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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, 
calculation of point and nonpoint source loads, and the development and use 
of stream and lake water quality models for the following water bodies. 

l. 

2. 

3. 
4. 
5. 

6. 

Lake Stillhouse Hollow 
Lake Belton 
Leon River Above Lake 
Leon River below Lake 
Sulphur Creek 
Clear Creek 

Belton 
Belton 

7. Lampasas River above Lake Stillhouse Hollow 
8. Lampasas River below Lake Stillhouse Hollow 
9. Nolan Creek (used model already developed by the Texas Water 

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 
Commi ss i on as two of the cleanest 1 akes in the State based on Carl son's 
Trophic State Index parameters set in the State of Texas Water Qual ity 
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') is 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 

Ri ver arm of the 1 ake. These increased 1 eve 1 s 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 load 

entering the lakes settles to the bottom with soil particles or dead algae 

and can be recycl ed back into the water column to contri bute to future 

increases in algae population. Some of the differences in algae population 

could be attributed to differences in climate conditions. 

Water qual Hy collected in th is study show annual average chlorophyll 'a' 

va 1 ues of about 11 ug/l at the dam of each 1 ake. Based on th i s exi st i ng 

water qual Hy and expected year to year variations, which are essentially 

uncontro 11 ab 1 e, an annual average chlorophyll 'a' of between 10 and 15 ug/l 

at the dam of each 1 ake shoul d be used as an i nd i cator 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 requi red to reduce these loads. As shown in 

Chapter IV, di scharges of year 2030 poi nt sources wi thout 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/l 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 di scharges. Therefore the exi st i ng chlorophyll 'a' concentrat ions 

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/l. This concentration is 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 withi n the 1 ake such as the 1 ake bottom where 
nutri ents are depos ited and can accumul ate. 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. Di scharges into the 1 akes, if allowed, shoul d 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 shoul d be mon itored in accordance with the 
requ i rements of the Texas Water Commi ss i on rul es and 
regulations at a minimum frequency of once per week using a 24-
hour composite sample. 
Treatment plants shoul d be constructed ina manner wh i ch will 
facilitate future addition of facilities to reduce nitrogen and 
phosphorus, if necessary. 
Before a permit is granted an analysis should be required to 
determi ne the 1 oca 1 i zed water qual ity impact of the di scharge 
on cove and/or backwater areas. 



3. An ongoing water quality monitoring program of each of the lakes 

should be implemented. 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 pl ants wh i ch may have stri cter permit 1.i mits 

imposed in the future i ncl ude those operated by the City of Gatesvill e, 

North Fort Hood, the City of Oglesby, the Temple-Belton Regional Sewerage 

System, Bell County WClD No.1, the City of Lampasas (both plants), and the 

City of Copperas Cove (three plants). 



TABLE ES-I 

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

Model 

Leon River above 
Lake Belton 

Model 

Leon River Below 
Lake Belton 

Year 

1990 
2000 
2010 
2020 
2030 

Gatesvi 11 e 
(MGO) 

1.14 
1. 52 
2.02 
2.68 
3.62 

Projected Flows 
North 

Fort Hood Oglesby 
(MGO) (MGO) 

0.25 0.05 
0.33 0.06 
0.44 0.07 
0.59 0.07 
0.79 0.08 

Model 
Total Flow from Hypothetical WWTP's 

(MGO) 

Lampasas River Below Lake 
Stillhouse Hollow 

0.65 

Note: Effluent Requirements shown in terms of BOO/NH3-N/OO. 

Reguired Effluent gualit~ 
North 

Gatesville Fort Hood Oglesby 

10/2/6 10/15/2 10/15/2 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 

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

10/2/6 

Required Effluent Quality 

20/15/2 



TABLE ES-l 

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

(continued) 

Projected Flows Reguired Effluent Quality 
Harker Harker 
Heights Heights 

WCID #1 WCID #1 WCID #4 WCID #3 WCID #l 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 7/2/6 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 16.53 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 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 7.11 3.72 0.56 7/2/6 7/2/6 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/NH3_N/DO. 



Model 

Sulphur Creek 

Model Year 

House Creek, 1990 
Turkey Creek, 2000 
and Clear Creek 2010 

2020 
2030 

TABLE ES-l 

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

(continued) 

Total Projected Flows 
For Planning Area 

Year (MGD) 

City of Lampasas 
Low Flow Scenario 

1990 0.70 
2000 0.90 
2010 1. 20 
2020 1. 50 
2030 1.80 

City of Lampasas 
High Flow Scenario 

1990 0.74 
2000 1.01 
2010 1.42 
2020 1.96 
2030 2.62 

Copperas Copperas Copperas Copperas 
Cove Cove Cove Cove 

Northeast Northwest South Northeast 
(MGD) (MGD) (MGD) 

0.92 I. 51 0.85 10/3/4 
1.07 1.89 1.37 10/3/4 
1.19 2.04 I. 59 10/3/4 
1.29 2.23 I. 75 10/3/4 
1.35 2.46 1.93 10/3/4 

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

Required Effll.!ent Quality 

10/15/2 
10/3/4 
10/3/4 
10/3/4 
10/3/4 

10/15/2 
10/3/4 
10/3/4 
10/3/4 
10/3/4 

Cooperas Copperas 
Cove Cove 

Northwest South 

10/3/4 10/3/4 
10/3/4 10/3/4 
10/3/4 10/3/4 
10/3/4 10/3/4 
10/3/4 10/3/4 
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CHAPTER I 

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 chlorophyll 'a', the April 29, 1988, Texas Surface 
Water Quality Standards establish criteria and conditions which are adequate 
to meet the above obj ect i ve. These standards i ncl ude general criteri a, 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 potent i a 1 dischargers into vari ous area streams and Lakes Belton and 
Stillhouse Hollow. Where possible, critical low flows 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-I. The lack 
of criteri a for nutri ents and recommendat ions for add res sing the nutri ent 
issue are discussed with water qual ity object i ves 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-I lists these uses and criteria for the streams and lakes which 
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TABLE 1-1 

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

Segment Water Uses 1 CL2 
Number Segment Name A B C 0 (mg/l) 

1215 Lampasas River Below Lake Stillhouse CR H PS 100 
Hall ow 

1216 Lake Stillhouse Hollow CR E PS 100 

1217 Lampasas River Above Lake Stillhouse CR H 480 
Hollow 

1218 Nolan Creek CR H PS 100 

1219 Leon River Below Lake Belton CR H PS 150 

1220 Lake Belton CR H PS 100 

1221 Leon River Below Lake Proctor CR H PS 150 

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

1Class A: Recreation (CR - Contact Recreation) 
Cl ass 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 to exceed this value. 
3Sulfate: Annual average not to exceed to this value. 
4Total Dissolved Solids: Annual average not to exceed this value. 

SO 3 TDS4 
(mgil) (mg/l) 

75 500 

75 500 

80 840 

75 500 

75 500 

75 500 

75 500 

DOS pH fecal 6 Temp7 
(mg/l) (S.U.) Coliform (Of) 

5.0 6.5-9.0 200 91 

6.0 6.5-9.0 200 93 

5.0 6.5-9.0 200 91 

5.0 6.5-9.0 200 93 

5.0 6.5-9.0 200 91 

5.0 6.5-9.0 200 93 

5.0 6.5-9.0 200 90 

SDissolved Oxygen: Minimum value for 24-hour mean. for thermally stratified impoundments, compliance is measured In the epilimnion. 
6fecal 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-spec ifi c uses and criteri a 

which apply to Segment 1221 are presented in Table I-I. 

Wastewater treatment needs in the Gatesville area were based on a dissolved 

oxygen limit of 5.0 mg/l, a critical low flow of 2.0 cfs, and a temperature 

of 27.5·C. The 5.0 mg/l 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 Ri ver in Bell County to a poi nt 100 meters upstream of the most 

upstream crossing of US 190 near the intersection of US 190 and Loop 172 in 

Be 11 County. 

The site-specific uses and criteria which apply to Segment 1218 are shown 

in Table I-I. 

Wastewater treatment needs in the Ki 11 een, Harker Hei ghts, and No 1 anvi 11 e 

areas were based on a di sso 1 ved oxygen 1 i mit of 5.0 mg/l, a crit i ca 1 low 

flow of 0.1 cfs, and a temperature of 29.5"C. 

Leon Ri ver Below lake Belton. The leon Ri ver 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-I. 
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Wastewater treatment plant effluent requirements for the Temple/Belton 
Regional Sewerage System were based on a 5.0 mg/l 1 imit 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 confl uence of Rock Creek in Bell County to FM 2005 in Hami lton 
County. The site-specific uses and criteria which apply to Segment 1217 
are shown in Table I-I. 

There are no poi nt source di schargers wh i ch di scharge directly into th is 
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 1-1. 

Wastewater treatment plant effluent requirements for this segment were based 
on a 5.0 mg/l 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 numeri ca 1 criteri a. 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 
ment i oned General Criteri a provi des that the di sso 1 ved oxygen standard for 



1-6 

unclassified segments will be based on the aquatic use of the segment (see 
Table 1-2). 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 admi ni strat i ve or regulatory act ion is taken by the TWC 
which relates to the particular unclassified water body. The following 
paragraphs descri be each of the uncl ass i fi ed stream segments whi ch were 
evaluated. 

House Creek. Turkey Run Creek. and C1 ear 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. Accord i ng to the Texas Surface Water Qua 1 ity Standards, 
unclassified waters which are perennial or support perennial aquatic life 
uses are designated for the specific uses 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 prel iminarily 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 limited aquatic life use. The 
dissolved oxygen standard for limited aquatic life use is an average of 3.0 
mg/l over a 24 hour period. Water quality modeling to determine wastewater 
treatment needs for Copperas Cove were based on the 3.0 mg/l d i sso 1 ved 
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 
wh i ch recei ves effl uent from the City of Lampasas' wastewater treatment 
plant. No information was found on the aquatic uses for Sulphur Creek. 
Thus Sul phur Creek was assumed to be a 1 imited aquatic use habi tat with a 
dissolved oxygen standard of 3.0 mg/l. Wastewater treatment plant effluent 
requirements for the City of Lampasas was based on a 3.0 mg/l limit for 
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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 Qual ity Standards (see Table I-I) are 

adequate to support the intended uses of Lakes Belton and Stillhouse 

Ho 11 ow. There are no nat i ona 1 or state-wi de water quality standards for 

in-l ake concentrations of chlorophyll 'a' or the nutrients nitrogen and 

phosphorous. 

Increases in chlorophyll 'a' concentration over time are one of the 

measures of 1 ake eutrophi cat ion. 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' concentrat ions of 2 and 3 ugjl near the dams in 

Lakes Stillhouse Hollow and Belton, respectively. There are no other 

comprehens i ve data on 1 ake water quality in the State of Texas data base 

for the two 1 akes. Based on these data, both 1 akes are reported to have 

good water quality when compared to the other lakes in the state which were 

reported to vary from about 1 ugjl to 70 ugjl chlorophyll 'a'. 

The State of Texas data base has been augmented by the sampl ing program 

whi ch is a part of the present study. The data from the current program 

indicates a mean chlorophyll 'a' concentration of slightly in excess of 11 

ugjl at the surface for the stat ions closest to the dams in each of the 

1 akes. This is in contrast to the more limited historical data which 

indicates average chlorophyll 'a' concentrations, at comparable locations, 

of approximately 2 and 3 ugjl for Lakes Stillhouse Hollow and Belton 

respectively. 
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Compari sons 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 1 akes are roughly at the average 

chlorophyll 'a' concentration observed in state lakes. It is difficult to 

clearly interpret the compari son of the val ue of the average chlorophyll 

'a' obtained from an annual data set with the information in the state data 

base. The state data base represents more random samp 1 i ng where some of 

the 1 akes are represented by very small data bases and other 1 akes have 

been fairly extensively sampled. In this context a water quality objective 

wh i ch 1 imits the chlorophyll 'a' in the main lake near the dam to between 

10 and 15 ug/l could be considered. However, this target should be 

subjected to continued eyaluation 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 

Stillhouse Hollow) and 1220 (Lake Belton); and 

2. A chlorophyll 'a' target of between 10 and 15 ug/l in the rna in 1 ake 

near the dam in each lake. 



INTRODUCTION 

CHAPTER II 

WATER QUALITY DATA 

Water qual ity 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 Ri ver Authori ty twelve times duri ng the course of a year to 
provide a data base that could be used to develop a model of each lake's 
water qual i ty. Stream surveys were conducted on seven streams as part of 
the study to develop water quality models. Samp 1 i ng was conducted at 
severa 1 poi nts along each stream's course to determi ne 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 determi ne the pollutant concentrat ions for vari ous 1 and uses . 
In the following sections, historical water quality monitoring and the water 
quality monitoring performed by the Brazos River Authority for this study 
wi 11 be descri bed and data from the vari ous moni tori ng 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 
1 ake. 



Il-2 

Much of the data used in this historical water qual ity assessment were 
collected by the Texas Water Commission (TWC) and the United States 
Geological Survey (USGS). The TWC and the USGS both operate monitoring 

stations where data have been periodically collected. Figure 11-1 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 qual i ty assessment resul ts for both the 1 akes and ri vers are 
presented using minimum, maximum, average values, and the number of samples 
collected for each water quality parameter. All samples collected at each 

site were used in making this determination. 

Some of the sampl i ng stations were monitored on a regul ar bas is over the 
period 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 

chemi ca 1 water quality parameters: DO, temperature, chlorophyll I a I, and 

the nitrogen and phosphorous seri es. The fo 11 owi n9 presents summari es of 

the data collected for lakes and streams in the study area. 

Streams 

The historical water qual ity data summary for the Leon River immediately 

upstream and downstream of Lake Belton is presented in Table II-I. The 

hi stori cal water qual ity data summary for the Lampasas Ri ver immedi ate ly 

upstream and downstream of Lake Stillhouse Hollow is presented in 

Table 11-2. 
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TABLE 11-1 

LEON RIVER NEAR LAKE BELTON 
HISTORICAL VATER QUALITY DATA SUMMARY 

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

Nitrate 
and 

Organic Ammonia Nitrite Tota I Ortho-
Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous 

mllll mllll mll/l mgll IIlI/l 

Mlnilium 0.153 0.005 0.010 0.041 0.008 
Maxilium 2.411 0.360 2.622 2.320 2.290 
Average 0.685 0.074 0.445 0.434 0.332 
No. of Sample. 12 43 44 42 42 

LOCATION: Laon liver aelow Lake aelton OSII 
IEPORTING PEIIOO: 3/12/80 throUllh 9/30/80 
SOURCES: Cantrel Texe. Council of Governllenta 

Nitrate 
and 

orllenlc Amllonis Nitrite Total Or tho· 
Nitrollen Nitrogen Nitrogen Phosphorous Phosphorous 

IIlI/l mgll 1111 II mg/l IIlI/l 

Minillull 0.172 0.002 0.029 0.007 0.002 
Meximull 0.561 0.051 0.550 0.188 0.021 
Average 0.292 0.017 0.179 0.053 0.006 
No. of Sallpl •• 11 11 11 9 9 

Chlorophyll 
' e' 
ullll 

0.050 
105.280 

9.374 
39 

Chlorophyll 
'e' 
ulIll 

0.590 
67.920 
16.900 

8 



TABLE 11-2 

lAMPASAS RIVER NEAR STlllHOUSE Hal lOY RESERVOIR 
HISTORICAL YATER QUALITY DATA SUMMARY 

lOCATION: Lampasas River et Headwater of StilLhouse Hollow Reservoir 
REPORTING PERIOD: 2/12/79 through 2/19/87 
SOURCES: Texe. Yater Commission, Central Texas Council of Governments 

Nitrate 
and 

Orgenic Ammonie Nitrite Totll Or tho-
Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous 
.g/l IIIgll IIIg/l llliI/l 

Mlni.u. 0.037 0.005 0.010 
Mexi.u. 1.370 0.130 1.160 
Averege 0.352 0.030 0.151 
No. of Se.ples 13 45 45 

lOCATION: l •• p •••• Rlv.r B.low Stillhouse Hollow Re.ervoir 
REPORT IN' PERIOD: 3/10/80 through 8/3/82 

0.010 
0.960 
0.080 

44 

mgll 

0.002 
0.070 
0.014 

43 

Chlorophyll 
' e' 
ug/l 

0.100 
35 .100 

4.418 
39 

SOURCES: Centr.l Tax •• Council of Governmant., United Steta. Geologlc.l Survey, Br.zo. Rlvar 
Authority 

Nitrate 
and 

Organic Ammonie Nitrite Total Ortho- Chlorophyll 
Nitrogen Nicrogen Nitrogen Phosphorous Phosphorous ' . ' 
.gll mgll mgll mg/l mgll ug/l 

Mlnl.um 0.039 0.002 0.050 0.005 0.002 0.510 
Maxl.ulI 1.133 O. 11 2 1.800 0.214 0.082 13.100 
Avarege 0.327 0.037 0.612 0.050 0.015 5.17Z 
No. of Samples 19 20 21 19 11 10 
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lakes 

The historical water quality data were available for three sites on lake 
Belton: I} 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: 
I} Near the dam and 2} Near the lampasas Ri ver headwater. The summary of 
the historical water quality data for Lake Stillhouse Hollow is presented in 
Table 11-4. 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 duri ng peri ods 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 particul ar site were composited 
to determine the average daily water quality. The sample analysis included 
BOD5, TSS, VSS, ammonia, nitrite, nitrate, organic nitrogen, total 
phosphorus and orthophosphorus. 



TABLE 11-3 

LAKE BEL TON 
HISTORICAL VATER QUALITY DATA SUMMARY 

LOCATION: Lake Belton Near DaM 
REPORTING PERIOD: 3/10/78 through 8/19/66 
SOURCES: Texa. Vater CO.IIII •• lon, Brazos River Authority, Central Texas Council of 

Governlllenta, United States Geological Survey 

Nitrate 
and 

Organic Amllloni. Nitrite Total Ortho- Chlorophyll 
Nitrogen Nitrogen 
.g/l IIg Il 

Minimum 0.060 0.001 
Maxlmu. 1.370 0.780 
Avarage 0.453 0.090 
No. of S •• ple. 49 65 

LOCATION: Lake Belton at Cowhou.e Creek Arlll 
REPORT I •• PERIOD: 10/10/79 through 8119188 

Nitrogen Phosphorous Phosphorous 
Mgll mgll mg/l 

0.002 0.002 0.002 
0.474 0.720 0.075 
o. 132 0.056 0.013 

63 66 56 

SOURCES: Texa. Vatar Comml •• lon, Brazo. River Authority, Centrel Taxa. Council of 
Governmant. 

Nitrate 
and 

' a' 
ug/l 

1.462 
37.450 

9.249 
32 

Org.nlc Ammonia Nitrite Total Ortho· Chlorophyll 
Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous ' a ' 

mgll mg/l mgll mg/l mgll us/l 

Mini ilium 0.050 0.004 0.003 0.006 0.002 2.000 
Maximum 2.114 0.504 0.295 0.159 0.061 42.060 
Avarage 0.324 0.067 0.087 0.033 0.013 12.629 
No. of Samples 21 29 28 28 28 25 



TABLE 11-3 

lAKE BELTON 
NISTORICAl WATER QUALITY DATA SUMMARY 

(continued) 

lOCATION: lake aelton et leon River Arm 
REPORT IN; PERIOD: 10/10/79 through 8/19/88 
SOURCES: rexa. Water Co __ I •• lon. Brezoa River Authority. Centrel Tex •• Council of 

Govern_ent. 

Nitrate 
.nd 

Orgenlc AIII_onle Nitrite Tot.l Or tho· Ch lorophyll 
Nitrogen Nitrogen Nitrogen Phosphorous Pho.phorou. 'e' 
.g/l -gil _11/1 _gIL _11/1 ug/l 

Mlnl_u. 0.090 0.010 0.010 0.010 0.002 3.000 
Maxl.u. 5.520 0.510 0.659 0.767 0.129 261.310 
Averelle 0.878 0.144 0.131 0.081 0.021 70.473 
/10. of Se.ple. 38 47 47 45 46 28 



TABLE 11-4 

LAlE STILLHOUSE HOLLOW 
HISTORICAL WATER QUALITY DATA SUMMARY 

LOCATION: L.ke Stillhou.e Hollow Near Dam 
REPORTIN' PERIOD: 10/10/79 through 7/14/88 
SOURCES: Tex ••• W.ter Co •• I •• lon, Br.zos River Authority, Centr.l Tex •• Council of 

Govern.ent., United St.te. Geologic.l Surv.y 

Nltr.te 
.nd 

Org.nlc Am .. onl. Nitrite Total Ortho· Chlorophyll 
Nitrogen Nitrogen Nitrogen Phosphorous 
.g/l IIg/1 IIg/1 .. g/l 

Nlnl.u. 0.080 0.004 0.009 0.001 
M.xl.um 1.319 0.250 0.342 0.380 
Aver.ge 0.326 0.071 0.109 0.037 
No. of S •• pl •• 39 44 51 54 

LOCATION: L.k. Stillhou •• Hollow N •• r l ... p •••• River He.dw.ter 
REPORT IN' PERIOD: 10/10/79 through 7/14/88 

Phosphorous 
.. gil 

0.001 
O. 171 
0.020 

42 

SoURCES: T.x •• W.t.r Co •• i •• ion, Br.zoa River Authority, Central Tex •• Council of 
Gov.rn •• nt., United State. Geologlc.l Survey 

Nitrate 
and 

' .' 
ugll 

0.100 
26.450 

7.630 
30 

Org.nic Am .. onia Nitrite Tot.l Ortho· Chlorophyll 
Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous 

' .' _gIL mg/l mgll .. gil mgll ug/l 

Minimu .. 0.040 0.005 0.003 0.005 0.002 0.900 
M.ximum 2.190 0.495 0.399 0.070 0.048 36.990 
Av.rage 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 Riyer. The Leon River above Lake Belton was sampled on two occasions, 
October 13, 1987 and February 16, 1988. Four sHes and the Gatesville 
wastewater treatment pl ant (WWTP) were sampl ed on both occasi ons, and a 
fifth site was added for the February sampl ing. Figure 11-2 is a map of 
the sampling sites. The field observations are presented in Table 11-5 and 
Table II-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 sl ight 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 11-5 and 11-6. In both surveys the nutrient levels in 
the stream were elevated below the WWTP. During both surveys the WWTP 
effluent had high 8005 ,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 1 eve 1 s to be constant or i ncreas i ng 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. 

Sul phur Creek. Sul phur 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 11-3 is a map of the 
creek and the sampl ing sites. The field measurements and the analyses of 
the water samples are shown in Table 11-7. 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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IESULTS OF IITEISIYE SUIYET OF LEal IIYEI AlaYE LACE IELTal 01 aCTalEI 13. 19.7 

Pleld Dflaolved pH Av.r.,. 
tlllllltlllDSI Vater Oay,.n atd Conduct.nce a-aectlon velocity DI.ch.r,. 

lite TI.e T •• p °c •• It UnIt. ulhoa/ci ar •• /tt 2 ft/a.c ftl/.u 

ltoo "y.r 

lite 11.16 •• 17.03 1.15 7.50 156 41.1 0.49 ZO.4 
3.24 p. 11.15 1.22 7.50 857 
,.36 p. 11.06 7.7Z 7.52 860 44. I 0.'1 u., 

lete.vllie VVT' 11.00 •• n.93 7.60 7.55 2120 
3.11 p. 24.68 6.57 7.45 2110 

4"· p. Z5.10 6.60 7.44 2140 

lite 2 "30 p. 17.53 6.75 7.16 910 53.8 0.46 24.6 

II t. 3 9.30 •• 16.90 6.75 7.33 897 39.9 0.59 U., 
2152 p. 11.30 7. Z6 7.34 887 
4. ZO p. 11.32 7.64 7.41 886 39.9 0.57 22.1 

lite 4 7.30 •• U.IS 7.60 1.18 883 15 .1 1.86 1.86 
2135 p. 11.02 I.U 7.40 878 

3:" p. 17.91 8.0 7.18 883 14.8 1. 76 26. I 
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lit. 2 1.5 

.. t. 3 1.8 

SIt. 4 1.2 

.' 

TAILE 11-5 

IEIULTI 0' IITEIIIYE IUIYEY OF LEOI IIYEI AIOYE LAKE IELTOI 01 OCTOIEI 13. 1987 
(continued) 

A •• on'. Iltr.t. Iltrlt. Or.anl". 
TIl YII Nltro.an Iltro,.n Iltro,.n Iitro •• n 
•• /1 •• 11 •• 11 •• /1 .,11 •• /1 

to. , 3.3 0.06 0.40 0.003 0.13 

68.4 59.0 7.6 3.60 1.170 9.78 

11.4 0.5 0.25 0.62 0.055 0.31 

9.6 0.8 0.13 0.65 0.049 0.21 

19.5 1.0 0.06 0.60 0.023 0.08 

Or tho Total 
'hoephoroua ,hoaphoroua 

•• 11 •• 11 

0.039 D.DU 

5.39 to.45 

0.293 0.541 

0.277 0.633 

0.112 0.353 



TABLE 11-6 

IESUlTS OF IBTEB.IYE SUIYET Of lEOB IIYEI ABOYE lA~E BEllO. O. FE.IUAIT 16. 1988 

fhld Dhlolved p" Averl,e 

""!lItlal!lU V.te. Dxy,en ltd Conductlnce x-Iectlon velocity Dllch.rg. 
SI te Tla. T.ap °c a,/l Unltl uahol/cB Ir.l/ft 2 ft/l.c ft 3/1.e 

Leon Itv,r 

Upatr ••• lite 10:35 •• 1.03 11.9 7.63 1126 30.7 0.70 21.6 

Site 1 1:55 •• 1.90 10.66 7.54 10110 73. I 0.211 20.5 

G.t •• vlli. VIITP 12: 10 p. 16.51 11.117 7.33 1277 

"t. Z 11:30 .a 10.06 9.94 1.51 10112 211.4 0.71 ZO.1 

II te 3 1: 45 p. 11.17 13.04 7. T3 1059 13 .11 1.56 21.5 

Sit. 4 4:20 p. 10.91 12.011 7.67 759 ZO.3 1.18 24.0 



Loboratory 

!I!IIUt!-!!l11 100-5 
.IU .g/l 

Leon River 

Upetroo. If to 1.7 

Slu1 ].1 

lIot.e.,lll.IIIITP 37.0 

SI t. Z ].0 

Sf t. 3 1.a 

Siu 4 4.6 

TAILE 11-6 

IESULTS OF IITEISIVE SUIVEY OF LEOI IIVEI AIOVE LA(E IELTOI 01 FEIIUAIY 16, 19 •• 
(contlnu~d) 

A •• onlo Nltrot. Nitrite Or,onlce Or tho 

TI' VU Mltro,.n Nitrogen Nltro,.n Nltro"n Phoephoroue 
.g/l •• Il ',Il •• /l .,/1 •• /l •• /l 

15.6 ].6 0.00 0.07 0.003 0.22 0.006 

11.4 1.1 0.00 O. 19 0.003 0.14 0.039 

II.] 62.0 12 .30 ].40 0.660 13.14 2.763 

14 •• 2.0 0.20 o.ao 0.041 0.36 0.159 

6.a 1.0 0.02 1. 00 0.056 0.47 0.315 

10.a 1.2 0.00 0.70 0.030 0.86 0.231 

Totol 
Phoophoroue 

•• /l 

o.on 

0.048 

6.470 

0.23] 

0.582 

0.442 



LEGEND 
CD RIVER SAMPUNG LOCA TlON 

m WASTEWATER SAMPUNG LOCA TlON 

HENDERSON PLANT 

SULPHUR PLANT 

LAMPASAS CO . 
. -.- .. 

BURNET CO. 

FIGURE II-3 
SAMPLING LOCATIONS 
ON SULPHUR CREEK 

SCALE: ," = '.5 MILES 



TABU 11-7 

IESULTS 0' IITEIIIYE SUIYEY 0' SULPIUI ClEEK 01 OCTOIEI 20, 1917 

field Dlaaolved pH Avera,. 

1IIIIYI:I!IDSI Veter Oxygen atd Conductance x-aectlon velocIty Dlachar,e 
lite TI.e Te.p °c .,Il Unl ta u.hoa/c. araal ft2 ft/aec ft3 /aec 

Sulphyr Cr •• k 

Ifte I 7.57 •• 19_77 7.15 7.11 2700 ILl' 1.31 16.5 
11.37 •• ZO.15 1.53 7.15 2170 

1117 p. 21.10 9.24 7.22 2l1li0 9.9 1.12 11.0 

lender.on VVTP It35 •• U.59 7.45 6.89 112 1 
11.44 •• U.90 7.30 6.74 1124 
,. 52 p. 24.27 7.00 6.74 1090 

sulphur Creet VVTP 1.50 •• n.21 6.36 6.95 1168 
11.49 •• U.61 6.11 7.02 1380 
1.59 p. U.4S 6.29 7.011 1315 

Itt. Z 9t06 •• 19.95 7.44 7.25 2210 17 .6 1.36 n.9 

IIU 3 9.45 •• 20.12 7.36 7.36 2610 22.9 1.01 n. I 
,,. 59 •• ZO.49 1.60 7.34 2390 
Zan p. 21.31 10.02 7.45 2300 12.5 1.113 22.9 

Ilu 4 10.17 •• 19.51 7.64 7.48 2610 57 .2 0.92 5Z.6 
12.01 p. 19.12 7.ff 7.46 2640 
2tU p. ZO.50 9.45 7.64 2610 14 .9 1.16 27.7 

lIu 5 11.10 e. 19.70 9.35 7.60 2390 51.9 0.48 24.9 
12:20 p. 19.74 10.19 7.68 2420 
3:33 p. ZI.94 10.17 7.95 2310 56.4 0.56 31.3 



L.bor.tory 
1I111YI:IIIDSI 100·5 TIl 

I! t. .,11 .,/1 

Sylphur Crull: 

II t. 1 t.S 15.7 

•• nd.r •• n IIIIT' S.9 2.6 

Sulpllur Cr •• k t6.6 n.o 
1111" 

lIu 2 5.S 14.0 

lIuS S.I 15.2 

lIu 4 1.S 7.4 

SIu 5 1.4 7.0 

TAILE 11-7 

IEIULTI 0' IITEIIIYE IUIYET OF IUL'IUI CIEEI 01 OCTOIEI ZO. 1917 
(contInued) 

A •• onl. Mltr.t. Iltrlte Or,.nlc. 
YII Mltro,en Mltro,en IJ t ro,en Mltro,en .,11 .,11 .,11 .,11 .,11 

4.1 0.24 0.06 0.004 0.61 

1.1 o.n ta.o 0.019 4.17 

SS.O S.21 6.40 0.492 7.46 

7.Z o .ll 0.09 0.069 0.90 

6.0 0.38 0.99 0.053 0.15 

S.4 0.14 0.60 0.019 0.42 

2.4 0.13 0.42 0.010 0.38 

Ortllo Total 
,II .. pllorou. ,II0.pllorou. .,11 .,Il 

0.012 0.050 

10. I 14.nO 

6.745 9.21' 

0.415 0.740 

0.506 1.150 

O.SSS 1.270 

O.S72 0.6Z0 



11-19 

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 BODS concentration downstream of the two WWTPs (sites 2 and 3). 
The con cent rat i on returns to background 1 eve 1 s at site 4. The nutri ent 
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 poi nt source di schargers are located on the Lampasas Ri ver in 
th is reach just above the 1 ake. Four sites were sampled on the ri ver 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 laboratory 
data are shown in Table II-B. The diurnal variation in dissolved oxygen 
concentrations measured in Sulphur Creek and the Lampasas River below 
Sulphur Creek suggest that aquatic plant life may playa major role in the 
stream chemistry. The laboratory measurements of nutrients in the Lampasas 

River show that nutrient levels drop below the junction with Sulphur Creek, 
suggesting that plant life may be utilizing them. 

The Lampasas River below Lake Stillhouse Hollow was sampled at four 
locations and Salado Creek was sampled at one site as shown in Figure 11-5. 
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 life may playa significant role in the dissolved oxygen of 
the river. 
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TAiLE 11-8 

IESULTS Of IITEIIIVE IUIVEY Of LA.'ASAI IIVEI AIOVE LAKE ITILL.OUSE 10LLOW 01 OCTOIEI 16. 1987 

, ""'m~,>-,-~--".:...:.="" .•• """,-",---"",~--zr""-"--'-'_ 

fhld DI •• olv.d pH Av.r.,. 

.. ··.ytIIIDSI W.t.r O.yg.n .td Conduct.nc. • • •• ctlon v.loclty D I.cher, • 
If t. TI •• T •• p °c • ,/l Unit. u.ho./c • erea/fe 2 fe/ •• c ft',uc 

-~- - ~--,----. 

___ e ___ ~~_. _~_ 

L •• D •••• IIylr 

Ilu 1 10.18 •• 20.21 1.57 7.31 614 13.0 0.94 12.2 ,.15 p. 22.23 9.00 7.42 607 13.3 0.97 13.0 

'ulphur Cr •• k 11140 •• 21.66 9.37 7.60 2590 69.4 0.33 22.1 
4.S7 p. 23 .11 15.15 7.90 2550 75.7 0.26 19.8 

If t. 2 10 .52 •• 20.80 12.40 7.67 1840 44.7 0.77 U.S 
3.50 p. 23.43 15.17 7.17 1770 42.6 0.74 31.7 

Sit. S 9.15 •• 19.75 7.39 7.31 1770 12 .1 0.41 39.4 
Z.ZZ p. 22.41 12.31 7.62 1760 13.4 0.46 38.2 

locky Cr •• k 8:30 •• 20.12 5.90 7.20 465 2.2 0.21 0.6 
1.51 p. 24.55 10.41 7.44 450 2.3 0.27 0.6 

lIu 4 7:4-5 •• 20.37 7.55 7.44 1590 35 .2 1.15 40.7 
1: 14 P. 22.96 9.60 7.54 1590 S'.O 1.11 42.1 



\ 
I 

Lab.r.t.ry 

1I111YtiliDSI 
I'te 

L •• p •••• "y.r 

I'te 1 

lulphur Cr •• k 

lite 2 

II t. 3 

•• cky Cr •• k 

II t. 4 

TAILE II-a 

IESULTS Of II'EISIYE SUIYEY Of LAI'ASAS IIYEI AIDYE LA~E STILLIDUSE IDLLDW 01 DCTDIEI 16. 19a7 
(continued) 

A ••• nla Nltr.t. Nitrite Or.anlc. Ort .. o 
100-5 Til VII Iltr ••• n Nltr ••• n Nltr ••• n I'tr ••• n , .... p ... r.u. 

•• /1 •• /1 •• /1 •• /1 •• 11 •• /1 •• /1 •• /1 

1.3 4.6 o.a 0.03 0.80 o.ooa 0.10 0.011 

1.4 7.0 o.a 0.04 0.30 0.005 0.10 0.104 

1.3 5.2 2.1 0.04 0.29 0.007 0.13 0.032 

1.3 4.4 0.6 0.04 0.33 0.001 0.16 0.034 

1.4 0.5 0.4 0.03 0.05 0.002 0.09 0.014 

1.0 7.4 0.4 0.04 0.09 0.004 0.10 0.022 

,.tal 
, .... p ... r.u. 

.,/1 

0.17 

0.192 

0.056 

0.051 

0.024 

0.041 



LEGEND 
CD RIVER SAMPLING LOCA nON 

rn WASTEWATER SAMPLING LOCA nON 
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Lake 
Stillho'USe Hollow 

" ,"-,.... 

® Sa:adCJ Creek Site 

FIGURE II-5 
SAMPLING LOCATIONS ON THE 
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SCALE: 1" = 1.5 MILES 



TAllE 11-9 

IESUlTS Of IITEISIVE SUIVEY Of lAIPASAS IIVEI IElOY lACE STllllOUSE IOllOY 01 OCTOIEI 14, 1987 

Field Dil.olved pH Aver.ge 

Me •• ure.ents Water Oxygen std Conduct.nc. x·sectlon velocity Disch.rge 

S I to Tt •• T •• p °c .g/l Unl ts u.hol/c. .r •• /ft 2 ft/lec ft 3 /lec 

La.p •••• River 

Sit. 1 8:40 e. 14.52 9.96 8.13 574 6.3 0.20 1.3 
1:30 p. 22.60 9.10 8.40 543 7.1 0.15 1.0 

Sit. 2 9:45 •• 15.14 7.05 7.67 538 4.8 0.41 2.0 
2:25 p. 20.71 13.81 8.12 515 4.5 0.41 1.8 

.1 to 3 10:35 •• 16.27 7.72 7.74 545 3.6 0.71 2.6 
2:55 p. 17.77 8.90 7.82 540 3.5 0.74 2.6 

S.l.do Cr.ek 11 : 25 •• U.30 9.54 8.00 437 9.6 0.74 7.1 
3:30 p. 19.43 9.36 8.06 433 9.0 0.83 7.5 

S I to 4 12:10 p. 17.57 9.42 7.76 462 4.736 2.49 11. 8 
4:00 p. 19.47 10.41 7.90 459 7.415 1.37 10.2 



L.bor.tory 

tlIIIWl:laS"SI 
SI te 

L •• D •••• Rfv!J:. 

SI te 

S It.- 2 

Sitl 3 

S.l.do Crl.t 

st te 4 

TAlLE 11-9 

IESUlTS OF IITEISIVE SUIVEY OF lAIPASAS IIVEI IElOY lACE STllllOUSE IOllOY 01 OCTOIEI 14, 1917 
(continued) 

A •• ont. Nltr.te Nitrite Org.nlc. Ortho 
100-5 TSI VSS Nitrogen Nltrogln Nltrogln Nltrogln Pholphoroul 
.g/l .gll .gll .gll .g/l .gll .g/l .g/l 

1.7 5.2 1.2 0.3 0.24 0.007 0.21 0.12 

1.9 1.0 0.2 0.06 0.54 0.007 0.68 0.003 

2.4 1.0 0.1 0.06 0.17 0.006 0.43 O.oas 

2.3 4.1 0.4 0.06 2.92 0.010 4.17 0.023 

2.4 6.4 0 •• 0.09 2.0 0.0011 2.97 0.07 

Tot.l 
Pholphorou. 

.g/l 

0.214 

0.016 

0.230 

0.095 

0.194 



II-26 

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 11-6 is a map showing the 
1 ocat i on of the samp 1 i ng poi nts. Results of the survey are presented in 
Table 11-10. 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 levels at site 5. Nutrient uptake by 
the plant life was probably the removal mechanism. 

Cowhoyse Creek Tributaries. Two tributaries of Cowhouse Creek, House Creek 
and Turkey Run Creek, were also sampled. House Creek recei ves eff1 uent 
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 1 ocat ions of the sampl e sites. Results of the surveys are shown in 
Table II-II and Table 11-12. 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 St ill house Ho 11 ow were sampled from August 1987 through 
August 1988 to develop a database that was used to cali brate a water 
quality model of each lake. Field measurements of dissolved oxygen, pH, 
spec ifi c conductance and temperature were taken at 1. 5 meter i nterva 1 s 
vertically at each sample site. Measurements of secchi depth and 1 ight 
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TABLE 11-10 

IESULTS Of IITEISIYE SUIYEY Of CLEAI CIEEI 01 SEPTE •• EI 10-11, 1917 

Field Di •• olved pH Averege 

Me'IUtSMents lIeter Oxygen .td Conductence x-.ection velocity Dilcherge 
Site Tt.e Te.p °c .g/l Unitl u.hol/c. eree/tt 2 ft/.ec tt 3 /.ec 

Cl •• r Creek 

Site 1 12:45 p. 23.30 1.93 7.25 505 0.52 0.31 0_16 

7:30 •• 21.21 7.62 7.21 543 0.65 0.25 0.17 
10: 41 •• 21.64 1.40 7.33 542 
12:26 p. 23.43 11.49 7.44 535 

Copper •• Cove 
IE IIIIT P 7: 54 •• 25.31 7.10 6.66 1105 

12:311 p. 26.55 6.110 6.77 1103 

Site 2 1:19 p. 24.34 9.09 7.01 744 3.43 0.29 0.99 
11:10 p. 22.411 5.41 6.62 1111 2.611 0.14 0.37 

10:411 •• 22.94 7.77 7.03 11111 
12:49 p. 24.23 II. 19 7.27 774 

Site 3 2:00 p. 25.09 9.65 7.114 7.09 4.4 0.17 0.711 
11:411 p. 23.32 5.91 7.311 7711 4.61 0.13 0.61 

11 : 0 1 •• 23.70 6.31 7.43 776 
1:02 p. 24.57 7.67 7.63 772 

SI te 4 3:06 p. 26.69 13.70 8.53 605 2.45 0.06 0.14 
9:47 •• 22.63 5.55 7.42 697 2.50 0.06 0.15 

11: 33 •• 23.93 9.80 7.87 679 
1:27 p. 26.33 11 .40 8.46 638 

Site 5 2:30 p. 25.85 5.17 7.12 593 3.12 0.07 0.23 
9:23 •• 23. 57 3. 60 7.03 630 2.60 0.10 0.26 

11:14 ... 24.84 6.52 7.20 628 
1:53 p. 27.09 7.80 7.40 619 



Leboretory 
!llllytl-eaSI 100-5 TSS 

Site _gil _gil 

Cleer Creek 

Sf te 1 0.& 2.2 

Coppere. Cove 2.5 7.1 
SE IIIIT P 

SI te Z 1.0 3.1 

Site 3 0.& 2.& 

SI te 4 2.3 1.9 

Site 5 0.4 3.6 

TABLE 11-10 

IESULTS Of IITEISIYE SUIYEY Of CLEAI CIEEE 01 SEPTE •• EI 10, 1917 
(continued) 

A __ onle 
Nltrete Nitrite Orgenle. 

YIS Nitrogen Nitrogen Nitrogen Iitrogen 
_gil _gil _gil _gil _gil 

0.94 0.003 0.23 

5.& 0.05 16.&2 0.001 4.52 

1.1 0.05 11.26 0.030 2.14 

0.6 0.03 &.63 0.042 3.38 

0.6 0.09 1. 78 ·0.030 1.07 

0.1 0.03 0.25 0.003 0.45 

Ortho Totel 
Pho.phorou. Phoephorou. 

_gil _gil 

0.203 0.247 

6.83 &.073 

3.91 6.32 

3.093 3.573 

0.566 0.681 

0.116 0.143 
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TABLE 11-11 

RESULTS Of I.TE.SIVE SURVEY OF HOUSE CREEK O •• OVEN.ER 13, 1981 

F lei d D 1080 I ved pH Average 
Measurements W.t.r Oxygen std Conductance x·.ection velocity Dllch.rge 

Sit. TI.e TlllP °c .g/I Un Its umhas/c. Irel/ft 2 ft/sec ft 3 /sec 

House Creek 

Sltl 1 8: 15 I. 8.45 8.91 7.34 564 1. 10 0.07 0.08 
11: 26 •• 10.47 9.57 7.43 570 

1:20 p. 12.64 7.63 7.52 562 1. 24 0.05 0.06 

Copper •• Cove 
NW WWTP 8:19 I. 16.63 8.02 6.68 804 

11: 22 •• 17 .45 8.20 6.69 804 
1:13 p. 18.04 8.05 6.71 795 

Site 2 10:20 •• 10.44 10.60 7.40 750 1. 22 0.59 0.72 
11:55 •• 11 .83 10.05 7.39 761 

2:25 p. 13.33 9.43 7.45 758 0.94 0.84 0.78 



Labor.tory 
Me •• yrelllentl BOO-5 TSS 

Site Igll Ig/l 

House Creek 

51 te 1 1.5 9.1 

Copper •• Cove 
Nil IIIITP 4.9 2.1 

Site 2 2.1 33.2 

TABLE 11-11 

IESULTS OF IITEISIVE SUIVEY Of lOUSE CIEEE 01 IOVE.IEI 13, 1917 
(continued) 

A .... oni. Nitr.te Nitrite Organici 
VSS Nitrogen Nitrogen Nitrogen Nitrogen 
Ig/l Igll Igll Ig/l Ig/l 

I.] 0.08 0.60 0.002 4.78 

2.6 0.]0 13. 10 0.005 21.85 

5.6 0.Z8 11 .70 0.002 111.20 

Ortho Total 
Pholphoroul Pholphorou. 

Ig/l Ig/l 

0.062 0.210 

7.]05 1.645 

5.]00 7.834 



TABLE 11-12 

IESULTS OF IITEISIVE SURVEY OF TURrET RUI CREEr 01 IOVERBER II, 1987 

Field Dissolved pH Averlge 
Measurements IIlter Oxygen std Conductance x-section velocity Discharge 

Sit e TI.e Tellp °c .gll Units uDlhos/clW Irel/ft 2 ft/sec ftl/s.c 

Turkey Run Creek 

S t te 1 9: 18 •• 10.37 10.00 7.21 412 0.59 0.40 0.23 
11 : 45 em 13. 21 9.27 7.64 408 

2:00 pll 14.10 9.40 7.72 410 0.56 0.75 0.42 

Copper •• Cove 
NE IIIITP 9:40 •• 18.35 6.93 6.40 834 

11: 38 •• 19.04 6.47 6.40 843 
1:55 p. 19.52 6.10 6.51 600 

Site 2 11:00 •• 14.74 9.43 7.16 723 1.64 0.57 0.91 
12.05 p. 15.63 9.49 7.07 737 
2:50 p. 16.65 9.07 7.19 728 1.53 0.33 0.50 



Laboratory 
Measurementl 800-5 

Site IIIg/l 

Turkey Run creek 

Site 1 2.7 

Copperas Cove 
NE WWTP 3.9 

Site 2 2.1 

TABLE 11-12 

RESULTS OF INTENSIVE SURVEr OF TURlEr RUN CREEl ON NOVEMBER 11. 1987 
(continued) 

Anvnonia Nitrate Nitrite Organics 
TSS VSS Nitrogen Nitrogen Nitrogen Nitrogen 
mg/I mg/l ms/I IIg/1 mg/l IIg/1 

23.5 6.5 0.42 2.20 0.029 7.15 

9.6 8.8 0.36 13.1 0.005 19.63 

10.0 4.3 0.29 11.10 0.000 13.47 

Or tho Totel 
Phosphorous Phosphorous 

IIg/1 IIIg/1 

4.260 6.485 

8.425 9.823 

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 laboratory 
analysis. Water samples were analyzed for chlorophyll 'a', BOO, 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 11-8. The data collected are presented 
in the Appendix. Algae populations, as indicated by chlorophyll 'a' 
concentrations, were highest at sampl ing sites 3 and 4. Seasonally, algae 
populations were at their peak in early winter, and declined throughout the 
summer. Figure 11-9 is a plot of the chlorophyll 'a' concentrations 
observed at the five sites. 

Algae growth in lakes is a function of available nutrients, light, 
temperature, settling, predation, and hydraulic detention time. Experience 
with Texas 1 akes indicates that 1 ight 1 imitation is normally the major 
factor limiting phytoplankton growth. Data collected in this study and, as 
shown in Figure 11-10, 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 limit 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 '"' [NJj[N+MMnJ 
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 

1 eve 1 s increase, thei r 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 limiting 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/l, and for orthophosphorus MMn was set at 0.001 mg/l. 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 determi ned for each nutri ent. Figure II -10 is a plot of the growth 

limitation over time. Figure 11-10 shows a lower fraction of maximum 

phytopl ankton growth associ ated with nitrogen than with phosphorous for 

almost all water samples from Lake Stillhouse Hollow, indicating nitrogen 

to be the limiting nutrient. 

The vert i ca 1 profil es of temperature observed in the 1 ake showed that the 

1 ake was at times thermally stratified. Rapid changes in temperature over 

short vertical distances limit mixing between the upper and lower layers of 

water in the 1 ake. When th is cond it i on occurs the water chemi stry of the 

lower segment may differ from the upper segment. Oxygen, which is 

replenished through aeration on the surface, may become depleted in the 

lower layer and create conditions favorable for release of nutrients found 
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in the bottom sediments. Figure 1 I -11 is a plot of the temperature and 

d i sso 1 ved oxygen profil es at site 1, the deepest site in the 1 ake. 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 locations 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 11-13 is a plot 

of the chlorophyll 'a' con cent rat ions 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 " .. tltrient loads. The 

Michaelis-Menton formulations and half saturation constants discussed 

previously in conjunction with lake Stillhouse Hollow were employed to 

assess the 1 imiting nutrient in Lake Belton. The 1 imiting nutrient for 

algae growth in Lake Belton varies between nitrogen and phosphorus. Figure 

II-14 plots the growth 1 imitation for the 10 Lake Belton sites over the 

period the lake was sampled. As can be seen, duri ng the wi nter the 

limiting nutrient sometimes becomes phosphorus, whereas nitrogen usually is 

the 1 imiting nutrient at other times. As can be seen from Figure II-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 phytopl ankton biomass in Lake Belton can be 

substantial. In view of this, and the fact that nutrients can be more 

practically controlled than other variables affecting phytoplankton growth, 

it is considered necessary to control nutrient inputs to Lake Belton. 
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Figure II-IS 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 
1 anduses. Each samp 1 i ng site was chosen to represent a s i ngl e 1 anduse 
category. For th is study, three categori es of 1 and use have been used: 
urban, agri cultura 1, and rangeland. The contami nant con cent rat ions 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 
preci pitat ion duri ng the study peri od and other constraints. The data 
which were collected are presented in Table II-l3. Because the NPS data 
base in Table 11-13 is very limited, two other existing sources of NPS data 
from the study area were used in addition to the data collected from the 
sampl ing program. These are the 1980 CTCOG study and USGS data from the 
South Fork Rocky Creek near Briggs station shown on Figure II-I. Together 
these data sources were used to estimate the NPS loads entering Lakes 
Belton and Sti1lhouse Hollow. Use of this expanded data base resulted in 
the values shown in Table 11-14 which were used to calculate NPS loads 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 11-13 

IOIPOIIT SOURCE STORMVATER SAMPLING RESULTS 

Alilionia Nitrate Nitrite Organic; Or tho Total 
BOD-5 TSS VSS Nitrogen Nitrogen Nitrogen Nitrogen Phosphorous Phosphorous 

Site (lIIg/l) (lig/l) (mg/l) ( .. gil) (lIgll ) (lig/l) (mgll ) (lig/l) (lIgll ) 

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 0.060 1 .55 0.077 0.118 

Agricultural .2 6. 1 87.5 17.5 0.55 O. 14 0.027 0.68 0.855 1.214 

Rengelend 3.4 640.0 18.0 0.10 0.32 0.015 1.16 0.099 0.164 



TABLE 11-14 

lAKE BELTON AND STILLHOUSE HOLLOW STUDY 
RUNOFF CONSTITUENT CONCENTRATIONS 

LAND USE CATEGORy(1} 

Mixed Urban 8griculture 

Parameter Mean CV(2} Mean CV(2} 
(mg/l) (mg/l) 

BOD 0.97 1.15 0.80 1.11 

TP 0.16 5.11 0.22 1.62 

P04-P 0.05 4.24 0.14 2.27 

NH3-N 0.04 2.11 0.14 4.55 

N02-N + N03-N 1.88 7.14 1.94 11.6 

( 1 ) Local data base was used 
(2) CV-Coefficient of Variation 

Rangeland 

Mean CV(2) 
(mg/l) 

1.01 1. 51 

0.08 2.23 

0.03 2.18 

0.07 2.56 

0.24 0.95 
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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 11-16 through 11-20. 

Reference is made to Chapter IV for addit i ona 1 discuss i on of procedures 
used in assessing impacts of pollutant loads on existing water quality. 
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CHAPTER III 

POINT AND NONPOINT SOURCE LOAD CALCULATIONS 

INTRODUCTION 

Developing a good estimate of the pollutant loads entering a water body is 
essent i ali n deve 1 opi ng 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, 1 and use and the quantity of runoff expected for the 
bas in. The fo 11 owi ng presents est i mates of both poi nt and non po i nt source 
pollutant loadings. 

POINT SOURCE POLLUTANT LOADINGS 

There currently are 32 permi tted poi nt source dischargers in the study 
area, seven above Lake Stillhouse Hollow, 21 above Lake Belton, and four in 
Nolan Creek. Figure III-l shows the permitted dischargers in the study 
area. Tables III-l 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 record values 
of effl uent concentration for total nitrogen and phosphorous, therefore, 
assumed average values of 20 mg/l and 8 mg/l were used to determine loadings 
for these constituents. 

Future point source loads were based on projected populations 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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1. COMANCHE UD-FAWN VALLEY STP 
2. US CORPS OF ENGINEERS-OTFL 001 STiLLHOUSE PARK PLANT 
3. US CORPS OF ENGINEERS-OFTL 002 DANA PEAK PARK 
4. CITY OF COPPERAS COVE om 003 SOUTH PLANT 
5. CITY OF LAMPASAS OTIFL 001 SULPHUR PLANT 
6. CITY OF LAMPASAS OTFL 002 HENDERSON PLANT 
7. EVANT WATER SUPPLY CORPORATION-OTFL 001 
8. US CORPS OF ENGINEERS-OFTL 001 BELTON LAKEVIEW PARK 
9. US DEPT OF THE NAVY-OFTL 001 NAVAL WEAPONS AREA M 

10. BELL CO. WCID 004-0m 002 HARKER HEIGHTS 
11. BELL CO. WCID 001-0FTL 002 MAIN PLANT AND 

OFTL 003 NEW PLANT 
12. BELL CO. WCID 003-0FTL 001 NOLANVILLE 
13. BRA-OTFL 001 TlEMPLE-BELTON REGIONAL PLANT 
14. BRAZOS ELEC. POWER COOP, OTIFL 001 BOB POAGE SES 
15. RALPH WILSON PLASTICS CO. OTIFL 001 
16. CITY OF COPPERAS COVE-om 004 NEW NORTHEAST PLANT 
17. CITY OF COPPERAS COVE-om 005 NEW NORTHWEST PLANT 
18. CITY OF MOODY-OTIFL 001 
19. BELL CO. WCID 001-0m 001 WA TIER TREATMENT PLANT 
20. GREENBRIER GOLF AND COUNTRY CLUB-OTIFL 001 
21. CITY OF MORGAN'S POINT RESORT-OTFL 002 
22. CITY OF GA TlESVILLE-Om 001 
23. CITY OF DUBLlN-OTIFL 001 
24. CITY OF HAMILTON-om 001 
25. CITY OF COMANCHE-om 001 
26. CITY OF GUSTINE-OTIFL 001 
27. CITY OF OGLESBY-Om 001 
28. US DEPT OF THE ARMY-OFTL 001 & OTFL 003 N. FORT HOOD 
29. US DEPT OF THE ARMY-Om 006 AND 

OTIFL 007 FORT HOOD CORYELL CO. 
30. US DEPT OF THE ARMY-OTIFL 001, OTIFL 002, OTIFL 01 0, 

om 004, om 005 FORT HOOD-BELL CO. 

31. US DEPT OF THE ARMY-OTIFL 001-WEST FORT HOOD 

FIGURE III-1 
LAKE BELTON AND LAKE 

STILLHOUSE HOLLOW STUDY AREA 
POINT SOURCE DISCHARGERS 



TAILE 111- 1 

PEINITTED DISCIAIGEIS II STILLMOUSE MOLLOW LAKE WATEISMED 

P.,. ... , tS!g 1987 throuSh 1988 dota 
Avg. Avg. Avg. Avg. Ave· Avg. 
Doll y Dally Dally Doll y Do I I y Annual 100 .'trogen Phosphoroul Stat. 

Pe,..lt Notes on Flow 100 TSS NM3 DO Flow loading loading loading St,. ••• 

Nil., No. Per.lt (.gd) (lOg/1) (lOg II ) (IOS/l) ("gIL) (MGD) lblyr lblyr lb/yr Seg"ent 

City of LampI ••• 10205.001 .5 20 20 .2863 7739 17431 6972 1217 
Sulphur Plant 

City of L •• pIII •• 10205.002 .5 20 20 .3531 5331 21496 8599 1217 
Henderson plant 

City of Copper II' Cov. 10045.003 1.0 20 20 .457 5980 27813 11125 1217 
South Plant 

CO.llnch. UO fawn 12016.001 .02 10 15 .0061 232 370 148 1216 
Valley Plant 

US COE . Stillhou •• 12156.001 .008 10 15 .0003 3.56 20.3 8.1 1216 
Park Plant 

US COE - Dana Peak Park 12156.002 .01 10 15 .0004 __ 2_._5 ---I.L1. __ 9,!t 1216 

Total Point Source loadings 19,288 67,155 26,862 



TABLE 111·2 

PEIMITTED DISCNAIGEIS I. LAkE aELTo. VATEISaED 

psrlllttted 1987 Shroush 19U ~Uo 
AVQ. Ava. AVII. AVII. AVI. Ave. 
Dolly Do I I y Doll Y Dolly Dolly Annull aDD IIlttog.n Pho.phoro .... St.t. 

Per.it Not •• on flow BOD TSS NH3 DO flow Lo.dlnll Lo.dlng Lo.dln, Str ••• ..... No. 'er.it (aed) (-a II ) (aa/I) (aa/ll (aa/ I ) (MGD) Ib/yr Ib/yr Ib/yr Seg •• nt 

US COE - We.r: Fort Hood 2230.001 .03 200
' 30 .0011 107 2 43 17 1220 

us COE Forr: Hood 2233.003 200
' 30 .......... ----------- ... 10 D.t. ------- .... ---- ..... - ... 

us COE fort Hood 2233.004 200
' 90 .145 HU8 2 7981 3193 1220 

us COE fort Hood 2233.005 200 ' 90 1.049 61840 2 31495 12598 1220 

us COE Fort Hood 2233.006 200 ' 90 .0109 6374 2 491 196 1220 

US COE Fort Hood 2233.007 200
' 

30 .0078 3670 2 156 63 1220 

City of topper •• Cove 10045.004 0.8 20.0 20.0 .5972 8217 36357 14543 1220 
Iforthe •• t Pl.nt 

City of Copper •• Cov. 10045.005 1.20 20.0 20.0 .7781 11372 46991 18796 1220 
lIorth .... t ,l.nt 

City of Moody 10225.001 0.2 30.0 20.0 .1273 1486 7752 3101 1220 

Gr.enbrler Golf Club 10888.001 .005 20 20 .0002 3.4 12.2 4.9 1220 

Evant ~hter Supply 11011.001 .03 20 20 .0201 371 1223 489 1220 
Corporation 



',r.lt 1I0t •• on 
III ••• No. ',r.lt 

US Depart •• nt of Navy 2335.001 
lIIavaJ t,I •• pona Plant 

City of Gatetville 10176.001 

City of Dublin 10405.001 

City of H •• llton 10492.002 

City of Co ••• nche 10719.001 

TABLE 111-2 

PERMITTED DISCIAI~EIS II LAKE BEL Tal VATEISIED 
(continued) 

Per.111!9 
Avg. Avo. Ave. Avg. AYO. AVI. 

Doll y Dally Dally Dolly Do Ily Annual 
Flow 10D TSS N 03 DO flow 
(-od) (.g/l) (_g/t) ( .. II) '.g/l) ( MGO) 

.15 30 .003 

1.0 20 20 .U5 

.25 30 90 .1529 

.25 20 20 .2933 

.73 20 20 .3564 

1~§r throuah 19§8 dOl! 

laD IIltro,.n Phosphorous 
Loading Loadlno Loading 

Ib/yr Ib/yr I b/yr 

156 184 74 

25215 50U7 20335 

11753 9309 3724 

24705 17857 7143 

4394 21698 8679 

City of Guotln 10841.001 .082 20 20 ........................ Not Dltch.r,tng--"····_-

City of Ogluby 10914.081 .025 20 20 .0258 1290 1571 -ill. 

Tot., Point Sourc. Loading, 183,911 233,957 93,584 

'oatly Maxi.u. Per.itted for COD (_gil) 

260 per'cent of COD concentration u.ed to deter.fne laD loading 

.' 

State 
Str ••• 
Se,lIent 

1221 

1221 

1221 

1221 

1221 

1221 

1221 



III-6 

The effluent quality of the future point source flows was varied to 
determi ne the impact on the recei vi ng water body. Four effl uent 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 modell ing to determine 
which treatment alternatives would meet the appropriate state stream 
standards for dissolved oxygen. The existing point source loads and 
projected poi nt source loads for 2030 for each watershed are shown in 
Table 111-3. The projected loads for the Lake Stillhouse Hollow watershed 
include two different loading scenarios from Alternative No.3 of the Nolan 
Creek Area Facil ity Pl an (see Chapter IV). The fi rst i nvo 1 ves discharges 
from the Killeen/Harker Heights area which have had advanced secondary 
treatment with nitrification. 
Killeen/Harker Heights area 

The second scenario involves flows from the 
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 1 ake' s watershed was determi ned usi ng satell i te 
imagery, which mapped the reflectance of light from the earth's surface in 
four wavelength bands. The satell ite data were collected for ei ghty 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 111-3 

SUMMARY OF 1988 AND PROJECTED (2030) POINT SOURCE LOADS 

Total Estimated 1988 Point Source Loads 
lbL~r 

Total Total 
Watershed BOD Phosphorous Nitrogen 

Lake Belton 183,911 93,584 233,957 

Lake Sti 11 house Hollow 19,288 26,862 67,155 

Total Projected (2030) Point Source Loads 
1 bLk:r 

Total Total 
Watershed BOD Phosphorous Nitrogen 

Lake Belton 428,513 218,051 545,120 

Lake Stillhouse Hollow 44,941 100,733 251,831 

Potential Flows from Killeen/ 
Harker Heights area to Lake 
Stillhouse Hollow Watershed 1 

Without advanced waste 138,202 110,562 276,404 
treatment 

With advanced waste 69,100 13,820 82,921 
treatment 

1. Potential flows from Alternative #3 of Nolan Creek Area Facility Plan. 
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1 anduses in the watersheds of Lakes Belton and Still house Holl ow. Tab 1 e 
111-4 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 11-14. The volume of runoff was estimated for each 
land use group based on the average rainfall in the basin and the observed 
overall runoff in the basin. The nonpoint source .loads under existing 
condit ions were then calculated. The exi st i ng nonpoi nt source loads and 
projected nonpoint source loads for 2030 for each watershed are shown in 
Table III-S. 

Existing and Projected Pollutant Loads in Lake Watersheds 

The total pollutant loads under existing conditions for each watershed are 
presented in Table 111-6. Included in the loads to the Lake Belton 
watershed are those associated with releases from Lake Proctor. The total 
projected poll utant loads under 2030 conditions for each watershed are 
presented in Table 111-7. Loads associated with Lake Proctor releases are 
aga in included in the projected loads enteri ng 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 St ill house Holl ow watershed were also cal cul ated 
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 111-4 

LAKE BELTON AND LAKE STILLHOUSE HOLLOW 
LAND USE ANALYSIS RESULTS 

AS OF NOVEMBER 9, 1988 

Lake Stillhouse Hollow Lake Belton 

% of 
Landuse Acres Sq. Miles Total Acres Sq. Miles 

Urban 7,680 12.0 1.0 33,920 53.0 

Agricultural 23,040 36.0 2.7 90,880 142.0 

Rangeland 809,600 1265.0 96.3 1.314,560 2054.0 

Total 840,320 (1) 1313.0(1) 1,439,360(2) 2249.0(2) 

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

% of 
Total 

2.4 

6.3 

91.3 



TABLE III-5 

SlDf4ARY OF 1988 AND PROJECTED (2030) 
NONPOINT SOURCE LOADS 

Watershed 

Lake Belton 

Lake Stillhouse Hollow 

Watershed 

Lake Belton 

Lake Stillhouse Hollow 

Total Annual Existing Nonpoint Source Loads 
lb/yr 

Total Total 
BOD Phosphorous Nitrogen 

549,000 

309,000 

52,800 

26,900 

464,000 

217,000 

Total Projected (2030) Nonpoint Source Loads 
lb/yr 

Total Total 
BOD Phosphorous Nitrogen 

585,234 

329,394 

56;285 

28,675 

494,624 

321,322 



TABLE IU-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 (lb/yr) (lb/yr) (1 b/yr) 

Total Point Source 183,911 93,584 233,957 
Total Nonpoint Source 549,000 52,800 464,000 
Loads from Lake Proctor1 76,200 7,330 64,400 

Total Loads 809,111 153,714 762,357 

Total Total 
BOD Phosphorous Nitrogen 

Lake Sti11house Hollow Watershed (lb/yr) (lb/yr) (lb/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 associ ated with releases from Lake Proctor enteri ng Lake Belton 
Watershed. 



TABLE 111-7 

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 (lb/yr) (1 b/yr) (lb/yr) 

Total Point Source 428,513 218,051 545,120 
Total Nonpoint Source 585,234 56,285 494,624 
Loads from Lake Proctor1 76,200 7.330 24,400 

Total Loads 1,089,947 281,666 1,104,144 

Total Total 
BOD Phosphorous Nitrogen 

Lake Stillhouse Hollow Watershe~ (lb/yr) (lb/yr) (1 b/yr) 

Total Point Source 44,941 100,733 251,831 
Total Nonpoint Source 329,394 28,675 231,322 
Killeen/Harker Heights Flows 
without advanced waste treatment2 

138.202 110,562 276,404 

Total Loads 512,537 239,970 759,557 

Total Total 
BOD Phosphorous Nitrogen 

Lake Stillhouse Hollow Watershed (lb/yr) (1 b/yr) (1 b/yr) 

Total Point Source 44,941 100,733 251,831 
Total Nonpoint Source 329,394 28,675 231,322 
Killeen/Harker Heights Flows 
with advanced waste treatment2 

69.100 13.820 82,921 

Total loads 443,435 143,228 566,074 

1. loads associ ated with releases from Lake Proctor enteri ng 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 loadings were calculated for two treatment 
scenarios: 

1. BODS -10 mg/l 
Total N = 20 mg/l 
Total P - 8 mg/l 

2. BODS = 5 mg/l 
Total N - 6 mg/l 
Total P • 1 mg/l 

Figure III-2 graphically summarizes the existing and projected total point 
and non poi nt source loads in the Lake Belton watershed. Fi gure I II-3 
graphically summarizes the eXisting and projected total point and nonpoint 
source loads in 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 DETERHINE 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 qual i ty parameters and cal cul ated 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 
qua 1 ity observat ions: I f a favorable compari son exi sts the model is sa i d 
to be verified. Because of limitations in available data, only two water 
qual ity model s (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 
determi ned that meets all regul atory standards developed for the recei vi ng 
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 
quality 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-Phel ps di ssol ved 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 losses due to sediment oxygen demand and can accommodate changes due 
to the interaction of aquatic pl ant 1 ife. 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 
mode 1 assumes that the domi nant processes regul at i ng the d i sso 1 ved 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 dissolved oxygen is simulated. Chapter II 
discusses the measurements taken and the constituents analyzed in the water 
samples. Some parameters, ~uch 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 flow conditions observed at the most upstream site, at the point 
source dischargers and in tributaries were used as model input (see 
Figures 11-2, 11-3, 11-4, 11-5, 11-6 and 11-7). The coefficients were then 
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adjusted, within ranges reported in the 1 iterature, so that the 
concentrations of dissolved oxygen, BOD, ammonia, nitrate, and organic 
nitrogen were in reasonable agreement with the observed values. 

As ment i oned, the Leon Ri ver above Lake Belton model and the Leon River 
below Lake Belton model were verified during this study. The Nolan Creek 
model was cal ibrated 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 samp 1 i ng 
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 domi nate. The flow used in thi s 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 set t 1 i ng rate and sed i ment 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 model i ng Su1 phur Creek. C1 ear Creek. and Leon and Lampasas segments 
above and below Lakes Belton and Stillhouse Hollow it was necessary to 
calibrate the QUAL-TX model. In modeling Nolan Creek a model previously 
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 Belton. the Leon River 
below Lake Belton. Sulphur Creek, Clear Creek, the Lampasas River above 
Lake Sti11house 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-I presents the calculated and observed concentrations 
from the October sampling. The organic nitrogen 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 11-5 
and 11-6, the effluent quality of the WWTP was high in solids and organic 
nitrogen. The organic nitrogen was probably associated with the sol ids. 
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 11-5 and 11-6) and aquatic 
plant life observed in the stream could be significant factors affecting 
water quality. Initial trials of adjusting the BODS decay and nitrification 
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rates to produce a di ssol ved oxygen sag s imil ar to the observed values 

indicated settl ing 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 cal cul ated and observed val ues. The observed values used in 

the model were developed by the TWC. The TWC surveyed the Leon River below 

the 1 ake in May, 1987 and co 11 ected data at fi ve sites along its course, 

three tri butari es and the Brazos Ri ver Authority's (BRA) Reg i ona 1 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 

No 1 an Creek/Leon Ri ver confl uence impacts the quality of the Leon Ri ver. 

Oi ssol ved oxygen decreases and nutri ent 1 eve 1 s i ncre.ase below the 

confluence with Nolan Creek. 

In cal ibrating the model an increase was observed in the organic nitrogen 

concentrations in the Leon River below Nol an 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 
confl uence. Two City of Lampasas wastewater treatment pl ants di scharge 
into the stream. The observed and cal cul ated 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 release of nutrients, 
probably recycle from organic material on the bottom. This masks the 
decline of ammonia concentrations due to nitrification and inhibits 
determi nat i on of the nitrifi cat i on rate. The stream BOD concentrat i on 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 al so inhibit determination of the BOD decay rate. All of 
these factors contri buted to the 1 ack of fit between the cal cul ated and 
observed water quality shown by Figure IV-3. 

Clear Creek. Cal ibration 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 
con cent rat ions of the modelled parameters are shown in Fi gure IV -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 
decompos it i on of the settl ed plant 1 ife. The DO shows the i nfl uence of 
photosynthesis, where the action of the plant life saturates the water with 
dissolved oxygen. 
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Lampasas River Above lake Stjllhouse Hollow. The Lampasas River above Lake 
Still house 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-S presents the calculated 
and observed con cent rat ions for the simulated parameters. Based on the 
survey results shown in Table II-S, which show dissolved oxygen values 
indicative o~ 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 playa 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 11-9 indicate that 
aquat i c plant 1 i fe i nfl uences the water qual i ty of thi s 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 
concentrations. Figure IV-6 presents the calculated and 
concentrations of the modelled parameters. 

Verification of Stream Water Quality Models Used in This Study 

nitrogen 
observed 

Models of the Leon River above and below Lake Belton were subjected to 
verifi cat i on procedures. The results of the verifi cat i on models of the 
Leon River above and below Lake Belton are shown in Figures IV-7 and IV-S. 
The results show that the model of the Leon River below Lake Belton 
approximates the observed val ues adequately, whil e 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 lower Leon appear to be sediment oxygen demand and 
nitrification, while in the upper Leon aquatic plant life exhibits a greater 
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impact. The variability of the water quality in a stream where the 
processes i nfl uenc i n9 water quality are domi nated by plant 1 ife 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. In 
making these determinations, the following effluent criteria were used for 
screening purposes: 

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

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

3. Advanced secondary treatment with nitrification 
BOD5 = 10 mg/l 
NH3-N = 3 mg/l 
Dissolved Oxygen = 4 mg/l 

4. Tertiary Treatment: 
BOD5 = 5 mg/l 
NH3-N = 2 mg/l 
Dissolved Oxygen = 5 mg/l 

These criteri a were based on profess i ona 1 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 ment i oned, the above criteri a were used for screeni ng 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 fo 11 owi ng paragraphs descri be the app 1 i cat i on of the stream models in 

project i ng wastewater treatment plant eff1 uent requi rements in the study 

area. 

Leon River Above Lake Belton. The Leon River above Lake Belton receives 

effluent from three municipal WWTP's in the modelled reach. The projected 

flows, by decade, are: 

1990 2000 2010 2020 2030 
Location F10w,MGD F10w,MGD F10w,MGD F10w,MGD F10w,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 sett1 ing 

rates were reduced to reflect the lower sol ids in the effluent associated 

with higher treatment levels. Similarly, the sediment oxygen demand was 

reduced to refl ect the lower organ i c soli ds from the effl uent that wou1 d 

sett 1 e and decompose. The temperature was set at 27.5·, based on the 

average of TWC' s data for August temperatures plus one standard devi at ion 

for years 1979, 1981, 1982, 1983, 1985 and 1986. The headwater flow was set 

to the 7Q2 flow of 2.0 cfs based on information in the Texas Surface Water 

Qua 1 ity Standards. These cond it ions were meant to represent the crit i ca 1 

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/l numerous effluent quality conditions 
were tested using the QUAL-TX model. The effluent 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/l 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 would produce dissolved oxygen levels 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 BOD5 = 10 mg/l, 
NH3-N = 2 mg/l, Dissolved Oxygen = 6 mg/l) was tested which predicted 
dissolved oxygen levels above the dissolved oxygen standard for all 
scenari os. Based on the above, the fo 11 owi ng effl uent requi rements are 
recommended. 

Projected Flows Required Effluent Quality 
North North 

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

1990 
2000 
2010 
2020 
2030 

1.14 
1. 52 
2.02 
2.68 
1.&2. 

0.25 
0.33 
0.44 
0.59 
0.79 

0.05 
0.06 
0.07 
0.07 
0.08 

10/2/6 
10/2/6 
10/2/6 
10/2/6 
10/2/6 

10/15/2 
10/3/4 
10/3/4 
10/3/4 
10/3/4 

Note: Effluent Requirements Shown in Terms of BOD/NH3-N/DO. 

10/15/2 
10/3/4 
10/3/4 
10/3/4 
10/3/4 
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No lan Creek. Projected wastewater flows di scharged into Nolan Creek were 
modelled using the TWC's Draft Wasteload Evaluation for Nolan Creek 
pub 1 i shed June 2, 1986. Three scenari os 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 in 2020) and other selected areas near the lakeside 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 pl anning area involved building a treatment 

plant in the year 2020 that would discharge into Lake Stillhouse Hollow via 

plants on Tri mmi er Creek and On i on Creek. Some of the fl ows generated in 

the earlier growth areas would be diverted to this plant. 

Results of the Nolan Creek model showed that the effluent qual ity 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/l 

dissolved oxygen in Nolan Creek are shown below. 
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Projected Flows Bggyjreg Effluent gyalit~ 
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 7/2/6 10/3/4 10/15/2 
2030 19.16 7.68 3.72 0.56 7/2/6 7/2/6 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 16.53 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 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 7.11 3.72 0.56 7/2/6 7/2/6 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/NH3-N/DO. 

House Creek. Turke~ 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/l 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 background flows. The water 
temperature set to 29.S·C. This is the average summer temperature plus one 
standard deviation. The projection models 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/l BODS, 3 mg/l ammonia nitrogen, and 4 mg/l dissolved 
oxygen). 

Sul phur Creek. The Sul phur Creek model was used to determi ne the impact 
and the required effluent quality for the City of Lampasas' two wastewater 
treatment plants to maintain the 3.0 mg/l dissolved oxygen standard in the 
stream. For the Lampasas planning area, two population projections were 
deve loped that bracketed the future popul at ion. The two exi st i ng WWTPs, 
which are located adjacent to one another were assumed to be used to treat 
all projected flows. The total projected flows were: 

1990 
Projection MGO 

Low 0.70 
High 0.74 

2000 
MGO 

0.90 
1.01 

2010 
MGO 

1. 20 
1.42 

2020 
MGO 

1.50 
1.96 

2030 
MGO 

1.80 
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 
modell ing showed that for both the low and high projections for the year 
1990 the required effluent quality is advanced secondary treatment (10 mg/l 
BOD, 15 mg/l ammonia nitrogen, and 2 mg/l 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 mgjl BODS, 3 mgjl 
ammonia nitrogen, and 4 mgjl dissolved oxygen). 

Leon River Below Lake Belton. The Leon River below Lake Belton model was 
used to explore the impact of the expans i on of the BRA Regi ona 1 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 

fl ow) and the water temperature set at 24.3·C. The SOD, BOD, and NH3 

react i on rates were reduced to refl ect the improved effl uent 
characteristics. Two flows from the BRA WWTP were used,S MGD and 10 MGD. 
All 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 mgjl 

for dissolved oxygen is 10 mgjl BODS, 2 mgjl ammonia nitrogen, and 6 mgjl 

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 

hypothet i ca 1 plants from 1 akeshore developments. These plants represented 

a poss i b 1 e scenari 0 of development around the 1 ake. The results of the 

model showed that a secondary treatment level, 20 mgjl BOD, 15 mg/l 

ammonia, and 2 mg/l dissolved oxygen would be sufficient for the Lampasas 

River to meet the stream standard of 5 mg/l dissolved oxygen. 

Discussion of Observations During Model Use 

For the Leon River above Lake Belton, Sul phur Creek, Cl ear Creek, the 

Lampasas River above Lake Stillhouse Hollow, and the Lampasas River below 

Lake Stillhouse Hollow, the impact and interaction of aquatic plant life 

appears to affect water quality. Thi sis poi nted out because QUAL -TX and 
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the simpl ified 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 life 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 life is generally 
growi ng at its maxi mum rate. Nutri ent uptake and oxygen product i on are 
generally at their peaks. Calibration data sets were collected from 
September through N~vember, 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 good 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 expl ained, in using these model s, adjustments were made that 
refl ect the expected future conditions of the stream bei ng modelled. For 
examp 1 e, a reduct ion in sett 1 i ng 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 nutri ents 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. 



LAKES 

Introduction 

This study used chlorophyll 'a', a 
measurement of lake water quality. 
popu1 ations eventually increase. The 
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constituent of algae cells, as a 
All lakes age naturally and algae 
extent of thE: algae popul at i on, and 

associated water quality indicate a measure of aging called eutrophication. 
Very clean lakes are referred to as oligotrophic where low algae and 
nutrient concentrations are found. Lakes with sl ight1y higher 
concentrations are referred to as mesotrophic, and lakes 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 1 ake with eroded soil and other materi a 1 assoc i ated 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 hi gh organi c load associ ated wi th the algae as it dies and 
settles to the lake bottom. In the context of this report a sink is a place 
with i n the 1 ake such as the 1 ake bottom where nutri ents are depos i ted and 
can accumul ate. A source is a place where nutri ents ori gi nate. Under 
certain conditions, lake sediments can become a source by releasing 
accumul ated nutri ents 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 Sti11house Holloware ranked among the least eutrophic lakes in 
Texas based on chlorophyll 'a' measurements ina state-wi de 1 ake water 
quality data base (State of Texas Water Quality Inventory, 1986). However, 
examination of the average annual ch1prophy11 'a' data collected during the 
year's sampling associated with this project, indicates that these lakes 
have average annual chlorophyll 'a' concentrations closer to the average for 
all lakes in the state water quality 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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Stillhouse Hollow. It is probable that the low historical chlorophyll 'a' 

values previously reported are probably a result of the small number of 

intermittent samples included in the state data base. Also it appears that 

the state-wide data base may not include results of earlier local studies 

such as that by CTCOG (1980) for Lakes Belton and St ill house Hollow. In 

any case, the recent data suggests that annual average chlorophyll ' a' 

values are on the order of 11 ug/l at main lake stations close to the dams. 

Calibration 

Both Lakes Belton and Stillhouse Hollow were modelled using WASP, an EPA 

program that simulates water quality changes over both time and space. The 

kinetic subroutine used in WASP is developed by the user, and the main WASP 

program s i mul ates the transport. Application of the model requires an 

extensive data base, such as that developed from the sampl ing program in 

this study. The analysis considers the change in the concentration of 

chlorophyll 'a', ammonia, nitrate, organic nitrogen, orthophosphorus, 

unavailable phosphorus (unavailable for uptake by algae), BOD5 and 

dissolved oxygen. 

Algae concentrations represented by chlorophyll 'a' growth are rel ated to 

light availability, ammonia and nitrate concentrations, orthophosphate, and 

temperature. Algae removal in the WASP model is associated with settling, 

predation, respiration, and nonpredatory death. Losses of algae result in 

BOD, organic nitrogen and unavailable phosphorus that can be reintroduced 

back into the water co 1 urnn. Growth of algae adds d i sso 1 ved oxygen to the 

water column while death and respiration remove oxygen. 

WASP simulates nitrogen in three compounds, organic nitrogen, ammonia, and 

nitrate. Organic nitrogen is a breakdown product of a'lgae, is subject to 

settling and can be transformed biologically to ammonia. Ammonia, in 

addition to being a product of organic nitrogen, is also released from the 
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bottom sediments. Ammonia is subject to uptake by algae and nitrification, 
which transforms it into nitrate. Nitrate is subject to uptake by algae. 

Phosphorus iss i mul ated in two compounds, orthophosphorus and unava il ab 1 e 
phosphorus. Unava il ab 1 e phosphorus is the fract i on of total phosphorus 

that cannot be used by algae. Unava il ab 1 e phosphorus is the product of 

al-gae death and is subject to settling and microbiological transformation 
to orthophosphorus. Orthophosphorus is also released from the bottom and 
is taken up by algae growth. 

Dissolved oxygen is a function of reaeration from the surface, BOD 
oxidat ion, nitrification, bottom demand, and production or uses by algae. 

Reaeration is based on windspeed. Nitrification, BOD decay, and bottom 

re 1 eases of nutri ents and sedi ment oxygen demand is a funct i on of the 

dissolved oxygen in the bottom layers. 

For a further discussion of the WASP model, the reader is referred to WASP 

3 (Water Quality Analysis Program), a Hydrodynamic and Water Quality Model 

- Model Theory, Users Manual and Programmer's Guide, U.S. EPA, September 

1986. 

In using WASP for this project, data collected from September 1987 through 

August 1988 were used to cali brate water qual i ty models for Lakes Belton 

and Lake Stillhouse Hollow. The calibration procedure included developing 

flow and water volume balances for each lake. The data were employed in a 

sequential manner to adjust the model coefficients so that the calculated 

water qual ity was generally similar to the observed data. The sequence of 

comparisons of model output to observed data for coefficient adjustment was 

generally: 

1. Conductivity and temperature 

2. Total nitrogen and total phosphorus 

3. The individual chemical species of nitrogen and phosphorus 
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4. Chlorophyll 'a' 
5. BOD and dissolved oxygen 

The resultant model coefficients for each Lake are presented in Table IV-l 
and are within the range normally used in water quality modeling of this 
nature (Technical Guidance Manual for Performing Waste Load Allocations. 
Book IV Lakes and Impoundments. Chapter 2 Eutrophication, U.S. EPA, August 
1983, Rates. Constants. and Kinetics Formu1 ations in Surface Water Qual ity 
Modeling (Second Edition), U.S. EPA, June 1985, WASP 3 (Water Quality 
Ana 1 ys is Program). a Hydrodynami c and Water Qual ity Model - Model Theory. 
Users Manual and Programmer's Guide, U.S. EPA, September 1986). These 
coeffi c i ents are the same for each sect i on of a 1 ake and were not vari ed 
from segment to segment or from time peri od to time peri od except for 
temperature adjustments. The k i net i cs used in the model are summari zed in 
the Appendix. 

Lake Sti1lhouse Hollow Model Calibration. Figure IV-I0 is a sketch of Lake 
Still house showing 
Figures IV-II, IV-12, 

model segmentation and sampling locations. 
IV-13 and IV-14 i 11 ustrate the compari son between 

calculated and measured total nitrogen, total phosphorous, chlorophyll a, 
and dissolved oxygen for the three segments in Lake Sti1lhouse Hollow 
adjacent to the dam. The comparisons are typical of those normally 
obtained in this type of analysis and are representative of the order of 
comp~ri sons between cal cul ated and observed profil es for all of the Lake 
Sti1lhouse Hollow segments. The complete set of figures comparing 
calculated and observed water quality for each individual variable and each 
model segment in Lake Stil1house Holloware contained in the Appendix. 

It should also be noted that the model and observed data are not in 
agreement with respect to the factors that are limiting phytoplankton 
growth. The model contains phytoplankton inorganic nitrogen growth 
limitations, for some periods of the year, which are larger than reflected 



Number 

1 

2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 

17 

18 

19 
20 
21 
22 

23 
24 

Constant 

XKN 
XKON 
XKSEDN 
SETTON 
XDENIT 
ALGN 
UP 

XKNP 
NONPSET 
XKPSED 
Is 
XKPT 
KALD 
KALGRES 
KALGEAT 
Y 

KT I N 

KP0 4 

XKD 
XBOTDMD 
ALGBOD 
ALGDO 

XBODSET 
KBDN 

TABLE IV-1 

MODEL COEFFICIENTS FOR lAKES BELTON AND STlllUOUSE HOllOY 

Description 

Ammonia Decay a 20°C 
Organic N Conversion to NU 3 a 20°C 
Bottom release of NH3 
Settling rate of organic nitrogen (usually=w) 
Denitrification rate 
Nitrogen to carbon ratio In algae 
Phosphorous to carbon ratio In algae 
Nonavailable P conversions to available P 
Nonavailable P settling (usually=w) 
Bottom release of available P 
Optimal light Intensity 
Maximum algae growth rate Q 20°C 
Nonpredltory algae death rate Q 20°C 
Algae respiration Q 20°C 
Algae predation rate Q 20°C 
Algae settling rate 
Michaelis-Menton Nitrogen 

half-saturation constant 
Michaelis-Menton Phosphorous 

half-saturation constant 
BOD 5 decay a 20°c 
sediment oxygen demand a 20°C 
800 5 to carbon ratio in algae 
Dissolved oxygen to carbon ratio 

for algae use 
BOD 5 settling rate 
DO constant for detrlflcatlon 

Units 

1/day 
l/day 

mg/ft 2/day 
ft/day 
1/day 

mg N/mg C 
mg P/mg C 

l/day 
ft/day 

mg P/ft 2/day 
Ly/day 
l/day 
1/day 
l/day 
l/day 

ft/day 

mg/l 

mg/l 
1/day 

mg/ft 2/day 
mg BOD 5/mg C 

mg DO/mg C 
ft/day 
mg/l 

Belton 

• 1 2 

.15 

17 
... 92 

.01 

.15 

.01 

.15 
.492 

.80 
250 
2.5 
.01 
.09 
.04 

.492 

.015 

.001 
.05 

75 
1. 57 

2.67 
.492 

2. 

stillhouse 

• 1 
.07 

12 
.328 

.01 

.15 

.01 

.08 
.328 

.75 
250 
2.5 
.05 
.05 
.04 

.328 

.015 

.001 

.05 
110 

1.57 

2.67 
.328 

3. 



Number Constant 

25 KBPR 
26 SEDDNIT 
27 THNH4 
28 THON 
29 THSEDN 

30 THNONP 

31 THRP 

32 T HALG 

33 THALO 
34 THBOD 
35 THDO 

36 THDENIT 

TABLE IV-l 

MODEL COEFFICIENTS FOR LAKES BELTON AND STILLHOUSE HOLLOY 
(continued) 

Description Units 

DO constant for bottom phosphorous release mgll 
Bottom denitrification mg/ft 2/day 
Temperature conversion for NH3 decay 
Temperature conversion for ON-NH 3 conversion 
Temperature conversion for bottom release 

of nitrogen 
Temperature conversion for nonavai lable P 

to avai lable P 
Temperature conversion for bottom release 

of phosphorous 
Temperature conversion for algae growth, 

grazing and respiration 
Temperature conversion for algae growth 
Temperature conversion for BODS decay 
Temperature conversion for sediment 

oxygen demand 
Temperature conversion for denitrification 

Belton Sti llhouse 

2. 3. 
.002 .002 

1.083 1.083 
1 .083 1 .083 

1.083 1.083 

1.083 1.083 

1.083 1. 083 

1. 068 1 .068 
1.045 1. 045 
1.045 1.045 

1 .045 1.045 
1.047 1. 047 



LAMP ASAS RIVER 
I : 

1 I 2 I .3 
-----T------~----------

I I 
I I 
I 5 : 4 6 

I 
~~777:.'f777l'- - - - - - - T - - - - - - --

7 

FIGURE IV-IO 

I 
I 
I 

WATER QUALITY MODEL SEGMENT~TION FOR 
STILLHOUSE HOLLOW RESERVOIR 

DAM 



.... 
." 

• 
z ... 

.... 
'" E 

z ... 

0.7 

0.1 

0.5 

0.4 

0.3 

0.2 

0.1 
0 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 
o 

+ 

+ 

100 

- CAlCLlATtD 

+ 

+ 

100 

SEGMENT 1 

t 

200 

DAY, a • 911/87 

+ OEER'IO) 

SEGMENT 6 

t 

200 

DAY, a • 911/87 
+ OEER'IO) 

FIGURE IY-ll 

300 

300 

CALIBRATION MODEL RESULTS AND OBSERVED VALUES 
FOR TOTAL NITROGEN IN lAKE STILlHOUSE HOLLOW 

400 

400 



-.... 
'" • .. 
I-

SEGIIENT I 

1.2 

1.1 

0.9 

0.1 

+ 
0.7 

0.1 

0.5 

0.4 + 
+ 

0.3 

0.2 

0 100 200 300 

DAY, 0 • 9/1/87 

- c.otCllATtD + OBIIVtD 

FIGURE IY-U 

CALIBRATION MODEL RESULTS AND OBSERVED VALUES 
FOR TOTAL NITROGEJI IN LAKE STILlHOUSE HOLLOW 

(continued) 

400 



..... 
at 
E 

... . ... ... 

..... .. 
E 

"-. 
"-... 

SEGMENT 3 

0.15 
+ 

0.14 

0.13 

0.12 

0.11 

0.1 

0.09 

0.011 

0.07 

0.0& 

0.05 

0.D4 

0.03 

0.02 

0.01 

0 100 200 300 

DAY, 0 • 911/87 

- CAlCltATW + OIlS( R'((J) 

SEGMENT 6 

0.15 
+ 

0.14 

0.13 

0.12 

0.11 

. 0.1 

0.09 

0.011 

0.07 

0.0& 

0.05 

0.D4 

0.03 

om 

0.01 

0 100 200 300 

DAY, 0 • 911/87 

- CoIlCltATm + 0IIS(11'f(D 

FIGURE IY-IZ 

CALIBRATION MODEL RESULTS AND OBSERVED VALUES 
FOR TOTAL PHOSPHOROUS IN lAKE STILLHOUSE HOLLOW 

4110 

400 



-..... 
co • 
... . ... ... 

, 

SEGMENT a 
0.4 

+ 

0.35 

+ 
0.3 

0.25 

0.2 -

0.15 • 

0.1 + 

+ 
om . ~ + + 

+ + + + 
0 I I I , I 

3~0 0 100 200 

DAY, 0 • 9/1/87 

- CAlCLUIID + OBS[RlfID 

FIGURE IY-IZ 

CALIBRATION MODEL RESULTS AND OBSERVED VALUES 
FOR TOTAL PHOSPHOROUS IN LAKE STILLHOUSE HOllOW 

(continued) . 

400 



... 
DO 

• 
• 
z: 
u 

... 
at 
E 

-• 
:z: 
u 

SEG"ENT , 
0.031 

0.034 

0.032 

0.03 

0.0211 

0.02& 

0.024 

0.022 

0.02 

0.01. 

0.011 

0.014 

0.012 

0.01 
t 

0.001 

0 100 200 300 

DAY, a • 9/1 /87 
- CAlCllATm + OBS(1I\'tD 

SEG"ENT 2 

0.031 

0.034 

0.032 

0.03 

0.0211 

0.02& 

0.024 

0.022 

0.02 

0.011 

0.016 

0.014 

0.012 

0.01 

0.001 t 

0.006 

0 100 200 300 

OAT, a • 9/1/87 

- CAlCllATm t OBS(1I\'tD 

FIGURE IV-I3 

CALIBRATION MODEL RESULTS AND OBSERVED VALUES 
FOR CHLOROPHYLL 'A' IN LAKE STILlHOUSE HOllOW 

400 

400 



..... 
'" • 
· • .. 
u 

SEGMENT 3 

0.021 

0.026 + 

0.024 

0.022 

0.02 

0.018 

0.016 

0.014 

0.012 

0.01 

0.008 

0.006 

0.004 

0.002 

0 100 200 

DAY, 0 . 9/1/87 
- CALCIAATtD T OIIS(RV£O 

FIGURE IV-I3 

CALIBRATION MODEL RESULTS AND OBSERVED VALUES 
FOR CHLOROPHYLL 'A' IN LAKE STILlHOUSE HOllOW 

(continued) 

400 



.... 
'" E 

. 
0 
Q 

.... 
'" IE 

. 
o 
a 

SEGMENT 3 

12 

.. 
10 

I 

1 

7 

I 

5 

4 

3 

2 

o ;-..... -;,-..... -r ..... -;,-..... -r---;,----r .......... r----1 
o 100 200 300 

DAY, 0 • 9/1/17 

+ O85lIN'W 

SEGMENT 6 

12 

+ 

o 100 200 300 
DAY, 0 • 9/1/87 

- CIIlCUlATm 

FIGURE IV-14 

CALIBRATION ...,n RESULTS AND OBSERVED VALUES 
FOR DISSOLVED OXYGEN IN lAKE STILlHOUSE HOLLOW 

400 



-.... .. 
• . 
0 

'" 

12 

II 

10 

9 

8 

7 

& 

5 

4 

3 

2 

o 100 

- CALClL4TtD 

SEGMENT 8 

200 

DAY, 0 • 9/1/87 
+ OIlS( I!VtO 

FIGURE IV-14 

300 

CALIBRATION MODEL RESULTS AND OBSERVED VALUES 
FOR DISSOLVED OXYGEN IN LAKE STILlOOUSE HOLLOW 

(continued) 

400 



IV-58 

by the observed data. This is illustrated in Figure IV-IS, which presents 

compari sons of nutri ent 1 i mitat i on factors expressed as the fract i on of 

maximum phytoplankton growth. These factors were cal cul ated as discussed 

on page II-3S. One calculation is based on observed nutrient data and 

another is based on nutri ent profiles generated by the WASP model for 

inorganic nitrogen and orthophosphorous, respectively. 

Lake Belton Model Cal ibration. Figure IV-16 is a sketch of Lake Belton 

illustrating the model segmentation and sampling locations. Figures IV-17, 

IV-18, and IV-19 illustrate the comparison between calculated and measured 

total nitrogen, chlorophyll a, and dissolved oxygen for the three segments 

in Lake Belton adjacent to the ~dam. The comparisons are comparable to 

those obtained for Lake St i 11 house Hollow and are representat i ve of the 

order of compari sons between cal cul ated and observed profi 1 es for all of 

the Lake Belton Segments. The complete set of figures comparing calculated 

and observed water quality for each individual variable and each model 

segment in Lake Belton are contained in the Appendix. 

Figure IV-20 presents information on growth rate reductions due to nutrient 

limitations considering both the observed nutrient data and the calculated 

nutrient profiles. As was the case for Lake Stillhouse Hollow, the model 

and observations are not in agreement with respect to the factors that are 

limiting phytoplankton growth. The model contains phytoplankton inorganic 

nitrogen growth limitations, for some periods of the year, which are larger 

than those reflected by the observed data. 

Use of Lake Models and Water Quality Data to Assess Water Quality Impacts 

Projections of the direct water quality effects in Lakes Stillhouse Hollow 

and Belton were developed for the eight loading scenarios indicated in 

Table IV-2. These scenarios were selected to determine the sensitivity of 
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CALIBRATION RESULTS AND OBSERVED VALUES FOR 
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CALIBRATION RESULTS AND OBSERVED VALUES FOR 
CHLOROPHYLL I A' IN LAKE BELTON 
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CALIBRATION RESULTS AND OBSERVED VALUES FOR 
DISSOLVED OXYGEN IN LAKE BELTON 
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FIGURE IV-19 

CALIBRATION RESULTS AND OBSERVED VALUES FOR 
DISSOLVED OXYGEN IN lAKE BELTON 
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FIGURE IV-20 

CALIBRATION RESULTS AND OBSERVED VALUES FOR 
NUTRIENT LIMITATIONS IN LAKE BELTON 
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CALIBRATION RESULTS AND OBSERVED VALUES FOR 
NUTRIENT LIMITATIONS IN LAKE BELTON 
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FIGURE IV-20 

CALIBRATION RESULTS AND OBSERVED VAlUES FOR 
NUTRIENT LIMITATIONS IN lAKE BELTON 

(continued) 



TABLE IV-2 

LOADING SCENARIOS USED IN PROJECTIONS 
FOR LAKES BELTON AND STILlHOUSE HOllOW 

Change in loading(1) 

Scenario Point Nonpoint 
No. Sources Sources 

1 0 -15% 
2 0 +15% 
3 +50% 0 
4 +50% +15% 
5 -25% 0 
6 +15% 0 
7 -15% 0 
8 -25% -15% 

IBoth nitrogen and phosphorous loads were 
changed by the amounts shown. 
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lake water qual ity to changes in nutrient loading. Both nitrogen· and 
phosphorous input loads were increased in the proportions shown. The 
changes in calculated chlorophyll 'a' were very small as illustrated in . 
Figures IV-21 and IV-22 where the calculated chlorophyll 'a' profiles are 
presented for the two most extreme loading scenarios from Table IV-2. As a 
final check the year 2030 pollution loads shown in Figures 111-2 and 111-3 
were tested. For Lake Still house Hollow, the Killeen/Harker Heights 
diversion was included without advanced waste treatment. As can be seen in 
Figures IV-21 and IV-22, projected nutrient loads could have a significant 
impact on Lake Sti11house and a lesser impact on Lake Belton. 

A series of model runs were obtained which explored the relative roles of 
point and nonpoint source nutrient inputs and the source of nutrients from 
the sediment. Based on these calculations, which were sensitivity runs 
using the calibrated models for each lake, it was concluded that the 
sedi ment source of nitrogen was the input contro 11 i ng nitrogen 
concentrations. This conclusion was made because a significant input from 
lake sediments had to be included in the mass balance to obtain the 
observed nutrient concentration levels. In calculations where this source 
was eliminated from consideration the chlorophyll 'a' concentrations were 
reduced by more then 80 percent. 

This situation has been observed in a number of other water bodies and is a 
current area of very intensive research activity. The basic concern with 
the effects of changes in nutri ent inputs (either increases or decreases) 
shifts from immediate increases in chlorophyll 'a' to long term slow 
changes in chlorophyll 'a' concentrations. Water quality changes are 
associated with nutrient accumulations in the sediment and subsequent 
changes in the rate of release of nutrients from the sediment over time. 
Therefore, even though the direct effects of changes in nutrient inputs are 
estimated to be small there are concerns that the long term impacts will be 
larger. It should be recognized that this is a phenomenon which has only 
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recently been identified. Unambiguous demonstration that long term water 
quality impacts from either increases or decreases in nutrient loads which 
change sediment nutrient accumulations and alter nutrient release rates is 
not fully documented. 

Managers of major water bodies, where this situation has been encountered, 
have elected to initially assume that the speculated long term relationship 
between nutrient inputs and water quality changes are real and have 
introduced programs for managing nutrient inputs to the water bodies. 

Examination of both observed data and the model indicates that nitrogen is 
the limiting nutrient in both lakes during most of the year. Additional 
sensitivity calculations were developed, for each of the lakes, to examine 
the possibility that the limiting nutrient could periodically be 
phosphorous. Th is was accompli shed by comput i ng the i n-1 ake growth rate 
reduction using values of the Michaelis-Menton half saturation coefficient 
for phosphorous from the 1 iterature. These cal cu1 at ions suggested that, 
under a seri es of p 1 aus i b1 e assumptions, it is poss i b 1 e that phosphorous 
could become the limiting nutrient for some periods of time. In view of 
this finding a set of sensitivity calculations were made to estimate the 
importance of extern a 1 phosphorous loads from poi nt and non poi nt sources 
compared to the sediment. For phosphorous, both the sediments and external 
inputs appear important loading sources in each of the lakes. 

The data from the sampling program of this project indicate that 
chlorophyll 'a' concentrations averaged slightly in excess of 11 ug/l in 
1987 through 1988 in contrast to the hi stori cal values presented in the 
State of Texas 1986 Water Quality Inventory which averaged less than 3 ug/l 
in the main segment of both Lakes Belton and Stillhouse Hollow adjacent to 
the respective dams. The average chlorophyll 'a'· values of 11 ug/l 
observed in thi s study represent good water quality. Further, thi s order 
of chlorophyll 'a' concentration is usually not in itself associated with 
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water qual ity problems and water qual ity objectives from 10 to 25 ug/l 

ch 1 orophyll 'a' whi ch have been suggested for 1 akes in other parts of the 

nation. If, however, the increased concentration of chlorophyll 'a' is part 

of a trend of rapidly decreasing water qual ity and increasing chlorophyll 

'a' concentrations then there is a water quality concern. 

The examination of historical chlorophyll 'a' data for Lake Stillhouse 

Ho 11 ow near the dam presented in Chapter II i nd i cates a poss i b 1 e trend 

toward increasing algae concentrations at this location. The above 

observation should alert water resource managers concerning a possible 

adverse trend and the need to 1 imit nutri ent inputs to Lake St ill house 

Hollow pending collection of additional data and the verification of the 

model used in this study. 

An examination of the Lake Belton water quality data in the upstream 

sampl ing stations indicate that the chlorophyll 'a' concentrations in the 

upstream stations on the Cowhouse arm of Lake Belton and on the upstream 

station of Lake Stillhouse Hollow averaged 2 to 2.5 times the concentration 

in the main lake stations adjacent to the dam. Criteria for local water 

quality in upstream ends of lake arms or coves are not available to judge 

these chlorophyll 'a ' val ues. The Leon Ri ver arm of Lake Belton averages 

over 15 times the con cent rat ion in the main segment of the 1 ake near the 

dam. The chlorophyll 'a' data in the upstream stat i on of the Leon arm were 

mostly in excess of 100 ug/l. This is a very high concentration value and 

would inhibit local water use due to appearance and fluctuations in 

dissolved oxygen concentrations. At these very high concentrations light 

1 imitations would be extreme and could indicate that ·some local upstream 

source is supplying chlorophyll 'a' while the lake arm is acting as a 

collecting segment and sink to the sediments. This source could be a 

combination of wastewater treatment plant effluent and cultivated 

agriculture which 'is known to occur in close proximity to the Leon River 

arm of Lake Belton. 



CONCLUSIONS 

CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

Lakes Belton and Still house Hollow have been classified by the Texas Water 
Commi ss i on as two of the cl eanest lakes in the State based on Carl son's 
Trophic State Index parameters set in The State of Texas Water Qual ity 
Inventory, 8th Edition, 1986. Water quality data collected in this study 
and presented herei n in Chapter I I show annual average chlorophyll ' a' 
va 1 ues of about 11 ug/l at the dam of each 1 ake. Based on th is exi st i ng 
water quality and expected year to year variations, which are essentially 
uncontrollable, an annual average chlorophyll 'a' of between 10 and 15 ug/l 
at the dam of each 1 ake shoul d be used as an i nd i cator of good water 
quality. In other words we suggest that existing annual average chlorophyll 
'a' values would provide an appropriate target. 

Water quality data also indicate that Lake Stillhouse Hollow water quality 
in terms of algae growth (as measured by chlorophyll 'a') is deteri or at i ng 
with time. Sampling data collected for this study for both lakes showed 
higher levels of algae than the historical data. Lake Belton has 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 load 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. 

Results of preliminary water quality modeling performed in this study 
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 Killeen/Harker 
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Heights area point sources without advanced waste treatment would increase 
ch 1 orophyll 'a' values at the dam by 50 percent or more for approxi mate 1 y 
six months of the year as compared to other scenari os i nvo 1 vi ng up to 50 
percent and 15 percent increases in existing point and nonpoint nitrogen and 
phosphorus loads. The projected values would be above existing chlorophyll 

'a' concentrations and the projected values would be above the 10 to 15 ug/l 
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 di scharges. Therefore the exi st i ng chlorophyll 'a' concentrat ions 
would be essentially unchanged. However, as shown in Figure 11-13 for sites 
9 and la, chlorophyll 'a' in the upper arm of Lake Belton is frequently in 
excess of 100 ug/l. This concentration is above any reasonable criteria. 

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. Di scharges into the 1 akes, if all owed, shoul d 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. 
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Treatment pl ants shoul d be monitored in accordance with the 

requ i rements of the Texas Water Commi ss i on rul es and 

regulations at a minimum frequency of once per week using a 24-

hour composite sample. 

Treatment plants shoul d be constructed ina manner whi ch wi 11 

facilitate future addition of facilities to reduce nitrogen and 

phosphorus, if necessary. 

Before a permit is granted an analysis should be required to 

determi ne the 1 oca 1 i zed water quality impact of the di scharge 

on cove and/or backwater areas. 

3. An ongoi ng water quality monitori ng program of each of the 1 akes 

should be implemented. Additionally, an annual water quality 

as sessment report shoul d be prepared and the 1 ake 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 pl ants in the study area may have more 

stringent permit limits imposed on their effluent discharges in the future. 

This may be observed in. Table V-I, which shows projected effluent 1 imits 

for wastewater treatment plants discharging into streams modeled in this 

study. Wastewater treatment pl ants which may have stricter permit 1 imits 

imposed in the future i ncl ude those operated by the City of Gatesvi 11 e, 

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 V-I 

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

Model 

Leon River above 
Lake Belton 

Model 

Leon River Below 
Lake Belton 

Year 

1990 
2000 
2010 
2020 
2030 

Gatesville 
(MGD) 

1.14 
1.52 
2.02 
2.68 
3.62 

Projected Flows 
North 

Fort Hood Oglesby 
(MGD) (MGD) 

0.25 0.05 
0.33 0.06 
0.44 0.07 
0.59 0.07 
0.79 0.08 

Model 
Total Flow from Hypothetical WWTP's 

(MGD) 

Lampasas River Below Lake 
Stillhouse Hollow 

0.65 

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

Reguired Effluent Qualit~ 
North 

Gatesvi 11 e Fort Hood Oglesby 

10/2/6 10/15/2 10/15/2 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 

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

10/2/6 

Required Effluent Quality 

20/15/2 



TABLE V-I 

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

(continued) 

Projected Flows Reguired Effluent Qualit~ 
Harker Harker 
Heights Heights 

WCID #1 WCID #1 WCID #4 WelD #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 7/2/6 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 16.53 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 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 7.11 3.72 0.56 7/2/6 7/2/6 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/NH3_N/DO. 


