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ABSTRACT 

An Assessment of Point and Nonpoint 
Pollution Loads into Lake Houston 

Charles J. Newell 

The urbanization process has affected the characteristics of 

pollutant loads from both stormwater runoff (or nonpoint sources) and 

from sewage treatment plants (or point sources) in the tributaties of 

2 
the 2828 mi lake Houston watershed. Land use projections indicate 

the urban development, which has caused water quality deterioration in 

seme tributaties, will continue at nearly the same overall rate in the 

1980 to 1990 period as in the 1970 to 1980 period. The patterns of 

growth, however, will shift from development concentrated in the Cypress 

Creek and Lake Environs areas to several of the previously undeveloped 

watersheds; this will impact on water quality of the streams in these areas. 

A detailed point source analysis indicated that most of the larger 

sewage treatment plants acconmodating the increases in population in the 

Cypress Creek watershed had difficulty in providing accepted levels of 

treatment. All violated State of Texas standards for effluent quality 

to some degree, and treatment process upsets greatly increased effluent 

loads for sane parameters. The fate of the plant's nutrient loads at 

low flow was also examined: almost all of the nutrients were carried 

to the lake by the Cypress Creek low flow transport process. During 

these low flow periods, critical for lake water quality, point sources 

accounted for 25% of the nitrate-nitrogen (NOg) and 75% of the total 

phosphorus (TP) loads to Lake Houston. 
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The nonpoint source analysis showed that urban development has 

increased total suspended solids (TSS) loads to lake Efouston. The 

rapidly urbanizing watershed, Cypress Creek, contributes 27-35% of the 

annual TSS load to the lake although it accounts for only 11% of the 

entire basin's area. The load analysis provided the following yearly 

pollutant loads to the lake (for an average year's flow under present 
6 3 development conditions): 159 • 10 Kg TSS/year, 1.8 * 10° Kg N^NO^/year, 

3 
and 1.4 • 10 Kg TP/year. Because of continuing development in the 

3 
entire basin, lake TSS loads are expected to rise to 194 • 10 Kg TSS/year 

in 1990, a 22% increase. Two different basin-wide management policies 

were examined and results indicated that although stormwater detention- 

sedimentation ponds were an effective measure to prevent this increase 

in TSS loads, they probably could not be applied to reduce TSS loads 

much below present levels. 

The instantaneous load-runoff methodology using periodic grab 

sample data, used to calculate nonpoint pollutant loads, seemed to 

work well for TSS loads in general and for nutrient loads in the 

undeveloped watersheds. The method seemed to underestimate nonpoint 

nutient loads from developing watersheds, probably because of the high 

variability of stormwater runoff concentrations in these areas. An 

intensive storm sampling program on two storms, used in the management 

policy analysis, was also applied to the load-runoff methodology. This 

analysis indicated that future studies designing monitoring programs to 

calculate annual pollutant budgets to Lake Kbuston should employ in¬ 

tensive storm sampling techniques rather than the sampling at regular 

intervals performed by earlier studies. 
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1.0 INTRODUCTION 

Large scale engineering modifications to the natural environment 

have become common in almost all areas near large population centers 

of the United States since the turn of the century. The infrastruc¬ 

ture necessary for the growth of large cities, such as water and energy 

supply, transportation, and flood control, are Impossible to develop 

without widespread environmental changes and are often difficult to 

manage environmentally after construction is complete. 

The active urbanization process of the land also has a general 

disruptive effect as natural systems are replaced by man-made ones over 

large areas, many of which are sensitive environmentally. The research 

reported in this thesis was directed at studying the impacts of ur¬ 

banization on a vital component of Houston's urban infrastructure, the 

Lake Houston Reservoir. 

The lake was constructed about 25 years ago to augment the city's 

water supply from groundwater. Although the formation of the impound¬ 

ment certainly did have major environmental effects on the imnediate 

region, none were documented as the 1972 National Environmental Policy 

Act (NEPA) requiring Environmental Impact Statements was not written 

tint il twenty years after the construction of the dam. Up until re¬ 

cently, the lake has been relatively free of any problems related to 

the uses it was designed for: water supply and recreation. Because 

of serious subsidence problems with groundwater withdrawal, the other 

major source of water for Houston, the City has steadily increased its 

reliance on water from the lake. 
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Recently, however, signs of stress have been noted in the lake. 

Some increased algal growth during calm sunnier periods suggests that 

the lake might be in the initial stages of cultural eutrophication. 

This condition, caused by increased man-made pollution loads, has led 

to severe water quality deterioration in natural and man-made lakes in 

many parts of the war Id. Many researchers have documented cases of 

massive algal blooms that disrupted dissolved oxygen patterns, increased 

the concentration of toxins in lakes, created general eyesores on the 

lakes, and caused serious taste and odor problems in drinking water. 

The City of Houston's Public Health Engineering (PHE) Department 

was concerned by the early symptoms of cultural eutrophication in 

Lake Houston and contracted with Rice University to study the lake and 

its watershed to: 

1. Characterize the type and the magnitude of 

the sources of the pollutant loads into the 

lake. 

2. Determine the eventual response of the lake 

processes to these loads. 

3. Develop management recommendations to prevent 

further deterioration of lake water quality. 

The research presented in this thesis focuses on the first and 

third tasks. The loading assessment of the first task was broken into 

tvro main parts: point source inventory (primarily sewage treatment 

plant or industrial discharges) and nonpoint source analysis (pollu¬ 

tants resulting from runoff of stormwater over the land surface). 
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These results were used with an analysis of lake processes developed 

during a second Master’s thesis (Baca, 1981) to recommend lake manage¬ 

ment strategies to the city. 

Both historical data and data generated from the project's 

various monitoring programs were utilized for the research in this the¬ 

sis. A comprehensive point source sampling program by the PHE was 

used in conjunction with Texas Department of Water Resources (TDWR) 

data reported by the sewage treatment plant (STP) operators to char¬ 

acterize and calculate the point source loads. Bor comparison, the 

low-flow pollution transport efficiency was also estimated using in- 

stream data. 

Nonpoint pollutant loads were calculated using two different 

load-runoff techniques that flow-weighted the data. The first method 

used six years of historical monthly grab sample data and was used in 

the final load calculations for each of the main tributaries' watersheds. 

The second utilized the reduced storm loading data from the two storms 

measured by the PHE during the project and was used to verify the ac¬ 

curacy of the first method. Finally, the storm data was compared to 

land use data and a predictive model was developed to estimate loads in 

1990 under three different development scenarios. 



2.0 CHARACTERISTICS OF THE STUDY AREA 

2.1 Description of Study Area 

Lake Houston is a man-made lake created for use as a water supply 

source for Houston area domestic and industrial use. Ihe lake is 

formed by an earthfill dam on the San Jacinto River. It was completed 

and storage began in April, 1954. Ihe lake has a storage capacity of 

about 146,800 acre-feet and a surface area of 12,765 acres as determined 

in 1965 (Ambursen, 1966). The maximum depth is near 45 feet at the 

dam; however, the mean depth is only approximately 12 feet. 

The lake's total drainage area is 2,828 nu.2 and is divided into 

two forks of the San Jacinto. The East Fork drains an area of 935 mi^ 

and the West Fork an area of 1,730 mi2. Each fork is comprised of 

three streams: the West Fork, Cypress Creek and Spring Creek in the 

western basin, and the East Fork, Peach Creek and Caney Creek in the 

eastern basin (Figure 2.1 and Table 2.1). Lake Conroe impoundment be¬ 

gan January, 1973, and drains an area of 445 mi^ in the upper West Fork. 

Under natural conditions the sediment loads in the San Jacinto 

River Basin are generally moderate even though the soils are light and 

sandy and very susceptible to erosion. The gentle slopes, lack of agri¬ 

cultural uses and development, and adequate ground cover prevent ex¬ 

cessive erosion in much of the drainage area. The soil types are 74% 

East Texas timber lands, 20% Coastal Prairies, and 6% Blackland Prairies 

(Public Works, 1977). 

Precipitation averages approximately 50 inches per year and ranges 

from about 35 to 70 inches per year. The wind tends to be from the 
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Figure 2.1 Lake Houston Watershed Map 
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TABLE 2.1. Lake Houston Tributary Watershed Characteristics 

Basin 

Drainage4, 

Area 
(mi2) 

Percent 
lake 
Houston 
Drainage 

Area4- 

Gaged 
(mi2) 

Mean* 
Flow 
1975 
(CFS) 

Cypress 
Creek 323 11 285 220 

Spring 
Creek 446 16 419 289 

West Fork 
San Jacinto 956 34 887 644 

Caney 
Creek 201 7 105 289 

Peach 
Creek 166 6 117 216 

East Fork 
San Jacinto 371 13 323 418 

Luce 
Bayou 197 7 - - 

Lake Environs 168 6 - - 

TOTALS 2828 100% 2136 2076 
(76%) 

+Areas measured from USGS maps 
♦Areally adjusted (i.e., (Anrn<n/Anag>)

,t>/). 



7 

southeast during sunnier months with increasing frequency of northerly 

winds in winter. The pattern of winds affects Lake Houston water 

quality through mixing in unprotected areas. 

The predominant ground cover is pine forest except for the small 

urban areas of Huntsville, Conroe, Cleveland and several smaller towns. 

The upper Cypress Creek watershed has traditionally been a rice growing 

area, and other small scattered farms and pasture lands have been main¬ 

tained throughout the other watersheds. Recently, however, intense 

development has occurred in the Cypress Creek watershed below Ewy. 290, 

in the area adjacent to the lake, and to sane extent in the Spring Creek 

watershed. Because the traditional pattern of land use and population 

distribution has changed and will continue to change, a population/ 

land use analysis was necessary. 

2.2 Sources of Population/Land Use Data 

Several major sources of land-use and population data extending 

from Harris County to the entire Hbuston-Galveston Area Council (H-GAC) 

region were available (Bedient et at., 1978). Except for several small 

areas to the north and east, this region encompassed all of the Lake 

Houston watershed. 

The population and land-use projections selected for the study came 

from two sources, both developed at the Rice Center for Community Design 

and Research. For the Cypress Creek and Sipring Creek watersheds and 

the watershed area Inmediately surrounding Lake Houston, projections 

made on the basis of the Growth Allocation Program model used in the 

Rice Center's "Growth Cptions Study" were selected (Rice Center, 1978). 
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Projections for the other watersheds (West Fork of San Jacinto, East 

Fork of San Jacinto, Peach and Caney Creeks) were provided by the Rice 

Center's recent study of land use and population for the H-GAC region 

(Rice Center, 1979). These sources utilized population data and devel¬ 

oped-land use data (single or multi-family dwelling, commercial, or 

industrial areas) from each census tract in the H-GAC region. These 

census tract data were redistributed to obtain data for areas above both 

the stream mouth and stream gages in each watershed. 

Data for 1970, 1975, and 1977 were based on aerial photographic 

interpretation or similar field-related techniques, and generally had 

high confidence levels associated with them. The 1978 data were esti¬ 

mated based on electrical connections and other field information, and 

also had high confidence levels associated with them. The projections 

(1980 and 1990) are based on a variety of techniques, although each in 

itself is internally consistent and fairly robust. 

H-GAC recently completed a population study (H-GAC, 1980) primarily 

for the use of waste treatment management agencies. These population 

figures and projections are organized by census tract and county and 

then disaggregated into the water districts and municipalities. The 

1980 projections conpare very well, while the 1990 H-GAC projections 

are about 20% greater than those included here. This is a reasonable 

difference for this type of study. 

Non-developed land use (agricultural, pasture, forest, or water 

areas) are calculated by translating land lose map information to digital 

form. Watershed boundaries were drawn on a 1970 regional land use map 
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(constructed by NASA from high-altitude aerial photos) by projecting 

a transparency of the boundaries on the land use map. A grid overlay 

was then used to calculate the area and proportion of non-developed 

land use for each tributary watershed and subwatershed. 

2.3 Results From Fopulation/Iand Use Analysis 

Although development is occurring throughout the lake Houston 

watershed, the Cypress Creek and Sipring Creek watersheds and Lake 

Houston environs are experiencing far more rapid development and changes 

in land use patterns. 

Population in the entire Lake Houston drainage basin increased 

by more than 200,000 from 1970 to 1980, a 200% increase (Table 2.2). 

The projected increase from 1980 to 1990 is conservatively estimated 

to be 143,000. Table 2.2 defines the spatial distribution of the popu¬ 

lation growth which tends to be concentrated in the southern part of 

the watershed closest to Lake Houston. 

Tables 2.3 and 2.4 present the current and projected land use as 

a percentage of total area by tributary watershed. Much of this develop¬ 

ment is concentrated near Lake Houston and the streams, increasing the 

impact on water quality. Table 2.4 separates Cypress Creek at Hwy. 290 

to emphasize the distinction between the upper agricultural area and the 

downstream developing area. Figure 2.2 shows the present land use dis¬ 

tribution in the watershed. 

2.4 Land-Use and Population Projections 

Although the rate of development in the Lake Houston watershed in 

the 1980-1990 period is projected to keep up with the rate during 
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AND 

SURROUNDING WATERSHEDS 

«•«art 
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TABLE 2.2. Population (Current and Projected) by Watershed 

Percent of 
Watershed Total Area 1970 1978 1980 1990 

Lake Houston Environs 5 12,311 24,410 39,104 55,140 
Cypress Creek 11 18,476 54,802 97,021 136,079 
Spring Creek 16 11,530 26,701 53,080 84,703 
West Fork 34 35,109 70,721 77,738 111,874 
Caney Creek 7 9,167 20,583 22,612 33,628 
Peach Creek 7 4,785 10,570 11,455 16,264 
East Fork 13 6,620 9,315 9,795 12,765 
Luce Bayou 7 7,633 7,273 8,179 10,649 

TOTAL 100 105,600 224,400 318,000 461,000 
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TABLE 2.3. 1970 Percentage land Use 

Basin 
Area 
(mi2) Developed 

Agric. 
(Irr.) Agric. Pasture Forest Water 

Cypress Creek 323 3.5 35.9 11.5 22.6 26.5 
Spring Creek 446 1.8 — 11.2 19.3 67.8 — 

West Fork 956 1.2 — 4.3 13.4 78.7 2.8 
Caney Creek 201 2.0 — 2.0 16.4 79.6 — 

Peach Creek 166 1.4 — - 3.0 95.6 — 

East Fork 371 0.6 — 1.5 14.3 83.6 — 

Luce Bayou 197 0.6 3.0 3.0 4.1 89.2 - 

Lake Environs 168 2.1 — * 1.8 84.2 11.9 

TOTAL 2,828 1.7 4.3 5.1 13.8 73.4 1.7 

TABLE 2.4. Current and Projected Percentage Development 

Basin 1970 1978 1980 1990 

Cypress Creek total 3.5 5.0 6.6 8.3 
upstream of 290 1.1 1.5 1.9 2.5 
below 290 5.3 7.6 10.2 12.6 

Spring Creek 1.8 2.2 3.4 5.0 
West Fork 1.2 1.7 2.1 3.1 
Caney Creek 2.0 3.3 3.9 6.0 
Peach Creek 1.4 2.1 2.5 3.8 
East Fork 0.6 0.9 1.0 1.3 
Luce Bayou 0.6 1.0 1.1 1.5 
lake Environs 2.1 3.4 4.3 5.3 

TOTAL 1.7 2.2 2.9 4.0 
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1970-1980 (37.9 mi^ of the entire watershed urbanized from 1970-1980 

compared to 32.1 mi^ for 1980-1990) the areas where development is 

concentrated will probably shift. From 1970-1980 34% of the total new 

development in the watershed was located in Cypress Creek and 90% of this 

development was located downstream of Hwy. 290. The area upstream of 

Ewy. 290 represents 40% of the entire Cypress Creek watershed and is 

93% agricultural land. Even with this relatively large rural area, the 

percentage of developed area in the entire Cypress Creek watershed in¬ 

creased from 3.5% in 1970 to 6.6% in 1980, or an increase of 10.4 mi^ 

of developed areas. This meant frenzied development activity in the 

lower watershed occurred during 1970-1980 and resulted in 10.2% of the 

Cypress Creek watershed below Hwy. 290 being developed by 1980. (See 

Tables/2.4 and 2.5). 

Analysis of the growth predictions for 1990 shows that the rate of 

development in Cypress Creek from 1980-1990 will be about half of the 

1970-1980 development rate. Other areas will maintain or increase their 

growth rate and exceed the rate on Cypress during this period, however. 

Sipring Creek is predicted to produce 30% more new developed area than 

Cypress Creek and the West Fork is predicted to have 80% more new devel¬ 

oped area than Cypress Creek by 1990. (Because of the large areas of 

these twD watersheds, the percentage area, developed will remain small.) 

There will be almost an equal amount of new development in the Caney 

Creek watershed as in lower Cypress Creek and the 1990 percentage area 

developed in Caney will be very close to the value for the Cypress Creek 

watershed in 1980. 
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TABLE 2.5. Increase in Developed Area land Use from 1970 to 
1980 and 1980 to 1990 by Watershed 

Amount of Developed Area Increase (mi^) 
1970-1980 1980-1990 

Cypress Creek Tbtal 10.4 5.4 

(Upstream 290) ( 1.0) ( .8) 
(Below 290) ( 9.4) (4.6) 

Spring Creek 7.1 7.1 
West Fork 8.6 9.6 

Caney Creek 3.8 4.2 
Peach Creek 1.8 2.2 

East Fork 1.5 1.1 
Luce Bayou 1.0 .8 

Lake Environs 3.7 1.7 

Total Watershed 37.9 32.1 
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Development will concentrate in these watersheds as it did in the 

Cypress Creek watershed. By 1990, for example, 43% of the development 

in the West Fork will be located below IH-45. Of this area, 8.6% will 

be developed, which is the same level of development seen on lower 

Cypress Creek below Hwy. 290 in 1979. 

The East Fork and Luce Bayou will ram in relatively undeveloped. 

Frcm 1970-1990 the population in these two watersheds will roughly 

double, compared to a seven-fold increase in Cypress Creek and Spring 

Creek during the same period. 

The magnitude of the population increases and land use changes up 

to 1990 is expected to be very similar to the growth experienced in the 

1970's. Although the percentage of developed area of the entire water¬ 

shed will be 4% in 1990, which suggests the watershed will still be 

relatively undeveloped, the impact of this development on water quality 

can be severe. In 1978 only 5% of Cypress Creek was developed, yet the 

water quality in the creek was adversely affected. This was due to the 

concentration of development adjacent to the stream near the mouth of 

the creek and the large amount of construction activity occurring in the 

watershed. By 1990 four of the lake's watersheds (Cypress Creek, Spring 

Creek, Caney Creek, and the Environs), which represent 40% of the total 

Lake Houston watershed, will be equal or greater than the 5% developed 

condition. The inpact of this development will almost certainly be seen 

in the water quality of these watersheds, although the effect could be 

muted somewhat on Sipring Creek and the West Fork where there are very 

large forested areas upstream of the development centers. 



3.0 REVIEW OF RELATED RESEARCH 

Much of the water quality research in the past has focused on 

methods of developing accurate inventories of pollutants from various 

types of sources and the subsequent impacts of these pollutants on 

natural water resource systems. Recently, pollutant sources have been 

divided into two main subdivisions: point sources, usually resulting 

from municipal or industrial processes and discharged through pipes to 

a waterway; and nonpoint sources, usually generated by the action of 

storm event precipitation which creates runoff that flows to the stream 

course. This literature review will discuss relevant research con¬ 

cerning characterization of both major pollutant categories, as well as 

efforts to develop the water quality relationships between pollutant 

sources and impacts. Research involving program design and an overview 

of pollutant management strategies for watersheds will be presented. 

3.1 Pollutant Source Characterization: Point Sources 

The simplest method of characterizing any point source pollutant 

load is to multiply the average pollutant concentration by the average 

discharge rate from the treatment plant or process. For a more accurate 

assessment, the temporal variations of both the pollutant concentration 

and discharge from the outfall can be approximated by several means. 

Municipal sewage treatment plants represent the most cannon type of point 

source discharge; therefore, design information on the temporal varia¬ 

tions of effluent quantity and quality from standard secondard sewage 

treatment plants have been reported in detail by many design texts, 
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e.g. Metcalf and Eddy's Wastewater Engineering and Clark, Viessman, 

and Hammer's Water Supply & Pollution Control. These texts deal with 

the variability of daily and seasonal hydraulic loads to municipal sewage 

treatment plants and average pollutant concentrations found in effluent 

and influent streams. 

Much of the sewage treatment plant (STP) literature not specifi¬ 

cally design-oriented is concerned with operational problems of plants. 

Gilbert (1976) estimated that one third of all plants built from 1973- 

1975 were not performing to design specifications because of poor opera¬ 

tion and maintenance practices. The Journal of the Water Pollution 

Control Federation published a "white paper" in 1979 in response to 

concern over operational problems at many U.S. STP's (Hill, 1979). 

Rapid urban expansion and overloading of plants has also been recognized 

as a major factor in the efficiency of treatment. Yance (1978) re¬ 

ported that 40—15% of the variation in wastewater treatment plant per¬ 

formance in 1968 could be statistically related to overloading and to 

the degree of recent urban construction. 

Various methods have been used to analyze effluent data from 

sewage treatment plants. Yance utilized regression analysis to relate 

effluent data to the other operational factors. Berthouex (1976) 

applied a stochastic model to historical STP data in order to study the 

dynamic performance of an STP. A frequency transform model was devel¬ 

oped by Novotny (1975) to describe effluent variability. Niku, 

Schroeder, and Samaniego (1979) developed a statistical model based on a 

log-normal fit of effluent data to predict plant reliability. 
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Generally, however, load calculations have been kept relatively 

simple; only the temporal resolution is determined and loads calculated 

for the desired time interval. 

3.2 Water Quality Relationships and Models - Point Sources 

Most of the initial water quality research (pre-1970) focused 

on developing relationships and models describing water quality response 

to pollutants from point source loads. The major cases of extreme water 

quality degradation were the result of gross pollution from industrial 

facilities or inadequately treated municipal waste. Some of the earli¬ 

est work was performed by Streeter and Phelps (1925) and Theriault 

(1927), who developed an equation to simulate the depletion of oxygen 

in a stream due to an oxygen-demanding pollutant source at some point 

on the stream. These equations formed the basis for many of the pol¬ 

lution control efforts for the next 50 years and were instrumental in 

developing the concept of allocating organic waste loads to prevent dry 

weather dissolved oxygen depletion. The original Streeter-Phelps rela¬ 

tionship was incorporated into a series of computer models, beginning 

with DO-SAG (Texas Water Development Board, 1970), QUAL I and QUAL II 

(Texas Water Development Board, 1973). QUAL II, besides incorporating 

DO/BCD effects from various point sources along a stream, was written 

to perform mass balance calculations for any conservative substances 

and for two key nutrients, nitrogen and phosphorus. The model is use¬ 

ful only for dry weather conditions and can only be used to model the 

inpacts of discrete point sources. 
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3.3 Nonpoint Source Characterization 

3.3.1 History 

Nonpoint pollutant research developed into a separate field in the 

mid-1970 ’ s as an outgrowth of related fields such as combined sewer over¬ 

flow studies and agricultural drainage research. One of the earliest 

studies dealing with the quality of direct runoff was performed by 

Palmer in 1950. He compared the quality of combined sewer overflows 

and direct urban runoff and found thon to show similar pollutant charac¬ 

teristics. Weibel (1964) reported that urban stormwater showed pollutant 

concentrations which equaled and sometimes exceeded concentrations 

found in municipal sewage effluent: In agricultural drainage research, 

Sawyer (1947) and Johnston (1965) performed studies measuring pollutant 

yields from various agricultural catchments. 

These early runoff characterization efforts were succeeded by mere 

sophisticated research in the 1970's, as pollutant loading relationships 

and load calculation methods became necessary to complément the United 

States' aggressive point source control program. The driving force be¬ 

hind both the point and nonpoint control efforts has been the 1972 Water 

Pollution Control Act, with Section 201 initiating federal point source 

discharge control and Section 208 mandating basin-wide planning with 

respect to runoff-borne pollutants. Much of the nonpoint source research 

performed after 1972 can be broken into two broad categories: studies 

attempting to define the comnon ranges of pollutant concentrations and 

their temporal distribution during storm events; and studies dealing 
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with the spatial variation of nonpoint source pollution due to varying 

land uses. 

3.3.2 Temporal Characteristics 

One of the focal points of research concerning the temporal charac¬ 

teristics of nonpoint pollution is the evaluation of the "first flush 

effect," where accumulated surface pollutants are washed off into the 

receiving body during the initial portion of the runoff event. This 

results in a very high pollutant concentration (as opposed to mass flow 

rate) early in the storm. Weibel was one researcher who first observed 

this effect; since then, several studies have addressed this factor 

(Defilippi and Shih, 1971; Zogorski, 1975). Cordery (1977) found that 
« 

Australian urban runoff collected during the first flush of a storm event 

was comparable to raw sewage. Runoff from the latter portions of the 

storm exhibited characteristics more closely related to secondary efflu¬ 

ent. Ellis (1976) found a TSS first flush effect in a very large water¬ 

shed in North London; the peak of the TSS mass flow rate coincided close¬ 

ly with the peak of the hydrograph, however. Duffy (1978) performed 

a study on undeveloped forest land as opposed to the urban catchments of 

the other studies and found no first flush effect: soluble phosphorus 

concentrations remained relatively unchanged throughout the sampled storm 

events. Characklis et al. (1979) observed a first flush phenomenon in 

several watersheds near Houston, Texas, for eight water quality parameters 

(TSS, turbidity, orthophosphate, total kjeldahl nitrogen, ammonia, 

nitrate, and nitrite). Urbanized watersheds produced a more pronounced 
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first flush effect than undeveloped watersheds, where the first flush 

was related to stream bed sediment transport. 

Other studies have addressed the methods of calculating pollutant 

loads that change over time. Wu and Ahlert (1978) introduced the con¬ 

cept of temporal resolution pertaining to stormwater pollutant analysis. 

Three resolution categories, annual loads, event loads, and the distri¬ 

bution of loads during an event, were presented. The authors suggested 

the degree of tenporal resolution depended on the management goals and 

available resources of a particular study. 

3.3.3 Spatial Characteristics 

The need for useful management information has prompted many 

researchers to focus on the spatial variations (such as different land 

uses) in nonpoint source pollution. Mattraw (1978) studied the water 

quality of runoff from residential, conmerical, and highway catchments 

in Florida and found a relatively low amount of pollutant export from 

the residential land use conpared to the other tvo catchments. Griffin, 

Grizzard, and Randall (1978) measured nonpoint pollutant loads from 21 

catchments representing 11 land uses. The degree of inperviousness 

had the largest influence on loads from urban land uses and different 

agricultural practices had the largest inpact on loads from the agri¬ 

cultural catchments. Cherkquer (1975) studied two watersheds with 

similar geomorphic characteristics and different levels of urbanization. 

The study goal was to characterize the effect the urban infrastructure 

has on a watershed's hydrologic and water quality response. The urban 

catchment was characterized by lower dissolved constituent parameters 
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because of massive dilution effects from the much larger amount of 

urban storm discharge. Despite lower concentrations, the total dis¬ 

solved load from the urban area was much higher than the rural area. 

Other studies have considered a broader range of the basic land 

uses. Loehr (1974) was one of the first to summarize expected nonpoint 

source concentrations from agricultural, urban, and forest land uses 

in one study. Qneraik (1978) studied the effects of these land uses 

on water quality in watersheds sampled in the National Eutrophication 

Survey and found much higher nonpoint nutrient loads from urban and 

agricultural land uses than forest land uses. This conclusion ms 

echoed in a summary of loads from various land uses compiled by Browne 

(1979) in a literature review for The Journal of the Water Pollution 

Control Federation. 

3.4 Water Quality Relationships and Models - Nonpoint Sources 

Numerous nonpoint source models have been developed to predict 

pollutant loads from nonpoint sources. Several researchers have review¬ 

ed many of the available nonpoint source models. Wanielista studied a 

total of 16 nonpoint models; Cembrowicz analyzed a total of 41 models 

from 11 countries. Wu and Ahlert (1978) assigned four basic categories 

for nonpoint pollution models: zero order, descriptive, direct, and 

statistical methods. Their system of model classification is useful for 

discussing conmon methods used in nonpoint source pollution research and 

for illustrating the basic concepts used in nonpoint modeling. 

The first term, zero order, refers to predicting stormwater loads 

for literature values, such as loading tables for various land uses 
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compiled by some researchers (McElroy, 1976; Wanielista, 1978). This 

method was considered useful only for long term prediction because of 

the inaccuracy inherent in data transfer between different areas. 

Predictive models incorporating rational rainfall/runoff mechanisms 

were included in the "descriptive methods" category. Soils loss equa¬ 

tions originally developed to model the erosion process from cropland 

are now conmonly used as water quality planning tooks, such as for 208 

basin-wide planning (U.S. Environmental Protection Agency, 1977). These 

equations have been adapted to model loads from single storms rather 

than the more corrmon annual load calculation (Gregory and Steichen, 

1978). 

Other descriptive models have included pollution accumulation and 

sediment transport processes to predict nonpoint source pollution. The 

U.S. Environmental Protections Agency's Storm Water Management Model 

(SWMM) conputer model simulates both quality and quantity of urban storm¬ 

water and is capable of modeling complex urban catchments with storm sewer 

and combined sewer systems. It is usually applied to small, highly ur¬ 

banized catchments and requires large amounts of input data (U.S. Environ¬ 

mental Protection Agency, 1971). The U.S. Corps of Engineers STORM 

model is another widely used single storm simulation model. It bases 

runoff water quality on nonlinear pollution accumulation and the 

amount of suspended solids being transported. STORM is not as complex 

as the SWMM model and is used more in a planning-management role than 

in specific design work. 
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The third predictive method, direct calculation, represents a 

simple multiplication of a mean discharge and mean pollutant concen¬ 

tration to determine the mean pollutant mass flow rate. Several meth¬ 

ods have been used to determine representative mean pollutant concen¬ 

tration. Wu and Ahlert (1978) suggested three: 

1. From data acquired from a similar watershed. 

2. From literature data (a "zero order" procedure). 

3. From flow-weighted concentration data obtained 

from grab sampling (a "statistical" method). 

Reckhow (1978) suggested that a flow-weighted concentration times aver¬ 

age flow is the best of these estimation techniques when the concentra¬ 

tion does not vary greatly with flow. Reckhow concluded that the mean 

concentration method used should depend on: 

1. The intended use of data. 

2. Fit of the data. 

3. Mathematical simplicity. 

Wu and Ahlert's last category, "statistical" methods, includes 

techniques such as regression, correlation, and frequency analysis to 

relate runoff loads or concentrations to land use, geomorphic, hydro- 

logic, or management characteristics. Many researchers have employed 

regression analysis in nonpoint pollution studies (Shannon and Rrezonik, 

1972; Muir et al., 1973; Colston, 1974; Radzuil, 1975; Haith, 1976; 

Qnernik, 1976). While Haith (1976a) found regression analysis useful 

in correlating land use with nutrient concentrations in a study of 20 

New York watersheds, he found little correlation between the two in a 
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Cayuga Lake study (1976b). He concluded land use accounted for 89% 

of the in-stream nitrogen concentration variation, 63% of the TSS con¬ 

centration variation, and did not account for any of the phosphorus 

concentration variation in the first study; the Cayuga study regression 

analysis produced "ambiguous" land use correlations. 

Qnernik (1976) used simple linear regression techniques to analyze 

large quantities of grab sample data from 473 watersheds included in 

the National Eutrophication Survey. He found "fair" correlations be¬ 

tween land use (specifically, percentage of urban area plus percentage 

of agricultural area) and nutrient concentrations and poorer correla¬ 

tions with land use and instantaneous pollutant loads. Bradford (1977) 

analyzed several nonpoint pollution studies before 1974 that attempted 

to correlate land use and in-stream concentrations. He concluded that 

direct correlations between land use and stream pollutant concentrations 

have generally not been successful. 

Other researchers have concentrated on carparing various statistical 

methods used on nonpoint source data. Smith and Stewart (1977) used 

eight different data analysis techniques to calculate annual stream 

nutrient loads from daily flow records and grab samples collected every 

8-15 days. The techniques included linear regression, logarithmic 

regression, higher order polynomial curve fitting, and different rising 

and falling flow relations. Analysis of the eight models suggested 

that a log load/log flow regression was the most accurate model and was 

the most effective in handling outliers in the data. The simple linear 
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regression technique seemed to be less accurate than the logarithmic 

model but ms very robust with outliers. 

Weber (1976) analyzed three logarithmic models and a linear re¬ 

gression model with data from 39 western watersheds. He found the 

linear regression superior to the logarithmic transformations in pre¬ 

dicting sediment yield from precipitation and three land use-geomor- 

phic factors. He concluded that a transformation used to satisfy the 

normality assumptions of linear regression analysis should be determined 

from analysis of the distribution of sample residues. 

A final statistical technique involves using linear regression to 

relate storm loads (either instantaneous or cumulative) and storm dis¬ 

charge. Marsalek (1976) correlated total storm pollutant loads to a 

hydrologic characteristic, total storm discharge, for several storms. 

He then analyzed the slopes from the regression analysis to compare dif¬ 

ferent land uses. He also emphasized the importance of good field 

collection techniques to accurately calculate the pollutant loads and 

stream discharges used in this "load-runoff" methodology. 

Bedient, Harned, and Characklis (1978) applied this method success¬ 

fully to several watersheds in the Houston area and used the results from 

the regression analysis to delineate various land uses. Storm loads 

(mass/area) were correlated to total runoff (volume) for four watersheds 

and eight parameters. Twenty-nine of the 32 load-runoff curves pro¬ 

duced correlations greater than .800. Highly urbanized areas showed 

higher TSS and nutrient load-runoff slopes than less urbanized watersheds. 
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Plots of dimensionless cumulative discharge vs. dimensionless cumula¬ 

tive pollutant flux were also constructed to quantitatively evaluate 

and compare first flush effects of the watersheds. 

The load-runoff methodology represented a premising tool to pre¬ 

dict the magnitude of nonpoint pollution loads. This thesis modified 

the existing total load/total flow regression analysis by substituting 

grab sample and instantaneous flow data for total loads and total dis¬ 

charge. The following section discusses work on monitoring considera¬ 

tions, such as the application of grab sample data in monitoring programs. 

3.5 Sampling Design Considerations 

The design criteria of a monitoring program with respect to station 

location, automatic vs. grab sampling methodologies, the frequency of 

sampling, and other factors have been investigated by several researchers. 

Shelley prepared detailed EPA reports on both sampling (1975a) and 

flowmetering (1975b) techniques and included a list and summary of equip¬ 

ment available on the market. In another EPA-sponsored publication*(1970), 

he presented a conplete overview of monitoring techniques for the EPA's 

Nationwide Urban Runoff Program (NUKP). Manpower requirements, cost 

estimates, methods of approach, and sanpling frequency criteria for 

sampling urban runoff from catchments of various sizes and degrees of 

imperviousness were discussed. Marsalek (1973) discussed similar aspects 

of monitoring program design and included comments on sample conposi- 

ting techniques and practical aspects of runoff monitoring. 
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Bumenik and ELiven (1980) evaluated the cost-effectiveness and 

accuracy of "random" grab sample data in a study of four different 

land uses in North Carolina watersheds. They found the grab sample 

approach to be useful in describing general water quality trends 

(rather than mechanistic interpretations) in large watersheds. Also 

included was the observation that the uncertainty in a monitoring pro¬ 

gram is approximately inversely proportional to the square root of its 

budget, as increased grab sampling frequency requires "sampling in two 

dimensions - space and time." 

Reckhow (1978) studied the problem of phosphorus monitoring pro¬ 

gram design on a statistical basis by examining the uncertainty in 

sanpling from all phosphorus sources (tributaries, treatment facilities, 

precipitation, and sediment release). He also detailed means to calcu¬ 

late tributary phosphorus fluxes. One conclusion was that long-term 

sanpling should be performed with respect to flow rather than periodically 

with respect to time; also, separate storm event sanpling should be con¬ 

sidered to reduce monitoring uncertainty. 

3.6 Watershed Management Strategies 

Several studies have focused on developing mass balances for point 

and nonpoint sources for watershed management application (Browne, 1977; 

Randall, 1978; Meckel et al., 1979). Browne developed a comprehensive 

management plan designed to control both point and nonpoint sources to 

an eutrophic reservoir. The enphasis on nonpoint source control was 

on erosion abatement for agricultural watersheds and construction sites. 
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Sedimentation ponds have been examined extensively for applica¬ 

tion to nonpoint source control. Qiaracklis (1979) presented sane 

limited data on the efficiency of a small lake to trap pollutants. 

Amandes and Bedient (1980) developed a computer model STOEEME to aid 

in the design of stormwater detention and sedimentation ponds. Sedi¬ 

mentation removal was based on classical Stokes's law settling mech¬ 

anics developed by Curtis and McCuen (1977). Wanielista (1978) also 

has developed a detention-sedimentation pond design model. 

The institutional implications of nonpoint source management 

have been examined by Blackburn and Rowe (1978) in a Section 208 re¬ 

port for the Houston area. They concluded that governmental regula¬ 

tions are the primary driving force in the implementation of various 

controls on land development. Controls over development location, type 

of development, and implementation of various nonstructural controls 

were also discussed. 



4.0 REVIEW OF HYDROLOGICAL AND WATER QUALITY INFORMATION 

The literature on pollutant load assessment techniques showed 

that many different types of hydrologic and water quality data have 

been applied for calculating pollutant loads. For this thesis flow 

and pollutant concentration data for both the point source and non¬ 

point source analysis were assembled from several sources, including 

both historical records and special monitoring programs designed for 

the project. The data utilized can be separated into two main groups: 

hydrologic data on the tributaries and water quality data for the trib¬ 

utaries and area sewage treatment plants. 

4.1 Hydrological Data Sources 

Hydrologic information was required for all of the major tributaries 

draining into the lake. The U.S. Geological Survey (USGS) has main¬ 

tained gages on most of these streams since the early 1960's; Table 4.1 

and Figure 4.1 show their locations. Historical discharge (or "flow") 

data from 1973 to September, 1978 was obtained from the USGS in the 

form of magnetic tape and subsequent data were obtained from the USGS 

in the form of "preliminary computation sheets;" 

Because of the large size of each tributary’s watersheds, a rela¬ 

tively long hydrologic response time was observed. Generally, 2-4 days 

were required for each stream to reach peak discharge after the centroid 

of the rain event. Because of the slow characteristic time-to-peak 

values, daily discharges were used for all data calculations except data 

from the discrete storm surveys. A special study conpared average daily 
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F igure 4.1 TRIBUTARY SAMPLING SITES 
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TABLE 4.1. lake Houston Tributary Monitoring Stations 

Tributary Stations 

Sampled by Public Works and PHE: 
Cypress Creek at IH-45 
Spring Creek at IH-45 
Caney Creek at FM 1485 
Peach Creek at FM 1485 
East Fork San Jacinto at FM 1485 

Sampled by Public Works: 
West Fork San Jacinto at IH-45 
Cypress Creek at HWY 149 

Sampled by PHE: 
West Fork San Jacinto at US-59 

Sampled by PHE during Storm Sampling Program: 
West Fork at IH-45 
Cypress Creek at HWY 290 

U.S.G.S. Gages 

Cypress Creek at IH-45 
Spring Creek at IH-45 
West Fork San Jacinto at 
West Fork San Jacinto at 
Caney Creek at HWY 105 
Peach Creek at HWY 1052 
East Fork San Jacinto at 

IH-45 
US-591 2 

HWY 105 

1 Part of Lake Houston backwater; stage levels only. 

2 Gage removed in 1979. 
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discharges on the day a sample was taken to the discharge the hour the 

sample was taken. Differences were generally small «15%) even during 

storm events. In the cases where the daily discharges were not used, 

as in the case of the storm surveys, hourly stage readings were used 

with the latest USGS rating curves to produce hourly discharges. 

The large size of the basins allowed other approximations to be 

used. Gages on the West Fork streams were located at or very near the 

water quality sampling stations. On the East Fork, however, gages were 

located 10-20 miles upstream of the water quality stations and corres¬ 

ponding outlet flows had to be estimated from the upstream gaged flows. 

A classical hydrological approximation using the ratio of areas raised 

to a power to estimate flows was used (Table 4.2). This factor was 

used to estimate flows at the mouth of the basin when necessary as well 

as at the downstream water quality stations. 

A linear regression model was used to approximate flows in Peach 

Creek after the USGS gage was removed in 1979. Peach Creek flows were 

assumed to behave similarly to Caney Creek flows as both basins are of 

similar size, shape, slope, and land cover. The following relationship 

was developed from 1973-1978 flow data: 

^Peach ~~ ^Caney .85 ~ 

4.2 Water Quality Data Sources 

Water quality sampling has been undertaken by several agencies in 

the study area. The U.S. Geological Survey has collected a variety of 

chemical and physical data in Lake Houston and its tributaries (USGS, 

1977). A more extensive sampling network has been maintained by the 
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TABLE 4.2. Tributary Flow Adjustment Factors 

Watershed area 
covered by flow 
gage (mi2) + 

Watershed area 
covered by water 
quality sampling 
station (mi2) + 

Cypress Spring W.Fork Caney Peach E.Fork 

285 409 364* 105 113 325 

285 401 507* 182 165 375 

Adjustment factor 
to water quality 
station (AflQ/Ajr^)0*67 1-0° 0.99 1.25* 1.45 

* Does not include Lake Conroe area (approximately 445 mi^) 

+ Areas measured from USGS maps 

1.29 1.10 
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Public Works Department of the City of Houston since 1965 (Public Works, 

1979). The City of Houston Public Health Engineering (PHE) Department 

also gathered grab samples in the area, concentrating on sewage treat¬ 

ment plants in the Cypress Creek/Lake Houston area. The U.S. Environ¬ 

mental Protection Agency (EPA) (1977) conducted a preliminary survey of 

the Lake Houston nutrient situation based on analyses at four sites and 

three time periods during 1974-1975. The Texas Department of Water 

Resources (TDWR) (1975) conducted a survey of the water quality in the 

lake. The TDWR also requires each sewage treatment plant (SIP) to re¬ 

port the quality and quantity of its effluent on a monthly basis. 

During the course of this project tributary sampling was conducted 

every two weeks by PHE from January, 1979 to February, 1980. This 

sampling was done regularly, independent of flow conditions. 

Intensive storm water tributary sampling was done by Rice University 

and PHE to better define the stormwater pollutant load. This effort 

had two main goals: first, to determine the total stormwater pollutant 

contribution to the lake from each tributary; second, to develop rela¬ 

tionships for storm water pollutant loads as a function of runoff and 

general land use. Two week-long storms were sampled at 12-24 hour inter¬ 

vals for this portion of the project. The same parameters were measured 

as in the bi-weekly sampling (Table 4.3). Sampling stations are listed 

in Table 4.1. 

The following is a summary of the data vised for the research: 

1. Monthly tributary grab samples from 1973-1979 

collected by the City of Houston Public Works Department. 
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2. Biweekly tributary grab samples for 1979 

collected by the City Public Health Engineering 

Department (PHE). 

3. Biweekly grab samples of effluent from 23 

Cypress Creek sewage treatment plants from 

June 1978-July 1979 collected by PHE. 

4. Monthly BIP discharge data collected by the 

TDWR from 1979 to 1980. 

5. Daily tributary grab samples of two seven-day¬ 

long storm events in fall 1979 collected by 

Rice University and the PHE. 

6. Tributary discharge data from 1973-1980 

collected by the U.S.G.S. 

All Public Works water quality samples were analyzed for total sus¬ 

pended solids (TSS), nitrate-nitrogen (NO^), and total phosphorus (TP). 

All PHE samples were analyzed for all parameters in Table 4.3. Finally, 

all original data used for analysis and not included in this thesis are 

included in appendices to Environmental Study of the Lake Houston Water¬ 

shed (Bedient et al., 1980). 

4.3 Data Handling with the Statistical Analysis System (SAS) 

To facilitate handling such large amounts of different types of 

data, a computer statistical package at the Rice University computer 

center was employed. All of this data was transposed to computer cards 

and analyzed using the Statistical Analysis System (SAS) (Barr et al., 

1979). SAS was chosen because of its ability to accommodate different 



37 

TABLE 4.3. Chemical Analyses Completed at Tributary Stations 

1. Total Phosphorus (TP) 

2. Soluble Phosphorus (PO4) 

3. Total Kjeldahl Nitrogen (TKN) 

4. Nitrate Nitrogen (NO3) 

5. Nitrite Nitrogen (NO2) 

6. Ammonia Nitrogen (NH3) 

7. Total Suspended Solids (TSS) 

8. Volatile Suspended Solids 

9. Silica 

10. Hardness 

11. Total Organic Carbon 

12. Dissolved Organic Carbon 

13. pH 

14. Dissolved Oxygen* (DO) 

15. Air and Water Temperature* 

16. Total and Fecal Coliform 

* Performed in field 



38 

types of input data, the ease in which SAS can manipulate large arrays 

of data, and the large selection of SAS statistical functions and out¬ 

put choices. The most important data handling functions included: 

1. Merge: used to join together separate 

data sets, such as flow records from two 

different periods. 

2. Sort: used to sort data by data, flow, 

station, year, test, etc. An example where 

this function was used was sorting base flow 

data from the entire data set. 

3. Rank: used to order a data set. The historical 

water quality concentration data was ranked in 

order to construct concentration distribution plots 

(see Chap. 5, "Analysis of Historical Water Quality 

Trends"). 

All of the basic mathematic functions were also available for 

data processing. "If-then" and "go-to" statements were also used fre¬ 

quently to increase the flexibility of data manipulation. 

Several other subroutines were also utilized; the three most 

important ones are listed below: 

1. GUI (General Linear Model): subroutine used 

to perform linear regressions for all of the 

load-runoff curves. The no-intercept option 

was employed and thus only the curve slope 

and the respective correlation coefficient (r2) 

were produced by the modeling procedure. 
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2. ' Means: statistical package calculated means, 

standard deviations, maximums and minimums of 

data set. For example, this was used to deter¬ 

mine the average concentration of the base flow 

data. 

3. Scatter: plotting routine used to produce the 

actual load-runoff plots and the hydrogiraphs and 

mass flux curves for the storm events. The axis 

scaling options and an overlay option, where two 

curves appeared on one plot, were used. 

4.4 Comparison with Other Texas Stream Studies 

Stream loads calculated during this project were compared to loads 

calculated by the Texas Department of Water Resources. The TDM loads 

were reported in "Suspended-Sediment Load of Texas Streams (Report 233)" 

(Dougherty, 1979) and represent at least nine years of data up to 1975. 

This project’s loads from 1975 were compared to mean loads reported by 

the TDWR (Table 4.4). In general, the loads matched relatively well. 

The TDWR average load for the East Fork was higher than the 1975 Rice 

University-PHE load for the East Fork and the total Lake Houston load 

calculated by this project was greater than that of a similar watershed 

monitored on the Neches River by the TDWR. 

In 1974 tributary nutrient loads into Lake Houston were calculated 

as part of the EPA's National Eutrophication Study (USEPA, 1976). 

Monthly samples were taken from September, 1974 to August,1975 on each of 

the lake's tributaries and multiplied by the respective mean annual flow 
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TABLE 4.4 Comparison With Other Texas Suspended Solids Studies 

TSS 
Data 
Source 

Area 
(mi2) 

Load Range 
(Kg/ha/yr) 

Mean TSS Load 
Kg/ha/yr 

East Fork 
at Hwy. 1485 Rice-PHE 325 71- 248 142 

East Fork 
at Hwy. 105 TDWR 325 7-1830 249 

Cypress Creek 
at IH-45 Rice-PHE 285 275-1208 557 

Navidad River 
at Hallétsville TDWR 332 91-1191 508 

Lake Houston 
Load Rice-PHE 2828 116- 399 218 

Neches River 
at Diboll TDWR 2724 18- 136 74 

Trinity River 
at Crockett TDWR 13,911 123- 550 438 

Brazos River 
at Richmond TDWR 35,441 105,9772 2405 
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to obtain total loads. The point source contribution was estimated at 

1.13 kg P/capita/year and 3.40 kg N/capita/year, and populations were 

estimated on the basis of .378 m3/capita/day using reported plant flows. 

The Rice University-PHE study found slightly lower nitrogen loads 

(1821 x K)3 kg/yr. vs. 2204 x 10^ kg/yr.) and much higher phosphorus 

loads (1367 x 10^ kg/yr. vs. 304 x 10^ kg/yr.) than the EPA study. The 

Rice University-PHE study also estimated lower point source percentage 

contributions to total lake loads for both nitrogen (5% of lake load) 

and phosphorus (9% of lake load) compared to the EPA study (22% of 

nitrogen lake loads and 47% of phosphorus lake loads from point sources). 

The difference in the total loads is probably due to the averaging tech¬ 

niques employed by the EPA: by averaging the data from 12 sampling runs 

the EPA data was not flowweighted. The EPA point source contribution 

was estimated by using literature values together with the effluent flow 

rate rather than actual sampling of the effluent. The Rice University- 

PHE study is probably more accurate as it has a more comprehensive data 

base and employs flow-weighting to calculate total loads. 



5.0 ANALYSIS OF HISTORICAL WATER QUALITY TRENDS 

5.1 Overview 

An analysis of the changes in water quality over time was performed 

to qualitatively compare streams and to document the effect of urbani¬ 

zation. A general comparison procedure that did not distinguish storm 

data and low flow data was used on the 1973-1978 Public Works data. The 

method used probability distribution plots generated by SAS to represent 

the set of pollutant concentrations or pollutant instantaneous loads 

over various time intervals. For the final data analysis, two intervals, 

based on land use trends, were vised to study water quality trends during 

the 1970's: the interval 1973-1975 was compared to 1976-1978 for each 

stream. 

5.2 Results 

Total phosphorus (TP) concentrations were very high in Cypress Creek 

relative to the other streams and have increased sharply over time 

(Figure 5.1 and 5.2). From 1973-75 to 1976-78 average concentrations 

at the downstream station at IH-45 have almost doubled and the percen¬ 

tage of samples with TP concentrations greater than 10 mg/1 have in¬ 

creased from 0% to 17% (6 of 35 sanples). The TP values from upper 

Cypress Creek at Hwy. 149, representative of a relatively undeveloped 

watershed in 1973-75, increased and were much higher in the 1976-78 

period. The concentration distribution of upper Cypress in 1976-78 was 

similar to the distribution in lower Cypress at IH-45 during 1973-75. 

Thus, from a water quality standpoint, the upper portion of the Cypress 



2
1
1
 

43 

m 
t» K 
> 

in 
TT 
I 

CO 
£ 
co 
0 

CO 

co 0 
CO .c 0 J- 
SL° > = 
o < 

I I 
I I 

I 
m 

Cl/6oi)snjoqdsoiid lejoj. F
I
G
U
R
E
 
5
.
1
 

P
R
O
B
A
B
I
L
I
T
Y
 
C
O
N
C
E
N
T
R
A
T
I
O
N
 
C
U
R
V
E
S
 
(
T
P
)
 
F
O
R
 
P
E
R
I
O
D
 
1
9
7
3
-
7
5
 



44 

m 

T3 
<U 
7D 
CD 
CD 
a 
X 
LU 

O 

*o 
a? 
CO 
3 
cr 
LU 

a 
3 
CO 
> 
CD 
E 

H 

F
I
G
U
R
E
 
5
.
2
 

P
R
O
B
A
B
I
L
I
T
Y
 
C
O
N
C
E
N
T
R
A
T
I
O
N
 
C
U
R
V
E
S
 
(
T
P
)
 
F
O
R
 
P
E
R
I
O
D
 
1
9
7
6
-
7
8
 



45 

Creek watershed seems to be at the same state of urban development as 

the lower part of the watershed was in the 1973-75 period. 

Total phosphorus concentrations from the other streams were much 

lower and relatively unchanged over time. Only one sample from all 

the other streams during the 1973-78 period was greater than 10 mg/1 

(.6% of all the samples from all the other streams) and only 7 samples 

were greater than 3 mg/1 (4% of all sanples). 

Cypress Creek at IH-45 almost always had greater total suspended 

solids (TSS) concentrations than any other stream. Over a fourth of 

the sanples taken at the Cypress Creek at IH-45 from 1973-78 had TSS 

concentrations greater than 160 mg/1; the East Fork did not have any. 

The Cypress Creek average TSS concentration from 1975 to 1978 was 131 

mg/1, almost four times the East Fork's average of 34 mg/1. 

The effect of sudden storm events acting on different land uses 

was particularly visible in the TSS concentrations. A sudden storm 

event in March, 1975 increased Cypress Creek at IH-45 discharge from 

17 to 1,000 cfs in under 24 hours; the TSS concentration near the peak 

of the storm was 1,087 mg/1. The same storm increased East Fork dis¬ 

charge from 152 to 722 cfs and yet the TSS concentration was only 34 mg/1 

at peak flow. 

The difference between Cypress Creek and the other streams’ TSS 

concentrations was greater in 1973-75 than 1976-78 because of the greater 

number of storms in the early period. The increased runoff affected 

the developing watershed much more than the undeveloped ones. 
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Cypress Creek at IH-45 also had the highest nitrate (NO3) values 

of all the streams for both periods. These concentrations did not 

increase greatly over time. Upper Cypress Creek (at Ewy. 149) and 

Spring Creek NOg concentrations did increase significantly, however. 

During 1973-75 NOg concentrations from these two stations were very 

close to those of the undeveloped watersheds such as the East Fork. 

By the 1976-78 period, concentrations had increased at these two 

stations to levels much closer to the high values found at Cypress 

Creek at IH-45. 

Analysis of the distribution of instantaneous loads showed Cypress 

Creek carried the heaviest TSS loads into the lake despite higher 

average annual discharges in the West and East Forks and Spring Creek. 

The West Fork generally had the largest nutrient loads, although 

Cypress Creek TP loads were very close to that watershed's loads by 

1976-78. 

The 1979 sampling data collected by PHE demonstrated many of the 

same trends; e.g., large TSS loads in Cypress Creek, Spring Creek NO3 

concentrations falling between Cypress Creek and East Fork values. The 

data was affected by the very high flows for the year. The West Fork 

was sampled at US-59, which is part of the lake's backwater, and could 

not be directly compared to the earlier Public Works data. A complete 

presentation of details and final results on nonpoint source trends is 

contained in Chapter 7. 



6.0 POINT SOURCE ANALYSIS 

6.1 Overview 

Effluent from 28 sewage treatment plants (STP's) discharging 

into Cypress Creek was sampled bimonthly by the PHE from June, 1978 

to June, 1979. The samples were analyzed for a total of ten para¬ 

meters (Table 4.3). Instantaneous flow measurements were also taken 

for seme plants during sampling. 

Biochemical oxygen demand (BCD), total suspended solids (TSS), 

and amnonia-nitrogen (N-NH^) data were compared to state standards 

to determine the frequency of effluent violations. BCD, nitrate- 

nitrogen (NOg) and total phosphorus (TP) data were studied to determine 

plant reliability, the nature of any mechanical or infiltration- 

related plant upsets, and to calculate the loads discharged into Cypress 

Creek relative to nonpoint loads and low flow loads (loads transported 

by the streams during dry weather). 

6.2 Methodology 

Inspection of the instantaneous flow data shows most plants were 

affected by large storms. Some of the samples were taken while up to 

four times the average process flow was being handled by the plant. The 

high flows were probably the result of rainwater infiltrating the collec¬ 

tion system. 

In addition, analysis of the effluent quality data shows that some 

samples had very high concentrations of some of the pollutants. Some 
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BCD values, for example, were over 150 mg/1 BCD and were in the untreated 

sewage range. 

A computer program was written to study the high flow and high 

concentration data and determine whether they were infiltration-related 

or primarily due to process control problems. The analysis was performed 

only on plants upstream of the instream sampling station, IH-45. These 

plants represent about 82% of the total sewage plant discharge into 

Cypress Creek. The program calculated a mean and a standard deviation 

for each of the plants for the BCD, “d IP data. Then the highest 

concentration of each parameter was removed and the mean and the stan¬ 

dard deviation were recalculated. The removed value was examined by 

determining the number of standard deviations the -value differed from 

the new mean. A value was considered an upset if it was more than three 

standard deviations from the new mean. (The analysis was also performed 

using a two standard deviation limit; it was not used, as most of the 

plants’ data were then labeled as upset samples.) The program then 

removed all upsets until all the remaining values were within three 

standard deviations of the mean. 

The same procedure was performed on the STP flow data to define 

high plant flow. Then the frequency of upsets at high flow was compared 

to the frequency at low flow. 

Loads from each plant above IH-45 were calculated by multiplying 

the average concentration of the three water quality parameters by the 

average daily discharge reported by the plant operators to the Texas 

Department of Water Resources. This average discharge was used instead 
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of the instantaneous discharge because the latter represented a peak 

flow (most of the samples were taken in the late morning when plant 

flows are highest) and because the instantaneous discharge data were 

not complete. 

Pollutant loads transported by the creek during low flow periods 

were calculated by averaging concentrations from low flow samples 

( <15 cfs) taken during 1978 and 1979 and multiplying by 10 cfs and 

20 cfs. These representative Cypress Creek low flow discharges were 

considered accurate because 16% of the daily discharges during the low 

flow year were less than or equal to 10 cfs and 40% were less than or 

equal to 20 cfs. These pollutant loads transported by the stream were 

compared to upstream treatment plant loads to determine if significant 

nutrient uptake occurred during the low flow transport process. 

6.3 Point Source Analysis Results 

The BOD, TSS and N-NHg effluent data from eight of the largest 

plants (both upstream and downstream of IH-45) were compared to the 

State of Texas grab sample standards (column II standards) where 

any single sample in excess of the standards is in violation of state 

law (Table 6.1). Sample data from the eight plants showed: 

A. 58 of 209 BCD samples (28%) exceeded the state's 

BOD grab sample standard of 35 mg/1. 

B. 48 of 213 TSS samples (23%) exceeded the state's 

TSS grab sample standard of 60 mg/1. 

C. 56 of 182 N-NHg samples (31%) exceeded the state's 

N-NHg grab sample standard of 15 mg/1. 
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TABLE 6.1. Percentage of Samples in Violation of Grab Sample Standards 
(Column II Standards) by the Eight Large Cypress Creek 
Sewage Treatment Plants, 1978-1979 

Plant 

TOO 
Permit 
Number 

BCD 
Standard 
= 35 mg/1 

% 

TSS 
Standard 
» 60 nqg/1 

% 

N-NH3 
Standard 
= 15 mg/1 

% 

Ponderosa 
Joint 
Powers 

TO 
0011081 

Inverness 
Forest 

TO 
0010783 

Lake Forest 
Harris County 
MUD #18 

TO 
0011084 

Prestonwood 
Forest ID 

TO 
0011089 

Harris 
County 
FWSD #52 

TO 
0010528 

CCWDA 
Klienwood 
Central STP 

TO 
0011409 

GCViDA 
Timberlane 
Central STP 

TO 
0011142 

Harris 
County 
TOID #110 

TO 
0010792 

50 45 57 

14 14 24 

28 32 32 

63 53 39 

13 4 33 

5 5 33 

26 17 19 

33 25 29 

Minimum Number of Samples « 14 
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Hie Ponderosa Joint Powers Plant and the Prestonwood Forest Plant had 

the largest numbers of violations. 

A comparison of the upset frequency (Table 6.2) shows BCD and NOg 

concentrations were much more likely to upset than TP concentrations. 

This is probably because plants using secondary treatment processes are 

not designed to process phosphorus moving through the system. 

The frequency table also shows high flows were not responsible 

for the majority of the upsets; the frequency of upsets during high 

flow was similar to the frequency during low flow. By normalizing 

each concentration upset by dividing by the mean concentration of the 

plant responsible and plotting that value against a normalized instan¬ 

taneous flow for the plant (Figure 6.1), it appears most of the upsets 

occurred in the average flow range. Thus most of the treatment problems 

that caused the discharge of mostly untreated sewage were the result of 

operational difficulties rather than infiltration of rainwater. This 

analysis is not exact, however, as only a total of seven BCD and seven 

NOg upsets were recorded for the plants with complete flow data. 

Tbtal loads were assumed to be loads calculated with the upset 

samples. Analysis of the loads calculated with and without the upsets 

(Table 6.3) shows that plant upsets were responsible for 55% of the 

total point source NOg load above IH-45. The portion of the BCD and TP 

load from plant upsets was much smaller. 

The total point source load calculation only considered plants 

upstream of IH-45 in order to compare plant loads with loads transported 
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TABLE 6.2. Frequency of Sewage Treatment Plant Upsets : Cypress Creek 
Plants Upstream of IH-45 

Pollutant 
Parameter 

No. of 
upsets 

High Flow 

No. of Frequency 
samples of upsets 

Average Flow 

No. of No. of Frequency 
upsets samples of upsets 

BCD 1 7 14.3 6 85 7.1 

NS3 1 7 14.3 6 53 11.3 

TP 0 7 0 1 53 1.9 

TABLE 6.3. Average Total Loads from Cypress Creek Sewage Treatment Plants 
Upstream of IH-45 

Total Load 
With Upsets 
(Kg/day) 

Load 
Without Upsets 

(Kg/day) 

% of Load 
Frcxn Upsets 

% 

B0D5 646.8 574.3 11.2 

^3 
119.3 53,3 55.3 

TP 173.1 170.1 1.7 
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by the creek. (Six plants discharge below IH-45 and contribute about 

18% of the total treatment plant discharge to Cypress Creek. The per¬ 

centage of the BCD, NOg, and TP load is probably similar.) During low 

flow on Cypress Creek (< 15 cfs) the discharge from upstream treatment 

plants (8.1 cfs) makes up almost all of the Cypress Creek flow. Analysis 

of the actual sewage treatment plant loads and the nutrient loads trans¬ 

ported by Cypress Creek during low flow periods (Table 6.4) suggests 

that for prolonged dry conditions (discharge less than 10 cfs) a small 

amount (1-2%) of nutrients settle out in the stream bed. 

Comparison of the 22 plants upstream of IH-45 shows the Fonderosa 

Plant produced the largest pollutant loads to the creek of all plants 

(Table 6.5). The nine largest plants contributed the majority of total 

point source load. This suggests that future studies might concentrate 

on sampling these plants along with two of the larger plants downstream 

of IH-45 (Treschwig and Timber land) to easily approximate point source 

loads to the creek. 

6.4 Point Source Loads Tb Other Tributaries 

The data from the 22 Cypress Creek STEP'S above IH-45 were used 

to estimate nutrient loads from the 38 other plants around the watershed 

(Table 6.6). Load:daily discharge ratios for NOg and TP from the group 

of 22 STP's were multiplied by the sum of the STP daily discharges from 

the other tributaries and lower Cypress Creek. This produced nutrient 

point source loads in all of the other stream segments. (STP's above 

the Lake Conroe dam in the West Pork watershed were not included in the 

West Pork point source loads as low flow transport is usually interrupted 
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TABLE 6.4. Cypress Creek Instream Low Flow Load Compared 
to Actual Sewage Treatment Plant Load 

Mean Low Pollutant 
Flow Pollutant Pollutant Load from 

Concentration Load at Load at 23c 

1978-1979 10 CFSa 20 CFSb STP's 
(mg/1) (Kg/day) (Kg/day) (Kg/day) 

(1) (2) (3) (4) (5) 

4.8 118 236 119 

TP 6.1 149 298 173 

a 16% of days during representative dry year had flows <10 CFS. 

b 40% of days during representative dry year had flows <20 CFS. 

c Mean discharge from STP's = 8.1 CFS. 

* cfs = 0.28 no?/sec. 
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TABLE 6.5. Cypress Creek Point Source Loads' Percentage of Total 
Sewage Treatment Plant Load Upstream of IH-451 

largest Location 
Nine River Mile % of Total SIP Load 
Plants (Mile Up Tributary) BCD NC>3 TP 

Ponderosa 12.8 37.7 28 24.1 

lake Ibrest 23.6 13.8 1.4 7.7 

Harris #110 9.8 (.1) 11.0 4.3 5.4 

Prestonwood 22.7 (1.7) 10.4 2.4 6.6 

Harris #52 19.2 5.8 9.7 6.2 

KLienwood 18.1 . 4.3 13.1 12.2 

Harris #91 11.8 (.9) 1.9 3.8 9.5 

Bammel 17.4 (1.7) 1.9 4.7 6.8 

Harris #116 18.8 1.2 6.1 4.0 

Total 9 plants 88.0% 82.3% 73.5% 

llH-45 is at river mile 8. 
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TABLE 6.6 

Cypress Creek 
Above IH-45 
Below IH-45 

Spring Creek 

West Ibrk* 

Caney Creek 

Peach Creek 

East Ibrk 

Luce Bayou 

TOTAL 

Sewage Treatment Plant Loads to Lake Houston 
Tributaries - 1980 

Number 
Plants 

Average STP 
Daily 

Discharge 
(mgd) 

Average STP 
NO3 
Load 

(Kg/day) 

Average STP 
TP 
Load 

(Kg/day) 

22 8.10 119 173 
8 1.11 17 24 

12 3.05 45 65 

11 3.67 54 78 

3 .11 2 2 

1 .02 .3 .4 

3 .53 8 11 

0 0 0 0 

16.62 245 354 

(26 CFS) (89xl03 Kg/yr) (129xL03 Kg/yr) 

♦Does not include plants above Lake Conroe dam. 
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going through lake Conroe). The sum of all the SEP loads was used to 

calculate the point source contribution to the lake's annual load 

(Table 7.5, Chapter 7) and for comparison with the EPA's Eutrophication 

Study (Chapter 4.4). 



7.0 TRIBUTARY LOAD CALCULATIONS 

7.1 Overview 

The methodology to evaluate tributary pollutant loads to Lake 

Houston was designed to determine point and nonpoint loads for a 

representative dry year (1977), an average flow year (1975), and a 

wet year (1973) for the present urban conditions in the watershed. 

The method was designed to utilize periodic grab sample data collected 

by the Public YSbrks Department from 1973-1979, which made up the bulk 

of the information available in the study. In addition, a second 

method using the data from two storm events sampled by the PHE was 

used to compare and verify the grab sampler results. A hydrologic 

separation technique was used to determine the contribution of the total 

Lake Houston TSS loads from urban areas. Two different management 

options utilizing sedimentation ponds were studied using this method. 

7.2 Stream load Determination by Grab Sample Methodology 

The sample data were statistically separated into low flow samples 

and storm samples. Initially, the daily flow records from 1973-1979 

were used to determine the lowest 30-day, 14-day, and 7-day moving 

average for each year at each station. The resulting flows fluctuated 

a great deal from year to year and did not seem applicable in distin¬ 

guishing days with discharges dominated by direct runoff and days with 

discharges composed of base flow. 

The next method used the daily flow records to construct (using SAS) 

one discharge distribution plot for each year per station. The curves 
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were generally horizontal and linear from the 0% to 50% "greater 

than or equal to" portion of the abscissa, which represented steady 

low flow values. For the 50% to 100% portion of the abscissa, the 

plot curved upward and the flows increased toward the maximum value for 

the year. On all of the plots the dividing line between these two sets 

of flows was around the 50% "greater than or equal to" point, which 

represented the median value for the year. Thus, flows above the median 

value for their respective year were labeled storm flows. 

Low flow discharges were defined as the lowest median discharges 

from 1973 to 1979. This definition was used because during a drought 

year (such as 1977) the median value is almost certainly not influenced 

by any direct runoff and probably only slightly affected by any inter¬ 

flow from storm events, and represents mostly groundwater flow and man¬ 

made discharges. 

With these definitions any sample collected on a day with storm 

flow was used as a storm sample, and any sample collected on a low flow 

day was used as a low flow sample. Some samples were collected on days 

that did not represent storm flow or low flow and were not used in the 

data analysis. These flow values were below the median value for their 

respective years and were greater than the lowest yearly median value 

for the 1973-1979 period. These values were not used as storm values 

as they represented a mixture of base loads and storm loads; no one 

type of load predominated and could be used for load characterization. 

This approach appeared to work well, as generally most of the flow values 

were either much lower than the dividing line (low flow) or higher 
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(storm flow); there were no long wet periods which maintained high low 

flow values or low storm flow values. Overall, this method seemed to 

provide an additional degree of accuracy over arbitrarily choosing 

storm flow values or relating storm flow values to the sparse rain gage 

data in many of the watersheds. 

After storm samples were separated from low flow samples, low 

flow loads (base loads) for each stream were calculated. An average 

low flow pollutant concentration from 1976-1978 was multiplied by a 

statistically determined low flow discharge. These loads generally 

represented point source discharges for the more urbanized watersheds. 

A load-runoff calculation was used instead of average concen¬ 

trations for stormwater samples, since the randan grab samples did 

not represent average conditions with respect to flow. Analysis of 

the USGS flow data shows that a large portion of the yearly discharge 

into the lake occurs during a very few large storm events lasting only 

a few days. During the representative wet year (1973) over 60% of the 

total Cypress Creek discharge was due to storm flow lasting a total of 

33 days (or 9% of the time) (Table 7.1). Therefore, a flow-weighted 

linear regression technique relating instantaneous loads from grab 

samples to daily discharge was developed. The load-runoff methodology 

weights the less frequent high flow samples to reflect the large frac¬ 

tion of the yearly discharge associated with these high flows. 

Instantaneous load-runoff curves were constructed by utilizing a 

linear regression routine in a statistical computer package. Tbtal 

suspended solids, NOg, and TP loads for each sample from 1973-1979 
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TABLE 7.1. Average Discharge and Percentage of Discharge from Large 
Storms for Various Flow Conditions 

Representative Average 
Flow Total large 

Conditions Discharge Storm 
at Gage Discharge 
(CFS) (CFS) 

% Days 
With Flow 

> High 
Flow 
(%) 

High Flow 
Discharge 

Total Discharge 
(%) 

Cypress 
Creek Wet 446 1500 9 60 

Medium 202 1500 4 41 
Dry 105 1500 2 39 

Spring 
Creek Wet 618 2000 10 66 

Medium 277 2000 3 35 
Dry 203 2000 3 52 

West Fork 
Wet 788 
Medium 612 * # * 
Dry 421 

Caney 
Creek Wet 335 1000 4 50 

Medium 187 1000 2 28 
Dry 99 1000 1 23 

Peach 
Creek Wet 302 ' 

Medium 171 * * * 

Dry 72 

East Fork 
Wet 664 2000 8 56 
Medium 381 2000 4 33 
Dry 192 2000 2 30 

* 
Not calculated 
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taken during high flows were calculated by multiplying the concentration 

by the respective daily discharge. The low flow load from each sample 

point was then subtracted and the load converted from mg/1 • CFS to 

kg/year £893.1 (Kg/yr)/(mg/l • CFS)]. Each curve was developed from 

30 to 44 high-flow data points. Curves for three streams are shown in 

Figure 7.1. Yearly nonpoint loads were calculated by multiplying the 

load-runoff slope by the average flow for the representative wet, average, 

or dry year. Total loads were calculated by adding the low flow loads 

to the nonpoint loads. Luce Bayou loads per unit area were assumed to 

be equal to the East Fork loads per unit area for the total lake load 

calculation. 

Of the approximately 460 samples, 219, or 47%, were designated 

storm samples. Of these, one TP, two TSS, and five NOg samples were 

considered outliers from the analysis and removed from the regression 

calculation. The unusual nature of all the removed outliers could be 

attributed to heavy first flush concentrations during the beginning of 

very large storm events or to the significant dilution of pollutants 

(especially NO^) after many days of very high flow. Without the out¬ 

liers, the 18 load-runoff curves (three parameters oh six streams) all 

Q O 
had r values greater than .63 except two (r = .48 and .54) and eight 

had r^ values greater than .80 (Table 7.2). 

Regressions were also performed for each stream after samples were 

separated into groups by year, by set of years (1973-1975 and 1976-1978), 

and by flow (excluding very high flow sanples). Tie correlation co¬ 

efficients of the new curves were usually very low, suggesting a poor 
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FIGURE 7. LOAD RUÎïOFF CURVES - PERIODIC GRAB SAMPLE DATA 
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TABLE 7.2. Load Runoff Slopes and Coefficients of Correlation 
(r2) 1973-1979. Grab Sample Methodology 

Load-runoff-Slope 
(mg/1) 

Correlation Coefficient 
r2 

TSS N03 TP TSS NDg TP 

Cypress 
Creek 242 .7 .5 .67 .54 .63 

Sipring 
Creek 49 .4 .80 .48 .98 

West 
Pork 59 .8 .6 .66 .68 .71 

Caney 
Creek 78 1.1 .6 .66 .94 .95 

Peach 
Creek 174 .8 .7 .77 .91 .96 

East 
Pork 40 .9 .6 .86 .65 .89 

Note: Minimum of 30 sanples for each regression. 

Luce Bayou flows and load-runoff slopes derived from East Fork data. 
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fit to the data due to the reduced number of samples, and did not seen 

to provide any additional information. 

7.3 Mass Flow Analysis from Intensive Storm Data 

Two actual storms were sampled during fall, 1979 by the PHE and 

Rice University. SAS was used to plot the hydrographs and mass flow 

curves for each station for both storms (Figures 7.3 and 7.4). Inte¬ 

gration of the curves by computer gave cumulative loads and cumulative 

runoff for each parameter on all streams for both storms. A second 

load-runoff analysis was performed on this data to verify the grab 

sample methodology. Thus, for each parameter on each stream, two 

cumulative load/cumulative runoff points were used to calculate a load- 

runoff slope through the origin (Figure 7.4). The slopes can be com¬ 

pared to the grab sample load-runoff curves (Figure 7.1). 

7.4 Periodic Grab Sample Load-Runoff Results 

Total pollutant loads and loads per unit area were calculated 

using the load-runoff methodology for all six streams. As expected, 

Cypress Creek TSS loads were much higher than TSS loads from the less 

developed watersheds (Table 7.3). The total load for the Cypress Creek 

watershed was greater than loads from any other watershed, including the 

West Fork, which has three times the area (Table 7.4). The high Cypress 

Creek loads can be attributed to the higher level of urbanization and 

agriculture in the watershed and the intense construction activities 

occurring there. 

Despite the presence of some development, Spring Creek TSS loads 

were lower than the East Fork TSS loads. One contributing factor is the 
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higher historical runoff rates in the East Fork (9.3 inches per year) 

compared to Spring Creek (6.9 inches per year). 

Loads from the two smaller watersheds, Peach and Caney Creeks, 

were high considering they were relatively undeveloped. This was 

probably due to two factors: first, the close proximity of construction 

and developed areas (near US-59 and FM 1485) to the sampling stations; 

and second, the greater water quality response of smaller watersheds to 

pollutant loads. In larger basins there is a much greater opportunity 

for pollutants to be assimilated or trapped before being carried off 

into the stream. Also, many times larger basins will mask pollutant 

loads with runoff from relatively undeveloped areas upstream. This is 

the case on Spring Creek and the West Fork which have much larger up¬ 

stream forested areas than Peach Creek or Caney Creek. 

Low flow conditions contributed a large fraction of the total 

nutrient loads in the lake during the representative dry year (Table 7.5). 

The Cypress Creek low flow load alone contributed 6% of the NO^ and 12% 

of the TP to the total dry year lake loading. Cypress Creek NO^ loadings 

in the dry year were split almost equally between low flow sources and 

nonpoint sources while low flow TP loads were twice the nonpoint load. 

Point sources were responsible for about 25% of the low flow (short 

term dry weather) NO^ load and 70% of the low flow TP load to Lake Houston. 

The remaining portion was due to natural sources, such as decaying 

forest material, or other man-made sources, such as septic tanks. Almost 

all the low flow load on Cypress Creek was due to sewage treatment 

plants (see point source analysis, Chapter 6). 
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TABLE 7.5. Tbtal and Low Flow Loads into lake Houston 
All Flow Conditions 

Représentâtive 
Flow Condition 

TSS 
Kg/yr * 10“3 

NOo 
Kg/yr • 10“3 

TP 
Kg/yr • 10"3 

Total Wet 292,000 2,900 2,300 

Load Medium 159,000 1,800 1,400 

(Kg/yr x 10“3) Dry 85,000 1,100 800 

% % % 

Low Wet 2 12 8 
Flow 
Load Medium 4 19 14 

Tbtal Load Dry 8 30 22 
% 

Point Source Load Wet - 3 6 

Tbtal Load Medium - 5 9 

% Dry - 8 16 

Note: Low flow load is load into lake during short-term dry periods 
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Hie representative wet year produced several times the pollutant 

load of the dry year. The wet year showed 3.5 times the TSS load, 

2.4 times the NOg load, and 2.8 times the TP load when compared to the 

dry year (Table 7.5). 

The load-runoff curves developed from grab samples appeared to 

work better for TSS loads than for nutrient loads. Contrary to expec¬ 

tations, the load-runoff slopes from the nutrient data on both Cypress 

and Spring Creeks were very similar to streams in the undeveloped 

watersheds (Figure 7.1, Table 7.2). Because of this, the load per area 

calculation showed similar or higher nutrient loads from the relatively 

unpopulated East Fork than from Cypress and Spring Creeks. 

One factor contributing to these results is the highly variable 

nature of the urbanizing watershed’s nutrient concentrations during a 

storm event. In the December, 1979 storm event, TP concentrations in 

Cypress Creek varied from 2.26 mg/1 to 0.39 mg/1 and NOg concentrations 

ranged from 2.61-0.35 mg/1. The respective concentrations from the 

East Fork were much analler: 0.46-0.25 mg/1 for TP and 0.53-0.28 mg/1 
* 

for N0g. The variability on Cypress and Spring Creeks is probably a 

result of different land uses; the urban load on Cypress Creek, for 

example, is very pronounced during the first flush of a storm event and 

then seems to be masked by the higher flows of the undeveloped portion. 

The Cÿpress Creek and Spring Creek nutrient load-runoff slopes were 

also heavily influenced by several very high flow-related sanples where 

lower than average nutrient values were observed and were probably the 

result of dilution by high flows. 
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7.5 Intensive Storm Sampling Results 

Analysis of the hydrographs and pollutant mass flow curves from 

the two storms sampled, October 31-November 2, 1979 and December 12-16, 

1979, show large differences between the stormwater characteristics of 

Cypress Creek and the undeveloped watersheds (Figures 7.2 and 7.3). 

For the December storm, an urban runoff peak on Cypress Creek appeared 

early during the storm event (approximately 12 hours after the first 

rise of the hydrograph) and showed high concentrations of TSS (2200 mg/1), 

NOg (2.3 mg/1), and TP (2.6 mg/1). A second runoff peak from the un¬ 

urbanized sections of the watershed occurred about 30 hours after the 

first peak and had lower pollutant concentrations. The undeveloped 

East Fork (Figure 7.3) had two poorly defined peaks, probably due to 

rainfall distribution, and the pollutant concentrations were generally 

much lover than those seen on Cypress Creek. The October storm was 

similar to the December storm, although it was much smaller. For Cypress 

Creek the urban runoff peak was larger than the following undeveloped 

peak, and stormwater concentrations during the urban first flush were 

smaller. 

A closer examination of the Cypress Creek December storm shows 

about 75% of the TSS load was due to the first flush peak. If the TSS 

concentration of the first flush had been reduced from approximately 

2200 mg/1 to 500 mg/1, a 66% reduction of the total Cypress Creek TSS 

load would have occurred. 

The loads from the two storms were applied to a cumulative load- 

runoff methodology and were compared to the periodic grab sample load- 
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runoff results. This cumulative load-runoff method was used in the 

PHE-Rice University study of Brays Bayou and incorporates samples 

taken throughout a storm event to yield cumulative storm loads after 

integration of the mass flow. These cumulative loads, one from each 

storm event, are then used with their respective cumulative discharge 

(Tables 7.6 and 7.7) to develop a cumulative load-runoff slope. The 

cumulative load/cumulative runoff analysis of the two storms showed 

Cypress Creek had the largest TSS, NOg, and TP curve slopes (Table 7.8). 

Then this method is compared to the grab sample load-runoff method, 

the cumulative load method slopes are roughly equal to the grab sample 

slopes for TP, smaller for NOg, and larger for TSS. The cumulative 

load method did not appear to underpredict the developing watersheds' 

nutrient loads. Cypress Creek had by far the largest NOg and TP load-, 

runoff slopes and Spring Creek had a higher NOg load-runoff slope than 

any developed watershed. (Figure 7.4). 

The storm sample methodology is probably more accurate in that it 

integrates storm loads to account for the greater variability in storm¬ 

water rather than predicting storm loads with instantaneous grab sample 

loads. With only two storm events, one of them a small-moderate storm, 

the accuracy of the storm sample cumulative load-runoff slopes is un¬ 

certain. Thus, the grab sample methodology was used for obtaining the 

total lake loads and the individual stream loads (Tables 7.3, 7.4, and 

7.5). With data from one or two more sampled storms the cumulative 

load-runoff method would probably be more accurate than the storm load 

methodology. 
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3000 “ 

250 500 

slop#*i57.0 mg/i 

slop*! 94.0mg/! 

Slop*! 0,7 mg/1 

Slop#* 0^mg/| 
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Q SPRING 

CUMULATIVE DISCHARGE ( Ft3 » 10~6 ) □ E.FORK 

Figura 7.4 Cumulative Load-Runoff Curves from 

Intensive Storm Sampling Data 



TABLE 7.6. Pollutant Loads from Storm of October 30 - November 5, 1979 

Total 
Discharge 

Peak 
Dischargel 

Cumulative Load 
(Kg.10-3) 

(Ft3*10“®) (CFS) TSS ®3 
TP 

Cypress Creek 
IH-45 136 1071 3522 2.5 5.3 

Spring Creek 121 521 1177 1.9 2.4 

West Fork 117 1080 1283 1.2 2.3 

Caney Creek3 66 555 728 .5 .7 

Peach Creek3 56 472 305 .3 .4 

East Fork3 115 638 552 .6 .7 

1 At Rice U.-PHE storm sampling stations. 

2 Flow adjusted by area adjustment factor, Table 4.2 
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TABLE 7.7. Pollutant Loads from Storm of December 12-17, 1979 

Total 
Discharge 

Peak 
Discharge1 

Cumulative Load 
(Kg-lO-3) 

(Ft^lO-6) (CFS) TSS N03 TP 

Cypress Creek 
IH-45 
HWY 290 

523 1995 
877 

6175 123 225 

Spring Creek 260 1184 959 4.2 5.4 

West Fork 435 1830 860 4.2 3.3 

Caney Creek3 146 1198 681 1.4 2.9 

Peach Creek2 124 1018 492 1.1 1.9 

East Fork2 273 1067 631 3.5 7.0 

1 At Rice U.-PHE storm sampling stations. 

2 Flow adjusted by area adjustment factor, Thble 4.2. 
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TABLE 7.8. 

Cypress 
Creek 

Spring 
Creek 

Hfest Pork 

Caney 
Creek 

Peach 
Creek 

East Pork 

o 
Load Runoff Slopes and Coefficients of Correlation (r ) 
PHE Data Cumulative Load-Cumulative Runoff Methodology 

Two Storms 1980 (see Figure 7.4) 

Load Runoff Slope 

TSS 
(mg/1) 

NO* 
(me/I) 

TP 
(me/D 

449 .7 1.4 

157 .5 .7 

91 .3 .3 

203 .3 .5 

149 .3 .5 

94 .4 .8 

Rice U.- 



8.0 MANAGEMENT STRATEGY RESULTS 

8.1 Prediction of Urban TSS Load Contribution and Application to 
Management Strategies 

A method using each watershed's load-runoff slopes and land use 

data was devised to predict water quality changes as a function of land 

use changes and two detention pond policies. The method was based on a 

Cypress Creek storm hydrograph separation technique which suggested 

urban areas can be modeled using a 1200 mg/1 TSS load-runoff slope. 

This slope was then related to land use data to predict TSS loads in 

1990. The detention pond policies were based on the assumption that 

all the ponds operated at a 95% trap efficiency for all size storm 

events producing runoff from urban areas. 

Runoff events on Cypress Creek produce a characteristic double- 

peaked hydrograph which reflects drainage changes due to urbanization. 

The first peak is the result of runoff from the rapidly draining sub¬ 

division and shopping center storm sewers and development very close to 

the creek. The second peak is the response of the slower draining 

undeveloped areas and rice ponds. By drawing a smooth curve below the 

actual rising limb of the Cypress Creek hydrograph, an undeveloped 

hydrograph can be approximated (Figure 8.1). Thus at any point during 

the early part of the hydrograph, the urban runoff component and the 

undeveloped runoff component can be separated. 

This was done for the December storm on Cypress Creek (Figure 8.1). 

The first water quality sample was taken 14.4 hours after the approximate 

beginning of the event. At this time comparison of the synthetic 
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undeveloped hydrograph and the actual hydrograph suggested that 56% 

of the flow was due to urban runoff. By assuming that 56% of the 

instantaneous TSS load (calculated from the first water quality sample) 

was due to urban sources a new instantaneous TSS load at this single 

point was estimated. The new instantaneous load represented a synthetic 

undeveloped response; this was a conservative estimate as it assumes 

stormwater concentration from both types of land use to be similar. 

After the undeveloped instantaneous load at this point was calcu¬ 

lated, the entire mass flow curve was re-integrated to yield a new 

cumulative storm load for the undeveloped case. This value was then 

compared to the actual load from the integration of the actual value of 

the first water quality sample (Thble 7.6, Chapter 7). The difference 

(31%) was labeled the urban load. The same technique was performed 

on the October storm and the urban load represented 43% of the actual 

load. 

As the October storm was hydrologically unusual, with a very high 

first peak, the December storm was used to estimate the general storm 

load fraction from urban sources on Cypress Creek. A conservative 

value of a 30% urban contribution to TSS loads was chosen. 

One other method to determine the urban contribution to Cypress 

Creek loads was to utilize load-runoff slope data from undeveloped 

watersheds, such as Spring Creek or the East Fork, to model the un¬ 

developed areas of Cypress Creek. This approach was not used as much 

of the undeveloped area in Cypress Creek is agricultural land as 

opposed to the large forested areas in the other, less developed 
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watersheds. The hydrograph separation technique was considered more 

accurate as it directly accounted for predominantly urbanized areas 

in the first runoff peak; very little of the agricultural runoff 

from upstream of Hwy. 290 appeared to contribute to the rapid first 

peak at IH-45. 

After the selection of the 30% urban load fraction was justified, 

urban load runoff slope was calculated by using ratios of the total 

loads in kilograms: 

(1) .3 L, = L, , 
t d where : 

= Tbtal Cypress Creek TSS load (Kg.) 

Lj = Developed Cypress Creek TSS load (Kg. ) 

or: 

(2) ,3Vt St = Vd Sd or Sd - .3 StVt/Vd 

Vj. = Volume of runoff from total watershed (liters) 

= Volume of runoff from developed areas (liters) 

S^ = TSS load-runoff slope for total watershed = 242 mg/1 

S^ = TSS load-runoff slope for developed areas (mg/1) 

A land use-runoff approximation was then employed to solve for S^ 

by assuming the ratios of the runoff volume from the entire watershed 

and the urban areas to be equal: 

(3) Vt/Vd = yAd =• 16.67 
o 

A^ * Tbtal watershed area = 285 mi 

o 
A^ = Developed area =17.1 mi 

(developed area upstream of sampling station, 
IH—45 in 1980, when sampling was performed) 

Although this is an imperfect approximation, a more sophisticated 
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hydrologie approximation vas not used considering the accuracy of 

this "rough-cut" urban load assessment. By applying the TSS load- 

runoff slope for the entire watershed calculated in Chapter 7 

(St ■ 242 mg/1) and equation (3), equation (2) resulted in: 

= 1210 mg/1, which was rounded to 

Sd » 1200 ng/1. 

From this calculation on Cypress Creek hydrologic and load data, a 

generalized urban load-runoff slope of 1200 mg/1 was obtained. 

This generalized urban area load-runoff slope and the runoff 

volume-area assumption Cequation (3)3 were then used to estimate future 

load-runoff slopes from predicted increases in developed area. By 

using this technique, the increase in TSS loads from future develop¬ 

ment could be calculated for the other watersheds in the Lake Houston 

basin. The future load-runoff slope-future land use relation used was: 

<4> Vtf - VdfSd + VufSu 
Vj. = Runoff volume from total watershed 

VJJ = Runoff volume from developed areas, future condition 

V^j, = Runoff volume from undeveloped areas, future condition 

S.f = TSS load-runoff slope, total watershed, 

future condition 

Sd = TSS load-runoff slope, developed areas 

S^ = TSS load-runoff slope, undeveloped areas 

By assuming future runoff volumes to be proportional to future land 

use, equation (4) became: 

(5) AtStf = AdfSd + AulSu 
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Aj. = Total watershed area 

Ajf * Developed area, future condition 

= Undeveloped area, future condition 

The value was assumed to be 1200 mg/1; Su was also calculated 

from 1980 conditions. Thus the 1980 load-runoff slopes for developed 

and undeveloped areas were used for the future conditions; only the 

different distribution of developed/undeveloped areas was reflected in 

the future total watershed load-runoff slope (S^). was calculated 

from 1980 land use and load-runoff slope data by: 

(6) Vtp * Vdst + Vu 

Assuming runoff volumes to be proportional to land use areas: 

<7> VtP-Vd + Vu 
<8> Su - Vtu - AdpSd 

or: 

up 

S. = TSS load-runoff slope for total watershed, 
P present condition 

Adp = Developed area, present condition 

A = Undeveloped area, present condition 

A^ = Tbtal watershed area 

Sd = 1200 irg/1 

Substituting equation (8) in equation (5) and rearranging gives: 

(9) Stf - (Adf • 1200) 4 Auf (4tStp - Adp ■ 1200)/AW 

The calculated load-runoff slopes for all Lake Houston watersheds in 

1990 are shown in Table 8.1. The present condition was assumed to be 
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TABLE 8.1. Generation of Load-Runoff Slopes 
From Two Management Scenarios 

Case I Case II 

At 
(mi1 2 3) 

A1 
dp 

(mi2) 

s2tP 
(mg/l) 

Adf 
(mi2) 

Stf 
(mg/1) 

Adf 
(mi2) 

stf 
(mg/1) 

Cypress Ck. 323 16.2 242 26.8 275 12.6 231 

Spring Ck. 446 9.8 49 22.3 82 10.7 51 

West Fork 956 16.3 59 29.6 75 14.3 57 

Caney Ck. 201 6.6 78 12.1 109 5.8 73 

Peach Ck. 166 3.5 174 6.3 192 3.0 171 

East Fork 371 3.3 40 4.8 46 2.2 36 

Luce Bayou3 197 2.0 40 3.0 46 1.4 36 

1 Area developed in 1978 (present case). 

2 TSS load-runoff slope for 1978 (present case). 

3 Luce Bayou flows and load-runoff slopes derived from East Fork data. 
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1978, as the load-runoff slopes were generated from data taken from 

1973 to 1979 and were more representative of 1978 than 1980. 

8.2 Consideration of Management Alternatives 

Three different development cases for 1990 conditions were 

examined using equation (9). 

Case I. Development occurs along present course 

with no management controls. 

Case II. Development occurs with all new develop¬ 

ment drained by detention-sedimentation 

ponds. 

Case III. 50% of all development in 1990 drained by 

detention-sedimentation ponds. 

land use data for 1990 was applied directly to equation (9) to 

estimate loads resulting from Case I. (Table 8.2). 

Case II TSS loads were calculated by assuming a detention- 

sedimentation pond traps 95% of its catchment's TSS load (Amandes and 

Bedient, 1980). Thus, 95% of the additional load from the present to 

1990 was assumed to be trapped; the calculation consisted of subtracting 

95% of the additional load from Case I: 

(10) Case II load = (Case I load) - 

.95 (Case I load - present load) 

The Case III load was calculated by revising the term to re¬ 

flect the existence of detention-sedimentation ponds below 50% of all 
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Year 

1980 

1990 

1990 

1990 

TABLE 8.2. Predicted TSS Loads to lake Houston 
for Three Management Scenarios 

Management 
TSS Loads to Lake Houston 

Strategy 
Dry Year Medium Year Wet Year 

(kg/yr x 10-6) 

No Sedimentation Ponds 
(Present Case) 85 159 292 

No Sedimentation Ponds 
(Case I) 105 194 358 

Sedimentation Ponds on 
All New Development 

1980-1990 
(Case II) 86 161 295 

Sedimentation Ponds on 
50% All Development 

(Case III) 82 153 281 
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1990 development. îbr ponds with a 95% trap efficiency, 5 acres of 

direct draining development produces roughly the same TSS load as 

100 acres of development draining into a detention-sedimentation 

pond. A new set of equivalent areas were calculated for equation (9) 

and are shown in Table 8.1. The results of this analysis follow. 

8.3 Storm Load Management 

The land-use-load-runoff slope relationship was used to predict 

total suspended solids (TSS) loads to lake Houston for three different 

development cases in 1990. Without sedimentation controls the in¬ 

creased growth in the watershed is expected to increase TSS loads to 

6 6 
the lake from an average of 159 • 10 Kg/year now to 194 • 10 Kg/year 

in 1990 (Case I), a 22% increase. The analysis predicted Spring Creek 

to show the largest percentage change in TSS loads, from an average of 

13.2 • 10® Kg/year in 1980 to 21.7 • 10® Kg/year in 1990, a 64% in¬ 

crease (Table 8.3). The East Fork and Luce Bayou were predicted to 

have the smallest total increases. Cypress Creek was predicted to 

remain as the largest contributor of TSS loads of all lake Houston 

watersheds. 

The two other cases illustrated the utility of basin-wide sedi¬ 

mentation policies. By requiring detention of stormwater in detention- 

sedimentation ponds for all new development (Case II), almost all of the 

predicted increased sediment load would be trapped and the total TSS 
g 

load to the lake would increase to only 161 • 10° Kg/year for the 

medium flow year. A more comprehensive sedimentation policy requiring 

that half of all existing development in 1990 drain into detention- 
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TABLE 8.3. Predicted Increase in TSS Loads in lake Houston Watersheds 
1980-1990, Medium Year Conditions, Case I 

TSS Loads 
Ï98Ü “ Ï99S- 

(Kg/yr x 1Ô6) 

Cypress Creek 46.8 53.1 

Spring Creek 13.2 21.7 

West Fork 36.0 45.4 

Caney Creek 12.7 17.2 

Peach Creek 15.0 27.4 

East Fork 13.9 15.9 

Luce Bayou 11.7 13.4 
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sedimentation facilities (Case III) also reduced lake TSS loads. 

This policy would require retrofitting approximately 38% of the 

existing 1980 development and 100% of the new development from 1980 

to 1990 to stormwater detention-sedimentation systems. The predicted 

TSS loads for this policy would be slightly less than the existing 

g 
1980 condition for the medium flow condition: 153 • 10 Kg/yr for 

g 
Case III compared to present loads of 159 • 10 Kg/yr. Thus detention- 

sedimentation appears to be an effective method of preventing any larger 

TSS loads above present values, but is relatively ineffective in reducing 

loads much below present levels. 

Other water and sediment management options, such as erosion 

controls and different stormwater drainage systems, were examined 

qualitatively to estimate their impact on the lake Ebuston system. 

Better construction management techniques could reduce the areas open 

to erosion for long periods of time. One present construction practice 

is to clear large areas of land at one time and slowly develop the 

entire site. By using the more expensive method of clearing only what 

is to be built upon, a significant reduction in the lake's TSS load pro¬ 

bably could be realized. 

Application of grassy swale drainage in subdivisions rather 

than the conventional storm sewer and concrete channel drainage would 

also reduce TSS loads. Concrete quick drainage systems are very efficient 

transporters of sediment and do not buffer the natural receiving systems 

from the urban pollutant loads as a swale system does. Similarly, lim¬ 

iting channelization of the stream in order to utilize the existing 

floodplains around the tributaries would also buffer the lake from the 
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pressures of development. A system of large concrete channels into 

the lake would act very much like Brays Bayou in Houston : pollutants 

washed off the land make their way downstream very rapidly and inpact 

as a "shock load" to the downstream receiving water. The natural state 

of the lake's present drainage system aids in moderating the nonpoint 

pollutant loads because of the slow hydrologic response of the different 

watersheds. 

Finally, any management (or non-management) policies should con¬ 

sider effects on both beneficial vises of the system and on the internal 

processes of the lake. The large amount of storm-related solids loads 

reduces the aesthetic and recreational value of the lake, increases 

water treatment costs, and reduces the effective life and safe water 

yield of the reservoir. Results of the lake analysis of this project 

(Baca, 1980) suggest that the turbidity related to these solids does 

have a beneficial effect, however; the high turbidity along with high 

storm flows seems to put a check on long periods of high algal growth. 

Only when these elements are missing, such as in long dry sunmer periods, 

do algal problems occur. Thus any activity which affects lake turbidity, 

such as flood control practices or erosion controls on construction 

sites, should be designed to account for possible ramifications on the 

algal populations. Any large reduction in lake turbidity would need 

to be accompanied by nutrient removal at low flow. 

A large portion of the nutrients delivered to the lake during 

storm events are associated with the lake sediments; the effect of this 

large accumulation of nutrients at the bottom of the lake is not known. 
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It seems that this large influx of nutrients during storm events is 

not necessarily harmful to present lake water quality. Most of the 

trapped nutrients are probably not available to algae populations 

during the critical low flow period; further work is needed, however, 

to confirm this assumption. 

8.4 Low Flow Management 

At the present time it appears that Lake Houston is relatively 

insensitive to total yearly nutrient loads compared to lake turbidity 

or flow conditions. The average nutrient concentration in the lake is 

so high that other factors limit growth before weekly or seasonal fluc¬ 

tuations in nutrient concentrations do. It is estimated that a 96% re¬ 

duction in the present low flow phosphorus load into the lake would be 

required to bring Lake Houston from Vollenwieder's "eutrophic" state 

to the "oligotrophic" state, where phosphorus limits excessive algal 

growth (under present conditions nitrogen is the limiting nutrient). 

This suggests [as does the modeling effort performed during the Rice- 

PHE study (Bedient, 1981) on the lakej that only a very large reduction 

in nutrient loadings would affect the algae problem in the lake now 

and that future increases in nutrient loadings alone would not nec¬ 

essarily create a severe seasonal algae problem. The increase in the 

low flow nutrient load would be the most critical load to control since 

the high algae concentrations in the lake are now found only during 

relatively calm, dry periods. The projected low flow (or dry weather) 

nutrient load increase during the next ten years (16% increase for ND3, 
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39% increase for TP) would probably have its effect during these 

periods, if there is a noticeable effect. 

Because of this, management strategies for low flow nutrient 

control were examined. Increased surveillance and policing of upset 

violations from sewage treatment plants would be effective for NOg 

control, as 53% of the NOg load resulted from upsets, but would not 

affect the sewage treatment plant TP load. As the lake is probably 

nitrogen-limited during long calm periods of high algal growth, this 

type of management would probably have a positive effect. Tertiary 

treatment in sewage treatment plants, interbasin transfer of effluent, 

or zero discharge would also have some positive effect on the lake, as 

26% of the NOg and 69% of the TP low flow load is the result of sewage 

treatment plant discharges. This portion of the low flow load, although 

controllable by contemporary technology, would not result in the total 

control of algal populations as the nonpoint source contribution is still 

relatively high at low flow. 

Construction of a low flow nutrient removal plant near the Spring 

Creek/Cypress Creek junction would prevent approximately 47% of the low 

flow NOg load and 59% of the low flow TP load into the lake. Ihis one 

plant would need to operate only during critical periods when there is 

little flow and would replace the retrofitting of the forty upstream STP'S 

with nutrient control processes. As in the case of the management strate¬ 

gies mentioned above, lake water quality would probably not improve 

dramatically; future severe algal blooms might be prevented, however. 



9.0 CONCLUSIONS 

9.1 land Use 

Although the development rate in Cypress Creek and the lake 

Environs from 1980 to 1990 will be half of the 1970 to 1980 rate 

2 2 
( 7.1 mi of new developed area vs. 14.1 mi ), steady growth in 

Spring Creek and increased growth in the West Fork, Caney Creek, 

and Peach Creek will maintain the lake Houston basin’s overall 

growth rate in the 1980-1990 period at 85% of the 1970-1980 value 

(32.1 mi^ from 1980 to 1990 vs. 37.9 mi. from 1970 to 1980). Spring 

Creek is predicted to show 30% more development and the West Fork 80% 

2 
more development than Cypress Creek's estimated 5.4 mi of new 

development from 1980 to 1990. Caney Creek, although two-thirds the 

size of Cypress Creek, will show 4.2 mi of new development, 80% of the 

Cypress Creek value. 

Finally, large, mostly forested watersheds, such as Spring 

Creek, tend to temper the impact of large amounts of development on 

water quality. When development is intense and concentrated near the 

receiving body (either the stream or lake Houston) impacts are more 

severe. 

9.2 Point Source Pollutant Characteristics 

Many of the largest sewage treatment plants on Cypress Creek 

frequently violate the Texas Department of Water Resources' grab 

sample standards for sewage effluent. Analysis of bimonthly grab 

samples taken over the course of a year from the eight largest SEP's 
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on Cypress Creek shows 28% of the samples had BOD violations, 23% 

TSS violations, and 31% had N-NHg violations. Process upsets 

seemed to be unrelated to stormwater infiltration, and affected 

BCD and discharges more than TP discharges. Almost all of the 

nutrients from Cypress Creek sewage treatment plants are transported 

to the lake at low flow. The 23 sewage treatment plants upstream of 

the sampling station (IH-45) discharged an average of 119 Kg/day of 

NDg and 173 Kg/day of TP. The stream transport of these nutrients 

at low flow was adequate to prevent settling and accumulation down¬ 

stream of plant outfalls. 

Point source loads are much more critical during dry weather 

than wet weather. During a representative dry year 8% of the NOg and 

16% of the TP yearly load to the lake originates from sewage treatment 

plants. Bor low flow periods during a representative dry year the 

contribution is much more significant : 25% of the NOg load and 75% 

of the TP load is the result of sewage treatment plant discharges. 

These low flow periods are critical to the internal lake processes as 

algal growth problems usually occur only during long dry periods 

between storms. One management option, the construction of a low 

flow nutrient removal plant near the Cypress Creek/Spring Creek 

junction would reduce low flow NOg loads by 47% and low flow TP loads 

by 59% because of the large numbers of intercepted treatment plant 

effluent from these two watersheds. 
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9.3 Nonpoint Source Pollutant Oiaracteristics 

The average suspended solids load to the lake Houston reservoir 
0 

is around 159 • 10° Kg/yr. Cypress Creek contributes the largest TSS 

loads into the lake of all the tributaries (from 27% to 35% of the 

lake's total annual load) because of the rapid urbanization of the 

watershed. Nutrient concentrations in Cypress Creek were also much 

higher than the other five sampled streams: of the Cypress Creek TP 

samples taken from 1976 to 1978, 17% were greater than 10 mg TP/1, while 

only 4% of the TP samples taken from the other five streams during 

this period were greater than 3 mg TP/1. Nitrate concentrations were 

also much higher in Cypress Creek than the other streams. 

Tvro of the stream stations have shown the impact of intense 

urbanization pressure in the 1976 to 1978 period. In-stream nutrient 

concentrations in upper Cypress Creek (Hwy. 149) and Spring Creek 

(IH-45), once very close to concentrations found in the undeveloped 

East Fork, have increased significantly. Nutrient levels at these 

two stations are now closer in character to a rapidly developing water¬ 

shed such as seen in samples taken from lower Cypress Creek (IH-45) 

in the early 1970’s. « 

General weather conditions greatly influence the export of 

pollutants to Lake Houston. During a representative wet year, Lake 

Houston receives 3.5 times the TSS load and 2.5 times the NOg and TP 

loads as during a representative dry year. Despite the increased 

nutrient loads during a wet year the chances for severe algal prob¬ 

lems is probably less than for a dry year. This is due to the 
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increased lake turbidity from larger nonpoint TSS loads and the 

reduction in the number and length of critical low flow periods. 

The instantaneous load-runoff curves developed from grab samples 

appear to give good results for TSS loads in general and for nutrient 

loads in undeveloped watersheds. The use of random grab samples seems 

to underestimate the nutrient loads from the developing watersheds. 

The mixture of urban areas, forest, and agriculture in these relatively 

large watersheds creates highly variable nutrient concentrations in 

stormwater. This affects the accuracy of the load-runoff slopes. 

The data from the Rice University-FHE storm sampling program 

showed that the collection of periodic monthly or bi-weekly grab 

samples is not necessarily the best method to estimate total loads. A 

program designed to sample several storm events on a more frequent 

basis (samples taken every 12 or 24 hours) would produce more accurate 

load calculations for the Lake Houston basin. This way the total 

number of samples would remain the same; however, the bulk of the 

sampling would correspond to flow conditions that transport the majority 

of the nonpoint load to the lake. 

Finally, TSS loads are estimated to increase by 22% by 1990 

because of the increase in developed areas. Although the use of 

detention-sedimentation ponds is an effective way of preventing much 

of this increase, TSS loads probably could not be reduced much 

below present levels in 1990. Any management strategies being con¬ 

sidered for the Lake Houston watershed should address flood control, 
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tributary water quality, and lake water quality issues together to 

avoid potential problems. The installation of many stormwater 

detention ponds for flood control purposes could deprive the lake of 

an important algae control mechanism, for instance. The entire 

system should be considered in any management strategy for a single 

component's problems. 
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