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Summary

This report presents water quality, sediment quality, and hydro-

dynamic information collected by the U. S. Geological Survey during 

April, May, June, and August 1975, along with a review c selected 

historical data. The information was collected for use by the U. S. 

Army Corps of Engineers in evaluating environmental conditions at a 

proposed marsh and upland habitat development site on Bolivar Peninsula 

in Galveston Bay, Texas. The low concentrations of nitrogen and 

phosphorus species, the low biochemical oxygen demand (BOD), the low 

concentrations of heavy metals, the near absence of insecticide and 

herbicide residues, and the high dissolved oxygen saturation indicated 

that conditions at the test site were favorable for salt-marsh plant and 

animal growth.

Water velocities at the test site exceeded 30 cm/sec during one 

storm period but were less than 21 cm/sec during usual wind and tidal 

conditions Water stages for 13 years of record were between 0.85 and 

-0.37 m (National Geodetic Vertical Datum) during 98 percent of the 

time. The mean water stage from October 1973 to September .1975 was 

0.32 m.

The climate at the test site was described by data collected at 

the Galveston airport. The mean monthly air temperatures for 1940-60 

were 12.3° to 28.8UC, and the mean annual temperature was 21.2°C. The 

mean monthly rainfall was 72.1 to 151.9 mm. The mean annual rainfall 

was 1160.8 mm.

Wind speeds greater than 21 km/hr, which occurred 45 percent of 

the days each year, caused changes in the water stages. West and north-

west winds caused the greatest stage change for the least wind. Winds 

of 24 to 32 km/hr from any direction caused stage changes between 0.15 

and 0.30 a, but southeast winds greater than 32 km/hr were required to 

cause more than an 0.30-m stage change.
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Preface

Data presented in this report were collected under Interagency 

Agreement Nos. WESRF 75-95 and 76-59 dated 25 March 1975 and 18 November 

1975, between the U. S. Army Engineer Waterways Experiment Station (WES), 

Vicksburg, Mississippi, and the D. S. Geological Survey (USGS), Austin, 

Texas. The agreements were sponsored by the Office, Chief of Engineers, 

U. S. Army, under the Dredged Material Research Program (DMRP) which 

was managed by the Environmental Laboratory (EL), formerly the 

Environmental Effects Laboratory, WES.

Field collections and observations, sample analyses, and initial 

data reduction were conducted under the supervision of Mr. D. C. Hahl, 

Chief, Texas Bays and Estuaries Project, USGS, and transmitted to the 

Environmental Laboratory as an open-file report, "Data on Water Quality 

and Hydrodynamics at the Bolivar Wetland ~ Habitat Development Site, 

Galveston, Texas.” Hydrologic aspects of the open-file report are con-

tained herein as amplified and revised by Mr. Ellis J. Clatrain, Jr., 

Fisheries Biologist, EL. Technical reviews and revisions of text 

tabular materials for publication were made by Mi. John D. Lunz, Marine 

Biologist, EL, and Dr. John W. Simmers, Biologist, EL. The editorial 

supervisor was Ms. Dorothy P. Booth.

The agreement was monitored by Mr. Lunz and coordinated by Dr. John 

Byrne, Site Coordinator, EL.

The project was under the general supervision of Dr. H. K. Smith, 

Project Manager, Habitat Development Project; Dr. C. J. Kirby, Chief, 

Environmental Resources Division; and Dr. John Harrison, Chief, EL.

Commanders and Directors of WES during the preparation and publics-^ 

tion of this report were COL G. H. Hilt, CE, and COL J. L. Cannon, CE. 

Technical Director was Mr. F. R. Brown.
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HABITAT DEVELOPMENT FIELD INVESTIGATIONS
BOLIVAR peninsula  mars h  and  upl and ’ 

HABITAT DEVELOPMENT SITE 
~ GALVESTON BAY, TEXAS ”

APPENDIX A: BASELINE INVENTORY OF WATER QUALITY, SEDIMENT 
QUALITY, AND HYDRODYNAMICS

Intit’duct ion

I. This report presents water quality., sediment quality, water 

stage, and water velocity and direction data collected by the U. S. 

Geological Survey (USGS) in response to a 30 January 1975 request 

from the U. S. Army Engineer Waterways Experiment Station (WES) to 

participate in a study of environmental conditions at the Bolivar 

Peninsula habitat development site (Figure 1).

2. The bolivar Peninsula test site is located near Let. 29°25*N 

and long, about 20,1 km northeast of the Galveston, Texas,

airport . The test site is in the Galveston Bay reach of the . .Trinity** 

San Jacinto Estuary about 6.4 km from the western end of Bolivar 

Peninsula.

3. The objective of the program is to develop a marsh and 

upland habitat complex using dredged ma-erlal' from the .Intracoastal 

Waterway as a substrate. The dredged aatetial will be protected by a 

dike. The objective of the work by the USGS was to document the water 

and sediment quality and hydrodynamic conditlucA at the proposed 

project location.

4. To achieve the objectives, the USGS scheduled hydrologic 

studies prior to and during development of the site. In the conduct 

of these studies, the USGS arranged:

a. To review and summarise climatic data for the nearest 
weather station.

b. To collect water quality and sediment quality data at 
the test site and to perform a literature -search to 
ascertain the applicability of historical data.

c_. To establish a water stage recorder at the test site 
or determine historical water stages by correlation of
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the test site data with data from a nearby long-term 
water stage recorder and evaluate changes in water stage 
due to wind velocities.

d_. To measure water velocities and directions at the test 
site during extreme conditions.

5. The work proposal and sampling sites (Figure 2) were agreed 

upon by USGS and WES representatives, and work began in April 1975. 

By June 1975, a water stage recorder was installed; three water quality 

surveys were completed; water velocities were measured; and historical 

water quality, climatological, and water stage data were obtained. ?£n 

September 1975, a change in dredging plans by the Corps of Engineers 

caused discontinuance of all work by the USGS except operation of the 

water stage recorder.

Climate

6. The test site is on the bayward side of a 3.2-km-wlde barrier 

peninsula along the Gulf of Mexico. The following data, taken from 

“Climatography of the United States" (U. S. Weather Bureau 1965), 

indicate the mild climate of the area.

7. Mean monthly air temperatures at the Galveston airport for 

21 years of record (1940-60) ranged from a high of 28.8 C to a low of 

12.3°C. The mean annual temperature was 21.2°C. Air temperature for 

o
10 years of record (1951-60) was 32,2 C or more on an average of 35 

o
times a year and was 0 C or less on an average of only 2 times a year. 

The extreme temperatures recorded in Galveston during 1951-60 were 

36.7° and -7.8°C.

8. Mean monthly rainfall at. Galveston airport for 21 years of 

record (1940-60) ranged from a high of 151.9 mm to a low of 72.1 mm. 

The mean annual rainfall was 1160.8 ran. Rainfall for 10 years of 

record (1951-60) was 12.7 m or more on an average of 23 days a year 

and for 7 years of record (1954-60) was 2.5 mm or less on an average 

of 52 days a year.
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9. Frequency of wind occurrence and mean wind velocity data based 

on 87,690 hourly observations during the 10-year period 1951-60 (U. S. 

Weather Bureau 1962) for the Galveston airport are summarized in Table 

1. These data show that winds occur on an average of 99 percent of the 

days each year and that the mean daily wind speed exceeds 21 km/hr 

•45 percent o:: the days each year.

10. The. selection cf the two periods shown in Table 1 is based on 

predominant wind directions. From March through Aigust, wind is from 

the south quadrant. 69 percent of the days; from September through 

February, witd is from the northeast quadrant 46 percent of the days.

Water and Sediment Quality

11. Water and sediment quality at the proposed site were deter-

mined by considering both historical data from the area and an analysis 

of water and sediment samples collected by the USGS during this project. 

Historical data

12. As part of its Galveston Bay project, the Texas Water Quality 

Board (TWQB) conducted an extensive sampling program in the bay from 

July 1968 to September 1971. Samples were collected monthly from 15 to 

39 stations, at 2- or 3-hour intervals during five 24-hour periods. 

The data collected during this period and related material are presented 

in a publication by Huston (1971). The TWQB site 29, located at the 

Hanna Reef tide gage shown in Figure 1, was sampled 27 times during the 

TWQB study. Review of the data from site 29 and TWQB data from other 

sites in Galveston Bay indicates that water quality was nearly uniform 

in the area of the bay between Bolivar Peninsula and Hanna Reef; there-

fore, data from site 29 can be con&iaeied representative of conditions 

at the test site from July 1968 to September 1971. 

Data collection and analysis during this project

13. During April, May, June, and August 1975, in situ measurements 

of dissolved oxygen (DO), pH, specific conductance, and temperature were 

made, and laboratory analyses for nutrients, major constituents, metals,
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insecticides, herbicides, and radiochemicals were performed. Specific 

parameters and procedures for bov;h field collection/analysis and labora-

tory analysis are presented in Table 2.

14. Table 3 is a comparison of water quality data for samples 

collected at a depth of 0.3 m from July 1968 to September 1971 by the 

TWQB at site 29 and of similar data for samples collected at depths of 

0.3 up to 4.9 m from April to August 1975 by the USGS at the Bolivar 

Peninsula test site. All of the water and sediment data collected for 

this project by the USGS are presented in Tables 4-10.

15. Data collected by the USGS show that the differences in 

chemical and physical characteristics between water in the bay and 

water in the Intracoastal Waterway are minor except for the dissolved 

oxygen concentration, which averaged about 0.5 ®g/£ less in the Intra-

coastal Waterway.

16. Turbidity at the test site is a direct function of wave 

energy. On 14 May 1975, after 2000 hours, northerly winds increased 

to about 32 km/hr. The turbidity increased through the night until a 

predawn. lessening of the wind reduced the wave heights. Through 

16 May 1975, winds continued at speeds greater than 24 km/hr and the 

turbidity remained high. Southerly winds during the April, June, and 

August 1975 sampling periods were less than 24 km/hr, and the resultant 

turbidities were much less than in May.

17. The concentrations of nitrogen species were low, but 

phosphorus concentrations ranged from 0.06 to 0.35 mg/£. Biochemical 

oxygen demand (BOD) did not exceed 2.7 mg/i, indicating that a deficiency 

of dissolved oxygen would not occur.

18. Analyses for minor elements and pesticides showed that the 

concentrations of these constituents were low; most of them were too 

low for the analytical methods to detect. Results of an analysis for 

lead, mercury, and zinc based on samples collected in 1972 about 91 m 

from line 63 C, site 40 (Galveston District 1975), showed concentrations
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of the same order of magnitude as those collected by the USGS i. 1975 

(USGS 1976).

19. The lew concentrations of nitrogen and phosphorus species, 

the low BOD, the low concentrations of heavy metals, the absence of 

insecticide and herbicide residues, and the high dissolved oxygen 

saturation indicate tnat the Bolivar Peninsula test site is nearly free 

of pollutants; therefore, marsh development at the site should not be 

adversely affected by water quality.

Water Velocities and Directions

20. Water velocities and directions were measured hourly at 

line 640, site 40, from 1425 hours on 14 May until 0100 hours on 16 May 

1975. Surface winds during this sampling period were from the north at 

24 to 32 km/hr. Measurements were repeated at this site during, the 

period from 1300 hours on 25 June until 1200 hours on 26 June 1975. 

During the June sampling period, winds were from the southeast and 

moderate. Observations were also made on line 620, site 40, during the 

same periods in May and June. However, these measurements were obtained 

only when the water depth allowed boat access to the site. The data 

for both sampling periods are presented in Tables 11 and 12.

21. Water velocities and directions at line 640, site 40, 

differed significantly between May and June (Figure 3). In May, with 

the strong northerly wind predominant, water movement was to the south-

west 80 percent of the time, and water velocity averaged 24.4 cm/sec. 

Northeasterly water movement only occurred 20 percent of the time, and 

water velocity averaged 21.0 cm/sec.

22. During the June sampling period, when moderate winds were 

from the southeast, flow at line 640, site 40, was to the southwest 38 

percent of the time, and velocity averaged only about half (13.6 cm/ 

sec) of that observed in M^y. Flow to the northeast, however, occurred 

62 percent of the time with an average velocity of 12.5 cm/sec.
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23. At line 620, site 40, close to the proposed habitat develop-

ment project dike, only 7 observations were made in May and 19 in June 

1975. May current measurements, riade during the strong northerly wind, 

are presented in Figure 4. The average current velocity during the 

sampling period was 14.3 cm/sec, and all flow was in a southwesterly 

direction.

24. In June, with the moderate southeasterly winds, current 

velocity averaged 7.7 cm/sec for the 39 percent of the time that flow 

was to the southwest. During the remaining 61 percent of the time, 

average current velocity was 10.0 cm/sec, and flow was to the north-

east ( Figure 4).

25. In summary, observations made during this study show that 

currents flow parallel to the proposed site in Galveston Bay regardless 

of the tide or wind condition. Water velocities and directions are 

influenced by both wind and tide. Effect ''f n''.theast winds blowing 

water out of the bay are negated by incoming tides during short periods 

of large stage differences between the gulf and the bay. Velocity 

difference during a tide cycle or between different tide cycles is a 

function of head differences if wind can be ignored. Antecedent wind 

and water stages have a marked effect on velocities. Nearshore current 

speeds were lower than offshore current speeds during both sampling 

periods.

Water Stages

26. A water stage recorder was installed at the test site on 

16 May 1975. Datum of the gage was set to that of the U. S. Army 

Corps of Engineers benchmark (BM) 2960 + 43.9 at 1.786 m National 

Geodetic Vertical Datum (NGVD) as determined in 1975. By using a 

water level datum transfer based on 39 days of nonstorm record, it 

was determined that the datum of the gage at Hanna Reef must be 

raised by 0.378 m to agree with the NGVD elevation for BM 2960 + 43.9.
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The following discussion of water stages is based on the datum of BN 

2960 + 43.9.

27. The range in water stage for the period January 1963 through 

September 1975 at Hanna Reef was 1.28 to -1.07 m. However, during 

about 98 percent of that period, water stages were between 0.85 and 

-0,37 a; during more than 50 percent of the period, water stages were 

between 0.70 and -0.21 a.

28. A few storms occurred during the period of common record 

between the gages at Hanna Reef and the test site. This common record 

indicates that water stages are the same at both places when water is 

being blown into the bay, but that water stagej are different when 

water is being blown out of the bay. Tides driven by northerly winds 

overrun the land, and during moderate storms, the overran persists for 

most of the storm period and appears to cause stages as much as 0.06 m 

higher at the test site than those at Hanna Reef.

29. The wake from oceangoing vessels causes significant wave 

action at the site. These waves are 0.3 m or more in height; they 

occur in groups; and they roll onto the shore with surflike action. 

These groups of waves, even though they occur at irregular intervals, 

probably will have an undetermined effect on the test site.

30. Review of the data suggests that historical records for the 

gage at Hanna Reef represent water stages at the test site most of the 

time. The mean water stage at Hanna Reef, adjusted to the datum of 

BM 2960 + 43.9, for the 24 months from October 1973 through September 

1975 is 0.317 m. An illustration of application of the historical 

water stage data to the elevation specifications of the proposed 

habitat development project is presented by Figure 5.

variations of Water Stages

31. Deviations in water stage,from symmetrical tidal fluctua-

tions are usually caused by wind. Daily wind data for 1974 (National 

Oceanic and Atmospheric Administration 1974) were obtained from the
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Galveston office of the National Weather Service, tabulated, and re-

duced, and tide charts for Galveston Bay at the Hanna Reef tide gage 

were obtained from the Galveston District. For periods of wind greater 

than 23 km/hr during 1974, the daily mean wind velocities and directions 

were selected from the National Weather Service data; corresponding 

deviations in tide stage as recorded on the tide charts were noted. 

These paired events w.?re grouped first by wind direction and second by 

wind velocity. The data were then sorted by the magnitude of the change 

in stage. The results are given in Table 13.

32. The greatest deviations from mean water stage occur with 

winds from the west and northwest. It appears that westerly winds may 

either decrease the water stage when combined with an ebbing tide or 

increase the water stage by action with the flooding tide. Northwester-

ly winds tend to push water out of the bay or retard water entering 

the bay. Winds off the Gulf of Mexico from the south, southeast, and 

southwest all tend to increase the mean water stage by moving water into 

or holding water in the bay. For the period of record in 1974, wind 

conditions from the southeast were most common, and velocities often 

exceeded 32 km/hr raising water stages by 0.3 m. Less common winds 

from the southwest had similar effects at more moderate velocities of 

24 to 32 km/hr.

33. Different antecedent wind velocities and the coincidence of 

peak winds with high or low tides alter the magnitude of the recorded 

changes in stage. Although antecedent conditions were not examined, 

the data in Table 13 show that different wind velocities have unique 

effects on water stages. The magnitude and frequency of deviation from 

usual tidal stages and the time of year that the deviations should occur 

can be inferred by a combination of the information contained in Tables 

1 and 13.

34. Winter wind conditions favor a lower mean water stage than 

spring and summer conditions. September to February wind conditions 

during the 10-year period of record (1951-60) were characterized by 

dominant winds (condition based on percent frequency of occurrence)

12



varying between those that tend to increase water stages and those 

that decrease water stages. Strongest average wind velocities occur In 

winter from the north, northeast, and northwest, conditions that favor 

greatest downward deviations in water stage. By comparison with winter 

wind conditions, spring and summer winds predominantly come from 

southerly directions and tend to increase the mean water stage.

Conclusions and Recommendations

35. Water quality and sediment quality parameters are favorable 

for the establishment and growth of salt-marsh plants and animals. 

Phosphorus and nitrogen species were present in low concentrations as 

were heavy metals. Additionally, herbicide and insecticide residues 

were absent, BOD was low, and dissolved oxygen saturation was high.

36. Current velocities exceeded 30 cm/sec only during one storm 

period and were less than 21 cm/sec during usual wind and tide condi-

tions. Water stages for 98 percent of the period January 1963-Septeraber 

1975 were 0.85 to -0.37 m, and the mean water stage for the period 

October 1973-September 1975 was 0.317 m.

37. The historical climate information for 1940-60 indicated 

mean monthly temperatures of 12.3° to 28.8°C and a mean annual tempera-

ture of 21.2°C. The mean monthly rainfall was 72.1 to 151.9 ran, and 

the mean annual rainfall was 1160.8 mm.

38. Wind velocities greater than 21 km/hr occurred 45 percent of 

the days each year and caused changes in the water stage. West and 

northwesterly winds caused the greatest stage change for the least 

wind. Winds of 24 to 32 km/hr from any direction caused stage changes 

of 0.15 to 0.30 m, but southeasterly winds had to be greater than 

32 km/hr to cause more than a 0.30-m stage change.

39. The test site is an environment characterized by high wave 

energy. Development of a gulf coast salt marsh would be facilitated 

by the absence of water and sediment pollutants but would require pro-

tection from the wave actions and water stage fluctuations, as well as 

selection of species adaptable to this energy regime.
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Table 1

Frequency and Mean Velocity of Surface W? , Galveston Airport1951-1960*

S ep tember-February March-August

Wind 
direction

Mean Daily
Wind Speed

km/hr
Percent of Days

with Wind

Percent of Days 
with Wind Mean Daily

Wind Speed 
km/hr

Percent of Days 
with Wind

Percent of Days 
with Wind

20.9-38.6
km/hr

>38.6 
km/hr

20.9-38.6 
km/hr

>38.6 
km/hr

North 24.5 15.6 8.2 1.5 20.9 6.4 3.0 0.6

Northeast 22.0 15.0 7.0 0.8 19.5 6.4 2.7 0.1

East 20.1 15.2 6.3 0.4 19.3 9.5 4.5 0.0

Southeast 18.0 21.1 6.8 0.1 19.5 26.0 12.0 0.2

South 18.5 15.2 5.3 0.1 20.3 32.2 15.3 0.1

Southwest 18.3 5.6 2.0 0.2 18.2 10.7 4.5 0.1

West 16.7 3.9 1.1 0.1 17.1 3.6 0.8 0.1

Northwest 22.0 7.2 3.4 0.7 20.1 4.3 1.5 0.4

* - Calm 1.2 Calm 0.9

Total 100.0 40.1 3.9 100.0 44.3 1.6

Average 20.0 —— 19.4 — — ——

* Adapted from U. S. Geological Survey open-file report.



Table 2

Water and Sediment Quality Parameters and Procedures

Parameter* Sample Type
Collection/In Situ 

Analysis Method of Air lysis Reference Table

SiO? Water Drawn from submerged 
in situ analysis 
probe holding 
manifold

Atomic absorption Brown et al. (1974) 5

no 3 Water (total) tt Brucine (spectro-
photometric, manual)

it 5

W3 Water (total) fl Diazotization (spectro-
photometric, manual)

tt 5

no 2 Water (total) « Distillation (spectro-
photometric, manual)

H 5

Total P Water (total) tt Phosphomolybdate 
(spectrophotometric, 
manual)

II r5

BOD Water (total) tt Manometric H 5

Ca Water n Atomic absorption H 6

MS Water it Atomic absorption H 6

Na Water if Atomic absorption H 6

K Water it Atomic absorption tt 6

hc °3 Water If Manual calculation If 6

S°4 Water fl Thorin (spectropho-
tometric, manual)

It 6
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Parameter Sample Type
Collection/In Situ 

Analysis Method of Analysis Reference Tat ■

Cl (Chloride) Water Drawn from submerged
in situ analysis 
probe holding 
manifold

Mohr (Titrimetric, 
manual)

Brown et al. (1974) 6

Total dissolved 
solids

Water t! Manual calculation « h

Al (aluminum) Water it Ferron-orthophen- 
anthroline (spectro-
photometric, -manual)

?l 7

As Water li Silver-diethyldithi- 
ocarbamate (spectro-
photometric, manual)

t» 7

Sediment Ponar grab Silver-diethyldithi- 
ocarbamate (spectro-
photometric, manual)

It 7

Cd Water Drawn from manifold Atomic absorption H 7

Sediment Ponar grab Atomic absorption fl 7

Cr Water Drawn fro® manifold Atomic absorption tl 7

Cc Water Drawn from manifold Atomic absorption if 7

Sediment Ponar grab Atomic absorption tt 7

Cu Water Drawn from manifold Atomic absorption If 7

Sediment Ponar grab Atomic absorption fl 7

(Sheet 2 of 6)



Parameter Sample Type
Collection/I't Situ 

Analysis Method of Analysis Reference Table

CR Sediment Ponar grab Pyridine-pyrazolone 
(spectrophotometric, 
manual)

Brown et al. (1974) 7

Fe Water Drawn from manifold HAtomic absorption 7

Pb Water Drawn from manifold Atomic absorption tl 7

Sediment Ponar grab Atomic absorption M 7

Li Water Drawn from manifold Atomic absorption If 7

Mn Water Drawn from manifold Atomic absorption H 7

cedinent Ponar grab Atomic absorption M 7

Hg Water Drawn from manifold Atomic absorption USGS (1976) 7

Sediment Ponar grab Atomic absorption US6S (1976) 7

Mi Water Drawn fro® manifold Atomic absorption Brown et al, (1974) 7

Sr Water Drawn from manifold Atomic absorption u 7

Zn Water Drawn from manifold Atomic absorption 7

Sediment Ponar grab Atomic absorption n 7

Aldrin Water (total) Drawn from manifold Gas chromatography Goer Litz and Brown 8
(1972)

Sediment Ponar grab Gas chromatography 8

Chlordane Water (total) Drawn rrom manifold Gas chromatography fl 8

Sediment Ponar grab Gas chromatography fl 8
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Parameter Sample Type
Collaction/Ia Situ 

Analysis Method of Analysis Reference Table

DDD Water (total) Drawn from manifold Gas chromatography Goerlit.r and Brown
(1972)

8

Sediment Ponar grab CT If 8

DDE Water (total) Drawn from manifold It CT 8

Sediment Ponar grab St tf 8

DDT Water (total) Drawn from manifold fl I? 8

Sediment Ponar grab If II 8

Dieldrin Water (total) Drawn from manifold 5? CT 8

Sediment Ponar grab ri CT 8

Endrin Water (total) Drawn from manifold ii CT 8

Sediment Ponar grab H CT 8

Heptachlor Water (total) Drawn from manifold II II 8

Sediment Ponar grab CT II 8

Heptachlor-epoxide Water (total) Drawn from manifold H CT 8

Sediment Ponar grab II CT 8

Lindane Water (total) Drawn from manifold CT CT 8

Sediiasnt Ponar grab CT CT 8

Parathion Water (total) Drawn from manifold n II 8

Methyl parathion Water (total) Drawn from manifold it II S'
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Parameter Sample Type
Collection/In Situ 

Analysis Method of Analysis Reference Table

Malathion Water (total) Drawn from manifold Gas chromatography Goerlitz and Brown
(1972)

8

Diazinon Water (total) Drawn from manifold It 8

PCB Water (total) Drawn from manifold H >-» 8

Sediment Ponar grab It fl 8

2,4-D Water (total) Drawn from manifold ft st a

Sediment Ponar grab It II 8

2,4,5-T Water (total) Drawn from manifold fl H a
Sediment Ponar grab ft 8

Silvex Water (total) Drawn from manifold H n 8

Sediment Ponar grab It w 8

Toxaphene Water (total) Drawn from manifold It 8

Sediment Ponar grab It 8

Ethion Water (total) Drawn from manifold 11 u 8

Sediment Ponar grab ft M 8

Methyl-trithion Water (total) Drawn from manifold 11 8

Sediment Ponar grab H If 8

Trithion Water (total) Drawn from manifold H H 8

Sediment Ponar grab •1 « 8
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Parameter Sample Type
Collection/In Situ 

Analysis Method of Analysis Reference TAbls

Organic Carbon Water Drawn from manifold Infrared analysis Goer lit?. and Brown 
(1972)

9 '

Suspended Drawn from manifold II It 9

Total Drawn from manifold If IS 9 '

RA-226 Water Drawn from manifold II « 10

U Water Drawn from manifold II n 10

Gross s (U-NAT) Water Drawn from manifold H H 10

Suspended Draw from manifold II it 10

Gross B 
(SR 90/'f 90)

Water Draw from manifold if it 10

Suspended Draw from manifold M ti 10

Gross B (CS-137) Water Drawn from manifold If if 10

Suspended Drawn fro® manifold H H 10

Filterable 
residue

Water (total) Drawn from manifold M « 10

Nonfilterable 
residue

Water (total Draw from manifold ft n 10

(Sheet 6 of 6)



Table 3

CoisparlaoB of Water Quality Data Collected Near Hanna Reef 
With That Collected Near Bolivar Peninsula Test Site

Parameter
Hanna Reef 
Site 29 Data*

Bolivar 
Peninsula

Test. Site Data**
Mean Value at Surface* 
For All Sampling Sices

Organic nitrogen, ag/A 
Maximum 1.3 _ —

Minimum 0.4
Mean (x) 0.7 —-.

Total nitrate, mg A 
Maximum 0.2 0.0

0

Minimum <0.05 0.0 0
Mean (x) 0.1 0

Ammonia nitrogen, ag/i 
Maximum 1.3 0.13
Minimum 3.0 0.00 0.01
Meas (x) 0.06 —-- 0.02

Total nitrite, mg/A 
Maximum 0.05 0.01
Minimum <0.005 0.00 0.005
Mean (x) 0.01 —— 0.003

Total phosphorus, mg/i 
Maximum 0.63 0.35
Minimum 0.06 0.06 0.18
Mean (x) 0.28 —— 0.19
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Parameter
Hanna Reef
Site 29 Data*

Bolivar 
Peninsula

Test Site Data**
Mean Value at Surface*
For All Sampling Sites

Dissolved organic carbon, mg/£
Maximum 15
Minimum 5.0 6.5
Mean (x) 7.5

Suspended organic carbon, mg/i
Maximum 1.4
Minim:® —»■ 0.6 0.9
Mean (x) 1.0

Dissolved oxygen, mg/Jt
Maximum 11.1 10.1
Minimum 5.4 5.6 8.6
Mean (x) 8.0 8.2

BOD, mg/t
Maximum 4 2.7
Minimum 0 0.5 1.4
Mean (x) 2 —• 1.7

Total coliform, MPN/100 ml
Maximum 200
Minimum <2 —
Mean (x) 15

Fecal coliform, MPN/100 ml
Maximum 23
Minimum <2
Mean (x) <2
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Parameter
.iarnia Reef

Site 29 Data*

Bolivar 
Peninsula

Test Site Data**
Mean Value at Surface*
For All Sampling Sites

Specific conductance, pahas 
Maximum 37-600 30,000
Minimum 7,400 11,300 14,655.2
Mean (x) 22,300 14,755.6

Turbidity, JTU
Maximum 275
Minimum 5 69.1
Mean (x) —— 97.9

o
Temperature, C

Maximum 30.2 29.0
Minimum 7.6 23.3 26.4
'Mean (x) 20.3 26.1

(Sheet 3 or 3)

Note: It should be remembered that the Hanna Reef Site 29 data were collected monthly over 
a period exceeding 3 years (Huston 1971). and that the Bolivar Peninsula rest site 
data were collected by the USGS during 4 months of a single year (1975).

*Based on samples collected from a depth of 0.3 m.
**Based on samples collected from a depth af 0.3 a and other depths up to 4.9 m-.
-^Surface samples are those- collected from a depth of 0.3 m.



Table 4

Bolivar Peninsula Test Site Data: Field Determinations^

Date 
of 

Collection Time. Site
Depth 
(m) _ 

Specific.
Conductance 
(pmhos) 
(Field)

Temper** 
ature 
(°C) pH

Dissolved 
Oxygen

Percent
Satura-
tion

Turbidity

Transparency 
Secchi
Disk 
Cam)

Line 610

Apr 25, 75 1500 40 0.3 18000 24.7 8.2 8.8 111 10
1.5 18000 24.6 8.2 8.7 1.10 5
3.0 19000 23.9 8.2 8.2 102 10
4.9 19000 23.9 8.1 8.1 101 10

Jun 24, 75 1245 40 0.3 16000 27.2 3.3 7.9 103 25 62
1.5 16000 27.2 8.2 7.5 97 25
3.0 18000 27.2 8.2 5.9 91 25
4.9 18000 27.2 8.2 7.0 92 60

Aug 06, 75 1040 40 0.3 23000 28.8 7.2 100 10 31
1.5 23000 28.0 5.6 77 20
3.0 30000 28.2 6.0 86 15
4.6 30000 28.0 —•* 5.9 84 15

Iine 620

Apr 25, 75 1430 40 0.3 19000 26.7 8.4 9.3 122 15
0.6 19000 26.6 8.4 9.3 122 30

Jun 24, 75 1400 40 0.3 17000 26.6 8.3 9.2 121 50 45
0.6 17000 26.6 8.3 8.8 116 50 -♦w

* Taken from U. S. Geological Survey open-file report.
(Sheet 1 of 5)



Date 
of 

Collection Time Site
Depth 
__ (m)_

Specific 
Conductance

(pmhos) 
_ (Field)

Temper-
ature 
. (°C),, pH

Dissolved 
Oxygen 
(mg/i)

Percent
Satura-
tion

Turbidity 
(JTU)

Transparency
Secchi 
Disk
JssL—

Line 620 Continued

Aug 06, 75 1245 40 0,5 17000 29.0 •aa* 8.7 119 —■’*

Line 630

Apr 25, 75 1415 40 0.3 19000 25.3 8.4 9.5 122 10
1.1 19000 25.2 8.4 9.5 120 10

Jun 24, 75 1345 40 0.3 16000 26.9 8.3 8.7 114 25 55
1.2 17000 26.7 8.3 8.1 107 40

Aug 06, 75 1230 40 0.3 18000 28.5 8.0 108 15
1.1 25000 28.0 —• 7.0 97 20

Line 640

Apr 25, 75 1330 40 0.3 18000 24.9 8.4 9.3 118 10
0.9 18000 24.7 8.4 9.3 118 10 WO

1.4 18000 24.6 8.4 9.1 115 10

May 14, 75 1425 40 0.3 13000 27.7 9.1 1.18 55
1.2 13000 27.0 9.3 119 70

May 14, 75 1500 40 0.3 14000 27.9 9.1 120 40
1.2 14000 26.8 —— 8.8 113 85

May 14, 75 1600 40 0.3 13000 28.2 —. 9.6 126 35
1.4 15000 26.5 —— 8.9 114 80 — —
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Date 
of 

Collection Time Site
Depth 
(m)

Specific 
Conductance 

(pmhos) 
(Field)

Temper-
ature 
(°C) PH

Dissolved
Oxygen 
(mg/i)

Percent
Satura-
tion

Turbidity 
(JTU)

Transparency
Seachi 
Disk 
teal... ...

Line 640 Continued

May 14, 75 1700 40 0.3 13000 28.3 -r» 10.1 133 30
1.4 15000 26.6 ’— 7.2 94 60

May 14, 75 1805 40 0.3 14000 27.8 — — 10.0 132 30
1.4 15000 26.5 —— 7.4 95 50

May 14, 75 1900 40 0.3 14000 27.6 —— 9.8 127 30
1.4 17000 26.4 7.2 94 60

May 14, 75 2000 40 0.3 14000 27.3 9.3 121 30
1.4 15000 26.5 —» 7.6 97 50 —■’

May 14, 75 2230 40 0.6 .12000 26.8 8.2 8.9 114
1.4 12000 26.8 8.1 8.7 112 120

May 14, 75 2400 40 0.6 12000 26.3 8.3 8.3 105 ■*—*

1.2 12000 26.3 8.2 8.2 104 170

May 15, 75 0105 40 1.1 01100 25.5 8.1 8.2 101 190 ■MMM,

May 15, 75 0205 40 1.1 01200 25.0 8.3 7.9 98 230

May 15, 75 0305 40 1.1 01200 24.7 8.2 7.9 98 180 —

May 15, 75 0410 40 1.0 12000 24.4 8.2 7.9 96 170

May 15, 75 0505 40 1.0 12000 24.0 7.9 7.9 96 180

May 15, 75 0610 40 1.1 12000 23.8 8.2 7.9 96 170

May 15, 75 0710 40 1.2 11000 23.4 8.2 7.8 93 180
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Date 
of 

Collection Time Site
Depth

(pi).

Specific 
Conductance

(pmhos) 
(Field)

Temper-
ature

PH

Dissolved
Oxygen

 Percent 
Satura-
tion__

Turbidity 
(JTU)

Transparency 
Secchi 
Disk 

.(ca)

Line 640 Continued

May 15, 75 0810 40 1.1 11000 23.7 8.3 7.6 90 130

May 15, 75 0930 40 0.3 12000 24.3 8.4 7.7 94 140
1.2 12000 23.9 8.0 7.9 96 240

May 15, 75 1000 40 0.3 12000 24.5 8.4 7.6 93 130
1.2 12000 24.4 8.2 7.7 94 260 «>•

May 15, 75 1100 40 0.3 12000 24.4 7.8 95 120
1.2 12000 24.5 —— 7.9 96 200

May 15, 75 1200 40 0.3 12000 24.8 — — 7.9 98 105 .11II—

1.2 12000 24.9 ——' 8.0 99 200

May 15, 75 1300 40 0.3 12000 25.2 —- 8.1 100 80
1.2 12000 25.4 — 8.2 102 100 'M il'i

May 15, 75 1400 40 0.3 12000 25.4 8.5 106 100 «M>«U

1.2 12000 25.7 —- 8.5 106 95 ■—•MX

May 15, 75 1500 40 0.3 12000 25.1 .. 8.4 104 115 ■wwr

1.4 12000 25.1 — •—1 8.6 106 150

May 15, 75 1600 40 0.3 12000 25.3 —— 8.4 105 150
1.2 12000 25.2 8.8 109 225

Hay 15, 75 1700 40 0.3 11000 25.7 n—• 8.0 99 210
1.2 11000 25.7 — — 8.3 102 275 Ml 1 ■■
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Date 
of 

Collection Time Site
Depth 
(m)

Specific 
Conductance

(pmhos) 

(Field)

Temper-
ature 
A°c) . PH

Dissolved 
Oxygen 
(rag/A)

Percent
Satura-
tion

Turbidity
-(JTU)..

Transparenc
Secchi
Disk

. .131 ...

Line 640 Continued

May 15, 75 1800 40 0.3 11000 25.4 8.2 101 190 ■■ *■<

1.2 11000 25.5 8.3 102 270

May 15, 75 1900 40 0.3 11000 25.2 — 8.1 99 200
1.2 11000 25.3 8.5 105 200

: ry 15, 75 2010 40 0.6 11000 24.9 - - 8.1 99
1.3 11000 24.8 — **• 8.2 100 200

May 15, 75 2110 40 0.6 11000 24.6 8.0 98
1.3 11000 24.5 8.1 98 240 —» ■«»»

May 15, 75 2210 40 0.6 11000 24.4 7.9 96 —

1.2 12000 24.2 ** 7.9 96 180

May 15, 75 2300 40 0.6 12000 24.0 7.9 96 —— —
1.2 12000 23.8 7.9 96 200

May 15, 75 2400 40 0.6 13000 23.6 —» 7.9 95 --

1.1 13000 23.5 — — 7.9 95 150

May 16, 75 0100 40 0.6 12000 23.4 7.8 94 ——

1.1 12000 23.3 —— 7.9 95 130 —

Jun 24, 75 1320 40 0.3 16000 26.9 8.3 8.5 112 25 53
1.4 19000 27.3 8.2 6.8 91 60

Aug 06, 75 1215 40 0.3 21000 28.4 7.4 101 20
1.2 28000 28.4 6.3 89 20

(Sheet 5 of 5)
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Table 5
Bolivar Peninsula Test Site Data: Nutrients and Other Enviroiffiental Characteristics*

Date 
of 

Collection Ti»e Site
Depth 
w

Dissolved 
Silica 
(Si02)

. (Bg/S)

Total 
Nitrate 

(N)

iiaaacia
Nitrogen 

(N)
(«&/Q

Total 
Nitrite 

M»)

Dissolved 
Phosphorus 

Ortho 
(?)

(■8/ O

Total
Phosphorus 

(P)

Sioehessical 
Oxygen 
Deaand

(BOO)

Chemical 
Oxygen 
Demand 

(COD)

Line 610

Apr 25, 75 1500 40 0.3 2.2 0.0 0.00 0.00 0.06 2.3 — ee

4.3 2.1 0.0 0.02 0.00 0.08 2.3
Jun 24, 75 1245 40 0.3 2.5 0.0 0.04 0.00 — 0.19 1.2

4.9 2.4 0.0 0.07 0.01 0.15 i.e
Aug 06, 75 1040 40 0.3 0.0 0.01 0.01 0.27

4.6 4.4 0.0 0,01 0.01 — kJ. 27 1.4

Line 620

Apr 25, 75 1430 40 0.6 1.9 0.0 0.01 0.00 0.08 2.5
Jun 24, 75 1400 40 0.3 2.5 0.0 0.01 0.01 0 18 1.1 «**

Aug 06, 75 1245 40 0.5 6.4 0.0 0,01 0.00 0.1$ 2.1 -W-*

Line 630

Apr 25, 75 1415 40 1.1 2.2 0.0 0.00 0.00 — 0.07 2.1
Jan 24, 75 1345 40 0.3 2.5 0.0 0.01 0.01 0.17 0.6
Aug 06, 75 1230 40 1.1 — 0.0 0.03 0.00 — 0.35

Line 640

Apr 25, 75 1330 40 0.3 2.1 0.0 0.01 0.00 0.09 2.4
1.4 2.1 0.0 0.01 0.00 — 0.10 2.3 • «.

Jun 24, 75 1320 40 0.3 2.6 0.0 0.01 0.01 0.17 0.9
1.4 2.5 0.0 0.13 0.00 0.22 0.5 -**

Aug 06, 75 1215 40 0.3 — 0.0 0.01 0.00 •— 0.27 •—

1.2 4.6 0.0 0.01 0.00 0 31 2.7

* Taken fro® 0. S. Geological Survey open-file report.



Tabla 6 

gJiwar P-.n insula Test. Site Sara, Major Ccxsst U'.ents*

Date 
of

£&LL§£tl2& US* Site
Depth
-JaL.

Dissolved
Calcine 

(Ca)
.. (ngy t)

Dissolved 
tsguesiuai 

(M»)
(jBfc/ t)

Dissolved
Sadias

<Ma)
(m/1}

Dissolved
Potaasiua

(K)
(w/i)

Bicarbonate 
(K03)

Dissolved 
Sulfate 

(SO*)

Dissolved
Chloride 

(Cl)

Dissolved 
 solids 

(Stas of 
Constituents)

<«/»
Line 610

Apr 25. 75 1500 40 0.3 150.0 390.0 3400 130 117 850 6000 11000
4.9 150.0 400.0 3400 140 116 870 6100 moo

Jun 24. 75 U45 40 0.3 140.0 350.0 3100 120 115 760 5400 9930
4.9 160.0 410.0 3600 ISO 115 880 6200 11500

Aug 04, 75 1040 40 0.3 — — — — Me— «— — —■ —
a.6 290.0 750.0 5600 260 138 1300 UOCO 10500

Line 620

Apr 25, 75 1430 40 0.6 160.0 410.0 3600 140 119 940 6400 11700
i Jun 24, 75 1400 40 0.3 150.0 380.0 3300 140 108 950 5800 1W00

Aug 06. 75 1245 40 0.5 150.0 360.0 3200 130 12S 740 5600 10300

US» »»

1 Apr 25. 75 1415 40 1.1 160.0 410.0 3500 140 117 970 6200 11400
Jun 24, 75 1345 40 0-3 140.0 350.0 3100 130 111 790 5500 10190
Aug 06, 75 1230 40 1.1 — — —* <—• — —

Line 640

Apr 25. 75 1330 40 0.3 150.0 400.0 3400 140 119 870 6200 11200
1.4 150.0 400.0 3400 140 119 770 6000 1&90O

May 15, 75 0710 40 1.2 —• — — —> —— — «M4» •>—
Hay 15, 75 2010 *0 0.6 — — —— — — —
Jun 24, 75 1320 40 0.3 140.0 420.0 3100 130 111 780 5500 10100

1.4 160.0 360.0 3600 150 117 930 6400 11700
Aug 06, 75 1215 40 0.3 — —>— —. —a a—*»

1.2 250.0 740.0 5900 250 135 1600 11000 19800

* Taken froa U. 8. Geological Survey open-file report.



Table 7

Bolivar Peninsula Test Site Data; Selected Ions Analyses*

Date 
of 

Collection Time Site
Depth

Dissolved
Alumintr

IA1) 
(pg/i)

Dissolved
Arsenic 
(As) 
(ug/£)

Total 
Arsenic 
(As) 
(ugM)

Bottom 
Deposit
Arsenic
(As) 
(pg/g)

Dissolved 
Cadmium 
(Cd) 
(pg/t)

Total 
Cadmium

(pg/i)

Bottom 
Deposit 
Cadmium 
(Cd) 
(Pg/g)

Line 610

Apr 25, 75 1500 40 0.3 10 0 —— •*— 0 ——

4.9 10 0 —' 2 0 <10.0

Jun 26, 75 1245 40 0.3 20 1 —■ 0 —

4.9 20 1 —■— 0 — — W

Line 620

Apr 25, 75 1430 40 0.6 10 1 ——- 1 0 '■■I— <10.0

Jun 24, 75 1400 40 0.3 20 1 —■— — 0 ——•

Line 630

Apr 25, 75 1415 40 1.1 10 1 —• 1 0 w—> <10.0

Jun 24, 75 1345 40 0.3 9 2 0 iw

Line 640

Apr 25, 75 1330 40 0.3 0 1 —— 0 KM Ml

1.4 10 1 —’* 1 0 w* <10.0

Jun 24, 75 1320 40 0.3 6 1 —— ** 0 — Ml

1.4 20 1 W 0 a—‘wi

* Taken from U. S. Geological Survey open-file report.
(Sheet 1 of 5)



Date 
of 

Collection Time Site
Depth 
(®)

Dissolved 
Chromium

(Cr) _ 
(Pg/i)

Total
Chromium 

(Cr) 
(Mg/i)

Dissolved
Cobalt 
(Co) 
(ug/Q

Total 
Cobalt 
(Co) 
(ug/M

Bottos
Deposit 
Cobalt

Dissolved 
Copper 
(Cu) 
(h&A)

Total 
Copper 
(SI)

Bottoni 
D e pc s J 
Copped 

(Cu) 1

r J
Line 610

Apr 25, 75 1500 40 0.3 0 0 4.0
4.9 0 0 <10.0 2.0 -*~w- <1®. q

Jun 24, 75 1245 40 0.3 0 0 4.0
4.9 0 0 5.0 ■ !■■ —I

Line 620

Apr 25, 75 1430 40 0.6 0 0 <10.0 12.0 <10

Juu. 24, 75 1400 40 0.3 0 0 —— 1.0 ’**•"*■

Line 630

Apr 75 1415 40 1.1 0 0 U—I 1' <10.0 1.0 IM 1 <W.:

Jun 24, 75 1345 40 0.3 0 — 0 —— 4.0 •»

Line 640

Apr 25, 75 1330 40 0.3 0 0 2.0 1 IW.

1.4 0 0 - ---- <10.0 6.0 <10.0

Jun 24, 75 1320 40 0.3 0 .■mi jin 0 1»0
1.4 0 -I—- 0 —— 2.0 —— I**--—
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Date 
of 

Collection Tine Site
Depth 
(a)

Dissolved 
Cyanide 
(Cn)

Sottos
Deposit 
Cyanide 
(Cn) 
(ug/gj

Dissolved 
Iron 
(Fe) 
(pg/1)

Total 
Iron 
(Fe) 
(Lg/O

Bottom
Deposit
Iron 
(Fe) 
(pg/g)

Dissolved 
Lead 
(lb) 
(Lg/t)

Total
Lead

bottom]
Depos il
Lead |

Line 610

Apr 25, 75 1500 40 0.3 —* — 40 ** MM* 0 *»■» ■Mr*

4.9 0.3 40 — 0 <10.0

Jun 24, 75 1245 40 0.3 40 —— — 0 *M»

4.9 — 40 — — 0

Line 620

Apr 25, 75 1430 40 0.6 —— 0.0 50 — — 1 <10.0

Jua 24, 75 1400 40 0.3 — — 40 — 0 Ml Ml

Line 630

Apr 25, 75 1415 40 1.1 — 0.0 50 — 1 <w.c

J® 24, 75 1345 40 0.3 — — 40 * - 0

Line 640

Apr 25, 75 1330 40 0.3 1 40 MM—. —M. 0 —•

1.4 — 0.0 40 0
<10. ?

Jan 24, 75 1320 40 0.3 — — 40 — —— 0
1.4 — —• 40 ■■ '*■ — 0 —M. W>'
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Date 
of 

Collection Time Site
Depth 
(a)

Dis-
solved 
Lith-
ium 
(Li) 

(ug/i)

Dis-
solved 
Man-
ganese 

&n) 
(pg/i)

Total 
Man-
ganese 
(Mn) 
(ug/i)

Botto® 
Deposit 
Man-
ganese 
(Mn) 
(pg/g)

Dis-
solved
Mer-
cury 
(Mg) 
(ug/i)

Total 
Mercury 
(W 
(ug/l)

Bottom 
Deposit 
Mercury 
(Hg) ’

Dis-
solved 
Nicfcle 
(Hi) 
(ug/O

Dis-
solved 
Stron-
tium 
(Sr) ’ 

(ug/<)

Line 610

Apr 25, 75 1500 40 0.3 60 10 ■ 1 — —— 0.3 •— 0 2400
4.9 50 16 140 0.1 0.9 1 2300

Jun 24, 75 1245 40 0.3 50 10 0.0 0 2100
4.9 60 10 ’*** —— 0.0 ——* 0 2400

Line 620

Apr 25, 75 1430 40 0.6 50 10 50 0.1 a. 7 4 2500

Jun 24, 75 1400 40 0.3 60 10 — — 0.0 — 0 2200

Line 630

Ayr 25, 75 1415 40 1.1 50 10 — 70 0.1 1.3 1 2400

Jun 24, 75 1345 40 0.3 50 10 9— — 0.0 1 —

Line 640

Apr 25, 75 1330 40 0,3 50 10 —— 0.2 0 2300
1.4 50 10 80 0.1 — 1.3 1 2300

Jun 24, 75 1320 40 0.3 50 10 — 0.0 —* "•‘•’■J 0 2100 "

1.4 60 10 —— 0.0 — 1 2300

(Sheet 4 of 5)



Date 
of 

Collection lime Site
Depth

Dissolved 
Zinc 
(Zn)
(ls A)__

Total 
Zinc 
(Zn)

Bottom
Deposit 
Zinc 
(Zn)

Line 610

Apr 25, 75 1500 40 0.3 80
4.9 40 20.0

Jun 24, 75 1245 40 0.3
4.9

110
110 —

Line 620

Apr 25, 75 14 30 40 0.6 40 — <10.0

Jun 24, 75 1400 40 0.3 60 ——

Line 630

Apr 25, 75 1415 40 1.1 60 <10.0

24, 75 1345 40 0.3 110 —

Line 640

.Apr 25, 75 1330 40 0.3 40 «—

1.4 40 <10.0

Jun 24, 75 1320 40 0.3 30
1.4 80 MM Mai

(Sheet 5 of 5',



Table 8

Bolivar »<m.s.aaula Teat Site Data; Znatectieida and derr. icide Analyses*

Hates
af

Collect.ion Time Site
Depth

.... ..

Total
Aldrin
(.u&Zl)

Bottos
Deposit
Aldrin
(. Ug / kgp

Total
Chlordane

(ugA)

Bettos
Deposit

Chlordane
.. WM.

Total
DM>

aottcw
Deposit

DOO
Total

OBE
(bft/i)

Bottom
-i

Line 510

Apr 23, 75 1500 40 0.3 0.00 0.0 0.00 9.00
4.9 0.00 0.0 0.0 0.0 0.00 0.0 0.00 0.0

dun 24, 75 1245 40 0.3 0.00 0* 0 0.0© 0.00
4.9 0.00 0.0 0.0© ** 0.0C

Aug 06, 76 1040 40 4.6 o.a — 0.0 — 0.0 —* 0.0

..ine 520

ApT 2 .j  p 75 1430 40 0.6 0.00 —— 0.0 “**• 0.0© <MW feW
Jun 24, 75 1400 40 0.3 0.00 0.0 0.00 own feW
Ailg 0t>, 75 1245 40 0.5 0.0 0.0 «»•*> 0.0 ' -nan ’ o.a

630

Apr 25, 75 1415 40 0.3 0.00 0.0 0.00 «*•"** 0.0(1 ■ ■*«=»
1.1 0.0 0.0 0.0 0.0

Twa 24, 75 1345 40 0.3 0.00 0.0 0,00 0.0©

Line 640

Apr 25, 75 13.MJ 40 0.3 0.G0 0.0 0.00 0.0©
1.4 0.00 0.0 0.0 0.0 0.00 0.4 a. oo 0.0

Jua 24, 75 1320 40 0.3 0.00 0.0 o.oa a. oe N*«O.
1.4 0.00 —* 0.0 0.00 —1“ 0.00

Aug 06, 75 1215 40 1.2 — •“ 0.0 — 0.0 —• 0.0 feu 4

* taken fro* a. S. Geological Survey open—file report. (Sheet 1 of 5)



Qete

Cpllectlgn Time Site
Depth

.. -(g).,-.....

Total 
DDT 
(ug/Q

Bottom
Deposit 

DOT 
(hg/M) 

Total
Dieldrin

(u®/O

Bottom
Deposit
Dieldrin

(ws/kg)

Total
Endrin 
(ug/O

Bottom
Deposit 
Endrin 
(ug/k«)

Total
Beptnchlor 

...(Wi*)...

Bottom
Deposit

Hfapta&hlor

bine 610

Apr 25, 75 .150® 40 0.3 0.00 0.00 0.00 0.00
4.9 0.00 0.0 0.00 0.1 0.00 0.0 0.00 0.8

Jun 24. 75 1245 40 0.3 0.00 0.00 0.00 8. (jo
4.9 0.00 0.00 0.00 0.00 1—— .

Aug 06. 75 1040 40 4.6 0.0 0.0 0.0 -3.0

Line 520

75 1430 40 0,o 0.00 0.00 0.00 0.00 —Mea.
Jan 24, 75 1400 40 !>, 3 0.00 —■ 0.00 — 0.00 0.00 «**-
tug 0bt 75 1245 40 0.5 —* 0.0 — 0.0 0.0 Q.O

Line 630

Apr 25, 75 1415 40 0.3 0 00 0.30 0.00 0.00 ——
1.1 0.0 0.0 0.0 0.0

Jun 2*, 75 1345 40 0.3 0.00 0.00 0.00 0.00

bine 640

Apr 25, 75. 1330 40 0.3 0.00 0.00 0.00 0.00
1.4 0.00 0.0 0.00 0.0 0.00 0.0 0.90 a.o

Jan 24, 75 1320 40 0.3 0.00 0.00 0.00 0.00 wwe
1.4 0.00 a.uo 0.09 0.00 **>—i '

Aug 36, 75 1215 40 1.2 0.0 0.0 0.0 0.0

(Sheet 2 of 5)



Date 
of

Collection Time Site
Depth

(ffi)

Total
B-ptachlor

Epoxide
(Ug/t)

Bottom 
Deposit 

Heptachlor 
Epoxide
(ug/kg)

Total 
Lindane

Bottom
Deposit
Lindane
(pg/kg)

Total
Par.thlon

<Mg/S)

Total 
Methyl 

Parathion
(pg/O

Total 
Malathion

Total!
Diazitu
<P»t/> A

Line 610

Apr 25, 75 1500 40 0.3 0.00 0.00 0.00 0.00 0.00 0100
4.9 0.00 0.0 0.00 0.00 0.00 0.00 0.00,

Jun 24, 75 1245 40 0.3 0.00 «*•» 0.00 — ■» 0.00 0.00 0.00 0.00
4.9 0.00 0.00 — 0.00 0.00 0.00 0.10

Aug 36, 75 1040 40 4.6 0.0 0.0 —«■ «*** *•-

Line 620

Apr 25, 75 1430 40 0.6 0.00 • 0.00 — 0.00 0.00 0.00 0.00
Jut 24 s 75 1400 40 0.3 0.00 — 0.00 0.00 0.00 0.00 0.00
Aug trf, 75 1245 40 0.5 — 0.0 0.0 —- •—

Line 630

Apr 25, 75 1415 40 0.3 0.00 0.00 0.00 0.00 0.00 0.00
1.1 —— 0.0 0.0 —*•

Jun 24, 75 1345 40 0.3 0 00 0.00 0.00 0.00 0.00 0.00

Lina 640

Apr 25, 75 1330 40 0.3 0.00 —— 0.00 0.00 0.00 0.00 0.00
1.4 0.00 0.0 0.00 0.00 0.00 0.00 0.00

Jun 24, 75 1320 40 0.3 0.00 0.00 0.00 0.00 0,00 0.00.
1.4 0.00 0.00 0.00 0.00 0.00 0.00

Aug Ofc, 75 1215 40 1.2 0.0 -- 0.0 — —* ■ —

(Sheet 3 of 5)



Date 
of

Collection Time Site
Depth

(»)

Total 
PCB
(ug/L)

Bottoa
Deposit 

PCB
(Mg/kg)

Total
2,4-D

Bottom
Deposit
2,4-D

(lig/jsL

Total 
2,4,5-T
JjiS/J.L

Bottom 
Deposit 
29 4*5**T
(pg/kg)

Total
Silvex
Ih &LLI

Bottom 
Deposit 
Silvex
Iek ZW.

Line 610

Apr 25, 75 1500 40 0.3 0.0 0.00 0.00 0.00
4.9 0.0 MW 0.00 0.0 0.00 0.0 0.00 0.0

Jun 24, 75 1245 40 0.3 0.0 — 0.01 0.01 0.00
4.9 0.0 0.01 ww 0.01 0.00

Aug 06, 75 1040 40 0.3 ■■ 0.02 0.01 0.00
4.6 0.0

Line 620

Apr 25, 75 1430 40 0.6 0.0 0.00 •*— 0.00 0.00 MM

Jun 24, 75 1400 40 0.3 0.0 — 0.00 — 0.00 —t 0.00 W-M

Aug 06, 75 1245 40 0.5 0.0 0.02 ■*-• 0.00 0.00 MW

Line 630

Apr 25, 75 1415 40 0.1 0.0 0.00 0.00 0.00
1.1 0.0 0.0 0.0 0.0

Jun 24, 75 1345 40 0.3 0.0 0.01 0.01 0.00
1.2 0.01 0.00 0.00 MW

Line 640

Apr 25, 75 1330 40 0.3 0.0 -- 0.00 0.00 0.00
1.4 0.0 0.00 0.0 0.00 0.0 0.00 0.0

Jun 24, 75 1320 40 0.3 0.0 0.00 0.01 •- o.eo MM
1.4 0.0 0.01 —M 0.01 0.00

Aug 06, 75 1215 40 0.3 0,02 — 0.01 0.®) *—
1.2 0.0

(Sheet 4 of 5)



Data 
of 

Collection Tiae Site
Depth 

.... ___

Total 
Toxaphene 

__ _Abs ZAL._

Bottom 
Deposit 

Toxaphene 
XtsZi&L-

Total
Ethion

Bot co® 
Deposit 
Ethion 
Ihs ZM?

Total 
Methyl 

Trithlon

Bottom 
Deposit
Methyl 

Trithlon 
aes ^s L.

Total 
Trithion
(w/t)

Bottom 
Deposit 
Trithlon 
(pg/hg)

cine 610

Apr 25, 75 1500 40 0.3 0.0 — —’ —*•

4.9 0.0 0.0 --

Jun 24, 75 1245 40 0.3 0.0
4.9 0.0 —— --

Aug 06, 75 1040 40 4.6 0.0 *•* -* —-

line 620

Apr 25, 75 1430 40 0.6 0.0 —— ♦* —
Jun 24, 75 1400 40 0.3 0.0 — —* « *

Aug 06, 75 1245 40 0.5 •*— 0.0 —— •—

Line 630

Apr 25, 75 1415 40 0.3 0.0 — — *•** — g« ,«■'

1.1 0.0
Jun 24, 75 1345 40 0.3 0.0 — —*

Line 640

Apr 25, 75 1330 40 0.3 0.0 — — — — -MW

1.4 0.0 0.0 w-«

Jun 24, 75 1320 40 0.3 0.0 ““• —
1.4 0.0 — — WWW

Aug 06, 75 1215 40 1.2 0.0 — — —— —

(Sheet 5 ot 5)



Table 9

Bolivar Peninsula Test Site Data; Organic Carbon Analyses*

Date
of 

Collection Time Site 
Depth
a

Dissolved
Organic
Carbon
mg/ £

Suspended
Organic
Carbon

Total
Organic
Carbon

Line 610

Apr 5 1500 40 0.3 5.9 1.2 7.1

4.? 7.3 1.1 8.4

Jut 1245 40 0.3 9.4

4.9 •—* 6.8

Aug 6, 75 1040 40 0.3 7.0 0.6 7.6

4.6 5.8 0.8 6.6

Line 620

Apr 25, 75 1430 40 0.6 5.0 1.4 6.4

Jun 24, 75 1400 40 0.3 —•* 6.2

Aug 6, 75 1245 40 0.5 7.0 0.7 7.7

Line 630

Apr 25, 75 1415 40 1.1 5.9 1.3 7.2

Jun 24, 75 1345 40 0.3 •*— — 9,8

Aug 6, 75 1230 40 1.1 15 1.0 16

Line 640

Apr 25, 75 1330 40 0.3 6.4 1.3 7.7

1.4 8. J

Jun 24, 75 1320 40 0.3 12

1.4 11

Aug 6, 75 1215 40 0.3 6.8 0.6 7.4

1.2 9.0 0.7 9.7

* Taken from U. S. Geological Survey open-file report.



Table 10

Bolivar Peninsula Test Site Data: Radiochemical Analyses*

Collection Time Site
Depth
m

Dissolved 
RA-226,

Radon
 Method 

pcA

Dissolved 
Uranium 
(U) 

yg/a

Dissolved 
Gross Alpha

as
U-NAT 
ugA

Dissolved 
Gross Beta 

as
SR 90/Y 90 

pc/1

Dissolved 
Gross Beta 

as 
CS-137

. Rc/.A...

Line 610

Apr 25, 75 1500 40 4.9 0.18 1.1 <95 85 110

Line 640

Apr 25, 75 1330 40 1.4 0.18 1.2 <97 130 no

Collection Time Site
Depth 
m

Total
Filterable 
Residue

Suspended 
Gross Alpha 

as 
U-NAT

Suspended 
Gross Beta 

as
SR 90/Y 90 

gc/t

Suspended
Gross Beta

as
CS-137 
pc/t

Total
Non- 

filterable 
Residue

Line 610

Apr 25, 75 1500 40 4.9 13,000 0.9 O.b 0.7 15

Line 640

Apr 25, 75 1330 40 1.4 13,000 2.0 1.6 1.8 14

* Taken from U. S. Geological Survey open-file report.



Table 11

Current Velocity and Gage Height Observations at 
Bolivar Peninsula Test Site. 14-16 May 1975*

Line 620t Site 40

Date Hour

Average
Velocity 
ca/sec

Gage 
Height 

cm

May 1405 12.19 SW* 58.22
14 1510 17.98 SW 59.74

1600 17.98 SW 59.74
1710 7.92 SW 55.17
1800 10.97 SW 56.69
1900 13.11 SW 56.69
2005 23.47 SW 55.71
2100 —‘ — —> ■

2200
2300 —•

2400 —

Lin», 640, Site 40

Date Hour

Average 
Velocity 
Cffi/see

Cage 
Height 
cm Date Hear

Average 
Velocity 
ca/aec

Gage 
Height 

c®

May 1425 16.13 SW 56.69 May 0800 3.05 ME 21,64
14 1500 17.98 SW 56.69 15 0930 25.91 HE 27.74

1610 20.12 SW 58.22 1000 27.43 HE 30.78
1700 15.54 SW 55.71 1100 21.95 KB 35.36
1805 12.19 SW 56.69 1200 21.03 KE 38.40
1900 12.19 SW 56.69 ’300 20.73 SW 36.88
2000 23.16 SW 55.71 1400 18.29 SW 38.40
2100 53.64 1500 23.16 NE 42.93
2200 27.74 SW 58.22 1600 24.69 NE 39.93
2300 27.74 SW 38.40 1700 27.43 SW 41.45
2400 30.78 SW 30.78 1800 22.55 SW 39.93

15 0100 29.56 SW 27.74 1900 29.87 SW 33,40
0200 24.99 SW 21.64 2000 30.78 SW 38.40
0300 22.25 SW 15.54 2100 38.10 SW 33.83
0400 27.12 SW 9.45 2200 32.00 SW 30.78
0500 25.60 SW 7.92 2300 32.92 SW 26.21
0600 24.38 SW 7.92 2400 25.91 SW 18.59
0700 20.42 SW 12.50 16 0100 28.35 SW 12.50

* SW—flow southwesterly; NE—flow northeasterly.



Table 12

Current Velocity and Gage ”-ight Observations at
Bolivar Peninsula Test Sit.-., 25-26 June 1975*

Line 620, Site 4f Line 640, Site 40

Date flour

Average
Velocity
ca/'sec

Gage
Height
ca PC'S Ho;r

Average
Velocity
cs/sec 

Gage
Height
cm

Jun 1315 10.06 ME* 62.79 Jun 1300 14.02 XL’ 62.79
25 1400 12.50 ME 64.31 25 1405 11.28 ME 64.31

1505 7.62 NE 64.31 .500 9.14 ME 64.31
1605 8.53 SW 61.26 luOO 11.58 HE 61.26
1710 8.23 sw 58.22 1700 13.41 ME 59.74
1800 7.92 SW 53.64 1805 17.37 SW 52.12
1945 9.75 sw 47.55 1920 15.85 SW 50.60
2000 —— —- 2000 19.81 sw 47.55
2100 8.53 sw 41.45 2100 15.24 sw- 41.45
2200 7.92 sw 33.83 2210 14.02 sw 33.93
2310 2.74 sw 29.26 2300 16.15 SV 29.26
2400 0.00 26.21

26 —. 26 0010 12.80 sw 24.6$
0100 0100 5.79 sw 23 16
0200 —~ 0200 5.49 sw 21.64
0300 0300 4.27 ME 23.16
0400 —«- 0400 6.71 HE 24.69
0510 11.58 KB 30.78 0500 15.85 ME 30.70
0610 - 7.92 NE 35.36 0600 19.81 ME 35.36
0705 5.49 ME 46.02 0700 19.51 HI 46.02
0810 10.58 ME 42.98 0800 18.29 HE 42.98
0900 10.36 RE 52.12 0905 14.02 ME 52.12
1005 10.67 ME 49.07 1000 12.19 KE 49.07
1100 10.67 HE 52.12 1105 9.75 HE 52.12
1205 12.19 NE 50.60 1200 8.2’ ME 50.60

* SW—flow s ou t newest er ly; ME—flow northeasterly.



Table 13

Deviations from Mean Water Stage Due to Wind 
Galveston Bay at Hanna Reef. 1974*

Wind 
Velocity 
ka/hr

Deviation, m
North Northeast East Southeast South Southwest West Herthw^sj

16-23 0.15 <0.15 <0.15 <0.15 <0.15 <0.15 0.15-0.30 0.15-0.31

24-32 0.15-0.30 0.15-0.30 0.15 <0.15 0.30 0.15-0.30 —-

>32 **** 0.15-0.30 tll—i 0.30-0.45

Direction 
of stage 
change

down down either up up up either down

Days
CcNspar. d

17 17 11 45 26 2 3 10

* Adapted frets U. S. Geological Survey open-file report.



Figure 1. Location of the Bolivar Peninsula test site (taken 
fron the U. S. Geological Survey open-file report)



Figure 2. Sampling locations at the Bolivar Peninsula test site (taken 
from the U. S. Geological Survey open-file report)



Figure 3. Comparison of water velocities 
and directions at line 640, site 40 

(offshore)



Figure 4. Comparison of water velocities 
and directions at line 620, site 40 

(nearshore)



Figure 5, Proposed habitat location in the historical water: stage range
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A total of 74 plant species representing 61 genera and 20 families were 
present at the study site. The dominant grasses were Spartina patens (marshay) 
and Andropog>n spp. (bluestem). Forb density was over 435,000 plants/acre 
with Heterotheca subaxil laris (camphorweed) the most common. The Compositae 
contributed the greatest nuB.ber of species. A woody plant density of over 
3,250 plan.ts/acre occurred. The dominant was Sesbania drummondri (drumond 
sesbania). The only other woody species that occurred was Croton punctatus 
(gulf croton). Standing crop biomass production on the study site ?'xceede^ 

3,000 pounds/acre. The following six major plant communities were mapped, 
in order area occupied: (a) Andropogon peranguscatus, (b) Spartina patens, 
(c) Sesbania-nuxed grass, (d) Sporobolus virginicus-bistichlis splcata, 
(e) Monarda citriodora, and (f) Spartina alternTFlora.

A total of 98 bird species were identified, with red-winged blackbirds 
the most numerous species. Thirteen mammal species were recorded, 3 of them 
domestic. The most common were hispid cotton rat, raccoon, and domestic goat. 
A total of 31 individuals representing 11 species of reptiles and amphibians 
were observed. Eighteen orders of macroinvertebrates were collected and 
identified.
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Total organic carbon was generally less than 0.2 percent. Extractable 
ammonium and extractable orthophosphate varied but were present in low 
quantities. Values of Eh varied from +500 mv for oxidized horizons to near 
-240 mv in the intertidal area. The pH values of the sediments ranged from 
7.00 to 8.50. Interstitial water did not contain excessive concentrations 
of ammonium-, nitrite- or nitrat e-nitrogen. Total inorganic nitrogen never 
exceeded 6.14 mg/i. Total phosphorus and orthophosphate concentrations were 
less than 3.25 and 0.625 mg/t, respectively. Total dissolved carbon ranged 
between 2.0 and 9,55 mg/l. Excessive nutrient concentrations were not found 
in this series of core samples. Metal concentrations of lowland interstitial 
water were similar to those interstitial water values from the profiles 
located in the intermediate areas. Magnesium, potassium, sodium, and calcium 
concentrations for interstitial water from the lowland areas were high 
compared to those for the intermediate sites. Heavy metal concentrations 
(iron, manganese, zinc, copper, lead, cadmium, and mercury) were low.
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SUMMARY
This study involved the collection of flora, fauna, and sediment 

chmis.W baseline data prior to habitat developBent with dredged material. 
Tte .specific purposes were to (a) survey .and evaluate pertinent historical 
data and literature; (b) inventory .- fetation and prepare a vegetation 
map; (c) inventory avian, wml, and macro invertebrate populations; and 
(d) determine specific soil chemical properties.

Seventy-four plant species representing 51 genera and 20 families 
were collected and identified. Vegetation of the study area had a basal 
cover of L3.2 percent and a litter cover of IS. 8 percent.. Th® Gramiaeae 
and Cyperaceae families -accounted for most, of the basal cover. Sorting 
patens (marshay)* aM ^dropogon spp. (blueste^) were the dmwant ..passes, 
ft>rb density oft the Study area was <57,778 plants/acre. The Cnapositae 
contributed more plants to forb density than any ether fsmily. Heterothgc^ 
subaxilliris (caaphorweed) tod the highest relative density and frecpieacy. 
Woody plant species had a density of. 3,279 pleat s/acre. September bwaass 
production .was 5,971 pounds/acre for the study area; blues tern and w^ay 
dominated: with 30.8- percent and 28.7 percent of the total production, 
respectively.

Six plant commities were delineated on the basis of basal cover
by dominants. These were; (a) tosropegon perangustatus, (bj Spartiha 
patens, (c) Sespania-mixed grass, ,.d) Sporobolus virgimeus-Dist ichlis 
spicata, (e.) Mbnarda citriodora, and (f) Spartlaa alterniflora. The 
Andropogon perangustatus and Spartxna patens comBaanities were the most 
extensive acccaating tor 57 percent anu 2S. percent ox s Ujuj ? area.-,. 
respectively. Each also produced over 4,100 pounds/acre biemss.

Forty-one bird species were recordrJ on the site during .July, and
the number increased to 50 in Septeater. Overall the total was 98, with 

red-winged blackbirds the most numerous species, rhirteen wnaal specif 
were recorded on the site (three of them domestic), and the most corner, 
species were raccoon, hispid cotton rat, and <fcmesti& goat, there were

* This grass is also known, saltmeadow cordgrass in other regions of 
the nation.
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11 species erf reptiles and aaghibians observed- represented by a. total of 
51 individuals. Eighteen orders of macroiavertebrates were collected ar.w 
identified. The most orasi foms were grasshopper. land £j , nd 
fiddler crab, and tiger beetle.

Soil and sediment sa- tes were all sandy in texture to a depth of 
107 cm. ■fte least aaouru of sand reported at any depth was 88 percent..
Total, organic carbon was generally less than 0.2 percent. Extractable 

- 
aamonim and orthophosphate were variable but generally present ta lw 

of Eh varied froa +500 w for oxidised .horizons
located in the upland region to near -240 w in the intertidal area.
The Eh. mas closely related to moisture content. The gH values of the 
,e4afes ft* -ao “

 Inters ttrial water swpde® did'not contain, -excessive cenceotrata^sw eof nitrite-, or nltrate-nitrogen. Total inorganic
-iww exceeded 0.14 and ws- generally Mich lower. Total phosphorous 
at^ orth^wsphate concentrations were, less than 3.25 and. O.W ^4> 
-fe?p*Kt.i J r.fat-। rbyfe anged before?!! 7 9

Chemical composition of the sediments generally corresponded to 

the sandy nature of the material. Excessive nutrient concentrations 

were not found in this series of core samples. Metal concentrations 

of lowland interstitial water are similar to those interstitial water 

values fiom the profiles located in the intermediate areas. Magnesium, 

potassium, sodium, and calcium concentrations for interstitial water 

from the lowland areas were high compared to the intermediate sites. 

Heavy metal concentrations (iron, manganese, zinc, copper, lead, 

cadmium, and mercury) were low.

3



PREFACE

This report presents the results of an investigation to describe 

quantitatively the flora, fauna, and sediment chemistry of a disposal 

site on Bolivar Peninsula, Galveston Bay, Texas. The investigation was 

conducted as a part of the Corps of Engineers’ Dredged Material Research 
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J. D. Dodd, Research Associate and Professor, respectively, in Range 

Science, Texas A$M University. B. W. Cam and B. J. Lee, Assistant 

Professor and Research Assistant, respectively, in Wildlife and 

Fisheries Sciences, Texas A$M University, prepared Part V. ’’Sediment 
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Associate Professor and Research Assistant, respectively, in Soil and 

Crop Sciences, Texas ASM University,

The contract monitors at WES were J. S, Bo? .e and H. H. Allen, EL. 

Project manager was H. K. Smith, Manager, Habitat Development Project, 

EL. John Harrison was Chief, EL.
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CONVERSION FACTORS, (J. S. CUSTOMARY TO 

METRIC (SI) UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted 
to metric (SI) units as follows:

Multiply By To Obtain.

inches 2.54 centimetres

feet 0.3048 metres

miles (U.S. statute) 1.60S 344 kilometres

square feet 0.09290304 square metres

square miles (U.S. statute; 2,589988 square kilometres

acres 4046.856 square metres

cuoic yards 0.7645549 cubic metres

pounds (mass) 0.4535924 kilograms

miles (U.S. statute)
per hour

1.609344 kilometres per hour
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BASELINE INVENTORY OF TERRESTRIAL 
FLORA, FAUNA, AND SEDIMENT CHEMISTRY

PART I: INTRODUCTION

1. Coastal marsh comprises 1,250 square miles* and is the most 

important land resource area on the Texas coast (Godfrey et al. 1973), 

Marsh is important in flood control and water quality, provides excellent 

wildlife habitat, and is a valuable source of .outrients for livestock and 

marine life (National Aeronautics and Space Administration (NASA) 1974). 

One-third of the population and nearly one-third of the industry of Texas 

is located on the Gulf coast (Fisher et al. 1972). This has had a serious 

impact on coastal marshes. Hundreds of acres are filled each year and the 

land use changed (NASA 1974). Thus, it is important to consider ways and 

means of maintaining and/or reestablishing marsh.

2. Approximately 2.3 percent of the coast marsh resource area has 

been set aside for dredged material sites (U.S. Army Corps of Engineers 

(USCE) 1975a). These sites provide substrates for marsh development 

(especially open-water sites, which comprise about 48 percent of the total). 

In these areas, few other competitive land uses exist. Thus, an opportunity 

is provided to investigate the feasibility of marsh establishment on dredged 

material disposal sites,

3. This study involves the feasibility of using dreuged material as 

a substrate for development of salt marshes along the upper Texas coast. 

Phase I involves collection of baseline data prior to development. 0b- 

jectives include (a) survey and evaluation of historical data ana literature 

pertinent to the study site, (b) inventory of avian, mammal, and macrouiver- 

tebrate populations inhabiting the study site, (c) inventory of vegetation 

including preparation of a vegetation map, and (d) determination of specific 

soil chemical properties of the study area prior to deposition of dredged 

material.

*A table of factors for converting U.S. customary units of measurements 
to metric (SI) units is given on page 9.
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PART II: DESCRIPTION OF AREA

4. Bolivar Peninsula forms the eastern end of a chain of sand 

barriers that extend almost 600 miles along the Mexican and Texas coasts. 

The Bolivar Peninsula has developed as an offshore sand bar since the 

>ost-Pleistocene rise in sea level about 4000 years ago (Lankford and 

nchkemper 1969). It is maintained by marine sedimentation processes, 

primarily on the Gulf shore. However, some sediment is also transported 

by sea water washing over the barrier to the bay (NASA 1974). River- 

transported sediments are negligible (USCE 1968). The peninsula is 

typically level with occasional elevations of 5 to 10 feet where old dunes 

occur (U.S. Geological Survey (USGS) 1954a, 1954b, 1954c, 1962a, 1962b).

5. The Galveston area annually receives about 40 inches precipitation, 

primarily between May and August. High humidities and moderate temperatures 

reflect proximity to the Gulf (National Oceanic and Atmospheric Administra-

tion (NOAA) 1974). Mcst of the year, prevailing winds are from the south 

and southeast (USCE 1968). Average velocity is about 11 mph (Lankford 

and Rs hkemper 1969). w

6. North of the Bolivar Peninsula, tides in Galveston Bay average 

about 6 feet and range about 1 foot in amplitude (0.79-1,81 feet above 

mean sea level) (USCE 1975b). Prevailing south and southeast winds may 

raise this level 2-3 feet wnile north winds may lower it as much as 4 

feet (Lankford and Rehkeeper 1969).

7. Hurricanes are an important factor in the local climate. Since 

1871, five tropical storms and seven hurricanes have passed over or near 

Bolivar Peninsula. There is a 23-percent chance of hurricane occurrence 

in any one yerr (Henry et al. 1975). Storm surge associated with hurricanes 

strongly influences erosional and depositional processes and often results 

in barrier washover (Lay and O’Neil 1942, NASA 197^, Henry et al. 1975). 

Storm surges over 8 feet are common, and surges from 15-20 feet have 

occurred at Galveston. The Bolivar Peninsula, which lies entirely below 

15-foot elevation, is thus a prime area for flooding (Henry et al. 1975),

8. Bolivar Peninsula occurs within a soil association comprising the 

Hanis, Veston. and Galveston soil series (Godfrey et al. 1973). These 

are saline clayey and loamy soils of marshes and sandy soils of beaches. 

Heav,, saline clays generally overlain by peat occur under marsh vegeta-

ble? (Lay and O’Neil 1942).
11



9. Composition of vegetation primarily reflects topography and ground 

water salinity. Barr'er flat vegetation dominated by Spartina patens 

(marshay) and S. spartinae (gulf cordgrass) occupies the seeward half of 

the Peninsula. Two large salt marshes occur on the bay side (NASA 1974).

10. Lists of important plant species have been compiled for marsh 

vegetation along the Texas coast (Gould 1975) and for eastern Galveston 

County (Nailer 1974). The principal coastal marsh communities of East 

Texas have been described by Lay and O’Neil (1942). These are: saline 

marshes, dominated by Spartina altemiflora Loisel, (smooth cordgrass), 

brackish marshes dominated by marshay and Distichlis spicata (L.) Green 

(seashore saltgrass), and fresh marshes dominated by Typha angustifolia L. 

(narrowleaf cattail), T. latifolia L. (common cattail), Scirpus californicus 

(California bulrush), and Eleocharis quadrangulata (Michx.) R.$S. (square- 

stem spikesedge). ’ v

11. Texas marshes overlie a heavy mineral soil (often saline) topped 

by a peaty layer. They are generally formed through subsidence (0.2 foot/ 

century in the Galveston area) and lie behind beach ridges that prevent 

direct influx of seawater except during hurricanes (Lay and O’Neil 1942, 

Lankford and Rehkemper 1969).

12. Muskrat populations were exploited on Bolivar Peninsula until a 

few decades ago (Lay and O’Neil 1942). Present land use includes livestock 

ranching (Lay and O’Neil 1942, NASA 1974), exploitation of oil and natural 

gas fields (Hoistrum and Williams 1971), and permanent and summer resi-

dences and commercial establishments (USCE 1968). Oyster beds lie immediately 

offshore on the bay side. This is also a nursery area for fishes of Galveston 

Bay. It is used extensively for recreational boating and fishing (USCE 1968, 

1970, Holstrw and Williams 1971). In addition, comr»ercial shipping uses 

the Gulf Intia-Coastal Waterway (GIWW), which runs along the entire bay side 

of the peninsula. Dredging associated with the GIWW has been al’iost Con-

tinuous along this st xtch since completion in 1933 (Lay and O’Neil 1’2 

USCE 1975c). Selected areas are dredged about every 2 years. The average 

quantity of materials drouged per contract is 1.6 million cubic yards 

(USCE 1975c).

13. The study site is located on Galveston Bay between Marsh and 

Baffle Points near the » esc end of Bolivar Peninsula. It ranges in eleva-

tion from -0.2 feet to nbout +10.0 feet mean sea level (USCE 1975d).

12



The location is between the GIWW and the bay in dredged material 
disposal area 41. This area has no containing levee system, imiite

. sow other disposal areas (USCE 1970). Dredged material deposition occurs 
about every 4.years on this site; the last disposal was in 1971.

13



PART in; PLOT AND SAWLING DESIGN

14. The study area is rectangular, 2,000 by 600 feet., 27.5 acres 
in area. Of this, 14 acres is intertidal and supports li ;tl» vegetation. 
The study area has been extended back to the GIW to include upland 
vegetation communities. This added 14. acres to, the-total area.

15. A surveyed baseline forms the south edge of die study area 
(Figure 1), Thirty-nine topographic transects have been established/' 
at 50-foot intervals along and at right angles to tie baseline and were 
surveyed to the bay side of the study area. These have been steaded- 
ncmtopographically back to the C1W. This system of t bisects was a 
reference for subsequent surveys of vegetation, soils, and vi-ullife.

14



Figure 1. Study area at Bolivar Peninsula. The study area is located Between the 

baseline and Galveston Bay
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PART w: FLORA
16. The purpose of this, research. was to describe /egftta-tim .of the 

staa^r. a®ea. tpmtitatiwly*. This- • wludted ■ compiling a species list as 
well as defining the contribution of these species to the cover and pro-
duction of the area.. The major plant ccwmities were identified am 
iWlineated.

Methods
17. U© study area was nd - stemati illy >earcne<

far new plant s| scries. All species enc catered were pressed and later 
identified. Ml scientific and cjmi rases follow Gaald' (1975).

18. ^egetatia® sailing was contacted along three transects chosen 
at random in each of four 500-foot sections along the. baseline. The 
surveyed Mselfoe provided locations for the raadoMy- located. transects.. 
,Phytos4K.io log teal • uar^eters

19. ' Basal corer aad coepositioa- by species of grass and sedge, and '■'. 
the abidance of forb species were sailed with a IQ-poiat nw tM^y 
and Madden 1933). Hits recorded included bare ground, Utter, and plant 
species contacted at the soil surface- (National Academy of Science* ;./• 
Matronal Research Council (HAS-MRC) 1&3). Density and fte^uency of forbs 
were determined with a square-foot quadrat (W-NRC 1W2). .Sasi-pie site - - 
and. .ouabea* wre detenRiaed by the species-area curve (Oosting 195d>. 
D^csity of woody plants was vith in tl^w»re-f®ot
All &f d®. above pwawters wee i® .^gust 197$. Swix?iE
location was systWtfifi along aach Wiciy lO-Mlfft ft»e: sets
were id’ .ed cm each tn the il ‘rarisecis local seta « »y.J, tc L ermne 
Efcl?.C CO1 Old .1;:.. .. . , ■ . . ,'C:' 17 . C'.'C.U
quadrats ® MO), and ixw H’'Sq»w--tcKK ttotal -.piadrars -Wl qcalrs‘1 
wre used per transect (froa baseline tv bay to -decamine forb dstsity 
and woody planf. density, respectively.
di^Ki.-’S 

- -fjrtiiir.air.:- .

20. Biqiiass production was deteruuned by techniques similar to 
Wiegerr and Evans (1961. Plants were clipped at ground level on 
5.5-sq.sa;e foot quadrats per transect gtotal quadrats = oO), P.Xgunt 
material was separated into important species. The rei&aander was placed
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?l' Xx.Xx X : ? x S - SIC ft-tO -XXX,'.
ea surface was collected and placed in a lb jory U1
Sfteml W ’‘IS'd x “sours v w . - is
rxn.t *.x n v .,-.,', e_ x: v Vegetatxj -joz a x „ n „ •

8 * -■ i; .li’.v’.'. • C 0 • - -
ftrn ember and ftwasper 9■ C^nirws

21 boundaries betwee xit o®un t - • - met
trtmsects during vegeMticx: ssapliag, • These were oseu to straiiih
recorded data in to plant tosfeMtixies n *pc jm > ' an 
a preli&iuan ■ . . -<i ..>- ex xx. va the ?tae> ;■■ ■•
*,-«gvtatim mp was prepared bv a> est&bb p; i SC-hj ’■ oct put *
s xxes tnrvughcuc the study area haseu on he '? surveyed transact * •
tau h xing these to raference visu- ■ e-' of

it test A,eddt<-' • £ -A^a 3x-,^.

nid -ftxbiffip' tl9§7)a ■ ; '
'p-CitS

22. 1 total of b spebes tepres^ii^ geaera ana io twites 
h»re be«t collected ®d ideM fled :nw tJse study site App^rsin

. 62 pervert of toe flora accai in dree nmlie®*
and Co^ositat i-ible b? ™ is species list is inccs^leU- -nrce 
tur ® rhe i.tudy site exhibits considerable seasom feniMlity TSas 
eca.x-.n-:?;< and n .■ n 'n: -n * extend wr aft ■- - x r
n . ■ .n.-x --nx - ’ ,n x .i -e n x .,
ifaxi............. ' 

23. X n L -n--<n - x-n »f s - - x x
cent, x wils ercent in fe<usi • 5 x«n ..w,-. .

tn terns of hign basal cowr, was wresserf prwrilv bv species rf tte '' 
Gxmineae od Q’peraceae- (TWle 2). ’^partiar. n>
Andropogm ^yw^pstatos (Mwstes) ftwinatrd the vegetation, cmtri- 
tmting 203 e . t and 15.6 percmt of the basal cotw , est tively. 
Ffte other species contributed 5 percent ?r more, bie of th^^.w^s

. ftxw the Caapositaef He te re theca subaxil lari s (Ga^jhnwedj, Forb 
species contributed less to basal cover than did grass or sed^ge species-
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Table 1

Vegetation Composition by Major Families 

on the Bolivar Peninsula Study Site 

(Sampled in August 1975)

Family No, Species
Total Flora 

(%)

Gramineae 22 29,7

Compositae 15 20.3

Cyperaceae 9 12.2

Leguainosae 7 9.5

Euphorbiaceae 3 4.1

Verbenaceae 3 4.1

Chenopodiaceae 2 2.7

Solanaceae 2 2.7

Total 63 85.3
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The most important forbs were canphorweed (5 percent), ^tonarda 
ci'criodora (lemon beebalm) (2.5 percent), and Chenopodium ambrosioides 
(wormseed goosefoot) (1 percent), 
Frequency. and density

24. Forb density was over 10 plants/square foot (437,738 plants/ 
acre) in August 1975 (Table 3). The ratio of stems to plants was about 
1.2 to 1. This indicated that single-stemmed plants wre generally 
characteristic. Caraphorweed contributed most to forb density 
(35.8 percent) and also was the most frequently occurring forb species in 
the study area (Table 3), indicating unifam distribution. The Cornpositae 
contributed more plants to forb .tensity than uiy other family, The oc-
currence of colonies (aggregation of individuals of the same species) was 
not indicated since all important forb species had higher frequencies than 
relative densities. Wormseed goosefoot showed the greatest divergence 
between relative density and frequency, iialicating uniform dispersal-

25.. Only two species of woody plants were collected, Ser^enia. 
druayydii (drunsHond sesbania) and Croton punctatus (gulf croton). 
Density of woody plants over 2 feet tall was 3,279 plants/acre in 
August 1975. The most inportant species was dnmraond sesbania with 
3,117 plants/acre, 95 percent of the total woody plant density. The 
sten-to-plant ratio of drutmond sesbania was .about 1,3:1, similar to 
that .for most, forb species, A stem-to-plant -ratio of about. 1,5 for all 
woody species reflected the numerous stems typical of gulf croton plants. 
Biomass

26, Herbage biomass production for tne study was area was over 
3,970 pounds/acre in September 1975 (Table 4). Bluestent ,md marshay 
dominated in contribution to biomass production (30.8 and 28,7 oercent of 
ths total, respectively), The relative importance of both species in ten® 
of production (Table 4) was greater than that expressed by basal cover 
(Table 2). The relative importance of most secondary species was similar 
for both basal cover and production; exceptions wre 'that Fimbristylis 
caroliniamaR (fimbry) was less -inportant for production and caaphorweed 
was more important for production than indicated by basal cover, There
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