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SUMMARY. 

STATEMENT TYPE: C ) Draft (X) Final Environmental Statement 

(X) Supplement to a Final Environmental Statement 

PREPARED BY: The Strategic Petroleum Reserve Office, U.S. Department 
of Energy 

1 .  Type of Action: () Legislative (X)  Administrative 

2. Brief Description of the Proposed Action: 

On January 7. 1977, the Federal Energy Administration issued a Final 
Environmental Impact Statement (EIS) for the development of the Bryan 
Mound salt dome as a storage site for the Strategic Petroleum Reserve 
(FES 76/77-6). On October 1,1977, the U.S Department of Energy was 
created and the programs of the Federal Energy Administration were 
transferred to the new Department. As such, this final supplement is 
being issued by the Department of Energy. The salt dome is located 
in Brazoria County. Texas. The original brine disposal and water supply 
systems proposed in the EIS depended upon the ability of Dow Chemical 
Company to dispose of brine during filling operations by utilizing it 
as a chemical feedstock and to provide water during withdrawal operations 
from private reservoirs. Since the EIS was published. it has been 
determined that this arrangement wou1d be inadequate to.meet the long 
tenn requirements for filling and withdrawing oil at the site; although 
the disposal of brine to Dow Chemical would be utilized to the maximum 
extent possible. Therefore. on July 15. 1977, a Draft Supplement to 
FES 76/77-6 was issued addressing the environmental impacts of construction 
and operation of.two types of brine disposal systems and a new water 
supply system. The first brine disposal system would include a brine 
pit, pipeline and deep injection well field to the northeast of the 
site. The second would include a pipeline to a diffuser located in 
the Gulf of Mexico. The water supply system would include a water 
intake struct.ure on the Brazos RiVer Diversion Channel and a pipeline 
to the site. This final supplement addresses the brine injection 
well system and the water intake system. A separate final supplement 
will be issued addressing the construction and use of the brine 
diffuser system. 

3. Summary of Environment�l Imoacts and Adverse Environmental Effects 

This final supplement assesses the environmental impacts caused 
by the construction and operation of the newly proposed system. The 
difference between the new and original proposals can be analyzed in 
terms of three (3) system components: (1) the brine pit; (2) the new 
brine pipeline and the injection wells; (3) the water intake structure 
and the pipeline from the intake structure to the site. 

Construction of this new system component would cause temporary 
disruption to land use, water quality. air quality and terrestrial and 
aquatic ecology. The new facilities would permanently change 17 acres 
of land from its present use. 



Operation of the systems would have relatively small, short-term 
impacts. Use of the brine surge pit could adversely effect air quality 
by emitting hydrocarbon vapors ( maximum rate of 51.4 tons per year). 
Operation of the disposal wells would increase the salinity of an already 
saline aquifer. All operational impacts would be relatively minor and 
short-term, occllrrin� only during periods of fill or withdrawal of the 
storage facility. 

4. Alternatives Cons1dered; 

Alternative Injectior Well Locations 

Complete Retention of Brine 

Alternative Injection Well Pipeline Alignment 

5. Comments on the Draft Supplement were received from the following: 

Department of the Army 

Department of Commerce 

Energy Research and Development Administration 

Federal Power tonm'l1ss 11.111 

Texas Parks and Wildlife Department 

Oow'Chemical Company 

Ralph M. Parsons Laboratory 

Brownville - Port ISdLel $hrimp Producers Association 

Port Isabel Shrimp Association 

Texas Environmental Coalition 

6. Date made available to CEQ and the Public; 

The draft sup�lement was madp. available to the Council on Environmental 
Quality and the Public in July, 1977. This final supplement was made 
available to the Council on Environmental Quality and the public on 
December 2. 1977. 
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I. DESCRIPTION OF PROJECT 

I. I BACKGROUND 

This document 1s the final supplement to the envi ronmental impact 

s tatement ( fIS)  for an underground crude oil  s torage fac i l i ty at the 

Bryan Mound Sal t  Dome "( FES 76/77-6) located i n  Brazoria County. Texas . 

It addres·ses the construction and use of a water intake system and a net

work o f  up to five (5 )  i njection wells for brine di sposal . A separate 

final supplement wi l l  be issued addressing the construction and use of a 

brine diffuser system i n  the Gul f of Mexi co. The s torage faci l i ty at the 

Brya.n Mound Sal t Dome i s  part of the S trategi c Petroleum Reserve (SPR) 

program currently being implemented by the Department of Energy (DOE ) .  

The draft supplement which addressed the water intake, the di sposal wel l s  
and the offshore diffuser. was publi shed by the S trategic Petroleum Re

serve Office of the Federal Energy Admin i s tration (FEA) . now a part of 

DOF., in  July, 1977. 

Creation of the SPR was mandated' by Congress in Title I. Part B of 

the Energy Pol i cy and Conservation Act of 1975, P .L ,  94-163 ( the Act) for 

the purpose of providing the Un i ted S tates wi th sufficient petroleum re

serves to minimize the effects of any future oi l supply interrupti ol1. 

The Act. requires thilt wi tll "ifl seVen years the SPR contain a reserve equal 

to the volume of crude oi l imports during the three consecutive highest 

import months in the 24 months preceding December 22. 1975 (approximately 

500 mi l l ion barrels ) .  The Act further requi res the creation within the 

three years of an Early S torage Reserve (ESR) of 150 mi l l ion barre l s  (MMB) 

as the ini tial phase of the SPR to provide early protection from near

term disruptions in the supply of petroleum products. 
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On February 16, 1977. the SPR Plan was transmitted to Congress as 

Energy Action No. 10.  The Plan described the manner in which the Pro-

gram was to be implemented. As an amendment to the Plan. an acceleration 

of the devel opment schedule became effective under Energy Action No. 12 

on April 18 , 1977. Whereas the Act required the attai nment of an ESR 

vol ume of 150 MMB i n  storage by the end of 1978 and an SPR of 500 MM8 in  

storage by the end of 1982. the present accelerated schedule has establ i sh

ed new target� of attaining 250 MMB by the end of 1978 and 500 MMB by the 

end of 1980. In addition, a second amendment to the Plan proposillg ex

pansiun of the SPR to one bi l lion barre l s  i s  currently in preparation. 

These initiatives are an integral part of the President ' s  National EI!t:�rgy Plan 

Plan and represent a major effort to pl'·ovide the U.S. �it.h pn,.t�dion .1ga i nst 

the consequences of a severe petrol eum supply interruption as 500n as 

practica l .  
A final programmatic envi ronmental i mpact statement (FES 76-2) 

addressing the effects of the SPR program as a whole was filed with the 

Counci l  on Envi ronmental Qual i ty and made available to the publ i c  on 

December 16 . 1976. That statement considers several di fferent types of 

storage faci l i ties. including the use of exi sting solution-mined cavities 

in sal t  formations and conventional mines, the construction of new 

sol utionrmined cavities and conventional mines. the use of exi sting and 

the const.ruction of new conventional surface tankage , 'Hlti the USE! of sur

pl us tanker ships. The programmatic EIS shou "ld be cCJfI!.ul tcd for a rlp
scription of each of these storage methods and the potential impacts 

which might resu l t  from i ts use. The programmatic E I S  al so a ssesses the 

cumulati ve impacts which cou l e:!  be expected from use of various combina

tions of the di fferent facil i ty types. 

The Bryan Mound final EIS (FES 76/77-6) waS made avai lable to the 

r:nllnci l  on Envi ronmental Qua l i ty and Lhe Publ i c  on J,;Inllflry 7 .  1977. That 

document reflects the design of the racil i ty a'L the t.ime Of publ ication. 

That design included di sposal of the brine produced during the fi l l i ng 

of the cavi ties through uti l i zation by the Dow Chemical Company as feed

stock in II�arby pctrochemicill plants� and use of freshwater from the Dow 

reservoi rs for di spl acement of the oi l  during the withdrawal cyc l e .  

Since that time. the Dow Chemi cal Corporation at Freeport nas declined 

to accept brine at the rate originally planned. or to provide the 

reservo i r  water requi red to d i spl ace the oi l . Therefore. DOE proposed 
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i n  the July draft supplement to augment Dow's brine d isposal capabil i ties 

with a dual system compri sed of deep brine injection wel l s  and an off

shore brine di ffuser i ·n the Gulf of Mexico. and to replace the Dow 

reservoir water source with a water intake system to be constructed on 

the Brazos River Di version Channel adjacent to Bryan Mound site. Thi s  

final supplement addresses only the relocated water intake structure 

and the brine injection wel l s. The offshore diffuser will be addressed 

i n  a separate final suppl ement which w i l l  be publi shed at a later 

date. 
This final supplement di scusses only those immediate areas which 

would be i �pacted by the construction and operation of the water i ntake 

structure and brine disposal wel l s. It does not affect the DOE decision 

to select Bryan Mound for use i n  the SPR. Thi s  deci sion to select was 

made subsequent to the end of the 3�-day "no action" period for the 

Final Envi ronmen
·
tal Impact Statement ( JEA 76/77-6 ) .  

The supplement i s  divided into eight sections; Section-l� Introduc

tion; Section-2. Description of the Existing Envi ronmentj Section-3.  

Envi ronmental Impacts; Section-4. Probable Impacts Which Cannot Be Avoid

ed; Section-5. Relationship Between Local and Short-Term Uses of the 

Environment and Enhancement of long-Term Productivity; Section-6. 

Irreversi ble or Irretrievable Commitments of Resources; Section-7 .  Alter

natives to Proposed Action; Section 8; li st of Agencies and Organizations 

Contacted. Consul tation and coordination with others; and four appendices 

delineated as A. B. C and D. 

The bibliography i s  numbered sequentially on a section-by-section 

basis and follows Section-B. 

1 . 2  PROPOSEO ACTION 

As explained in the draft supplement. Dow has agreed to accept brine 

di splaced by SPR oil  at the rate of 56.500 barrel s per day. The Bryan 

Mound faci l i ty i s  currently being fi l l ed at or nedr thi s rate. However. 

Program f i l l  schedule reqUi rements dictate that al l  efforts be made to 

substantially increas.e the brine di sposal capablli ty at Bryan Mound i n  

the immediate future. Therefore. since diposal v i a  injection wel l s  

could be impl emented wi thin a mu.ch shorter time period than d isposal via 

an offshore di .ffuser. 00£ ; s proceed; ng i n a manner which wi 11 a 11 ow a 

decision to be made concerning the construc�ion and use uf di sposal 

wel l s  at the earli est poss1 b l e  time. Inasmuch as laboratory analyses 
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are sti l l  proceedi ng which could affect a decision concerning the offshore 

diffuser. this document addresses only the relocation of the water intake 

structure and the injection wel l s  (see Figure 1 ) .  At the end of the 30-

day "no action" period. 00£ wi l l  decide whether to construct two (2) of 

the rroposed fi ve (5 )  wel l s .  These wel l s .  i n  conjunction with the uti l i 

zation of brine by Dow 
,
woul d  provide for a total brine di sposal capaci ty 

of approximately 120,000 barre l s  per day. The oi l transfer system for 

th� fac i l i ty should be ready to accept o i l  at this rate early in  1978. 

Fi l l  could be maintained at this rate until such time as the final 

suplJlemcnt ilrldress111g offshore disposal is published. and a decision can 

be made concerning the di ffuser. Whether ""y or all of the additional 

three (3)  wel l s  would be constructed wi l l  depend on the degree to which 

overlapping capacity would be oeeded to provide an effi cient system with 

sufficient flexi b i l i ty to sati sfy the maximum di sposal requi rements under 

al l operating conditions. This w i l l  in turn depend on such factors as; 

the disposal rate requi red when the maximum fi l l  rate for the faci l i ty 
i s  rj!ached dl�POs:al rate� aclJtevab.1e by th.e .... el l $. any operatiJ19 conditi 6ns 

or l i mitations which may be prescri bed for the di ffuser as a result of 

the permi tting process, and the wi l l i ngness of Dow to continue tbe agree

ment to accept brine. However. thi s  document addresses a maximum of 

five ( 5 )  wel l s .  i n  the event i t  ;s detennined that all  ·are needed. 

1.2.1 Raw Water Intake Sy�tem 
The proposed water intake 

supply for the displacement of 

system would provide the f8W �Iatpr 

oi l  during the oil  wi thdrawal 

possi bl e  inter-cavern transfers. for hydrostatic testing and 

purgi ng.  

phases� for 

for brine 

The raw water supply i ntake structure as i l l ustrated in Figure 2 

would be constru�ted on the river side of the Velasco Drainage District 

East Bank Levee immediotp.ly w�st of Bryan Mound. The total system 

woul d conta in a ri prapped entrance channel , bar' tY'a�h racks . automat i ca 1-
ly washed screens , fi ve 1 1ft pumps , and a 36 inch diameter pipe l i ne to 

the main cavern injection pumps . The draft supplement 1ndicilted that a 

centrifugal desander and a des i l t 1 ng pond might be necessary to control 

sediment in the water. However. a closer examination has shown that 

none wi l l  be needed . since al l sediment w i l l  settle out while the 

water ( now brine) i s  i n  the cavern . The entrance channel wou l d  al l ow 
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F;gure' BRYAN MOUND REVISED FRESHWATER 
INTAKE Ar;D BRINE DISPOSAL SYSTEMS 
LOCATIONS 
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sedimentation of the coarser fraction of suspended sediment, because of 

the low flow rate of less than one-hal f foot per second under maximum in

take volumes at low tidal elevations. The intake structure and entrance 

channel would not i nterfere with channel transportation faci l i ties. Debris 

and flotsam would be controlled by trash bars and intake screens.  Effl u

ent from the washing of the intake screens would be returned di rectly to 

the Brazos . .  

Sol id  waste and effluent streams would be control led to avoid unfav

orabl e on-�itp. or off-site impacts or nuisances. Detailed plans and con

struction procedures for pipeline crossings and proposed structures at 

the flood protection levee system would be coordinated w1th the Veld��o 

Drainage District to insure the i ntegrity of the levee system i s  main

tained. The pumps and mechanical would be located dwve Lhe 100 year 

storm surge esti mated to be 12 feet above sea l evel . (l) Uti l i zation of 

raw water for the project would  not be required i n  the event of a hurri

cane or other very severe storm because oil transfer operations would be 

hal ted. 

The raw water i ntake facil ity has been designed to provide water at 

a maximum rate of 7 1 . 3  cubic feet per s ec ond ( 1 , 100 , 000 barrels per day

BPD) . The intake rate would  be only 25 cubic feet per second (385,000 

BPO) during displ acement of oil from the existing caverns at the Bryan 

Mound complex. However, the Department of Energy is  currently exami ning 

the possi b i l i ty of creating addi tional storage capacity throuyh suluLiulJ 
mining of new caverns at five (5)  sal t domes,  including Bryan Mound, i n  

this general area. Each of the five (5)  si tes would use the intake 

system descri bed herein.  An EIS (DES 77-10)  was issued i n  September 1977 

which considers a l l  five (5 )  al ternatives. 

The water intake system would require an area of 120 by 130 feet 

(for the entrance channel and related faci l ities) on the river (west) 

side of the levee. This area wil l  remain i n  pennanent use for the du r'a

tion of the project. Spoi l s  from the dredglng of the 1nlet chdn nel would 

be removed by truck and deposited in a nonwetland area onsite. 

1 . 2 . 2  Brine Pond and Disposal Wel l s  

A fully l i ned 100 .000 barrel pond would be constructed to provide a 

surge capacity and a l l ow for the settl ing of any suspended solids. Re

tention time i n  the pond woul d  be 16 hours during the initial oil  fi l l .  

A brine surge tank made from an existing water tank on the site was 
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thought to be a practical faci l i ty to provide for i ni ti a l  fi l l  surges. 

An engineering analysi s  of the tank i ndi cated i t  could not accommodate 

the expected stresses consequently the surge tank proposal has been 

e l iminated. 

The proposed deep well brine i njection field woul d  be located 

approximately one mi l e  east of Bryan Mound. The conceptual system as 

i l l ustrated i n  Figure 1. would consist of a 20-i nch brine pipe l i ne and 

up to five (5 )  i njection wel l s .  The bri ne pipel i ne would paral l el the 

DOE 3D-inch oil  pi pe l i ne eastward unti l i t  crosses Route F .M.  1495 where 

i t  would proceed northward to the well pad locations shown on Fi gure 1.  

The bri ne pipe l i ne would make two crossings of  Route F .M .  1495 and one of 

County Road 242 prior to reaching the most di stant wel l .  number four. 

Four of the five wel l pads would be located approximately 200 to 250 feet 

east of Route F.M. 1495. whi l e  the fi fth pad (No. 4 )  would be located 

north of Route F.M. 1495 . as shown i n  Figure 1. Pad spacing would 

al l ow for approximately 1000 feet between centers. 

Two methods of wel l construction are currently being studied. The 

first i s  conventional vertical dri l l  holes, which would necessitate sep

arate pads for each wel l .  Usi ng this method five ( 5 )  wel l pads woul d  be 

requi red as shown i n  Fi gure 1. Al ternatively. di rectional dri l l i ng 

could be  uti l ized with two or more dri l l  holes located on a pad. Using 

this method . well pads No. two (2) and five (5 )  would be el imi nated and 

well pads No. three (3 )  and four (4)  could contain  one or two di rection

al ly dri l l ed wel l s  i n  addition to a s ingle vertical hole. For impact 

analysis the five ( 5 )  wel l or well pad array has been assumed to present 

the worst case scenario. However. i t  should be noted that with d i rec

tional dri l l i ng the area of surface impact would be decreased due to the 

reduction i n  the number of pads. 

The area) extent of each pad i s  approximately two acres. The 

spec�fic geometry of each s i te wi l l  vary somewhat depending on property 

acqui red and the number of'wel ls dri l l ed from each pad. A dual l a ne 

roadway wi l l  connect the wel l pad to the adjacent publ i c  roads. A 

typical well pad design i s  i l l ustrated i n  Figure 3. The geometry of a 

spec i fi c  pad may di ffer from the i l l ustrated design which i s  di agrammati c .  

Each i njection wel l would be desi gned to accommodate di sposal of 

30 .000 barrels of brine per day. Prel imi nary Geological studies 'of the 

area �ndicate that a favorable  Miocene sand section exists below the 

minus 4000-foot contour. The specific well designs and completi ons 
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would be formul ated following dri l l ing and comprehensive testing of an 

exploratory well from one of the pads. The test program results would 

be used to determi ne: the specific injection zones; dri l l ing.  casing, and 

packing methods to be employed. A typical wel l casing. cementing and 

screen design is i llustrated i n  Fi gure 4. Injection wel l s  employing this 

design are presently being used satisfactorily at the West Hackberry SPR 

s i te for the disposal of brine i n  Miocene sands. 
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2. DESCRIPTION OF THE EXISTING E NVIRONMENT 

2 . 1 INTRODUCTION 

The Bryan Mound site as shown i n  Fi gure I, i s  l ocated on the Texas 

Gulf Coast on the del ta of the Brazos River. Bryan Mound was formed by 

the vertical movement of cyl i ndrical sal t stock which created a surface 

caprock domal expression gently rising to approximately 20 feet above 

the surround'i n g  ma.fsh. Over a period of geol ogical time the Brazos River 

has washed around this ' structure and formed the composite marsh area 

surrounding the site. In recent times. the combination of resource de

vel opment and agricul ture have al tered the natural setting. The salt. 

sulphur and petroleum resources of the area have ,been �evel oped and 

cattle graze around the mound area. The construction of the Intracoastal 

Waterway. drai nage ditches, and reservoi rs have drastically al tered the 

terres tr1 a 1 and estuar"1 ne env1 ronment i n  the Bryan Mound area. 

A complete description of the existing envi ronment for the general 

area encomoass i ng Bryan Mound was pre "sented i n  the Fi na 1 Envi ronmenta 1 
Impact Statement FES 76/17-6 and for the sake of brevity i s  not repeated 

i n  this report. The description of the envi ronment presented i n  this 

supplement di scusses only those immediate areas which wi l l  be i mpacted 

b v  the I;Qnstrl,!l;"t;iQn and operation of the fol l owi n� newl y proposed sys

tems for the Bryan Mound facil i ty: 

A raw \'Iater intake system on the Brazos River Diversion Channe l ,  

A series o f  five deep injection wel l s  l ocated approximately 9000 

feet east of the mound with a connecti ng p i pe l i ne from the mound. 
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The i nformation i n  thi s  section i s  organi z ed to provide the fol low

ing information concerning the n ewly proposed systems of the Bryan Mound 

Project: 

2 . 2  physiography / 

2 . 3  Geol ogical Resources 

2 . 4  Soi l s  

2 . 5  Terrestri a 1 

2. 6 Ai r Envi ronment 

2 . 7  Brazos River Di version Channel 

2.8 Land Use 

2.9 Aesthetic and Envi ronmentally Sensitive Areas 

2 . 10 Archaeology and Historical Resources 

2 . 2  PHYSIOGRAPHY 

The Bryan Mound study area i s  located within the Gulf Coastal Plain 

Physiographic Province. (l) It  i s  characterized by flat featureless 

plains which have poor drai nage. and marshes which vary in size because 

of man-made i nterruptions and natural barriers. These marshes ultimately 

drain into the Gulf of Mexico. 

Elevations vary from sea level to about 5 feet over the major portiol1 

of the area. Sand dunes. spoil deposits, and levees reach el evations of 

approximately 1 0  feet, and Bryan Mound, the highest eTeVat10h fn the area , 

i s  approximately 20 feet above sea l evel . 

Spoil deposits occur mai nly along -the southern edge of the Intracoastal 

Waterway. levees protecting the Bryan 140und area parallel  the Brazos 

River Diversion Channel �o the west and the Intracoastal Waterway to the 

east. These levees form a portion of the flood protection control sys-

tem operated by the Vel asco Drainage District. Recently deposi ted sand 

dunes paral l el the shoreline along the Gulf of Mexico. 

2 . 3  GEOLOGICAL RESOURCES 

The lower. Miocene Oa�vi l l e  sands have been pierced by the sal t at 

Bryan Mound ( Fi g .  5 ) .  The sands sink tqward the Gulf along non-seismic 

faults which diminish seaward i n  deep mud . The deep sands are separated 

from the overlying fresh-water sands at the s i te by a SaO-foot layer of 

middl e Miocene shal e. This formation . indicated i n  the well logs of 

G reenbrier Bryan #1 well ( located 4700 feet southwest of the proposed 

injection fi eld,  Fi g .  5 )�  i s  composed of compacted shales. sand and 
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Table 1 

CHEMICAL ANALYSIS OF BRYAN MOUND BRINES 

CA'/ERN NUMBER C_51A1 C_S(BI C_lIB1 C-2(BI C_2(BI C_21B1 
SAMPLE DATE 1/4(17 9/30(11 9/29f11 9/l9f17 10/6117 IO/20m 

SAl.INITY (gIll '05 '16 '18 31!7 317 ". 

MAJOR CONSTITUENTS (mg/U 
N. 111,600 11',802 124,623 124,091 1:M,037 124,287 

K ,go 

Co "" '" 2SO ",. ,>0 2" 

M, 9.2 14 33 31 32 26 
.. 18-f,100 198,067 191.245 180.174 190,030 190,531 

so, 1,960 !,OOO 2�OO 2.100 2,600 �50 

MINOR OONSTITUENTS 1u,,/" 

C. <2 , •• 3 2 N.D. 

C. , 2 N.D. N.D. N.D. N.D. N.D. 

c. 2 N.D. 3,920· N.P. N.D. 100 

... 2 N.D. N.D . N.D. N.D. N.D. 

H. < 0.2 N.D. N,o, N,P, N.D. N.D. 

N. 2 N.D. N.D. N.D. N.D. N.D. 

Z. .0 N.D. '0 • N.D. 30 30 

.. " .. . .. SOO 9,., 700 N.D. 

F. -.,350 8,200 .,., 1,200 1.000 

M. '00 60 UO 70 '0 '0 
• 

" < 2 

A. (>0 

.. 2 

" < 2 
-

Footnote: A. Brine analysis conduct�d by U . S . G . S . ,  National Water Q'J3.1ity laboratory, Denver 
B .  Analysis of a referee �rhe sample conducted by DOE 
N.D.'\ot detected (detecti o., limits not available) 
* C:ontamination suspectej from sampler equippe.d wi th bras5 sf-also 

. 

-



clay. The shale forms an effective aquicl ude between the highly sal ine 

water of the Oakvi l l e  sands and the overlying s l i ghtly sal ine water of 

the Evange l i ne Aqui fer. 

The l ower Miocene Oakvi l l e  sands are saline aquifers throughout 

Brazoria County. ( 1) Thus they are considered suitable for deep-we l l  

di sposal by the Texas Water Qual i.ty Board (1977) . ( 2) They have been 

successful ly used since 1942 for disposal of wastes by Dow Chemi cal 

in a well l ocated to the northeast of the mound. The Miocene sand section 

is also indicated i n  the Dow injection well logs. Operations ·of the 

Dow injection:wel l ·i ndicate that no envi ronmental impacts have 

resulted from the operation of the fac i l i ty. 

Well l ogs for the Bryan Mound area indi cate that some of the 

thinner sands show evidence of originally trapping minor amounts of o i l  

or gas. 

does not 

This indi cates that the Miocene section away from the mound 

leak signi ficantly and w i l l  provide a sui table aquiclude. The 

Greenbrier Oil  Company Bryan #1 test well logs revealed an excel lent 

sand section and a show of oi l  in the overlying middle Miocene shale. 

All deep-we l l  logs for the i mmediate vicinity of Bryan Mound i n

dicate that a similar suitable sand injection zone i s  located at a 

depth of between 4500 and 5000 feet and overl ain with the dense shale 

which precludes hydraul i c  contact between the saline aqui fers and the 

overlying Evange l i ne aquifer which i s  used for potable water supplies .  

The cross section ( Fi gure 6) shows the structural pos i ti on of. 
the Miocene Oakvi l l e  sands from the salt dome to �he Dow Chemical in

jection weli. At the location proposed for brine disposal (between 

the Greenbrier and Dow wel l s  on Figure 6 )  the sands are over 4000 feet 
deep and separated from al l other aquifers by thick shales. The av�i l able 

subsurface data ( most of which on the east side i s  included i n  the cross

section) gives no indication of faulting or �ther di sturbance away from 

the piercement salt. 

2 . 3 . 1 Chemical Composition of the Brine from Bryan Mound 

Sal t exhibits a unique combination of characteristics which make 

it  an ideal mineral for creation of a cavern for hydrocarbon storage. 

It i s  general ly  impervious to oi l and gas .  has a com�ressive strength 

comparable to concrete . moves plastical ly  to seal fractures or voids. 

and can be easi1y mined by dissolving with water. (I) 
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A bri ne sample was coll ected from Bryan Mound Cavern 5 in January .  

1977, and analyzed by the U . S .  Geological Survey, National Water Qua l i ty 

Laboratory. Denver. After an agreement was consummated between DOE and 

Dow, a joint program was i ni ti ated ;n September,  1977.  i n  which referee 

bri ne samples are periodical ly coll ected and analyzed by DOE and Dow. 

Chloride ;s  determi ned by classical Mohr titration. The remaini ng 10ns 

are determi ned by the appropriate standard spectrophotometric methods of 

of USGS, ASTM, and EPA. Salinities are calcul ated by surrrni ng the major 

constituents. Results are gi ven i n  Tabl e  1. 
Data obtai ned to date verlfy that about 99 percent of the salt is 

sodium chloride, the remai nder being pri nci pally cal cium sul fate. Mag

nesium is low and variable. Of the mi nor el ements tested. only zinc, 

manganese. barium. and i ron occur i n  appreciable amounts . and they are 

vari abl e .  Chromium, mercury. selenium. si l ver. and anti mony have been 

undetectable in al l cases. Arseni c .  cadmi um. coPper.  lead . and nickel 

have been ei ther undetectable or at the threshhold of detection. In  all  

cases. the heavy metal concentrations for saturated bri ne have been well 

wi thi n  standards for publ i c. dri nki ng water supply i ntakes .  In  al l  sam

ples there have been no weighable suspended solids.  Thi s  suggests that 

the caverns act as natural clari fiers i n  which insolubles settle to the 

bottom. 

The saturation concentration of sal t soluti ons may be expressed sev

eral ways. Chemical solubil i ty tables may state that 1 000 grams of water 

wi l l  dissol ve 357.9 grams of pure sodium chloride at 60°F ( 1 5 . 6 °C). This 

corresponds to 3 1 7 . 2  grams sodium chloride per l i ter of solution (bri ne) .  

The specific gravi ty of a saturated solution at 60°F is 1 . 204. There

fore. 31 7 . 2  gil sodium chloride solution corresponds to 263.4 parts per 

thousand (ppt) by weight. Sodium chloride sol ubil ity increases signif

i cantly with increasi ng temperature. 

Total dissol ved solids (sal i nity) data i n  Table 1 show that the brines 

have been saturated or s l i ghtly supersaturated with respect to .sodi um chlo

ride relative to ambient ai r temperatures with the exception of the January 

sample from Cavern 5 which was 96 percent saturated . I n  the latter case, 

Cavern S was in acti ve bri ne production at the time. Until i ni tiati on of 

the joint DOE-Dow testing program. Cavern 1 had been shut- i n  for a number 

of years and Cavern 2 had been idle  for a number of years . These results 

suggest that displ aced brine wi l l  be 5uturated at 8bou't 317 g/l (264 ppt) 
during i nitial  cavern fi l l  and wi l l  probably be saturated during succeeding 

refi l l s .  
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2 . 4  SOILS 
This section di scusses the soi l s  that wi l l  be encountered by the 

construction of the brine pipelines to the deep well injection system. 

The proposed brine pipeline (Fig. 7 )  to the deep well i njection 

system wi l l  follow the roadway/l evee from Bryan Mound eastward and cross

ing Highway 1495. I t  wl l l  then turn north and fol l ow the hi ghway to 

the site of the injection wel l s  near the juncture of Highways 1495 and 288. 

The so; l s  in the Bryan Mound area have devel oped from unconsolidated 

sediments of l a te Plei stocene and Hol acene age. The Plei stocene d l kal i ne 

mtwine cl ay3 of the Beaumont Formatil;ln Are the parent material's foy- the 

cl ayey lake Charl es . Roebuck and Ijam soil series found between BrYiin 

Mound , and the injection well sites. 

2 . 4 . 1  So1 1 Orders 

The soi l s  that would be encountered by the pipeline are classified 

fnto three orders : Verti sol s ,  Mol 1 i so l s  and Entisols. 
distinct horizonation and are characterized by having 

Verti sols have in
a high clay content�  

pronounced changes i n  vol ume as  a function of moisture ; deep wide cracks 

i n  some seasons; and evi dences of soil movement in the form of s l icken

sides· and gi l gai microrel ief. Vert1s.ol s are represented by the lake 

Charles soi l  series of the subgroup Typi c  Pell uderts . Mol l i so l s  charac

teri sti ca l ly have tormed L1l'1der grass' and vl:!y� La Lion lind have J. ::ioft 

dark colored surface horizon (mol 1 1 c  epi pedon ) .  This order is  marked 

by a dominance of calcium in  the A and B Hori zons and crystal l i ne clay 

materials  of moderate to high cation-exchange capacity. Mol l isol s are 

represented by the Roebuck soil series of the subgroup Vertic Hapludol 1 s .  

Entisols are represented by the Ijam soil series. These soi l s  are com

prised of -recently developed flood plain al l uvica l deposits.  
The Nati onal Cooperation Soil Survey is currently in  progress in  

BNzor1i:i CUUlILy, T€lxas. Unput.-.l ishp.n data from the U . s .  Soil Cnnservation 

service shows the location. description and i nterpretations for each 

soil series mapped. 

2.4 .2  Soi l Series 

The following soi l s .  i l l ustrated in Fi gure 7 .  wil l  be encountered 

during pipel i ne constructi on. The soil stations denoted on Fi gure 7 are 

approximate locations along the pipeline route. 
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PIPEUNE STATIONS ARE APPROXIMATE LOCATION 
UN FEETI FROM BRVAN MOUND 
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Figure 7 SOIL SERIES ALONG THE PROPOSED 
BRINE DISI'OSAL SYSTEM 
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lake Charles series exists along the first 1 .030 feet of the i njection 

we 1 1  pi pe 1 i ne . 

fami ly of Typi c 

It  is  a member of the fine montmori l l oniti c ,  thermic 

Pel l uderts. This series consists of deep. sl ightly acid 

to mildly alkal ine.  nearly level to gently sloping cl ayey soi l s  formed i n  

alkaline marine clays mainly o f  the Beaumont Formation . They are cl ayey 

throughout the profi l e  and when dry form deep, wide cracks on the surface. 

They are somewhat poorly drained and surface runoff i s  very slow. Internal 

drainage and permeabi l i ty is very slow. The avai lable water capacity of the 

series i s  high. 

Because of the cl ayey texture throughout the profi l e ,  lak.e Charles 

soi l s  have low strength and high shrink-swell properties which impose 

severe l i mitations on building and road construction. They are well 

suited for cropland. and for native and improved pasture and are easy to 

revegetate when disturbed. 

Roebuck series occur from station 9600 to the termi nus at station 

14.000 of the injection well pipel i ne .  The Roebuck series is  a member 

of the fine, montmori l loni ti c .  thermic fami ly of Vertic Hapludo ' l s .  This 

consists of deep. s l i ghtly acid to mi ldly alkal ine,  nearly l evel cl ayey 

soils formed i n  cl ayey a l luvium for Permian red beds . This series i s  

cl ayey throughout the profi le  and the permeabil ity rate 1s  very slow. 

When dry. deep wide cracks develop to allow rapid water entry until the 

cracks become sealed. 

Roebuck so1 1 s  have severe l i mi tations for use as bui ld ing s i tes and 

road construction due to the cl ayey texture throughout the profi le  and 

wetness from occasional flooding. Agricul tural ly. the soil is moderately 

wel l sui ted for cropland, native and improved pasture and wi l l  be easy 

to revegetate when di sturbed. 

Ijam series extends from station 1 ,030 to 9600 of the injection well 

pipel i ne .  It  1s  a member of the fine, montmori l 1 onitic.  nonacid,  thermic 

fami ly of Vertic Fluvaquents. Ijam soi l s  are on nearly level planes and 

concave coastal flats bordering waterways , ditches and canal s .  The series 

consists of deep , almost level . cl ayey soi l s  that are alkal i ne and 

saline. These soi l s  formed in alkal ine.  sal ine .  cl ayey sediments 

that were dredged or pumped from the Intracoastal Waterway during 

i ts construction. 

Ijam soi l s  are clayey throughout the weakly developed profi l e .  

When they occasiona l ly dry. temporary cracks form on the surface. They 
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are very poorly drained or ponded . Runoff. i nternal drainage and perme

abil i ty are very s l ow and the available water capacity of this series i s  
moderate. 

The Ijam soi l s  are wet and cl ayey and have l ow strength and high 

shrink-swell  properties which i mpose severe l i mi tations on bui lding and 

road constructi on . Agricul tura l l y  this l and is unsuited for cropland or 

pasture. Adapted wetland and s:hal l ow water pl ants grow i n  this soi l and 

wi 1 1  natural ly revegetate IOOS t di sturbed areas. 

2 . 5  TERRESTRIAL 

The area around Bryan Mound project consists of three ecological 

conrnun i tes . The purpose of thi:s section i s  to describe the existing con

diti ons of these ecosystems . Field investigations were conducted and in

formation recorded on the flora and fauna of the following corrmmi ties in 
the Bryan Mound area: 

(1 ) Shrub-Savannah 

(2 ) Coas ta 1 Prairie 

(3)  Marshes and Salt Fl at:s 

These cOl1111unities as i l l ustrated i n  Fi gure 8 wi l l  be described i n  the fol

l owing section . However. be fan;! descri bing the speci fic communities i n  

detail i t  wl l l  be helpful to di :scuss the region as a whole. 

Bryan Mound lies within thl� Gulf Coast Prairies and Marshes Resource 

Area of Texas,  as defined by GOI:.l ld .  (2 ) The Coastal Marsh i s  characterized 
by l ow elevations and i s  often 'inundated with Gulf water. The marsh eco

system occurs i n  narrow bel ts o'r patches separated by Coastal Prairie. 

The Coastal Prai rie ecosystem cl)nsists of level grass-covered plain,  

which is integrated with marsh throughout the Bryan Mound Area. Sl ight  

differences i n  elevation and water level bal ances account for the mosaic 

distribution of these ecologica" COl1111uni ties. 

The area has been disturbed by the construction of various faci l i ties 

by the oi l ,  gas and mineral indlJstries. Dredgi ng has been conducted, es

peci al ly  in the Intracoastal Waterway and Brazos River Diversion Channel .  

The construction of the levee systems has greatly altered the drai nage 

characteristics which i n  turn has a l tered the floral complexes. 
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Table 2 
COMMON PLANT COMMUNITI ES AND FAUNA OF TH E BRYAN MOUND AREA 

MARSH AND SAI.T fAI.TS COASTAL PRAIRIE 

1. VIg&t.tion Olney BuLrush Gulf CardarlW 
Saltarass Western R.II'O"'." 
GIQSWOI1 Se.-Myl1l. 
Slltwal1 
Caralina WalllNr..., 
S",ooth Cardar .. 

2. Hlrpetabunl Gulf Silt M.rsh Snake Western Oiamand��k R.nl ......... 

3. Mammlls Eastern Conanwil Rabbit hSIl.n Cononwil R,bbit 
HllIpld COIIOn R.t Nutria 
Raccoon His.pld Cotton Ral 
Striped Sicunk Opo$$um 
Clnid Sp. Canld SP. 
OPPDlSum 
Nunl, 

4. Birds PIMI-Bill,d G .. be WIt,rfawl 
Grill Blue HI.on Grul Blul Hlron 
Linll Blul Hlron Linll Blul Hlron 
Common Eg .. t Common Ea .. t 
Caule E,ret Canle E, .. t 
Tli-Colored H"an Am"i�.n Binl.n 
Marsh Hawk Llast Bini", 
Amaricln Coot Clipper Rlil 
East .. n M.adowla� Cornman Gallinule 
Seasidl Splrraw American Coot 
Am.riun ain .... Lean Sandpiper 
LalSt Bittern Boat-Tailad Grackl. 

, Clapper R,II E8$lltI'n Mlldow'alie 
Red_Winged Blackllird Mockingbird 
Long-Billed Curll'" S •• lde Sp".ow 
W.terfawl Rid-Wingad BllCkbird 

Tulieey Vulturl 
Marsh Ha .... k. 

-� --
SOURCE: IA"'.r S."dac�. 1975 .nd FI,ld Invettleltlant) 141 

SHRUB-SAVANNAH 

See-My1111 
Hui .. �hl 
Pralri. Mvsqult. 
H.rcules Club 
Gulf Card,rass 

Wnt.rn DiamondbKlt Ranlesnlk. 

Eastern Conontoil Rabbit 
Hispid Cotton Rat 
Raccoon 
Opposum 
Canld Sp. 

Wat.rfowl 
G ... t Blul Hlran 
Linll Blul Heron 
Common E,ret 
�nle Eg.et 
Bladtbirds 
Splrrows 
WIl'llllrs 
Thru!lhas 
Other PaUfiriformn 



2 . 5 . 1  Shrub-Savannah 

The shrub-savannah communi ty consists of woody plants dispersed 

throughout a prai rie-l i ke unders tory. The overs tory ranges i n  hei gh t 

from 2 to 6 feet and i s  composed of sea-myrtle (Baccharis halimiflora ) ,  

prairie mesquite ( Prosopopi s gl andul osa ) ,  and hercules club (Aral ia  

spinosa ) .  Gulf cord grass is  the dominant understory. As a result of 

over-grazi ng pressures, 
and become established. 

the seeds of woody pl ants were able to germi nate 

The l oss of native grasses and valuable wi t d l i t'e 

hilbitilt i�  of t:onCCf'n , &i nce presently 34 percent of thp r,ulf r.nnSt. i s  

now i nfested with woody brush. (J )  
Avifauna of  the shrub-savannah consists primari ly of  passeri nes. 

The avai l abi l i ty of perches and nesting si tes accounts for thi s ,  al though 

valuable and diminishing native prairie supports the waterfowl popul ations 

of the area. 
Animals found i n  the area incl ude the western di amondback rattle

snake, the eastern cottontail rabbit ,  racoon, opposum and canid species. 

Bi rds that frequen� the area are the great and l i ttle bl ue herons . the 

common and cattle egrets , blackbirds, sparrows, warblers. thrushes and 

other passeri nes. These data are summariz�d i n  Table 2 for the disturbed 

shrub-savannah ecosystem. 

2 . 5 . 2  Gulf Coast Prairie 

The Gulf Coast Prairie i s  the c l imax vegetation of i nland portions 

of the Bryan Mound area and 

factor. 

a1 though 

that are 

The domi nant plant 

;s influenced more by elevation than any other 

species is  gulf cordgrass (Spartina spart1nae ) .  

wes tern ragweed 

heav; 1y grazed. 

occur� on drier ground. 

(Ambrosi a  psi l ostachya ) ; s  abundant i n  those areas 

Prickly pear castus (Opunti a sp. ) occurs on drier 

Like other communH"il;!� i,l LlII:! B"Ydfl Mound area, bird" congt.it.ut.p. thc 

most abundant form of wi l d l i fe i n  the Gulf Coast Prairie. Insecti vorous 

species , such as mockingbi rds (Mimus pol ug10ttos ) ,  eastern meadowlarks 

(Sturne1 la  magna) .  and seaside sparrows (Ammospiza. mari tima) are cOlllTlon 
residents of this habitat. Turkey vul tures (Cathartes aura) and marsh 

hawks (Circus cyanens ) are abundant i n  the prai rie areas as wel l  as 

throughout the entire study area. Waterfowl . parti cularly geese, feed 

heavily on the prairie vegetation. The herons . egrets , Ameri can bi ttern, 

clapper rai l ,  cOlllTlon gal l i nule American coot, least sandpiper, red wi nged 
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blackbird. and boat- tailed Gackle  frequent the area when i t  i s  in  close 

proxi mity to marsh habitat. 

The diamondback rattlesnake. eastern cottontail rabbi t .  nutri a .  his

pid cotton rat. and opposum are found i n  the area. 

Cattle are the l argest mammal ian herbi vores found i n  this community 

and probably the greatest consumers at this tropic level . On the basis 

of track s i ze and pace measurements . a canine (Canid sp. )  beli eved to be 

a coyote-red wol f hybrid was found to occur i n  thi s co�munity. (4) (5 ) 
Dogs also roam the area. 

2 . 5 . 3  Marsh and Salt Flats 

As i l l ustrated i n  Figure 8, the brine injection system i s  l ocated 

principally i n  the marsh and salt flat terrestrial communi ty .  The brine 

i.njection pipel ine.  after crossing county road 242. is located principally 

in marsh and salt flats. 

Coastal marshes are generally  consi dered to be areas of high organic 

productivity ,  forming a nutrient l ink with the Gul f  estuarine ecosystem. 

The marshes i n  the area of Bryan Mound may be ei ther brackish or sal i ne .  

and are periodically inundated with seawate' r .  freshwater runoff. or 

both. Thus vegetation composition i s  determined more by salinity 

than any other factor. Typical p l ant species of brackish marsh are 

olney bulrush (Scirpus ol neyi ) and sal tgrass (Oistichl is  spicata ) .  whi le  

sal ine marsh and sa-lt  flat areas are characterized by smooth cordgrass 

(Spartina) .  Sa lt  flats occur as transition zones between brackish-

saline marsh areas and Gul f  Coast Prai rie.  Salt flats occur around the 

Bryan Mound salt dome i n  a mosaic di stribution within the Gulf Coast 

Prairie and Shrub-savannah communities. Plant growth in sal t flat areas 

is l i mited to a few hal ophyl i c  species such as gl asswort (Salicorn i a  sp. ) ,  

sal twort (Batis mari tina ) ,  Carol ina wol fberry (lyc i um carol inianum) . and 

smooth cordgrass. 

The marshes and sal t  flats are excel lent habitat for great blue . 

l i ttl e blue and tricolor herons , pied-b i l led grebe. common and cattle 

egrets , Ameri can a"nd leas t bi ttern . Ameri can coot, marsh hawk . clapper 

rail and long b i l led curlew. Many other bi rds frequent the area. 

The Gul f  Salt marsh snake . eastern cottontail rabbi t .  racoon , 

stri ped skunk . canid species . opposum. hispid cotton rat and nutria 

are common to the area. 

2-15 



Birds, especially waterfowl and wading species, constitute the most 

abundant form of wi l d l i fe i n  the area as a whole. Al though coastal mar

shes are i mportant over-wi ntering areas for birds, popul ation levels are 

greatest duri ng migratory peri ods. 

2 . 5 . 4  Freshwater Intake 

The freshwater i ntake system wi l l  be constructed on the western edge 
of Bryan Mound. The inlet channel and associ.ated mechanical 
Y�(H' w i l l  U� 370 r��t long. The i nlet chilnncl will l ie betw9�iIn 
the Brazos River D iversion Channel and an  existing levee and 

b l acktop road (see Figure B ) .  This area 1 5  actively graz�t.I by L..'dLL1� o!InJ 
has a h i s tory of frequent human disturbance, especi al ly duri ng the con

structi on of the levee and the Brazos Ri ver D iversion Channel . The vege

tation i s  characteri sti"c of coastal prairie, salt flats, and shrub-savannuh 

communi ti es .  

Greatest wi l dl i fe usage in  the vici ni ty of  the freshwater i ntake fa

c i 1 i t i es occurs along the bank of the Brazos Ri ver Oi versi on Channe 1 and 

on the manmade l agoon system l ocated i mmediately to the north and west of 

Bryan Mound Storage Si te .  The wi l d l i fe values are marginal because of the 

heavy uti l i zation for mini ng and i ndustrial activi ties. Waterfowl occur 

on the 1 agoon sys tern, as they do on any UIJ�rl Wi:lt�r area al ong the CO.:l:> t ,  

Shorebi rds and some passeri nes a l s o  occur i n  the vicinity of the proposed 

freshwater i ntake l i ne ;  however, their usage of this area i s  l i m1 ted be

cause of previous disturbances associated with Bryan Mound and the levee 

Road. 

2 . 5 . 5  Bri ne Di sposal Wel l s  

The 5 brine disposal wel l s  wi l l  be located approximately 9000 feet 

east of the Bryan Mound storage faci l i ty and iil1lJ r'oxi mately 150 feet eJst 

of Hi ghway 1 495.  as i l l ustrated i n  Figure 8. The pi pel i ne from Bryan 

Mound to the wel l s  wi l l  be constructed parti a l ly withi n an exi s ti ng FEA 

ri ght-of-way. adjacent to a 30 i nch crude oil pipe l i ne from Bryan Mound 

to the dock fac i l i ties,  as di scussed i n  the Envi ronmental Impact State

ment FES 76/77-6. The right-of-way l i es on the northern side of the 

drai nage canal that i s  on the Northern side of the levee (see Fi gure 8) , 

The entire length of this right-of-way, off Bryan Mound across Highway 

1495. i s  marsh habitat. The marsh area that wi l l  be affected by the 
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pipeline and di sposal well system a l ready shows signs of unnatural di stur· 

bance, as evi denced by the presence of typi cally shrub-savannah vegetation , 

a good indi cator of disturbance i n  marsh areas . 

Wi l d l i fe usage in  the proposed di sposal wel l area i s  heavy. Migra· 

tory and overwintering waterfowl and marsh birds are abundant and are at

tracted to the drainage canal lying between the levee and the proposed 

route. The maintenance of such open water areas i s  of great i mportance 

to the waterfowl and marsh bird populations. The drai nage canal. drains 

i n to Bryan Lake which ultimately drains into the Gul f of Mexico, thus i t  

i s  an i mportant l i nk i n  the nutrient flow from the marsh to the ocean. 

2.6 AIR ENVIRONMENT 

The principal atmospheric poll utant expected to be emitted during 

operation of the Bryan Mound faci l i ties wi l l  be the hydrocarbon compounds 

during crude a l l  transfers or from the brine displ aced from the storage 

caverns as crude oi l i s  injected. The Texas Air Control Board has al ready 

classi fied the area which wi l l  i ncl ude the Bryan Mound project as a Non

Attai nment area under EPA regul ations. FES 76/77-6 presents data concern

i ng the ambient air  qual i ty of ,the area. 
The immedi a te project area i s  i n  compl i ance with the regul ati ons 

l i mi ting concentrations of carbon monoxide (CO ) ,  sulfUr di oxi de (5°2 ) ,  

ni trogen dioxide (N02 ) and parti culates. The project i s  within the 

Houston-Gal veston Intrastate Air Qua l i ty Control Region which has been 

ci ted for non-compl i ance with standards for 502 and particulates. 

2 . 7  BRAZOS RIVER OIVERSION CHANNEL 

The Brazos River Diversion Channel wi l l  be used as the raw water 

supply for the project's requi rements . The dredged Brazos Di vers ion 

Channel forms the l ower 15 mi les of the Brazos Estuary with the upper 

9 miles being formed by the original channel of the Brazos River. 

The Brazos estuary is unique for the Gulf coast region i n  that i t  

di scharges di rectly into �he Gulf and not through delta areas or em

bayments as is typical of other Gul f  coast rivers. This fact provides 

for rapid freshwater flushing of the system ' s  heavy i ndustrial d i s

charges,  but at the same time produces a l ack of adequate nursery areas 

for Gu lf  marine fisheries i n  compari son to other more productive areas 

such as the Matagorda and Gal veston estuary systems. 
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This section describes the lower estuary as defined from the Gul f 

of Mexico upstream to approximately river mi le  1 2 .  The proposed intake 

water faci l i ty wi l l  be constructed at river mi le  2 .  El ements o f  this 

section include. hydrology of the freshwater inputs . and water qual i ty 

and btological cormnunities within the lower es tuary. The water qual i ty 

description uti l i zes res ults of a speci al sampling program conducted 

during April and July of 1977. as well as previously publi shed data. 

2 . 7 . 1  Brazos River Hydrologi cal Data 

The drainage area of the Brazos River i s  approximately 44.500 square 

mile, of which JPPY'oxi01oltcly 9240 !qU3n": llli l�:. Llu lIul t.:ulIlrllwte 

face runoff. ( 1 )  The stream hydrology i s  greatly affected by the 

reserv01rs and water wi thdrawal s  for municipal . agricul tural and 

to sur

numerous 

indus-

trial uses. Within the watershed a,re 29 major i mpoundments . The 1970 ' 

consumptive water use within the basin amounted to 297.466 "cre feet. (2 )  

The most recent meJn monthly fl ows of the Brazos River at Rosharon.  Texas . 

25 miles upstream from Bryan Mound . are gi ven i n  Table 3 .  This data i s  
the most currently available for the s i te and i s  more representative than 

historical data due to the regulated nature of the watershed 's  runoff 

pattern. Maximum. mean and mi nimum fl ows recorded at Rosharon are 79,900 

cubic feet per second (CFS ) .  8357 and 40 CfS respectively. The maximum 

calcul ated flows at Rosharon are i n  excess of 100.000 CFS. The expected 

2 year mean seven day l ow flow ;s  969 CFS. (3 )  
The Bryan Mound site i s  l ocated on the eastern bank of  the Brazos 

River Diversion Channel which was dredged i n  the early 1 940 ' s  for devel 

opment of Brazosport. The d i version channel i s  a strai ght dredged channel 

ranging from 1 8  to 24 feet i n  depth and 400 to 500 feet i n  width. At riv

er mi l e  2 the cross secti onal area is about 15 .000 square feet where ap

proximate calculations of the maximum flooding and ebbing velocities yield 

0 . 1 6  and 0.61 feet per second ( fps)  respecti ve ly.  Flood; ng occurs i n  ap

proxi malwly a hours and ebbing i n  1 3 . 6  hOUI·S . Normal tidal t:!x<.:urs ions 

range about 1 . 8 feet i n  height. 

of 1330 CFS the esti mated tidal 

Under l ow freshwater i nput conditions 

movement is  5757 CFS. (3) The di version 

channel downstream of the Intracoastal Waterway (river mi le  0 to 1 )  has 
experi enced seri ous shoa 1 i ng. and the 4 to 5 foot depths are hamper; ng 

channel traffi c .  

2 . 7 . 2  Brazos Sediment Analysis 

The Brazos Di version Channel carries a large sediment load to 
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Table 3 

MEAN MONTHl Y BRAZOS RIVER FLOW RATES 
ROSHARON, TEXAS 

cubic feet/second 

CALENDAR YEAR 

1971 1912 1973 1974 1975 

Jlnulry - 7,531 7,761 12,790 11,320 

F.br,,�ry -- 4,271 9,723 .... 23,330 

Mirth - l,85Ei 15,470 3,339 9,036 

Ap';' -- '" 22,210 1,897 10,020 

M" -- 8,167 14,620 .,775 22,420 

Junl - 2,057 27,810 706 22,440 

July -- "" 6,.25 .. , -> .. 
AllluSl. -- 1,327 2,l41 '.'" 4,395 

. 
Sept ..... b., -- 1.121 .,5.t! 19,370 2,378 

October 3,707 1,247 24,240 7,072 --
November 5,846 5,077 9,313 33,580 -

O_mber 12,550 .... 7.lGa 15,090 -

-

SOURCE: "Wit., A, ... ",,,," 0 .... for T'�I' _ WI'" Quail", Aeco.d., .. U.s. 
Ol., .. rtmlnt of In<l,10', USGS, 1971. (1) 
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the Gulf of Mexico. The sediment size di stribution of the material 

in suspension and on the bottor'll were sampled in the study conducted 

for thi s  project. Results of this study (Appendix C ) indicate that 

the sediments i n  the vicinity of the proposed intake fac i l i ty are com· 

prised of fine s i l t  particles with di ameters less than 74 microns.  

Particle s i ze settling determinations on river sediments sampled at 

the proposed i ntake faci l i ty indicate that after 8 hours of settl ing 

18 percent of the salll�l�J material remained in <;uspension. The results 

of the sE't.t.l ing studies and the particle size determi nations are pre

sented i n  Tab'le 4 .  

2 . 7 . 3  Water Qua l i ty 

Water qual ity characteri stics of the l ower Brazos Diversion 

Channel . including that of the proposed intake poi nt.  depend upon several 

factors including fresh water inflow, tidal fluctuation s ,  upstream 

agricul tural practi ces. and industrial and municipal di scharges. The 

Brazos River carries l arge amounts of sediment into the coastal estuar

ies whi ch averaged 26 mi l l ion tons per year during the l ast  40 years. ( 1 )  
The sediment load has been reduced i n  recent years by the construction 

of upstream dams and better soil conservation practi ces, however signifi

cont volumc& are sti l l  carried by the river during high flows. 

The tid�l �egment of the Brazos Diversion Channe1 . as uefined by 

the Texas Water Qual i ty Board . extends upstream from the Gul f of Mexico 

23 river miles(2) . and i s  classified as an effluent l i miting stream. 
(3) 

The effluent l i mi ting classi fication applies to any segment where there 

i s  adequate demonstration that water qua l i ty wi l l  meet applicable water 

quai 1 ty stdllUtlI'JS of the State of Te;.-.::'!" i'lft.p-r required effluent 1 imi ta

tions have been implemented . 
Wat.er Qu�l ; t.Y monitoring programs are currently iJ�ing conducted 

by the Texas Water Qual i ty Board and the U . S .  Geoloy i �dl �urvey. (4) 

Much of the data collected by the Geological Survey is gathered through 

cooperative programs with various other Federal . state and local 

agencies. 

Texas A & M Uni versity performed a comprehens i ve water qual i ty 

assessment of the main streams of the Brazos River coastal zone i n  

1974 . (4) This information updated the i n i tial  water quality management 

plan for the Brazos Basin prepared by the Brazos River Authority i n  

November.  1974 . (5) The study incl uded analysis of physi cal . chemi cal . 
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Table 4 
PARTICLE SIZE DISTRIBUTION OF BRAZOS DIVERSION CHANNEL 

BOTTOM SEDIMENT 
Core Sampled at the Proposed Freshwater Intake Site 

PERCENTAGE FINER REMAINING PARTICLE SIZE SETTLINC TIME IMinlites) 

'00 74 Micronl 

S. .. � 

<'17.6. " , 
32� ,. 3 

27.5 .. � " 
ZU • '" 
ZO 5 .. 
18.5 l .. ttoln 2.4 ... 

PI .. lc1e Sj�e A..-a- Cetennlned bv S<end.,,, 80"",0""00 H ... dro",."er M.."ods n Ceflnlll ln Soli Selencl, Vol. 
'2. Pege 225-229, 11136. 
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l imiting nutrient and heavy metal parameters as well as special analyses 

of bacteri a,  cyanide, and pesticides of the Brazos Diversion Channel and 

the Intracoastal Waterway . In 1973, a water qual i ty. study of the lower 

Brazos . the Intracoastal Waterway . and the immediate Texas Gulf Coast 

area wa� conducted by Seadock. Inc. ( 1 ) In this study the lower Brazos 

Diversion Channel was sampled at each river mile  from the mouth to 12 

river miles upstream in  the same manner as the Texas A & M study. Loca

tions of these �ampl ing �tationi as well as wastewater outfal l s  from 

Dow Chemical are shown on Figure 9 .  I n  addi tion. the Texas Water Qual ity 

Board operates a sampling station ( 1 201 .01) also shown on Figure 9 . . 
To suppl ement the above existing water qual ity studi es . a water 

qual i ty sampl ing program was conducted i n  Apri l .  1 977 on the Brazos River 

Diversion Channel and at selected points i n  the Gulf of Mexico. This 

sampl ing program was ini ti ated to obtain an estimate of the water qual i ty 

during high and low tides. The sampl ing stations i n  the Brazos DiVersion 

Channel are indicated on Figure 9. The sampl ing program was conducted at 

high and low tides at the six channel stations. Bottom. mid and surface 

samples were taken. This data also prolJides an est.imate of the expected 

qual ity of the i ntake dis�l acement water to be withdrawn from the. channe) . 

Additional dissol ved water samples were col lected for dissol ved heavy met

�1  �n�lysis i n  July, 1977.  Water samples from the surface . mid-depth and 

bottom at three stations deSi gnated D E & F on Fi gure 9 were coll ected. 

The three stations correspond to the proposed raw water intake. Dow out

fall and an upstream station located between river mi le 10 and 1 1 .  

Sal i n i ty .  chemi cal water qua l i ty and the displ acement water qual i ty 

of the Diversion Channel are discussed i n  the subsections which follow. 

The discussion i s  based on analysis of the stUdies cited above and the 

April and July 1 977 samp l i ng. 

2 . 7 . 3 . 1  Sal inity 

Sal inity profi les of the Brazos estuary are controlled by the usual 

mechanisms of salt water intrusion from the Gulf and the freshwater inflow 

from the Brazos R;v�r. ( 1 ) In addition . the discharqe of highly sal ine 

industrial wastewater to the estuary also contributes to the sal i n i ty 

profi les. The effect of this industrial discharge is  i l l ustrated on 

Figures 10 and 1 1 .  which show surface and bottom sal inity values respect

ively, as functions of river mi l e  for high.  i ntennediate and low river 

2-22 



L E G E N D  

• RIVER MILE MARKERS 0-12 
SEAOOCK SAMPLINGS STATIONS 111 
TEXAS A .  M SAMPLING STATIONS 141 

:- I_VI DOE SAMPLING STATIONS APRIL SURVEY 
D,E,F, DOE SAMPLING STATIONS JULV SURVEY 

o 1-l 8RAZOS AIVER AUTHORITV 151 
I:J. 1201.1 TEXAS WATER QUALITY BOARD 181 

STATUTE MILES 

, o , 
3 

1ll. 8RVAN 
o :- _ MQUNO 

2 

JJ j 

F;gure 9 BRAZOS RIVER DIVERSION CHANNEL SAMPLING STATIONS 

SOURCE: 121 

2-23 



AUG 1974 

FEB 1974 

JULY 1973 

FEB 1973 

RIVER FLOWS tCFSI AT ROSHARON 191 

PREVIOUS 7_DAY MEAN 

.,. 

10470 

"" 
9390 

14-DAY MEAN 

... 

16330 

'''0 

9390 

21-DAY MEAN 

,,,. 
20280 .... 

7850 

��------�---------r--------r-------�--------'---------

'0 

'0 

, 

" 

-' 
./ 

/ 
/ 

./ 
/ 

/ 

./ . 

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

.-
I 

. .  - . . - . . -.. -. .  - " 
, - " -" - - - -

- - - - · -t· - - · 
4- LOW FLOW 

,
- PERIOD 

AUG. 1974 

, 
, 

, 

, 

JUL.Y.1973 , 
I _--

,'--,-- - - - --+- - - - _ ...... 
, INTERMEDIATE 

" FI.nw PERInD 

pee. 1974 

"ii" .. -.---------J---r----- · --' , . 

,.i·';· 

, - ' 

FES!1973 I 
- _ ... --- -- - - --' 

-........ - HIGH FLOW 
PERIOD 

- -- - --
'0 • • • 

RIVER MILES 

Figure 10 BRAZOS RIVER DIVERSION CHANNEL 
SURFACE SALINITY (1973 & 1974) 111141 

2-24 

, o 

\ 



" • 
" 
> 
" Z 
" 
• • 
• 
0 " 
0 
• 

AUG 1914 
FEB 1974 
JUl.Y 1973 
FEB 1973 

PREVIOUS 7-DAY MEAN 
.,. 

10470 
"". 
. ". 

RIVER FLOWS AT ROSHARON \9) 
ICFSI 

14_ DAY MEAN 

... 
,.,,. 

.... 
" .. 

21-0AY MEA� 
"'" 

""" 
.... 
'OS, 

�r--------r--------�-------,--------,--------,--------, 

30 

20 

IS 

'" 

, 

" 

/..

.

.

..
. 

A�:.l.��]
. . _ _ . _ . - - _ . - _ . 

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

� .. - _ .. _ .. _ 
' '', 

-
.. - '--r: .,..... . ...... -

/., 

' .. � .. -" . \ 
......

..... 
LOW FLOW ,/'�,/ . : \ PERIOD " 

1 
" 
.. 

! , \ '" i /-_..;, / 

, 
1 

, 
i , I 

i 
; 
i , 
; 

, 
I' . , 

, 
i , 
1 , 
, \ i , 

i 
j 

1 
i , 

• 
I 

\ 
1 
\ 
1 
\ 

" , 
\ , \ PI!:B.1974 1 

! 
! 
1 

1 
i 

1 

... ' .... , ... � .......
. , i" HIGH FLOW 

.
... .' PERIOD 

, 
i 

i 
I 

i 

! ., 

INTERMEDIATE i FLOW PERIOD 

./ I', . ___ :::*:�,_I ," , ,
' ----

I " �" 
I I "" .... 

' 
I . I v-
i " . I 
. 1 I I' , 
, , 

I , - -,.. - -,- - ---------
'" • , 4 

RIVER MILES 

Figure 11 BRAZOS RIVER DIVERSION CHANNEL 
BOTTOM SALINITY (1913 & 1914)1" 14) 

2-25 

, • 



flows gaged at Rosharon. The top curve on both figures corresponds to 

the low flow case which shows el evated sal i nity values ( 1 5-30 ppt) along 

the entire length of the twelve mi l e  portion of the estuary. On Figure 

10 (surface sal i nity profi le)  the salinity values are shown to be greatly 

reduced (0-10 ppt) for i ntermediate and high flow si tuations. This in

dicates that the l ighter-freshwater from the river is flowing ov·er the 

sal twater wedge produced by the Gulf water intrusion and the dense saline 

industrial discharge . Figure 1 1  which shows the bottom sal inity profi l e  

i l l ustrates the presence of the sal twater wedge at the bottom depths and 

also shows the effect of the industrial discharge between rlv�r mi l e  6 

and 8 for intermediate and high fl ows . Salinities i n  this area range 

to about 25 ppt. 

By analysis of surface water sal inity data measured at the Texas 

Water Qual ity Board ' s  sampl ing station (No. 1 201 .01 ) at approximately 

rlver mi l e  5 .  a criti cal river flow rate can be estimated. Figure 1 2  

shows the surface sal inity data at this station compared with the previous 

7 .  1 4 .  and 21 consecutive days river flow for the period of record. The 

data i n  this Fi gure i ndicate that the most critical change ( i ncrease) i n  

sal inity occurs a s  the river flow decreases to 1000 CFS and below. Under 

these l ow flow conditions the natural sal twater intrus10n from the Gulf 

combines with the industrial discharge of approximately 4000 CFS to pro

duce hlgh levels of surface sal inity.  The figure also i 1 l ustrates that 

surface sali nity rapidly decreases with i ncreased river fl ow rate. In 

the previous section on hydrol ogy it was stated that the 2 year seven-

day flow was approximately 969 CFS , therefore high surface sal inity con

ditions are l i kely to occur about every two years similar to the low 

flow sal i nity condition i l l ustrated in Figure 1 0  (Aug. 1974 ) .  

2 . 7 .3 .2  Chemfcal Water Qual l ty 

The water quality of the lower estuary, river mile  a through 

river mi l e  1 2  can be divi ded into three regions. These regions are: 

upstream of industrial discharge area (river miles 9-1 2 ) ;  the area 

adjacent to the industrial discharge (river miles 5-9 ) ;  and the areas 

downstream of the industrial di scharges (river mi les 0-5). The 

proposed raw water wi thdrawal point i s  s l ightly above river mi le  2 .  

As previously di scussed, a one time samp l i ng program was conducted i n  
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April and July of 1 977 to characterize the expected water qual i ty of the 
i ntake water. 

The i n i tial  water quali ty sampl i ng program was conducted on April 1 2  
and 1 3  and occurred on the recession of a flood �ydrograph which started 
on April 1 ,  peaked on April 4 at 28,800 CFS, and was declining to 1 1 ,000 
CFS on April 1 2  and 9600 CFS on Apri l 1 3. With the sampl i ng program being 
conducted on the recession of a hydrograph , the turbidi ty val ues and the 
associated particulate absorbed heavy metal concentrtltions are bel i evp.d 
tu IJYesent Q good i l 1 uitr�tinn of the pQorer water qutl l i ty to be expected 
at the intake s i te .  

The water qual i ty surv\!y was conducted uti 1 i zin� unfil tered sampl es ;  
the heavy metal data therefore represent "tota l "  (dissol ved plus acid 
1 eachab 1 e) concentra ti ons (Table SA) .  Because of extreme ly turbi d 
condi tions due to high river stage and winds (Appendix C ) .  the particulate 
heavy metal fraction resulted in extremely high heavy metal concentrations . 
To verify i f  the total heave metal concentrations were di ssolved i n  the 
water col umn a dissolved heavy metal analysis was conducted i n  July 1 977 
(Table 56 ) .  

Upstream Area Water Qual i ty. The ambient freshwater qua l i ty i nput 
to the lower estuary was sampled a t  station 1 and station f (Fi gure 9 ) .  
The res ults o f  the DOE sampl ing program are l i s ted i n  enti rety i n  
Appendi x C and summarfzed i ll Table SA a.nd 5B a s  the means three depths.  
Bottom water suspended sol i ds concentrati ons i ndicate that high suspended 
so H ds concentra ti ons from the indus tri a 1 di scharge regi on were carr; ed 
upstream to station 1 during high tide; heavy metal concentrations were · 
simi l ar upstream and downstream of the i ndustrfal uis(.h�.rges . B.]�ed on 
a comparison of  the data at the downstrl::!(!.m � tllt;on! i t  JPpean that t.hp. 
upstream sampl ing station number 1 ,  Figure 9 ,  at ri ver mi l e  8 , 5  was 
l ocated too dose to t.hp. ind.ustrial t:l15r.harge and is  not representative 
of the freshwater inputs. The Diversion Channel was high i n  oil  and 
grease,  total suspended solids and mercury. A composi te sampl e conducted 
for an organic analysis s·can i ndicated 2 . 1  ppb methylene chloride. the 
only organic material detected of the organiC chemit:dls scanned. No 
PCB ' s  or ODE 's  were found.  

Past water qua l i ty studies at river mi l e  8 have i ndicated that 
depressed oxygen levels ; n  the bottom water occur as a result of up-
stream movement of industrial di scharges during the row flow condi tions. (l )  
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Arsenic, barium cadmium, copper. chromium, lead, manganese, mercury, 
nickel , and zinc are all detectable and within the concentration 
ranges expected i n  river waters. 

A comparison w:i th hi storical data indi cates that l ead and mercury 
concentrations are higher than previous studies indicate. 

The July resampl ing of dissol ved meta l ,  further upstream at river 
ml l e  10. station- F. indi cated normal riverine concentration leve ls .  

Industrial Oischarge Area. In the lower estuary between river 
miles 5 and 8 large and - small  industrial and muni cipal di scharges occur 
into the estuary. The principal di scharges are from the Dow Chemical 
Company '.which averaged approximately 3 .500 CFS in 1976. (6) The Dow 
waste ·is  characteri zed by u dense brine wastewater w�ich was shown i n  
the sa 1 i nity section .to i nfl uence ri ver qua 1 i ty upstream and downstream 
of the outfa l l s .  

The mean values o f  three .depth ·samples for two stations i n  the dis
charge area are shown in Table SA for both high and l ow tldes. The 
data indi cate hi gher concentrations of magnesium. c�lcium. boron. zinc , 
chromium, lead. cadmium, mercury and total suspended solids we.re found 
in this region. Of the organic compounds investigated, no traces were 
found . indicating the waste di scharges to be inorganic i n  nature. 

Wi th the exception of mercury and manganese ,  heavy meta 1 s were 
hi gher at high ttrlP. than low tide. At stations 2, 3 and 4 ,  the 
hi gher concentrations of metals are found i n  the bottom samples 
(Appendi x C, Tables C-4 and C-5) . The high oil and grease concentrations 
four:-d a t  high tide are bel ieved to be attributable to the large amount 
of shipping activity conducted at river mile 4 .  Of the total heavy 
metals ITP.nsured. l ead and mercury were found to exceed the EPA 
recommended levels �t both. high and l ow tides . (7 ) For the dissol Ved 
metals , Table 58, only mercury was above the EPA recommended level s .  ( 7) 

Past water qual i ty sampl ing studies indi cate that the results 
of the April s tudy are comparable to other comprehensive water quali ty 
studies. The Sea dock sampl ing program i ndicated higher l evels of 
copper and zinc. ( l ) The present April study only i ndicated elevilted 
zinc level s .  The dense brine l ayer was observed i n  this study 
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but was not as concentrated as -i n  previous studies conducted 
under low flow condi tions. The July sampl ing of dissolved metal s showed 
no significant higher dissol ved heavy metals concentrations in the area. 

Downstream Area. The area downstream of the major industrial dis
charges i s  l ocated between ri ver' mile 0 and 5. It i s  within this- area 
that the proposed projects wate,' intake w1 1 1  be located. As discussed 
i n  the salinity section, this a l"ea i s  principally infl uenced by salt
water from the Gul f  and upstream industrial rli scharges and frf!shwLlter 
inflows. 

The l1�sent water qual i ty s tudy 5tr(log1y indicates the eff4!cts of 
industrial discharges on this a rea especi al ly during ebbing and IQW 
ttde condi tions. A compariso� oif the data for high and low tide 
(Table SA) i ndicates that at low tides the cyanide, calcium, 
magnes i um, boron. zi nc, 1 ead. a Ad mercury concentrations wh1 ch are 
el evated i n  the upstream industrial discharge move downstream and 
affect the water qual i ty of this area. As found i n  the i ndustrial 
discharge area .. total lead and mercury and dissol ved mercury. Table  SA, 
concentrations exceed EPA recort'unended level s � 7 )  Other heavy metal 
concentrations are generally the- same as those reported i n  other s tudi es . 
The only organic compound detected i n  this area was 0 . 7  ppb of 
2 .6-di n; tra to 1 uene. 

Otht:I' wdter qual l ty studies have indicated that deplp.tpri oxygen 
concentrations occur during exUemely low flows and s l i ghtly larger 
heavy metal concentrations were found in this area. 

2 . 7 .3 .3 .  Water Qual i ty of the Di spl acement Water 
The water qual i ty of the displ acement water ; s  important since i t  

i s  used to "displ ace" the crude oi l in the storage cavern and w i l l  sub
sequently be discharged upon refi l l  of the cavern with crude oi l .  

Althougll the water qua l i ty sampl ing program was conducted to de
termine the projected 111take water qual i ty, this two time sampl ing effort 
cannot be expected to giv� the ranges of the elemental concentrations. The 
Apr; 1 sa"mpl ing program 
i s  conside�ed to give a 
i ts normal flow regime. 

conducted on the recession of a flood hydrograph 
worse expected water qual i ty than a river under 
The i ncrease i n  suspended solids and its asso-

ciated impact on the increase in heavy metal concentrations should 
therefore giVe a conservative estimate of the projected intak.e water 
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Table SA 

S U MMARY O F  DOE WATER QUALITY  ANALY S I S  
I N  BRAZOS ESTUARY A N D  PROPOSED I NTAKE WATER S I TE 

PARAMETERS 

Temp. 1°C) 

.H 

DO (mall) 

Salinil"f' 'PPI) 

Ph.nol lma/l) 

TSS Imlllil 

'ISS Imam 

au 80 G''''54I Imalll 

Cvan;l$e tmwl! 

Cd h.glil 

Cr lug/II 

eu '''''11 
fib tUGI'll 
H, lua/1) 

Ni IUIloII) 

2n luQlI' 

Sb(ugfll 

8a lug/II 

B {uglll 

Mn 1118111 
Sa\ua/I) 

Aglua/I) 

As lua/II 

Ca (ma/II 

� (mg/t) 

, 

I 
I 

EXPECTED DISPLACEMENT 
WATER QUALity 

STATION \I. 

M�AN AT MEAI\\ AT 
HIGH TIDE LOW TIDE 

22.5 24.67 

'.0 '.0 

,,, 6.97 

�" , '.3 

oJ,Oll 0.009 

115.6 41.33 

".3 , 
8.21 '" 

0.031 < 0.02 

2.67 6 

60 73.3 

'-' " 
" .00 

0.48 2.33 

23.3 23.�' 

" 13.� 

< \0 < \0 

12ti.67 133;3 

586.7 890 

.... , 43.3 

< BO < BO 

< 2  3 

< 60 <50 

.... 98.B 
. .. '" 

DOWN STREAM AREA 

STATION IVI& V 

MEAN AT MEAN AT 
HIGH TIDE lOW TIDE 

22.75 24. 

'.0 '.0 

, '.0 

3.96 , .• 
0.Ol4 0,008 

281.6 131.8 

" .. ". 
••• ••• 

< 0.02 < 0.02 

6 " 
55.7 49.3 

•. , 6.15 

73 .• " . 
1.32 2.6 

,. 20.2 

75.35 82.35 
< \0 < \0 

123.4 102.5 

'IS 1153.4 

44.15 56.2 

< 80 <BO 

2 3 

< 50 < 50 

102.35 125.1 

185.3 254.1 

• Dill are composita a ... ,avM '"" surflca, midpolnl lnd b�ttom Slmp\'" for the •• pal;t;'ItI nllions. 

INDUSTRIAL DISCHARGE 
AREA 

STATION II: & lit 

MEAN AT MEAN AT 
H IGH TIDE lOW TIDE 

24 •• 24.25 

'.n '.0 

,-' 6.' 

6.' 5.42 

0.025 0,001 

1004.1 "',. 
24.3 " 

, .• 6-' 

0.024 < 0.02 

4.65 2.3 

60.8 53.2 

. 10 6.65 

93.7 " 
0.77 2.92 

30.34 28.3 

"., 61.8 

< \0 < \0 

U5.S .00 

1091.7 956.65 

49.1 60.85 

< BO  < BO 

3.2 ,. 
< 50 < 50 

164.7 117.1 

326.15 254.2 

UPSTREAM AREA 

STATION I 

MEAN AT 
HIGH TIDE 

23 

'.0 

,.3 -
0,006 

8&8.3 

6B 

5.37 

< 0,02 -
2.3 

50.' 

6.61 

65.3 

2 

28.3 

62.3 

< \0 

118.3 

323.3 

".3 

< 80 

< 2 

< 50 

82.53 

".6 
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Table 58 
DISSOLVED HEAVY METALS IN BRAZOS RIVER DIVERSION CHANNEL 

HEAVY EXPECTED INTAKE INDUSTRIAL 
METAL WATER QUALIT" DISCHARGE AREA 

f .. gI1J STATICH D STATION E 

C, , . , . 

C. U ... 
"" .. , , .. 

... 2.7 .., 
H, .2. 0.24 
HI • • 
Z, .. " 

.. , .. ( .. 

M. .. 58 

So ". ' 20 

" < 0.5 ' 05 

.. ( 20  ( 2' 

Dlta I . ....... qn 01 surt_. mldd.ttI. and bottlt:tl for thl .�tl�1 .callon .. 
All MfTIpllS o:oIll1C1e::1 1nn1. 

. 

UPSTREAM AREA 

ST,\TlON F 

" 

'.2 
'.2 

, .• 

0.30 
• 

" 

" . 

" 
( 2' 

( 0.5 

( 20 



qual i ty .  
Hi'gh and low tide sampl ing resul ts as shown i n  Table SA i ndicate 

that total heavy metals with the exception of manganese were higher at 
low tide than at high tide. By following the decrease of the element 
boron downstream, a clear i l l ustration i s  given of the effects of up
stream industrial di scharges ,  A comparison of  surface and bottom 
samples as givein i n  Appendix C i ndi cates there i s  a considerable 
reduction of total heavy metals i n  the upper water column. For the 
dissolved fraction however, nickel and manganese were hi gher i n  the 
upper water column; lead and mercury showed no clear trend. High and 
low tide sampl ing showed high concentrations of oil  and grease on 
both tides and a decrease i n  concentrations with depth . Wi th the 
exception of these high oil  and grease concentrations, only total 
lead and mercury concentrations were found i n  excess of EPA recommenda
tions fOr marine land aquatic l i fe .  The July sampl i ng i ndicated only 
dissolved mercury concentrations were i n  excess of the low EPA 
recommended l evel s .  ( 7 )  
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2. 7 . 4 Estuarine Habitat 

The biological habitat of the Brazos River Diversion Channel has 

been affect�d by several activities including dredging,  leveeing, up
stream agricultural practi ces and municipal and industrial di scharges. 

As an estuarine nursery area, the Diversion Channel is very l i mi ted 

by these factors and consequently its value to overall  Gulf bi-ological 

resources i s  l imited. The speci fic factors governing the biota of the 

Diversion Channel are the natural saline intrusion from the Gulf, saline 

industrial discharges and physical estuarine conditions produced by 

c:hanl1e' i za ti on. 

The biota of the estuary is essentially marine at the shallow 

mouth of the Diversion Channel and gradually  becomes a freshwater eco

system as the sal i nity decreases upstream. As di scussed i n  the water 

qual ity secti on , heavy industrial discharges occur between river mi l e  

6 and 8 .  These di scharges have created a zone avoided by mobile  

organisms and devojd af .benthic i nvertebrates as  evidenced by low 
species d i versity. Upstream of this zone at river mi le 10 a we,a lt 

estuarine population exists. The presence of a poorly oxygenated zone 

as a result of .a sal i nity wedge has been described as the causative 

factor. The biota of the Brazos River Diversion Channel have been 

sampled i n  several extensive studies. These studies are used as a 

"'.I.si s  (If tnic;  ilnillysis .( 1 ,2 ,3) 

2 . 7.4. 1 Pl ankton 

Wi nter plankton col l ections made by Kirkpatrick i n  February 1971 
(Table 6) ( 1 ) show that about one-half mile upstream of the mouth of 

the Brazos Diversion Channel fil amentous green algae and diatoms (no 

genera gi ven) dominate the phytoplankton community. Further upstream, 

thp. Oi'lti'l !>nowed a lack of plant 1 ife until a point 10 miles up river. 
At this location colonial and fi l amentous Chlorophyta were the main 

constituents. Unicellular Cyanophyta (blue-green algae) were found to 

be abundant i n  the Brazos Diversion Channel especially i n  the part be

low the i ndustrial outfaHs . 

Comparison data from the Sea dock study also presented i n  Table 
6 confirms this pattern. ( 2 ) At river mi le 1 .  the diatoms are the dominant 

members of the phytoplankton community. In sprin g ,  various species of 

Chaetoceros were most numerous ,  whereas i n  summer the genera Nitzschiij, 
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Table 6 
PHYTOPLANKTON SPECIES OF THE BRAZOS RIVER IN TEXAS 

RIVER MILE 0.5' RIVER MILE 0.52 RIVER, MILE 5.6' RIVER MILE '2' RIVER MILE 122 I 
WINTER SPRING SPRING SUMMER SPRING SPRING SUMMER FALL 

Anabaena sp. . , - , 
Ceratium macroceros ---, 
Ceratium massiliense ---, 
Ceratium trichoceros , -, 
Chaetoceros a!finis -- • 

Chaetoceros dicipiens -- ' 

Chaetoceros diversus -_ . , 
Colonial chlorophyta , 

N 
\., 
� 

Co�inodiscus centralis --, I DiatcofTls -- ' 

Filamentous chlorophyta -_. I 
Gleoevstis ampha -_ .  

Navicula sp. --, -- ---, 
Ninschia sp. • 

Nodular;a sp. 
. -- ' 

Opl'liiXytium sp. -- , 
Oscitlatori.a sp. -, 
Pleurosigma sp. --, , 
Scenede.smus quadricauda -_ .  

Skel(tonema GOstatum -- , 
Thalnsionema nitzschioides -- , 
Thal,miosira sp. -_ .  

Thal)Ssiothrix frauenfe.ldii --, 
Unicellular cyanophyta -_ . - • 

Volvox sp. -- , 
(. MOST A8UNDANT) X-PRESENT 

S OURCE . 1. K I RKPATRIC K (lgnJlll 
·2. SEAOOCK, INC. (lg7si(zl 



and Thalassiosira were most abundant. Twelve miles upstream, various 
members Gleocysti s .  Nodularia and Scenedesmus o f  the Chl orophyta and 
Cyanophyta become domi nant. 

Productivity measurements in the Brazos River during April 1971 
were low. Measurements of 0.325 mg/l/hr O2 productivity values were 
obtai ned at river mile 12 and 0 . 092 mg/l/hr O2 at river mile 7 . 6 .  ( 1 )  

These l ow former measurements a t  river mile 12 were attri blJted to turbid 
water condi tions, while the measurements at river mile 12 were thought 
to be the resul t of poor water qual ity from industrial and municipal 
di sc.het'ges. Chh ll"upityl l d meaSUr"l::!lIIents were 34 mg/m") 1n the ri ver 
envi ronments. (2) 

2 . 7 . 4 . 2  Zooplankton 
The i nformation on Brazos estuary zooplankton communities i s  

l imited. Samp l ing studies conducted by Kirkpatrick .indicate a general 
i ncrease i n  the number of organisms noted from the Gulf to a point 
10 miles upstream except at the industrial outfall region where a sparsity 
of l 1 fe existed. (1)  Cope pods were the predomi nant member of the zoo
plankton up to the outfall i n  February 1971 . Further upstream naupl i i  
larvae comprised a greater fraction. ( 1 )  

I n  spring sampl ing .  few looplankters were collected below the out
fal l .  Further up the river naupl ; ;  l arvae were very abundant along with 
copepods to a lesser degree. 

2 . 7 . 4 , 3  Benthic Invertebrates 
The benthfc fauna was the most consistently sampled biological 

data col l ected in the Brazos Diversion Channel . Genera l ly  the trend 
exhibi ted by the data is  one of greater species diversity at the 
ri ver mouth and sli ghtly upstream, leading to a l ower diversity up
stream i n  the less sal i ne environment, 

A l i st  of benthic organisms i n  the Brazos River i s  presented in 
Table 7 .  The data from the Seadock report (1975 ) indicate a rather 
impoverished benthic community i n  the river. with no domi nant membe� 
Polychaetes were the most often encountered class,  al though o l igo
chaetes were the abundant group 12 miles upstream in winter. 

The benthic communi ty �  as presented by Kirkpatrick is much 
richer according to the number of fndividuals near the river mouth. (1 ) 
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Table 7 
BENTHIC INVERTEBRATES OF THE BRAZOS RIVER IN TEXAS 

. ,  MILE OFfSHORE 
2 RIVIER MILE 02 RIVIER MILE 0.5 1 RIVER MILE ,2 RIVER MILE 5." 

SPRING SOMMUt FALL "".NO WINTt:'Jt SPAING SOMMER SOMMER FALL SPRING SOMMIER 

Abn. N�.!.Iis (I) • 
Aa�1 Ameriwl", (0) -. • . 

A",p/llpoda -. 
AIKlstrQlVtl11 JOtIH; (p) • � 
..... "- • - '  

Bi¥.!.Iw� - ,  --- , 

Cl.1!lnccz=J Sp. POSI L;vol --. 

Clirebrawhl1 LKu", (N) � • 
ChironOl':'lid,. 
Chlronomldu LlIn 
Clmpedi, - '  

CobIolcles 81\11$01'1eti (II • 
CorbuIQUrlbou (8) , • 
Cf\/IUte.I • • 
........ -. 

Dosin" ��s (BI • 
G�trppo,b • 
GtyWI (I') --. 

Gly� SoIIIOrII (I') • 
Gyplil Vin." (P) • 
Hcm1clMlr4lu. • 
Hcmlptlotil E1onllt& (0) -.---. 

HydrKariN Sp. A (Ar) 
Hydrxvi,..J Ap. B (At) , 

lumbrinerll Sp. (I') • 
Lu/WQ o..Jll (B) • 
�Ioni �ujboMae (I') • " --. --

MldiorNsws CIljfornimtl' (P) • • ---. 
Mm.bnrlipora TenOil1 (lit) • 
M'�liM uter.!.lil (B), , 

Nl!IiIiul A;utul (G) .� 
Nltk.I Pusin, (0) • 
N_� . 

NtMertu SrOWft Rlnlfd --.---. 
N ..... 1U1 A.!d Rln� --.---. 

Nmoidu -. 

Nereil Sp. (PI --.---. 
Ninoe Nl&1lpcl (P) • 
Olilod\&eU. . --- ' -

X'PRESENT 

• -MJeI' AIlJNDI\Nl' 

RIVER MILlE 12' RIVIER MILE 122 
WINTER SPRING WINTf.R SPRING FALL 

-.---. 
• 

� 
• 

.--. 

• 

- . 
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Table 7 
BENTHIC INVERTEBRATES OF lHE BRAZOS RIVER IN TEXAS (Coned) 

1 MilE-OFFSHORE 2 
SPRING SliMMER FALL . .  

Qr,uphi. Ermin Ocul.u (I') • 
Ophiuroidu 
Ophiuroidc� Fro,mEnu 
Pholalidat', Youn, (8) .. 
Pinnix. Cri,IIU (0) • 
Pi'lniu s;'yln. • 
Pinniu Sp. • 
Pinniu Sp. Youn, :< 
Polychuu 
Polyt�1I Sp. A 
Polyd'laeb. 8 
?olythUIl C 
Polydlull Fros"",nl1 
Priono'>Pro Pinnat! (pI • • · 
Pseudeurythoo Ambi",. (I') , , 
RaoUl Pliulell. (8) , 
S1bellidu Sp. (1') , 
S.rpulida. --. 
Sipmbro TonuclIl.UI (1') --.---,---. 
S�blo.pio S.""dicu (1') 

• Mosl Abund""l 

A. Arthropod. 
, Binlvi. 

O�.pod. 
C ... trop;od. 

o 
G 

X'PRESENT 

N Nomen •• o Ophillroidu 
P Polychaou 

SOuI'ICES, '. �"'KPArA'C� ' .. n).jl' 
2. UAOOCK , .. C. 1111111'(2) 

R'VER MILE 02 RrvERMllE 6.St RIVER MilE r RIVER MILE 5.3 1 RIVBl MILE 12' 

SPRING Wlt-TER SPRING SUMMER SUMMER 'm sPRING SUMMER WINTER SPRING 

• 
• 

. 
• • . 

• , 
, 

, 
• , 

---. 

RIVER MilE 122 

WINTER SPRING FAll 

• 
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Table 8 
NEKTONU; INVERTEBRATES OF HIE BRAZOS RIVER IN TEXAS 

. 

1 MILES OFFSHORE2 

Catlinectes danae 
CaUinectes sapidus 
Gulf crab 
Lolliguncula brevis 
Penaeus Jztecus 
Penaeus setiferus 
Squilla empu� 
Xiphopenaeus kroyeri 

1 - Kirkpa[rick (1972}11I 
'2 - Seadock, Inc. (1975}12) 

SPRING 

-- ' -

-- , -

* Most abundant X·PRESENT 
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Apparently. as the sal inity influence of Gulf waters decreases upstream� 

a corresponding  decrease i n  the benthic composition occurs. In spring. 

polychaetes.  cirri pedes» and bivalves were the dominant organisms at 

the sampl ing stations located between the Gulf and the I ntracoastal 

Waterway. In Apri l ,  the bivalves at river mi l e  1 were more promi nent. 

whi l e  in August the ol i gochaetes were the most numerous .  

In an unstressed system. species diversity usually decreases from 

the offshore envi ronment to the upper estuary . generally the portion 

where extremely variable conditions make i t  possible only for the 

hardiest forms to survive. From thls point upstream. a diversity in

crease is general ly  noted. The biolpgical data show that the decl ine 

is not l ocated in the upper portion of the estuary. but rather near 

river mile  5 . 6 .  ( l,2.3)  

Table 8 contains the data of nektonic invertebrates collected 

by the Seadock study and Kirkpatrick. Al l  the species l isted are 

essentially marine i n  nature or have a strong l i nk to this envi ronment .  

and most of them are concentrated i n  the l ower mile of the Brazos 

Diversion channel . Blue crab and shrimp were general ly the dominant 

species i n  this section of the channel . Both the brown shrimp and 

the blue crab were observed 10-12 miles upstream, al though not i n  any 

c;ionifir:",nt qllilOtity. 

Bal l i nee:res spjdu. 

30.6 miles upstream or 

Penaeus aztecus . and � setiferus 

beyond . during periods of low river 

a 1 1  occurred 

runoff when 

the saHne gulf waters i ntruded far up the Brazos estuary into the old 

ri ver' dldllll�l . 

. 2 .7 .4.4  ichth,yofauna 

The same ' general pattern of decreasin9 �r�r:ip.s �ivp.rsit� occurs 

wi th fi sh as we 1 1  as the other groups previ ous ly menti oned . In the 

lower part of the river. the ichthyofauna i s  predomi nantly marine 

and becomes progressively more freshwater in composition as the 

sal inity drops . Greatest di versity was exhibited at river mi "le  1 

during the summer. (2 ) and during winter at river mile  10. ( 1 ) 
Species l i sted by these studies are presented i n  Table 9 . 

Most abundant species include the Atlantic croaker (Micropogon 

undulatus) i n  winter and Al l igator Gar (lepisosteus ·spatul a ) i n  spring at 
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rlv�r mi le  0 . 5 .  sand seatrout (�:ynoscion arenarius) and banded drum 

(larimus fasci atus) i n  summer at river mi l e  L channel catfish .. fresh. 

water drum. dollar sandfish . th'readfin shad. and warmouth i n  wi nter 

at river mile 10. and sand seat rout i n  summer at river mi l e  12 .  

A ?ma l 1  population of tarpon has reestabli shed in the l ower part 

of the Brazos River recently. ( 4 ) 
Several fishes· with strong l i nks to the marine envi ronment were 

recorded at river mi le  12 and include Brevoortia gunteri (finescale 

menhaden ) .  Cynoscion arenariu5 (sand seatrout) and Micropogon undulatus 

(Atlantic croaker) ,  

Under low flow conditions during 1973 and 1974. Brevoortia patronus 

(Gulf menhaden) 1 Anchoa mitchen ; ( bay anchovy) and Microfo1on undulatus 

were al l  reported at river mi le 30.6 or further upstream. 3 
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Anchoa Mitchelli 
Arius Felis 

Bagre Marinus 

8revoortia Gunteri 
, 

Chilomycterus Schoepf! 
Choroseombrus Chrysurus 
Corosoma Petenen!oe 
Cynoscion Arenarius 
Cynoscion Nebulosus 
Cynoscion Notus 
Dorosotta Cepedianum 

larimus Fasciatus 
Micropogoo Undulatus 

MUgil Cephalus 
Paralkhthys lethostigma 
Peprilus Burti 
Pogonias Cromis 
Polydactylus Octunemus 
Prionotus Tribulus 
Syrnphutus Plagiu§ll 
Trenectes Maculatus 
Alligator Gar 
Black Crappie 
Black Striped Topminnow 
Blue Catfish 
Bluegill Sunfish 
Bullhead Minnow 
Channel Catfish 

X- PRESENT 

*-«CST AllIlNllI\NT 

Table 9 
ICHTHVOFAUNA Of THE BRAZOS RIVER IN TEXAS 
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Table 9 
ICHTHYOFAUNA OF THE BRAZOS RIVER IN TEXAS (Cant'd) 

, MILE OFFSHORE2 

Dollar SUnfish 
flathlild Minnow 
Freshwater,Drum 
G" 
Gizurd Shad 
Largemouth Bass 
Longear Sunfish 
Lonano� Gar 
Naked Goby 
Redear St.Infish 
Sailfin Molly 
Shetlpshaad 
Sheepshead Minnow 
Smallmouth Buffalo 
Spldefish 
Spotted Gar 
TedPole Mathom 
Texas Shiner 
Thraadfin Shad 
Warmouth 
White Cnr.ppie 
White Mullet 
Vellow Chub 

• Most Abundant I{ - Present 

SOURCES, 1. Klr�l>.trlc� 1 1 9721 111 

2. S.a<lock Inc. (19J61 12) 
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2 . B  LAND USE 
Bryan Mound i s  l ocated i n  southeastern Texas about 7Q mi les south 

of Houston near the Gulf of Mexico. The site is  three miJes southwest 
of Freeport i n  Brazoria County. The site ;s  bounded by the Intracoastal 
Waterway on the south. the Brazos River Diversion Channel on the west 
and marsh and salt flats on the north and east. The Gulf of Mexico 
i s  approximately 2 mi les from Bryan Moulld. 

ThiG Gcction cQnt;:dn� a descript10n uf �'\ist1n9 hmd UGC for Bry<m 
Mound and the area in the immedlat� v1c1 n l ly .  Fu Lw"e l Qnd UGC, based 
on current plans. ;s also di scussed. 

2 . 8 . 1  Bryan Mound 
Bryan Mound site contains approximately 100 acres.( l ) The sHe 

waG control led by Dow Chemical before i t  was purchased by the goyern-
ment. The l and around the site is owned primari ly by Freeport Sulphur 
Company. The site has been used by industry since 1912 for production 
of sulfur. oi l and brine. Between 1949 and 1965. 19.000 barrel; of oi l  
were produced . ( 1 ) Currently Dow Chemi cal i s  mining brine at the site. 
The area around the mound <;;hflw� the evidence of alt&ratinn!; caused by 
past and present i ndustrial developments. This includes buildings and 
equipment on the site that are no longer i n  use .  Some of the land i s  
now used for cattle grazi ng. 

The Poorly drained mound surface is surrounded by marshland and 
numerous bodies of water. Two natural ponds .  one north and one north
east. are on the edge of the site;  Mud Pit ( Lake) 1 s  un the southe3!::t 
cOI·ner. Bryan Lake i s  l ociltp.d one mi l e  due east. 

Appruximately one-hal f IIli 1 8 east of the site ar,=, filci l i tles of 
Phi l l ips Petroleum and Houston Natural Gas. including small storage 
tanks and degasifying equi pment to handle offshore operations. 

Bryan Mound, al ong with a levee system. provides fl ood protection 
to the area north and east of the site. 
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The flood protection and drai nage aspects of the area are admi nistered 
by the Velasco Drainage District. Access to the immediate vicinity · 
of the site i s  provided by a paved road that leads from Freeport. 
This road travels  along the top of a levee beside the new Brazos 
River Channel and past the entrance to the site. County-maintai ned 
roads provide access to the site from the east and west. The pipeline 
leading to the i njection sites would be constructed paral lel to the 
DOE oil  pipel ine. cross route 1495 and turn northward a long route 1495 
to the well sites. The land use i n  the area of injection wel l s  and 
pipeline consists of flood protecti·on levees ,  roadways, marsh land , 
and some industrial devel opment.  The land uses within a hal f mi l e  radius 
of the injection wel l s  is vacant l and . warehousing and outside storage 
for the Brazos Harbor complex. The closest residences to the injection 
wells are located approximately 2 ,000 feet to the northeast along the 
Bryan Beach Road ( Route 1495) . Midway between the dome and the proposed 
injection well sites are l ocated the onshore gas oil water separator 
components of the offshore Buccaneer pIa tform system. The pi pel i ne connect;'ng 
the Seaway Tank Farm to their Freeport Harbor dock faci l ity i s  routed 
between the proposed injection wel l s .  One mi l e  south of the well sites 
i s  an industrial development area al ong the Intracoastal Waterway. The 
levee and its associ ated dredge burrow ditch and Bryan Lake constitute 
important fishing areas for the local population. Due to its easy acess 
fishing pressures i n  the area i n  the summer are quite high. 

2 . 8 . 2  Intracoastal Waterway and Brazoria Cnunty _13f:'.ach 
The " Intracoastal Waterway is a vital transportation artery, l ink

ing the Texas Gulf Coast with the eastern Uni ted States by providing 
shallow draft barge transportation. Traffic on the waterway has 
doubled between 1960 and 1974, increasing from about 35 mi l l ion tons 
per year to 70 mi l l i on tons per Ye�r. ( 2 ) 

Within the vicinity of the proposed project ( Freeport Harbor to 
the Brazos River Channel Diversion ) the waterway i s  fairly straight, 
with depths ranging from 12 feet in the channel to 15 feet at the 
mouth of the Brazos River. Dredge spoil taken from the channel has 
been deposited along the Gulf side of the waterway and forms a five 
foot high levee with occasional isol ated piles reachi ng fi fteen fe�t 
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i n  elevation. The Intracoastal Waterway between the Diversion 

Channel and the Freeport Harbor i s  dredged every other year by the 

Corps of Engineers. Al though primarily used for barge traffi c .  the 

Intracoastal Waterway i s  open to fishing and pleasure crafts , and 

work boats for the offshore faci l ities .  

There are approximately 33 miles of Brazoria County beach front

age adjacent to the Gulf of Mexico., of  which 22 miles is  accessible 

and open to the publ i c .  This beach extends from the Brazoria-Galveston 

Count.v 'l i ne to a point west of where the Brazus R i vc)' Diversion Ch6nne1 

empties into the Gul f  of Mexico .' 3 )  Two recreation areas are l ocated 

within this area , Quintana-Bryan Beach (a county park) and Bryan Muund 

State Recreation area. The Quintana-Bryan Beach area i s  l ocated two 

miles southeast of the Bryan Mound sitei i t  

used primarily for swinvning and surfing . (3) 
has a pl ayground and i s  

The Bryan Mound Beach 

State Recreation Area i s  composed of 877 acres of undeveloped land, 

l ocated approximately one mi le  south of Bryan Mound. 

2 .8 .3  Future land Use 

The Bryan Beach recreational area wi l l  be devel oped to meet some 

of the regional needs for more lei sure time activities. Faci l i ties 

for picnick.ing, swifllTling and various concessions are pl anned for the area. 

The increasing U .S .  demand for raw materi als and other goods wi l l  

result i n  i ncreased ship traffic in the Gulf. ( 2 )  Continued use of the 

Gul f  as a means of di sposing of wastes is  expected . however, envi ron

mental regulations may reduce the amount of harmful pol l utants di scharg

ed into its waters. 

Increased U . S .  demand for energy and mineral resources i s  also 

expected to occur. The potential for di scovery of add1t10nal offshore 

oil  and gas we1 1 s  i n  the area i s  great , and i f  the wel l s  are as produc

tive as expected. dri l l i ng and production i n  the Gulf wi l l  i ncrease. ( 1 ) .  
With the increased offshore development the i ncrease i n  shorel i ne support 

faci l i ties wi l l  have to be devel oped for transportation processing and 

gathering systems. 

Future offsho�e development i s  currently being pl anned for the 

Brazos Coastal Region. Seadock, a consortium of 8 o i l  companies plus 

Dow Chemical . has pl anned to bui l d  an offshore crude oil off-loading 
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faci l i ty in  1 00 feet of water, 26 miles southwest of  Freeport. The 

offshore unloading faci l i ty,  wi l l  consist of a Single .Point Mooring 

faci l i ty and a pumpi ng platform complex. A proposed 50-mi le  long 

shipping fai rway wi l l  join the existing fai rway south of Seadock and 

provide an approach to the faci l i ty. This is  expected to consist of 

two l-mi 1e-wide lanes. for i nbound and outbound traffic. An anchorage 

area, a�pt'oximatelY
" 

3 x 3 miles.  wi l l  l i e  southeast 

area. ( 1  
of the docking 

The Corp of Engineers has been authorized a 45 foot Federal 

Enl argement of the Freeport Harbor. The proposed dredge spoil areas 

to be util ized by the Corps of Engineers incl udes the proposed DOE 
injection we.l l  area. The util fzation of the area has been coordinated with 

the �al veston office of th� G0��5 of En�ineers. 

With the current expansion of the shipping industrial and commercial 

activity within the Brazos Harbor the flood secure land located be

tween route 1495 and the dockside industrial areas would be expected 

to further expand for industrial uses. Due to the flood protection 

rendered this area by the recently installed and renovated South Storm 

levee, the marsh located adjacent of route 1495 wi l l  receive increased 

demands for industrial and uti l i ty ri ght-of-way purposes. 

2 . 9  Envi ronmental ly Sensitive Areas and Aesthetics 

There are several areas of special ecological interest within the 

Bryan Mound area which would be sensitive to the construction perturba

tions associated with the proposed action·. Although the entire Texas 

coast is  of considerable w i l d l i fe value. especially to mi gratory bi rds , 

the open water and marsh areas i n  . the vicinity of B ryan Mound are parti

cularly valuable and sensi tive. The value of these areas ;s  increasing 

as the amount of such habitats decreases due to man ' s  encroachment .  Be

cause of thei r va 1 ue to avifaun a .  the open water ·and mar�hes s urroundi ng 

Bryan Mound are frequented by local bird watching enthusi asts and water

fowl hunters. 

Even though Bryan Mound is on the fringe of a hi ghly industri al ized 

and disturbed area, the nurrerous canals and lakes around the s i te are 

heavily uti l ized by local sport fishermen . Bryan Beach i s  an i mportant 

camping and recreation area for local beachyoers . 

The Bryan Mound area has high aesthetic  value to local residents due 
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to i ts proximity to the Gul f of Mex i co and the abundant wi l dl i fe resources 

associated with i ts waterways and' marshes . Camping� bi rd watching,  fish

ing ,  hunting, and beach-goi ng are common outdoor recreational uses by 

local residents . Easy access to marshes and beaches exists as a result 

of levee roads and construction roads surrounding Bryan Mound. Although 

heavi ly uti l i zed by local res i dents , i ts aestheti c attraction to tourists 

i s  margi nal because of the intrlliion ('If the l"rgp. indlJ!;trial areas i n  

the immediate vicini ty .  

2 .  10 �rchaeolo9Y and Historical Resources 

The Texas coastal zone contains archaeol ogical s i tes providing evidence 

that humans ,have i nhabited the region for as long as 1 5 ,000 years . 1 
The 

di scovery and study of archaeo l og; ca 1 s i tes i s  essent i a 1 to the unders tand; ng 

of man ' s  cul tural evolution i n  this part of the world .  Brazoria County 

conta i ns 37 s;  tes . These s i tes are s 1mi 1 ar to many of these found i n  the 

coastal zone i n  that they conta i n  middens of Ostrea and Rang
.
ia sh�l ' s .  and 

most are located on or near the strand. ' 

In compl i ance with Section 2 ( a )  of Executive Order 1 1 593 , "Protection 

Q.nd Enhancement of the Cultural Envi ronment" (May 1 3 ,  1971 ) .  a survey was 
carried out to locate. inventory. and liom1nate e l 1 g101e  h1stor1c" ardd

tectural and archaeol ogical properties to the National Regi ster ' of Histor

i c  Places. Al though no si tes were di scovered , as the project progresses, 

addi tional surveys wi l l  be .carried out to determine that no additional 

eligible properties have been uncovered. 

Section 1 ( 3) of Executive Order 1 1 593 requi res that a determination 

be made that the proposed project wil l  not result in the destruction or 

deterioration of non-federal l y  owned d1str1cts, s i tes , bu11d1ngs. structures , 
or objects of ,historical . archi tectural or archaeol og1cal s1gn1 ficCtm;!::! . 

A determi nation wi l l  be mad_e of the effects of the proposed facil �ties on 

such resources �rior to beginning constructi'on. 



3. ENVIRONMENTAL IMPACTS 

Whi l e  the short-term impacts of constructin� the proposed raw water 
intake and brine di sposal system would  be greater than those of the orig
inal ly proposed systems. the l ong-term envi ronmental protection afforded 
by the new systems warrants these short-term impacts 1 n  order to provide 
a system reliabi l i ty commensurate with envi ronmental protection �uring 
year-to-year operations. 

This section discusses the envi ronmental impacts to be expected 
from both the construction and the intermittent operations of the intake 
and the brine disposal system. The genera" format follows· that of Section 
2 for easy identification and reference .  

Evaluation of potenti al envi ronmental impacts requires simul taneous 
consideration of the major elements of the actions proposed i n  Section 1 

and the specific envi ronmental characteristics of the �reas in which these 
actions would occur,  as descri bed i n  Section 2 .  The major e lements of 
this proposal and their scales and locations can be summarized from Sec
tion 1 as shown i n  Table 10. 

3 . 1  CONSTRUCTION 

3 . 1 . 1  Geologi cal Resources and the Deep Well Disposal System 
The only proposed construction activities which might affect the 

geological ,resources of the area are the dri l l ing and operation of the 
five ( 5 )  brine injection wel l s .  

Each well would be dri l led using conventional . vertical or di rection
a l  rotary technology as necessary to aSSU1"e a separation of 1000 feet be
tween any two bottom hole locations. The bore holes would be cased with 
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Table 10 
MAJOR EL ':MENTS OF THE PROPOSAL 
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steel pipe as i l l ustrated in  Figure 3 to prevent sloughing of earth or 
rock into the hol e .  and to provide for control so that the brine woul d · 
be i njected into the desi red sands deeper than 4000 feet. The "mud" used 
during the dri l l ing operations ( a water slurry of clay and chemicals ) re
turns to the surface con.tinually and would be stored i n  moblle  corrrnercial 
steel tanks for recycl ing. Cuttings from the shaker screen would be 
either buried on site or removed to an approved land fi l l .  There would 
be smal l .  transient impacts from the exhaust and the noise of the engines 
driving the dri l l ing ri gs .  These unfavorable impacts woul d  be of short 
duration. i . e .  several weeks per wel l .  For the construction of five 
( 5 )  wel l pads approximately 36 �OOO cubic yards of fi l l  material woul d ,be 
required. 

3 . 1 . 2  Soi l s  
The only Significant i mpacts on the soi l s  from construction of the 

proposed faci l i ties would be those from digging and fi l l ing the pipeline 
trenches. The lake Charles and Roebuck and Ijam soi l s  are the predomin
ant series along the water intake and di sposal well pipel i nes . and these 
.soi l s  possess the necessary quali ties of depth. texture. and fertl l i ty 
to provide easy revegetation. 

Pipel ine construction disturbances would mix the soil profi l e  over 
the pipeline trench. However. since the lake Charles and Roebuck soi ls 
are fairly uni form throughout the profi le ,  this mixing would have minimal 
effect on ·soi 1 behavior. The revegetation of these soi l s  with native or 
adapted domestic qrasses citn eas i ly be c�tabli shed 1J:) iny the standard 
planting and cul ture practices prescribed by the Soil Conservation Ser
vice and the Cooperative Extension Service. Thus .  there would be very 
l i ttl e long-term construction i mpact on these soi l s  s i nce revegetation 
occurs rapidly. 

The soi l s  along the pipeline route ei ther' have erosion resistant 
textural characteristics or suppo·rt a soi l binding vegetative communit,y 
of dd zomatous ..

.. 
p·l ants. Careful pipeline construction and revegetation 

techniques would preclude offs i te sedimentation. 

3 . 1 . 3  Terrestrial Envi ronment 
The major adverse impar.t from construction acti vi ties would result 

from the long-term al teration or permanent loss of terrestrial habitat. 
However. in view of the a l ready disturbed condition of thp. Bryan Mound 
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neither the brine injection pipeline and wel l s ,  nor the freshwater intake 
system would resul t  i n  a significant impact to the four ecosystems de
scribed in Section 2 . 5 .  

General Impacts Resu l ti ng From Construction. The marsh ecosystem is  
sensitive to construction perturbations resulting from disruption of 
drainage and relliuval of vegetation. Altp.ration ;n the drainage pattern 
resulting from chijnges of 'elevation or obstruction presents the greatest 
threat to the iliteyrl Ly of ex;::;ting marsh i'tfF!<1S. Wi thin the Br·yan Mound 
area, drainage patterns have al ready been drastical ly  di srupted causing 

replacement of marsh areas with coastal prairie vegetation that is charac
teristic of drier s i tes. This has resulted from past p'ipeline construc
tion and ICWW maintenance. and cunstruction of roads anrl flood control 
levees. In v iew of these past practices, the maintenance of the remain
ing marsh areas in the Bryan Mound area is  of critical concern. 

Short-term impacts, i n  the form of temporary loss of wi ldl ife habi
tat during construction, are unavoidabl e .  This impact i s  expected to be 
minor, since wi ld l ife populations would adjust to sma l l  changes ;n habi
tat conditions and avai l abi l i ty. Restoration of the pipel i ne rights-of
way to t.heir oriqinal condition would ,'etrieve mo1r�h habitat for wild
l i fe within 1-2 growing seasons .  During the interim period, w'i ldl ife 
would be abl e to m�ke use of the open mud flats and puddles of water a
long the right-of-way. The construction schedule can be manipulated to 
avoid peak migratory periods and nesting seasons, thereby mitigating 
potentially significant impacts on the avi rauna which are the prp.dominant 
form of wi I d I He .  Tht! be tuo 1 1 O�£ of will'll; fe as a resul t  of constructi on 
activities would be minor. 

Nni�e and conc;t.ruction activities would result  1n tempor"dfY dis
placement of the mobile forms of w i ld l ife from the constructiull areas. 
Rabbi ts , rats, blackbi rds , hawks, egrets . herons , meadowlarks , and snakes 
are examples of the wi l d l i fe forms that would emigrate from the construc
tion s i tes. This type of Wildl i fe displ acement woul rl result  i n  an in
creased stress on neighboring populations , but because of the short dur
ation. should not sign i fi cantly decrease the wildl i fe popul ations i n  the 
Bryan Mound area. 
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Injection Well Pipeline and Well Sites. The brine injection pipe
l i ne and injection wel l s  would be ·located entirely in marsh and salt 
flats habitat. The importance of this commun ity to w i l d l i fe is appreci
able. Because the pipeline to the di sposal wel l s  woul d  be adjacent to a 
maintained l evee and road.  there presently exists a zone of disturbance 
along the entire length of the proposed route. This i s  evidenced by the 
presence of some typically shrub-savannah vegetation . an indicator of 
disturbance in mars� areas .  The pi pel i ne and levee wou l d  be separated 
by a drainage ditch approximately 50 feet wide. thus reducing the effects 
of acti vity on the levee to the marsh habitat. A zone of disturbance 
a l so exists adjacent to Highway 1495 i n  the vicinity of the di sposal well 
s ites (see Figure 8 ) .  Drainage restoration woul d  return the pipeline 
portion of the injection wel l system to its original condition in 2-3 

growing seasons, resul ting i n  a minor. short-term construction impact. 
Wildl i fe would be temporarily displ aced and no permanent habitat modi
fication should result .  The pipe l i ne would affect approximately 1 1 ,860 

feet of marsh ecosystem. 
long-term loss as much as 10 acres of marsh habitat �ould resu l t  

from the construction and maintenance of the disposal well sites de
pending on the actual number of well pads required_ This loss would be 
unavoi dable and would invol ve the area encroached by the well heads and 
their access roads. The lost marsh habitat woul d  be replaced by shrub
savannah habitat if a l lowed to revegetate natural ly. Al though thi s loss 
appears neg l i gi ble .  similar habitat modifi cation ; s  al ready resulting in 
the int;remental loss of vnluitl)le marsh habitat i n  the Bryan Mound ill"�a. 

Brazos River Freshwater Intake System. The terrestrial impacts re
sul ting from the construction of the freshwater intake system would be 
long-term because of the permanent loss of existing habitat. Because 
the area surrounding the intake receives constant grazing pressure and 
i s  a l ready infl uenced by the activity associated with the levee road 
and Bryan Mound . the habitat that would  be lost because of the fres
water intake- i s  of marginal value. Approximately 1 . 0  acre of disturbed 
coastal prairie-shrub-savannah habitat would be lost between the Brazos 
DiVersion Channel and the levee Road. This woul d  actually constitute a 
minor loss of wi ldl ife habit�t in  view of the amount of mere favorable 
habitat existing i n  the surrounding area. The several acres uti l i zed for 
spoil on the SPR s ite would be rehab i l itated and incorporated into the 
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overall  surface habitat of Bryan Mound. With proper rehab i l i tation the 
w i ld l ife value of this area would be improved. 

The i ntake channel would create a barrier in the strip of l and be
tween the Brazos River and the levee. Domestic cattle now freely roam
ing the area would be forced to bypass the intake channel by moving on
to the l evee road. 

3 . 1 . 4  Biologi cal Impacts of Constructing the Freshwater Intake System 
Construction and operation of the Bryan Mound freshwater 1ntake sys

tem on the east bank of the Brazos R1ver Diversion Channel is expected to 
have a negl i gible  i mpact on the estuarine biological community. The con
struction of the in let structures would requi re the construction of a 
small cofferdam to faci l i tate trench dewatering and cement work for the 
in let flume. The placement of the cofferdam along the east bank of the 
Diversion Channel would remove an estimated area of 1 .000 square feet 
from production for several months duration . Th"e benthic community 
would experience the most debi l i tating impacts. The segment of the 
Diversion Channel which would be impacted is  affected by upstream in
dustrial discharges and is  rendered of very low biological value. Due 
to the factors of small area impact of the cofferdam and the degraded 
bioloHical habitat of the river the construction impacts are considered 
neql i4ible .  Upon removal of the cofferdam benthi c  orgunism recrui tment 
from the immediate area ; s  expected. 

3 . 1 . 5  Soci o-Ecunomics 
It ; s  estimated that the total manpower requi rements for the two 

major components of the proposed system would be approximately 100 men 
working over a 7-month period. ConstrUction of the several components 

. would be carried out by two separate crews : a 50-man crew for the con
struction of brine pipeline and a 50-man crew for the construction of 
the injection wel l s ,  pump station and water intake fac i l i ties. It  i s  
antici pated that the construction o f  these components would be carried 
out simul taneously, so that 100 workers may be i n  the area during the 
same time period. 

I t  i s  expected that a large number of ski l l ed workers would be 
available i n  the area for the construction of the project,  and that 
most of the manpower would be drawn from Houston and nearby locations in 
Brazoria County. 
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Only 50 more men would be required to construct these faci l ities 
than would be required to construct the fac i l i ties as proposed i n  the 
Final EIS. The economic impacts would be minor since the conditions pre
sented in the Final EIS would not be greatly al tered as to l abor supply� 
housing, or community services in the area. 

3 . 1 . 6  Land Use 
Fresh Water Intake. The location of the water intake faci l i ty down

stream of a l l  existing water users on the Brazos River precludes any im
pacts on existing uses. The l arge tidal flows passing the site have 
sufficient vol umes to negate potential impacts on the water resources of 
the estuary. even during periods of maximum withdrawal . The Bryan Mound 
storage faci l i ty i s  expected to uti l i ze a maximum withdrawal rate of 
approximately 25 cubic feet per second intermittently during oi l  with· 
drawal and this would  represent less than 1� of the tidal flow at the 
site. 

Approximately one to two acres of roads ide grazing l and would be 
removed by the construction of the intake faci l i ty. This is a minor im
pact. Existing vegetation on about 4 acres on site would  be lost for 
approximately one growing season due to the disposal of spoil created 
during construction of the intake fac i l i ty. The spoil disposal site 
l ocated on the SPR site would be restored along with the overa l l  s ite 
restoration program. 

The construction of the l i ft pump and intake faci l i ty woul d  have a 
silial l aestheti c impact as viewed from the b 1 acHop 1 evee road. Along 
this portion of the Brazos Diversion Channel . l i ttle building develop
ment has occurred.  thus. the construction of the faci l i ty adjacent to 
the roadside would hamper the visually uninterrupted roadside view of 
the Brazos Diversion Channel . 

The protrusion of the intake faci l ities 300' i nl and would block 
free movement of grazing cattle along the Brazos . but because of the re
maining open range. adequate movement i s  ensured. Only a grazing 
nui sance woul d  be created; no blockage of free range movement would 
occur. 

Short-term impacts on the road along the Brazos to the Intracoastal 
Wa terway would be generated during the construction of the intake fac i l
ity. Schedul ing of construction of the i ntake and cutting of  the road 
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to lay the water pipelines to the mound would create traffic delays. 
However. since this route i s  not a major artery, the impacts would be 
minor and short-term. There are al ternative routes to the Intracoastal 
WatenWay . thus vehicle access would be insured. 

Brine Injection Well System. The present and future land use pro
jections call for continued and i ncreased uti l i zation of the area for 
industrial devel opment, flood protection structures.  roadways and 
recreation. Construction of the injection wel l s  system would  have some 
short-term impacts on these di fferent l and uses but i n  the long-term. 
t.hp. proposed system Would nut �T·�l.lude any untiGi pated futtlrp 'Iilnd use 
plans for the area. 

The construction of the proposed irlj�di(1l) we1 l 1  woul d  ra,ult in il 

minor l ong-term impact on land use. A maximum of 10 acres of vacant 
l and with l i mited recreational use would be devel oped . The associated 
pipeline would result in a minor short-term impact. The construction 
acti vity and associated no;s'e would d isplace SUII!\:! u r  the wildl i fc ,  'how
ever impact would be minor and last only during the constructlon ,period. 
Construction activity and the movement of crews and equi pment along ·the 
local rOflrl� 'in the vicinity of the construction woul d ' add soule temporary 
traffic congestion �to Route 1495. 

Disruption of vegetation at the injection well site would result  
i n  a minor long-term impact. resul lillg i n  the 10:;� ot 50mB wi ldl I.r� 
habitat and displacement of some wi ldl ife .  l:6nstructluu 'of 'th'e u'��'Ul!l:,rt
ed and connecting pipeline wou 'ld resUlt 1 n  a d'isruption of 'the land 
along the right-of-way. This woul d  be l imited to the period of construc
tion. The right-af-way would be revegetated and restored following con
s truct.ion and would revert to existing wildl i fe usage. Al though these 
structures are not consistent with the natural envi ronment of the area, 
they are consi stent w1th the pattern of industrial devel opment which has 
taken place i n  the surround'ing arell. Therefore , these structures would 
have only a minor adverse impact on the area ' s  aesthetic envi ronment. 
The construction of the i njer:tion well pads could reduce the s i ze of 
the rlp.�ignated Corps of Enqi neers dredge spoi l area located east of 
Route 1495 by as much as ten acres , depending on the actual number 
of wel l  pads requi red. 

3.1 . 7  Aesthetic and Sensitive Areas 
The construction of the proposed faci l i ti 'es is not expected to im

pact any rare or endangered species within the Bryan Mound area. The 
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proposed faci l i ties 'have been carefu l ly  l ocated with respect to existing 
areas of di sturbances such as uti l i zing existing pipel i ne rights-of-way, 

Wh11.e the raw water intake system i s  not l ocated on a sensitive area, 
the construction of the faci l i ty would produce a minor aesthetic impact 
al ong the Brazos levee road, Until now, the river view al ong this area 
has been relatively undi sturbed. The construction of the intake l i ft 
pumps and screens wou ld  produce a minor visual di sturbance. 

The location of the injection wel l  pipeline would uti l ize as much 
existing pipeline ri ght-of-way as poss ible.  The a l i gnment of the 
majori ty. of the bri ne pi pe 1 i ne along the oil pi pe 1 i ne ri ght-of-way re
duces the requi red right-of-way, The injection wel l  sites would be 'lo
cated 250 feet from Route 1495 , consequently l i ttle visual impact woul d  
accrue. 
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3 .2  OPERATION 
3. 2 . 1  Geologi cal Resources 

The impact upon the geological resources ,at Bryan Mound resulting 
from the injection of brine into the deep wel ls  would be minor and 10n9-
term. The proposed aquifer which is  l i kely to be used i s  presently 
fi l led with sal i ne water. 

The major concern of deep well injection operations is the potential 
of contaminating sha l l ow potable water suppl ies. This could occur as a 
resul t of 1 )  casing failure, 2 )  vertical escape around the outside of 
the we l t  cas1ng. J) v�I'liL:dl eScapt! through the confi ning 3'1l1ir:lurlf", or 
4 )  vertical escape through nearby wells that are improperly plugged, 
cemented , or have corroded cas i ng . Th!:! illjel.liOIl welh wil l  have LillO 
strings of casing cemented through the freshwater aquifers. The in
jection pressures would be control led at a level l ow enough to prevent 
fracture of the overburden .  Thes� design considerations together with 
proven construction techniques and practices make the invasion of brine 
into potable water aquifers very unlikely. Consequently. the risk of 
this type of failure i s  very low. 

If brine was accidently released. the most probable leakage woul d  be 
through nearby abandoned wel l s .  This potenti a l  impact would be minimized 
by locating the injection wel l s  a sufficient di stance from known existing 
wel l s .  Typical ifHJustrial pr8ctice is to l ocate the 1njectloll wt!l l at a 
distance of at least one-hal f  mi l e  from exlst1ng wel l s .  The clu���l we1 l 5  
of record to the proposed injection wel l s .  see Figure 5 ,  are the Feldman 
#2 at 5700 feet . and the Greenbrier #1 at a distance of 4.700 feet. 

An analysis of these sands indi cates that the pressure buildu� I'e" 

sulting from brine i njection wi l l  be insufficient to cause fracturing 
which might al low brine to escape and possibly i nvade the freshwater zone. 

COrTeldtion of well logs from deep holes away frQITl the dome in(iica
teS that the thick sands i n  the Miocene Oakville  secHon tlre continuous 
over an area of many square miles.  In parti cular, the sand found near 
5 ,000 feet varies i n  thickness only 150 to 200 feet in several wel l s 
over a 10 mi le-wide area around the site. The porosi ty and permeabi l i ty 
of this sand wi l l  be determined on completion of each wel l .  A prelimin
ary log analysis .  however, indicates at least 30% porosi ty as calcul ated 
from the Archie formula .  The permeabi l i ty ,  al though more difficult to 
estimate . i s  probably well over 1 darcy as indicated by the high self 
potential shown on the electric logs. 
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Such a sand should have l i ttle pressure bui l dup away from the bore
hole. Since the vol ume available within the sand for brine di sposal i s  
much greater than the amount of brine to be injected. a point-source 
calculation of over-pressure shows approximately 1 PSIG/day ( total 400 

PSIG) ,at the borehole. 
In addition , there are several other good sands ; n  the Miocene (Oak

vil le)  section. so that possibly as much as 400 feet of sand are highly 
permeable .  I n  this case, the over-pressure would be l imited to 200 PSIG. 
A residual of 20 to 50 PSIG may accumulate with each injection cycle .  
The fracture gradient usually observed i s  equivalent to the geopressure, 
approximately 1 PSIG/foot of depth. These sands are presently close to 
hydrostatic pressure , with a gradient of 0 . 44 PSIG/foot as indicated by 
dri l l  stem tests. 

At 5 , 000 feet .  the present pressure i s  estimated at 2 ,200 PSIG and 
the additional over-pressure requi red to cause fracture leakage would 
be 2 . 800 PSIG. 

The few hundred PSIG at the disposal wel l s  wi l l  thus be dissipated 
into the sands without upward leakage. 

No indication of faul ting away from the salt  dome was found,  and only 
a few minor shows of oi l  were found i n  ,the logs . Tnese minor shows 

tend to support the concl usion that the middle Miocene shale i s  
tight and wi l l  provide an aquicl ude suitable for the proje�t requi rements , 
i . e . �prevention of vertical migration of the i njected brine. 

The 1 1 ke1 i hood of earthquake stimulation at the i njection s i te i s  
consi dered to be negl ig ib le .  Based on the operations of the Dow 
Chemical Company and the large number of injection wel l s  in the Texas

louisiana Gul f  Coast which have operated successfully for many years . 
operation of the proposed injection system in a similar stable qeo10gical 
formation is not expected to produce 'any seismic acti vity.  Analysis of 
the l ogS has frilled to indi cate any fJulting of th� areCl: surrounding the 
proposed injection well location. 

Only 19 .000 barrels  of oi l  has been produced around Bryan Mound. 
This oi l  was taken from a sma l l  area on the south side of the dome which 
is natural ly sealed against salt and produced through si de-tracked hole� 
dri l l ed into the salt itself. The oi l  has migrated updip from off5hore 
where -the Mi ocene sands a re deeper and thi cker. 
prp�sur9 as i rc�u' t of the d�ep well 1 nject10n 
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the production area or affect any potential o i l  and gas development. The 

possibi l i ty of i mpacts from operation of the brine i njection system on 

the production of oil  and gas i n  the area surrounding Bryan Mound i s  

considered remote. The proposed injection wel l s  wi l l  be approximately 

9.000 feet from the production area l ocated immedi ately south of Bryan 

Mound, and over this distance the i ncrease i n  reservoir pressure is  not 

expected to affect any present or future production. Log analysis of 

tp.st.s between the production area and the injection wel l s  did  not indi

cate any commercial oil or gas which cou l d  be affected by higher reser

VOl r pn'!ssur'e s .  

3.2 .2  Operational Impacts on the Terrestr.ial Envi ronment 

The impacts to this terrestrial envi ronment that may resul t  from 

the operation of the proposed fac i l ities are minimal but l ong-term 

The loss of terrestrial habitat where above ground faci l i ties are 

constructed wi l l  continue throughout the l i fe of the project. The land . 
above the pipeline wi l l  be revegetated and restored . Routine operation 

and mai ntenance procedures wi l l  further miti gate any terrestrial impacts 

resulting from constructi on. An exception to these ,.�lIuced levels wou l d  

be the need to repai r a section of pipeline. The isol ated di sruption 

would result i n  liilpaCts s'lr" l ldl'  Lo thot of the initial CQnstrllr.t.ion but 
very local ized. 

At water crossings . once the pipe ; s  buried and the trench material  

i s  replaced no  further i mpact wi l l  occur. 

1 . � . 3  Ai r Quality 

During the i ntermittent di scharges of saturated brine from the 0 1 '1 
storage caverns to the surface brine control faci l i ty hydrocarbOn a1r 
emissions woul ll uccur due to thc release of presc;urf! and normal vapori

zation rates ot hydrUl':dT'bons cont<l1ned w"ithill the brine. Oi�solved 

hydrocarbons i n  the brine from cavern fi l l i ng.  storage and displacement 

wil l  be released to the vapor phase upon di scharge i nto the surface 

brine control ponrl. Calculations of reactions and rates of 
reaction in comparison to the parti cular hydrocarbons contained in the 

brine are gi ven in Appendix B. Results of the a i r  qual i ty study i nd i 

cate that o f  the hydrocarbons would be discharged to the surface brine 

control faci l i ty  approximately 87 .5  percent vaporize, 9 . 8  percent woul d  

remain i n  sol
,
ution and 2 . 7  percent would be retained i n  the surface layer . 
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Calculations of hydrocarbons air emi ssion rates for the particular 
operational sequences at Bryan Mound indicate the fol lowing: 

Emission Rate 
Theoretical Ma,ximum Worst Case(Any 7 . BO grams/second 
Caverns) 
Initial 011  Fill (Any Caverns ) 3.97 grams/second 
Second and Subsequent Oil Fi l ls  

Cavern 1 1 . 71 grams/second 
2 3.07 grams/second 
4 l .BB grams/second 
5 0 .93 grams/second 

1111 estimating the i ncidence of non-compliance w,i th the national 
3 

qu;�el i ne for ground level non-methane hydrocarbons of 160 ug/m . 

dispersion downwind and stabi l i ty condi tions D .  E and A were assumed. 
The mixing heights and wind 'conditions are l i sted i n  Appendix  B ,  
Table 8-4. Resul ts of the air  emission analysis i ndicate that non
compl i ance with the national guidel i ne for ground l evel non-methane 
hydrocarbons concentration of  ( 1 60 ug/m3) woul d occur under the 
fol l owing cases: 

Case I :  For emissions a t  a la-meter effective height from a 
brine pond (area source) with � stabi l i ty and a 5 

meter./second ,wi nd. Non-:campl i ance waul d occur i n  the 
near-distance rang'e '(to 0 . 1  km) for all  fi l l s  (exc::ept 
second and subs'equent fi l l s  of cavern No. 5 )  and at 
distances to 0 . 5  (plus)  km for the theoretical maximum 
worst case condition and a l l  i ni tial  fi l l  conditions . 

... 

Case II :  For emi ssions at a IO-meter effective height from a 
brine pond (area source) with E stabi l i ty,  a wind of 
2 meters/second and a dispersion ncapn at 500 meters . 
Non-comp1 iance would be experienced i n  the ranges 0-2 

(plus)  kID for the theoretical maximum worst case 
emission rate; 0-1 (plus)  km for all  initial fi l l  cases; 

and 0-0. 500-0�1 . 0  kID i n  other cases, depending upon 
the particular cavern brine hp.ing di scharged. 
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Case I I I : For emissions at a IO-meter effective height from a 
brine pond (area source) with A stab i l i ty .  a 3 meterl 
second wind and no dispersion "capl!, Non-compl iance 
woul d  be experienced in the 0-0.2 (p lus )  km range at 
the maximum worst case emission rate and in the range 
0-0." (plus)  km for a l l  i nitial cavern fi l l s  and for 
a l l  subsequent refi l l s  of cavern NO. 2 .  

A ��{,.ofld {\ ir  impact pur.J.mctcl" ; !;  the air  II burt:il?nu rlllP t.o f!miSS1 0I1$ 
i ntegrated over a period of time; usual ly  one year, The projected air  
pollution burden from operating the Bryan Mound sUI-race hdne control faci l 
ity wi l l  be 28 .3  tons emitted over a 1 5  day period during i nitial o i l  fi l l  

and 59.2 tons emitted over 420 days during a l l  subsequent oil refi l l s .  
The projected a i r  burdens are i ntermittent and i nfrequent and within 
the zone requiring i nterpretation of the issuing ai r permit agencies.  
These emissions woul d  be i n  addition to the onsite oil surge tank 
which were originally estimated at 120 pounds per day (21 . 9  tons per 
year) of hydrocarbons .  DOE has more recently refined this estimate 
to be 85 .4 tons per year. 

3 .2 .4  Brazos River D;ver�ion Channe"j 

The operation of the raw water intake system woul d  be on an inter
mittent basi s .  Thus the operation impacts associated with the Brazos 
River Diversion Channel must be considered relative to the intenmittent 
operilt. ; nn of the 5 tor;;tge fac i 1  i ty.  

The impact upon the Brazos River Diversion Channel as  a result of 
the. operation of the Bryan Mound Storage faci l i ties would be mlnor and 
i ntermittent for the duration of the program. 

fhe prOpo5Gd locat iUI1 uf Lhe water int"'k� i �  ,lt a �cction of the 
channel consi dered to be of low biological value due to the upstream 
industrial waste effluents which render the area of poor qua l ity for 
habitat or nursery use. ( 1 , 2 )  Some recovery of the biota does begin in 
this vici nity of the channel since much of the waste effluent has set
tled out and dil ution has occurred. 

Whereas the construction phase of the water intake system would 
cause i mpacts principally upon the benthic biota , the operational 
phase would affect the organisms of the water column. li nked 

3-14 



to the intake of water are the probl ems of impi ngement. entrainment 
and entrapment. Impingement ; s  the col 1 i s;on of organisms against the 
screens covering the water intake structUres where they are subject to 
predations , abrasion. mechanical damage, exposure, asphyxiation. or 
reimpi ngement. The magni tude of impi ngement i s  a function of several 
factors including the number of organisms, l ocation of the intake 
structure, system design. operating characteristics ( i .e .  intake velo
city) . season and tidal stage. 

Entrainment i s  defined as the process whereby organisms. primarily 
phytopl ankton and 'zooplankton pass through the 3/8 inch mesh intake 
water screens and into the storage system to be eventual ly  di scharged 

with the effluent. Mortal ity of entrained organisms woul d  be 100%. 
The al teration of the existing habitat may result in passive or 

active attraction (entrapment) of organisms to the immediate vicinity 
of the 'intake structures with subsequent impingement and/or entrainment. 

The amount of displacement water that would norma l ly be wi thdrawn 
from the Brazos River i s  25 cfs for the currently proposed storage 
faci l i ty .  This vol ume consti tutes less than one percent o f  the ebb 
tidal flow during periods of low freshwater flow i n  the channel . 

The magnitude of impingement and entrainment would be minimal . 
Not a l l  of the organisms drawn into the intake channel woul d  be im
pinged or entrained si nce many with l ocomotory abi l i ties would escape 
any harm. Low intake velocities ( less  than 0 . 5  feet/second) would fur
ther reduce the number of organisms impacted. Even i f  a worst case were 
assumed and a l l  organi sms within the intake waters were lost. only a 
nPIJ1 igiblc frac.t'iun of the biota would be lost. 

E l utriate from the screen washing operations would not affect net 
water quality or marine biota of the lowe,r estuary. These sma l l  return 
flows of less than 1 cfs would not contain any constituents Which would 
be deleteriolis to the biota. 
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4 .  PROBABLE IMPACTS WHICH CANNOT BE AVOIDED 

The l nformation presented and analyzed i n  Section 3 makes it apparent 
that the impacts which can be expected to result from the proposed actions 
fal l into two general categories:  those which can be avoided. ei iminated 
or mitigated by attentive design and construction pract;c�s : and those 
which cannot be avoided and must therefore be recognized as an inherent 
part of the proposed action s .  The fol l owing section di scusses these un
avoi dable impacts. first in terms of several basic actions such as land 
requi rements. and air pollution; and second in te"nns of the two geogra
phical areas of operation. The discussion fol l ows this outline :  

4 . 1  Acreage Dedicated to the Proposed Project 
4.2  Ai r Pol lution 
4 . 3  Water Intake Facil ities 
4 . 4  Brine Injection Wel l s  

4. 1 ACREAGE DEDICATED TO THE PROJECT 
The maxi mum amount of l and requited for the water i ntake and brine 

injection system wi l l  be about 43 acres.' This would be dis tributed 
among the various components of the project as fol l ows : 

Water intake faci l i ties 
Water pipel'ine to Bryan Mound 
Surface storage of brine and spoil 
di sposal (on Bryan Mound) 
Brine pipeline to brine injection wel l s  
Brine injection wel l s  ( 5  s ites maximum) 
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20 
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Total 43 



Since the surface storage and treatment facj l i ties for brine and the 

small spoil disposal area would be l ocated on the Bryan Mound site,  a l 

ready di scussed i n  the Final Envi ronmental Impact Statement .  only about 

38 additional acres woul d be required for the faci l i ties which are the 

�ubject of this Envi ronmental Staten�nt. Twenty-six acres would be 

dedicated to pipeline rights-of-way. meaning that they would be 

revegetated after construction of the pipel i ne and then returned to 

their original use. Therefore, the ma�imul11 amount of land to be 

removed permanently from existing uses would be approximately 1 7  acres.  

4 . 2  AIR  POLLUTION 

Adverse impacts on air qUdl f ly mllY occur' from both instantaneous 

concentrations of a pollutant. and atmospheric "burdens" integrated 

over a period of time. The hydrocarbon emissions from the surface brine 

storage pond at Bryan Mound would impact the t3 i r  qual ity in both ways.  

Expected instantaneous concentrations of non-methane hydrocarbons 

are tabulated i n  Appendi x B .  Calcul ated estimates of the emitted con

centrations indicate that non-compl i ance with the national guideline 

for nnn-methane hydrocarbons (160 ug/m3
) wi l l  occur under the atmospheric 

conditions discussed in Section 3 . 2 . 3 .  

Potential atmospheric burdens due to hydrocarbons released from the 

surface brine c:ontr'ul faci l i ty have been 4 :al..:ulotcd and pre<;;pnt.p.d i n  

Appendix B .  Calculations indicate that hydrocarbon emissions 
would occur i ntermi ttently during 75 days of the 420 day initial brine 

discharge. The atmospheric burden from these emissions would  be 28. 3 

tons of hydrocarbons. During the second and any subsequent brine dis-

ch�rges . hydrocarbon emissions 

discharge period of 42D days. 

these cond1t1ons would be 59. 2 

would occur during the entire brine 

The calculated atmospher" i c  burden under 

tons (51 .4  annual tons) of non-methane 

hydrocarbons. When added to the proj�cted emissions from the oil  surge 

tanks the annual burden during the ini tial f i l l  would be 1 1 3 . 7  tons and 

144.6 tons for each subsequent fi l l .  

To cont.rol the atmospheric hydrocarbon burden from the faci l i ty,  DOE 

i s  actively pursuing the possible use of double sea led floating roof tanks. 

Recent prelimi nary research performed by Chi cago Bridge and Iron ( 1976) i n

dicates that such tanks reduce the standing storage hydrocarbon emi ssions 

for crude oi l  by a factor of 4 or greater (up to 10): ( 1 )  Incorporation of 
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these tanks would conservatively reduce the net hydrocarbon burden 

emitted from the fac'il i ty from 113. 7 tons to 61 .4  during the initial ff l l  

and from 144.6 to 92 . 3  tons during subsequent fi l l s .  

4 . 3  WATER INTAKE FACILITIES 

The intermittent water intake for each 150-day oil withdrawal wou ld 

be at a rate of 25 cubic feet per- second. The inlet velocities 

across the screens would be less than 0 . 25 feet per second under normal 

operations. At these low veloci ties . all but the least mobi l e  forms of 

marine l i fe should avoid entrainment. A l l  non-mobile  l i fe forms entrained 

i�to the 1 1 ft pumps would be lost. Due to the large tidal wedge of water 

passing this location and the impoverished estuarine biological community, 

this impact wou l d  be negl igible and have an immeasurable effect on the 

estuarine popul ation . 

The intake channel is  expected to fi l l  with sediment and may provide 

a favorable habitat for estuarine species. This could lead to the estab

l i shment of a community simi l ar to that of the existing channel . The 

water velocities ;n the intake channel would be simi lar to the current 

i n  the Brazos Divers i on Channel and are expected to provide favorable 

envi ronment for mobi le forms even under operating conditions. 

4 .4  BRINE INJECTION WELLS 

The underground injection of brine would cause the unavoidable in

crease in salinity of an al ready saline aqui·fer. This would resul t  in 

increased pressure and the risk of aquifer fracture , which could l ead to 

communication with fresh water zones. However.  this risk i s  low. due to 

the massive nature of the injection sands and the degree of verti cal 

separation between them and potable water strata. 

The injection wel l s  would have two strings of casing cemented through 

the fresh water zones to prevent leakage of brine into potable water aqui

fers. Injection pressure.s would be contro l l ed and low enough to prevent 

fracture of the overburden. These design considerations together with 

proven construction techniques and practices make the invasion of brine 

into potable water aqui fers very unl i kely. Consequently, the risk of 

this t.ype of fail ure is very low. 
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The proposed location of the brine inje-ction well pads has been 
changed fol lowing consultation wi th several Federal and State agencies 
i n  an effort to minimize the impact of the project on valuable wetl ands . 
The DOE i s  currently eval uating the possible use of di rectional 
dri l l i ng from wel l pads bui l t  at the new location i n  order to further 
reduce the impact on wetl ands. If di rectioniJl dri l l i ng proves 
feasible  and i s  successful . the total wetland area requirin9 fi l l  for 
well pads coul d be reduced to 4 acres. 
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5 .  RELATIONSHIP BETWEEN LOCAL AND SHORT-TERM USES OF THE 

ENVIRONMENT AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

The carrments in this sectio." must be considered together with those 

i n  Section 5 of the Final Envi ronmental Impact Statement which address 

the overall Bryan Mound Project. The l ong-term benefits which w i l l  

accrue a s  a result of this project have been adequately presented there

i n .  

The u ti l i zation of the deep wel l brine di sposal system woul d  
result  i n  less significant ;�pact once the wel l s  are dri l l ed .  The 
sand structure within t�e wel l s  a l ready contains brine. Well dri l l 
ing and operating procedures are pro.ven techniques and as a result 

system failure i s  very unlikely. 

The proposed location of the freshwater intake system on the Brazos 

River woul d  not di sturb existing water users, since i t  would be down

stream of all  users. Furthermore. the quantity of water to be drawn 

from the Brazos would be an insigni ficant fraction of the local river 

flow. 

Retention of the originally proposed option for d i sposing the brine 

to Dow Chemical in Freeport provides the Bryan Mound Project with an 

addi tional degrp.p. of flp.xi h; l i t� .  

The s i ngle' long-term envfronmental impact would be the removal of 

17 acres of land from present use. 

5-1 



6 .  IRREVERSIBLE OR I RRETRIEVABLE COMMITMENTS O F  RESOURCES 

The actions proposed i n  this Suppl ement require only a sma l l  'addi 

tional corrmitment of resources compar.ed with the project as originally 

proposed. Constructing a raw water intake and brine disposal system 

woul d  result  ill the uti l i zation of additional labor', materi als  and l and. 

as al ready discussed in detail i n  the preceding sections. The construc

tion and operation of these systems woul d  continue the existing industrial 

development of this coastal area and would draw on the labor and supply 

capabi l i ties of the area to provide the needs of the project. 

The additional amount of material required for the project as a 

result of the newly proposed systems constitutes only a minor fraction of 

the materials necessary for the entire oi l  storage program at Bryan Mound. 

The .energy to be uti l i zed by the project in relation to potential energy 

in 
"
storage was estimated at l ess than . 1  percent in the initial  proposa l .  

This net p.npr!ly consumption figure should l Iut t:hange appreciably as a re

sult of the amended actions. The materials  util ized for the project are 

approximately equivalent to the materials u t i l i zed i n  the systems re

placed. 
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7 .  ALTERNATIVES TO PROPOS EO ACTIONS 

Three raw water supply alternatives and several brine di sposal systems 

were originally investigated for the Bryan Mound Site. A l l  of these were 

d iscussed in the Bryan Mound FEISt though not necessarily i n  equal deta i l  

since spec i fi c  actions seemed advantageous at that time. 

7 . 1 RAW WATER SUPPLY ALTERNATIVES 

Three alternative water supply systems were investi gated for the 

Bryan Mound project: These were the Gulf of Mexico Intake . the Dow 

Chemical Company Reservoir and the Upstream Brazos Di version Channel 

alternative. 

Gul f  of Mexico Intake. This al ternative would require the 'construc

tion of an offshore intake a�d a two mi le  pipeline from the Gulf across 

the Intracoastal Waterway to Bryan Mound .  This al ternative was found to 

be the least favorabl e  from an environmental and economic !'t.andpoint. 

Tilt;! intake operations wou l d  have to be l ocated in a very rich marine 

biological area. In comparison to the biological impacts genera.ted by 

the Brazos River intake proposed here i n .  the Gulf intake wou l d  generate 

more serious marine impacts due both to the larger amount of entrainment 

during water wi thdrawal and to larger construction impacts. Terrestrial 

impacts from this al ternative would  be much greater than the proposed 

water pipel i ne which i s  to be construct�t.l along a prev{ously disturbed 

area. 

Dow Reservoir.  Procurement of water from the Dow Reservo i r  System 

would involve a confl ict of water uses between the pri vate industrial 

consumer and the demands of the project. The construction of the 
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connecting 5-mi l e  pi pe l i ne from Dow Plant B would requ i re the distur

bance of approximately 15 acres of non-cri tical l and.  However .  because 

of competing consumpti ve use of the existing water suppl ies,  the Dow 

source i s  considered to be an unrel iable al ternative to the system pro

posed here i n .  The Dow' water qual i ty would be superior to that from the 

proposed withdrawal from the Brazos DiVersion Channe l .  

7 .2 BRINE DISPOSAL ALTERNATIVES 

Al ternate brine di sposal systems revi ewed were: a l ternate deep wel l 

injection si tes around Bryal'! Mound.  and the construction u r  a surface res

voi r whit;h would a" uw ,,-ompletc retention nf t.he brine. 

7 . 2 . 1  Injection We l l  Al teT'rld l ivE:s 

Several al ternative deep well injection systems were reviewed for 

the oil s torage program. These a 1 terna ti ves were an a 1 terna te pi pe 1 i ne 

route to the proposed well fie l d  and several a l ternative well site lo

cations around Bryan Mound. 

The al ternative pipeline a l i gnment ( Figure 1) woul d  have been 

approximately the same l ength and traverse simi l ar terrestrial habitat 

anrl �ni l s  $eries as the proposed p i pel ine.  This a l i gnment woul d  require 

an entirely new right-of-way and require multiple crossings ur the �e,]

way Oi l Pipeline. S ince the ri ght-of-way wou l d  revegetate within two 

growi ng seasonS i n  I::! i Lher Cil5e. the long-tl:'l'ul � ffec;t� of both ;;I.l ianmp.nts 

would be relatively minor. 

Two al ternative deep wel l injection si tes were revi ewed between the 

proposed s i te and Bryan Mound. The first s i te was located mi dway be

tween the present location and Bryan Mound. The geological conditions 

at t/li s s i te are very simi l a r  to those at the proposed s i te and a _simi l ar 

five ( 5 )  well arrangement was proposed . A land use review of the area in

dicated that the s i te was 1 0catQrj I')n a proposed Corps of Engi neers dredge 

spoi"l area and there were numerous questi onabl e shal low wel l s  within one
half mi le  of the s i te.  Due to these cons taints this s i te was e l iminated. 

The second well s i te arrangement as proposed i n  the Draft Supplement was 

lOCiltp.d immediately west of State Route 1495. Thi s  site was elimi nated 

after discussions between DOE and U . S .  fish and Wi l d l i fe Serv1 ct:! . 

National Marine Fi shery. Corps of Engineers and Texas Parks and Wi l dl i fe 

personnel indi cated that a premium had been pl aced on the preservation 

of the marshland on the west side of State Route 1495. This review in-
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dicated the marshland to the east of route 1495 was marginally inferior 

due to the interrupted drainage patterns and had a greater potential for 

wetland encroachment by spoi l disposal and c.olTl11ercial expansion. As a 

result of these discussions wel l s  numbered 1 . 2 , 3  and 5 were moved from 

the west side of the road to their present locations , on the east side. 

The location of well number 4 remained unchanged. With the possibi l i ty 
of uti l i zing multiple di recti onally dri l led injection wel ls from well pads 

numbered 3 and 4 the possibi l i ty of el iminating well pads number 2 and 

5 exists. The feasi bi l i ty of this alternative w i l l  not be known until a 

full dri l l ing and engineering program is  completed. 

7 . 2 . 2  Brine Retention 

The compl ete retention of brine was suggested as a possible brine 

disposal al ternative at the Texas Rail road Commi ssion Hearings. held on 

September 15.  1977. This suggestion was reviewed by the DOE and el imin

ated from further consideration when the envi ronmental and. averal design 

difficulties of this proposal were reviewed. The use of a surface re

tention pond woul d  requi re a design capable of preventing any seepage 

into the underlying aquifers. This requi rement would  necessi tate a 

fully l ined brine pond similar to the s i te ' s  smal ler l i ned brine surQe 

pond . The area of this pond to simply contain one complete cycl ing of 

the Bryan Mound SPR. would require the storage of 63 mi l l ion barrels  of 

brine (8120 acre feet) . Assuming a nominal 10 foot depth this woul d  re

quire a minimal surface area of 812 acres. 

The open storage of brine i n  the Bryan Mound area must take into 

consideration the ratio of net annual evaporation (53 inches) to annual 

precipitation (45 inches) ( l )  and the evaporation depression due to high
er sal t  concentrations. With a salt concentration of 314 grams per l iter 

( g/ l )  the calculated annual evaporation from a waterbody decreases to 

55 percent of ambient conditions. (29 i nches ) ,  16 i nches less than pre

cipi tation. Due to the depressed evaporation the reservoir  would 

crease until the net annual precipitation input balance the 

evaporation losses. Based on the calculated reduced evaporation rates, 

the salt concentration of the reserv.oir would have to be decreased to 

approximately 105 g/l i n  order for this to occur. Calculations of the 

reservoir dynamics indi cate that the reservoi r size would be i ncreasing 

for approximately 200 years until the brine is finally di luted three-

fold to apprqX-lmatelY 105 gil. This woul d  require (t threefol d  increase i n  
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the reservoi r volume to 24, 360 acre feet (8120 X 3) requi ring a 

2,436 acre holding pond ass umi ng a ten foot depth . A further 

exp"al1S10n of this acreage would be required i f  a porti�n of the 

di l uted brjne was wi thdrawn and reused for 0;1 displ acement 

and l ater returned to the reservoir near saturated conditions o"f 

3 1 7 ,g/1 . The current design calls  for a potential  five cycle 

oi l  fi l l  wi thdrawn scenario .  

I t  can be readily seen the permanent construction of a 2436 acre 

brine retention pond ;s prohibi ti ve and unacceptable from �and use 

cnv; ronmen ta 1 5 t�nrlpn; nt.s . 
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8. CONSULTATION, RELATED PERMITS, AND DISCUSSION OF COMMENTS 

Various local . state, and Federal agencies contributed informatlon 

and assi stance in the preparation of this Final Suppl ement to the Bryan 

Mound Final Envi ronmental Impact Statement. A l i st of these agencies i s  

g; yen ; n Sect; on 8.1 .  Further adv; ce and coordl nat i on wi 1 1  be sought 

from agencies having regulatory jurisdi ction over the activities 

necessary to develop the systems proposed in this E I S  Supplement. Pro

cedures are currently underway to procure permits and l i censes which 

woul d  be required to proceed with the impl ementatiQn of the proposals 

di scussed herein .  Those Federal and state agencies with regul atory in

terest in the devel opment of Bryan Mound as a Strategic Petroleum Re

serve site were l isted in  the Final Envi ronmental Impact Statement 

( FES 76177-6 ) .  Federa 1 permits requi red for the current propos a 1 are 

di scussed i n  Section 8 .2 .  

The Draft Suppl ement-Final Envi ronmental Impact Statement Bryan 

Mound Sdl t DOme was released for publ i c  review and comment in July, 1977. 

A l ist  of those agencies and organizations from which comments were re

quested i s  given in  Section 8.3 .  Those comments which were received 

within the time ·al loted , are incl uded in Section 8.4.  Changes have 

been made in the text of the statement in  response to these comments. 

The conrnent l etters of various agencies and groups are included i n  

their enti rety in Appendix D', 
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8 . 1  AGENCIES AND GROUPS CONSULTED 

In preparation of the Draft Supplement to the Bryan Mound Final 

Envi ronmental Impact Statement. numerous agencies, governmental units and 

groups were consulted for i nformation and technical expertise pertaining 

to the new proposed systems. These groups are l isted below: 

Brazorh County Engineer Angleton. Texas 

Brazos River Authority Waco. Texas 

General Land Use Office Austin, Texas 

HOI,lstan Galveston Area Council of Government 

National Marine Fishery Service 

louisiana State University 

Office of Water Research and Technology 

U. S .  Department of Interior 

Ralston Purina, Inc. 

Seadock, Inc. 

Soil Conservation Service 

Texas A & M University Marine Laboratory 

Texas Hi ghway Department 

Texas Parks and Wi l d l ife 

Texas Water Development Board 

Texrls Weter Qual i ty Board 

Universi ty of Texas 

U .S .  Army Corps of Engineers 

U .S .  Fish and Wildl i fe Service Red Wolf 
Recovery Farm 

U.S.  Geoloy icel $urvcy 

Univcriity of Cal i fornia at Berkeley 
Sani tary Engineering Laboratoty 

Wa'l�i'Weys Experiment. Station of 
U .S .  Army Corps of Engineers 

8.2 ENVIRONMENTALLY ORIENTED PERMITS 

Houston . Texas 

Gal veston . Texas 

Baton Rouge. louisiana 

Galveston . Texas 

Washington. D .C .  

St. lou i s .  Mi ssouri 

Hous ton . Texas 

Angleton, Texas 

Galveston, Texas 

Houston . Texas 

Austin & Angleton. Texas 

Austin , Texas 

Austin .  Texas 

Port Ariln�as. Texits 
Galveston. Texas 

Beaumont .  Texas 

Houston . Texas 

Vi ck�bur9 . Mi�sissippi 

The actions necessary to develop the water supply and brine di sposal 

systems described herefn wi l l  incl ude dredging operations in the Brazos 

River Diversion Channel as well as fi l l ing in a small amount of l and 

desi gnated as wetlands by the U .S .  A� Corps of Engineers. As such. 

Department of the Army permits under Section 10 of the Rivers and Harbors 
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Act of 1899 and Section 404 of the Federal Water Pollution Control Act 

Amendments of 1972 wi l l  be required prior to construction. 

The Department of Energy w i l l  consult with the appropriate Federal 

and state agencies having regul atory i n terest i n  the proposed project 

pursuant to the Intergovernmental Coordi nation Act of 1968. 
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8.3  PARTIES FROM WHICH COMMENTS WERE REQUESTEO 

As a part of the review process for the Draft Supplement, 

cOllll1ents have been requested from the depa rtments , agencies , and 

organi zations l i sted below: 

Federal 

Federal Energy Admini stration Regional Offices (I-X) 
Advi sory Council on Hi storic Preservation 
CUUrll:n on (nvi ronmenta 1 Qua 1 i t.Y 
Der�rtmp.nt of �Qricul ture 
Department of COlTJllercl;' 
[JepartUlI::!I IL  of Defen::iC 
Department of Heal t h ,  Education, and Welfare 
Department of Housing and Urban Devel opment 
Department of Interior 
Department of Labor 
Department of State 
Department of Transportation 
Department of Treasury 
Energy Research and Development Admi n istration 
Envi ronmental Protection Agency 
Federal Power Commi ssion 
Interstate Commerce Commission 
National Science Foundation 
Nuclear Regulatory Commi ssion 
U . S .  Army Corps of Engineers 
Water Resources Council 

States 

Louisiana 
Texas 

Texas Rail road Commi ssion 
Texas Water Qual i ty Board 
Texas Ai r Control Board 
t exas Eneryy Advi sory Comm1�!:: i "n 
Tp.xas parks and W i ldl i fe Department 
Office of the Governor 

Others: 

American Petroleum Ins t i lute 
Brazoria County 
Center for Law and Social Pol i cy 
East Texas Counci l  of Governments 
Envi ronmental Defense Fund 
fnvi ronmental Pol icy Center 
Friends of the Earth 
Frankl i n  County 
Funds for Animal s ,  Inc .  
Hopkins County 
Izzak Wal ton league of America 
Morton Sal t 'Company 
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National Audubon Society 
National Parks and Conservation Association 
Natural Resources Defense Counci l 
National Wi ldl i fe Federation 
Nature Conservancy 
Orange County 
Rice University 
Sabine River Authority 
Seadock . Inc. 
Sierra Club 
Smith County 
Southern Methodi st Univers i ty 
Southwestern Electric Power Company 
Texas A&M University 
University of Texas 
Gulf States Marine Fisheries Commi ssion 
American Fisheries Society 
American li ttoral Soci ety 
Dow Chemical Company 
C i ty of Freeport 
Velasco Drainage District 
Houston-Galveston Area Council of Governments 
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8 . 4  PARTIES FROM WHICH COMMENTS WERE RECEIVED 

COMMENTS, ANO RESPONSE ,  TO THE PARTIES WHOSE COMMENTS WERE RECEIVED WITHIN 

THE ALLOTTED RESPONSE PERIOD 

Comment A. 

DEPARTMENT OF THE ARMY 

GALVESTON DISTRICT, CORPS OF ENGINEERS 

The authorized 4S-foot Federal Navigation Channel Enlargement for 

Freeport Harbor would have a proposed dredged material di sposal area near 

the i njection well pipe l i nes. 

Response 

The proposed di sposal area has been noted in  Section 2 . 8. 3. The 

proposed injection well location has been coordinated with the Gal veston 

District Office of the U .S .  Army Corps of Engineers , the Department of 

Interior Fish and Wi ldl i fe Service and ,the Department of Conulen:e Nati oll

al Marine Fi shery Service in an effort to minimize the adverse impa.ct 

Of thp. injection 5yst,em on w�tldtlds. The pads hil.ve been relocated to a 

le�� productive w�t.1nnd. Which has also been de�dgno!lted as poten t i al 

spoil area. The Gal veston District has reviewed this clianye dllJ hU:J 

indi cated that i t  wou l d  not i nterfere with the spoil disposal plans. 

Comment B 

Request that th� second �cnt&ncl! of the thi rd paragraph of Section 

1 . 1': . 1  be changed to read "Detailed plans and construction procedures fur 

pipeline crossings and proposed structureS at the flood proter.t,ion levee 

system wi l l  be coordinated with the Ve lasCO OritllHl:ge Di !:: Lr-ict t.o insure 

the integrity of the l evee system i s  maintai ned ,"  i n  l i eu of "Al l con

struction work wuld be coordi nated with the Velasco Drainage District to 

avoid creating a fluoJ hazard to the propert.y behind the levee� "  

Response 

The requested change has been made. 
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Comment C 

The proposed water intake in  the Brazos River Di version Channe l .  

w i l l  requi re Department of the Army permits under Section 10 of the 

River and Harbor Act of 1899 prior to construction. Fac i l i ties con

structed i n  wetlands wi l l  require Department of the Army permits under 

Section 404 of the Federal Water Pollution Control Act Amendments of 1972. 

Response 

Federal permits necessary for construction of the proposed facl 1 i ties 

are discussed in Section 8 .2 .  

Comment P 
Page 1-3. Paragraph 1 . 2 . 1 - Consideration should be gi ven to the 

al ternative of locating the pump station on the interior side of the 

hurricane protection levee. 

Response 

location of the pump station on the interior side of the l evee 

would necessi tate substantial excavation in  the levee i tself. The pro

posed design has been developed in  recognition of the DOE responsibi l i ty 

of preserving the integrity of the Freeport Fl ood Protection System. 

The massive excavation required to locate the pumping station on the land 

side of the levee would violate this respons i bi l i ty .  

Corrment E 

Page 107, S�� t i un A-A - There may be erosion at the base of the 

wal kway supports and at the sides of the pump station during high dis

charge s .  and riprap protection should be considered. 

Response 

The f i lial L1�siyn of these fac 1 1 i ties wi I I  be in accordance with the 

standard engineering practices. Every effort wi l l  be made to minimize 

the potential for erosion. 

Comment F 

Page 2-24, Paragraph 2 . 7 . 1  - Identify the source of the statement 

IIcombi necl sturage capacity of approximately 6 , 900 acre-foot. II 
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Response 

A recheck of the major reservoir capacities within the Brazos River 

drainage area indi cates this value is i ncorrect and the reference has 

been removed i n  the final £IS. 

COlMlent G 
The maximum Brazos River di scharges at Rosharon are calculated to 

exceed 100.000 cfs. since the one percent di scharge at River Mi le  52 is  

approximately 10J.000 cfs. 

ResIJum.1::! 

The data gi ven in  the Draft E I S  i n  Paragraph 2 . 7 . 1  was the measured 

and not the calculated maximum flows at Rosharon. Both measured and 

calculated flow data have been i ncorporated i n  the final £IS. 

Comment H 

Pumps and mechanical gear susceptible to fl ood damage should be 

raised to an elevation at or above the one percent flood elevation in 

consonance wi th Executive Order 11988. "Normal flooding elevations" is  

an  ambi guous term which does not spec i fically indicate compl iance with 

the flood damage prevention requi rements contai ned in  the Executive Order. 

Fi gure 2 implies that suscepti ble gear i s  located above 18 feet elevation, 

but such i tems are not specifical ly  labelled on the elevation view. 

Response 

The calcul ated IOO-year storm surge i n  the vicinity of Freeport 

Texas i s  12 feet ( 1 ) .  A l l  flood susceptible gear w1 1 1  be located 'dbove 

the one percent flood el evation i n  accordance with Executive Order 11988. 

( 1) Natural Hazards of the Texas Coastal Zone. Texas Bureau of Economic 

Geology, 1974. 

Comment I 

I t  is  suggested that construction of the injection wel l pipel i ne be 

coordi nated w1th the Brazos R i vt!r' Harbor Navigation District :;0 a:; to 

avoid reductions i n  capacity of the di sposal area. Also. construction of 

the pipeline crossing the small drainage di tch between the injection 

wel l s  and the proposed di spos�l area should be coordinated with the U . S .  

Fish and W i l d l i fe' Service. 
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Response: 

The location of the brine d i sposal system has been coordi nated with 

the Galveston District Corps of Engineers. the U .S .  Fish and Wildl i fe 

Service . the National Marine Fishery Service and Texas Park and Wi ldl i fe 

Department i n  an effort to minim'ize the effects of DOE faci l i ties on wet

lands and to minimize reduction 4)f the spoi l di sposal sites.  

\ 
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UNITED STATES DEPARTMENT OF COMMERCE 

Excerpted are the comments related to the brine injection wel l s  aed 

Bryan Mound raw water supply. 

3. Envi ronmental Impacts 

3 . 1  Construction 

3 . 1 . 3  Terrestrial Envlfonment 

Injection Wel l Pipel i ne and Well S i tes 

Page 3-7 .  paragraph 2 .  This section states that "long-term loss of about 

3 acres of marsh habitat . . .  would be unavoidable . . .  " .  The al ternative of 

directiona1 1y  drill ing the disposal wel l s  froUt nearby upland terrain 

should be thoroughly discussed si nce that would make the marsh habitat 

loss avoidable. 

Response 
After consultation with the U .S .  Fish and Wi l dl i fe Servi ce, 

National Marine Fis heries Service, Texas Parks and W i l dl i fe Department ,  

and the U . S .  Corps of Eng1 neers the propused wel l loclltion! a s  denoted 

i n  the draft s tatement, fi gure 1 ,  page 1 -4 ,  have been moved from west 

of  route 1495 to the east side as i l l ustrated i n  figure ·1 .  ThiS 

eastwurd relocation wi l l  place the well pads i n  an area which has 

A lowcr mar�h habi t�t value and has b�p.n rlp.signated as a Corp$ of 

Engi neers spoi l disposal area for the Freeport Harbor project. 

The corrrnents to reconsi der di rectional dri l l i ng as an a1 ternative 

to reduce ttl!:! frUUllJt:!r' u r  r'�4ui n!:d pads ; 5  being reviewed by the DOE. If 

the feasibi l i ty o f  lIl'i� prllpOsal 1!ppears favorilblct d1n�(.;Liollil:l dl"'i l l i n� 

may be i ncorporated to e l iminate the requi rement for several wel l pads. 

The acceptabi l i ty of this design wi l l  be dependent on the i ncorporation 

of a l l  the i njection design criteria and objectives to complete the i n

jection wel l s  and not merely on the feasi b i l i ty of dri l l i,ng the 

directi onally oriented holes. 
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3 .  Envi ronmental Impacts 
3 . 2  Operation 
3 . 2 . 4  Brazos River Diversi.on Channel 

Page 3-21 ,  paragraph 4. The statement "Even i f  a worst case were assumed 
and all  organisms within the intake waters were lost. only a negligible 
fraction of the biota would be lost." should be documented. 

Response 
At a withdrawal rate of 25 CFS the volume of the water withdrawn 

represents only 0 . 3% of the mean freshwater. di scharge and approximately 
0 . 1% of the tidal di scharge passing the withdrawal point. Therefore. 
assuming a net di stribution of organisms equally throughout the water 
column the maximum amount of organisms lost would be approximately 0.1% 
of the popul ation. 

In relation to the overall estuarine biota this value should be 

reduced when the reduced qual i ty and quantity of the biological popula
tion. at the intake site .  are considered. 

8-11 



FEDERAL POWER COMMISSION 

Comment A 

The solution mining of additional sal t dome cavern� or enlargement 

wi l l  i mpact areas much larger than stated. 

Response 

The Draft EIS di� not address the enl argement of the storage capaci ty 

at Bryan Mound. This topic is  discussed i n  the Draft Envi ronmental Im

pact Statement for the Seaway Group Sal t Domes (OES77-10) and is not a· part 

of the project analyzed in this [IS supplement. 

Comment B 

Super saline condi tions wi l l  probably persist for a l onger period . 

depending upon the frequency of storage operation. 

Response 

Assuming that this comment was addressing the sal i n i ty of the brine 

coming from the cavern i t  was assumed for the impact analysis 

that any brine removed from the caverns would be saturated to the 

measured 317g/1 regardless of the storage time within the cavern. 

Comment C 

Initial fi l l i n g  of stortige should be .tit J lesser rate to reduce 

emul sification. 

Response 

Due to the buoyancy of the o i l . the annular jet geometry . and the 

large vol ume of the sa lt  caverns the jetting energy necessary to produce 

s i gnificant amounts of emulsified fluid  is  not expected to occur. How-
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ever. the ODE i s  reviewing their operating criteria based on available 

operating i nformation and data to reduce any deleterious oil /brine inter

actions. 

Coment 0 
Consideration should be given to fi l tration of the brine di scharge. 

Response 

Prior to di scharge all brine w i l l  be processed through the l i ned 

bri ne, control pond whicll has a 16 hour retention time for the i ni tial oil  

fi l l  period. During this retention period heavy suspended so"lids wi l l  

settle out of the brine. The amount of solids which wi l l  be produced by 

the operations. other than the crysta l l i zing sal t .  i s  believed to be 

minimal . This is due to the cavern ' s  natural settl i n g  action which wi l l  

occur during the long retention period and the relative purity of the 

sal t mass. 



DOW CHEMICAL U . S . A  

Comment A 

On pages 1-9 and I-la, i t  is  stated that there 1S an agreement with 

the FEA whereby Dow wou l d  dispose of 56,500 SPQ of brine from the s i te .  

Dow and the FEA have been discussing .�his possibi l i ty for sometime . but 

there was no firm agreement at the time of the statement and there i s  

sti l l  no ilyrl;!l;!Hltm L IIUW. S,:, lin;' imp",t stotl!lIh!:nt 1 3  i n  error and miE;lead

ing on this point. 

Response 

At the time of the draft publication no definite agreement had been. 
reached and the comment i s  currect. However ,  an agreement has been 

currently reached to process up to 56.500 spa of chemical qual ity brine 

into the Dow faci 1 i ty. 
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APPENDIX A 

1 .  INTRODUCTION 

The storage of crude oi l i n  the Strategic Petroleum Reserve Program 

w i l l  entail the contact of oil with brine solutions. This contact would 

result i n  the d i ssolving and entrai nment of small concentrations of hy

drocarbons i n  the brine through a number of physical phenomena. In order 

to assess the magnitude of oi l concentrations discharged into the brine 

surface control fac i l i ties,  a study was performed to determine the me

chanisms of interactions between the oil and brine within a typical under

ground oi l storage cavern. This appendi x  discusses the results of that 

study. 

The pri mary cavern interactions which would distribute the oil into 

the brine are di ssolution and di spersive reactions. Dispersive reactions 

require a physical energy input to the system to agitate the micro oil 

partic'les i nto the underlying bri·ne . Dissolution occurs on the molecular 

level where the hydrocarbon sol ute dissolves into the brfne sol vent system. 

Al though both of these reactions occur simul taneously during certain oper

ational phases, the study indi cates that principall� di ssol ved components 

would be di scharged to the surface brine control fac i l i ties.  

Results of "the s tUdy lndl cate that under a worst-case si tuation, the 

brine discharge would contain an estimated maximum 32 parts per mi l l i on 

(ppm) of oil . However, this condi tion i s  not expected to occur. A more 

reasonable estimate of the dissol ved oi l -i n-brine concentration di scharged 

from a typical cavern during in itial fi l l  is approximately 16 ppm, and 

during approximately the later  10% of an indi vidual cavern di scharge and 

6 ppm during the entire individual cavern di scharge period for subsequent 

refi l l s .  
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The sections which follow describe the oil /brine i nteractions 

within a storage cavern (Section 2) ,  dissolving reactions (Section 3) , 
di spersive reactions (Secfi on 4) . expected concentration of oil-i n-brine 

discharged to the surface brine control facilities (Section 5 ) ,  and con

clusions (Section 6 ) .  
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2 .  OIL/BRINE INTERACTIONS I N  A SALT SOLUTION

MINEO STORAGE CAVERN 

The fol lowing sections briefly describe the major i nteractions that 

occur between the oi l ,  brine , and raW water within a salt dome storage 

cavern. The interactions which occur duri ng  the operational phases of 

the storage program are i l l ustrated schemati cally i n  Figure A-l and are 

described herein as: 

The in itial oil fi l l  and di scharge of brine; 

The l ong-term storage of 01 1 in a qui escent state. 

Raw water injection to displ ace oi l ;  

Storage Cavern Conditions af.ter oi l i s  displaced; and 

The second and subsequent refi l l s .  

2 . 1  INITIAL OIL FILL 
The sal t dorre cavern , prior to the ini ti a l  oil fi l l ,  i s  fil led with 

brine. As crude oil inj�� tion begins, jetting (approximately 8 feet per 

second) causes turbulence at the oil -brine 1nterface which produces an 

emulsion of oi l and brine and affects 'solution of various hydrocarbons 

i n to the bdne. Turbulence would be confined to approximately the upper 

50 feet of the cavern. As cavern fi l li ng continues, i nterface turbulence 

would decrease as the interface descends. At a depth of approximately 

50 jet di ameters. the oil jet momentum would be one-tenth of i ts i n i tial 

value and i n terface turbul e�ce would -have ceased. ( 1 )  
The l i ghter. more soluble hydrocarbons di ffuse across the oil -brine 

i n terface, whi l e  the heavier, less soluble components slowly begin to 

form a relatively dense and viscous refractory l ayer between the oil and 

brine. Thu:; , the mejol' o i l  contami nation of the brine occurs during the 
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Figure A-l OPERATIONAL PHASES OF OIL STORAGE PROGRAM 
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initial  period of the fi l l ing phase whi l e  turbulence is  high. 

Dissol ved and. dispersed oil is  expected to remain within the upper

most 100 feet of the brine col umn during _initial  fi l l  due to a low rate 

of verti cal diffusion. Consequently. during the early stages of fi l l  the 

oi l concentration of the discharged brine would be near zero. As the oi l /  

bri ne interface approaches the bottom. of the bri ne di sp 1 acement tubi ng.  

oi l concentration of the discharged brine would i ncrease and average 

16 ppm during the final stages of fi l l  (Section 5 ) .  

2 . 2  LONG-TERM OIL STORAGE 

During long-term 0;1  storage . a brine l ayer is  maintai ned at the 

bottom of the solution cavern and would amount to approximately 5 per

cent of the total cavern volume. The oi l concentration within this 

brine is  assumed to reach equi l ibrium during l ong-term storage. A re

fractory l ayer would form at the oi l brine interface because of the loss 

of soluble hydrocarbons i nto the underlying brine and a consequent en

richment of heavier. rel ati vely insoluble hydrocarbons. Any remaining 

smal l fraction of dispersed oil in brine would be expected to rise to 

the oi l -brine interface contri buting to the refractory l ayer or be ab

sorbed by suspended particles and i n  turn settle to the bottom. The 

l ong-term storage i s  the only phase of the program where time a l l ows 

the hydrocarbons to dissol ve and establ i sh equi l i brium condi tions with 

respect to the bri ne . 

2 . 3  INJECTION OF RAW WATER AND DISPLACEMENT OF OIL 

The oil is displ aced from the cavern by injection of raw water i nto 

the lower level , causing the upward displacement of oi l .  The raw water 

would d i l ute the residual brine solution i n  the bottom of the cavern and 

may resuspend settled particles. The resultant dil ution of both the 

brine and dissol ved oil concentration would al low further dissol ution of 

oi l i nto brine. Initially, there would be turbulence at the oi l -brine 

i nterface which may disperse SOIre of the 0; 1 .  The refractory l ayer at 

th� u i l -brine interface would effect1vely limit di ffUsion and dispers ion.  

When the crude oi l  is  displ aced from the storage cavern , an oil  fi l m  

would remain on the cavern wal l s .  This oi l fi l m  WOUl d ,  i n  time, partly 

dissolve into the brine and partly rise to the oi l-brine interface as 

solution of the underlying sal t progresses . For calculation purposes . 

i n  this report. this oi l film was assumed to be total ly di ssolved, 
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adding approximately 1 . 6  ppm to the oi l -i n-brine concentration. 

The raw water being injected into the cavern would rise toward the 

surface due to i ts l ower density and induce a circulation within the 

brine. This may result in an i ncrease in the di ffusion of oil into the 

now non-equi l i brium system. As the i nterface rises within the cavern . 

the ci rculation woul d  decrease i n  the upper brine col umn due to the rapid 

di l ution of the raw water. The brine temperature within the cavern wi l l  

eventually rise to approximately 1 50°F and an i ncrease i n  sal i ni ty wi l l  

occur as the dissolution of the cavern wal l s  proceeds. The net effect 

;s  'a decrease i n  o i l  solubi l i ty because the sal i n i ty factor has a greater 

i nfluence than that of temperature (Section 3 ) .  The dissolved oi l  con

centration i n  the brine at the end of this operation is  therefore the 

result of: 

( 1 )  the twentyfold d i l ution of the residual brine which had 

reached equilibrium Oil  concentrations at the bottom of 

the cavern � 

(2 )  some di ssolution o f  the oi l l ayer on the cavern wal l s ,  and 

( 3 )  some small additional d issolution a t  the oi l -brine 

i nterface duri ng di sp 1 acement. 

2 . 4  STORAGE CAVERN CONDITIONS AFTER OIL IS DISPLACED 

After the cavern ;s  fi l l ed with water and the crude oil removed, a 

small amount of the crude oi l would be retained as a bl anket on top of 

the brine column. The oi l blanket acts as a barrier between the solution 

cavern cei l ing  and the brine, thereby minimizing salt dissolution around 

the cemented casing. The oil at the oil -brine interface wi l l  be composed 

of a relatively dense , viscous layer and would only a l l ow s-Iow di ffusion 

of the soluble hydrocarbon components . The additional 0 ; 1  concentration 

di ssol ved into the brine during this operation i s  judged to be minimal . 

2.5  SECOND AND SUBSEQUENT OIL REFILL PHASE 

The oi l -brine interface whould now have had sufficient time for a 

dense refractory l ayer to form. This l ayer would reduce the di ffusion 

and dissolution during subsequent refi l l s .  Throughout subs�lIuent u i l  

refi l l s  approximately 6 ppm of oi l i n  brine (as calculated i n  Section 5 )  

wi l l  be di scharged to the surface brine control faci l i ties , provi ding 

the dense refractory l ayer continues to act as a barrier. In the event 
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that the refractory l ayer ;s  penetrated by the input jet of oi l ,  reac

tions s i mi l ar to those of the i n i ti al fi l l  cycle would occur; 
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3 .  DISSOLUTION REACTIONS DURING CAVERN OPERATIONS 

The solubi l i ties of various hydrocarbons i n  water and i n  brine have 

been studied by a number of workers. The data i l l ustra led in fi gure A-l 
indi cate that for each homologous series of hydrocarbons , the logart:thm 

of solubi l i ty i n  water ;s  a l i near function of hydrocarbon molar vol ume . 

The, solubi l i ty of hydrocarbons as i l l ustrated i n  Fi gure A-2 and l i sted i n  

Table A-l i ncrease wi th a decrease i n  molar vol ume and molecular weight 

and an i ncrease in branching and degree of unsaturatl��j) 
The most soluble 

hydrocarbons are the low molecular weight aromatics , -
Revi ew· of studies which were conducted to determine the saturation 

concentrations for oil  i n  seawater and i n  freshwater, indicate that as 

the hydrocarbons dissolve, solubil i ty rates decrease before equi l i brium 

conditions are established. (� )  
Equi l i brium concentrations at s tandard temperature and pressure for 

four di fferent crudes are l i s ted i n  Table A-2. Equi l i brium concentrations 

found by other researchers for crude 01 1 i n  both freshwater and sa ltwater. 

range from 7 to 40 ppm with the preponderance of data ranging from 20-:30 

ppm. (4.5.6.7) 
Selected data for the La Rosa and Murban crudes. presented i n  Table 

A-3, reveals the variations in equi l i brium concentrations wh1ch can be 
expected. This data i ndlcates that the hydrocarbon composition of ij par
ticular stored crude would effect the concentration of dissolved o i l  being 

discharged with the brine. For the purpose of calculating esti mated oil 

concentrations in a brine di scharge, the Middle East Murban crude was 

considered as a possible crude to be stored i n  the Strategic Oi l Reserve 

Program. 

The equi l ibrium concentration of Murban crude i n  seawater with a 
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Table A-1 
AQUEOUS SOLUBILITY VALUES 

OF INDIVIDUAL COMPOUNDS AT 25° C IN PPM 

COMPOUND PRICE 

PENTANE 395 
HEXANE 9.47 
HEPTANE 2.24 
OCTANE 0.431 
NONANE 0.122 

ISO PARAFFINS 
2,3 - OIMETHYLBUTANE 19.1 
2.2 - DIMETHYl AUTANE 21.2 
2 - METHVLPENTANE 13.0 
3 - METHYLPENTANE 1:1.1 
::!.4 QIMIiTHYLP!:!>IT4NF <4,41 
2,2 - DIMETHYLPENTANE 4.40 
2.3 - OIMETHYLPENTANE 5.25 
3,3 - DIMETHYLPENTANE 53' 
2.2.4 - TRIMETHYLPENTANE 1.14 
2,3,4 - TRIMETHYLPENTANE ,,. 
ISOPENTANE .... 
2 - METHVLHEXANE 2.54 
3 - METHYLHEXANE U5 
3 - METHYLHEPTANE 0.792 
4 - METHYLOCTANE 0.115 

BICYCLOPARAFFIN 
(4.4.0) BICYCLODECANE ... 

NAPTHO-AROMA TIC 88.9 

cn.;p,.\)P"ft"PPlN3 
CYCLOPENTANE , .. 
ME�HYL�YCLDPENTANE ... 
PROPYLCVCLOPENTANE 2.04 
PENTYLCYCLOPENTANE 0.115 
1,1.3 - TRIMETHYLCYCLOPENTANE 3.73 
C'(CLOl lClIANC fifi.1i 
METHVLl;Y":L"'HEXAN� 16.0 
1.4 - TRANSOIMETHYLCYCLOHEXANE 3.84 
U,:J ....:TFlIMETHVLCVCLU .. tX"NI! 

AROMATICS 
BFN7FNE 
TOLUENE 
M _ XYLENE 
0 - XYLENE 
P - XYLENE 
1,2,4 - TRIMETHYLBENZENE 
1..2.4)5 - TETRAMETHYLBENZENE 
ETHYLBENZENE 
ISOPROPYLBENZENE 
ISOBUTYLSENZENE 

SOURCE: PRICE. 1973. (21 
McAULIFFE, 1969 (31 

1.77 
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Table A-2 
HYDROCARBONS DISSOLVED IN SEA WATER 

EQUILIBRATED WITH Oil SAMPLES 

COMPOUNO SOUTH LOUISIANA kUWAIT VENEZUELA 
CRUDE CRUDE LA ROSA 111 111  CRUDE 

,,- ,,- 121 ,,-
ALKANES 

ETHANE .S< ." 2.011 
PROPANE . 3.01 3.30 3." 
" BUTANE 2.3& 3.66 ;'88 
ISDBUTANE 1.69 ... .16 
" PENTANE ... 1.31 ... 
ISOI'ENTANE ." ... 
CYCLOPENTA,NE + 2 METHYLPENTANE . ,. .59 
METHYLCYCLOPENTANE ." ·190 .275 
HEXANE ... .290 '-.65 
CYCLOHEXANE .19(1 
METHYLCYCLOHEXANE ." .08' .1&0 
" HEPTANE ... .09' ,100 
C,6 " PARAFFIN .012 .0006 
Cl7 " PARAFFIN .00' .0008 
TOTAL C'2 - C24 " PARAFFINS .089 ,004 

AAOMATICS 
BENZENE 6.75 3.36 3.30 
TOLUENE 4.13 3.62 2.80 
ETHYL8ENZENE I.S< I." n, 
M - P - XYLENE .84' 
0 - XYLENE ... . ., .350 
TRIMETHYL8ENZENE .7. .73 .300 
NAPHTHALENE .12 .02 
i METHVLNAPHTHALENE .06 .02 
2 METHYLNAPHTHALENE ... .008 
OIMETHVLNAPHTHALENE .C>6 .'2 
OTHER AROMATICS .021 .013 

TOTAL SATURATES ... 11.62 1 1.200 
TOTAL AROMATICS 13.90 10.03 7.860 
TOTAL DISSOLVEO HYOROCARBONS 23.76 21.63 19.000 

. 
SOURCE': 1 ANDERSON. "t. el., (1974) '17) 

<I MCAUI..1FFE (1976) 14) 
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MIDOLE EAST 
MURBAN CRUOE 

121 
,,_ 

." 
2.150 
2.880 

." 
1.340 
1.030 . 

.35' 
I." 

.410 
.235 
.13' 

6.080 
6.160 

.", 
.1.940 
1.010 

.750 

11.100 
16.800 
27.900 
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Table A-3 
RELATIV= AROMATIC COMPONENTS OF CRUDE 

AND THEIR EFFECT ON EOUI LIBRIUM CDNCENTRATID�S· 

MURB.-". CRUDE LA ROSA CRUDE 
(ABU Oht.BI) (VENEZUELA) 

EQUILIBRIUM I PERCENT COMPOSITION EOUlllSI!11..M PERCENT COMPOSITION 
CQNCeNTRATIONSppb INCRUDE CONCENTRATlJr.:$ "pb IN CRUDE 

BENZENE 6,080 I ," 3,300 ,OJ 
TOLUENE 6,160 , .. 2,800 ," 
TRIMETHVLBENZENE "" ," 3()O ,30 
TOTAL 12.990 1.36" ',- .69" 

-In 5 ...... ' ••• � SI ... dtlr<l T .... "_N •• .,.d P'I""" 

REF. MCAULl f f E , 1976 ,CI 



sal i nity of 36 ppt i s  27.9  ppm at standard temperature and pressure as 
shown in Table A-2. 

As temperature and pressure change within the storage cavern , the 
resultant equ i l i brium concentrations can be expected to change. General 
hydrocarbon solubi l i ty studies indicate that as temperature and pressure 
increase. so 1 ubl l i ty and equi l i bri urn concentrati ons increase. Increas ;ng  
the sal inity of the solvent yields a decrease i n  the hydrocarbon solubi l -,  
i ty and a reduction o f  the equi l i brium concentrations. The fol lowing sec
tions summarize the antici pated changes in cavern equi l ibrium concentra
ti ons of the 0; 1 ; n bri ne as a resul t of a temperature ; ncrease to 1 50°F,  
an i ncrease in  pressure to approximately 1500 psi and an i ncrease i n  sa
l i n i ty to 310 parts per thousand. 

3 . 1  INCREASED TEMPERATURE EFFECTS ON EQUILIBRIUM CONCENTRATIONS 
As- i l l  us trated i n  Fi gures A-3 and A-4 the tempera ture/so I ubil i ty 

relationship is  non- l inear and until temperatures i n  excess of 257°F 
are reached s ign i ficant i ncreases in solubi l i ties do not occur. The 
operating temperature for the caverns wi l l  be approximately lS0°F. 

Publi shed data indicate that for an i ncrease of from 70°F to l S0°F an 
equ i l i brium concentration i ncrease of 1 . 5 i s  the maximum that can be 
reasonably expected. (2 .8) For model c�lcu1ation purposes,  a temper-
ature multiplier of 1 . 5 has been uti l i zed. 

3 .2  INCREASED SALINITY EFFECTS ON EQUILIBRIUM CONCENTRATIONS 
The aqueous sol ubi l i ty of hydrocarbons is  an i nverse function of 

sal i n i tyJ 2 ,6 )  Within the saH dotD;: caverns brine concentrations 
wi l l  be i n  excess of 310 parts pe,r thousand (ppt ) .  (4 )  The results of 
solubi l i ty experi l'!l;'!nts. on discrete hydrocarbons l i s ted i n  Table A-4 
indicate that l arge reductions i n  hydrocarbon solubi l i ty can be ex
pected with i ncreases i n  sal i nity. Recent studies on a number of do
mestic crude oi ls  (Table A-5) exhibit  simi l ar decreases i n  hydrocarbon 
solubi l i ty when compared over the sma l l er range of sal inity .. Based on 
these studies a sal in ity multiplier of 0 . 1 5  i s  reasonable and perhaps 
even conservative. 

3.3 INCREASED PRESSURE EFFECTS ON EQUILIBRIUM CONCENTRATIONS 
The i.ffect of increasing pressure on the solubi l i ty of hydrocol'LJofls 
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N.c, 
CONCENTRATION 

Table A-4 
SOLUBILITY OF INDIVIDUAL HYDROCARBONS 

IN AQUEOUS SOLUTIONS AT 25° C 
AS A FUNCTION OF NaCI CONCENTRATION 

SOLUBILITY OF HYDROCARBON IN PPM 

IN PPM PENTANE BENZENE TOlUENE - METHYLCYCLOPENTANE 

• "'. 
1,002 "'.8 

10,000 ... 
SEAWATER · 27.6 

34,472 

50,030 22.' 
126,100 10.9 

lM,9oo 5.91 

279,800 '.64 
358.700 •• 2.01 

.. 
ARTIFICIAL SOLUTION 

SATURATEO NICI SOLUTION 

SOUflCE: pnu, 1973 (21 

,,,a '''' .OJ 
1718 '" 38.' 
1628 .90 M.' 
1391 '" 29.' 

" .. ". " .• 
6" '" 12.7 
, .. 00. 5.72 
'" 53.B ,." 
, .. 37.2 , ... 
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Table A-5 

DISSOLVED OIL CONTENT OF BRINES 
EQUILIBRATED WITH VARIOUS OILS 

BRINE GRAVIMETRIC 

." m," . 

GULF COAST TEXAS 1 '.64 
CONDENSATE 30 5.83 

100 2.45 

GULF COAST TEXAS HIGH 1 .6.81 

GRAVITY CAUDE ,; 4.03 

100 2.15 

LOUISIANA MEDIUM 1 6.16 
GRAVITY CRUDe 30 5." 

100 '.58 

EAST TeXAS MEDIUM 1 11,48 
GRAVITY CAUDe 30 .... 

100 3.11 

EAST TEXAS LOW 1 5.02 

GRAVITY CRUDe 30 '.96 
100 2.4' 

CALIFORNIA LOW 1 0.40 

GRAVITY CRUDe 30 0.31 
100 0.60 

CALIFORNIA MEDIUM 1 '.64 
GRAVITY CRUDe 30 4.58 

'" 3.81 

I\LA6KA onUDe , 9.56 
30 7.83 

100 5.04 

FLDAIDA CRUDe 1 10.51 
30 7.51 

'" 4.15 
'---. _ .. 

SOURCE: C.udle. 1911 (6) 
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i s  to i ncrease thei r solub i l i ty.  As i l l lJstrated i n  Figure A-5. this 

effect is most si gnificant for the l i ghter or l ower molecular weight 

hydrocarbons such as methane and butane. Similar effects for larger 

hydrocarbon molecules could not be identified. The data as l i s ted i n  

Table A-6 and shown i n  Fi gure A-5, taken a t  a temperature o f  160°F to 

approxi mate cavern conditions. indi cates a corresponding i ncrease i n  

solub i l i ty with pressure i n  addition to the i mportance of the hydrocar

bons molecular size a'nd boi l i ng point. This data suggests that pressure 

has a diminishing effect on the solub i l i ty of the hydrocarbons as their 

molecular weights and boi l i n g  points increase. ( 2 ,11) tor convenience . 

t.hp. bOi l i ng points' of  the hyuT'ocarbons are al�o l i s ted on Figure A-5. 

Since no data was l ocated for pressure/solub i l i ty relationships for the 
hi gher boi l ing pOlnt hydrocarb6t'lS , a prl:!��ur� multip11cY' of , 6  was ll<';l!'n 
for calculation purposes . The pressure multi plier of 5 is pl otted on 

Figure A-5 i n  relation to the boi l ing point of benzene. The pressure 

multi pl ier factor of 5 appears to be a reasonable worst case �ssumption 

and only operating data or preci se experimentation would provide closer 

approximations. 

3 . 4  CALCULATIONS OF DISSOLVED OIL CONCENTRATIONS 
Based on the preceding discussion. expected cavern equi l ib ri um con

centration for Murban crude can be computed as follows: 

$ctlwater 
EQui 1 i hri urn 
(27 .9  ppm) 

Tp.mperature 
Mul ,ti p. 1 i er 

X ( l . 5 )  

Sal i n i ty 
MLl1tipl ier 

X ( 0 . 15 )  

Pressure 
Mul t1 pl 'ier· 

X ( 5) = (31 . 4 ppm) 

Al l owing the cavern brine to reach equil ibrium conditions. the con

centrations of hydrocarbons wi l l  be roughly equivalent to that of sea

water concentrations as determi ned by McAuli ffe. Personal communicati ons 

with McAuli ffe on this subject reveals that 25-30 ppm wou l d  be a reasofldble 

equi l i brium concentrati on. 

The equilibrium concentration would occur only during the: l ong oi l 

s torage period. However. this concentrati on: would ul timately be di l uted 

by a factor of 2Q by raw water during displ acement of the oil (see Section 

2 and 3 ) .  This d i l ution would l ead to non-equi l i brium condi tions and a 

resumption of dissolution. During the relatively short periods between 

cessation of oil wi thdrawal and completion of cavern refi l l  the entire 

vol ume of brine should not attain an equilibrium concentrati on of dis

solved oi l .  Solution would be retarded by the refractory layer at the 

A-IS 
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Table A-6 

PRESSURE EFFECT ON SOLUBILITY 

SMOOTHED VALUES FOR THE SOLU81LITY OF 

METHANE IN WATER IN THE VAPOR-LiQUIO REGION 

PRESSURE, MOLE FRACTION C K4 X lcfJ 
�I. 

200 
<0, 
.00 
.00 

1,000 

1,250 
1,500 

',000 
2,500 

,." 

'>0' 

4,000 

5,000 

6,000 

',000 

',000 

9,000 
10,000 

. 

SOURCE: M"�.tu."" W.h. (1962) " , ) 
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1600 F4 

0,2m 

0.407 
0.599 

0.780 
0.945 

1.133 

1.308 
1.608 
USI 
2.094 

2.309 
. 

2.516 

2.888 

3,221 

3,519 

a,7U� 
4.007 
4.211 



Table A-6 

PRESSURE EFFECT ON SOLUBILITY 
(cont'd.) 

SOLUBILITY OF "-BUTANE IN WATER 

PRESSURE MOLE FRACTION OF n-8UTANE)( 103 

",. 160° F ·  

20 0,012 

40 0,029 

" ..... 
•• ..... 

, .. 0.071 

2 .. . .... 
J" ...... 
... 0.088 

... . .... 
... 0.089 
'00 0.089 

'.000 0,090 

',000 ..... 
10,000 0.103 

-Temp ere lure of Cfle Svstem 
llnlJRt;F' M<""'e= �nd Wo"ell0(i1/1 Itll 
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bri ne/oi l i nterface and downward di ffusion of dissolved oil wi l l  proceed 

very slowly, 

The di ssolved oil concentrations contributed from the cavern wal l 

(based on the dimentions of cavern number 4 at Bryan Mound ) wi l l  be 1 . 6  

ppm. This calculation was based on an estimated 50 micron oil  fi lm  re· 

maining on the wal l during oi l displacement and subsequent dissol ution 

into the brine as the underlyi ng salt i s  di ssolved away. The oi l fi l m  

adhering to the cavern wal l  would b e  thick for heavy, viscous crudes 

but relati ve ly thi nner for the l i ghtt!" more fl uid  crudes. An effective 

fi lm  thi ,..knpc;;c;. Wi'lS ca'i cu l ated bV �ons1der1ng tilt! Idl\��St ( i n  moleculJr 

vo1 ume) hydrocarbon which has a measurable sululd l i ty .  Under Cilvcrn 

operating conditions. the largest normal paraffi n which would dissolve 

i n  appreciable amounts i s  C,o (decane) which has a typical l ayer thick

ness of 50 microns. A molecular l ayer was estimated to remai n on the 

cavern wal l .  

An analysis of the wall o i l  l ayer component to the brine ( based on 

cavern number 4) indi cates that for a mi l l i meter wall layer, the oil  i n  

brine concentration would i ncrease to 28.6 ppm. The latter concentration 

i s  roughly equi valent to the equi l i brium .concentrati on for the entire 

volume. 

The amount of hydrocarbons which would dissolve from the oil -brine 

i nterface during oi l fill rtnrl wi thdrawal and during non-oi l storage pe

riods 1 S  difficUlt to estilllctLt' Jut: to the lack of experimental data. 

The rates of solubi l i ty as determined by Prl'ce(2)  were based on studies 

of hydrocarbons and brine solutions in test tubes. Under these condi

tions, Price observed that it requi red 2-4 days to achieve equi l i brium 

conditions. Under these relatively s l ow rates and given the 1 nf1n1tely 

larger V'olumes of the cavern, it is  reasonabl e  to assulllt! LhtJL villy the 

bri ne cl ose to the oil -brine i nterface would be affected by dissolved 

oil 1.Iul';n9 oi l fi ll i na iJnrl wi thdrawal phases. The di ssolution of hydro

carbons during the oi l wi thdrawal and refi l l  phases should be reduced 

wi th the ex; s tence of the refractory 1 ayer at the oi l -bri ne i nterface. 

This l ayer w i l l  develop as a result of l i ghter, more sol uble hydrocarbons 

dissolving i nto the underlying bri ne leavi ng the heavier. relative-ly i n 

sol ub1e_ hydrocarbons at the i nterface. The resistance of this layer to 

dissolution would increase with time until practical ly a l l  di ffusion 

across the i nterface ceases . 
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The hydrocarbon concentration" due to dissolution occurring during 

the period of non-equi l ibrium conditiond between oi l wi thdrawal and 

cavern refi l l  wi l l  be 3 ppm. This val ue is  based on the assumption that 

the time between cessation of drawdown and completion of refi l l  wi l l  be 

of such short duration so that only the vol ume of the uppermos t 50 feet 

of brine wi 1 1  approach equ i l i brium. Assuming a 500 foot cavern he·i ght, 

a ten-fold d i l ution of the equi l i brium concentration Would occur; re

sulting i n  3 ppm of oil dispersed within the brine column. This average 

value would change as a function of the cavern geometry and phase within 

the brine di scharge cycle. The addition of this component to the total 

hydrocarbon concentration being discharged would be minor during first 

quarter of a cavern ' s  discharge cycle and i ncrease as the oil brine in

terface descends toward the bottom of the brine pipe. The near equi l ib

rium concentration close to the oil  brine interface would not be dis

charged due to cavern enlargement and di ffusion during oil  withdrawal 

and refi 1 1  phases . 

The total dissolved hydrocarbon concentration expected to be dis

charged is  deri ved as fo 1 1 ows : 

( 1 )  Long-Term Storage 
Equil ibri um Component "" 1 .6 ppm 

( 2 )  Wall Oi l Component � 1 . 6  ppm 

( 3) Oil  Withdrawal ,  Non
Storage Period and 
Refi l l �  Non-Equ i l ibrium 
Component -= 3 . 1  ppm 

Total dissol ved hydro-

Assumes the residual 5% volume 
of brine attains equi l i brium of 
31 . 4  ppm and i s  di l uted 20 times 
during oi l wi thdrawal . 

The solution of the 50 micron 
oi l fi lm from the cavern wal l ' s  
surface . (cavern geometry dependent) 

Assumes the upper mos t fi fty' feet 
of the cavern vol ume attains equi
l i brium concentrations and i s  di
l uted by the remaining brine vol ume. 
(cavern geometry dependent) 

carDon concentrations. = 6 . 1  ppm or 6 ppm 
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4. DISPERSION REACTIONS 

Whereas di ssolution occurs on a molecular leve l ,  dispersive reac

tions occur on a particle level . This reaction requires a breakup of 

the oil  i nto particles and dispersing them into the underlying brine. 

The energy for this reaction is produced during the i n i tial oil injec

tion where oil is jetted at a velocity of approximately 8 feet per sec

ond i nto the brine and micro particles dispersed i nto the upper area of 

brine. This agitation would diminish and eventually cease as the down

ward oi l -jet momentum is bal anced by the buffering force of the 011 

t1u�rp.hy l imitino the depth of the turbulent zone. 
Studies of the di spersion of oi l i n  seawater under oil s l ick con

ditions indicate that the greatest amount of oi l is  d1 spersed i n  a par

ticle size of 40 microns or less i n  diameter. ( 12 )  For i l l ustrative 

purpm.es data for 6IJnker C .  l i s ted in Table A-7, show the distribution 

of parti cle si zes ranges from 10 to 80 ru1cr·ulI�. 
The �u�pcn!;ion till» for oil partic1ec; in thp. hrine would be very 

short because of the large density differential of the oil  (sp.gr.approx . 

. 85) versus the brine {sp . gr. 1 . l9 } .  Studies of crude dispersions. 

Table A-B. i n  seawater i l l us trates the rate of floatation. With the 

greater densi ty di fferenti al . as i n  saturated brine . the dispersed oil 

within the caverns would be expected to show even fas ter floatation rates. 

Within tile cavern . even under the most rapid fi l l  rates , the di spersed 

particles would have several weeks i n  which to rise and coalesce a t  the 

oi l /brine interface. This is  beli eved to be suffic'ient time for the dis

persed oi l concentrations to decrease to values of less than 1 ppm. For 

calculation of oi l i n  brine. a val ue of 1 ppm of di spersed oi l is  assumed 

to be discharged to the brine surface control faci l i ties.  
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Table A-7 
DISTRIBUTION OF PARTICLE SIZE BENEATH AN Oil SPill 

• 

NO. AND VOl.. OF PARTlCl.ES IN 10-MICRDN RANGE CENTERED AT 

". "'" ,... 

NUMBER 323 '" " 
VOl.UME 0.45 0.96 lA> 

• BUNKER C OIl. 

SOURCE: n.e htu of 011 Sp1l1 ., S.. (12) 

"'" ". 60. 

" • 3 
U, 0.40 0." 

Table A-8 
SETTLING TIME AND DISPERSED OIL PARTICLES · 

TIME OF SETTLING DAYS OIl. CONTENT PPM 

0.01 
0.02 
0." 
0.33 
1.0 
1.1 

2.2 
'" 

SOURCE: TtiE FATE OF OILSPILT ATSEA. 112J 

TVPE OF CRUDE 011:. NOT STATED 
•• REASONS FOR OIL CONTENT INCREASE NOT GIVEN 
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5 .  DISCHARGE OF THE OILY BRINE TO THE 

SURFACE CONTROL FACIL ITY 

The di scharge of brine containing hydrocarbons . as schematically 

i l lustrated 1.n Figure A-G. wi l l  involve di fferent scenarios dependent 

upon whether i t  is during initial fi l l  or subsequent refi l l s .  

For i ni ti a 1 fi 1 1 .  a'n assumpti on was made that the top 50 feet of 

brine became saturated with hydrocarbons (31 .4 ppm) and this was d i l uted 

i nto the uppermost 100 feet yielding approximately 16 ppm (se'e Section 

2. 1 ) .  This i n i ti a l ly high hydrocarbon concentration would result from 

the fresh unweathered crude not having sufficient time to form a r�fl'd:C
tory layer before fi l l  i s  completed . In subsequent fi l l s  the refractory 

layer· w i 1 l  be present. the lb ppm woulu H1.hi b i t  a concentration gradient. 

(0 to 31 ppm) when d ischarged ; however� its average over the di scharge 

period i s  expected to be about 16 ppm. 

I t  is expected that l ow levels of oi l averaging approximately 6 ppm 

would be di scharged continuously during subsequent refi l l s .  Contingent 

upon di ffering cavern geometries, the oil  concentration would vary ftom 

4 to 1 5  ppm. 

The only avai lable data from similar operations are from the German 

011 s tor;:1ye faci l i ty at Etzel , Germany and tim French o i l  s toragp. faci l i ty 

at Manosque . France. 

The Etzel data(13)  indi cate that the 0 1 1  concentration of brine dis
charged from the brine control surface faci l i ty is  less than 1 ppm. 

The Manosque data ( 1 4 )  i ndicate an oil  concentration of 1 7  ppm in  
the brine di scharged from the cavern to the surface faci l i ties. Neither 

the dUration of storage or type of crude were identified. 

These data from the two operating oil stor.age fac i l i ties clearly 
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OIL IN BRINE CONCENTRATIONS 
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indicate that with an expected ei ghty percent reduction of the oi l con

centration due to vapori zation of l i ght hydrocarbons such as butane, 

pentane and benzene(3 ) and an additional reduction by oil skirrrning, the 

estimated oi l concentration i n  the di scharged brine of approximately 

6 ppm appears reasonable for the proposed U.S.  faci l i ties. 
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6 .  CONCLUSIONS OF THE OIL BRINE STUDY 

The major conclusion of this study i s  that there ;s  insufficient 

time. turbulence and circulation within the cavern during oil fi l l  and 

wi thdrawal phases.  to al low the dissolved oil  to reach equi l i bri um. 

Equ; 1 ibri urn concentrat i cns for the thi rteen crudes 5 tudi ed wi 1 1  not ex

ceed approximately 31 ppm under the cavern operating cond i tions. Thus , 

during the time when the cavern ;s  principally fi l l ed with non-equi l ib

rium oi l -brine concentrations of less than 31 ppm, dissolution and dif

fusion reactions wi l l  occur i n  the upper brine column. 

The results of the study undicate that the dissolved oil i n  the 

brine discharged to the brine surface control faci l i ty i s  expected to 

average 1 6  ppm for the 1 a ter stages of the i niti  a 1 oil fi l l  of each cav

ern and average approxim�tely 6 ppm for subsequent oi l refi l l s  from a 

cavern of speci fic geometry. Di ffering cavern geometry effects the dur

ati on of the i ,yj t i d l  011 discharge and the concentration of the dissol ved 

oi l i n  subsequent di scharges. The oi l concentration in the bri ne wi l l  be 

principally composed of di ssolved hydrocarbons rather than di spersed oil  
as i s  commonly found beneath oil  s l i cks at sea. The di spersed oil com

ponent which i s. created during ini tial  turbulent oi l i nJection i s  quickly 

and natural l y  removed from the brine col umn due to i ts h i gh buoyancy and 

less than 1 ppm would be expected i n  the brine di scharge. 

Studies of the effects on hydrocarbon solubi l i ty as a function of 

i ncreasing  the temperature to 150°F, pressure to 1500 psi and sal i n i ty 

to 310 ppt 'i ndicate that solub i l i ty changes of: 1 . 5  times would occur 

due to temperature increase, 5.0  ti mes for pressure and 0 . 1 5  ti mes for 

sal i n i ty. The net effect of these wo.uld be an i ncrease i n  sol ub i l i ty 
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of only 1 . 125 times i n  comparison to seawater equi l i b ri um concentrations. 
Thus . cavern oil equi l i brium concentrations wi l l  be very simi l ar to values 
measured for the various crudes in seawater at s tandard conditions of tem
perature and pressure. 

The oi l  f i lm  remaining on the cavern wall is not expected to appre
ciably affect the net oil  concentrations of the brine due to the l arge 
di lution effect within the cavern and the estimated 50 micron thickness 

of thp. wal l  fi lm. 
At the start of fi l l i ng operations the oil jet velocities should 

be contr()l lp.d to l i mit the amount of turbulence during initial fi l l  and 
the possible disruption of the refractory layer during the subsequent 
refi l l s .  

A refractory l ayer i s  expected to form at the oil brine i nterface 
which wi l l  reduce dissol ution and to a degree dispersion reactions. 
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APPENDIX B 

HYDRDCARBON EFFLUENTS FROM THE SURFACE BRINE-CONTROL FACILITY 

B-1 INTRODUCTION 

A model was developed and discussed i n  Appendi x  A for describing the 

interaction between crude oi l and brine i n  a sal t cavern environment. 

Elements of this model show that the extent of that i nteraction wi l l  vary 

with the fi l l -wi thdrawal-refi l l  his tory of the storage cavern and that. 

in consequence , the amounts of hydrocarbons which wi l l  be incorporated 

in the brine wi l l  di ffer 
'
between first and subsequent fj l l i ngs of the 

cavern , and between i ndi vidual cavern geometries. 

The purpose of Appendix  B is to estimate the amounts of hydrocarbons 

that may be released to the atmosphere when brine is  displ aced from crude

oi l-storage caverns and processed through the surface bri ne-control faci l 

ity. As i n  Appendix A .  the Murban Crude i s  used as a typical crude which 

could be stored in the storage faci l i ty.  

The model presented i n  Appendi x  A i s  a general model .  For the pur

poses of this Appendi x .  hydrocarbon concentrations speci fic to each cav

ern and each fi l l ing are required. Table 8-1 l i sts the dimensions of 

the existing four caverns at Bryan Mound.  the expected concentrations of 

oi l - i n-brine and the durations of the brine-di scharge periods for first 

and subsequent fi l l i ngs. Data from this table are uti l i zed as input for 

calculations which determine potential levels of hydrocarbon poll utants 

from the surface bri ne-control faci l i ty .  

The stages through which speci fic hydrocarbon components o f  the crude 

oi l must pass in going from cavern storage to potential atmospheric/water 

poll utants are outli ned below and displ ayed as a flow di agram i n  Fi gure B-1 .  
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Table B-1 
CALCULATED OIL CONCENTRATIONS AND DURATIONS OF BRINE 

DISCHARGE TO THE SU�IFACE BRINE-CONTROL FACILITY AT 
BRY AN MOUND 

CAVfRN NUMBEA_ No. 1 Ng,2 No.4 0 "10.5 

VOLUME IFT3, 3.986 " 10' 3.50 " 107 9.185 :0. 10 7  1.87 .1( 108 

VOLUME OF UPPERMOST 
50 fT IFT3) 189" 106 I .  107 1.2811 to' 4.31 " 106 

VOLUME OF UPPERMOST 
100 FT IFT3, 1.0311 107 1.89" 107 2.55 11 10 '  8.61 It 10 6 

SURFACE AREA 
OF WAl.l IFT2, 4.'311 ,as 2.62 . ,05 7.32" 105 1.31 " 106 

VOLUME Of 50 MICRON OIL 
fiLM ON WALL (GALLONS) 510 322 '00 1,680 

CONCENTRATION OF 
DISSOl.VED Oil FROM US? 1,51 1.57 1.57 
LONG-TERM STORAGE 
COMPONENT (PPM) 

WALL !":UMPONIi!HT '2.:16 1.112 1,6 , ... 
. 

CONTRIBUTION FROM 
DISTRIBUTED Oil 3.06 8.97 4.38 0.12 

TOTAL LONG-TERM 
CONCENTRATION Of 6.88 12.36 7.55 3.76 
OlSSOL VEO OIL (PPM) 

DURATION Of 2NO ANO 
SUBSEQUENT DISCHARGES " . " '" ". 
(DAVS) 

FRACTIONAL DURATION OF 
D'SCHAROt: ... r 16 f'f'M 
OURI�G INITIAt. FilL 0.258 0.5' O.Utl 0.0018 [VOL. OF Uj>PE��OST 100 F�

, VOL. OF CAVERN 

DURATION OF INITIAL 
OISCHAAGE IOAYS) " 23 30 " 

CAVERN VOLUME 
IMllLIONS OF 8AARElSI 7." 6.2' " ... 33,39 

ITota' C.v .... Sto,. 63 million iYrrelsJ 
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Within the oi l -storage caverns. hydrocarbon cons'ti tuents 

of crude oil  wi l l  be' i n  equi l i brium with brine at el evated 

pressure and temperature. 

Upon discharge of brine to the surface bri ne-control fac i l i ty .  

the pressure would immediately drop to atmospheri c ;  temper

ature and sal in ity wo,uld remai n  high.  

Upon release of pressure, the low-boing hydrocarbons (C2 -

C5 a l i phati cs) wou l d  flash-vaporize and the remainder of the 

ali phatics (C6 - C7) and the aromatics (C6 - Cg ) wi l l  parti

tion between a dissol ved phase and a fi lm  on the surface of 

the bri ne. 

With additional time some of the h�drocarbons which form the 
surface fi l m  phase woul d  volati l i ze, 

To estimate the quanti ty of released hydrocarbons , and for projecti ng 

ai r/water qual i ty 'impacts , a "basel! calculation was completed, assumi ng 

the maximum amount of crude oi l which can be i ncorporated i nto brine. The 

results of th'is worst-case condi tion were then ratioed to yield a set of 

nUllErical val ues for each of the caverns and brine-di scharge sequences 

under consideration. The relative di stribution of hydrocarbons wi l l  be 

essentially the same i n  all  cases ; only the absolute amounts wi l l  change . 

In Section B-2, which fol lows, the fate of hydrocarbons i n  brine dis

charged to the surface is  outlined; each consti t4ent hydrocarbon and each 

phase i s  i denti fied. Table B-2 presents detai led i nformation on the con

centration of hydrocarbons i n  various phases .. This data ;s converted to 

poll utant generation rates and summari'zed i n  Table B-3 for the "base" case, 

for the "first fi l l "  of each cavern and for subsequent fi l ls .  

In Section B-3, data are presented which describe several typical at

mospheri c-poll utant-dispersion si tuations. Tables B-5 through B-7 summa

rize the results of these calculations. Emissions from an open-surfaced 

brine pond (area source) are consi dered i n  the discussion. Atmospheric 

"burdens" (total emiss10ns integrated over a period of time) from the 

brine-Gontrol " fac1 1 i ty are l i sted i n  Table 8-8. 

B-2 SURFACE BRINE CONTROL: PARTITIONING OF HYDROCARBONS 

Table B-2 i s  structured to correspond with the floW i n  Figure B-1 . 

The following explanation i s  keyed according to the order of columns i n  

this Table. 
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Columns ( 1 ) ,  ( 2 )  and (3)  identify the princi pal hydrocarbons 

which wi l l  di ssolve i n  brine. Carbon numbers � formulae and 

chemical names are l i sted. The al iphatic hydrocarbons are 

di vided i nto two groups : the first group has boi l i ng points 

lower than the temperature of the di scharged brine. The sec

ond group has boi l i ng points above the temperature of the 

di scharged brine. 

Col umn (4) l i s ts the maximum possible concentrations of 

indi vidual hydrocarbons of Murban crude i n  equi l i brium with 

brfne at the condi tions prevailing i n  a cavern. The deriva

tion of these data follows the analysis presented i n  Appen

dix A for the hydrocarbons found i n  seawater equi librated 

with Murban crude as analyzed by McAul i ffe. (2)  

Col umn (5)  tabulates the maximum-possible concentrations of 

each hydrocarbon which wi l l  remain i n  solution after the i n i 

tial flash vapori zation. The numerical values i n  column 

(5) are one-fi fth of the counterpart values i n  col umn (4) 

because the pressure coeffi cient of (hydrocarbon) 

sol ubil i ty (Appendi x A) has been reduced by a factor of 

f; ve . 
The hydrocarbons Which i n l tia l ly flash into the vapor phase 
�rp nnly the l OW  bQi1'i n!-l point aHphiltic� as sununarized i n  
col umn ( 6 ) .  

The hydrocarbons remai ning i n  solution wi l l  tend to separate 

into a transient s urface fil.m or remain i n  the solution 

phase . *  With time in the brine pond (col umn 8 ) ,  this 
sur·face film would fur'th�,' separate i nto il vapor phase 

(col umn 9) ant:f a residual floating l iquid (col umn 1 0 ) .  

Residual dissolved hydrocarbons are shown i n  col umn ( 7 ) ,  

* It  i s  assumed that a brine-del i-very pipe will  be si tuated low i n  the 
recei vi.ng pond. Thus . when flash-vaporization of the l ow-boi l i ng 
al i phatics occurs the resulting vapor bubbles will  rise quickly 
through the brine, collecting and carryi ug with th.em oil  thilt ha5 
come out of solution. 
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CRUDe OIL 
COMPONENTS IN 
EQUILIBRIUM 
WITHaRIHE 
IN eAVERN 

INITIAL PRESSlJRE 
RELIEF 

I 

AL.IPHATICS 
VAPOR 
Il.ow Boiling Polnll .. 100'II. TO VAPOR PHASE' 

ALIPHATIC -{ZO% IN SOLUTION--C 95" TO VA'OR PHASE 

C�CLOALIPHATIC 
IH.,,, Boilin.,Polntl 

5" IN SOLUTION iN BRINE 

80% IN FILM 
.. C 10<n1. TO VAPOR PHASE 

20% IN SOLUTION---C 
'"' IN SOLUTION IN I.RINE 

20% TO VAPOR PHASE 

80'10 IN SOLUTION IN BRINE 

BENZENE: 100% TO VAPOR 

TOLUENE: 95" TO VAPOR 
5".TO FILM: 

AROMATICS .. I 80% IN FILM .1 .. XVLENE: 87", TO VAPOR 
lJS,TO FllM; 

TRIMETHV8ENZENE: 
73'11. TO VAPOR 
21" TO FILM' 

Figure 8-1 FLOW DIAGRAM SHOWING PARTITIONING OF HYDROCARBONS 
AMONG VAPOR, BRINE AND "FILM" PHASES 



Partitioning of the residual al i phatics and aromatics (col umns 6 
and 7 )  is based on data i n  Table I I  of McAul i ffe ( 1969) ( 1 )  and 'in 
McAuli ffe ( 1 976) (2 ) . The 95% vapor - 5%' l iquid separation applied to 
the C6 and C7 ali phatics is  an average of the reported data. Simil arly, 
the 20% - BO:t separation of the aromatics ; s  an extension of data for 
benzene and toluene given in McAuli ffe ( 1969 ) .  ( 1 ) 

Di stribution of the aromatics shown i n  col umns (9 )  and ( 10 ) i s  based 
on data i n  McAuli ffe ( 1 976/2 )  and Harrison, et � ( 1 975 ) .  ( 3) The values 
are derived from observution� of the hal f-l i ves of various hydrocarbons 
i n  ocean-surface o i l  sl i cks. The hal f-l i ves of C 6 - C9 a l i phatics in a 
surface fi lm are short enough , McAuli ffe ( 1 976) (2 ) . that essenti ally all  
would partition i n to the vapor phase. The parti tioning of di fferent 
aromatics varies with carbon number, as shown by the data i n  the Table .  

Surrmarizing the calcul ations of Table 8-2 , the total emi.ssions, ex-
pressed as ug/ l iter of brine discharge, would be: 

. In the vapor phase 27,495 ug/l i ter brine 87.6 percent 

. Remaining i n  solution 
in surface film' 

3,047 ug/li ter brine 
840 ug/l i ter brine 

9 . 7  percent 
2 . 7  percent . Remaining 

Taking the 
per second (284 

rate of brine discharge from the cavern as 10 cubic feet 
l i ters per second ) . the production rates of hydrocarbons 

i n  vapor, sol ution and surface 
Vapor 
Solution 

fi 1m phases for the "base" 
7.BO grams/second 

- 0 . 865 grams/�econd 
Surface Fi 1 m  - 0 .24 grams/second 

case wi l l  be: 
87.6 percent 
9 . 7  percent 
2 . 7  percent 

Table 8-3 summari zes hydrocarbon production rates for this "base" case, 
as well as for the- in; ti a 1 f; 1 1  s of any cavern and for the second, and 
subsequent, fi l l s  at' each cavern. 

The vapor-phase emission of hydrocarbons ( potet'lt1al air POl1 utdlltS) 
i s  dealt with i n  Section 8-3, fol l owing. Hydrocarbons remai ning 'in solu
tion wi l l  flow out of the storage ,faci l i ty and are a potenti al source of 
water pollution. It is assurred that oi l in the" surface film would be 
removed by skimming and would therefore not create a pollution hazard. 
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Table B-2 
PARTITIONING OF HYDROCARBONS-IN-BRINE AMONG VAPOR, SOLUTION AND FILM PHASES AT 

BRINE-CONTROL FACILITY 

'21 '31 ,� 'SI 16' 171 '81 '91 - (101 

DISSOLVED FRACTION PARTITION OF COMPONENTS IN FILM 
COMPONENT COM_ CONCENTRATION uafl in SOLUTION uafl to ug/i lo ut/IIO "FILM" uall to ugli RESIDENT NAME PONENT in EQUILIBRIUM '" VAPOR BRINE VAPOR In FILM FORMULA in CAVERN, ug/I ATMOSPHERE 

ALiPHATlCS· 20% of 141 100% of (4) 0% of (4) 
ETHANEI C2HS 25. " '51 
PROPANE ClHS 2,420 ... 2,420 
N-8UTANE C.H,O 3,240 ... 3,240 
ISO-8UTANE C4H'0 90. '". . .. -

N-PENTA"(E . CI§H,2 1,510 302 1,£il0 
ISO-PENTANE CSH'2 1,160 '32 1,150 

, 9,488 · 

2�of (4) 95"" of lSI S"" of IS} 80'11. of 141 telO" of \8)" 0'11. of I7l 
METHYL- ---
CYCLoPENTAtoIE CSH'2 ... SO 7S.0 ••• 320 320 
N-HEXAHE CSH'4 ' .... 304 288.8 , .. 1,216 1,216 
CYCLD-HEJ:(AHE C6H,2 

' .aD 92 87.4 ... 351 J5I 
METHYLCYCLO- - -
HEXANE C7H'4 '" 53 50,4 , .• '" '" 

:N_HEPTANE C7H'6 '370 " 70.3 3.' 296 ,96 
--- --- - -- -- --- ---
" .... - 2.500 573 · 30 "  2.411 2,4"- • 

-

•• ALL COMPONENTS IN THIS FRACTION HAVE SHORT HALF-LIVES. 

I 
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Table B-2 (Cont'd) 
PARTITIONING OF HYDROCARBONS-IN--8RINE AMONG VAPOR, SOLUTION AND FILM PHASES AT 

'" m 

COMPONENT COM-
NAME porENT 

, FOR:\1ULA 

AROMAllCS 
BENZENE CcHS 
TOLUENE 0,". 
ETHVlB :NZEN.E ,H,O 
M-f>-XVLENE <=aH'D 
D-XYLEWE ,H,O 
TRt-METHYL-
BENZENE C9"'2 

GRAND TOTALS 

-- . . --- -_ .. . .. _- . .. _ . _  . . BRII'E-CONTROL FACILITY 

'41 '" '61 '" '81 

DISSOLVED FRACnON 
�<rJm�I::'�I�N ug/lin SOLUTION ug!I ICI uta/I to uo/I to "FILM" 

" n  VAPOR BRINE 
In CAVERN, uQ/' ATMo...,.,HERE 

2(% of (4) 2Q% 01 (5) 80% 01 (51 

.... ' 1,368 '" 1.044 

6,940 ',38' on 1,111 

93' ". 3S 151 

2,180 ". 81 34' 

�.140 '" " '" 

.. , '" 34 '" 
--- - -- --

18,900 3,780 763 · 3,0.11 -

31,400 &> .. 10,824 3,047 

-THE SUM OF ALL 5TJ.'RAED NUMBERS .. 31,382, WHICH == 31,400. 

80% 01 (4) 

5,472 

5,552 

, .. 
1,744 

'12 

.16 
---
15,100 

11,511 

'91 {lO) 

PARTITION OF COMPONENTS IN FILM 
uBlI to ug/I RESIDENT 

VAPOR in FILM 

" of  (81 " 01 {8) 

v�ri •••• shown Vii" " as shown 
100%" 5,472 "" - , 
E5" � 5,274 5% '" 218 

!1i%" 707 5%" 37 

81% a 1,517 13% " 221 

81" -794 13,, - ,,8 

;'3%" 496 27% - '80 
-- --

14,260· 84'" 

16,671 84' 
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Table B-3 
GENERATION RATES OF POTENTIAL AIR ANO WATER POLLUTANTS OVER LIFETIME OF CAVERN USAGE 

RATE OF GENERATION OF POTENTIAL AtR!WATER 
POLLUTANTS,· GRAMS/SECONO 

EQUILIBRIUM 
CONC::NTRATIONS VAPOR SOLUTION PPM FILM 

0' PHASE PHASE TO PHASE 
Oll.-IN-BRtNE TO TO WATER 

CAVERN NO. MGlt ATMOSPHERE WATER 

"BASE " CASE 
(THEORETICAL -WORST_ 31 •• '.P 0.865 3.M 0.24 

CASE CONDITION) 

ANY 
CAVERN 16.0 3.91 0.440 '.55 0.12 

•• . ... 1.71 0.190 0.67 0.053 

2 12.36 3.01 0.341 1.2<1 0.095 

4 7.55 • .88 0.208 0.73 0,058 

5 3.75 0.93 0.103 0.36' 0.029 

- -------- - -- ---- ------------ -
• Assuming a bfina dis.ch.I1I. raIl of 10 cfs (a 284 11_1. 



B-3 ATMOSPHERIC DISPERSION OF HYDROCARBON POLLUTANTS 

Hydrocarbon vapors released from brine at atmospheric pressure wi l l  

go into the atmosphere i n  the absence of- some vapor-recovery system. 
Results p resented i n  this section carre from atmospheric-dispers i on 

calculations covering five cases involving typical atmospheric si tua

tions prevai l i n g  i n  the Brazos area, and from calcul ations of atmospheri c 

burdens.  Examples which describe worst-case si tuations are presented. 

and distances ( frnm source) of potenti al non-compliance with ambient air  

qual i ty regulations are discussed. These calculations fol low the ap

proach used i n  Appen�ix A of the Final Envi ronmental Impact Statement. 

FES. 76/77-6 . However, additional cases for 3-hour concentrations at 

ground level are calculated using the express1on : 

Where t, = 10 minutes , t2 = 1 80 minutes . The 3-hour values are used to 

characterize hydrocarbon concentrations during the period 6-9 a.m.  These 

should be compared with the tlstandard" val ue of 160 micrograms per cubic 

rreter. 

The procedures fol lowed here are those described i n  EPA l s  IOWorkbook 

of Atmospheric Dispersion Estimates" Report NO. AP-26 ' 1 969 vt:H":> iUll ) ,  

hereafter referred to as "Workbook. " 

The ai r-emi ssion source i s  the proposed uncovered brine surge pond , 

located just southwest of Dow Cavern No. 5 .  Pond design provides a 

surface area of about 4300 square meters. An effective source height of 

10 rreters is assuJred.  fol lowing tHe same reasoning for plurre buoyancy 

used above. The various parameters investi gated in  this s tudy are listed 

in  Tabl� 8-4. 

The bd ne p�lOd is an area source. In tho; s case, the values of pol 

lutant concentrations downwi n"d of the pond have been determined by de

veloping a hetional poiot source , of equi valent total source strength . 

located up-wind of the pond. The up-wind offset of the vi rtual source 

is a function of atrrospheric stab i l i t.y.  Fol lowing procedures outlined 

in the Workbook, the offsets are calculated to be: 

s-10 



Stabi 1 i ty Up-wind Offset 
C l ass . (Meters) 

A 50 

8 SO 

C 1 30 

0 200 

E 270 

F 430 

rables 8-5 through B-7 provide data developed through gr�phical 

analysi s  using Fi gures 3.50. 3.SE and 3.SA of the Workbook. Values for 

3-hour concentrations were first calculated for unit emission rate 

( 1  gram/second ) .  These values were then converted to concentrations 

( ug/m3) for a l l  s ix  of the emission rates gi ven i n  Table B-3. A co� 

parison of the data with the national standard ( 1 60 ug/m3) show
,
S the 

distances from source at which non-comp l i ance i s  demonstrated. Total 

a i r  poll ution burdens derived from these data are l i sted ;n Table 8-8. 

bOl l 



Table 8--4 

CONDITIONS CONTROLLING ATMOSPHERIC DI�.EH�IUN Ot' HYOROCARBON 

VAPORS RELEASED FROM BRINE It 

PARAMETER CASE I CASE II CASE III 

SOURCE .. OND POND POND 

SOURCE HEIGHT IMIIt .... ) '0 '0 '0 
IEftKliw) 

ATMOSPHERIC STABILITY D , A 

WIND SPEED. U 1m/sec) 5 , 3 

OJU 0.' 0.' 0.33 

MIXING OR INVERSION '000 '"" 0000 
HEIGHT 1m) 
FIG. NO. IN WORKBOOK JSD 35' 3.SA 

It ASSUMES EMISSION RATE " 1 vrM"Vsecond 
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Table 13-5 
GROUND-LEVEL HYDROCARBON CONCENTRIITIONS AT 0.1 - 10 KM. FROM BRINE STORAGE . 

DISTANCE GROUND-LEVEL 

orSTANCE FROM XU/0 
CONCENTRATION 

FROM EFFECTIVE FROM FOR Q" 1\11'_. 

SOURCE SOURCE GRAPHo 

(km.! (kmJ Im·2, X'O min. 
uolmJ 

0.1 0.' 8.30 . 10 
-4 

166.0 

02 OA 5.10 . ,0
-4 

104.0 

0.' 0.' 2.4 0 . 10 -4 ".0 

1.0 1 2  ,.05 . ,0
-4 

21.0 

2.0 22 4.40 . 10 -6 ••• 
'.0 '.2 1.20 . 10 -5 2.' 

10.0 102 4.30 . 10 -6 M' 
0.0 0.16 1.29 .• 10 .,] 

2:H1.0 

CASE I SOURCE . Pond; H "  10m; Stability" D, 

U '"  Ii m/.."o; Q ... I slMO; Mi .. ln, Hoith.", IiOOOm 
alU D O.2am·

' 
. 

• Use Fiaure 35 0 In Worltboo� 

Offset of EHotetiv, SCH.I'OI .. 0.2 km. 

XJ hour 
ullm3 

93.1 

58.3 

26.9 

I,. 

'.9 

I.' 
0.' 

144.1 

3-HOUR AVERAGE GROUND-lEVEL CONCENTRATION 

FOR EMISSION RATES IN TABLE B-2 

(uafm
3

, 

XJ · 1.8 X
J

· J.97 X
J

· 1.71 X3 3.01 X
J 

· '.88 X3 · O.93 

Im� • .1 bt lil1 en. 1B �.2 cn.4 CIO�. 5 

726.2 369.6 158.6 285.5 116.3 81.2 

454.1 231.5 99.6 118.8 110.5 54.5 

209.8 106.8 45.' 82.5 51.0 25.2 

92.0 ... 20.' 36.2 22.' 11.0 

38.2 19� ••• 15.1 •. , '.' 
10.9 50 2.' .� 2.' 1.' 

'.9 2» -- I.' 0.9 --

1128.6 51 •. 5 241.2 443.' 214.1 135.4 
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Table 8-6 
GROUNO-LEVEL HYDROCARBON CONCENTRl'iTIONS AT 0.1 - 10 KM. FROM BRINE STORAGE 

DISTANCE GRoUNo-LaEL 

DISTANCE FROM XU/Q CONCENTRATiON 
FROM EFFECTIVE FRO" FoRQ- la1-=. 

SOURCE SOURCE GRA.PH· 

Ikm.l Ikm.) (m'2) X'O min. 

.. g/m3 

O.t 0.31 9.40 11 10� 475 

0.2 0.47 1.2011 10
-4 

360 

,. o.n 3.70 II .0 
·4 

tas 

t.O t.27 1.83 11 10
-4 

92 

2.0 2.27 3.20 II 10
-6 

4t 

'.0 5.27 2.40 II '0
-6 

t2 

10.0 10.27 �.OO Il 'O� 
4.6 

0.0 0.22 1.2211 �O-3 
610 

CASE II SOURCE . Pond; H - l(;m; St"�lIItv. E, U "  2 m/Mc; 

Q .. 1 glSft; Milling .... Iglu -!iDO .. ; Q/U -0.5gm" . 

·UM Figure 3.5 E in Workbook 

Dfket 01 Effect;.e Souru " 0.27 ttn. 

:<
3 hour 

ualrn
3 

166.5 

lOl.9 

103.8 

51.6 

23.0 

6.7 

2.' 

342.2 

L --

)(
3 ' 7.8 

Iml><.) 

2078.7 

1574.8 

809.6 

402.5 

179.4 

52.3 

19.5 

2f;69.2 

---

3-HoUR AVERAGE GROUND-LEVEL CONCENTRATION 

FOR EMISSIO�j RATES IN TABLE B-2 

' .. &1m3) 

)(
3

' 3.97 X3 ' t,!' )(3 ' 3.07 X3 ' 1.88 X3 " 0.93 

In 'iII UY. 18 cu. 2 c8y.4 en. 5 

·1051.0 446.4 817.2 504.8 249.4 

801.5 344.9 619.1 382.5 189.0 

412.1 117.4 318.3 196.6 97.0 

204.8 ... t 158.2 97.7 48.2 

91.3 39.2 10.5 142,1 21,5 

28.6 11.4 20.5 12.7 6.t 

9.' 4.2 7.7 4 .• 2.3 

1358.5 583.8 1049A 117.1 320.0 

- - - - - - - L -_._. 
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Table 8-7 
GROUND-LEVEL HYDROCARBON CONCENTRATIONS AT 0.1 - 10 KM. FROM BRINE STORAGE 

DISTANCE 
qlSTANCE FROM XUIQ 

FROM EFFECTIVE FROM 
SOURCE SOURCE GRAPH" 
Ikm.1 Ikm.) (1'1.21 

••• ,»1 1 " 10-3 

'.1 0.15 3.50 " 10" 

., .>5 1.40" 10" 

•• .55 2.00 " 10-6 

I.' I." 2.80 " 10-6 

, .• '.05 4.00 .. 10.7 

5.' "'5 7.50 . ,0" 

10.0 ".os •. 10. ,0" 

CASE III SOURCE . P';Ind; H "  IOm;Stebllity · A, 

GROUND-LEVEL 
CONCENTRATION 

FOR Q. lt1$01c. 

X,0 min. X] no .... 
utlm3 utlm3 

: :1333 ,,,a 
" 6.3 ... , 

46..60 26.1 

... 3.74 

0.931 0.52 

0.13 '.07 

0.02 0.02 

0.01 0.01 
' . 

U ·  3 miNe; Q .  ItI.c: MI .. ift8 Hllaht · 5OO0m 
OIU - 0.33;m" . 

UIIII Fill"" ].5 A in Wartbook 

Offwt af EH�tiv.Sourn. 0.05 km. 

3-HOUR AVERAGE GROUND-LEVELCONCENTAATION 
FOR EMISSION RATES III!. TABLE 8-] 

lutlm]! 

X] ' 7.' X] ' 3.97 )(3 '·71 X, 3,07 X3 1." )(3 0.93 

(m.",1 In fill uv. 1B clI'<I.2 cn.4 c.v.5 
. 

16.380 ,m 3578 .- ,." " .. 
..... 258.' 111.1 200.0 123.5 60.9 
203.6 103.0 44.6 80.0 80.0 24 .• 
292 14.8 ••• 11.5 11.5 ,.S 
'.1 '.1 - I.' I.' -
- - - - - -
- - - - - -
- - - - - -



Table 8-8 
ATMOSPHERIC-POLLUTANT BUROEN DUE TO HYDROCARBONS 

DISPERSED FROM THE SURFACE BRINE CONTROL FACILITY 
AT BRYAN MOUND 

BRYAN MOUND 
CAVERN NO. .8 , 4 , TOTAL 

MAX. HYDROCARBON 
CONCENTRATION 
IMURBAN CRUDE) 31.4 31.4 31.4 31.4 
!mOm 

EQUILIBRIUM 
CONCENTRATION OF Oil 
IN BRINE: IN''I'IAl l'!!ll 16.0 16.0 16.0 16.0 
Iml/l! 

EQUILIBRIUM 
CONCENTRATION Of Oil 
IN BRINE : SUBSEQUENT 6.88 12.36 1.55 3.75 
FillS I"""" 

DURATION OF DISCHARGE: 
SUBSEQUENT FillS, \d&'I's! 47 42 '09 '" 420d..,. 

DURATION OF DISCHARGE 
DURING INITIAL Flll ld • ..,..) " " " '0 75d&yl 

HYDROCARBON lOSS RATE: 
INITIAL Fill ONLY hl'MnS/-=) 3.97 3.97 3.97 3.97 

ATMOSPHERIC BURDEN 
FROM INITIAL Flll lllmSl 4.' 8.7 11.3 3.8 28.3 IOns 

HYOROCARRON LOSS RATE: 
SUBSEQUENT FII.I.SI;r&rns/-=1 1.71 3.07 1." 0.93 

ATMOSPHERIC BUROEN 
FADM SUBSE�UENT FILLS 7.7 12.3 19.5 19.7 59.2101\1 
(IOns) 

6-16 



APPENDIX B 

REFERENCES 

1 .  McAuli ffe. C1 ayton. "Detenni nat; on of Di ssol ved HYdrocarbons ; n 

Subsurface Brines . "  Chemi cal Geology �. 1969 . pp 225-233. 

2 .  McAul i ffe . Clayton D . •  "Evaporation and Solut'ion of C2 and C10 

Hydrocarbons from Crude Oils on the Sea Surface. II Proceedings of 

Symposi um on Fate and Effects of Petroleum Hydrocarbons i n  Marine 

Ecosystems and Organi sms , November 10- 1 2 ,  1976. Seattle Washington . 

3 .  Harri son, Wyman , et � . •  "Disappearance of Aromatic and Ali phatic 

Components from Small  Sea-Surface S l i cks . OI Envi ronmental Science 

and Technology �. Number 3 ,  March 1975, pp 231-234. 

B-17  



APPENDIX C 

WATER QUALITY OF THE 

LOWER BRAZOS ESTUARY 

C-i 



SECTION 
C-I INTRODUCTION 

TABLE OF CONTENTS 

C-2 FIELD MEASUREMENTS AND SAMPLING 

C-3 LA"ORATORY ANALYSIS 

C - i i  

PAGE 

C-1 

C-3 

C-5 



LIST OF TABLES 

SECTION 

C-l Standard Methods of Water Qual ity Analysis 

C-2 Estuary Sampl ing High Tide 

C-3 Estuary Sampling Low Tide 

C-4 Estuary Water Quality High Tide 

C-5 Estuary Water Quality Low Tide 

C-6 Organic Compounds Detected 

C-7 Volatile Organics Scanned 

C-8 Neutral Fraction Scanned 

C-9 Basic Fraction Scanned 

C-10 Acid Fraction Scanned 

C-l 1 PCB ' s  Scanned 

C-1 2 Brazos River Di scharge at Rosharon . Texas 

C-13 Estuary Dissol ved Heavy Metal Burden 

LIST OF FIGURES 

SECTION 

C-l Brazos Ri ver Di versi"on Channel Sampl ing Stations 

C-i i i 

PAGE 

C-7 

C-l1 

C-\2 

C-\3 

C-\4 

C-\5 

C-\6 

C-\8 

C-\9 

C-20 

C-2\ 

C-22 

C-23 

C-2 



APPENDIX C 

WATER QUALITY SAMPLING DATA AND LABORATORY ANALYSIS 

'FOR BRAZOS RIVER LOWER 'ESTUARY AND ,P,RDPOSED 'BRINE DIFFUSER LOCATIONS 

C-1 INTRODUCTION 

The purpose of this water qual i ty sampl ing program was to determine 

the ambient water qua l i ty in the lower Brazos Estuary from river mile 2 

through river mi l e  8 .  Water sampling was conducted i n  Apri l 1977. The 

sampling,  analytical procedures and resulting data are presented in this 

Appendix. 

The Brazos River Diversion Channel � Fig . C-l �  ;s the proposed source 

of raw water for the project ' s  requi rements . The man-made Brazos Diver

sion Channel forms the lower 15 miles of the Brazos Estuary with the upper 

9 mi les being formed by the 'origi nal channel of the Brazos River. The 

Brazos estuary i s  unique for the Gul f  Coast region i n  that it di scharges 

di rectly into the Gulf and not through deltas or embayments typical of 

6vlf Coast riven. 

The proposed water i ntake system wi l l  be ·constructed at river m i l e  2 

and wi l l  provide the raw water supply for the .displ acement of oil during 

the o i l  wi thdrawal phases. for possible i nter-cavern transfers . and for 

hydrost�tic testi ng. 

The principal use for the i ntake water is for the displacement 

operation of the oil  storage caverns. The water drawn from the Brazos 

for this ope,ration wi l l  u1 timately be di'scharged ei ther into' a deep well 

injection system or i t  wi l l  be used as a chemical feedstock. 

C-I 
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Figure C-1 BRAZOS RIVER DIVERSION CHANNEL SAMPLING STATIONS 
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C-2 FIELD MEASUREMENTS AND SAMPLING 

Water samples were taken at the surface . mid-depth and bottom at 

each of six  estuarine stations (Fi gure C-1 ) .  .Stations II through VI 

were sampled at high and low tide; Station I was sampled only at high 

tide. Al l water samples were obtained with 2-1 i ter PVC Van Darn samplers. 

For the analysis of organic consti tuents other than phenol and oil  and 

grease , separate samples for volati le  fractions and non-vol ati l e  fractions 

were coll ected a t  Stations I .  IV and VI a t  high tide. For each fraction at 

each station. samples from the three di screte depths were composi ted i nto a 

prewashed container, ' The samples were iced and deli vered to the laboratory 

the same day for processing within. 24 hours.  

AddHional water samples were �ol lected for the analysis of  trace 

i norganics,  suspended sol ids.  phenol , and 'oi l  and grease. Six separate 

al iquots were withdrawn into appropriately prewashed containers and pre-

served according to the following schedule.  

Parameters Bottle Material Bottle Size Preservative 

Oil & Grease Glass 1 Li ter ° �2S04 ' 4 C 

Phenol Plastic 1 liter H3P04 to pH 2 ,CuS04 , 4°C 

Cyanide Amber Plastic 500 ml NaOH, 4°C 

Metals Plastic 500 ml 
(unfi l tered) 

conc. HN0 3, 4°C 

Boron & Plastic 1 liter 4°C 
Selenium 

Sol i ds Plastic 500 ml 4°C 

Following preservation, a l l  trace i norganics. suspended sol ids,  phenol . 
and oi l and grease samples were immediately packed i n  ice and were del ivered 

to the lab for processing within 24 hours of collection. 

Fina l l y .  field measurements of temperature. pH. di ssolved oxygen, and 

conductivity were made �boJ.rd ship on lHscrete samples according to the 

methodology shown i n  Table C-l . Results of the field measurements are 

given i n  Tables C-2 and C 3.  

As i l l ustrated by the Brazos River di scharge (T�ble C-12) the 

field sampling was conducted during the recession of a high wat.Rr stage. 

C-3 



Dissol ved metal samples col lected i n  July were transferred 

immedi ately to polyethylene bottles.  stored i n  the dark and chi l led on 

ice until received at the laboratory where they were f i l tered (0 .45 u )  

and acidified as soon a s  possi ble . 

C-4 



C-3 LABORATORY ANALYSIS 

Neutral , basic and acidic nonvolati le organic fractions were extracted 

utilizing standard laboratory techniques from 250 ml a l i quots of the three 

one gallon samples from Stations I .  IV and V I .  The extracts were analyzed 

on a gas chromatograph equipped with a 6 �  x 1 /4!l glass col umn p�cked �ith 

a standard. packing (OV-1 7 ) ,  The three 50-ml composite volatile organic 

samples (VOA) were stri pped of volatiles by nitrogen purging and concentration 
onto Tenax absorbent. The volatile components were analyzed on a gas 

chromatograph equi pped with a 0 . 01 " capi l l ary column packed with standard 

packing, CO-200. Detection l imits for the nonvolati le  extracts were 0 . 2  x 

1 0-9 g/l i ter (0.2 ppb) and for the VOA ' s .  0 . 1  x 10-9 g/l i ter ( 0 . 1  ppb) related 

to the original samples. Sampl ing and analys i s  were performed i n  accordance 

w i th �'Sampl ing and Analysis Procedure for S!Jrvey of Industrial Effluents for 

Priority Poll utants" EPA, March 197 7 .  

Phenol , o i l  and 9rease, suspended sol ids . and trace inorga.nics wtth 

the exception of mercury were analyzed by the procedures 9lven tn !!Sta.ndard 

Methods for the Exami na ti'on of Water and, Wastewater,"  14th Editi on, 1 975. 

Mercury was analyzed according to "Manual of Methods for Chemical Analysis  

of Water and Wastes . "  EPA, Cincinnati , Ohio, July 1976. "Total " (di ssolved 
plus acid-l eachabl e) metal analyses were performed on acidified, unfil tered 

samples. Due to the high heavy metal concen,trations encountered. corrobora

tive analyses were performed at a separate . independent laboratory on the 

high tide samples from a l l  depths at the proposed intake site (Station VI) . 

Dissolved metal analyses ,we're performed on chi l led samples which were un

acidified prior to fil tration. After fi l tration samples were acidified to 

pH less than 2 ,with about ,J;: "'1 spectroscopi c, grade HN03 per l i ter of fi l trate. 

Fi l trates were analyzed spectrophotometrically by the methods referenced 

above. 

Method summaries. instrumentation and reference citations are given for 

each chemical consti tuent in the annotated Table C-1. 
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C-4 RESULTS 

Results of the vol atile and nonvol ati l e  organic analyses are given 

in Table C-6. A total of 89 compounds l is ted by EPA as priority organic 

contami nants were scanned by gas chromatograph and are al phabeti cally 

l i sted in Tables C-7 through C-l1 according to operational property. Of 

the 89 contaminants scanned.  only two were detected,  2 . 1  ppb methylene 

chloride at Statio·o I and 0 . 7  ppb of 2 .6 dinl trotoluene at Station V I .  

Results of the remaining variables are shown for the estuary at 

high tide, and at low tide in Tables C-4 and C-5. respectively, and for 

di ssolvf;'d meta l s  i n  Table C-13. Arsenic.  antirnony. and selenium were 

undetected i n  a l l  cases. Si lver was generally l ow to undetectable i n  

the estuary .  The total concentrations of the remaining metals are gen

eral ly high i n  the extreme w.hi ch is probably attributabl e to the fraction 

acid-l eached from extremely high total suspended sol i ds (TSS). In con

trast. the d issol ved fraction of the , remaining metals  i s  lower by up to 

an order of magni tude with the exception of manganese. The di ssolved 

metal concentrations are comparable to l i terature values for that area. 

High TSS levels were the resul t  of heavy runoff and winds during survey 

operations. Suspended sol ids  were further analyzed for the i r  naturally 

occurring organic content. The organic content 1 s  expressed in the 

tables on a mass basis as volati l e  suspended solids (VSS) and as a per

centage of the total . Oi l and grease (O&G) was high and variable in the 

estuary. ranging from 2 . 1  to 15 ppm with no significant di fference be

tween tidal stages. Cyanide was detectable in the estuary in four of 

the ei ghteen high tide samples and was undetectable in the low tide samples .  
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CHA�ACTE�ISTIC 

TOTAL ARSENIC 

TOTAL SELENIUM 

TOTAL MERCURY 

TEMPERATURE 

,H 

DISSOLVED OXYGEN 

CONDUCTIVITY 

DEPTH 

Table C-l 

STANDARD METHOOS OF WATER OUALITY ANALYSIS 

METHOi:>OLOGY REFERENCE SENSITIVITY 

UNFILTERED AND ACIDIFIED, DIGESTED, PART lOlAI1 0,05 mgfl 
INDUCTIVELY COUPLED ARGON PLASMA " 
ATOMIC EMISSION SPECTROPHOTO- Millufact""r', 
METRIC Inslrul:'llo," 

UNFILTERED AND ACIDIFIED, DIGESTED. PART 301,0.11 0.01 mgft 
INDUCTIVELY COUPLED ARGON PLASMA " 
ATOMIC EMISSION SPECTROPHOTO- M ... ufKtur.r', 
METRIC Inslrue1!onJ 

UNFILTERED AND ACIDIFIED, OIGES1£D. EPA, p. III 0.2 utll 
FLAME LESS COLO VAPOR ATOMIC "" 
ABSORPTION SPECTROPHOTOMETRIC 

ALIQUOT WITHDR.\WN fROM VAN DORN AND 1/2 0C 
IMMEDIA TEL Y SAMPLED 

CALIBRATED PRIOR TO EACH STATIQN M.nui,clu,.,'. 
SAMPLE ALIQUOT WITHDRAWN F�OM III,trul:'llo", 
VAN DO�N AND IMMEDIATELY SAMPLED 

ALIQUOT WITHDR.\WN FROM VAN DOR"" AND ManuflC'u,,", '" 01 full 
IMMEOIA TEL Y SAMPLED INtrur;:tiollS �" 

0-20 ppm 

ALIQUOT WITHDR.\WN FROM YAN DO�N AND M ... utKtufir'. '" of full 
IMMEDIATELY SAfII'IPLED IlIrtrucclo". _I. 

1>-5000 
SOUNDING LINE 

EaUIPMENT INTERFE�ENCE 

JARRELL ASH NOTE I 
96-975 NOTE 3 
ICAP ATOM 
COMP 

JARRELL ASH NOTE 1 
96-975 NOTE 3 
ICAP ATOM 
COMP 

INSTRUMENTATION N01£ 1 
LABORATORIES 
253-02 

FISHER LABORATORY 
THERMOMETER 

MICRO SENSOR 
MICR050 

YELLOWSPRINGS 
MODEL 54 

UNI LDC 770 
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Table C-1 
STANDARD METHODS OF WATER DUALITY ANALYSIS 

CHARACTERISTIC METHODOLOGV 

PHENOL 4-AMINOANTI�VRINE SPECTROPHOTO
METRIC,CHLOROFORM EKTRACTIOhl 
AFTER DISTILLATION 

au .. AHO GREASE PARTITION-GIIIAVIMETRIC WI�H 
TRICHLClAO-m IF UJORQETHANE 

TOTAL SUSPENDED SOLIDS GRAVIMETRIC NONFILTERA8LE RESIDUE 
DRIED AT 103-1050(; 

TOTAL VOLATILE SOLIDS GRAVIMETRIC .RESIOUE VOLATIZIED AT 6soO::: 

TOTAL CVANIDE 

TOTAL 80R0t9 

TOTAL CALCIUM 

TOTAL CHROMIUM 

TOTAL COPPER 

TOTAL LEAD 

PVRIOINE-8AR8ITURIC ACID 
SPECTRopHOTOMETRIC AFTEf. 
DI$.'TILLATlDN 

CURCUMIN SPECTROPHOTOMETRIC 

UNFILTERED AND ACIDIFIED. OIGESTED. 
ATOMIC ABSORPTION SPECTROPHOTO
METRIC 

UNFIL TIERED AND ACIDIFIED, �IGESTEO. 
AtOMIC o\BSORPTION SPECTROPHOTO_ 
METRIC 

UNFILTERED AND ACIDIFIED, ,:)tGESTED, 
AlOMIC ;ABSORPTION SPECTROPHOTO
METRIC WITH CARBON INDUCTION 
FURNACE 

-

UNFILTERED AND ACIDIFIED, :)IGESTED. 
AtOMIC ABSORPTION SPECTROPHOTO
METRIC WITH CAR80N INDUCtiON 
FURNACE 

REFERENCE 

PART 510A 
PART510B • 
PART 502.11. • 
PART 2080 

PART 208E • 
PART 49A 

PART 406A 

PART 301AI1 
PART 3011A • 
PART 301AI1 
PART 307A • 
PAAT 301All • 
PART30BA. 
..... nlll�uf4r'1 
Iftf1rucI;on. 

PART 301AI' 
· 

PAAT 308A 
MI,,"fl�"rlr·. 
IfII""�lonl 

SENSITlVITV 1 EOUIPMENT 

1 ,,$II 8A1JSCH AND LOM8 
$PECTRONIC 20 

1-10m;ll METTLER H10T 
�NAL VTICAL BALANCE 

1 m\V1 METTLER Hl0r 
�NAL VTICAL 8ALANCE 

1 ",\VI METTLER H10T 
�NAlVTICAL 8ALANCE 

20,,11'1 

0.2 lI'I0I1 

IO uII'I 

20uw'1 

'2$3-02 

'2 "aft 

7 "gil 

BAlJSCH �ND LOMB 
SPECTRONIC 20 

BAUSCH AND LOMB 
SPECTRONIC 20 

tNSmUMENTATION 
�RATORIES 
251-02 

�NST1"UMENTATION 
�OAATOAIES 

tNSmUMENTATION 
:.ABORATORIES 
.... ARION TECHTAON 
�RA_U3 

iNSTRUMENTATION 
'_ABOAATOAIES 
251-0'2 
'/ARtAN TECHTAON 
CRA-63 

INTERFERENCE 

NONE ' 

NONE 

NONE 

NONE 

NONE 

NONE 

NOTE 1 

NOTE 1 

NOTE 1 

NOTE 1 



n 
, 

� 

CHARACTERISTIC 

TOTAL MAGNESIUM 

TOTAL MANGANESE 

TOTAL NICKEL 

TOTAL SILVER 

-

TOTAL 21NC 

TOTAL BARIUM 

TOTAL CADMIUM 

TOTAL ANTIMONY 
-

Table C-l (Cont'd,) 

STANDARD METHODS OF WATER DUALITY ANALYSIS 

METHOOOLOGV REFERENCE SENSITIVITY 

UNFILTERED AND "'.CIDIFIED, DIGESTED, PART 301.0.11 20u..,1 
ATOMIC ABSORPTION SPECTROPHOTD_ · 
METRIC PART 3138 

UNFILTERED AND ACIDIFIED, DIGESTED, PART 301AI1 ... ,/1 
ATOMIC ABSORPTION SPECTROPHOTO- · 
METRIC WITH CAR8!)N INDUCTION PART 314.0. 
FURNACE M,,,"I'<:1u,,r'. 

In"'lIctlon, 

UNFILTERED AND ACtOIFIEO, DIGESTED PART 301,41,11 1 11.,1 
A TOMle ABSORPTION SPECTROPHOTO- • 
METRIC PART 316.0. 

UNFIL TEREO ACIOI�IEO, OIGESTEO, PART 301,41,11 2 "gil 
ATOMIC ABSORPTUlN SPECTROPHOTO- · 
METRIC WITH CAR80N INDUCTION PART 319,41, 
FURNACE Men"fltCtu .. r', 

",II'lIction. 

UNFILTERED AND ACIDIFIED, DIGESTED, PART 301.0.11 20 "gil 
ATOMIC ABSORPTICN SPECTROPHOTO- • 
METRIC PART 323.0. 

UNFIL TEREO AND ACIDIFIED, DIGESTED, PART 301,41,11 20 lltafl 
ATOMIC EMISSION 5I'ECTROPHOTO_ • 
METRIC M,nll'.ctll,.r', 

, InuNctions 

UNFILTERED ANO ACIDIFIED, OIGESTEO, PART 201,41,11 , ugll 
ATOMIC ABSORPTICH Sf'ECTROPHOTO- • 
METRIC WITH CARBON INDUCTION PART 30SA 
FURNACE 

UNFILTERED AND I.CIOIFIED, DIGESTED, PART 301AI1 0.01 mgll 
ATOMIC ABSORPTION SPECTROPHOTO_ • 
METRIC WITH CARBON INDUCTION M.nu'lC1u .. r'. 
FURNACE InUNe1lons 

EQUIPMENT INTERfERENCE 

INSTRUMENTATION NOTE 1 
LABORATORIES 
253-02 

INSTRUMENTATION NOTE 1 
LABORATORIES 
253-02 
VARION TECHTRDN 
CRA-63 

INSTRUMENTATION NOTE 1 
LA80RATORIES 
253-02 

INSTRUMENTATION NOTE 1 
LABORATORIES 
253-02 
VARION TECHTRON 
CRA-63 

INSTRUMENTATION NOTE 1 
LA80RATORIES 
253-02 

INSTRUMENTATION NOTE 1 
LA80RATORIES 
25>--0' 

INSTRUMENTATION NOTE 1 
LABORATORIES 
253-02 
VARIAN TECHTRON 
CRA--63 

JARREL ASH NOTE 1 
'" NOTE l 
JARRELL ASH 
FLA-l00 
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TableC-l (Cont'd.) 

• STANOARD METHOOS fOR THE EX.4MINATION -Of WATER ANO WASTEWATER, 14TH EOITION (19751 

•• MANUAL OF METHOOS FOR CHEMICAL AN'ALYSIS Of WATER ANO VIASTES, EN· ... IRONMENTAL PROTECTION AGENCY, 
CINCINNATI, OHIO, JUL. 76 . 

NOTE 1 PROBLEMS OF SIGNAL INHIBlriON OR ENHANCEMENT fROM BACKGROCND MATRIX INTERFERENCE ARE OVERCOME 
BY INTERNAL STANOAROIZArlON DOSE-�ESPONSE CURVES 

NOTE 2. PHOTOMULTIPLIER "FLO:JDlrJG" AT SHORT WAVELENGTHS ISCORRECTEO BY INSTRUMENTATION POSSESSING ':lVAL 
MONOCHROMETERS CAPABLE OF NEAR N(]N-ABSORBING WAVELENGTH SIGNAL NULLIFICATION, 

NOTE 3 POOR SENSITIVITY AND CHENICAL INTERFERENCE ATSHORT'WAVELENGTHS IS CORRECTED BY INSTRUMENTATI'!)N 
POSSESSING HIGH ENERGY EXCITATION SOURCE. 



STATION 

VI SURFACe 
VI MID 
VI eOTTOM-
V SURFACE 
V MID 
V BOTTOM-
I'll' SURFACE 
I'll' MID 
I'll' BOTTOM-
III SURFACE 
III MID 
lI, eOTTOM-
II SURFACE 
II MID 
II eOTTOM-
, SURFACE 
, M'. 
, BOTTOM-

Table C-2 

ESTUARY SAMPLING - HIGH TIDE 

DATE TIME DEPTH T\MP. ," 
C 

.'12/77 080. O FT. " .. &2 

.'12/77 08 .. 1 1  FT. " .. ••• 

./12/77 08 .. 23FT. 225 U 
4/12n7 0920 O FT. '25 ••• 

./12/77 0920 10FT. ..5 ••• 

4/12n7 0920 20 FT. ... , .• 
4112/17 1000 O FT. 23.0 ••• 

4/12/77 1000 11 FT. 23.' ••• 

4/12/17 1000 23 FT. 23.' ••• 

./12/17 ", .. • FT. 23.0 '.3 
4/12/17 1030 '4 FT. ... ••• 

4/12/17 103. " FT. 24.5 U 
4/12/17 1110 • FT. .U ••• 

4/12/17 1110 11 FT. �.O ••• 

4,12/17 1110 18 FT. 25� '.3 
4/12/17 1150 • FT. 23.' a .• 

./12/77 1150 10 fT. 23.0 • •• 

.mm 1 150 UIFT. 23.' l.' 

- SAMPLES TAKEN APPROXIMATElV 2 FEET OFf THE BOTTOM 

C-Il 

D.O. CONDUCTANCE 
mol' MICRO SIEMENS 

6.' .00. 
'5 9500 

'-' "', .. 
, .• "' .. 
U '00 • 

... 12500 
,.S 6000 
6.> 6000 
6.' " ... 
••• 3500 
,.S 6 ... 
,. .,... 
U .... 

U "000 
6.5 ..... 
••• 9IiO 

l.a 1000 
, .• 125' 



Table C-3 

ESTUARY SAMPLING - LOW TIDE 

STATION DATE T.IME DEPTH TIl,MP. ,H D.O. CONDUCTANCE 
C mol' MICROSIEMENS 

II SURFACE 4/13/77 1240 O FT. 22.0 SA 1.' "'00 

" MID 4/13/77 .240 !1 FT. 22.6 ..0 1.0 7000 

1\ BOTTOM 4113/77 .240 lBFT. 24.5 1 .• ••• "" . 
IIISUR"ACE 4/13/77 �� O FT. 25.5 ••• 1.' 4250 
III MID 4113/77 "" 14 FT. ". •. 0 ••• .3500 
III BOTTOM 4f13n7 "" 28 FT. ". • •• ••• 20'" 
IV5U"'ACI! 411a117 10102 f\ �T. 24.0 .,0 1.' ">00 

IVMIO 4/13177 .. ," 11 FT. 24.0 •. 0 ••• 11000 

IV BOTTOM 4/13n7 .,., 23 FT. 25.0 ••• •. , 22000 

V SURFACE 4113177 .43. O FT. 2�.0 •. 0 1.' 5500 

V MID 4113/77 '43' 10 FT. 24.0 ••• 1.0 1000 

V BOTTOM 4/13/77 • 43. 20 FT . 25.0 •. 0 ••• 17500 

VI SURFACE 4" 3/77 .... o "T. 24.6 ••• 1.' 5500 
VIMID 4/13/77 .... 11 FT. " . •. 0 1.' .2000 

VI BOTTOM 4" 'J/77 ..... 21.FT. 25.0 ••• ••• 13500 

C-J2 
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n 
, 

� A 

STATION II 

• 
, � • 0 
, • >-< 0 >-� ;; 

0 • 

Phenol, mall .009, .. 008 .009 

TSS,mDII 

VSS, mall 

" O.glnlcs 

0 &  G, m,'I·" 

CYlnide. mall 

Cd, UIIlr 

Cr, ug/r 

CII, ugll 

Pt.. <41/1 
H,. ugll· 

Ni, u;/I 

Zn, ugll 

81, ugll 

8. ugll 

Mn. ugll 

A,. ua/I 

CI, mall 

Mg, mall 

As, ugll 
Sb. ugll 

S.. 1Ig11 

". 

" 

15.08 

4.3. 

<.02: 

< , 

.. 
• 

.. 
3.' 

3. 

" 

.. 
, .. 

60 
., 

67.2 

50' 

B.okln 
··0 & G "Oil& 3., .. 

'" n. 
30 " 

13.45 15.97 

B.B B.' 

<.02 < .02 

, 2 

.. " 

• • 
" '" 

2.' 3.3 

30 •• 

" 83 

.. , .. 
830 .60 

50 50 
3 • 

132 116.0 

862 217.0 

All J.3mp!n !_ Ihln 50 

All .mpln l.ulhlln 13 

AU sampln !ISS Ihan 80 

Table C-5 

ESTUARY WATER QUALITY - LQW TIDE 

STATION III STATION IV 

u • • 
� • u • u 

g < 0 < • • >- • • 0 >- < 0 >- < 
, 

;; 
0 , i 0 , " • • • • 

.8,. .DO, .003 .006 .005 .• oa .(I� 
,05 '" 530 90 ". .., " 

" " 45 , " .. • 
'�.2S 3.40 8.47 00 14.66 10.17 13.n 

3.1 , .. 5.' OS. a • •• 
<.02 ": .02 < '02 <.02 <.02 <.02 <.02 

2 3 5 • ,. 50 • 
62 " 80 " 56 .. " 

, , B • B 1 2  3 

66 82 ,,. .. " ,,. .. 
.. 2.3 2$ 2.3 2.2 .. 2$ 

20 20 " 20 35 .. 20 

" " 62 " 18 90 " 

55 '" , .. 90 "0 "0 " 

330 ,,. 2100 3" 1150 1900 ." 

" ,. 16 " " " " 

< 2  < 2  <2 ( 2  • • ( 2  

72.0 126.0 248.0 14.0 120.0 22<;.0 15.2 

.16.5 300.0 135.0 17.9 288.0 611.0 Sf.8 

STATION V STATION VI 

• • � u < 0 
>- • >-

0 >- < 0 >-
i 0 , i 0 

• • • 

.010 .011 .• oa .010 .009 

" " " 39 .. 
00 " 00 • , 

18.18 19.51 18.18 10.26 14.58 

'.3 10.8 .. 5.3 · 
<.02 ( ,02 <.02 <.02 CO2 

2 3 2 , • 

62 53 70 70 80 

• 6 B " " 

., " 80 90 '" 

3.0 3.0 2.2 2.2 2.' 

30 30 20 20 30 

18 12. 60 10 80 

" 160 '" "0 '30 
'20 1100 '00 810 1100 . 

35 " " .. 50 

<2 ,2 < 2  < 2  • 
81.2 116.0 18.4 102.0 116.0 

131.0 309.0 113.0 249.0 280.0 

• 

• 

• 



Table C-6 

ORGANIC COMPOUNOS DETECTED 

STATION I 

VOLATILES 2.1 ppb METHYLENE CHLORIDE 
NEUTRAL FRACTION NONE DETECTED 

BASIC FRACTION NONE DETECTED 

ACID FRACTION NONE DETECTED 

PCB', NONE DETECTED 

STATtON IV 
VOLATILES NONE DETECTED 

NEUTRAL FRACTION NONE DETECTED 

BASIC FRACTION NONE DETECTED 

ACID FRACTION NONE DETECTED 
PCB', NONE DETECTEO 

STATION VI 

VOLATILES NONE DETECTED 
NEUTRAL FRACTION 0.7 ppb 2,6 DINrTROTOLUENE 
BASIC FRACTION NONE DETECTED 
ACID FRACTION NONE DETECTED 
PCB', NONE DETECTED 

C-IS 



Table C-7 

VOLATILE ORGANICS SCANNED 
Detection Limits . 1 ppb 

Acetone 

Benzene 

Bromofonn 

Bromomethane 

Butyl Alcohol 
Carbon Tetrachloride 

el,l ol"nbenzcno 

Chloroethane 

2-Chloroethly Ether 

2-Chl oroethylvinyl Ether 

Chloroform 

Chloromethane 

Ch 1 oromethyl E Lh�r 
Chlorophenol 

1 . 4-0ichl orobenzene 

Dichl orobromomethane 

Dichlorodifl uoromethane 

l , ' -Dichl oroethane 

1 .2-0ichl oroctha�� 

1 ,1 -Di chl oroethylene 

1 .2-Dichl oroethylene 

l ,]-O;chl oropropene 

[limp.thoxane 
3 .5-0initro-o-Cresol 

2 , 4-0ini trophenol 

Ethyl Oenzcne 

Forma 1 dehydc 

Hexachloroethane 

Methyl A 1 coho 1 

Methylene Chloride 

Methyl ethyl Ketone 

o & M-Dichlorobenzene 

C-16 



TabJe C-7 

VOLATILE ORGANICS SCANNED (Cont'd) 

Pentachloroethane 

Pheno 1 

Styrene 

1 , 1 ,1 ,2-Tetrachloroethane 

1 ,1 , 2 . 2 .-Tetrachl oroethane 

Tetrachl oroethylene 

Toluene 

1 ,1 ,1 -Trichl oroethane 

1 �1 ,2-Trichloroethane 

Trichl oroethylene 

Trichl orofl uoromethane 

Vinyl Chloride 

H7 



Table C-8 

NEUTRAL FRACTION SCANNED 

Detection limits . 2  ppb 

Benzyl Alcohol 

Biphenly 

4·Bromophenyl Ether 

Chl orobenzene 

2-Chlorophcnol 

4-Chl orophenyl ether 

1 �2-Dichl orobenzene 

2 .4-Dichl orophenol 

4,4'·Dichl orophenyl Ether 

2 ,4-Dimethylphenol 

2 ,4-Dini trotol uene 

2 . 6-Dini trotoluene 

3,5-0; n; tro-o-Cresol 

2 , 4-0; nf trophenol 

Diphenylether 

Hexachl orobenzene 

Hex�chl oroethane 

m & p-Dichl orobenzene 

Ni trobenzene 

2-Ni tropheno 1 

4-Ni trophenol 

Pentachlorophenol 

Phenol 

1 ,2 ,�-Tr;chl nrnhp.nzene 

2,Q  ,6-Tr'i ch 1 ornphcnol 

Triethylene Glycol 

C-I8 



Table C-9 

BASIC FRACTION SCANNED, 
Detection limits .2ppb 

Benzidine 

Cyclohexylami ne 

3-3 ' D1chl orobenzidine 

Hexarnethyldiamine 

Pyridine 

N-Ni trosodimethylamine 

N-Nitrosodi-N-Propylamine 

N-Nitrosodi phenyl amine 

C-19 



1l1methyl Alelate 

(Azelctic Acid) 

Methyl Acetate 

(Acetic Acid) 

Methyl Fo mate 

( Formic Acid) 

Methyl Stearate 

(SOd1 U111 St�4,·ate) 

Table C-l0 

ACID FRACTION SCANNED 

Detection Limits .2ppb 

C-20 



PCB Compound 

. . 
Chlorobi phenyl 

Dichlorobiphenyl 

Hexachlorabi phenyl 

Hexachlorobi phenyl 

Pentachlorobi phenyl 

Tetrachlorobi phenyl 

Trichlorobi phenyl 

Table C-l1 

PCB's SCANNED 

Detection Limits .2ppb 

Mass Number 

188 
190 
1 52 

222 
224 
1 52 

109 
1 1 0  
1 45 

360 
362 
358 

1 27 
109 
1 28 

220 
73 

222 

256 
258 
186 

C-21 



Table C-12 

BRAZOS RIVER DISCHARGE NEAR ROSHARON, TEXAS 
STATION 0 116650 

DATE CUBIC fEET PER SECOND 
MARCH 1971 

" 8,080 

" 1,120 
" ',211' 
" 5,140 

24 .... 
2S S,40O 
,. '1.870 
" 4..3!10 

28 1,{)90 
29 4,010 
30 4,090 
" ',38' 

APRIL 

, " ... 
, 20,100 

, 25,100 
• 21,600 
• 21,800 

• ".'" 
, ,.".. 
S 11,800 

9 1!'i,"'0 
,. 14,600 

" " .... , 
" 1 1 .000 

" ',030· 

• fEA SAMPLE DATE 
•• UNPUBLISHED RECOROS SUBJECT TO REVISION 

C-22 



n 
, 

N 
W 

HEAVY 
METAL 

:uelll 

Cd 

C. 

c. 
Pb 

HO 
. , 
,. 
.. 
M. 
So 
A, 

.. 

Table C-13 
ESTUARY DISSOLVED HEAVY METAL BURDEN OF 717177 

EXPECTED INTAKE WATER QUALITY INDUSTRIAL DISCHARGE AREA 

STATION 0 STATION E 

SURFACE MIDDEPTH BOTTOM SURFACE MIDDEPTH BOTTOM SURFACE 

( I  " " (I ( 1  ( I  ( 1  

1.' 2.5 3.' I.' I.' 1.5 05 
'.0 ••• 5.' U , .• 3.6 .. 

3 , 3 • , , 4 

0.30 0.23 0.30 0.27 0.21 •. " 0.33 

, < 1  1 • • , • 

17 " Z1 1 1  " 18 " 

'1D ( 1 0  (1' (1' ( 1 0  ( 1 0  ( 1 0  

80 55 " " 78 3D 91 

< 2. 0( 20· (3D < 2. O. ,3D , 3D 

' 05  ( 0.5 , 05 ( 0.5 ( 0.5 ,OS <0' 

<2. <2' ,3D (3' <2. <2' , 3D 

UPSTREAM AFIEA 

STATION F 

MIDOEPTH BOTTOM 

( 1  ( 1  

1.5 1.' 
3.2 3.6 

, 3 

0.30 0.21 

4 , 
" " 

(10 (10 . 
70 " 

( 2' , 3D  
< 0. .(.0.5 

(3' ,3D 



APPENDIX D 

LETTERS FROM RESPONDENTS 

The ·following pages contain copies of the l etters which were re

ceived from agencies and other interested parties who responded within 

the given 45 day comment period ending September 7. 1977 . A response 

to the comments dea l i ng with the raw water supply and brine di sposal to 

the Dow Corporation and deep well injectio," are discussed i n  section a 
of thi,s document. Other comments whi ch were reee; lied after the due 

date are di scussed within the report text. The comments regarding the 

Gulf Brine Diffuser System Wi.l l  be deferred until the appropriate final 

suppl ement on this di sposal system i s  made. 

• 

D-; 



Comments on the draft received during the forty-five day comment 

period were received from the following: 

1. U.S .  Department of Army 

2 .  U.S .  Department of Commerce 

3. U.S. Energy Research and Development Admini stration 

4 .  U . S .  Federal Power Commission 

5 .  Texas Parks and Wil d l i fe Department 

6 .  Dow Chemical Company 

7 .  Ralph M.  Parsons Laboratory 

R. Brownsvi l l e-Port Isabel Shrimp Producers Association 

9 .  Port Isabel Shrimp Association 

10. Texas Env; ronment�l C�a l ; t1on 

D-i i  



1III£ft.., TO 
ATTIU" ION OPo 

SWGED-E 

DEPARTMENT O F  T H E  A R M Y  
IALVESTON O I S T R I C T , CO R P S  O F  E N G I N E E R S  

P . O . IO K  1 229 
ULVESTON. ', EUS 11553 

Executive Communications 
Room 3 3 0 9  
Federal Energy Administration 
Washington , D . C .  2 0 4 6 1  

Dear Sir: 

�'76GO:t 

2 SEP 1971 

This i s  in response to your letter dated 15 July 197 7 , which 
provided a copy of the "Draft Supplement Final Environmental 
Statement, Strategic Petroleum Reserve , Bryan Mound Salt 
Dome , "  for our review and comments. 

OUr comments are as follows: 

a. The authorized 4 5-foot Feder�l Navigation Channel 
Enlargement for Freeport Harbor would have a proposed dredged 
material disposal area near the injection well pipe lines . A 
copy of F igure 1 ,  page 4 ,  showing the proposed dredged material 
disposal site is inclosed. 

b. Request that the second sentence of the third para
graph of Section 1 . 2 . 1  be changed to read "Detailed plans and 
construction procedures for pipeline crossings and proposed 
structures at the f lood protection levee system will be coorn i 
nated with the Velasco Drainage D i s tl:ic.:t to insure the integ
l.'ity of the levee system is maintained , "  in lieu of "All 
construction work would be coordinated with the Velasco Drain
age District to avoid creating a f lood hazard to the property 
behind the levee . "  

c .  The proposed water intake in the Brazos River Diversion 
Channel ,  the Seven Mile pipeline , and the offshore brine dif
fUser structure will require Department of the Army permits 
under Section 1 0  of the River and Harbor Act of 1 8 9 9  prior to 
construction. Facilities constructed in wetlands will require 
Department of the Army permits under Section 4 0 4  of the Federal 
Water Pollution Control Act Amendments of 19 7 2 .  

0-1 



SWGED-E 
Executive Communication s , Federal Energy Administration 

d .  page 
,

1-3 , Paragraph 1 . 2 . 1 .  - Consideration should be 
given to the alternative of locating the pump station on the 
interior side of the hurricane protection levee. 

e .  Page- 1-7 , Section A-A. - There may be erosion at the 
base of the walkway supports and at the sides of the pump 
station during high discharg e s ,  and riprap protection should 
be considered . 

f .  P-ag'e- 2-2 4 ,  Paragraph '2'. 1 . 1 . -

3.d.ent.ify the saure,=, o.f the statement " combined 
'storage capacity of approximately 6 , 9 0 0  acre-foot. II 

The maximum Brazos River discharges at Rosharon are 
calculated to exceed 1 0 0 , 0 0 0  c f s ,  since the one precent dis
cha�ge at River Mile 52 is approximately 1 0 3 , 0 0 0  c f s .  

g .  Pumps and mechanical gear susceptible to f lood damage 
should be raised to an elevation at or above the one percent 
f lood elevation in consonance with Executive Order 119 8 8 .  
"Normal f looding e levation s "  is an ambiguous term which does 

"not specifically indicate compliance with the flood damage pre
vention requirements contained in the Executive Order .  Figure 
2 implies that susceptible gear is located above 18 feet 
e) �vation r but such items are not specifically labelled on 
�he �lev6�ion vie� " 

h .  It is suggested that construction of the inj ection 
well pipeline be coordinated with the Brazos River H a rbor 
Navigation District so as to avoid reductions in capacity of 
the disposal are a .  Also, construction of the pipeline cross
ing the small drainage ditch between the inj ection wells and 
the proposed disposal d):"ea should b� coordinated \\'ith the 
U . S .  Fish and Wildlife Service . 

' 1 Incl 
As stated 

Sincerely yours , 

-?o��CH 
Colonel ,  Corps of Engineers 
District Engineer 

D - 2  
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:=>eptember 2 ,  19 '/"' 

UNITED STATES DEPARTMENT OF COMMERCE 
The A .. lahlnt SecNury for Science end TechnololY 
Wlshlngton, D.C. 20230 

1202) 377-3111 

Executive Communicationc 
Federal Energy Administration 
Room 3309 
Washington ,  D .  C. 20461 

Gentlemen: 

This is in reference to your draft supplement final environ
mental impact statement entitled " Strategic Petroleum 
Reserve , Bryan Mound Salt Dome . "  The enclosed comments 
from the National Oceanic and Atmospheric Administration 
(NOAA) are forwarded for your consideration . 

Thank you for giving us an opportunity to provide these 
comments , which we hope will be of assis tance to you. We 
would appreci4te receiving fifteen ( 15 )  rnpi p.R of the final 
statement. 

Sincerely, _11�Jw._'16?�� { It.�ney R .  �dll 1." 
Deputy Assistan Secretary 
for Environmental Affairs 

Enclosure : Memo from NO�� , N�t.ional Marine Fisheries Service 
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U.S. DEPARTMENT OF COMMERCE 
N.tion.1 Oc •• nlc end Atmosph.ric Admini.tr.tion 
NATIONAL MARINE fiSHERIES SERVICE 
Duval Building 
9450 Gandy Boulevard 
St. Petersburg, FL 33702 

August 12,  1977 

" 
THRU ' ¥ 

Director, Office of Ecology & 

� Cv� AUG 2 2  1971 �vir ental
, 

�9Pservation , EE 

S1stant Director for scientific 
and Technical services

.

' i F
'
�j�I!:h' } /' 

William H .  Stevenson l � K /' 
Regional Duector .� , /) y 

AVG 2 J 1977 
FSE61/DM 

SUBJECT :  Comments on Draft Supplement Final Environmental Impact 
Statement - Bryan Mounu Salt Dome (FEA 76/77-6) 

The draft supplement final environmental impact statement for Bryan 
Mound Salt Dome, has been received by the National Marine Fisheries 
Service for review and comment. 

The statement has been reviewed and the following comments are offered 
for your consideration. 

Specific Comments: 

1 .  DESCRIPTION OF PROJECT 
1 . 2  PROPOSED ACTION 
1 . 2 . 2  
1 . 2 . 2 . 3  

Brine Disposal 
Marine Disposal in the Gulf of Mexico 

Page 1-10, paragraph 5 .  The rationale for the necessity of this brine 
disposal method , which would adversely impact some marine life, should 
be discussed since it is stated on the same page , second paragraph, 
that the proj�cted fill rate would be 150,000 BPD and in the 4th paragraph , 
that the proposed five injection wells would be designed to accommodate 
disposal of 150, 000 BPD. 

2 ,  
2 . 9' 
2 . 9 . 3  

DESCRIPTION OF THE EXISTING ENVIRONMENT 
GULF OF MEXICO MARINE ENVIRONMENT 

Marine Ecology 

Page 2-68. The various descriptions of salinity tolerances found in 
subsections under Marine Ecology should , where appropriate. include 
a discussion of the work done by Copeland and Bechtel (1974) and Gunter, 
Ballard and Ven)c.ataramiah (1974 ) .  
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2 . 9 . 3 . 5  Shrimp 

Page 2-86. Figure 2 2 .  This figure was apparently developed primarily 
from information contained in Figure 2 . 7 ,  Migration of Gulf of Mexico 
Penaeid Shrimp in the Atlas of the Living Resources of the Seas 
published by FAO, Department of Fisheries. Rome , in 1972. However, the 
boundaries of the' major white and brown shrimp fish�ng grounds shown in 
Figure 22 are considerably different than those in Figure 2 . 7  of the FAC 
publication. Also, the migration routes were illustrated as examples 
only by fAO. 

Realizing some errors even in their publication, FAO is in the process 
of revising it. We , therefore, recommend that the' f,igures on p,ages 7 
and 11 of the BurcoJ.U of Commercial' Fish�:r:ies Clr\,,:uli:tL' 312. (Ost?orn, Maqham 
and Drummond, '1'969) be used to portray the brown and white shrimp 
fisheries. 

In addition., we believe that FiCj'ure 23 (Pi'9� ?-137) sufficiently port:r:�y§ 
the migration of larval and. juvenile penaeid shrimps , so that the 
incomplete and inaccurate portrayal can be deleted from Figure 22. 

Page 2-88, paragraph 1 .  Since the peak �gration of brown shrimp to the 
Gulf occurs duri.ng �y and June (Trent, 1966) , it . appears that broWl! 
shrimp �igration from· the estuaries is unre1ated to temperature reduction. 

Page 2-88, paragraph 2 .  The statement that. �hite shrimp post-larvae, 
which come into the estuary later in the year., "overwinter in the 
estuaries , "  should be modified to sta.te that they may overwinter in the 
eDtuariea. 

It is also stated in this paragraph that ' ''some recent information indicates 
that a white shrimp spawni,ng stock occurs 5-7 miles off Bryan Beach. "  It. 
should also be noted that the AssQc1ate Marine Fisherie� spp.r.i � l i �t Qt th� 
Texas Agricultural Extension Service at Angleton recently informed the 
NMFS by

· 
letter of August 9 ,  1977, of. documented spawning populations of 

white Shrimp
· 

inside·. of the proposed diffuser site, in waters about 4 miles 
offshore, as well as beyond. He , denoted three. sites ra,ngi.ng about 0 . 8  to 
3 nautical mt'les from the proposed diffuser site where he co"llected white 
shrimp with spermatophores, ready to spawn. He noted that during three 
collecting trips in 1977 they have inves�igated an area extending east 
of the Freeport jetties to west of the San Bernar� River, and out to 10 
fathoms in search of mated shrimp. He stated that "the three sites are 
the only . locations in which we have dnc:umented fema·le white. shrimP with 
spermatophores, thus far. �he , presence of these spermatophores indicates 
a definite spawni?g site . "  (A copy of the letter discussed above is being 
forwarded to the PEA co�tact designated for this E1S . )  Since an alterna
tive of placi.ng the diffuser 12 . 5  N miles offshore is presented, the . 
comparison of the shrimp resources and fishery at that location, in to 
10 N miles, should be compared to these in the vicinity of the proposed 
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site, in view of this additional information . The Associate Marine 
Fisheries Specialist is preparing a letter reviewi.ng the fisheries in 
both the proposed location · and alternate sites out to 12 . 5  � miles 
offshore� That will also be forwarded to the FEA contact wilen available. 
The final supplement EIS should also discuss all the additional. information 
on . the fisheries at each possible diffuser site. Copies of both letters 
should be included in the FEIS. 

3 .  ENVIRONMENTAL IMPACTS 
3 . 1  CONSTRUCTION 
3 . 1 . 3  Terrestrial Environment 

Injection Well Pipeline and well Sites 

Page 3-;, paragraph 2 .  This section states hhat "Long term loss of about 
3 acres of · marsh habitat • • •  would be unavoidable.' • .  " .' The alternative of 
directionally drilling the disposal wells from nearby upland terrain 
should. be thoro.ughlY discussed since that would make the marsh habitat 
loss avoidable. 

3 . 2  OPERATION 
3 . 2 . 4  Brazos River Diversion Channe l  

Page 3-21, paragl<aph 4 .  The statement "Even if a worst case· were assumed 
and all organisms within. the intake waters were lost,. only a negligible 
fraction of the biota" would be lost," should be docwnented. 

3 . 2 . 5  Gulf of Mexico Brine Diffuser 
3 . 2 . 5 . 3  Biological Impacts of the Gulf Diffuser gperation 

Page 3-37. The supplemental final environmental impact .statement should 
include and' discuss the results of bioassays recommended in the Summary 
and Conclusions ·section of the Proceedi.ngs of the Strat.egic Petroleum 
Reserve Workshop - Environmental Considerations of Brine Disposal Near 
Freeport, Texas, held in Houston, Texas , on February 17 and 1 8 ,  1977. 
It was concluded that at least three candidate organisms be selected for 
tolerance studies under laboratory conditions. These include : white 
shrimp (all life stages ) ,  red drum (adult and juvenile ) ,  and polychaete 
worms . I L was further recommended that brine from the Bryan Mound Dome 
be used for these tolerance studies and that the water used to form the 
brine for the bioassays be f�om the same source as the water that will 
be used during the drawdown phase and when enlarging the dome by leachi.ng. 
This is extremely important since, as the EIS notes, the Brazos Ri,ver 

'Diversion Channel (from which the water will be drawn) i s  often extremely 
polluted. The results of the bioassays should also be includ�d and 
discussed in the fin�l supplement. 
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7 .  ALTERNATIVES TO PROPOSED ACTIONS 
7 . 2  BRINE DISPOSAL ALTERNATIVES 
7 . 2 . 2  Gulf Diffuser System Alternatives 
7 . 2 . 2 . 2  Alternate Diffuser Site 

Page 7-7-. Since locating the diffuser 10 N miles offshore would apparently 
locate it beyond the white shrimp spawning grounds and the sportfishing 
bank , this loca�ion should also be discussed as an alternative because it 
should involve less construction costs and less disruption of Gulf bottom 
than the 12 . 5  N. mile alternative •. Any additional. information available 
concerning the fisheries in the vicinity of these sites shou�d be 
discussed. 
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UNITED SlATES 

ENERGY RESEARCH AND DEVelOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Executive Communications 
Federal Energy Admini stration 
Room 3309 
W .. hi ngton , O. C. 20461 

Dear S i r :  

SEP 1 1977 

. '., " " � '1 v � ':6t.!U 

This i s  i n  response to-Mr. Michael E .  Carosel l a ' s  transmittal dated 
July 15. 1977 . in which he invited the Energy Research and Development 
Administration (ERDA) to review and comment on the Federal En�rgy 
Admi nistration ' s  draft supplement to the final environmental impact 

' statement for the Bryan HQund salt dome (FrS 76/77-6) .  

We have reviewed the supplement and have determined .that we have no 
objection to the change i n  the design of the Bryan Mound brine 
disposal and water supply systems . We have no comments to offer 
on the suppl ement i tself. 

Thank you for the opportunity to review and 'comment on the draft 
supplement. 

cc: Counci l  on Environmental 
Qua l i ty (5) 

Hr. Michael E. Caro�cl 1 a ,  FEA 

M,lY'[Ll 
W. H. Pennington. Di rector 
Office of NEPA Coordination 

O-fO 



FEDERAL POWER COMMISSION 
W",SHINGTON. D.C. 20426 

Executive Communications 
Room 3309 

August 2, 1977 

Federal Energy Administration 
Washington, D . C .  20461 

Dear Sir: 

I am replying to your request of 15 July 1977 to 
the Federal Power Commission for comments on. the Draft 
Environmental �mpact Statement for the Bryan ' Mound , Strategic 
Petroleum Reserve. This Draft EIS has been reviewed by 
appropriate FPC staff components upon whose evaluation 
this response is based. 

The staff concentrates its review of other agencies ' 
environmental impact statements basically on those areas 
of the electric power and natural gas industries for which 
the Federal Power Commission has j urisdiction by law, or 
where staff has special expertise in evaluating environ
mental impacts involved with the proposed action. I t  does 
not appear that there would be any significiant impacts in 
these areas of concern nor s'erious conflicts with this 
agency ' s  responsibilities should this action be undertaken. 

Our review, however, noted the following items for your 
evaluation: 

1) The solution mining of additional salt dome caverns 
or enlargement w.ill impact areas much larger than 
stated. 

2 )  Super saline conditions will probably persist for a 
longer period, depending upon the frequency of storage 
operation. 

3) Initial filling of storage should b e  at a lesser 
rate to reduce emulsification. 

4 )  Cpnsidera�ion snould be given to filtration of the 
brine d ischarge . 

Thank yOU for the opportunity to review this statement. 

Sincere ly, 

CY-r:�,�. �,- - -t&a�� M .  Heinemann 
Advisor on .Environmental Quality 

O-IJ 



TEXAS 
PARKS AND WI LDLIFE DEPARTMENT 

IISSl0NERS COMMISSIONERS 

CE JOHNSON 
i."' .... A""in 

BOB BURLESON 
Templf 

fULTON 
.... Ch.irm .... LubbOfk 

JOHN M. GREEN 
8e�""'O"l 

R. STONE 
.. 

August 8, 1977 

ClAVTIDN T. GARRISON 
EXECUTiVe DIRECTOR 

4200 Srnith School ROiu 
Austin, TulS 7�744 

Federal Energy Admi nistration 
Executive Communications, Room 3309 
Washingt�n. D. C. 20461 

Re: Draft Suppl ement - Final Environmentaf Impact Statement, 
Bryan Mound Salt Dome 

Dear Si rs: 

lOUIS H.  STUMBERG 
Sin A"lon;o 

Reference i s  made to the document which was submitted to this agency for 
re�iew and comment on July 1 5 .  1977. We have reviewed the draft and offer 
the fol lowing comments for your consi deration. 

The plans for operation of the Br.yan Mound Sal t  Dome Strategi c Petrol eum 
Reserve i nclude three methods of disposing of brine from the faci l i ty - use 
as feedstock by Dow Chemical Company. use of i njection wel l s .  and di sposal 
by diffuser in the GuH of Mexico. It i s  recommended that di sposal i n  the 
Gulf of Mexico be kept as low a s  possible i n  order to avoid adverse impacts 
to the offshore fisheries. parti cularly with respect to the white shrimp 
f1 shery. 

Section 3. 1 . 8  of the draft shoul d be -expanded to discuss possible i nter
ference with navigation and trawl ing operations which may result from the 
installation of a Gul f brine di ffuser system. Section 4 . 6  shoul d also be 
expanded to diScuss this subject. 

to review and comment upon this document 1 5  apprecfat��. 

cc: Mr. Ward C. Goessl ing. Jr • •  Coordinator 
Natural Resources Section 

. 

Governor' s Budget and Pl anning Office 
Executive Office Bui l di ng 
411 West 13th Street 
Austin, Texas 78701 0-.12 



DOW CHEMICAL U.S.A. 

September 1 .  1971 

Execut ive Commun ications 
Room 3309 
Federal Energy Administration 
Washingto n ,  D . C .  20461 

Gentlemen ; 

.AASTOW BUILDING 

2020 cow CENTER 

""" OLAND. MICHIGAN .8640 

Thank you for ,the opportunity to comment on the Draft 
Supplement to the Final Environmental Impact Statement , 
Bryan Mound Salt Dome . We have no comment on the technical 
portion of the statement . However , on pages 1-9 and 1 - 1 0 ,  i t  
1s stated that there i s  an agreement with the FEA whereby Dow 
would dispose of 56 , 500 BPD o f  brine from the s it e .  Dow and 
the FEA have been discussing this possibility for sometime , but 
there was no firm agreement at the t ime o f  the statement and 
there is still no agreement now. So the impact statement is 
in error and misleading on this point . ���neerel�� yours , 

, .- < .� 
r Go r and 

i ector of Planning 

be 

0-13 
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RALPH M. P .... RSONS LABORATORY 
FOR WATER RESOURCES AND HYDRODYNAMICS 

OItP ..... TM�'<tT Of' CIVU .. ENGINEEI'I'"G. BLDG: 48 -321 
"'"SSAC:HUSETTS INSTITUTE ql" TECHNOLoGY 

CAMBRIDGI[. "'ASSACHUSIETT8 02139 

Executive Comm�nications 
Room 3309 . Federal Energy Administration 
Washington, D . C .  20461 

Dear Sirs. 

August 22, 1977 

The purpose of this letter is to address two small issues concerning 
t.he design and operation of the offshore brine diffuser and ,to make 
several small corrections to those parts of the document for which we 
at MIT were responsible. 

The first point concerns the orientation of the �iffuser ports. The 
angle of 900 was sl;!l.ected for preliminary analysis based on prior 
experimental data obtained with that orientation. We are presently 
conducting some experiments ·in which the question of nozzle orientation 
will �e explored in detail. We expect to have some results available 
by mid-fall. and hope that these cOuld be [al: lua:.ed into the final 
design. 

The second point concerns the operation of the diffuser at flow rates 
less than the maximum discharge. The table on page 1-15 suggests that 
the recommended range in Froude number of 16-20 will be maintained. 
Tht� could be accomplished by incorporating raw water from the Brazos 
as mentioned on page 1-12 or by capp�ng a n�mb�r of nozzleD. If th� 
risers were .threaded so that caps could be easily fitted or removed. 
then it would also be possible to fit nozzles which might discharge 
at angles of other than 90°. 

The following errata a e .:!  noted: 
'1. The disoussion of the MIT model appears to be extraoted direotly 

from section 7 . 3  of NOAA ' s  Bryan Mound report . Thus the two figures 
on pages D-4 and 0-5 actually refer to the previous. section of the 
NOAA report and their inclusion is somewhat out oJ context. 

2. On page 0-58 the dimension of 16d on part a) of the figure (upper 
part) should read 8d. 

0-14 
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3. On page D-77, the first sentence of the 2nd paragraph should read. 
"The properties of a round buoyant submerged jet (or a negatively 
buoyant surface "jet) can be determined using an integral jet 
analysi s . "  

4 .  On page D-78, several of - the table entries are in error. A revised 
table is enclosed. 

enclosure 

cc. Dr. Dail Brown 

D-15 
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E. Eric Adams 
Research Engineer 



Table 18 (�arison of Parameters for Typical Ocean Di8cha=gea 

Nature of Discharge 

o Flov Rate. Q (m3/s) 
, 0 

� 
'" 

Initial Denstty DHference� 
p -,:. If) 

o • •  

Buoyancy Flux, 4 j 
(po-p.)gQo /lla (m Is ) 

Typical Dilution Required 

of thennal ,  Sewa�e and �aturated Brine Effluents 

ThermLl Sewage 

-Condenser ccc-li1'lf, loIater 200 HGO 
for 2000 MWe N"uc1ear Sewage Treatment 

Power Statlcr· Plant 

ICC 10 

. GO .025 
(J.2·C temperature rise) (fresh-salt water) 

2 . '  2 . 5  

10 100 

Saturated Brine 

Proposed Bryan 
Mou�d Brine Oischarge 

1 . 2  

-.25 
(saturated brine) 
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BROWNSVILLE - PORT ISABEl 
SHRIMP PRODUCERS ASSOCIA nON 

���--"�iiyi. �;��<�\� .,,\,-
, 

BROWNSVILLE. TEXAS 

Augus t 24 . 1977 

Executive Commun ications 
!loom ))09 
Federal Energy Administration 
Washington , D . C .  20461 
Dear Sirs : 

Concerning brine disposal from the Bryan :-;ound salt dome I the 
Brownsville -Port Isabel Shrimp Producers Assoc. would l i k e  t o  
g o  on record a s  opposing the proposed location of brine diffuser 
pipes just 5 nautical miles offs hore from Freeport , Texa s .  

Fleets from our area depend on the entire Texas Coast for shrimp 
production and over the years the f i s h ing grounds just offshore 
from Freeport have become recognized as prime white shrimp areas. 

The proposed location of the brine diffuser system would d i rectly 
confl i c t  �'1 1th major white s hrimplng efforts and would definitely 
hamper production. There is a dist inct possibility that high 
salinity t'laters found in the area could affect reproduction of 
gravid white shrimp, which congregate near s hore for mating and 
spa\'ming. 

We are als_o concerned about the effect of brines on the migration 
patterns of larval and juvenile shrimp, respectively, immigrat ine 
and emigrat ing to and from bay s .  

An alternat ive d i f fuser s ite a t  1 2 . 5  N .  miles offshore , would 
not significantly conflict w i t h  the interest of most s hrimpers , 
in which CAs e ,  our Association s t rongly supports a d i ffuser s it e  
fUrther from land than the proposed 5 naut ical mile s i te . We 
further rec ommend that whichever s ite chosen be properly marked 
for night and day observation. 

n-17 
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PORT ISABEL SHRIMP ASSOCIATION 
P. O .  BOX 1046 

, PORT ISABEL. TEXAS 78578 

August 24, 1977 

Executive Communications 
Room 3)09 
Federal Energy Administration 
Washington D . C .  2oJ,,61 
Dear Sirsl 

In reference "to the environmental impact statement (ElS) t 
for the Bryan Mound salt .dome , the Pt. Isabel Shrimpers 
Assoc. would like to submit the following comments • 

. Our local Shrimpers Assoc. fully recognizes our Nation' s  
need for energy at a reasonable cost. but at the same 
time we . as representatives of the Texas Shrimp Industry. 
also realize that a healthy marine enviroment must not 
be sacrificed toward those goals . 

The Port Isabel Shrimpers Assoc . has a great deal of 
interest in -fishing zones other than those just off our 
coast. By nature of our far ranging shrimp fleets . 
which harvest shrimp over the enti�� northern Gulf� we 
cannot ignore events which might be of detriment to 
common shrimp grounds , whether they are 50 or even 600 
or more miles from port. 

Shrimp and many other commercially important marine 
species use near shore areas ,as well as bays and estuaries . 
during all or a part of their life cycle. ,We feel that 
�hese areas must be Rrotected to allow our renewable 
fishery. resources to retain a high level of productivity. 
we therefore express our concern that the proposed location 
0$ a Bryan Mound diffuser system - only SH . miles from 
shore , would definitely conflict with production. and 
possibly reproduction of white shrimp in that area. 
White shrimp production decreases would certainly result 
from the direct 'trawl hindrance of diffuser pipes in the 
area. It is not inconceivable that high saline ( )14 
parts per thousand) brines .  could affect mating behavior 
of white shrimp. wh!ch occurs in the diffuser site area. 
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page 2 

Survival of newly fertilized eggs and developing larvae 
exposed to abnormally high salinities , must also be 
considered. High saline brines might also di srupt normal 
emigration pat�erns of juvenile white and brown shrimp , 
as they leave bays and estuarie s ,  and possible interfere 
with longshore migrations of adult shrimp . 

A diffusion site located 1 1 . 5  to 1 2 . 5  miles offshore . 
would be less harmful to both shrimp biology and comm
ercial shrimping activity. and as such, our Association 
highly recommends that such a site be selected instead of 
the 5 N mile diffusion area. 

c . c .  Freeport S hrimp Assoc . 
P .  O .  Box 1 1 2 3  
Freeport . Texas 77541 

c . c .  Col. Jon C .  Vanden Bosch 
District Engineer -
Galveston District 
P. O. Box 1229 
Galvaston. Texas 77553 

0-19 



COASTA L BEND CONSERVATION ASSOCIATION INC. 'Il'Ilci<liIJOtI<=�"Kl<li!:IlX�lI!:eXXXII; 
P . O .  Box 111 6 ,  Port Aransas , 

Texas 7 8 3 7 3  

August 2 7 ,  1 9 7 7  

Executive Communications 
Room 3 3 0 9  
Federal Ener�y Admini$tr�tion 
Washington , D . C .  2 0 4 6 1  
R E :  Draft Supplement , Final Environmental Impact Statement , Bryan 

Mound Salt Dome . rEA 7 6 / 7 7-6 , July 1 9 7 7 . 

Dear Sirs : 

My comments here are being submitted as those of the Texas Environmental 
Coalition. 

Following our meeting with Mr. Thoma s E .  Noel .  Assi stant Administrator . 
Strategic Petroleum Reserve , on July 1 1 ,  1 97 7 ,  at Freeport , Texa s ,  
we have had an opportunity to examine the supplemental document o f  
which he spoke and to which we have reference in this communication. 
At the time of our meeting, Mr. Noel indicated that the �rAft �llp�l pmpnt 
WOuld answer a number or the questions raised at our meetin g .  On 
examination, we find that, though a number of the questions raised 
were addressed in the document , definitive answers are lacking. 

Our concerns here are mainly with the impacts of placing a brine 
diffuser in the Gulf of Me�ico , at the proposed location beginning 
3 0 , 38 0  feet from shore and extending seaward an additional 2 , 0 0 0  feet. 
We also have some concerns regarding the construction of the brine 
transmi ssion l ine from Bryanmound to the diffuser site . 

We are in agreement with the following paragraph from Sec , 3 . 2 . 5 .  
(page 3-21) o f  the draft supplement that states :  

The mi'lp.;nitude of the imp.:lcta o f  the. hri,ne di 5chal�g..:: ilPQ 
an interaction o f  the qu"ality o f  the displacement water , 
oil-brine reactions within the cavern, oil-brine reactions 
in "the brine surface control facility. respective water 
quality parameters at the diffuser site , existing current 
conditions , diffuser response and salinity tolerences o f  
the indigenous marine specie s ,  timing sequence and d i scharge 
rates . 

And, we further agree that a monitering system, as described to be 
in the plannin"g ( in the next "paragraph, page 3 -2 2 )  i s  an absolute 
necessity, should the project be undertaken .  The predisposal laboratory 
and field studies (mentioned in the same paragraph) are "also a 
necessity. and should have been completed before tnis d�aft supplemt 
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fexas Environmental Coalition 
August 27 , 1 9 7 7  
Page 2 
was prepared for distribution and comment . The subjects of the pre
disposal studies are primarily those which raised the greatest 
concern in our meeting with. Mr. Noel ,  and which are most inadequately 
discussed in the draft supplement . 

The brine tolerence of various indigenous species, and their life-
cycle forms is not now known , relative to the brines under consideration , 
and this i s  made quite clear in the draft supplement , though a great 
deal of information of questionable applicability is presented , in 
an effort to demonstrate that these species may not be harmed . The 
as sumption is made in the draft that those species that are mobile 
enough will move away from the highly impacted brine diffusion area , 
thus the conclusion (Page 5-1 ) liThe single long-term environmental 
impact [of- the entire project] would be the removal of 15 acres of 
land from present u se . "  This conclusion discounts the real possibility 
of damage ,  especially to a known white shrimp spawning area. If the 
brine disposal results in mortality associated with the spawnin g ,  
then a long-term impact has been created . The draft tends to play 
down the significance of this spawning area, as well as the shrimp 
fishery in this area. It furthcr suggests that the white shrimp 
is not of great importance to the Texas shrimp fishery . The draft 
is in error on a l l  three stands . The area under discussion is one 
of the few where egg-bearing white shrimp have been collected fOF 
research purpo s e s ,  consistently. As recently as early August , 197 7 ,  
one Gulf shrimp boat , in a six-day period landed 2 , 6 0 0  pounds of 
marketable shrimp from the immediate vicinity of the proposed diffuser 
site ( Brazosport Fact s ,  August 1 0 ,  1 97 7 ) . Also , the white shrimp 
i s  important to the fishery in terms of poundage landed as well as 
its seasonal catch aspect , that allows for more productive working 
days for the Texas fleet , that otherwise would be responding only 
to the seasonal catch of brown shrimp . It is also recognized (page 
4-6 ) that the project may have an adverse impact on red fish spawning , 
yet this potential consequence is also glossed over by the suggestion 
that these fish will �robably sp,awn elsewhere, thu s ,  having no real 
effect . What data ind�cates that this would be the cas e ,  to the extent 
that there would be no adverse effect on spawning success? Data are 
not presented in the draft regarding the recreational fishery of the 
area, and the potential los s ,  should the project be constructed. 

Water quality data, both in the diffuser area, and in relation to 
displacement water is scanty in the draf� supplement . In fact, 
most conclusions of the draft are based on one set of sample s ,  
taken in April ,  197 7 .  Considerably more background data on water 
quality is neces sary before any v�lidity can be expected from the 
monitering program·, and , certainly before any valid predictions can 
be made about how the brine may effect ambient water quality . 

Biologic populations in the immediate area of impact are not described . 
Of special importance are the benthos , which will surely sustain some 
level of los s .  It may be that the bentho s ,  in combination with the 
yet to bc cxamined bottom ocdiments of the area are in some way 

!sponsible for this being a successful spawning area for shrimp 
�d redfish. 
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The coastal dynamics of the immediate vicinity o� the proposed diffuser 
site are also not reported in the draft supplement . Data used in 
preparing the diffusion models were not taken from the immediate 
area, and do not reflect the magnitude of day-to-day and hour-to-hour 
changes that could take place in the local current regime . In addition, 
local experience indicates that the 16-day stagnation period . chosen 
as an extreme in the model proj ection s ,  may, in fact, fall short 
of the extreme condition . 

As we told Mr. Noel at our July meeting , the needed data for making 
a valid assessment of the environmental impacts of the brine diffuser 
in the proposed application are not in han d .  Minimal sampling. by 
any scientific standard , has taken place in advance of preparation 
of the draft supplement, and crucial laboratory data is only now being 
collected . Any final environmental statement on this project should 
contain sufficient biological , chemical and physical' data to approach 
the real questions , discussed here . concerning the impacts of 
the proposed brine and displacement water disposal in the Gulf of 
Mexico. 

Regarding construction of the brine transmission line , we urge that 
all possible restoration techinque be employed after trench backfill 
on land and in the wetlands . The draft supplement indicates a recog
nition of this necessity, and a practical understanding of the factors 
and lengths of time involved . Monitering and necessary additional 
work should be undertaken during the restoration period to assure 
total restoration in the delicate areas .  of wetlands and dunes . 
Removal of excess dredge material after backfill ot· the pipeline trench 
in the Gulf is apparently not contemplated , therefore the work should 
be undertaken at a time when the increased turbidity and bottom 
sedimentation will have the lea,st adverse environmental impact , in 
regard to migratory and spawning species in the vicinit y .  (Note: 
see attached letter to Col. Jon , C .  Vanden Bosch, District Engineer, 
Galveston District, Corps of Engineers , regarding permitting for this 
pipeline construction . )  

, 

We appreciate this opportunity to comment on the draft supplement in 
hand, and look forward to further consideration of this matter. If 
you have any questions ,  please do not hesitate to contact us at 
any time . 

�� 
Stcvc Friehman 
for the Texas Environmental Coalition , 
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,AST,.1 L BEND CON$FI4-VA,Tj'J:'J 4�';5()GIATl(c !N,";. J;;{�j;'1�i3�:;':Cl'�0Nf)Si(K� 
F�x � l! c , Port Aransa s ,  Te�as 

Col .  Jon C .  Vanden Bosch 
District Engineer 
Galveston District 
U .  S .  Army Corps of Engineey·s 
P . O .  Box 1 2 2 9  
Galveston, Texas 7 7 S 5 3  
Dear Col . Vanden Bosch: 

Augt:st 2 7 ,  1 9 7 7  

RE : SWGCO-RP, Permit Application -12 0 6 2 ;  and the Reglatory Program 
of the Corps of Engineers, published in the Federal Register, 
July 19, 1 977 . 

7 8 3 7 3  

In the past we have discussed the Bryanmound Strategic O i l  Reserve 
project in relation to the need , or lack of need, fo!:' a Sec . 1+04. 
permit in regard to construction of a 30 inch brine outlet pipeline 
and brine outlet diffuser in the Gulf of Mexico ,  

As I lmderstand yourjnote <;If 2 2  July 1977 , it appears that you at;'e 
interpreting this l�ne and diffuser as a utility. While I may not 
agree that a diffuser is a ut.ility, and may further, at some point , 
argue the entire concept of all pipelines being utilities , I see 
that you are reading the definition of "utility" in 1 3 2 3 . � - 3  ( a ) ( l )  
of the 1 9 7 7  regs. Therefore , we have no resolvable disagreement 
regarding this point. 

The point I wish to press is that, in this cas e ,  according to the 
'same citation , "excess material must be removed to an upland disposal 
area . "  I find from rEA I s' draft supplement to the Final Environmental 
Impact Statement for the project that ( S e c .  3 . 1 . 6 )  the assumption is 
that the excess material ",i11 be washed away by the prevailing current , 
and I really can ' t  imagine that any excess material would even be 
considered for removal to shore . 

In addition , under 1 3 2 3 . '-- 3  (b ) ( 2 )  of Corps reg6 � "The discharge will 
not occur in areas of concentrated shellfish production. II The FEA 
draft supplement ( S e c .  3 . 1 . 6 )  states , "Dredging operations are expected 
to be conducted over a period of tour months and would commence ih 
November to avoid interference with the white shrimp spawning season 
which begins in April . '1 

As I see i t ,  the conditions under which a If 0'- permit application- is 
not necessary have not been met on at least two front s .  
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i\.a't h e r ,  l:nder the new reg s ,  iT would seem that the assoc iated oil 
pip.;!line ( Fubli:- Not ice SWGCO-RP , Permi't Applicati:>n - 1 2 1 1 2 ) would 
not req.lire a 4 0 4  permit , though your office ' s  notice says :''t does . 

:\ f yC'u knew, my concern is for process in this cas e ,  and I am seeking 
.�.,J re'tain evel"'Y leve l possible at which public input remains at a 
l�r.;:r:itl'r. . Sec . I �04 giv�s t'he public a bette!' handle than Sec . 1 0 , 
and I am i�terest�d that t h i s  handle be retained to its fullest 
extent within existing l a w .  

I :IOOK forward to you¢ons idEraticn o f  the points I have raised 
r·cgarding this i s sue , and alT� ready to discuss the matter at your 
c:o:"lVp.nience . 

Thank your for your interest in t h i �: IT.-;1 tel' . 

Very truly yours , 

?� �� 
Steve FriShman 

p . s .  I am still most easily reached by phone at 5 1 2 / 7 4 3 - 6 3 7 7 , or 
by writing the letterhead addre s s .  

cc Executive Communications 
Room 3 3 0 9  
Federal Energy Administration 
WR �h; nernn : n . r. .  ? 0 4 fi l  
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