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Enclosed are 25 copies of our final report, "Trinity River Bottom Sediment
Reconnaissance Study." This work was performed by the University of Texas
at Arlington under contract No. DACW63-76-C-0140. This report includes
the results of field and laboratory analyses conducted on water and bottom

- sediment samples collected from the Trinity River. We believe the results
of this research mark an important beginning in assessing the water and
sediment quality of the Trinity River, and mobility of the contaminants
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FOREWORD

The work presented in this repcrt was performed by the University of Texas
at Arlington under contract No. DACW 63-76-C-0140 from the Fort Worth District . 1
: 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
) gooperative effort of the Department of Civil Engineering and the Department of
,/ //bhemistry 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 0il 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




T

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 4
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

2 A1l sites

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

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

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

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. magna 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 1ife.

; ]P]anninq 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
j 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

b headwaters of Lake Livingston to Trinity Bay (CRM 183-0).

2 "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.
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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 Towering 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.




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/1. 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/1) 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 1imit of 0.016 mg/1 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/1. Most of the water samples tested exceeded
the 500 mg/1 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/1
Total Kjeldahl Nitrogen 13.7 mg/1
Total Dissolved Solids 610 mg/1
Total Organic Carbon 45 mg/1
Total Phosphorus 7.2 mg/

xi i
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(2) Planning Sub-area 4. Although this area does not receive any signifi-

cant point source pollution, carry-over poliution 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

A1l bottom sediments tested from Planning Sub-areas 5, 4, and 3 were anaer-
obic. The range of Eh was -360 to -15 mv. 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 Kjeidahl
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 1limits 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




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 po]lution."]

Recognizing the problems of in-place pollutants in natural water systems,
Congress enacted the Federa) Water Pollytion 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 quidelines, pursuant to

Section 404(b) of PL 92-500 for the purpose of providing quidance 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.
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in evaluating proposed discharge of dredged or fill material in navigable
waters.] The guidelines are applicable to all activities involving 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, navigation, 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-

]"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.

3P]anning 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). o




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."] 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 Organization

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.

]"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 1974.




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 developed which utilized the following basic criteria for site selection:

1) Municipal and industrial wastes discharged

2) Land use activity in the watershed: wurban, 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 sampling 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 drainige 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.




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.

A11 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.

A1l 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.
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3)

5)

6)

7)
8)

9

Complete directions for reaching the sites were recorded, and land-
marks were noted.

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.

The river velocity at mid-stream section was measured at the time of
the sampling operation.

Soil samples were collected approximately 200 feet inland from each
river bank, sealed and preserved.

Water and bottom sediment samples were collected.

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.

A number of Taboratory 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 and laboratory determina-

tions is given in the following section of this report.
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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 