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1 .0 INTRODUCTION

This report presents the results of the aquifer resting and ground-warer treatmenr

cost feasibility study performed by Harding Lawson Associates (HLA) for Blue print

Services Company ar the City Blue Production Facility at l?00 Jefferson Street in

Oakland, California. Based on previous investigations by HLA, it is known that soil and

ground water at the site contains concentrations of total pearoleum hydrocarbons (TpH)

and benzene, toluene, ethyl benzene and xylenes (BTEX) and free floating petroleum

product resulting from leaking underground storage tanks which previously existed on

site.

The purpose of  the aqui fer  test ing and feasib i l i ty  s tudl , is  l )  to  determine ahe

aquifer parameters that will govern the approach for removing floating product and

remediating ground water containing concentrations of hydrocarbons, and 2) to

delermine the ground-water treatment technology most technically feasible and cost

effective given the aquifer characteristics and applicable discharge restrictions for use of

the local sewer system. The tasks included in this proposal were previously outlined in

Section 6.0 of the work plan report submitted to Blue print Services Company, dated

May 25, 1988. The information obtained from this proposed aquifer testing and

feasibility study. combined with information obtained from previous investigations, will

enable a cost-effective product removal and ground-water remediation syslem to be

designed and implemented at the City Blue site. The services were authorized by Btue

Print services company on November 7, 1989 under HLA's standard service Agreement,

dated August 9, 1989.
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2.0 SCOPE OF }YORK

The scope of services for this investigation, outlined in HLA's proposal dated

October 22. 1989, consisted of the followins:

2.7 Task I  -  Aoui fer  Test ins and Data Analvs is

HLA performed slug tests on two existing monitoring wells, on-site Monitoring

Well MW-3 and off-site Monitoring Well MW-5, to evaluate expected short-term a'd

long-term flow rates from extraction well(s). These aquifer testing data are required to

properly design a cost-effective product removal and ground-water treatment system and

to calculate ground-water extraction parameters, including the volume of ground water

to be treated and effluent discharse rates.

2.2 Task 2 - Ground-Water Treatment Cost Feasibilitv Studv

Upon completion of Task l, the aquifer testing data, together with other sire

characteristics identified in previous studies, were evaluated to determine the most

cost-effective approach to product removal and ground-water treatment. At the

City Blue site, there are three feasible, cost-effective methods of ground-water

treatmen!. The three approaches include carbon adsorption, air stripping, and biologica.

treatment.

The technical evaluation for each ground-water treatment alternative was carried

out based on the estimated ground-water flow rates, contaminant concentrations, site

space limitations, air emission standards. and discharge srandards for disposal ro the Easr

Bay Municipal util ities District (EBMUD) sanitary sewer system. The cost evaluations

included comparing the capital costs, the operation and maintenance costs and net

present value for each process alternative. using the detailed technical and cosl

evaluations' conceptual process and flow diagrams were deveroped for the best treatment

technology.

A'5535-R24 2 o f 2 0
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2.3 Task 3 - Renort Prenaration

HLA prepared this written report which includes the results of Tasks I and 2.
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3.0 BACKGROUND

3.1 Previous Work

During February t987, five soil borings were drilled by HLA as part of a

preliminary hazardous waste assessment at the City Blue property. Two ot' the five soil

borings were drilled to a depth of 30 feet adjacenr to the three underground storage

tanks used by the service station formerlv located on the northwestern portion ol the

property. Selected soil samples were analyzed for TpH using EpA Method 8015. TpH

concentrations from the two borings ranged from 46 parts per million (ppm) to

3300 ppm. The highest concentration values were detected at depths from approximatel_,

19 to 27 teet .  The resul ts  of  the soi l  chemical  test ing and the observat ions dur ing the

subsequent removal of the three tanks indicated that one or more of the tanks had

released petroleum hydrocarbons.

In June 1987, during excavation of the three tanks, soil beneath the tanks

was excavated to a depth of approximately 9 feet, aerated at the surface in accordance

with Bay Area Air Quality Conrrol Management District's Regulation g, Rule 40, and

used as backfill for the excavation. Subsequently, three monitoring wells (MW-1,

MW-2, and MW-3) were installed on site to evaluate the distribution of perroleum

hydrocarbons in the soil and ground water and to determine the direction of

ground-\,r'ater flow (Plate l ).

Petroleurn hydrocarbons, presumably gasoline or degraded gasoline, was

found floating on the ground water in Monitoring well lr{w- l. In January l9gg, two

additional monitoring wells (MW-lA and Mw-4) were installed by HLA at the property.

FloatinB product has been detected in both wells. Monitoring well MW-lA was installed

adjacent to Moniroring well Mly-l. Floating producr has been removed on a daily basis

since early September 1987 by City Blue personnel. Monitoring Wells MW-1, MW-lA,

I
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and MW-4 are currently being used for product recovery. Moniroring Well MW-2 was

abandoned on November l l ,  1987 to fac i l i ta te construct ion of  the Ci ty  Blue fac i l i ty .

On May 25,  1988,  HLA submit ted a work p lan to Ci ty  Blue recommending thar

site aquifer parameters be assessed, that an additional off-site monitoring well be

installed downgradient of the City Blue site to further assess plume characteristics, and

that a technical and cost evaluation for remedial alternatives be performed.

One ofl-site monitoring well (MW-5) was installed by HLA in August 1988,

approximately 170 feet north-northeasl (downgradient) of the location of the former

on-site underground tanks. Petroleum hydrocarbons were detected in Monitoring

WeU MW-5 dur ing two episodes of  ground-warer  srmpl ing per formed on August  17,

1988,  and September t2 ,  1988.

HLA performed additional investigations and presented the results in a report

dated October 4, 1989. A site history review and contacts with regulatory agencies

performed as part of the investigation identified several potential hydrocarbon source

areas upgradient of the city Blue site. An off-site soil-gas survey was attempted in the

city streets surrounding the city Blue site. However, thick steel-reinforced concrete

beneath the asphalt prevented penetration of the soil-gas probe. Ground-water samples

for chemical testing were also obtained from each of the on- and off-site monitoring

wells to determine if changes in product thickness or hydrocarbon concentrations in

groldnd. water had occurred over the previous year. Neither product thickness nor

hydrocarbon concentrations had changed significantly.

3.2 Subsur faceCondi t ions

The subsurface soil encountered during the drill ing of on- and off-site

monitoring wells consists of poorly graded silty sand and sand from the ground surface

to a depth of approximately 3r feet. This sandy unit is underlain by rower permeable

sandy silt and clay that extends to the maximum depth of the borings, which ranges

t
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t
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from 32 feet to 41.5 feet. On July t2, 1989, rhe depth to ground water in the five

eristing on- and off-site wells ranged from 24..1 feet to 26.0 feet. The shallow aquifer

is unconfined based on the absence of the confining layer overlying the saturated aquifer

material. Floating product has been detected in four of the five existing wells: on-site

Moni tor ing Wel ls  MW-1,  MW-lA,  MW-4,  and of f -s i te  Moni tor ing Wel l  MW-5.  The

greatest product thicknesses have been measured in on-site Monitoring Wells MW- I,

MW-lA,  and MW-4.

A6635-R24
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4.0 AQUIFER TESTINC AND DATA ANALYSIS

1.1 Slus Test Field Procedures

Slug tests were performed on on-site Monitoring Well MW-3 and ofl-site

Monitoring Well MW-5. A large capacity funnel was used to injecr a 2.5-gallon volume

(slug) of water into each well under the force of gravity. A pressure transducer, placed

near the bottom of each well, was used to nreasure the water level recovery following

the slug injection. The output of the transducer was recorded by a data logger and

subsequently plotted on a hydrograph, as shown in lhe Appendix.

4.2 Results and Data Analvsis

4.2-l Sluq Test

The hydraulic conductivity of the shallow unconfined aquifer was estimated from

the results of one on-site single well slug test performed on Monitoring Well MW-3. At

the time of the slug test, the equilibrium warer level in Monitoring Well MW-j was

24.75 feet below the top of casing. A slug tesr performed on off-site Monitoring

Well MW-5 yielded undecipherable results.

The s.lug test data obtained from Monitoring \yell MW-3 were analyzed according

to the method of Hvorslev (1951)_ The ratio of ht/ho was plorted on the logarithmic

scale of semilogarithmic graph paper as a funcrion of time since slug injection (see

Appendix). In this instance, ho is defined as the vertical distance between the water

level in the well immediately after slug injection and the equilibrium water level

(hydraulic head) in the tested well and h, is defined as rhe vertical distance at some rime

after slug injection.

Hydraulic conductivity is calculated from:

.2 tn1L7n1
K=

46636-R2.1
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where r is the welr casing radius, R is rhe well screen radius, L ir,h" h.ig;::f 
e bwson ascociales

portion of the well through which water enters, and To is the basic time lag. The value
for To wx5 measured direcrly from the water-level recovery hydrograph ar htlho = 0.37.

A conservative hydraulic conductiviti, estimate of the l.4g feet/da1, was derived
from the test on Monitoring welr Mw-1. A conservative "best f it" interpretation was
selected to account for the inherent inaccuracies of the slug test method- The hydraulic
conductivity estimate corresponds to that of a moderately permeable silty sand. This
evaluation correlates well with the lithologic classification of the aquifer material.
4 .2.2 Simulat ion of  Susta ined Wel l  . l , ie tds

I  
EQUIPLOT (Data Services, McEdwards, and HLA, t9g6) computer s imulat ions

were conducted to evaluate sustained well 5,ields at various pumping rates for the

I 
nrolo'". ground-water extracrion system. EQurplor uses estimates of aquifer

- hydraulic conductivity, storativity, and saturated thickness to carcurate ground-water
I
I equrporentials, estimates of the configuration of rhe water table during ground_water

t 

pumpinC, using the Theis equation (Theis, 1935). Hence, the resutting simulated
potentrometric surface of the aquifer is srrbjecr to the assumptions/rimitations of the

t 
rneis eeuation' EQUIpL.T can be used to quantitatively predict water-level responses

lto 

the pumping of singre or multiple well ground-water extraction systems in aquifer
lmaterials that do not exhibit extreme variability in hydraulic properties. Table I

summa.zes the input parameters required for EQUIpL.T ancr an additionar computer
model, CAPTURE, which is discussed in Section 4.2.3.

t
I
I
t
I

5635-R2,r
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On the basis of aquifer hydraulic properties estimated from slug test data,

EQUIPLOT simulations indicate that pumping rates from the proposed extraction wells

wi l l  l ike ly  be less than I  ga l lons per  minute (gpm) per  wel l .  Pumping rates wi l l  l ike ly

decrease with time to less than 0.25 gpm per well. The results of the various simulations

conducted are presented in Table 2.

Table 2.  \ \ 'e l l  Y ie ld Si rnulat ion Resul ts

Simulation
Time
(days)

Pumping
Rate

(epm)

Maximum
Drawdown

(feet)

Aqui fer
Storativity
(  un i t less)

I
t
I
I
I
I
I
t
I
t
I
I
I
I
I
I
I
I
I

730
30
l0

730
730
730
730

I . 0
0.5
0.5
u .J

0.25
0.25
0.2
0 .1

l  -5,o

1 .5
6 .1
7 .1
5 .9
5.6
4.7
2.4

0 . r0
0 .10
0 .10
0.r0
0 .10
0 . r5
0 .10
0 .  r0

gpm - gallons per minute

4.2.3 Simulation of Canture Zone

CAPTURE (Data Services and McEdwards, 1985) compurer s imular ions were

conducted for the majority of the simulations listed in Table 2. Input parameters for

CAPTURE were equivalent to those used;n the EeUIPLOT simulation with the

exception of aquifer storativity. cAPTURE requires an effective porosit-v value rather

than aquifer storativity. Effective porosity was assumed to equal aquifer storativity (i.e.,

specific yield) for the CAPTURE simulations. Simulations periods are not used for

CAPTURE simulations because the cApruRE model assumes steady-stare conditions.

On the basis of the CAPTURE simulations, it appears that pumping rares of

0.25 to 0.5 gpm from each of the two wells, MW-lA and MW-4, will effectively capture

45635-R24 10 of 20
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ground water in the vicinity of the former tnnk removal excavation. The lateral extent

of free-product and dissolved phase gasoline in the shallow aquifer has not been fully

evaluated at this time. Consequently, it is difficult to evaluate the potential

effectiveness of the extraction system in reducing the volume of free product and lateral

extent of dissolved phase gasoline.

4,2.4 Comoar ison of  Est imated Wel l  Y ie lds to  the Paci f ic  Renaissance Plaza Si te

HLA has conducted site investigation and ground-water exrraction activities at

the nearby Pacific Renaissance Plaza site located approximately 2000 feet from the

Ci ty  Blue s i te .  Aqui fer  l i tho logy rnd h i ,draul ic  proper t ies at  th is  s i te  are s imi lar  to  those

of  the Ci ty  Blue s i te .  Long- term ground-wi l rer  ext ract ion rates f rom the 23 ext ract ion

wells at the Pacific Renaissance site range from less than 0.20 gpm to slightly greater

than 2.0 gpm. Saturated aquifer thickness at the Pacific Renaissance Plaza site is

approximately l5 feel, more than twice that of the Cit-v Blue site. Consequently, it

appears that an estimated sustained well yield for the City Blue site of 0.25 gpm per wel.

is reasonable.

A.6635-R2,r l l  of 20
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5,0 GROUND-WATER TREATTUENT COST FEASIBILITY STUDY

In 1988,  HLA had submit ted a Work Plan (HLA. 1988)  to  Blue Pr in t  Serv ice

Company for soil and ground-water remediation at rhe City Blue site. A number of

ground water remediation technologies were identified and evaluated in the Work plan.

Three technologies, air stripping, liquid phase activated carbon filtrarion. and

biodegradation, were identified as reliable. institutionally acceptable and feasible at the

site and were recommended for detailed cost evaluations.

The objectives of the cost feasibilit-v study are as follows:

Develop design criteria for ground water treatment based on available sire
information, hydrogeology, chemical analyses data, target discharge
criteria, and applicable regulations.

. Estimate capital costs, Operation and Maintenance (O&M) costs and Net
Present Values (NPV) for each of rhe applicable technologies.

. Select a ground water remediation technology for implementation at the
site based on its technical feasibility and cost effectiveness.

r Develop a conceptual design and process flow diagram for the selected
treatment system.

5,1 Design Criteria for Ground-tlraler Treatment

The following design criteria for treatment of ground water ar the site have been

developed:

l. Treatment system design flow rate is 2 gpm. A design flow rate of
2 gpm, which is above the expecred flow rates from Wells MW-lA and
MW-4, is used in case additional wells are added to the system at a tater
date or if higher flow rates are obEined from Wells MW- lA and MW-4.

2. Avenge concentrations of dissolved gasoline hydrocarbons in the
monitoring wells are given in Table 3.

3. Two existing monitoring wells, MW- I A and MW-4, will be used as
extraction wells for ground-water treatment.

4. Expected average concentrations of petroleum hydrocarbons in ground
water influent to the treatment system are shown in Table 3.

5. Ground water may contain free product.

46635-R24 LZ ot 20
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Treated ground water is intended to be discharged to the sanitary sewer
systems. The target clean-up levels for gasoline h!'drocarbons set b_v
EBMUD are shown in Table 3.

Ground water will not be treated for inorganic compounds, including
heavy metals.

Treatment system will be designed for continuous operation.

Treatment system will be equipped with necessary instruments and
controls for automatic and continuous operations.

Treatment system will be built in accordance with applicable local, srate,
and federal regulations.

5.2.  Cost  Evaluat ion

Estimated Capital and O&M costs for each treatment Drocess alternctive have

been developed based on the design criteria discussed in Section 5.1, the conceptual

process flow diagram for the treatment processes (plate 2), available vendor information

and HLA'S experience on similar sites. Capital costs for the ground-water collecrion

system and the three treatment alternatives: liquid phase activated carbon beds, air

sripper followed by polishing carbon beds, and bioreacror followed bv polishing carbon

beds are shown on Tables 4, 5, 6, and Z, respectively. Table g is a summary of the

capital and o&M costs, and Ner Present values (Npv) for the ground-warer collecrion

system and for each of the treatment alternatives. Npvs are calculated based on an

expected duration of the ground-water treatment project which for the purpose of

financial planning is assumed to be either four or five years.

Total project cost of remediation (Capital + Npy) by air stripping and

biodegradation are approxirnately the same ($165,000 for four years or $1g5,000 for five

years). Total project cost for liquid phase carbon treatmenr is substantially higher than

either air stripping or biodegradarion (Tabte 8).

Air stripping is a non-destructive technology where the hydrocarbons present in

ground water are transferred frorn ground water to the atmosphere. Air stripping does

9 .

r0.
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Tabte 8. Sumary of EudgetEry Capitat,  O& *, ard Iet present Vatues for process Attern€tives
C i t y  E tue  p roduc t i on  Fac i l i t y .  Oak ta rd ,  Ca t i f o rn i s

! - - - - - - - - - - - - - - - - - .
I  Gaouri- l later Treatment A l ternatives
t r

!  Adso.ption I pol ishing Csrbon beds ! potishing Carbon beds
:  !  ( l ab te -4  &  5 )  !  (Tab te - / .  &  6 )  !  ( l ab te -4  &  7 )

Ground rate. col tectn. systen
cround r6ter R€fiedi6t i on

Totat capi ta t  c06t

0&ll  cost/ye€r:

C6rbon
chemi cat
U t i t i t i e s
lainten€nce & Repsi rs
Sa|tPa in9 €rd analyti cal

Subtotat

Contingencies (301)

Totat o&{

3t9 ,000
t t9 ,000

338,000

$19,000
$42,000

$61 ,000

3500
9r ,000
31,000
35.000

r17,000

324,500

17,350

t31 ,850

$ t9 ,000
$47,000

$66,000

333,000

t500
35,000

317,000

t55 ,500

tl6,650

tz .150

s500
t l , 0 0 0

r500
35,000

t17 ,000

324,000

$7,200

i t r ,200

t
t
I
I
I
I
I
I

Expected duration ot p.oject

Net present value (N.p.V. )
(4yr, loz)of o&it

liet present vaaua
(5yr, 1(X)of 08fl

*o8ll = Operation €nd l.lainterEnce.

4-5 years 4-5 years

s228,708

3273.506

3100,961

t12O,737

4-5 yea.s

r98,901

3t  18 ,2ZJ

85589-r 12
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not result in chemical destruction or degradation of these hydrocarbons. Also,

installation and operation of an air stripper requires a permit from Bay Area Air Quality

Management District (BAAQMD).

In contrast, the application of biodegradation rechnology leads to chemical

degradation and ultimate destruction of the hydrocarbons present in ground water.

Biodegradation is a proven technology and has been successfully implemented by HLA

for remediation of ground water contaminated with gasoline hydrocarbons at a nearby

site in downtown Oakland, California. Application or implementation of this technologl.

is approved by regulator)'agencies and does not require a permit from BAAQMD.

Therefore, based on technical feasibilit-v, regulatory acceptancer implementability

and cost effectiveness, biodegradation is recommended for application and

implementation at the site- Details about the technology and a conceptual desiBn of the

treatment system are discussed in following sections.

5.3 Biological Treatment Svstem

Biological treatment, followed by polishing carbon beds, has been identified as

lhe most appropriate technology to jmplement af lhe site. previous laboratory and field

studies at nearby and other sites have shown that natural ground-water microorganisms

have the metabolic capacity to effecrively degrade gasoline hydrocarbons when rhe

proper environment (adequate nutrients and oxygen) is provided. However, because of

the variability associated with each contaminated ground-water situation, a bench scale

bioreactor process study needs to be performed to evaluate and optimize the

biodegradation rate.

The objectives of the bench scale bioreactor process study are:

. To determine nutrient requirements to optimize biological degradation-

. To determine efficiency of biological degradation of indicator compounds
(BTEX) in ground water.

I
t
I
I

I
I
I
T
T

t
I
I
I
I

t'6536-R24 l.t of 20



I
I
t
I
T
I
I
I
I
t
I
I
I
I
t
I
I
I
l

l{arding Lawaon Associate!

To establish approximate retention times for sizing of the biological
treatment reactor.

To determine final effluent concentrations of indicator comoounds in
treated water.

o To determine organic loading rates for the post-treatmenr carbon
adsorption module.

5.4,  Conce[ tual  Desipn of  Ground-$/ater  Treatment  Svstem

The remediation of ground warer at the site consists of the following basic

components:

. Ground-Water Extraction Wells

o Extraction Well Pumps

o Collection piping System

o Ground-Water Treatment System

o Discharge of treated water to an EBMUD sanitary sewer.

A brief description of each of these components is given below.

5,4.1 Ground-rffater Extraction tVells

Two existing monitoring wells, MW-lA and MW-4 will be used as ground water

extraction wells. Projected long-term maximum flow rate from each well is estimated

below 0.50 gpm. Locations of wells, Monitoring MW-lA and MW-4, are shown on

Plate l. The well construction details are given in ptates 3 and 4.

5.4.2 Extraction Well Pumns

The ground-water extraction u'elts should be equipped with bottom feeding

positive displacement type extraction well pumps. Exact specification for the pumps

will be developed during the detail design phase of the project. pump controls wilt

include high and low water level sensors, a run time indicator, a totatizing flowmeter,

and an automatic shut-off to the treatment svstem.

./q'6635-R24 l5 of 20
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5.4.3 Col lect ion Svstem and Ground-Water  of  Treatment  Svstem

The location and design of the treatmenr system and collection system piping wil'

be finalized during the detailed design phase of rhis project. The collection piping will

be aboveground PVC pipes without any double containment. A conceprual process flow

diagram for the biological trearment system is shown in Plate 3. The design of the

ground-waEr treatment system will contain the following modules:

A. Pfetreatment Module: The pretreatment module consists of the following
elements:

l. Equalization tank: r holding tank is used to equalize the
fluctuating ground-water flow from the extraction wells. The
holding tank serves the following purposes: a) provides a constant
flow to the trearment unit, b) allows separation of free gasoline
from the influena ground water, and c) allows settling of larger
particulates coming from the extraction wells. Free gasoline will
be skimmed off periodically from the top of the rank.

2. Filtration: A 100 micron strainer is used to remove particulates
before ground water enters the treatment system.

Treatment Module: The proposed treatment system will include a
bioreactor, a sand filter, and appurtenances required for the addition of
required nutrients. The system will be designed for a 2 gpm flow from
the colleclion system- The bioreactor design volume will depend on the
microbial degradation kinetics determined from the bioreactor process
study discussed in Section 5.J.

Contaminated ground water will be pumped into the bioreactor from the
pretreatment module- The ground water will b9 supplemented with the
required inorganic nutrients by an automated metering system and remain
in the reactor for a specified residence time. The treated ground water
v/ill then flow through a sand filter ro reduce the quantity of biomass.

Post Treatment Module: The post treatment module witl consist of two
liquid-phase polishing carbon beds in series which will be used to remove
residual organics from the bioreactor effluent. The treated ground water
will be stored in a holding rank before discharge to the nearby EBMUD
sanitary sewer.

Oyeryiew of Svstem Saart-Up. Iualnlenance. and Operatiori

This section describes rhe technical approach for the start-up and operation

procedures for the ground-water remediarion system.

B.

I

t

t

I

c.

5.5

A'6e35-R34 16 of 20



I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
T
I
t

l{aadang Lawron Asaociat€3

5.5.1 Svstem Start- Up

Following construction of the ground-water trearment facilit),, the following

activities will be performed:

o Purrp ground water from extraction wells through the collection system
into the treatment unit and then into the discharee line.

o Ensure proper performance of equipment.

o Collect and analyze ground-water samples per EBMUD discharge
guidelines.

o Read and regulate flow rates as required to calibrate s-vstem.

o Correct any operaring deficiencies, if required.

" Collect samples from ground-water remediation s,vstem including each
well, inlet/outlet of the bioreactor, and inlet,i outlet of polishing carbon
units. Analyze samples for TPH and BTEX.

5.5.2 Svstem Oneration

After successful start-up, the treatment system will be considered operational.

An Operations and Maintenance (O&M) Manual should be developed from the

experience of the start-up period and should include vendor operating instructions,

recommended maintenance procedures, manual s(art-up and shut-down procedures!

troubleshooting advice, contingency plans for auromatic shutdowns or accidental spills or

equipment failure, and sampling procedures and laboratory protocols. The activities to

be performed during this period should include:

o Continued monitoring of the bioreactor influent and effluent streams.

. Systematic inspection and recording at least weekly for proper
performance of all components including flows, pre5sures, control
settings, water levels.

. Collect and analyze samples from all extraction wells at six-month
intervals.

o Provide a Monrhly Operation reporr thar summarizes O&M activities for
the previous monrh.

A'6636-n24 1? of 20



I
I
t
I
I
T
I
I
t
I
t
I
T
I
t
I
T
T
I

H.?ding Ltw.on Ascocaato3

6.0 CONCLUSIONS

l A hydraulic conductivity estimare of 1.48 feet/day was derived from a
slug test performed on Monitoring Well MW-3. Computer sirnulations
indicate that pumping rates from the proposed extraction wells (MW-lA
and MW-4) will likely be less than I gpm per well and that long-term
pumping rates will likely decrease to less than 0.25 gpm per well.
Additional computer simulations ind.icate that these pumping rates will
effectively capture ground $'ater in the vicinity of the former tank
removal excavation.

2. Capital and operation and maintenance costs for the three treatmenr
process alternatives (air srripping, liquid phase activated carbon filtration,
and biodegradation) have been estimared. On the basis of technical
feasibility, regulatory acceptance, implementability, and cosr
effect.iveness, biodegradarion as a means of ground-water treatment is
recommended for this site.

/{.5535-R24 1E of 20
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SLUG TEST RESULTS
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l{arding L-w'on Alsoclatat

CALCULATIONS

12 ln  (L/R)

2L To

(0.r6)2 rn (6.2s/0. t6)

(2X6.25X7.3)

(0.0256 ) ( 1.66)

9 t .25

K = 1.48 ftlday

= 1.03 x l0-3 f t lminK=

T^ = 7.3 Min
r "= Well casing radius
L = Height of portion of well through which $ater enters
To = Basic lag time
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