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JIE Analytical Resources, lncorporated

-aU Analytical Chemists and Consultants

May 2,2O13

Zanna Satterwhite
GeoEngineers, Inc.
Plaza 600 Building
600 Stewart Street, Suite 1700
Seattle, WA 98101

RE: Client Project: Gas Works Park, 0186-846-01
ARI Job No.: WN09

Dear Zanna:

Please find enclosed the chain of custody records (cocs), sample receipt
documentation, and the final data package for samples from the project referenced above.

Sample receipt and details of these analyses are discussed in the Case Narrative.

An electronic copy of this package will remain on file with ARl. Should you have any
questions or problems, please feelfree to contact me at your convenience.

Sincerely,

ANALYTICAL RESOURCES. INC.

(206) 695-6214
cheronneo@ari labs. com
www.arilabs.com

cc: eFile: WN09

Enclosures

Page 1 of 52--
4611 South 134th Place, Suite 100 . Tukwila WA 98163 o 2O6-695-6200 . 206-695-62O1 fax
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JE Analytical Resources, Incorporated

at Analytical Chemrsts and Consultants Cooler Receipt Forrn

ARI Clrent

COC No(s)

Project Name

Dehvered by

Trackrng No

(;,ras v) orvt

Assrgned ARI Job No i-^r$.l x 4
Preliminary Examination Phase:

Were rntact, properly srgned and dated custody seals attached to the outsrde of to cooler? YES 6)
Were custody papers rncluded wrth the cooler? @t No

Were custody papers properly frlled out (rnk, srgned, etc ) . G NO

Temperature of Coole(s) ('C) (recommended 2 0-6 0 "C for chemrstry). US _
ff cooler temperature is out of comphance frtt out form 0o07oF ; o o-un n* 

'%2 
7f

coorerAccepte aoy ffV o^r" 4f e/ts ,,^. / ?A S-

YES

<& xq
NO

YES
Y€E

w
ry(FS
Y6
Y9
YES

YES

Gd
Splrt by

Was a temperature blank rncluded rn the cooler?

What kind of packrng material was used?

Was sufficrent ice used (if appropriate)? ..

Were all bottles sealed rn rndrvrdual plastrc bags? .

Drd all bottles arrive rn good condrtron (unbroken)?

Were all bottle labels complete and legrble?

Drd the number of contatners ltsted on COC match wrth the number of contarners recerved?

Drd all bottle labels and tags agree wrth custody papers? ...

Were all bottles used correct for the requested analvses? -..

Do any of the analyses (bottles) requrre preserv6l;sn? (attach preservatton sheet, excludrng VOCs)

Were all VOC vrals free of arr bubbles?

Was sufiicient amount of sample sent rn each bottle?

Date VOC Trrp Blank was made at ARI

Was Sample Splrt by ARI : C9

Samples Logged by:

zD
/\ o"r". (.1- 7 5-r] rm"

** Notify Project Manager of discrepancies or concems n

frcD,-
Bubble Wrap Wet lce Gel Packs B(ggyr! Foam Block Paoer Other

NO

NO

NO

NO

NO

NO

NO

NO

@
YES Date/Trme Equrpment

13rt

Sample lD on Bottle SamDle lD on COC Sample lD on Bottle Sample lD on COC

Additional Notes, Discrepancies, & Resolutions:

By' Date

mallAir*Abtes I I PedubolBs'
-'tltrrr | | 2-4mm.' . l;r r_lir o a

>.1 mra*{}a
Small ) "sm"

Peabubbles ) '(pb'

Large ) "lg"
Headspace ) "hs"

001 6F
3t2t10

Revision 014

8."-E$*""$trSf*a' d*,'effi ft F *'

Cooler Receiot Form



Case Narrative, Data Qualifi ers, Control Limits

ARI Job ID: WN09
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Jl E Analytical Resources, Incorporated
-aU Analytical Chemists and Consultants

Glient: GeoEngineers ARI Job No.: WN09

Client Project: Gas Works Park Glient Project No.: 0186-846-01,Task 1400

Case Narrative

1. Nineteen samples were submitted for analysis on April 18,2013.
2. Fourteen samples were submitted for grain size distribution according to

ASTM D422. The samples were prepared according to ASTM D421.
3. An assumed specific gravity of 2.65 was used in the hydrometer calculations.
4. A standard milkshake mixer type device was used to disperse the fine

fraction sample for one minute.
5. One sample from this job, MW32D 35.5-37', was chosen for triplicate

analysis. The triplicate data can be found on the QA summary table.
6. Due to the sandy nature of the samples, there was not enough fine material

to acquire accurate hydrometer readings. Samples MW32D 18.5-20.5',
MW32D 20.5-22.5' and GEO-214-16'required curve fitting between the sand
and silt fractions.

7. Five samples were submitted for percent finer than the No. 200 sieve. The
samples were run according to ASTM D1140.

8. The data is provided in summary tables and plots.
9. There were no further anomalies in the samples or test method.

Released by:

Reviewed or, -7161*^-^r-A (f"" cA*^^-
t ecnntctan ,

4611 south 134th Place, suite 100 . Tukwila wA 98168 . 206-695-6209,eq"ffi69frffib&p



Samp1e ID Cross Reference Report

ARI Job No: WN09
Client: Geoengineers

Project Event: O1B6-846-01,Task 1400
Project Name: Gas Works Park

ARI
LD.IS ID ldatrix SanpJ-e Date/Time \IIsR

#sffiSr!(o
INCORPOR'\TED

Sample ID
ARI

Lab ID

1. MW32D 8.5-10.5'
2. MW32D 22.5-24'
3. MW32D 26.5-28'
4. MW32D 42-43'
5. GEO-2 1,9-20.51
6. MW32D 10.5-12.5'
7 . MW32D 16.5-18'
8. MW32D 18.5-20.5'
9. MW32D 20.5-22.51
10. MW32D 28.5-30.5'
11. MW32D 35.5-37 ,

L2. GEO-3 15-17|
13. cEo-3 20-21,.5'
L4. GEO-2 9-10.5'
15. GEO-2 74-76'
)-6. GEO-2 24-261
17. GEO-2 34-36f
18. GEO-2 39-40.5'
19. GEO-2 44-44.51

WNO 94
WNO 9B
WNO 9C
WNO 9D
WNO 9E
WNO 9F
WNO 9G
WNO 9H
WNO9I
WNO 9J
WNO9K
WNO9L
WNO9M
WNO9N
WNO90
WNO 9P
WNO9Q
WNO 9R
WNO 95

IJ-U5.1 /
13-8518
13-8519
13-8520
13-8521
13-8522
13-8523
13-8524
13-8525
73-8526
13-8521
13-8528
13-8529
13-8530
13-8531
1 3-8 532
13-8s33
13-8534
13-8535

Soil-
Soil
Soil-
501t_
501.l-
Soi-I
501-,L
Soil-
50ar
Soil-
Soil-
Soi-l-
Soil-
50a1
501.l_
Soil
Soil-
Soil-
Soil-

17:05
17:05
17:05
17:05
17:05
17:05
17:05
17:05
17:05
17:05

04/L0/13
04/r0/1,3
04/1,0/13
04/r0/13
04/1,r/1,3
04/1,0/13
04/70/1,3
04/r0/13
04/1,0/13
04/r0/73
04/1.0/13
04/1.2/1,3
04/1,2/13
04/tr/1.3
04/1,1,/13
04/1,r/t3
04/1_1,/13
04/7r/13
04/17/73

04/1,8/1,3
04 /r8 /13
04/78/1,3
04/1,8/13
04/78/1.3
04/1.8/1.3
04/r8/73
04 /1.8 /13
04 /18 /73
04/1,8/13
04/1,8/1,3
04/r8/1.3
04/78/1,3
04/78/73
04/78/1,3
04/1,8/1,3
04/r8/1,3
04/18/13
04/18/13

17:05
17:05
17:05
17:05
17:05
17:05
17:05
17:05
17:05

lofL

F- F&FEF9.,-:

Printed 04/23/13 Paqe

qAffi-h#:



Geotechnical Analysis
Report and Summary QC Forms

ARI Job ID: WN09
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GEOTECHNICAL AIIAIYSIS DATA SHEET
Percent Fines by !{ethod ASl!{ D11{0

irsbffs*(o
INCORFORATED

Data Rel-ease Authori-zed:
Renorfecl:. O5/O1 /L3
Date Received: 04/1,8/L3
Page 1 of 1

C]-ient/
ARI ID

QC Report No: WNO9-Geoengineers
Project: Gas Works Park

0186-846-01,Task 1400

Date Anal.ysis
Saq>J.ed Matrix Date Result

MW32D 8.5-10.5'
wN09A 13-B5l_7

MW32D 22.5-24'
wN098 13-8518

MW32D 26.5-28'
wN09c 13-8519

MW32D 42-43'
wNO9D 13-8520

GRO-2 1,9-20.5',
wNO9E 13-852L

04/I0/I3 Soil 04/24/13 1,4:45 3.1

04/I0/I3 SoiL 04/24/13 1,4:45 8.3

04/70/I3 Soil- 04/24/1,3 1,4:45 20.5

04/1-0/L3 Soil- 04/24/13 14:45 6.1

04/11./73 Soil- 04/24/I3 74:45 10.8

Reported in Percent

Report for WNO9

F F+.Efft* - fi+G,G 6 -f3



GeoEngineers
Gas Works Park

0186-846-01,Task 1400

ASTM D1140

WN09

of Material Finer than #200 Sieve

Sample
ldentification

Initial Dry Mass
of Sample (g)

Percent Fines
(<#200 Sieve)

MW32D 8.5-10.5' 2t9.44 3.7
MW32D 22.5-24' 195.73 8.3
MW32D 26.5-28', 566.47 20.5
MW32D 42-43' 21.33 6.7
GEO-2 19-20.5' 278.47 10.8

$.,EFr#ffiffi'ft#-G€ 4
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Geotechnical Raw Data
Analyst Notes and Raw Data

ARI Job ID: WN09
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ANALYTICAL RESOURCES. INC.

Sieve/Hydrometer Particle Size Analysis - ASTM 04211422

ARI Job t'to.: W NCl ARI Sample lD.: Setup Date: 04'L4'Loi3
S

Method of size reduction: Sample tl Quartering [] Stockpile [{z Whole Sample []

Hygroscopic Moisture
Content

Tare Number k
Tare Weioht (o) s4

Wet Soil+ Tare (q) LS_zcl
Drv Soil + Tare (o) 25,2\

J&

Hydro Beaker: IaA Calgon Batch #:
Method of size reduction: Sample Splitter [ ]

Nq Calgon Oate: 0'l/zF/tt Technician:
olErtering tl stoct<pitffinote Sampte []

,n, Jo*4t29t2013 7', Technicie

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
("c)

12:55:00 START
12:56:00 1 qD 6 LI
12:57:00 2 8.s (t LI
13:00:00 5 0s b ')_l

13:10:00 15 9n A LI
13:25:00 30 +s (-,

,1 rLI

13:55:00 60 7,D 6 Lt.5
17:05:00 250 '1.T (? 22-,6
12:55:00 1440 2 b 2tS

sieve Date: tt 
" 
3 w* ** 4 Technician:g\

Sieve Size Cumulative Weight (g)

Emptv Tare 1(). x t]{r,r
2" /Irr

1Y2'

1
aa

3t4" 10. tfa z- H-
1t2" Lt.'t v.

3/8', Z',Q(
H Art oz
#10 9^E. L'+
#20 lOtl. o4
HO ( rt,'3 6
#60 rl. sxt (s.
#100 t* l(
#200 fqI.W'L5R
Pan rqt .i8ll0lF-A

Rev.00l

Tare Number V.I
Tare Weiqht (q) to tT

Tare + Air-Dried Sample Weight (g)
(before #1 0 preparation) 220.8+

Hydro Test Sample Weight (g)
(not includino beaker weioht) Iro,eb

Tare + Oven-Dried #t0 Washed (s) f<S.t,'o
Tare + Oven-Dried #200 Washed (g)

(includino olus #10 material) tqr.g5



ARt Job No.: W N Dl ARI sample lD: K- L setup oate: A4'24 ''19t3 Initials:
Sample Description: <a nrl , ro<-L<-< , or I nn i c clebn's

ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM 04211422

Method of size reduction: Sample Splitter [] Quartering [] Stockpile [.f Whole Sample []

Hygroscopic Moisture
Content

Tare Number L,Z
Tare Weiqht (s) l.st.

Wet Soil + Tare (q) 3c),no
Dry Soil + Tare (q) q0.bo

Hydro Beaker: Rtr Calgon Batch #:
Method of size reduction: Sample Splitter []

Sieve Date: s/rJr9
Sieve Analvsis

Sieve Set #: q Technician:-&

I l0lF-A
Rev.00l

2lta.k tTare + Air-Dried Sample Weight (g)

Hydro Test Sample Weight (g)

Tare + Oven-Dried #10 Washed
Tare + Oven-Dried #200 Washed (g)

Technician: ,L't,
Quartering [] Stockpile fl Whole Sample []

-

ruTechnician: ,*-(f

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
("c)

13:02:00 START
13:03:00 1 q.0 6 /l

13:04:00 2 Q5 6 2_l

13:07:00 5 fiq 6 1-t
13:17:00 15 Bo 6 LI
13:32:00 30 ?s 6 zt
14:02:00 60 7.0 {-, 1_t.5

17:12:OO 250 + (o 22o
13:02:00 1440 a Io 2\S

Sieve Size Cumulative Weight (g)

Emotv Tare lir 06
2" {

1%"
1', v

3t4" re. c6
1t2', lrl .lti
3/8" ?{-' .,i I

#4 6A/++
#10 7-(,.Tq
#20 gq( ,
HO It4 ,7 {l t$<.r
#60 tSLl . ,1\
#100 t?q .8'
f200 K2,l{
Pan A\AL

E lr:#- . eGf*-*4fl



ARt Job t'to.: WN 01 ARt Sample rO.: K- 3 , Setup Date:
Sample O.""

04. L+'Zots tnitiats: H-

ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

Method of size reduction: Sample Splitter [] Quartering [] Stockpile [f Whole Sample []

Tare Number v-3
Tare Weiqht (s) t{) ?x

Tare + Air-Dried Sample Weight (g)
(before #1 0 preparation) L\5.2b

Hydro Test Sample Weight (g)
(not includino beaker weiqht) Iro.lt

Tare + Oven-Dried #10 Washed (s) +7.te7
Tare + Oven-Dried #200 Washed (g)

(includino olus #10 materiaD lls.g 6

Hygroscopic Moisture
Content

Tare Number Y,7
Tare Weiqht (q) .€l

Wet Soil+ Tare (o) 22.2'r>
Drv Soil + Tare (q) z7.t I

Hydro Beaker: 

"tr 
Calgon Batch #:

Method of size reduction: Sample Splitter [ ]

I l0lF-A
Rev.001

.t I2s4 Cagon e;i.s' 0'l /73 | t7 Technician:
Quartering [] Stockpile 1vf Wnorc Sample []

,14,

sieve Date: s/ tlt3 Sieve Analvsis A
Sieve Set #: 5 tecnnician: (6

13:10:00

13:11:00

13:14:00

Cumulative Weight (g)

5.Fbifftf.3



ANALYTICAL RESOURCES. INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARl Job ruo.: W N 01 ARt Sampte rQ., F Setup oae: 0i .L4'LOt3 lnitials: &-
Sample Description: . o<'Lt Sond,S;ll -

Method of size reduction: Sampie Splitter [ ] Quartering [ ] Stockpile I I Whole Sample [f
Tare Number F

Tare Weioht (q) ln ,) Ll
Tare + Air-Dried Sample Weight (g)

before #1 0 oreparation) +bq v1
Hydro Test Sample Weight (g)
(not includinq beaker weight) lA<.21

Tare + Oven-Dried #10 Washed (q) 2q.s'.t
Tare + Oven-Dried #200 Washed (g)

(includins plus #10 materiaD 56t,5\
Hydro Beaker: T\n Calgon Batch #:

Method of size reduction: Sample Splitter []

*SAtutPve (oNSutnED

Hygroscopic Moisture
Content

Tare Number ffizt-
Tare Weiqht (q) Fe- l.K?

Wet Soil+ Tare (q) sD-{.,6
Drv Soil + Tare (q) 4q Lv

j
tY

Sieve Date: 5/r )tz
Sieve Analvsis

Sieve Set #: Technician: gsY

ll0lF-A
Rev.00l

1El Calgon oate: O4/2,€/t3 Technician: .,[/t
Quartering [] Stockpile pl Whole Sample il

tecn-cnnoian: ,,11r4t29t2013 2

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
("c)

13:16:00 START
13:17:00 1 L3.0 L LI
13:18:00 2 1OD L, zt
13:21 :00 5 +.5 6 ?t
13:31:00 15 Ll.0 L LI
13:46:00 30 2.5 t-, 1,1.5

14:16:00 60 lt 0 A Ll,5
17:26:00 250 BS l" 270
13:16:00 1440 ? (? 2r.S

Cumulative Weight (g)



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARI Job No.: V'JND1 ARlsample tD..: Q . Setup Date: 0+'24'Zot3 Initials:

Tare Number a
Tare Weiqht (q) .) '1

Tare + Air-Dried Sample Weight (g)
(before #1 0 preparation) r10.q0

Hydro Test Sample Weight (g)
(not includino beaker weiqht) 7l.tA

Tare + Oven-Dried #10 Washed (g) 6{8.Lt6
Tare + Oven-Dried #200 Washed (g)

(includino olus #10 material) l{0.60

& !*uPtz Corvsa,ta€v

Hygroscopic Moisture
Content

Tare Number 6
Tare Weisht (g) ,.5f

Wet Soil + Tare (q) ,/ \-?
DrY Soil + Tare (g) .3+

tt""*"* a[onDate: olfzg/s Technician:&
Method of size reduction: Sample Splitter [ ] Quartering [N Stockpile [ ] Whole Sample [ ]

Hvdrometer Analvsis|.53 Technician:

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
('c)

13:23:00 START
13:24:00 1 41 0 L zl
13:25:00 2 78.O 6 7l
13:28:00 5 2b.O 6 zl
13:38:00 15 23.O h LI
13:53:00 30 20.o L 2t s
14:23:00 60 lB.0 b a.5
17:33:00 250 t+ (_- 22.o
13:23:00 1440 tc !; tr2 2\.5

J4

,- t. |,. 9jgY34!g!Y$, a .r
Sieve Date: tllJ 0 Sieve Set #: ) Technician:'jy\

Sieve Size Cumulative Weight (g)

Emotv Tare 10.-5 l_
2" (N

1%" +
1" (0.3?.

3t4" t,t..lY
112" i1.0q
3/8', {q- r
H 46.'

#10 sl1 .6 L
#20 In 4 ,f6
u0 It+.12
#60 l2-s, oS
#100 \t L"
#200 I IK.AL
Pan lc{0,9 |I l0lF-A

Rev.00l
F.i*c!ftd= ' -Gffi@i,.e *



ANALYTICAL RESOURCES. INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARI sample lD.: H setup oate, 04'L4'LOl3 lnitials: lLb
Method of size :'sample Splifter [] Quartering [ ] Stockpile [] Whole Sample [tf

*seata.e. cDNtutuitD

Hydro Beaker: BH Calgon Batch #:
Method of size reduction: Sample Splitter []

Sieve Date: SlllSZ Sieve Set #:

27* Calgon oate 4/zti,lts Technician: &
Quartering [] Stockpile [ ] Whole Sample [J-

Sieve Analvsis ul 
Technician: JC\

Tare + Air-Dried Sample Weight (g)

Hydro Test Sample Weight (g)

Tare + Oven-Dried #10 Washed (g)

Tare + Oven-Dried #200 Washed (g)

Wet Soil+ Tare

Lts Technician: rt,t
Time A Time

Test
Cvlinder

Calgon
Blank

Temp
("c)

13:30:00 START
13:31:00 1 ---/-f5 (" zt
13:32:00 2 ? 0.0 (-, LI
13:35:00 5 10.0 6 -rla-l

13:45:00 15 t?.0 6 Lt5
14:00:00 30 150 6 Lt.5
14:30:00 60 I3,5 t 2t5
17:40:00 250 rz l" 22.o
13:30:00 1440 t 0.< (t 'Lr.5

Sieve Size Cumulative Weight (g)

Emptv Tare ld c't
2" A

1%"
1 ,y

314" t0 .tt'-l
1t2" Zq . 

C{G

3/8" L{ f. 9''Z-u l{If-{rF
#10 2.l5.LlY
#20 z9a:+t
u0 z+'r ., tY
#60 L$J L3
#100 Zq o .'5q-
#200 2 q 4.30
Pan 2_q g 1"1

iol.'ro z3-q"

l l0lF-A
Rev.00l * 0uxve$++,n1 NAs %ilr<d F rrcifff5,4*



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARlJob r'ro.: WIID'1 ARI Sample lD.: I Setup oate 04'L* Lot3
Sampfe Description: <il*v ,coar<r 1(nd. vorlz<, rci-Levr4 Par*''c[Q,J i,

lnitials: be
Method of size : Sample Splitter il Quartering [ ]

.,)o?

Sieve Date:

[t]- Whole Sample []

Hygroscopic Moisture
Content

Tare Number J-
Tare Weiqht (q) t.Kz

Wet Soil+ Tare (o) \L.bL
Drv Soil + Tare (q) i6.oq

Hydro Beaker: catgon Batch #: X't\ calgon 9t1"' 0'1 /28 /r< Technician: &-
Method of size reduction: Sample Splitter [ ] Quartering ltf Stockpile [ ] Whole Sample [ ]

Technician: .' +1

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
('c)

13:37:00 START
13:38:00 1 '16.o L LI
13:39:00 2 L30 (, LI
13:42:OQ 5 )oo h 9,1

13:52:00 15 A.5 (r Ltt
14:07:O0 30 ,5. 5 (^' 7,.5
14:37:O0 60 r 3.0 L 11.\
17:47:OO 250 105 Lr L2.o
13:37:00 1440 6 (- 2rS

,- l. t.. Sieve Analvsis5/tl13 Fieveset*: \ Technician:34

l t0lF-A
Rev.001

Tare + Air-Dried Sample Weight (g)

Hydro Test Sample Weight (g)

Tare + Oven-Dried #10 Washed
Tare + Oven-Dried #200 Washed (g) Its.+6

Sieve Size Cumulative Weight (g)

Empty Tare r0 "t5
2" t(. t1

1%" r0.il
1" f(-5q

3t4" 2?.O1
'112" v.0,z(
3/8" qA 0tu 4A -y,h ?sc-
#10 l\t-q,l
#20 li6.(,o
HO [t6.3F
#60 t+l..ff
#100 lS2" ct (

#200 iq3. a3
Pan l '16. 0c+

4 cwrv".Rkq \Do,s @Q^Q\,aA F. f, F* irGf?" - G,#fE.i_* ?



ARlJob No.: WiJ0l ARI SampJe ro.: J Setup Date:
Sample Description: r ocks. Sanal

0+ L+.LO\3 rrlifiats: vbh

ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

Method of size reduction: Sample Splitter [] Quartering [] Stockpile [fi Whole Sample []

Tare Number T
Tare Weiqht (q) to_3b

Tare + Air-Dried Sample Weight (g)

before #1 0 preparation) tn o'?. t 3
Hydro Test Sample Weight (g)
(not includinq beaker weight) qq ,1b

Tare + Oven-Dried #10 Washed (g) :l++.tr{
Tare + Oven-Dried #200 Washed (g)

fincludino olus #10 material) l"to.6 6

Hygroscopic Moisture
Content

Tare Number r
Tare Weisht (g) r.5t

Wet Soil+ Tare (q) 4o qL
Dry Soil + Tare (g) UO.IY

Hydro Beaker: ir calgon Batch #: "t-g'+ ca6on g^r"' 0''1 /2slrq Technician: -' +
Method of size reduction: Sample Splitter [] Quartering [f Stockpile [] Whole Sample []

Hvdrometer Analvsis
4t29t2013 echnician:

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
("c)

13:44:0O START
13:45:00 1 l? {) 6 Zt,5
13:46:00 2 iLD L zt 5
13:49:00 5 I r{.5 6 '),t.5
13:59:00 15 | 2.s 6 2t5
14:14:O0 30 l0 6 Lt.5
'14:44:00 60 qq b )-1.5
17:54:OO 250 ?S G 22 t->

13:44:00 1440 ? ltt 2r.s

,L(,

sieveDate: 5 /,s %eve&@ 1 Technician:"\

Sieve Size Cumulative Weight (g)

Emotv Tare lu. 2 t
2', t0.5+

1Y2" L
1" 3: L

3t4" '\\s. 4L
1t2" go '(,v I

3/8' (
u '1c^2. 5 +
#10 +52.'i7
#20 7al8t
HO ?{4,6c)
#60 Q. tfl. 1-,.{
#100 LvL Z4',1

#200 231 ,( t
Pan 8.{c ,65

rlo#, )rc".

ll0tF-A
Rev.00l

E,_!FJF@ ' ftcfE i_i i I



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

Sample Description:
Method of size reducti6n: Sample Splifter [ ] Quartering [ ] Stockpile [,f- Whole Sample [ ]

Tare Number
Tare Weiqht (q) to.Lo

Tare + Air-Dried Sample Weight (g)
before #1 0 preparation) tN'r.'13

Hydro Test Sample Weight (g)
(not includinq beaker weiqht) CIl 71,

Tare + Oven-Dried #10 Washed (s) gF{t.rt4
Tare + Oven-Dried #200 Washed (g)

(includino olus #10 material) 179,+L

Hygroscopic Moisture
Content

Tare Number L
Tare Weiqht (q) t49

Wet Soil+ Tare (o) 5+.?5
Drv Soil + Tare (q) 1.6.6V

t
HydroBeaker: r- calgonBatch#: Lg+ CaQon g^E o+/z'6/t3 Technician:r.[4

Method of size reduction: Sample Splitter [ ] Quartering [d/ Stockpile [ ] Whole Sample I I

-Technician: 

J+
Time A Time

Test
Cvlinder

Calgon
Blank

Temp
("c)

13:51 :00 START
13:52:00 1 lzo (, 2.t s
13:53:00 2 t.5 6 2t 5
13:56:00 5 1.0 6 Lt 5
14:06:00 15 t0.5 6 2t.l
14.,21:OO 30 q.5 6 ?.t,5

14:51:00 60 1,.0 6 7t.5
18:01:00 250 ?s l" 22o
13:51:00 1440 7 U 2r.s

Sieve Date:
g/tlts @***,n 3 Technician:gg-

I l0lF-A
Rev.00l

Sieve Size Cumulative Weight (g)

Empty Tare t0.zz
2" iO.LL

1%" lc.Lt
1" ,{ "97

314" 2L2-rl.+
1t2" r{ lf,?{
3/8" t2.g.3l
H 51. <s
#10 [q l.tn
#20 tq"+:
MO 7qE.1L
#60 q/'z. ro
#100 1+O,r 5
#200 q?L{ 'l tt
Pan q?q..R::::::::::::::::L

i.;hiffii--a ,#$?#r j ff



ARlJob tro.: WtV0l Afllsample to.: M setup Da:rc: 0+'L+'Wl3 Initials: A+
Sample oescti-pton, cor./ '

Method of size reduction: Sample Splitter [ ] Quartering [ ] Stockpile [t1l- Whole Sample [ ]

Tare Number ,4
Tare Weiqht (q) 0 4Ll

Tare + Air-Dried Sample Weight (g)
6efore #1 0 preparation) |Lg.3L

Hydro Test Sample Weight (g)
(not includinq beaker weight) 1'13+

Tare + Oven-Dried #10 Washed (q) 54.?,P,
Tare + Oven-Dried #200 Washed (g)

fincludino olus #10 material) tso. 6l-

Hygroscopic Moisture
Content

Tare Number M
Tare Weiqht (q) ,+7

wet soil+ Tare (g) q}.9'6
Drv Soil + Tare (q) 5+ 70

ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

Hydro Beaker: M Calgon Batch #: 'L''Kl Calgog oate: A4 lzt I B Technician:
Meth6d of size reducii6ffiampt6 Splitter [] OGrtering til stoctpite tl vtrrrole Sample []

$/rlrY SieveAnalvsis t' .-s)
Fievesett -( 

Technician: dC-\

"lr*

Sieve Date:

ll0lF-A
Rev.00l

14:13:00

Sieve Size Cumulative Weight (g)

Emptv Tare lu.r>
2',

1Y2'

1',

314"

1t2" Y
3/8' ( 0.'{ 5
H t(.q2
#10 s(.F.-l
#20 1A eL
u0 to{.6j
#60 t2t.3(
#100

({1.$b
#200 5c.-31
Pan €o.ql

! $'"E-FflA#- " Gffi,ft;-i$T



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARI Job No.:

Method of size reduction: Whole Sample []

Tare Number N
Tare Weiqht (q) l(), lo

Tare + Air-Dried Sample Weight (g)
(before #1 0 preparation) 1b+.53

Hydro Test Sample Weight (g)
(not includino beaker weiqht) 33.L1

Tare + Oven-Dried #10 Washed (o) l<D.ial
Tare + Oven-Dried #200 Washed (g)

(includino olus #10 material) 'l-00,7+

HydroBeaker: IlN CalgonBatch#: 2-g1 Calgon Date: ollz'lt3 Technician: &
Method of size reduction: Sample Splitter [ ] Quartering [ ] Stockpile [ ] Whole Sample ft],.

setuoDate: 04 LL+.igt3
Lt(vrScrdffi

fnitials: lbk

1: echnician:

Time A Time
Test

Cylinder
Calgon
Blank

Temp
("c)

14:05:00 START
14:06:00 1 4\+- D h ),t.E
14:07:O0 2 ? il.s (t 7t.E
14:10:00 5 ? 6.0 In 2t.E
14:20:OO 15 2ts (, Lt5
14:35:00 30 10. D 6 zt.\
15:05:00 60 t5,0 6 L7.,0
18:15:00 250 tD5 G 21-.o
14:05:00 1440 ?s {p 2tq

Hvdrometer Analvsis
I q3265 Technir

Sieve Analvsis
Sieve Set #:

Hygroscopic Moisture
Content

Tare Number N
Tare Weiqht (q) r+t

Wet Soil+ Tare (o) q.7'1
Drv Soil + Tare (q) 7.6q

3 Technician:-!(.

-da.

9tlBSieve Date:

ll0lF-A
Rev.00l

Sieve Size Cumulative Weight (g)

Emotv Tare t0-oQ
2', MG, ta.c1

1% 1H2 ru Ccl
1" (c,0Y

3t4" tr.c6
1tz', 2_2.1?.
3/8' 6?.sl
#4 tac,9q
#10 l {-+,-58
#20 t5s.cL
#40 i6 q t?-
#60 I rl0. 56
#100 1A'].TL
f200 q0. 0c
Pan too.4R.

!= $F""-.;e.:E€? " dF#efle c -+ -F



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARtJob r.fo.: ViiNO?
Sample OescriptionS

SamBle rD.; O setup oate: 04' L4'Lot3 rrrifiats' vbb
7o.^ol ,WcNs

Method of size reductibn: Sample Splitter [ ] Quartering [ ] Stockpile [d.- Whole Sample [ ]

Tare Number ()
Tare Weiqht (s) '1,'1 F>

Tare + Air-Dried Sample Weight (g)
before #10 oreoaration) qqr.0?

Hydro Test Sample Weight (g)
(not includino beaker weioht) "lq, u5

Tare + Oven-Dried #10 Washed (o) zaq.n
Tare + Oven-Dried #200 Washed (g)

(includino olus #10 material) L6t t.d0

0

Hygroscopic Moisture
Content

Tare Number n
Tare Weioht (q) ,. +b

Wet Soil+ Tare (q) LJl9l
DrY Soil + Tare (g) ql.aL

030

Hydro Beaker: 0 Calgon Batch #: 23vl Calgon oate: c|/?z lB Technician: ,y'Jr
Method of size reduction: Sample Splitter [] Quartering [ ] Stockpile [f Whole Sample []

zs5
Hvdrometer Analvsis

4t29t2013 echnician:

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
("c)

14:13:00 START
14:14:0O 1 1L.0 (" 2 t.5
14:15:00 2 tg .0 (, t t.E
14:18:00 5 tfo 6 Ll.\
14:28:0O 15 14. s L 2t.S
14:43:00 30 I1,5 b '11.5

15:13:00 60 II. O b 270
18:23:00 250 ()

(-r Q2 720
14:13:00 1440

=-
l@ 2t. (

Sieve Date: 4/ thz
Sieve Analvsis

Sieve Set #: 1 Technician:

Sieve Size Cumulative Weight (g)

Emotu Tare lo o z
2" trJ.CL

1%" t0.$L
1" ac.3+

314" ,G" ti
1t2" "{q 5q
3/8' 64 "'l()
H t9(\.46

#10 lq q,Y I
#20 LgL.r L
u0 z5-?,8S
#60 76Q,.1+

#100 z+"(.'Lo
#200 L$9,.57
Pan zqL,r5

f,cn

ll0lF-A
Rev.00l

4 gopttd ?\{{tl\( wvat nrg?UsD LJF3ffiG' *#*':*



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARI Job lrq,; !V N O'1 ARlSample lD.: Setup Date: .Ltl' Lo t3 tnitiats: J'1,
Sample Description: r,,.yi da4.-

Method of size reduction: Sample Splitter []
-6'9_3g'..1
Quartering [] Stockpile [] Whole Sample I

p. rh"irS

Tare Number P
Tare Weisht (s) 911

Tare + Air-Dried Sample Weight (g)
before #10 oreoaration) t74. oL

Hydro Test Sample Weight (g)
(not includinq beaker weioht) +x.51

Tare + Oven-Dried #10 Washed (q) 30, ??
Tare + Oven-Dried #200 Washed (g)

fincludinq olus #10 material) 98 53

* SA,ueve toushvtED

Hygroscopic Moisture
Content

Tare Number P
Tare Weiqht (q) ,(+

Wet Soil+ Tare (q) ]n.f
Dry Soil + Tare (q) l,qL

Hydro Beaker: ? Calgon Batch #: Ltwl Calgon Date' c-/ l?31)3 Technician: yL/t
Method of size redilctior. sampli Splitter [ ] ouartering Il stocrpile I I wnole Sample If

Hvdrometer Analvsis
4t29t2013 Technician:

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
('c)

14:20:00 START
14:21:O0 1 ?r.o 6 7r.5
14:22:00 2 700 6 zt.5
14:25:0O 5 f ?.0 h 2t.5
14:35:00 15 I Ll.5 6 1,t.5
14:50:00 30 f ?.0) L 2t.5
15:20:00 60 lt.o 6 22.D

18:30:00 250 q lo 2z.o
14:20:00 1440 2 t- 2t S

Sieve Anafvsis - /\-/
@: 3 Technician:-Sli

ll0lF-A
Rev.001

/-(r-

Sieve Size Cumulative Weight (g)

Emotv Tare q.qt
2"

't%"
1"

314"

1t2" ,o.("l
3/8" lC,4t't
u 2r \3

#10 ')ot.Lt
#20 'T.+z
HO ko.stt
#60 $t-[o

#100 6q.*?
#200 B5.Ota
Pan BB.cALe



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARI Job r'ro.: \|,JN 09 ARI Sample lD.:
Sample Description: {a ad , VPct s

0 setup oate:04'ZLl'Ul3 lnitiats: &+
Method of size reauction: Sample Splitter [ ] Quartering [ ] Stockpile P|- Whole Sample [ ]

Tare Number rJ
Tare Weiqht (q) 9.+z-

Tare + Air-Dried Sample Weight (g)
Gefore #1 0 oreparation) 6qq.41

Hydro Test Sample Weight (g)
(not includinq beaker weiqht) q1.zL

Tare + Oven-Dried #10 Washed (g) 40(1.18
Tare + Oven-Dried #200 Washed (g)

(includinq plus #10 material) $bZAtt

Hygroscopic Moisture
Content

Tare Number ()
Tare Weioht (q) l. Lt6

Wet Soil+ Tare (q) AA ?C
Drv Soil + Tare (o) t L.zl

Hydro Beaker: O Calgon Batch #:
Method of size reductioh: Sample Splitter Il

T"^tgon Date: o'1 /zvl rc 
tecnnician -L-t'

Quartering [{z stockpile [ ] whole sample []

Sieve Analvsis -,
Sieve Date: 5' i' tq Sieve Set #: T Technician: -,tr

Sieve Size Cumulative Weight (g)

Emptv Tare 4.2'z-
2',

1Y2" l3x.q$
1', a+2. T

314', lQZ ?;
1t2" AZ+.+3
3/8" 2Fr1711
u '+2.\t-
#10 4oel c1g

#20 *2l""tct
MO +t8,t€
#60 4?r:+z

#100 vll.tn
#200 q)2.*
Pan 5o3. I rI l0lF-A

Rev.001

Time

14:27:OO

M:28:OO

14:57:OO

E,FtrF,"Rffiffi iBFGffi#i



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARI Job No.: W N 09
f)

ARI SamplelD.: 1( Setup Dare 0+'L+'29t3 Initials: ,h'G
A lnr'lra vt:t*st"ro'fi3;::

Hydro Beaker C R. C"lgon Batch #: LSI-c"lgorl Date: a"l lzsl B recnnician:@HyclrotseaKer:Lls_ ualgon tsatch#: t o-t ualgorll)ale'. v1l/'ol t> lecnnrctan:
Methodofsizereoucil6i3ampt6Sp|itter11ouarteringti/stocr<ffi|eSamp|e[]

Sieve Analvsis
sieve Date: 5 I \3 

-sieve 

set * 3 Technician:

Tare Number R.
Tare Weiqht (s) to zo

Tare + Air-Dried Sample Weight (g)
ftefore #10 oreoaration) 10o5. <J9

Hydro Test Sample Weight (g)
(not includino beaker weioht) q q.57

Tare + Oven-Dried #10 Washed (o) bbb Rd
Tare + Oven-Dried #200 Washed (g)

fincludino plus #10 material) 79zz

*SAMP-E Col/trME>
Hygroscopic Moisture

Content
Tare Number R.

Tare Weiqht (q) , {l
Wet Soil+ Tare (q) l"l.4L
Drv Soil + Tare (q) ht 2]

Sieve Size Cumulative Weight (g)

Emotv Tare I cl.']. I

2"
1%" lfrs ?l
1" +46.R?

3t4" (?t?.?f)
112" \[A.qT
3/8' 57t.?_tdu w'4q\
#10 bbs.:;-r
#20 t;+s.n'1
HO td18.0c
#60 73*9t
#100 254. t

#200 79i.t,*
Pan 25q sgll0tF-A

Rev.00l
!_-IF"._!Ftri ftF"i€E *



ANALYTICAL RESOURCES, INC.

Sieve/Hydrometer Particle Size Analysis - ASTM D4211422

ARI Job x6.; W tV 01 ARI sample to.: S setup Date: 04 L*'2pt3 lnitials: ,AIt

'"'o'fi"T:!'lll3l"

algon Date: o'l f zglt< Technicran: 14'
Method of size reduction: Sample Splitter [] Quartering [0./Stockpile [] Whole Sample []

Hvdrometer Analvsis
3 Technician:

Time A Time
Test

Cvlinder
Calgon
Blank

Temp
('c)

14:41:00 START
14:42:00 1 +.5 b 1-t 5
14:43:00 2 +.0 (^ Lt.5
14:46:00 5 1,5 la 2t.5
14:56:00 15 6.5 L '11.6

15:11:00 30 L.0 b 22.0
15:41:00 60 b b,r.4 *zz.e
18:51:00 250 le v? L"2

14:41:O0 1440 b b zl.s

Tare Number
(-
-)

Tare Weisht (g) t a.46
Tare + Air-Dried Sample Weight (g)

before #1 0 oreparation) +t1.+t
Hydro Test Sample Weight (g)
(not including beaker weight) qq tS

Tare + Oven-Dried #10 Washed (q) '4b1.21
Tare + Oven-Dried #200 Washed (g)

(includinq olus #10 materiaD +3+s?

Sieve Date:

;f 9AupC 1a Uftal,t€1)

Hygroscopic Moisture
Content

Tare Number s
Tare Weiqht (q) s,

Wet Soil+ Tare (s) 62.j1
Drv Soil + Tare (q) A? +rt

Sieve Analvsis i
5 " I ' 13 Sieve Set #: 4 Technician: 

+
Sieve Size Cumulative Weight (g)

Emotv Tare to <l
2"

1%"
1" tU.<ol

314" \z?. 14
1t2" s€.T+
3/8" zzt. szu 'pt oz
#10 5frW
#20 *l.tB
HO q)..O\
#60 LIOB?+
#100 Uzqi^r,
#200 t+4tL.:Ls
Pan +3* S1I l01F-A

Rev.001
E"iF{gFfl}. fFflq@ryt3



 

 

ATTACHMENT 2A-6 
SI UV Photographs and Petrophysical Results 

 



SUB-ATTACHMENT 2A-6.1 
UV Photographs 





















































SUB-ATTACHMENT 2A-6.2 
Petrophysical Data 





PTS Laboratories
Project Name: North Lake Union-Gas Works Park PTS File No: 43238
Project Number: 0186-846-01 Client: GeoEngineers, Inc. 

Core Slab and *Free *Free Product Modified Free Viscosity/ Viscosity/
CORE ID Depth Recovery Core Product Mobility Product Density Density

ft. ft. Photo Mobility Under Water Mobility at 70ºF at 70ºF Notes
Method: Plugs: 1/4:3/4 Hor. 1.5" Hor. 1.5" Hor. 1.5" ASTM D1481, D445 ASTM D1481, D445 Keep core frozen

Date Received: 20130424

MW09-130415-LNAPL N/A N/A X 200 mL LNAPL

MW09-130415-DNAPL N/A N/A X 200 mL DNAPL

DW07-130415-DNAPL N/A N/A X 200 mL DNAPL

DW04-130415-DNAPL N/A N/A 200 mL DNAPL
HOLD

DW05-130415-DNAPL N/A N/A 200 mL DNAPL
HOLD

PZ03-130417-DNAPL N/A N/A X 200 mL DNAPL

MW18-130422-DNAPL N/A N/A X 200 mL DNAPL

MW03-130419 N/A N/A 2400 mL Water for FPM

PT01B-11-13.2A 11-13.2 2.25 2 12.9
PT02-8-10A 8.7-10 1.30 2

PT02-10-13B 10-13 2.85 3 11.8
PT02-20-23 20-23 2.85 3 21.45

PT01-20-21.1A 20-21.1 0.85 1 Photograph lower foot

PT01-21.1-22B 21.1-22 0.75 1 21.2
PT03-8-10A 8-10 1.85 2 8.55 Only photograph 8-10'

PT03-10-13B 10-13 2.80 3 10.85 No top or bottom labeled

PT03-25-28A 25-28 2.70 3
PT03-28-30B 28-30 2.00 2 29.7 Photograph upper 2 feet

PT01-22-25C 22-25 2.70 3

TOTALS: 13 jars
11 cores 22.90 25 2 5 0 1 5 25

Laboratory Test Program Notes
Contaminant identification: Possible BTEX, PAH, & Arsenic
Sample locations to be selected by GeoEngineers, Inc.  personnel from core photography.
Standard TAT for basic analysis is 10 business days.  Advanced tests require additional time.
*Free Product Mobility (Stepped): 250RPM, 500RPM, and 1000RPM.
Modified Free Product Mobility: Apply centrifugal force at 1000xG for one hour.  Submit centrifuged sample to analytical laboratory selected by GeoEngineers, Inc.  
Shipping not included.
Please contact laboratory if you would like the "HOLD" samples retained longer than 30 days.

TEST PROGRAM - 20130530

Photograph 2 feet that appear most impacted

CLIENT CONFIDENTIAL Page 1 of 1



PTS File No: 43238
Client: GeoEngineers, Inc. 

PROJECT NAME: North Lake Union-Gas Works Park
PROJECT NO: 0186-846-01

METHODS: API RP 40

SAMPLE TOTAL APPLIED
SAMPLE DEPTH, ORIENTATION DRY BULK, GRAIN, POROSITY, FORCE, WATER (Swi) NAPL (Soi) WATER (Srw) NAPL (Sor)

ID. ft. (1) g/cc g/cc %Vb RPM or xG SATURATION SATURATION SATURATION SATURATION

PT01B-11-13.2A 12.9 H 0.65 1.87 65.1 250 RPM 80.6 6.8 75.5 6.8
NOTE: No visible NAPL produced.  Produced water cloudy with strong hydrocarbon odor.

500 RPM 75.5 6.8 30.9 6.8
NOTE: No visible NAPL produced.  Produced water slightly cloudy with strong hydrocarbon odor.

1000 RPM 30.9 6.8 23.2 6.7
NOTE: Trace NAPL produced.  Produced water slightly cloudy.

PT03-8-10A 8.55 H 0.85 2.46 65.4 250 RPM 78.2 8.4 76.8 8.4
NOTE: No visible NAPL produced.  Produced water clear with moderate hydrocarbon odor.

500 RPM 76.8 8.4 57.1 8.4
NOTE: No visible NAPL produced.  Produced water slightly cloudy, yellow tint, and moderate hydrocarbon odor.

1000 RPM 57.1 8.4 43.3 8.4
NOTE: No visible NAPL produced.  Produced water slightly cloudy, yellow tint, and moderate hydrocarbon odor.

N/A = Not Analyzed. Vb = Bulk Volume, Pv = Pore Volume.  (1)  H = horizontal,  V = vertical,  R = remold
Soi = Initial NAPL Saturation as received prior to centrifuging at 1000xG, Swi = Initial Water Saturation as received prior to centrifuging at 1000xG
Sor = Residual NAPL Saturation after centrifuging at 1000xG, Srw = Residual Water Saturation after centrifuging at 1000xG
Water =0.9996 g/cc, NAPL = 0.9193 g/cc.

STEPPED FREE PRODUCT MOBILITY: INITIAL AND RESIDUAL SATURATIONS

API RP 40

PTS Laboratories

DENSITY Initial Fluid Saturations After Centrifuging

ASTM D425M, DEAN-STARK
PORE FLUID SATURATIONS, % Pv

(Centrifugal method: samples spun under air, stepped pressures.)

Page 1 of 1



PTS File No: 43238
Client: GeoEngineers, Inc.

PROJECT NAME: North Lake Union-Gas Works Park

PROJECT NO: 0186-846-01

METHODS: API RP 40

SAMPLE TOTAL APPLIED

SAMPLE DEPTH, ORIENTATION DRY BULK, GRAIN, POROSITY, FORCE, WATER (Swi) NAPL (Soi) WATER (Srw) NAPL (Sor)

ID. ft. (1) g/cc g/cc %Vb RPM or xG SATURATION SATURATION SATURATION SATURATION

PT02-10-13B 11.8 H 0.44 2.00 77.8 250 RPM 47.6 46.6 49.5 46.6

NOTE: No visible NAPL produced. Produced water clear with strong hydrocarbon odor.

500 RPM 49.5 46.6 50.0 46.6

NOTE: No visible NAPL produced. Produced water clear with strong hydrocarbon odor.

1000 RPM 50.0 46.6 50.6 46.6

NOTE: No visible NAPL produced. Produced water clear with strong hydrocarbon odor.

PT02-20-23 21.45 H 0.75 2.10 64.4 250 RPM 69.6 19.6 73.8 19.6

NOTE: No visible NAPL produced. Produced water clear with moderate hydrocarbon odor. Fines produced.

500 RPM 73.8 19.6 74.0 19.6

NOTE: No visible NAPL produced. Produced water clear with moderate hydrocarbon odor. Fines produced.

1000 RPM 74.0 19.6 74.4 19.6

NOTE: No visible NAPL produced. Produced water clear with moderate hydrocarbon odor. Fines produced.

PT01-21.1-22B 21.2 H 1.69 2.70 37.2 250 RPM 70.9 10.3 75.3 10.3

NOTE: No visible NAPL produced. Produced water cloudy with moderate hydrocarbon odor. Fines produced.

500 RPM 75.3 10.3 75.3 10.3

NOTE: No visible NAPL produced. Produced water cloudy with moderate hydrocarbon odor. Fines produced.

1000 RPM 75.3 10.3 75.3 10.3

NOTE: No visible NAPL produced. Produced water cloudy with moderate hydrocarbon odor. Fines produced.

N/A = Not Analyzed. Vb = Bulk Volume, Pv = Pore Volume. (1) H = horizontal, V = vertical, R = remold

Soi = Initial NAPL Saturation as received prior to centrifuging, Swi = Initial Water Saturation as received prior to centrifuging

Sor = Residual NAPL Saturation after centrifuging, Srw = Residual Water Saturation after centrifuging

Water =0.9996 g/cc, NAPL = 0.9193 g/cc.

PTS Laboratories

(Samples spun under water, stepped pressures.)

DENSITY Initial Fluid Saturations After Centrifuging

ASTM D425M, DEAN-STARK

PORE FLUID SATURATIONS, % Pv

FREE PRODUCT MOBILITY: INITIAL AND RESIDUAL SATURATIONS

API RP 40

Page 1 of 2



PTS File No: 43238
Client: GeoEngineers, Inc.

PROJECT NAME: North Lake Union-Gas Works Park

PROJECT NO: 0186-846-01

METHODS: API RP 40

SAMPLE TOTAL APPLIED

SAMPLE DEPTH, ORIENTATION DRY BULK, GRAIN, POROSITY, FORCE, WATER (Swi) NAPL (Soi) WATER (Srw) NAPL (Sor)

ID. ft. (1) g/cc g/cc %Vb RPM or xG SATURATION SATURATION SATURATION SATURATION

PT03-10-13B 10.85 H 0.65 2.43 73.2 250 RPM 66.3 14.5 66.3 14.5

NOTE: No visible NAPL produced. Produced water clear with strong hydrocarbon odor. Fines produced.

500 RPM 66.3 14.5 66.3 14.5

NOTE: No visible NAPL produced. Produced water clear with moderate hydrocarbon odor. Fines produced.

1000 RPM 66.3 14.5 66.3 14.5

NOTE: No visible NAPL produced. Produced water clear with faint-moderate hydrocarbon odor. Fines produced.

Sample compressed slightly from confining pressure.

PT03-28-30B 29.7 H 1.90 2.73 30.1 250 RPM 57.3 13.8 65.0 13.8

NOTE: No visible NAPL produced. Produced water clear with strong hydrocarbon odor. Fines produced.

500 RPM 65.0 13.8 65.0 13.8

NOTE: No visible NAPL produced. Produced water clear with moderate hydrocarbon odor. Fines produced.

1000 RPM 65.0 13.8 65.0 13.8

NOTE: No visible NAPL produced. Produced water clear with moderate hydrocarbon odor. Fines produced.

N/A = Not Analyzed. Vb = Bulk Volume, Pv = Pore Volume. (1) H = horizontal, V = vertical, R = remold

Soi = Initial NAPL Saturation as received prior to centrifuging, Swi = Initial Water Saturation as received prior to centrifuging

Sor = Residual NAPL Saturation after centrifuging, Srw = Residual Water Saturation after centrifuging

Water =0.9996 g/cc, NAPL = 0.9193 g/cc.

DENSITY Initial Fluid Saturations After Centrifuging

PTS Laboratories

FREE PRODUCT MOBILITY: INITIAL AND RESIDUAL SATURATIONS
(Samples spun under water, stepped pressures.)

API RP 40 ASTM D425M, DEAN-STARK

PORE FLUID SATURATIONS, % Pv

Page 2 of 2
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Client: GeoEngineers, Inc.

PROJECT NAME: North Lake Union-Gas Works Park

PROJECT NO: 0186-846-01

SAMPLE TEMPERATURE, SPECIFIC DENSITY,

ID °F GRAVITY g/cc centistokes centipoise

MW09-130415-DNAPL NAPL 70 1.019 1.017 22.2 22.6

DW07-130415-DNAPL NAPL 70 1.081 1.079 46.0 49.6

PZ03-130417-DNAPL NAPL 70 1.082 1.080 685 740

MW18-130422-DNAPL NAPL 70 1.109 1.107 1129 1250

PTS Laboratories

VISCOSITY, DENSITY, and SPECIFIC GRAVITY DATA

MATRIX
VISCOSITY

(METHODOLOGY: ASTM D445, ASTM D1481, API RP40)
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ATTACHMENT 2A-7 
SLUG TESTING 

1.0 INTRODUCTION  

Slug testing was performed on seven wells at the Site between April 24 and 25, 2013. The purpose of the 
slug testing was to evaluate the hydraulic conductivity (K) within a subset of wells installed along the 
shoreline during the 2013 Supplemental Investigation (SI). The wells tested were MW-32S, MW-32D, 
MW-33S, MW-36S, MW-36D, MW-39S and MW-39D, and consisted of both shallow- (“S”) and deep- (“D”) 
screened wells. Groundwater levels were measured as hydrostatic pressures during testing by using a 
submerged 15-pounds per square inch (psi) INW PT2X vented pressure transducer and combined 
datalogger. Hydraulic conductivity was calculated using the Bouwer and Rice (1976) method or the Butler 
and Garnett (2000) method. Plots of the slug test response and type curves analyzed are presented in 
Figures 2A-7-1 through 2A-7-7. Table 2A-7-1 shows interpreted hydraulic conductivity values. 

2.0 FIELD PROCEDURES 

Prior to slug testing, the pre-test static water level was measured in each well using a decontaminated 
interface probe/water-level tape to measure depth to water from a surveyed reference mark at the top of 
the well casing. The pressure transducer/datalogger was programmed to record hydrostatic submergence 
pressure eight times per second, supplemented with manual electronic water-level meter readings before, 
during and after each slug test. 

Each slug test was performed in two stages, resulting in a falling-head stage, followed by a rising-head 
stage: 

1. A slug (weighted 5-foot length of sealed polyvinyl chloride [PVC] casing) of known volume was rapidly 
lowered into the well, causing displacement of the water level above its initial level. The water level in 
the well was monitored until it returned (fell) to the approximate pre-test water level. This part of the 
test is known as the falling-head stage. 

2. The slug was then rapidly removed from the well, causing the water level to fall below its initial level. 
The water level in the well was then monitored until it returned (rose) to the approximate pre-test water 
level. This part of the test is known as the rising-head stage. 

3.0 DATA ANALYSIS 

After the sensor data were downloaded and processed using spreadsheet software, the hydraulic response 
was evaluated to determine the appropriate analytical method. In soils of moderate to low permeability, 
the recovery of the water level (rising or falling) back to its initial level is usually in the form of a monotonic 
trend, as seen in the slug test response from well MW-32S (Figure 2A-7-1). This type of hydraulic response 
has been classified as “overdamped” in the technical literature (Butler and Garnett 2000). In 
higher-permeability soils, where much rapid rates of recovery are possible, the response is classified as 
“underdamped.” 
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Hydraulic response to slug testing in wells MW-36S and MW-39S exhibited an underdamped response, 
which is typically observed as decaying oscillations in water level following insertion or removal of the slug 
(Neville 2011), rather than the monotonic response. This type of response is typically due to high hydraulic 
conductivity of the aquifer in the vicinity of the well. Data from wells exhibiting this type of response were 
analyzed using a high-conductivity analytical method for slug tests developed by Butler and Garnett (2000). 
The authors developed their analytical method based on the work of Van Der Kamp (1976) and Kipp 
(1985), refining the method to be applicable to wells that do not penetrate the entire thickness of the 
aquifer. The Butler and Garnett (2000) method is widely used in slug test data analysis and can be applied 
to data from both confined and unconfined aquifers. Slug test data from all wells were analyzed assuming 
unconfined aquifer conditions. 

The falling-head test data were not analyzed in wells where the water table occurred within the screened 
interval (i.e., in wells MW-33S and MW-39S). This is the case because the falling-head response may have 
been affected by partial well water drainage into the vadose zone. In each of these instances, the falling-
head response occurs faster than the rising-head response. Therefore, only the rising head test data were 
used to calculate the hydraulic conductivity at these locations. 

4.0 REFERENCES 

Bouwer, H., and R.C. Rice. 1976. "A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers 
with Completely or Partially Penetrating Wells." Water Resources Research 12 (3):5. 

Butler, J.J., and E.J. Garnett. 2000. Simple Procedures for Analysis of Slug Tests in Formations of High 
Hydraulic Conductivity Using Spreadsheet and Scientific Graphics Software. Kansas Geological 
Survey Open-File Rept. 2000-40. 

Kipp. 1985. "Type Curve Analysis of Inertial Effects in the Response of a Well to a Slug Test." Water 
Resources Research 21 (9):12. 

Neville, C.J. 2011. "Critical Thinking in Aquifer Test Interpretation." Presented in Conjunction with the 8th 
Washington Hydrogeology Symposium, Tacoma, Washington, April 28, 2011. 

VanDerKamp, G. 1976. "Determining Aquifer Transmissivity by Means of Well Response Tests: The 
Underdamped Case." Water Resources Research 12 (1):6. 

 



Well Hydraulic Conductivity (K, cm/sec) Well Screened Interval (ft bgs) Hydrogeologic Unit

MW-32S 7.15E-03 16.5 - 31 Fill

MW-32D/GEO-1 7.00E-04 42 - 46.8 Qva/Qpgt

MW-33S(b) 1.40E-02 13.1 - 22 Fill/Qvr

MW-36S 1.82E-02 8 - 22.8 Fill

MW-36D 9.35E-05 29.3 - 33.8 Qvr/Qpgt

MW-39S 4.05E-02 3.9 - 14 Fill/Qva

MW-39D 7.00E-04 17.1 - 21.8 Qva/Qpgt

Mean 1.16E-02 -- --

Standard Deviation 1.46E-02 -- --

Notes:
cm/sec = centimeters per second

Hydraulic conductivity was estimated using the Bouwer and Rice (1976) method or the Butler and Garnett (2000) method.

Falling head data were not analyzed in wells MW-33S and MW-39S because the water table occurred within the screened interval.

Table 2A-7-1
Hydraulic Conductivity Values

Gas Works Park Site
Seattle, Washington

File No. 0186-846-03
Table 2A-7-1 | January 2023 Page 1 of 1



Notes:
1. Slug Test conducted in Monitoring Well MW-32S on

April 25, 2013.
2. Overdamped slug test response analyzed using Bouwer &

Rice (1976) method.
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Figure 2A-7-1

Aquifer Slug Test, MW-32S

Gas Works Park Site
Seattle, Washington



Notes:
1. Slug Test conducted in Monitoring Well MW-32D on

April 25, 2013.
2. Overdamped slug test response analyzed using Bouwer &

Rice (1976) method.
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Figure 2A-7-2

Aquifer Slug Test, MW-32D

Gas Works Park Site
Seattle, Washington



Notes:
1. Slug Test conducted in Monitoring Well MW-33S on

April 25, 2013.
2. Overdamped slug test response analyzed using Bouwer &

Rice (1976) method.
3. Falling head test data not analyzed because well screen

spans the water table.
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Aquifer Slug Test, MW-33S

Gas Works Park Site
Seattle, Washington



Notes:
1. Slug Test conducted in Monitoring Well MW-36S on

April 24, 2013.
2. Underdamped slug test response analyzed using Butler and

Garnett (2000) method for slug test analysis in high
hydraulic conductivity aquifers.
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Figure 2A-7-4

Aquifer Slug Test, MW-36S

Gas Works Park Site
Seattle, Washington



Notes:
1. Slug Test conducted in Monitoring Well MW-36D on

April 24, 2013.
2. Overdamped slug test response analyzed using Bouwer &

Rice (1976) method.
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Figure 2A-7-5

Aquifer Slug Test, MW-36D

Gas Works Park Site
Seattle, Washington



Notes:
1. Slug Test conducted in Monitoring Well MW-39S on

April 24, 2013.
2. Rising head test #1 analyzed using Bouwer & Rice

(1976) method.
3. Rising test #2 analyzed using Butler and Garnett (2000)

method for high hydraulic conductivity aquifers.
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Figure 2A-7-6

Aquifer Slug Test, MW-39S

Gas Works Park Site
Seattle, Washington



Notes:
1. Slug Test conducted in Monitoring Well MW-39D on

April 24, 2013.
2. Overdamped slug test response analyzed using Bouwer &

Rice (1976) method.
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Aquifer Slug Test, MW-39D

Gas Works Park Site
Seattle, Washington
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ATTACHMENT 2A-8 
MW-09 LNAPL BAILDOWN FIELD PROCEDURES, METHODOLOGY, RESULTS 

1.0 LNAPL BAILDOWN TESTING  

Baildown tests in unconfined aquifers are commonly evaluated using the Bouwer and Rice method for 
groundwater slug tests (Bouwer and Rice 1976, Bouwer 1989). The Bouwer and Rice slug test analytical 
solution has been modified to estimate light nonaqueous phase liquid (LNAPL) transmissivity following one 
or more slug withdrawals (Huntley 2000, Kirkman 2012). LNAPL transmissivity is a measure of the potential 
flux of LNAPL per unit drawdown, or the volume of LNAPL travelling through a unit width of an aquifer per 
unit time per unit drawdown (units of length squared per time). 

Based on the modified method, the purpose of the testing was twofold: 

■ Empirically and quantitatively evaluate the transmissivity of LNAPL in the geologic formation, and 

■ Assess the potential recoverability of LNAPL. 

2.0 BAILDOWN TEST METHODOLOGY 

A baildown test was conducted in well MW-09 on April 29, 2013, by removing LNAPL from the well, and 
measuring and recording the LNAPL recovery and associated groundwater response following removal of 
the LNAPL. Both LNAPL-air and LNAPL-water interfaces were measured following LNAPL removal. A 
hydraulic pressure transducer with datalogging capabilities was installed in the well to monitor groundwater 
pressure (elevation) changes during the early portion of the recovery period. Measurements continued 
frequently (once per minute gradually reducing in frequency to once per hour) on April 29 following removal 
of LNAPL, but NAPL recovery was slow. To observe long-term response and changes to LNAPL thickness in 
the well, it was necessary to conduct periodic measurements until October 14. The baildown field procedures, 
which are based on the methodology of Lundy (2002), are described in the work plan for the 2013 
Supplemental Investigation (SI) (GeoEngineers 2013); results of the SI are presented as Appendix 2A to the 
remedial investigation (RI) report. 

3.0 BAILDOWN TEST RESULTS 

One baildown test was performed in well MW-09 to estimate the LNAPL transmissivity (Tn). The LNAPL 
thickness (volume) in MW-09 prior to the baildown test was 1.55 feet (0.25 gallons), which is considered a 
marginal LNAPL thickness for conducting a baildown test; a 1-foot thickness is generally considered the 
minimum for observing response and analyzing baildown test data. NAPL thicknesses in other wells at the 
Site, as measured during the April 2013 SI, were less than 1 foot, too thin for baildown testing. Following 
the removal of LNAPL from MW-09, the LNAPL thickness was 0.31 feet, with a volume of 0.050 gallons 
remaining in the well at the start of recovery monitoring. LNAPL-air and LNAPL-groundwater interface 
measurements from the April 2013 baildown test are shown in Figure 2A-8-1; transducer pressure 
measurements and groundwater potentiometric surface elevations are also shown. 
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Data from the MW-09 baildown test were not considered usable for transmissivity estimates. The small 
changes in LNAPL drawdown and LNAPL thickness precluded use of the method of analysis for the purpose 
intended. In addition, LNAPL recovery into the well was not consistent. For example, after LNAPL was 
removed from the well, the LNAPL thickness was 0.31 feet but fluctuated up to a maximum of 0.78 feet 
before dropping to less than 0.05 feet at the end of monitoring on April 29. The maximum thickness of 
LNAPL observed in MW-09 during recovery monitoring was 1.37 feet on August 23, 2013, which is equal 
to a volume of 0.22 gallons of LNAPL recovery since the baildown test was conducted on April 29, 2013. 

The theoretical response of LNAPL in a small-diameter monitoring well after baildown was not observed. 
Possible explanations include fluctuating thickness of free LNAPL (i.e., thickness in formation capable of 
movement), insufficient LNAPL, questionable well construction or age of well (the well was constructed in 
1986 and may not be up to par with today’s construction standards), and LNAPL transmissivities that were 
too low to measure by the selected methods of analysis (Huntley 2000, Kirkman 2012). 

4.0 REFERENCES 

Bouwer, H. 1989. "The Bouwer and Rice Slug Test – An Update." Ground Water 27 (3):5. 

Bouwer, H., and R.C. Rice. 1976. "A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers 
with Completely or Partially Penetrating Wells." Water Resources Research 12 (3):5. 

GeoEngineers, Inc. 2013. Supplemental Investigation Work Plan, Gas Works Park Site, Seattle, Washington. 

Huntley. 2000. "Analytic Determination of Hydrocarbon Transmissivity from Baildown Tests, Ground Water." 
38 (1). 

Kirkman. 2012. Refinement of Bouwer-Rice Baildown Test Analysis, Ground Water Monitoring & 
Remediation. 

Lundy, D.A. 2002. Well Baildown Protocols for Determining LNAPL Transmissivity and Conductivity. In API 
Interactive LNAPL Guide. Vol. 2. 
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MW-09 Baildown Test -
LNAPL and Groundwater Elevations

Gas Works Park Site
Seattle, Washington

Figure 2A-8-1
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SUB-ATTACHMENT 2A-9.1 
Data Validation Memos  



Disclaimer: Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if provided, and any attachments are only a copy of 
the original document.  The original document is stored by GeoEngineers, Inc. and will serve as the official document of record. 

Data Validation Report 
Plaza 600 Building, 600 Stewart Street, Suite 1700, Seattle, WA  98101, Telephone:  206.728.2674, Fax:  206.728.2732 www.geoengineers.com 

Project: PSE North Lake Union – 2013 Supplemental Upland Investigation (Soil) 

File: 00186-846-01

Date: August 19, 2013

Lab Report: WJ09, WJ66, WJ79, WJ80, WK21, WK22, WL88, WY52, and WZ75 

This report presents the results of a United States Environmental Protection Agency (USEPA)-defined Stage 2A 
validation (USEPA Document 540-R-08-005; USEPA, 2009) of analytical data from the analyses of soil boring 
samples obtained from the Supplemental Upland Investigation at the PSE North Lake Union site.  Samples 
obtained were submitted to Analytical Resources, Incorporated (ARI) of Tukwila, Washington for chemical 
analysis of benzene, toluene, ethylbenzene, and xylene (BTEX) compounds by method SW8260C, polycyclic 
aromatic hydrocarbons (PAHs) and Alkylated PAHs by method SW8270-SIM, poly-chlorinated biphenyls (PCBs) 
by method SW8082, and arsenic by EPA Method 200.8. 

The objective of this data quality assessment was to review laboratory analytical procedures and QC results to 
evaluate whether the samples were analyzed using well-defined and acceptable methods that provide 
quantitation limits below applicable regulatory criteria, the precision and accuracy of the data are well defined 
and sufficient to provide defensible data, and the quality assurance/quality control (QA/QC) procedures 
utilized by the laboratory meet acceptable industry practices and standards. 

ARI Sample Delivery Groups (SDGs; noted above) were reviewed for the following quality control (QC) 
elements: 

■ Chain of Custody

■ Holding Times

■ Additional/Follow-up Analyses

■ Surrogates/Labeled Compounds

■ Method Blanks, Equipment Rinsate Blanks, and Trip Blanks

■ Laboratory Control Samples

■ Matrix Spikes/Matrix Spike Duplicates

■ Laboratory and Field Duplicates

DATA QUALITY ASSESSMENT SUMMARY 

The results for each of the QC elements are summarized below.  The data assessment was performed using 
guidance in two USEPA documents: USEPA Contract Laboratory Program National Functional Guidelines for 
Inorganic Data Review (USEPA, 2010) and USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA, 2008). 
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Chain-of-Custody Documentation 

Chain-of-custody forms were provided with the laboratory analytical reports.  No transcription errors were 
found, and the appropriate signatures were applied.  There were no anomalies mentioned in the sample 
receipt forms, as the samples were transported to the laboratory at the appropriate temperatures of between 
2 and 6 degrees Celsius, except in cases where the samples were transported directly to the laboratory from 
the field.  In these cases, the laboratory recorded temperatures greater than 6 degrees Celsius.  No action 
was taken because the samples were received by the laboratory within 12 hours of sampling. 

Holding Times 

The holding time is defined as the time that elapses between sample collection and sample analysis. 
Maximum holding time criteria exist for each analysis to help ensure that the analyte concentrations found at 
the time of analysis reflect the concentration present at the time of sample collection. Established holding 
times were met for all analyses, with the following exceptions: 

■ SDG WK21 (BTEX):  Samples GEI-13-13-16, GEI-13-23.5-24.5, GEI-13-25.0-25.5, and 
GEI-1-16.5-17.0 were analyzed 1 day outside of the holding time of 14 days.  The positive results and 
reporting limits for non-detected compounds were qualified as estimated (J/UJ). 

Additional/Follow-up Analyses 

SDGs WY52 and WZ75: Additional arsenic analyses (by EPA 200.8) were requested for samples that had 
been archived and refrigerated by the laboratory upon delivery in late March 2013.  The metals holding time 
of 6 months had not expired for the following samples, and the laboratory proceeded to report these results 
as two SDGs. 

MW36S-22.5-23 MW37S-13.5-14.5 GEI-3-16-17 
GEI-4-15.0-16.0 GEI-5-10-10.5 GEI-3-22-23 
GEI-4-20.0-21.0 GEI-5-22-23  

 

Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the analytes of interest, but unlikely to be 
found in any environmental sample.  Surrogates are used for organic analyses and are added to all samples, 
standards, and blanks to serve as an accuracy and specificity check of each analysis.  The surrogates are 
added at a known concentration and percent recoveries are calculated following analysis.  All surrogate 
recoveries for field samples were within the laboratory control limits, with the exceptions below:   

■ SDGs WJ09, WJ66, WJ79, WJ80 (Alkylated PAHs/Regular PAHs):  Due to the inherently high 
concentrations of target analytes in this sampling event, several soil samples had to be diluted by the 
laboratory.  For the purposes of validation, any sample diluted at least 10 fold is considered to have 
the spiked surrogates diluted to levels which are lower than the calibration range of the instrument 
used for analysis and should not be relied upon as a measurement of accuracy. 

For this reason, there were no surrogate recoveries reported in the re-analyzed/dilutions of several 
samples in this sampling event.  In each case, the absence of surrogate recoveries was found to be 
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within the realm of normal laboratory procedure for diluted samples in order to accommodate high 
concentrations of target analytes, and no qualifiers were necessary.  

In almost all cases, the laboratory reported the samples that required dilution multiple times in order 
to achieve the lowest possible reporting limits for any target analytes that did not require dilution.  For 
this reason, only the target analytes that exceeded the calibration range from each initial analysis 
were qualified as Do-Not-Report (DNR).  Correspondingly, all other analytes were qualified as Do-Not-
Report (DNR) in the more diluted analysis in order to avoid the redundant reporting of data. 

■ SDG WK21 (BTEX):  The %R values for d4-1,2-dichloroethane and d4-1,2-dichlorobenzene exceeded 
the control limits in Sample DUP3-040113.  The sample was re-analyzed at a medium level with no 
detections at higher reporting limits.  The positive results for all target analytes were qualified as 
estimated (J) in the initial analysis while the reporting limits were labeled as Do-Not-Report in the 
medium level analysis. 

The %R value for d4-1,2-dichlorobenzene exceeded the control limit in Sample GEI-13-8-9.5.  The 
sample was re-analyzed at a medium level with no detections at higher reporting limits.  Since there 
were 3 other surrogate %R values within the control limits for this sample no action was taken for this 
outlier.  The reporting limits were labeled as Do-Not-Report in the medium level analysis. 

 

Method Blanks, Trip Blanks, and Equipment Rinsate Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce measurable 
concentrations of the analytes of interest.  Method blanks were analyzed with each batch of samples, at a 
frequency of one per twenty samples.  For all sample batches, method blanks for all applicable methods were 
analyzed at the required frequency.  None of the analytes of interest were detected in any of the method 
blanks, with the exceptions below: 

■ SDG WJ09 (PAHs):  There was a positive result for naphthalene in the water method blank extracted 
on 3/30/13 that was less than the contract required quantitation limit.  The positive result for 
naphthalene was qualified as not detected (U) in the associated Sample RINSE-032513. 

■ SDG WJ79 (PAHs):  There was a positive result for naphthalene in the soil method blank extracted on 
4/11/13 that was greater than the contract required quantitation limit.  The positive result for 
naphthalene was qualified as not detected (U) in the associated Sample GEI-10-2-3.  All other 
associated samples exhibited positive concentrations which were greater than 5 times the amount 
found in the method blank. No further action was required.   

■ SDG WL88 (PAHs):  There was a positive result for naphthalene in the soil method blank extracted on 
4/19/13 that was greater than the contract required quantitation limit.  The positive result for 
naphthalene was qualified as not detected (U) in the associated Sample MW32D-43.5-44.5.  All other 
associated samples exhibited positive concentrations which were greater than 10 times the amount 
found in the method blank after sample dilutions were taken into account.  No further action was 
required. 

Trip blanks are analyzed to provide an indication as to whether there has been any cross-contamination in the 
transportation process.  Seven trip blanks were collected for this sampling event:  TRIP BLANK-032613, 
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TRIP BLANK-03-27-13, TRIP BLANK_130328, TRIP BLANK-032913, TRIP BLANK-040113, and TRIP 
BLANK_130412.  There were no positive results for any target analytes in these blanks. 

Equipment rinsate blanks are analyzed to provide an indication as to whether field decontamination and 
sampling procedures effectively prevent cross-contamination in field activities.  Four equipment rinsate 
blanks were collected for this sampling event:  RINSE-032513, RINSE-032713, RINSE-032913, and 
RINSATE-040213.  There were no positive results for any target analytes in these blanks, with the exceptions 
below: 

■ SDG WJ79 (PAHs):  There were positive results for naphthalene, phenanthrene, fluoranthene, and 
pyrene in the equipment blank RINSE-032913 greater than the contract required quantitation limit.  
However, all the field sample concentrations were greater than 10 times the concentrations in the 
field blank.  No further action was required. 

■ SDG WK22 (PAHs):  There were positive results for all target analytes in the equipment blank 
RINSE-040213 greater than the contract required quantitation limit.  However, all the field sample 
concentrations were greater than 10 times the concentrations in the field blank.  No further action 
was required. 

Matrix Spikes/Matrix Spike Duplicates 

Because the actual analyte concentration in an environmental sample is not known, the accuracy of a 
particular analysis is usually inferred by performing a matrix spike (MS) analysis.  One aliquot of sample is 
analyzed in the normal manner, and then a second aliquot of the sample is spiked with a known amount of 
analyte concentration and analyzed.  From these analyses, a %R is calculated.  Matrix spike duplicates (MSD) 
analyses are generally performed for organic analyses as a precision check.  For some organic analytical 
methods, a laboratory control sample/ laboratory control sample duplicate (LCS/LCSD) sample set is 
performed in lieu of a MS/MSD analysis.   

For inorganics methods, the matrix spike (referred to as a “spiked sample”) is typically followed by a post 
spike sample if any element recoveries were outside the control limits in the “spiked sample”.   

Matrix spike analyses should be performed once per analytical batch or every twenty field samples, whichever 
is more frequent.  The recovery criteria for matrix spikes and laboratory control samples are specified in the 
laboratory documents as are the relative percent difference (RPD) values.  The frequency requirements were 
met for all analyses and the %R/RPD values were within the proper control limits, with the exceptions below: 

■ SDG WJ66  (Alkylated PAHs):  The laboratory performed an MS/MSD set on Sample GEI-3-16-17.  The 
%R values for several target analytes could not be reported because the parent sample 
concentrations were greater than four times the amount spiked into the sample.  No action was 
taken. 

(Regular PAHs):  The laboratory performed an MS/MSD set on Sample GEI-3-27-28.  The %R values 
for naphthalene could not be reported because the parent sample concentration for this compound 
was greater than four times the amount spiked into the sample.  No action was taken. 

(Arsenic):  The laboratory performed an MS/MSD set on Sample MW35S-4.5-5.  The %R value for 
arsenic was less than the control limit.  The positive results for arsenic were qualified as estimated (J) 
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for Samples GEI-3-2.0-3.0, GEI-3-8-9, GEI-3-11.5-12.0, GEI-4-0.5-1.5, GEI-4-5.5-7.0, GEI-4-10.0-11.0, 
MW34S-7-8, and MW35S-4.5-5. 

■ SDG WJ79 (Regular PAHs):  The laboratory performed an MS/MSD set on Sample GEI-5-15-16.  The 
%R values and the RPD value for naphthalene could not be reported because the parent sample 
concentrations were greater than four times the amount spiked into the sample.  No action was 
taken. 

The laboratory performed an MS/MSD set on Sample GEI-10-6.5-7.5.  The %R values for fluoranthene 
and pyrene could not be reported because the parent sample concentrations were greater than four 
times the amount spiked into the sample.  No action was taken. 

■ SDG WK21 (Regular PAHs):  The laboratory performed an MS/MSD set on Sample GEI-2-16.0-17.0.  
The %R values for phenanthrene, fluoranthene, and pyrene could not be reported because the parent 
sample concentrations were greater than four times the amount spiked into the sample.  No action 
was taken. 

■ SDG WK22 (Regular PAHs):  The laboratory performed an MS/MSD set on Sample GEI-14-14.5-15.5.  
The %R values for all target analytes were not assessed because the parent sample concentrations 
for several compounds exceeded the linear calibration of the instrument.  No action was taken. 

The laboratory performed an MS/MSD set on Sample GEI-14-37-38.  The %R values for naphthalene 
and phenanthrene were not reported because the parent sample concentrations were greater than 
four times the amount spiked into the sample.  No action was taken. 

Laboratory Control Samples 

A laboratory control sample is essentially a blank sample that is spiked with a known amount of analyte 
concentration and analyzed.  It is to be treated much like a matrix spike, without the possibility for matrix 
interference.  As there is no actual sample matrix in the analysis, the analytical expectations for accuracy and 
precision are usually more rigorous and qualification would apply to all samples in the batch, instead of the 
parent sample only. 

Laboratory control sample analyses should be performed once per analytical batch or every twenty field 
samples, whichever is more frequent.  The recovery criteria for laboratory control samples are specified in the 
laboratory documents as are the RPD values.  The frequency requirements were met for all analyses, and the 
%R/RPD values were within the proper control limits. 

Laboratory Duplicates (Arsenic only) 

Internal laboratory duplicate analyses are performed to monitor the precision of the analyses.  Two separate 
aliquots of a sample are analyzed as distinct samples in the laboratory, and the RPD between the two results 
is calculated.  Duplicate analyses should be performed once per analytical batch.  If one or more of the 
samples used has a concentration greater than five times the reporting limit for that sample, the absolute 
difference is used instead of the RPD as a measurement of precision. 

Laboratory duplicates were analyzed at the proper frequency and the specified acceptance criteria were met, 
with the following exception: 
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■ SDG WJ09 (Arsenic):  The laboratory performed an internal duplicate on Sample MW39D-0.5-1.5.
The RPD value for arsenic was greater than the control limit of 20%.  The positive results for arsenic
were qualified as estimated (J) in all associated batched Samples:  MW37S-0.5-1, MW37S-7.5-8,
MW38S-0.5-1, MW38S-10-11, MW39D-0.5-1.5, MW39D-08-10, and MW39D-17-18.

■ SDG WJ66 (Arsenic):  The laboratory performed an internal duplicate on Sample MW35S-4.5-5.  The
RPD value for arsenic was greater than the control limit of 20%.  The positive results for arsenic were
qualified as estimated (J) in all associated batched Samples:  GEI-3-2.0-3.0, GEI-3-8-9, GEI-3-11.5-
12.0, GEI-4-0.5-1.5, GEI-4-5.5-7.0, GEI-4-10.0-11.0, MW34S-7-8, and MW35S-4.5-5.

Field Duplicates 

Field duplicate samples were collected and analyzed along with the reviewed sample batches.  The duplicate 
samples were analyzed for the same parameters as the associated parent samples.  As mentioned above for 
the laboratory duplicates the RPD is used as the criteria for assessing precision, if one or more of the samples 
used has a concentration greater than five times the reporting limit for that sample, the absolute difference is 
used instead of the RPD as a measurement of precision.   

The following field duplicate sample sets were submitted for this sampling event: 

■ MW33S-13-14/DUP1-032813

The RPD/absolute difference values for acenaphthene, acenaphthylene, benzo(a)anthracene,
fluorene, naphthalene, and phenanthrene, and Total PAHs exceeded the control limits in this sample
set, the results were qualified as estimated (J) in both samples.

■ MW36D-23-24/DUP-2-032813

The RPD/absolute difference values for all target analytes exceeded the control limits in this sample
set, the results were qualified as estimated (J) in both samples.

■ GEI-13-8-9.5/ DUP3-040113

The RPD/absolute difference values for fluoranthene and naphthalene exceeded the control limits in
this sample set, the results were qualified as estimated (J) in both samples.

Reporting Limits 

The arsenic target practical quantitation limits listed in the Quality Assurance Project Plan (QAPP) were not 
met by the laboratory.  The QAPP presents a value of 0.1 mg/kg whereas the laboratory used a value of 0.2 
mg/kg as the reporting limit.  The associated samples in this sampling event exhibited positive results which 
were greater than 0.1 mg/kg, therefore no further action was taken for this discrepancy. 

OVERALL ASSESSMENT 

As was determined by this data validation, the laboratory followed the specified analytical methods. Accuracy 
was acceptable, as demonstrated by the surrogates, LCS/LCSD, and MS/MSD %R values, with the exceptions 
noted above.  Precision was acceptable, as demonstrated by the laboratory duplicate, field duplicates, 
LCS/LCSD and MS/MSD RPD and absolute difference values, with the exceptions noted above.  
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Data should be qualified as estimated because of holding time outliers, surrogate %R outliers, laboratory and 
field duplicate precision, MS/MSD %R outliers, and method blank contamination.  See Table 1 for a summary 
of qualifiers. 

No data points were rejected. 

Based on the data quality review, it is our opinion that the analytical data, including data qualified as noted 
above, are of acceptable quality for their intended use.  
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This report presents the results of a United States Environmental Protection Agency (USEPA)-defined Stage 2A 
validation (USEPA Document 540-R-08-005; USEPA, 2009) of analytical data from the analyses of 
groundwater and NAPL samples obtained from the Supplemental Upland Investigation at the Gas Works Park 
Site, and associated investigation-derived waste characterization composite samples (soil and groundwater). 
Samples obtained were submitted to Analytical Resources, Incorporated (ARI) of Tukwila, Washington for 
chemical analysis of Volatile Organic Compounds (VOCs), benzene, toluene, ethylbenzene, and xylene (BTEX) 
compounds by method SW8260C, polycyclic aromatic hydrocarbons (PAHs) and Alkylated PAHs by method 
SW8270-SIM, and arsenic by method EPA 200.8.     IDW samples were analyzed for RCRA 8 total metals 
(water), and TCLP benzene and TCLP RCRA 8 metals (soil). 

The objective of this data quality assessment was to review laboratory analytical procedures and QC results to 
evaluate whether the samples were analyzed using well-defined and acceptable methods that provide 
quantitation limits below applicable regulatory criteria, the precision and accuracy of the data are well defined 
and sufficient to provide defensible data, and the quality assurance/quality control (QA/QC) procedures 
utilized by the laboratory meet acceptable industry practices and standards. 

The ARI Sample Delivery Groups (SDGs) noted above were reviewed for the following quality control (QC) 
elements: 

■ Chain of Custody

■ Holding Times

■ Surrogates/Labeled Compounds

■ Method and Trip Blanks

■ Laboratory Control Samples

■ Matrix Spikes/Matrix Spike Duplicates

■ Reporting Limits

LABORATORY AND FIELD DUPLICATES DATA QUALITY ASSESSMENT SUMMARY 

The results for each of the QC elements are summarized below.  The data assessment was performed using 
guidance in two USEPA documents: USEPA Contract Laboratory Program National Functional Guidelines for 
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Inorganic Data Review (USEPA, 2010) and USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA, 2008). 

It should be noted that there were two sample names that were changed internally to Geoengineers after the 
samples were received by the laboratory: 

IDW-3-130424 (Chain-of-Custody) was changed to TDW-3-130424,  
and 

TPW01-130417 (Chain-of-Custody) was changed to TDW01-130417 

These changes were made in the Geoengineers database, while maintaining the original sample names along 
with a description of the changes.  No other action was taken other than to note these discrepancies here. 

Chain-of-Custody Documentation 

Chain-of-custody forms were provided with the laboratory analytical reports.  No transcription errors were 
found, and the appropriate signatures were applied.  There were no anomalies mentioned in the sample 
receipt forms, as the samples were transported to the laboratory at the appropriate temperatures of between 
2 and 6 degrees Celsius, except in cases where the samples were transported directly to the laboratory from 
the field.  In these cases, the laboratory recorded temperatures greater than 6 degrees Celsius.  No action 
was taken because the samples were received by the laboratory within 12 hours of sampling. 

Holding Times 

The holding time is defined as the time that elapses between sample collection and sample analysis. 
Maximum holding time criteria exist for each analysis to help ensure that the analyte concentrations found at 
the time of analysis reflect the concentration present at the time of sample collection. Established holding 
times were met for all analyses. 

Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the analytes of interest, but unlikely to be 
found in any environmental sample.  Surrogates are used for organic analyses and are added to all samples, 
standards, and blanks to serve as an accuracy and specificity check of each analysis.  The surrogates are 
added at a known concentration and percent recoveries are calculated following analysis.  All surrogate 
recoveries for field samples were within the laboratory control limits, with the exceptions below:   

■ All SDGs (Alkylated PAHs/Regular PAHs):  Due to the inherently high concentrations of target analytes
in this sampling event, several water samples had to be diluted by the laboratory.  For the purposes of
validation, any sample diluted at least 10 fold is considered to have the spiked surrogates diluted to
levels which are lower than the calibration range of the instrument used for analysis and should not
be relied upon as a measurement of accuracy.

For this reason, there were no surrogate recoveries reported in the re-analyzed/dilutions of several
samples in this sampling event.  In each case, the absence of surrogate recoveries was found to be
within the realm of normal laboratory procedure for diluted samples in order to accommodate high
concentrations of target analytes, and no qualifiers were necessary.
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In almost all cases, the laboratory reported the samples that required dilution multiple times in order 
to achieve the lowest possible reporting limits for any target analytes that did not require dilution.  For 
this reason, only the target analytes that exceeded the calibration range from each initial analysis 
were qualified as Do-Not-Report (DNR).  Correspondingly, all other analytes were qualified as Do-Not-
Report (DNR) in the more diluted analysis in order to avoid the redundant reporting of data. 

Method Blanks and Trip Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce measurable 
concentrations of the analytes of interest.  Method blanks were analyzed with each batch of samples, at a 
frequency of one per twenty samples.  For all sample batches, method blanks for all applicable methods were 
analyzed at the required frequency.  Analytes of interest were not detected above the contract required 
quantitation limits in any of the method blanks, with the exceptions below.  If a qualifier was applied due to 
blank contamination, the effective reporting limit for that compound was elevated to the amount of the 
positive result. 

■ SDG WM33 (Regular PAHs):  There was a positive result for naphthalene in the water method blank
extracted on 4/19/13.  The associated sample results for naphthalene were greater than 5 times the
concentration found in the method blank.  No further action was taken.

■ SDG WM34 /WM86 (Regular PAHs):  There were positive results for naphthalene in the water method
blanks extracted on 4/19/13 and 4/22/13 (filtered) that were greater than the contract required
quantitation limits.  The associated sample results for naphthalene were greater than 5 times the
concentration found in the method blank.  No further action was taken.  .

■ SDG WN07 (VOCs):  There was a positive result for acetone in the NAPL method blank analyzed on
4/29/13 that was greater than the contract required quantitation limit.  There was no positive result
for this compound in the associated NAPL sample.  No further action was required.

(Regular PAHs):  There was a positive result for naphthalene in the water method blank analyzed on
4/23/13 that was greater than the contract required quantitation limit.  However, all the associated
field sample concentrations were greater than 5 times the concentrations in the field blank, no
further action was required.

There was a positive result for naphthalene in the water method blank analyzed on 4/24/13 that was
greater than the contract required quantitation limit.  The positive result for naphthalene was
qualified as not detected (U) in the associated Sample MLS01-3-130418.

(Metals):  There was a positive result for barium in the TCLP method blank analyzed on 4/29/13 that
was greater than the contract required quantitation limit.  However, the associated field sample
concentration was greater than 5 times the concentration in the prep blank.  No further action was
required.

■ SDG WN33 (Regular PAHs):  There was a positive result for naphthalene in the water method blank
extracted on 4/25/13 that was greater than the contract required quantitation limit.  The positive
result for naphthalene was qualified as not detected (U) in the associated Sample RW01-130419.

■ SDG WN81 (Regular PAHs):  There was a positive result for naphthalene in the water method blank
extracted on 4/30/13 that was greater than the contract required quantitation limit.  The positive
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results for naphthalene were qualified as not detected (U) in the associated Samples MW13-130424, 
MW37S-130424 and MW38S-130424. 

■ SDG XK23 (Regular PAHs):  There was a positive result for naphthalene in the water method blank
extracted on 10/21/13 that was greater than the contract required quantitation limit.  However, the
associated field sample concentrations were greater than 5 times the concentration in the prep
blank.  No further action was required.

■ SDG XK60 (Regular PAHs):  There was a positive result for naphthalene in the water method blank
extracted on 10/22/13 that was greater than the contract required quantitation limit.  However, the
associated field sample concentrations were greater than 5 times the concentration in the prep
blank.  No further action was required.

■ SDG XK78 (Regular PAHs):  There was a positive result for naphthalene in the water method blank
extracted on 10/23/13 that was greater than the contract required quantitation limit.  The positive
results for naphthalene were qualified as not detected (U) in the associated samples
MW-23-131017, TSW-3-131018, FILTER BLANK, MW-23-131017-F, TSW-3-131018-F,
MW-32D-131018-F.

Trip blanks are analyzed to provide an indication as to whether there has been any cross-contamination in the 
transportation process.  Six trip blanks were collected for this sampling event:  TRIP BLANKS_130419, TRIP 
BLANKS_130424, Trip Blank #1, Trip Blank #2, Trip Blank #3, and TRIP BLANKS_131016.  There were no 
positive results for any target analytes in these blanks. 

In the fall sampling event, one FILTER BLANK (sampled on 10/17/13) was analyzed to provide an indication 
as to whether there was any contamination through the PAH sample filters.  After method blank 
contamination qualification was applied to all associated samples, there was a positive result found for 
acenaphthene in this filter blank.  For this reason, the positive result for acenaphthene was qualified as not 
detected (U) in the associated Sample MW-32D-131018-F. 

Matrix Spikes/Matrix Spike Duplicates 

Because the actual analyte concentration in an environmental sample is not known, the accuracy of a 
particular analysis is usually inferred by performing a matrix spike (MS) analysis.  One aliquot of sample is 
analyzed in the normal manner, and then a second aliquot of the sample is spiked with a known amount of 
analyte concentration and analyzed.  From these analyses, a %R is calculated.  Matrix spike duplicates (MSD) 
analyses are generally performed for organic analyses as a precision check.  For some organic analytical 
methods, a laboratory control sample/ laboratory control sample duplicate (LCS/LCSD) sample set is 
performed in lieu of a MS/MSD analysis.   

For inorganics methods, the matrix spike (referred to as a “spiked sample”) is typically followed by a post 
spike sample if any element recoveries were outside the control limits in the “spiked sample”.   

Matrix spike analyses should be performed once per analytical batch or every twenty field samples, whichever 
is more frequent.  The recovery criteria for matrix spikes and laboratory control samples are specified in the 
laboratory documents as are the relative percent difference (RPD) values.  The frequency requirements were 
met for all analyses and the %R/RPD values were within the proper control limits, with the exceptions below: 
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■ SDG WM33 (VOCs):  The laboratory performed an MS/MSD on Sample MW18-130415-DNAPL.  The
%R values for acetone were greater than the control limits in both the MS and MSD.  The outliers
were indicative of a high bias.  As there was no positive result for acetone in the parent sample, no
action was taken.

Laboratory Control Samples 

A laboratory control sample is essentially a blank sample that is spiked with a known amount of analyte 
concentration and analyzed.  It is to be treated much like a matrix spike, without the possibility for matrix 
interference.  As there is no actual sample matrix in the analysis, the analytical expectations for accuracy and 
precision are usually more rigorous and qualification would apply to all samples in the batch, instead of the 
parent sample only. 

Laboratory control sample analyses should be performed once per analytical batch or every twenty field 
samples, whichever is more frequent.  The recovery criteria for laboratory control samples are specified in the 
laboratory documents as are the RPD values.  The frequency requirements were met for all analyses, and the 
%R/RPD values were within the proper control limits, with the exceptions below. 

■ SDG WM33  (VOCs):  The %R values for acrolein and bromoform were less than the control limits in
both the LCS/LCSD extracted on 4/19/13.  The only field sample associated with this QC batch was a
Trip Blank.  No further action was taken.

(Regular PAHs):  The %R values for naphthalene were greater than the control limits in both the
LCS/LCSD extracted on 4/19/13.  The associated positive results for this compound were qualified
as estimated (J) in Samples MLS04-3-130415 and MLS04-5-130415.

■ SDG WM34  (Regular PAHs):  The %R values for naphthalene were greater than the control limits in
both the LCS/LCSD extracted on 4/19/13.  The associated positive results for this compound were
qualified as estimated (J) in Samples MLS04-2-130416, MLS05-1-130416, MLS05-2-130416,
MLS05-3-130416, MLS05-4-130416, MLS05-5-130416, MLS06-130416, MLS06-2-130416,
MLS07-1-130416, MLS07-2-130416, MLS07-4-130416, CMP01-130416, DUP-130416,
DW06-130416.

■ SDG XK78  (Regular PAHs):  Seven RPD values were greater than the control limits in the LCS/LCSD
extracted on 10/28/13.  Upon further inspection it was found that all %R values for each of these
outliers were found to be within the control limits.  No further action was taken for these outliers.

Laboratory Duplicates (Arsenic and PAH-NAPL sample only) 

Internal laboratory duplicate analyses are performed to monitor the precision of the analyses.  Two separate 
aliquots of a sample are analyzed as distinct samples in the laboratory, and the RPD between the two results 
is calculated.  Duplicate analyses should be performed once per analytical batch.  If one or more of the 
samples used has a concentration greater than five times the reporting limit for that sample, the absolute 
difference is used instead of the RPD as a measurement of precision. 

Laboratory duplicates were analyzed at the proper frequency and the specified acceptance criteria were met. 



Data Validation Report 
December 5, 2013 
Page 6 

Field Duplicates 

Field duplicate samples were collected and analyzed along with the reviewed sample batches.  The duplicate 
samples were analyzed for the same parameters as the associated parent samples.  As mentioned above for 
the laboratory duplicates the RPD is used as the criteria for assessing precision, if one or more of the samples 
used has a concentration greater than five times the reporting limit for that sample, the absolute difference is 
used instead of the RPD as a measurement of precision.   

The following field duplicate sample sets were submitted for this sampling event: 

■ MLS05-4-130416/DUP-130416

The RPD/absolute difference values for all target analytes were within the control limits in this
sample set, no precision qualifiers were applied to either sample.

■ MLS02-1-130418/DUP-130418

The RPD/absolute difference values for all target analytes were within the control limits in this
sample set, no precision qualifiers were applied to either sample.

■ MW30-130419/DUP-130419

The RPD/absolute difference values for all target analytes were within the control limits in this
sample set, no precision qualifiers were applied to either sample.

■ MLS02-1-130418/DUP-130418

The RPD/absolute difference values for benzo(a)anthracene, benzo(a)pyrene, Total
benzofluoranthenes, benzo(k)fluoranthene, benzo(g,h,i)perylene, indeno(1,2,3-cd)pyrene, chrysene,
and carcinogenic PAH TEQ values were outside of the control limits in this sample set, the positive
results for these compounds were qualified as estimated (J) in both samples.

■ MW-40S-131016/DUP-131016 and MW-40S-131016-F/DUP-131016-F

The RPD/absolute difference values for all target analytes were within the control limits in both
sample sets, no precision qualifiers were applied to any sample.

■ TSW-2-131018/DUP-131018 and TSW-2-131018-F/DUP-131018-F

The RPD/absolute difference values for acenaphthene, fluorene, and naphthalene were outside of
the control limits in the first sample set, the positive results for these compounds were qualified as
estimated (J) in both samples.

The RPD value for acenaphthene was outside of the control limit in the second sample set, the
positive results for this compound was qualified as estimated (J) in both samples.

Reporting Limits 

A great amount of the individual samples from this sampling event exhibited a high concentration of target 
analytes which required the laboratory to dilute these samples at factors of 100 times or more.  Oftentimes, 
the target practical quantitation limits listed in the Quality Assurance Project Plan (QAPP) were not met by the 
laboratory because of the inherent necessity of internal laboratory dilutions.   
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Typically, the significance of elevated reporting limits was outweighed by the usable concentrations of other 
compounds which would exceed the linear calibration range of the analytical instrumentation if left undiluted. 

OVERALL ASSESSMENT 

As was determined by this data validation, the laboratory followed the specified analytical methods. Accuracy 
was acceptable, as demonstrated by the surrogates, LCS/LCSD, and MS/MSD %R values, with the exceptions 
noted above.  Precision was acceptable, as demonstrated by the laboratory duplicate, field duplicates, 
LCS/LCSD and MS/MSD RPD and absolute difference values, with the exceptions noted above.  

Data should be qualified as estimated because of LCS/LCSD %R outliers, field duplicate precision outliers, 
and qualified as not detected because of method blank contamination.  See Tables 1 and 2 for a summary of 
qualifiers on Spring 2013 and Fall 2013 results. 

No data points were rejected. 

Based on the data quality review, it is our opinion that the analytical data, including data qualified as noted 
above, are of acceptable quality for their intended use.  

ATTACHMENTS 

Table 1 – Summary of Data Qualifiers for Spring 2013 Groundwater Sampling  
Table 2 - Summary of Data Qualifiers for October 2013 Groundwater Sampling 
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