
QAe7877

Final Technical Report 

Evaluation of Contamination and Remediation 

Manvel Saltwater Disposal Site 

Brazoria County, Texas 

(RRC Site No. 92-03-00003) 

by 
W. R. Kaiser, Jeffrey G. Paine, Steven W. Tweedy 

Alan R. Dutton 

Principal Investigator 

Prepared for 

The Railroad Commission of Texas 

under Interagency Contract No. 96-0050 

Bureau of Economic Geology 

Noel Tyler, Director 

The University of Texas at Austin 

Austin, Texas 78713-8924 

Revision 1 

May 1996 



CONTENTS 

EXECUTIVE SUMMARY ........................................................................................................... 1 

INTRODUCTION ....................................................... ........... ....................................... ............... 3 

Statement of Problem ........................................................................................................... 3 

Objectives and Scope ............................................................................................................. 7 

Site Description ...................................................................................................................... 7 

Hydrogeology ......................................................................................... .............................. . 11 

Soils Description .................................................................................................................. 14 

METHODS ................................................................................................................................... 17 

Sampling ................................................................................................................................ 17 

Electromagnetic Induction Survey ........................ .......................................................... 21 

Analyses ................................................................................................................................. 24 

Electrical Conductivity ..................................... ...... ..................... .............................. .... 24 

Water Composition ......... .. ................................................................ .... ........................ 25 

Total Metals ............. .. .......................................................... ................. ........................... 25 

TCLP Metals .................................................................................................................... 25 

TPH ................................................................................................................................... 26 

BTEX ................................................................................................................................. 27 

Semivolatile Organics ................................................................................................... 27 

RESULTS ..................................................................................................................................... 28 

Waste Description ................................................................................................................ 28 

Waste Volume ..................................................................................................................... 29 

Waste Composition ............................................................................................................. 29 

EC ........................................................ .......... .... .. ............................................................ ... 29 

Total Metals ..................................................................................................................... 34 

iii 



TCLP Metals ............................................................. _ ....................................................... 34 

TPH ................................................................................................................................... 37 

BTEX ................................................................................................................................. 37 

Semivolatile Organics ................................................................................................... 39 

Water Volume and Composition ................................................................................... .41 

' Levee Volume and Composition ..................................................................................... 41 

Electromagnetic Induction Survey .................................................................................. 47 

Line FG ............................................................................................................................. 50 

Line Hl. ............................................................................................................................. 56 

Line DE ............................................................................................................................. 58 

Line CD ............................................................................................................................. 59 

Line AB ............................................................................................................................ 60 

I ; TERPRET ATION .................................................................................................................. 62 

Saltwater Contamination ................................................................................................... 62 

1 Waste Assessment ............................................................................................................... 68 
i 

E 11 VIRONMENT AL IMP ACT ASSESSMENT ................................................................... 69 

Migration Pathways ............................................................................................................. 69 

Bioreceptors ................... ; ........................................................................ .' .............................. 71 

Future Land Use ................................................................................................................... 72 

, Cleanup Criteria ................................................................................................................... 72 

I Target Areas .......................................................................................................................... 74 

1MEDIATION .......................................................................................................................... 75 

I Technology .................................. , ......................................................................................... 75 

Saltwater Control ........................................................................................................... 75 

High-TPH Waste ............................................................................................................ 76 

iv 



I 

Land Farming ................................................................................................................. 78 
;' ! 

Soil Slurry Reactor ......................................................................................................... 78 

Soil Pile Reactor ............................................................................................................. 79 

!Remediation Options .......................................................................................................... 79 

Saltwater Cleanup .......................................................................................................... 80 

High-TPH Waste ............................................................................................................ 80 
I 

R: COMMENDATIONS ........................................................................................................... 83 

Saltwater Contamination ................................................................................................... 85 

,Drilling Waste ...................................................................................................................... 85 

Conclusions ........................................................................................................................... 87 

A 11 :KNOWLEDGMENTS ....................................... : .................................................................. 88 
I, 

RI fERENCES ............................................................................................................................. 89 

A ,PENDIX ................................................................................................................................... 91 

I 

Figures 

1 Location of Manvel SWD site ......................................................................................... 5 
I I' Manvel SWD site map ..................................................................................................... 6 

Brazoria County hydrostratigraphy ............................................................................. 12 Si. 

11

1 

f' sl. 
I 

r· 
~· 

~-
9. 

I 

lQ. 

Geologic setting of the site ............................................................................................. 13 

Regional Beaumont and lower Chicot hydraulic head map .................................. 15 

Beaumont hydraulic head map in site vicinity ........................................................ 16 

Exploration depths of the Geonics 34-3 conductivity meter ................................... 22 

Isopachous map of site pit waste .................................................................................. 30 

Isopachous map of site pit water ................................................................................. .42 

Conductivity survey lines in the horizontal-dipole mode ................................... .51 

V 



1 . Conductivity survey lines in the vertical-dipole mode ......................................... .53 

J.·. 
J 

,. 
lj: 
ll 
1 . 

Modeled vertical conductivity. profiles ...................................................................... .55 

Hydrogeologic cross section in site vicinity ............................................................... 64 

Schematic cross-sectional flow through a disposal pit ............................................ 65 

Remediation flow chart. ................................................................................................. 84 

Tables 

Composite waste samples from RRC files .................................................................. 10 

Pit waste, water, and levee volume ............................................................................. 31 

Waste sample composites and analyses performed ................................................ .32 

Electrical conductivity of pit waste .............................................................................. .33 

Total metals in pit. waste ................................................................................................ 35 

TCLP metals and TPH in pit waste ............................................................ , ................. .36 

BTEX in.pit waste ............................................................................................................. 38 

Semivolatile organics in pit waste ................................ , ............................................. .40 

Chemical composition of site waters .......................................................... , ............... .43 

Electrical conductivity of levee soil ............................................................................ .48 

TCLP metals and TPH in levee soil ............................................................................ .49 

Cost summary by remediation option ........................................................................ 88 

vi 



EXECUTIVE SUMMARY 

The Manvel Saltwater Disposal (SWD) site (RRC Site No. 92-03-00003), which lies 

wii hin the city limits of Manvel,Texas, in Brazoria County, was investigated by the 

BI reau of EconomicGeology during a 5-month study from July through November 

1 115. The study included hydrogeological investigation, waste characterization, 

a sessment of environmental impact, and evaluation of remediation options. 

l Saltwater, drilling waste, and crude oil have been disposed·at the site. There have 

b •· nseveral instances of pit overflow, levee rupture, or both, resulting in contamination 
1

11 

01 the surrounding area by saltwater and crude oil. There have been several public 

c]lj,,plaints to regulatory agencies, centered on the perceived threat to ground-water 

q I klity. The site lies in the outcrop of the Beaumont Formation, where the formation is 

s If dy enough to be a local aquifer, containing freshwater having chlorinities of less 

t 1~m 100 mg/L. The Beaumont lies above and is hydrologically distinct from the main 

!liter-yielding part ofthe Chicot aquifer. 

. Drilling waste and site waters were rando~ly sampled and chemically 

c I aracterized for electrical conductivity, total metals, metals toxicity, total petroleum 

hrf~roca .. r.bon.s(TPH. ), volatile .(BTEX) an.d semivolati.le .orga.nic.s, and major aqueous 

i1 ic species. An electromagnetic induction survey was conducted to measure ground 

ci ductivity for indirect determination of the magnitude of saltwater contamination at 

,11 I . 
t I site. 

I High-TPH (>2 percent), high-salinity (>500 mS/m) drilling waste has a volume of 

a. proximately 6.1 acre-ft (~10,000 yd3), is elevated in barium, iron, and zinc, and 

cthtains BTEX and polycyclic aromatic hydrocarbons below industrial risk-based 

+hcentrations for soil. Toxicity characterization of metals and organic analysis shows 

t ! k drilling waste tobe nonhazardous. Levee soils surrounding disposal pits are 
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es ~ntially free of petroleum hydrocarbons and salt; waters in the pits ( ~50,000 bbl) are 

fr It and contain less than 0.2 mg/L 1PH. Site waters have chlorinities ranging from 69 

to r,300 mg/Land elevated bromide and barium contents. Saltwater contamination on 

a 1loff site is evident in the presence of high-chlorinity site waters, halophytes (salt-

to erant plants), and high ground conductivity. Conductivity increases downward, 
11 . . .• 

refiecting subsurface infiltration of saltwater and its lateral migration because of 

d .ll I 1 • • • t'th 't 
1[[osa actlv1tles a e s1 e. 

Although saltwater, organics, and metals pose a potential environmental risk, the 

r1rrl setting surrounding the Manvel site hasnot been seriously impacted by disposal 

acr1.·vities. There .have been nor. eports or c·o• mplaints of chloride c. ontamin. ati. on in nea .. rby 

,Lmont water wells. Wells in the deeper Chicot aquifer should not be at risk because 

th~ saltwater plume lies within the shallow Beaumont, above the Chicot aquifer. 

otganics andmetals have been largely immobilized on-site by natural processes. 

MLireover, any ground~water contaminants that might discharge to nearby Mustang 

BFou would be diluted to negligible concentration and pose no threat to downstream 

bi[l lreceptors. • 

Protection of public health and safety and the environment nonetheless will require 

mragement of saltwater (dissolved solids), organics, and metals. Target areas fot 

cl. knup include (1) a shallow saltwater plume that has moved off site and (2) high-TPH 

(2 L 4 percent), high-salinity (>500 mS/m) waste in parts of two pits. Low~TPH, low-
j 

s linity waste can be left in place with minimal risk to public health and safety and the 

eq_l tronm.ent .. Natu.·ral res. toration,_ fol. lowing elimination of saltwater sources, is th. e cost-
Ji,] • 

effective option for saltwater control because of the low risk for c.·ontamination of water . 

111s and the tremendous volume of water that would need treatment ( as much as 

61} 00,000 gal). Acceptable options for remediation of high-TPH drilling waste are 

of site disposal or on-site bioremediation. Offsite disposal, at an estimated cost of 

$ ! 0,000 to $900,000, is not warranted by the apparent risk. Onsite bioremediation is the 
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con-effective choiceand can be achieved through land farming, in soil-slurry reactors, 

orll~y composting in soil-pile reactors. Because of the large volume of waste 

(~. 11.0
1

,ooo. y. d3) to be.treate. d, land £.arming is recommended at an estimated cost of I . 
$2(· f ,000 to $450,000. The total cost of remediation is estimated at $273,500 to $528,500 

anr includes costs of land farming, dewatering, backfilling, and leveling the pits, and . 

siJ I reclamation. 

INTRODUCTION 

Statement of Problem 

The Railroad Commission of Texas (RRC) has statutory responsibility under 

S. ': 1103 (72nd Legislature, 1991) for oversight of cleanup of abandoned oil field sites 

, , ughout Texas. Since 1991, RRC personnel have identified, inventoried, and ranked 

mtle than 100 sites as candidates for cleanup. The RRC ranking gives priority to 

contaminated sites that have had observable releases, occur in ground-water recharge 

'i.tes with high soil permeability, lie near surface-water bodies or water-supply wells 

or1t oth, have high public profiles and have received complaints, and are near 

pl~ulation centers. Straightforward solutions for cleanup of surface contaminants are 

r) rily apparent for many of the sites. At other sites, however, outlining cost-effective 

a lwroaches to site cleanup requires information on the less apparent subsurface extent 

of Jhe contaminantand the location of contaminant sources. For these sites, the Bureau 
I 

of Economic Geology (BEG) is providing more extensive site investigations for the RRC 

rf er an interagency contra.ct. The purpose of these site inv.estigations is to pr.ov·. ide the 

reR[uired information for planning and executing an appropriate level of remediation, 

e ,dlusive of surface equipment and associated minor leaks and spills. 

At the request of the RRC, BEG investigated the Manvel Saltwater Disposal (SWD) 

. (RRC Site No. 92-03-00003) in Brazoria County, Texas, within the City of Manvel, 

3 



8 1 Ii (12.8 km) northwest of Alvin, Texas (fig. 1). Saltwater, drilling muds, and crude oil 

h,r been disposed at the site. There have been several instances of pit overflow, levee 

rJ ture, or both, resulting in contamination of the surrounding area by saltwater and 

crl de oiL Leakage of saltwater from unlined pits was also suspected. Saline ground 

w lter was found on-site at shallow depths. Previous analyses sho~ed pit waste to be 

hi; in total metals (particularly arsenic, barium, lead, and zinc), petroleum 

h]lldrocarbons, and salt. 

The site was first brought to the attention of regulators in 1979 through an 

a1onymous complaint to the Texas Parks andWildlife Department about crude oil 

o1Jrflow. Crude ultimately reached the southeast-flowing Mustang Bayou, 

a111Jroximately 0.25 mile (0.4 km) west of the site, through a tributary creek ( drainage 

dil1) that crossed the site. Subsequent to the spill, the RRC and TexasDepartment of 

Wrr Resources were notified. Parks and Wildlife filed suit against Manvel Saltwater 

Dtposal C. o. and reported .tha. t there h. ad been prob le.ms. at the Manvel site prior to.1979. 

Inlj982, an anonymous complaint reported pits covered with basic sediment and water 

(BIi W .. ). At th. i. s time a. nd in. 1983. '. oil·r·e· por. tedly c.ontinu.· ed. to accum .. ul.ate. in the skim 
pi I_ In 1984, the City of Manvel opposed granting a permit to the disposal company for 

a I • w unlined SWD pit. The permit was denied by the RRC (Docket No. 3-83,263) on 

th[ basis that leaka.ge from the.pit would endanger water quality. At the time, the City 

of.11ranvel claimed that overflow of saltwater and crude oil into the drainage ditches 

anl ground~water contamination occurred on a regular basis at the site. 

In 1988, Ms. Rub.y Lavend·. er, the current la.ndowner., filed a. complaint. about the 

un , lugged SWD well and open pits. The SWD well and an on-site oil well were 

s+.l.seque .. ntly plu. gged··. by·.·theRR. Con February 6.,.1990, and March. 3, 1993,respectively 

(fi~. 2). During heavy rains in 1993, the pits were breached and overflowed to the 

su I ounding area. Local head ward erosion from the edge of pit A into its apron has 

4 
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Figure 1. Location of the Manvel SWD site, Brazoria County, Texas. 
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I !Figure 2. Map of the Manvel SWD site. Shown are sample locations and EM-34 survey 
I 

;lines. Base map was prepared from an enlargement of a 1990 aerial photograph. 
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ex /osed crude oil seepage. In 1994, the RRC ordered Manvel Saltwater Disposal Co. to 

in·trate cleanup operations to eliminate the pollution threat. 

Objectives and Scope 

I The principal objectives of this investigation were to (1) identify solutions to meet 
I 

RRf obligations to protect public health and safety and the environment and (2) limit 

plrtial cost to the State of Texas for cleanup by using, to the largest extent possible, 

naUintrusive and cost-effective techniques to define the extent of the problem. The 

intkstigation focused on determining the chemical composition and volume of pit 

wlltes and waters, the origin and extent of saltwater contamination of local ground 

I I d 1 • d. t· t· 

I . 

wal,er, an eva uatmg reme ia 10n op 10ns. 

The scope of work included (1) site reconnaissance, (2) preparation of a Site 

Iniestigation Plan, (3) hydrogeological investigation to determine the magnitude of 

coUtamination at the Manvel SWD site, (4) assessment of environmental impact, and 

(5) kvaluation and recommendation of remediation options. BEG visited the site in April 

19r~- The Site Investigation Plan was approved by the RRC in July 1995. Field work 

beMan in late July and was completed in early September; it focused on sampling levees, 

pit rastes, and site waters, determining pit waste and water thickness, conducting an 

el1· crtromagnetic conductivity survey to determine offsite migration of saline water. and . 

its 1epth below land surface, and mapping the distribution of halophytes 

(b Jindicators). A draft of this report was submitted for review and comment by the 
II I RRf= in December 1995. 

Site Description 

I The Manvel SWD site lies within th~ city limits of Manvel, Texas, on the Pearland 

U :: bs 7.5-minute quadrangle; it is 2.6 miles (4.18 km) north of the intersection of State 
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1, 

ii 

I 
11 

Hirfhway 6 and FM 1128 at the intersection of FM 1128 and Chocolate Bayou Road 

(CIBR), northeast of a Texaco tank farm (fig. 1). The site includes a plugged and 

a,tndoned saltwater disposal well and P&A oil well, four water-filled, earthen pits, 

coihsisting of two waste-disposal pits and two relatively uncontaminated ponds that are 

r~ortedly fished by the public, and assorted surface-production equipment, including 

falur 200-bbl and two 500-bbl tanks (fig. 2). 

Oil-field activities at the site date from the late 1950's and perhaps earlier, because 

oill production in Manvel oil field was established in the 1930's. Aerial photographs 
II 

ta~en in 1958, 1965, 1969, 1975, and 1976 show two rectangular pits (approximately 
Ii sd ~ 100 ft [24 x 30 ml), one just south of the SWD well in what is now pit A and another 

jub~ west of the road to the plugged oil well. At different times, two or three smaller pits 

eJisted in what is now pit A. These pits appear fluid filled, except in the 1965 

pil ftograph, and possibly served in combination as saltwater collector, oil-skim, and 

sJltwater disposal pits for a nearby oil well, the Davis No. 1, which later became the 

o~lis No. 1-A. They were subsequently subsumed into pit A. In late-1975, application 

w~s made to the RRC to inject saltwater into the Davis No. 1 (1-A) well in anticipation 

oj hisposal activities at the site. At this time, there were no tanks or buildings. By 1980, 

th!e site had a configuration similar to that of today; that is, (1) pits A and B are present 

bl~ appeared fluid free or at the very least only partially filled, (2) pits C and Dare 

nll1y dug, pit C being larger than pit D, and (3) pumping and collector pits at the 

II! h f h • • 1 

. 1 Manvel SWD Co. was incorporated in 1978 and ceased operation in July 1986. 

nJ1 rt east corner o t e site are mp ace . 

DJposal activities in the late 1970's and 1980's included disposal of saltwater, drilling 

wlJste, and associated crude oil. Saltwater was released by vacuum trucks into a 

Jrrete settling pit (fig. 2, small square at northeast comer of site, now backfilled), 

+ch was connected to the adjacent concrete-lined pumping pit. Water was pumped 

fr~m there into the two 500-bbl tanks and then to the disposal well for injection. Oil 
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Si.Fed from the pits was stored in the smaller 200-bbl tanks and sold. Drilling mud 

a1j associated saltwater and crude oil were discharged primarily into pit A and 

sefrondarily into pit B on their north sides, as shown by the presence of waste aprons. 

Ai unknown number of barrels of unknown contents are present in pit B and are more 

I Present-day evidence of saltwater spills and leaks are salt-encrusted areas barren of 

n], erous in pit D. 

veJetation (kill areas) along the north side of pits A and B, west of the SWD well. 

saf twater contamination is further indicated by the presence of halophytes, or salt

lojJranl plants, north of pits A and B and west of pit B (fig. 2). Luxuriant patches of sea 

oj lye daisy (Borrichia frutescens) and seashore saltgrass (Distichlis spicata) are present. 

B It plants are common in the Texas coastal marshes; Borrichia tolerates salinities 

ra ging from 8,700 to 44,300 mg/L total dissolved solids. 

/ In the mid-1980's to early 1990's, RRC staff made several visits to the Manvel SWD 
' 

si~ in response to complaints and to sample pit wastes and waters. Early estimates 

inH:icated the presence of several tens of thousands of barrels of water and 

a,roximately 28,000 yd3 (21,420 m3) of exploration and production drilling waste 

(dlilling muds, fluids, and crude oil). Chemical analyses by the RRC showed the waste 

to 1ave elevated arsenic, barium, lead, and zinc contents, as well as oil and grease to 

sev1ral percent; high electrical conductivities (EC) and sodium absorption ratios (SAR) 

inlkated high salt loading (table 1). Analyses of the metals, using the toxicity 

cJ:lracteristic leaching procedure (TCLP), an acetic acid leach test designed to simulate 

14rfill conditions, show leachable metal contents that are well below TCLP limits and 

veJrly much lower ( <1 mg/L to a few mg/L) than total metal content. Pit waters had 

c1~rinites of less than 1000 mg/Land very low metals content. Chlorinities of 5,000 to 

6, i ! 0 mg/L were reported in 1985 (RRC files). 
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Table 1. Composition pit waste samples from ARC files.a 

Parameter 
Oi

1

1/grease 

P1I 
A~benic 
B Ii I. 

anum 

cJdmium 
11 i 

c~iomium 

Li1d 
Mrcury 
sJ1enium 

II 

Silver 

Units 
% dry wt. 

units 
mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

Zihl.~ 
C II d t"it hs/ @n uc 1v y mm o cm 

11 I 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

CIEC meq/1 00g 

sJdium absorption ratio units 

EJchangeable Na % 

PITA 
7.77 

8.71 

123.46 

111490.00 

8.61 

142.00 

426.02 

3.41 

<1.4 

22.06 

2940.80 

65.00 

48.48 

26.98 

64.23 

PIT B 
5.96 

7.34 

108.80 

178625.00 

15.07 

158.23 

495.09 

6.99 

<1.4 

<0.12 
3545.30 

17.45 

40.79 

14.09 

9.43 
11 1 

Moisture % 37.05 39.68 

11 

a rom ARC files (New Park Environmental analyses). Total metals analyzed. 

10 

PITC 
0.37 

7.82 

<0.74 

17077.00 

2.47 

48.99 

56.32 

0.68 

<1.4 

<0.12 
892.60 

2.82 

25.77 

12.39 
1.05 

37.76 

PIT D 
0.28 

7.51 

<0.74 

9310.00 
2.45 

73.71 

99.75 

0.68 

1.80 

<0.12 
350.00 

2.02 

66.27 

8.74 
2.42 

35.63 



Hydrogeology 

The Manvel SWD site lies in a recharge area in the outcrop of the Pleistocene 

Be 1mont Formation (Aronow and others, 1982), which corresponds to the Beaumont 

Foration aquifer or the equivalent upper Chicot aquifer (fig. 3). In the vicinity of tfte 

si1l the Beaumont is 200 to 225 ft thick (61 to 69 m) (Sandeen and Wesselman, 1973; 

G1!vara-Sanchez, 197 4) and corresponds to operational mapping unit ill of Guevara

sf ez (1974), representingnuvial-deltaic deposits of the ancient Brazos River system. 

J~s relict depositional grainis weUpreserved in the Beaumont outcrop. Surface 

mftping by Fisher and others (1972) shows the site to be on a southeast-trending, 2-mi, 

wi~e (3.2-km) Pleistocene channel belt composed of mainly fine-grained fluvial and 

,1nbutary sands and muds (fig. 4). The net thickness of Beaumont sand beneath the 

Mf hvel site is approximately 75 ft (23 m), equivalent to a sand percentage of 

ap~roximately40 percent. A similar percentageWas calculated from a 92-ft (28-m) test 

ho e drilled essentially on-site in the southwest comer of the intersection of FM 1128 
I 

anl I Chocolate Bayou Road. Clearly, the BeaumonfFormation is not mud dominated 

an contains more than enough sand to bea local aquifer. . 

Indeed, available data indicate high hydraulic conductivities in Beaumont (upper 

C :ucot) sands. The arithmetic mean of 15 Brazoria County aquifer tests reported by 

s"ftdeen and Wesselman (1973) is 78 ft/ d (24 m / d). Bentley (1980), on the basis of 10 

ba;'ler tests in eastern Brazoria County, calculated an average hydraulic conductivity of 
I 

13 £t/ d (4 m/ d), which was thought to be representative of the fluvial sand deposits. 

Wrrer quality is good. In northern Brazoria County, fresh water (TDS <1,000 mg/L) is 

prbsent to approximately 1,150 ft (350 m) below land surface (Sandeen and Wesselman, 

19~3). Within a 2-mi radius (3.2-km) of the site, chlorinity in the Beaumont (upper 

Clfcot) aquifer ranges from 19 to 216 mg/Land averages less than 100 mg/L. 
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Stratigraphic unit 
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ligure 4. Geologic setting of the Manvel SWD site. Surface geology from Fisher and 
I thers (1972) and subsurface geology from Guevara-Sanchez (1974). 
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I Regional ground-water flow in the unconfined Beaumont aquifer is to the southeast 
I 

(filg. 5). The site is located at the eastern end of an east-west-trending topographic high 

trt slopes south and east, and overall the potentiometric surface slopes in that 

dirrction, reflecting the topography (fig. 6). The regional hydraulic gradient is 

2.l6 ft/mi (0.4 m/km), or 4.1 x 10-4 (Bentley, 1980). In the vicinity of the Manvel site, 

h1Lever, the Beaumont potentiometric surface reflects local topography (land surface is 

5~ L 60 ft [17 to 18 m] above mean sea level) and drainage more than drawdown in 

wfl.! r er wells. At th.e site, the potentiometric s.ur.· face slopes west toward Mustang Bayou 

at a hydraulic gradient of 56 ft/mi (11 m/km), or 1.07 x 10-2, and northwest toward a 

tr]Jutary, now a drainage ditch, at a lesser gradient. 

Gulfward flow in the deeper sands of the Chicot aquifer has been diverted toward 

ti~ northeast because of large-scale withdrawals in the Houston area (fig. 5). Compared 

wf l the deeper aquifer system, the shallow aquifer system has undergone little 

dJtelopment. Water levels in wells screened in the Beaumont are relatively undisturbed 

(~ntley, 1980). They typically range from 10 to 30 ft (3 to 9 m) below land surface in 

wbl.ls within a 2-mi (3.2-km) radius of the site and are at least 150 ft (46 m) above those 

JI-the underlying Chicot aquifer, indicating very strong potential for downward flow 

(1llkage) across the Beaumont to the Chicot. Despite this, Bentley (1980) concluded that 1 Beaumont does not contribute significant recharge to deeper aquifers. Dutton (1994) 

a1kb showed that the Beaumont is hydrologically distinct from the main water-yielding 

pHt of the Chicot aquifer. Deeper recharge may be inhibited by abundant Beaumont 

clll ! and mud layers, discharge to local drainage, and low-permeability soils. 

Soils Description 

The site lies primarily on soils of the Edna-A vis complex and secondarily on the 

B nard clay loam in the southwest quadrant of the site (Crenwelge and others, 1981). 

I 
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ii ure 5. Beaumont (upper Chicot) (a) and lower Chicot aquifer (b) hydraulic head, 1967. 

~Jgional flow in the Beaumont aquifer is to the southeast. See figure 6 for detailed map. 
Hlavy pumping in the Houston area has induced a cone of depression in the lower Chicot. 

Jbrufied from Sandeen and Wesselman (1973). 
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Figure 6. Beaumont hydraulic head in the vicinity of the Manvel SWD site, 1970's and 

1980's. Water levels are from driller's logs of water wells to depths of less than 200 ft. 

Well locations are from the files of the TWDB and logs are from the files of the 1NRCC. 
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4e soils are nonsaline and to a depth of 60 inches (152 cm) are heterogeneous 

t4rally, being composed of clay, silty clay, clay loam, silty clay loam, sandy clay 

lo,m, and fine sandy loam. A loam is soil material composed of 7 to 27 percent clay, 

28rf SO percent silt, and less than 52 percent sand. These soils are poorly to somewhat 

porrly drained, have very slow to slow surface runoff, very slow permeabilities 

( <ID106 inches/hr [ <0.15 cm/hr]), a pH of 5.1 to 8.4, and a perched water table above a 

de~th of 2 to 3 ft (0.6 to 0.9 m) during the months of December through March. They 

support two types of native vegetation: tall grass prairie and dense stands of hardwood 
'I I 

or ! ixed pine and hardwood trees. • 

METHODS 

Sampling 

The sampling plan used at the Manvel SWD site was designed in. accordance with 

E 11 · SW-846 (EPA, 1986)and employed random sampling.In random sampling, every 

pif of a waste package has a theoretically equal chance of being sampled to achieve 

saipling accuracy. For waste sampling, if little or no information is available about the 

di!tribution of chemical contaminants, simple random sampling is the option of choice 

ajlj was used here. For this type of sampling, all locations or points in the waste from 

w~ch a sample could be collected are identified and a suitable number of samples is 

ra~domly selected from the population to obtain a representative sample. Other 

sailpling strategies may be appropriate as more information about the contaminant 
1

11 

dibtribution becomes available. For example, stratified random sampling may be 
1

1 I aJwropriate if the distribution of contaminants is known well enough to allow an 

inulligent identification of strata (distinct divisions) and at least two or three samples 

111 b 11 • d f h (d' • • • ) c 1, e co ecte rom eac stratum 1v1s1on. 
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j The appropriate number of samples is the fewest samples required to generate a 

s~ficiently precise estimate of the true mean concentration of a waste contaminant. In 

p~ctice, this means the minimal number of samples needed to demonstrate that the 

uJiier limit of the confidence interval (CI) for the true mean is less than the applicable 

r~R
1

1 latory threshold (RT). The equation used for estimating the appropriate number of 

I ·1 11 • s p es to co ect 1s: 
2 52 

N = to.20 
/).2 I 

t~.20 = "t'' value for two-tailed CI with probability of 0.20 

52 = sample variance 

ll. = RT - sample mean 

T e equation shows that increased sampling effort is warranted as 52 or the "t'' 0.20 

v !ue (probable error rate) increase and ll. decreases. 

l To estimate the number of samples (N) required at Manvel, existing RRC data 

(t le 1) and land-farming regulatory thresholds were used. N was calculated for 

elebents (cadmium, chromium, lead, and mercury) closest to the regulatory threshold 

1? found to range from 1 to 7. On this basis, it was decided to collect 7 pit A and 

7 ~it B levee samples and 10 pit A and 8 pit B pit samples. Because contaminant levels in 

pJts A and B were higher than in the smaller, less contaminated pits C and D, fewer 

s~ples were thought necessary for characterization of those pits. Four levee and four 

p j, samples were taken for pits C and D. 

I i Locations for levee and pit samples were randomized using a random number 

t~ le. The circumference of each levee was calculated and used as the limiting number 

i~ ~e random number table. For example, the circumference of pit B was 1,390 ft 

(4d4 m). The first 7 numbers between O and 1,390 in the number table were noted and 

aJJigned sample numbers Bl through B7 in order ofincreasing size of the numbers 

s lllected from the table. In thefield, an origin point was chosen and each sample was 
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lo ,
1

ated by measuring the.distance counterclockwise from the origin along the levee 

eqhal to its random number. For example, B4 was 507 and would be located 507 ft from 

th ll .. 
· 1•· ongm. 

A total of 22 levee samples were collected, 14 from pits A and Band 8 from pits C 

an~ D (fig. 2). For comparative purposes, one background sample, 600 ft (183 m) 

nol thwest of the site, and two levee-margin samples, north of pit B (fig. 2) were also 

co !1r1ed. Soils were collected from 2-inch-diameter (5-cm) auger holes at depths of 24 to 

30 inches (61 to 76 cm) and stored in zip-locked bags. In the laboratory, the samples 

w Je first split for total petroleum hydrocarbons (TPH) and then air dried, milled to 

par~ 2-mrn mesh, and composited for toxicity characteristic leaching procedure (TCLP) 

an~lysis. Four composites, one for the levee surrounding each pit, were analyzed by the 
RJI . • 
:~(:: laboratory for TPH and TCLP metals. For each individual sample, Bureau of 

Ecromic Geology Mineral Studies Laboratory (MSL) determined pH and electrical 

co~ductivity (EC) of a 1:1 soil/ deionized-water mixture. Chloride (mg/kg, dry basis) 

wl1I determined for the background, levee-margin, and selected levee samples. 

• Pit sampling was randomized by superimposing an imaginary grid (44 x 44 ft 

[1 : .4 x 13.4 m] squares) over each pit, assigning consecutive numbers to each grid 

sqttl lare, and selecting the squares to be sampled from a random number table equal to 

thi numb. er of samples. to be coll. ected in. each pit. For example,. for pit A there were. 65 
I . 

nl I bered squares and the first 10 numbers between 0 and 65 were chosen from the 

ran:.~.
1

dom num. her table for sampling. These 10 numbers were assigned the sample 

11 

nimbers Al through Al0. • 

•• Twenty-six pit sample.s were collected. by piston core using ·.clear.plastic·(bu. tyrate) . 

tu ing. Ten cores were taken in pit A, eight in pit B, four in pit C, and four in pit D 

(fJ~. 2). The cores ranged in length from 2to 4 ft(6.6 to 1.2 m) and were 1.5-inch (3.8-cm) 

a 1112.75-inch (7.0-cm) diameter, respectively, if taken from a boat or on the exposed pit 

s IJface. Only in pit A were larger cores (8) taken. Immediately upon collection, cores 
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wf I e capped with polyethylene caps and sealed with electrical tape for transport to 

M~L. In the laboratory, the cores were split, described, andsampled for analysis. One

hJl~ of the core was wrapped in plastic and archived in a cold room. A continuous 

sj .. l~.: sa.mple was taken from the center ·.of ea .. ch half core alon. ·.g it en.· tire length, exc. lusive 

o~rj)bvious uncontaminated pit-bottom sediment. Subsamples were mechanically 

blrl ded in glass jars using stainlessgteel apparatus, depending on sample consistency 

a1J composited for analysis of 1PH, TCLP metals, volatile organics (BTEX/MTBE), and 

•+ .. volatile or.ga. nics (EP. Am .• ethod 8270., ta. rg.· .etc.· ompo. unds); EC·., and t. otal metals. Five. 
pi! l' four pit B, two pit C, and two pit D composites were analyzed by the RRC 

laioratory for TPH and TCLP metals. MSL determined EC on 1:1 mixtures. Splits of the 

pil ~ and pit B composites were analyzed by ChemSOL VE of Austin (Chemsolve) for 

B11X/MTBE. Because of obviously greater organic loading in pits A and B, four 

co~posites, representing proximal and distal parts of each pit, were a:rtalyzed by 

~rsolve for semivolatile organics. MSL analyzed the same composites for total 

metals. 

r I Nine water samples were collected, filtered, a:rtd preserved for analysis of major 

ca~ons and anions, metals, and 1PH. From each pit, pit waters were bailed and 

collected at several locations to form one composite sample for analysis: Also, one 

co~posite of near-bottom water was collected in pit B. Two drainage-ditch samples 

wfII e collected from two of three perforated plastic tubes (30 x 2.25 inches [76 x 5.7 cm]) 

sel to facilitate the sampling of shallow ground water beneath the ditches; one surface 

dil , h sample was collected from ponded water at the site entrance (fig. 2). One sample 

of laste pore water was. extracted from a test core at the north edge of pit A opposite 

thr SWD welL All analyses were done by MSL except the TPH, which was done by 

C ,, msolve. 
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Electromagnetic Induction Survey 

Electromagnetic induction methods use a changing primary magnetic field created 

ar1 , nd a transmitter coil to induce a current to flow in the ground, which in turn 

c"f tes a secondary magnetic field that is sensed by the receiver coil. In general, the 

strrhgth of the secondary field is proportional to the conductivity of the ground. An 

as,Jmption inherent to the method is that the near-surface environment consists of 

hotJzontal layers of infinite lateral extent. This is not strictly true at the Manvel site, but 

th1 hear-surface layers probably do have sufficient lateral extent to render this 

asJdmption valid at the scale of investigation . 

. jElectromagnetic induction methods (Parasnis, 1973; Frischknecht and others, 1991; 

W I t and Macnae, 1991) were used to measure apparent ground conductivity at the 

M,f vel site, which can proxy for ground-water conductivity and be used as an indirect 

mJasure of ground-water salinity beneath the site. Mapped areas of elevated ground 

co!kuctivity allowed us to delineate areas of increased salinity in the shallow 

sulblurface. Electromagnetic profiles were collected using several exploration depths to 
I I 

qu 1 ~·tatively determine the depth of saltwater migration. 

A ground-conductivity survey was completed in September 1995 along five lines at 

th i I anvel site (fig.2). In this survey, a Geonics EM34-3 grnund conductivity meter 

mia.lsured ap.parent condu. c.tiv.ity(McNeill, 1980a. ). Th.e EM34-3s. upports 10-,. 20-, and 

4~J, (33-, 66-, and 131-ft) transmitter and receiver coil separations (fig. 7) and two 

pr~cipal coil orientations (horizontal dipole and vertical dipole). All three coil 

s1arations were used, resulting in an effective penetration depth of 6 to 25 m(20 to 

82.IJ t) for the ho. rizo.ntal-:dipole orienta.·tion and 12. to 50 m (39. to 164 ft) for the vertica.1-

di~ole orientation. Conductivity values represent "bulk" conductivities, or an average 

c°f ~uctivity of the soil volume beneath the transmitter and receiver coils, and are 

pl" lted on profiles at the midpoint between the transmitter,and receiver coils. 
I 
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Figure 7. Effective exploration depth of various coil separations and orientations 

of the Geonics 34-3 ground conductivity meter. 
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During the electromagnetic survey, 926 ground conductivity measurements were 

mal. e atthe Manvel site. Conductivity measurements were made as follows: (1) the 

traWsmitter coil was placed on the ground in the horizontal-dipole orientation at a 

chJlen station along a line, (2) the receiver coil was placed on the ground approximately 

10 ll (33 ft) from the transmitter coil, (3) the receiver coil position was adjusted until the 

s1f ration meter on the receiver indicated the proper separation, (4) apparent 

contouctivity was read from the meter in mS/m and logged on a digital data logger, 

(5) ~oth coils were realigned in the vertical-dipole orientation at the same station • 

loci rons and coil separation, ( 6) apparent conductivity for the vertical-dipole 

orirtation was read from the meter and lo.gged, a. nd ( .•. 7) the transmitter. and recei. ver 

co1l were moved 5 m (16 ft) along the line to the next station. The entire process was 

th,J repeated until the line was completed. After data were collected along a line for the 

10f (33-ft) coil separation, conductivity measurements were taken along each of the 

linil again for the 20-m (66-ft) and 40-m (131-ft) coil separations. Station spacing was 

s l!I for each of the three coil separations. 

1 

The effective penetration depth of the field generated by the EM34-3 increases with 

col separation for a given coil orientation (fig. 7). Consequently, conductivities 

mdasured at different coil separations and orientations can be used to infer conductivity 

ch1ges with depth (McNeill, 1980a,b) if lateral conductivity variations are srriall. The 

ho!izontal-dipole orientation has a shallower exploration depth than the vertical-dipole 

ori~ltation for the same coil separation. Furthermore, conductivities obtained from the 

hot.tjz. ontal-dip. o.le orientation ate.near-surf.ac.e weighte .. d; that. i.·s, .for a given exploration 
det h, the response is largely governed by the conductivity of the uppermost third of 

thJ. xploration depth. The vertical-dipole orientation has a deeper exploration depth 

anll is more center-weighted. Conductivities obtained in the vertical-dipole mode are 

m ,I tly affected by the conductivity of the middle third of the exploration depth. 
\ 
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Processing of EM34.,.3 data first required transferring the data from the digital data 

lo ; . e:r to a computer and selecting for analysis points along each profile where 

holizontal- and vertical-dipole data show the same conductivity trend. EMIX34 Plus, a 

cottl lputer program by Interpex Ltd., was used to process and interpret the data. 

Hi izontal- and vertical-dipole conductivities for each station along a line were entered 

int j e program, a starting conductivity model (consisting of layer thicknesses and 

cof lluctivities) was entered that qualitatively fit the observed data, and then the 

conputer displayed both the observed conductivities and conductivities calculated 

fr* the chosen model. The model was then adjusted by the user to better fit the 

ob~erved data. After reasonable agreement was obtained manually, the program was 

diJ lcted to adjust layer thicknesses and conductivities to obtain the best statistical fit. 

Analyses 

El .1 ,trical Conductivity 

Electrical conductivity (EC) indicates the quantity of soluble salts in an aqueous 

sa" ple; it is measured on a 1:1 soil/water mixture. About 25 to 30 g of milled, air-dried 

soJl was weighed and mixed with a calculated mass of deionized water to achieve a 1:1 

mi! ,ture. The sample was mechanically shaken for 1 hr and centrifuged to obtain a 

partcle-free liquid. EC was determined on the supernatant using a direct-readout 

m~b!roconductivity cell with a temperature-'-compensating conductivity meter. ECwas 

rel1 directly from the digital display and corrected to 25°C (77°F). The pH was 

ml I sured on the supernatant using a combination ion-selective electrode and portable 
I 

p meter. 
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W ,er Composition 

Cations were quantified by inductively coupled plasma-optical emission 

sp j , trometry (ICP-OES), a multielement technique. The anions fluoride, chloride, 

br,Lide, nitrate, phosphate, and sulfate were determined by ion chromatography. 

Alkklinity as bicarbonate was determined inthe field by titration; pH was also 

m,Jsured in the field. TPH was done by EPA method 418.1, in which the sample is 

exJrlacted in freon and the extractant quantified by infrared absorption. 

To • l Metals 

Metals content in pit sediments wasquantified by ICP-OES. The sample was 

br , ught into solution for analysis· in two ways. A mixture of concentrated nitric, 

peHhloric, hydrofluoric, and hydrochloric acids completely dissolves all but a few very 

ref !ant minerals (e.g., barite). Fusion with lithium borate provided the solution for 

d II .. f T db. • 

l The toxicity characterization leaching procedure (TCLP), as outiined in EPA 

m tihod 1311, is intended to measure the solubility (mobility) of metals in a landfill. 

Ei~ht metals are regulated by the TCLP: arsenic, barium, cadmium, chromium, lead, 

m~cury, selenium, and silver. A waste (soil) sample (20 g) is extracted with an amount 

of . ktraction fluid (400 mL) equal to 20 times the weight of the waste sample. The 

ex IJaction fluid is an acetic acid solution at pH 4.93 or pH 2.88, dependent on the 

alrlinity of the sample. The resultant mixture is placed in a plastic bottle and rotated 

en~ over end at 30 rpm for 18 hr at room temperature (23°C [73°F]). The liquid extract is 

se ,! I rated from the solids by filtration through a 0.6- to OB-micron glass-fiber filter. The 
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fillrte is analyzed by ICP-OES except for mercury, which is done by a mercury 

anl yzer (cold vapor atomic absorption). 

Total petroleum hydrocarbons (TPH) were determined by gravimetric techniques 

in two-step process. First oil and grease is determined by rnethod 5520E, as outlined in 

St, I dard Methods, 18th edition. On the residue so obtained, TPH is determined by 

m1tod 5520F. For oil and grease, less than 3 g of sample is extracted in 230 mL of a 

80:120 mixtureof hexane and methyl tert-butyl ether (MTBE). The mixture is placed in a 

thi~ble filter and extracted in a Soxhlet apparatus for 4 hr. The recovered solvent is 

diJJmed in a water bath at 70°C (158°F). The weighed residue is by definition oil and 

grlLe. However, it includes any material recovered as a substance soluble in the · 

sol{ent, such as other organics, sulfur compounds, and chlorophyll. No known Solvent 

wi l.selectively dissolve only oil and grease. . 

The oil-and-grease residue, 3 g of silica gel, and 100 mL of the 80:20 solvent are 

sti, ed and poured through a chromatography column to filter residue and solvent, The 

reJlvered solvenfis distilled in a water bath at 70°C (158°F). The residue is weighed 11 by definition is TPH. The materials not eliminated by silica gel adsorption are 

djlgnated hydrocarbons by this test. Silica gel has the ability to adsorb polar 

corrpounds, and consequently fatty acids are selectively removed from solution. The 

m?re polar hydrocarbons, such as complex aromatic compounds, may also be adsorbed 

b 11 lh.. ·1· 1 • 
Y11· e s1 1ca ge • . 

Thegravimetric technique is a useful screening step for determining the presence 

an.·. level of hydrocarbon contamination and provides good results on fresh material. 

H ! rever, because the method reports. biomass as TPH, the method demonstrates little 

or , o decrease in hydrocarbon content as the result of bioremediation. Thus, its use is 
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no recommended for setting cleanup standards, monitoring decrease in soil oil content 

as ~eatment progresses, or certifying that remediation is ccimplete (Deuel and Holliday, 

19r t Troy and others, 1994). In this case,gas chromatography (GC) with flame 

io Jzation detection (FID)is the method of choice (EPA modified method 8015). 

BTIX 

Benzene, toulene, ethylbenzene, and xylene (BTEX} was determined by EPA 

ml: od 8020, a purge and trap technique. The waste sample (5 g) is extracted in 

mJ1:lanol(5 mL). Helium is bubbled through the methanol mixture to purge the BTEX, 
111 • 

folt@wed by trapping on a "charcoal" column. The trap is heated to expel the BTEX. 

IdJ!tification is by capillary gas chromatography with photoionization detector, 
11 I 

fol! 1 wed by mass spectrometry for confirmation. 

Semivolatile organics were determinedby gas chromatography-mass spectrometry 

(G 1-MS) according to EPA method 8270, a capillary column technique. The method 

qui ltifies most neutral, acidic, and basic organic compounds that are soluble in . 

m,lylene chloride at molecular weights of less than 500 or carbon number of 40 or less. 

C~illary gas chromatography is used to separate compounds in the extract for their 

qu~itative and quantitative analysis by mass spectrometry. The capillary column 

(31 ln x 0.21 mm ID) is directly coupled to the source mass spectrometer, which is 

co I, I puter controlled. For soil samples, the estimated quantitation limit for determining 

dividual compound is about 1 mg/kg (wet weight). 
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RESULTS 

Waste Description 

The physical character of the pit wastes varies between and within pits. 

HyHrocarbon-bearing drilling waste in pit A has strong hydrocarbon odor, is well 

be~ded, wet, soft, ahd variegated in color, whereas that in pit B is less well bedded, dry, 

firll, and dark in color; In pits C and D, drilling waste when present is mainly soft, 

darL, and structureless muck. Hydrocarbon-stained native soil beneath the drilling 

w I lte is recognized by a distinct contact between them, weaker hydrocarbon odor, 

1. I It 1 · • d d · • 'ti' 1g: er co or, an san y compos1 on. .· l Two kinds of waste were recovered in pit A. Drilling waste on the north, near the 

di , harge point, is composed mainly of thin beds and lamina of buff, cream, brown, and 

rel mud and clay, and black hydrocarbon bands. Some hydrocarbon-rich bands are up 

to ~.3 ft (0.1 m) thick and may seep crude oil. To the south, distal from the discharge 

plint, cores are dominated by stiff clay, mud, and sandy mud with weak- to moderate

h~rocarbon odor and probably represent mainly oil-stained native soil composing the 

pil[ottom. Drilling waste with strong odor is of secondary abundance. 

On the north side of pit B, near the common levee with pit A, firm., dry drilling 

w • • te is underlain by firm hydrocarbon-stained sandy mud and muddy very fine

grred sand (native soil). The contact between the two intervals is marked by grass and 

ror fragments. Both intervals exhibit strong hydrocarbon odor. To the south, drilling 

w II ste is of secondary abundance and the material cored is dominated by structureless 

or lottled sandy mud and muddy very fine-grained sand that becomes lighter in color 

a ,J less odoriferous downward to the extent that odor disappears. Again, drilling 

w 11 te is separated from the underl;ing material by a rooted zone. 

Pit C is dominated by soft, black, gray, and brown muck in which hydrocarbon 

o , r decreases downward or is absent. Pit D is dominated by mud and very fine-
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gr,i ed sandy soil lacking hydrocarbon odor, except for core no. 4, which recovered 

0.7 11 ft (0.23 m) of soft, dark drilling waste. 

Waste Volume 

Waste volume includes drilling waste and oil-stained soil and was determined by 

(1) 1 , robing with a metal rod at each coring point and at additional points along the 

noJJh side of pit A until resistance was met to estimate thickness, (2) contouring the 

daJJ, adjusted on the basis of core description and, where appropriate, thicknesses 

re~Jrted by New Park Environmental Services (RRC files), and (3) planimetering the 

are
1

1

1

1 enclosed by each contour. Total waste v~lume is estimated to be 11.3 acre-ft 

(13,,r40 m3), with 10.9 acre-ft (13,446 m3) m pits A and Band 0.4 acre-ft (493 m3) in 

piillc and D. Pit A contains 74 percent of the waste (8.4 acre-ft [10,362 m3]), which is 

coJ, entrated in the north half of the pit (fig. 8, table 2). • 

Waste Composition 

Waste composition was determined from samples collected as shown in figure 2 

an jj composited as shown in table 3 and analyzed for EC, total metals, TCLP metals, l' BETX, and semivolatile organics. 

E II 

Electrical conductivity (EC) measured on 1:1 soil/water extracts ranges from 54 to 

2,J02 mS/m and are highest in pit A and lowest in pit D (table 4). The highest values, 

2,2!d2 mS/m and 1,279 mS/m, occur on the north side of pit A and correspond to total 

diJJolved solids (TDS) contents of approximately 13,500 mg/Land 7,800 mg/L, 

re 1iectively, assuming TDS equals 613 times EC in mmho/cm (Deuel and Holliday, 
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Figure 8. lsopachous map of pit waste, Manvel SWD site. 
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Table 2. Pit waste, water, and levee volume. 

Pit A Pit B PitC Pit D 

Waste Volume 364,728 tt3 110,484 tt3 11,188ft3 5,174ft3 

13,508 yd3 4,092 yd3 414 yd3 192 yd3 

8.37 ac-ft 2.54 ac-ft 0.26 ac-ft 0.12 ac ft 

Water Volume 17,643 tt3 114,474 tt3 90,592 tt3 58,752 ft3 

3,142 bbl 20,387bbl 16,134 bbl 10,463 bbl 

Levee Volume 78,372 tt3 96,000 ft3 63,336 ft3 39,928 ft3 

2,903 yd3 3,556 yd3 2,346 yd3 1,479 yd3 

1.80 ac-ft 2.20 ac-ft 1.45 ac-ft 0.92 ac-ft 

A/Ba c;oa 

18,304 ft3 17,888 ft3 

678 yd3 663 yd3 

0.43 ac-ft 0.41 ac-ft 

8 Levee common to both pits. 
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Table 3. Waste sample composites and analyses performed. 

Analyses 

Semi-
Total TCLP volatile 

sa
1 

lple Pit Cores EC metals metals TPH BTEX organics 

A0-1 A 7,8 X X X X 
II I 

Ab-2 A 1,6 X X X X 

AIA-3 A 2,3,4 X X X X 

AIP-4 A 5,10 X X X X 
I I 

A X X X X A0-5 9 

Al8-6 A 1,6,7,8 X X 
II I 

l7 
A 2,3,4,5,9 X X 

8 1,2 X X X X 80-1 

8IR-2 8 3,4,6 X X X X 

8IA·3 8 5,7 X X X X 

80-4 8 8 X X X 
II I 

8 1,2,3,4,6 X X 80-5 
II I 

80-6 8 5,7,8 X X 

111 

C 2,3 X X X OCM 
II I 

oa-2 C 1,4 X X X 

~t-1 D 1,2,3 X X X 

□ 1-2 D 4 X X X 
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Table 4. Electrical conductivity of pit waste. 

MSL ID# SPL ID# Eca ECb 

95-357 AC-1 22.017 2202 
95-358 AC-2 12.795 1279 
95-359 AC-3' 1.995 200 
95-360 AC-4 2.854 285 
95-361 AC-5 1.411 141 

95-372 BC-1 0.878 88 
95-373 BC-2 5.417 542 
95-374 BC-3 0.793 79 
95-375 BC-4 0.544 54 

95-382 CC-1 1.110 111 
95-383 CC-2 1.401 140 

95-388 DC-1 0.481 48 
95-389 DC-2 0.899 90 

au its, mmho/cm 
bu 1i 1s, mS/m 
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19 •1 f ). EC values and, presumably, salt loading in pit A decrease from the north side to 

thJ :south side of the pit, away from the waste dumping point, to 141 mS/m. Similarly, 

in ~it B the highest value is on the north (542 mS/m), which is boarded to the south by 

valfes of less than 100 mS/m. On average, EC in pit Dis about 60 mS/m lower than 

th•rf pit c. 

T t~l Metals 

j Total metals were analyzed on four composite samples representing proximal and 

d( al parts of pits A and B relative to the waste dumping point. Metals content was 

hikhest in the proximal part of pit A (table 5, sample AC-6) and showed particular 

eJ.~chment in calcium, iron, zinc, strontium, and barium. Total metals content in the 

dJlal part of pit A and pit Bis considerably less. High iron content may reflect hematite 

added as a weighting agent and account for the red bands seen in the waste. Titanium is 

s1JJht1y elevated in all samples and perhaps reflects addition of ·i[1~enite as a weighting 

•fnt or as an adduct in]ignosulfonate muds as might iron. Silic;: which exceeds 70 

p,Jcent in the distal part of pit A and 80 percent in pit B, reflects the dominance of 

sa, ldy, oil-stained soils in those areas. 

I 

I Toxicity characteristic leaching procedure (TCLP) metals are all well under EPA 

regulatory limits. Only barium exceeds 1 mg/L, ranging from 1.5 to 7.4 mg/L. In pit A, 

ttjJ range is 2.4 to 7.4 mg/L and in pit B, 0.96 to 2.4 mg/L. Two composite samples from 

pil, Chad values of 5.5 and 1.8 and from pit D values of 1.5 and 2.8 mg/L (table 6). 

B rium's regulatory limit is 100 mg/L. 

I 

I 

I I 

I I 
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Table 5. Total metals in pit waste.a 

MS ID# SPL ID# Units Na K Mg Ca Al Fe 
95-6162 AC-6 mg/kg 6420 5060 3530 27820 24000 68740 
95.!363 AC-7 mg/kg 4980 6230 2510 15780 31630 13890 

~ 95- 76 BC-5 mg/kg 5070 6970 2170 7100 28790 10620 
95- 77 BC-6 mg/kg 4200 6730 2000 4290 34420 13320 

I 

MSJ ID# SPLID# Units Ti Co Cr Cu Mn Ni 

951~62 AC-6 mg/kg 1170 52 245 48 412 31 

95·1463 AC-7 mg/kg 1600 14 94 13b 163 <14 
95-f376 BC-5 mg/kg 1950 12 50 13b 102 <14 
95-377 BC-6 mg/kg 2330 12 72 10b 85 18 

I 
M~~ ID# SPL ID# Units Mo Zn As Cd V Pb 

9511462 AC-6 mg/kg <10 1380 <60 4 33 262 
95-J363 AC-7 mg/kg <10 355 <60 <2 32 48 

951476 BC-5 mg/kg <10 221 <60 <2 27 47 
95-~77 BC-6 mg/kg <10 156 <60 <2 33 22b 

MSJID# SPL ID# Units Sb Se Sn Li Be Sr 
95J,362 AC-6 mg/kg <160 <138 <18 <8 3.1 1250 

'I 

95 '363 AC-7 mg/kg <160 <138 <18 24 1.5 545 
95 376 BC-5 mg/kg <160 <138 <18 19 1.4 305 
95 377 BC-6 mg/kg <160 <138 <18 23 1.5 174 

I 

M L. ID# SPLID# Units Ba Zr u Th p 

95 11 362 AC-6 mg/kg 173400 40.3 <500 <76 402 
951,363 AC-7 mg/kg 19200 60.4 <500 <76 209 
95 1376 BC-5 mg/kg 12500 76.6 <500 <76 198 
95 1 377 BC-6 mg/kg 10000 84.4 <500 <76 115b 

I 

M Lo# SPL ID# Units Ce La Si02 Rb 

95 !i62 AC-6 mg/kg <110 45.5 300000 <1000 
95 1363 AC-7 mg/kg <110 . 22.0 740000 <1000 
95 1 i16 BC-5 mg/kg <110 23.8 818000 <1000 

I 

95 377 BC-6 mg/kg <110 29.9 825000 <1000 

, I 

aA ,I 1values are on a moisture-free basis 
bRpported value near detection limit 
NB:.k = less than indicated value 
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Table 6. TCLP metals and TPH in pit waste. 

Pa 
1

ameters Procedure Units AC-1 AC-2 AC-3 AC-4 AC-5 
A I - TCLP8 mg/L <0.01 <0.01 <0.01 <0.01 <0.01 rs13nic 
Ba~

1
ium TCLP mg/L 4.4 7.4 2.6 2.9 2.4 

Ca<llf. ium TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 
Ch ll , 

,qmIum TCLP mg/L <0.05 <0.05 <0.05 <0.05 <0.05 
Le~q TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 
Meraury TCLP mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
sei1

: hium TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 
Sil 1~r TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 

Oil~ Grease Method wt% 3.3 6.6 1.8 4.6 1.1 
5520Eb (dry basis) 

TPH Method wt% 2.4 4.1 1.3 2.8 0.64 

I 5520F (dry basis) 
Mo sture gravimetric wt% 32.6 42.0 26.4 42.8 44.8 

i I 
Procedure Units BC-1 BC-2 BC-3 BC-4 Pa1ameters 

Ars~~nic TCLP mg/L <0.01 <0.01 <0.01 <0.01 
Ba Ium TCLP mg/L 2.2 1.6 0.96 2.4 
Caatnium TCLP mg/L <0.01 <0.01 <0.01 <0.01 
Ch i I . 

romIum TCLP mg/L <0.05 <0.05 <0.05 <0.05 
Le~~ TCLP mg/L <0.01 <0.01 <0.01 <0.01 
Melrtury TCLP mg/L <0.0002 <0.0002 <0.0002 <0.0002 
Sel

1
~nium TCLP mg/L <0.01 <0.01 <0.01 <0.01 

Sil er TCLP mg/L <0.01 <0.01 <0.01 <0.01 

Oil!j Grease Method wt% 0.60 2.7 0.68 0.05 
5520E (dry basis) 

TP Method wt% 0.30 2.1 0.37 0.02 
5520F (dry basis) 

Mlrre 
gravimetric wt% 21.6 23.0 20.9 21.6 

Procedure Units CC-1 CC-2 DC-1 DC-2 Parameters 

Ar~
1
Jnic TCLP mg/L <0.01 <0.01 <0.01 <0.01 

Ba ium TCLP mg/L 5.5 1.8 1.5 2.8 
Ca1 lmium TCLP mg/L <0.01 <0.01 <0.01 <0.01 
Chrbmium TCLP mg/L <0.05 <0.05 <0.05 <0.05 
Lead TCLP mg/L <0.01 <0.01 <0.01 <0.01 
M~rpury TCLP mg/L <0.0002 <0.0002 <0.0002 <0.0002 

Setenium 
TCLP mg/L <0.01 <0.01 <0.01 <0.01 

Sil 1 er TCLP mg/L <0.01 <0.01 <0.01 <0.01 

Oili Grease Method wt% 0.39 0.49 0.50 1.1 
5520E (dry basis) 

r1r Method wt% 0.31 0.48 0.05 0.63 
5520F (dry basis) 

Mrt 

gravimetric wt% 26.1 24.7 21.4 41.1 

arcLP (EPA SW-846, method 1311) 
b I I S andard Methods (18th Ed.) 

! 
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TP. 

The percentage of total petroleum hydrocarbons (TPH) on a dry basis ranges from 

0.0 11 I to 4.1 and is highest (2.1 to 4.1) on the north side of pits A and B, corresponding to 

thJ waste aprons in those pits (table 6). Southward in pit A, TPH is less than 1.3 percent 

an! in pit B, less than 0.4 percent on the flanks ofits waste apron. TPH in pits C and D 

is 11 ss than 1 percent (0.05 to 0.63 percent). 

Benzene, toluene, ethylbenzene, and xylene (volatile aromatic hydrocarbons) 

co fentrations were highest in pit A (table 7). Total BTEX was highest in the proximal 

pa t of pit A (55.5 and 28.5 mg/kg) and low in its distal part and in pit B ( <7.5 mg/kg). 

Be . lzene content is less than xylene or toulene and probably reflects its greater solubility 

an~ volatility as well as its parent crude oils. In crude oil, benzene is commonly less 

abundant than toulene or xylene (Nyer, 1993). Methyl tert-butyl ether (MTBE), a 

galbline additive, is present in low concentrations and indicates that refined product is 

111 . ·, not a maJor waste constituent. 

I Benzene at its highest concentration (5 mg/kg, sample AC--1) would, on the basis of 

th•• 20-times rule, be under its TCLP regulatory limit of 0.5mg/L. If the total amount of 

a rgulated constituent is not at least 20 times the TCLP concentration (10 mg/L for 

b*ene), then even if all. th.. e constitu. ent was solub. le in the TCLP buffe.· r it would still 

nTl.~xceed the TCLP limit (Kimbrough and others, 1995). Although there are no TCLP 

Hid.ts for toluene, ethyl benzene, and xylene, they are also present at no-action 

concentrations, being less than the Texas Natural Resource Conservation Commission's 

mtria-specific concentrations (MSC) for soil at an industrial site (GSI, 1993 per 31 TAC 

336.568, Appendix II). . . . 
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MSLID# SPL ID# Source Units 

95-357 AC-1 pit A mg/kg 

95-358 AC-2 pit A mg/kg 

95-359 AC-3 pit A mg/kg 

95~360 AC-4 pit A mg/kg 

95-361 AC-5 pit A mg/kg 

95-372 BC-1 pit B mg/kg 

95-373 BC-2 pit B mg/kg 

95-374 BC-3 pit B mg/kg 

aAII values are on an as-received basis. 
NB: < - less than indicated value. 

Table 7. BTEX in pit waste.a 

Ethyl-
Benzene Benzene m,p-Xylenes 

5 11 24 

3 4 10 

<0.5 0.5 1 

<0.5 1.5 3.5 

<0.5 0.5 1 

<0.05 <0.05 <0.05 

<0.5 <0.5 3 

<0.5 1 2 

Total 
MTBE o-Xylene Toluene BTEX 

<5 10.5 5 55.5 

<5 5.5 6 28.5 

<5 <0.5 0.5 3 

<5 1.5 0.5 7.5 

<5 2 0.5 4.5 

<0.5 <0.05 <0.05 0.25 

<5 1.5 <0.5 6 

<5 0.5 0.5 2.5 



Although the highest BTEX totals are correlated with the highest TPH values 
I 

(>7.f percent), BTEX shows no direct correlation with TPH. For example, the highest . 

Bt total (55.5 mg/kg) correlates, among the high0 range 'f PH values, with the lowest 

• TP of 2.4 percent. At total BTEX values of less than 8 mg/kg, TPH ranges from 0.3 to 
I ... · . 

2.8 wercent. . 

Se ivolatile Organics 

The concentration of organic compounds is highest on the north side, or proximal 

pa., ,, of pit A (table 8, AC-6) and is dominated by polycyclic aromatic hydrocarbons 11 . • . 

(P 11t's·)· • The PAH'swith. the. high. est c. onc.ent.ration are. methyl. naphthalene (70 mg. /kg) 

arnll naphthalene (48 mg/kg), which are simplePAH compounds. Other PAH's of note 

ard nthracene, chrysene, fluoranthene, phenanthrene, and pyrene. PAH's are also 

prJJent in the distal part of pit A and in pit B but at very low concentrations; no P AH 

cofjpciund exceeds 1 mg/kg. No chlorinated compounds (pesticides and herbicides) 

wJr~ detected. . 

] Naphthalene, a noncarcinogeru. • c PAH., at its highest concentration in. the pH. waste 

is i lell under its soil MSC of 409 mg/kg. Anthracene and pyrene have MSC' s of 

3,,0 mg/kg and 307 mg/kg, respectively. MSC values for other P AH's of note are • 

• +ailable. However, their risk-based concentrations, or RBC' s (EPA, 1994), are well in 

exi.tss.of their highest reported concentrations. Benzo(a)pyr. ene, th. e most ca. rcinogenic 

P1H, exceeds its RBC of 0.39 mg/kg in sample AC-6. However, its extremely low 

sojlbility (0.0013 mg/L) and volatility, as measured by its Henry's law constant of 0.1, 

m 11 e benzo(a)pyrene essentially immobile in soil (Ryan, 1986). . 
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Table 8. Semivolatile organics in pit waste.a 

Or . nic Compound Procedure Units AC-6 AC-7 BC-5 BC-6 
I 

2,41imethylphenol GC-MS. (8270) mg/kg 6.5 <0.2 <0.2 <0.2 

2- ethylnaphthalene GC-MS (8270) mg/kg 70 0.62 0.36 <0.2 

3& 
1

-lmethylphenol GC-MS (8270) mg/kg 7 • <0.2 0.42 <0.2 

Acf aphthylene GC-MS (8270) mg/kg <5 0.22 <0.2 <0.2 

Ant facene GC-MS (8270) mg/kg 21 <0.2 0.28 <0.2 

Be llio(a)anthracene GC-MS (8270) mg/kg 7.5 <0.2 0.24 <0.2 

se11o(a)pyrene GC-MS (8270) mg/kg 5.5 <0.2 <0.2 <0.2 

bis~!2-ethylhexyl)phthalate GC-MS (8270) mg/kg 13 <0.2 <0.2 <0.2 
I I GC-MS (8270) mg/kg 11 <0.2 <0.2 <0.2 Chrsene 

Fluo anthene GC-MS (8270) mg/kg 19 <0.2 <0.2 <0.2 

Nai thalene GC-MS (8270) mg/kg 48 0.7 0.92 0.3 
II GC-MS (8270) mg/kg 29 0.28 0.58 <0.2 Ph, anthrene 

Pyrbne GC-MS (8270) mg/kg 12 <0.2 0.3 <0.2 

8AI , alues are on an as-received basis. 
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Water Volume·and Composition 

Pit water volumes were determined by estimating thickness at each coring point, 

co II touring the data, and planimetering the area enclosed by each contour. Total water 

vo]Jme is approximately 50,100 bbl, with 23,500 bbl in pits A and B and 26,600 bbl in 

pitl C and D. Pit B contains the most water, 20,4000 bbl (fig. 9, table 2). Water 

thit esses were measured in early September after an extended dry spell and water 

• wa~ low in all pits; pit A in particular had so little water that the bottom was exposed in 

seal~ ered areas. 

I Pit waters range in TDS content from 495 to 1,391 mg/L and have chlorinites of 69 

to 16~9 mg/L. Bromide is elevated in all pit waters. Metals, such as chromium, arsenic, 

ca1Lum, lead, and selenium, are generally less than 1 mg/L. Strontium and barium 

cojt.le. nts (>1 mg ... /L) ... are elevated relative tom. ost. of the metals analyzed (table 9). Only 

ba !ir and arsenic exceed their respective maximum contaminant levels for drinking 

.wai~er, 1 mg/Land 0.05 mg/L. Barium in pits A and B exceeds the Texas Surface Water 

Q IIllity Standard of2 mg/L. All pit waters contain less than 0.2 mg/LTPH. 

Chemically, the most unusual waters are ditch water no. 2 (a shallow ground water 

col .· cted in the drainage ditch leading to Mustang Bayou) and the pore water extracted 

frol I a pit A core. Both have high TDS content and are rich in sodium, calcium; and 

ch~dride; brom. ide is exceptionally high in the pore·w· ater (2,200 mg/L). Most metals are 
• 11 I . • 
pri5ent at concentrations of less than 1 mg/L, except elevated iron 

(4.ih mg/L) and manganese (2.87 mg/L) in the sample from ditch no. 2, and elevated 

iroll I (2.20 mg/L), molybdenum (1.72 mg/L), and zinc (6.42 mg/L) in the pore water. 

Levee Volume and Compos~tion 

Levee volume was calculated by approximating their cross-sectional shape as a 

re,, angle. The width and length were estimated from a 1990 aerial photograph,and a 
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Fl i ure 9. Isopachous map of pitwater, Manvel SWD site. Water thicknesses measured in 

e ly September 1995. 
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Table 9. Chemical composition of site waters. 

MSL ID# SPLID# Units Sodium Potassium Magnesium ca1c1um 

95-390A AC-1a mg/L 315 24.0 6.5 141 
95-391A 8C-1a (near bottom) mg/L 113 11.5 6.2 38.3 
95-392A 8C-2a mg/L 112 12.1 6.3 37.7 
95-393A CC-1a mg/L 78.6 2.2 3.7 18.5 
95-394A DC-1a mg/L 84.5 5.6 7.5 52.2 
95-395A Ditch#2a mg/L 8610 6.6 343 3450 
95-396A Ditch#3a mg/L 199 0.7 5.0 56.2 
95-397A Ditch#4a mg/L 433 6.2 5;6 65.8 
95-398A Pit A pore water(a) mg/L 5010 185 18.5 2870 

MSL ID# SPLID# Units Fluorkle Chlorlde Bromide Nitrate Phosphate Sulfate 

95~3908 AC-1b mg/L 4.7 679 110 ND ND 16.0 
95-3918 8C-1b(near bottom) mg/L 1.9 168 16.1 ND ND 3.1 
95-3928 8C-2b mg/L 1.9 169 16.3 ND ND 3.4 

~ 95-393B CC-1b mg/L 0.8 69.1 • 9.3 ND ND 1.4 
95-394B DC-1b mg/L 0.9 93.1 49.4 ND ND 34.6 
95-395B Ditch #2b mg/L 1.1a 19300 72.7 ND ND 269 
95-396B Ditch #3b mg/L 1.8 313 3.1 ND ND 23.0 
95~397B Ditch #4b mg/L 3.4 745 2.9 ND ND 22.3 
95-398B Pit A pore water(b) mg/L <1.0 10000 2200 13 ND 479 

ND: not detected 

MSL ID# SPLID# Units C03 HC03 TDS pH ECb ecc 
95-390B AC-1b mg/L 95.2 1391 8.44 2.202 220.2 
95-391B BC-1b(near bottom) mg/L 137 495 8.53 0.788 78.8 
95-392B BC-2b mg/L 139 498 8.66 0.833 83.3 
95-393B CC-1b mg/L 142 326 7.55 0.491 49.1 
95-394B DC-1b mg/L 161 489 7.63 0.738 73.8 
95-395B Ditch #2b mg/L 143 32239 6.56 47.725 4773 
95-396B Ditch#3b mg/L 124 726 7.66 1.300 130.0 
95-397B Ditch#4b mg/L 9.4 24.9 1309 9.26 2.222 222.2 
95-398B Pit A pore water(b) mg/L NR 20816 8.29 33.810 3381 



Table 9 (cont.) 

MSLID# SPLID# Units V Al Fe Tl Co cr<I Hgd 

95-390A AC-1a mg/L <0.08 <0.48 <0.04 0.4 <0.06 .<0.05 <0.0002 
95-391A BC-1a(near bottom) mg/L <0.08 <0.48 <0.04 0.5 <0.06 <0.05 <0.0002 
95-392A BC-2a mg/L <0.08 <0.48 <0.04 0.4 <0.06 <0.05 <0.0002 
95-393A CC-1a mg/L <0.08 <0.48 <0.04 0.38 <0,06 <0.05 <0.0002 
95-394A DC-1a mg/L <0.08 <0.48 <0.04 0.38 <0.06 <0.05 <0.0002 
95-395A Ditch#2a mg/L <0.16 7.84 4.03 <1.0 <0.12 <0.05 <0.0002 
95-396A Ditch#3a mg/L <0.08 <0.48 0.09 <0.2 <0.06 <0.05 <0.0002 
95-397A Ditch#4a mg/L <0.08 <0.48 <0.04 <0.2 <0.06 <0.05 <0.0002 
95-398A Pit A pore water(a) mg/L <0.16 <0.48 2.20 <1.0 <0.12 <0.12 NA 

MSL ID# SPLID# Units Cu Mn NI Mo Zn Asd Agd 

95-390A AC-1a mg/L <0.06 0.12 <0.14 0.24 <0.02 • <0;6 <0.01 

:t 
95-391A BC-1a(near bottom) mg/L <0.06 <0.01 <0.14 0.1 8 <0.02 <0.6 <0.01 
95-392A BC-2a mg/L <0.06 <0.01 <0.14 0.18 <0.02 <0.6 <0.01 
95-393A CC-1a mg/L <0.06 <0.01 <0.14 <0.10 <0.02 <0.6 <0.01 
95-394A DC-1a mg/L <0.06 <0.01 <0.14 <0.10 <0.02 <0.6 <0.01 
95-395A Ditch #2a mg/L <0.12 2.87 <0.28 <0.20 <0.04 <1.2 <0.01 
95-396A Ditch #3a mg/L <0.06 0.31 <0.14 <0.10 *0.04 <0.6 <0.01 
95-397A Ditch #4a mg/L <0.06 <0.01 <0.14 <0.10 <0.02 <0.6 <0.01 
95-398A Pit A pore water(a) mg/L <0.12 0.17 0.63 1.72 6.42 <1.2 NA 

MSLID# SPLID# Units Cdd Pbd Sb Sed Sn LI 

95-390A AC-1a mg/L <0.01 <0.01 <1.6 <0.01 <0.18 0.20 
95-391A BC-1 a(near bottom) mg/L <0.01 <0.01 <1.6 <0.01 <0.18 0.148 

95-392A BC-2a mg/L <0.01 <0.01 <1.6 <0.01 <0.18 0.158 

95-393A CC-1a mg/L <0.01 <0.01 <1.6 <0.01 <0.18 0.128 

95-394A DC-1a mg/L <0.01 <0.01 <1.6 <0.01 <0.18 0.128 

95-395A Ditch#2a mg/L <0.01 <0.01 <3.2 <0.01 <0.36 <0.16 
95-396A Ditch#3a mg/L <0.01 <0.01 <1.6 <0.01 <0.18 0.088 

95-397A Ditch#4a mg/L <0.01 <0.01 <1.6 <0.01 <0.18 0.098 

95-398A Pit A pore water(a) mg/L <0.04 <0.4 <3.2 <2.8 <0.36 0.45 



Table 9 (cont.) 

MSL ID# SPL ID# Units Be Sr Ba Zr u Th 

95-390A AC-1a rng/L <0.01 4.39 11.6 <0.14 <12 <0.76 
95-391A BC-1a(near bottom) rng/L <0.01 1.35 3.52 <0.14 <12 <0.76 
95-392A BC-2a rng/L <0.01 1.33 3.51 <0.14 <12 <0.76 
95-393A CC-1a rng/L C <0.01 0.44 1.30 <0.14 <12 <0.76 
95-394A DC-1a rng/L <0.01 0.81 1.88 <0.14 <12 <0.76 
95-395A Ditch #2a rng/L <0.02 26.1 2.98 <0.28 <24 <1.52 
95-396A Ditch #3a mg/L <0.01 0.38 0.23 <0.14 <12 <0.76 
95-397A Ditch#4a rng/L <0.01 0.78 0.40 <0.14 <12 <0.76 
95-398A Pit A pore water(a) rng/L <0.02 25.2 3.13 <0.28 <24 <1.52 

MSLID# SPL ID# Untts B p Ce La SI Rb 

95-390A AC-1a mg/L 0.77 <1.2 <1.1 <0.10 4.82 <14 
..i:::,. 95-391A BC-1 a(near bottom) mg/L 0.41 <1.2 <1.1 <0.10 6.51 <14 
01 

95-392A BC-2a mg/L 0.42 <1.2 <1.1 <0.10 6.51 <14 
95-393A CC-ta mg/L 0.158 <1.2 <1.1 <0.10 0.35a <14 
95-394A DC-1a mg/L 0.098 <1.2 <1.1 <0.10 5.07 <14 
95-395A Ditch #2a rng/L 0.51 <2.4 <2.2 <0.20 7.15 <28 
95-396A Ditch #3a mg/L 0.158 <1.2 <1.1 <0.10 3.89 <14 
95-397A Ditch #4a rng/L 0.28 <1.2 <1.1 <0.10 3.06 <14 
95-398A Pit A pore water(a) mg/L 0.83 <2.4 <2.2 <0.20 3.94 <28 

MSL ID# SPLID# Ratio Cl/Br S04/CI 

95-390 AC-1 mq/L/rng/L 6.2 0.02 
95-391 BC-1 (near bottom) mq/L/rng/L 10.4 0.02 
95-392 BC-2 mq/L/mg/L 10.4 0.02 
95-393 CC-1 mq/L/mg/L 7.4 0.02 
95-394 DC-1 mq/L/mg/L 1.9 0.4 
95-395 Ditch #2 mq/L/mg/L 265 0.01 
95-396 Ditch #3 mq/L/rng/L 101 0.07 
95-397 Ditch #4 mq/L/mg/L 257 0.03 
95-398 Pit A pore water mq/L/mg/L 4.5 0.05 



Table 9 (cont.) 

CATION-ANION BALANCE 

MSL ID# SPLID# Units CATIONS ANIONS %ERROR 

95-390 AC-1 meq/L 21.877 22.668 -1.77 
95-391 BC-1(near bottom) meq/L 7.639 7.343 1.98 

~ 
95-392 BC-2 meq/L 7.582 7.418 1.09 
95-393 CC-1 meq/L 4.700 4.544 1.69 
95-394 DC-1 meq/L 7.037 6.801 1.70 
95-395 Ditch #2 meq/L 575.107 553.162 1.95 
95-396 Ditch #3 meq/L 11.891 11.488 1.72 
95-397 Ditch #4 meq/L 22.721 22.418 0.67 
95-398 Pit A pore water meq/L 367.311 319.673 6.93 

aReported value near detection limit. 
bunits, mmho/an 
cunits, mS/m 
doata from ARC Lab TCLP metals, except Pit A pore water. 
NB: < - less than indicated value, ND - not detected, NR - not reported. 



4-f .. i(L2-m) height was assumed from field observation and descriptions in RRC files. 

0 that basis, total levee volume is 7.2 acre-ft (8,882 m3) (table 2), and because of the 

larg~r size of pits A and B resides mainly in the levees surrounding them ( 4.4 acre-ft 
Ii 

[5, • I 8 m3]). 

i Electrical conductivity of augered levee samples ranges from 35 to 204 mS/m and 

is 
1 
~ghest on the north side of pits A and B and on the C and D common levee; pH is 

neat neutral (fig. 2, table 10). Levee-margin samples north of pit B have very high 

cot kuctivities (>l,200 mS/m) and correspond to high chloride content and the presence 

of b~oindicators (kill areas and abundant halophytes). Higher chloride generally reflects 

11 

hi,ferEC. . 

J TCLP metals are all well under EPA regulatory limits. Only barium exceeds 

1 mg/L, ranging from 1.1 to 2.1 mg/L and was highest in the pit C and D samples, 2.1 

an~ 1.6 mg/L (table 11). Levee soils are essentially free of petroleum hydrocarbons; 

T, content ranges from Oto 0.05 percent (table 11). 

Electromagnetic· Induction Survey 

Ground conductivity data were collected along five lines at the Manvel site (fig. 2). 

Fi lines were located around the perimeter of the site, and one was lo.cated across the 

sitb1 interior north of pits A and B. Perimeter lines were acquired to examine whether 

~le was geophysical evidence of saltwater movement beyond the site boundaries. The 

inrrior line was acquired to check pits A and B and plugged wells for leakage and to 

detlrmine whether there is evidence that saltwater has infiltrated the subsurface along 

th
1 

I drainage ditch leading to Mustang Bayou. 
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Table 1 0. Electrical conductivity of levee soil. 

MSL ID# SPLID# Eca ECa pHa Clb 

95-308 A1 0.405 40.5 7.37 
95-309 A2 0.881 88.1 7.90 
95-310 A3 0.595 59.5 7.34 
95-311 A4 2.036 203 .6 6.38 507 
95-312 A5 0.719 71 .9 6.56 
95-313 A6 0.375 37.5 6.54 5.6 
95-314 A7 0.408 40.8 6.88 

95-317 B1 0.650 65.0 6.78 
95-318 B2 0.646 64.6 6.66 
95-319 B3 0.546 54.6 6.41 
95-320 B4 1.083 108.3 6.44 202 
95-321 B5 1.443 144.3 6.49 254 
95-322 B6 0.414 41.4 7.26 
95-323 B7 0.467 46.7 7.25 

95-326 C1 0.409 40.9 7.42 
95-327 C2 0.512 51 .2 7.44 
95-328 C3 0.376 37.6 .7.53 
95-329 C4 0.351 35.1 6.60 

95-332 D1 0.684 68.4 7.04 
95-333 D2 1.202 120.2 7.40 168 
95-334 D3 0.374 37.4 7.40 
95-335 D4 0.535 53.5 7.19 

95-338 BLANK 0.572 57.2 7.79 2.1 

95-339 LM-1 12.3165 1232 7.60 4140 
95-340 LM-2 13.9725 1397 7.33 4790 

aMeasurement performed on 1/1 aqueous extract in mmho/cm and mS/m. 
bReported on a moisture-free basis in mg/kg. 
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Table 11. TCLP metals and TPH in levee soil. 

Parameters Procedure Units PIT A PIT B PITC PITD BLANK 

Arsenic TCLP8 mg/L <0.01 <0.01 <0.01 <0.01 <0.01 
Barium TCLP mg/L 1.1 1.1 2.1 1.6 1.4 
Cadmium TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 
Chromium TCLP mg/L <0.05 <0.05 <0.05 <0.05 <0.05 
Lead TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 
Mercury TCLP mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Selenium TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 
Silver TCLP mg/L <0.01 <0.01 <0.01 <0.01 <0.01 

Oil+ Grease Method wt% 0.13 0.06 0.24 0.17 0.06 
5520Eb {dry basis) 

TPH Method wt% 0.04 0.00 0.05 0.04 0.00 
5520F (dry basis) 

Moisture gravimetric wt% 7.6 5.5 9.0 9.2 13.0 

8TCLP (EPA SW-846, method 1311) 
bstandard Methods (18th Ed.) 
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Line FG is located at the northeastern border of the Manvel site and is 280 m (919 ft) 

lo]g {fig. 2). It is situated near the base of the levees around pits C and D and passes 

ne I j a backfilled pit in the northeast part of the site. Apparent horizontal-dipole 

coykuctivities along this line are high and increase with coil separation (fig. 10a). 

A~Jarent conductivities increase from 70 to 180 mS/m at 10-m (33-ft) separation, to 135 

torr mS/m at 20-m (66-ft) separation, to 190 to 370 mS/m at 40-m (131-ft) separation. 

A,f arent conductivities for all horizontal-dipole coil separations decrease from the 

sotfh to the north end of the line. Vertical-dipole data (fig. lla)show the opposite 

tr~ d, that of increasing apparent conductivities from south to north. South of pit C, 

apl 1arent conductivities for long vertical-dipole separations become negative, 

su lgesting that actual ground conductivity increases southward and is high enough to 
! 

ca ;sea nonlinear instrument response in the vertical-dipole orientation . 

. 1 Horizontal- and vertical-dipole measurements along line FG clearly show that 

grfflmd conductivities decrease northward away from pits C and D and that 

cohductivities increase downward within the exploration range of the instrument 

(ldlger separations measure higher apparent conductivities). Erratic measurements 
11 

n~ar the south end of the line are caused by a pipeline that crosses the line. Away from 

thi I pipeline, highest'conductivities are found adjacent to pits C and D. Horizontal-

d.l !ole conductivities at the north end of the line (fig. 10a), the lowest observed at the 

]
4nvel site, may represent gro.und. cond.uc.tivities that are .dos.est to b.ack·g. r.oun. d values. 

j Conductivity models constructed from horizontal- and vertical-dipole 

~asurements at twostations on line FG (figs.2 and 12a,b) indicate that a highly 

ct~ductive layer is present near the surface. At station FGl, located near a filled pit, a 

rellatively nonconductive surface layer about 4 m (13 ft)thick is underlain by a 

!.r! derately conductive layer (627 mS/m), modeled to be about 10 m (33 ft) thick 
I . . 
I 

I so 
I 



(a) 
500 

E 
iii 
s 
~ 

~ 
<> 
:::, 
,::, 
C 

8 

l 
< 

F 

• 
Line HI 

• 
Water 

sample 1 

Pits C and D 

Pipe
line 
• 

,' 

G 

• 

o+------....... ------"""'T--------. 
0 

(b) 
500 

H 

• 

II 

II 

100 

Distance (m) 

Levee 
• 

200 

Levee 
• 

,_ 
• •.... ..... • , , I , 

,✓'"" ... ... .......... , ,- ... ,..,,. - ,../ 
(. ~ .....,-,.,,,,....,,""_.....,_,_, 

'..! 

300 

Pit 
• • 

Coil separation 

---- 10m 

----- 20 m 
··-·-·-· - 40 m 

o+-------.-------....... --------.--------. 

(c) 
500 

E 
iii 
s 
~ 

~ 
<> 
:::, 
,::, 
C 

8 

I 

0 

Pipe
D line 

100 

PitA 

200 
Distance (m) 

• ••---.P""'o...:w=e=r:;;:line=====-----
I I . . 
I I .. 
I I .. 
I I .. 
I I 

I I 

" .. .. 
II .. 
II 
V 

\I 

II 

II .. 
II 

,. 
• I 
I • 
• I 
I• 
. '· 

·".. _) I ,. t •/ ; . 

300 

Pipe
Ditch line E 

• • • 

400 

I 
0 -1---------.--....... ----"""'T---------,--------, 

0 100 200 
Distance (m) 

300 400 

0Ab28711c:(a-e) 

Figure 10. Apparent conductivity along geophysical lines FG, ID, DE, CD, and AB, Manvel 

SWD site. Conductivities measured in the horizontal-dipole mode at 10-, 20-, and 40-m 

coil separations. See figure 2 for location of lines. 

51 



(d) 
500 

? en 
g 
?:-
:~ 
0 
:::, 
"t:I 
C 

8 
C: 
a, 

iii 

I 

(e) 
500 

? en g 
?::~ 
0 
:::, 

"t:I 
C 

8 

0 

C 

• 

A 

• 

URM 
B3 

URM 
B2 

URM 
B1 

Pipe
line D 

--=p=-o_w_e_r..,.,li-ne ______________ ,,_ • 

,.A_v 
I ... 

I 

~ 

'\ ,, / 

I\ r-" • 
I ' ., • 

Coil separation 

----10m 

----- 20m 
,. I \ 

------- \ 
• • - • - • - • - 40 m 

100 200 300 
Distance (m) 

Water Pipe-
Pipeline sample 2 line 

SWD 
Pipe- Pipe- well Pipe-
line line / line 

• • • Pits A and B 

' • I\ 
I • I ' 

, I I °':. ,;·1 ~ j~,L ~ ,, .. ,_, 
:f \ ~j \ "!f , I ~• '-._,- '•--,.,•,,,--., __ .,,._ 
/ I' .I. ''- J. -.__ '. 

I •' '(., 

B 

• 

./ 

0-+---------------1-:_;_,----------.----------r--------, 
0 100 200 300 400 500 

Distance (m) 

0Ab2679c(d-e) 

Figure 10 (cont.) 

52 



Water Pipe-

{a) F Line HI sample 1 line G 

• • • • 
300 Pits C and D 

e 
uS 
.s 

Coil separation ~ 
:~ 10 m ti 
:::, 0 -----20m "O 
C 

8 ··-·-·-·-40 m 
E 
! 
cG 
Q. 
Q. 
< 
-300 

0 100 200 300 

Distance (m) 

(b) 
H Levee Levee Pit I 

• • • • • 
300 

e 
uS 
g 
~ 
:~ 
u 

0 :::, 
"O 
C 

8 
E 
! 
i 
< 
-300 

0 100 200 300 400 
Distance (m) 

Pipe- Pipe-

(c) 
D line Pit A Ditch line E 
•• Power line •• • 

300 
'4 : v\ , • .,., :..... _j 

e r: I '·.f V 
\ 

uS I: \ '-\ I 
g \ I '"' I 

\ I \ /',/ 
~ ~ 

·;; . ., 
" 0 :::, 

"O 
C 

8 
E 
GI 

[ w 
I 

Q. 

< 
-300 

0 100 200 300 400 
Distance (m) 0Ab2NOc(a-c) 

Figure 11. Apparent conductivity along geophysical lines FG, Ill, DE, CD, and AB, Manvel 

SWD site. Conductivities measured in the vertical-dipole mode at 10-, 20-, and 40-m coil 

separations. See figure 2 for location of lines. 
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Figure 12. Models of electrical conductivity variation with depth at stations FGl (a) and 

FG2 (b) along line FG, stations I-Ill (c) and I-Il2 (d) along line I-Il, and stations ABl (e) and 

AB2 (f) along line AB. See figure 2 for location of conductivity profiles. 
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(fi :1 12a). Below 14-m (46-'-ft) depth is a less conductive layer (167 mS/m) that extends to 

an unknown depth. Farther south on line FG, adjacent to pit D, a profile modeled at I . . . . 
stali f.on FG2 (fig. 12b) has a thicker zone of relatively low conductivity at the surfac. e. 

(6.rjm [22 ft] at 221 mS/m), underlain by an extremely conductive zone (2178 mS/m) 

th11 is modeled to be 4.3 m (14 ft) thick. Conductivities remain moderately high (about 

6QI1 mS/m) below 11 m (36 ft). 

; I These profiles and the unprocessed horizontal- and vertical-dipole measurements 

• bo h indicate elevated subsurface conductivities along the line that are caused by 

satater infiltration. The profiles can be interpreted to represent an unsaturated zone 

hatg relatively low conductivity at the surface, underlain by a highly conductive 

laJ
1

~er that probably is saturated w.ith saltwater. Above-backgroun.d con.ductivities in the 
I I • ' 

lonest layer suggest that its upper boundary is a gradual one, actual conductivities 

debreasing downward from values that are higher than the modeled conductivity near 

th I top of the layer to background values at an undetermined depth. 

L" r HI 

i This line crosses the northwestern part of the site and is 310 m (1,017 ft) long. It 

ex
1 

~nds northeast from the Chocolate Bayou Road entrance to the site, passes along the 

le ke at the west side of pit B, crosses a large, leveed area west of a north-south-

tr 1!ding site road, and ends at line FG near a small, backfilled pit (fig. 2). Horizontal-

di lole apparent conductivities are high along the line and generally increase with coil 

seUaration (fig. l0b }. Highest apparent conductivities are found for 10-m (33-ft) and 

2d-b (66"'."ft) separations at the backfilled pit. Between the filled pit and the levee at the 

sdJthwest margin of the leveed area, horizontal- and vertical-dipole data show the 

sJ~e conductivity trend (figs. 10b and llb). Horizontal-dipole conductivities are 100 to 

1 I; mS/m at the 10-m (33-ft) coil separation, increase to about 200 mS/m at the 20-m 
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: I . . 

(6tr) coil separation, and increase further to about 250 mS/m at the 40-m (131-ft) coil 

se,aration. The high conductivity at the backfilled pit reflects its former role as a 

saf ater pumping pit. Southwestward of the leveed area, horizontal-dipole 

coi'. ructivities increase an. d. vertical-dipole conduct.ivities are negative for all coil 

se , arations, indicating very high ground conductivities. This highly conductive area 

corcides with the western boundary of pit B and the presence of abundant halophytes. 

H1,izontal-dipole apparent conductivities decrease from the edge of pit B to the end of 

th : 1line at Chocolate Bayou Road. 

j Conductivity models along line HI were constructed from horizontal- and vertical

di II ble data from stations Hll, located within the leveed area, and station HI2, located 
11 • 

be , een pit B and Chocolate Bayou Road (figs. 2 and 12c,d). These modeled profiles are 

ge lerally similar to those on other lines at the Manvel site: a surface zone of low · 

cor uctivity underlain by a highly conductive layer, which in tum is underlain by a 

mlaerately conductive layer. Within the leveed area, the surface layer is modeled to be 

ab~ut 4 m (13 ft) thick and has a relatively low conductivity of 42 mS /m (fig. 12c). The 

u~1erlying conductive zone is about 2.5 m (8.2 ft) thick and extends to a depth of 

beTeen 6 and 7 m (20 and 23 ft). The basal layer has a moderately high conductivity of 

ab~ut 500 mS/m and extends to an unknown depth. Southwest of pit B, the surficial 

Ion-conductivity layer at station Hl2 is modeled to be 6.4 m (21 ft) thick and is 

un!erlain by a conductive layer that is thicker than that at Hll (fig. 12d) and extends to 
I 

a bpth of about 11 m (36 ft). 

I The high conductivities observed along line HI and the modeled, highly conductive 

zolnes in the subsurface indicate that electrically conductive fluids are present in.the 

sul~surface along this line. Similar to vertical profile sites along lines FG and AB, 

re!l ltively dry near-surface sediments are shown in the model as a low-conductivity 

s 1Jface layer.This layer overlies a highly conductive layer that extends to a depth of 7 

to i1 m (23 to 36 ft) at the two stations on line HI and is interpreted to be saltwater 
I 
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sa. I rated. Below this layer, electrical conductivity probably decreases gradually to an 

. u liown depth. . 

Lill DE 

r Line DE was acquired in the right-of-way along FM 1128 along the southeast side 

of, he Manvel site. This line is 310 m (1,017 ft) long and passes near the levee bounding 

pil k (fig. 2). Horizontal-dipole apparent conductivities are high and increase with coil 

sef~ration, much as they do along the other geophysical lines at the site (fig. lOc). 

Ml· rsurements for the 10-m (.33-ft) coil separation are 100 to 200 mS/m. Conductivities 

in II rease to 180 to 300 mS / m for the 20-m ( 66-ft) coil separation and are higher than 

3orlms/m for the 40-m (131-ft) separation. Highest apparent conductivities at the 10-m 

(3ltft) separation are found in a 50-m-long (164-ft) segment near the north end of the 

li le where a culvert and drainage ditch cross FM 1128 (fig. 10c). Elevated conductivities 

ar I also observed in this area at the 20-m (66-ft) coil separation. Vertical-dipole 

mp~surements are also anomalous, showing a drop in apparent conductivity that 

sjggests ground conductivity is sufficiently high to cause nonlinear instrument 

r1konse in the vertical-dipole mode (fig. llc). 1his conductive area is probably caused 

b~ ~latively wet near-surface sediments in the ditch. l Elevated horizontal-dipole conductivities are also observed adjacent to the pit A 

lei le in 20-m (66-ft) and, to a lesser extent, in 10-m (33-ft) coil-separation data (fig. 10c). 

~ore pronounced response in the 20-m (66-ft) separation data suggests that most of the 

cdf ductivity increase is between the 6-m (20-ft) exploration depth of the 10-m (33-ft) coil 

siaration and the 12-m (39-ft) exploration depth of the 20-m (66-ft) coil separation. 

Anparent conductivities for the 20-m (66-ft) coil separation continue to increase 

s1lthward beyond the pit A levee, whereas conductivities measured at the 10-m (33-ft) 

s Jaration decrease slightly. Measurements made for the 40-m (131-ft) horizontal-dipole 
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coi separation and for the 20,. (66-) and 40-m (131-ft) vertical-dipole coil separations 

wJl clearly affected by power line noise (figs. 10c and 11c). Because of this noise, not 

enj~gh valid coil configurations remain to construct vertical conductivity profiles along 

thJ11· 1· 1ne. 

Li tCD 

f Line CD was acquired in the right-of-way along Chocolate Bayou Road at the 

sotwest boundary of the Manvel site (fig. 2). The line is 255 m (837 ft) long,is about 

50[I (164 ft) southwest of the levees that surround pits A and B, and passes near the 

looWtions of shallow boreholes Bl, B2, and B3 (fig. 2). Horizontal-dipole apparent 

II k · · · h' h 1 th' r d • • • h • • ·1 • col
1 

uchv1hes are 1g .a ong 1s me an increase wit increasing cm separation 

(ff] l0d). A pipeline near the south end of the line causes anomalously low horizontal

di ': ble conductivity measurements; other anomalies in the horizontal-dipole data are 

fo* d about 75 m (246 ft) from endpoint C for the 10-m (33-ft) coil separation and about 

17(!)f m (558 ft) from endpoint C for the 10- (33-) and 20-m (66-ft) coil separations. The 

an~aly at 75 m (246 ft) is probably caused by a pipeline crossing, whereas the one near 

17 m (558 ft) coincides with the location ofan overhead power line across Chocolate 

I 

Ba,1 r· u Road. , 

Horizontal-dipole conductivities generally decrease from point D to point C for 

ear coil separation (fig. lOd}. Power line noise may contribute to elevated apparent 

co~ductivities at the 40-m (131-ft) coil separation, but the trend of declining 

co~ductivity from D to C appears to be valid for this coil separation as well, Actual 

grdund conductivities should thus generally decrease from D to C. 

1~1 Water samples from boreholes Bl, B2, and B3 along line CD show that chloride 

caJtent·and electrical conductivity increase downward from 80 mg/L chloride and 

1 l)d mS/m conductivity at 3-m (10-ft) depth to 9100 mg/L chloride and 5500 mS/m 
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i I 

11 

i I 

colductivity at 10-m (33-ft) depth (URM, 1985). These data are in accord with 

geJihysical measurements that show increasing apparent conductivity with coil 

s1fration (and thus depth) for the horizontal-dipole coil configuration. Although there 

ari 100 few vahd coil orientations along hne CD available to calculate conductivity 

mddels, borehole sample data are also in accord with conductivity models derived from 

neltby sites. These models have a low-conductivity zone several meters thick at the 

suf jace; the surface layer is underlain by a conductive layer that extends to a depth of 

abf1 
u.·I t 1.0 m (33 ft) (fig. 12). As is shown in the·. borehole data, salinities (and electrical 

co .1 kl.uctivities) increase with depth in this area from 3 to 10 m (10 to 33 ft). Electrical 

co, 6uctivities of water samples from the boreholes are higher than actual ground 

co: ~uctivities because the host sediments have very low electrical conductivities. 

L',eAB 

I I 

I Line AB is an east-west interior line that extends 485 m (1,591 ft) from the bridge on 

C If olate Bayou Road over the drainage ditch exiting the site to the site entrance on 

Ft.I 1128 (fig. 2). The.line passes near the base of levees that bound the north side of pits 

Ajjnd B and along the axis of the drainage ditch. The highest horizontal-dipole 

a,Jarent conductivities at the Manvel site for the 10- and 20-m (33- and 66-ft) coil 

,arations were recorded along this line (fig. lOe), as well as the most negative vertical

di~ole apparent conductivities (fig. lle). This line, along most of its extent, lies in an 
I I 

ar
1
ea of abundant halophytes and west of the SWD well. Line AB crosses several above-

g11
1

1Jund and buried pipelines, many of which cause anomalous horizontal- or, vertical-

d' I 1 . t • ll~o e mstrumen responses. 

I Similar to the perimeter lines, horizontal-dipole conductivities increase with coil 

separation, which suggests that ground conductivities increase with depth (fig. l0e). For 
I 

t l 10-m (33-ft) coil separation, conductivity values range from 100 to nearly 300 mS/m, 
I 
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I 

an~ highest values are observed along pits A and B and down the drainage ditch west 

of nit B for a distance of about 100 m (328 ft). Conductivities for the 10-m (33sft) 

sewkration are somewhat less elevated (about 200 mS/m) at the west end of the line. For 

thl reeper sensing 20-m (66-ft) coil separation, horizontal-dipole conductivities are 

bf een 200 and 350 mS/m. These conductivities increase westward along pits A and B 

an~ reach some of their highest values adjacent to pit B (fig. lOe). The highest 

horizontal-dipole values, and the most negative vertical-dipole values (fig. 11e), are 

· loJJted along a 50-m-long (164-ft) segment just west of pit B near the site of ditch water 

sa 1 
! pie no. 2 (fig. 2) and corresponds to the presence of abundant halophytes. 

Two vertical-conductivity profile models constructed from horizontal- and vertical-
. ' 

dipble data have a sequence of conductivity layers that is similar to that in the other 

pr~files at the site, but have thinner low-conductivity zones at the surface (fig. 12e,d). 

Pr~file ABl, located near the junction of pits A and B in an area of abundant halophytes, 

h ~ a surface layer that is only 1.4 m (4.6 ft) thick and has a modeled conductivity of 

86 mS/m. Below this is a highly conductive zone (1737 mS/m) that extends to a depth 

of 4bout 10 m.(33 ft). A moderately conductive zone (385 mS/m) is modeled below this. 

Si. I ilarly, profile AB2, located adjacent to pit A, has a surface layer that is modeled to be 

lef s than 1 m ( <3 ft) thick and is underlain by a highly conductive zone (886 mS/ m) that 

erbds to a depth of 22 m (72 ft). Thinner, low-conductivity layers at the surface at 

t~se stations suggest that saltwater is found nearer the surface here. This interpretation 
I 

is trther supported by the presence of salt-tolerant vegetation along line AB. Saltwater 

clrser to the surface along this line may also imply that near-surface salinity sources 

w~re or are located nearby, such as pits A and B or the plugged SWD and oil wells. 
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INTERPRETATION 

I 
I The key issues at the Manvel SWD site are (1) the source and extent of saltwater 

co tamination of shallow ground water and (2) the hazardous/nonhazardous nature of 

th I ~aste in the open pits. . 

Saltwater Contamination 

I There are two known possible sources for the saltwater contamination detected at 

th . ranvel SWD site: saltwater brought onsite and discharged into the pits and 

sal1r ater disposal well, and formation water leaking from the abandoned oil well or 

sa ~ater disposal well or both before they were plugged. 

I Saltwater contamination on and off site is evident in the distribution of halophytes, 

ch bical analyses, and ground conductivity. Halophytes are abundant to the north of 

pi,:~ A and B, where electrical conductivity at shallow depth exceeds 1,200 mS/m in 

le ke-margin soils (table 10), and to the west of pit B, where chloride content is 
I 

19 300 mg/Land TDS about 32,000 mg/Lin ditch sample no. 2 (table 9, fig. 2). 
I 

C lorinity in well B3, along Chocolate Bayou Road, southwest of pit B, was 9,100 mg/L 

in ~985 at a depth of 30 ft (9 m) (URM, 1985) and is almost identical to that of the pit A 
I 

plr water (table 9). Well B3 water had an electrical conduc. tivi.ty of 5,500 mS/m • 

(5J;lmmho/cm) and a calculated TDS content of approximately 34,000 mg/L. 

j The electromagnetic induction survey of the Manvel site shows elevated ground 

c .~ductivity within the site and along its perimeter (figs. 10 and 11). Because saltwater 

is J good electrical conductor and known to be present on-site, elevated conductivity is 

af buted to subsurface infiltration of saltwater. Ground co.nductivities at the site are at 

le~t 100 mS/m at shallow depths and increase to more than 300 mS/m with depth 

(f't 10). Values of more than 1,500 mS/m were modeled (fig. 12). The highest ground 

I ~ 
I 



(fi f 12), where calculated vertical-conductivity profiles (fig. 12) and halophytes suggest 

thal saltwater can be found within 1 m (3 ft) of the surface. Around the perimeter of the 

sitJ
1
, vertical-conductivity profiles show that the upper boundary of a layer containing 
I . 

sal,tater is deeper than 2 m (6.6 m) below the surface. 

1 IFrom the preceding observations, it is postulated that saltwater migrated outward 

ani downward from pits A and B into a shallow sand underlying the site (figs. 13 and 

14) !The modeled high-conductivity layer between depths of approximately 6.6 and 33 ft 

(2 la 10 m) corresponds to a shallow sand penetrated in drilling (URM, 1985). 

Debkease in ground conductivities modeled at a depth of approximately 33 ft (10 m) 

coillcides with the sand's lower boundary with an underlying red mud. Geophysical 

daU suggest that the mud may form a leaky barr.ier to downward migration of 

sall.kater and that saltwater has not reached the Chicot aquifer at approximately 200 ft 

(6 b) below land surface. Below the conductive layer is a less conductive zone in 
I 

w ~ch conductivities decrease downward to background values at an undetermined 

de Ith below 33 ft (10 m). 

: I High chlorinity is attributed to disposal activities at the Manvel site and not to 
I 

su face water flowing onto the site. There were no halophytes observed along the 

dr' bage ditch entering the site from the northeast nor along it on the northeast side of 

pi !JC and D. Site chlorinities are well in excess of those reported for Beaumont waters 

p1b, to disposal activities. For example, in 1933, chloride content was 19 mg/Lin a 60-ft 

(1!im) well less than 1,500 ft (457 m) east of the site (fig. 13, well no. 704). Moreover, 

coUductivities of the Beaumont Formation, containing water of TDS content less than 

1,f o mg/L, are less than 100 mS/m in the vicinity of the site (Sandeen and Wesselman, 

lf 3). Typically, in the Gulf Coast, an aquifer fully saturated with water having a TDS 

c,f tent greater than 3,000 mg/L (-1,500 mg/L chloride) has a conductivity greater than 

2 'o mS/m (Fogg and others, 1991). 

I 
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Figure 13. Hydrogeologic cross section through the Manvel SWD site. High hydraulic 
head at the site and density contrast causes saltwater to move downward and laterally 

toward Mustang Bayou. See figure 6 for location of cross section. 
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Halophytes 
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Figure 14. Schematic cross-sectional flow around a Manvel waste-disposal pit. Flow reflects 

conditions during disposal activities at the site. Saltwater moved laterally to levee toes 

and downward into the underlying sand in response to bank-full hydraulic head and its 

greater density and then moved laterally in response to the local hydraulic gradient. 
Stratigraphy based on actual drilling on the site's southwest boundary, where the sand
mud contact is approximately 37 ft (11 m) below the surface. 
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I 

• I Saltwater associated with on-site oil production, as well as saltwater brought on-

site~or disposal in the SWD well, is geochemically distinct from mixtures of saltwater 

an!I drilling fluid disposed in the pits. The sulfate-to-chloride ratios of all site waters are 

loll l typically 0.02 to 0.07 (table 9), and are characteristic of oil-field brines (Whittemore, 
I . 

19l~). The chloride-to-bromide ratio, however, differs among samples. Samples referred 

to rf "ditch waters" include shallow ground waters collected beneath the ditches as 

w,11 as surface water in the ditches (fig. 2). The composition of these ditch-water . . 

sa]! [ples is inferred to re.fleet re. lict conta.min.· a .. ti.on. from formation water associated with 

on tte oil production or saltwater brought on-site for disposal. The chloride-to-bromide 

ra ,-t of ditch waters ranges from 101 to 265, which are more depleted in bromide than 

arJ· pit waters and pit A pore water having chloride-to-bromide ratios of 1.9 to 10.4. A 
I I 

ch @ride-to-bromide ratio of 265 is very close to that of sea water (288) and is within the 

,,~e typical of Tertiary Gulf Coast formation waters (250 to 1,000) (Land and 

Ml~pherson, 1992). It is postulated that the ditch is underlain by produced formation 

wlier sourced in the past from the SWD well or oil well or both and uncontaminated by 
i ! • . . • 

drlving fluids discharged into the pits. These wells have leaked saltwater in the past. 

Fo~ example, prior to its plugging in 1993, the oil well was leaking saltwater (chloride 

3~~00 mg/L) at a rate of less than 1 bbl per day. Although the SWD well was sealed in 

191~6, perforations were not properly squeezed prior to its plugging in 1990, according 
I 

to ~C files. 

[ The low chloride-to-bromide ratio (4.5) and high total bromide content 

(2100 mg/L) in pore water from pit A waste clearly identify pit waste as the source of 

tj, bromide in the pit waters. Consequently, the low ratios in pits C and D waters 

,dicate some contamination in those pits. The source of bromide is unknown but may 

bt ~e result of bromide release by organic matter undergoing diagenesis or may be 

atLopogenic in origin (Whittemore, 1995). The most likely source, in the absence of 

b !lminated compounds (gasoline additives, herbicides, or pesticides), are drilling fluid 
I . . . 
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adHitives such as calcium bromide and zinc bromide (API, 1990). The pore water is also 

hi4 in calcium and zinc (table 9). However, calcium and zinc may represent any of 

seJeral other drilling additives and treating agents. 

I If ditch waters were contaminated by drilling fluid from the pits, their chloride-to

br , hlide ratios would be less than 10 rather than in the hundreds. Furthermore, 

hal~phyte abundance appears controlled as much by proximity to the SWD well as to 

le1.les around the pits. Halophytes are most abundant just west of the 5WD well and 

col~inuing west beyond the plugged oil well to the ditch no. 2 sample point (fig. 2). 

ThlJ.s, the subsurface waters sampled in the ditches apparently come from formation 

wJJer produced on-site or brought on-site for injection. In other words, waters currently 

beWeath or in the ditches do not represent those now in pits A and B nor those likely 

pr~~t in them since disposal activities ceased. The most likely source of this saltwater 

contamination, therefore, is one or both abandoned wells before they were plugged by 

RRC. Apparently the amount of rainfall and recharge since 1990 has not been sufficient 

to dompletely flush out this saltwater or erase its diagnostic Cl/Br fingerprint. 

I Electromagnetic survey (EM) lines were chosen primarily at the site margins to 

as kss the possible extent of off-site migration of saltwater and its depth below land 

sf ~ace. High conductivities along the site-margin lines confirm off-site migration of 

sa[rater (figs. 10 and 11) to depths of at least 23 to 49 ft (7 to 15 m), as predicted from 

~ results of conductivity modeling (fig. 12a,b,c,d). The extent of saltwater migration 

wkk not directly studied but was estimated from regional hydrogeology. Hydraulic 

+.Id was highest when pits were full. This drove saltwater out o. f the pits, both laterally 

nf ugh the levees-which accounts for halophytes on the levees-and downward 

af oss the pit botto~ and '.ater"'.'y to the west and northwest in the direction of the local 

,l.,rnont hydrauhc gradient (figs. 6, 13, and 14). Saltwater that leaked from the SWD ,+ or oil well or both would also move in those directions. Saltwater flow in those 

d ·rctions, laterally away and downward from the source, IS consistent with the 

I 

I 
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I 

detjiease in ground conductivity in those directions (figs. 10 and 11) and with increasing 

co liductivity downward. For example, ground conductivities are highest near pit Band 

def Jease westward along the drainage ditch (fig. 2), indicating that saltwater has 

rated westward in the subsurface or as surface flow or both. 

I The extent of off-site subsurface movement, assuming disposal activities began 

20 1 iears ago, is estimated to be about 0.6 mi (1 km) and was calculated from the 

gr , bd-water velocity equation, 

I I V=KI 

I ~ 
w ere K is average hydraulic conductivity of a Beaumont fluvial sand (13 ft/ d [4 m/ d]), 

I tit local hydraulic gradient (0.01), and <I> aquifer porosity (30 percent). 

I Waste Assessment 

TCLP extracts are all below EPA regulatory limits, and thus the waste is not 

ha 
1

ardous on the basis of its metals content (table 6). Among regulated metals, only 

baffum exceeds 1 mg/L, which is still well below its limit of 100 mg/L. Analysis of 

se~ivolatile organics shows the absence of refined product, pesticide, and herbicide, 

jd thus the waste is not hazardous on the basis of its organic content (table 8). The 

w!ite's physical appearance (odor and color) and absence of refined product suggest 

thl,j presence of weathered, degraded crude oil. Its oxidation is indicated by the presence 

of ~xygenated hydrocarbons (phenolics). . 

I Only on the north sides of pits A and B does TPH exceed 2 percent. In the 

re I ainder of those pits and in pits C and D, TPH is approximately 1 percent. Although 

lorl chloride-to-bromide ratios and some dissolved barium in pits C and D waters 

• ,Jicate the presence of some drilling waste, the low TPH content of the waste renders 
I . 

it ·enign (table 6). On the basis of physical appearance and the lack of correlation 
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I I . . 
bereen BTEX and TPH content, pit B waste is thought to be an older, more weathered 

or ~egraded waste than that in pit A. 

ENVIRONMENTAL IMPACT·ASSESSMENT 

The Manvel SWD site poses a potential threat to public health and safety and the 

en fronment through its possible impact on surface- and ground-water quality of 

sal: / ater, organics, and metals. The actual risk is governed by the likely pathways for 

• of r.f te migration, rate of ground-water flow, distance to point of discharge into surface 

w~1"r and/ or nearby wells, concentration and nature of contaminants, future land use, 

an~ state and federal regulations. The most likely pathways for offsite migration of 

p,rtial contaminants in the saltwater or pit waste are via surface waters to Mustang 

Ba ou, by ground-water discharge to the bayou, by ground-water flow to nearby wells, 

or r three pathways. 

I Migration Pathways 

i Surface water in Mustang Bayou has been impacted in the past via the drainage 

di <i:h leading from the site. Future impact on Mustang Bayou from surface runoff or pit 

of rflow is not likely because there is no crude oil on the surface of the pits and their 

wr,lers. have IDS contents of less .than.. 500 mg/. L (table 9) .• However,. barium and arsenic 

injie pit waters exceed their maximum contaminant levels for drinking water (1 mg/L 

anJ 0.05 mg/L, respectively), whereas TPH was less than 0.2 mg/L. The concentration 
I 

of lharium and arsenic beneath the site and off-site is unknown. 
I 

Shallow saline ground water was confirmed beneath the drainage ditch leading to 

ustang Bayou and on the southwest boundary of the site. These occurrences of 
I . 

s,ltwater are 1,000 to 1,500 ft (305 to 457 m) up hydraulic gradient from Mustang Bayou 

(fJ~s. 2 and 6). Assuming aquifer continuity between the site and the bayou and ground
I 
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w*r flow velocity of 170 ft/yr (52 m/yr), it is likely that site saltwater has reached and 

beln discharged to Mustang Bayou in the 20 years since disposal activities began. 

oikarge is postulated to be from the shallowest Beaumont sands because hydraulic 

heir1 sin deeper sands are well below the bayou (fig. 13). 

t The number of households possibly using shallow Beaumont ground water down 

hy~raulic gradient between the site and Mustang Bayou is five or less, based on a count 

of nouses visible in a 1990 aerial photograph. A well survey of private residences was 

nof ldone. In the past, residences within 0.25 to 0.5 mi (0.4 to 0.8 km) of the site have 

usf if Beaumont ground water (URM, 1985) and still do today because Manvel city water 

-is r· ~ailable only along Highway 6 to the south. According to RRC records, there have 

be h no reports or complaints of chloride contamination in nearby wells. These wells 

41typically screened at depths of 150 to 200 ft (46 to 61 m) (fig.13), which greatly 

reciihces the risk of contamination by shallow saline ground water at the site. Wells in 

thl deeper Chicot aquifer should not be at risk because the saltwater plume apparently 

lie[I . within the Beaumont above the Chicot. . 
I 

/ To track the saltwater plume between the site and Mustang Bayou, ground water 

ani1 soil can be sampled and analyzed to determine the presence and concentration of 

sj6h pollution indicators as chloride, bromide, barium, arsenic, electrical conductivity, 

1J benzene or TPH This tracking exceeds the authorized scope of this investigation. 

ci1oride-to-bromide ratios would be used to help differentiate saline formation water 

fr 11 ~ pit waters as possible sources. Benzene, because of its high solubility (1,750 mg/L), 

is J good indicator of organic mobility. TPH would measure total hydrocarbon 

c t lamination. Samples would be collected from both above and below the red mud 

la11 l~r (see fig. 14) to ensure that the saltwater plume is only in the shallow sand. 

d uging flow in Mustang Bayou and sampling its waters could be done at the same 

ti; I e ground water and soil are sampled to confirm the prediction of no impact from 

d:1charge. 

I 

I 
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Bio receptors 

I , The scope of this investigation did not include sampling ground water down 

hy·r.lraulic gradient or .in the vicinity .of the .site •. Thus, t.he concentration of potential 

injJganic and organic contaminants in shallow ground water is unknown. 

NJf ertheless, potential bioreceptors are probably at very low risk. Mobility of metals in 

thl pit waste is probably low, based on the great disparity between total and TCLP 
11 I 

col)',rentrations, nearly neutral pH's, and sorption on clay minerals. Metals are 

po~II entially mobile in ground water in true solution, particularly at low pH, or may be 

tr 1Jsported as colloids, or in surface water sorbed to particulate matter. 

I Hydrocarbon mobility is restricted by sorption on soil clays and organic matter, 
i 

bi i, logical degradation, volatilization, oxidation, and relative permeability effects (Deuel 1: Holliday, 1994). Migration will be further limited by formation of a "natural liner" 

atfle pit bottom. The sealing mechanism is a physical blocking of pores by particulate 

m ~er in drilling fluids. Deuel and Holliday (1994) reported that organics and heavy 

metals do not significantly migrate through a "natural liner." P AH's in particular are 

v# immobile in the subsurface environment. Oil content decreases rapidly with depth; 
, I . . • 

th~I depth at which soil oil content does not differ significantly from underlying soil is 

lels than 2.5 ft (0.76 m) (Ryan and others, 1986). Limited downward movement is borne 
11 I 

o~it in the cores taken in this investigation. Oil content decreased rapidly below the 

cf tact with drilling waste, as judged by decreasing hydrocarbon odor and lighter 

cllbr. 
' I If saltwater and associated contaminants were discharged to Mustang Bayou, 

dfhtion will serve to reduce contaminant concentrations to low levels so that the risk to 

pt~ntial downstream bioreceptors would be negligible. The ratio of flow in Mustang 

Blyou, estimated to be 75.7 x 107 ft3 /yr (see below), to that delivered from the site 

dJ.4 x 104 ft3 /yr) yielded a dilution factor of approximately 1,000. For example, 
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11 

ch1~ride would be diluted from an initial concentration of 19,300 mg/Lin the saltwater 

plJme leaving the site to 19 mg/Lupon discharge to Mustang Bayou. Thus, potential 

co, faminants at much lower starting concentrations would be diluted to negligible 

co centrations. 

I Flow in Mustang Bayou was estimated from actual flow rates in two small creeks in 

Poi, 1 Bend County (Scott Sullivan, personal communication, 1995). Two creeks with 

drtl jnage areas of 4.2• .. 8 mi2 (110. 9 km. 2). and 8.65 mi2 (22.4 km2), res .. pectively, have 
, I 

avflage flow rates of 35.9 ft3 / sec (1 m3/ sec) and 11.8 ft3 / sec (0.34 m3 / sec). The average 

of ~se two rates, 24 ft3 / sec (0.7 m3 / sec), was used here. Flow from the site was 

caldulated using Darcy's law, where flow rate, Q, equals KAI and A is the cross-

sef! ti.I· onal area of the source .. The source area was assigned dimensions of 500 x 30 ft 
11 

(152 x 9 m), where the first term is pit width (fig. 2) and the second term thickness of the 

sail Id immediately underlying the site (URM, 1985). Kand I were defined previously. 
I I 

Future Land Use 

II Although saltwater has most likely migrated off site, the environment does not 

a~lfear to have been seriously impacted. However, the impact is dependent on the 

intknded use of the Manvel site and would be different for residential or agricultural 

uJJ than for ind us. tn.· al us. e or wildlife habitat.. The. former require higher standards than 

t~U latter. Here, the future use is defined as that prior to oil-field activities at the site or 

th! It of essentially undeveloped land in a rural setting. 

Cleanup Criteria 

Protection of public health and safety and the environment will require 

Jlnagement of saltwater (TDS content), organics, and metals. Remediation for ground

[Jter contamination is governed by state and federal primary and secondary c\rinking-

1 
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w1,er standards. Maximum contaminant levels have been set for a number of organic 

co#pounds and metals under the Texas Water Code (25 TAC 337.1-337.18). Among 

m~als in site waters, only barium and arsenic exceed their respective standards. Other 

rerrlated metals are at or less than the standard levels and present no probl~m. 

Rf mmended secondary standards for chloride, sulfate, and TDS are 300 mg/L, 

30
1

1 1mg/L, and 1,000 mg/L, respectively, and pH greater than 7. 

Cleanup criteria for waste organics, as measured by TPH or oil and grease, is 

pr~.1 b.l lematic fo. r several reasons. TPH concentrations represent a nonunique composition 

of 1 arious petroleum products that changes over time upon release to the soil. 

M ksured TPH concentrations also differ with the analytical technique (p. 26 and 27). 

Tlilrefore, as a cleanup standard, TPH should be used in the context of land use, 

d4~osal method, and concentration of associated target or surrogate organic 
, I 

co1[1 pounds. 
I' 

~

I A TPH cleanup standard of 1 percent reflects the desire of regulators to protect 

a licultural productivity and is favored by the RRC am Hybner, personal 

c mmunication, 1996). A TPH content of 1 percent is the threshold at which reduced 

er~ yield is expected. At 1 percent or less of mixed hydrocarbons there is little or no 

r~uction in crop yield (Deuel and Holliday, 1994). Deuel and Holliday (1994) 

s~9gested a limiting criterion of 2 percent oil and grease for agricultural and residential 

af as, where disposal is by land treatment. Future land use at Manvel includes neither 

a~1 ticultural nor residential use but that of essentially undeveloped land in a rural I . 
s 

1

tjting. Even at a TPH content of 2 to 4 percent, organic compounds such as benzene, 

n· phthalene, and benzo(a)pyrene are below their respective media-specific or risk-

b. ~ed concentrations for soil or are virtually immobile in soil. Given expected land use 

a I ~ the fact that concentrations of target or surrogate organic compounds are less than 

af tion levels, a TPH limit of 2 percent is deemed protective of public health and safety 

ah!d the environment at Manvel. 

I 

I 

I 
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I. Waste salt content, unlike TPH, is a concern mainly because it threatens 

aglrultural productivity. In nonagricultural settings, Deuel and Holliday (1994) 

su$rsted a limiting guideline for salt, as measured by electrical conductivity, of 400 to 

soQ rs/ m (4 to 8 mmho / cm). A midrange value of 600 mS/ m ( 6 mmho / cm) seems 

aptropriate at Manvel. 

, I 
I i Target Areas 

1

1

. Target areas for cleanup include (1) a shallow saltwater plume of unknown extent 

anf i (2) high-TPH, high-salinity waste in pits A and B. The saltwater plume extends 

w~Jt and northwest down the hydraulic gradient for an unknown distance. Chlorinities 
i I 

in !,hallow ground water on-site and just off-site range from 313 to 19,300 mg/Land 

ext~d secondary standards for chloride. The volume of water in the contaminated 30-ft 

(9*) sand directly under the 20-acre site is about 1.4 million bbl (-60,000,000 gal), 

as~uming a fully saturated sand of 30 percent porosity. 

11 The area of organic contamination is defined as the area having more than 

2 R!rcent TPH and is located mainly on the northern one-third of pit A and secondarily 

01 ~e northern side of pit B, just west of the A/B common levee (fig. 2), where the 

·w,t te package is thickest. These areas have high TPH (2 to 4 percent) and high salinity 

(Eb> 500 mS/m) (tables 4 and 6). The volume of waste having more than 2 percent 
11: 'f1!
1

H is approximately 6.1 acre-ft (10,000 yd3 [7,525 m3]). The remainder of pits A and B 
• I 

a 1d all of pits C and D are essentially uncontaminated; that is, these areas contain waste 

of 1lostly less than 1 percent TPH and 200 mS/m conductivity. 

I 

I 

I 

I ! 

I 
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REMEDIATION 

Technology 

I No new technology is needed to manage saltwater, organics, and metals at the 

M nvel site. The goal of ground-water remediation is to control movement of the 

••taler plume and reduce IDS content. Available options include no action, eliminate 

thl :source, pump and treat, and construct engineered barriers (slurry walls). The goal of 

w1Jte remediation is to reduce high-TPH waste to approximately 2 percent TPH. 

A Jtilable options include bioremediation, dilution with uncontaminated soil, and 

o+ile disposal at a licensed nonhazardous waste-disposal facility. No action or dilution 

•~/ or capping may be appropriate for low-TPH, low-salinity waste. 

Sal twater Control 
I I 

I 

I No action means doing nothing, leaving the site in its present condition, and 

al lowing natural processes to continue. Capping reduces infiltration and the flux of 

p Jential contaminants leached from high-salinity waste into the ground water but does 

n • 1 eliminate the source of salt. Eliminating the source would allow natural restorative 

prfl. cesses in the aquifer to ultimately disperse the plume concentration to acceptable 

le, ~ls. Alternatively, plume movement and TDS content could be controlled in less time 

1rugh pump and treat, which is used to control plume movement and to reduce the 

1.n..j centration of contaminants. If a contaminated plume is moving off site, as it is at 

1anvel, the best way to control it is to pump in order to change the ground-water flow 
I! 

Pjttems and recover the water for treatment at the surface (Nyer, 1993). Slurry walls 

1Jy play a role in plume containment but will not reduce TDS content. They have been 

•1+wn to be effective in water-table aquifers, where the barrier can be seated in a low-

p tmeability layer below the contaminated aquifer. Evaporation and reverse osmosis 

75 



ar rsed for TDS removal. Evaporators use a heat source to concentrate a solution or to 

rejlver dissolved solids by boiling the water. Reverse osmosis separates a solute from a 

solrMtionby applying pressure to force the solvent through a membrane. Flux rate of 

wJtbr through a membrane is proportional to the pressure differential across the 

m~rhbrane. The higher the pressure, the higher the flux rate for a given membrane 

(N~er, 1993). Evaporation is a one-step process in that clean water and TDS in solid 

fo1m is produced. Reverse osmosis produces clean water and brine, which requires 

fu~er treatment prior to final disposal. . , 

Hi~h-TPH Waste 
! . 

I 
I I No action meanSleaving the site in its present condition with natural processes 

co ltrolling fate of waste and rate of remediation. Disposal at a licensed facility involves 

ex~hvation and transportto the facility for land filling or bioremediation. Dilution to 

re*latory limits can be achieved by mixing waste and uncontaminated native soil. 

Bip:remediation is the process of using microorganisms to reduce the concentration of 

or~anic compounds to safe levels and transform them to benign end products such as 
~[I . • 

Clibon dioxide and water. It is done under aerobic conditions because anaerobic 

p~Lesses are slow, result in incomplete metabolism, and produce methane. 

B~remediation can be performed either ex situ or in situ. Ex situ refers to the removal 

o~ re contaminated material and placement and treatment of it directly on the land or 

J a constructed treatment cell. In situ refers to remediation brought about in place 

1~out excavating or removing the waste (Troy and others, 1994). Bioremediation is 

li~ disruptive than other options and is perhaps the most effective means of 

jf nomically reducing the environmental risks associated with oily drilling wastes 

( , rdyopadhyay and others, 1994; Troy and others, 1994), 

I 

I ~ 
I 



II 

I . 
i/ . 

I I Almost all organic compounds can be degraded biologically if sufficient time and 

pJ., per physical and chemical. condit.ions .are provided. Degradation of. complex organic 
f1 

co,pounds such as polycyclic aromatic hydrocarbons (PAH's) is comparatively slow. 

So[e complex compounds, termed recalcitrant or refractory compounds, are not 

de~raded at all (Bandyopadhyay and others, 1994). Salinity and metals content 

ge~erally have a minor effect on biological activities. Pore-water salinities equivalent to 

sea}vater (IDS of 35,000 mg/L [57 mmho/cm]) or higher are detrimental to bacteria, 

wf !,reas among metals, only zinc at concentrations greater than 600 mg/kg is 

d1hmental (L. E. Deuel, personal communication, 1995). In more than 90 percent of all 

bi~~emediations, natural bacteria will be the best bacteria to use for cleanup (Nyer, 

19~3), even in cases where P AH's are present, although there will always be cases 

wh~re specialized bacteria may be needed. Rate limitations will be due to lack of 

nJJrients and oxygen (Carberry, 1994). Thus, to overcome rate limitations, • 

b+bmediation is augmented by fertilization, aeration, and pH control. Microorganisms ~ft specialized degradative capabilities may be obtained by selective enrichment 

telhniques and genetic manipulation. They are acclimated to degrade different organic 

cJf taminants by repeatedly exposing them to the compounds of interest 

(~f'dyopadhyay and others, 1994). The typical response of a microbial community to 

htrrocarbon pollutants is enhanced microbial activity. To an upper limit, stimulation o.f 

~i~robial activity is positively correlated to increasing amounts of hydrocarbons in the 

s1*· As the biodegradable material is eliminated, the microbial community rapidly 

,,4'rns to its prepollution mass (Wang and Bartha, 1994). Bioremediation is achieved 

t tough land farming, in soil slurry reactors, and by composting in a soil pile reactor. 

I 

I 
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I 

I I 

L[~ Farming 

11 Land farming (land spreading and land treabnent) of nonhazardous oil-field waste 

is #der the jurisdiction of the RRC. Land spreading refers to the land farming of low

chtride (<3,000 mg/L), water-based drilling fluids and associated cuttings without a 

pelkit. Land treatment is the land farming of oily drilling wastes such as those at 

Mltvel and generally involves the addition of nutrients and/ or microbes to stimulate 

bi1fegradation. In fact, 97 percent of the oily waste disposal in Texas is by land farming 

(1~pcc, 1993). 

I/ I Land treatment uses the assimilative capacity of the soil to decompose and contain 

wj~te in the surface soil layer. The zone of incorporation is the upper 6 to 12 inches (15 
.. I 

to l~O cm) of soil, and the underlying treatment zone, where additional treatment and 

~obilization of the waste occurs, may be as much as 5 ft (1.5 m) thick (Ryan and 

ott-~rs, 1986). Land treatment is suitable for the treatment and disposal of most oily 

wf lte. A wide range of waste types with hydrocarbon content as high as 60 percent 

h~Je been successfully treated. Saturated and aromatic hydrocarbon fractions are 

ra~idly removed in land treatment, whereas heavy aromatics and asphaltenes degrade, 

b : j at much slower rates. The average annual oil reduction rate typically ranges from 70 

tol ~0 percent (Ryan and others, 1986). This does not imply that 10 to 30 percent of the 

! I ual oil loading accumulates in the soil each year. The residual accumulation would 

c1f tinue to degrade for several years after waste applications ceased. 

I I 

S , il Slurry Reactor 
I . 

[ In this reactor, soil is combined with water to form a slurry, which is continually 

~ted and supplied oxygen as well as nutrients at optimum concentrations~ The main 

p ~blem is separation of soil and water after biochemical reaction is complete. Timely 

I 
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I 
I 
I I 

se~aration of water from clay for a large volume of soil is difficult. However, if soil is 

sa~!y, liquid/solids separation will be less difficult (Nyer, 1993). 

Ii I · 

sollPile Reactor • 

I In this reactor, soil is excavated and placed on a plastic liner while nutrients and 

ba, teria, if needed, are mixed with the soil. Consequently, the pile contains all the 

ne!.!ssary nutrients and bacteria needed to complete the biochemical reactions. 
• II I • 

Pefforated pipe is placed within the pile at regular depths and intervals so that air can 

bej~ucked through the pile in order to supply oxygen. A plastic cover is placed over the 

en 1 i!re pile to control rainwater and air-flow patterns (Nyer, 1993). 
11

1 

I I 

I i Remediation Options 

I Remediation is governed by the objective of the remedial action, the potential 

1at posed by the site, intended use of the land, available technology, and economic 

faJtors. The objective here is to protect the State's water resources against contamination 

b~ laltwater, organics, and heavy metals. Although saltwater has most likely migrated 

o~ bite, the site apparently has not impaired human health or public safety nor seriously 

i~~acted the environment. Remediation commensurate with future use as undeveloped 

la!·~ in a rural setting is achievable using existing technology. Economics cannot be 
I 

i bred under the RRC's obligation to limit potential cost to the State of Texas. 
I 

I Remediation at the Manvel site can be achieved by using a mix of cleanup 

a . proaches, depending on the threat posed by the contaminant. For example, cleanup 

o~I tgh-TPH, high-salinity waste will require a higher level of man. agem. ent than low-
I . . Tf iH, low-salinity waste. Moreover, cleanup of high-salinity waste serves to reduce the 

tl{Jeat of saltwater contamination by eliminating one source of saltwater. Thus, the 
II 

Jtbrplay among optionsis a factor in choosing them. 
I 

I 

I 

79 



I 
I 

Sal~
1

1 ater Cleanup 

I 

11 Low-,cost options available for treating saltwater contamination are (1) no action, 

(2) !)eliminate the sources of saltwater, and (3) drill Beaumont replacement wells as 

n4~ed. Among these options, no action is the least attractive because it does nothing ta 

rejlice the size of the saltwater plume and decrease the TDS content. At the moment, 

sal~ater poses minimal risk to human public health and safety and the environment. 

iefore, the low management option of eliminating the source of the saltwater is 

apnropriate. This can be done by eliminating the two potential sources of saltwater. One 

so1I~ce will be eliminated in the course of cleaning up high-salinity waste in pits A and 

B. ~ccording to RRC personnel, elimination of the other source, formation water, most 

~ly was accomplished upon plugging of the on-site SWD well in 1990 and the oil well 

ini~993. In the unlikely event that nearby private Beaumont wells are salinized, • 

re 11 ~acement wells could be drilled as part of the overall remediation program. 

I A high-management, high-cost option such as pump and treat 

(e i kporation/reverse osmosis) is probably not called for on the basis of the low risk 

p I Jed by the site and the tremendous volume of water (~60,000,000 gal) that would 

h~Je to be treated. However, among treatment options, evaporation/reverse osmosis is 

th~ appropriate choice because TDS reduction rather than organic contamination is the 

m~jor concern. The heterogeneity of the Beaumont aquifer and the high cost of slurry 
II 1 • 

wl Ins (ECHOS, 1995) eliminate them as a feasible control option. 
I 

I 

;ikh-TPH.Waste 

Among the options available for treating high-TPH waste, the no action option is 

u lacceptable because it does nothing to reduce TPH content to the recommended 

clJanup standard of 2 percent. Acceptable options include on-site bioremediation and 

el bavation for offsite disposal. The first is less costly, whereas the second offers the 

I I • 
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hiJJest degree of environmental protection. In either case, the first step would be to 
! I . . • . • 

de~ater the pits and remove any abandoned barrels. To reduce suspended matter and 

. to f fecipitate metals, pit water would be treated with flocculating agents and pH-

adj __ •
1

u_i_sting chemicals, respectively. The cl~rified water would be either discharged to 
I 

I 

su*£ace drainage or trucked off site for disposal. 

l
· 1 Discharge of oil-field wastes to the State's waters is regulated by the RRC through 

pe
1 

µ1its issued under Rule 8(d), Discharge quality and volume, together with available 

da 1 ! and quality standards of the receiving body of water, are used by the RRC to 

d/lrmine the assimilation capacity of the receiving body of water. In other words, the 

in 1Jraction of discharge and receiving waters is modeled to ensure that no violation of 
I I . • 

the !Texas Surface Water Quality Standards occurs. No permit is issued if the discharge 

wtrld cause a violation of those standards, which apply to the receiving body of water 

an6 are intended for protection of aquatic life. The surface-water standard for barium is 

2 Mg/L and is exceeded only by pit A and B waters, which contain less than half of the 

to\41 volume of pit water (tables 2 and 9). Other metals, TDS, chlorinity, TPH, and pH of 

pi! ~aters present no problems. On the basis of their chemical composition, limited 

vjl~e, and allowance for dilution in the receiving body of water, it should be possible 

toi f scharge the pit waters to Mustang Bayou (Larry Hannesschlager, personal 

c9[munication, 1996). The landowner and affected surface owners downstream of the 

di· bharge point must be notified. Failure to obtain a discharge permit would require 

m Ire costly offsite disposal. • 

I Abandoned barrels were not sampled in this study nor were they counted. Only 

w1 en pit water levels are low do they become evident. The number of barrels in pits B 
I ,a D is estimated to be between 6 and 12; no barrels were evident in pits A and C. If 

4J barrels are empty, their contents have most likely been dispersed and they are no 

tHJeat, because there is no evidence of contamination beyond that already documented. 

rJ. ~he barrels are full of waste, their contents must be sampled and analyzed. Depending 
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I 
I 

11 ! 

11 

oJ the results, it may be necessary to dispose of them off site at a licensed disposal 
I 

fa ility. 
I 

I Bioremediation is preceded by a biotreatability study to determine (1) organic 
I 

c+~pounds to be treated, (2) their matrix, and (3) type of microbes that will be used to 

di~rade the target compounds (Carberry, 1994). The study is used to evaluate the 

b~degradation potential of the organics under site conditions, to evaluate techniques to 

stulate biodegradation rates, and to obtain operating parameters for full-scale, on-site 

tr~~tment. Experience shows that there are very few site limitations which cannot be 

I I 'th • d. • d • orercome Wl appropnate es1gn an · operation. 

I Among the bioremediation options, land farming, which requires landowner 

p bussion, or soil-pile reduction are favored over soil slurrying. The soil slurry reactor 

i~ iptimum for biochemical reactions, but it is difficult to run because. of liquid/ solids 

s~paration problems (Nyer, 1993). The soil-pile reactor is self contained and thereby 

f,licn.1 ·1itates control of leachate.sand runoff. However, it is limited, as is the. slurr. y reactor, 
, I 

b, I the volume of soil that can be treated in a timely manner and is more applicable to 
I 

c ,, ld climates. 
I 

[ In land farming, selected waste is excavated, stockpiled, and then spread for 

blbremediation. The 20-acre site provides ample area for land treatment of 

al /proxhnately 6.1 acre-ft (10,000 yd3 [7,525 m3]) of high-TPH waste having 2.1 to 

4 1 percent TPH. The final TPH content will depend on the percent of refractory 

~ ~anics in the waste, the microbial community, the nutrient balance, and the time 

t=ged. Reduction in 1PH content to 2 percent or less might take more than 1 year. 

1 I e degradation half-lives of the more refractory P AH' s may exceed 200 days (Ryan, 

1, 186). 

I Immobilization of waste occurs in.the treatment zone. Organic content decreases 

r~pidly downward with maximum extent of migration at less than 1.5 ft (<0.46 m) 

~Jlow the zone of incorporation. Migration times of methyl naphthalene and 
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naphthalene, the most abundant organic compounds in the pit waste, through the zone 
:1 

of f!corporation, are 60 and 25 years, respectively, and well in excess of their 

de~adation times (Ryan, 1986; Nyer, 1993). Applied metals are also immobilized within 

th1 1treatment zone (Ryan and others, 1986). Metals are of limited concern, whereas salt 

is ~1 greater concern. Salt would be reduced by leaching of the waste by rainfall and 

wJi1d be collected by an engineered system such as drainage ditches below the 

el,t ation of the treatment pad or between wind rows of waste. Sodicity should not be a 

• pr1lem because the waste is calcium rich (table 5). In any event, liming to control pH 

to lmmobilize metals and maximize bacterial growth will further minimize any 

p9~ntial sodicity problem. The final treated waste would be left in place with minimal 

riJ~ to public health and safety and the environment. I . . 
Low-TPH, low-salinity waste in the southern parts of pits A and B and in pits C 

q D can probably be left in place with minimal risk to the environment. Alternatively, 

tolJnsure a higher level of protection, these wastes could be mixed with native soil to 

fu:! ~er reduce TPH, salt, and metals content. At low-TPH loading ( <2 percent), a 

1ture of 50 percent waste and 50 percent native soil would reduce 1PH to less than 

1 p
1

ercent. Dilution alone without further treatment is all that is probably required. 
I 

RECOMMENDATIONS 

I / At the Manvel SWD site, shallow, saltwater-contaminated ground water and high

TfH, high-salinity drilling waste require remediation (fig. 15). The options for saltwater 

cditamination are to pump and treat the high-TDS water under the site or to eliminate 

t~+ sources of saltwater and allow the aquifer to cleanse itself. The options for the high-

4H w~ste are off-site dispos~l or bioremediation on-site. ~os~s are op.tion dependent 

arll d estimated here from published data (ECHOS, 1995), bids m RRC files, and vendor 
I! 

c,, r1-ments. 
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Excavate and stockpile 
high-TPH, high-salt waste 
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Reclaim site 

I 
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of salt 
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plugged 

Collect and dispose of 
runoff and leachate 
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I+-

----

QAb2383c 

Figure 15. Remediation flow chart. Schematic sequence of steps for recommended 

remediation of the Manvel SWD site. 
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I 
I 

I
. Saltwater Contamination 

! I 

Ir ll The pump and treat option for s. altwater rem. ediation. is cost prohib.itive because of 

th 1tremendous volume of water that must be treated (~60,000,000 gal). 
11 I · 

E1aporation/reverse osmosis is the appropriate treatment technology and is estimated 

to 1Lst $0.05 to $0.10 per gallon for a total cost of $3 to $6 million. The cost is based on 

11 Id .d. nk · c b" d . • d • ven or comment an is a tur ey cost i.or com me evaporation an . reverse osmosis. 

N Jli al • di • • 1· • • f f al • b • rtur or passive reme ation requires e immat10n O sources O S twater y removmg 

hik~-salinity waste from pits A and Bas part of the high-TPH cleanup and ensuring that i SWD well and on-site oil well are now properly and effectively plugged. The RRC 

p~J.gged the SWD well in 1990 and the oil well in 1993 and thereby most likely 

el knated the formation water source of salt-water contamination. 
11 

i I Additional drilling and sampling of ground water and soil to track the saltwater 

pJ°4me downgradient from the site to Mustang Bayou would costapproximately $5,000 

, ~10,000, depending on how many monitoring wells are constructed and how many 

sf pies are taken and analyzed. A decrease in concentrations or other indicator 

r~'}dings would confirm that natural remediation is underway and that the sources of 

s , /twater have been eliminated. 

I 

Drilling Waste 

I Offsite disposal is cost prohibitive because of the large vo!UlTle of waste that must 

j excavated and transported. Approximately 6.1 acre-ft (10,000 yd3) of high-TPH waste 

.. ill req. uire treatment. The estimated cost to excav.ate, load., and trans.port it for offsite 
I , 

,tposal ranges widely, from $40 to $90 per yd3 (ECHOS, 1995; RRC files; vendor 

cbmments), for a total cost of $400,000 to $900,000. The cost-effective option is to 
11 I 

eJcavate and bioremediate the high-TPH waste on-site and leave the low-TPH waste in 
I . . • . . 

l!ace. Bioremediation on a per-yd3 basis costs about half that for offsite disposal and is 
I 
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baf e_~. d on direct comparison of costs for offsite dis_ posal and bioremediation at Manvel 
11 • • . 

(,C files) and vendor comments. Thus, the total cost for bioremediation is estimated to 

be 11$200,000 to $450,000. 

I / Because of the large volume of waste that must be treated, the appropriate 

biJremediation option is land farming. Common cost elements of a detailed cost 
II I 

anr1lysis include site work, biotreatabHity study, waste excavation, stock piling, 

spr~ading waste, tilling (aeration), fertilization, watering, pH adjustment, runoff and 

letf ate collection system, runoff and leachate disposal, analyses for monitoring 1PH 

re! rction, professional services, and contractor overhead and profit (ECHOS, 1995). 

R ! 
1 off and leachate volumes could be large, and consideration should be given to 
I . 

• dr, Hing a disposal well for on-site disposal. 

11 There would be additional costs for dewatering, backfilling, and leveling the pits, a 

bt~atability study, site reclantation, and monitoringdeanup. The cost to pump out 

a4<11 discharge 50,000 bbl of water to surface drainage is $10,000 at $0.20 per bbl and is 

bJJed on RRC bids specific to Manvel. In the event a discharge permit cannot be 

o~l-lained, off-site disposal of pit wate. r is estimated to cost $25,000 to $50,00. 0, or $0 . .50 to 

$~.bo per bbl (vendor comments). The cost to backfill and level the pits assumes a total 

le~ee volume of approximately 12,000 yd3 that can be moved for $2.00 per yd3 • 

(~anvelspecificbids) for a total of $24,000. A biotreatability study was bid for Manvel 

, ~991 at $2,680 and, assuming 4 percent inflation, is now estimated at $3,100. Cost for 

r11lamation of the 20-acre site ranges from $1,500 to $4,000 per acre, a total cost of 

,r,ooo to $80,000, corresponding to a Manvel specific bid to return the property to 

,bal grade and remove all roads and full reclamation based on costs to reclaim land 

s~face mined for lignite. However, the whole site may not need to be reclaimed. 

4f'.idental costs include disposal of abandoned barrels and analyses to monitor 1PH 

aHd salt reduction. Cost of barrel disposal is minimal ($162), assuming 12 barrels require 

• dfksite disp· osal at a cost of $65 per yd3. The combined cost of 24 analyses is $1,200. Cost 
I I 
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of follow-up work includes installation of monitoring wells and collection and analysis 

of samples for approximately $5,000 to $10,000. In summary, the total cost for site 

remediation is estimated to be between $273,500 and $528,500 (table 12). 

Conclusions 

1. The recommended cleanup option for saltwater contamination is to eliminate the 

potential sources of saltwater (high-salt drilling waste and leaking wells) and allow 

the shallow Beaumont aquifer to cleanse itself. 

2. Geochemical data (chloride and chloride-to-bromide ratios) indicate the presence of 

salty formation water uncontaminated by drilling fluids and indicate that the 

plugged SWD well or oil well or both have leaked saltwater in the past. Plugging the 

SWD well in 1990 and the oil well in 1993 by the RRC most likely eliminated this 

source of salt-water contamination. 

3. To better define the risk to public health and safety and the environment, offsite 

ground water and soil, down hydraulic gradient, should be sampled and monitored 

to determine the presence and concentration of potential contaminants. Assuming 

the absence of or very low concentrations of pollution indicators or decrease with 

time, taking the no-action option on the saltwater plume, except to eliminate its 

sources, is reasonable. In the event nearby private wells are salinized, replacement 

wells can be drilled. 

4. It is recommended that pit closure be achieved by discharging pit waters under 

permit to surface drainage and by backfilling and leveling the pits using levee soil. 

5. To further assess environmental impact, flow rate in Mustang Bayou should be 

gauged to better define the dilution factor, and water in the bayou sampled and 

analyzed where the site drainage ditch enters the bayou to facilitate issuance of a 

discharge permit. 
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Table 12. Cost summary by remediation option. 

Remediation Recommended Alternative 
Option Option Cost Option Cost 

Saltwater Contamination 

Pump and treat $3,000,000 to $6,000,000 

High-TPH Waste 

Biotreatability study $3,100 

Land farm $200,000 to $450,000 

Off-site disposal $400,000 to $900,000 

Other Costs 

Dewater pits (discharge) $10,000 

Dewater pits (offsite disposal) $25,000 to $50,000 

Backfill and level pits $24,000 $24,000 

Reclaim to natural grade $30,000 

Full reclamation $80,000 

Incidentals $1,400 

Follow-up work $5,000 to $10,000 

Total Cost $273,500 to $528,500 $3,529,000 to $7,054,000 
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6. Land farming on site is the option of choice for decontaminating high-TPH, high-salt 

drilling waste in the northern parts of pits A and B. Low-TPH, low-salt waste in the 

southern parts of pits A and B and in pits C and D pose minimal risk to the 

environment and can be left in place. 

7. A TPH cleanup standard of 2 percent (dry basis) is recommended on the basis of 

future land use and risk-based concentrations of associated target or surrogate 

organic compounds for soil. The suggested limiting guideline for reduction of salt is 

an electrical conductivity of 6 mmho/ cm, measured on 1:1 salt/water mixtures. 
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APPENDIX 

INVITATION TO BID 

The RRC is soliciting TURNKEY BIDS for the purpose of conducting site cleanup and 

restoration activities at the Manvel Saltwater Disposal (SWD) site. This turnkey bid shall 

include all personnel, goods, and services necessary to access the location and 

remediate the site per procedures defined under services to be performed. The turnkey 

bid shall include any site preparation, ingress to and egress from the site, including any 

road building or special access problems. Bids will be awarded to the lowest turnkey 

bidder capable of performing services as specified. 

LOCATION: The Manvel SWD site (RRC Site No. 92-03-00003) lies within the city limits 

of Manvel, Texas, on the Pearland USGS 7.5-minute quadrangle; it is 2.6 mi north of the 

intersection of State Highway 6 and FM 1128 at the intersection of FM 1128 and 

Chocolate Bayou Road, northeast of a Texaco tank fa rm. Enter the site from FM 1128, 

0.15 mi (800 ft) northeast of the intersection. 

NOTICE TO BIDDERS: Bidders are encouraged to inspect the site before submitting 

bids. This site will be available for viewing on------------. Those interested in inspecting 
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the site must contact the Austin RRC Office at 512/ 463-6765 prior to viewing date and 

prior to entering the site. Bids must be received at the Austin Office by 3:00 p .m. on -----

-----------. Bidders may attend bid openings at -~----in the Austin RRC Office, 

1701 North Congress, William Travis Building, 11th floor . 

KNOWN SITE DATA: The 20-acre site is an abandoned SWD site at which saltwater, 

drilling waste, and crude oil has been disposed. The site is crossed by abandoned and 

active pipelines and includes a plugged and abandoned SWD well and a P&A oil well. 

There are four water-filled earthen pits: two waste-disposal pits (3.02 and 1.95 acres) 

and two relatively uncontaminated ponds (0.63 and 0.43 acres). High-TPH (2 to 4 

percent), high-salt (electrical conductivity >5 mmho/ cm) drilling waste in the disposal 

pits has a volume of approximately 10,000 yd3, is elevated in barium, iron, and zinc, and 

contains BTEX and polycyclic aromatic hydrocarbons. An unknown number of barrels 

of unknown contents are present in at least two pits. Pit waters ( ~50,000 bbl) are fresh 

and contain less than 0.2 mg/L TPH. Soils making up the levees around pits 

( ~ 12,000 yd3) are essentially free of petroleum hydrocarbons and salt. Bidders are 

encouraged to review the site technical report before submitting bids. 

SERVICES TO BE PERFORMED: The object of the work is to dewater, backfill, and 

level all pits and decontaminate high-TPH, high-salt drilling waste by land farming on

site. The required scope of services includes the following. 

1. Dewater pits (base bid on 50,000 bbl) and discharge to surface drainage in accord 

with an RRC discharge permit. Include cost of flocculating agents. Any amount 

over or under this volume will be billed or credited as per the amount shown on 

the Supplemental Bid Data on the Bid Submission Sheet. 

2. Remove abandoned barrels (with unknown contents) in pits (base bid on 12 bbl) 

and if needed dispose of at an approved RRC permitted commercial disposal 
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facility. Any number over or under 12 will be billed or credited as per the 

amount shown on the Supplemental Bid Data on the Bid Submission Sheet 

3. Backfill all pits using existing levee soil. Level and compact area upon 

completion of cleanup. If the RRC representative deems clean fill dirt is necessary 

to complete backfilling of the pits, then cost will be determined by information 

provided under Supplemental Bid Data on the Bid Submission Sheet. 

4. Conduct biotreatability study in preparation for bioremediation (land farming) of 

drilling waste. 

5. Excavate and stockpile or otherwise store 10,000 yd3 of drilling waste. Any 

amount over or under this volume will be billed or credited as per the amount 

shown on the Supplemental Bid Data on the Bid Submission Sheet. Prior to 

excavation, contractor will be responsible for locating all active and abandoned 

lines (pipelines, utility lines, etc.) above or below ground. Site activities will be 

conducted to avoid rupturing or severing active lines. The contractor will submit 

in writing that all lines have been located and marked prior to excavation. 

6. Decontaminate the drilling waste on-site to a TPH level of 2 percent (dry basis) 

and soil electrical conductivity (EC) of 6 mmho/cm in accord with an RRC land 

farming permit. Include cost to till, fertilize, water, and adjust pH of waste/ soil 

mixture. 

7. Monitor reduction of TPH and salt (EC) on a monthly basis. TPH to be 

determined by EPA modified method 8015 and EC on a 1:1 soil/water mixture 

using a direct-readout microconductivity cell with a temperature-compensating 

conductivity meter. 

8. Conduct all work during daylight hours on a daily basis, excluding weekends, 

until job is completed. Contractor will provide 48-hour notice to RRC prior to 

beginning site work. Work will be conducted continuously, weather permitting, 

and work will be completed within 1 year. 
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9. Remove all existing roadwork and return disturbed property to natural grade. 

Supplemental Bid Data 

Cost per barrel of pit water to flocculate, pump out, and discharge. 

Cost per barrel to dispose of abandoned barrels at an approved disposal facility. 

Cost per cubic yard of clean fill dirt delivered to the site. 

Cost per cubic yard to excavate and store drilling waste on-site. 
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