 6" PVC) 

NP-1B (32,000 LF, 15" PVC) 
NP-2B (5,000 LF, 12" PVC) 
NP-3B (9,000 LF, 10" PVC) 
NP-1C (6,000 LF, 10" PVC) 

Construct ion1 Annua1 2 
O&M 

$ 350,000 $43,000 

36,000 $ 3,100 
184,000 

$ 220,000 $ 3,100 

$ 75,000 $17,600 
1,000,000 

130,000 
220,000 
150,000 

$1,600,000 $17,600 

~Exclusive of land and right-of-way costs. Includes 20 percent contingency. 

) 

Cost/3 
1000 Ga 111 on 

$0.30 

$0.25 

$0.37 

Addition of alum only at WTP, power cost at $0.06/KWH. 
3(A/P, 30, 8~) for equivalent annual construction cost. Cost per thousand based on cumulative non-potable system 

improvements. 
4WTP only. Assumes existing distribution system operation continues. 



An oplnlon of the estimated construction cost for providing the 
275,000 gpd (500,000 gpd - peak) of non-potable irrigation water to the 
Dyess AFB is $220,000 or $0.25/1,000 gallon with the operations and mainte
nance cost included. 

The Dyess irrigation estimate include only the cost for the convey
ance, as the Westside WWTP would be required regardless of the non-potable 
issues. 

In determining an acceptable means of irrigation, the golf course ope
rators would need to evaluate which total cost would be less between the 
following: 

1. Use untreated Lake Kirby water and accept the additional turf 
maintenance cost associated with the colloidal clay component, 
or; 

2. Use treated Lake Kirby water, or; 

3. Use potable drinking water. 

RECOMMENDATIONS 

The recommended actions for implementation of a large-scale gray water 
system for Abilene center around the eXisting Lake Kirby system and the 
proposed water reclamation WWTP. Staged improvements are proposed. The 
initial phase involves construction of an 825,000 gpd modified water treat
ment plant at Lake Kirby at an estimated construction cost of $350,000. 
The treatment facility would operate in conjunction with the existing pump
ing station to serve Abilene Country Club, Fairway Oaks and the Municipal 
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Golf Courses. The additional cost for the treatment will be approximately 
30 cents/l,OOO gallons. 

The second phase would be tied to the schedule for the water reclama
tion WWTP. Pumping facilities and a pipeline to transport treated effluent 
to the Dyess AFB Golf Course would be constructed at the time of construc
tion of the plant. The pump station would be sized for an initial peak 
flow of 500,000 gpd (350 gpm) to meet the needs of the Dyess AFB Golf 
Course. An opinion of the estimated construction cost for the 350 gpm pump 
station and approximately 12,000 feet of 6-inch non-potable water line is 
$220,000. 

The annual cost for this system including pumping is estimated at 
$25,000/year or approximately $0.25/1,000 gallons. 

The final phase would involve expansion of the pump station to 2,000 
gpm and extension of the non-potable water line to Lake Kirby. The expanded 
system would provide non-potable water for all of the golf courses, feed 
water for greenbelt/parks along Catclaw Creek, and provide additional 
supply to Lake Kirby as well as other industrial and/or irrigation needs 
along its route. The Lake Kirby WTP would be abandoned at this time. The 
inflow to Lake Kirby would be sufficient to supply the nonpotable water 
needs downstream of the spillway. The cost for this phase of improvement 
is estimated at $1,600,000 and will supply up to 2,650,000 gpd of non
potable water supply. 

WATER QUALITY REQUIREMENTS 

The TWC "draft" design criteria for the disinfection of reclaimed 

wastewater to be used for irrigation is shown below: 
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(b r "Dis'in feGt ion' .. ~.. ' 

.,,. -

(4) Chl~rination26f effluent osed 'for irrigation of controlled 

~ubli~'atces~a~eas~'Ifri~ation of controlled public access 

: areas'requFtes '. a dis infected secondary effl uent havi ng a 

maxiint.lihBOD Of 20' h1g1L,.a·j maximum suspended solids level of 

15 m9/L~;anda'fecal coljformc ljmit of 100{100 ml. The ef

fluent must be disinfected'sufficiently so as to produce a 

combined chlorine residual of 1.0 mg/L after 15 minutes of 

conta:c'tatma~imum'daily flow :br :after 30 minutes contact 

Reclai'mecrwastewat~rus'ed·to irrigate controlled public ac

cess areas that abut residential property should be free of 

fecal coliforms and pathogens.* Irrigation of landscaped 

'ar~asthatha:ve \J ncontroHed access, such as parks and p 1 ay-

." .• "groUnds, i s~nota Howed • 

, ' . * :Emptlas is added. I. '. ': ( 

,. 'T c) 'Other-14eans of :Dis infection;,,~ 
I. : i" 

'. , • (1)· Oisinfecti'on ,techniques not in widespread use, such as 

olonation, bromime chloride chlorine dioxide, will be con

sidered for approval on a case-by-case basis. Full details 

of application, operation, and maintenance; results of pilot 

and'deve10pmentalstudies,;';and. the effects on the receiving 

stream and aquatic·,life shall be furnished to the reviewing 

"au'thOr'ity by th'edesigning'engjneer for each proposal. 

Discussions with TWC and the authors of this section have provi ded 

conflicting approaches to problem of disinfection. The interpretation of 

phase "free of fecal coliform and pathogens" seems to provide the greatest 
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conflict. Dr. Robert Sweag of Texas Tech, the or:iginal~¥th.or'fstated that 

it was his intent that free was' not to ,mean absolutezero;:and that patho

gens referred to pathogenic bacteria only. ,Staff(lt TWC :ha~e advised that 

the second paragraph could be interpretedjn its.ep(t~\!Ie,as a prohibition 

on i rri gat i on of these type. of' 1 allds, ,if~'free i si'n1iel"p.ret~d as zero. Zero 

is not an achievable number~ Platbogeos ls:ctefined, by TWC as disease caus

ing microorganisms, including vir'us:es:. ete;.i 

. (, ' I;, ',. -' i ~ .-; 

We shoul d recognize that ~the', present TWCstandarp§ a;re under revision 

at this time. The present standards might'be Jn~e;fpret#!d,asyou can swim in 

water at 200 counts/IOO ml, walk on it at 100 counts/IOO ml and live near 

it at zero or close too. However, we, shouldel\Pcectthat thjs conflict will 
be corrected in the future. . .. , .... , '.' ; <, 

., ~ r' 

A review of other states.standards. indicates :t 'Jl$imHa:r confl ict. The 

current and past procedure in many states have been to Goll,ate disinfection 

to chlorination, which address primarily bacterial disinfection. Several 

states have in recent years adopted more specific .stqndards for both treat

ment criteria and performance for disinfection. The most notable of these 

are the California Title 22 standards adopted in 1~76 •• Sinee., tl:1en,several 

other states have adopted similar standards. It is unknown if Texas will 

or will not adopt similar specific ,disinfectiQn :$tandards. rather than 

chlorination design criteria. 

L' I "" j 

The Title 22 standards requjre the coagulation; and filtration of 

secondary treatment effluent.Jf,The' purpose ,9.n, . requjring these unit pro

cesses in front of disinfection·j$,·to· remova"particulatE! matter, which con

tains and protects many microorganisms;;lJfro!tl (iisinf~c.tion by the normal 

chlorination process. The Title 22 fecal coliform standard is 2.3 

counts/IOO ml on average. ,'\ ;~. !.' ,,:'r:~ 

,;,' '- ,'; . 

1'_- . . . 
.' . 
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A review of epidemiology studies of this issue indicates that the 
health risk for this type of application is not well defined below a fecal 
coliform level of 200 ~ounts/lOO ml. Several studies by V. J. Cabelli on 
the health effects in fresh recreational waters indicates that fecal coli
forms are a poor indicator organisms and the E. coli or enterric coli are 
more predictive. Only limited work has been performed onNirus and para
sitic organisms to determine acceptable exposure levels. It is this lack 
of information that has caused many states to adopt a low fecal coliform 
limit with requirements for particulate removal. It is generally accepted 
that if clear effluent (less than 2 NTU) is provided prior to disinfection 
then removal rate for v1ruses and parasitic organisms is greatly increased. 

Phase 1 would not be subject to these standards since no wastewater 
effluent is involved. For Phase II, which involves only the Dyess AFG golf 
course it is recommended an inter im standard of 100 f. co 1 iform/lOO m 1 be 
adopted. For implementation of the Phase III, when the Westside effluent 
is tied into the entire system, it is recommended that a standard similar 
to California Title 22 be used as a guide and that the nonpotable discharge 
meet these minimum standards: 

Secondary treatment 

<2.2 co 1 ifof"ms/lOOml 
<23 colifo~ms/lOO ml max on<any sample during a 30 day period 
<2 NTU 

In addition,nutrient control to prevent a'lgae growth in receiving 
ponds may be required by the customer. 
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