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FOREWORD

The work presented in this report was performed by the University of Texas

at Arlington under contract No. DACW 63-76-C-0140 from the Fort Worth District

Corps of Engineers. This report presents the results of the tests conducted

during the Trinity River Reconnaissance Study to determine the quality of

river water and bottom sediments and to determine the possible mobility of

contaminants from the sediments during dredging operations. This program was a

cooperative effort of the Department of Civil Engineering and the Department of
S/

. -Chemistry at the University of Texas at Arlington. The Department of Civil

Engineering conducted field sampling, elutriation and sample preparation,

toxicity and related tests, and determination of solids, nitrogen, phosphorus,

chemical oxygen demand, dispersion analyses, and grain size distribution. The

Department of Chemistry performed heavy metals, pesticides, carbon, and oil and

grease analyses. Dr. Syed R. Qasim, Associate Professor of Civil Engineering,

and Dr. Andrew Armstrong, Associate Professor of Chemistry, coordinated the

efforts of their respective departments. Dr. Qasim was Project Manager.

Personnel who assisted on the project and their responsibilities are summarized

below:

Wallace Clines, Vern Sorgee, Kapil Goyal and Don Gates performed sampling

and field data collection. Betty Jordan and Vernon Walling conducted toxicity

and related tests and nitrogen determinations in water and sediment samples.

P. R. Talluri and A. Balaram performed elutriation and sample preparation,

solids determinations, and dispersion tests. In addition, Vern Sorgee per-

formed chemical oxygen demand and nitrogen determinations and prepared compu-

ter graphics. Kapil Goyal conducted phosphorus tests. Marshall Addison,

under direction of Dr. Tom Petry, determined grain size distribution of sedi-

ment samples. Don Gates and Betty Jordan also assisted in data analysis and

iii



report writing. John Corn conducted oil and grease and carbon determinations.

Jan Soraka performed heavy metal analyses. Jane Blumentritt, John Corn, Brinda

Cox, and Charles Johnson conducted pesticides determinations. Dr. Janet Potvin

of the English Department provided editorial assistance.

David T. Killen, Robert E. Lyman, and Royce W. Mullens of the Fort Worth

District Corps of Engineers monitored the contract. Eugene Gann of Fort Worth

Branch, U.S. Geological Survey provided the river stage and discharge data.
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EXECUTIVE SUMMARY

General

The primary purposes of this reconnaissance study were to (1) develop

preliminary data on the quality of river water and bottom sediments in various

Planning Sub-areas of the Trinity River and (2) determine the mobility of

various contaminants when bottom sediments are mixed with river water under

simulated dredging conditions. Thirteen sampling sites were selected based upon

the site selection criteria presented in the "Phase I-Plan of Work." 2 All sites

were sampled and field and laboratory analyses were performed in accordance with

the procedures given in the "Phase I-Plan of Work." Chemical analyses were

conducted on (1) filtered and unfiltered river water, (2) filtered and unfil-

tered elutriates, and (3) bottom sediments. Static bioassays were conducted

on filtered and unfiltered elutriates using the test organism Daphnia macna.

Results

Static Bioassay

High mortality in river water control groups indicated that Planning Sub-

areas 5 and 4 of the Trinity River were unfit for habitation by D._maga and

probably by other forms of aquatic life. In Planning Sub-areas 3 and 2, survival

was excellent in river water and elutriates. This indicated that elutriates

and river water in these areas were suitable for aquatic life.

IPlanninq Sub-area 5, from Beach Street in Fort Worth to confluence of the East
Fork of the Trinity (CRM 551-460); Planning Sub-area 4, from the East Fork of the
Trinity to SH 31 at Trinidad (CRM 460-392); Planning Sub-area 3, from SH 31 to the
headwaters of Lake Livingston (CRM 392-183); and Planning Sub-area 2, from the
headwaters of Lake Livingston to Trinity Bay (CRM 183-0).

2 rTrinity River Bottom Sediment Reconnaissance Study Phase I - Plan of

Work," prepared for the Fort Worth District Corps of Engineers by the University
of Texas at Arlington, Contract No. DACW 63-76-C-0140, November 1976.
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Ammonia nitrogen, in the presence of other pollutants, appeared to be the

limiting factor in growth and survival of the test organisms. Elutriation con-

sistently improved water quality and made it suitable for habitation by D. magna.

Filtration of elutriates further improved the water quality for habitation. While

ammonia nitrogen concentrations were not significantly lowered by elutriation, the

elutriation procedures resulted in the lowering of other pollutant concentratiors

which increased survival in the elutriates. Ammonia nitrogen concentrations

were not decreased significantly by filtration. The greater survival of D. magna

in filtered than in unfiltered samples, therefore, was further indication that

the effects of ammonia nitrogen were at least partially dependent upon the

presence of other pollutants which may have been partly removed by filtration.

The static bioassay results for the four Planning Sub-areas are given below:

(1) Planning Sub-area 5. Poor survival in the river water controls

indicated that this area is unfit for habitation by D. magna and

probably other forms of aquatic life. Survival was slightly better

in the elutriates from the upper reach than that in the lower reach of

this area. The lower reach gave poor survival in both river water

controls and elutriates. The poor survival was probably due to gross

pollution from the discharge of industrial and urban wastewater

treatment plants.

(2) Planning Sub-area 4. Survival was very poor in this area. The only

test organism to survive was one in 20 percent filtered elutriates.

(3) Planning Sub-area 3. Survival of test organisms in this area was

excellent. Survival was generally better in the elutriates than in

the control river water.

(4) Planning Sub-area 2. Survival was excellent in this area except for

unexplainable high mortality in filtered control and in 20 percent

filtered elutriates.
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Water and Elutriates

The results of this reconnaissance study indicated that the pH of the river

water ranged between 7.1 and 8.1 at the 13 sampling sites. The DO concentration

ranged between 4.2 and 11.8 mg/l. The DO concentrations gradually increased

from Planning Sub-areas 5 to 2 indicating a gradual improvement in water quality.

Immediate oxygen demand results indicated that anaerobic or low (<5 mg/l) DO

conditions would probably result in Planning Sub-areas 5, 4, and 3 when bottom

sediments were disturbed during dredging operations. The concentrations of most

of the pollutants tested decreased from Planning Sub-areas 5 to 2. The recom-

mended EPA limit of 0.016 mg/l for ammonia nitrogen was exceeded at all 13 sam-

pling sites. The dissolved solids concentrations in Planning Sub-areas 5, 4,

and 3 ranged between 630 and 110 mg/l. Most of the water samples tested exceeded

the 500 mg/l dissolved solids standard for drinking water. No chlordane or PCBs

were detected in any of the river water samples.

Elutriation procedures did not give consistent results in relation to the

release or uptake of pollutants. The results depended upon the concentration

of the pollutant contained in the bottom sediments, the adsorptive capacity of

the bottom sediments, and the reduced or oxidized state of the bottom sediments.

Filtration generally resulted in a lowering of the pollutant concentration in

the river water and elutriates.

(1) Planning Sub-area 5. This area appeared to be the most grossly polluted.

The highest concentrations of many pollutants were found in the lower

reaches of this area. Most of the heavy metals and pesticides con-

centrations exceeded the recommended EPA limits (1976). Other pollu-

tants in exceedingly high concentrations in river water were:

Ammonia Nitrogen 9.9 mg/l
Total Kjeldahl Nitrogen 13.7 mg/l
Total Dissolved Solids 610 mg/l
Total Organic Carbon 45 mg/l
Total Phosphorus 7.2 mg/l
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(2) Planning Sub-area 4. Although this area does not receive any signifi-

cant point source pollution, carry-over pollution from upstream

resulted in concentrations of many pollutants in water at moderately

high levels. In river water samples, chromium, lead, manganese,

DDT, dieldrin, endrin, heptachlor, and lindane exceeded the recom-

mended EPA limits (1976).

(3) Planning Sub-areas 3 and 2. The river water in these areas was

found to be of better quality than that in upstream areas. However,

most of the pesticides and chromium, lead, and manganese exceeded the

recommended EPA limits for surface water (1976).

Bottom sediments

All bottom sediments tested from Planning Sub-areas 5, 4, and 3 were anaer-

obic. The range of Eh was -360 to -15 my. Pollutant concentrations generally

decreased from Planning Sub-areas 5 to 2.

(1) Planning Sub-area 5. The lower reach of this area contained the

highest pollutant concentrations in the bottom sediments tested.

Many heavy metals and pesticides concentrations, total Kjeldahl

nitrogen, volatile solids, and chemical oxygen demand concentrations

exceeded the recommended limits for Region VI (1973).

(2) Planning Sub-area 4. Bottom sediments from this area were found to

contain much lower concentrations of pollutants than bottom sediments

in Planning Sub-area 5. None of the recommended EPA limits were

exceeded in this area.

(3) Planning Sub-area 3. The quality of the bottom sediments in this

area was further improved over that in the upper reaches. Site 12

in this area was sampled approximately one week after heavy rains.

High concentrations of many heavy metals, COD, nitrogen, and phosphorus

xii
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were found in the bottom sediments at this site. It appears that the

bottom sediments from upper reaches were scoured under high flow

conditions and deposited at this site.

(4) Planning Sub-area 2. The concentrations of pollutants in this area

were within acceptable limits. Only the concentration of nickel

exceeded the EPA limit.
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INTRODUCTION

Background

Over the years, pollutants have been building up in the sediments of the

ports, harbors, and waterways of the United States. These pollutants come f.-om

a variety of sources, including municipal and industrial wastewater outfalls,

nonpoint sources, accidental spills, and dredge material disposal. Since many

of the pollutants naturally adsorb and chemisorb to the fine sediment particles

(clay, silt), the pollutants often are transported considerable distances by

the water before settling out. When such particles eventually settle, the

result can be a system of in-place pollution or "hot spots" where the level of

pollution is considerably higher than in adjacent areas. As a consequence,

many of these sediments, when dredged to maintain shipping channels, are

classified as "source of pollution."
1I

Recognizing the problems of in-place pollutants in natural water systems,

Congress enacted the Federal Water Pollution Control Act Amendment of 1972,

PL 92-500. Title I, Section 115 mandates the following action of the Environ-

mental Protection Agency:

Section 115. The Administrator is directed to identify the location of
in-place pollutants with emphasis on toxic pollutants in harbors and
navigable waterways and is authorized, acting through the Secretary of
the Army, to make contracts for the removal and appropriate disposal of
such materials from critical port and harbor areas.

The Administrator of the EPA subsequently proposed guidelines, pursuant to

Section 404(b) of PL 92-500 for the purpose of providing guidance to be applied

]Johnson, E. E. and Johnson, J. C., Identifying and Prioritizing Locations
for the Removal of In-Place Pollutants. Washington, D.C.: Office of Water
Planning Standards, U.S. Environmental Protection Agency.

I 1
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2

in evaluating proposed discharge of dredged or fill material in naviqable

waters.I The guidelines are applicable to all activities involvinq the dis-

charge of dredged or fill material in navigable waters. Such discharges are

unlawful except when in compliance with permits issued by the Secretary of

the Army.2 These guidelines are applicable to all Federal projects or

activities.

Purpose of the Study

The U.S. Army Corps of Engineers, Fort Worth District, Texas, in connection

with the proposed Trinity River Project, collected information on bottom sedi-

ment quality in the Trinity River. The proposed Trinity River Project is a

multiple purpose project consisting of four physically interrelated features:

the Dallas Floodway Extension and the West Fork Floodway for flood control in

the Dallas-Fort Worth Metropolitan Area; Tennessee Colony Lake for lower basin

flood control, upper basin water supply, naviqation, and hydroelectric power;

and the Multi-Purpose Channel for flood control from Fort Worth to Trinity

Bay and navigation from Fort Worth to the Houston Ship Channel. Another pur-

pose of the proposed project is recreation and fish and wildlife conservation.

The project would also provide river bank stabilization and economic redevelop-

ment benefits. The primary objectives of this study are to (1) develop prelim-

inary data on the quality of river water and bottom sediments in various planning

sub-areas of the Trinity River3 and (2) determine the mobility of various contam-

1"Navigable Waters Discharge of Dredged or Fill Material," Federal Register,
Vol. 40, No. 173, 5 September 1975.

2"Permits for Activities in Navigable Waters or Ocean," Federal Register,
Vol. 40, No. 144, 25 July 1975.

3Planning Sub-area 5, from Beach Street in Fort Worth to confluence of the East
Fork of the Trinity (CRM 551-460); Planning Sub-area 4, from the East Fork of the
Trinity to SH 31 at Trinidad (CRM 460-392); Planning Sub-area 3, from SH 31 to the
headwaters of Lake Livingston (CRM 392-183); and Planning Sub-area 2, from the
headwaters of Lake Livingston to Trinity Bay (CRM 183-0).
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inants when bottom sediments are mixed with the river water under simulated

dredging conditions.

The work described in this report was performed under contract number DACW

63-76-C-0140, entitled "Trinity River Bottom Sediment Reconnaissance Study,"

between the Fort Worth District Corps of Engineers and the University of Texas

at Arlington. This report contains the field and laboratory results.

Scope

Water and bottom sediment samples were collected from 13 sites in the

Trinity River. The criteria for selecting these sites were developed and dis-

cussed in the report "Phase I - Plan of Work."1  Many physical, chemical, and

biological tests were conducted on (1) filtered and unfiltered river water,

(2) filtered and unfiltered elutriates, and (3) bottom sediments. The test

procedures were also outlined in the report "Phase I - Plan of Work."

Report Orqanization

This report includes the major criteria that were utilized for selection

of 13 sampling sites, summary of sampling sites, laboratory test procedures,

important results and discussion, and recommendations. The bulk of the results,

including the physical and biological conditions of the sites sampled, meteorolog-

ical data, river stage and discharge data, and field and laboratory results,

are presented in several appendices of this report.

1"Trinity River Bottom Sediment Reconnaissance Study Phase I - Plan of
Work," prepared for the Fort Worth District Corps of Engineers by the University
of Texas at Arlington, Contract No. DACW 63-76-C-0140, November 1976.

a-,..-'



4

SAMPLING SITES, AND FIELD AND LABORATORY MEASUREMENTS

Sampling Sites Selection Criteria

Thirteen sampling sites were selected for water and bottom sediment samples

from the Trinity River. In order to select these sampling sites, a proceaure

was devE'loped which utilized the following basic criteria for site selection:

1) Municipal and industrial wastes discharged

2) Land use activity in the watershed: urban, pasture, agricultural,
forest, and others

3) Velocity profiles in the river

4) Proposed channel alignment and lock and dam sites

5) Effects of major tributaries

6) Geological formations

7) Effects of reservoirs

8) Landmarks and accessibility

9) Existing U.S. Geological Survey gauging stations

10) Existing Texas Water Quality Board sediment monitoring stations

A detailed literature search was conducted to establish data on each of

the above criteria. A rationale was developed for selection of the sampling

sites. The procedure and rationale used for selection of the samplinq sites,

the factors influencing the quality of the bottom sediments, and descriptions

of the 13 selected sampling sites were discussed in the report "Phase I - Plan

of Work." The selected sampling sites represented typical conditions associated

with pollution resulting from municipal and industrial waste discharges, urban

runoff, and drainage from agricultural areas. Factors such as existing Texas

Water Quality Board (TWQB) sediment monitoring stations, U.S. Geological Survey

(USGS) gauging stations, accessibility to the sampling sites, and existing

landmarks were also given consideration.
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Sampling Sites

A summary of the 13 sampling sites is shown in Table 1. The entry points,

landmarks, proposed Corps lock and dam locations with respect to the proposed

sites, and general descriptions of the sites are summarized in Table 1. These

sites are shown on Figure 1. Complete descriptions of sampling sites, photographs,

and maps are presented in Appendix B.

All the proposed sampling sites were scouted approximately 2 to 4 weeks

prior to sampling to determine the accessibility. In many cases, access to the

site was possible only by crossing private property. Contacts were made with

property owners and sampling activity was coordinated through them. In some

cases the proposed site location could not be reached because of an obstruction

or hazardous condition in the river. In such cases, an alternate sampling site

near the proposed location was used.

Field and Laboratory Measurements

At the time that each sampling site was scouted water samples were collected

from the nearest bridge to start the Daphnia magna culture on site water. This

culture was later used in the static bioassay on site water and elutriates.

All bottom sediments and river water samples were obtained from a boat.

The following is a summary of the data collected during sampling operations

and later in the laboratory:

1) Meteorological conditions such as the cloud cover, wind, temperature,

and precipitation were noted during the sampling operations. The

recorded meteorological data was also obtained from the weather stations

in the vicinities of the sampling sites. Precipitation data for a

period of six days preceding the dates of sampling, and maximum,

minimum, and average temperature values for the sampling dates were

obtained.

2) River stage and discharge information was obtained from the U.S. Geolog-

ical Survey Office in Fort Worth.

L7,_,
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3) Complete directions for reaching the sites were recorded, and land-

marks were noted.

4) The physical and biological conditions at the sampling sites were

noted. These included: condition of the river banks, river

meanders, scours and deposits along the banks, obstructions, aquatic

animals and vegetation, appearance of river, water color, turbidity and

floating materials. Many black and white polaroid photographs

and 35 mm color slides were taken to record the stream conditions and

landmarks.

5) The river velocity at mid-stream section was measured at the time of

the sampling operation.

6) Soil samples were collected approximately 200 feet inland from each

river bank, sealed and preserved.

7) Water and bottom sediment samples were collected.

8) A number of chemical tests were performed on water and bottom sediments

at the sites or immediately after arrival at the laboratory. These

included dissolved oxygen, pH, Eh, turbidity, and temperature.

9) A number of laboratory tests were performed on filtered and unfiltered

river water, filtered and unfiltered elutriates, and bottom sediments.

Detailed procedures were given in the report "Phase I - Plan of Work."
Figure 2 summarizes the various tests that were conducted on river

water, elutriates, and bottom sediments.
A summary of procedures used during field samplings an laboratory determina-

tions is given in the following section of this report.

Ii
______________l__ii i_ * . . . .. ..... . . ." --
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Sampling and Analytical Procedures

Field sampling, sample preparation, and laboratory procedures utilized

during this program were discussed in the report "Phase I - Plan of Work." A

summary of the various test procedures is given in Table 2. It was necessary

to modify some of the standard procedures in order to accommodate the condi-

tions that arose with different water and bottom sediment samples. Modifica-

tions were necessary in grain-size distribution analyses, water and elutriate

filtration procedures, heavy metals and pesticide analyses, and static bioassays.

These modifications are outlined briefly in Table 2. Sampling equipment used

during the program is described in Appendix A.
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RESULTS AND DISCUSSION

The field and laboratory data collected during this program are detailed in

Appendices B, C, D, E, F, G, and H. A brief discussion and summary of results

is provided in this section of the report.

General

The extraction of various constituents in the elutriate largely depends

upon diagenetic mobilization processes such as solution, ion exchange, and

desorption. The extent to which elements are mobilized is governed largely by

the redox potential (Eh) and the pH of the sediments, which in turn are con-

trolled by the organic content and oxygen supply to the sediments. The avail-

ability of oxygen during mixing influences the extraction and concentrations

of various constituents in the elutriate. Higher trace metals concentrations

were found in elutriates of reduced sediments than those of oxidized sediments.
1

Ammonia nitrogen was also found in anaerobic sediments in soluble state and

was released instantly into the dredging or disposal site. Manganese and

phosphorus from anaerobic sediments were also found in high concentrations in

elutriate.

When anaerobic bottom sediment is mixed with oxygenated water from

dredging or disposal site waters, the Fe(II) present in anaerobic sediment

precipitates as Fe oxides and hydroxides. Iron oxides and hydroxides effi-
2

ciently remove trace metals and phosphate from solution. However, some

1"Selective Analytical Partitioning of Sediments to Evaluate Potential
Mobility of Chemical Constituents During Dredging and Disposal Operations,"
Environmental Effects Laboratory, US Army Engineers Waterway Experiment Sta-
tion, Vicksburg, Mississippi, Technical Report D-76-7, December 1976.

2Lee, G. F., "Role of Hydrous Metal Oxides in the Transport of Heavy
Metals in the Environment," Proceedings, Symposium on Heavy Metals in the
Environment, Vanderbilt University, Nashville, Tennessee, 1973.

*1 7 N
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investigators have suggested that the reduction of hydrous oxides in sediments

may release adsorbed trace metals into solution, increasing their concentrations

in the elutridte.
3

The laboratory results of the 13 sampling sites indicated that the bottom

sediments from Planning Sub-areas 5, 4, and 3 were anaerobic. The elutriation

results did not show any pattern that could be used in predicting the release

of constituents from sediments into the elutriates. The release of constituents

from the sediments 4nto the environment greatly depended upon the physical and

chemical quality of the sediments. Some of the specific findings are discussed

below:

DO, Eh, and pH

All living organisms are dependent upon oxygen in one form or another

for their metabolic processes. For a diversified warm water biota, the DO

concentration should be above 5 mg/l. The measured DO concentrations in the

Trinity River durinq this proqram ranged from 4.2 mg/l to 11.8 mq/l.

All bottom sediments except those from Planning Sub-area 2 were anaerobic.

Eh varied from -360 mv to -15 mv in Planning Sub-areas 5, 4, and 3. The lower

values of Eh indicate higher concentrations of reductants (organic matter) in

bottom sediment. DO, pH, and Eh results for the 13 sampling sites are given in

Appendix C. A summary of the measured values is given in Table 3.

3Duchart, P., Calvert, S. E., and Price, W. B., "Distribution of Trace
Metals in the Pore Water of Shallow Water Marine Sediments," Limnoloqy and
Oceanography, Vol. 18, 1973.

L --
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TABLE 3. SUMMARY OF pH, DO, AND Eh MEASUREMENTS

Planning River Bottom Average DO of Averaqe Eh of
Sub-area CRM Water Sediments River Water Bottom Sediments

pH pH mg/Z mv

5 551-460 7.4-7.7 6.8-7.3 5.5 - 171

4 460-392 7.6 7.1 6.7 - 130

3 392-183 7.1-7.7 7.0-7.1 7.8 - 88

2 183-0 8.1 7.7 11.8 + 135

The following trends may be observed in the above table:

(1) The average DO concentration gradually increased from Planning Sub-
areas 5 to 2, indicating less organic pollution in the lower reaches.

(2) The Eh of the bottom sediments gradually increased from Planning
Sub-areas 5 to 2, indicating lower concentrations of reductants in
the bottom sediments.

(3) pH of river water and bottom sediments remained within the physio-
logical range of pH 6.5 to 7.5.

Immediate Oxygen Demand

The immediate oxygen demand (IOD) is a measure of the oxygen requirement

of oxidizable substances such as ferrous iron, sulfite, sulfide, aldehydes, and

ketones that are present in the bottom sediments and could be released into

the water during dredging operations. The IOD tests were conducted with samples

that had been frozen and then brought to room temperature prior to use and there-

fore may not be a true representation of IOD. In our opinion, anaerobic or

low DO (-5 mg/l) conditions will develop in all Planninq Sub-areas except 2 when

bottom sediments are disturbed during dredging operations. IOD values are

detailed in Appendix D. Major IOD results are summarized in Table 4.
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TABLE 4. SUMMARY OF IOD RESULTS

Planning Average Measured Remarks
Sub-area CRM IOD, mg/i

5 551-460 4.4 Anaerobic conditions will proDably
result when bottom sediments are mixed
with river water during dredging
operation.

4 460-392 1.8 Anaerobic or low DO (<5ma/k)conditions
will probably result when bottom sedi-
ments are mixed with river water.

3 392-183 3.2 Low DO (-5mg/9) conditions will prob-
ably result when bottom sediments are
mixed with river water.

2 183-0 0.5 Mixing of bottom sediments with river
water will not result in a significant
depression of the DO concentration.

Solids

Dissolved solids are of potential importance because of their chemical

makeup and effects on water systems. Organic dissolved solids exert bio-

chemical oxygen demand and inorganic dissolved solids may cause alkalinity,

acidity, hardness, and salinity. High dissolved solids in water can produce

an unfavorable taste. For these reasons, the recommended upper limit for

dissolved solids in potable water is 500 mg/l.

Volatile solids determinations are indicative of the total organic matter

present in a sample. The upper limit of volatilE solids concentration in bottom

sediments recommended by the EPA for Region VI is 80,000 mq/kq. All solids

results are presented in Appendix D. A brief discussion is given below:

Water and Elutriates

The dissolved solids concentrations in the Trinity River water samples

ranged between 110 mg/l and 630 mg/l. For most samples, thp value was qreater

than 500 mg/l, indicating poor water quality. The dissolved solids in elutriates

I!
- _ _T_ _
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did not increase over those in the river water. In fact, there was a reduction

in dissolved solids in the filtered elutriates from some of the sampling sites

in Planning Sub-areas 3 and 2. This indicates that elutriation may remove some

of the dissolved matter from solution and may improve the water quality with

respect to dissolved solids. The amount of removal, however, depends upon the

adsorptive capacity of the sediment. Important solids results are summarized

in Table 5.

Table 5. SUMMARY OF SOLIDS RESULTS IN WATER AND ELUTRIATES

Average dissolved Average increase in Averaqe increase in
solids concentra- total solids in dissolved solids in

Planning tion in river elutriates over elutriates over
Sub-area CRM water, mg/k river water, mg/. river water, mg/c

5 551-460 550 830 80

4 460-392 380 1,220 340

3 392-183 340 1,290 50

2 183-0 180 3,170 - 10

Bottom Sediments

The total solids in the bottom sediments, as collected usinq a Ponar dredge,

varied from 30 to 74 percent. The volatile solids in bottom sediments also

varied greatly depending upon the presence of organic matter, carbonates, and

bicarbonates. Volatile solids gradually decreased from Planning Sub-areas 5

to 2 indicating less organic matter in bottom sediments from the lower reaches

of the river. Solids results are summarized in Table 6.
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TABLE 6. SUMMARY OF SOLIDS RESULTS IN BOTTOM SEDIMENTS

Planninq Average Total Average Volatile
Sub-area CRM Solids % Solids . Dry Wt.

5 551-460 50 7.6

4 460-392 71 4.1

3 392-183 50 4.7

2 183-0 29 1.4

Nitrogen

Nitrogen is an essential constituent of protein in all living organisms.

It undergoes changes on decomposition from complex proteins through amino

acids to ammonia, nitrite, and nitrate. A high concentration of organic nitro-

gen is an indication of recent pollution while high ammonia nitrogen indicates

an active decomposition condition. In polluted waters and bottom sediments,

nitrogEn may be present in many forms.

For aquatic life, organic nitrogen, amino acids, and ammonia nitroqen may

inhibit biological growth, whereas nitrates stimulate phytoplankton growth.

Ammvonia nitrogen is found to have toxic effects upon all forms of aouatic

life. The ability of hemoglobin to combine with oxygen is greatly impaired in

fish at 1 mg/l ammonia nitrogen level, and fish may suffocate. The EPA recom-

mends an upper limit of 0.02 mg/l for ammonia nitrogen in domestic water

supplies. This limit was exceeded in all water samples tested. Nitrooen

results are detailed in Appendix 0.

Water and Elutriates

A summary of nitrogen results in water and elutriates is given in Table 7.

• , . h
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TABLE 7. SUMMARY OF NITROGEN RESULTS IN WATER AND ELUTRIATES

Average Average
Average increase Average increase
increase in AN conc. increase in ON conc.
in AN conc. in filtered in ON conc. in filtered

Average in elutriates elutriates Average inelutriates elutriates
Planning AN conc. over that over that ON conc. over that over that

in river in river in filtered in river in river in filtered
Sub-area CRM water water river water water water river water

mg/z mg/9 mg/9 mg/z mg/ mg/

5 551-460 7.5 11.8 11.5 2.8 .4.1 0.1

4 460-392 8.6 - 4.9 - 3.5 1.5 1.3 0.0

3 392-183 1.5 - 0.4 - 0.3 1.3 2.3 -0.1

2 183-0 0.2 - 0.1 cannot be 1.3 0.8 -0.2
I I determined

Note: Negative values indicate decreases.

Amonia nitrogen (AN) concentrations in water samples tested from the Trinity

River varied from 9.9 mg/l to 0.1 mg/l. Most of the AN was in the dissolved form,

while the organic nitrogen (ON) generally remained in particulate form. The

following trends may be observed from the data in Table 7:

(1) The AN concentrations increased significantly in the elutriates from
Planning Sub-area 5 and increased only slightly or decreaseo in
elutriates from Planning Sub-areas 4, 3, and 2.

(2) ON concentrations generally increased in unfiltered elutriates, but there
was a significant decrease in ON concentrations after filtration.

(3) There was slight increase in ON concentration in filtered elutriates over
filtered river water in Planning Sub-area 5. However, there was consis-
tent decrease in dissolved ON concentrations in other planning sub-areas.

Bottom Sediments

The recommended EPA limit for total Kjeldahi nitrogen (TKN) in bottom

sediments is 1000 mg/kg. AN in the bottom sediments was in the soluble form.

Most of it was immediately released into the water during elutriation procedures.

ON appeared to be in the particulate form. AN, ON, and TKN concentrations were

highest in Planning Sub-area 5 and gradually decreased downstream as is shown in
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Table 8. This indicates that the quality of the 11ottom sediments was improved

in the lower reaches of the river.

TABLE 8. SUMMARY OF NITROGEN CONCENTRATIONS IN BOTTOM SEDIMENTS

Planning CRM Average AN, Average ON Average TKN,

Sub-area mg/kg dry wt. mg/kg dry wt. mg/kq dry wt.

5 551-460 275 1,600 1,872

4 460-392 53 430 483

3 392-183 27 640 664

2 183-0 2 350 352

Total Phosphorus

Phosphorus does not occur in its free state in nature but is found as

phosphates, and in organic forms. In these forms it exists in solution, in

particulates of detritus, and in aquatic organisms. Phosphate is an essential

nutrient for plant growth. The desirable upper limit of total phosphorus in

rivers that enter lakes or reservoirs is less than 0.05 mg/l. This limit is

based upon the phosphorus requirements of different species of algae in reservoirs.

Total phosphorus concentrations in river water, elutriates, and bottom sediments

are detailed in Appendix D. A summary of results is given in Table 9.

Water and Elutriates

Phosphorus concentrations gradually decreased in river water from Planning

Sub-areas 5 to 2. Elutriation removed some phosphorus from solution. Also, there

was a decrease in total dissolved phosphorus concentrations in filtered elutriates.

The amount of reduction of phosphorus in elutriates, however, depended greatly

upon the adsorptive capacity of the sediment.

.. ...... 4. . ... ' -
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TABLE 9. SUMMARY OF TOTAL PHOSPHORUS CONCENTRATIONS IN
WATER AND ELUTRIATES AND BOTTOM SEDIMENTS

Average total
P increase in

Average increase filtered elu- Average total P
Average total P in total P in triates over concentration
concentration elutriates over that in fil- in bottom

Planning in river water that in river tered river sediments
Sub-area CRM mg/k water mg/t water mg/k mg/kg dry wt

5 551-460 5.2 -0.2 -2.1 2,064

4 460-392 3.9 -2.0 -3.4 55

3 392-183 1.3 -1.2 -0.9 299

2 183-0 0.2 -0.1 0 43

Note: Negative values indicate decreases.

Bottom Sediments

The total phosphorus concentrations decreased from Planning Sub-area 5 to 2.

In general, high phosphorus concentrations were measured downstream from large

wastewater treatment plants. (See Appendix B for point source discharge data.)

Carbon and Chemical Oxygen Demand

Total organic carbon (TOC) provides a measure of organic matter present in

water and bottom sediments. Chemical oxygen demand (COD), however, provides a

measure of the oxygen equivalent to that portion of the organic matter in a

sample that is susceptible to oxidation by a strong chemical oxidant. Carbon and

COD results are detailed in Appendix D.

Water and Elutriates

A major portion of the organic carbon was in an insoluble state. The unfil-

tered elutriates tested exhibited high organic carbon concentrations, particu-

larly in Planning Sub-area 5. However, the elutriates tested showed only

slightly higher organic carbon concentrations in filtered elutriates than in



25

filtered river water indicating that the major portion of the organic carbon was

in a particulate form. TOC concentrations decreased from Planning Sub-areas 5

to 2. A summary of TOC results is given in Table 10.

TABLE 10. SUMMARY OF TOC CONCENTRATIONS IN
WATER AND ELUTRIATES

Avg. increase in TOC
Avg. concentrations Avg. increase in TOC concentrations in
of total organic concentrations in filtered elutriates

Planning carbon in river elutriates over over filtered river
Sub-area CRM water, mg/i river water, mg/i water, mg/i

5 551-460 33 30 8

4 460-392 26 - 11 0

3 392-183 24 14 2

2 183-0 18 22 - 3

Note: Negative values indicate decreases.

Bottom Sediments

High COD and organic carbon concentrations were measured in the bottom

sediments. The EPA recommended limit for COD for Region VI is 50,000 mg/kg.

The COD values in bottom sediments from several sampling sites in Planning

Sub-area 5 exceeded this limit. TOC and COD values generally decreased from

Planning Sub-areas 5 to 2. Several very useful relationships appear to apply

to the volatile solids (VS), TOC, COD. and total organic nitrogen (TON) results.

The COD, TOC, and VS results and ratios of several of these constituents in

bottom sediments are summarized in Table 11. The following relationships may be

obtained from the ratios given in Table 11.

(1) The VS to COD ratio is in the range 1.4 to 4.7 with generally lower
values in Planning Sub-area 5.

(2) The COD to TOC ratio lie in the range 1.3 to 2.9.

(3) The organic sludge index (OSI) which is a product of TOC and TON
values appears to be higher in the highly polluted reaches of the
river. Larger values of OSI in Planning Sub-area 5 were found below
major point source discharges. (See Appendix B for point source
discharges.)
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Heavy Metals

All living systems are affected by heavy metals to varying extents. Heavy

metals are the most insidious pollutants because of their nonbiodegradable

nature. Only a few metals are completely nontoxic at any level. These metals

could be harmful if they unbalance or displace the essential levels in the eco-

system. Some heavy metals are of concern because of their bioaccumulation poten-

tial in biological systems. The results of the heavy metals are given in Appen-

dix D. A summary of heavy metal results is given in Tables 12 and 13.

Water and Elutriates

The test results indicated that managanese, chromium, and lead were the pol-

lutants present in exceedingly high amounts in river water (See Table 12).

Manganese values exceeded the 1976 EPA water quality criteria in all planning

sub-areds. It should be noted, however, that the ambient manqanese concentra-

tions are normally high in the Trinity River Basin.

Elutriation generally increased manganese, arsenic, and zinc concentrations.

Concentrations of many other heavy metals varied widely in the elutriates. The

release of heavy metals into the water on elutriation was probably due to many

causes such as the adsorptive and cation exchange capacity of the bottom sediments,

the extent to which the sediments contained various elements, and the oxidized

or reduced state of the sediments.

The metals appeared to be adsorbed onto particulates and therefore were

removed in significant amounts by filtration. Arsenic was removed almost

entirely by filtration.

Many heavy metals concentrations, especially in the upper reach of Planning

Sub-area 5, were found higher in filtered river water and filtered elutriate

than in unfiltered river water and unfiltered elutriate. High concentrations in
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unfiltered samples are normally expected. The reasons for this discrepancy are

not known. Either of the following factors could have caused this discrepancy:

(1) The water samples were collected from three locations at each site.
These samples were mixed into a container. Then, several one-gallon
jars were filled. Incomplete mixing may have provided variable
quality in water samples in different jars and inconsistent results
in filtered and unfiltered river water and elutriates.

(2) The water samples were digested with nitric acid. Incomplete diges-
tion and leaching of unfiltered samples may have resulted in lower
readings.

Procedures for water sampling after the first three sites in Planning Sub-

area 5 were modified. Water samples were thoroughly mixed at the site to insure

uniform quality in all jars. Analytical techniques were also modified to

insure complete digestion and leaching of strongly adsorbed and bound metals.

Bottom Sediments

Cadmium and lead concentrations exceeded the recommended EPA limits at most

of the sampling sites tested (See Table 13). Only in Planning Sub-area 4 and at

one site in Planning Sub-area 3 did all the heavy metal concentrations remain

below the EPA limits.

Halogenated Hydrocarbons and Polychlorinated Biphenyls

The substitution of a chlorine (or other halogen) atom for a hydrogen atom

greatly increases the anesthetic action of a member of the aliphatic hydrocarbons.

In addition, the chlorine derivative is usually less specific in its action and

may affect other tissues of the body in addition to those of the central nervous

system; in many cases the chlorine derivative is quite toxic. Thus, chloroform,

in addition to its narcotic qualities, may cause liver, heart, and kidney damage.

As a general rule, the unsaturated chlorine derivatives are highly narcotic

but less toxic than the saturated derivatives, thus causing degenerative changes

in the liver and kidneys less frequently.
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In dealing with the chlorinated hydrocarbons (pesticides, it must be

remembered that a toxic action may result from repeated exposure to concentrations

which are too low to produce a narcotic effect, and which, consequently, are too

low to give warning of danger. Individual susceptibility is also important when

poisoning by this group of solvents is being considered. Pesticide and PCB

data was collected on river water, elutriates, and bottom sediments from 13 sites.

These results are detailed in Appendix D.

Polychlorinated biphenyls (PCBs), which are primarily used as transformer

cooling fluids, are complex mixtures of several similar compounds. The recommended

EPA upper limit for PCB concentrations in domestic water supplies is less than

0.002 pg/l. The low limit is largely an attempt to protect aquatic life, since

PCBs are highly cumulative (up to 200,000 X). No limit of acceptability has

been set for drinking water, since "too little is known about the levels in water,

the retention and the accumulation in humans, and the effects of very low rates of

ingestion," (EPA 1973b). No PCBs were detected in any of the water, elutriates,

or bottom sediments tested.

Halogenated Hydrocarbons and PCBs in Water and Elutriates

Pesticide concentrations were found to be highest in the water samples

tested from Planning Sub-area 3. No chlordane was detected in any of the samples

tested. Pesticide concentrations in the river water tested are given in Table 14.

Elutriation test procedures did not result in any consistent increases or

decreases in pesticides concentrations. This variability was probably a

result of the different pesticide solubilities in the river water and the

varying soil characteristics.

Generally, the sample injections produced clean chromatograms with sharp,

well resolved peaks. Pesticide concentrations in filtered samples should, of

course, have been lower than those in unfiltered samples. Several data inver-
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TABLE 14. RANGE OF CONCENTRATIONS OF PESTICIDES

IN RIVER WATER AND ELUTRIATES (og/;)

1 Planning Planning Planninq IPlanning
Sub-area 5 Sub-area 4 Sub-area 3 Sub-area 2

Pesticides CRM(551-460) CRM(460-392) CRM(392-l83) ICRM(183-O)

Chlordane URW <0.3 <0.3 -0.3 -0.3
FRW <0.3 <0.3 -0.3 <0.3
UEL <0.3 <0.3<030.
FEL <0.3 <0.3<03-.

DDT URW <0.5 - 9.24.14-12877
FRW <0.5 - 4.9 3.50.-3859
UEL <0.5 - 34.8 11.7 22-631.
FEL <0.5 - 9.8 3.51.-4812

Dieldrin URW <0.3 - 58.0 9.41.-235 14
FRW <0.3 - 42.2 3.2 0.3 - 6.1 0.9
UEL <0.3 - 193.0 8.1 4.4 - 65.5 1.6
FEL <0.3 - 26.7 3.2 0.3 - 5.5 0.4

Endrin URW <0.3 - 34.5 9.2 30.5 - 326.7 4.0
FRW <0.3 - 23.5 1.1 08-106 5.
UEL <0.3 - 33.5 82.0 10.5 - 69.0 53.4
FEL<03-3.1.0. -5631 6

Heptachi orURW <. 523. . 3. .
FRW < . 6 . . . . .
UEL <0.3 - 299.0 92.4 31.6 - 48.3 111.4
FEL < . 4 11603 -2 . .

Lindane URW 66-1001. . . .IFRW7. -30 .11610 -1.51
UEL 12.5 - 584.0 7.3 5.4 - 8.7 3.8

FEL .8 1690 1.6 17 -8.03.8

Note: URW = Unfiltered river waterr FRW = Filtered river water
UEL = Unfiltered elutriates
FEL = Filtered elutriates



sior , however, did occur. These inversions indy he exI1 (1ned !)y thie f()w

observations:

(1, Some of the apparent data inversio ns are withiY the lir, r tn d iurd

of the technique and should be considered equal.

(2) Filtration may have removed bacteria, adsorptive soil,, )r oxidizinq

agents resultinq in a slower rite of breakdown of pesti, ides if,
filtered samples than unfiltered samples. Consequently, hiqrer concen-
trations of pesticides were measured in filtered samples.

(3) In some samples, interfering substances that could not be cleaned ip
produced peaks which masked the pesticide peak.

Bottom Sediments

Pesticide concentrations were found to be highest in the sediments from

Planning Sub-areas 5 and 4. No PCBs were detected in any of the bottom sedi-

ments tested. Heptachlor and lindane results were masked by an interfering

substance that could not be removed by standard cleanup techniques, Flr,;

or activated copper. The pesticides results are summarized in Table 15.

Oil and Grease

Oil and grease determinations are important because of the high solubility

of halogenated hydrocarbons in the oil and grease. Low levels of oil and Qrease

are in general nontoxic but provide an indication of the overall quality of the

bottom sediments. No criteria for oil and grease concentrations in botton sedi-

ments were found for comparison of results. Oil and qrease concentrations are

given in Appendix D. A summary of the oil and grease determinations is qiven

in Table 16.

-_,--
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TABLE 15. PESTICIDE CONCENTRATIONS IN BOTTOM SEDIMENT SAMPLES, mg/kq

Planning Sampling
Suo-area Site(CRM) Chlordane DDT Dieldrin Endrin Heptachlor Lindane

5 1(540.5) 2.2 3.3 <0.3 0.9 M M

5 2(532.0) 6.0 30.0 18.0 7.0 M M

5 3(511.0' 0.2 2.9 0.3 4.7 4.9 0.4

5 4(506.5) 45.0 53.6 0.3 19.0 M M

5 5(504.5) 47.4 41.8 33.0 17.0 M M

5 6(473.4) 64.0 39.7 80.0 20.0 M M

5 7(456.5) 4.4 9.8 176.0 3.0 M M

Average for Planning 24.0 26.0 10.0
Sut-area 5 24.0 26.0 10.0

4 8(431.5) "0.3 19.9 13.6 15.4 M M

3 9(341.0) -0.3 2.9 5.0 6.3 4.3 0.7

3 10(313.0) <0.3 <0.5 '0.3 0.3 0.7 0.2

3 11(265.0) <0.3 5.4 4.1 7.8 9.3 0.2

3 12(147.0) 10.3 <0.5 0.3 0.3 M M

Average for Planninq ,
Su -area 3

2 13(125.0) 0.3 20 0.8 20.0 7.2 <0.2

M - Masked by interfering substance peaks.

Average could not be determined because some concentrations were below detec-
tion limits and others were masked by interfering substances.
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TABLE 16. SUMMARY OF OIL AND GREASE CONCENTRATIONS IN BOTTOM SEDIMENTS

Average
Planning Oil and Grease,
Sub-area CRM mg/kg dry wt.

5 551-460 3,120

4 460-392 440

3 392-183 880

2 183-0 610

Oil and grease concentrations in bottom sediments from Planning Sub-

area 5 were exceedingly high. As noted earlier, this area is grossly polluted

due to discharge of waste water treatment plants and suface runoff from urban

areas.

Static Bioassay

Ammonia nitrogen appeared to be the limiting factor in growth and

survival for Daphnia magna. Mortality was consistently higher in control groups

than in elutriates. Replicate tests on unfed and fed organisms on the first

three sites showed that an abundant food supply allowed the organisms to survive

longer but did not prevent the hiqher mortality in the control.

The lethal effects of high ammonia nitrogen concentrations were enhanced

by the presence of other pollutants. D. magna could tolerate higher concentra-

tions of ammonia nitrogen when other pollutant concentrations were low, while

moderate concentrations of ammonia nitrogen proved lethal when other pollutant

concentrations were high.

Elutriation consistently improved water for habitation by D. aqna. While

ammonia nitrogen concentrations were not significantly lowered by elutriation,

the elutriation procedures did result in the lowering of enough other pollutant

concentrations to affect survival in elutriates. (See Appendix D for pollutant

concentration changes in elutriates over river water.)
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In filtered samples also, survival was generally greater in elutriates

than in controls. Overall, survival was greater in filtered than in unfiltered

samples. Ammonia nitrogen determinations on filtered and unfiltered river

water and elutriate samples showed that ammonia nitrogen concentrations

were not significantly lowered by filtration. The higher survival of D. magna

in filtered than in unfiltered samples therefore, is further indication

that the effects of ammonia nitrogen are at least partially dependent upon the

presence of other pnllutants. Static bioassay results are presented in Appen-

dix E. The 96 hour survival percentages are given in Table 17.

The followinq observations may be made from the results given in Table 17.

(1) Planning Sub-area 5. High mortality in control water from this
area showed that the river was unfit for habitation by D. magna
and possibly other forms of aquatic life. Other chemical tests also
indicated that this area of the river was grossly polluted from dis-
charge of sewage treatment plant effluents and urban runoff. (See
Appendix B for pollution source information and Appendix D for chemical
tests data.) While mortality was high in the upper reach of this area,
mortality was almost 100 percent in the lower reach except for a few
survivors in 20 percent elutriates.

(2) Planning Sub-area 4. Pollutant concentrations remained high in this
area. D.nagna mortality was almost 100 percent with only one survivor
in 20 percent elutriate

(3) Planning Sub-area 3. Overall pollutant concentrations declined in
this area. As a result, D.magna survival was almost 100 percent
except for a slight decline at CRM 265.3.

(4) Planning Sub-area 2. D. magna survival was almost 100 percent in
unfiltered samples and 6 percent filtered elutriates. The results
indicate that there was extremely high mortality in filtered control
and 20 percent filtered elutriate samples. The reasons for high
mortality in filtered contrnl and 20 percent filtered elutriates
are unclear. This may have been due to experimental error.

Grain Size Distribution and Dispersion Tests

Grain size distribution analyses of soils are conducted for identification

and classification purposes, for permeability and capillarity determinations,

and for aid in designing and constructing filters, dams, and levees. Grain

li liliI
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TABLE 17. DAPHNIA MAGNA SURVIVAL AFTER 96 HOURS
EXPOSURE TO TEST CONDITIONS

Percent Survival

Centrifuged Samples Filtered Samples
Planning Sampling Control River Elutriates Control River Elutriates
Sub-area Site(CRM) Water 6' 201 Water 6% 20

5 1(540.5) 0* 70* 90* 0* 90* 90*

60 90 90 90 90 90

5 2(532.0) 30* 70* 20* 0* 80* 80*

10 50 100 0 100 80

5 3(511.0) 30* 10* 40* 0* 10* 10*

40 50 90 90 100 100

5 4(506.5) 0 0 0 0 0 10

5 5(504.5) 0 0 0 0 0 20

5 6(478.4) 0 0 0 0 50 10

5 7(456.5) 0 0 0 0 70 100

4 8(431.5) 0 0 0 0 0 10 j
3 9( 341.0) 100 90 90 100 90 100

3 10(313.0) 100 90 100 100 100 100

3 ll(265.0) 40 90 100 60 70 70

3 12(197.0) 100 100 90 100 100 100

13(125.0) 100 90 100 I0** 100 30**

discussion.

4ote: 1. For sampling sites 1, 2, and 3, D. maLqna mortality data was obtained
with fed and unfed organisms.

2. Values with asterisk "*" indicate results for unfed organisms.

3. Values without asterisks indicate results for fed organisms.
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size distribution analyses are generally necessary to determine the scouring

and dispersion characteristics of the sediments.

Generally, clays have high adsorptive and cation exchange capacities and

thus have high contaminant storage potential. Silts and clays retain heavy

metals, pesticides and other compounds.

The grain size distribution analyses indicated that there was a wide varia-

tion in the sand, silt, and clay content in the bottom sediment samples. The

grain size distribution curves for the 13 sampling sites is given in Appendix F.

The results of the grain size distribution analyses are summarized in Table 18.

The dispersion test is a measure of nonsettleable solids in bottom sediments.

Bottom sediments containing high proportions of clay and silt have more non-

settleable solids than sediments containing primarily sand. Also, bottom sediments

immediately downstream from large sewage effluent discharge points contained high

concentrations of nonsettleable solids. (See Appendix B for point source pollu-

tion data.) Results of the dispersion tests are given in Appendix D. Important

results are summarized in Table 18.
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TABLE 18. SUMMARY OF GRAIN SIZE DISTRIBUTION AND NONSETTLEABLE
SOLIDS IN BOTTOM SEDIMENTS

Planning Sampling Sand Silt Clay Nonsettleable Nonsettleable
Sub-area Site(CRM) % % I Solids mg/kg Solids Dry Wt.

5 1(540.5) 85 14.8 0.2 420 0.042

5 2(532.0) 66 32.0 1.0 830 0.083

5 3(511.0) 93 7.0 small 620 0.062

5 4(506.5) 48 51.6 0.4 1,470 0.147

5 5(504,5) 31 66.9 2.1 1,670 0.167

5 6(478.4) 32 67.0 1.0 8,560 0.856

5 7(456.5) 41 58.0 1.0 710 0.071

Average for Planning 57 42.5 * 2,040 0.204
Sub-area 5

4 8(431.5) 70 28.2 1.8 2,650 0.265

3 9(341.0) 69 29.0 2.0 430 0.043

3 10(313.0) 50 33.8 16.2 710 0.071

3 11(265.5) 77 23.0 small 440 0.044

3 12(197.0) 30 68.2 1.8 1,620 0.162

Average for Planning 57 38.5 * 800 0.080
Sub-aree, 3

2 13(125.0) 75 20.8 4.2 4,340 0.434

Average could not be determined because ore value could not be evaluated.

:__
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SUMMARY OF RESULTS

The principal findings of the Trinity River Bottom Sediment Reconnaissance

Study are sumnmarized below:

Static Bioassay

(1) The Trinity river is grossly polluted in Planning Sub-areas 5 and 4 mainly

because of point and nonpoint source pollution from urban areas. High

mortality of D. magna in river water from these areas showed that the

river was unfit for habitation by these orqanisms and probably other forms

of aquatic life. Ammonia nitrogen, in the presence of other pollutants,

appeared to be the limiting factor in growth and survival of the test

organism.

(2) Elutriation consistently improved water for habitation by D. magna. Filtra-

tion further improved the water for habitation. While ammonia nitrogen

concentrations were not significantly lowered by elutriation, the elutria-

tion procedures did result in the lowering of other pollutant concentra-

tions to affect survival in elutriates. Ammonia nitrogen concentrations

were not decreased with filtration. The higher survival of D. magna in

filtered than in unfiltered sanles therefore, was further indication that

the effects of ammonia nitrogen are at least partially dependent upon the

presence of other pollutants.

(3) Survival was greatest in Planning Sub-areas 3 and 2. In some sites, sur-

vival was slightly greater in the river water (control) than in the

elutriates.
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Water and Elutriates

(1) The pH of the river water ranged from 7.1 to 8.1.

(2) During the testing, the dissolved oxygen in the river water samples tested

was greater than 4.2 mg/l and considerably higher (>7 mg/l) in Planning

Sub-areas 3 and 2.

(3) Immediate oxygen demand test results indicated that anaerobic or low DO levels

(<5 mg/l)will result in all areas except Planning Sub-area 2.

(4) The dissolved solids concentrations in river water ranged from 110 mg/l to

630 mg/l in Planning Sub-areas 5, 4, and 3 with most sites exceeding the

500 mg/l standard for drinking water. Lake Livingston discharge had a

dissolved solids concentration of 180 mg/l. Elutriation procedures did

not increase dissolved solids in river water and the concentrations were

actually lowered in filtered elutriates from Planning Sub-areas 3 and 2.

(5) Ammonia nitrogen (AN) concentrations in river water ranged from 10 mg/l

in Planning Sub-area 5 to 0.05 mg/l below Lake Livingston. The recommended

EPA limit of 0.016 mg/l was exceeded at all sites. Most of the AN was in

the dissolved state. Elutriation increased AN concentrations in the polluted

Planning Sub-area 5 and either decreased or increased only sliqhtly the

AN concentration in Planning Sub-areas 4, 3, and 2. Organic nitrogen (ON)

generally remained in particulate form. ON concentrations generally

increased with elutriation. Filtration, however, significantly decreased ON

concentrations.

(6) Total phosphorus (TP) concentrations ranged from 7.2. mg/l in Planning Sub-

area 5 to 0.2 mg/l just above and below Lake Livingston. TP concentrations

gradually decreased from Planning Sub-areas 5 to 2. Removal of phosphorus
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from the river water depended upon the characteristics of the sediments.

Filtered elutriates exhibited a decrease in TP concentrations.

(7) Total organic carbon concentrations in river water ranged from 42 mg/l to

16 mg/l with the highest values in Planning Sub-area 5. Most of the organic

carbon in the river water was in soluble form. Unfiltered elutriates exhibited

high organic carbon concentrations especially in Planning Sub-area 5. In

filtered elutriates, organic carbon concentrations were only slightly higher

than those in filtered river water.

(8) Heavy metals concentrations were highest in Planning Sub-area 5. Manganese,

lead, and chromium concentrations exceeded the recommended EPA limits at

most sites. Cadmium concentrations fluctuated around the limit at most

sites. Arsenic, copper, mercury, and zinc concentrations were well below

the recommended limits at all sites. Elutriation generally increased

manganese, arsenic, and zinc concentrations. Elutriation results with the

other heavy metals varied widely dependinq on the quality of the bottom

sediments. The heavy metals were in particulate form and were removed

significantly by filtration.

(9) Pesticide concentrations were found to be highest in Planning Sub-area 3.

No chlordane was detected in any of the water samples tested. Elutriation

gave no consistent results, perhaps because the release or uptake of

pesticides depended upon the quality of the bottom sediments, the solubility

of the pesticides, and other interfering compounds present. No polychlori-

nated biphenyls were detected in any of the water sampled.

Bottom Sediments

(1) All bottom sediments were anaerobic except those from Planning Sub-area 2.

The Eh of bottom sediments from Planning Sub-areas 5, 4, and 3 ranged

between -360 and -15 mv.

.. . . . . ... .. ...A. . . .. .- _ "
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(2) The volatile solids concentrations in bottom sediments from the lower

reach of Planning Sub-area 5 exceeded the EPA limit of 80,000 mg/kq.

(3) The bottom sediments contained high concentrations of ammonia and organic

nitrogen. The concentrations of nitrogen qradually decreased from Planning

Sub-areas 5 to 2. Most of the ammonia nitrogen was in a dissolved state

and was released into the elutriates. At most of the sites in Planning

Sub-area 5 the total Kjeldahl nitrogen concentration exceeded the recommended

EPA limit of 1000 mg/kg.

(4) Total phosphorus concentrations in bottom sediments were very high in

Planning Sub-area 5. For sites 2, 4, 5, and 6, TP values were 1400, 3850

2170, and 5660 mg/kg. Phosphorus concentrations decreased from Planning

Sub-areas 5 to 2.

(5) The recommended EPA limit of 50,000 mg/kg for chemical oxygen demand (COD)

was exceeded in the lower reach of Planning Sub-area 5. COD in bottom

sediments decreased from Planning Sub-areas 5 to 2. Total organic carbon

in bottom sediments also decreased from Planning Sub-areas 5 to L.

(6) Oil and grease concentrations ranged from 8340 mg/kg to 380 mq/kg. As

with other pollutants, the lower reach of Planning Sub-area 5 exhibited

the highest concentrations of oil and grease.

(7) Most of the heavy metals concentrations in bottom sediments from the lower

reach of Planning Sub-area 5 exceeded the recommended EPA limits for Region

VI. Cadmium and lead concentrations were above limits in most of the

planning sub-areas. The mercury concentration of 2.2 mg/kq at Site 7 was

the only concentration above the EPA recommended limit of 1.0 mg/kq. This

sampling site was only a few miles downstream from the East Fork of the

Trinity River.
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(8) Th3 bottom sediments were constantly scoured under high flow conditions and

deposited at the lower reaches of the river and into Lake Livingston. Site

12 was sampled approximately one week after heavy rains and the river at

the time of sampling was under flood conditions. The bottom sediments

from Site 12 contained higher concentrations of phosphorus, nitroqen, COD,

and other contaminants than those at the sites upstream from Site 12 in

Planning Sub-area 3, even though there is no significant source of pollution

in the reach upstream from Site 12.

(9) Halogenated hydrocarbons were found in the highest concentrations in Plan-

ning Sub-areas 5 and 4. Chlordane was found only in the bottom sediments

from Planning Sub-area 5. No polychlorinated biphenyls (PCBs) were found

in any of the bottom sediments tested.

_______
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RECOMMENDATIONS

During the Trinity River Bottom Sediment Reconnaissance Study water and

sediment quality at 13 sites on the Trinity River was established. Insufficient

data exists to make specific recommendations for the entire river. Considering

the scope of the Trinity River Project, it is recommended that the U.S. Army

Corps of Engineers consider building upon the present study a continuing moni-

toring program consisting of the following steps:

1. Analysis of Soil Samples from River Banks

The upper reaches of the Trinity River are grossly polluted. The river

bottom sediments have COD, nitrogen, and many heavy metals concentrations con-

siderably above the EPA recommended limits for Region VI. The Corps should

consider determining the quality of soil samples that were collected from each

bank and frozen during this study. The study should include determination of

the quality of the soil samples and elutriation studies with distilled water to

determine the mobility of the constituents. Implementation of the above study

would be a prudent course of action for the Corps to take in the event that off-

channel alignment were necessary.

2. Trinity Bay Bottom Sediment Analysis

A study similar to the Trinity River Bottom Sediment Reconnaissance Study

should be conducted on the Trinity Bay to determine the water and sediment quality

and the mobility of contaminants during dredging operations. The study would

provide data on contaminants that have accumulated in the bottom sediments that

are under less transient conditions. Tests conducted in a saline environment to

determine the quality and leachability of contaminants would probably yield
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quite different results from those conducted in the upper reaches of the river

investigated during this program.

3. Treatability Studies with Bottom Sediments

(a) Biological Studies. In the upper reaches of the Trinity River, the

bottom sediments have high organic contents and are anaerobic. A study should

be conducted to determine the biodegradability and biostabilization of the

bottom sediments. Respiration studies using a Warburg respirometer or similar

apparatus would indicate the oxygen requirement. Kinetic coefficients using a

respirometer and batch reactor would provide information which could be used

to stabilize the dredge material.

(b) Dewatering Studies. Studies should be conducted to determine the

factors that control the thickening and dewatering of the bottom sediments.

These studies would include thickening, coagulation and sedimentation experiments.

Classical experiments using sedimentation columns and B~chner funnel tests would

provide the design parameters for sedimentation, chemical feed, thickening, and

filtration processes.

4. In-Stream Aeration Studies

In order to improve the water and sediment quality of the Trinity River,

paper studies should be conducted to investigate the various methods of in-stream

aeration for the Trinity River. The study should include means of natural and

artificial aeration systems. Consideration should be given to increasing the

reaeration in the river by special designs of locks and dams and other hydraulic

structures. Aeration requirements in the navigation channel should also be

given consideration.

7177
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5. Dredged Material Disposal Sites and Potential Use of Dredged Materiol

Paper studies should be conducted to identify dredged material disposl ..

with an effort to use the material for beneficial purposes. Studies should P.

disposal into gravel pits and strip-mined areas to improve the land for aqriciJi J,

and other uses, construction of large elevators for recreational uses, and dpvo',-

ment of artificial marshes.

A modest level of experimental research should also be conducted to deter-

mine the uptake of heavy metals and pesticides into plants and aquatic animals.

Studies should be conducted to determine the use of aredged material in construc-

tion work. The possibility of constructing synthetic aggregates from dredged

material should also be investigated.

6. Trinity River Scale Model

Public participation in any engineering project is a two-way communication

process which involves promoting full public understanding of the project. To

communicate effectively, it is recommended that the Corps initiate construction

of models or replicas of several sections of the river. The replicas should be

constructed to a suitable scale (1 ft to a mile) for river sections of 10 to 15

miles in length. Two replicas should be considered: one representing the

existing condition of the river giving details or bank erosion, fallen trees,

accumulated debris in the channel, etc. and a second replica indicating channel

alignment, locks and dams, bank stabilization, etc. of the same sections of the

river. A side by side comparison of the two sections of the river would cleariv

indicate the objectives of the Trinity River Project. These models should he

made available for public display whenever suitable opportunities arise.
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7. Water (Lalitj Chardterization in the Trinity River Bisin

The Trinity River receives wastes directly from treatment plants. Also,

many tributaries empty large volumes of municipal and industrial wastes into the

Trinity River. In order to meet the Corps' objectives of the Trinity River

Project, "recreation and fish and wildlife conservation," it is necessary that

the water quality of major tributaries and pollution enterinq the Trinity River

through these tributaries be characterized. Water quality characterization based

upon the criteria for (1) public water supply, (2) recreation and aesthetics,

(3) fish and other aquatic life, (4) industrial, and (5) aqricultural (irriqation)

water sLIOply should be conducted fcr many reaches of the tributaries and the

Trinity River. The program can be conducted in two phases: (1) characterization

of existing water quality based upon available water quality data, and (2) pro-

jected future water quality in this river based upon projected population and

industrial growth and regulatory constraints.

it
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APPENDIX AA-

FIE-LD SAMPL ING, -ELUTRIAT ION, Si~ PKIM ENT ANALY.!1 S LQUI PMEIJT

T i a. Sampling boat, aluminum, 14 foot;
powered by 7 1/2 HP outboard
motor

a

b. Earth Auger, rranuali y rmprat-I"7 3 inch diameter core

bc. Notebook

e d. Lid liner, Teflon. 2(l rri1l
f 9 e. Sample storaqe Jar, one qallon.

d ~wide mouth. qlas,,-, screwi ton)

f. Sample storage jar lid

g. Measuring tape, 50 feet

h h. Mlarker, red
i. Thermiometer

I.Plastic sample baas and ties
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q Chemtrix. Eh and pH meter
q A

r. Yellow spring, Model 54, DO
;MA meter

s. International Model CS, centrifuge

S

, J,

t. Radio set, An/PRC. Two sets were
used to keep contact between crew
in boat and on shore
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k. Standard Wildco-Eckman dredge

1. Ponar grab dredge

m. Teledyne-Gurley Price current
4h meter

n. Alpha style - vertical PVC
bottle with semi-riqid ends

M

P o. Pigmy Price current meter

p. Shaker. Dayton Electric Manufac-
turing Company
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Description of Sampling and Sample PreparationEqjpment

The following equipment or equivalent was used during field samplir-,

elutriation and sediment analysis:

Standard Wildco-Eckman Dredge

Chamber Dimensions 9" x 9"

Empty weight, 15 lbs

Page 9A Wildco Catalog 74A

Ponar Grab Dredge

Chamber Dimensions 9" x 9"

Empty weight, 15 lbs

Page 11 Wildco Catalog 74A

Alpha Style - Vertical PVC Bottle with Semi-Rigid Ends

Volume 4.3 1

OD 4 1/2"

End seal, Neoprene

Empty weight, 10 lbs

Sample Storage Bottles

Wide mouth glass jars, one gallon capacity with Teflon liner, screw-top lid

Possible source Cincinnati Container Corporation, Cincinnati, Ohio

T2flon Sheet

20 mill thick

Source: Cadillac plastic, Cincinnati, Ohio

Boat

Aluminum fishing boat 12 to 16 feet; light weight, 7 1/2 hp motor, removable;
speed 10 mph

pH En Measurement

Direct reading, portable, battery operated, expanded scale unit for field measurc-
ment. (Sargent-Welch, Model PBX, page 497, Catalog 124)

owl
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DO Meter

Oxygen, polaragraphic cell, Portable YSI Model 54

Current Meter

1. Teledyne-Gurley Price, for deep water

2. Pigmy Price, for shallow water

Velocity determination from rating tables for each instrument. Teledyne-
Gurley meter with a magnetic on-off switch activated at every ten revolutions of
the current meter wheel. The Pigmy current meter with direct flow on-off switch
for every ten revolutions.

Photographic Equipment

1. 35 mm slide and photograph camera

2. 8 nn movie camera

Membrane Filter Assembly

1. 0.45 micron membrane filter

2. Suction apparatus

3. Container and holder

Centrifuge

Large, International Equipment Co.; Model CS

1. Timer, brake, adjustable speed

2. Top speed = 3200 RPM

Shaker

1. 1/3 hp electric motor, Dayton Electric Manufacturing Co., 1725 rpm. Type KS

18" x 10" x 71/2" box, adjustable seat, 120 excursions per minute

--t , ; 2 .. Z ; ", , ... ...•. .. .---.- .. ." -
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Description of Sampling Site No. 1

Access: The boat was launched from the right bank, downstream of the Handley-
Ederville Road Bridge. The site was located 0.5 mile downstream of the 1-820 Bridge.

Physical Description: The river was narrow (<50 feet), shallow (<10 feet), and
sluggish. Branches and stumps obstructed the river's flow and many shallows and
ruffles were present. The banks were rocky with extensive silt along the edges.
No scouring was evident. Vegetation consisting of trees, shrubs, and grasses was
dense. The only evidences of aquatic fauna were a few water snakes seen. The day
was bright, calm, and clear with no clouds. No precipation was recorded during the
preceding week but there were heavy rains the week before that.

Temperature: 150C air
20oC water

20.5oC bottom sediments
Midstream velocity: 0.42 fps

Appearance of Water in Bulk: The water was muddy-green with considerable suspended
matter and covered with foam. Visibility was only 10-12 inches. A strong putrid,
fecal odor indicative of grossly polluted water was present.

Soil Sampling Site Location: On both banks, the soil sampes were taken approxi-
mately 300 yards downstream of the 1-820 Bridge - 75 feet inland on the right and
150 feet inland on the left.

Sources of Pollution:

Point Sources: Five point sources of pollution were identified along the 30 mile
reach upstream from Site No. I. Of these, only the Riverside STP (effluent
32.3 MGD) was considered a major source. Other sources were a power plant, a
petrochemical plant, and two small STPs. The total point source effluent
was 33.8 MGD.

Land Use Activity Along the Reach:

351 pasture and range
7' forest

354 crop land
15, urban
8% other

Storm Rinoff: Little and Big Fossil Creeks and other small creeks drained the
urbanized areas of the city of Fort Worth into the Trinity River.
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Sampling Site No. 2 Planning Sub-area 5

Sampled on Friday, November 5, 1976 2:45 P.M.

S amplIi ng (/
./ Si te No. 2 //

f i/

,i2

FIGURE B-3. CHANNEL ALIGNMENT AND LANDMARK MAP OF SAMPLING SITE NO. 2

(Corps River Mile 532.0; Channel Mile 357.0)
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FIGURE B-4. SAMPLING SITE NO. 2. ACCESS PHOTOGRAPH. VIEW OF BOAT
LAUNCHING FROM TOP OF BANK. A SA FETY LINE 1.4S USED TO
LOWER THE BOAT ANn EQUIPMENT.

*Al

FIGURE B-5. SAMPLING SITE NO. 2. ,IE OF RIVF,.
FLOATING FOAM VISI!LLE
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Description of Sampling 
Site No. 2

Access: The boat was launched from the riqht bank, upstream of the Arlington-
Bedford Bridge. The site was located 0.25 mile downstream of the Arlington-Bedford
Bridge.

Physical Description: The river was narrow (-50 feet) deep (.25 feet), and slug-
gish. Numerous tree trunks and branches obstructed the river's flow. The banks
were slippery with mud and some scum. There was evidence of siltation on the right
bank. No scouring was evident. The vegetation, consisting of weeds, trees, and
shrubs, grew to the water's edge. There was no evidence of aquatic fauna. The
day was bright, calm, and clear with no clouds. No precipitation was recorded durinq
the preceding week.

Temperature: 15oC air
20oC water

20.5oC bottom sediment
Midstream velocity: 1.09 fps

Appearance of Water in Bulk: The water had a muddy-gray, sewage-like color. The
water contained excessive amounts of suspended matter and had patches of brown foam
floating on it. Visibility was only about 4 inches. A strong putrid odor was
present along with the odor of oil and grease.

Soil Sampling Site Location: On both banks, the soil samples were taken approxi-
mately 100 yards downstream of the Arlington-Bedford Bridge- 60 feet inland on the
right and 20 feet inland on the left.

S'urces of Pollution:

Point Sources: Nine point sources were identified along the 70 mile reach up-
stream from site No. 2. Of these, only the Village Creek STP (effluent 45 MGD)
was considered a major source. Other sources were seven small STPs and a manu-
facturing plant. The total point source pollution was 45.6 MGD. In addition,
point source pollution from the reach above site No. 1 was close enough to
have seme effects.

Land Use Activity Along the Reach:

35% pasture and range

7% forest
35% crop land
15% urban
8% other

Storm Runoff: The storm runoff from Village and Walker Creeks may provide a
major nonpoint source of pollution due to urban density in the vicinity of the
reach.

- _ V
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FIGURE B-6. CHANNEL ALIGNMENT AND LA ' NDMARK MAP OF SAMIPLIG SITE I,0.
(Corps River Mile 511.0; Channel Mile 3O.-

"FIURp 3-7.

SAMPLING SITE NO. 3. ACCESS PHOTOGRAPH.
RIVER BANK AT THE LAUNCHING SITE.
SAFETY LINE WAS INSTALLED AND STEPS
WERE MADE IN THE BANK

.... X
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FIGURE B-9. SAMPLING SITE NO. 3. DLRRIS ."I )N( 7-1

RIVER BANK



Description of Sampling Site No. 3

Access: The boat was launched from the left bank, downstream of the Meyers Road
Bridge. The site was located 0.5 mile downstream of the Meyers Road Bridge.

Physical Description: The river was narrow (<50 feet), shallow (.-10 feet), and
sluggish. Considerable debris including car bodies, branches and tree trunks
obstructeJ river flow. There was evidence of some siltation along the banks. No
scouring was evident. Plant life was abundant down to water's edge. Insects,
larvae and schools of minnows were seen in the water. The day was bright, calm, and
clear with no clouds. Some fog was present over the water. No precipitation was
recorded during the preceding week.

Temperature: 110C air
19.5°C water
17.50C bottom sediment

Midstream velocity: 0.70 fps

Appearance of Water in Bulk: The water was turbid green in color with patches of
white foam floating on the surface. Visibility was only about 2 inches. No
obvious odor was noticed near the river.

Soil Sampling Site Location: On both banks, the soil samples were taken approxi-
mately 150 yards downstream of the Meyers Road Bridge - 40 feet inland on the
right and 20 feet inland on the left.

Sources of Pollution:

Point Sources: Only two point sources were identified along the 24 mile reach up-
stream from Site No. 3. The Arlington STP (effluent 6.5 MGD) was previously the
major source but has since been abandoned leaving only one small STP (effluent
0.5 MGD) as a point source of pollution. Signifcant pollution may be carried
from the sites upstream with the Village Creek STP a major contributor.

Land Use Activity Along the Reach:

28" pasture and range
F forest

4j" crop land
16' urban
10 other

Storm Runoff: Storm runoff may be a significant source of nonpoint pollution
because this reach of the river receives runoff from the relatively densely
pupulated midcities area of Arlington, Irving, and Grand Prairie.
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FIGURE 5-12. SAMPLING SITE NO. 4. A 24-INCH PIPE WHICH APPEARED
TO DISCHARGE INTO THE RIVER

ow tft

FIGURE 3-113. SAMPLING SITE Nn. 4, AN OLD COLLAPSED DRPTDG[
PIIR AND DEBRIS
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Description of SampligA Site No. 4

Access: The boat was launched from the right bank, 0.25 mile downstream of the
Loop 12 Bridge from a point where a drainage ditch enters the Trinity River from
a levee south of the river. The site was located 0.75 mile downstream of the
Loop 12 Bridge.

Physical Description: The river was narrow (-50 feet), shallow (<10 feet), and
swift except for isolated sluggish pockets. Branches, tree strunks and debris
occasionally obstructed the river flow and rapids and shallows were present.
The river bottom appeared rocky. No scouring was evident. There was no vegeta-
tion along the banks or in the river, except for brown algae in the shallows.
There was no evidence of aquatic fauna. The day was bright, calm, and clear with no
clouds. No precipitation had been recorded during the preceding four weeks.

Temperature 18oC air

15.5oC water

15.5oC bottom sediment
Midstream velocity: 1.27 fps

Appearance of Water in Bulk: The water was gray and very turbid with some floc.
Gas bubbles and black rise were seen when the bottom sediments were disturbed.
Visibility was minimal. The odor of hydrogen sulfide gas and a strong fecal odor
were present.

Soil Sampling Site Location: On both banks, the soil samples were taken anDroxi-
mately 0.75 mile downstream of the Loop 12 Bridge - 150 feet inland on right and
50 feet inland on left.

Sources of Pollution:

Point Sources: Eight point sources of pollution were identified along the 5 mile
reach upstream from Site No. 4. Of these, only the TRA Central STP (effluent 30 MGD)
was considered a major source. Other sources were 3 mobile home STPs and 4
other small STPs. The total point source effluent was 30.6 MGD. Significant
pollution from the upper reaches was carried over into this site.

Land Use Activity Along the Reach:

28; pasture and range
6"' forest

40" crop land
16", urban
10% other

Storm Runoff: Significant nonpoint source pollution is fed into the river as
urban runoff by Little Bear, Big Bear, and Estelle Creeks.
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FIGURE B-14. CHANNEL ALIGHMENT AND LANDMARK MAP OF SAMPLING SITE NO. 5
(Corps River Mile 504.5; Channel Mile 337.5)

FIGURE B-15. SAYPLING SITE NO. 5. WESTMORELANiD AVE BRIDGE
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FIGURE B-16. SAMPLING SITE NO. 5. ACCESS PHOTOGRAPH.
LAUNCHING THE BOAT

,4 4

FIGURE B-17. SAMPLING SITE NO. 5. BLACK RISE AND GAS BUBBLES IN THE RIVER
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Description of Sampling Site No. 5

Access: The boat was launched from the right bank downstream of the Westmoreland
Avenue Birdge. The site was located 0.2 mile upstream of the Westmoreland Avenue
Bridge.

Physical Description: The river was moderately wide (>50 feet, <200 feet), ( 10
feet) and sluggish. Trees and branches obstructed flow. There was little sedi-
inentation and the bottom was rocky with considerable sand and gravel. There were
fine clay and silt on the right bank and sand on the left. No vegetation was
observed on banks or in water. Bloodworms, insect larvae, and minnows were
observed in the water. The day was bright, calm, and clear with no clouds. No
precipitation was recorded during the preceding four weeks.

Temperature: 21°C air
15°C water
15oC bottom sediment

Midstream velocity: 0.7 fps

Appearance of Water in Bulk: The water was turbid and had a dark brown color.
Gas bubbles and floc rose when the bottom sediment was disturbed. No apparent
odor was present except for the putrid smell of the bottom sediment.

Soil Sampling Site Location: On both banks, the soil samples were taken approxi-
mately 352 yards upstream of the Westmoreland Avenue Bridge - 150 feet inland on
the right and 150 feet inland on the left.

Sources of Pollution:

Point Sources: Since Site No. 5 is located approximately 2.0 miles downstream

from Site No. 4, all point sources for Site No. 4 are potentially significant
at Site No. 5. In addition, the Elm Fork of the Trinity River joins the river
between the two sites. This tributary adds point source pollution from 5 STPs
I WTP located on the Elm Fork. The total effluent from Elm Fork point sources was
17.7 MGD. Combining the point sources from Site No. 4 and the Elm Fork gave
approximately 48 MGD.

Land Use Activity Along the Reach:

28% pasture and range
7% forest

43% crop land
14% urban
8% other

Storm Runoff: The Elm Fork of the Trinity River receives large amounts of runoff
from farm and pasture land.
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Sampling Site No. 6 Planning Sub-area 5

Sampled on Monaay, December 27, 1976, 12:30 P.M.

N\

. . Sampling
Q< , .Site No. 6.

b~ *~A

FIGURE B-18. CHANNEL ALIGNMENT AND LANDMARK MAP OF SAMPLING SITE NO.6
(Corps River Mile 478.4; Channel Mile 315.9)
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FIGURE B-19. SAMPLING SITE NO. 6. ACCESS PHOTOGRAPH

FIGURE B-20. SAMPLING SITE NO. 6. VIEW OF THE RIVER
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Description of Sampling Site No. 6

Ac ess: [he boat was launched from the left bank, downstream of the Belt Line
Road Bridge. The site was located 600 feet upstream of the Belt Line Road Bridqe.

Physical Description: The river was moderately wide ( 50 feet, <200 feet),
moderately deep l-0 feet, 25 feet), and sluggish. Many branches were present
but nune could be considered a major obstruction. The banks were muddy, and some
sedimentation had taken place. Moderate scouring had occurred, grass, trees, and
shrubs grew to the water edge and algae grew in the water. No evidence of
aquatic fauna was observed. The day was clear and bright with cirrus clouds.
Winds were southerly, light to moderate. No precipitation was recorded during
the preceding week.

Temperature: 23oC air
17°C water
18oC bottom sediment

Midstream velocity: 0.66 fps

A/\jearance of Water in Bulk: The water was turbid and had a greenish-brown color
with somf surface floc. The river water and bottom sediment both had a strong
anaerobic odor.

Soil Sampling Site Location: On both banks, the soil samples were taken approxi-
mately 600 feet upstream of the Belt Line Road Bridge - 100 feet inland on the
right and 100 feet inland on the left.

Sources of Pollution:

Doint Sources: Eleven point sources of pollution were identified alonq the 2F
mile reach upstream from Site No. 6. The STP near CRM 495 (effluent 93.8 MGD)
was considered the major source. Two STPs (including the one just cited) and 2
power plants discharged directly into the river. Three tributaries brought pollu-
tion from 4 power plants, 2 STPs, and a petroleum plant. The combined effluent
was approximately 103 MGD. Carry over pollution will have an effect at this
point hut will be insignificant when compared with the ooint source discharge in
the reach directly upstream from the site.

Land Use Activity Along the Reach:

41 pasture and range
3 forest

46^ crop land
6% urban
47 other

Storm Runoff: Nonpoint source pollution from urban runoff is still important
at this point in the river despite the fact that the cities are some distances
upstream. The tributaries entering the river near the sampling site carry urban
runoff.

ilmmnimmmmmmm mmm ......... . ... ......



B-18 SAmplijnj Site No. 7 Pidn ninjr Sub--area 5

Sampled on Friday, January 28, 1977, 10:37 A.M.

Site N; 7"

FIGURE B-21. CHANNEL ALIGNMENT AN"', lANDMARK MAP OF SAMPLING 'IiE NO. 7
(Corns River 1-,I, 496.5; Channel Mile 30(".2)

FIGURE B-22. .

ACCESS PHOTOGRAPH FROM THE,
PROPERTY OF JIM WISHONI,
BRISTOL, TEXAS
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Inc boat was Ilauncheit from th e roh i .01!,, f tne v~r )r 1,
of some pastureland belonging to Mr. Jim Wi~hon of Bristol, Texas. h, sit e
was reached oy travel ing approximately 200 feet upstream from the poi nt of
1 a un .h i nq .

in.Lca D( sc jt i oni: The river was moderately vide ( -LU f:eet, 2 20C f Pee ,
moceatley deep 10 feet, 25). and had a strong current. On a few t r-ee '

andi j- anct es obstructed flow. [xtensivye mds 1 d-ing and scourinci was othm rvero cmr
the right bank. Also on the riqht bank, 2:': foW shale outcropping icsed -m a
natural spring. The left bank exhibited extensive scourinq. Botrn banks were
composed largely of sandy clay. Trees, hrband grasses, qrew to within 30G
foe', of the water line. There was no ,v~derine of aquatic fauna or flora. no~f :!y Was
b)right, partly cloudy (5-101"), and windy (20-25 MPH from NW). Only trace orrounits
of si)recipitation were recorded duc-ing the preceding week.

Temperature: 12oC air
14oC water
14oC bottom sediment

Midstream velocity: 1.73 fps

Apoearancre of Water in B-ulk: The water- wa; a qreenish-brown wi'n some loa-, cas
buboDes, floc, black rise, aind toilet paper- floating -n 1-. .jrtid-i v
was high and visibility low. An earthy smell Was Present above the river water
and the bottom sediment had a slight odor.

Soil Sampling Site Location: On both bank, the soil samples were token (it the

wite - l?O feet inland on the right and 90 ',-et inland on the 'effV

So rrces_ of- Poll1uti on

-<oirt Sources: The- maJor print source pollution Jischargiinq d&rec~,*
2 2 mile reach of ri ve"~ Upstream from the sic', is attnibuted to tra en
Creek STP (effluent 'MGD). Also, the Fast Fork of the Trinilty jo.1. erie

just upstream from this site and carries wit1h it discharges- 'rom 7 2 S55C0 r co-
.. ined effluent approxiaey III MGD). Numerc-us .,mall STP s (combined e"'luent of I
11GD discharged into th is reach upstrea!-i f am Site No. 7. The total )ointu sour
effluient was approximately 119 MGD. Pollutis:, carried over from the lr'Per reatnes
also rappears to ho-ve a significant effect at this site.

Land Use Activity Along the Reach:

41 pasture and range
3 forest

4F, crop land
6 urban

other

71w. jno f f: this, site: ' onraimatn n c
rjof( from crop land and pasture ,j,, ;. c t
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FIGURE B-27. SAMPLING SITE NO. 8. VIEW OF THE RIVER

FIGURE B-28. SAMPLING SITE NO. 8. OBSTRUCTION IN THE RIVER
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Description of Sampling Site No. 8

Access: The boat was launched from the right bank, downstream of the SH 85 Bridge.
The site was located 500 feet upstream of the SH 85 Bridge.

Physical Description: The river was moderately wide (>50 feet, <100 feet), shallow
(<10 feet), and swift. A few stumps and some debris obstructed flow, but not
significantly. There were mud slides and slumping on the dark gray clay banks.
Forest lined the banks and trees and shrubs grew to within 35 feet of the water
line. Algae grew on the clay under the water surface. No aquatic fauna was
observed. The day was clear and bright with hiqh cirrus clouds and a light wind o
5-10 MPH from the N. No precipitation was recorded during the preceding week.

Temperature: 190C air
15oC water
160C bottom sediment

Midstream velocity: 1.5 fps

Appearance of Water in Bulk: The water had a dark grayish-green color. Turbidity
was low and there was little suspended matter. Visibility was approximately 18
inches. A faint putrid odor was present.

Soil Sampling Site Location: On the right bank the soil sample was taken approxi-
mately 300 feet upstream of the SH 85 Bridge and 150 feet inland. On the left bank,
the soil sample was taken 500 feet upstream of the SH 85 Bridge and 200 feet
inland.

Sources of Pollution:

Point Sources: Point sources directly discharging into the river along the 25 miles
reach upstream from Site No. 8 contribute less than 0.6 MGD and are therefore
relatively insignificant. The major point source of pollution is the confluence
of the East Fork at CRM 460 (effluent 111 MGD from a combination of 5 STPs).
The effect of this pollution is reduced by its travel distance in the Trinity
River before Site No. 8.

Land Use Activity Along the Reach:

41% pasture and range
3% forest
46% crop land
6% urban
4% other

Storm Runoff: The major nonpoint source of discharge is runoff from pasture
and crop land.
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Sampling Site No. 9 Planning Sub-area 3

Sampled on Tuesday, December 28, 1976, 9:30 A.M.

PM9Ik"ED
EI ,t 'AtE C0104KIAM I/ 40419 NADEDE0 ?4 SI)T

S.arip p linq
%. Site 'o.

V3.

-,_-" x .. ,. *& - "

FIGURE B-29. CHANNEL ALIGNMENT AND LANDMARK MAP OF SAMPLING SITE NO. 9
(Corps River Milp 341.0; Channel Mile 234.7)

.' ,

FIGURE B-30. SAMPLING SITE NO. 9. LANDMARK PHOTOGRAPH. SIGN
SHOWING THE ENTRANCE TO COFFIELD PRISON FARM
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FIGURE B-31. SAMPLING SITE NO. 9. ACCESS PHOTOGRAPH. APPROXIMATELY 2 MILES
UPSTREAM OF PROPOSED LAKE TENNESSEE COLONY DAM SITE

FIGURE B-32. SAMPLING SITE NO. 9. VIEW OF THE RIVER

I
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Description of Sampling Site No. 9

Access: The boat was launched from the left bank at a low water crossing on the
Trinity River approximately 4 miles Southwest of the Coffield State Prison Farm.
The site was located approximately 1000 feet downstream from the crossing.

Physical Description: The river was moderately wide (>50 feet, <100 feet), and
moderately deep (>10 ft, <25 ft). The site was located downstream of some mild
rapids. The debris obstructing flow consisted of concrete bridge sections, rip-rap,
tree trunks and branches. The banks were sandy silt which exhibited ripple marks.
The area was heavily forested and trees grew to within 15 feet of the water in
places. Undergrowth consisting of thorn bushes and creeping vines grew to within
50 feet of the water. Fish were observed in the water and freshwater mussel
shells were found along the banks. The day was clear, calm, and bright with no clouds.
Only trace precipitation was recorded during the preceding week.

Temperature 160C air
14CC water
15°C bottom sediment

Midstream velocity: 0.78 fps

Appearance of Water in Bulk: The water apoeared fairly clean. There was some tur-
bidity with visibility only 6 inches. A slight fishy odor was present at the site.

Soil Sampling Site Location: Soil samples were taken from both banks of the river
at the sampling site. On the right a sample was taken approximately 150 feet
inland and on the left bank approximately 50 feet inland.

Sources of Pollution:

Point Sources: Several point sources were identified on the 90 mile reach upstream
from Site No. 9. The largest of these had a flow of 1MGD and the combined flow from
all point sources was only slightly over 2MGD. Since this pollution occurred
over a 90 mile reach and most was discharged from tributaries, point source
pollution was relatively low. The effect of upstream pollution was relatively I
insignificant at this point due to the distance from major sources of pollution.

Land Use Activity Along the Reach:

42% pasture and range
32% forest
20% crop land
4% urban
3% other

Storm Runoff: The predominant runoff is drainage from farmland and forest.
Because point source pollution is small at this sight, nonpoint source runoff
may have a significant effect.

6 m
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Sampling Site No. 10 Planning Sub-area 3

Sampled on Friday, January 28, 1977, 2:43 P.M.
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Sampling , ,;
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FIGURE U~ B-33. CHNNLALINN ANDl LNO.ARK MACCS OSAPOTOGRAPH NOl

Sitew
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FIGURE B-35. SAMPLING SITE NO. 10. ANIMAL TRACKS ALONG THE BANKS
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FIGURE B-36. SAMPLING SITE NO. 10. VIEW OF THE RIVER AND BANKS
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Description of Sampling Site No. 10

Access: The boat was launched from the right bank, downstream of the US Hiqhway
84 Bridge. The site was located 400 feet upstream of the US Highway 84 Bridge.

Physical Description: The river was moderately wide (>50 feet, <100 feet), moder-
ately deep (>10 feet, >25 feet), and had a strong current. There were only a few
minor obstructions. Mud slides had occurred on the right bank and both banks
exhibited extensive scouring. The banks were sand and clay with laterite and
limestone outcrops on the left bank. Trees and shrubs grew down to the water
line on both banks. No evidence of aquatic fauna was seen. The day was bright
and clear with hiqh cirrus clouds and a wind of 10-15 MPH from the N. No precipita-
tion was recorded during the preceding week.

Temperature: 160C air
140C water
150C bottom sediment

Midstream velocity: 2.1 fps

Appearance of Water in Bulk: The water was a greenish-brown color with a little
foam and low turbidity. No odor was detected in the water, but the bottom sedi-
ments had a slightly anaerobic odor.

Soil Sampling Site Location: On the right bank, the soil sample was taken 400
feet upstream of the US Highway 84 Bridge, 80 feet inland. On the left bank, the
soil sample was taken 30-50 feet downstream of the bridge, 30 feet inland.

Sources of Pollution:

Point Sources: Eight point sources of pollution were identified in the 28 mile
reach ups-t-eam of Site No. 10. The total flow from these sources is aporoximately
1.3 MGD with an STP at CRM 317 the major contributor. Point source pollution
at this site is relatively low, and because it is 145 miles downstream of the
major point sources of pollution there is no significant carry-over pollution.

Land Use Activity Along the Reach:

42% pasture
32% forest
20% crop land
4% urban
3% other

Storm Runoff: Drainage from the agricultural and forest lands along the reach
has signif1~ant effect.
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Sampling Site No. 11 Planning Sub-area 3

Sampled on Tuesday, December 28, 1976, 1:50 P.M.

St-- 7L* ; ,_.-
Samplinq ./

Site No. 11 ':'1. IV

,,_...,.,. .. --- ..... .

N

FIGURE B-37. CHANNEL ALIGNMENT AND LANDMARK MAP OF SAMPLING SITE NO. 11
(Corps River Mile 265.0; Channel Mile 196.5)
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FIGURE B-38. SAMPLING SITE NO. 11. ACCESS PHOTOGRAPH.
LAUNCHING THE BOAT FROM A PRIVATE RAMP

FIGURE B-39. SAMPLING SITE NO. 11. ABANDONED LOCK AND DAM

'IJ
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Description of Sampling Site No. 11

Access: The boat was launched from the right bank, upstream of the SH 7 Bridge
from a fisherman's ramp. The site was located 150 feet downstream of the SH 7 Bridge
and 500 feet downstream of an abandoned lock and dam.

Physical Description: The river was wide (>100 feet), moderately deep (>10 feet,
-25 feet), and swift. Submerged stumps were present but they did not obstruct
flow. The banks were heavily silted and littered with trees and branches. The
right bank showed evidence of extensive scouring. Trees, shrubs, and grasses
frequently grew to the water line. Bass and catfish were abundant in the river.
The day was clear to partly cloudy with a northerly wind (10-15 MPH). No signifi-
cant precipitation was recorded during the preceding week.

Temperature: 22oC air
14oC water
140C bottom sdeiment

Midstream velocity: 1.3 fps

Appearance of Water in Bulk: The water had a greenish-brown color and appeared
clean. Visibility was good with low turbidity. There was no detectable odor in
the water or sediment.

Soil Sampling Site Location: On the right bank, the soil sample was taken approxi-
mataly 350 feet upstream of the SH 7 Bridge, 150 feet inland. On the left bank,
the soil sample was taken about 150 feet downstream of the SH 7 Bridge, 100 feet
inland.

Sources of Pollution:

Point Sources: Eight point sources of pollution were identified in the 49 mile
reach upstream from Site No. 11. The 7 small STPs and 1 small WTP had a combined
effluent of approximately 1.8 MGD and thus point source pollution at this site
is minimal. Carry-over pollution is also insignificant because Site No. 11 is
195 downstream of any major point source of pollution.

Land Use Activity Along the Reach:

42% pasture and range
32% forest
20% crop land
4% urban
3% other

Storm Runoff: Storm runoff from the agricultural land along the reach above
Site No. 11 has a major effect upon water and sediment quality.

-I



Sampling Site No. 12 Plannino Sub-area 3 B-233

Sampled on Friday, February 18, 1977, 10:30 A.M.

SamplIi nq
Si te 1 o. 12

-\S

~~!Z>

FOGIRE B-40. CHANNEL ALIGNMENT AND LANDMARK MAP OF SAMPLING SITE NO. 12
(Corps River Mile 197.0; Channel Mile 145.0)

'a j 41 N TATION

DEEP RIVER L
LOTS FOR SALE - ESTAURPANT
*BOAI R~AW,~Y P!NA W&E SYSTEM

* ~ -,5 sWIMMING POOL
* KC ([P D 9 &4 L' S A IT

CAMPS Is *

FIGURE 8-41. SAMPLING SITE NO. 12. LANDMARK PHOTOGRAPH.
ENTRANCE TO DEEP RIVER PLANTATION
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FIGURE B-42. SAMPLING SITE NO. 12. LANDMARK PHOTOGRAPH.
ABANDONED DEEP RIVER RESTAURANT

F 1

FIGURE B-43. SAMPLING SITE NO. 12. VIEW OF THE RIVER
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Description of Samplinq Site No. 12

Access: The boat was launched from a boat ramp on the left bank of the river at Deep
River Plantations and near the Deep River Waterfront Restaurant. The site was reached
by traveling approximately 200 feet upstream.

Physical Description: The river was very wide (>200 feet), deep (>50 feet), and
swift. The banks were of sandy clay. Some evidence of scouring. Trees and grass
were plentiful and grew near the water line. The river appeared to be under flood
conditions and many trees were partially submerged. Large fish and blood worms
were found in the water. The day was bright with a slight overcast and mild
wind. No precipitation was recorded during the preceding week but there were
heavy rains the weeks before that.

Temperature: 249C air
160C water
16oC bottom sediment

Midstream velocity: 2.92 fps

Appearance of Water il Bulk: The water was brown and muddy but appeared free of
pollution. High turbidity resulted in visibility of approximately 1 inch. The
water had no detectable odor, but the bottom sediment had a slight fishy odor.

Soil Sampling Site Location: On both banks, the soil samples were taken at the
site, 100 feet inland on-the right and 200 feet inland on the left.

Sources of Pollution:

Point Sources: Eight point sources of pollution were identified along the 68 mile
reach upstream from Site 12. All 8 sources were small STPs with a combined
effluent of less than 1.1 MGD. Point source pollution is therefore insignificant
at this point. Carry-over pollution is also insignificant because the site is
260 miles downstream of any major sources of pollution.

Land Use Activity Along the Reach:

20% pasture and range
70% forest
4% crop land
3% urban
3% other

Storm Runoff: The majority of the land from which runoff discharges into this
reach is covered with forest.



B- 36 Sampling Site No. 13 P~lanni~q Su.b-area 2

Sampled on Friday, February 18, 1977, 2:30 P.M.

Sampling QU.
Site *-Io. 13 f*

FIGURE B-44. CHANNEL ALIGNMENT AND LANDMARK MAP OF SAMPLING SITE NO. 13
(Corps River Mile 125.0; Channel Mile 98.0)

FIGURE B-45. SAMPLING SITE NO. 13. ACCESS PHOTOGRAPH.
LAUNCHING THE BOAT INTO A SMALL DRAINAGE DITCH
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FIGURE B-46. SAMPLING SITE NO. 13. VIEW OF THE RIVER

n OI>

FIGURE B-47. SAMPLING SITE NO. 13. FOAM ON RIVER SURFACE NEAR BANKS
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Description of Sampling Site No. 13

Access: The boat was launched into a small drainage ditch that enters the river
from the left bank. The drainage ditch extends back into the land belonging to
Mr. Phillips whose property is in the Riviera Estates near Livingston, Texas.
The sampling site was reached by traveling approximately 1/4 mile downstream from
Mr. Phillips' property.

Physical Description: The river was wide (>200 feet), moderately deep (10 feet,
<25 feet) and swift. The banks were of silty sands and showed no evidence of
scouring. No obstructions to flow were seen. Trees, shrubs, and grasses were
abundant, and algae grew in the river. Many small fish were observed. The river
is used extensively for fishing, boating, and water contact sports. The day was
clear and bright with no wind. No precipitation was recorded during the preceding
week but there were heavy rains the week before that. Discharge from Lake Livingston
was approximately 25,200 cfs.

Temperature: 230C air
16°C water
16C bottom sediment

Midstream velocity: 4.19 fps

Appearance of Water in Bulk: The water was green and appeared clean. Turbidity
was high and visibility low. The water had a fishy odor.

Soil Sampling Site Location: On the right bank, the soil sample was taken at the
site, 150 feet inland. On the left bank, the soil sample was taken 0.5 mile
downstream of the Lake Livingston Dam, 300 feet inland.

Sources of Pollution:

Point Sources: There are no significant point sources of pollution in the
reach upstream from Site No. 13. The entire discharge is from Lake Livingston.

Land Use Activity Along the Reach:

24% pasture and range
74% forest
1% crop land

0.5% urban
0.5% other

Storm Runoff: The primary runoff which enters Lake Livingston is from forest
land.
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CLIMATOLOGICAL STATIONS AND OBSERVERS BY COUNTY

County Station Observer

Wise 1. Bridgeport Mrs. Betty Hembree

2. Boyd Bobby Don Fowler

3. Decatur Ansel L. Fortenberry

Freestone 1. Long Lake 5 SW Noyl Anders

Anderson I. Palestine Mrs. Jimmie Dale Trezise

Leon 1. Buffalo Henry M. Harris

2. Centerville Royce Wilson

3. Jewett Mrs. Elna E. Leazar

Houston 1. Crockett James H. Gibbs

2. Lovelady Lester Jones

Madison 1. Madisonville Ross Madole

Trinity 1. Groveton T. P. Walton, Jr.

Denton 1. Roanoke George R. Jones

Kaufman 1. Crandall Mrs. Vallie Sue Sorrells
2. Rosser Mrs. Opal L. Taliaferro

| .,

Angelina 1. Lufkin FAA AP Lufkin FAA AP

San Jacinto 1. Coldspring 5 SSW Leroy S. Dibney

Tarrant 1. Arlington Charles I. Hawkes

2. Benbrook Dam Prof. Eng. Benbrook Proj.

3. Dal-Ft.W Reg. WSMO AP Weather Service Met. Obs'y.

4. Grapevine Dam US Corps of Engineers

Dallas 1. Carrollton 2 N Mrs. Betty L. Sumner

2. Dallas FAA AP FAA Flight Service Station

3. Richardson City of Richardson

Ellis 1. Avalon Herschel H. Smith

2. Bardwell Dam Corps of Engineers
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APPENDIX D

LABORATORY DATA ON WATER, ELUTRIATES, AND BOTTOM SEDIMENTS
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APPENDIX F

GRAIN SIZE DISTRIBUTION OF BOTTOM SEDIMENTS
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AP LNDIX G

GRAPHICAL REPRESENTATION OF RESULTS OF VARIOUS

PARAMETERS IN RIVER WATER AND ELUTRIATES

General

The computer graphics have been prepared to represent the measured concen-

trations of various parameters in the river water, elutriates, and bottom sedi-

ments with respect to the Corps river miles. The purpose is to provide a

visual aid in determining how the concentrations of these parameters decrease

or increase along the river length. Also, the recommended limits of these

parameters have been shown on various graphs to indicate in which reaches of

the river the concentrations of various parameters are above or below the

recommended limits.

The plotted results of river water and elutriates are given in Appendix G.

The plots of bottom sediments are given in Appendix H.

Graphical Representation of Results

in Water and Elutriates

The plotted results of filtered river water and elutriates are presented

separate from those of unfiltered samples. In addition, a "change in concentra-

tion" (elutriates value - river water value) for filtered and unfiltered samples

is also (iven in its respective plot. However, a separate ordinate is used

for this purpose. A positive value indicates that elutriation increased the

value of the particular chemical parameter, and a negative value indicates a

decrease in the chemical parameter value after elutriation. All results for

water and elutriates are in mg/z.

G-1

ONO



G-2

Interpreting the Plots

(1) The following symbols are used:

change in concentrations

X = river water results

0 = elutriates results

(2) The Corps river miles have been shifted by 550 on the plot. This means 0

mile on X-axis is CRM 550. As the CRM decreases downstream, CRM 400 will

be (550-400) - 150.

(3) Scientific notation is sed on botn axes. A reading of 1.920 E + 02

on X-axis means 192.0.

(4) In order to locate CRM 341.0 (Sampling Site 9), the following procedure

may be used:

Reading on X-axis = (550.0 - 341.0) = 209.0. In scientific notation

it will be 2.090 E + 02. This value is shown for the 9th plot on the

X-axis.

(5) A reading of 1.600 E + 03 on X-axis means 1600.
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GRAPHICAL REPRESENTATION OF RESULTS OF VARIOUS

FARAMEMtSIN BOTTOM SEDIMENTS

(See Appendix G (pages G-1, G-2, G-3) for interpretation of plots)
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