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Understanding the problem and the regulatory questions:

» Have we developed a reasonable conceptual site model
» Where 1s the source?
» What was the mechanism of transport?
» What is the extent of the impact?

»~ What are the risks and can the risks be managed by an interim
action?

» What is the interim action objective?
» What is the selected remedy?

» Was the remedy successful and can the case be closed?
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. DEVELOPING CSM -
Depth to the water: 15 to 20 feet bgs

Direction of flow: southwest and south-southwest
Two water-bearing zones to approximately 60 feet bgs

The first water-bearing zone: from the water table to a
depth of approximately 26 to 36 feet

T'he second water-bearing zone: 40 and 58 feet bgs

T'he first and second water-bearing zones separated by a
sequence of predominantly low permeability clayey and
silty sediments
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" DEVELOPING CSM — GEOLOGY ANI
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EOLOGY

Low-permeability soil beneath the Site

Vertical hydraulic conductivity <<< horizontal
hydraulic conductivity — significant retardation of
vertical groundwater flow

Concentrations of perchlorate ~ 190,000 pug/kg in
vadose zone near the source area

Historic concentrations of perchlorate > 1,000,000
ug/L in groundwater samples from the first water-
bearing zone
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///\V HAT IS THE MECHANISM OF TRANSPORT?

Elevation of the upgradient property 1s 4 feet higher than
the Site

Migration of perchlorate within the vadose zone to the
upgradient property through sandy layers within
predominantly clayey deposits

Perchlorate concentrations exceeding 6,100 ug/kg in soil
samples collected from the upgradient property

No perchlorate detected in groundwater samples collected
beneath the upgradient property

% Battelle-2018
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AT ARE THE OBJECTIVES AND LIMITATI

» Interim action objective: Reduce perchlorate mass in vadose
zone at the upgradient property

» Limitations
» Highly utilized surface area of upgradient property
» Limited access to conduct remedy
» Highly heterogeneous subsurface condition
» LUC not acceptable to the property owner

Water Boards Battelle-2018




WHAT IS THE INTERIM REMEDIAL ACTION?

» The interim remedial action for soil at the upgradient property
included:

» Injecting water amended with carbon substrate (acetic acid)
through four horizontal injection wells to promote —
» Flushing of the impacted vadose zone

» In-situ destruction of perchlorate

» Hydraulic containment using on-site groundwater extraction
wells

AAAAAAAAAA
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ACDMW1
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Soil Core Close Up From Boring SB186

Soil Core From Boring SB187
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STRIBUTION OF PERCHLORATE CONCENTRATIONS IN VADOSE ZONE

[u] 1,000

2,000

Perchlorate Concentration (pg/kg)

4,000 5,000 5,000 7,000

Average Perchiorate Concentration *:

Date Concentration
Dar2011 2,141 pokg
122013 2,884 pgkg
1212016 298 po/kg

12

Depth (feet below ground surface)
. 8 q

@9 QA * 9 A

Explanation
A September 2011 dats (Pre-ingchion
sl sampling)
December 2013 data
(S0l samping During ingsclion
firme perinet Aprd 20 3-Jdamusry 2015)

@ December 2016 dats (Soi sampling

ez micrograms per kilogram

Average Perchiorate Concentration ®:

Date Concentration
082011 1,476 pa/kg
1272013 612 pa/kg
122016 875 po/kg

CALIFORNIA
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. CONCLUSIONS

There has been a significant contaminant transport in vadose
zone upgradient of the source area.

Concentrations of perchlorate generally decreased in the vadose
zone.

Significant destruction of perchlorate in higher conductivity
layers and lenses was observed.

Transport of noticeable perchlorate mass from vadose zone to
groundwater resulted in an order of magnitude increase in
perchlorate concentrations in groundwater.

The residual perchlorate continues to exist in the vadose zone
and can still pose a threat to groundwater.

Further remediation of the vadose zone soil is necessary.

AAAAAAAAAA
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Thank you!

Mehrnoosh.Behrooz@waterboards.ca.qov
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Explanation / 4 TS
o - 5560 & // '\.“ TC11 JZET(H K
55141 i Soil-groundwater sampling location (April 2014) 3 L} H
: / T sora CEJS &w
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597 8 Ompr it g oon o 283 Ao 2. m S &
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) o EE. = ey
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below ground surface in e /.7 say  SSTIEE \B S00/24K ¢
micrograms per kilogram S50 = S¥e” @ 450,200 :snnﬂfu'p;.s,-’
{gfkg): values over 10,000 — | 7 1,3002,500% g et
are shown with a K substituted 516 ® A > SE e
far 000 (10K=10,000 pgkg) 5864 ‘rpp

5625 ss2? Eﬁm%ﬂ |
ND. Nt detected st or o 1IKN 200% Iqﬁﬂms - @P W‘EE
<20 pg'kg
¢ ! 23013 10E| 5511 % “ij |ﬁ&] upﬁa % ,\qﬁ
irmate i “i‘
A |Duﬁ o contour pghkg; contour interval p?j:f 16’“20“ H" " » \
4 1 - 2 - I}n - ~
F as shown; dashed where /"1 1,300730 :
H 1 inferred (contour fines based , 4 A § 1300030 oz,aums,sun
8 # on the highest MW-2 S S T
Smmm= ™ oncentration at each location) - |' “n.\ " 'Uf'
AN ss8 g, EX6 M H 390!550 2804'1 50 F
Fm'nHPTFE . "
7 processing area ’ 335 .-a-a-ﬁ., \‘u I 23M00w, - S0 eB_ ""”‘1“;.375
o = Formier building footing & R #.'HW. b s gk -
P / . AI 000 120114050 . ¥ "-. °3,100/3,0005%¢ i
L |Gencrete removal arsa .55-5; %‘/fZTQO.I'Z‘J :. A F \ /‘,\ LN .
N S50 oo EB110 # Pom -
Concrete drainage swale & = Loy -
/552 -tﬁm'ND s}y”’?ﬁn 56005,215301’4 go}; e ® 1831 East C1rneg|e ﬁ;e '\.
—t— = — = —— Lnderground ﬂmt 7 $ 55110 o, Tn. 813
(amiestes ow trection) 5 4il61 1 .._sg. 70 4.7000377  sssr - [FOTTTTE;LNP Property)
s53 ¢ 950/540° ’ﬁgm J @sm50 S/
4501’1805’5“ [ 3- 900‘]’14&
g/ B S E e
, Oprs " 24IND 4 }' IO P Ay A Y s
@5556 4, 073, Fatrumry 13, 2073, Oscambsar 12, 2013 and Oscamsar 20, X135
a8 “ SAMPLING LOCATIONS
Notes: PERCHLORATE IN SOIL AT 20 and 27
e - . OR 21 and 24 FOOT DEFTHS
2. ANEC deeper sol sampies were codecied on November 15-21, 2013 (ocafions
SS88 - SS407) & depths of 21, mmammmmmu-:wn-asmn
a depths of 200, 23 and 27 feet bgs. See AMEC report Resuls of OneSite First
ng Zone Sol Sampiing (Fall 2013), Former LNF Stie,
1831 East Carnagie Averie, Sarts Ana, Cadformia, caisd Marrs 41, 2014,
3. AUEC sep cut ool sarpies wee calecied on December 12, 2013 (ocatons ~ M 125 . S
S5108 - S5135) &t oepths of 21, 34 and B5 fest bgs. Sax AMEC repoft Resuts e — 3
mmmsmcﬁlmﬁﬁmuur& 1831 Eﬂtm % .
AwErUE, Sarks Ana, Caltomia, gatsd Decamber 2, 200 Appmimae nese In fast ||I||
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Explanation @ oeitss ! acorm e /
55143 @ Soil-groundwater sampling location (April 2014} 2 NDIND e ! i
55135 § Stepout deeper soil sampling location (Dec. 2013) i ;58120 Fum""'“ ACDPZZ]
55107 @ Deeper soil sampling location (Nov. 2013) / -"I=|3‘=e ;® Be}a&:“ y CL,{}":; ! acoe
5567 @ Soil sampling location (Sept. & Oct 2013) s 5513 . -y éﬁ”ﬁ EE:;J | S es m, ] -4
N . s - agisT : ¢ a1t
Tci19 @ Treatment Cell boring S — [ SIS ST @ [AcDRZI4 §f 88
B - NDIND - 4 ¢ DOU. . \-'_‘ SBTee—S8 ACDPZ15 i
58157 & Direct push soil bering ew{ Y Containers ” e £ - J
1,500/, ?’Dl]ssiu i ] sty pACDINIT [Tt
9F-09 O Direct push boring . J #Canopy™s, [ ACOMWT s731. iy st
B Groundwater extraction well - .SSEFND .' r 7 ﬂLDE}{z ‘J S580 g wf__‘_ 35 |
¢ ' " acoEx1_ - £—— " H APz 8 | -‘h‘"‘f ACDMWZ.. .t
PZ-6a 4 Piezometer Fa "“ 0‘ 5561 g P N ‘P; LUK | 5554 @ H-_‘__,""'"" — .
ACDINIT 4 ACD IRM horizontal well s ® 10 by DF o 2,.1-33«; 55130 lcw@-' ~DINIZ / oo _?" I
/ - ACDI / :
ACDPZ13 % ACD IRM piezometer _ sore1 e '&f;ﬁi@lﬁ*ﬁ' 3 J: < yoi [
ACDEXS B ACD IRM groundwater exiraction well ra ssile -y ’ '\Q'gmng m i ”5K3K;23K 2235': sstzad - ,‘f @
CTI7 [ Pre-design extraction wall Fa . 2 ss1aelp CEJ5 afsstaz SS4T p e DX EQK.I'SUK i
. @ /9.4UUH1K Y W T4KIS1K =~ ik f @
MW & Groundwater ( @ e Qf\‘ Q-'“r 4 55? !
ACDMWZ g monitoring wells 1,000 sS62 S 11K.‘3 3007 e gssits ss1as : sm,l ACDRZ11 s
s ilé_é‘c B7.0h 5529 R Iy # BZKMBK o 1_""“';["( y & 1DDHTK I #% MW /s _
141448 dh Groundwater moritoring well cluster P ¥ ssar o 7,200/590 "33} /! s-sm"n@'lﬁ it ~p 150/ND dw
Pzaae®™ o¥ s o 4,2003, unn\fq,/ = 7 CEIS ™ & 4% [ iﬂ‘;’f“ e rx-1H /9 Vs
21Kf24 Perchiorate concentrations at 170MD g;,ﬁ. & .““1 300MD o 10K/8,600 142KHBK F 33,,5 ﬁ. Ltk H, &ss-m 20KHM2K y Va
20 and 23 or 21and 24 feet ° —ssa—seliph, "/ Sz 05 b ST5KI120K 21 1 ARDE Y /|
belm\-gu.ndsu'fanen cons g Soirg c{! e - 7 59n_,r1 ;nnsm- = ;130}{[13&!( by g % m% S IEKITH \ -/ enezy 4 T, Canony
2 R -sl- A & st pf
val Il] 00D ' 3573-&»‘%*7“ i F—SSW 5100 & i
] ﬁgﬁsmm 8.3140 92012,300 250/900 9 300!9 100 5531, ‘\ 4;|‘UEEK ;QUKJE-!%KT n‘ﬁ1 1'K L sgi 1, ?0011 80 | N
lutﬂDO(ll]K—1DDﬂﬂ|.g"hu} NG "ﬂl]ﬂ" ) /s:’u‘x“ \\ “"9 . 210KI14DK' ! P i
A x E5101 CE.
H ND Not detectsd st or below 4 08 e o 2B0OTE00 s, 800/6,700~ 15“"”“53; ssqu,m-' q52m5t3 " g g
E = mmpurh'lg} limit: //// 5532 I 3,800/3,200 ssﬂr~ E 288?2 dK 38KJ'30K 1 ?(HJB 60071, ,mmsno &
g /z// 'I ] \\-‘m\(a- MDA, ~ ~, X ! D Pries iy stvzu "' =
. 000 imate: i Y . ) A P 5,000/5,300 ‘s‘p‘m‘
i A *a_ contour pg/kg; contour interval S oes-Q H il ¥ « Lssiom! s ,I...
, %, a5 shown: dashed where o8 saior | SSTIEN \5 900723K1 5 000r2,700,# 81
: Ji {contour lines based =§= @ 490/1,200 5”‘%'-" e st/
L] # on the highest SHEOGg — = B 130003 20 \.. PZ-5e ’-i " y
LT L at each kocation) ss16® s556 @ “' ' ' N °Bz‘{‘%9wmuu.~‘-
“ " Former PTFE 1 G ® e
f 58
< \’/ processing area .l KJ‘B PQ‘ =] "?D?Z
mmm===== === Fomer building footing l !55“0:3 600
23&‘8 Sooe ssm% K Hlﬁh 2 we
H Cencrete remaoval area Prae °i 15”2“{55,-:@ V1 M
i 4 o e 3 300/3,600 e e I
Concrete drainage swale E PZ-Hb o . i3
+ frorny T el e i ey e e ]
e : s T4 2011, Ok 8, 21 Dwemestar 13, 2
- - t‘hﬂuu_mi BEQEfﬂ‘;.P'iPE fon) J'. PZ=a . g s\s_?::,:~ s?i 280/1 50 _{1:_‘@\ mq’r‘::.‘:.l-_yumr:.n—u 1 ;u:un—u:‘:_z‘l?:.\.-‘-'
EXBM 1 3801560 SN e ; SAMPLING LOCATIONS
Notes: 851411 : LTS PERCHLORATE IN SOIL AT 20 and 23
g| Motes: MV¥J4AB
[ IR ——— 231100%, v _sa_me Jﬂ e ,: y OR 21 and 24 FOOT DEFTHS ;
B e e cofecied o Nvember Jocations ~ - Ssse g
R “md?anmzsmlm m&zéuﬂ‘ésm E5143) Sa '3, '1IJEI'-‘3 l]DEI““ 7] ‘
xmam,nnznam. MUEC raport Resu -, g T
mmsﬂnwmrﬁlmﬂnmwu “' /\\.1 &
1531 East Camegie Avenus, Santa Ana, Caifomis, dated March 11, 2014, S8110 .‘5525 _1! T S
i| e senoutacs sreies were cotecied on Cecerbier = 13, 20 I 2 1831 East Camegie E:'e o DRAFT
; mnmamﬂn:mgﬁa:iumﬂw [FOI’TI"IE!F LNP PI"OpeI't\f) 58113 !
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w14 1§ Second Waier Bearing
maoniioring wel | Seomairis,
BAMEC Coomairia)

Lot W SN ExITartion will
EEMatr, Sihaw

- % Piezometer (Shaw

AN e e i Second VWair-Bearng
Zore in el abceas Mian sea heeel

g e WHTEY 0N COMIZe f Serond
AL D ‘Water-Beanng Zone; dasred when

Concree drad Lt
= g i ——— Chain-link fence

— e PR

/

Of Groundwater
Flow In Second ™.
Water-beanng Zone

R

—

ST R T

s maniar For o 0F g tems orean 1 T ooy S
SR D S e U TS Ty G T RaresE Ty LN YRS
e Do v 2O Aagar i XIS Sweney i 2l apm I3 EnL
s ol Hel g T e D s B Ormsar @ 3
o vk 2l we Facmary 1) el

WATER LEVEL CONTOURS FOR THE
SECOND WATER-BEARING ZONE
OCTOBER 2017

1. Croindwaler v wife missared o
i daies Esied in Table 2 of fis ot

2 Al localhons are approsimale.
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Notes:

1. Sampia dayts shown ars for the botom o the
wamping imerval. Samping ntnmvais rarged
rom 2t 12 et

¥, Al lombons ar Spemdma.

1, PTe shown an thie figum are those fat
mtnnded boiow e apprekmma botor of e

43114 & Puah Frobe el 1ha Bacnnd
i gt i
el
oAt & Cone Paneraion Tesl (CPT) kcaion

1118 § Socand WalorBoarg Zone menkorng
well (Goomalrts, MVED Geamar|




Initial conditions: perchlorate-impacted
groundwater migrates to beneath the
Pullman Street property. It moves
primarily through the pores in the
mare-permeable soil layers.

With groundwater extraction on the former
LMP site, the conceniration of perchiorate
in groundwater in the mare-permeabile
layers is reduced some, as non-impacted
groundwater is drawn into the area.

Initial injection of amended water- Amended water, After Sushing muliple pore volumes
intraduced via the harizontal wells, fows out {and through the soil. the majority of the
down), primarily through the more-permesable perchiorate in the pore water in the mone
layers. Perchiorate in the pare water in the permeable lavers is destroved or fushed
mare-permeatile layers is destrayed or flushed out aut In the lower permeability soiks, some
Slow diffusion into lower permeability soils begins. perchiorate-impacted immobile pone
waler remains .
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1803 East Carmagla

L4 Y Perchiorate in soil in micrograms per klogram (ug'kg)
b 7 below the January 2014 water tabls

e

/

k\'l Former PTFE processing area

[ Z Z " 7] Conorete removal area

= Fomer building footing
Concrete drai
‘ iiw“
e o s Property line
—- = — Underground sewer pipe (amow indicates flow direction)

P74 ’,fﬁv

I /'j, "'ll..,‘\‘l oy
5 (L L '
it 000

-
A
f:-
'y

-

Notes:

1.Perchlorate contours based on 3-D modeling
using MVS ware and on soil cor ion

DRAFT

oo u LN imrumey 10, 7900 provicind by G

Plustica, u ufts pla= i Hovermber 02 povced by ERM, B susveys oy
al Viac ciwted December 15, 204, August 12, 2008, Jsnaary 8, 2010, Asrd 22, 2000,
Wowsrrtar 10, 2000, Al 15, 2171, Oecember |, 211, October 8, 2012, Decambe:
10, 202, dwmumry 4, 2013, Fsbrusryt3, 2093, March 21, 3013, andl Aoguee 28, 003

PERCHLORATE IN SOIL BELOW THE
JAMUARY 2014 WATER TABLE
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Apr-13 Jun-13
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e Perchiorate (ug/L)

Dec-13

o sulfate (mg/L)

Mar-14

e TOC (gl

ACDPZ1
1
1 2/28-4/4: 3000gal (no acetic)
: 4/4-4/5: 4000 gal (with acetic )
7,000 4/8/ p with acetic 700
) 1/1/15:stop acetic
- 1 1/5/15:stop injection
2 6,000 f; ~922,000 gal INJ &
E * ] ~1,288,000 gal EX =
— 1 a
o ] E
& 5,000 : 500 -g
3
v (]
E R =
=.4,000 400 §
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2 1k \ A i
2 3,000 300 @
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8 2,000 200
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i ‘/_\ P i /\A
1,000 +1 100
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