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SUMMARY

In October and November 1992, Weiss Associates' installed three wells and conducted
feasibility testing at the Former Texaco Service Station located at 930 Springtotr/n Boulevard,
Livermore, California. The objective of the well installation and feasibilty testing was to
assess the effectiveness of ground water extraction, vapor extraction and air sparging
technologies at this site and to obtain data necessary to properly design and operate a future
remediation system.

During the well installation phase, WA drilled two soil borings and instatled one ground
water extraction well, one vapor extraction well and one air sparge well. Sediments
encountered during drilling consisted of sand, gravelly sand and silty sand interbedded with
silty and clayey units. The highest hydrocarbon concentration detected in soil was 1,200 ppm
TPH-G in boring B-1 at 14.4 tt depth. The highest hydrocarbon concentrations were detected
just below the water table, which was at about 13 ft below grade.

Aquifet testGsBltf hdi{:atc that ground water estraction from rrell E\fLl nay captrue
most of the hydrocaJbo!-b€aring grouad vatcr bcoeath the site, Also, because EW-1 may be
screened in a coarse-grained channel deposit, extracting ground water from this zone should
mitigate offsite migration of hydrocarbons. If ground water extraction from well EW-l is
implemented, we recommend continued monitoring of ground water levels and contaminant
concentrations in onsite and offsite monitoring wells to assess whether gfound water extraction
from EW-1 sufficiently removes and/or contains the dissolved contaminants beneath the site.

Yapor extraction test results lftdlcate thrt soll vapor eltr&etion (SVE) from existing wells
should effeativ€ly remove hydroearbonr from the rubsurfae€, but that the effectiveness of SVE
varies in site wells. For example, SVE from well MW-5 achieved a hydrocarbon removal rate
of about 127 pounds per day (ppd) while SVE from wells MW-B and VE-l achieved about 12
and 0.3 pPd, respectively. A comparison of these recent test fesults with the previous testing
indicates that hydrocarbon concentrations in vapor extracted during the recent tests were
higher from both well MW-5 and MW-B, with the concentrations from MW-B significantly
exceeding the previous test results. Although the effective radii of influence are considered
low to moderate, SVE from site wells would remove hydrocarbons most readily from the high
permeability rnaterials and would encourage diffusion from the low permeability materials and
ground water into the high permeability materials within the SVE system's zone of influence.
Additional wells may be required to effect the entire subsurface area of concern, Also, oxygen
circulation caused by SVE should enhance natural biodegradation of subsurface hydrocarbons
in ground water and soil.

Air sparging test results indicate !hat air sparging with vapor extraction effectively
removes hydrocarbons from the subsuiii,ie at this site. During this air sparging testing the
hydtocarbon concentrations in extracteid vapor increased about ten-fold and then decreased
when air sparging ceased. The effective radius of influence for air sparging from air sparge
well SP-l is about 8 to 15 ft based on subsurface pressure/vacuum and water level
measurements. Air sparging ef fectiveness based on other monitored parameters was essentially
inconclusive since these parameters usualty require testing for one week or longer to be
effect ive indicators.  Test resul ts indicate air  sparging would be effect ive at  th is s i te,  al though

v l
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i t  would be more ef fec l ive i f  s i te  so i ls  were more permeable and i f  h igher  vapor  ext ract ion
flow rates were ach ievab le.

Because each technology is relatively effective at this site, the chosen technology or
combinat ion of  technologies depends on remediat ion goals  and schedule and extent  of
hydraulic control desired. The technology comparison in Section 7 presents information for
select ing the desi red remediat ion approach for  th is  s i te-

v I l
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I .  INTRODUCTION

This report presents the results of Weiss Associates' extraction well instaltation and

feasibility testing at the former Texaco Service Station located at 930 Springtown Boulevard,

Livermore, California (Figure 1). The primary objective of thewell installation and feasibilty

testing was to assess the effectiveness of ground c/ater extraction, vapor extraction and air

sparging technotogies at this site and to obtain data necessary to properly design and operate

a future remediat ion system.

1.1 SCOPE OF WORK

Weiss Associates' scope of work for this project was to:

Prepare a Site Safety Plan,

Install one ground water extraction well, one vapor extraction well and one air

sparge well,

Develop ground water extraction well EW-l and analyze the water samples for
TPH-G and BETX,

Conduct an aquifer test for 24 hours from ground water extraction well EW-l and
analyze an ef f luent  ground water  sample,

Conduct a vapor extraction test from vapor extraction well VE-1, ground water

extraction well EW-1, and existing monitoring wells MW-A, MW-B and MW-5'

Conduct  an a i r  sparg ing test  f rom the a i r  sParge and vapor  ext ract ion wel l '

r,,i:

Analyze selected soit samples foi total Petroleum hydrocarbons as gasoline (TPH-G)

and benzene,  ethy lbenzene,  to luene and xy lenes (BETX),

Prov ide sui tab le of f -gas contro l  for  the YaPor ext ract ion and a i r  sparg ing test ing '

D:\ALL\TEXACO\677R1 DE2.wP Pasc I



Provide temporary sur face protect ion to the insta l led wel ls  and

We,ss Assoclates

restore the site,

Interpret,the data and make recommendations for future site remediation, and

Prepare a report suitable for regulatory submittal which presentc the results of the
well installation and feasibility testing.

1.2 SITE HISTORY AND PREVIOUS INVESTIGATIONS

The former Texaco service station is located adjacent to Highway 580 in a mixed

residential and commercial neighborhood in northeast Alameda County in Livermore. The

station retailed regular leaded, regular unleaded and premium unleaded gasoline from three

underground storage tanks via one pump island. The underground storage tanks were removed

on June 26, 1985. The site is currently owned by Southland Corporation and operated as a 7-1 1

convenience store.

Several subsurface investigations have been primarily conducted at the site. A total of

twelve soil borings were drilled at the site. Ground water monitoring wells were installed in

ten of the soil borings. All soil and water sample aDalytic results from these investigations are

summarized in the Soil and Ground Water Remediation W'ork Plan prepared by Groundwater

Technology Incorporated (GTI, 1991). The boring logs, well construction details and geologic

crosstection from this work plan are presented in Appendix B. Analytic results suggest that

hydrocarbons are present in soil near the underground storage tanks and in saturated soil near

rnonitoring wells MW-A, MW-B, and MW-5, and soil boring SB-1. Analytic results for ground

water suggest that elevated hydrocarbons in ground water occur mainly beneath the planter

area between wells MW-5 and MW-B.

D:\ALL\TE(ACO\6?7RlDE2.wP P.gc 2
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2.  WELL INSTALLATION

On October  19 and 20,  l992,WA insta l led ground water  ext ract ion wel l  EW-l ,  so i l  vapor

extraction well VE-l and air sparge well SP-l. The objective of the well installation was to

allow testing of the effect iveness o f grou nd water ext raction, vapor extraction and air spa rging

technologies at  th is  s i te  and to obta in in format ion for  the future design of  a  remediat ion

system. The wells were installed near the locations of the highest detected historical

hydrocarbon concentrations in ground water and soil and were located at strategic distances

from each other  and ex is t ing wel ls  for  in f luence moni tor ing dur ing the feasib i l i ty  test ing.  The

ground water extraction well was screened to recover hydrocarbons from the upper l5 to 20 ft

o f  saturated soi ls .  The a i r  sparg ing wel l  was screened above a low permeabi l i ty  zone that  may

have prevented the upward migrat ion of  in jec led a i r  and caused spreading of  hydrocarbons

laterat ly .  The vapor  ext ract ion wel l  was screened immediate ly  aboYe the sparg ing wel l  to

recover hydrocarbon-bearing vapors displaced during air sparging. Since the air sparging and

vapor extraction wells were completed in the same borehole, a hydrated bentonite seal was

placed between the screened zones to prevent short circuiting of air between the screened zones

in the borehole annulus. This section describes well installation activities and site restoration.

2.1 SITE SETTING

Geographic Location:

Topgraphy:

Swroundings:

Sate Geology:

The site is located in Livermore, California, about one-
quar ter  mi le  nor theast  of  Arroyo S€co.

The s i te  is  about  520 f t  above mean sea level  and s i tuated
near  the base of  a smal l  h i l l .  Local  topography s lopes
eastw ard.

Mi *.i*commerci al and resident ial development.

The shal low sediments in  the s i te  v ic in i ty  are pr imar i ly
a l luv ia l  sands and s i l ty  sands in terbedded wi th c layey
and s i l ty  un i ts-

D:\ALL\TEXACO\G77R I DE2.wP PaAe 3
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2.2 DRILLING AND SOIL SAMPLING

Drilling Dater:

Drilling Geologist:

Drilliag Method:

Number of Borings:

Boring Depths:

Soil Sampling Method:

Soil Analyses:

S ediments Encount er e d :

Waste Disposal:

Weiss Associales

October 19 and 20, 1992.

Eric Anderson, weiss Associates Senior Staff Geologist.

Six-inch diameter hollow-stem augers for sampling the
boringsend twelve-inch diameter holloa/-stem augers for
wel l  insta l la t ion.  Dr i l l ing and sampl ing procedures are
descr ibed in  Appendix A.

2 (one boring B-1 for well EW-l, and boring B-2 for both
VE- l  and SP- l )  (F igure 1) .

l9  to  33.5 f t .

Steam-cleaned, split-barrel drive samplers lined with
steam-cleaned brass or stainless steel tubes (Appendix A).

TPH-G and BETX by EPA Methods 5030 using gas
chromatography (GC) with flame ionizatiotr detection
(FID) and by EPA Method 8020 us ing GC wi th Photo
ionization detection (PID).

Sand and silty sands interbedded with clayey silt and
silty ctay units. The boring logs and well construction
deta i ls  are presented in  Appendix B.

Soil cuttings were stored on plastic sheeting and covered
by addi t ional  sheet ing,  then hauled to Zanker  Road
Landfill in San Jose, California after chemical
characterization. Steam clean rinsate, purge water, and
well development waier were stored in 55-gallon drums,
then pumped through granular activated carbon (GAC)
wi th the aqui fer  test  e f f luent  and d ischarged to the
sa$r l ta  ry  sewer accord ing to d ischarge permi t
requirements.

Dr\ALL\TE(AC0\677R1 DE2.wP P.gc 4
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2.3 WELL CONSTRUCTION. DEVELOPMENT AND GROUND WATER SAMPLING

Number of Wells:

WeIl Materials:

Screened. Interval:

Analyses for Ground Water:

Ground. Water Depth:

Ground Water Flow Dfuection:

3 (F igu re l ) .

Ground 'water extraction well (EII.-I): 6-inch diameter
Schedule 40 PVC well casing q/ith 0.020-inch slotted
screen; Monterey #3 sand.

Air sparge well (SP-l): l-inch diameter Schedule 80 PVC
well casing with 0.0lO-inch slotted screen; Monterey #3
sand.

Vapor extraction well (VE-l):2-inch diameter Schedule
40 PVC well casing with 0.020-inch slotted screen;
Monterey #3 sand.

Ground water  ext ract ion wel l :  Approx imate ly  8 to  33 f t
depth (Appendix B).

Air sparge well: Approximately 16 to 18 ft depth
(Appendix B).

Vapor  ext ract ion wel [ :  Approx imate ly  7 to  12 f t  depth
(Appendix B) .

The ground water extraction well was developed by surge
block agitation and air-lift evacuation. v/ell
development and sampling procedures are described in
Appendix A. The vapor extractio[ and air sparge wells
do not require development.

Steam-cleaned Teflon bailer. Sample collected otr
October  27,199? before aqui fer  and a i r  sparge test ing.

TPH-G and BETX by EPA Methods 5030,  GC/FID,  and
2by EPA Method 602, GC/PID.

Approximately l3 below grade.

General ly  nor thward wi th a gradient  of  0 .005 f t l f t ,

WeII Development Method :

EVI/-I Grourrd Waler Evacuation Rar€: 8.5 gallons per minute during well development.

Ground Water Sampling Method:

D:\ALL\TEXACO\6?7R I DE2.wP Prge 5
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2.4 ANALYTIC RESULTS FOR SOIL

Based on the resul ts  of  th is  invest igat ion,  thehighest  hydrocarbon concentrat ion detected

in so i l  was 1,200 ppm TPH-G in bor ing B- l  a t  14.5 f t  depth (Table l ,  App endix  C) .  The h ighest

hydrocarbon concenirations for the previous and this investigation were generally detected

dovngradient  of  the former underground fuel  s torage tanks near  the vater  tab le,  which was

about  13 f t  be low grade on the date of  the dr i l l ing for  our  invest igat ion.  No hydrocarbons

were detected in lov permeability soil samples at 9.7 ft and 18.5 ft, but TPH-G (ar 3.0 ppm) was

detected in a high permeability soil unit at 24.7 fl depth, but was uot detected in the same soil

unit at 29.7 ft depth.

2.5 SITE RESTORATION

Site restorat ion consis ted of  d isposing of  a l l  waste so i l ,  and re landscaping by ptant ing

new ivy to match the existing ivy and replacing the wooden planter edging.

D:\ALL\TE(ACO\677R I DE2.WP Pagc 6
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3. AQUIFER TESTING

WA conducted aquifer testing of well EW-1 on November 17 and 18, 1992. The test

objectives were to determine the hydraulic characteristics of the shalloy/ waterbearing zone

beneath the site and to determine the optimal number and placemeot of ground water

extraction wells for future site remediation. The aquifer test results indicate that ground

vater extraction from well EW-l should capturemost of the hydrocarbon-bearing ground water

beneath the s i te .

3.I PERMITTING

Aquifer test effluent was treated and discharged to City of Livermore, Water

Reclamation Plant in accordance with a ground water discharge permit dated November3, 1992

and presented in Appendix D.

3.2 AQUIFER TEST ANALYSIS AND GROUND WATER FLO.WMODELING

A Z4-hour drawdown test was conducted on November 17 and 18, 1992. Ground q,ater

was extracted from well EW-l at an ayerage floc/ rate of about 7.85 gallons per minute (gpm).

Water level changes were recorded in test well EW-I, and monitoring wells MW-A, MW-B, MW-l,

MW-2, MW-3, MW-5, and MW-7. The initial flow rate of 8 gpm was reduced to ?.5 gpm for rhe

last 5 hours of the test to prevent dewatering the test well.

The pump test data was analyzed using the Cooper-Jacob (Cooper, 1946) semi-log method.

The hydraulic responses in the monitoring wells are shown in Figure 2. Estimates of the

hydraulic parameters from each well, and.tbe distances to the extraction well are provided in

Table 2.  As shown in Table Z,  t t re  aver i l i  t ransmiss iv i ty  of  the aqui fer  is  est imated to be

3,400 gallons per day per foot (gpd/ft). Although most of the monitoring q/ells are screened

over a length of 20 feet, boring logs indicate that the more permeable, sandy gravel zone is

about 15 ft thick. Using this thickness, an average hydraulic conductivity value of ?25 gpd! tt2

D:\ALL\TE(ACO\677Rl DE2 -wP P^C. 7
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(0.021 ftlmin), and a specific storage of 0,001 ff' are estimated for this aquifer. Monitoring

well MW-7 did not show any response during the extraction test, therefore, no hydraulic

analysis was conducted for this well. The drawdown iD the extraction well, EW-l, was

significantly larger (15.5 ft) than that observed in the monitorlng wells, which are very close

to the test well. The excessive drawdown in the pumping wetl is probably due to poor well

efficiency, and large well losses across the screen and within the borehole. For these reasons,

the hydraulic parameters estimated for well EW-l were not used in estimating average aquifer

values.

To estimate the long term effects of pumping wetl EW-I, ground water extraction from

the well was simulated using the analytical element models, EQUIPLOT and CAPTURE

(McEdwards, 1986). EQUIPLOT calculates water level changes in a gridded area due to

pumping using the Thets (1935) transient drawdown equation and by superimposing the effects

of extraction at every grid cell. CAPTURE also uses the same relation but reports resulting

f low paths due to pumping. Both programs require hydraul ic conduct iv i ty ( f t lmin),  regional

gradient ( f t / f t ) ,  d i rect iot t  of  regional f low, speci f ic storage ( f t - l ) ,  locat ion and pumping rates

(gpm) of extraction wells as input parameters.

Estimates of ihe hydraulic parameters from the hydraulic test analysis described above

were used for model input (i.e. a hydraulic conductivity of 0.021 ftlmin, a specific storage

value of 0.001 f t -1,  and an aquifer th ickness of  15 f t ) .  The regional ground water gradient was

reported as 0.05 f t l f t  (GTI,  1991).  This steep gradient is considered to be the resul t  of

consistently higher ground water elevat ions in monitoring well MW-7, which is upgradient from

the other wells. Because monitoring well MW-7 did not respond tothe extraction test, this well

is believed to be completed in a lower hydraulic conductiyity zone that is not in hydraulic

communication with the wells on the northern portion of the site. This interpretation is

supported by the lithologies at the site. The boring log of MW-7 in Appendix B indicates tbat

sediments screened by this well are clay and clayey gravel, whereas the remaining site wells

screen more permeable sediments. If the water level for MW-7 is disregarded, a much smaller

gradient of  0.005 f t l f t  is  obtained from the remaining water level  elevat ion data. The direct ion

of regional flow is generally to the noxJq;

The model was calibrated using EQUIPLOT and simulating the 24-hour extraction test

with an average flow rate of 7.85 gpm. We compared the observed and simulated drawdowns

to check the accuracy of the selected model parameters. As previously discussed, estimates of

D :\ALL\TE{ACO\6?7R I DE2.wP Page 8
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the drawdown wi th in wel l  EW-l  were d isregarded,  because of  the apparent  extensive wel l

losses.  Agreement  between the observed and predic ted drawdowns ind iqate that  the parameters

determined f rom the hydraul ic  test  analyses are representat ive of  the s imulated aqui fer .

Using the hydraul ic  parameter  va lues f rom the cal ibrated model  ( l is ted in  Table 3) ,  a  long

term pumping and capture area simulation was conducted using CAPTURE. The modelling

resul ts  show that  a long term pumping f low rate of  5  gpm may be susta inable wi thout

dewatering extraction well EW-l. We assumed a long{erm, sustainable flow rate of 5 gpm

because long-term pumping rates are usually less than pumpiDg rates obtained during short-

term testing. As shown in Figure 3, the capture area predicted for this flow rate covers the

entire region east of Lassen Road and south of Springtown Boulevard. In addition, the

downgradient  par t  o f  the capture zone near ly  extends to moni tor ing wel l  MW-5.

If a steeper regional gradient of 0.05 ftlft is used with the same hydraulic parameters

used to create Figure 3, a much narrower capture zone is obtained. The capture area

encompasses monitoring wells MW-A, MW-B, MW-l, MW-2, and MW-3, but does not extend to

monitoring wells MW-5 or MW-7. Because a gradient of 0.05 ftlft is calculated with emphasis

on a single data point (from MW-?), it is not considered to be realistic for the entire aquifer.

However, during the aquifer test, the largest drawdourns were observed in MW-l and

MW-3, suggesting these wells may be in better hydraulic communication with the extraction

well, EW-l, as compared to the other monitoring wells. Therefore, ground water extraction

from EWLI may preferentially withdraw ground water from a possible channel deposit, which

would result in a smaller capture than that showD in Figure 3. However, the third largest

drawdown was observed in MW-5, suggesting this well may also be screened near a potential

channel deoosit.

Pagc 9D:\ALL\TD(ACO\677R I DE2.wP
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4.  VAPOR EXTRACTION TESTING

WA conducted vapor extraction testing on October 27, 1992 to provide information for

possible SVE remediation system design and to select cost-e f fective vapor treatment. Although,

the test results indicate that vapor extraction from existing wells should effectively remove

hydrocarbons f rom the subsur face,  the ef fect iveness of  vapor  ext ract ion var ies in  s i te  wet ts .

In addition to evaluating vapor extraction effectiveness from new wells VE-l and EW-l, our

test also provided data to re-evaluate vapor extraction effectiveness in wells MW-A, MW-B and

MW-5. These wells were tested previously on July 24, L991 (GTI, 1991).

4.1 TEST CRITERIA AND PROCEDURES

WA conducts vapor extraction testing to obtain data on vapor extractioD flow rates,

vacuum requirements, bydrocarbon concentrations in extracted vapor, hydrocarbon removal

rates and extent of \'acuum influence. The extraction locations and durations, test equipment,

and data collection and interDretation methods for our October 27 test are described below.

4,1.1 Extract ion Locat ions and Durat ions

WA extracted soil vapor from vapor extraction well VE-l, ground water extraction

well EW-l, and existing monitoring wells MW-A, MW-B and MW-5. We monitored vacuum

influence in these and other site vells (Figure 1). These wells are located adjacent to the

underground storage tanks near the highest detected hydrocarbon concentrations in soil.

We extracted soil vapor for about 15 to 30 minutes from each well, except VE-l. We

performed a 2.5 hour step test on VE-l that involved initiauy determining the maximum

achievable extraction flow rate from th_evell, and then reducing the floq/ rate to about half

this initial flow. We ihen resumed extriition at the full flowrate. We tested from well VE-l

longer  than the other  wel ls  to  help s tabi l ize hydrocarbon eoncentrat ions in  ext racted vapor

before a i r  sparge test ing on the fo l lowing day.

]4A
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4 . 1 . 2  E o  u  i o m e n t

weiss lssociates

The test  ext ract ion equipment  inc luded a posi t  ive-d isp lacement  vacuum pump powered

by a 3 horsepower explos ion-proof  motor ,  ra ted to produce a vaeuum of  160 incbes of  water  at

various flow rates. For off-gas control, we routed extracted vapor through the te6t system's

moisture collection drum and 1wo 200 lb GAC adsorption vessels connected in series in

accordance wi th vapor  ext ract ion test ing requi rements of  the Bay Area Ai r  Qual i ty

Management D istrict.

4 .1-3 Data Col lect ion and Interpretat ion

Data collection included recording the test system's operation parameters, collecting

inf luent  and ef f luent  vapor  samples,  and measur ing the induced vacuum and/or  pressure in

site wells. The influent vacuum gauge indicated the vacuum applied to each test well. We

est imated vapor  ext ract ion f low rates based on appl ied vacuum, d i f ferent ia l  pressure gauge

readings and performance curves supplied by the vacuum equipment manufacturer.

To record vacuum influence, we sealed site wellheads and measured the induced vacuum

in each location s'ith a di fferential pressure gauge which indicates the differeDce between rrell

pressure and atmospheric pressure. Before and after each extraction eveDt, we measured

background vacuum in all sealed wells to distinguish between pressure differences induced by

atmospheric change versus pressure differences induced by vapor extraction.

To normal ize vacuum inf luence data f rom each wel l ,  we subtracted the in i t ia l  measured

background vacuum from the final vacuum influence measurement. In some cases the

background vacuum influence did not fully stabilize due to residual vacuumr atmospheric

fluctuations, subsurface conditions and brief intervals between extraction tests, so we noted

th is  on the vacuum inf luence data table.

WA measured hydrocarbon concentrations in extracted vapor and after each carbon

adsorption vessel with a portable organicwapor analyzer/ flame ionization detector (OVA/FID).

We also submitted one-liter vapor sampteiii 'a state-certified analytical laboratory for analysis

for TPH-G by modified EPA Method 5030 and for BTEX by modified EPA Method 8020. We

collected samples for laboratory analysis Dear the end of each €xtraction event. We collected

one sample at the end of both step test intervals for extraction from vent point VE-I,
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Hydrocarbon removal  rates were calcu lated us ing data on stabi l ized hydrocarbon

concentrat ions in  ext racted vapor  and vapor  f low rates for  each ext ract ion event .  Actual

hydrocarbon removal  rates for  a dedicated SVE system may vary depending on the appl ied

vdcuum, ext ract ion f low rates,  and hydrocarbon concentrat ion f luctuat ion dur ing SVE pro ject

durat ion.

4.2 TEST RESULTS

The vacuum appl ied by the test  equipment  to  each wel l  ranged f rom 73 to 141 inches of

water  and induced vapor  ext ract ion f low rates ranging f rom about  1to 20 standard cubic  feet

per minute (scfm). Hydrocarbon concentrations in extracted vapor ranged from 190 parts per

million by volume (ppmv) to 20,450 ppmv TPH-G. Hydrocarbon removal rates ranged f rom 0.3

pound per  day (ppd)  to  127 ppd TPH-G.

During extraction from each well, the applied vacuum induced water upwelling into the

equipment's water collection drum. Accordingly, ve decreased the applied vacuum until vapor

extraction flov rates maximized.

The hydrocarbon concentrations in extracted vapor were highest from MW-5 (at

20,450 ppmv TPH-G) and second highest in MW-B (at 18,450 ppmv TPH-G). However, vapor

extraction is more €ffective from MW-5 than from MW-B because the vaPor extraction flow

rate was significantly higher from MW-s (at 19.4 scfm) than from MW-B (at 2 scfm).

Table 5 summarizes test data and estimates hydrocarbon removal rates for extraction

from each well, Table 6 presents test data and vacuum influence data for extraction from each

well. Figure 4 presents the isobarometric contours for extraction from well VE-I. The

analytical report and chain of custody forms are presented in Appendix c. We converted the

hydrocarbon concentrat ions repor ted as mi l l igrams per  cubic  l i ter  o f  a i r  to  ppmv by d iv id ing

by the compound's molecular weight and multiplying by 24.45 which is the volume one gram-

mole of perfect gas occupies at the standzrd temperature of 25 degrees centigrade and the

standard pressure of ?60 millimeters of ft.J'rcury.
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5.  AIR SPARGING TESTING

WA conducted an air sparging test on October 28, 1992. Test results indicate that air

sparging with vapor extraction effectively removes hydrocarbons from the subsurface at this

s i te .  Dur ing th is  a i r  sparg ing test ing the hydrocarbon concentrat ions in  ext racted vapor

increased about ten-fold and then decreased when air sparging ceased. The effective radius

of  in f luence for  a i r  sparg ing f rom ai r  sparge wel l  SP- l  is  about  8 to  15 f t  based on subsur face

pressure/vacuum and water level measurements. Air sparging effectiveness based on other

monitored parameters was essentially inconclusive since these parameters usually require

testing for one week or longet !o be effective indicators. This longer term testing of air

sparging effectiveness is o ften performed during a trial operatioD period of an installed system.

5.1 AIR SPARGING BACKGROUND

Air sparging iuvolves injecting air below the water table to strip volatile organic

compounds (VOCs) from the ground water. The VOC-laden vapors are then captured by a

vapor extraction system. Air injection and vapor extraction is performed using either

appropriately screened vertical wells, horizontal wells or trenches. The effective radius of

influence from a vertica[ air sparging well is typically about 5 to 20 ft in coarse materials. Air

sparging also oxygenates ground water, thereby possibly encouraging inJitu biodegradation

of VOCs in ground water.

The effectiveness of air sparging is sensitive to the lithology and stratigraphy of the

saturated and unsaturated zones, and to the effectiveness of vapor extraction. In highly

stratified soils, injected air may travel laterally substantially before reaching the vadose zone.

Generally, the lateral migration of air within the saturated zone spreads the dissolved

contaminants in ground water laterally al!a9; V"no. extraction should be designed to capture

vapors emanat ing f rom the saturated zone. .

Since, at the former Texaco site, an apparent confining layer from about 18 to 24 ft bgs

separates the shallower, more contaminated, clayey sand and gravel unit from the deeper more
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permeable sand un i t ,  hydroca rbon-bea r ing ground water  would be remediated more ef f ic ient ly

f rom an a i r  sparge wel l  screened onty in  the shal lower uni t -  A lso,  a i r  sparg ing in to the sandy

uni t  be low the apparent  conf in ing layer  could produce a i r  pockets which would la tera l ly

d isp lace ground water  and a l low d i f fus ion of  vapor-phase hydrocarbons in to prev iously

uncontaminated ground water. Therefore, we installed the airsparge well only in the shallower

clayey sand and gravel unit to reduce the risk of spreading hydrocarbons laterally below the

confining layer. We screened the air sparge well from 16 to 17 ft below grade surface (bgs)

based on an evaluation of the local lithology.during well installation. This screen interval is

about 3 to 4 ft below the static water level and is above the clayey silt sediments found at about

l8 to 22 ft bgs in the bore hole. Air sparging from this well allowed more effective monitoring

and evaluating of air sparging than installing and air sparging from a deeper arell screetred

beneath the c layey s i l ty  sediments at  18 to 22 f t  bgs.

For these reasons, we conducted a short-term air sparging test from a shallow air sparge

wel l  nested wi th a vapor  ext ract ion vel l  to  min imize the possib le la tera l  spreading of

hydrocarbons in  the saturated zone.

5.2 TEST CRITERIA

WA performed the following tasks to evaluate air sparging effectiveness:

Monitored the hydrocarbon concentration in extracted soil vapor,

Monitored the subsurface pressure/vacuum regime,

Monitored the water table to determine whether the air sparging caused rising water
levels,

Measured the d issolved oxygen concentrat ions in  ground water ,  and

Analyzed ground c/ater sampl'eiffrom the adjacent well EW-l for TPH-C and BTEX
before and af ter  the test .
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5.3 PROCEDURES

WA extracted soi l  vapor  f rom the vapor  ext ract ion wel l  for  about  2.5 hours to  determine

the background hydrocarbon concentrat ions in  ext racted soi l  vapor  before a i r  sparg ing.  We

then simultaneously injected air (sparging) and extracted yapors for about one hour while

monitoring the extracted vapors for increasing hydrocarbon concentrations. We then ceased

ai r  sparg ing and moni tored the ext racted soi l  vapor  for  about  one-hal f  hour .

To help ensure fu l l  capture of  the in jected a i r ,  we f i rs t  determined the vapor  ext ract ion

rate using the test equipment, and then air sparged at a lower flow rate. This ensured that the

volume of  a i r  in iected was less that  the tota l  vo lume removed.

5.4 RESULTS

The vapor extraction flow rate from well VE-1 was about 3 scfm, therefore, we injected

air at I scfm. The air pressure required to inject I scfm of air was l0 pounds per square inch

(ps i )  in i t ia l ly  but  decreased to 5.5 ps i  wi th in 10 minutes.  Dur ing a i r  sparg ing at  about  1.1 scfm,

the vapor extraction flow rate increased from 3.3 scfm to 3.7 scfm for the approximate constant

applied vacuum of 95 inches of water. After air sparging the vapor extraction flow rate

decreased to 3.6 scfm.

The hydrocarbon concentrations in extracted vapor increased about six-fold when air

sparging started and then decreased when air sparging ceased. Figure 5 shows the TPH-G

concentrat ions in  ext racted vapor  before,  dur ing and af ter  a i r  sparg ing.  Af ter  2 hours of  vapor

extraction and before air sparging began, the hydrocarbon concentrations in extracted vapor

were about 600 ppmv TPH-G. After one hour of air sparging, the hydrocarbon concentrations

in ext racted vapor  increased to about  6,100 ppmv TPH-G. About  25 minutes a f ter  a i r  sparg ing

ceased, the hydrocarbon concentrations in extracted vapor decreased to about 3,500 ppmv

TPH-G.

The subsur face pressure/vacuu-  ih lng"a most  in  nearby wel l  EW-l , located about  8 f t

f rom VE-l /SP-l, and signi f icantly less in well MW-A, located about 20 ft away. The

pressure/vacuum readings f rom EW-l  ind icated a vacuum of  0.06 inches of  water  before a i r

sparg ing,  posi t ive a i r  pressure of  0 .24 inches of  water  dur ing a i r  sparg ing,  and a vacuum of  0.11
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inches of  water  af ter  a i r  sparg ing.  The pressure/vacuum readings f rom MW-A indicated a

vacuum of  0,01 inches of  water  before a i r  sparg ing and nei ther  pressure nor  a vacuum dur ing

ai r  sparg ing.  Ai r  pressure measurements f  rom wel ls  EW-l  and MW-A are presented in  Tables 7

and 8,  respect  ive ly .

Similarly, the water levels responded most in nearby well EW-l located about 8 ft from

VE-l/SP-l and significantly less in well MW-A located about 20 ft away. The water level in

EW-l rose 0.03 ft during vapor extraction before air sparging and rose further to 0.18 ft above

the in i t ia l  water  Ievel  dur ing the f i rs t  13 minutes of  a i r  sparg ing before lower ing to 0.06 f t

above the in i t ia l  water  level  by the end of  the a i r  sparg ing.  When a i r  sparg ing ended,  the water

level dropped to 0.05 ft belov/ the initial water table elevation. About one-half hour after

vapor extraction and air sparging ended the water level was 0.11 ft above the initial water level

elevation. The water level in well lvfW-A was essentially unchanged until the air sparging

began, when the water level rose 0.07 ft above the initial water table elevation. After vapor

extract ion and a i r  sparg ing the water  level  in  MW-4 returned to the in i t ia l  water  tab le

elevation. Water level measurements from wells EW-l and MW-A are presented in Tables 7 and

8, respectively.

Dissolved oxygen concentrations in ground water fluctuated during feasibility testitrg as

presented in Table 9. These concentration fluctuations are described in the conclusion

section 6.3.

Ground water  samples f rom wel l  EW-l  conta ined 11 ppm TPH-G before the a i r

sparging/vapor extraction test and 13 ppm TPH-G after the test,
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6.  CONCLUSIONS

This section discusses the conclusions of the aquifer, vapor extraction and air sparge

testing.

6.1 AQUIFER TESTING

The modeling based on the aquifer test results suggests that pumping from extraction

well E.W-l may be a sufficient remedial design alternative, because the capture zone shoutd

inf luence the regions of  h igh contaminat ion and much of  the contaminated ground water  may

be extracted. Modeling results also indicate that EW-l may be capable of a long-term,

sustainable flow rate of 5 gpm. The predicted capture area for this flow rate covers the entire

region east of Lassen Road and south of Springtown Boulevard. In addition,the downgradient

part of the capture zone extends beneath Springtown Boulevard and nearly extends to

monitoring well MW-5. Long-term pumping from EW-1 may capture grouDd water from

well MW-5.

However, the extraction well may be screened within a channel deposit, hence the capture

area may be smaller than that shown in Figure 3. A coarsergrained channel deposit would

provide a preferred migration pathway for contaminants beneath the site. Extracting ground

water from this zone would therefore mitigate further offsite migration of the contamiDants.

In conclusion, we recommend utilizing EW-l a.s an cxtraction well to remove

contaminated gfouod water bcn€atb the site. We also recommend continued monitoring of

ground water  levels  and contaminant  concentrat ions in  onsi te  and of fs i te  moni tor ing wel ls  to

assess whether ground water extraction from EW-l sufficiently removes and/or contains the

dissolved contaminants beneath ,n"  . t , l : .  
- ,*i,l
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6.2 VAPOR EXTRACTION TESTING
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SVE test  resul ts  ind icate that  SVE f rom exis t ing wel ls  should ef fect ive ly  remove

hydrocarbons f rom the subsur face,  but  that  the ef fect iveness of  S\ /E var ies in  s i te  wel ls .  For

example' svE from well MW-5 acbieved a hydrocarbon removal rate of about 127 pounds per

day (ppd) while SVE from wells MWIB and VE-l achieved about 12 and 0.3 ppd, respectively.

.Also, because the influence area from most wells is considered low to moderate, additional

wells may be required to effect the subsurface area of concern. A comparison of these recent

test  resul ts  wi th  the prev ious test ing ind icates that  hydrocarbon concentrat ions in  ext racted

vapor the recent tests were higher from both well MW-5 and MW-B, with the concentrations

from MW-B significantly exceeding Lhe previous test results.

The varying effectiveness and irregular vacuum in fluence measu rements suggest that the

coarser  gra ined in terbedded mater ia ls  in  the s i te  subsur face may be act ing as subsur face

condui ts  for  vapor  f low.  For  example,  the vacuum of  73 inches of  water  appl ied to MW-5

induced about 0.06 inches of waler in well MW-B and MW-3, while it induced only 0.01 inches

of water in MW-A, located closer to MW-5 than either MW-B or MW-3. Vacuum influence

readings during extraction from well VE-l were more predictabte. The vacuum of 141 inches

of water applied to VE-l induced about 3.5 inches of water in well EW-l and 0.1 inches of

water in well MWLA. The effective radii of influence for extraction from MW-5 and VE-l,

typ ica l ly  def ined as one percenr  of  the appl ied vacuum, is  about  30 and 12 f t ,  respect ive ly .

Although the effective radii of influence seem relatively low, SVE from site wells would

remove hydrocarbons most readily from the high permeability materials and would encourage

di f fus ion f rom the low permeabi l i ty  mater ia ls  and ground water  in to the h igh permeabi l i ty

materials within the SVE system's zone of influence. Also, oxygen circulation caused by SVE

should enhance natura l  b iodegradat ion of  subsur face hydrocarbons in  ground water  and soi l .

SVE ef fect iveness could be enhanced by insta l l ing addi t ional  wel ls  or  a t rench.  However,

t rench insta l la t ion would be very d isrupt ive and vapor  ext ract ion f rom a t rench would

predominantly remove hydrocarbons {r*or1 the higher permeability materials similar to

extract ion f rom the s i te  wel ls .  SVE ef fef i i leness would a lso be enhanced i f  i t  were per formed

in conjunct ion wi th ground water  ext ract ion as descr ibed in  Technology Compar ison Sect ion 7

below.
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Select ion of  the most  cost -ef fect ive vapor  t reatment  method for  SVE is  based on the

est imated vapor  f low rates and hydrocarbon concentrat ions in  ext racted soi l  vapor  over  the

ant ic ipated pro ject  durat ion.  Al though i t  is  not  possib le to  predic t  long term hydrocarbon

concentrat ions based on th is  one day test ,  hydrocarbon concentrat ions are expected to remain

high initially and decrease with time. Since hydrocarbon mass removal rates experienced

during the test peaked at 127 ppd TPH-G, we recommend using an available Texaco-owned

catalytic or thermal/catalytic oxidizer until the hydrocarbon mass removal rates decrease to

about 5 to 10 pounds per day. This may require about 30 to 60 days at this site. For a

hydrocarbon mass removal rate of about 10 pounds per day, carbon adsorption is typically the

most cost-effective vapor treatment melhod. However, it may bemore cost-€ffective to use the

oxid izer  for  the durat ion of  the pro ject  than to design,  permi t  and insta l l  a  carbon adsorpt ion

system. Conversely, if Texaco does not have a catalytic or thermal/catalytic oxidizer available,

it may be more cost-effectiye to permit, instatl and operate a carbon adsorption system for the

project duration.

6.3 AIR SPARGE TESTING

T€st result8 isdicete that air sparging with vapof extraction effectively removes

hydrocarbons froE the subsurface et tbis site. During th is air sparging testing the hydrocarbon

concentrations in extracted vapor increased about ten-fold and then decreased when air

sparging ceased. The effective radiu$ of influetrce for air sparging from eir sparge well SP-l

is about I to 15 ft based on subsurface pressure/vacuum and water level measurements. Air

sparging effectiveness based on other monitored parameters was essentially inconclusive since

these parameters usually require testing for one week or longer to be effective indicators.

Test results indicate air sparging would be effective at this site, although it would be

more effective if site soils were more permeable and if higher vapor extraction flow rates were

achievable.

The ten- fo ld increase in  TPH-G concentrat ions in  ext racted vapor  ind icates that  sparg ing

increased hydrocarbon removal from thq'iiturated zone. This suggests that hydrocarbons are

removed by st r ipp ing them f rom ground water  or  by the creat ion of  new vapor  f low pathways

through the saturated and unsaturated zones.  The a i r  sparg ing wel l  may be essent ia l ly  serv ing

as an air inlet well within the saturated zone where hydrocarbons are adsorbed to soil. With
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th  is  a i  r  sp arg ing wel l ,  more a i r  is  d rawn f rom w i th in  the satu rated and lower unsat  urated zone,

and less a i r  is  drawn f rom the unsaturated zone and the ground sur face.

Based on the subsur face pressure/vacuum and water  level  measurements,  the ef fect ive

radius for air sparging radius from SP-l is between 8 to 15 ft. We estimate this range because

the subsurface pressure/vacuum and water levels changed most in nearby well EW-l located

about 8 ft from VE-l/SP-1 and significantly less in well MW-A located about 20 ft away. In

both monitored wells, the water level rose during air sparging despite the increased pressure

wi th in the wel ls-  This  suggests that  the a i r  sparg ing caused enough of  a water  tab le r ise in  th is

area to overcome the increased pressure in the wells caused by air sparging.

The subsurface pressure/vacuum and water levels may also suggest that air sparging

caused more water table rise initially, but then as the injected air developed preferential flow

paths it displaced ground water around the well and depressed water in the subsurface due to

the increased subsurface pressure. This suggests that longer term testing at di fferent flow rates

could test the effectiveness of air sparging at different flow rates. This also suggests that air

sparging effectiveness is enhanced by cycling operation on and off to create different flow

paths thereby effecting more soil and ground water. Although this may also suggest that

deeper air sparging wells would be more effective for air sparging, air sparging from deeper

wells at this site may penetrate the apparent confining layer at 18 to 22 ft bgs and cause lateral

spreading of hydrocarbons in ground water.

The effective radius for air sparging could be assessed further during a longer test or

during system operation by evaluating the dissolved oxygen and hydrocarbon concetrtrations

and hydrocarbon-degrading microbial populations in ground vater. Increasing dissolved

oxygen concentrations and hydrocarbon-degrading microbial populations, as well as decreasing

hydrocarbon concentrations in monitored wells would indicate air sparging was effective in

those wells-

If an air sparging system is installed at this site, we would recommend cycling the system

on and of f  to  vary the vapor  f low path,s .wi th in the saturated zone,  to  min imize the possib le

lateral spreading of hydrocarbons in tht iaturated zone, and to minimize energy costs. We

would also recommend installing one or two additional air sparging and vapor extractiotr wells

between MW-A and MW-5, and installing one air sparge well near MW-5.
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7.  TECHNOLOGY COMPARISON

Test results indicate that each of the evaluated technologies may be effective at this site.

However, the remediat ion ef fect iveness of  each technology wi l l  vary,  depending on the speci f ic

advantages and l imi tat ions of  the ind iv idual  techniques.  To select  the opt imal  remedia l

approach for the site, WA compared each technology and combinations of technologies. The

resul ts  of  th is  rev iew are presented below.

7.T GROUND WATER EXTRACTION

Ground water  ext ract ion (GWE) is  a proven and re l iab le remedia l  technology to

hydraul ica l ly  conta in and remediate hydrocarbon-bea r ing ground water .  GWE would remove

hydrocarbons from the saturated zone, but would not remediate hydrocarbons in the

unsaturated zone. Therefore, using this technique alone may allow hydrocarbons in

unsaturated soil to coDtinue to impact ground water quality. The effectiveness of thismethod

is dependent upon the extraction s/ell locations relative to the mass of hyd rocarbon-bearing

ground water  and the subsur face hydrogeology.

The aqui fer  test  resul ts  ind icate that  ground water  ext ract ion f rom EW-l  should

hydraul ica l ly  conta in the hyd roca rbon-bear ing ground water  at  th is  s i te .  I  f  hydrocarbons have

migrated of f{ite further than estimated, then GWE from EW-l alone may not drav these off-

site hydrocarbons back to the site. GWE typicatly requires a minimum of 5 years to achieve

remediation ob iectil/es.

7.2 SOIL VAPOR EXTRACTION

svE is  a proven and re l iab le , " - ;d ih i  technology for  removing hydrocarbons f rom the

unsaturated zone. SVE from site wells would remove hydrocarbons most readily from the hiSh

permeabi l i ty  mater ia ls  and would encourage hydrocarbon d i f fus ion f rom the low permeabi l i ty

mater ia ls  in to the h igh permeabi t i ty  mater ia ls  wi th in the SVE system's zone of  in f luence.  SVE
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should a lso improve ground water  qual i ty  at  the s i te  by inducing benzene and hydrocarbon

di f fus ion f rom ground water  and possib ly  by supply ing oxygen to natura l ly  occurr ing

micoorganisms that  degrade organic  mater ia ls ,  therefore,  encouraging in  s i tu  b iodegradat ion

of  hydrocarbons.  Al though SVE may improve ground water  qual i ty ,  i t  would not  hydraul ica l ly

conta in hyd rocarbon-bear ing ground water  at  the s i te .  Unfor tunate ly ,  the SVE test  resul ts

indicated limited SVE ef fectiveness except from well MW-5. SVE would be most ef fective with

a ser ies of  ext ract ion and a i r  in le t  t renches a l though th is  may not  be very cost-ef fect ive and

would cer ta in ly  enta i l  s ign i f icant  s i te  d isrupt ion.  SVE typ ica l ly  requi res about  6 months to 2

years to  achieve unsaturated zone remediat ion object ives.

7.3 COMBINED GROUND V{ATER AND SOIL \/APOR EXTRACTION

Combined ground water  and soi l  vapor  ext ract ion is  a proven technology for  removing

hydrocarbons f rom the saturated and unsaturated zones and achiev ing remediat ion object ives

faster  than ground water  ext ract ion a lone.  The vacuum appl ied by SVE would enhance ground

water ext ract ion flow rates thereby enhancing hyd raulic control. AIso, GWE would depress the

wxter table, limiting the upwelling effects caused by SVE and exposing previously saturated

soil to the air stream induced by SVE. This is especiatty useful since ground water fluctuations

create a zone of high residual hydrocarbon-saturated soil both above and below the average

water  tab le e levat ion.  Combined ground water  and soi l  vapor  ext ract ion a lso of fers the same

advantages as the ind iv idual  techniques d iscussed above.

7.4 AIR SPARGING WITH SOIL VAPOR EXTRACTION

Air  sparg ing wi th so i l  vapor  ext ract ion is  an innovat ive and re lat ive ly  new technology

for removing hydrocarbons from ground water and saturated soil. Test results indicate ttrat

a i r  sparg ing would remove hydrocarbons f rom the saturated zone by st r ipp ing hydrocarbons

from ground water  or  by creat ing vapor  f low through the saturated zone.  Ai r  sparg ing should

also oxygenate ground water ,  thereby,  possib ly  encouraging in- f i tu  b iodegradat ion of  VOCs in

ground Y/ater. l ' l '

A t r ia l  per iod of  a i r  sparg ing coutd be per formed in  conjunct ion wi th SVE to more fu l ly

evaluate a i r  sparg ing ef fect iveness for  rh is  s i te-  I f  a i r  sparg ing wi th SVE ef fect ive ly
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remed ia tes  the  sa tura ted  zone then ground water

a i r  sparg ing  wou ld  no t  hydrau l i ca l l y  con ta in  the

Test  resul ts  ind icate that  the ef fect ive radius for  a i r  sparg ing is  about  8 to  15 f t .

Therefore,  to  implement  th is  technology at  th is  s i te ,  we would recommend insta l l ing one a i r

sparge well near MW-5 and one or two air sparge and vapor extraction wells between MW-A and

MW-5. We would recommend cycling the system on and of f to vary the vapor f low paths within

the saturated zone, to minimize the possible lateral spreading of hydrocarbons in the saturated

zone,  and to min imize energy costs.  We would a lso recommend insta l l ing one or  tvo addi t ional

a i r  sparge and vapor  ext ract ion wel ls  between MW-A and MW-5,  and insta l l ing one a i r  sparge

vell near MW-5.

lJnfor tunate ly ,  the ef fect iveness of  a i r  sparg ing is  sensi t ive to  the l i tho logy and

strat igraphy of  the saturated and unsaturated zones,  and to the ef fect iveness of  vapor

extract ion.  In  the h ighly  s t rat i f ied so i l  a t  th is  s i te ,  in jected a i r  may t ravel  la tera l ly

substant ia l ly  before reaching the vadose zone,  and spread the d issolved contaminant  p lume.

Vapor extraction should be designed to capture vapors emanating from the saturated zone.

7.5 COMBINED GROUND WATER AND SOIL VAPOR EXTRACTION AND AIR
SPARGING

Implement ing a l l  the technologies s imul taneously  should prove very ef fect ive and should

achieve the remediat ion object ives quick ly .  However,  th is  combinat ion approach would

probably be more expensive than the other  approaches.  This  combined approach would have

the advantages of  each of  the ind iv idual  techniques d iscussed above.

weissAssociatesl/lA

ext rac t ion  wou ld  be  unnecessary .  However ,

hyd  roca  rbon-bear ing  ground wa ler -
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Tab le  2 -  Hydrau l i c  Parameters  Es t imated Us ing  Cooper -Jacob (1946) -

V/ell
Transmiss iv i ty

(spdl  f t )

Hydraut ic
Conduct iv i t .y

(spdt ftz)

Speci  f ic
Storage

( f t - ' )

Dis tance to
Pumping wet l

(rr)

EW-l *

MW-A

M.w-B

MW-1

MW-2

MW-3

MW-5

M.w-7*

Average

340'

4,7 00

5 ,600

910

5,950

920

2,200

3 ,400

z 5

310

370

60

400

o l

150

225

0.05

0.004

0.0002

0.002

0.0008

0.0002

0.00r

L2

50

78

88

75

130

+Not used in averaging.



Weiss Associates

Tab le  3 .  Hydrau l i c  Parameters  Used in  EQUIPLOT and CAPTURE Mcde ls .

Parameter V a l u e  u s e d  i n  t h e  s i m u l a t i o n s

K -  Hydraul ic  conduct iv i ty

b -  Aqui f  er  th ickness

i - Local gradient

Q -  Extract  ion rate

0.021 f t  /m in

15.0 f t

0 .005 f t l f t  to  Nor th

5.0 gpm at  s teady state
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Tablc 7. Air Prcssure and Wate r l-cvcl Measurcments in Well EW-l During Air Sparging Test

Clock Time Test Time Pressure
Depth to
Water

ChangeFrom Comments
Initial H20

mtnules ft lrvel lft

01:15 PM

O2:43 PM

O3:.29 PM

03:39 PM

03:43 PM

03:44 PM

03:52 PM

04:00 PM

04:15 PM

04:30 PM

M:45PM

O4:47 PM

M:57 PM

05:14 PM

05:45 PM

0.00

-0.06

-0.06

o.07

0.105

0.13

0.145

0.1?5

o.73

o.24

4.11

0.00

tz-21

12.18

12.08

12.03

t2.M

t2.09

12.12

t2.14

72.75

I  l -16

12.r0

0

88

134

144

148

r49

157

165

180

195

210

2r2

z2z

2i9

?:70

0

0.03

0.13

0.18

0.17

o.t2

0.09

0.07

0.06

-0.05

0.11

Soil Vapor Erlraction Srart

Air Sparging Start

Air Sparging Off

Soil Vapor Exlraction Off

G\KAO\TEXT4.WQP
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Table 8- Air Pressuro and Waler Lcvel Mcasurcment's in MW-A During Air Sparging Tcst

Clock Time Test Time Pressure
Depth to

Water
ChangeFrom Comments
Initial H20

minutes I*vel ( ft

1230 PM

01:00 PM

01:15 PM

02:45 PM

03:30 PM

03:39 PM

O3:[7 PM

O4:52 PM

05:14 PM

05:20 PM

-0.005

-0.01

4.m

-0.01

0.00

0.m

14.00

14.03

- -

t4.u

t4.w

13.93

14.(x

0

-0.03

-o.07

4.O2

0.o7

-0.04

0

30

45

t35

180

189

r91

262

2M

?90

Soil Vaoor Extraction Start

Air Sparging Start

Air Sparging Off

Soil Vapor Extraction Off

C:\KAO$EXTI-WOP
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Table 9- Dissolvcd Orygcn Measuremcnts During Air Spargo Teslirrg

Before SVE Test
ro/27tEz

11:00 AM

Before SVE/
Spargc Test

L)nat92
08:45 AM

Sparge Test
npatc2

05;26 PM

Before Pump Test
trlo9/92

01:25 PM

3.3

5.2

2.4

3.7 a
4.9 b
1.3

2.8

5.5

2.9

3.9

EW-1

MW-A

MW.B

Notes:

a = Prior to ground waler sampling
tr = After ground water sampling
SVE : Soil Vapor Edracrion

CU(AO\TEXT3.WQP
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or**
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EX PLAN ATIO N

O MW-1 Moniroring wetl

a  sB. t  So i t  bor ing

o Ew-1 ff:ti*,T""Jr',J:',""""T.U:jl
tr VE-l Vapo. extraction well, inslalled

for this investigation

Air sparge well, installed for
this anvestigation

Captu.e l ines

Figure 3. Hydraulic Capture Area for [-ong Term Pumping of Well EW- | at 5-0 gpm flow rate -
Former  Texaco Serv ice  St t t ion ,  930 Spr ing town Bou levard ,  L ivs rmols ,  Cat i fbn ia
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Weiss Associales

STANDARD FIELD PROCEDURES

Wciss Associatos (WA) has developed standard procedures for drill ing and sampling soil

borings and installing, developing and sampling ground water monitoring wells. Thesc

procedures comply with Federal, State and local regulatory guidelincs. Specific procedures

are summar ized below.

SOIL BORING AND SAMPLING

Ob iect i ves /Su oerv is io n

Soi l  sampl ing object ives inc lude character iz ing subsur face l i tho logy,  assessing whcthcr

the soi ls  exhib i t  obv ious hydrocarbon or  other  compound vapor  or  s ta in ing and col lect ing

samples for analysis at a State-certified laboratory- All borings are togged using the

Uni f ied Soi l  Class i f icat ion System by a t ra ined geologis t  work ing undcr  the superv is ion of

a California Registered Geologist (RG) or a Certified Engineering Gcologist (CEG).

Soi l  Bor ine and Samol ine

Soil borings arc typically drilled using hollow-stem augers. To collect soil samplcs,

split-barrel samplers lined with steam-cleaned brass or stainless steel tubes are driven

through thc hollow auger stem into undisturbed scdiments at the bottom of the boreholc

using a 140 pound hammer dropped 30 inches. Soil samples can also be collected without

us ing hol low-stcm augers by progress ive ly  dr iv ing spl i t -barre l  so i l  samplers to  depths of  up

ro 20 ft.

Soil samples are collected at least every five ft to characterize the subsurface

sediments and for possible chemical  analysis.  Near the water table and at l i tholoBic

changes, the sampl ing interval  may be less than f ive f t .

Dri l l ing and sampl ing equipmcnt  is  s team-cleaned pr ior  to  dr i l l ing and betwecn

bor ings to prevent  cross-contaminat ion.  Sampl ing equipment  is  washed bctween samplcs

wi th t r isodium phosphate or  an equiva lent  EPA-approved detergent .

Af ter  not ing the l i tho logy at  each end of  the sampl ing tubes,  the tubc chosen for

analys is  is  immediate ly  t r immed of  excess soi l  and capped wi th tc f lon tape and p last ic  cnd

caps.  The sample is  label led,  s tored at  or  below 4"C,  and t ranspor tcd undcr  chain-of -

c u s t o d y  t o  a  S t a t c - c c r t i f i c d  a n a l y t i c  l a b o r a t o r y -

Samole Analvs is



Scrce n in  s

Weiss Associates

Onc of  the rcmain ing tubcs is  par t ia l ly  cmpt icd lcav ing about  one- th i rd of  the soi l  in
the tube.  The tube is  capped wi th p last ic  end caps and sct  as idc to  a l low hydrocarbons to
volat i l ize f rom thc so i l .  A l ternat ive ly ,  so i l  f rom rhc tube is  p laced in  a scaled p last ic  bag
and sct  in  the l i8ht .  Af ter  ten to f i f teen minutcs,  a  por table photo ionizat ion detector  (PID)
measures volatile hydrocarbon vapor concentrations in the tube headspace, extracting thc
vapor through a slit in the cap or hole in the plastic bag. PID measurements are used along
wi th the st rat igraphy and ground water  depth to se lect  so i l  samples for  analys is .

G  r o u  t  i n s

I f  the bor ings arc not  completed as wel ls ,  the bor ings are f i l l€d to  the ground sur face
with cement grout poured or pumped through a tremie pipe- If wells are completed in thc
borings, the well installation, development and sampling procedures summarized below arc
followed-

MONITORING WELL INSTALLATION. DEYELOPMENT AND SAMPLING

W e l l  C o n s t r u c t i o n  a n d  S u r v e v i n q

Wel ls  are insta l led to moni tor  ground water  qual i ty  and determine thc ground watcr

elevation, flow direction and gradient. Well depths and screen lengths are based on ground
water depth, occurrence of hydrocarbons or other compounds in the borchole, stratigraphy
and state and local  regulatory guidel ines.  Wel l  screens typ ica l ly  cxtend l5  f t  be low and 5 f t
above the static water level at the time of drill ing. However, the wcll scrcen will I,enerally
not  extcnd in to or  through a c lay layer  that  is  at  least  threc to f ive f t  th ick.

Well casing and screen are flush-threaded, Schedule 40 PYC. Scroen slot size varics
according to thc scdiments screeled, but slots are generally 0.010 or 0.020 inches wide. A
r insed and graded sand occupies thc annular  space between the bor ing and the wel l  scrcen
to about onc to two ft above the well screen. A two ft thick hydrated bentonite seal

separates the sand from the overlying sanitary surface seal composed of cement with 3-5%
bentoni te .

Wel l -heads are secured by lock ing wel l -caps ins ide t raf f ic - rated vaul ts  f in ished f lush
with the ground surface. A stovepipe maJ.+c installed between the wcll-head and the vault

cap for additional security- The wcll top-ofl-casing elcvation is survcyed with respect to

mean sca level  and the wel l  is  surveycd for  hor izonta l  locat ion wi th respect  to  an onsi te  or
nearby of  fs i te  landmark-

Well Develooment



Weiss Associates

Aftcr  at  lcast  24 hours,  the wel ls  arc devcloped us ing a combinat ion o[  ground watcr

surg ing and cxt ract ion-  Surg ing agi ta tcs thc ground watcr  and d is lodgcs f inc sedimcnts

f rom thc sand pack.  Af ter  about  ten minutes of  surg ing,  ground wator  is  ext racted f rom thc

wel l  us ing bai l ing,  pumpinE a^d/or  reverse a i r - l i f t ing through an eductor  p ipe to removc

thc sediments f rom the we[ [ .  Surg ing and cxt ract ion cont inue unt i l  a t  least  tcn wel l -cas ing

volumes of ground water are extracted and the sediment volumc in the ground water is

negligiblc- All cquipment is steam-cleaned prior to usc and air used for air-lifting is

filtered to prevent oil entrained in the compressed air from entering the well. Wells that

are developed us ing a i r - l i f t  evacuat ion are not  sampled unt i l  a t  least  24 hours af ter  thcy arc

devclopcd.

Ground Water  Samol ine

Depending on local  regulatory guidel ines,  three to fcur  wel l -cas ing volumes of  ground

water  are purged pr ior  to  sampl ing.  Purg ing cont inues unt i l  ground watcr  pH,  conduct iv i ty ,

and temperature have stabilized. Ground water samples are collected using bailers ot

pumps and are decanted in to the appropr ia te conta iners suppl ied by thc analy t ic  laboratory.

Samples are labelled, placed in protective foam sleeves, stored at or below 4"C, and

transported under chain-of-custody to the laboratory. Laboratory-su pplied trip blanks

accompany the samples and are analyzed to check for  cross-contaminat ion-  An equipmcnt

blank may bc analyzed if non-dedicated sampling equipment is used-
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wELL EW-1 (B-1
TPH.G GRAPHIC

concenlralion LOG
(ppmJ

Portiand
cement
type I-It

6 "  PVC

Hydrated
belrtonlte
sea l

#3 sirLrd

1 5

Slofted
6" PVC
casing

20

DESCRIPTION

Sandy SILT (ML) ;  dark  L r ro rvn ;
med ium s t i f f ;  dampi  70% s i l t ;30 '1 ,-., f i :ne to medium sand; non plastic;

',- moderate K
Silty SAND (SM); orarrge; medium
dense;  damp;40Yo s i l t ;60%'  f i l l e  to
coarse sand; moderate K

SAND (SW); green; der$e; moisu
1O-2O"1' sllt;80-907' fine to coarse
sand; high K
2" layer mediunr to coalse sand at
12 .8 '
Wet  a t  14 .0 '
Coarse sand and gravel to 1.0"
d iameter  a t  15-0 '

.. 
'  

Silty SAND/Sandy SILT (SM,/ML);
orange; loose to medium derlsc/
medium stiff to stiff; weti <57, clay;
40-60% silt;40-50o1' verv fine sand;
low to moderate

1 0

OcL 20, 1992
t -

L
I

i-- tt
L
''
j

I
I
f-
I

I
l -

I
I

F
L

;  C layey  SAND/S i l t y  SAND
i. (SC/SM); l ight gray; very stif f ;
t,,. mols|. 10-15'U, clay; 15-409, silU 50-

270'% vety fine sand; lon, K

Si l t y  SAND, /Sandy SILT (SM/ML) ;Sr l ry  5AN rJ l5anoy  >rLr  (>M/ML) ;
orange; dense to ve!y stiff; nroist;
<5 % clay; 40-60'l '  si lt; 40-6011' very
fine sand; low to moderate K

SAND (SP) ;  n . .nge;  dense;  mo isL ,
fine to medium sand; high K

EXPLANATION

-I

.Y

E

sffi
K =

Water level during dril l ing (date)
Water level (date)
Contact (dotted ra,here aPProximatr )
Uncertain contact
Gradational contact
Location of recovered tlr ive sanrFie
Location of drive sample sealcd
for chemical ar-ralysis
Cutting sample
Estimated hydra ulic cond uctir,, i tv

Logged By: Eric Andersorr
Supervisor: Ioseph P, Theisen; CEG 1645

Dril l ing Company: HEW Dril l ing, East Palo Alfo, Cr\
License Number: C57 -384767

Dril ler: Tomas Jaime
Dr i l l i r rg  Method:6"  and 12"  O.D.  ho l low-s ten l  auqer

':.-. ' i-{ i. 
Date Dril led: October l9-70, 1992

\Vell '  I ' lea<1 Completion: Temporary, traffic-rated vaLrLt
Ty ; re  o f  Sampler :Sp l i t  bar re l  (1 .5" ,2" ,2 .5"  lD)

G.ound SLLrtace Elevation: APproximately 520 feet al-)ovc nlenrr
sea Ievel

TPH-G: Total petroleum hydrocart-ror't as Snsolinc
( :C/F IDi r r  so i l  bv  EPA Mct

S i l t y  SAND/Sandy SILT (SM/ML) ;
yellow-green; dense to hard; damp;
<5ol' clay; 40-60'l '  si lt;40-60')1' sand;
non Dlastici  moderate K

1 . . .  ' , _ . - . . - . . .  :  . :
. -':: : :.: '
l : . ' : , - . ' . ' :  , r .
- : 1  ' . . . :  .  . : j .
I : : ' .  i . : .  : : i : : :  . . '

: . '  : " :  
'

' :  . :  .  . . - : .  - :  '
r : .  _ . . : .  j : : _ - -  . . '

l l o r i n q  I - o g ; r r r d  W e  l I  C o n s r r r r c r r o r r
-51) r  i  { tow l lou  lc  v l r  d .  l - i r  c r  r , . x  c

l ) . r ; r i l .  -  \ \ . l l  l : \ \  l ( l l  l )
(  i r  l  r  lo r t  i : r

l : ( ) r  r r l c ' ' l _ a  r i r c 0  S c r  r  i c r '  S t l r t  i , ' r t .  t )  \ t t
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WELL EW-1 (B-1) (cont.)

r P H  G  G R A P H I C
coocenrrar ion LOG D E S C F I P T I O N
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. 20

-30

?5 --

#3 sand l
-l

I
.)
I

I
l
I

I

Wet ;  med ium sand a t  25 .0 '
Loo>e;  med i r rm lo  coarsc  sand a l
2  6 . 5 '

0 .020 '
Slolted
6" PVC

PVC cap

30 Cra velly SAND (SP); yellow-bron'n;
dense to ve.y dense; \,et; 85-953'
medium to coarse sand; 5-15'2'

, r ,  r ,  r ,  r , r ,L t , l , r , r , r , r , l ,

rave l  to  1 -0"  d iameter ;  h igh  K
i l t y  CLAY (CL) ;  o range;  very  s t i f f

to hard; oloist; 35-60'X' clay;30-50'1.
s i l t ;  10-15 ' / "  very  f ine  sand;  lau ,  K



WEISS ASSOCIATES

0

wELL VE-1/SP-1 (B-2)
rPH,G GRAPHIC

concenr.a l ,on LOG

SchedLrle 40
2' PVC
ca5rn8

Schedule 80
1"  PVC
casrng

:Hyarlteu5
bentonite
seal

't t ir:.e to medium sand; rror-r plastic;
i_ modera te K

Silty SAND (SM); orange; medium
dense;  damp;40%,  s i l t ;607 ,  f ine  to
coarse sand; moderate K
Yello$, at 3.5'

D E S C R I P T I O N

SaLrdy  StL l -  (ML) ;  dark  b rowr ' r ;
med ium s t i f f ;  damp;  70 '2 ,  s i l t ;30%

SAND (SP); green; medium dense
to dense; wet;95'j l" medium sand;
5 'X ,  g rave l  to  l  d iamctc r ;  h igh  K
Subangular to sub rounded gra!'el
to  2 .0"  d iameter  a r  t5 -5 '
95')( ' coarse sand; very high K at
L6.7
S i l t y  SAND, /C layey  SAND
(SM/SC); orange;medium derrse;
damp;  10-15 'X ,  c lay ;  15-40 '1 ,  s i l t ;50-
70"1, ve.y fine satrd; low K
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#3
Monterey
sand

1 0

Oct-

1 0

20, 1992
I

Schedule 40
0.020'
Slot ted
2"  PVC
casing

1 5

#.3
Montere  y

sand

Hydratcd
berltorrt(:
sea l  15
Schedule 80-  
0 .010"
Slotted
r ' lvc  icasrng -l
1 "  S l ip  _ :caP
Slough

10.'/,,

EXPLA NATION
IL

I

Water  leve l  dur i r lS  d r i l l i ng  (da te)
Water  Ieve l  (da te)

Grndat iona lcontac t
Locat ion  o f  recovered dr ive  sanrP le
Locat ion  o f  d r ive  sample  sea lcd
for chc'mica L arra lysis
Cut t ing  sample
Es l rn r , r ted  l r  ydra  r rJ ic  cor rduc t iv i t_1

Logged By: Eric Andersorr
SLLPervisor: JosePh P- Tl.reiserr; CEG 1645

Dr i l le r :  Tomas Ja ime
Dr j l l i ng  Method:6"  and 12 '  O.D.  ho l lo rv -s tem auger

\'.-,r ' .Date Dril led:Octobcr 20, 1992
Wel t  Hbac l  Comple t ion :  Temporary ,  t ra f f i c - ra ted  vau l t

Ty l . 'e  o f  Sanrp le r :  Sp l i t  bar re l  (1 .5 - ,  2 - ,2 .5"  ID)
Gror.rrrd Surface Elevari<tn: Approximatelv 520 feet above mealr

sea lev(' l
TPH-C:  To ta l  pe t ro leum hydrocarbon as  gasoL i r re

i r r  so i l  bv  EPA Method 5030 r , / i th  GC, /F ID

Contnc t  (do i tcd  where  approx in1ate)  Dr i l l i r rg  ComPany:  HEW Dr i l l i ng ,  Eas t  Pa lo  A t to ,  CA
Uncertain coLrtact License Number: C57-334157

E

l i  o t  i r t  s  | - ( ) 1 i t ' , , 1  \ \ r r ' , '

) | ] r r | | t ( ) \ v  l J o U l e v i l f d .

( ' ( ) r \ r l | 1 r c l i ( )  I ) r t r r i l s  -  \ \ ' e l l  \ r l r  i / S P , l  ( l l
l - i r r ' r  r r t o r c -  ( ' l l i  l o r r r r l r

l : o r n t r ' r " l c r u r ' r r  S .  f \  i (  t .  S  l ; r l  i ( ) n .  9 l ( l
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Dltcrtnr. |r . .

AFPITT

SAI'IDY CLAY
-Jan
-Hed ium to  f  i ne  g ra ined

SANDY CLAY
-Tan to brown
-Hed ium to  f ine  gra ined
-Poor ly  sor ted
-Mois t

CLAYEY S]LT
-Brown
-F ine  g ra ined
- Poor' ly sorted
- l1o is t
-S t rong gaso l  ine  odor

S low d r i l l i ng

GRAVTL
-B lack
-Coarse '

-Angu  la r  to  subangu la r

T0TAL DEPTH = 16'

-t le l  l  g ra ded
-St rong odor
-Free  gaso i  i  ne
-l,let

on  so i  1

-':'i:i .1

. l ' i  r i f r ru r t to tn
! t t t  -"< ..  ,  o.rr.r^.r,

E , \5sOCr^Tr  S  Hq X t
.  g^, r r , . ,s  ' , " . * "  .HS- t I

.bril

PROPOSEDT_I ISTORE
SPRINGTOWN BLVD.  AND LASSEN RD.
L IVERMORE.  CA
LOG OF BORING NO. B_3

I

N0.  B-  t423-  |



sp
SANDY CLAY

-Brown to tan
-Poor ly  s  o r  ted
-Hed ium to  f i  ne  gra ined
- Suba ngu i  ar.

SANDY CLAY
- B rown
-Poor ly  s  o r ted
-Hed iun  to  f ine  gra jned
-Ho i  s  t
-Strong odor

l lo  f ree  gaso l  ine

CLAYEY SJLT
-Dark  b rown
-F ine  gra  i  ned
-Poor ly  so  r ted
-St rong odor

S Iow d r i  11 i  ng

, GRAVEL
-B lack -I ,{et
-Coarse  -F ree  gaso l  i ne
-  Suba ngu l  a r  -S t rong odor
- l  n n < o

TOTAL DEPTH. = l6'

r r  K r I tNFr rD[R &  ̂ SSOCrAr tS  E f lHo l l ( x \ ( . r  ( O \ l r , ( r . w r i  .  y . r r i , . r s  t . r , , . :  l l i  l \  [ l

J rcT  H0 .  B_  1423_  l :

PROPOSED 7_ I I  STORE
SPRINGTOWN BLVD.  AND LASSEN RD
LIVERMORE.  CA
LOG OF BORING NO. D - +

Fld -B



GROUNDWATER
TECHNOLOGY
DivLbn gf O R.cov.ry SFtcn|., loc

P'oi.r{ &I3ggflil€rrrrDre
Well  Number

.exaco/ Llverrrrcre_--- o**, Sg4h{ald Corp.
cocrrrn SDringEcr.r8l:ssen F.oi6cr Numb.r ._?0_451 __--_
D.rr D'urod -b-20_95__ rorer Dcpih or xorc ?l_EL:_ Dramcror L!_il]:___
Srrrt.c; Ebvatton --- warcr LcvoL Initaal __.--:_ a,{.h.s. __L1=q8___
sc'e cr Di!. --4:-ingb-- Lcnsrh _-eLfCgL__ sror si:o .-_-:02_0_in,__
crHns: pra -4-inqL-__ r-.nsr, .--_!leeg___ ryps __-EyC___ _
DrtttinecompanyS-!€ge_P_a_c!li_c_orilingMerhod-E&_AUggI_____

or ref .l,"Jm__P_eEa__ eoc uv --Cari -Cprdm__ ______

Dril l ing Log

Descriglion/Sqil Clas5ilicallon
(Cgloa. lrxlsre. St.uqtu.cal

1  1 ' >  1

z-ro- td

C ard fill sand and gravel.

Brown sardy clay, darp, no odor.

Brown-green fine sand with subanEular r*riEe
_gravels, danp, nc odor.

Bror,:n-green silty fine sand, stiff. danp, no odor.

Brorln-green silty fine sand r.,i th ror.rnded cobbles
and gravels, noist, no odor.

Cobbles and gravels in fine sanC, noisE, no odor.

Gray bror,n fine sand arrd silt, less cobbles and
pea size gravels, nnist, no odor,

Gray-brown coarse sard, r^ret, no odor.

Gray-broi"'r-r coarse sand, wet , no odor,
contacC r.'i th b:or"m sarrdy c1ay.

' ' . t . '

Dri l led 25 feec
Cased 20 feet slorted, 5 feet blank
Aguariurn sard co 3 feet
CemnE seal co surface' Finish Lrirh steel nnnhole



nra GROUNDWATER
n-- tE*gilN_o.'L?f.,"I..

Texaco/Livernnre
Well  Number_+

*n", Souchlad Prp. ___

Dri l l ing Log

gor.non Sprill&Eoun & l-alsen _ pro;ect Nuhbcr 20-4051
D.rG Drlr6d --L-2Qil- r.r6t Deprh o' Hoto 1t!!. o,.,nu,.,
Surlrcr El.velion --- wlter Lcyrt, Iniliat -_--:-- 2{-h.!. l!r.10_____

sc.oo.E Di." 4-inc_!r _ lrnorr _2L_fegt._____ stot sh. . 0Z0jn.___

c1jns, o,* --Lincll- r."srh---3=fsgq---- rypq .--ryq-----
Drltins co,npany .lrgfa_-lgSlf f!- D r{tins Mc r h qd -!.r_S.=_Ag_eI____ _ _

Drirtcr .-LEILPeT_a-- r-oc tv ---C9d-Cord4---------

Asphal E and fill .

-33-3

9-25-

14-56+

Red-broun clayey sand, occasional gravel, damp,
no ooor.

Gray sard ard gravel , wet, no odor -

Drilled 25 feet
Cased 20 feet slorred, 4 feet bl-anl<
Aq€.'11"ron sand to 3 feet
Cenr*-ht seal co surface
Finished L'i th sleel narrhole,

Gray sard. arrJ gravel , grading to cobbles, r,,'et,
verlt slighf gas odor.

Gray sarrd and gravel , wetr.6J,i€ht gae, odar, concact
r.'i Eh san<iv cla\,.

Los E
Sampt

D€sc.iptio.|,| Sgll Classilicr tioo
(Color. T6rtuaa. St.ucluic!)



GROUNDWATER
.TECHNOLOGY
Divi.irn ol CXt Focgvrry Sy.tcm\ Inc

Wel l  Number j
horcct .TeOeCO/Lijro?r'yi'-p ___ Ownor -$co rth l errl f'ar?

Localion SFr*ipgEl\.'n f,. I a c<an proioct Numbcr --2&lnql -----

O.t! Dtillrd 6 20-8-S -- fotal Dcpth ot Hole ?-!-fL- Oi.mct6. _-75 i - __

Srr.flc€ Elevslion .-- wate. Level Initist _--.:-- :a.nrr --]-L5g---

Scrccn: Di& --4-inch_ L.ngrh __20-,f€eL__ stqr Sils ___020.j.a___

crsins: Di€. __/r-irch__ r_ensth.___lhfeeL___ Type .__-EtC____ _

Dtillang Company Si-e.rra-JaCifir_ Drilliog Method ll S Auger ___

D.iller ,JyrEL PeJa__ tog by --C.ori-Ccfdoq--------

Dril l ing Log

Descriplion/Soil C|rssilicatioo
(Colol lcxlu.c. St.uclu.es)

- 1

l_rtt-5t

6-9-19

,7-12

Q 'tt t(

c ard fill.

Lighc brown sandy clay rsith occasional gravel,
darno. no odor,

LighE bror,;n saldy cley wiEh occasional gravel ,
nDist , gasol ine dor.

Gray sand and gravel, v,leE, slight gasoline odor.

Gray sard and gravel , r^'eE, slighE gas odor, contac
'*'i Eh san iy clay.

t''btEled sandy clay, roist, slight gasoline odor.

!1r:(.
Gray. sanC, wel, no odor.

D r i l l ed  25  f eec
-Cased  20  f eec  s l oEEed ,  4  f ee t  b l ank
Aqua r i um sand  co  3  f ee t
Cemen t  sea l  t o  su r f ace
F in i sbed  \ . ' i t h  scee l  manho le



Gaotmilirtea
TecH:lolocy, h'c.
orLnE!3/ERYST$-=vt 

Monitoring well J
proicd tex€-c-o/-L_ilgsJrrg!€ __ _ o*ocr __!ga"_.;!= s .-4..,,
t-ocar;on. 91O Sp_rilreton Bfyd p.o,.", :ru,,'o", __2_0__1!01-!
Dare D,rred .-11/-101&0 rorat oeDrh or *o," _3_0_€ ! oia.ercr _l{_i_3L__
Su.tace Elevatio.r - ---- vJarer Lcrer. rn;trar _!Z_lL:_ z<.hrs. _____-__ _
screed Dia - 2 i!--- t-"nsrn .- -21- f t. .---__ sior size - . 020 in. _
casine: Dia -?--i!.-- r-"netn _J_f!. ___rype .___ly!___.
Drirtios cornpany S-1gr-r-a- -Pg-c-i..1[!S Drirrine veu,e6 hqllq!r_s_l_ern_a_u_Ee_r-

Drrtrer ---!3 -!s-etl- r-os r" __U- _!Llte_r_s

Dri l l ing Log



UROL}DW:ITER
Tecnloi-ocr, trc. Moni'ioring Well
crL e!:cvEFY sr*Ms Dr i l l i ng  Log

Descrrot ion/So' l  Classif  icat ion
(Colgr. Terlu.e. Staucru,cal

Bror, 'n ,  sandy clay , (  hard ,
s l i gh t  p roduc t  odor ) .

L ighc  brovm,  med ium sand,
s l igh t  p roduc t  odor  )  .

weE ,  ve ry

( l oec .  ve ry

Mul t i -co1ored,  sandy  f ine  Co coarse
grave l  ,  ( some c lay  and  s i l c , '  poor l y
sorEed,  dense,  \ , Je t .  very  s l ighC produc t
odor ) .

Dr i l l -  ed  to  30  fee t .

0 2 r o o 1 . . .



rocarion9-3-0-.99;:i!gqgn-9ly{:-protec::{u.nbe.__2_0_-39:1_____

Dare Drrleo .-1-1-rl-1-0/-8!- Torar Deorh o, Ho;c 21_{! o,.,,'",;, 7.5  in .
Sl,lrlace Eievarioo !'Jare, Level. Inrrrat _lf _!La a..nr"

sc'een: Dia --2--i-q'--- t-engrr.- _10__fJ: .__ -__ s;ot si:e .020  in .
casing: Dia. - -2--$-.-- r-ensrr, ---5-Jtj-- --- Tyo, --l-v-C---___.
D.u,ns company liel:rq -P-a-c-r 1i_%.utici :reliod h9f I og_s_t_e m_a_uge_r -
D . r l t e ,  _ _ M .  l s o m  M _  U i n r a r c

Dri l l ing Log
Sketcn Mao

No les



Project Texaco / Livermore gs,nsf

Monitor ing Well
Dri l l ing Lo9

Sketch Mop

SEE .SITE MAP

Description/Soil Clossifi cotion
(Color, Texture, Stru cture)

3 inches asphalt  over 2 inches aggregate base
Brow.n gravel ly,  s i t ty.  sandy clay (soft ,  s l ight ly

moist ,  no product odor)

(  s t i f f ,  s l i gh t l y

(g rades  l i gh t  b rown  and  tan )

a  Encoun te red  wa te r  1215189  (15 :30  hou rs )
(g rades  we t )

B rown  and  b lack  mo t t l ed  sandy ,  s i l t y ,  c l ayey
g rave l  ( l oose ,  we t ,  no  p roduc t  odo r )

(  g  ra des"  coa rse r  )

E n d  o f  d r i l l i n g .  i n s t a l l e d  m o n i t o r i n g  w e l l  t o  2 5

Brown  sandy ,
mo is t ,  s  t i f f .

(grades more

s i l t y ,  g rave l l y  c lay
no product odor)

st  i f f )

t+

t o

t t '

20

22

Poge I oi--I

, L '



Dri l l inq 169

Project Texqc.o /  L ivermore g*nrrTexaco Ref ining and Market i
Locotion Livermore Pro jec i  Number  203  150  4051
Dote  Dr i l led  l216/89  Toto l  Depth  o f  Ho le  25  f tD iometer  1 . )  s  in
surfoce Elevotion- woter Level Init iol  l5 f t  24-hour-
Screen: Dio. 4 in Length 20 ft  516i 5i2s 0.02 in
Cosing: Dio.  4 in Length 5 f t T}?u
Dri l l ing Compony Dri l l ing Meth od hol low stem auqer

t a ^  h . ,  S t e v e  K r a n v a k

Geologist/En 9ineer----44€hs+-- Lic en se pe. E r-43t!

D e s cr ip t  ion/S oi l  Clossi f icot ion
(Color,  Texture, Stru cture)

6  i nches  g rass  and

Tan  s i l t y  c la  y  w i th
no product odor)

roots

trace gravels (st i f f ,  moist ,

i
I
i

22

12

I D

(g rades  w i th  no  g  rave l s  )

B rown  f i ne  sand  w i th  t race  c lay ,  w i l t  and  g reve l

( g r a d e s  w i t h  c o b b l e s  )

E n c o u n t e r e d  w a t e r  ' 1 2 l 6 / 8 9  ( 1 5 : 0 0  h o u r s )

Tan ,  s i l t y ,  c l ayey  sand  (med ium dense ,  we t ,
no  p roduc t  odo r  J

i

I

t
I
I

.:/..2:.

/./.2
7 / - '  / . '

"'./,.:t,"/:./.
t / . ' . / . ' ,
. '/. '/.
Y,"/,"/

| , '  r / , ' , / .

i7.z.t,2."1-
l:",1:,/..n
/z24 E n o '  o f  d r i l l i n g ,  i n s t a l l e d



APPENDIX C

ANALYTIC REPORTS FOR SOIL. GROUND W'ATER AND SOIL VAPOR



/A N'
( hd 

"MOB!rE C[{EM LABS !NC.
\W/ :K:' :fi .!1i?: 8;ffi : #,1iii;;ii;f ..

Weiss Associates
5500 shel lmound St.
Eneryvi l1e, CA 94611
Attn: Eric Anderson

Project Manager

Sample Nurber

102281

Total Petroleum
as Gasol iue

Benzene

Toluene

Xy]-enes

Ethylbenzene

QA/QC: Sanple

T69 -67  7 -01 \  1342  \ 0122  01

Date Samp]-ed: 10- 19-92
Date Receivedz LO-22-92
Date Analvzed: 10-2 7-92

Sample Description

Project # T69-677-oL
Texaco - Livermore
930 Springstohrn BIvd.
B -1 -9 .7 ' , SOIL

ANAI,YS IS

Eydrocarbons

blank is none detected

Detection
t im i t

ppm

1.0

0  .00s

0 .005

0 .005

0 .00s

Sa-npIe
Results

ppm

<1.0

<0 .005

<0 .005

<0.005

<0 .005

Note :

(ppn) = (urs/kg)

MOBILE CEEM I,ABS

/  /2,. t
r7-4/FW/
Ronald G. Evans
Lab Director

Analysis was performed. using EPA methods 5030 and IPE
LUFT \,rith method 8020 used for BTX distinction-



MOBIIE CI{EM LABS INC.
5021 Blum Rood. Suite 3
Phone (415) 372-37OO .

. Mortinez, CA 94553
Fox (415) 372-6955

methods 5030 and TPE
distinction .

Weiss A.ssociates
5500 Shel lnourd St.
Emeryvi l le,  CA 94 611
Attn: Eric Anderson

Project Manager

Sample Number

102282

Tota]. Petrolenm
as Gasoline

Benzene

To].uene

Xy]-enes

Ethylbenzene

QA/QC: Sample

T69-6?7-0  1 \  1342 \0  I220 r

Date Sampled: 10- 19-92
Date Receivedz L0-22-92
Date Arralvz edz IO-27 -92

Sample Description

Project # T69-677-OL
Texaco - Liwermore
930 Springstovrn Blvd.
E- 1414 .5 . SOIL

ANAIYSIS

Eydrocarbons

blank is none detected

Analysis was performed using EPA
LUFT with method 8020 used for BTX

Detection
L i rn i t

pPm

1 .0

0  . 005

0  . 005

0  . 005

0 .005

sample
Results

ppm

tt2oO

,6 i6

2L

50

15

Note :

(ppn) = (utq/ks)

MOBILE CEEM LABS

E-%,,,,o
Ronald G. Evans
Lab Director



NfiOBII.E CHEM LABS INC.
5021 Blum Rood. Suite 3 . Mortinez. CA 94553
Phone (415) 372-37OO. Fox (415) 372-6955

Weiss Associates
5500 Shel] .mound St-
Eneryvi l le,  CA 94 611
Attn: Eric Anderson

Project Manager

Sample Nu-rrber

1022 83

Tota1 Petroleum
as Gasoline

Benzene

Toluene

Xylenes

Ethylbenzene

MOBITE CEEU LABS

t/ ,/./ t./

fu,a%"mt+
Ronald G. Evans
Lab Director

/-N
\ffi/

T69 -677 -0  1 \  1342 \0  122  0  1

Date Sampl"ed: 10- 19-92
Date Receivedz 1O-22-92
Date Analyz edr LO-27 -92

Sample Description

Project # T69-677 -O!
Texaco - tivermore
930 Springstown Bl-vd.
8 -7 -24 .7 ' SOIL

ANALYSIS

Detection
Limit

Sample
Results

Eydrocarbons

QA,/QC: Samp]-e blank is none detected

No te : Analysis was performed using EPA methods 5030 and TPE
LUFT with method 8020 used for BTX disti-nction.
(ppur) = (srg./kq )

ppm

1.0

0  .005

0 .00s

0 .005

0 .005

3 .0

0 .017

0 .051

0 .21

0 .050



MOBITE CFIEM IABS INC.
5021 Blum Rood. Suite 3
Phone (415) 372-3700 .

. Mortinez. CA 94553
Fox (415) 372-6955

weiss Associates
5500 Shellmound St.
EmeryviJ.J-e, CA 9467L
Attn: Eric Anderson

. Project Manager

Sample Number

102244

Total Petroleum
as Gaso]-ine

Benzene

Toluene

xyleues

Ethylbenzene

QA/QC: Sample

T69 -67? -01 \  1342 \0  1220  1

Date sampled: 10- 19-92
Date Received: lO-22-92
Date Ana]-yz ed: 10-27 -92

SampJ-e DescriPtion

Project # T69-67?-0I
Texaco - Livermore
930 Springstown BIvd.
B -1 -29  .5  ' , SOIL

ANAI,YS IS

Eydrocarbons

blank is none detected

Detection
I J i r n i t

pPm

1.0

0 .00s

0  .005

0 .00s

0 .005

Sample
Results

Ppm

<1 .0

<0 .005

<0  . 005

<0 .005

<0 .005

Note:

(PPn) = ( t rq, /kg)

MOBII,E CEEM LABS

Analysis itas perfonned using EPA methods 5030 and TPU
LUFT with urethod 8020 used for BTx distinctlon'

Ronald Gl evhns
Lab Director



MOEITE CHEM IABS INC.
5021 Blum Rood. Suite 3 . Morfinez. CA 94553
Phone (415) 372-37OO . Fox (415) 372-6955

weiss Associates
5500 Shel].mound St.
Eneryville, CA 9467L
Attn: Eric Anderson

Project Manager

Sanpfe Nu.nber

702285

ANAIYSIS

Total Petroleum Eydrocarbons
as Gasol ine

Benzene

Toluene

Xylenes

Ethylbenzene

QA/QC: Saurple blank is none detected

T6  9 -6  7  7 -01 \  1342  \  0  122  01

Date SamFled: 10- 19-92
Date Receivedz lO-22-92
Date Anal-vz edz 1-O-27 -92

Sample Description

Project # T69-67 7 -0 L
Texaco - Livermore
930 Springstown Blvd.
8 -2 -14 .5  '  SOrL

Detection
Li  rni  t

PPM

1 .0

0 .005

0 .005

0.00s

0 .005

sample
Resu].ts

pp

tr,ooo

?.1

56

13

Note:

(ppn) = (uts/kg)

MOBIIJE CEEM I'ABS

Analysis vas performed using EPA
LUFT with rnethod 8020 used for BTX

rnethods 5030
distinction.

and TPE

-4 .=
RonaId-G. Evans
Lab Director



MOtsItE C}IEM I.ABS !NC.
5021 Blum Rood, Suite 3
Phone (415) 372-37OO .

. Mortinez. CA 94553
Fcx (415) 372-6955

Weiss Associates
5500 Shel lnound St.
Emerlrville. CA 94611
Attn: Eric Anderson

Project Manager

Sanple Nu.utber

102  2  86

ANALYS IS

Tota]- Petro]-eum
as casoline

Benzene

To].uene

Xylenes

Ethylbenzene

Evdrocarbons

QA/QC: sample blank is none detected

Note:

T69 -677 -0  1 \  1342 \0  1220  1

Date Sampled: 10- 19-92
Date Received: 10-22-92
Date Analyzedz LO-27-92

Sample Description

Project # T69-577-0I
Texaco - Livermore
930 Springstown BIvd.
B-2-L5.7 ' S0IL

Detection
Li-trLit

ppm

1-0

0  .005

0  .005

0 .005

0  .005

Sampl-e
Results

ppn

'peo

2.9

1s

L4

Analysis was perfonned using EPA methods 5030 and TPg
tuFT with method 8020 used for BTx distinction.
(ppn) = (nqlks)

MOBILE CEEM I,ABS

,Mrrd
Ronald E- Evans
Lab Director



MOBII.E CHEM !.ABS INC.
5021 BIum Rood. Suite 3 . Mortinez, CA 94553
Phone (415) 372-37OO; Fox (415) 372-6955

Weiss Associates
5500 She].]-mound St.
Emeryville, cA 94 51I
Attn: Eric AndersoD

Project l4anager

Sample Nuniber

102287

ANAI,YSIS

Tota]. Petroleum
as Gasoline

Benzene

Toluene

Xylenes

Ethylbenzene

Eydrocarbons

QA/QC: Sample blank is none detected

Note:

T69 -677 -0  1 \  1342 \0  1220  I

Date Sampled: 1O-19-92
Date Receivedz IO-22-92
Date Anal.yz ed: J.Q-27 -92

Sample Description

Project # T69-677-OI
Texaco - Livermore
930 Springstown B1vd.
B-2-18 ,s ' SOIL

Detection
L im i t

pPm

I . U

0.005

0-o0s

0 .005

0 .00s

Sa-mple
Results

ppm

<1 .0

0 .007

0 .029

<0  . 005

<0 .005

and TPgAnalysis was perforned using EPA methods 5030
LUFT with method 8020 used for BTX distinction.
(ppn) = (xnq,/kq )

MOBII,E CEEM I,ABS

Lab Director



MOB!!.E CHEM LABS INC.
5021 Blum Rood. Suife 3
Phone (415) 372-3700 .

. Mcrrtinez. CA 94553
Fox (415) 372-6955

weiss Associates
5500 Shel lnound St.
Emeryville, CA 94 611-
Attn: Eric Anderson

Project Manager

Sannle Number

LO22AA

T69-67  7 -0  1 \  13  42  \  0  12  2  0  1

Date Sampled: 10- 19-92
Date Receive dz LO-22-92
Date Arralyz edt IO-27-92

Sample Description

Project # t69-677-ol
Texaco - Livermore
930 Springstown Blvd.
S P 1 SOIL

ANAIYSIS

gvdrocarbons

Detection
L im i t

PFU

1.0

SampIe
Resu].ts

pPm

66Total Petroleum
as Gasoline

OA/QC: Sample blank is none detected

Analysis was perforrned using EPA methods 5030 and TPE
LUFT \rith nethod 8020 used for BTX distinction.

Note:

(ppm) = (ns/kg)

MOBILE CEEM I,ABS

&//=r'h_zzc/
Ronald-c. Evans
Lab Director



MOB!!.E CI{EM IABS INC.
5021 Blum l?ood. Suite 3
Phone (415) 372-37OO .

. Mortinez. CA 94553
Fox (415) 372-6955

Weiss Associates
5500 Shel lnound St.
Emeryvi l le,  CA 94 611
Attn: Eric Anderson

Project Manager

Sample Nun cer

1.O2289

Total Petro]-eum
as Gasoline

T69 -6?7 -0  1 \  1342 \0  1220  1

Date S.ampled : 10- 19-92
Date Receivedz LO-22-92
Date Analvzedz LQ-27-92

Sample Description

Project # T69-677-0' !
Texaco - Livermore
930 Springstown Blvd.
SP-2 SOIL

ANAI-,YS IS

gydrocarbons

Detection
L i rn i t

ppn

1.0

Sa.lnple
Results

ppm

96

QA/QC: Sample blank is none detected

No te : Analysis was perforned using EPA methods 5030 and TPE
LUFT with method 8020 used for BTX distinction.
(ppn) = (tr 'g/ks)

I4OBIIE CHE}{ LABS
. / -

,/ .4 ,, /,4/

--42'f4vaa
Ronald c. Evans
tab Director



MOBETE CFIEM TABS INC.
5021 Blum Rood, Suite 3 . Mortinez. CA 94553
Phone (415) 372-37OO. Fox (415) 372-6955

Weiss Associates
5500 Shelhnound St.
Emeryvi l le.  CA 946LL
Attn. Bob RiddeII

Proiect Manaqer

Sarnple Nuniber

11230 l "

ANAI,YS IS

Total Petroleum Hydrocarbons
as Gasoline

Benzene

Toluene

Xylenes

Ethylbenzene

QA/QC: Sanple blank is none detected
Duplicate Deviation is 6.8t

Note: Analysis was perforned using
LI,FT with method 602 used for
(ppb )  =  l s t " s /L l

MOBILE CEEM I.,ABS

^4 ./':/,7 ,:i,a2
Fz;,p;-\/4,/[i,vr:4.
Ronald G. Evans
Lab Director

T69-677-02  \  L342 \0  \227  2

Date Sampled: 11- 17-92
Date Received: 11- 19-92
Date Analyzed: 11-2 3-92

Samp1e Description

Project # T69-677 -O2
Texaco - Livermore
930 Springtown
l.Bfluent TIATER

Detection
Ljidt

sample
Results

Ppb

50

u - 5

u - 5

0 . 5

"f@

n 3OS

].40'

340

s60

96

EPA
BTX

methods 5030
dist inct ion.

and TPg



MOBIIE CFIEM IABS INC.
5021 Blum Rood, Suite 3
Phone (415) 372-3700 .

. N,4ortinez. CA 94553
Fox (415) 372-6955

T6 9-6 7 7-0 2 \  1342\012272

ANd TPH

Weiss Associates
5500 Shelhnound St.
Emeryvi l le.  CA 94611
Attn 3 Bob Riddell

Project Manager

Sample Number

IL2302

Total Petroleum
as Gasoline

Benzene

Toluene

Xy].enes

Ethylbenzene

QAlQc: Sample

Date Sarpled:
Date Received:
Date Analyzed:

rL-L7-92
1 1- 19-9 2
rr-23-92

Samp1e Description

Pro jec t  # 'T69 -677-02
Texaco - Livermore
930 springtown
Eff luent WATER

ANAI,YS IS

Hvdrocarbons

blank is none detected

ppb

50

0.5

0 .5

n q

0.5

EPA methods 5030
BTX distinction.

Detection
L,init

Sample
Results

ppb

<50

<0  . 5

<0  . 5

<0 .5

<0 .5

Note:

(ppb)  = ( t 's lL l

MOBILE CHEM I-,ABS

/ /  / . /J4 - ,  ?
, ,/., .1.L./

4?*4'+/tfia'/L:
Ronald c. Evans
Lab Director

Analysis was performed using
LUFT with method 602 used for
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MOBITE CI.IEM LABS INC.
5021 Blum Rood, Suite 3
Phone (415) 372-37OO .

. Morlinez. CA 94553
Fox (415) 372-6955

Sample Description

Pro jec t  # ' 169 -677-02
Texaco - Livermore
930 Springtown
10.3.H1iBir WATER

T69-677-02 \  r223\O 12220

ANd TPtr

Weiss Associates
5500 Shel lmound St.
Eneryvi l le,  CA 94 611
Attn: Bob Ridde]-]-

Project Manager

.\i\ Date Sampled:' 
Date Recei-ved:
Date Ana1yzed:

Detection
Li-ndt

ppb

50

0.5

0 .5

0 .5

0 .5

10-27-92
10-2 9-92
1 1- 1 1-92

Samole Number

LOz420

ANAI.,YS IS

Total Petroleum Eydrocarbons
as Gasoliue

Benzene

Toluene

xyleneF

Ethylbenzene

QA/QC: Sautple blank is none detected
Duplicate Deviation is 12.l-8

Note: Analysis was perforrned using
I,UFT with method 602 used for
(ppb )  =  ( t Ls /L l

MOBILE CHEM LABS

g-q%-,-
Ronald G. Evans
Lab Director

Sample
Resu].ts

pPb

1I;"3t0'

410 "-

2  ,000

2 ,100

s40

EPA
BTX

methods 5030
dist inct ion.



MOBil-E CFIEM |-ABS thtc.
5021 Blum Rood. Suite 3 . Moriinez. CA 94553
Phone (4'15) 372-3700. Fox (415) 372-695s

Weiss Associates
5500 Shel lnound St.
Emerywi l le,  CA 94 511
Attn: Bob Riddell

Project Manager

SamDle Nuuiber

LO242r

ANAIYSIS

Total Petroleum
as Gasoline

Benzene

Toluene

Xylenes

Ethylbenzene

Eydrocarbons

QA/QC: Sample bl-ank is none detected

Note : Analysis was performed using
LUFT with method 602 used for
(ppb)  =  ( t l s /L l

MOBILE CUEI{ I,ABS

T69-677-02 \  I223\O12220

. - rn o.t. Sampled:
i'' bate Receiwed:

Date Analyzed:

LO-27-92
to-29-92
1 L-  11-92

SamDle Description

Project # T69-677 -02
Texaco - Livermore
930 springtown
1O2rlfi1AFTER WATER

Detection
ti-trrit

ppb

50

u - : )

0 . 5

0.5

0 .5

Sample
Results

*E&.

l -3 ,  ooo

840

2,400

1 ,900

s80

EPA methods 5030 and TPH
BTx dist inct ion.

B'kdfr*^-
Ronald G. Evans
Lab Director



MOtsItE CHEM E.ABS INC.
5021 Blum Rood. Suite 3
Phone (415) 372-37OO .

. Mortinez. CA 94553
Fox (415) 312-6955

Sample Descr ipt ion

Project #169-67'1-O2
Texaco - tivermore
930 Springtown
}&|JA, AIR

. f 69 -677 -02 \  1342  \  0122  19
weiss Associates
5500 Shellnound Street
Emeryvi l le,  CA 94608
Attn: Eric Anderson

Project Manager

Sample Nunber

102398

Total Petroleum
as casol ine

Benzene

Toluene

xyl-enes

Ethylbenzene

l-:n Dater SamPIed:' 
Date Received:
Date Reported:

70-27 -92
7A-27-92
1.0-29-92

ANAIYSIS

Evdrocarbons

QA/QC: Sample blank is none detected

Note: Analysis was performed using EPA methods 5030 and TPH
LUET with method 8020 used for BTx distinction"

MOBILE CEE}{ I,ABS

Detection
Li-trLit

mg/m3

2.0

0  .05

0 .0s

0  .05

0 .05

sample
Results

8ld.00

J U

7 .8

2 A

1 !

26ru4""-
Ronald G. Evans
Lab Director



MOfft-E C[{EM |-ABS lNC.
5021 Blum Rood. Suite 3
Phone (415) 372-37OO .

. Mortinez, CA 94553
Fox (415) 372-6955

Weiss Associates
5500 Shel]-mound Street
Emeryvi l le,  CA 94608
Attn: Eric Anderson

Project Manager

SamDIe Numlcer

102  399

Total Petroleum
as Gasol ine

Benzene

Toluene

xylenes

Ethylbenzene

QA/QC: Sample

Evdrocarbons

blank is none detected

Note:

MOBILE CEEM LABS

T69-677-02 \  1342\0 12219

ilii\ P.;" Sampled: LO-27 -92

Date Received:  L0-27-92
Date ReDorted:  10-2 9-92

Sample Description

Project f t69-6'17-02
Texaco - tivermore
930 SDrinqtown
rtr-B 

- .erff

ANAIYSIS

Detection
ti-mit

mg/ m3

2.O

0 .0s

0  . 05

0 .05

0 .0s

SampIe
Results

mg/ m3

65rffi

1 ,100

260

210

150

Analysis vas performed using EPA methods 5030 and TPE
LUFT with method 8020 used for BTx distinction-

.4uW,,*o
Ronald c. Evans
Lab DirecLor



MOBI!.E CHEM IABS INC.
5021 Blum Rood. Suite 3
Phone (415) 372-37OO -

. Mortinez. CA 94553
Fcx (415) 372-6955

T6  9 -67  7 -02  \  1342  \  012  2  19
Weiss Associates
5500 Shel lmound Street
EmeryviJ- le,  CA 94608
Attn: Eric Anderson

Project Manager

Samole Nu.nber

102 4  00

ANAIYSIS

Tota]- Petroleum Eydrocarbons
as Gasoline

Benzene

Tol-uene

Xylenes

Ethylbenzene

QA/QC: Sarnple blank is none detected
Dupl icate Deviat ion is 6.5*

Note:

Sampl.e Description

Project #169-677-42
Texaco - Livermore
930 Spriugtown
MW:3# ,;#El

\ 1\ Date Samnled:
' Date Received:

Date Reported:

ro-27 -92
ro-27-92
ro-29-92

Detection
Lindt

mg/ m3

2.O

0.05

0  .05

0  .05

0  .05

Sample
Resu]-ts

* n / ^ 3

72,sds

360

s6

5 .3

and TPEAnalysis was performed using EPA methods 5030
L,UFT with method 8020 used for BTX distinction.

MOBILE CEEM IABS

Ronald G. Evans
Lab Director



MOBI!.E CI{EM I-ABS lNC.
. Mortinez, CA 94553
Fox (415) 372-6955

5021 Blum Rood. Suiie 3
Phone (415) 372-37OO .

T69-6?  ? -02  \  73  42 \O  L22r9
Weiss Associates
5500 Shellmound Street
Emeryvi l le,  cA 94608
Attn: Eric Anderson

Project Manager

Sample Nun ler:

102 4  01

ANAIYS IS

Total Petroleum Eydrocarbons
as Gasol ine

Benzene

Toluene

Xylenes

Ethylbenzene

QA/QC: Sample blank is none detected

SamDIe Description

Project #169-677-02
Texaco - tivermore
930 Springtown
VE-1 Start AIR

'i.iA 
9.a" SamPIed:

Date Received:
Date Reported:

Detection
L i  m i  t

70-27 -92
1.O-27 -92
70-29-92

Sample
Resul-ts

mg/ m3

2 .O

0 .05

0  . 05

u  -  u5

0 .05

4 .600

56

b /

60

22

Note : Analysis was performed using EPA
I-,UFT with method 802 0 used f or BTX

methods 5030 and TPH
dist iuct ion.

MOBILE CUEM I.ABS

,4"M*'*
Ronald G. Evans
Lab Director



MOBITE CI4EM LABS INC.
5021 Blum Rood. Suite 3
Phone (415) 372-37OO -

. Morf inez. CA 94553
Fcx (415) 372-6955

Sanrple DescriPtion

Project #169-677-02
Texaco - Livermore
930 Springtown
VE-l- End AIR

T6  9 -67  7 -02  \  1342  \  0  12  2  19

and TPH

Weiss Associates
5500 Shel lmound Street
Emeryvi l ] .e,  cA 94608
Attn: Eric Anderson

Project Manager

samDle Nunber

L02402

ANAI,YS TS

Total Petrolerm
as Gasoline

Benzene

Toluene

Xy].enes

Ethylbenzene

Eydrocarbons

QA/QC: Sample blank is none detected

No te :

MOBITE CEEM LABS

Analysis was performed using BPA uethods 5030
LUFT with method 8020 used for BTX distinction.

., r.= Date Sampled:' Date Received:
Date ReDorted:

IO -27 -92
to-27-92
LO-29-92

Detection
Li-nit

m9/m3

2.O

0 .05

0 .05

0  .05

0 .05

sample
Results

mg/ m3

680

8 .4

6 .4

5 .9

2 .6

4wfu-
Ronald G. Evans
Lab Director



MOBILE CFIE]VI LAES !NC.
502'1 Blum Rood. Suite 3
Phone (415) 372-37OO .

. Mortinez, CA 94553
Fox (415) 372-6955

sample Description

Project f t69-677-O2
Texaco - tivermore
930 Springtown
EW-1 AIR

T69-6 ' t  7  -O2 \  1342 \0  122  19

methods 5030 and TPH
dist inct ion .

weiss Associates
5500 Shel lmound Street
Emeryvi l le,  CA 94608
Attn: Eric Anderson

Project MaDager

SarDle Nuniber

102 4  03

Total Petro].eum
as Gasoline

Benzene

Toluene

Xylenes

Ethylbenzeoe

QA/QC: Sample

- r.'. Date Sampled:'i-'oate 
neceived:

Date Reported:

LO-27-92
10-27-9?.
L0-29-92

A}IAiYS IS

Eydrocarbons

blank is none detected

Analysis was perforrned usj-ng EPA
LUFT with method 8020 used for BTX

Detection
Linlit

mg/ m3

2.0

0  .05

0-05

0  .05

o  .05

Sample
Results

m9/m3

1,500

T2

10

12

5.0

Note:

MOBITE CEEM I,ABS

td.Uz**
Ronald G. Evans
Lab Director
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MOBITE CHEM I.ABS ENC.
5021 Elum Rood. Suite 3
Phone (415) 372-37OO .

- Mortinez. CA 94553
Fox (415) s72-695s

Sample Description

Project #169-677-02
Texaco - Livermore
930 Springtown
vE- l  1400  A rR

159 -677 -02 \  1342 \0  1222  0
weiss Associates
5500 shel lmound Street
EmeryviJ.le, CA 94 508
Attn: Eric Anderson

rroject Manager

Sample Nurber

102422

ANAI,YS IS

Total Petroleum Eydrocarbons
as Gasol ine

Benzene

Toluene

xylenes

Ethylbenzene

QA/QC: Sample blank is none detected

.1 r,* Date Sampled:
' Date Receiwed:

Date Reported:

IO-28-92
IA-29-92
l-0-3 0-92

Detection
Lirlit

Sample
Resul-ts

m9/ m3

2 .O

0 .05

0 .05

0 .05

0.0s

1,400

11

10

14

Note: Analysis was performed using EPA methods 5030 and TPH
LUFT with nethod 8020 used for BTX distinction.

MOBIIJE CHEM I'ABS

,/ /t t/
r,Z ,// // tl/

/lz.Vqq4llatua
Ronald c. Evans
Lab Director



MOBITE CHEM I.ABS INC.
5021 Blum Rood. Suite 3 . Mortinez, CA 94553
Phone (415) 372-37OO . Fox (d15) 372-6955

Weiss Associates
5500 She]-].mound Street
Emeryvi ] - le,  CA 94608
Attn: Eric Anderson

Project Manager

Sarnple Number

LO2423

Tota1 Petroleum
as Gasoline

Benzene

!toluene

Xyfenes

Ethylbenzene

QA/QC: Sample

Eydrocarbons

blank is none detected

Note:

MOBILE CHEM

.li,A Date Sanpled :- 
Date Received:
Date Reported:

T69-57 7-02 \  J-342\O12220

m9/ m3

2,200

I I

8 .1

l ?

q . J

and TPE

LO-2A-92
ro-29-92
10-30-92

Sample Description

Project #t69-677 -O2
Texarco - Livermore
930 Springtown
VE-1 1524 AIR

AI:IALYS IS

Detection
LitrLit

Sampl-e
Resu.lts

m9/ m3

2.O

0 .05

0-05

0  .05

0 .05

Aualysis was perforrned using EPA methods 5030
LUFT with method 8020 used for BTx distinction.

I,ABS

a,%*
Ronald G. Evans
Lab Director



MOBITE CI.IEM LAtsS INC.
5021 Blum Rood, Suite 3
Phone (415) 372-37OO .

. Mortinez. CA 94553
Fox (415) 372-6955

Sample Description

Project #169-677-o2
Texaco - Livermore
930 Springtown
VE-1  1546  A IR

T69 -577 -02 \  1342 \012220
Weiss Associates
5500 Shel-hnound Street
Emeryvi].le, CA 94608
Attn: Eric Anderson

Project Managex

Sample NuDber

LOz424

Tota1 Petroleum
as Gasol ine

Benzene

Toluene

xylenes

Ethylbenzene

3.11Oate Samp]-ed :
' Date Receiwed:

Date Reported:

ro-28-92
10-29-92
10-30-92

ANALYSIS

Eydrocarbons

QA/QC: Sample blank is none detected

Note: Analysis was performed using EPA methods 5030 and TPH
LUFT with nethod 8020 used for BTx distinction.

MOBf I,E CHEM LABS

Detection
timit

mg/ m3

10 .0

0  .05

0 .0s

0 .05

0 .05

SanpJ.e
Resu].ts

m9/ m3

<10

<0 .05

<0  .05

<0 .05

<0 .05

Ronald G. Evans
Lab Director



MOBI!.E CFIEM TABS INC.
5021 Blum Rood. Suite 3
Phone (415) 372-37OO .

. Moriinez. CA 94553
Fox (415) 372-6955

Weiss Assoc1ates
5500 Shel lmound Street
Emeryvi l le,  CA 94608
Attn: Eric Anderson

Project Manager

Sanple Number

t02425

T69-67  7 -02  \  13  42 \  012  2  2  0

i'.1'\ Date sanpled : LO-27 -92
Date Received: 10-2 9-92
Date Reported: 10-3 0-92

Sample Description

Project #t69-677 -02
Texaco - Livermore
930 springtoltn
VE_l 1603 AIR

Tota1 Petroleum
as Gasoline

Benzene

Toluene

Xylenes

Echylbenzene

QA/Qc:. Sample

ANALYSIS

Hydrocarbons

blank is none detected

Detection
Linlit

SampIe
Results

mg/ m3

2.O

0.0s

0.0s

0.0s

0 .05

- * / ^ 3

18.000

63

10

I N

4.6

Note:

Ronald c. Evans
Lab Director

Analysis was performed using EPA methods 5030 and TPE
LUFT \.uith method 8020 used for BTx distinction.

MOBILE CITEI.{ I,ABS



MOBITE CHEM I.ABS INC.
5021 Blum Rood. Suite 3
Phone (415) 372-3700 .

. Mortinez. CA 94553
Fox (415) 372-6955

T69-577-02 \  1342\012220
Weiss Associates
5500 Shellmound street
Emeryvi .1] .e,  CA 94608
Attn: Eric Anderson

Project Manager

Note:

Samp]-e Number

102426

ANAI.,YS TS

Total Petroleum Hydrocarbons
as casoline

Benzene

Toluene

Xylenes

Ethylbenzene

QA./QC: Sample blank is none detected

).1,i:. Date Samp1ed: LO-27-92
Date Received: 10-2 9-92
Date ReDorted: 10-30-92

sampJ.e Description

Project f I69-677-Oz
Texaco - Livermore
930 Springtown
VE- 1- 164 5 AIR

Analysis was perfonned using EPA
LUFT \.ti th method 802 0 used f or BTX

m9/m3

22,OOO

260

130

60

29

methods 5030 and TPE
dist inct ion.

Detection
L im i t

m9/ m3

2.O

0.0s

0.05

0 .05

0 .05

Sample
Results

MOBILE CEEIq LABS

,4-gA*'
Ronald c. Evans
Lab Director



MOBI!.E CFEEM LABS !NC.
5021 Blum Rood, Suite 3 . Mortinez. CA 94553
Phone (415) 372-37OA. Fox (2115) 372-6955

Weiss Associates
5500 Shellmound Street
Emerlrvil-le. cA 94508
Attn: Eric Anderson

Project Manager

Sample Nuniber

1.0242'1

Total Petroleum
as Gasoline

Benzene

To]-uene

xylenes

Ethylbenzene

QA/QC: Sample

EYdrocarbons

blank is none detected

. Jil\ Date Sampled : LO-2'1 -92
Date Received: 10-2 9-92
Date ReDorted: I0-30-92

Sample Descr ipt ion

Project #169-677-02
Texaco - Livermore
9 3 0 Springto\dn
vE- l  17  11  A rR

T 69 - 67 7 -O2\],3 42\0 7222 0

ANALYSIS

Detecti.on
L i m i t

SampIe
Results

m9/ m3

2.O

0 .05

0  .05

0 .05

0 .05

mg/ n3

12,000

t70

120

54

29

Note: Analysis was performed using EPA methods 5030 and TPE
LUFT rtith method 8020 used for BTX distinction.

UOBILE CUEM LABS

,,/ ,4t za
k'{4,wu
Ronald G. Evans
I,ab Director
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weissAssociaies l/lA

APPENDIX D

GROUND WATER DISCHARGE PERMIT
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N  o v  c r l l ] r  e  r  l  /  1 9 9 ; l

T c x d c o  R e f  i n  l n q  a n d  l { a r k e t  i  } t g
1 0 8  c u t t i n g  B l v d  -
R r . c h n o n d  C a .  9 4 8 0 4

A O l . l j l , J i : i l l i A i l O l {  i j  U i l  i r  t i . r . .

1 0 5 2  S ( ) u l l t  L i v c  l t o ( r  A r c l u , .
l_tver toac,  C/ , .  ! , : l . t ) t ,

( 4 1 5 )  : 1 7 3 . : '  r  I r "
i  A) :  ( ,11l l t  : ' . r ' i ,  : : :  i

A t t e n t i o n :  B o b  R i d d e l l

S u b i  e c t :  C r o u n d w a l e r  D i s c h a r - g e  P e r m i I

D e a r  M r .  R i d d e l f ,
)i\n

The ci ty has revieved your groundwater discharge perrni t  appl  j -cat ion
and fras found i t  to be complete- Enclosed you wi l l  f ind the
fol lowing informat ion :

1.  L992-93 croundr ' , 'ater Discharge Permit

2 .  D rscha rge  Pern i t  Fee  S ta temen t

3 .  Pe rm i t  Cond l t i ons  and  P roh ib i t i ons

As we discussed. the ci l -y wiI I  require that one sample is col fected
a t  t he  comp le t i on  o f  t he  pump ing  tes ts -  Th i s  samp le  sha f f  be
analyzed for Total  Petroleun Hydrocarbons, and the resul ts must be
submi t ted  to :

c i ty of  Livernore water Resources Divis ion
10  R ickenbacke r  c i r c le

L i ve rno re ,  CA 9455O

Anal-yt ical  resu]- ts must incfude the vol-ume of groundwater
diseharged to the sani tary sel ter.  For the purposes of th is perrni t ,
a l in i t  on Total  Petroleum Hydrocarbons of 25a \g/L,  wi l l  be
imposed- Based on the informat. ion in the permit  appl icat ion, th is
I im i t  w i l f  be  eas i l y  ob ta ined  w i th  the  p roposed  t rea tmen t
te chno I  ogy -

This permit  1s being issued for a 24-hour pumping test  only.  I f  a
treatment system and remedi"at ion plan are devel-oped within the
durat ion of  th is permit ,  the permit  may be modif ied to cover
discharges from this systen. I f  you would ] ike to pursue thi-s
opt ion, pl-ease subrni t  addi t ional  informat ion on the treatment
system \^rhen you are ready to begin remediat ion.

I f  you  have  any  ques t i ons  rega rd ing  the  pe rm i t  o r  any  o f  t he
a t tached  in fo rma t ion ,  p lease  con tac t  me  a t  (510 )  373 -5230 .

Darren Greenr,'tood
Source Contro l  Inspector

r
IE



WATER RECLAMATION PLANT CITY OF LIVERMORE
1250 Kl t ty  Hawk Road

Livermore, caritorniai-q;so GROUNDWATER DISCHARGE PERMIT
(510)  373-  5230

AUTHORIZATION: The below named party is hereby authorized to discharge wastewat6r to the City ot Liverrflore
communaty sewer subiect  to  compl iance wi th the Cl ty  of  L lvermore wastewater  contro l  ord inance and the condi -
t ions set  for th in  th is  permi t .

.:.,,\
P E R M T T T E E  T e x a c o  R e f i n i n e  a n d  M a r k e t i n g

ADDRESS 930 Spr inetor , rn BIvd -

L ive rmore

z rP  94550

-  PERMIT CONDITIONS _

D NONE E SEE ATTACHED

The above naned sha.l,f report to the City of Livermore Water
Recfamation Plant any change, ( permanent or temporary) to the
premise or operati.on that significantfy change the quality or
voLume of the Groundwater discharge or deviate from the terms
and condit ions under which this Dermit  is oranted.

EFFECTIVE DAT5: November 3,  199? EXPIRATION

941Ep; November 3.  1992 AppROVED By:

POST PERMIT IN PLAIN VIEW

Ca l i f



6 -

5 -

u :l!,l l l l l. l l p rr PER}IJ.I. coNprl,roNs
FOa_cBautlry4flE! pr SCHARGER AppLT(]ANTS

T h e  C  j  t y  o f  L i v c r r  o t - e  l { a t e r  R e c l a m a t i o n  p } a n t  i s s u e s  t h e
g r o u n d l v a t e r  p e r n r i t _  o n  a  t - e n p o r a r y  a n d  c o n d i t i o n a l  b a s i s  o n l y .
T h e  g r o u n d r , J . - t t c l  l ) e t - u t r t -  n j l ]  n o t  e x c e e d  o n e  y e a r  i n  d u r a t i o n -
I h e  p e r m i t  i . s  c o n c l i  t i o t . r a ]  a n d  m a y  b e  r e w o k e c l  a t  a n y  t i n e  b y
t h e  I ^ 7 R P  s u p e r i n t e n d e l t t  o r  h i s  r e p r e s e n t a t i v e  -  T h e  p e r m i t  i s
n o n - t r a n s  f e r r a b l  e  _

P e r m i t t e e  s h a l l  a b i d e  b y  a l l  a p p l i c a b l e  p r o v i s i o n s  o f  t h e  c i t y
o f  L i v e r m o r e  M u n i c i p a l  C o d e  o r  a h y  a p p l i c a b l e  l o c a l ,  S t a t e .  o r
Federaf  code or  regulat ion,  An$.1}" io la t ion of  any prov is ion of
s a i d  c o d e s  o r  r e g u l a t i o n s  r , ' j , t I  b e  j u s t  c a u s e  f o r  r e v o k i n g  t h i s
p e r m l t .

P e r m  i t t e e  s h a l l  n o t  d i s c h a r g e  t o  h h e  s a n i t a r y  s y s t e m  a n y
m a t e r i a l s  o r  I  l q u r d  \ ' . / a s t e s  t / h i c h  n a y  b e  h a r m f u l  t o  t h e  s y s t e m
o r  c r e a t e  a  h a z a r d  o r  n u i s a n c e  a s  d e f i n e d  i n  S e c t i o h
1 3 - 3 2 . 0 6 0 .  P e r m i t t e e  m a y  b e  r e q u i r e d  t o  b e a r  t h e  c o s t s  o f  a n y
d a m a g e  t o  t h e  s a n i  L a r r , ,  s y s L e m  a t t r i b u t a b . l  e  L o  L h e  p e r m i t t e e .

T h e  p H  s h a l f  b e  n o  l o r . , , e r  t h a n  6 .  O  o r  h i g h e r  t h a n  9  -  O  a t  a n y
t i m e .

A n y  a c c i d e n t a l  d i s c h a r g e  t o  t h e  c i t y  o f  L l v e r m o r e  s a n i t a r y
s \ . z s t e m  m n s i  h e  r e n n ' l  n , l  i - n e d i a f c l w  N . n - r e n o r f i  n o  o f  s n i l fr !  \ /  l  r  l  L P v  L

o r  s l u g  i n c i d e n t s  i i t l l  b e  c a u s e  f o r  a d m i n i s t r a t i v e  p e r m i t
r e v l e w .

A 1 I  I i q u i d  o r  s o l  i d  v / a s t e  s t o r e d  o r  h a u l e d  f r o n  L h e
p e r m i t t e e ' s  p r e r n i s e  m u s t  m e e t  a I l  a p p l i c a b l e  l o c a 1 ,  S t a t e .  a n d
Federal ,  ru les and regulat ions.  Cer ta in RCRA regu]at ions may
a p p f y  t o  h a z a r d o u s  \ . , a s t e  t r e a t e d ,  s t o r e d ,  o r  g e n e r a t e d  o n
n a r l ; l  i  l - t 6 a r <  n r a m i  c o

Any  s l udqe  gene raLeC by  pe rm i t l ee  i s  spec i f i ca l  l y  p roh ib i t ed
f rom i  n t r oduc l i on  i nLo  t he  C i t y  o f  L i ve rmore  san i t a r y  sys tem.

Cond i t i ona f  po f l u tan t  concen t ra t i on  ] im i t s  f o r  spec i f i c
po l l u tan ts  may  be  tempora r i l y  es tab l i shed  by  the  Wate r
Reclamation Plant Superintendent,  and are subiect to revier, . r
and  change  w i thou t  p r i o r  no t i f l ca t i on .

Per rn i t t ee  sha l I  noL  c l i scha rge  \ , / as -Lewa te r  con ta in ing  i n  excess
o f  :

o . 0 6  n g / I
O .  1 4  m g /  \
o . 6 1  m g / I
o . 6 2  n q /  I
1 .  0 o  m g /  I
1 . 0 o  n S /  I

F r o m  S e c t i o n  1 3

a r s e n r c  O . 2 0  n g / I
c a d m  L u n  0  .  0 1  n q /  I
n i c k e l  o . 2 o  m S / I
i o t a l  c i t r o m i u m  3 .  O O  m g , / I
c o p p e r  0 .  0 4  m g /  L
t o t a l  t o x i c  o r g a n i c s

l e a d
me rcu ry
s i f ve r
Z Ir lC

3 2 . i 0 o  o f  t h e  L i v e r m o r e  M u n i c i p a l  C o d e


