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Work Plan 0221.W3

Mr. Scott Seery

Alameda County Department of Environmental Health
1131 Harbor Parkway

Alameda, CA 94502

SUBJECT: OXYGEN RELEASING COMPOUNPD INJECTION WORK PLAN
Former Cottage Bakery
2497 and 2507 Grove Way
Castro Valley, California

Dear Mr. Seery:

P&D Environmental, a division of Paul H. King, Inc. (P&D), is pleased to
present this work plan for the drilling of thirty-three soil borings and the
injection of Oxygen Releasing Compound (ORC) into those borings. The boring
density and proposed concentrations for application of the ORC are in accordance
with recommendations set forth by the ORC manufacturer for effective use of ORC.
Mass balance calculations for application of the ORC are attached with this work
plan as P&D Calculations 0221.Ci. The calculations detaill the amount of ORC to
ba used at the site, and demonstrate that the amounts to be used are appropriate
to remediate the detected hydrocarbons at the site., A Site Plan Detail showing
the proposed boring locations is attached as Figure 1.

All work will be performed under the direct supervision of an appropriately
ragistered professional. This work plan is prepared in accordance with
guidelines set forth in the document "Tri-Regional Board Staff Recommendations
for Preliminary Evaluation and Investigation of Underground Tank Sites™ dated
August 10, 1990 and “Appendix A - Workplan for Initial Subsurface Investigation®
dated August 20, 1991.

BACKGROUND

Based upon gite history summaries prepared by others, i1t is P&D‘s
understanding that from 1955 to 1985, the subject site was occupied by Cottage
Bakery. Racords indicate that one 10,000 gallecn capacity underground storage
tank (UST) was installed at the site in 1955. The property was acquired by Cliff
Sherwood and subsequently subdivided. Records show that the UST was removed in
1986. Eventually, the western portion of the property was purchased by Tony
Marguez, and the eastern portion of the property was purchased by Mr. Wilson Chiu
and Ms. Meranda Chang. Review of maps for the site indicate that the UST and
digpenser were located in the immediate vicinity of the new property line, with
the UST located on the western portion and the dispenser located on the eastern
portion.

In December 1999 and February 2000, P&D performed a subsurface
investigation congisting of 14 GeoProbe borings in a grid pattern centered around
the former UST system at the gubject site. The results of this investigation are
presented in P&D’‘s Report 0221.R1, "Subsurface Investigation Report," dated
February 29, 2000. The scope of work set forth in thig work plan was recommended
in the Subsurface Investigation Report, and was based on several conversations
with Mr. Scott Seery of the Alameda County Department of Environmental Health
(ACDEH) .

The results of the investigation showed that elevated concentrations of
petroleum hydrocarbong were encountered in soil and groundwater in boring B6, and
that the extent of petroleum hydrocarbons was defined by surrounding borings B2,
B3, BS, B8, B9, Bl3, and Bl4. The surrounding borings were located approximately
15 to 20 feet away from boring B6. A map showing the boring locations ig
attached as Figure 1.
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COPE_OF WORK

In order to drill 33 borings and inject ORC into each of them, P&D will
perform the following tasks:

Regulatory agency coordination, including permitting for drilling of
33 soil borings.

Health and safety plan preparation.

Client and contractor (ORC supplier and driller) coordination.
Scil boring and ORC injection oversight and documentation.

Report preparxation documenting drilling of the borings and injection
of the ORC.

o

Qo000

Bach of thege is discussed below in detail.

Permitting and Requlatory Coordination

A permit will be obtained for the installation of the soil borings and
Underground Service Alert will be notified for underground utility locaticn. In
addition, notification will be provided to the ACDEH prior to drilling.

Health and Safety Plan Preparation

A health and safety plan will be prepared for the scope of work identified
in this work plan.

Client and Contractor Coordination

Following County approval of this work plan, £ield activities will be
scheduled with the County, client, drillers, and the ORC suppliers.

Soil Boring and ORC Injection Oversgight

A total of 33 soll borings will be drilled to total depths of approximately
25 feet, and ORC will be injected into each boring. The affected area has been
divided into a higher concentration area (Area A} and a surrounding lower
concentration area (Area B). The concentrations of ORC to be injected at each
location are specified in the attached document titled, "Oxygen Releasing
Compound (ORC) Mass Balance Calculatioms."™ The total mass of gasoline calculated
to be in the groundwater in the identified impacted area is approximately 4.75
pounds (approximately 4.50 pounds in Area A, and approximately 0.25 pounds in
Area B}). The calculations uged to obtain the total number of pounds of gasoline
in Areas A and B are also attached with this work plan.

The borings will be drilled and the ORC injetted using GeoProbe technology.
The proposed locations of the soil borings are shown on the attached Site Plan
Detail, Figure 1. Each boring will be advanced to a depth of five feet below
groundwater. As the probe is being slowly withdrawn, the CORC will be injected
through the tip of the Geoprobe at the concentration specified for that borehole
{Bee mass balance calculations for ORC concentrations for Areas A and B).

The injection will continue for five vertical feet above the bottom of the
borehole, esmplacing the ORC in the saturated portion of the borehole. In Area
A, additional less concentrated ORC will also be injected in the borehole in the
vertical four feet above the water table to treat impacted soil which ig located
above the water table.

Boreholes B3, B6, B9, Bl3 and Bl4 were located on a concrete surface which

was approximately one foot higher in elevation than the surface elevation for the
remaining boreholes. Review of the boring logs for boreholes Bl through Bl4

P & D ENVIRONMENTAL
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shows that groundwater was encountered at a depth of approximately 19.5 feet
below the ground surface.

The datected petroleum hydrocarbons in groundwater appear to be associated
with a sand layer which was encountered beginning at a depth approximately
coincident with the water table. In borehole B6, where the highest petroleum
hydrocarbon concentrations were encountered, clayey sand was encountered to a
depth of approximately 20 feet, below which sand or silty sand was encounterad
to the total depth explored of 26.5 feet. The horizontal extent of the impacted
saturated sandy layer appears to be limited as described below.

The horizontal extent of the saturated sand layer is limited to the west
of B6 by silty clay or clayey sand in borehole B2 and is reduced to a silty sand
layer in B5. To the north in borehole B3, the sand layer consists of a well
graded sand underlain by clay. To the east of B6é the saturated sand layer is
reduced to approximately 1.5 feet in thickness and underlain by silt in borehole
Bl13, and grades vertically into clayey sand in borehole Bl4. Similarly, the
horizontal extent of the saturated sand layer at B6 is limited to the south in
borehole B8 by silt underlain by clayey sand, or reduced in thickness to a silty
sand layer underlain by clayey sand in borehole BS.

The highest concentrations of the ORC will be injected into the saturated
sand layer in the immediate vicinity of borehole B6 (Area A). In addition, lower
concentrations of ORC will be injected into the unszaturated materials located in
the immediate vicinity of borehole B6 (Area A). Lower concentrations of ORC will
be injected intc the saturated portions of the silty, clayey or lesser sand
content materials {Area B} which surround the sandy materials encountered in
bhorehole B6.

All drilling and sampling eguipment will be c¢leaned with an Alcomox
solution followed by a clean water ringe prior to use in each borehole.
Following completion of ORC injection activities, the boreholes will be filled
with neat cement grout. Any soil or water generated during drilling will be
stored in drums at the gite pending characterization and disposal.

Report Preparation

Upon the completion of field activities, a report will be prepared. The
report will document ORC injection amounts at each location. The report will
include a site plan showing the drilling locations, tables summarizing the amount
of ORC injected at each boring, and the stamp of an appropriately registered
profeasicnal.

P & D ENVIRONMENTAL
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Should you have any gquestions, please do not hesitate to contact us at
(510) 658-6916.

Sincerely,

P&D Environmental

s —

Project Scientist

<:::::;q:;£ihsg- \FA ~14~¥r\

Paul H, King ca\
California Regigtered Geologist
Registration No. : 5901
Expires: 12/31/01

Attachmentsa: Calculations 0221.C1
Site Plan Detail (Figure 1)

PHK /gmb
0221.W3
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Oxygen Releasing Compound (ORC) Mass Balance Calculations

The subject site is divided into three areas: Area A, a 20 foot by 20 foot square centered on boring
B6, where the highest concentrations of contaminants have been found; Area B, an area approximately 35
foot by 45 foot square, which surrounds Area A and encompasses the rest of the contamination, including
the non-detect margins; and the rest of the site beyond the clean borders of the subsurface work to date
(designated Area C). Area C is not discussed in the work plan or designated on the Site Plan Detail.

Area A

Area A is a 20 foot by 20 foot square-shaped area centered on boring B6. The B6 water sample
(Total Petroleum Hydrocarbons as Gasoline (TPH-G) = 120,000 micrograms per liter) is conservatively
assumed to be representative of the TPH-G concentration for all of Area A. The impacted thickness of
Area A is assumed to be 5 feet, at a concentration of 120,000 micrograms per liter.

The volume of water in Area A is calculated by using a factor of (.3 for the porosity of the subsurface soil:

20feet x 20 feet x Sfeet x 0.3x _2B3LTL =16,990 L of water

cubic foot (cf)
The total mass in pounds of dissolved petroleum hydrocarbons in Area A is calculated as follows:

120,000 g 0.0022051b.

16,990 L x 5
10° pg g

= 4,5 1b. of dissolved hydrocarbons

Using benzene (CsHs) as a representative example of a typical petroleum hydrocarbon in gasoline,
hydrocarbon degradation can be represented with the following equation;

2C4H; +150, 5 6H,0+12CO0O,

For each atom of carbon in gasoline, approximately three (2.5, but we round up to be
conservative) atoms of oxygen are required for hydrocarbon degradation. ORC releases one-tenth of its
weight as oxygen for such degradation. The amount of ORC required to degrade the 4.5 1b. of
hydrocarbons in Area A is calculated as follows:

3 Ib. oxygen N 101b.ORC

4.51b. hydrocarbons x
11b. hydrocarbons  11b. oxygen

=1351b. ORC

Based on discussions with representatives for the manufacture of ORC (Regenesis, Inc.) this value
is multiplied by an additional factor of seven to eight to accommedate various non-biological oxygen
demand sources. Using a factor of seven, the amount of ORC necessary becomes:

1351b. ORCx 7 =9451b. ORC

For the 20 by 20 foot arca of Arca A, a total of 16 holes spaced at five foot intervals are
recommended by Regenesis. Injecting ORC into the lowermost 5 vertical feet of each of the 16 holes
requires that the concentration of ORC in pounds per vertical foot be as follows:

1 1hole

9451b. ORC x X '
16 holes 35 vertical feet (vf)

=1181b.~f
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Similarly, using a non-biological oxygen demand source factor of eight, the total number of pounds of
ORC to be injected in Area A and the application concentration in pounds per vertical foot are calculated as
follows.

1351b.ORCx8=1,0801b.0RC
1 T1hole

X - =13.5b./vf
16 holes 5 verticalfeet (vf)

1,080 1b. ORC x

P&D recommends a conservative factor of 13 Ib./vf, which equals a factor of approximately 7.7.

Additionally, P&D recommends injecting ORC above the water level in Area A, so that ORC is
present if groundwater rises. For unsaturated zone applications such as this, Regenisis recommends a
concentration of three pounds of ORC per vertical foot. Based on the detected presence of petroleum
hydrocarbons in soil at a depth of 16 feet below the ground surface in boring B6, ORC will be injected in
the interval corresponding to the four feet of soil above the water table. The total amount of ORC to be
injected in Area A in the saturated and unsaturated zone is as follows:

131b.ORC y 5 vert.feet
vert. foot boring

3Ib,ORC « 4 vert. feet
vert.foot boring

1,040, ORC +1921b. ORC =1,2321b. ORC

%16 borings =1,0401b. ORC

x16borings =192 1b. ORC

Area B

Area B, as discussed above, measures approximately 45 feet by 35 feet. The correct volume of
water containing dissolved petroleum hydrocarbons to be treated with ORC is calculated by determining
the arca bounded by Area A and subtracting the volume of Area A. The calculated volume for Area B is as
follows:

45feet x 35 feet x Sfeet x 0.3x —22(;_7—1“ =66,899L -16,990L (Area A volume)}=49,909L

The highest TPH-G concentration in Area B was encountered in boring B13, which showed 2,200
ppb (micrograms per liter) of TPH-G, and which is conservatively assumed (o be representative for Area B,
Additsonally, Regenisis recommends injecting ORC into 17 borings (in the first five feet of groundwater),
spaced at eight foot intervals for Area B. The total mass of petroleum hydrocarbons, the associated
required amount of ORC, and the injection concentration per vertical foot {using a non-biological oxygen
demand factor of 7.7) are calculated as follows:

2200pg g 0002205,

49,909 L x =
10° pg 4

=0(.242111b, of hydrocarbons

3 ib.oxygen « 101b.ORC

0.242111b. hydrocarbons x
y 11b. hydrocarbons  11b. oxygen

x7.7=5591b.of ORC

1 1boring

—x - =0.66 Ib./vf
17 borings 5 vertical feet {vf)

55.91b. ORCx

P & D ENVIRONMENTAL
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However, Regenesis recommends a minimum ORC injection concentration of 2 Ib./vf. Using a value of 2

Ib/vf for the borings in Area B yields a total amount of ORC as follows:

2 1b.of ORC « 5 vertical feet
vertical foot boring

x 17 borings =170 Ib. of ORC

This corresponds to a non-biological oxygen demand factor of 23.4.

In summary, the total amount of ORC to be applied at the site is calculated as follows:

Area A: 1,232 Ib. of ORC
AreaB: 1701b. of QRC
Total: 1,402 Ib. of ORC

GMB
0221.C1

P & D ENVIRONMENTAL
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2497-2507 Grove Way
Cagtro Valley, California
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¥r. Scatt Peery

Alameda County Department of Environmental Health
1131 Harbor Parkway

Alameda, CA 94502

SUBRJIRCT: OXYQEN RELEASING COMPOUND INJECTION WORK PLAN
Former Cottage Bakezry
2497 and 2507 Grove Way
Cagtro Valley, Callfornia

Daar Mr. Seery:

P&D Envirvnmental, a divisiop of Psul H, King. Inc. (P&ED), is pleased to
present this work plan for the drilling of thirty-threes soill borings and the
injection of Oxygen Releaping Compound (ORC) into those boringa. Tha horing
deneity and proposad concentrations for application of the ORC ara in accordance
with recomendstions get forth by the DRC sanufacturer for effaective use of ORC.
¥Mapp balance calculations for application of the ORC are attached with this work
plan as P&D Calculations 0221.C1. The caloulationg detail the amount of ORC to
be used at tha mite, and damonetrate that the amounts to be used are appropriata
to ramadiate the detaected hydrocarbone at the site. A Site Plan Datail ehowing
tha proposed boring locations is attached as Figure 1.

All work will ba parformed undar the direct supervigion of an appropriately
ragiatered professional. Thiz work plan 1is prepared in accordance with
guidelinas set forth in the document *Tri-Regional Board Staff Recoamendationsg
for Praliminary Evaluation and Invastigation of Undarground Tank 3ites® datad
August 10, 1990 and "Appandiz A - Workplan for Initial Subpurfaca Invaegtigation®
datad August 20, 1981.

BACKGROUND

Papad upon site history pummsries prepared by others, it is PED’B
understanding that from 1955 to 1985, the subject site was occupled by Cottaga
Pakery. Racords indicate that one 10,000 gallon capacity undarground storaga
tank {UST) wap installed at the pite in 1l855. Tha propearty was acquirad by Clif€
Sherwoed and gubpequently subdividsd. Racorde show that the UST was removed in
1986, EBvantually, the wagtern portion of the property was purchased by Teny
Marquezx, and the aastezn portiocn of the property was purchapad by Mr, Wilson Chiu
and Ms. Merzanda Chang. Review of maps for the pite indicate that the UST and
dispenser were located in the immediate vicinity of the naw proparty line, with
the UET located on the western portion and the dippanser located on the eastern
port:ll:ln.

In Decembay 1999 and February 2000, P&l performed a subsurface
investigation consisting of 14 Geo¥robe borings in a grid pattern ceantarad arocund
the former UBT syetem at the subject site. Tha results of this invegtigation are
presented in P&D's Report 0221.R1l, "Subsurfaca Investigation Repeort," dated
Pebruary 29, 2000, Tha pcope of work sat forth in this work plan was recommended
in the Subsurtace Investigation Report, and wag based on several canvergations
1:11:11 Mr. 8cott Seery of the Alameda County Department of Environmental Health

ACDER) .

The results of the invastigation showed that elevated concentraticns of
petroleun hydrocarbong ware encountarad in solil and groundwatar in boring B6, and
that the extent of petroleaum hydrocarbons was dafined by gurrounding boringe B2,
p3, BS, B8, BY, P12, and Bl4. The gurrounding borings were located approximataly
15 to 20 fast away frem boring B6é. A map showing the horing locations is
attached ax Pigure 1.
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SCOPE_QF WORK

. In order to drill 33 borings and inject ORC into each of them, P&D will
perform the following tasks:

Regulatoxy agency cocrdination, including pexrmitting for drilling of
33 soil borings.

Health and mafety plan preparation.

Client and contractor (ORC supplier and driller) coordination.
S8o0il boring and ORC injaction oversight and documentation.
n;pagt\preparation docunenting drilling of the boringe and injaection
of the DRC.

g

QoDg

Bach wf thesa 18 discupsed below in detail.
P i R lato Coordination

A permit will be obtained for the installation of the geoil borings and
Underground Sarvice Alert will bes notified for underground utility location. In
addition, notification will be provided to the ACDEH pricr to drilling.

al an tion

A haalth and safety plan will be prepared for the scepe of work identified
in this work plan.

t and Contxr ™ rdinaticon

Following County approval of thig work plan, £field ackivities will be
gchedulad wikh the County, elient, drillerp, and the ORC puppliers.

Soil Boring and ORC Inijection Oversight

A total of 33 soil borings will ba drillad to total depths of approximataly
25 feat, and ORC will bé injected into each boring. The afiesctad area has baen
“divided inta a higher concentration area {Area A) and a surrounding lowar
concaentration area (Arma B). The concentrations of ORC to be injeacted at each
location are spacified in the attachad documant titled, "Oxygen Raleaging
tompound (ORC) Mags Balance Calculations.™ The total mass of gagoline calculatud
to be in the groundwater in the identified impacted area is approximately 4.75
pounds (approximately 4.50 pounda in Area A, and approximakely 0.25 pounds in
Area B). Thu calculationg uged to oktain the total number of pounde of gapoline
in Areas A and B arae also attached with this work plan.

The borings will be drilled and the ORC injected using GeoProbe technology .
The proposad locstions of the soil borings are shown on the attached Bite Plan
Datail, Figure 1. ZEach boring will ba advanced to a depth of five feet balow
groundwatar. Aps the probs is being slowly withdrawn, the ORC will be injected
through the tip of the Geoprcba at the concentraticn specified for that boreshole
(see mass balance calculationsg for ORC concentrations for Areas A and B).

The injection will continue for five vertical fsat above the bottom of the
borehola, smplacing the ORC in the paturated pertion of the borehole. In Area
A, additional less concentratad ORC will alpo be injmcted in the borehole in the
vartical four feet above the water tabls to treat impacted soll which ig located
asbova the water tabla.

Borsholas B3, Bé, BY, Bll and Bl4 ware located on a concrate surface which

was spproximately ona foot higher in elavation than the suxface elavation for the
remaining boreholes. Raview of tha boring loge for boraholas Bl through Bl4

P & D ENVIRONMENTAL
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shows that groundwater was encountered at a depth of approximataly 19.5 faat
balow tha ground surface.

Tha detacted petroleum hydrocarbeng in groundwater appear to bae associatad
with a gand layex which was ®sncountsred beginning at a depth approximately
goincident with the water table. Ia boxaholes B6, whara tha higheat petrolaum
hydrocarbon concentrations were encountered, clayey sand was encountsred to a
depth of approximately 20 feat, balow which sand or silty sand was encountered
to the total depth explored of 26.5 feet. The horizontal extant of the impacted
saturated gandy layar appeare to be limited as describsd balow.

The horisontal sxtent of the paturated sand laysr isg limited to the west
of B6 by sllty clay or clayey sand in borehole BZ and is reduced to a gilty sand
layer in B5. To the north in borehole B3, the sand layer congists of a well
graded pand undexrlain by clay. To the mast of B6 the paturated sand layer is
raduced to approximately 1.5 faet in thicknesas and underlain by silt in boxehole
Bl3, and grades vertically inte clayey sand in borshols Bld4. S8Similazly, the
horizrontal extant of the gaturated 2and layer at Bf ig limited te the south in
borehola BS by silt undarlain by clayey =and, or raduced in thickness to a silty
sand layer underlain by clayey sand in borehole B3.

Tha highest concentratione of tha ORC will ba injacted into the paturated
gand layer in the immediate vicinity of borsholm B6 {(Ares A). In addition, lowar
concentrations of ORC will ba injactad into the ursaturataed matarials located in
the immediate vicinity of borehole BS (Arxea A). Lowar concentraticns of ORC will
be injacted into the paturated portions of the milty, clayey or lepser gand
content materials (Axrea B) which purround the sandy wmaterilals encvcunterad in

borehole BE.

All drilling and sampling equipment will be cleaned with an Alconox
solution followed by a clean water rinse prior to upe in each borehols,
Following acomplation of ORD injection activities, the borsholeg will ba fillad
with neat cement grout. Any aoil or water generated during drilling will be
stered in drume at the sits pending characterization and disposal.

Raport Pr rati

Upon the completion of fiwld activities, a report will be prepared., The
report will document ORC injection ameounts at each location. The raport will
include a site plan showing the drilling locations, tables summarizing the amount
of ORC injected at each boring, and the ptamp of an appropriately registerad
professional.

P & ) ENVIRONMENTAL
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Should you have any guestions, plaage do not hapitata to contact ue at
{510) 658-§916,
Sincerely,

P&D Environmental

&t Sclentist

?bw& . Kwn%\

Paul H. King
California Regliatored Geologist

Ragigtruntion No. ¢ 5801
Expires: 12/31/01

Attachmente: Caleulstions 0221.01
Bite Plan Detaill (Figure 1)

PHK /gmb
0221.w3
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Calculations 022).C1

Oxygea Releasing Compound (ORC) Mass Balance Calculations

The subject site is divided inte three areas: Area A a 20 fool by 20 foot square centered on boring
B6, where the highest concentrations of contaminants have been found, Arca B, an area approximately 35
foot by 43 ool square, which surrounds Arca A and encompasses the rest of ths contamination, including
the non-detect margins, and the rest of the site beyond the clgan borders of the subsurface work to date
(designated Area C). Arca C is nol discussed in the work pian or designated on the St Plan Detail,

Area A

Area A is a 20 foot by 20 foot squarc-shaped area centered on boring B6. The B6 water sample
(Totzl Petroleum Hydrocarbons as Gasoline (TPH-G) = 120,000 micrograms per liter) is conscrvatively
assufned 1o ba representative of the TPH-G concentration for all of Arca A The impacted thickness of
Arca A is aspumed to be 5 foet, at a concentration of 120,000 micrograms per liter.

The volume of water in Area A is calculated by using a facilor of 0.3 for the porgsity of the subsurface s0il:

20 foot x 20 feat x S feat x 0.3 x _2837L =16,990 L of water

cubic foot (2f)
The total mass in pounds of dissolved potrolcum hydrocarbons in Area A is calculated as follows:

120000pg g 0.0022051b.

: = 4.5 ib. of disselved hydrocarbons
L 10° pug ]

16,990 L. x

Using benzene (CHy) as a representative example of a typical petroleum hydrocarbon in gasoling,
hydrocarbon degradation can be represented with the following equation:

2C,H, +150, »6H,0+12C0,

For cach atom of carbon in gasoline, approximately three (2.5, but we round up to be
conservative) atoms of oxygen are required for hydrocarbon degradation, ORC releases one-tenth of its
weight as oxygen for such degradation. The amount of ORC required to degrade the 4.5 1b, of
hydrecarbons in Ares A is calculated as follows: ‘

31b. oxygen . 1016 ORC

=1351b.ORC
11b. hydrocasbons  11b. oxygen

4.5 Ib, hydrocarbong x

Based on discussions with representatives for the manufacture of ORC (Regencesis, Inc.) this valpe
is muliiplied by an additional factor of seven ta gight to sccommodate various non-biological oxygen
demund sources. Llsing a fuctor of seven, the amount of ORC necessary becomes:

1351b.ORCx7=9451b.ORC

For ¢ 20 by 20 foot area of Arga A, a total of 16 holes spaced al five foot intervals are
recommondsd by Regenesis. Injecting ORC ino the lowermost 5 vertical feet of each of the 16 holes
requires that the concertration of ORC in pounds per vertical foot be as follows: :

1 1 hole
9451b, ORC =11.8%.AN[
b.ORC 16 holes g 5 vertical feet (v)
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Similurly, using a non-biclogical oxygen demand source facier of ¢ight, the total number of pounds of
ORC 1w be injected in Area A and the application concentration in pounds per vertical foot are calculaled as
follows.

1351b, ORC x8 = 1,080 1b. ORC
i lhole

1,080ib. ORC
*16 holes 5 verticalfest (vD)

=1351b./l

P&D recommends a congervative factor of L3 1b./vf, which equals a factor of approximately 7.7.

Additionally, P&D recommends injecting ORC above the water level in'Area A, so that ORC is
present if groundwater rises. For unsaturaied zong applications such as this, Regenisis recommends a
concentration of three pounds of ORC per vertical foot. Based on the delected presence of petrolenm
hydracarbons in soif at a depth of 16 feet below the ground surface in boring B6, ORC will be injected in
the interval corresponding to the four feet of soil ahove the water table, The total amount of ORC to be
injecied in Arca A in the saturated and unsaturated zone is as follows:

1316,ORC » 5 vert, feol
vert, foot boring

31b,ORC « 4 vert, feet
vert. foot boring

1,0401b, ORC+1921b, ORC =1,232 Ib. ORC

x 16borings =1,040 Ib. ORC

» 16 borings =192 Ih, ORC

Area

Area B, as discusscd above, measurss approximately 45 feet by 35 feet. ‘The corract volume of
water containing dissolved petroleum hydrocarbons to be treated with ORC is calculated by determining
the arca bounded by Area A and subtracting the volwne of Arsa A. The calculated volume for Area B is as
follows:

45 foot x 35 feet x  faetx 0.3 x %ﬂi —66,399L 16,0901 (Area A volume) = 49,909 L

The highest TPH-G concentration in Arca B was encountered in boring B13, which showed 2,200
ppb (micrograms per liter) of TPH-G, and which is conservatively assumed to be representative for Area B,
Additiopally, Regonisis recommends injecting ORC into 17 botings (in the first five foet of groundwater),
spaced at eight foot intervals for Arca B, The total mass of petroleum hydrocarbons, the associated
requircd amount of ORC, and (he injectian concentration per vertical foot (using a non-biological oxygen
demand faclor of 7.7) are calculated as follows:

2,200 ug - 0,0022051b,

=0.242111b. of hydrocarbons
L 10° pg g

49,509 L x

3 1b. oxygen , 141b.ORC

7.7 =5591b,0f QRC
11b. hydrocarbons llh.nxygenx *0

0.2421} b, hydrocarbons »

1 I baring

% - =066/
17 borings 5 vertical feet (vf)

35.91b.ORCx

P & D ENVIRONMENTAL
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However, Rogenesis reconunends a minithum ORC injection concentration of 2 [b./vf, Using a value of 2
Ib/vf for the borings in Area B yields a total amount of ORC as Iollows:

2b.of ORC « 5 vertical feet
vertical foo! boring

x 17 borings=1701b.of ORC

This corresponds (0 a non-biological oxygen demand factor of 23.4,

1n summary, the total amount of ORC to be applied at the site is calculated as follows:
Area A; 1,232 1b. of ORC

Afca B: _ 170 1b. of ORC
Total: 1,402 Ib. of ORC

GMB
n221.€1

P & D ENVIRONMENTAL
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