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SUMMARY OF WATER QUALITY EVALUATION

This report presents the results of Task II of the Brazos River Authority’s
Water Quality and Regional Facility Planning Study. This task included the
evaluation of water quality objectives, collection of water quality data,
caiculation of point and nonpoint source loads, and the development and use
of stream and lake water quality models for the following water bodies,

Lake Stillhouse Hollow

Lake Belton

Leon River Above Lake Belton

Leon River below Lake Belton

Sulphur Creek

Clear Creek

Lampasas River above Lake Stillhouse Hollow

Lampasas River below Lake Stillhouse Hollow

Nolan Creek (used model already developed by the Texas Water
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Commission)
10. House Creek
11. Turkey Run Creek

The following conclusions and recommendations have been made on the basis
of the above work.

CONCLUSIONS

Lakes Belton and Stillhouse Hollow have been classified by the Texas Water
Commission as two of the cleanest lakes in the State based on Carlson’s
Trophic State Index parameters set in the State of Texas Water Quality
Inventory, 8th Edition, 1986. However, water quality data indicate that
Lake Stillhouse Hollow water quality in terms of algae growth (as measured
by chlorophyll ’‘a’) 1is increasing with time. Sampling data collected for



this study for both lakes showed higher levels of algae than the historical
data. Lake Belton has what could be termed as excessive levels in the Leon
River arm of the lake. These increased levels of algae may be due to the
continuing point and nonpoint discharges and accumulation of nutrients
(i.e., nitrogen and phosphorous) into the lakes. Much of the nutrient Toad
entering the lakes settles to the bottom with soil particles or dead algae
and can be recycled back into the water column to contribute to future
increases in algae population. Some of the differences in algae population
could be attributed to differences in climate conditions.

Water quality collected in this study show annual average chlorophyll ‘a’
values of about 11 ug/1 at the dam of each lake. Based on this existing
water quality and expected year to year variations, which are essentially
uncontrollable, an annual average chlorophyll ’'a’ of between 10 and 15 ug/}
at the dam of each lake should be used as an indicator of good water
quality. In other words we suggest that existing annual average chlorophyll
‘a’ values would provide an appropriate target.

Results of preliminary water quality modeling indicate that Lake Stillhouse
Hollow would be adversely impacted by point source nutrient loads unless
advanced waste treatment is required to reduce these loads. As shown in
Chapter IV, discharges of year 2030 point sources without advanced waste
treatment would increase chlorophyll ‘a’ values at the dam. The projected
values would be above existing chlorophyll ‘a’ concentrations and the
projected values would be above the 10 to 15 ug/1 target for Lake

Stillhouse Hollow.

As further indicated in Chapter IV, chlorophyll ‘a’ concentrations at the
dam in Lake Belton would not be significantly affected by projected point
source discharges. Therefore the existing chlerophyll ‘a’ concentrations
would be essentially unchanged. However, as shown in Figure II-13 for
sites 9 and 10, chlorophyll ‘a’ in the upper arm of Lake Belton is
frequently in excess of 100 ug/1. This concentration 1is above any
reasonable criteria.



Modeling along with the water quality data reflect that the sediments in
both lakes serve as a sink and source of nutrients. In the context of this
report a sink is a place within the lake such as the lake bottom where
nutrients are deposited and can accumulate. A source is a place where
nutrients originate. Under certain conditions, lake sediments can become a
source by releasing accumulated nutrients into the water column. In this
way a sink can become a source.

RECOMMENDATIONS

Based on the above conclusions the following recommendations are made
relative to Lakes Belton and Stillhouse Hollow:

1. The discharges into the lakes from point sources should be strongly
discouraged in order to reduce nutrient loadings to the lakes.

2. Discharges into the lakes, if allowed, should be subject to the
following conditions:

- Treatment plants should be operated by an operator with at
least a Class B certification.

- Treatment plants should include effluent filters.

- Treatment plants should be monitored in accordance with the
requirements of the Texas Water Commission rules and
regulations at a minimum frequency of once per week using a 24-
hour composite sample. .

- Treatment plants should be constructed in a manner which will
facilitate future addition of facilities to reduce nitrogen and
phosphorus, if necessary.

- Before a permit is granted an analysis should be required to
determine the localized water quality impact of the discharge
on cove and/or backwater areas.



3. An ongoing water quality monitoring program of each of the lakes
should be 1implemented. Additionally, an annual water quality
assessment report should be prepared and the lake water quality
models used in this study should be verified.

Based on the stream water quality modeling performed in this study, a
number of wastewater treatment plants in the study area may have more
stringent permit limits imposed on their effluent discharges in the future.
This may be observed in Table ES-1, which shows projected effluent limits
for wastewater treatment plants discharging into streams modeled in this
study. Wastewater treatment plants which may have stricter permit limits
imposed in the future include those operated by the City of Gatesville,
North Fort Hood, the City of Oglesby, the Temple-Belton Regional Sewerage
System, Bell County. WCID No. 1, the City of Lampasas (both plants), and the
City of Copperas Cove (three plants).



TABLE ES-1

PROJECTED FLOWS AND EFFLUENT REQUIREMENTS
FOR LAKE BELTON AND LAKE STILLHOUSE HOLLOW STUDY AREA

Projected Flows

Required Effluent Quality

North North

Gatesville Fort Hood Oglesby Gatesville Fort Hood Oglesby

Model Year (MGD) (MGD) (MGD)
Leon River above 1990 1.14 0.25 0.05 10/2/6 10/15/2 10/15/2
Lake Belton 2000 1.52 0.33 0.06 10/2/6 10/3/4 10/3/4
2010 2.02 0.44 0.07 10/2/6 10/3/4 10/3/4
2020 2.68 0.59 0.07 10/2/6 10/3/4 10/3/4
2030 3.62 0.79 0.08 10/2/6 10/3/4 10/3/4

Model

Leon River Below
Lake Belton

Temple-Belton Regional Sewerage System
For Permitted Flow of 10 MGD

10/2/6

Total Flow from Hypothetical WWTP's
Model (MGD)

Lampasas River Below Lake 0.65
Stillhouse Hollow

Required Effluent Quality

20/15/2

Note: Effluent Requirements shown in terms of BOD/NH3-N/DO.
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TABLE ES-1

PROJECTED FLOWS AND EFFLUENT REQUIREMENTS
FOR LAKE BELTON AND LAKE STILLHOUSE HOLLOW STUDY AREA

(continued)
Projected Flows Required Effluent Quality
Harker Harker
Heights Heights
WCID #1  WCID #1  WCID #4  WCID #3  WCID #1 WCID #1 WCID #4  WCID #3
(MGD) STP #2 (MGD) (MGD) STP #2
Model Year {MGD)

Alternative #1
Nolan Creek Model 1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 3.64 3.00 0.44 7/2/6 7/2/6 10/3/4 10/15/2
2030 19.16 7.68 3.72 0.56 7/2/6 1/2/6 10/3/4 10/15/2

Alternative #2
1990 14.37 0.00 1.51 6.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 .- 10/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 3.45 3.00 0.44 1/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 7.11 3.72 0.56 7/2/6 1/2/6 10/3/4 10/15/2

Alternative #3
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 1.06 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 2.22 2.44 0.44 7/2/6 7/2/6 10/3/4 10/15/2
2030 19.16 4.16 2.70 0.56 7/2/6 7/2/6 10/3/4 10/15/2

Note:

Effluent Requirements shown in terms of BOD/NH>-N/DO.
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TABLE ES-1
PROJECTED FLOWS AND EFFLUENT REQUIREMENTS

FOR LAKE BELTON AND LAKE STILLHOUSE HOLLOW STUDY AREA
(continued)

Total Projected Flows
For Planning Area
Model Year (MGD) Required Effluent Qualijty

City of Lampasas
Low Flow Scenario

Sulphur Creek 1990 : 0.70 10/15/2
2000 0.90 10/3/4
2010 1.20 10/3/4
2020 1.50 10/3/4
2030 1.80 10/3/4

City of Lampasas
High Flow Scenario

1990 0.74 10/15/2
2000 1.01 10/3/4
2010 1.42 10/3/4
2020 1.96 10/3/4
2030 2.62 10/3/4
Copperas Copperas Copperas Copperas Cooperas Copperas
- Cove Cove Cove Cove Cove Cove
Northeast Northwest South Northeast Northwest South
Model Year (MGD) (MGD) (MGD)
House Creek, 1990 0.92 1.51 0.85 10/3/4 10/3/4 10/3/4
Turkey Creek, 2000 1.07 1.89 1.37 10/3/4 10/3/4 10/3/4
and Clear Creek 2010 1.19 2.04 1.59 10/3/4 10/3/4 10/3/4
2020 1.29 2.23 1.75 10/3/4 10/3/4 10/3/4
2030 1.35 2.46 1.93 10/3/4 10/3/4 10/3/4

Note: Effluent requirements shown in terms of BOD/NH3-N/DO.



Chapter

I1

II1

TABLE OF CONTENTS

Description

WATER QUALITY OBJECTIVES
General
Water Quality Standards for Study Area Streams
Water Quality Standards for Classified
Stream Segments
Water Quality Standards for Unclassified
Stream Segments
Lake Water Quality Objectives

WATER QUALITY DATA
Introduction
Historical Water Quality Monitoring
Streams
Lakes
Brazos River Authority Monitoring for this Study
Stream Monitoring
Lake Sampling and Testing
Nonpoint Source Sampling and Testing
Application of Water Quality Data to this Study

POINT AND NONPOINT SOURCE LOAD CALCULATIONS
Introduction
Point Source Pollutant Loadings
Nonpoint Source Loadings
Existing and Projected Pollutant Loads
in Lake Watersheds

Page No.

L N o B
Pt ot et

II-1
I1-1
[1-1
I1-2
I1-6
I1-6
I1-6
11-26
I1-58
I1-58

ITI-1
I11-1
I11-1
[1I-6

I11-8



Chapter
IV

TABLE OF CONTENTS
(continued)

Description

WATER QUALITY MODELING TO DETERMINE RECOMMENDED
EFFLUENT LIMITS
Introduction
Streams
Procedure
Calibration of Stream Quality Models Used
in this Study
Verification of Stream Water Quality Models
Used in this Study
Application of Stream Models
Discussion of Observations During Model Use
Lakes
Introduction
Calibration
Use of Lake Models and Water Quality Data to
Assess Water Quality Impacts

CONCLUSIONS AND RECOMMENDATIONS
Conclusions
Recomyendations

ii

Page No.

IvV-1
Iv-1
Iv-1
Iv-1

Iv-4

Iv-19
IV-32
IV-41
Iv-43
IV-43
Iv-44

IV-58

-l ol =l
RN bt bt



Table No.

I-1

I-2
II-1
II-2

IT-3
I1-4

II-5
11-6
1I1-7
11-8

I1-10
II-11
I1-12

I1-13
II-14

LIST OF TABLES

Description Page No.

Current Texas Surface Water Quality Standards
lLake Belton and Lake Stillhouse Hollow

Drainage Areas 1-3
Current Texas Surface Aquatic Life Subcategories I-6
Leon River Near Lake Belton Historical Water

Quality Data Summary I1-4
Lampasas River near Stillhouse Hollow Reservoir

Historical Water Quality Data Summary II-5
Lake Belton Historical Water Quality Data Summary 1i-7
Lake StilThouse Hollow Historical Water

Quality Data Summary I1-9
Results of Intensive Survey of Leon River

Above Lake Belton on October 13, 1987 I1-12
Results of Intensive Survey of Leon River

Above Lake Belton on February 16, 1988 I1-14
Results of Intensive Survey of Sulphur Creek

on October 20, 1987 I1-17

Results of Intensive Survey of Lampasas River

Above Lake Stillhouse Hollow on

October 16, 1987 [[-21
Results of Intensive Survey of Lampasas River

Below Lake Stillhouse Hollow on

October 14, 1987 II-24
Results of Intensive Survey of Clear Creek

on September 10-11, 1987 [1-28
Results of Intensive Survey of House Creek on

November 13, 1987 [I1-31
Results of Intensive Survey of Turkey Run Creek

on November 11, 1987 11-33
Nonpoint Source Stormwater Sampling Resuits I1-59
Lakes Belton and Stillhouse Hollow Study Runoff

Constituent Concentrations I1-60



Table No.

I11-1

I11-2
I1I-3

I11-4
ITI-5
[11-6

I11-7

Iv-1

IV-2

V-1

LIST OF TABLES

(continued)
Description
Permitted Dischargers in Lake Stillhouse Hollow
Watershed

Permitted Dischargers in Lake Belton Watershed

Summary of 1988 and Projected (2030)
Point Source Loads

Lake Belton and Lake Stillhouse Hollow Land Use
Analysis Results as of November 9, 1988

Summary of 1988 and Projected (2030) Nonpoint
Source Loads

Summary of 1988 Nonpoint Source and Point Source
Loadings to Lake Belton and Lake Stillhouse
Hollow Watersheds

Summary of Projected (2030) Nonpoint Source and
Point Source Loadings to Lake Belton and
Lake Stillhouse Hollow Watersheds

Model Coefficients for Lakes Belton and Stillhouse
Hollow

Loading Scenarios Used in Projections for Lakes
Belton and Stillhouse Hollow

Projected Flows and Effluent Regquirements for

Lake Belton and Lake Stillhouse Hollow
Study Area

iv

Page No.

I11-3
IT1-4

I11-7
I11-9
I11-10

ITI-11

IT1-12

IV-47

IV-72

V-4



i N D ipti

I-1

I1-1
I7-2

I1-3
I1-4

IT-5

IT-6
11-7

I1-8
IT-9

I1-10
I1-11

II-12
I1-13

[1-14
IT-15
[I-16
[1-17
IT-18
[1-19
I1-20

LIST OF FIGURES

Page No.

Lake Belton and Lake Stillhouse Hollow Study

Area Map I-2
Lake Belton and Lake Stillhouse Hollow Study Area

Monitoring Stations II-3
Sampling Locations on the Leon River Above

Lake Belton II-11
Sampling Locations on Sulphur Creek II-16
Sampling Locations on the Lampasas River Above

Lake Stillhouse Hollow IT-20
Sampling Locations on the Lampasas River below

Lake StilThouse Hollow I1-23
Sampling Locations on Clear Creek I1-27
Sampling Locations on House Creek and Turkey

Run Creek I1-30
Sampling Locations on Lake Stillhouse Hollow I1-36
Concentration of Chlorophyll ’a’ for Surface '

Samples from Lake Stillhouse Hollow 11-37
Observed Growth Limitations for Available

Nutrients from Lake Stillhouse Hollow I1-40
Temperature Dissolved Oxygen Profiles in

Stillhouse Hollow Lake IT-45
Sampling Locations on Lake Belton 11-46
Concentration of Chlorophyll ‘a’ for Surface

Samples From Lake Belton 11-47
Observed Growth Limitations for Available

Nutrients from Lake Belton II-52
Temperature - Dissolved Oxygen Profiles in

Lake Belton 11-58
Lake Stillhouse Hollow Historical Chlorephyil ’a’

Concentrations (Site Near Dam) I11-62
Lake Stillhouse Hollow Historical Chlorophyll ‘a’

Concentrations (Site Near Headwater) I1-63
Lake Belton Historical Chlorophyll ‘a’ Concentrations

(Site Near Dam) I1-64
Lake Belton Historical Chlorophyll ‘a’ Concentrations

(Cowhouse Creek Arm Site) I1-65
Lake Belton Historical Chlorophyll ’‘a’ Concentrations

(Leon River Arm Site) I1-66



Figure No.
ITI-1
III-2
ITI-3

Iv-1

IvV-2

Iv-3

Iv-4

IV-5

IV-6

Iv-7

Iv-8

IV-9

1v-10
Iv-11
Iv-12
IV-13

LIST OF FIGURES
(continued)

Description

Lake Belton and Lake Stillhouse Hollow
Study Area Point Source Dischargers

Existing and Projected Pollution Loadings to
Lake Belton Watershed

Existing and Projected Pollution Loadings to
Lake Stillhouse Hollow Watershed

Calibration Model Results and Observed Values
from the October 13, 1987 Sampling of the
Leon River Above Lake Belton

Calibration Model Results and Observed Values
from the May 19-20, 1987 Sampling of the
Leon River Below Lake Belton

Calibration Model Results and Observed Values
from the October 20, 1987 Sampling of
Sulphur Creek

Calibration Model Results and Observed Values
from the September 10-11, 1987 Sampling of
Clear Creek

Calibration Model Results and Observed Values
from the October 16, 1987 Sampling of
the Lampasas River above Lake Stillhouse Hollow

Calibration Model Results and Observed Values
from the October 14, 1987 Sampling of
the Lampasas River Below Lake Stillhouse Hollow

Calibration Model Results and Observed Values
from the February 16, 1988 Sampling of
the Leon River above Lake Belton

Verification Model Results and Observed Values
from the November 3-4, 1987 Sampling of the
Leon River Below Lake Belton

Projected Dissolved Oxygen Concentrations
for Leon River Above Lake Belton

Water Quality Model Segmentation for
Lake Stillhouse Hollow

Calibration Model Results and Observed Values
for Total Nitrogen in Lake Stillhouse Hollow

Calibration Model Results and Observed Values
for Total Phosphorous in Lake Stillhouse Hollow

Calibration Model Results and Observed Values
for Chlorophyll ‘a’ in Lake Stillhouse Hollow

vi

Page No.

ITI-2

I11-14

I11-15

IV-5

Iv-9

IV-13

IV-16

Iv-20

Iv-23

1V-26

iv-29
IV-35
IV-49
[V-50
IV-52
IV-54



LIST OF FIGURES

(continued)
Figure No. Description

Iv-14 Calibration Model Results and Observed Values
for Dissolved Oxygen in Lake Stillhouse Hollow

Iv-15 Calibration Model Results and Observed Values
for Nutrient Limitations in Lake
Stillhouse Hollow

IV-16 Water Quality Model Segmentation for Lake Belton

IV-17 Calibration Results and Observed Values for
Total Nitrogen in Lake Belton

IV-18 Calibration Results and Observed Values for
Chlorophyl1l ‘a’ in Lake Belton

Iv-19 Calibration Results and Observed Values for
Dissolved Oxygen in Lake Belton

IV-20 Calibration Results and Observed Values for
Nutrient Limitations in Lake Belton

1v-21 Direct Effects of Waste Loads on Lake Belton
Chlorophyll "a’ Projects at Segment
Adjacent to Dam

1v-22 Direct Effects of Waste Loads on Lake Stillhouse

Hollow Chlorophyll ‘a’ Projections at Segment
Adjacent to Dam

vii

IV-59
IV-61

IV-62
IV-64
IV-67
Iv-69

1v-74

IV-75



CHAPTER 1
WATER QUALITY OBJECTIVES

GENERAL

The purpose of this study is to determine measures required to protect the
quality of water in study area streams and lakes so that the intended uses
of these water bodies can be maintained. With the possible exception of
limits for nutrients and chiorophyll ‘a’, the April 29, 1988, Texas Surface
Water Quality Standards establish criteria and conditions which are adequate
to meet the above objective. These standards include general criteria, an
antidegradation provision, and limitations on toxic materials, all of which
apply to all waters of the State. In addition, the Standards include site-
specific uses and numerical criteria applicable to specific water bodies,
which are referred to as stream segments. This chapter describes the water
quality standards used in evaluating wastewater treatment needs for existing
and potential dischargers into various area streams and Lakes Belton and
Stillhouse Hollow. Where possible, critical low fiows were taken from the
April 1988, Texas Surface Water Quality Standards. In cases where no low
flow criteria were published an assumed low flow value was used based on
field observations and best engineering judgement. A map showing the
location of these various water bodies is included as Figure I-1. The lack
of criteria for nutrients and recommendations for addressing the nutrient
issue are discussed with water quality objectives for Lakes Belton and
Stillhouse Hollow.

WATER QUALITY STANDARDS FOR STUDY AREA STREAMS
Water Quality Standards for Classified Stream Segments
The Texas Water Commission has established water uses and numerical

criteria on a site-specific basis for a number of stream segments in Texas.
Table I-1 1ists these uses and criteria for the streams and lakes which
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TABLE I-1

CURRENT TEXAS SURFACE WATER QUALITY STANDARDS
LAKE BELTON AND LAKE STILLHOUSE HOLLOW DRAINAGE AREAS

Segment Water Uses! cL? §043 TDS4 005 pH Fecal®  Temp’

Number Segment Name A B c D (mg/1) (mg}]) (mg/1)  (mg/1) (§.U0.) Coliform (*F)

1215 Lampasas River Below Lake Stillhouse R H PS 100 75 500 5.0 6.5-9.0 200 91
Hollow

1216 Lake Stillhouse Hoilow (R E PS 100 75 500 6.0 6.5-9.0 200 93

1217 Lampasas River Above Lake Stillhouse CR H 480 80 840 5.0 6.5-9.0 200 91
Hollow .

1218 Nolan Creek (R H PS 100 75 500 5.0 6.5-9.0 200 93

1219 Leon River Below Lake Belton (R H PS 150 75 500 5.0 6.5-9.0 200 91

1220 Lake Belton CR H pPS 100 75 500 5.0 6.5-9.0 200 93

1221 Leon River Below Lake Proctor CR H

PS 150 75 500 5.0 6.5-9.0 200 90

Source: Texas Water Commission SURFACE WATER QUALITY STANDARDS, April 1988

lc1ass A: Recreation {CR - Contact Recreation)

Class B: Aquatic Life (H - High Quality, E - Exceptional Quality)

Class C: Domestic Water Supply (PS - Public Water Supply)

Class D: Other
2Chlorides: - Annual average not tb exceed this value.
3sulfate: Annual average pot to exceed to this value.

41otal Dissolved Solids: Annual average not to exceed this value.

5pissolved Oxygen: Minimum value for 24-hour mean. For thermally stratified impoundments, compliance is measured in the epilimnion.
6recal Coliform: For contact recreation, fecal coliform content shall not exceed 200 colonies per 100 ml as a geometric mean based on a
representative sampling of not less than 5 samples collected over not more than thirty days.

7Temperature: Not to exceed this value.
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have been classified in this manner within the planning area for this

study. The following paragraphs describe each of these classified stream
segments.

Leon River Below lake Proctor. The Leon River Below Proctor Lake (Segment
1221) extends from a point 100 meters upstream of FM 236 in Coryell County

to Proctor Dam in Comanche County. The site-specific uses and criteria
which apply to Segment 1221 are presented in Table I-1.

Wastewater treatment needs in the Gatesville area were based on a dissolved
oxygen limit of 5.0 mg/1, a critical low flow of 2.0 cfs, and a temperature
of 27.5°C. The 5.0 mg/1 dissolved oxygen limit and 2.0 cfs critical low
flow are values specified in the Texas Surface Water Quality Standards for
Segment 1221. The temperature of 27.5°C is the maximum summer temperature
of water in Segment 1221.

Nolan Creek. Nolan Creek (Segment 1218) extends from the confluence with
the Leon River in Bell County to a point 100 meters upstream of the most
upstream crossing of US 190 near the intersection of US 190 and Loop 172 in
Bell County.

The site-specific uses and criteria which apply to Segment 1218 are shown
in Table I-1.

Wastewater treatment needs in the Killeen, Harker Heights, and Nolanviile
areas were based on a dissolved oxygen limit of 5.0 mg/1, a critical Tow
flow of 0.1 cfs, and a temperature of 29.5°C.

Leon River Below Lake Belton. The Leon River Below Belton Lake (Segment
1219) extends from the confluence with the Lampasas River in Bell County to
Belton Dam in Bell County. The site-specific uses and criteria which apply
to Segment 1219 are presented in Table I-1.
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Wastewater treatment plant effluent requirements for the Temple/Belton
Regional Sewerage System were based on a 5.0 mg/1 Tlimit for dissolved
oxygen, an upstream critical low flow of 0.5 cfs, and a temperature of
24.3°C,

Lampasas River Above Lake Stjllhouse Hollow. The Lampasas River Above Lake

Stillhouse Hollow (Segment 1217) extends from a point immediately upstream
of the confluence of Rock Creek in Bell County to FM 2005 in Hamilton
County. The site-specific uses and criteria which apply to Segment 1217
are shown in Table I-1.

There are no point source dischargers which discharge directiy into this
segment.

Lampasas River Below Lake Stillhouse Hollow. The Lampasas River Below Lake
Stillhouse Hollow (Segment 1215) extends from the confluence with the Leon

River in Bell County to Stillhouse Hollow Dam in Bell County. The site-
specific uses and criteria which apply to Segment 1215 are presented in
Table I-1.

Wastewater treatment plant effluent requirements for this segment were based
on a 5.0 mg/1 limit for dissolved oxygen, a critical low flow of 4.3 cfs,
and a temperature of 24.3°C.

Water Quality Standards for Unclassified Stream Segments

Four streams in the study area were evaluated which do not have established
water uses and numerical criteria. These are House Creek, Turkey Run
Creek, Clear Creek, and Sulphur Creek. Texas Surface Water Quality
Standard’s General Criteria, Antidegradation Policy and Toxic Materials
Criteria all apply to these unclassified stream segments. The above
mentioned General Criteria provides that the dissolved oxygen standard for
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unclassified segments will be based on the aquatic use of the segment (see
Table I-2). Where little or no data are available to assess aquatic uses,
the stream segment is assumed to have a limited aquatic life use and
associated dissolved oxygen criteria. However, this assumption is subject
to change when administrative or regulatory action is taken by the TWC
which relates to the particular unclassified water body. The following
paragraphs describe each of the unclassified stream segments which were
evaluated.

House Creek, Turkey Run Creek, and Clear Creek. House, Turkey Run, and
Clear Creeks are unclassified streams in Coryell County which respectively

receive effluent from each of three Copperas Cove wastewater treatment
plants. According to the Texas Surface Water Quality Standards,
unclassified waters which are perennial or support perennial aquatic life
uses are designated for the specific wuses that are existing or
characteristic of those waters. In instances where the executive director
of the commission determines that little or no information is available to
assess those uses, the waters will be preliminarily assumed to have a
limited aquatic life use. As no information were found on the aquatic uses
of these creeks, they were assumed to have a Timited aquatic life use. The
dissolved oxygen standard for limited aquatic life use is an average of 3.0 -
mg/1 over a 24 hour period. Water quality modeling to determine wastewater
treatment needs for Copperas Cove were based on the 3.0 mg/1 dissolved
limit, a critical low flow of 0.1 cfs, and a temperature of 29.5°C in each
creek.

Sulphur Creek. Sulphur Creek is an unclassified stream in Lampasas County
which receives effluent from the City of Lampasas’ wastewater treatment
ptant. No information was found on the aquatic uses for Sulphur Creek.
Thus Sulphur Creek was assumed to be a limited aquatic use habitat with a
dissolved oxygen standard of 3.0 mg/1. Wastewater treatment plant effluent
requirements for the City of Lampasas was based on a 3.0 mg/1 limit for
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CURRENT TEXAS SURFACE
AQUATIC LIFE SUBCATEGORIES

Aquatte
Life
Use
Subcatagory

Dissolved Oxygen
Criterinm,

Agustic

Life Attributes

Freshuater
mean/minimus

Freshwater in Spring
sean/minimum

Kabitat

mean/minimum Characteristics

Specias
Assamblage

Exceptional

Nigh

Intermediaste

Limited

6.0/4.0

5.0/3.0

t.0/3.0

3.0s72.0

6.0/5.0

5.5/4.3

3.0/74.0

4.0/73.0

Quteatending
Natural
Varfisbility

Highliy
Diverse
Koderately

Diverss

unliform

Exceptional or
Unusual

Unusual Association
Expected Species

Some Expactad
Species

Feu Expected
Species

Dissolved oxygen means are¢ spplied os an average over s 24-hour period,

Daily minima are not to extend beyond S-hours per 24-hour day.

Divarsity

Exceptionslly
Nigh

Nigh

Noderate

Low

Richness

Exceptionally

Kigh

High

Roderate

Low

Trophie
structure

Sslanced

Balanced 2.
Slightly

[
Jebalanzs!

Noderataly

Takbs

Sevarely
tabataeriazg

Lower dissalved oxygen minime may epply on & sitecspecific basis, when nstural deitly
fluctustions bslow the mesn ere greater than the difference betueen the sean and minims of the sppropriste criterias.

spring criteris to protect fish spening periods are applied during that portion of the first half of the year when water temperatures sre 63.0°F te

73.0°F.

Aquatfc Life attributes are preliminary and subject to further refinement pending results of studies being conductad by the comaission.
criteria to support aquatic Life sttributes are being developed with conjunction with the resesrch.

Quantitetive

Dissolved oxygen snalyses and computer models to establieh effluent (imite for permitted discharges will normally be spplied to mean criterfn ot
critical conditions.

steady-state,

Petarmination of standards attainment for dissolved oxygan criteria is specified in §307.9(d)(6) (relating to Determination of Standerds Attasinmant).
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dissolved oxygen, a critical low flow of 2.0 cfs, and a temperature of
30.0°C.

LAKE WATER QUALITY OBJECTIVES

As previously mentioned, except for nutrients and chlorophyll ‘a’, the
April 19, 1988 Texas Surface Water Quality Standards (see Table I-1) are
adequate to support the intended uses of Lakes Belton and Stillhouse
Hollow. There are no national or state-wide water quality standards for
in-lake concentrations of chlorophyll ’‘a’ or the nutrients nitrogen and
phosphorous.

Increases in chlorophyll ‘a’ concentration over time are one of the
measures of lake eutrophication. The State of Texas data bases for Lakes
Belton and Stillhouse Hollow, shown in the 1986 State of Texas Water
Quality Inventory, published by the Texas Water Commission, are limited

with nine chlorophyll ’a’ samples available. These samples indicate
average chlorophyll ‘a‘’ concentrations of 2 and 3 ug/1 near the dams in
Lakes Stillhouse Hollow and Belton, respectively. There are no other
comprehensive data on lake water quality in the State of Texas data base
for the two lakes. Based on these data, both lakes are reported to have
good water quality when compared to the other lakes in the state which were
reported to vary from about 1 ug/1 to 70 ug/1 chlorophyil ’a’.

The State of Texas data base has been augmented by the sampling program
which is a part of the present study. The data from the current program
indicates a mean chiorophyll ‘a’ concentration of slightly in excess of 11
ug/1 at the surface for the stations closest to the dams in each of the
lakes. This is in contrast to the more limited historical data which
indicates average chlorophyll ’a’ concentrations, at comparable locations,
of approximately 2 and 3 ug/1 for Lakes Stillhouse Hollow and Belton
respectively.
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Comparisons of the average chlorophyll ’‘a’ concentration at the dams for
Lakes Belton and Stillhouse Hollow with the information on Texas lakes in
the state data base suggests that these lakes are roughly at the average
chlorophyll ’a’ concentration observed in state lakes. It is difficult to
clearly interpret the comparison of the value of the average chlsrophyll
“a’ obtained from an annual data set with the information in the state data
base, The state data base represents more random sampling where some of
the lakes are represented by very small data bases and other lakes have
been fairly extensively sampled. In this context a water quality objective
which limits the chlorophyll ’‘a’ in the main lake near the dam to between
10 and 15 ug/1 could be considered. However, this target should be
subjected to continued evaluation using data from an ongoing water quality
monitoring program which has been recommended for each of these lakes.

In conclusion, the water quality objectives for Lakes Belton and Stillhouse
Hollow should be as follows:

1. The Texas Surface Water Quality Standards for segments 1216 (Lake
Stiilhouse Hollow) and 1220 (Lake Beiton); and

2. A chlorophyll ‘a’ target of between 10 and 15 ug/1 in the main lake
near the dam in each lake.



CHAPTER II
WATER QUALITY DATA

INTRODUCTION

Water quality monitoring of the lakes and streams in the study area has
been conducted for many years by various federal and state agencies.
Agencies which have performed water quality monitoring prior to this study
include the U.S. Geological Survey (USGS), the Texas Water Commission
(TWC), and the Central Texas Council of Governments (CTCOG) for a 1980
report on nonpoint source pollution.

As part of this study, Lakes Stillhouse Hollow and Belton were sampled by
the Brazos River Authority twelve times during the course of a year to
provide a data base that could be used to develop a model of each lake’s
water quality. Stream surveys were conducted on seven streams as part of
the study to develop water quality models. Sampling was conducted at
several points along each stream’s course to determine changes in water
quality, especially below point source discharges. The sampling sites were
visited more than once during the sampling day to provide an indication of
diurnal changes in water quality. Nonpoint Source (NPS} sampling was
conducted to determine the pollutant concentrations for various landuses.
In the following sections, historical water quality monitoring and the water
quality monitoring performed by the Brazos River Authority for this study
will be described and data from the various monitoring programs will be
presented.

HISTORICAL WATER QUALITY MONITORING

Data collected during the period 1978-1988 were used to assess the
historical water quality for Lakes Belton and Stillhouse Hollow and for the
Leon and Lampasas Rivers immediately upstream and downstream from each
lake.



I1-2

Much of the data used in this historical water quality assessment were
collected by the Texas Water Commission (TWC) and the United States
Geological Survey (USGS). The TWC and the USGS both operate monitering
stations where data have been periodically collected. Figure II-1 shows
the locations of the TWC and USGS monitoring stations. Data collected for
this study and the 1980 CTCOG at the TWC and USGS monitoring sites are also
included in this section.

The water quality assessment results for both the lakes and rivers are
presented using minimum, maximum, average values, and the number of samples
collected for each water quality parameter. A1l samples collected at each
site were used in making this determination.

Some of the sampling stations were monitored on a regular basis over the
pericd evaluated, while other stations were sampled infrequently or
discontinued during the study period. Data were collected by the Brazos
River Authority for this study only in 1987 and 1988, and data were
collected by CTCOG only in 1980. The parameters analyzed at the stations
varied. However, most sampling stations did include the basic physical and
chemical water quality parameters: DO, temperature, chlorophyll ‘a’, and
the nitrogen and phosphorous series. The following presents summaries of
the data collected for lakes and streams in the study area.

Streams

The historical water quality data summary for the Leon River immediately
upstream and downstream of Lake Belton is presented in Table II-1. The
historical water quality data summary for the Lampasas River immediately
upstream and downstream of Lake Stillhouse Hollow 1is presented in
Table 1I-2.
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TABLE [I1-1

LEON RIVER NEAR LAKE BELTOM
HISTORICAL WATER QUALITY DATA SUMHMARY

LOCATION: Leon River at Headwater of Lake Belton
REPORTIMNG PERIOD: 2/9/79 through 2/16/87
SOURCES: Texas Water Commission, Central Texas Council of Governments

= e
Nitrate
and

organic Ammonia Hitrite Total Ortho- Chlorophyll

Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous tat

mg/l mg/l mg/t ma/t mg/1 ug/l
Minimum 0.153 0.005 0.010 0.041 0.008 0.050
Maximum 2.411 0.360 2.622 2.320 2.2%90 105.280
Average 0.685 0.074 0.445 0.434 0.332 9.374
No. of Samples 12 43 L4 42 42 39

LOCATION: Leon River Below Lake Belton Dam
REPORTING PERIOD: 3/12/80 through 9/30/80
SOURCES: Central Texas Council of Governments

b - ]
Hitrate
and

Organic Ammonia Nitrite Total Ortho- Chlorophyti

Nitrogen Nitrogen WNitrogen Phosphorous Phosphorous ‘g?

mg/t mg/l mg/t mg/t mg /| ug/i
Rinimum 0.172 0.002 0.02¢% 0.007 0.002 0.5%0
Maximum 0.561 0.051 0.550 0.188 g.021 67.920
Average 0.292 0.017 0.179 0.053 0.006 16.900

No. of Samples 1 11 11 9 4 8




TABLE II-2

LAMPASAS RIVER MEAR STILLHOUSE HOLLOW RESERVOIR
HISTORICAL WATER QUALITY DATA SUMMARY

LOCATION: Lampasas River at Headwater of Stillhouse Hollow Reservoir
REPORTING PER1OD: 2/12/79 through 2/19/87
SOURCES: Texas Water Commission, Central Texas Council of Governments

L — . — .}
Nitrate
and

Organic Ammonia Nitrite Total Ortho- Chlorophyll

Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous ‘g’

mg/1 mg/ mg/l mg/1 ng/l ug/l
Minimum 0.037 0.005 0.010 0.010 0.002 0.100
Haximum 1.370 0.130 1.1460 0.960 0.070 35.700
Average 0.352 0.030 0.151 0.080 0.014 4.478
Ho. of Samples 13 45 45 b4 43 39

LOCATION: Lampasas River Below Stiilhouse Hollow Reservoir
REPORTING PERIOD: 3/10/80 through 8/3/82
SOURCES: Centrel Texas Council of Governments, Unfited States Geological Survey, Brazos River

Authorfty
b — .. — — 3
Nitrate
and
Organic Ammonia Nitrite Total Ortho- Chlorophyll
Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous faf
mg/l mg/l mg/l mg/ L mg/1 ug/l

Kinimum 0.039 0.002 0.050 0.005 0.002 0.510
Haximum 1.133 0.112 1.800 0.214 0.082 13.100
Average 0.327 0.037 0.612 0.050 0.015 5.172

No. of Samples 19 20 21 19 1 10




Lakes

The historical water quality data were available for three sites on Lake
Belton: 1) Near the dam; 2) At the Leon River Arm near the headwater; and
3) At the Cowhouse Creek Arm. The summary of the historical water quality
data is presented in Table II-3. Higher values for most of the parameters
were observed in the Leon River Arm than at other sites.

Historical data at two sites were evaluated for Lake Stillhouse Hollow:
1) Near the dam and 2) Near the Lampasas River headwater. The summary of
the historical water quality data for Lake Stillhouse Hollow is presented in
Table 1I-4, Higher values for most of the parameters analyzed were
observed near the Lampasas River headwater than near the dam, however
higher values of total and orthophosphorous were observed near the dam.

BRAZOS RIVER AUTHORITY MONITORING FOR THIS STUDY

Stream Monitoring

Stream surveys for this study were conducted to develop water quality
models that were used to determine effluent requirements for point source
dischargers into the stream. Surveys were conducted during periods of
moderate to low flow so impacts of current point source discharges could be
distinguished. At each sampling site, measurements of temperature,
dissolved oxygen, pH, conductance, and discharge were taken. A sample of
water for laboratory analysis was also taken. When possible, each site was
visited two or more times during the day so diurnal changes could be
determined. Samples from each visit at a particular site were composited
to determine the average daily water quality. The sample analysis included
BODS, TSS, VSS, ammonia, nitrite, nitrate, organic nitrogen,total
phosphorus and orthophosphorus.



TASLE 11-3

LAKE BELTON
HISTORICAL WATER QUALITY DATA SUMMARY

LOCATION: Lake Belton Near Dam

REPORTING PERIOD: 3/10/78 through 8/19/88

SOURCES: Texas Water Commission, Brazos River Authority, Central Texas Council of
Governments, United States Geological Survey

E —— — ——— e —— e —
Nitrate
and

Organic Ammonia Nitrite Total Ortho- Chlorophytl

Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous tat

mg/ L mg/l mg/ 1 mg/t ng/\ ug/i
Hinimum 0.060 0.001 0.002 0.002 0.002 1.462
MHaximum 1.370 0.780 0.474 0.720 0.075 37.450
Average 0.453 0.090 0.132 0.056 0.013 9.249
Ho. of Samplas 49 65 63 &6 56 32

LOCATION: Lake Belton at Cowhouse Creek Arm

REPORTING PERIOD: 10710779 through 8/19/88

SOURCES: Texas Water Commission, Brazos River Authority, Central Texas Council of
Governments

IREN - — - ._ ___—_
Nitrate
and

Organic Ammonia Nitrite Total Ortho- Chltorophytl

Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous at

mg/l mg/L mg/l mg/ | mg/t ug/t
Hinimum 0.050 0.004 0.003 0.006 0.002 2.000
Haximum 2.114 0.504 0.295 0.159 0.061 42.060
Average 0.324 0.067 0.087 0.033 0.013 12.629
No. of Samples 21 29 28 28 28 25




TABLE II-3

LAKE BELTONMN
HISTORICAL WATER QUALITY DATA SUMMARY
(continued)

LOCATION: Lake Belton at Leon River Arm

REPORTING PERIOD: 10/7/10/79 through 8/19/88

SOURCES: Texas VWater Commission, Brazos River Authority, Central Texas Council of
Governments

]
Nitrate
and
organic Ammonia Hitrite Total Ortho- Chlorophyll
Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous tgt
mg/t mg/l mg/l mg/l mg/l ug/l
Minfimum 0.090 0.010 0.010 0.010 0,002 3.000
Maximum 5.520 0.510 0.659 0.767 0.129 261.310
Average 0.878 0.144 0.131% 0.081 0.021 T0.473

No. of Samples 38 47 &7 45 46 28




TABLE II-4

LAKE STILLHOUSE HOLLOUW
HISTORICAL WATER QUALITY DATA SUMMARY

LOCATION: Lake Stillhouse Hollow Kear Dam

REPORTING PERIOD: 10/10/79 through 7/14/88

SOURCES: Texas_Water Commission, Brazos River Authority, Central Texas Council of
Governments, United States Geological Survey

— - ]
Nitrate
and
Organic Ammonia Nitrite Total Ortho- Chlorophyll
Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous el
mg/ L mg/i mg/l mg/L mg/1 ug/t

Minfmum 0.080 0.004 0.009 o.om 0.001% 0.100
Max{imum 1.319 0.250 0.342 0.380 0.171 26.450
Average 0.326 0.071 0.109 0.037 0.020 7.630
No. of Samples 39 44 51 54 42 30

LOCATION: Lake Stillhouse Hollow Near Lampasas River Headwater

REPORTING PERIOD: 10/106/79 through 7/14/88

SOURCES: Texas Water Commissfon, Brazos River Authority, Central Texas Council of
Governaments, Unfted States Geological Survey

E
Nitrate
and

Organic Ammonia Nitrite Total Ortho- Chlorophyll

Ritrogen Nitrogen Nitrogen Phosphorous Phosphorous ‘a’

mg/t mg /L mg/ 1l mg /L mg/l ug/{
Minimum 0.040 0.005 0.003 0.005 0.002 0.900
Maximum 2.190 0.495 0.399 0.070 0.048 36.990
Average 0.435 0.083 0.085 0.025 0.013 12.658
No. of Samples 35 40 48 50 40 29
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Leon River. The Leon River above Lake Belton was sampled on two occasions,
October 13, 1987 and February 16, 1988. Four sites and the Gatesville
wastewater treatment plant (WWTP) were sampled on both occasions, and a
fifth site was added for the February sampling. Figure I1-2 is a map of
the sampling sites. The field observations are presented in Table I[-5 and
Table 11-6 for the October and February surveys, respectively. During the
February survey each site was only visited once, since a time of travel
study was being conducted concurrently. Data presented in the tables
indicate that the WWTP had a slight impact on dissolved oxygen downstream
of the discharge (site 2) and the stream recovered rapidly.

The results of the chemical analysis of the water samples are also
presented in Tables II-5 and II-6. In both surveys the nutrient levels in
the stream were elevated below the WWTP. During both surveys the WWTP
effluent had high BOD5 ,ammonia and organic nitrogen concentrations. The
total nitrogen and total phosphorus levels found during the October survey
steadily decreased below the WWTP, while the February survey showed the
nitrogen and phosphorus levels to be constant or increasing downstream.
The differences could be due to nutrient cycling by plant life. In October
the aquatic plant life was probably actively growing, while in February most
growth was stopped and some mortality may have occurred which could
reintroduce nutrient into the water column.

Sulphur_Creek. Sulphur Creek was sampled from just above the two City of

Lampasas’ WWTPs to just above the confluence with the Lampasas River. Five
sites were sampled as well as the two WWTPs. Figure II-3 is a map of the
creek and the sampling sites. The field measurements and the analyses of
the water samples are shown 1in Table II-7. The dissolved oxygen
measurements show that the WWTP discharges had almost no impact on the
stream’s dissolved oxygen. This is partially due to the moderate flows in
the stream and the low ammonia levels in the effluent. The dissolved
oxygen
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TABLE 11-5

RESULTS OF INTENSIVE SURYVEY OF LEOR RIVER ASOVE LAKE BELTON OW OCTOBER 13, 1987

Field Pissolved ph Average _
Hessurements Vater Oxygen std Conductance x-section velocity Discharge
site Time Temp °c mg/t Units umhos/cem -r-n[!tz ft/sec ft3lln¢
Leon River
site 1 11:36 am 17.03 8.15 7.50 856 41.8 0.49 20.4
3:24 pm  18.15 8.22 7.50 as7
5:36 pm  18.06 T.72 T.52 8460 441 0.51 22.5
Catesville WUTP 11:00 am 23.93 7.60 T.5% 2120
3111 pm 24,68 6.57 T.45 2130
4158 pa 25.10 6.60 T.44 2140
site 2 1130 pm  17.33 6.73% 7.346 210 53.8 0.46 24.8
Site 3 9:30 am 16.90 6.75 : 7.33 897 39,9 0.59 23.5%
2152 pa 18.30 T.26 7.34 aar
4120 pn  18.32 T.64 7.41 (1.1 39.9 0.57 22.8
site 4 T:30 am 16.85 7.60 T7.38 883 15.3 1.86 1.86
2:35 pm 18,02 8,43 7.40 a7a

3:55 pm 17.91 8.0 7.38 8s83 14.8 1.7 26.1




TABLE 11-3

RESULTS OF INTENSIVE SURVEY OF LEON RIVER ABOVE LAKE BELTOM ON OCTORER 13, 1987
(continued)

]
Laboratory Ammonfa Nitrate Hitrite Organics Ortho Totsl
Neasurements a0b0-3 Tss vss Nitrogen Nitrogen Nitrogen Mitrogen Phosphorous Phosphorous
site g/l [ TTAS mg/l mg/l mg/sl mug/l . mg/t mg/l mg/t
Leon River
site 1 1.3 10.5 3.3 0D.06 0.40 . 0.003 0.13 0.039 0.056
Gatesville WWTP 23.2 68.4 59.0 7.6 3.60 1.170 9.78 5.39 10.453
site 2 1.5 11.4 0.5 0.25 0.62 0.055 0.38 0.293 0.541
s$ite 3 1.8 9.6 0.8 0.13 0.465 0.049% 0.21 0.277 0.633
site 4 1.2 19.5 1.0 0.06 0.40 0.023 0.08 0.182 0.353




TABLE [1-6

RESULYS OF INTENSIVE SURYEY OF LEON RIVER ABOVE LAKE BELTON ON FERRUARY 16, 1988

Fleld Dissolved pM Average
Nessyrgments Water Oxygen std Conductance x-section velocity Discharge

Site Time Temp %¢ mg/l Units umhos/cm lrenlftz ft/sec ft’/l-c
Leon River
Upstream Site 10:35 am 5.03 1.9 T.63 1126 30.7 6.70 21.6
Site 1 8:55 am 8.90 10.86 T.54 1080 3.1 0.28 20.5
Gatesville WUTP 12:10 pm 146.51% 8.87 7.33 1277
site 2 119:30 am 10.06 9.94 7.51 1082 28.4 0.71 20.1
S$ite 3 1:45 pm 11,17 13.04 7.73 1059 13.8 1.56 21.5
Site 4 4:20 pa  10.91 12.08 7.67 759 20.3 1.18 24,0




TABLE 11-6

RESULTS OF INTENSIVE SURVEY OF LEON RIVER ABOVE LAKE BELTON ON FEERUARY 146, 19838
{continued)

N
Lsborstory Ammonia Nitrate Nitrite organics Orthe Total
Neasyrsments 800-5 188 vss Mitrogen Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous
site g/l mg/l mg/1 mg/t mg/l mg/l mg/l mg/l mg/l
o ve
Upstream Site 1.7 15,6 3.8 0.00 0.07 , 0,003 0.22 0,006 0.0!3
Site 1 3.1 11.4 1.1 0.00 0.19 0.003 0.14 0.039 ' 0.048
Gatesville WUTP 3r.0 88.3 62.0 12.30 3.40 0.660 13.14 2.763 6.470
site 2 . 3.0 14,8 2.0 0.20 0.80 0.041 0.36 0.159 0.233
site 3 1.8 4.8 1.0 0.02 1.00 0.056 0.47 0.315 0.582

Site 4 4.6 10.8 1.2 0.00 0.70 0.030 0.3 8.2: 0.442
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TABLE 1I-7

RESULTS OF JNTENSIVE SURVEY OF SULPNUR CREEX ON OCTOBER 20, 1987

Fleld Dissolved pH Average
Hessyrements Vater Oxygen std Conductance x-section velocity Discharge
site Time Temp °c mg/l Units umhos/cm area/stt? ft/sec ft3/sec
Sulphur Creek
gite 1 7:57 am 19.77 T7.15 7.1 2700 11.9 1.38 16.5
11:37 am 20.15% 8.53 7.18 2870
1:17 pa 21.10 9.24 .22 2880 9.9 1.82 18.0
Kenderson WUTP 8:35 am 23.59 T.45 4.89 1"
11:44 am 23.90 7.30 6.74 1124
1152 pm  24.27 7.00 8.74 1090
sulphur Creek WWTP 8:50 am 23.28 6.36 6.9% 1148
11:49% am  22.61 6.18 7.02 1380
1259 pm 22.45 6.29 7.08 1315
site 2 9:06 am 19.95 T.44 7.25 22890 17.6 1.36 23.9
site 3 9:43 am 20,12 7.36 7.36 2610 22.9 1.01 23.1
11159 am 20.49 8.60 7.34 2390
2:15 pm 21,38 10.02 .45 2300 12.5 1.83 22.9
site & 10:17 sm  19.58 T.64 7.48 2610 $7.2 0.92 52.6
12:08 pm 19.82 7.99 T.46 2640
2345 pm 20.50 9.45 T.64 2610 14.9 1.86 27.7
sSite § 11110 am 19.70 9.35 T.40 2390 51.9 0.43 24.9
12:20 pm  19.74 10.19 7.68 2420
3:33 pm 21.94 10.87 7.95 2310 56.4 0.56 31.3




N TABLE 11-7

RESULTS OF INTENSIVE SURVEY OF SULPRUR CREEK ON OCTORER 20, 1987
{continued)

. L
Laberstory Ammoniea Nitrate Nitrite Orgenics . Ortho Totsl

Hegsurements s0b-5% 188 vss Hitrogen Nitrogen Nitrogen Witrogen Phosphorous Phosphorous

Stte mg/l mg/l mg/l mg/l =g/l mg/t mg/l mg/l ng/l

Sylphur Creek

site 1 1.3 15.7 4.8 0.24 0.06 0.004 0.61 0.012 6.030

Nenderson WUTP 3.9 2.6 1.8 0.73 18.0 0.019 4.77 10.1 14.350

Sulphur Creek 16.6 35.0 33.0 3.21 .40 0.492 7.46 6.743 9.21
wuTP ’

site 2 ) 5.3 14.0 T.2 0.33 0.09 0.069 0.90 0.413 0.740

site 3 3.8 15.2 6.0 0.38 g.99 0.053 0.835% 0.508 1.130

site & 1.3 T.4 3.4 0.14 0.60 ¢.019 0.42 0.553 1.270

Site 3 1.4 T.0 2.4 0.13 0.42 0.010 0.38 0.372 0.820
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levels show a large variation from early morning to late afternoon,
indicating that aquatic plant life significantly influences the stream.

The results of the analyses of the water samples indicate there is a slight
increase in BOD5 concentration downstream of the two WWTPs (sites 2 and 3).
The concentration returns to background levels at site 4. The nutrient
concentrations are elevated directly below the WWTP at site 2, and continue
to be elevated at site 3. The levels then decline at the two most
downstream sites, but are still above the levels at site 1.

Lampasas River. The Lampasas River above Lake Stillhouse Hollow was

sampled from just above the junction with Sulphur Creek to just below Rocky
Creek. No point source dischargers are located on the Lampasas River in
this reach just above the lake. Four sites were sampled on the river as
well as Sulphur Creek and Rocky Creek. A map of the Lampasas River showing
the sampling sites is presented in Figure II-4. The field and Taboratory
data are shown in Table II-8. The diurnal variation in dissolved oxygen
concentrations measured in Sulphur Creek and the Lampasas River below
Sulphur Creek suggest that aquatic plant life may play a major role in the
stream chemistry. The labdratory measurements of nutrients in the Lampasas
River show that nutrient levels drop below the junction with Sulphur Creek,
suggesting that plant Tife may be utilizing them.

The Lampasas River below Lake Stillhouse Hollow was sampled at four
Tocations and Salado Creek was sampled at one site as shown in Figure II-5.
Results of the survey are shown in Table II-9. The field measurements of
dissolved oxygen at sites 2 and 4 indicate a diurnal difference, suggesting
aquatic plant l1ife may play a significant role in the dissolved oxygen of
the river. '
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RESULYS OF IRTENSIVE SURVEY OF LANPASAS RIVER ABOVE LAKE STILLNOUSE MOLLOW ON OCTOBER 14,

RO

u

TABLE 11-8

e

Flield Dissolved
Bassyrements Water Ooxygen
site Time Temp % mg/1L
Lempasss River
site 1 10:18 am 20.21 8.57
3:15 pm  22.23 9.00
sulphur Creesk 11:40 am 21,486 9.37
4:37 pm  23.11% 15.15
$ite 2 10:52 am 20.80 12.40
3:50 pm  23.43 15.87
site 3 9:15 am 19.75 7.39
2:22 pm  22.41 12.31
Rocky Creek 8:30 am 20.12 5.90
1151 pm  24.55 10.48
s$ite & T:45 am 20,37 7.55
1:14 PR 22.96 9.60

pH
std

Units

Conductance
umhos/cm

814
607

2590
2550

1840
1770

1770
1760

L4635
450

1590
1590

Average
x-section velocity
lrcnlftz ft/sec

.0 0.94

3 0.97
9.4 0.33
75.7 0.26
44.7 0.77
42.6 0.74
82.1 0.48
83.4 0.46
2.2 0.28
2.3 0.27
35.2 1.15
38.0 1.11

1987

te37

e T P S Y

Discharge

12.2
13.0

0.7
42.1
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TABLE [I-8

RESULTYS OF INYENSIVE SURVEY OF LARPASAS RIVER ABOVE LAKE STILLNOUSE NOLLOW ON OCYOBER 16, 1987
(continued)

-

Labaratory Ammonias MNitrate Nitrite Organics Ortho Total
Hessurements B0D-5 133 vss Nitrogen Nitrogen MWitrogen Nitrogen Phosphorous Phosphorous
site mg/l mg/l mg/t mg/l mg/1 mg/t mg/l ng/l ug/l

Lamoasas River

site 1 1.3 4.6 0.8 0.03 0.80 0.008 0.10 0.011 0.17
Sulphur Cresk 1.4 7.0 0.8 0.04 0.30 0.005 0,10 0.104 0.192
Site 2 1.3 5.2 2.8 0.04 0.29 0.007 0.13 0.032 0.05%
site 3 1.3 4.4 0.6 . a.04 0.33 0.00a 0.1é 0.034 0.058
Rocky Creek 1.4 6.5 0.4 .03 0.05 0.002 0.09 0.014 0.024

Site & 1.0 7.4 0.4 0.04 0.09 0.004 0.10 0.022 0.048
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TABLE 11-9

RESULTS OF INTENSIVE SURVEY OF LANPASAS RIVER BELOV LAKE STILLROUSE ROLLOW ON OCTOBER 14, 1987

Field Dissolved pH Average
Measurements Hater Oxygen std Conductance x-section velocity Discharge
Site Time Temp o8¢ mg/l Units umhos/cm nru/ftz ft/sec ftsluc
Lampasas River
Site 1 8:40 am 14,52 9.96 8.13 574 6.3 .20 1.3
1:30 pm 22,60 ®.10 8.40 543 7.1 6.15 1.0
Site 2 9:45 am 15.14 7.05 7.67 538 4.8 0.41 2.0
2:25 pm 20.71 13.81 8.12 515 4.5 0,41 1.8
site 3 10:35 am 16.27 7.72 7.74% 5453 3.6 0.7% 2.6
2:55 pm 17.77 8.90 7.82 540 3.5 0.74 2.8
Salado Creek 11:25 am 18.30 ?.54 83.00 437 9.6 0.74 7.1
3:30 pm 19.43 9.36 3.06 £33 9.0 0.83 7.5
Site & 12:10 pm 17.57 9.42 7.76 462 4,736 2.49 11.8
4:00 pm 19.47 10.48 7.90 459 7.415 1.37 10.2




TABLE 11-9

RESULTS OF INTEMSIVE SURVEY OF LANPASAS RIVER BELOW LAKE STILLEOUSE ROLLOV ON OCTYOBER 14, 1987

{continued)

Laboratory Ammonfa MNitrste Kitrite Organics ortho Total
Kesgyrements BOD-5 T8S vs$s Nitrogen Kitrogen Nitrogsn Nitrogen Phosphorous Phosphorous
Site mg/i ag/l mg/l mg/l mg/l ng/l mg/\ mg/l mg/L

] ver
Site 1 1.7 5.2 1.2 0.3 0.24 0.007 0.21 0.82 0.2t4
$ite 2 1.9 1.0 0.2 0.06 0.54 0.007 0.68 0.003 0.016
Site 3 2.4 1.0 0.1 0.06 0.17 6.006 0.43 0.085 0.230
Salado Creek 2.3 4.8 0.4 0.048 2.92 0.010 4,17 0.023 0,095
site & 2.4 6.4 0.8 0.09 2.0 0.008 2.97 0.07 0.194
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Clear Creek. Clear Creek, a small tributary to the Lampasas River which
carries effluent from Copperas Cove’s Southeast WWTP, was sampled at five
locations. The WWTP was also sampled. Figure II-6 is a map showing the
location of the sampling points. Results of the survey are presented in
Table II-10. The diurnal variation of the dissolved oxygen measurements in
the stream below the WWTP suggests that aquatic plant life plays a major
role in the stream chemistry. In the lower reaches of the stream, thick
mats of algae were observed completely covering the pools in the stream.
The chemical analyses of the water samples show that nutrient
concentrations declined to background Tevels at site 5. Nutrient uptake by
the plant 1ife was probably the removal mechanism.

Cowhouyse Creek Tributaries. Two tributaries of Cowhouse Creek, House Creek
and Turkey Run Creek, were also sampled. House Creek receives effiuent
from Copperas Cove’s Northwest WWTP and Turkey Run Creek receives effluent
from Copperas Cove’s Northeast WWTP. Access was limited for both
tributaries, so only one site above and one site below each treatment plant
was sampled, along with the treatment plant. Figure II-7 is a map showing
the locations of the sample sites. Results of the surveys are shown in
Table Ii-11 and Table II-12. Both WWTPs had good quality effluent during
the time of the surveys, and dissolved oxygen at the site below each plant
showed no detrimental impact. The laboratory analysis of the water samples
showed that the quality of the effluent dominated the stream quality below
the WWTP.

Lake Sampling and Testing

Lakes Belton and Stillhouse Hollow were sampled from August 1987 through
August 1988 to develop a database that was used to calibrate a water
quality model of each lake. Field measurements of dissolved oxygen, pH,
specific conductance and temperature were taken at 1.5 meter intervals
vertically at each sample site. Measurements of secchi depth and light
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TABLE 11-10

RESULYS OF INTENSIVE SURYEY OF CLEAR CREEK ON SEPTEMaRER 10-11, 1987

Field Dissolved pH Average
Measurements Vater oxygen std conductance x-section velocity Discharge
Site Tine Temp %¢ mg/l Units umhos/cm -rcnlftz ft/sec ft3ln¢c
Clesr Creek
Site 1 12:45 pm 23.30 8.93 7.25 505 0.52 06.31 0.16
7:30 am 21.21 7.62 7.21 543 0.45 0.25 0.17
10:41 am 21.64 8.40 7.33 542
12:26 pm 23.43 8.49 T.44 535

Copperas Cove

SE WWTP 7:54 am 25.38 7.10 6.66 805

12:38 pa  26.55 6.80 6.77 803
sfte 2 1:19 pm  24.34 9.09 7.01 Thé J.43 0.29 0.99
8:10 pm 22.438 5.41 + 6.62 811 2.68 0.14 0.37

10:48 am 22.94 7.77 7.03 818

12:49 pm 24,23 8.19 T7.27 174
s$ite 3 2:00 pm 25.09 9.65 7.84 7.09 b.4 0.17 0.78
8:48 pm 23.32 5.91 7.38 778 4.861 0.13 0.41

1t:01 am 23.70 6.31 T.43 776

1:02 pa 24.57 7.67 7.63 772
site & 3:06 pm  26.69 13.70 8.53 605 2.45 0.06 0.14
9:47 am 22.43 5.55 7.42 697 2.50 0.06 0.15

11:33 am 23.93 9.80 7.87 679

1:27 pm 26,33 11.40 8,46 5§38
site 5 2:30 pm 25.85 5.17 T.12 593 3.12 0.07 0.23
9:23 am 23.57 3.40 7.03 630 2.60 0.10 0.26

11:146 am 24.84 6.52 7.20 428

1:53 pm 27.09 7.80 7.40 619




TABLE 11-10

RESULTS OF INTENSIVE SURVEY OF CLEAR CREEK ON SEPTENSER 10, 1987

{continued)

Laboratory Ammonia MNitrate Nitrite Organics ortho Total
Messurements BOD-5 rssS VssS Nitrogen Nitrogen Nitrogen Hitrogen Phosphoarous Phosphorous
sSite mg/l mg/l mg/t mg/l mg/l mg/l ng/i mg/l mg/l

Elear Creck

site 1 0.8 2.2 - -- 0.94 0.003 0.23 0.203 0.247
Copperas Cove 2.5 7.1 5.8 0.0§ 16.82 0.001 4£.52 6.83 3.073

SE WUWTP

site 2 1.0 3.1 1.1 0.05 11.26 ¢.030 2.14 3.9 6.32

Site 3 6.8 2.8 0.6 0.03 8.63 0.042 3.38 3.093 3.5713
Site & 2.3 1.9 0.6 0.09 1.78 "0.030 1.07 0.566 0.687
Site § 0.4 3.6 0.7 0.03 0.25 0.003 0.45 0.116 0.143
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TABLE 11-11

RESULTS OF INMTENSIVE SURVEY OF NOUSE CREEK ON NOVEMBER 13, 1987
Field Dissolved pH Average
Measurements Water Oxygen std Conductance x-section velocity Discharge
Site Time Temp °C mg /L Units umhos/cm lren/ft2 ft/sec ftslsec
House Creek
Site 1 8:15 am 8.45 8.91 7.34 564 1.10 0.07 0.08
11:26 am  13.47 .57 T.43 570
1:20 pm 12,64 7.63 7.52 562 1.24 0.05 0.06
Copperas Cove
N WWTP 8:19 am 16.63 8,02 6.68 304
11:22 am  17.45 8.20 6.569 804
1:13 pm 18,04 8.05 6.71 795
Site 2 10:20 am 10.44% 10.460 7.40 750 1.22 0.5¢ 0.72
11:55 am 11.83 10.05 7.39 761
2:25 pm  13.33% Q.43 7.45 758 0.94 0.84 0.78




TABLE I1-11

RESULYS OF INTENSIVE SURVEY OF NOUSE CREEK ON NOVEMBER 13, 1987
(continued)

Laboratory Ammonia Kitrate Nitrite organics Oortho Total
Measurements BOD-5 TSS VSsSs Nitrogen Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous
Site mg/\ mg/L mg/\ mg/i mg/ L mg/t mg/t mg/l mg/t

Houge Creek
Site 1 1.5 9.8 1.3 0.08 0.60 0.002 &.78 0.062 0.210

Copperas Cove
NW WuUTP 4.9 2.8 2.6 0.30 13.10 0.005 21.85 7.308 B.645

Site 2 2.1 33.2 5.6 0.28 11.70 0.002 18.20 5.300 T.834




TABLE I1-12

RESULTS OF IMTENSIVE SURVEY OF TURKEY RUMN CREEK ON WMOVENBER 11, 1987

Field Dissolved pK Average
Measurements Water Oxygen std Conductance x-gection velocity Discharge
Site Time Temp oc mg/l Units umhos/cm area/ft ft/sec ft3/sec
Jurkey Run Creek
Site 1 ?:18 am 10.37 10.00 T.21 412 0.5¢9 0.40 0.23
11:45 am 13.21 9.27 7.64 408
2:00 pm 14.130 9.40 7.72 410 0.56 0.75 0.42
Copperas Cove
NE WWTP 9:40 am 18.35 6.93 6.40 834
11:38 sam 19.04 6,47 6.40 843
1:55 pm 19.52 6.10 6.51 600
site 2 11:00 am 14.74 9.43 T.16 723 1.64 0.57 8.%1
12.05 pm 15.63 .49 : 7.07 737
2:50 pm  16.65 9.07 T.19 728 1.53 0.33 0.50




TABLE I11-12

RESULTS OF INTENSIVE SURVEY OF TURKEY RUN CREEK ON NOVEMBER 11, 1987

(continued)

Laboratory Ammonia Nitrate Nitrite Organics Oortho Total
Measurements BOD-5 1SS VALY Nitrogen Nitrogen Nitrogen Nitrogen Phosphorous  Phosphorous
Site mg/ L mg/L mg/l mg/t mg/l mg/1 mg/t mg/ Ll mg/L

Jurkey Run Creek
Site 1 2.7 23.5 6.5 0.42 2.20 0.029 7.13 4.260 6.485
Copperas Cove

NE WWTP 3.9 9.6 8.8 0.36 13.1 0.005 19.63 8,425 9.823

Site 2 2.1 10.0 4.3 0.29 11.10 0.000 13.47 5.22 7.312
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decay were taken at each site. Water samples were also collected at one
foot below the surface and five feet from the bottom for Tlaboratory
analysis. Water samples were analyzed for chlorophyll ‘a‘’, BOD, TSS, VSS,
ammonia, nitrite, nitrate, organic nitrogen, total phosphorus,
orthophosphorus, alkalinity and hardness.

Lake Stillhouse Hollow. Lake Stillhouse Hollow was sampled twelve times at
the five locations, shown in Figure II-8. The data coilected are presented
in the Appendix. Algae populations, as indicated by chlorophyll ‘a’
concentrations, were highest at sampling sites 3 and 4. Seasonally, algae
populations were at their peak in early winter, and declined throughout the
summer. Figure II-9 1is a plot of the chlorophyll ’‘a’ concentrations
observed at the five sites.

Algae growth in Tlakes is a function of available nutrients, Tight,
temperature, settling, predation, and hydraulic detention time. Experience
with Texas lakes indicates that 1ight limitation 1is normally the major
factor limiting phytopiankton growth. Data collected in this study and, as
shown in Figure II-10, indicate that nutrient limitations produce between 10
and 20 percent reduction in algae growth rates in Lake Stillhouse Hollow.
However, the overall yield of phytoplankton biomass over time can be
substantial. In view of this, and that fact that, of the above mentioned
variables, nutrients alone are controllable by reasonable measures, it is
considered necessary to control nutrient inputs to 1limit phytoplankton
growth. A method known as the Michaelis-Menton relationship has been
developed to determine which nutrient, nitrogen or phosphorus, is limiting
to algae growth in a lake. This relationship expresses the fraction of
optimum ambient growth rate associated with nutrient limitation as follows:
Kn = [N]/[N+MMn]

where: Kn = fraction of maximum growth
N = concentration of nutrient
MMn = concentration of nutrient that limits growth to 50% of maximum
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From this equation it can be shown that at a nutrient level of zero, there
is no growth since algae requires at least some critical nutrients to
stimulate growth. As the nutrient level is increased, growth begins and is
very sensitive to the addition of the nutrients. However, as the nutrient
levels increase, their effect on the growth rate of the algae is reduced
and levels off near a value of 1.0. At this point the nutrient is no
longer limiting, because the nutrient concentration is so much greater than
the half saturation constant (MMn), and any further increases in the
external nutrient supply do not affect the growth.

The Tlimiting nutrient is found by determining which nutrient will produce a
lower fraction of maximum growth, in effect, the maximum growth that the
organism can achieve assuming that the other available nutrients are in
excess supply.

For available nitrogen (ammonia + nitrate + nitrite) MMn was set at
0.015 mg/1, and for orthophosphorus MMn was set at 0.001 mg/1. These are
values that have been used in other lake studies in Texas and elsewhere.
For each day that Lake Stillhouse Hollow was sampled the growth limitation
was determined for each nutrient. Figure II-10 is a plot of the growth
limitation over time. Figure [II-10 shows a lower fraction of maximum
phytoplankton growth associated with nitrogen than with phosphorous for
almost all water samples from Lake Stillthouse Hollow, indicating nitrogen
to be the Timiting nutrient.

The vertical profiles of temperature observed in the lake showed that the
lake was at times thermally stratified. Rapid changes in temperature over
short vertical distances 1imit mixing between the upper and lower layers of
water in the lake. When this condition occurs the water chemistry of the
lower segment may differ from the wupper segment. Oxygen, which is
replenished through aeration on the surface, may become depieted in the
lower layer and create conditions favorable for release of nutrients found
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in the bottom sediments. Figure II-11 is a plot of the temperature and
dissolved oxygen profiles at site 1, the deepest site in the lake. The
lake at times stratifies and the dissolved oxygen in the bottom layer
becomes depleted. This is a normal occurrence for Texas Lakes.

Lake Belton. Lake Belton was sampled at ten Tlocations at the same
frequency as Lake Stillhouse Hollow. Figure II-12 shows the locations of
the sampling locations on Lake Belton. The complete data base developed in
the sampling program is presented in the Appendix. Figure II-13 is a plot
of the chlorophyll ‘a’ concentrations observed in Lake Belton. The algae
populations, as indicated by chlorophyll ’‘a’ concentrations, were highest
at the upstream sites.

Lake Belton receives a higher loading of nutrients into the lake than
Stillhouse Hollow. This is probably due to a larger drainage area and a
greater loading from point source dischargers. Runoff from cultivated
agriculture is also thought to contribute significant nutrient loads. The
Michaelis-Menton formulations and half saturation constants discussed
previocusly in conjunction with Lake Stillhouse Hollow were employed to
assess the limiting nutrient in Lake Belton. The limiting nutrient for
algae growth in Lake Belton varies between nitrogen and phosphorus. Figure
I1-14 plots the growth limitation for the 10 Lake Belton sites over the
period the lake was sampled. As can be seen, during the winter the
limiting nutrient sometimes becomes phosphorus, whereas nitrogen usually is
the Timiting nutrient at other times. As can be seen from Figure [I-14,
nutrient availability appears to produce between a 10 and 20 percent
reduction in algae growth rates. However, as illustrated later in this
chapter, the overall yield of phytoplankton biomass in Lake Belton can be
substantial. In view of this, and the fact that nutrients can be more
practically controliled than other variables affecting phytoplankton growth,
it is considered necessary to control nutrient inputs to Lake Belton.
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Figure II-15 is a plot of the temperature and dissolved oxygen profiles at
site 1, the deepest site in Lake Belton. As can be seen, the lake at times
stratifies and the dissolved oxygen in the bottom layer becomes depleted.

Nonpoint Source Sampling and Testing
A nonpoint source (NPS)} sampling program was also developed for this study.

NPS sampling provides data that are used to estimate the average
concentration of contaminants from stormwater runoff for a variety of

landuses. Each sampling site was chosen to represent a single Tanduse
category. For this study, three categories of land use have been used:
urban, agricultural, and rangeland. The contaminant concentrations for

each landuse were then used to determine the NPS loads from the watersheds
entering each lake.

The NPS sampling program produced a very limited data base due to a lack of
precipitation during the study period and other constraints. The data
which were collected are presented in Table II-13. Because the NPS data
base in Table II-13 is very limited, two other existing sources of NPS data
from the study area were used in addition to the data collected from the
sampling program. These are the 1980 CTCOG study and USGS data from the
South Fork Rocky Creek near Briggs station shown on Figure II-1. Together
these data sources were used to estimate the NPS loads entering Lakes
Belton and Stillhouse Hollow. Use of this expanded data base resulted in
the values shown in Table II-14 which were used to calculate NPS Tloads in
the Lake Belton and Lake Stillhouse Hollow watersheds.

APPLICATION OF WATER QUALITY DATA TO THIS STUDY
The primary use of the water quality data presented in this chapter was in

the calibration of water quality models and to assess the reasonableness of
various input variables. Examination of the available data indicates an
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TABLE 1I-13

NONPOINT SOURCE STORMMWATER SAMPLING RESULTS

f ———Mm—— . —— e — —— — — SRR
Ammonia Nitrate Nitrite Organic Ortho Total
BOD-5 TSS VSS Nitrogen Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous
sSite (mg/L) (mg/l) {mg/L) (mg/1) (mg/Ll) (mg/Ll) (mg/L) (mg/L) (mg/1)
Urban 4.3 270.0 20.0 0.37 0.70 0.014 1.34 0.817 1.428
Agricultural #1 2.9 135.0 10.0 0.60 1.15 0.080 1.55 0.077 g.118
Agricultural #2 6.1 87.5 17.5 0.55 0.14 0.027 0.468 0.855 1.214

Rangeland 3.4 640.0 18.0 0.10 0.32 0.015 1.16 0.099 0.164




LAKE BELTON AND STILLHOUSE HOLLOW STUDY

TABLE II-14

RUNOFF CONSTITUENT CONCENTRATIONS

LAND USE CATEGORY(1)

Mixed Urban Agriculture Rangeland
Parameter Mean cv(2) Mean cv(2)  Mean cv(2)

(mg/1) (mg/1) (mg/1)
BOD 0.97 1.15 0.80 1.11 1.01 1.51
TP 0.16 5.11 0.22 1.62 0.08 2.23
P0O4-P 0.05 4.24 0.14 2.27 0.03 2.18
NH3-N 0.04 2.11 0.14 4.55 0.07 2.56
NO2-N + NO3-N 1.88 7.14 1.94 11.6 0.24 0.95

(1) Local data base was used
(2) CV-Coefficient of Variation
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increase in Chlorophyll ‘a’ in Lake Stillhouse Hollow over time and
excessive levels of Chlorophyll ‘a in the Leon River arm of Lake Belton.
Chlorophyll ‘a‘’ data used in making these observations are shown in
Figures II-16 through I1I-20,

Reference is made to Chapter IV for additional discussion of procedures
used in assessing impacts of pollutant loads on existing water quality.
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CHAPTER 111
POINT AND NONPOINT SOURCE LOAD CALCULATIONS

INTRODUCTION

Developing a good estimate of the pollutant loads entering a water body is
essential in developing a model of the water quality of that body. Two
types of external pollutant loadings are quantified for modelling, point
source loadings and nonpoint source loadings. Determining point source
loads is fairly straight-forward because all point source dischargers must
be permitted by the State and submit regular monthly reports presenting the
quality of their effluent. Nonpoint source loadings must be developed from
NPS concentrations, land use and the quantity of runoff expected for the
basin. The following presents estimates of both point and nonpoint source
pollutant loadings.

POINT SOURCE POLLUTANT LOADINGS

There currently are 32 permitted point source dischargers in the study
area, seven above lLake Stillhouse Hollow, 21 above Lake Belton, and four in
Nolan Creek. Figure III-1 shows the permitted dischargers in the study
area. Tables III-1 and III-2 list the dischargers to each lake and their
permitted effluent qualities by drainage basin. Also shown in the table are
the estimated loads for the sampling period, September 1987 through August,
1988. The estimated loads were based on the TWC’s self reporting data
reports through July, 1988. The self reporting data does not recerd values
of effluent concentration for total nitrogen and phosphorous, therefore,
assumed average values of 20 mg/1 and 8 mg/1 were used to determine loadings
for these constituents.

Future point source loads were based on projected populaticns for the study
area as developed in the Facility Planning Study. Potential locations of
new point source dischargers were based on proximity to the user
population.
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TABLE 111-1

PERMITTED DISCNARGERS 1M STILLMOUSE NOLLOW LAKE WATERSHED
Permitted 1987 through 1988 data
Avg. Avg. Avg. Avg. Avy. Avg.
Daily pafly Dally Daily beily Annual BGD Hitrogen Phosphorous State
Permit Notes on Flow BOD TSS NH3 [X1) Flow Loading Loading Loading Stream
Name No. Parmit (mgd) {(mg/l) (mg/L) {mg/1l) (mg/Ll) (MGD) Lb/yr Lb/yr Lb/yr Segment
City of Lampasas 10205.001 .- .5 20 20 - .- .2863 7739 17431 6972 1217
Sulphur Plant
City of Lempasas 10205.082 -- .5 20 20 - -- 3531 5331 21496 8599 1217
Henderson Plant
City of Copperas Cove 10045.003 .- 1.0 20 20 - -- 457 5980 27813 11125 1217
South Plant
Comanche UD - Fawn 12016.001 -- .02 10 15 - .. .0061 232 370 143 1216
Valley Plant
US COE - Stillhouse 12156.001 -- .008 10 15 - -- .0003 3.56 20.3 8.1 12%6
Park Plant
US COE -« Dana Peak Park 121546.002 -- .01 10 15 - .- .0004 2.5 26,5 9.8 1216
Total Point Source Loadings 19,288 67,155 26,862




TABLE

PERNITTED DISCHARGERS 1IN LAKE BELTOM UWATERSNED

Permitted 1987 through 1988 data
Avg. Avg. Avg. Avg. Ava. Avy.
Daily Daily Dafiy Dally Daily Annusl 20D Nitrogen Phosphorous State
Permit Naotss on Flow BOD 18§ NH3 Do Flow Loading Loading Loading Stream

Name No. Permit {mgd} (mg/l) (mg/L) {(mg/l) <{mg/si) (MGD) Lb/yr lb/yr Lbtyr Segment
us COE West Fort Hood 2230.001 .. .03 2001 30 - -- .00t7 1072 43 17 1220
US COE - Fort Hood 2233.003 -- -- 200! 30 .- e NO DBtE =--cemeenenacnaaos
uUs COE Fort Hood 2233.004 .- - 200" 90 - -- . 14S 229582 7981t 3193 1220
US COE - fort Hood 2233.005 -- - 200! 90 -- .- 1.049 618402 31495 12598 1220
Us COE Fort Hood 2233.006 - -- 2001 90 - - .0109 637&2 491 194 1220
¥S COE - Fort Hood 2233.007 .- -- 200! 30 -- -- L0078 16702 156 63 1220
City of Copperas Cove 10045.004 - c.8 20.0 20.0 - .- L3972 8217 36357 14543 1220
Northeast Plant
City of Copperas Cove 10045,005 -- 1.20 20.0 20.0 - .- 7781 19372 L6991 18794 1220
Northwest Plant
City of Moody 10225.001 -- 0.2 30.0 20.0 - .- L1273 1486 7752 3101 1220
Greenbrier Golf Club 10888.001 .- .005 20 20 -- -- .0002 3.4 12.2 4.9 1220
Evant Water Supply 110611.001 -- .03 20 20 - .- .0201 37T 1223 489 1220

Corporation




TABLE 111-2

PERNITTED DISCHARGERS I[N LAKE BELTON WAYERSMED
(continued)
Permitted 1987 through 1988 daty
Avg. Avg. Avg. Avg. AvVg. Avg.
Dafly Daily Dally Dafly Daifly Annusl 80D Nitrogen Phosphorous State
Permit Notes on Flow [ Ti]] TSS NK3 [ 1] Flow Ltosading Losding Loading Stream
Nama No. Permit (mgd) {mg/L} (mg/l) (ma/l) (mg/i) (MGD) tb/yr Lbiyr {b/yr Segment
uUsS Depertment of MNavy 2335.001 .- .15 30 L] - .003 156 184 74 1221
Nava] Wespons Plant
City of Gateaville 10176.001 .- 1.0 20 20 ~-- - .835 25215 50837 20335 1221
city of Dublin 10405.001 -- .25 30 90 -~ .. .152¢9 11753 9309 3724 1221
city of Heamilton 10492.002 .- .25 20 20 ~-- -- .2933 24705 17857 T143 1221
City af Commanche 10719.001 .- .73 20 20 -~ -- 3564 4394 21698 8879 1221
city of Gustin 10841.001 .- .082 20 20 -- .. +vevrscea=-s- Not Discharging----- LR 1221
city of Oglesby 109t4.001 .- .025 20 20 -~ -- .0258 129¢ 1571 628 1221
Total Point Source Loadings 183,911 233,957 93,584

!Dlily_nnxllun Permitted for COD (mg/l)
260 percent of COD concentration used to determine BOD toading



ITI-6

The effluent quality of the future point source flows was varied to
determine the impact on the receiving water body. Four effluent quality
sets were used to represent treatment levels of secondary treatment,
advanced secondary treatment, advanced secondary treatment with
nitrification, and tertiary treatment with nutrient removal. Future point
source loading was then varied in the projection modelling to determine
which treatment alternatives would meet the appropriate state stream
standards for dissolved oxygen. The existing point source loads and
projected point source loads for 2030 for each watershed are shown in
Table III-3. The projected loads for the Lake Stillhouse Hollow watershed
include two different loading scenarios from Alternative No. 3 of the Nolan
Creek Area Facility Plan (see Chapter IV). The first involves discharges
from the Killeen/Harker Heights area which have had advanced secondary
treatment with nitrification. The second scenaric involves flows from the
Killeen/Harker Heights area with advanced waste treatment (tertiary
treatment with nutrient removal). In each case, treated wastewater
discharged to Stillhouse Hollow would begin with .08 mgd in the year 2010
and increase to 4.54 mgd in the year 2030.

NONPOINT SOURCE LOADINGS

Nonpoint source loadings were developed based on the land use and the
concentrations shown in Table II-14 for rainfall runoff from various land
uses. Land use in each lake’s watershed was determined using satellite
imagery, which mapped the reflectance of light from the earth’s surface in
four wavelength bands. The satellite data were collected for eighty by
eighty meter areas, which is about one and one half acres, referred to as
pixels. The satellite data were furnished to the U.S. Army at Fort Hood who
provided computer and technical assistance in comparing the reflectance of
each of the four bands to known reflectance measurements for particular land
uses to generate information on the amount of urban, agricultural, and range



TABLE III-3

SUMMARY OF 1988 AND PROJECTED (2030) POINT SOURCE LOADS

Total Estimated 1988 Point Socurce Loads

1b/yr
Total Total
Watershed BOD Phosphorous Nitrogen
Lake Belton 183,911 93,584 233,957
Lake Stillhouse Hollow 19,288 26,862 67,155

Watershed

Total Projected (2030) Point Source Loads

Lake Belton
Lake Stillhouse Hollow

Potential Flows from Killeen/
Harker Heights area to Lake
Stillhouse Hollow Watershed!

Without advanced waste

treatment

With advanced waste
treatment

1b/yr

Total Total
BOD Phosphorous Nitrogen
428,513 218,051 545,120
44,941 100,733 251,831
138,202 110,562 276,404
69,100 13,820 82,921

1. Potential flows from Alternative #3 of Nolan Creek Area Facility Plan.
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Tanduses in the watersheds of Lakes Belton and Stillhouse Hollow. Table
ITI-4 presents the results of the land use analysis.

To estimate nonpoint source loadings the total acreage of each of the three
land use types was coupled with the expected average concentration in the
runoff shown in Table II-14. The volume of runoff was estimated for each
Tand use group based on the average rainfall in the basin and the observed
overall runoff in the basin. The nonpoint source .1oads under existing
conditions were then calculated. The existing nonpoint source loads and
projected nonpoint source loads for 2030 for each watershed are shown in
Table III-5.

Existing and Projected Pollutant Loads in Lake Hatérsheds

The total pollutant loads under existing conditions for each watershed are
presented in Table III-6. Included in the Tloads to the Lake Belton
watershed are those associated with releases from Lake Proctor. The total
projected pollutant Tloads under 2030 conditions for each watershed are
presented in Table III-7. Loads associated with Lake Proctor releases are
again included in the projected loads entering the Lake Belton watershed.
Projected point source loads to Lake Belton were calculated assuming a
continuation of existing secondary treatment practices.

With the exception of the Killeen/Harker Heights area, projected point
source loads in the Lake Stillhouse Hollow watershed were also calculated
assuming a continuation of existing secondary treatment practices. For the
Killeen/Harker Heights area, projected point source loads to Lake Stillhouse
Hollow were based on flows projected for Alternative No. 3 of the Nolan



TABLE III-4

LAKE BELTON AND LAKE STILLHOUSE HOLLOW
LAND USE ANALYSIS RESULTS
AS OF NOVEMBER 9, 1988

Lake Stillhouse Hollow Lake Belton
% of % of
Landuse Acres Sq. Miles Total Acres Sq. Miles Totai
Urban 7,680 | 12.0 1.0 33,920 53.0 2.4
Agricultural 23,040 36.0 2.7 90, 880 142.0 6.3
Rangeland 809,600 1265.0 96.3 1,314,560 2054.0 91.3
Total 840,320(1) 1313.0(1) 1,439,360(2)  2249.0(2)

(1) Total drainage area of Lake StilThouse Hollow
(2) Total drainage area of Lake Belton below Lake Proctor



TABLE III-5

SUMMARY OF 1988 AND PROJECTED (2030)

NONPOINT SOURCE LOADS

Total Annual Existing Nonpoint Source Loads

1b/yr
Total Total
Watershed BOD Phosphorous Nitrogen
Lake Belton 549,000 52,800 464,000
Lake Stillhouse Hollow 309,000 26,900 217,000

Total Projected {2030) Nonpoint Source Loads

1b/yr
Total Total
Watershed BOD Phosphorous Nitrogen
Lake Belton 585,234 56,285 494,624

Lake StiTithouse Hollow

329,394 28,675 321,322




TABLE III-6

SUMMARY OF 1988 NONPOINT SOURCE AND POINT SOURCE LOADINGS
TO LAKE BELTON AND LAKE STILLHOUSE HOLLOW WATERSHEDS

Total Total
BOD Phosphorous Nitrogen
Lake Belton Watershed (1b/yr) (1b/yr) (1b/yr)
Total Point Source 183,911 93,584 233,957
Total Nonpoint Source 549,000 52,800 464,000
Loads from Lake Proctorl 76,200 7,330 64,400
Total Loads 809,111 153,714 762,357
Total Total
BOD Phosphorous Nitrogen
Lake Stillhouse Hollow Watershed (1b/yr) (1b/yr) (1b/yr)
Total Point Source 19,288 26,862 67,155
Total Nonpoint Source 309,000 26,900 217,000
Total Loads ' 328,288 53,762 284,155

1. Loads associated with releases from Lake Proctor entering Lake Belton

Watershed.



TABLE III-7

SUMMARY OF PROJECTED (2030) NONPOINT SOURCE AND POINT SOURCE
LOADINGS TO LAKE BELTON AND LAKE STILLHOUSE HOLLOW WATERSHEDS

Total Total
BOD Phosphorous Nitrogen
Lake Belton Watershed (1b/yr) (1b/yr) (Tb/yr)
Total Point Source 428,513 218,051 545,120
Total Nonpoint Source 585,234 56,285 494,624
Loads from Lake Proctorl 76,200 7,330 64,400
Total Loads 1,089,947 281,666 1,104,144
Total Total
BOD Phosphorous Nitrogen
Lake Stillhouse Hollow Watershed (1b/yr) (1b/yr) {(1b/yr)
Total Point Source 44,941 100,733 251,831
Total Nonpoint Source 329,394 28,675 231,322
Killeen/Harker Heights Flows 138,202 110,562 276.404
without advanced waste treatment
Total Loads 512,537 239,970 759,557
Total Total
BOD Phosphorous Nitrogen
Lake Stillhouse Hollow Watershed (1b/yr) (tb/yr) {(1b/yr)
Total Point Source 44,94] 100,733 251,831
Total Nonpoint Source 329,394 28,675 231,322
Killeen/Harker Heights Flows 69,100 13,820 82,921
with advanced waste treatment
Total Loads 443,435 143,228 566,074

1. Loads associated with releases from Lake Proctor entering Lake Belton
watershed.

2. Potential flows from Alternative #3 of the Nolan Creek Facility Planning
Area.
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Creek Area Facility Plan. These Toadings were calculated for two treatment

scenarios:
1. BOD5 = 10 mg/1
Total N = 20 mg/1
Total P = 8 mg/1
2. BOD5 = 5 mg/]
Total N = 6 mg/]
Total P = 1 mg/1

Figure III-2 graphically summarizes the existing and projected total point
and nonpoint source loads in the Lake Belton watershed. Figure III-3
graphically summarizes the existing and projected total point and nonpoint
source loads 1in the Lake Stillhouse Hollow watershed including the
projected flows from the Killeen/Harker Heights Facility Planning Area with
and without advanced waste treatment.
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CHAPTER IV

WATER QUALITY MODELLING
TO DETERMINE RECOMMENDED EFFLUENT LIMITS

INTRODUCTION

Determining effluent quality limitations requires that the impact of the
discharge on the water quality be estimated. This is accomplished by
developing a mathematical model. The model is developed using the existing
water quality conditions observed in the water body as a basis to estimate
the coefficients that describe the processes that influence water quality.
These coefficients are adjusted until there is a reasonable comparison
between observed water quality parameters and calculated values for those
same parameters. At this point the model is said to be calibrated. It is
customary to compare model results to a second set of independent water
quality observations. If a favorable comparison exists the model is said
to be verified. Because of limitations in available data, only two water
quality models (Leon River above Lake Belton and Leon River below Lake
Belton) were verified in this study. Water quality models developed for
this study were used to estimate the impact of projected waste loads. By
changing waste load inputs to the model, a waste load can often be
determined that meets all regulatory standards developed for the receiving
water body. The following discussion presents the techniques used to
develop stream and lake models of the water bodies in the study area.

STREAMS

Procedure

As presented in Chapter I, each stream segment in the study area has water
gquality standards to support the existing usage. To determine the impact of

the point source dischargers on the stream, models that simulate dissolved
oxygen were developed. Two types of stream models were used in the study.
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For House Creek and Turkey Run Creek the Streeter-Phelps dissolved oxygen
sag model developed by TWC was used. All other streams were simulated using
QUAL-TX, a more complicated model also developed by the TWC.

Both Streeter-Phelps and QUAL-TX are steady state models (that is they
assume that the processes and flows represented in the model are
unchanging}. The Streeter-Phelps model (simplified model) was developed
with losses of dissolved oxygen due to BOD decay and nitrification of
ammonia and gains in oxygen due to reaeration. The QUAL-TX model adds to
that Tosses due to sediment oxygen demand and can accommodate changes due
to the interaction of aquatic plant tife. QUAL-TX is written so that the
oxygen-dependant BOD oxidation and nitrification rates are used in the
model .

The simplified Streeter-Phelps model requires a relatively small data base.
Geometry, along with dissolved oxygen, BOD and ammonia concentrations are
required to estimate the decay coefficients for BOD and ammonia.  This
model assumes that the dominant processes regulating the dissolved oxygen
concentration are the decay of BOD and the nitrification of ammonia.

QUAL-TX requires a more extensive data base because the interaction of more

of the processes affecting dissoived oxygen is simulated. Chapter I1
discusses the measurements taken and the constituents analyzed in the water
samples. Some parameters, such as sediment oxygen demand, were not

measured and were estimated using engineering judgement based on experience
of the modeler.

QUAL-TX was calibrated using the data that were collected during the stream
surveys. These data were presented in Chapter II of this report. The water
quality and fiow conditions observed at the most upstream site, at the point
source dischargers and in tributaries were used as model input (see
Figures II-2, I[-3, 1I-4, II-5, II-6 and II-7). The coefficients were then
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adjusted, within ranges reported in the Tliterature, so that the
concentrations of dissolived oxygen, BOD, ammonia, nitrate, and organic
nitrogen were in reasonable agreement with the observed values.

As mentioned, the Leon River above Lake Belton model and the Leon River
below Lake Belton model were verified during this study. The Nolan Creek
model was calibrated and verified by the Texas Water Commission during a
previous study. The verification of QUAL-TX is accomplished using data on
stream flow, waste loads, and water temperature from a second sampling
survey. This second set of input data and coefficients developed during the
calibration are used in a "verification run" of the model. The results of
the verification run are compared to the water quality observed during the
second sampling survey. If the calculated values approximate the observed
values, then this verifies that the model describes the process that
dominate the water quality.

Once the model is calibrated and, if additional data exists, verified,
several parameters are modified to reflect the time when the stream would
be most sensitive to point source dischargers, termed the critical period.
For most streams this is during the summer when high temperatures and low
flows dominate. The flow used in this study was the seven day-two year
lowflow (7Q2) and the temperature modelled was the average summertime
temperature plus one standard deviation of the data base (if data existed).
Other parameters, such as settling rate and sediment oxygen demand were
also modified, if necessary, to reflect improved wastewater treatment. The
projected wastewater flows were then added to the model and the required
effluent determined, based on the model’s output and the stream standards.

The following sections describe calibration and verification of stream
models used in this study.
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Calibration of Stream Water Quality Models Used in This Study

In modeling Sulphur Creek, Clear Creek, and Leon and Lampasas segments
above and below Lakes Belton and Stillhouse Hollow it was necessary to
calibrate the QUAL-TX model. 1In modeling Nolan Creek a model previousiy
calibrated by Texas Water Commission was used. Data collected during this
study were used to calibrate the models for all of the above streams except
Nolan Creek and the Leon River below Lake Belton. For the Leon River below
Lake Belton, the TWC provided a data base that included two intensive
surveys of the reach. The following sections deal with the calibration of
the QUAL-TX model for the Leon River above Lake Beiton, the Leon River
below Lake Belton, Sulphur Creek, Clear Creek, the Lampasas River above
Lake Stillhouse Hollow and the Lampasas River below Stillhouse Hollow Lake.

Leon River Above lake Belton. The Leon River above Lake Belton was
modelled from Gatesville to Lake Belton. The QUAL-TX data set is presented
in the appendix. Data were collected from Gatesville to the Highway 36
bridge. Figure IV-1 presents the calculated and observed concentrations

from the Octcber sampling. The organic nitregen and ammonia observations
show a rapid downstream decline in concentration below the Gatesville WWTP.
Nitrate plus nitrite shows a slower decline. The rapid loss in organic
nitrogen was probably due to settling of the solids. As shown in Table II-5
and II-6, the effluent quality of the WWTP was high in solids and organic
nitrogen. The organic nitrogen was probably associated with the solids.
The decline in ammonia and nitrate was probably due to aquatic plant
uptake. The dissolved oxygen showed a well defined sag below the WWTP.

In developing the calibration model it was observed that the poor quality of
the effluent from the Gatesville WWTP (see Tables II-5 and II-6) and aquatic
plant life observed in the stream could be significant factors affecting
water quality. Initial trials of adjusting the BOD5 decay and nitrification
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rates to produce a dissolved oxygen sag similar to the observed values
indicated settling of BOD and organic nitrogen, and that sediment oxygen
demand and aquatic plant life may all be dominate factors in the dissolved
oxygen cycle. Because of the likely influence of these factors, the decay
rate for BOD and the nitrification rate could not be independently developed
from the field data. Therefore, the decay rate for BOD and the
nitrification rate were set to typical values for Texas rivers.

Leon River Below lake Belton. The Leon River was also modelled from below

Lake Belton to the confluence with the Lampasas River. Figure [IV-2
presents the calculated and observed values. The observed values used in
the model were developed by the TWC. The TWC surveyed the Leon River below
the lake in May, 1987 and collected data at five sites along its course,
three tributaries and the Brazos River Authority’s (BRA)} Regional WWTP.
The observed values shown in Figure IV-2 suggest that Nolan Creek’s flow
which includes the BRA Regional plant’s discharge just upstream of the
Nolan Creek/Leon River confluence impacts the quality of the Leon River.
Dissolved oxygen decreases and nutrient 1levels increase below the
confluence with Nolan Creek.

In calibrating the model an increase was observed in the organic nitrogen
concentrations in the Leon River below Nolan Creek. This suggests that
organic material introduced into the river, either through nonpoint or
point source loading, is settling to the bottom, decomposing and being
reintroduced into the water column. In addition, there was an observed
dissolved oxygen deficit not associated with expected BOD decay and
nitrification. This deficit was assigned to sediment oxygen demand.
Nitrification appeared to be occurring at a high rate in the Leon River
below the confluence with Nolan Creek, based on the rapid disappearance of
ammonia and the steady increase in nitrate.
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Sulphur Creek. Sulphur Creek, a major tributary of the Lampasas River was
modeled from the City of Lampasas to Sulphur Creek/Lampasas River
confluence. Two City of Lampasas wastewater treatment plants discharge
into the stream. The observed and calculated parameters are shown in
Figure IV-3. Based on the average dissolved oxygen measurements, which
steadily increase downstream below the WWTP outfalls, and the diurnal
change in dissolved oxygen, aquatic plant life was considered to be a major
factor affecting water quality.

The observed concentrations of ammonia and nitrate peak well below the
discharge of the two WWTPs, indicating some other reiease of nutrients,
probably recycle from organic material on the bottom. This masks the
decline of ammonia concentrations due to nitrification and inhibits
determination of the nitrification rate. The stream BOD concentration is
also higher than would be explained by the WWTP discharge, suggesting that
decomposition of settled organic matter may be reintroducing oxygen
consuming materials back into the water column. The increased BOD
concentrations also inhibit determination of the BOD decay rate. All of
these factors contributed to the lack of fit between the calculated and
observed water quality shown by Figure IV-3.

Clear Creek. Calibration of the Clear Creek model, based on the survey
observations and results, assumed that aquatic plant life would be a
dominate process in the stream. Clear Creek was modelled from FM 3046 to
the junction with the Lampasas River. The observed and calculated
concentrations of the modelled parameters are shown in Figure [V-4. The
influence of the extremely high density of plant life observed around
kilometer 3 of the stream can be seen in the BOD, DO and ammonia
concentrations. BOD and ammonia are both high, probably due to the
decomposition of the settled plant life. The DO shows the influence of
photosynthesis, where the action of the plant life saturates the water with
dissolved oxygen.
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Lampasas River Above lake Stillhouse Hollow. The Lampasas River above Lake

Stillhouse Hollow was modelled from just above the junction with Sulphur
Creek to the headwaters of the lake. No point source dischargers directly
discharge into the river in this reach. Figure IV-5 presents the calculated
and observed concentrations for the simulated parameters. Based on the
survey results shown in Table II-8, which show dissolved oxygen values
indicative of, aquatic plant activity, aquatic vegetation was assumed to be
an important process impacting water quality. The almost constant level of
ammonia and the increasing level of organic nitrogen indicated that decay of
settled material may also play a role in determining water quality.

Lampasas River Below Lake Stillhouse Hollow. The Lampasas River below Lake
Stillhouse Hollow was modelled from the dam to the junction with the Leon

River. Dissolved oxygen variations shown in Table II-9 indicate that
aquatic plant life influences the water quality of this stream segment.
There are no point source dischargers in this reach and water quality does
not dramatically change in the reach. However, Salado Creek influences the
Lampasas water quality by increasing the BOD, nitrate and organic nitrogen
concentrations. Figure IV-6 presents the calculated and observed
concentrations of the modelled parameters.

Verification of Stream Water Quality Models Used in This Study

Models of the Leon River above and below Lake Belton were subjected to
verification procedures. The results of the verification models of the
Leon River above and below Lake Belton are shown in Figures IV-7 and IV-8.
The vresults show that the model of the Leon River below Lake Belton
approximates the observed values adequately, while the model of the Leon
River above Lake Belton does not approximate the observed values. As
explained in the previous section on model calibration the controlling
processes in the 1lower Leon appear to be sediment oxygen demand and
nitrification, while in the upper Leon aquatic plant 1ife exhibits a greater
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impact. The variability of the water quality in a stream where the
processes influencing water quality are dominated by pltant life is much
greater than a stream where the dominating processes are nitrification and
sediment processes.

Application of Stream Models

The stream water quality models described in the previous sections were
used to determine effluent requirements associated with projected flows. 1In
making these determinations, the following effluent criteria were used for
screening purposes:

1. Secondary Treatment:
BOD5 = 20 mg/1
NH3-N = 15 mg/1
Dissolved Oxygen = 2 mg/1

2. Advanced Secondary Treatment:
BOD5 = 10 mg/1
NH3-N = 15 mg/1
Dissolved Oxygen = 2 mg/]1

3. Advanced secondary treatment with nitrification
BODS = 10 mg/1
NH3-N = 3 mg/1
Dissolved Oxygen = 4 mg/]

4. Tertiary Treatment:
BODS = 5 mg/1
NH3-N = 2 mg/1
Dissolved Oxygen = 5 mg/1

These criteria were based on professional judgement and the Texas Water
Commission’s Effluent Standards for Domestic Wastewater Treatment Plants
(see 31 TAC 309.2, Table 1, 1986). BOD5 concentrations for effluent
conditions 1, 2 and 3, above, were based on Texas Water Commission Effluent
Standards as were dissolved oxygen concentrations for conditions 2 and 3 and
the NH3-N concentration for condition 3. Other values such as the NH3-N
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concentration of 15 mg/1 for conditions 1 and 2 were based on professional
Judgement.

As mentioned, the above criteria were used for screening purposes. In
modeling some of the streams in the study area, additional criteria (e.g.,
BOD5 = 10 mg/1, NH3-N = 2 mg/1, and Dissolved Oxygen = 6 mg/1) were tested
and found appropriate for meeting stream dissolved oxygen standards.

The following paragraphs describe the application of the stream models in
projecting wastewater treatment plant effluent requirements in the study
area.

Leon_River Above |ake Belton. The Leon River above lLake Belton receives
effiuent from three municipal WWTP’s in the modelled reach. The projected
flows, by decade, are:

1990 2000 2010 2020 2030

Location Flow,MGD Flow,MGD Flow,MGD Flow,MGD -Flow,MGD
Gatesville 1.14 1.52 2.02 2.68 3.62
North Fort Hood 0.25 0.33 0.44 0.59 0.79
Oglesby 0.05 0.06 0.07 0.07 0.08

In using the model to reflect expected future conditions, the settling
rates were reduced to reflect the lower solids in the effluent associated
with higher treatment levels. Similarly, the sediment oxygen demand was
reduced to reflect the lower organic solids from the effluent that would
settle and decompose. The temperature was set at 27.5°, based on the
average of TWC’s data for August temperatures plus one standard deviation
for years 1979, 1981, 1982, 1983, 1985 and 1986. The headwater flow was set
to the 702 flow of 2.0 cfs based on information in the Texas Surface Water
Quality Standards. These conditions were meant to represent the critical
conditions of the stream.
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In order to determine the effluent requirements needed to meet a stream
dissolved oxygen standard of 5.0 mg/1 numerous effluent quality conditions
were tested using the QUAL-TX model. The effiuent conditions evaluated and
the dissolved oxygen response to each effluent condition are shown in Figure
IV-9 for the years 1990, 2000, 2010, 2020, and 2030.

As can be seen from Figure IV-9, the 1990 effluent flows would meet the
stream dissolved oxygen standard of 5.0 mg/1 with Gatesville discharging at
the advanced secondary level with nitrification (10/3/4) and the other two
dischargers at the advanced secondary level (10/15/2). The flows in 2000
using the same effluent quality weuld produce dissolved oxygen Tlevels just
below the standard, and as effluent flows increase in the succeeding
decades, the dissolved oxygen will be further suppressed. Accordingly,
tertiary treatment (5/2/6) was tested for the year 2030 and found to be more
than adequate in meeting the stream dissolved oxygen standard. Following
questions by the City of Gatesville concerning the appropriateness of
tertiary treatment, an additional effluent set (Gatesville BODS = 10 mg/1,
NH3-N = 2 mg/1, Dissolved Oxygen = 6 mg/1) was tested which predicted
dissolved oxygen Tlevels above the dissolved oxygen standard for all

scenarios. Based on the above, the following effluent requirements are
recommended.
Projected Flows Required Effluent Quality
North North

Gatesville Fort Hood Oglesby Gatesville Fort Hood O0Oglesby
Year (MGD) (MGD) _(MGD)

1990 1.14 0.25 0.05 10/2/6 10/15/2  10/15/2
2000 1.52 0.33 0.06 10/2/6 10/3/4  10/3/4
2010 2.02 0.44 0.07 10/2/6 10/3/4 107374
2020 2.68 0.59 0.07 10/2/6 10/3/4  10/3/4
2030 3.62 0.79 0.08 10/2/6 10/3/4  10/3/4

Note: Effluent Requirements Shown in Terms of BOD/NH3-N/DO.
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Nolan Creek. Projected wastewater flows discharged into Nolan Creek were
modelled wusing the TWC’s Draft Wasteload Evaluation for Nolan Creek
published June 2, 1986. Three scenarios were developed for the projected
wastewater flows and treatment in the Kileen-Harker Heights-Nolanville
planning area. The first alternative assumed that all wastewater flows
would be treated and discharged into Nolan Creek (no point discharge into
Lake Stillhouse Hollow) using the existing WWTPs and constructing a new
plant for the year 2010 just downstream of Bell County WCID #1.

The second alternative assumes that the majority of wastewater flows are to
be discharged into Nolan Creek and flows generated from the Onion Creek
WWTP (built 1in 2020) and other selected areas near the Tlakeside will
discharge into Lake Stillhouse Hollow. This would reduce flows from the
WCID #1 STP #2 plant in the year 2020 to 3.45 MGD and in the year 2030 to
7.11 MGD. The Onion Creek WWTP would discharge 0.25 MGD in the year 2020
and 0.63 in the year 2030.

The third alternative for the planning area involved building a treatment
plant in the year 2020 that would discharge into Lake Stillhouse Hollow via
plants on Trimmier Creek and Onion Creek. Some of the flows generated in
the earlier growth areas would be diverted to this plant.

Results of the Nolan Creek model showed that the effluent quality for all
four plants discharging into Nolan Creek was essentially the same for all
three alternatives. The projected plant flows for each alternative and
the required effluent quality to maintain the standard of 5.0 mg/]
dissolved oxygen in Nolan Creek are shown below.
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Projected Flows Required Effluent Quality
Harker Harker
Heights Heights
WCID #1 WCID #1 WCID #4 WCID #3 WCID #1 WCID #1 WCID #4 WCID #3
(MGD)  STP #2 {MGD) (MGD) STP #2
Year (MGD)
Alternative #1
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 3.64 3.00 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 7.68 3.72 0.56 7/2/6 1/2/6 10/3/4 10/15/2
Alternative #2
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.83 0.00 1.93 0.26 10/2/6 -- i0/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 l0/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 3.45 3.00 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 7.11 3.72 0.56 7/2/6 1/2/6 10/3/4 10/15/2
Alternative #3
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 1.06 2.36 0.34 lo/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 2.22 2.44 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 4.16 2.70 0.56 7/2/6 7/2/6 10/3/4 10/15/2

Note: Effluent Requirements shown in terms of BOD/NH3-N/DO.

House Creek, Turkey Run Creek, Clear Creek. For the Copperas Cove planning
area, flows were projected for the three existing WWTPs. To simulate the

impacts of the projected flows, the House Creek, Turkey Run Creek, and Clear
Creek models were used. The projected flows, by decade, are:

1990 2000 2010 2020 2030
WWTP MGD MGD MGD MGD MGD
NE 0.92 1.07 1.19 1.29 1.35
NW 1.51 1.89 2.04 2.23 2.46

S 0.85 1.37 1.59 1.75 1.93
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The stream standards for all three receiving streams require maintaining a
3.0 mg/1 dissolved oxygen concentration, To simulate the critical
conditions, the headwater flow was set to 0.1 cfs based on the Texas Water
Commission policy for assuming minimum backgrouhd flows, The water
temperature set to 29.5°C. This is the average summer temperature plus one
standard deviation. The projection modeis showed that, to meet the stream
standards for all three streams and all projected effluent flows, the
required effluent quality is advanced secondary treatment with
nitrification (10 mg/1 BOD5, 3 mg/1 ammonia nitrogen, and 4 mg/1 dissolved
oxygen).

Sulphur Creek. The Sulphur Creek model was used to determine the impact
and the required effluent quality for the City of Lampasas’ two wastewater
treatment plants to maintain the 3.0 mg/1 dissolved oxygen standard in the
stream. For the Lampasas planning area, two population projections were
developed that bracketed the future population. The two existing WWTPs,
which are located adjacent to one another were assumed to be used to treat
all projected flows. The total projected flows were:

1990 2000 2010 2020 2030
Projection MGD MGD MGD MGD MGD
Low 0.70 0.90 1.20 1.50 1.80
High 0.74 1.01 1.42 1.96 2.62

The model was modified to reflect critical conditions by using a headwater
flow of 2.0 cfs and a water temperature of 30.0°C. The results of the
modelling showed that for both the low and high projections for the year
1990 the required effluent quality is advanced secondary treatment (10 mg/1
BOD, 15 mg/1 ammonia nitrogen, and 2 mg/1 dissolved oxygen). For all other
years for both the high and low projections, the required effluent quality
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is advanced secondary treatment with nitrification (10 mg/1 BODS, 3 mg/}
ammonia nitrogen, and 4 mg/1 dissolved oxygen).

Leon_River Below lake Belton. The Leon River below Lake Belton model was

used to explore the impact of the expansion of the BRA Regional WWTP,
located on Nolan Creek just upstream of the confluence with the Leon River.
The model was modified to reflect expected future conditions and critical
conditions. The Leon River flow below the dam was set at 0.5 cfs (the 7Q2
flow) and the water temperature set at 24.3°C. The SOD, BOD, and NH3
reaction rates were vreduced to reflect the improved effluent
characteristics. Two flows from the BRA WWTP were used, 5 MGD and 10 MGD.
A1l other flows in Nolan Creek were assumed to be at the 1995 projections
and required quality as specified in the TWC wasteload allocation report
for Nolan Creek. The modeling results showed that for a permitted flow of
10 MGD the required effluent quality to meet the stream standard of 5 mg/1
for dissolved oxygen is 10 mg/1 BOD5, 2 mg/1 ammonia nitrogen, and 6 mg/1
dissolved oxygen.

Lampasas River Below Lake Stillhouse Hollow. The Lampasas River below Lake
Stillhouse Hollow was modelled to receive 0.65 MGD from three small

hypothetical plants from lakeshore developments. These plants represented
a possible scenario of development around the lake. The results of the
medel showed that a secondary treatment level, 20 mg/1 BOD, 15 mg/l
ammonia, and 2 mg/1 dissolved oxygen would be sufficient for the Lampasas
River to meet the stream standard of 5 mg/1 dissolved oxygen.

Discussion of Observations During Model Use

For the Leon River above Lake Belton, Sulphur Creek, Clear Creek, the
Lampasas River above Lake Stillhouse Hollow, and the Lampasas River below
Lake Stillhouse Hollow, the impact and interaction of aquatic plant Tife
appears to affect water quality. This is pointed out because QUAL-TX and
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the simplified Streeter-Phelps model used in this study are both steady
state models with fixed reaction and process rates that are not time
variable, whereas, growth and death of aquatic plant 1ife follows seasonal
cycles, where, if the process rates were to be quantified, they would be
time variable.

During the period defined as critical, the streams are characterized by low
flow and warm water temperatures and aquatic plant Tlife is generally
growing at its maximum rate. Nutrient uptake and oxygen production are
generally at their peaks. Calibration data sets were collected from
September through November, so growth rates and uptake rates were probably
below the maximum. The projection model may then be conservative on the
uptake rates of nutrients by plant life.

Using dissolved oxygen is generally a goed indicator of a impact of the
discharge on a stream’s quality. Both the Streeter-Phelps and QUAL-TX
models simulate the major processes influencing dissolved oxygen. As
previously explained, in using these models, adjustments were made that
reflect the expected future conditions of the stream being modelled. For
example, a reduction in settling was assumed to account for lower future
effluent TSS concentrations. After these adjustments were made, the
projection models provided a good conservative estimate of the impact of
the future point sources on stream dissolved oxygen.

Other impacts to receiving streams may not be identified using dissolved
oxygen models, Based on observations made during the stream surveys,
aquatic plant life may be adversely impacted by dischargers. For example,
based on visual observations in the field, Clear Creek is severely impacted
by nutrients from the WWTP discharge. The stream has broad very slow
moving pools, that are now completely blanketed in filamentous algae, with
a mat well over six inches thick. The nutrient levels observed in the
stream reflect plant nutrient uptake.
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LAKES
Introduction

This study used chlorophyll ‘a‘’, a constituent of algae cells, as a
measurement of lake water quality. A1l lakes age naturally and algae
populations eventually increase. The extent of the algae population, and
associated water quality indicate a measure of aging called eutrophication.
Very clean lakes are referred to as oligotrophic where Tlow algae and
nutrient concentrations are found. Lakes with slightly higher
concentrations are vreferred to as mesotrophic, and 1lakes with high
concentrations of nutrients and algae are -eutrophic. Texas lakes are
usually either mesotrophic or eutrophic due to the rich inflow of nutrients
washed into the lake with eroded soil and other material associated with
point and nonpoint sources. High concentrations of algae can cause changes
in visual appearance. Depressions of dissolved oxygen can also occur
because of the high organic load associated with the algae as it dies and
settles to the Take bottom. In the context of this report a sink is a place
within the lake such as the lake bottom where nutrients are deposited and
can accumulate. A source is a place where nutrients originate. Under
certain conditions, lake sediments can become a source by releasing
accumulated nutrients into the water column. Taste and odor problems in
drinking water can result from high algae concentrations and/or depressed
dissolved oxygen.

As indicated in the discussion of lake water quality objectives; Lakes
Belton and Stillhouse Hollow are ranked among the least eutrophic lakes in
Texas based on chlorophyll ‘a’ measurements in a state-wide lake water
quality data base (State of Texas Water Quality Inventory, 1986). However,
examination of the average annual chlprophyll ‘a’ data collected during the
year’s sampling associated with this project, indicates that these Tlakes
have average annual chlorophyll ‘a’ concentrations closer to the average for
all lakes in the state water quaiity data base than originally believed.

The extensive annual sampling information developed in the current study is
a realistic assessment of water quality for both Lakes Belton and
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StilThouse Hollow. It is probable that the low historical chlorophy