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November 28, 1994

Alameda County Health Care Services
Department of Environmental Health
Hazardous Materials Division
1131 Harbor Bay Parkway, Second Floor
Alameda. CA 94502

Attn: Barney M. Chan - Haz. Mat. Specialist

.*

1a'8 (

Subject: Proposed Work Plan for Contaminate Migration Control
at: 4919 Tidewater Ave., Oakland, CA 94612

INTRODUCTION

During the removal of four underground fuel Storage tanks from the DiSalvo Trucking
property at the subject site in Oakland, CA, diesel fuel contaminated soil and ground
water was encountered. A considerable quantity of floating free product was Pumped out
and removed from the ex@vation area directly following the removal of the underground
tanks. Also removed contiguous to the excavation ofthe tanks was a system of hydrant
lines networked between the truck loading docks and fuel pumping station. Specific data
conceming the tank and hydrant line removals can be found in reports generated by Geo-
Environmental Technology(GET)datedApril27,1989andJune15, 1989. Uponremoval
of the tanks, free product was discovered in the excavation areas. Samples collected
from the excavation area revealed that the contaminate was diesel fuel. Approximately
20,000 gallons of free product and 20,000 gallons of water were pumped out of the tank
pits Uy GET. This was followed by the excavation of approximately 1800 cubic yards of
diesei contaminated soil. The contaminated soil was stockpiled on site and successfully
biologically treated by GET. A report of this process can be found in a submittal by GET
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dated February 28, 1991. The decontaminated soil was used for fill material at the
northern and eastern portions of the lot. Following the tank and hydrant removal, a
subsurface investigation was conducted at the site by GET. This investigation involved
installing 19 bore holes concentrating on the areas where the hydrant pipjng had been
previouJly located. Results of this initial subsurface investigation can be found in a

submittal-by GET dated June 15, 1989. A product recovery sump/well was constructed
and installed at the northwestern comer of the excavation area. This well was equipped
with a skimming system designed to remove the floating hydrocarbon prodlct from the

water. A product recovery pumping system was constructed by Clean Environment
Engineers of Emeryville, CA and'installed to handle the free product removal from the
product recovery sump. This system was operational for a period of time from
approximately April 1989 to August 1 989 after which the system was shut down and has
noi since been employed. the excavation area was backfilled, compacted and

resurfaced with asPhalt.

In the summer of 199'1, Gen-Tech Environmental (GTE) installed a shallow interceptor
trench system to aicl in facilitating the capture and removal of the remaining free Product
on the g;oundwater. This trench was installed in accordance with GTE's March 12, 1991
work plln, with modifications as discussed in GTE's supplemental report of July 12' 1994.

Under the direction of the Alameda County Department of Environmental Health, GTE
performed additional soil and groundwater investigation in April 1994. During this

investigation, GTE installed fourtien exploratory borings, of which three were-converted
to grou'ndwaier monitoring wells. Details on this investigation can be found in GTE s "Soil
ana Groundwater Investigation" report of May 17, 1994. GTEs study concluded that a

olume of diesel contamination exists and is located almost entirely within the site

boundaries except for the eastem edge of the plume which appears to have migrated just

off-site under Tidewater Avenue. GTE recommended that the existing product rc?nvery
well and trench be re-activated, and that the wells be tested on a quarterly schedule.

The property owner is currently suing Chevron (Standard Oil) as a PRP in th.e site clean-

up. bhevron apparently instalied the tanks using inferior product piping' which the client

is contending contributed to the early demise of the pipe integrity' Early conosion is

apparently what caused the pipe to fail. This law suit is currently scheduled to be hearcl
in'November 1994. fne ACOfn is requiring that site remediation be initiated
immediately. The client has already spent nearly $250,000 on the initial steps necessary
for source removal, initial free product removal, soil treatment, and investigation
activities.
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ln evaluating remediation alternatives, these factors were considered:

1 . Groundwater in the immediate area occurs at between 3 ft. and 4 ft. below grade
surface.

2. The ptume of groundwater contamination appears to be located pimarily in an area
free from building structures.

3. There is sufficient space available for on-site soil treatment'

4. There is currently an existing baslress operating on site. Rent from l/,is busrness
provides the ctient with cash flow which can help to supplement fie cosfs of sife
remediation. The recommended approach was designed to permit fte bus,ness fo
continue with as little disruption as possrb/e.

? o ,c^td yUr t S'/trr'-' A.^'et-so.*e' tL'tY lo,"f
5. There is an existing 1|1@gallon above ground diesel tank located at the site that

can be used to storg'And treat groundwater.

Proposed Remediation Plan

The purpose of this phase of work will be to remove the remaining free product from the
affected areas and to initiate dissolved product removalfrom groundwater. The proposecl
system involves; A) installing alQ,000 gallon groundwater holdingftreatment tank in the
immediate area of the existing recovery sump/well to create a holding facility for biological
treatment of the groundwateq B) installing an additional product recovery trench in the
areas of remaining free product cancentrations in order to collecf and pumP free product
and contaminated water to the treatment tank; C) using the holding tank to inoculate'
treat, and decontaminate the groundwater in batch cycles; D) pumping the treated
groundwater from the bio-treatment tank into the existing 10,000 gallon tank diesel fuel
tank forfinal "polishing" and cleaning of the water to acceptable standards for beneficial-
purpose discharge; E) discharging the clean water in batches on-site for dust control and
irrigation purposes (under a discharge waiver issued by the Regional Water Quality
Control Board).

In addition to the above remediation measuresr this phase of work will include; F)
perlorming a 'pumF test' on the existing recovery trench to help determine the draw-down
potentiatffid tf€ncfitng Eystem; G) inglalling one additionalgroundw€ter monitoring well
as requeufrd by the Alameda Counry Departmsnt of Environmental Health; H) additional
soil sirnfling along the remote dispenser line on the west side of the building, and; l)
quarterly sampling of the four groundweter monitoring wells on gite-

3e."tt;, I I lz-i
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A) Subsurface Bio-Treatment Tank

1. A 1O,0OO gallon treatment tank will be placed in the immediate area of the existing
recovery sump (designated "Treatment Area" on Figure 1' This tank'will be used
for the first stage of biological treatment of contaminated groundwater. A second
smaller tank (5OO gallons) will be installed in the same and designated as the "free
product holding tank". This tank will be used to store free diesel product that is
anticipated to separate from the groundwater in the treatment process.

2. The treatment area will be surrounded by a chain link fence for security, bermed
on the perimeter to approximately 2 ft. above grade, and lined with a plastic liner.

B) Install Addit ional Trenches and Discharge Piping

1. Additional producVgroundwater collection trenche/ will be installed in the areas
depicted on Figure 1. The trenching detail will belas shown on the drawing. The
cotlection trench (trench #2) will be excavated to a depth of approximately six feet
below grade surface and into the underlying bay mud. The trench will be
backfilled with 3/4 to 1 inch drain rock from the bottom of the trench to
approximately one foot below grade surface so as to permit free flowing of the
contaminated water into the trench zone.

2. An I inch diameter extraction well with a wire wrap will be installed in the center
of Trench #2 to extract groundwater from the trench and send it to the treatment
area. The extracted water will be pumped through a buried 2 inch PVC piping
system into the existing trench recovery well. Rigid conduit piping will be used to
house the elect1cal wiiing necessary for the extradion pump. The PVC and rigid
conduit piping will be buried at 24 inches below grade, bedded, and surrounoeo
in sand. A six to eight inch class ll base rock cap will be compacted over the
sand fill.

3. A narrow piping trench will be installed between the bio-treatment area and the
existing 10,000 gallon diesel tank. This trench will house a 2 inch PVC discharge
line to transfer treated groundwater from the first stage bio-treatment tank to the
10,000 gallon holding tank. In addition, the trench will contain the electrical
conduit which witt provide power to the treatment area. The PVC and rigid conduit
piping will be buried at 24 inches below grade, bedded, and sunounded in sand.
A'six to eight inch Class ll base rock cap will be compacied overthe sand fill.

4. An I inch layer of class ll base rock will be compacted over the drain rock within
trench #2. All trenches will be resurfaced with asphalt to gracle.
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C) Aquifer Trench Pump Test

1. The extraction well in the new trench will be pumped to ascertain the yield and to
estimate trench capture extent. Since the low permeability sediment underlies the
site, it is anticipated that the trench extract water from predominately the upper five
to six feet of aquifer. While a "traditional" aquifer analytical solution cannot be
calculated, estimates of transmissivity will be made from measurements @llected
in the existing monitoring wells. The trench and well system will be allowed to
operate tor a 2 week period to allow for water removal from the trench to
equilibrate with aquifer recharge.

2. Extracted water will be treated as proposed in this workplan'

3. Groundwater contour maps of trench system drawdown and area of influence will
be prepared and submitted with quarterly reports.

D) Bio-tank Batch Treatment of Groundwater

1. Groundwaterwill be pumped from Trench #2 into the existing collection sump/well
via a float actuated extraction pump. A float actuated sump pump will be installed
within the collection well. This pump will extract water from the bottom of the well
and send it into the groundwater holding tank for primary bio-treatment. By
depressing the level of groundwater in the extraction sump, water from Trench #1
(the existing trench system which is cunently connected to the extraction
sump/well) will also be allowed to flow into the sump area.

2. A free product skimmer will be employed within the collection sump to remove ftee
product from the water accumulating within the sump. The skimmed free product
will be pumped into the 500 gallon holding tank located in the treatment area.
When the holding tank has reached capacity, the waste product will be pumped
from the tank by a licensed waste oil hauler, and disposed of at a waste oil
recycling facility.

3. The groundwater treatment tank will be equipped with two float-actuated capacity
fill switches (the second swiich as a back-up to the primary). when the tank has
been filled to its specified capacity (approximately 9,000 gallons), both pumPing
systems (the trench #2 pump and the collection sumP Pump) will be automatically
shut down.
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4. A water aerator wiil be anchored in the center of the primary treatment tank and
run continuously during the treatment process. A compressed air pump will
recirculate water in the tank, which wiil help to oxygenate the water.

5. The water within the tank will be inoculated with solmar@ Formula L-104
biocultures by the exact specifications of the manufacturer (please refer to
Appendix 1 for details on this product). Periodic testing of the water will be
conducted to check nutrient and PH balance. Appropriate nutrients (nitrogen and
phosphate fertilizers) will be added as needed to maintain optimum growth
conditions.

6. The aeration system will operate continuously during the decontamination process.

Each primary decontamination cycle is estimated to take approximately 7 to 10
oavs.

7. Field tests (using the Nu-Hanby Colormetric Field Test for Volatile Organic
Compoundsj will be made periodically during the treatment cycles to determine the
effectiveness of the process. When field testing has determined that the level of

(
diesel contaminates in the water heve red'.tQed to less than 1 PPM, the water

into the '10,000 gallon "polishing"
as snown on gure

8. The pumps will be reactivated, and the batch treatment process will be rePeated
as in 1 through 7 above.

E) Groundwater "Polishing" Treatment

1. Approximately 9,000 gallons of partially treated groundwater from the primary
treatment tank will have been pumped into the 10,000 gallon "polishing" tank. This
"polishing" pro@ss will be used to remove low concentrations of residual
contaminltes. The tank will be equipped with two air diffusers ("bubblers") located
at either end of the tank (please refer to the Figure I detail attached hereto).
These units will operate on filtered compressed air, which will constantly force
oxygen into the water within the tank, with constant water agitation.

Additional solmar@ microbes (and nutrients if necessary) will be introduced, and
the system allowecl to operate for about 7 days. A representative sample of the
water within the tank will be taken to a state certified Laboratory and tested for
TPHd and BTEX. Assuming that the sample results are within the RWQCB's
discharge waiver requirements, the water will now be proposed for beneficial use
discharge.

2.
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E) Treated Groundwater Discharge

1. A discharge waiver wilt be obtained from the RWQCB - allowing the treated
groundwater to be used for the specific beneficial purposes outlined in the permit.

2. Each batch of the ,,polished" groundwater from the treatment tank will be pumped
through a fire hose system and sprayed throughout the facility for the purposes of
dust control and irrigation.

F) Installatlon of an Additional Groundwater Monitoring Well

^*Y
s\gff""r*

1. An additional 2 inch groundwater monitoring well will be permitted and installed as
located on Figure 1 attached hereto. This well will be permitted through the
Alameda county Department of Environmental Health, and will be installed,
developed, and sampled in accordance with the GTE Drilling, Sealing' Well
Construction, and Sampling Protocol attached as Appendix 2.

2. A groundwater well installation report will be prepared and submitted to the
Alameda County Department of Environmental Health.

G) Addiuonal Soil Sampling

1. Soils borings will be installecl at 20 ft. intervals along the remote dispenser lines
on the west side of the building. Soil samples will be collected from the
soil/groundwater interface zone (currently at about 3 to 4 ft. BGS). Collection of
the samples will be in accordance with the GTE Drilling, Sealing, Well
Construction, and Sampling Protocol in Appendix 2 attached hereto.

2. Each of the samples will be testecl at a state certified Laboratory for THPd and
BTEX.

H) Quarterly Sampllng of the Groundwater fltells

1. Each of the four groundwater wells will be sampled quarterly in accordance with
GTE's Drilling, Sealing, Well Construction, and Sampling Protocol in Appendlx 2'
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lnterim Activities Reports

1. Interim site remediation activities reports will be written and submitted to the
ACDEH each quarter. These reports will include descriptions and accounting of
free product removal, groundwater treatment, and well sampling events.

lf you have any questions regarding this work plan, please do not hesitate to call the
undersigned.

M^"^@uA P^l'"r---
Christopher M. Palmer
C.E.G. No. 1262Principai

w
K'J',ll.a\

CERTIFlEO
El{6INEERINO
GEOLO6IST
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FIGURE 1

SITE MAP WITH SYSTEM CONFIGURATIONS
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APPENDIX 1

SOLMAR BIOCULTURES



BIOREI '4EDIATION OF PITROLEUM CONTAMINATED SOILS
USIN6 A l ' , | ICROBiAL CONSORTIA AS INOCULUM

8.A.  I4OLNAA and R '8 .  GRUB8S,  S0LMAR C0RP.

ABSTRACT

Bio remed ia t ion  i s  becoming  an  a t t rac t i ve  a l te rna t i ve  fo r
c lean in -o  up  so i i  sys tems con tamina ted  w i th  pe t ro leum and  o ther
hydroca ibons .  Due to  t ime cons t ra in ts  anc i  unknown qua i i t y  o f
r l su l t s ,  ce r ta in  p ro jec ts  have  no t  had  b io remed ia t ion  as  an
op t ion . 'A  p rocess  has  been  deve loped  in  wh ich .a  consor t ia  o f
mi  c roorgan i  sms i  s  i  n t roduced j  n to  the  so  i l  sys tem to  fac i  l  j  ta te
fhe  b io iemed ia t ion  p rocess  and  ensure  cons ' j  s tency  o f  resu l t s  ' . .

Techn iques  to  enhance  the  ac t i v i t y  o f  the  o rgan isms and  thus
ensure  the  success  o f  such programs are  descr ibed '

Severa l  success fu l  p ro jec ts  a re  descr ibed a long w i th
oo ten t ia l  roadb locks  to  b io remed ia t ion  and  how one  can  work
around such roadb locks .  Degradat ion  parameters  fo r  these
pro jec ts  a re  d i  scussed .

I NTRODUCT I ON

In  ihe  pas t  few years ,  as  land f i l l s  have  become more  and
more  scarce  and concomi tan t ly  more  and more  cos t  p roh ib i t i ve '
i n te res t  i n  b io log ica i  methods  to  t rea t  o rgan ic  was tes  has
l r . i e . i .a .  0ne  a iea ,  in  par t i cu la r ,  tha t  has  rece ived  inc reased
. l i . n i i on  i s  the  b io iog ica l  t rea tnen t  o f  pe t ro leum con tan ina ted
so i l s .

The  te rm b io rened ja t ion  has  been  g iven  to  descr ibe  the
orocess  bv  wh ich  the  use  o f  i i v ing  o rgan isms ( in  con junc t ion  w i th
br  independent  f rom o ther  techno log ies)  i s  employed to
e f fec t l ve ty  decon tamina te  a  po i lu ted  sys tem.  .  In  mos t  cases  the
ors in i t * t  enrp loyed are  bac ter ia ,  however ,  work .  i s  be ing  conducted
us inq  funo i  i nd -  p lan ts .  l l a te r  hyac in ths  have  been  u t i l i zed  in
wate i  sys iems to  e f fec t i ve ly  remove t race  organ ics  and t race
meta l  s  .

Th . r .  . t .  two techn iques  fo r  u t i i i z ing  bac ter ia  to  degrade
oe t ro leum in  the  so i l .  One  method  uses  the  bac te r ia  tha t  can' . i r . i av  

U .  found  in  the  so j l .  These  bac te r ia  a re  s t imu la ted  to
grow Uy  in t roduc ing  nu t r jen ts  in to  the  so j l  and  thereby  enhanc ing
Ihe  b iodeqrada t ion  p rocess .  Th is  p rocess  j s  known as
U io r i i r r i i t i on .  The  o ther  method  invo lves  cu l tu r ing  the  bac te r ia
in iepenJent tv  and add ing  them to  the  s j te .  Th is  p rocess  js  known
as  b ioaugmenta t ion (8 ) .- -  -  

0 . . ' i au .n tage 'o i  b io remedia t ion  ' i  s  tha t  the  process  can^be
done on  s l te  w i th  a  min imum amount  o f  space and equ ipment '  8y
t rea t ino  on  s i te ,  cos ts  and  l i ab i l i t y  a re  g rea t l y . reduced ,  wh j le
. i i . na ino  the  l i i e  o f  ou r  cu r ren t  land f i l i s  by  reduc ing  the

amount  o i  ' *as te  they  wou ld  normal ly  rece ive '
0n  s i te  t rea tm ln t  may  invo lve  excava t jon -o f  the  con tamina ted

so i l  i nd -cons t ruc t ion  o f  i  l i ned  t rea tment  ce l l .  I f  excava t ion



i s  imprac t ica l  the  t rea tment  may be  conducted  w i thout  d is tu rb ing
the  con tamina ted  s j te  by  us ing  a  rec i rcu la t ing  in jec t ion  we1 1
sys tem.  Th is  p rocess  i s  cons idered  in  s i tu  t rea tment (5 ,8 ) .

Eo th  on  s i te  and  in  s i tu  t rea tment  have  the i r  advan tages  and
d i  sadvantages  and the  dec is jon  to  use  one method o f  t rea tment  o r
the  o ther  i s  o f ten  d ic ta ted  by  va r ious  fac io rs  a t  the  s i te .

ON 5ITE VERSUS IN SITU TREATF1ENT

0n s i te  t rea tment ,  t . l he reby  the  con tamina ted  so i l  i s
excava ted  and  p i  aced  jn to  a  l j ned  t rea tment  ce l l ,  has  some
d is t inc t  advan tages .  I t  a l l ows  fo r  be t te r  con t ro l  o f  the  sys tem
by  enab l ing  the  eng ineer ing  f i rm to  d ic ta te  the  dep th  o f  so i l  as
we l l  as  the  exposed  sur face  a rea .  By  con l ro l  I i ng  the  dep th  and
exposed  sur face  a rea  o f  the  so i l  one  i s  ab le  to  be t te r  con t ro l
ihe  tempera tu re ,  nu t r ien t  concen t ra t ion ,  mo is tu re  con ten t  and
oxygen  ava i ' l  ab i l  i t y (8 ) .  The  p resence  o f  the  I i ne l j s  an  added
benef i t ,  s ince  the  l i ne r  p reven ts  the  m ig ra t lon  o f  the
con taminan ts  the re  j s  no  poss ib i i i t y  o f  con lamina t ing  the
groundwater .  A f te r  t rea tment  the  I  iner  i s  p icked up  and proper ly
d isposed  o f  genera l  1y  by  inc inera t ion .

0n  s i te  t rea tment  has  an  added  bene f i t  i n  tha t  i t  i s  much
eas ie r  to  demons t ra te  the  s i te  i s  c lean  than  in  an  in  s i tu  c lean
up .  By  i so la t ing  the  con tamina ted  so  j ' l  i n  the  t rea tment  ce l l  i t
' i  s  ooss ib lp  to  semn la  ihe  s i te  jn  a  more  thorouoh  :nd  thprp fn ro
represen ta t i ve  manner .  Th is  may  p rove  a  necess i l y  i f  the
regu la t ing  agency  o r  the  cus tomer  des i re  to  op t im ize  the
re l ' i ab j l i t y  o f  samp l  i  ng  and  ana lys is .

The excavat ion  o f  the  contaminated  so i l  adds  to  the  cos t  o f
a  b jo remedia t ion  pro jec t  as  does  the  l jner  and the  l  andfarming
equ ipment .  In  add j t j on  to  these  cos ts  i t  i s  necessary  to  f i nd
enough space to  t rea t  the  excavated  so i l  on  s i te .  In  some s ta tes
areas  are  now be ing  se t  as ide  to  p rov ide  the  needed space to
t rea t  these  so i  I  s .

In  s i tu  t rea tment  i s  advantageous in  ins lances  where  the
excava t ion  o f  the  con tan ina ted  so i l  i s  cos t  p roh ib i t i ve  o r
imposs ib le .  The  method  o f  i n  s i tu  t rea tment  genera . l l y  i nvo lves
es tab l  i sh ing  a  hydros ta t i c  g rad ien t  th rough the  area  o f
con tamina t ion .  Wate r  i s  p laced  on  the  s i te  so  tha t  i t  w i l l  f l ow
through the  area  o f  con taminat ion ,  car ry ing  nu t r ien ts  and
poss ib ly  o rgan isms to  the  con taminan ts .  Once  the  wate r  has
passed th rough the  s j te ,  i t  i s  pumped up th r0ugh we l ls  and
re turned to  the  beg inn ' ing  o f  the  sys tem.  Th is  cont inuous
rec i rcu la t ion  i s  ca r r ied  on  un t i l  t he  s i te  has  been  de te rmined  to
be  c l  ean  (F i  gu re  1  )  .

Recovery  o f  the  perco la t ing  wa te r  i s  the  mos t  d j f f i cu l t
aspec t  o f  th is  t rea tnent  method.  S i tes  may conta in  a  na tura l
c lay  o r  rock  bar r ie r  r . rh  j ch  co l lec ts  the  perco la t ing  wa te r ,  i n
wh jch  case  ex t rac t ion  we l l s  can  be  p laced  in  th i s  co l lec t ion
zone .  o ther  s i tes  may  requ i re  the  cons t ruc t ion  o f  co l lec t ion
l renches  or  numerous  recovery  we l ls  a t  the  bo t tom o f  the
con tamina ted  so i l  ho r i zon .  6 iven  the  var ious  geo log ic /hydrau i  i c



cond i t i ons  tha t  ex is t  a t  a  s i te ,  the  app l i ca t ion  o f  th i s
techno logy  may  be  l im i ted  and  wou ld  depend  on  whether  regu la to ry
agenc jes  wou ld  cons jder  th i s  to  be  an  appropr ia te  and  feas ib le
a l  te rna t i ve .

The  mos t  e f fec t i ve  means  o f  imo lement ing  these  p r inc ip les
depends on  the  geo '1  ogy /hydro logy  o f  the  subsur face  area ,  the
ex ten t  o f  the  con tamina ted  a rea ,  and  the  na tu re  ( t ype)  o f  the
con tamina t ion .  In  genera l ,  th i s  method  i s  e f fec t i ve  on ly  when
the  subsur face  so i l s  a re  h igh ly  permeab le ,  the  so i . l  ho r j zon  to  be
t rea ted  j s  w i th in  20  -  30  fee t  o f  g rade ,  and  sha l low g round  wate r
i s  p resen t ,  i . e . ,  a t  30  fee t  o r  less  be ' i  ow g rade-

As  was  b r ie f l y  ment joned  above ,  de te rn in ing  whether  o r  no t
an  in  s i tu  remed ia t ion  p rocess  i s  comp le te  can  be  a  d j f f i cu l t
task .  I f  the  rec i rcu la t ing  wa te r  i s  mon i to red  to  check  i f
con tamjnan t  has  d isappeared  then  j t  becomes necessary  t0  someh0w
cor re l  a te  the  rec ' i rcu la t ing  water  to  tha t  o f  the  contaminated
so i l .  i f  mon i to r ing  we l l s  a re  to  be  used  to  assess  the  s i ie  then
a preponderance o f  we l ' l  s  may be  necessary  to  sa t is fy  tha t  the
en t i rb  s i te  i s  c lean .  Oue to  the  poor  m ix ing  in  these  types  o f
sys tems i t  becomes necessary  to  t rea t  fo r  very  

' l  
ong  per iods  o f

t jme  to  ensure  tha t  a l l  the  pocke ts  o f  con tamina t jon  have  been
t rea ted .

The  average  t ime f rame fo r  an  on  s j te  b io remed ia t ion  p ro jec t
i s  f rom s ix ty  io  n ine ty  days  depend ing  on  con tami  na t ion  leve ls '
The  averaoe  t ime f rame fo r  an  in  s i l u  b io remed ia t ion  p ro jec t  can
be on  th i  o rder  o f  twe ' l ve  to  twenty - four  months  depend ing  on
con tami  na t i  on  I  eve l  s  and  dep th  o f  c0n tam ina t i  on .

The  dep th  o f  con tamina t ion  p lays  an  impor tan t  ro le  in
de te rmin ing  whether  o r  no t  an  in  s i tu  b io remed ia t ion  p r0 iec t
shou ld  be  6mployed.  I f  the  contaminat ion  is  near  the  groundwater
bu t  the  groundwi te r  i s  no t  ye t  con taminated  then j t  wou ld  be
unwise  t ;  se t  up  a  hydr0s ta t i c  sys tem and  fu r ther  the  m ig ra t ion
o f  the  con tamin in t .  

-  
i t  wou ld  be  saFer  to  excava te  the  so i l  and

t rea t  away f rom the  groundwater  by  us ing  an  0n  s i te  method o f
tre atment .

BlOSTIl4ULAT]ON VS. BiOAUG|IIENTATION

Along  w i th  dec ' id ing  whether  o r  no t  a  s i te  shou ld  be
remed ia teA us ing  0n  s i te  t rea tment  o r  in  s i tu  t rea tment '  i t  i s
necessary  to  dea jde  how one ' i  s  go ing  to  b io remedia te  the  s ' i  te '
As  s ta ted  above,  there  are  two methods  o f  employ ing
mic roorgan isms .Lo  b io remed ja te  a  s i te .  B ios t imu la t ion  invo lves
the  s t i i u la t ' i on  o f  i nd igenous  n ic roorgan isms to  degrade  the
con taminan t .  E ioaugmen ia t ion  jnvo lves  add ing  p rese lec ted
organ isms to  the  s j te  to  degrade  the  c0n taminan t .-  

A  b ios t imu la t ion  p ro jec t  requ i res  tha t  ad jus tments  be  made
to  the  so i l  to  enhance  the  mic rob ia l  popu ia t ions  a l ready
oresen t .  These  inc lude  add ing  a  n i t rogen  source '  a  ph0spn0r0us
source ,  and  a  myr iad  o f  t race  minera ls  and  mak ing  appropr ia te  pH

ad jus tments .  F i r  an  on  s l te  t rea tment  the  nu t r ien ts  a re  spread
ov6r  the  s i te  and  worked  in to  the  so i l .  For  an  in  s i tu  t rea tment



the  nu t r ien ts  a re  added to  the  water  ups t ream in  the  hydros ta l i c
grad i  ent .

B jos t jnu la t ion  assumes tha t  every  o rgan ism needed  l0
accompl  i sh  the  des i red  t rea tment  resu l t s  a re ,  ' j  n  fac t ,  p resen t '

There io re ,  a l l  tha t  i s  requ i red  to  ach ieve  e f fec t j ve
b iodeqrad i t i on  i s  to  p rov ide  (o r  enhance)  an  jdea l  env ' i  ronment
io i - i i . . .  ub jqu i tous  m ic roorgan isms to  l i ve  and .  work (8 )  '  -

There  are  numerous  shor icoml  ngs  w i  th  th  i  s  hypothes  is  '  .  For
examole ,  how can  we be  cer ta in  tha t  those  o rgan isms p resen t -  a re
; i l ;  ; . ; i  l u i t i n i .  to  desrade  a l l  mate r ia l s  p resen t?  second lv '
n f , i t  i i  t f ' .  on ly  o rgan i  ims  s t imu la ted  a re  those  tha t  e l im ina te
the  p r imarv  sub i t ra ie ,  bu t  do  no t  cometabo l  j ze  the  spec i f i ca l l y
i l . . ! i . o - i ' t u i i i a tes l  A t  anv  g iven  s i te ,  manv  o f  the  p rob le r ,

; ; ; ; ; ; ; i . ; - ; ; v  no t  be  ab le  io -be  b iodesraded  d i rec t l v '  i f  t hev

i ie  t f t .  on ly  iood  source  ava i lab le ,  the  rn ic robes  may  no t  be  ab le

to  degrade  these  ta rge ted  o rgan ics , . s ince  they ,d0  n0r  se rve  as

or imarv  food sources  on  wh ich  the  mlc r00es  reeo'  -  -T ;  
en iu re  tna t  the  necessary  o rgan i  sms are  present  i t  i s -

oenera l l v  necessary  to  conduc t  a  feas ib i ' l  i t y  s tudy  0n  the  s01 l
i r . r  i r ' t . ' t i i .  u . ro i ' .  any  b ios t imu ia t ion  pro iec t  j s  under taken '
r r . , . . r r i  o f  such a  s tudy  can range f rom 55000 to  $40000 depend ing

on- tne  ex ten t  o f  con taminat ion  and the  charac te l i  s t i cs  o f  the
con taminan ts .

E ioaugmenta t ion  i s  the  con t ro l led  add i t i on  o f  spec ia l l y
fo rmu ja ied-b iocu l tu res  to  ass js i  those  found  na tu ra l l y  in  the
so j l .  I t  i s  done  in  con junc t ion  w i th  the  deve lopment  and
|no . i i . . ing  o t - in  iaJ . t  g iowth  env i ronment  in  wh ich  these se lec ted
bac te r ia  can  l i ve  and  work .

in  mos t  cases ,  the  ta rge ted  o rgan ic -  con taminan ts  e j the r
serve  as  the  food source  0r  a re  comi tabo l i zed '  Essent ia l
. i . r .n i i  i re  added to  the  ' ' food  source ' '  to  p rov ide  the  requ i red
nu i i i . n t  l eve ls ,  and  wate r  p rov ides  the  med ia  in  wh ich  the
bac ter i  a  func t i  on .

The  mere  add i t i on  o f  bac te r ia  w i  l ' l  no t ,  i n  i t se l f ,  so lve  the

oroU lem.  S iud ies  conduc ted  in  1979  by  D ibb le  and  Bar tha  c lear l y

lemons i ra tea  tha t  sewage s ludge ac tua l l y  inh ib i ted  hydrocarbon
r i i ' l .q i .J i i ion in soi l l  and t f ie use of  veast  extract  had no
. t tec is  whatsoever (2) .  The se lec ted  mic roorgan isms must  be
i i r . i , ] i r y  | l ] j i . r ] .u  to ' the  waste  contaminat ion  present  in  the  so i l ,

; ;  ; . i j  i t  i t ' .  metabo l i tes  fo rmed.  Thev  must  favorab ' l v  compete  -
* i t t ,  t t , .  ub iqu i tous  org .n i r rs  found jn  the  expec ted  env i ronmenta l
cond i t i ons .- -  -  

g io iuq* .n ta t jon  a l lows one to  cont ro l  the  na ture  o f  the

U ioma is . - - i i  p rov ides  an  e lenen t ,  he re to fo re .  no t  ava i lab le '  tha t

o f -p . .a i . t iO i  i i  t v .  B i  oaugmenta t  i  on  ensures  tha t  the  proper  team

of  m ic roorgan ismi  j s  p res in t  i n  the  so i l  i n  su f f i c ien t  t ype '

; ; rb . ; ,  
- i n i  

i ompatan i t  i t v  to  e f fec t i ve lv  and  e f f i c ien t l y  a t tack

the  waste  cons t i tuents  and break  them down in to  the i r  most  bas ic

compounds.
One ob j  ec t  jon

i  nord i  na te  amount
o f  b ios t imu l  a t ion

to  b io remed ia t ion  has  been  tha t  i t  takes  an
of  t ime fo r  the  process  to  work .  In  the  case
th is  i s  t rue .  However '  the  add i t i on  o f



sDec ia l l y  se lec ted  mic rob ia l  consor t ia  a l lows  one  to  con t ro l  the
n io* . t s  o f  the  con tamina ted  s i te .  The  add i t i ona l  con t ro l  o f  the
Oioo ,as t  enab les  one  to  inc rease  the  k ine t i c  ra tes  o f  remova l  f rom
ihe  con tamina ted  s i te  by  se1ec t i  ng  a  more  e f f i c ien t  consor l i a  o f
m ic roorgan isms than  migh t  be  p resen t  a t  the  s i te-  -By - inc reas  

ing  the  k ine t i c  ra tes  i t  has  been  poss ib le  to -
re rned i i te  s i tes  in  s i x ty  lo  n ine ty  days  us ing  the  add i t i on  o f  a
se l  ec ted  consor t ia  o f  m ic roorgan isms.

8v  se lec t inq  the  m ic rob ia l  c0nsor t ia  be fo rehand  i t  i s
poss iU i  e  to  se le i t  fo .  o rgan i  sms tha t  w i l )  no t  p roduce  nu isance
odors  such  as  hydrogen  su i f j de .  Pe t ro leum degrada t ion  can  c rea te
anaerob ic  cond i i i on i  w i th in  the  so i l .  0nce  anaerob ic  cond i t i ons
i i . -p r . t .n t  i t  becomes poss ib le  to  genera te  phy to tox ic  compounds
such 'as  hydrogen  su l f i de (1 ) '  I f  one  augments  the  so i l  w i th
o io .n i i t r ' t ha i  do  no t  po is i ss  the  ab i l i t v  to  genera te  these

i i ' r i i . t . i i .  compounds a  po ten t ia l  hazard  to  on  s i te  pe t ro leum
deqradat i  on  can be  aver ted .

The  cos t  o f  the  se lec ted  mic roorgan jsms has  been  ment ioned
as  a  d isadvan tage  in  t rea t ing  con tamina ted  so i l s '  However ,  i f

one  cons iders  t [e  cos t  o f  a  ieas ib j l j t y  s tudy  to  ensure  tha t  a
U los i jmu la t lon  p ro jec t  w i l l  work ,  the  cos t  i s  cons iderab ly  less
for  the  b  ioaugmenta t  ion  produc ts  .

THE PROCESS

There  i s  fa r  more  invo lved  w i th  b io renred i  a t ion  p r0 jec ts  than
s imo ly  add ing  mic roorgan i  sms.  Var ious  fac to rs  need  to  be
con! i le rea  t6  ensure  ihe  success  o f  these programs '  The proper

* rq in . . t i ng  to  fac i l i t a te  b io l0g ica l  g rowth  j s  a  c ruc ia l  s ' ' ' ep  in

th i  p rocess  o f  b io remed ja t ing  a  s i te .  ^'An  
e lec t ron  accep to r  i s ' requ i red  fo r  b reakdown o f

hydrocarbons .  0xygen ,  n i t ra te  and  su l fa te  a re  the  mos t  common '
i i r -a -U ioremeaia t ion  pro jec t  the  presence o f  oxygen is  0ne o f  the

mos i  i ruc ia i  fac to rs  to  the  ra te  o f  reac t ion .  Th is  i s  espec ia l  1y

l iue  ear ly  on  in  a  p ro jec t  be fore  any  oxygenated  in te rned ia tes
i . . - io i t . l .  Sporad i  c  iepor ts  o f  anaerob i  c -  degradat i  on  i  n  v  i t ro

iema in  con t rovbrs ia l  ,  and  conv inc ing  p roo f  o f  s ign i f i can t  - .
. r . . roo i i  r t ya tocarbo ;  b iodegrada t io ;  j s  s t j l l  ou ts tand ing(1 ) '
; ; i i ; i ; t  a re  a  po ten t ia l  e lec t ron  accepto , r ,  bu t -a re  no t  abundant
l r  ro i j i .  N i t r i t e  i s  no t  energe t i ca l l y  favorab ie  fo r  th i s
Duroose  in  so i ' l  s  (6 )  .' " ' ' - i ; , o i i i  

ae i . i i on  depends  on  the  to ' "a l  amount  o f  a i r  f i l l ed

oo . .  i p . . . .  E l jm ina t ion  b f  a i i .  f . i  11ed  pore  space  by  wa te r logg ing
[ r  .o r i . i i i on  reduces  oxygen t rans fer '  Large  amounts  o f
U ioJ .g i ia .U i .  o rgan ics  in - the  top  l  ayers  w i ,11 -dep le te  oxygen  

" ,  -
reserves  tn  tne  so l  t  ano s low down oxygen d i f fus i0n  ra tes  to  the

deeper  i  aYers .
oxyqen can become a

pet ro leun degradat i  on  '  so
app l  l ca t lons .  In  aqueous
prov i  de  nore  sur tace  area
l  i ve  on l  y  in  the  aqueous

I  im i  t i  ng  fac to r  i  n  a i . l  tYPes o f
aera t jon  i s  requ i red  jn  mos t
sys tems aera t jon  and  ag i ta t ion  a l  so
o i  hydrocarbons  to  the  bac ter i  a  wh ich

phase  o f  the  sys tem and  work  a t  the  o i l

5



to  water  i  n te r face  .
Ano ther  essen t ia ' l  pa ramete r  in  a  b io remed ia t i0n  p rocess  i s ,

mo is tu re ,  Bac te r ia  re ly  on  wate r  to  exchange  every th ing  th rough .
the  ce l  l .  A t  100% sa tu ra t ion  o f  mo is tu re  in  so i l s ,  however '  a l l

i o r . - i p . .e t  a re  f i l l ed  w i th  wa te r .  A t  on ly  10% sa tu ra t ion  o f
i ro i s tu ie  Ieve l  osmot i c  and  mat r i x  fo rces  reduce  metabo l i c
i i t l " i t i  t o  marg ina l  l eve ls .  l 4o is tu re  leve ls  in  the  range  0 f .20%
io  eoz"  i , f  i a tu r i t i on  genera l l y  a l low su i tab le  b iodegrada t ion  in

so i l s (1 ) .
i t ' t .  add i t j on  o f  l a rge  quan t i t i es  o f  hydrocarbons  in  a  sys tem

usua t  i y -c iea tes  a  nu t r i  t i ona l  imba l  ance  wh i  ch  needs  to  be
io i " . . i .a  by  the  app l  i  ca t i  0n  o f  i  norgan i  c  fe r t i  I  i ze rs  conta i  n  i  ng

n i t .og .n  an i  phosp i rb rous .  B i  os l  udge i  f rom re f i  nery  and
pe t ro ihemica l '  t rea tment  fac i l  i t i es -norma11y  con ta in  enough
n  i  t rogen  and  phosPhorous  .

For  
' l  
and farmi  ng  opera t i  ons  the  Amer j  can  Pet ro  leum Ins t  i  tu te

recommends  a  C :N ra i io  o f  150 :1 .  Labora to ry  exper iments  by
D ibb i ; - . ; ;  Ear tha  showed a  C :N ra t io  50 :1  and  a  C :P  ra t io  o f
gO0, f  to  be  op t imum(1) .  The  expense  o f  fe r+" i l  i ze r  and  the
po ten t ia l  fo r  g roundwate r  con tamina t ion  encourage  m0re
[on i . i u . t i u .  a ip l i ca t ion  ra tes .  l , l os t  ag r i cu l tu ra l  fe r t i l  i ze rs

ion ia in  excess ive  P  and  K  fo r  m ic rob ia l  use '  Urea  and  ammon ium
io tpouna t  can  be  added  to  such  fe r t j l i ze r  to  b r in -o  up  the
; i l ; ; ; ; .  l eve ls .  N i t ra tes  can  pose  leach ing  p rob lems and
; ; ; . ; i ; ; .  den i t r i f i ca t ion  under  anaerob ic  cond j t i ons '  The
i r i r . i t f , - i t t  be ing  pos i t i ve ly  charged  b inds  to  the  nega t i ve iy  -
;h ; f t J  so i I  pa r t i c les .  Bu t -  i n  we i l  ae ra ted  so i  l s  w i th  neu t ra l
oH- t i i u " i ,  abbve  50 'F  the  ammon ium ion  i s  n i t r i f i ed  to  n i t ra tes
i  n  one  to  two  weeks  a f te r  app l  i ca t  i on  (12  )  '

i n  c lean  up  s i tua t ions  one  f requen t i y  canno t  do  a  mass
ba l  ance  o f  po l l l t an ts .  Su f f i c ien t  n i t r "ogen  and  phosphorous  mus t

u . 'p i : . i . r t  [o  t i . i t  o f f  m ic rob ia l  ac t i v i i y  and  mus t  be  mon j to red
ion i inua t ty  to  assure  tha t  they  don ' t  become- too  low due  to
ass im i la t ibn  in to  ce l l  mass ,  

' l  
each ing ,  n i t r i f i ca t ion ,  0 r

vo la t i l j za t ion .  l i e  recommend ma in ta in ing  n i t rogen  leve ls  in

. r . . r t  o i  5  pp t  a t  a l l  t imes  and  phosphorous  leve ls  o f  l  ppm or
'no r . . -  f t ' . t .  i eve ls  w i l l  ensure  tha t  m ic rob ia l  ac t i v i t y  i s  no t

I  os t .
Tempera ture  a f fec ts  the  ra tes  o f  mic rob ia l  metabo l jsm as

we l l  ; ;  Ih ; -pnv i i i a t  s ta te  o f  hydrocarbons ' . .  I t  a l so  a f fec ts  the

so lub j  l  ' i t y  o f  the  subs t ra tes .  Some sma l  l  a  l  Kanes are  m0re
so lub le  a l  o "  C  than  a t  25 '  C(10) '  E leva ted  tempera tu res  can
in f i r .nc .  nonb io log ica l  l osses ,  ma in ly  evapora t ion '  In  some
. . t . i  t t ' t .  decrease i  evapora t ion  o f  tox ic  components  a t  lower
tenoera tu res  has  been  repor ted  to  have  jnh ib i ted  degrada t ion (3 ) .
i ; ' ; ; ; ; ; ; i  

-mot i - te iopr ' t i l i c  
bac ter ia  per fo r rn  bes t  a t  about  35"  C '

bu t - the i r  per fo rmance can be  a f fec ted  by  these 0 ther  fac to rs  '

c in t .qu .n t i i  researchers  have repor ted  d i f fe ren t  op t imums and
cons lderab l i  var iance in  ac t iv i t y  a t  d i f fe ren t  tempera tures '
i i i i j . - . r ' t i . s "  in  ac t i v i t y  over  g lven  tempera ture  ranges  and

. in . . - t tp . t i i c i  a l  con t rad i  c t  ion i  .  Hudd l  es ton  and Cresswel  I

i i i i l l - r l p t . ted -pe t ro leum degrada t ion  in  so i l s  as  low as  -1 '1 'C



as  long  as  the  so i  l  s0 lu t ion  rema ined  
' l  
i qu id (7 ) .  Degrada t ion

ra tes  were  qu i te  s low.  in  na tu ra l  hab i ta l s  sh i f t s  in  m ic rob ia l
popu la t ions  due  to  tempera tu re  changes  have  been  repor ted(14)  '
As  one  migh t  suspec t  f rom such  sh i f t s ,  as  we l l  as  changes  in
so lub i l i t i es ,  the re  a re  repor ts  showjng  the  types  o f
hydrocarbons  be lng  degraded may vary  w i th  tempera ture .

l , l h i l e  the  pH-o f  ihe  mar ine  env i ronment  i s  un i fo rm,  s teady ,
and  a lka l ine .  the  oH o f  va r ious  so i l s  covers  a  w ide  range .  The
mar ine  env i ronment  i s  we l l  bu f fe red .  In  so i l s  and  poor l y
bu f fe red  t rea tnen t  s i tua t ions ,  o rgan ic  ac ids  and  minera l  ac ids
f rom the  var jous  metabo l  i c  p r0cesses  can  s ign i f i can t i y  lower  the
pH.  The  overa l1  b iodegrada t ion  ra te  o f  hydrocarbons  genera l l y  i s
h igher  under  s l i gh t l y  a lka l ine  cond i t , i ons .  So  appropr ia te
mon i to r ing  and  ad jus tments  shou ld  be  made to  keep  such  sys tems in
the  7 .0  to  7 .5  pH range .  Var ia t ions  o r  sw ings  in  pH in  t rea tment
sys tems can have a  ve iy  de le te r ious  e f fec t  on  the  per fo rmance o f
the  b  iomass .

S ince  o i l s  and  mos t  pe t ro leum hydrocarbons  a re  on ly
spar ing ly  so ' l  ub le  in  wa te r ,  the  re la t l ve ly  sma l l  i n te r fac ia l  a rea
o f  o i l  

- i n  
con tac t  w i th  wa te r  can  I  im i i  the  m ic rob i  a l  degrada t ion

o f  o i l .  I ' l i c robes  co lon ize  the  su r faces  o f  o i1  d rop le ts  and  the
unders ides  o f  s l j cks .  14any  hydrocarbon  us ing  mic roorgan isns
produce  emu l  s i f y ing  agen ts  wh ich  g rea t l y  enhances  the i r
e f fec t i veness  in  hand l ing  the  o i1 .  I i  i s  w ide ly  he ld  lha t
emu ls i f i e rs  can  be  invo lved  ' i  n  the  en t ry  o f  hydrocarbons  in to  the
ce l l s ,  bu t  degrada t ion  can  occur  w i thou t  emu ls i f i ca t ion .
Emuls i f i e rs  have  p roven  use fu l  j n  some c lean  up  opera t ions ,  bu t
va r ious  sources  jnd ica te  tha t  no t  a l l  d i spersan ts  enhance
b i  odegrada t ion (9 ,  i 2 )  .

Most  o f  the  parameters  tha t  need lo  be  mon i to red  in  a
b io remed ja t ion  p rb jec t  a re  a  func t ion  o f  good  env i ronmenta l
aD0 l i ca t i0n .  0nce  the  env i ronment  has  been  made conduc ive  to
b ic te l i  a l  g rowth ,  and a  sa t js fac to ry  mon i io r ing  sys tem-has  been
estab l  i she i ,  the  programs are  no t  very  Iabor  o r  cap i ta l
i n tens ive .

SUCCESSFUL 8 IOREHED IATION PROGRAI.15

Severa l  innovat ive  and success fu l  b io remedia t ion  programs
have been conducted  by  So lmar  Corp '  in  con junc t . ion  w i th  var ious
env i ronmenta l  eng ineer ing  f i rms  and  remed ia t ion .  con t rac to rs  '

CAsE # i :  B io remedi i t ion  was se lec ted  as  the  method o f
cho ice  to  c lean up  an  abandoned re f inery  s j te  in  southern
Ca l i fo rn ia .  The  th i r t y - two  ac re  s j te  was  ioca ted  in  a  p r ime
indus t r ia l  a rea  and  the  goa l  was  to  c lean  

"he  
s i te  to  a  low

enough 1eve1  tha t  commer i ia l  bu i ld ings  -cou1d  be .bu i i t '- ' ' The  
in i t i a l  con tamina t ion  Ieve l i  fo r  the  s i te  ranged  f rom a

low o f  1500  ppm to  a  h igh  o f  30 ,000  ppm.  .The  s i te  was  sec t joned
of f  in to  sevb ia l  t rea tmin t  zones '  and a  b io remed ' i  a t ion  program
was bequn  us tnq  a  consor t ia  o f  m ic roorgan i  sms supp l ied  by  So lmar .
coro .  o f  0 ranq6,  CA '  S ince  the  s i te  had been contaminated  on  and
o i f ' f o .  ,  pe r ioc l  o f  fo r t y  years  w i th  l i t t l e  on  no  s ign  o f



decontaminat ion  by  ind igenous organ ' i sms i t  was  conc luded tha t  a
b joaugmenta t jon  p iogram cou ld  acce le ra te  the  remedia t ' ion  process '

ihe  t rea tmei r t  ias  conducted  over  a  per iod  o f  s ix  months '
l , lh i le  a reas  were  be ing  t rea ted  o ther  a reas  were  be ing  taken 0u t
o f  se rv ice  un t i l  t he  En t i re  tank  fa rm was  d ismant led '  As  a reas
were  taken ou t  o f  serv ice  t rea tment  was begun to  remed ia te  those
sec t i  ons  o f  the  p roPer ty .

The  twen ty  n inb  ac ies  o f  the  a rea  was  cer t i f j ed  as  c lean
wi th in  a  per iod  o f  0ne  year .  The  ba lance ,  wh ich  has  been  used  as
the  dumping  a rea ,  i s  s t j l l  be ing  remed ' ia ted '

Cnbe  IZ :  The  c i t y  o f  Carson ,  Ca l j fo rn ia  dec ided  to
.xe tc i t .  i t s  nedeve lopment  powers  and condemned a  s i te  tha t  had
Ueen usea  as  a  pe t rochemica i  tank  s to rage  s i te  and  sa)vage-
rp* i . i i t . .  The  s i ie  had  been  an  eyesore .  Ra ther  than  sea l  the
con taminan ts  a t  the  s i te  under  bu i ld ings  and  park ing  1o t ,  the
i i i y -J .c i l . a  to  ge t  r id  o f  the  con taminan ts .  The  s i te  had  been
ear i ra rked as  a  p i rk ,  and the  c i ty  o f f  i c ia ' l  s  were  concerned tha t
i f  the  con taminan ts  were  le f t  i n  p lace  they  may  endanger  the
hea l th  o f  the  ch i  l d ren  us ' ing  the  park (13) .-  

i i , .  p r i ce  fo r  hau l ing  iway  the  con tamina ted  so i l  fo r  p roper ,
d ispos i l  was  es t imated  to -be  $2  mi l l i on .  The  es t imated  amount  o f
ion iamina ted  so i l  was  approx imate ly  10 ,000  cub ic  ya rds '  A
b ioauomenta t ion  p roqram was  p roposed  and  adop ted  a t  the  s i te '

i he  cos t  o f  the  c lean  up  was  less  than  5132 ,000 ,  and  the
c i t y  began  seek ing  b ids  fo r  i t s  mos t  e labora te  rec rea l ion
f  ac i  1  i  l y .

cASE #3 :  t rJhen the  Sacramenlo  Ut  i  I  i  t i  es  0 i  s t r i  c t  purchased a
sna l l  fa i ce l  o f  l and  to  expand  the i r  ex is t ing  park ing  lo t ,  they
*er .  un . *are  tha t  the  land had been prev ious iy  contaminated  w i th
d iese l  fue l  .  Once the  contaminat ion  had been de tec ted  the
Ut i f i t i . t  0 i s t r i c t  dec ided  to  take  i t  upon  themse lves  to  c lean  up
f h o  < i i c

The D is t r i c t  rea l  j zed  tha t  mere ly  excavat ing  and hau l  ing  the
con tamina ted  so i l  to  a  dump s i te  was  jus t  t rans fe r r ing  the - .
p i rO i . t  i o  ano ther  s i te .  i n  keep ing  w i th  the  D js t r i c ts  po l  j cy  o f
ion . . .n  w i th  the  env i ronment ,  o t i re r -a l ' "e rna t i ves  to  land  d isposa l
were  50ugnI .

Upon  examjna t ion  o f  t rea tment  op t jons  the  D is t r i c t  dec ided
to  imp iement  a  b io remed ia t ion  p rogram.us ing  b ioaugmenta t ion .as
the  sburce  o f  o rgan isms.  The  b io rened ia t ion  o f  the  2000  cub ic
y i rds  o f  con tami ia ted  so i l  reduced the  Tota l  Pet ro leum
i lva i . . i tUJn ieve ls  f rom 2800 ppm to  less  than 38  ppm (F igure  2)
i  n  approx i  mate l  y  74  t rea tment  days  (1 i  )  '  The cos t  o f  t rea tment
* .s  iSeo ,ooo  le i s  than  the  to ta l  p r i ce  o f  d i sposa l  w i thou t  the
i  nheren t  I i  ab i  l  i tY .

CASE #4:  B iL remedja t ion  was the  method o f  t rea tment  op ted
fo r  to  t rea t  1500  cub ic  ya rds  o f  d iese l  con tamina ted  so i l  a t  the
fo . r . i  f i i ng t  i ruck  Stop  

' in  
Sacramento ,  CA '  The-pro jec t  reduced

i t ' .  a i . r . t ' con taminant  leve ls  f rom 3000 ppm to  less  than 30  ppm

in  approx ima le ly  62  t rea tment  days .- ' L l i i  
lS ,  i n  s i tu  b io remed ia t ion  was  necessary  to  c lean  up

contaminat ion  f rom a  rup tured  t rans fer  l ' i ne  tha t  passed under  a



ra i l road  t rack .  A  iumbo tank  car  had  been  mov ing  on  the . t rack  as
sJ lven ts  were  be ing-pumped th rough  the- l i ne .  -The . resu ' l t i ng  . ,
i r r i t r . - t .J  io .  r6r !  o f :oo to  +oo ga1 lons o f  so lvent  a t  a  depth
oi - iA in . f , . t  beneath the sur face a long 120 feet  o f  the t rack '

A con t jnuous ly  rec i rcu la t ing  g round  in jec t ion  sys tem was
des lqneJ-and  ins ta i led  to  t rea t  ihe  con tamina ted  so i l  ( see  F igure
i t .  " i . i l ow inq  a  c lean  up  p rogram o f  n ine  months  w i th  the
b louug t .n t .d  i ys tem,  a  99 .5% degrada t ion  o f  the  con taminan ts  was

ach ieved (Tab l  e  1 )  .
CASE'#6 :  A  6 io remed ia t ion  p ro jec t  i nvo lv ing  32 ,000-cub ic . -

va rds  o f  so i l  con tam. ina ted  w i th  va r ious  lub r i ca t ion  and  fo rm o ' i  l s

i i  i u t ten t t y  ongo ing '  P re l  im inary  resu l t s  ind ica te  tha t  the

con i im ina t i i n  l6ve l i  have  been  reduced  f rom a  h igh  0 f  4800  ppm

J.v l " - f .  i i s  ppm in  the  mos t  con tamina ted  ce l l  (F iqure  3 ) ' -  I l  a

i . r r . i - .on i . i i na ted  ce l l  the  leve ls  have  been  taken  f rom 1400

oom down to  be low the  ac t ion  leve l  o f  i 00  ppm (F igure  4 ) '

COST OF TREATI'IENT

Cos t  e f fec t i veness ,  i t  seems,  p lays  on ly  a  sma l  l  ro le  in  the

.o .n . i . i  ou rsu i t  o f  the  e lus ive  Bes t  Demons t ra ted  A l te rna t i ve
t6chno loqy  (AORT) .  The fac ts  a re  tha t  economics  d0  govern '  -ano.
' i f cos te f fec t iVewayso fdea l ingw i th theprob lemscanbe found ,
i f , .n - t " . .  s i tes  w i l l  be  c leaned  up ,  and  fewer  genera to rs  w i l l

resor t  to  1ega1  de lays  in  e f fec l ing  c lean  ups ' .
Feas ib i i i t y  s tud ies  conduc ted  on  the  p rev l0us  p roJec is

d . i  scussed  above  found  tha t  b io remed ia t ion  i s  a  mos t  c0s t
. i i . i i i t .  means o f  dea l  i  ng  v l i  th  contami  na ted  so  i l  s  '  As  w i  th  most

i . . r l no j  oq i ; i  i os t  i s  d i re i t i y  re la ted  to  the  s i ze  o f  the  s i te  and

; ; i ; ; i ; i  i on tamina t ion .  However ,  b io renred ia i  approaches  tend  to

t ' .uJ  to* . .  f i xed  cos ts  and there fore  are  ab le  to  compete
i .uo . i l fV  w i th  o ther  techno log ies  f rom a  cos t .  s tandpo in t '' - ' - 'w ; . ;  

i oo [ ing  i t  .  b ioaug , i "n ta t ion  p ro jec t ,  one  mus t  cons ider

the  cos i  o f  the  iu l tu res .  G6nera l i y ,  the  cos t  o f  the  cu l tu res  i s

i . i ,  i t , .n  2% o f  the  to ta l  cos t  o f  the  pro jec t .  when one we ighs

tn . - .o i i  o i  the  o rgan isms versus  the  assurance  o f  m ind  in

ino* ing  th .  co r rec i  o rg .n i t . t  have  been  p rov ided ,  th i s  j s  a  sma l l

p r i  ce  to  pay .'  
Tab l i  2  q ives  a  b reakdown o f  va r ious  techno log ies  and  'uhe i r

cos ts  per  ron .

FUTURE TRENDS

At  the  t ime o f  th i s  wn i  t i ng  Ca l i fo rn ia  seems to  be  push ing

tor  U io re , lea ia f ion  o f  pe t ro leum-contaminated  so i l s  more  than any

o i i t " t  i t i i . .  Th is  i s  due  in  par t  to  the  s t r ingen t  regu la t ions

w i lh in  the  s ta te .  S . ince  Ca l i i o rn ia  c lass i f i es  a1 l  pe t ro leum

lon t r r in i t ta  so i l  con ta jn ing  I ,000  ppm to ta l  pe t ro leum

hvdrocarbons  or  more  as  haz i rdous '  and requ i res  i t  to  be

; : ; ; i ; ; ; ; ; .d  d isposed  o f  i n  a  c lass  one  land f i l 1 '  the re  a re

; ; ; i ; ; ; - ; ; t ; ;m ic  incen t i ves  in  ca l  i f 0 rn ia  tha t  do  no t  a t  l h i s

t ime ex is t  i n  c ther  s ta tes .



I t  w i l l  be  a  shor t  t ime be fore  o ther  s ta tes  se t  more
s t r ingent  requ i rements  fo r  dea l  ing  w i th  th is -  con taminated  so ' i  I  '
New J6rsey 's  DEP is  mon i to r ing  the  e f fec t  o f  many  o f  Ca i i fo rn ia ' s
po l  i c ies  io  enab le  them to  p repare  gu ide l  i nes  fo r  so i  l  t rea tment
w i  th  in  the i r  own s ta te .

The  techno logy  o f  b ioaugmenta t ion  has  been-  a round  fo r  over
twen ty  years ,  bu t - j t s  use  in  b io remed ia t ion  cou ld  s t i l l  be
cons j ie red  in  the  fo rmat i ve  s tage .  T rea tment  o f  ' ' s imp le ' '  was tes
such  as  was te  o i l  a re  fa j r l y  s t ra igh t  fo rward ,  and  o ther  more
complex  wastes  are  be ing  t rea ted  everyday .  0ur  f i rm is  cur ren t iy
l  oo i< ing  a t  be ing  ab ' l  e  to  hand le  severa l  t roub lesome subs t ra tes
tha t  h ;d  no t  be ;n  cons idered  as  cand ida tes  fo r  b io remed ia t ion  in
the  pas t .  Concur ren t l y ,  we  a re  a lso  assess ing  the  poss ib i l i t y  o f
se lec t i ve  remova l  o f  con taminan ts '  There  i s  some ev idence  tha t
i t  may  be  poss ib ie  to  se lec t i ve ly  remove ,PNAs f rom a  s i te  be fo re
remov ing  t i re  o ther  con taminan ts '  I t  wou ld  then  be  poss ib le  to
de l i s t  i e r ta in  con tamjna ted  s i tes  by  remov ing  the  charac te r i s t i c
tha t  n lade  them hazardous  jn  the  f i r s t  p1ace .

Regu la to ry  0bs tac les  to  b io remed ia t ion  a re  becoming  fewer
and few6r .  1n  cer ta in  reg ions  o f  Ca l  i fo rn ia  i t  i s  now requ i re -d
tha t  a  s i te  mus t  exp lo re  ihe  poss ib i l i t y  o f  b io remed ia t ion  be fo re
any  o ther  techno logy  can be  adopted-  l le  see th is  as  a  t rend tha t
w i i  l  con t inue  to  g iow as  land f i l l  a l te rna t i ves  and  economic
cons t ra in ts  I  im i t  the  number  o f  v iab le  a l te rna t i ves  fo r  hazardous
was te  d i  sposa l  .
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cotlPoNENT 09/24/84
(ppb)

Benzene N/A
Carbon Tet .  N /A
l - h l a r n h o n u  o n o  q  n q n

1, I  DCI  N /A
Ethy l  Benzene  154 ,000
t0 tuene  J t ,uuu
111 TCA N/A
Xy iene  1 ,249 ,000

N/A -  no t  ana lyzed fo r

TREATMENT PROCESS

Landf i l  l  d i sposa l  fees :

Mob i le  Inc inera t ion :

5 tab  i i  i  za t  i  on l f i  xa t  i  on :

B  io remed i  a t  i  on :

COST PER TON

Si40 to  5120/ tan
+ Taxes
+ Tnanspor ta t  i  on

5150 to  S400/ ion

5100 to 5200/i .on

S15 to  570,z ton

TABTE 1

ta /3 t /84
(ppb)
96
o f ,

227
508

I  I  t q

1,276
d L

16,825

TASLE 2

04/04 /84  % RED
(ppb)
31  67  .7
N i l  99 .9
3 /  9 9 . b

341 32 .9
382  99 .8
526 98 .3
N i l  9 -o .9

1  0 7 4  0 a  R
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APPENDIX 2

GEN-TECH DRILLING, SEALING,

WELL GONSTRUCTION AND SAMPLING PROTOCOL



f%*onmennl
GEN TEeH sNvr*oNl.lttrrAJcr' 

i'tt') ;se-1120 ' ri\

DRIT.T.II{G, SEALII{G WELL CO}ISTRUCTION AHD SAI.TPLING

Las t  Rev .  4  /5 /93
Exptoratory Boring Drilling and Sea1ing

Exploratory bor ing and wel l  construct ion, and borehoLe seal ing
pr icedures- fo]1ow 

-guidel ines 
reconmended by the.usEPA, cal i fornia

i.egional water Quality ControL Board, and nodified as required by
ci ty,  1ocal  or water dj .str ict  agencies. Dr i l l ing is perforned only
under approved perrni ts and boreholes are sealed upon cornplet ion'

1936 Camden Ave., Suite 1
San Jose, CA 95124

Contrador's 1ic. t615869

(4081 S;o. nlB . 1-800-199-'1220

PROTOCOL

soit sanpling: Procedures

1. Dr ive (or hydraul ical ly push) soi l  sarnpl ing $t i1 l  commence at
a depth of  5 feet below surface grade. The samples wif l  be taken
at g foot increnents and at intervals of geologic j.nterest or
obvious contarnination. Additiona] sanpling and/or continuous
coring nay be done at the discret ion of  the supervis ing greologist .
al l  l -oqqinq wi l l  be done using the Unif ied soi l  c lassi f icat ion
System, together with pert inent qeologic observat ions.

2.  soi l  sarnpl ing tools (spl i t  spoons, cores, etc.)  ! ' t i11 be
disassembled, i tearn-cleaned oi  c leaned in soapy (TsP) $rater,  r insed
with clean tap water and f inal ly r insed with or dist l l led water '
and air-dr ied-pr ior to taking ea-h sanple.  The cl-eaned tools wi lL
then be reassetnbled with sinilarfy cleaned, dry brass sarnple liners
and carefully LohTered into the hollow stem augers for the
coLlect ion of  the next sarnple.  The dr i1l  r ig wi l l  be
decontaminated as needed and at the discretion of the logging
geo log i s t .

3.  When sanpl ing stockpi le soi ls or dur ing excavat ions, the soi l
sarnple wi l l  be col lected by the fol lowing procedur-e i  a c lean brass
linlr will be pushed into the stockpile or soil in the excavator
bucket. About two inches of soil will be brushed away and the
l iner pushed into the soi l .  The l iner is then renoved, sealed,
tabeled and logged onto chain-of-custody forrns and packed in a
chi lLed ice chest.

4.  The soi l  samples in the lowernost of  brass l iners in the
sarnpl ing tool  ( i f  in good condit ion) wi l l  be retained for chenicaL
test inq] the sampleJ wi l l  be labeled and sealed in the f ie ld in
their  

-or ig lnal  
l i -ners.  Sample l iners ends wi l l  be sealed t ' i th

aluminurn foil, capped with clean cap plugls I and taped.

St:rvi<'pt 1',tr a Cle,rner Environmenl
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5. The remaining soil sarnple will be extruded fron the other
r ings in the f iJ ld and l i thological ly 1oq1ged. sanpLer- shoe
cutf ings, dr i l l  r ig response and bi t  penetrat ion rate r^t i l l  a lso be
loqgedi the cutt ings and the soi ls sanpl-es not retained for

cnEir icat analysis wit t  be placed in 55-gal-1on drums pending

chernical  anatysis and off-s i te disposal .

6.  A11 sarnples retained for chernical  analysis wi l l  be stored on

ice in a c1ean, covered cooler-box for t ransport  to the Laboratory '

Reconnaissance Groundwater sanpling Procedures

l- .  Reconnaissance groundwater sample, handl ing, and storage wi l l
follow guidance docu-nents of the Environmental Protection Agency
and Regional water Quality control Board and 1ocal aqency
guidel ines for the invest igat ion.

2.  Reconnaissance groundwater sarnples wi l l  be colLected in the

f ie ld in tenporar i ly -ased exploratory boreholes using clean Tef lon
or disposaf bai lers.  The samples wi l l  be col lected fron

tenporai i ly cased exploratory boreholes'  A11 sanpls -containers
wit i  ue pr6perLy prepared, sei led, labeled, and ident i f ied'  Label
informat ion wi l l  lnclude the date, sampler name, sampl j -ng t ine, and
identifj-cation numl:er, and the project name and nurnber.

3.  The sanple wiLL be del ivered to a State Cert i f j -ed Laboratory
within two days of  col lect ion. sanples wi l l  be kept on ice and/or
refr igerated cont inuously for shipment to the Laboratory '

4.  The sealed sample wi l l  only be opened by Laboratory personnel

who wi l l  perform the chernical  analysis.

5.  The sanples wi l l  be analyzed according to the approved EPA

Method and storage for the requested analysis

6. Groundwater sarnpl inq wi l l  begin 24 hours fol lowing wel l

aevetoprnent, followin-g thd procedurei detailed below for rnonitoring
well sinpling. Depth to water measurenents are made to the nearest

o.01 fool  a iurvel ied datun (project or known) and wel ls are checked

for separate phase product. B6reholes are sealed following t'tater

sanpl ing.
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t{onitoring Well Construction

1. The proper perrnits vritl be obtained from the appropriate

lo.rl"t--ot 
-water 

oi=tri-J, using a well- rnspector as required to be

iil=!i,t-i""*i;;;;-$;;stallition of rhe annular seal . rhe soil-s

i l ; i ; ; ;  i l r . f l . -arir led with a conrinuous-f l ighr hol lorr-stem auger

of at least 3 inches l t"" ia. Diameter (ID) and 6 to 8 inches outside

Diarneter (OD). elJ. iugers wil l  be thoroughLy steam-cleaned prior

l"-" i . i l i r iq ihe site. The augers wit l  be steamed cLeaned between

;;t i ; ; ;- ; f  a rocation-we1t 
-awav 

frorn the proposed bor. inqs-or

adequate cl.ean auger'* i f f  U. avaifable to complete al l-  of the wells

without reusing auger secElons '

2. A geologic dri l l ing .1og wiI l .  be nade of the naterials

encountered u.,a 
".*pfe 

aiptft fot each boring' The soils'/sediment

I i thology !.r j-1r be 1;;q;;-; ;r"q *tt  unit i th soi]  classif j-cation

system. The ]og wii i  j -nctua" r i t fA descript ions -of the soi l

i i i i r I i ." i .- ; ;r ;r i" ; ; ;  moisture condir ions, seologic data, .and anv

i""!i"i'Jn"";;;i;;i;;i;r 
"rr:-.n 

rnav indi-cate the presence of chemicar

contamination '

3- The borings wil l  be advanced to a depth of -45 .feet 
i f  a

saturated zone 1s not 
-.ttco,tttt"t"a 

(in abslnce of other depth

specif icat ions ) .  r f  a saturated zone is encountered' the boring

will advance no further than l-5 feet below first encountered

oroundwater or s f eJ- into the underlying clay aquitard '. A seal

; i i i ' i l - ; i ; . .a i"  i r ,"  overdriLled porCion of the aquitard'

4. During the dri l l ing operations '  .  55-gal-1on druras wil l '  be on

site to contain potential ly contaninateo !oi1s and r inse l" 'ater '

5. Where borrngs are conpleted as. groundltater nonitorinq wells '

2- inch ID schedule ao pvc- blank pip-e wit l  be used' Usual- well

;"; ; ;  serection wir i-* ? inch rD's;hedule 40 Pvc piPe-with o-o20

inch machine sLot. sections wil l  be threaded and screwed together;

glues $t i l I  not be ,r="d. s"t"tns wil l  extend 3-5 feet above f irst

encountered g.oondtit".. The annulus of the perforated section

will be packed witir ciean #3 or #4 Monterey sand' or equivalent ' to

a point about 2-f eei;;;" lr'" ="t""tt int6rval ' rinai werl desiqn

wiI l  be adjusted in the f ield to site specif ic subsurface

"""aiti""., 

-and 
will be placed .so -as not to interconnect tr"o

;; ; ; i l i ; - ;duifers. s&eens wil l  extend a norninal length above f irst

encountered qto,rnottl.i ior floatinq product detection' A 1-2 foot

thick bentonite seaf wiii fe pfa"ed bn top of the sandpack' A

cement annular 
""rf 

-*ni"n 
.*t"na. to the suiface wil-l be placed by

trenj.e line from tne'- loCion to top of the rernaininq annular space

above the bentonite.
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6. The top of  the wel l  casing wi l l  be locked to prevent
contaminatj-on and tarnpering. Above-grade or at-grade well
cornpletion htil-l- depend upon the final rsel-l location. Above-grade
cornl let ion wi l l  require J 6 inch dianeter tockj-ng, steel  protect ive
casing and a chr isty,  or equivalent,  t raf f ic box and concrete pad.

l{onitoring weII DevelopEent

L- wel- ts wi l t  be developed unt i l  the water is f ree of
fine-grained sedirnents and,/or until fiefd measurements of pH, and
electr ical  conduct iv i ty have stabi l ized. Approxinately 4 to L0
well vol-umes of water vtill be removed durinq development of the
weLl.  Durat ion of  development wi l l  be speci f ic for each weII  and
continue until the water clears and sand content is rninirnal or
ceases .

2- Equiprnent inserted into the well during developruent will be
decontaminated by washj-ng or steam cleaning pr ior to and after i ts
use. Developnent water wi l l  be col lected in drurns.

llonitoring $1e11 Saupling

1. Depth to groundwater wi l l  be rueasured to the nearest 0.01
foot, and the r,rell checked for presence of separate phase product.
I f  present,  the apparent thickness of  the product wi l l  be measured.
The rJe11 wiI I  not be sampled i f  separate phase product is present.

2. The standing well vol-une calculated, and 4 to l-0 well volurues
will be purqed florn the well prior to sarnpling. Itteasurements of
conductivity, tenperature and the pH of the waler will be taken
until paraneters have stabiLized to indicate that aquifer water is
enter ing the wel l .

3.  The groundwater sarnples wi l l  be col lected using a Tef lon
Bai ler.  A f ie ld log wi l l  record sarnpl- ing neasurements and
observat ions. Aquifer paraneters which t ' r i1 l  be neasured aret pH,
temperature and electrical conductivity. Aquifer water is assumed
to 6e entering the well when these parameters are neasured within
a 108 range. The sanple wi l l  be col lected rdhen the wel l  recovers
to r,rithin 8oE of the original- depth to r^tater rneasurenent.

4.  The bai ler wi l l  be thorouqhly stean-cleaned or c leaned with
soapy (TsP) htater,  r insed with iap water,  and f inal ly r insed with
aeionized or dist i l led water pr ior to the col lect ion of  each
sanple.  A separate clean baiLer wi l l  be used to sanple each
individual  wel l .



GTE Frotocol Page 5

5. A11 water retained for chemical  analysis wiLl  be placed in
clean, borosi l icate,  4on1 voA via]  wi th a tef lon cap, or c lean
amber glass one-1i ter bott les and other sample containers as
appropriate for water sarupling purpose and test paraneters. Eacfl
sanpte vial  or bott ]e is topped-off  to avoid air  space, and v/ j - l l  be
inverted to check for air  bubbles. and f i l1ed to rninirnurn headspace-
Samples rdi l l  be placed on ice, blue ice, or refr igerated at 4
deqrees Cent igrade at al , l  t ines.

6. Water samples blanks of distilled ltater will be poured throuqh
the sampl ing bai ler and placed in c lean sanple col lect ion bott les
or v ia1s. one water sample blank wi l l  be taken for each set of
l rater sanples col lected from each bor ing or wel l .

7.  Al l  sampl ing equiprnent r^r i I l -  be decontaminated fol lowinq each
sampl ing event,  pr ior to use the next monitor inq weI l .

sarple Records and chain of custody

1. Sanple records for each sample wil f  contain information on
sample type and sourcei Gen-Tech Environmental project nunber /
sarnpler name, sanpling date, location, Laboratory nane, sampling
raethod, and any signif icant condit ions that nay affect the
sampling.

2. A signature chain-of -custody and transference documentation
wil l  be str ict ly naintained at al l  t i rnes.

3. A copy of the Laboratory sample results and the completed
Chain of Custody will be provided htith the technical report.

QualitY control and Quality Assurance objectives

The sarnpling and analysis procedures ernpJ-oyed by GTE for
groundwater iarapling and rnonitoring follow quality assurance and
{ua}ity control (AA,/OC) guidelines set out in Federal , State and
1-oca1 lgencies guidince. Qua.tity assurance objectives have been
estabtilhed to develop and inplement procedures for obtaining and
evaluating water gual i ty and f ield data in an accurate, precise and
conplete inanner. In this way, sarnpl ing procedures and f ield
measurernents provide information that is cornparable and
representative 

'of 
actual f ield condit ions. Quali ty control is

rnaintained by site sPecif ic f ield protocols and requir ing the
anallrtical ldboratory to preforn internal and external Qc checks'
The goal is to provide data that are accurate, precise, conpfete
comparable and representative .



The def ini t ions as developed by overseeing federal  ,  state,  and
Local agency guidance docunents for accuracy, precis ion,
cornpleten-essf cor,nparability and representativeness are:

o Accuracy - the deqree of agreement of a rneasurement with
an accepted reference or t rue vaLue.

o Precision - a neasure of agreement anong individual
neasurements under s irni lar  condit ions. usual ly expressed in
terms of standard deviat ion.

o completeness - the amount of valid data obtained from a
rneasuremEnt system cornpared to the anount that ras expected to
neet the project data goaIs.

GTE ProtoCOI

o conparability - express the confidence
data set can be compared to another.

o Representativeness - a sample or group
ref l-ect the characteristics of the rruedia
point .  I t  a lso incLudes how wel l  the
iepresents the actual parameter variations
study.

Page
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at the sampling
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which are under
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STANDARD SYMBOLS

Legend

I
E
rAv_)
V
Y
E

2JYR 6/2

UYITTED

Soil samplc tocation

Soil sample collccted for laborarory anajysis

No soil rccovcry

First encounurcd goundwacr lcvcl

Potcntiometric groundwaEr level

Disu:rbcd or bag soil samplc

Soil color according to Mufls€U Soil Color Ch:ru
(1975 Edidon)

SOIL CLASSIFICATION SYSTE1VT

Penetration
Sample drivc hammcr wcight . 14O pounds falLing 30 inches-
Blows required to drivc samplcr I foot arc indicard on dc logs

Well Corutruction
-t
\)J Annular scol

Ifl Benonitc scoi

ffi s*ap""t

[-] wcu riscr scction

E weu scrctn scction

MA.IOR DTWSIONS
CROUP
SYMBOIS TYPICAL NAMES

o? .g S
d - ;

9Ee
: : .e

E€i
< L.,) = .;

t l l F =
t l t E :
n r =
?i ;
8:€

:E '$Hy3! .e iS

*-E€E:"
\ J :  I  i'  E5

c = CW Wcll-g:.dcd g:veL. g"rvcl-rt<ld mirorli, linlc cr no 6ncs

CP Poorly gredcd grrvcJs. g:vcl-lmd mi:Ere. liale qno Frscr

E;,i
( f -

CM SiJry grvek. grevcl-lgd-rilt mirortr

GC Qryqy grvelt, Fryc-l.3lnd-chy mircatt

=s
a -- z- a)

. ^ 4  t . ' . =  -  N
A < I e d d

=:€E;!
2 t s

3E SW Wctl-grrdcd rrrdr. grrvclly rrnC. Iittlc or no 6ncs

SP Pcorty grtd.d rtldt, grrvclly rrn&. littl,e or no fi.ucr

9=9
. i  t i ;

SM Silry rrldr. :od-rilt rnixut:

S C Qrycy srdr. :md-clry mi:ora

t n ' 1 ' a
J.=  9
o rl .9
-  t ^

Er -'- :(
3i  o< tz
*7=
Z r r d
, = : =

2 F
a

J

1
y't
F
J

'=
c . :

) l J

J

t,|-| Irngrric rilu od vcry frnc rrndr ret flo.r. rilty cr ckyey
lmo trodr. c qlryca !flu. rith rli8h ptltisiry

Iru'gtnic drF of bw o acdiurn pluricity, Stryelly chyt,
rrndy qlryr. rilry chvr, lcro clryr

OrSmic rilE lad oqmi:ilry clryr qf low Plrcticity

CL

OL

r rcl Lnorgrrric rilu mi:*cous or dirlomrc.d! fhc rrndy or riiq
lY(4r roih- clrrtic rih

Cf,{ LrcrSEdc cltft of hiSb ptldcit/, fu c.hyt

OH Orgrnic chyr of r*ediun o hfuh pLsticity. crSmic ti]o

Pt Pe{ sd odxr NrNy <rgmie sofu

NOTEST

l. Boundery Cbssification: Soils poss6sing chricrcrisdcs of two group's arr dssiSnarcd by combinations of group symbols. For

cramplc, GW-GC. weu-grad.d gravel-sand mh 'l.re witi clay bindcr.
2. All sicvc sizcs on this chan arc U,S. standard.
3. T1c tcrms "silt" and "clay' arc uscd rcspcctively ro disunguish maarials cxhibiting lowcr plasdcity from thosc wifi higilct

plasticiry.
4. ior a complca dcscripdon of r}c Unified Soil Classific-ation Syscm, scc "Technical Munorandum No. 3'357,' prcprrcd for

officc, ciricf of Enginecrs, by waerways Equipmeor s ution, Vicksburg. Mississippi. March 1953.


