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APPENDIX A 

GROUNDWATER SAMPLE COLLECTION LOGS 
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2002 DOWNGRADIENT WELL BED-MW27 GROUNDWATER 
SAMPLING 

(PRIOR TO ABANDONMENT) 

hUS\PBOWOJ GWDSTinal Binder 2 TOC (Llst ofApp)\4129 2 0 0 5 0  00 1 0  P\1 



IlbJTEPNATIONAL 
TECHNOLOGY 
CORPORATION Sample Collection Log 

Project: 833886 PLUM BROOK ORDNANCE WK 
Manager: Steve Downey 

Pba irmsnu 
! coc Number: j?B 10 i Y 

Location Code: PB-BED-MW27 " Collection Date: j 0 
Sample Number: CD3009 Collection Time: 082.13 

Sampk Name: PBOW-02-GW-PB-BED-MW27-CD3009 Start Depth: 87, 6 
Sampling Method: LP End Depth: 8 4 

Sample o p e :  GW Sample Purpose: RIEG Sample Matrix: WATER 
QC Partners: 

/ 
v 

Sample Team: b r kji/ 
vs C ~ S O Q ~ ,  - (ER) (FBI - 

EWIMS Values: 
Containers * Sacode: 

Analytical Suite Flt Frtn Qty Size Units Type 
Lot Control#: - 

I 

wd~fhcL* /i?.qCt 

Sketch Location: 

Logged BY / ~ a t e : \ > d  g& obdr Reviewed BY / Date: 



INTERNATIONAL 
TECHNOLOGY 
CORPORATION Sample Collection Log 

Project: 833886 PLUM BROOK ORDNANCE WK 
Manager: Steve D O ~ W  

PURGl%RECURD: 
Inltlrl Tlme(24hr) DepUltoWater Eb pH ConductMty Turbldlty DlsrOxygen Temperature Purgevolume 

(nl (mv) (Sv) ( w c m )  , (NTU) . @~m) . (C) eel, 

i : . . . .  . . .  .. . . . . . . . . 

I I I 
i 

i I i 5 I r 

I 
I 
I 

I 

i 
I 
I 

I 

I 

\ Logged BY / Date: bd& ia//doL ~eviewed BY / Date: bdtt/d& /o// - 



GROUNDWATER SAMPLING --3RM 
Project Number: @s@6 &35635- 
Project Name: PBOW Groundwater, 
Investigation Site: hUhr~ tdld 
RFAlCOC Number: ) B [b j f i  B ~ & ~  

Collection Date: Id //dm 
Collection Time: 
Sample Filtered 
Weathermemp: 

F o n  Completed By: b . ~ ~ ~ ~ s / c  
Sampler(s): b. K.+JJ/% /r /a 

\ 

Reviewed By: h- LSC b- 

easurementsl 1 

Well Secure Depth to Product (ft): Vapor ~onitohype: ' 
Total Well Depth (ft): 1 0 6 . ~  - Vapor Monitor S/N: 

Well Condition: Depth to Water (ft): 4%. @f - Reading (ppm): 
Screen Height: Water Column (ft): 57.9b Remarks: 

Casing Type: Elev. Ref. for Water Level: 
, 
I MoMToRlNG WELL PURGE CALcuLATloNs AND PURGE RECORD i l - - 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( 6 )2) = Ieq8 gal/ft 

Well Volume (gallons) = Water Column (ft) x Gallft = 57196 ft x l a L C &  GaVrt = 8278 gallons 
a / 

Volume of  Water in Filter Pack: Gallonslfoot = 0.041 x (DZ- d2), where D is total borehole dia. in inches & d Is casing dia. in inches = 0.041 x F T f ) 2 )  = 
i 

Filter Pack Volume (gal) = ((Screen Height + lesser of 2 ft or water column) x a a l w e n  Height fl + ft) x gaUfl) x 0.3 = gallons 

Purge Well Volume: II Volume = gal + gal = gal . 

1 x Purge Well Volume (gal.) 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Vdume (gal.) 

VL78 lq!, sb 257.34 343, r 42 Y. 92 
( I Purge Cycle I Time (24 hr) 1 Depth to Water 1 Conductivity ( pH Eh I Temperature I Turbidity 1 Dlss. 0, 1 PurgeVolume 1 I 1 
I I units: I I Feet I umhoslcm I Standard Units I . pprn I OF I NTU I ppm I gallons 1 I I 

- 

Purge Vol I I A 8 / n a 

Purge ~ 0 1 2  [fibb-~- 9 T U & ~ S  d fTM& 6 . 4  Jo 0. S-V?&rc 
Purge V0l3 1 1 1  P. I (1 P t I 

Purge Vol4 

Purge Vol5 v 

SAMPLE 

SAMPLE ANALYTICAL INFORMATION 
I Requested Analysis I Method I SampleContainer(s) I Requested ~na lys i s  I Method I Sample Container(s) I Requested Analysis I Method I Sample Container(s) I I 

Nitroaromatics 1 ~ c d .  8330 I 2 - 1 Liter Amber Glass ( Dissolved TAL Metals 1 30;",y7","r 1 1 - 500 mL HDPE 1 Chloride 1 3253 1 1 - 1 Lifer HDPEhMlsA I I 
TCL Volatile Organics 503018zw~ 3 - 40 mL Glass Vials Total Cyanide 9 0 1 0 ~ 1 2  1 - 1 Liter HDPE 

TCL SVOCs 351ac' . 2 - 1 Liter Amber Glass Total Organic Carbon Sow 1 - 250 mL Amber Glass 

Total TAL Metals 30~" ,~ , "~0B 1 - 500 mL HOPE Nitrate 353.2 - 
Hardness 130.2 Alkalinity 310.1 1 - 1 Liter HDPEbNoLeA 

Sulfate 

Tot. Suspended Solids 

Total Dissolved Solids 

Turbidity 

3753 

1602 

160.1 

180.1 

A Sample for alkalinity, 
chloride, sulfate, TSS. 
ms, and turbidity 
combined in one l-liter 
HOPE container. . 



MAY 2002 DOWNGRADIENT GROUNDWATER SAMPLING 
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A Shaw- Sample Collection Log 
Shaw E & I, Ine. 

Plum Brook Ordnance Works 

Page 1 of 3 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW17 Collection Date: c/~ 
Sample Number: DF3000 Collection Time: ~~~~ 
Sample Name: PBOW-04-PB-BED-MWl7-DF3000 Start Depth: 39. 0 
Sampling Method: Low Flow End Depth: 37-S 
Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerJWard 

Analytical Suite Containers Sketch Location 
FILTERED METALS 

TOTAL METALS 

EXPLOSIVES 

VOLATILES 

SEMNOLATILES 

TOC 

CYANIDE 

ALKALINITY 

CHLORIDE 

NITR4TE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

Comments: W&A LP id~itlv u ~ ~ ~ l i ~ l b u S ~ b ~  A 4 ~&'dfiP's~/o~l m rdcaf5n )6 weerwg 
d . o p . ~ ( b & ' ~ ~  4 

1 - 250 mL HDPE 

1 - 250 mLHDPE 

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

2 - 1 L Amb. Glass 

2 - 40 mL Vial 

1 - 1 LHDPE 

- 1 - 1LHDPE 

1 - 250 mL HDPE 

Nf &4kw-i 

d 

25 -4 
/ 



Page 2 of 3 

GROUNDWATER PURGE FORM 
. . -, 

ShawE&l,lnc. ' .  * '  

Location Code: PB-BED-MW17 

Sample Number: DF3000 CPnq F 2opd 

/ 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page3 o f 3  

Project Number: 843635 Collection Date: Form Completed By: 

Project Name: PBOW Collection Time: 1 s ' 6  Sampler(s): D. Kessler, G. Ward 

Investigation Site: Downgradient nlc Sample Filtered (YeslNo): Yes; Metals Shaw @ RFAKOC Number: b 0 5 0 b  @% ~6 w Weathernemp: 7- /w6h<) Reviewed By: 

I MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 1 

. , I - - - 
Well Labeled (Yes I No): Yes 1 ~ o t a l  well Depth (ft): -W $.  q' I Vapor Monitor SIN: #tiYY306 1 63371 G* -M 

Well Number: MW17 

Well Secure (Yes I No): Yes 

( Screen Height: 45' I Top of Filter Pack: NA I ~ e ~ t h  Pump Set: 39' 1 

Outside Casing Dia. (in): 3" 

Depth to Product Ift): NA 

Well Condition: Good 

Top of Screen: 19.4' 

Odor: V& $h MZ 5 
Vapor  oni it or ~ & e :  PID I LEL 

Depth to Water (ft): 3 1, q~ 
water column: 3 3,0 ' 

Casing Type: Open hole I Pump Type: Bladder 

b o l u m e  of Water in Tubing: 114" ID Tubing = 001 LitereM. 318" ID Tubing = Literslft. 2" Bladder Pump Volume ='Q Liters 

I 
Reading (ppm): LEL=>(@ % 0 2 1  /P,6 % 

I'm-- [SVA C = 0 ppm H,s=>&I~~ 

Pump Settings: psi - 40, Refill - 10, Discharge - 5 

Remarks: 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (d-d2), where D is total borehole dia. in i n c h e w i a ,  in inches = 0.041 x (( )' - ( )') = gaVft 

Filter Pack Volume (gal) = ((Screen H 3) = ((Screen Height ft + f&) x gallft) x 0.3 = gallons 

Purge Well Volume: Purge Well Vol gal + gal = gal 

Tubing Length = ER. I 

MONITORING WELL PURGE CALCULATIONS 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )*) = qallft 

Well Volume (gallons) =Water Column (ft) x Galift = ft x Gallft = fi- 

1 x Purge Well Volume (gal.) 

m 3 3 / + k - t % k L  

Tubing Volume (Liters) = ([Tubing Literslft. x Tubing length] + Pump volume) x 3 = ([0.01 Llft x E f t ]  + 0.3 L ) x 3 = Z.Z< L 

I Total Volume Purged: 8.3 L Liters to gallons = L x 0.26gallL 2,  & I 

I LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) I 

3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



a Shaw- Sample Collection Log 
Shaw E & I, Inc. 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Page 1 of 3 

Location Code: PB-BED-MW 19 Collection Date: f l  ,by 
Sample Number: DF3001 Collection Time: &74L7 

Sample Name: PBOW-04-PB-BED-MW19-DP3001 Start Depth: 3 2 ' 

Sampling Method: Low Flow End Depth: .g 2.5 ' 

Sample Type: GW Sample Matrix: WATER 

REG 
,L 

Sample Purpose: Sample Team: KesslerNVard 

Analvtical Suite . 
FILTERED METALS 

NITRATE 

SULFATE 

TURBIDITY 

HARDNESS 

Containers Sketch Location 

12 - 40 mL Vial I 

Comments : +\ r J .'lVIOq 
34s/ Y/i/oq k h w  5+fL&fldh 

Reviewed b p a t e : b  K d  .ddo( 



Page 2 of 3 

4 3  Shaw- GROUNDWATER PURGE FORM 
Shaw E & I, Inc. 

Location Code: PB-BED-MW19 

Sample Number: DF3001 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page3 o f 3  

Project Number: 843635 Collection Date: s 1 C/O? Form Completed By: 

Project Name: PBOW Collection Time: # q 3 ~  Sampler(s): D. Kessler, G. Ward 

Investigation Site: Downgradient K Sample Filtered (YeslNo): maw RFNCOCNumber: P ~ o  COT(')(/ S T L ~ M .  . WeatherlTemp: d k ~ .  Reviewed By: 

I MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] I - .  
Well Number: MW19 I Outside Casing Dia. (in): 2" I Odor: /Vm, 

I Well Secure (Yes I No): Yes I Depth to Product (ft): NA I Vapor Monitor Type: PID I LEL (Fh.- hdci, 1 
Well Labeled (Yes I No): Yes 

Well Condition: Good 

I Casing Type: PVC ( Pump Type: Bladder I Pump Settings: psi - 20, Refill - 10, Discharge - 5 

Top of Screen: 24.5' bgs 

Screen Height: 25' 

I I Remarks: ~ F ' s c r ~ a  B L *  N i u - i m u j I ~  I 

Total Well Depth (ft): 52.2' glI.( ICq 44 0q 

Depth to Water (ft): 7, 5 . 0 4 ~  ( * ) LL.&. 

I MONITORING WELL PURGE CALCULATIONS J I 

Vapor Monitor SIN: ,#g9h3o(r 1 83371 Cis,t~k-kpd./ 
Reading (ppm): L E L = D  % O2= yo % . 

Water Column: ~ q ,  1 (, ' 
Top of Filter Pack: - 22.5' bgs 

Volume o f  Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( 2 )') = 01 Ibq gallft /- I 

PIB' 1.2  p p c  C = 0 ppm H2S= p ppm 

Depth Pump set: 32' 

/ 
Well Volume (gallons) =Water Column (ft) x Gallft = 29. 16 ft x ,/-!eq Gallft = 4 1 7 6 A ~  7. 

# I ,-I I 
Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (d-d2), where D is toy1 b - - -  .- g dia. in inches = 0.841 x (( b )2 - ( 2 ) )  = kt 3 gaM 

Filter Pack Volume (gal) = ((Screen Height + Sand Above Set or porosity (0.3) = ((Screen Height 2% ft + 1 ft) x [ a ? /  gallft) x 0.3 = Jflc 6 gallons 

Purge Well Volume: Purge Well Volume - Filter p H w e l l  Volume = 10. b gal + 4.2b gal = 1537 gal 1 
1 x Purge Well Volume (gal e Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 

- 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 
I 

Volume of Water in Tubing: 114" ID Tubing = Q&l Literslft. 318" ID Tubing = 0.02 Literslft. 2 Bladder Pump Volume = 0.3 Liters Tubing Length = L f t .  

I Tubing Volume (Liters) = (rubing Literslft. x Tubing length] + Pump volume) x 3 = ([0.01 ~ f t  x mf&] + 0.3 L ) x 3 = &L 

I Total Volume ~ u r g e d : L  Lf L Liters to gallons = L x O.26galR h i L  p,,q 0.64 td 
1 d 



& Shaw- 
Shaw E & I, Inc. 

Sample Collection Log 
Plum Brook Ordnance Works 

Page 1 of 3 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW22 Collection Date: ~ / 5 / 0  J 

Sample Number: DF3002 

Sample Name: PBOW-04-PB-BED-MW22-DF3002 

Sampling Method: Low Flow 

Collection Time: /$'So 

Start Depth: 3 ~ 0 '  

End Depth: 35.5 ' 
Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerIWard 

Comments: R~~ 2&&!fi~ 

Analytical Suite Containers ,rh IL&* Sketch Location 

Log@ bmate:b&4.!. 5-/r/dq Reviewed by/Date: b& ~ / ~ - / 6 q  

k fg of- 

FILTERED METALS 

TOTAL METALS 

EXPLOSIVES 

VOLATILES 

SEMIVOLATILES 

TOC 

CYANIDE 

ALKALINITY 

CHLOFUDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

1 - 2 5 0 m L ~ ~ ~ ~ d  ;k [L&IMI 

1 - 250 mL HDPE 

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

2 -  1 LAmb.Glass 

2 - 40 mL Vial 

d l  

/ 
1 .a a o LI 

1 - 1 LHDPE 
P @ - B ~ ~ W . L  

A 
1 - 1 LHDPE 



Page 1 of 1 

Shaw E & I, Inc. 
Sample Collection Log 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW22 

Sample Number: DP3002-MS 

Sample Name: PBOW-04-PB-BED-MW22-DF3002-MS 

Sampling Method: Low Flow 

Sample Type: GW 

Sample Purpose: MS 

Collection Date: 5/S/gl/ 

Collection Time: 1 5-3 3 

Start Depth: 3.5 

End Depth: 3 y. 

Sample Matrix: WATER 

Sample Team: KesslerIWard 

EXPLOSrVES I 1 - 1 L Amb. Glass 

Analytical Suite Containers Sketch Location 
FILTERED METALS 

TOTAL METALS 

TOC 12 - 40 mL Vial I 

1 - 250 mL HDPE 

1 - 250 mL HDPE 

VOLATILES 

SEMIVOLATILES 

CYANIDE 11 - 1LHDPE 

3 - 40 mL Vial 

2 - 1 L Amb. Glass 

ALKALINITY 

-11 SULFATE - 1 LHDPE 

I 
CHLORIDE 

See sample# DF3002 for location information. 

I 

TDS I I 

comments: See sample# DF3002 for purge and location information. 

TSS 

TURBIDITY 

HARDNESS 

Logged bymate: U<$J? 

1 - 250 mL HDPE 

Reviewed bymate: ‘k&UlL dd~/ 



Page 1 of 1 a Shaw- 
Shaw E & l, Inc. 

Sample Collection Log 
Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW22 

Sample Number: DF3002-MSD 

Sample Name: PBOW-04-PB-BED-MW22-DF3002-MSD 

Sampling Method: Low Flow 

Sample Type: GW 

Sample Purpose: MSD 

Collection Date: 

Collection Time: I T J ~ ~  

Start Depth 3 s  

End Depth: 3 ~ .  s ' 
Sample Matrix: WATER 

Sample Team: KesslertWard 

Analytical Suite Containers Sketch Location 
TLTERED METALS (1 - 250 mL HDPE I  TOTAL METALS 11 - 250 mL HDPE I 

EXPLOSIVES 

VOLATILES 

TOC 12 - 40 mL Vial I 

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

 EMN NO LA TILES 12 - 1 L Amb. Glass 

CYANIDE 11 - 1 L HDPE 
I I 

I 

ALKALINITY 

NITRATE I 

See sample# DF3002 for location information. 

I 
SULFATE 
TDS 

TSS I I 

1 - 1 LHDPE 

comments: See sample# DF3002 for purge and location information. 

TURBIDITY 

HARDNES s 

Logged bymate: 

1 - 250 mL HDPE 

Reviewed bylDate: \ anB gd d$q 



4s Shaw- GROUNDWATER PURGE FORM 
Shaw E & I, Inc. 

Location Code: PB-BED-MW22 

Sample Number: DF3002 

Page 2 of 3 

I 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page3 of3 

Project Number: 843635 

Project Name: PBOW 

Collection Date: 51 40 ' Form Completed By: 

Collection Time: Icb Sampler(s): D. Kessler, G. Ward 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Number: MW22 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

Top of Screen: 27' 

I Remarks: b.cRd& Jl7 S, V W ~ I  v~c\*LJ< WAG r+,/ 
MONITORING WELL PURGE CALCULATIONS fllw W&U hhw d~.' I 

Volume of Water in Casing: Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = gallft 

Screen Height: 15' 

Casing Type: PVC 

Outside Casing Dia. (in): 2" 

Depth to Product (ft): NA . . 

Total Well Depth (ft): 42' 

Depth to Water (ft): 3 7,8$ ' 
Water Column: \ \ , &  0 

I Volume o f  Water in Tubing: 114" ID Tubing = Litersift. 318" ID Tubing = 002 Litersift. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = - ft.-I 

odor: (&LS ~5b\ha (v*) . ,> 
Vapor Monitor T v ~ e :  PID I LEL -. 
Vapor Monitor SIN: H) ~ l f m ~  I BC371 RM'~R~P' 
Reading (ppm): LEL=?~VU % o*=/L/ % 

%ID- 16, q C = ppm ~ z ~ = > t ~ p m  

Top of Filter Pack: 25' 

Pump Type: Bladder 

Well Volume (gallons) = Water Column (ft) x Gallft = ft x 

Volume o f  Water in Filter Pack: Gallons/foot = 0.041 x (~'-d'), where - ( )2) = gallft 

Filter Pack Volume (gal) = ((Screen Height + Sand Ab ((Screen Height ft + ft) x gallft) x 0.3 = gallons 

Purge Well Volume: Purge Well Volume - Filter Pac gal = gal 

I Tubing Volume (Liters) = (rubing Litersift. x Tubing length] + Pump volume) x 3 = ([0.01 Llft x K f t ]  + 0.3 L ) x 3 = 2 2-y L 
- -- 

Depth Pump Set: 35' CPPl4 ,,lo - - 
Pump Settings: psi - 20, Refill - x , / ~ i s c h a r ~ e  & wB 

I x Purge Well Volume (g -11 Volume (gal.) 

I Total Volume Purged: zbx L Liters to gallons = L x 0.26gallL = 0. TO, 
I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



Page 1 of 3 

Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW30 

Sample Number: DF3003 

Sample Name: , PBOW-OCPB-BED-MW30-DF3003 

Sampling Method: Low Flow 

Sample Type: GW 

Sample Purpose: REG 

Collection Date: 5/7/0(t 

Collection Time: In / 13 

Start Depth: Y6.0 

End Depth: Yh, 3 

Sample Matrix: WATER 

Sample Team: KesslerJWard 

Analytical Suite Containers Sketch Location 

EXPLOSIVES I1 - 1 L Amb. Glass I I 

FILTERED METALS 

TOTAL METALS 

Comments: / 4 ,  8 w C r  ?(d+ i c q  

1 - 250 mL HDPE 

1 - 250 mL HDPE 

VOLATILES 

SEMIVOLATILES 

TOC 

CYANIDE 

A L K A L M  

CHLORIDE 

NITR4TE 
SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

Logged by/Date: Q.,&! 5/7/0 J Reviewed bymate: b d  [&& 5 / 7 / O ~  

M 

3 - 40 mL Vial 

2 - 1 L Amb. Glass 

2 - 40 mL Vial 

1-1LHDPE 

1-1LHDPE 

1 - 250 mLHDPE 

14r c t d -  Kd 

. _  - - -  



Page 2 of 3 

GROUNDWATER PURGE FORM 
~ h a i  E & I, Inc. 

Z 

Location Code: PB-BED-MW30 

Sample Number: DF3003 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page 3 of 3 

Project Number: 843635 Collection Date: 6 1 I 10' Form Completed By: b W ' d  62 $5 

Project Name: PBOW Collection Time: Sampler(s): D. Kessler, G. Ward 

Investigation Site: Downgradient 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Number: MW30 1 Outside Casing Dia. (in): 2" I Odor: 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

Top of Screen: 39.53' 

Screen Height: 15' 

Casing Type: PVC 

Filter Pack Volume (gal) = ((Screen .3) = ((Screen Height ft + fl) x gallft) x 0.3 = gallons 

Purge Well Volume: Purge Well Volume - Filter Pack - gal + gal - gal 

Remarks: CPfl Lf. 
MONITORING WELL PURGE CALCULATIONS 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( ?. 1') = 0 .I64 gallft 

Well Volume (gallons) =Water Column (ft) x Gallft = ft x 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x ( ~ ' - d ~ ) ,  where D is total borehole dia. in inches ( j2) = 1 

- 

Depth to Product (ft): NA 

Total Well Depth (ft): 54.53' 

Depth to Water (ft): + 1 6 ,  q ~ f  
Water Column: zg , 0s r+ 
Top of Filter Pack: 39' 

Pump Type: Bladder 

- 
Vapor Monitor Type: PID I L E L ~ ~  F;kd19 
Vapor Monitor SIN: & 4930L I $ 3 3 2  $ < i  -&ic5pccl 

Reading (ppm): LEL=Sl,! % 0 2 = ~ , $  % 

p\[).\q, 7 c = 10 PPm H2S= 0 PPm 

Depth Pump Set: $! 6 $+ Itnk -ih\$) 
Pump Settings: psi -2% ~ e f i l l \ - / ~  , Discharge -5 

5 x Purge Well Volume (gal.) 1 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 
/ 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

Volume of Water in Tubing: 114 ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = i f q f t .  

Tubing Volume (Liters) = (rubing Literslft. x Tubing length] + Pump volume) x 3 = (w Llft x x f t ]  + 0.3 L ) x 3 = 2*4q L = 0.4  7- E/ 
1 

Total Volume Purged: 5, 7 L Liters to gallons = L x 0.26gallL = 
V 

KM I, rod 

4 x Purge Well Volume (gal.) 



a Shaw- Sample Collection Log 
Shaw E & I, Inc. 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Page 1 of 3 

Location Code: PB-BED-MW33 

Sample Number: DF3004 

Collection Date: 5/7/04 
Collection Time: 1 1 

Sample Name: PBOW-04-PB-BED-MW33-DF3004 Start Depth: 9 / 

Sampling Method: Low Flow End Depth: <blf 
Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerfWard 

Analytical Suite Containers Sketch Location 

1 

1 - 7 Q m T  T P F  

SULFATE 

\ 

b l c ~  

FILTERED METALS 

TOTAL METALS 

EXPLOSIVES 

Comments: r\k/l~ TMC= 73& I 
l t l s  EdW& = 8 1 6 b o f  

G\kd d h ~ u  ht&, A i~ h d ~ ~  ~ S ; W  O,Wdc,ro filk c 

1 - 250 mL HDPE 

1 - 250 mL HDPE 

1 - 1 L Amb. Glass 

4 r/4/$ Reviewed bymate: Logged bymate: ~ / b  /O 't 



Page 2 of 3 

A maww 
Shaw E & I, Inc. 

Location Code: PB-BED-MW33 

Sample Number: DF3004 pij+-p3 fnt, ~1.r H pvS 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page 3 o f 3  

Project Number: 843635 Collection Date: 5 / 7 / 0 ~  Form Completed By: 

Collection Time: is-0 Sampler(s): D. Kessler, G. Ward 

I Well Condition: Good I Depth to Water (ft): q 3 ,  $#(& 1 Reading (pprn): 

Well Number: MW33 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Outside Casing Dia. (in): 2" Odor: Ne?.-c - 
Depth to Product (ft): NA Vapor Monitor Type: PlD I LEL 

.. , 
I Remarks: p&r kz f3$ &gd vw,@LS 

MONITORING WELL PURGE CALCULATIONS PA 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = 0.114 gallft 
M 

Top of Screen: 68.5' 

Screen Height: 20' 

Casing Type: PVC 

I Well Volume (gallons) = Water Column (ft) x Gallft = 10 ,dq ft x 0. f & Gallft = 1,6< gallons I 
Volume o f  Water in Filter Pack: Gallonslfoot = 0.041 x ( ~ ~ - d ' ) ,  where D is total borehole dia. in inches & d is casing dia, in inches = 0.041 x (( 5 )' - ( Z )2) = 8 .8  b gallft 

Filter Pack Volume (gal) = ((Screen Height + Sand Above Set or Water Column) x gallft) x porosity (0.3) = ((Screen Height /O,OQ ft + 0 ft) xO-8L gallft) x 0.3 = Z #GO gallons 

Water Column: o , ~  9 
Top of Filter Pack: 65.5' 

Pump Type: Bladder 

b b -- 1s. 3 C = 0 ppm H2S= 0 % ~  ppm 

Depth Pump Set: $ 1 , ~ "  = $ ~ % ~ l  /& $1 s") 
V 

Pump Settings: psi - , Refill - , ~ i s c h a y ~ e  - 

I LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) I 

Purge Well Volume: Purge Well Volume - Filter Pack Volume +Well Volume = 2.u gal + 1' Cc gal = L(~z$ gal 

Volume of Water in Tubing: 114 ID Tubing = 0.01 Litersift. 318" ID Tubing = 0.02 Literslft. 2" Bladder Pump Vo- - - Tubing Length = aft. 

Tubing Volume (Liter ] + 0 . 3 L ) x 3 =  L - 
Total Volume Purged: &to gallons = L x 0.26gallL 
I - - 

1 x Purge Well Volume (gal.) 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



Page 1 of 1 

Sample Collection Log 
Shaw E & I, Inc. 

Location Code: 

Sample Number: 

Sample Name: 

Sampling Method: 

Sample Type: 

Sample Purpose: 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

PB-BED-MW22 

DF3005 

PBOW-04-PB-BED-MW22-DF3005 

Low Flow 

GW 

Collection Date: Y/T/O v 
Collection Time: 15 

Start Depth: 

End Depth: 3 5- r 
Sample Matrix: WATER 

Sample Team: KesslerrWard 

Analvtical Suite Containers Sketch Location 

SEMIVOLATILES 

Comments: See sample# DF3002 for purge and location information. 

1 - 250 mL HDPE 

1 - 250 mL HDPE --;I, \ o L 
1 - 1 L Amb. Glass 
3 - 40 mL Vial 
2 - 1 L Amb. Glass 

Logged by/Date: 

&a 

See sample# DF3002 for location information. 

Reviewed bymate: & ~f&fo (L 



a Shaw- Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Page 1 of 1 

Location Code: PB-BED-MW22 Collection Date: d</ 04 
Sample Number: DF3006 Collection Time: 1730 

8 

Sample Name: PBOW-04-PB-BED-MW22-DF3006 Start Depth: 3 
C 

Sampling Method: Low Flow End Depth: 35,5 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: FS Sample Team: KesslerIWard 

Analvtical Suite Containers Sketch Location 

VOLATILES 

1 -250 mL HDPE' 

1 - 250 mL HDPE 

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

2 - 1 L Amb. Glass 

See sample# DF3002 for location information. 

comments: See sample# DF3002 for purge and location information. 

Logged bymate: Reviewed bymate: b& ,c&& 5-ffj.1 



JUNE 2004 BACKGROUND BEDROCK GROUNDWATER SAMPLING 
(1 oTH QUARTER) 

KTS\PBOW\O4 GWDS;FinaI'Binder ? TOC (List of App)\4129~2005\3.00.40 P\4 



Page 1 of 3 

Sam~le  Collection Log 
Shaw E & I, Inc. 

m a 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: IT-BG8-BEDGW-001 

Sample Number: DG3000 

Collection Date: 

Collection Time: ( (a &G 

PBOW-04-IT-BGS-BEDGW-001-DG3000 Sample Name: Start Depth: 19. 

Sampling Method: Low Flow End Depth: I$, 1 ' 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerIWard 

1 EXPLOSIVES 11 - 1 L Amb. Glass I 

Analytical Suite Contpiners Sketch Location 

VOLATEES 13 - 40 mL Vial I 

FILTERED METALS 

TOTAL METALS 

SEMWOLATILES 2 - 1 L Amb. Glass 

TOC 2 - 40 mL Vial 

CYANIDE 11 - 1LHDPE 

\ "> 
1 -~~~ZHDPE 
1 - g o  ~ L H D P E  

SULFATE 1 - 1 LHDPE 

~3 

TURBIDITY I 
1 HARDNES s 11 - 250 mL HDPE I I 
Comments: 1 - 9  ?$ 

Logged by1Date: Reviewed bymate: 



Page 2 of 3 

Shaw E & I, Inc. 

Location Code: IT-BG8-BEDGW-001 

Sample Number: DG3000 Py 5d3 ir k, 
bTd- $& C=SIZY' 

I I I I I 
Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - 

arameter Measurements 
Conductivity 

nilliliter; L - Liter 

DO Turbidity 



GROUNDWATER SAMPLING FORM page 2 of 3 

Project Number: 843635 Collection Date: b !(L(OU Form Completed By: x 

Project Name: PBOW Collection Time: 1 b ~ z ?  Sampler(s): D. Kessler, 

Investigation Site: Background Sample Filtered (YeslNo): Yes; Metals Shaw RFNCOC Number: b OY mi WeatherlTemp: ds;, sti&k; b6 @f) Reviewed By: 

1 

I MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

I - . . I - -. I 

Well Labeled (Yes I No): Yes I Total Well Depth (ft): 20' I Vapor Monitor SIN: S 23Fi? I )717< 

Well Number: DEDGW-001 

Well Secure (Yes I No): Yes 

I 1 Remarks: Y ,- 1 

Outside Casing Dia. (in): 2" 

Depth to Product (ft): NA 

Well Condition: Good 

Top of Screen: 5' 

I I A1 1 MONITORING WELL PURGE CALCULATIONS 
I 

Odor: QJ--( 
Vapor Monitor Type: PlDlLEL 

Volume of Water in Casing: Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )') = gallft / 

Depth to Water (ft): 3y 2 )' 

I Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = gallons 

Reading (ppm): LEL = ugh 02 =ma& % 

Screen Height: 15' Top of Filter Pack: 5- " 
Casing Type: PVC pump T Y P ~ :  b 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (~'d') ,  where D is total bo reho lpy  in inches & d is ca .041 x (( )* - ( )') = gaVft 
& .  / 

Filter Pack Volume (gal) = ((Screen Height + San gallft) x 0.3 = gallons 

Purge Well Volume: Purge Well Volume - Filte 

1 x Purge Well Volum* I &e Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 

Depth Pump Set: qQI 14' 
Pump Settings: psi -X, Refill - 10, Discharge - 5 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

I Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = aft. I 
F T u b i n s i e  (Liters) = (rubing Litersift. x Tubing length] + Pump volume) x 3 = ([0.0fL/ft x ~ f t ]  + 0.3 L ) x 3 = 2 .  f L = 0,  $rFJ 
I Total Volume Purged: 9. (l L Liters to gallons = L x 0.26gallL 

- 



& Shaw- Sample Collection Log 
Shaw E & I, Inc. 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW20 

Sample Number: DG3001 

Sample Name: PBO W-04-PB-BED-MW20-DG300l 

Sampling Method: Low Flow 

Sample Type: GW 

Sample Purpose: REG 

Page 1 of 3 

Collection Date: 

Collection Time: 15- 15 
Start Depth: 32 . g 

EndDepth: 3 2 -  1 

Sample Matrix: WATER 

Sample Team: KesslerIWard 

Comments: -- [-iq$ 
d 

Analytical Suite Conpiners Sketch Location 

Logged bymate (i?/&( Reviewed b y m a t e : b &  1 4 6kzh@ 

FILTERED METALS 

TOTAL METALS 

EXPLOSNES 

VOLATILES 

SEMIVOLATILES / 
TOC 

CYANIDE 

ALKALINITY 

CHLORIDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

\m v- 
1 - m'm~ HDPE 

I - ~ ~ ~ L H D P E  
L 

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

8% L Arnb. Glass 

2 - 40 mL Vial 

1 - 1 LHDPE 

1 -  1LHDPE 

1 - 250 d HDPE 

pb-\~b -w 



Page 2 of 3 

GROUNDWATER PURGE FORM 
Shaw E & I, Inc. 

Location Code: PB-BED-MW20 

Sample Number: DG3001 

I 
Abbreviation! 

Wat 
DTW I Purge Rate I Cumulative 

(ft. BTOC) I (mumin) I Volume 

Purged (L) 

/3.5;$ - 5l$,hC 
1%. 3 1 GO 2 co 
1 V .  36 

: BTOC - Below top of casing; DTW - Depth 

r Quality Parameter Measurements 
Temp. Conductivity PH Eh DO Turbidity 

(degree C) (umhoslcm) (std. units) (mv) (mglL) (NTU) 

1 water; rnL - milliliter; L- - Liter 



GROUNDWATER SAMPLING FORM page 3 o f 3  

Project Number: 843635 Collection Date: Form Completed By: 
/ - 

Project Name: PBOW Collection Time: Sampler(s): D. Kessler, 

Investigation Site: Background 'L Sample Filtered (YeslNo): Yes; Metals haw RFNCOC Number: ,b & 7 0,57/!-' L WeatherlTemp: bu(e* S wry; h&(%d, b'*fy Reviewed By: Yd.!&&d- 
I I 1 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] I 
1 .  . , I - - - - .  I 

Well Labeled (Yes I No): Yes 1 Total Well Depth (R): #$& 57.5 ) Vapor Monitor SIN: 8 2 3 ~  1 k 1 7$ 

Well Number: MW20 

Well Secure (Yes I No): Yes 

Outside Casing Dia. (in): 2" 

Depth to Product (ft): NA 

Well Condition: Good 

Screen Height: 20' I Top of Filter Pack: C ' I Depth Pump Set: 32' 
. . 

Odor: 

Vapor Monitor Type: PID I LEL- h Andk 

Top of Screen: 28' 

Depth to Water (ft): / 3 $ L/ 

Water Column: 3% 36 
( , I% I Plb= 0.0 

MONITORING WELL PURGE CALCULATIONS 
\ 

Reading (ppm): LEL= /m% 02=  /%,7% 
c = 0 ppm H2S= O,@pm 1 

Casing Type: PVC I Pump Type: ) (& 

Volume of Water in Casing: Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )') = gallft 
/ 

Pump Settings: psi - #, Refill - v, Discharge -@ 

Remarks: 'il 4 

I Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = y I 
Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (D'-d2), whe inches = 0.041 x (( )' - ( )') = gave 

Filter Pack Volume (gal) = ((Screen Height + S f&) x gallft) x 0.3 = gallons 

Purge Well Volume: Purge Well Volume - Fil gal + gal = gal 

1 x Purge Well Volume (ga#urge Well Volume (gal.) 1 3 x Purge Well Volume (gal.) 1 4 x Purge Well Volume (gal.) 1 5 x Purge Well Volume (gal.) I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) I 
Volume of Water in Tubing: 114 ID Tubing = 0.01 Literslft. CY8"  ID iubing = 0.02 Lite 2" Bladder Pump Volume = 0.3 Liters Tubing Length = b ( f t .  

Tubing Volume (Liters) = (rubing Literslft. x Tubing length] + Pump volume) x 3 = ( [ 0 . r ~ l f t  x&w t 0.3 L ) x 3 = 4. % L 

Total Volume Purged: 5, L Liters to gallons = L x 0.26gallL (% 1.4 Id ,-&) L 
\ 



a. Shaw- Sample Collection Log 
Shaw E & I, Inc. 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Page 1 of 3 

Location Code: PB-BED-MW24 

Sample Number: DG3002 

Sample Name: PBOW-04-PB-BED-MW24-DG3002 

Sampling Method: Low Plow 

Sample Type: GW 

Sample Purpose: REG 

Collection Date: U f b / o ~  

Collection Time: / 3 3 0 

Start Depth: 3~ -% 

End Depth: 3 ~ .  q 

Sample Matrix: WATER 

Sample Team: KesslerIWard 

Comments: l - L b w d  3 . 3 9 ~ 4 '  

Analytical Suite Containers - 4 Sketch Location 

Logged by1Date: 

FILTERED METALS 

TOTAL METALS 

EXPLOSIVES 

VOLATILES 

SEMIVOLATILES 

TOC 

CYANIDE 

ALKALINITY 

CHLORIDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

Reviewed by/Dafe:k)& I(& 

\ 0 2  

1 -MLmL HDPE 

1 - & ~ L H D P E  

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

2 - 1 L Amb. Glass 

2 - 40 mL Vial 

1 - 1 LHDPE 

1 - 1 LHDPE 

1 - 250 mL HDPE 

/ - tr 
P P - 

c ; ~  f l ~  ;d 4% 
4J- L 

- - - -  



Page 2 of 3 

GROUNDWATER PURGE FORM 

Location Code: PB-BED-MW24 

Sample Number: DG3002 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page 3 o f 2  

b Form Completed By: bd [d Project Number: 843635 Collection Date: 

Project Name: PBOW Collection Time: 13 30 Sampler(s): D. Kessler, 

S Investigation Site: Background Sample Filtered (YeslNo): Yes; Metal ZE? 
RFNCOC Number: Pb 06 IbO'CSn'k Weatherllemp: & , k4 Reviewed By: W d  rd 

~ ~ ~ P ~ ~ [ P I B I O I W I - ~ ~ ~ ~ ~ - I P I B I - I B I E I D I - I M I W ~ ~ ~ ~ ~ - I G I W I - I D I G ~ ~ ~ O ~ O ~ ~ ~  1 Name I 
MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Number: MW24 I Outside Casing Dia. (in): 2" 1 odor: b 14. 5 

Well Secure (Yes I No): Yes 1 Depth to Product (ft): NA 1 Vapor Monitor Type: PIDILEL -Fh6dbI 
Well Labeled (Yes I No): Yes 

Well Condition: Good 

I I I Remarks: I 

Top of Screen: 25.5' 

Screen Height: 15' 

Casing Type: PVC 

I 

MONITORING WELL PURGE CALCULATIONS 

Total Well Depth (ft): 41' 

Depth to Water (ft): 2% 453 

1 Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )') = galM I 

Vapor Monitor SIN: 8.2 3k3 1 Xi rl( 
Reading (ppm): LEL =>lW % 0 2  = lq.9 % 

Water Column: 15, cyt 
Top of Filter Pack: 

Pump Type: %IdGr PM 

Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = gallons I 

k \ b a  Y'ZSptb C E  0 P P ~  H~s'>&PP~ 

Depth Pump Set: %? 36.5 ' 
Pump Settings: psi - 20, Refill - 10, Discharge - 5 

((Screen Height ft + - ft) x gallft) x 0.3 = gallons 

gal = gal 
1 

2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 

I I I I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. (318" ID Tubing = 0.02 Liters 2" Bladder Pump Volume = 0.3 Liters Tubing Length = LR. 
\ 

Tubing Volume (Liters) = (rubing Literslft. x Tubing length] + Pump volume) x 3 = ( [O .O~LM x ~ f t ]  + 0.3 L ) x 3 = 3 . q ~  L 

Total Volume Purged: ? L Liters to gallons = L x 0.26gallL (~4 4 3.3 pd \ 
\ 4 - 



Page 1 of 3 

Shaw E & I, Inc. 

Location Code: 

Sample Number: 

Sample Name: 

Sampling Method: 

Sample Type: 

Sample Purpose: 

Sample Collection Log 
Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

PB-BED-MW25 

DG3003 

PBOW-04-PB-BED-MW25-DG3003 

Low Flow 

GW 

REG 

Collection Date: & 
Collection Time: O ? ~ S  

Start Depth: 3 ~ .  

End Depth: 3 L. 5' 

Sample Matrix: WATER 

Sample Team: KesslerNVard 

comments: * / + 2 8 a J  

Analytical Suite Containers Sketch Location 
FILTERED METALS 1. -a% m P E  

Logged byIDate: ,42hW4 -/Pdy 

TOTAL METALS 

EXPLOSIVES 

Reviewed by1Date: d K 6 ~  

VOLATILES 3 - 40 mL Vial 

SEMIVOLATILES 2 - 1 L Amb. Glass 

TOC 2 - 40 rnL Vial 

1 - &% m~ HDPE 

1 - 1 L Amb. Glass 

N? 



Page 1 of 1 a Shaw- 
Shaw E & I, Inc. 

Sample Collection Log 
Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW25 Collection Date: 1 [(?(O v 
Sample Number: DG3003-MS Collection Time: ~ L ~ Q s  

Sample Name: PBOW-04-PB-BED-MW25-DG3003-MS Start Depth: >L/O 

Sampling Method: Low Flow End Depth: 32. 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: MS Sample Team: KesslerIWard 

Analytical Suite Containers 
FILTERED METALS 1 - Z&mL HDPE 

TOTAL METALS 

EXPLOSIVES 1 - 1 L Amb. Glass 

VOLATILES 3 - 40 mL Vial 

SEMIVOLATILES 12 - 1 LAmb. Glass I 

ALKALINITY I I 

TOC 

CYANIDE 

2 - 40 mL Vial 

1 - lLHDPE 

HARDNESS 11 -250mLHDPE I 

CHLORIDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

Sketch Location 

1 -  1LHDPE 

See sample# DG3003 for location information. 

.. 

Comments: See sample# -003 for purge and location information. 

Logged bymate: -.I? '-7 Reviewed by1Date: 
w 



Page 1 of 1 

Shaw E & I, Inc. 
Sample Collection Log 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW25 Collection Date: 6(17/0$ 

Sample Number: DG3003-MSD Collection Time: O$VC 

Sample Name: PBOW-04-PB-BED-MW25-DG3003-MSD Start Depth: 3 L, O 

Sampling Method: Low Flow End Depth: 3 L , J 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: MSD Sample Team: KesslerIWard 

Analytical Suite Sketch Location 
I  FILTERED METALS 11 -%J~L HDPE 1 

SEMIVOLATILES 2 - 1 L Amb. Glass 

~TOC 12 - 40 rnL Vial 

CYANIDE I1 - 1 LHDPE 

1 - 1 LHDPE 

TURBIDITY 

See sample# DG3003 for location information. 

]HARDNESS 11 - 250 m~ HDPE 

Comments: See sample# DB003 for purge and location information. 

Logged byIDate: Reviewed by1Date: 



Page 2 of 3 

GROUNDWATER PURGE FORM 
 haw E & I, Inc. 

Location Code: PB-BED-MW25 

Sample Number: DG3003 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page 3 of 3 

Project Number: 843635 Collection Date: Form Completed By: b d  E d  
Project Name: PBOW Collection Time: Q)<3$ Sampler@): D. Kessler, 

@, Investigation Site: Background Sample Filtered (YesINo): Yes; Metals Shaw RWCOC Number: pb L 7 ~ Y , / F -  
\ I .  

WeatherITemp: Reviewed By: \() d 1 ! k  
I* v 1 

s a m p l e I P I B I O ( W / - I O I 4 I - I P I B I - I B ( E I D I - I M I W [ 2 [ 5  / - I G I W I - ( D ( G ~ ~ ( O ( O ( ~ (  
Name - 1 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Number: MW25 I Outside Casing Dia. (in): 2" 1 Odor: d1k4 
I Well Secure (Yes I No): Yes I Depth to Product (ft): NA ( Vapor Monitor Type: PID I LEL 1 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

- - -- 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = gallft 

Well Volume (gallons) = Water Column (ft) x Gallft = ft x 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (D~-d2), where D is total borehole dia. in inches & g aUft 

Top of Screen: 30' 

Screen Height: 10' 

creen Height ft + ft) x gallft) x 0.3 = gallons 

gal + gal = gal 

1 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

2" Bladder Pump Volume = 0.3 Liters Tubing Length = zfi. 

0% 
Tubing Volume (Liters) = (rubing Litersift. x Tubing length] + Pump volume) x 3 = ([~.$~lf t  x ~ f t ]  + 0.3 L ) x 3 = 3- 1L L 

Total Volume Purged: 1 bl L Liters to gallons = L x 0.26gallL ' " 7 qd " 

Total Well Depth (ft): 40.6' 

Depth to Water (ft): 1 3. Lf3 
Vapor Monitor SIN: I 

Reading (ppm): LEL= (9 % 02 =a,$ % 

Watercolumn: 2?,17 
Top of Filter Pack: 25 /Y 

~p -- - 

' h b 2  o,Oh* C 0,0 PPm H2S= 0.0 P P ~  

Depth Pump set:' $f -Jy/ 
Casing Type: PVC Pump Type: h%f vt t'? Pump Settings: psi -M Refill - 10, Discharge - 5 

Remarks: 15 psj' 
MONITORING WELL PURGE CALCULATIONS 



a Shaw- Sample Collection Log 
Shaw E & I, Inc. 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW28 

Sample Number: DG3004 

Page 1 of 3 

Collection Date: L 
Collection Time: /333 

Sample Name: PBOW-04-PB-BED-MW28-DG3004 Start Depth: 3 .r,0 

Sampling Method: Low Plow End Depth: 32.1 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerIWard 

Comments: 

Analytical Suite Containers Sketch Location 

Logged by/Date: , Reviewed b y i ~ a t e b  & ~//j$& 
V 

FILTERED METALS 

TOTAL METALS 

EXPLOSIVES 

VOLATILES 

SEMNOLATILES 

TOC 

CYANIDE 

ALKALINITY 

CHLORIDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

l u, 

1 - 250 mL HDPE 

1 - 1 L Amb. Glass 

3 - 40 mL Vial pOow 1 e: 
2 - 1 L Amb. Glass 

2 - 40 mL Vial ?- >I 

1 - 1 LHDPE 9s P 

1-1LHDPE 

A L .  

- - 



Page 2 of 3 

Shaw- 
Shaw E & l, Inc. 

GROUNDWATER PURGE FORM 

Location Code: PB-BED-MW28 

Sample Number: DG3004 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM Page3 of 3 

Project Number: 843635 Collection Date: Form Completed By: b K&5/% 

Project Name: PBOW Collection Time: 1330 Sampler@): D. Kessler, 

Investigation Site: Background Sample Filtered (YeslNo): Yes; Metals Shaw RFAEOC Number: ?bob IFJY ST/-<:. WeatherlTemp: b t%. d .  kbm - Reviewed By: 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 1 - .  

I Well Number: MW28 I Outside Casina Dia. (in): 2" I Odor: 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

Depth to Product (ft): NA 

Total Well Depth (ft): 41 -9' 

Top of Screen: 26.65' 

Screen Height: 15' 

I Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = gallons 
7 

Vapor Monitor Type: Fdh PID I LEL - ftt,,, R J ~  
Vapor Monitor SIN: h383 1 351 75- 

I 

Depth to Water (ft): 5.4 L( 

Casing Type: PVC I Pump Type: B l dcCr  

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x ( ~ ~ - d ~ ) ,  where D p t  hes = 0.041 x (( )2 - ( ) 2 ) - - gaVft 

Filter Pack Volume (gal) = ((Screen Height + Sand ~ b o $ ~ V $ h  x gallft) x porosity (0.3) = ((Screen Height ft + ft) x gallft) x 0.3 = gallons 

Reading (ppm): LEL= Q@ 0 2  = 20.9 % 

water column: 3 ~ ,  9 G p 
Top of Filter Pack: 17, q r+ 

Pump Settings: psi -a Refill - 10, Discharge - 5 

Remarks: ' 8,5i 

I Purge Well Volume: Purge Well ~ o l u m n u m e  +Well Volume = gal + gal - - gal 

Plby 0. 0 p+ C 0 ppm H2S= 9 ppm 

Depth ~ u m ~ l k e t :  H' 

MONITORING WELL PURGE CALCULATIONS 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = gallft 

I I x Purge W- 2 x Purge Well Volume (gal.) I 3 x Purge Well Volume (gal.) I 4 x Purge Well Volume (gal.) 1 5 x Purge Well Volume (gal.) 1 
I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Literslft. 2 Bladder Pump Volume = 0.3 Liters Tubing Length = x f t .  

Tubing Volume (Liters) = (rubing Litersift. x Tubing length] + Pump volume) x 3 = ([O.O?LI~~ x x f t ]  + 0.3 L ) x 3 = 3 L 
- - -  

[ ~ o t a l  Volume Purged: I L Liters to gallons = L x 0.26gallL 



Page 1 of 3 

Shaw E & I, Inc. 

Location Code: 

Sample Number: 

Sample Name: 

Sampling Method: 

Sample Type: 

Sample Purpose: 

Sample Collection Log 
Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Collection Date: [t//k,/o$ 

Collection Time: 1? ~ s C  

PBOW-04-PB-BED-MW29-DG3005 

Low Plow 

Start Depth: 3 2.0 

End Depth: 3 2 . ( 

REG 

Sample Matrix: WATER 

Sample Team: KesslerJWard 

EXPLOSIVES (1 - 1 L Arnb. Glass 

Analytical Suite Containers Sketch Location 
FILTERED METALS 

TOTAL METALS 

CYANIDE 11 - 1 L HDPE 

r v a  yr 

1 - M m L  HDPE 

1 - ~ ~ L H D P E  
U 

VOLATILES 

SEMIVOLATILES 

TOC 

CHLORIDE 

NITRATE 

SULFATE 

3 - 40 rnL Vial 

2 - 1 L Amb. Glass 

2 - 40 mL Vial 

-1 
1 - 250 mL HDPE 

Comments: k 4 - . 3 s a 4  

Logged by/Date: Reviewed by1Date: & i&d G/IC[OY: 



Page 2 of 3 

GROUNDWATER PURGE FORM 
~ h a i  E & I, Inc. 

Location Code: PB-BED-MW29 

Sample Number: DG3005 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM ~ a g e 3 o f 3  

Project Nurn ber: 843635 Collection Date: Form Completed By: 

Project Name: PBOW Collection Time: 0 Q s ~  Sampler@): D. Kessler, 

Investigation Site: Background Sample Filtered (YeslNo): Yes; Metals shaw @ RFAKOC Number: pb ~b \ L ov 5 ~ i 5  

8 

WeatherfTemp: . W Q A , ~  h d  7 , Reviewed By: 
U I 

S ~ ~ P ~ ~ I P I B I O ~ W I - ~ O I ~ I - I P I B I - I B I E I D I - ( M I W ~ ~ ~ ~  ~ - I G I W ( - I D I G ( ~ ~ O ( O ) ~ ~  
Name 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Number: MW29 I Outside Casing Dia. (in): 2" I Odor: d\jW 
I - . , I 

Well Secure (Yes I No): Yes I Depth to Product (ft): NA I Vapor Monitor Type: P I D I L E L - ~ t h ~ i n l ~  I 
Well Labeled (Yes I No): Yes I Total Well Depth (ft): 37.9' I Vapor Monitor SIN: $2383 Ikl% 

Volume of Water in Casing: Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = gallft 

Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = 

Well Condition: Good 

Top of Screen: 27.65' 

Screen Height: 10' 

Casing Type: PVC 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x ( ~ ~ - d ~ ) ,  where D is t r Z -  dia. in inches = 0.041 x (( )2 - ( )2) = gaVft 
4 

Filter Pack Volume (gal) = ((Screen Height + Sand Above\Set %)?(&r~- 
V W  

x porosity (0.3) = ((Screen Height ft + ft) x gallft) x 0.3 = gallons 

Purge Well Volume: Purge Well Volume - Fil II Volume = gal + gal = gal I 

Depth to Water (ft): 2.2 
Water Column: 3~ 6 L/ 

Top of Filter Pack: 

pump T Y P ~ :  bl&c(. rlkp~ 

Reading (ppm): LEL=)g  % 0 2 =  IQ.b% 
?\b5 0 , o  C = 0.0 PPm H2S= 0.0 P P ~  

Depth Pump Set: 32' 

Pump Settings: Refill - 10, Discharge - 5 
I 

I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpurnp volumes required for PBOW) 

Remarks: pis8 &md' 

I x Purge Well Volume <purge Well Volume (gal.) 

Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Litersift. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = kft. I 

MONITORING WELL PURGE CALCULATIONS 

Tubing Volume (Liters) = (pubing Litersift. x Tubing length] + Pump volume) x 3 = ( [O.O~LM x ~ f t ]  + 0.3 L ) x 3 = 3 . jg L s 0.93 qd 

3 x Purge Well Volume (gal.) 

Total Volume Purged: I 3r b? L Liters to gallons = L x 0.26gallL I 

4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



Page 1 of 1 

Shaw E & I, Inc. 
Sample Collection Log 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW25 

Sample Number: DG3006 

Sample Name: PBOW-04-PB-BED-MW25-DG3006 

Sampling Method: Low Flow 

Sample Type: GW 

Sample Purpose: FD 

Collection Date: 6 1 17 
Collection Time: 07 5 

Start Depth: 3 z . o 

End Depth: 3 z- ,S 

Sample Matrix: WATER 

Sample Team: Kessler~Ward 

Sketch Location 
I 1 

EXPLOSIVES I1 - 1 L Amb. Glass 
I 

FILTERED METALS 

TOTAL, METALS 

VOLATILES (3 - 40 mL Vial 
I I I 

1 -&3 HDPE 
r*Y. 

1 - & r n ~  HDPE 

Comments: See sample# M O O 3  for purge and location information. 

SEMIVOLATILES 

Logged by1Date: &&-/~.01/ Reviewed by/Date: @vwf f(d b/f;%oq 
v' 

2 - 1 L Amb. Glass 

See sample# DG3003 for location information. 

--- 



Page 1 of 1 

Shaw E & I, Inc. 

Location Code: 

Sample Number: 

Sample Name: 

Sampling Method: 

Sample Type: 

Sample Purpose: 

Sample Collection Log 
Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

PB-BED-MW25 

DG3007 

PBOW-04-PB-BED-MW25-DG3007 

Low Flow 

GW 

FS 

Collection Date: 

Collection Time: o w  
Start Depth: S t c o  
End Depth: 3 L. $ 

Sample Matrix: WATER 

Sample Team: KesslerIWard 

Analytical Suite Containers - L Sketch Location 

See sample# DG3003 for location information. 

FILTERED METALS 

TOTAL METALS 

EXPLOSIVES 

VOLATILES 

SEMIVOLATILES 

Comments: See sample# D63003 for purge and location information. 

1 -*XHDPE SBOJ 
1 - & ~ H D P E  SUSJ 
1 - 1 LAmb. Glass 

3 - 40 d Vial 

2 - 1 L Amb. Glass 

Logged by1Date: -0 3.0 4/ Reviewed bylDate: & r& //7/@ Y 
V 



& Shaw- Sam~le  Collection Log 
Page 1 of 3 

Shaw E & I, Inc. 
1 0 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW26 

Sample Number: DG3008 

Collection Date: fl& sW 14 , 
Collection Time: 2 

Sample Name: PBOW-04-PB-BED-MW26-DG3008 Start Depth: ,/ 
Sampling Method: Low Flow 

Sample Type: GW 

End ~ e ~ t h /  

Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerNVard 

T 

Logged by1Date: [& I / ~ ~ / ~ ~  Reviewed byIDate 

Analytical Suite Sketch Location 
FILTERED METALS 
TOTAL METALS 

EXPLOSIVES 

VOLATILES 

SEMTVOLATILES 

TOC 

CYANIDE 

ALKACINITY 

CHLORIDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

Comments: 

1 - 2 5 0 b  HDPE 

1 - $6 m~ HDPE 

1 - b ~ a s s  

3-40m~vAl 

2 - 1 L &. Glass 

2 - 40 4$ vial 

-.- 
3 

.c 

\EJ-F 
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GROUNDWATER PURGE FORM 
 haw E & I, Inc. 

Location Code: PB-BED-MW26 

Sample Number: DG3008 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page3 o f 3  

Project Number: 843635 Collection Date: Form Completed By: 
I 

Project Name: PBOW Collection Time: ' Sampler(s): D. Kessler, 

Investigation Site: Background Sample Filtered (YeslNo): Yes; Metals 
XET' 

RFNCOC Number: 

L - - WeatherlTemp: Reviewed By: 
Y -  

# 

~ ~ ~ ~ ~ ~ I P I B I O I W I - O ~ ~ - I P I B I - I B / E ~ D I - I M I W ~ ~ ~ ~  1 - I G I ~ I - I D I ~ 1 3 1 0 1 0 1 8 1  
Name I 

Volume of Water in Casing: Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = gallft I 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Volume (gallons) = Water Column (ft) x Gallff = R x 4 Gallft = -A I 

Well Number: MW26 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

Top of Screen: 30' 

Screen Height: 15' 

Casing Type: PVC 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (D~-d2), where D is total borehole dia. i ia. in inches = 0.041 x (( )2 - ( )2) = gallff 
, 

Remarks: 

MONITORING WELL PURGE CALCULATIONS 

Outside Casing Dia. (in): 2" 

Depth to Product (ft): NA 

Tqtal b e l l  Depth (ft): 60.35' 

Depth to Water (ft): L~ "(5 2 

Water Column: 2, S> p- 
Top of Filter Pack: 

Pump Type: 

I I I I 

TUBING PURGE CALCULATIONS (3 tubinglpurnp volumes required for PBOW) 

Odor: 

Vapor Monitor Type: PID I LEL 

Vapor Monitor SIN: I 

Reading (ppm): L E L = / w %  0 2 =  / ! 9  % 

PI b= Pi. L A P ~  C =? f i  ppm H2S= 2;13 ppm 
Depth Pump set:& 

Pump Settings: 

Filter Pack Volume (gal) = ((Screen Height + Sand Above Set or Water Column) 3) = ((Screen Height ft + ft) x gallft) x 0.3 = gallons 
" 

Purge Well Volume: Purge Well Volume - Filter Pack me = J/gal+ gal = gal 

Volume of Water in Tubing: f l i n g  = 0.01 Literslft. 318" ID Tubing = Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = -ft. I 

I x Purge Well Volume (gal.) 

Tubing Volume (Liters ng Literslft. x Tubing length] + Pump volume) x 3 = ([0.01 Llft x f i ]  + 0.3 L ) x 3 = L 

Total Volume Purged: L Liters to gallons = L x 0.26gallL 

/3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



AUGUST 2004 DOWNGRADIENT GROUNDWATER SAMPLING 
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a, Shaw~~ Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Page 1 of 3 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW 17 Collection Date: 8Izb 10 (l 
Sample Number: DH3000 Collection Time: 1 7 f 5 
Sample Name: PBOW-04-PB-BED-MW17-DH3000 Start Depth: yv. 0 
Sampling Method: Low Flow End Depth: YV- L 
Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerIParharn 

Analvtical Suite Containers Sketch Location 

TOTAL METALS 1 - 250 rnL HDPE 

EXE'LOSrVES 1 - 1 L Amb. Glass 

VOLATILES 3 - 40 mL Vial 
SEMIVOLATILES 2 - 1 L Amb. Glass 

TOC 2 - 40 mL Vial 
I .. # 4 I/ " 

CYANIDE 
C .- R R  

1 - 1  LHDPE -. m C ,. -. - 
ALKALINITY 

Pd 
,---.-.- .-. - 

CHLORIDE 

NITRATE 

- 

TDS 

TSS 

TURBIDITY I a11 

Comments: &- 2 .7sJ  

Logged by/Date: & $/Lb[gf Reviewed bylDate: )) 4 F& dzh/bq 



Page 2 of 3 

& Shaw GROUNDWATER PURGE FORM 
Shaw E & I, Inc. 

Location Code: PB-BED-MW 17 p~ w d G ~  w ~ U I P  J J ~ I ; ~ . ~ ~ ~ S  
Sample Number: DH3000 $UL b7LJ7 UAt3 ' zm )yc. 7 +t- d 6 4 ~ 4  jL 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; rnL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM ~ a g e 2 o f 2  

Project Number: 843635 Collection Date: Form Completed By: 

Project Name: PBOW Collection Time: \T5 -  Sampler(s): D. Kessler, Z. Parham 

Investigation Site: Downgradient Sample Filtered (YeslNo): Yes; Metals Shaw RFNCOC Number: ~6 
'k 

WeatherITemp: 
: 4, d Reviewed By: \() an;/ 

I I 

sample P I B J o ( w I - ~ o ( ~ ) - I P / B I - I B I E I D ( - / M I W I I ~ ~  ~ - I G I W I - J D I H I ~ I O I O I O I  
Name I - I 

I Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = gallons 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurementsl, 

I I I I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

Well Number: MWI7 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

Top of Screen: 19.4' 

Screen Height: 45' 

Casing Type: Open hole 

I Volume of Water in Tubing: 114" ID Tubing = 001 Literslft. 318" ID Tubing = Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = S f t .  

Remarks: 

MONITORING WELL PURGE CALCULATIONS 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )') = gallft 

Outside Casing Dia. (in): 3" 

Depth to Product (ft): NA 

Total Well Depth (ft): - 64.4' 

Depth to Water (ft): JL, qo 
Water Column: ')E.W 

Top of Filter Pack: NA 

Pump Type: Bladder 

I Tubing Volume (Liters) = (rubing Literslft. x Tubing length] + Pump volume) x 3 = (10.01 Lift x B f t ]  + 0.3 L ) x 3 = 2.52 L 6,  6 (, 
-j 

Odor: y k  
Vapor ~ o n i t d & ~ ~ e :  PID I LEL 

R L S  bteBz 

Vapor Monitor SIN: V/(i 63 I 
Reading (pprn): L E L = > h %  02=20,1 % 

VlD- l 3 0 . ~ ~ ~ ~  C =  P P ~  HZS=>-P~ 

Depth Pump Set: 7 7 .  Y Y ~  
Pump Settings: psi -/6, Refill - 10, Discharge - 5 

J I Total Volume Purged: f L Liters to gallons = L x 0.26gaVL 2.lqd Lfw// 
J 



Page 1 of 3 

Shaw E & I, Inc. 
Sample Collection Log 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW 19 Collection Date: 

Sample Number: DH3001 Collection Time: (7 Cw' 

Sample Name: PBOW-04-PB-BED-MW19-DH3001 Start Depth: 31, 

Sampling Method: Low Flow End Depth: 7 /- 6 
Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerIParham 

Analytical Suite 
FILTERED METALS 

TOC 

ALKALINITY 
CHLORIDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

Containers Sketch Location 
1 - 250 rnL HDPE 

1 - 250 mL HDPE J? 
1 - 1 L Amb. Glass 

3 - 40 mL Vial 

2 - 1 L Amb. Glass 

2 - 40 mL Vial 

1 - 1 LHDPE 

1 - 250 rnL HDPE I 
Comments: t4+Q.wJ?- /A!-4J 

J 

Logged by/Date: b& $ 2 , ~  Reviewed bylDate: 4 & ?/&$ 



Page 2 of 3 

GROUNDWATER PURGE FORM 
~ h a w  E & I, Inc. 

Location Code: PB-BED-MW19 

Sample Number: DH3001 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM ~ a g e Z o f 2  

Project Number: 843635 

Project Name: PBOW 

Collection Date: Form Completed By: b . LSSL 
Collection Time: 1 ?so Sampler(s): D. Kessler, Z. Parham 

Investigation Site: 

S ~ ~ P ~ ~ I P J B J O I W I - . I O / ~ ~ - I P J B I - I B I E I D I - J M I W I I ~ ~  ~ - I G I W I - I D I H ~ ~ ~ O ~ O ) I I  / Name 

Well Labeled (Yes I No): Yes 1 Total Well Depth (ft): 52.2' ) Vapor Monitor SIN: HZfY 1% Y 
I Well Condition: Good I Depth to Water (ft): fi, 6 3 I Reading (ppm): LEL= % 0 2 = D k %  I 

I 
MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Number: MW19 

Well Secure (Yes I No): Yes 

I Casing Type: PVC I Pump Type: Bladder 1 Pump Settings: psi -a, Refill - 10, Discharge - 5 I 

Top of Screen: 24.5' bgs 

Screen Height: 25' 

I Remarks: 16 

MONITORING WELL PURGE CALCULATIONS 

Volume of Water in Casing: Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )') = 

Outside Casing Dia. (in): 2" 

Depth to Product (ft): NA 

Well Volume (gallons) = Water Column (ft) x --gallons 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x ( ~ ' - d ~ ) .  yhere$hJt@tal & d is casing dia. in inches = 0.041 x (( )2 - ( y) = gallft 

Filter Pack Volume (gal) = ((Screen Height + Sand Above S n) x gallft) x porosity (0.3) = ((Screen Height ft + ft) x gallft) x 0.3 = gallons 

Odor: Ma frl, 5 Od82 &k ~ ~ i l u ,  
Vapor Monitor Type: PID'I LELI J 

Water Column: 26, ~7 
Top of Filter Pack: - 22.5' bgs 

/ I Purge Well Volume: Purge Well V o l u m e m a c k  Volume +Well Volume = gal + - gal = gal 1 

k D =  b . 0  p@+ C = 0 ppm H2S= 0 ppm 

Depth Pump ~ e f l  

I I I I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = &ft. 

Tubing Volume (Liters) = (pubing Liters/ft. x Tubing length] + pump volume) x 3 = ([0.01 Lift x 3 L f t ]  + 0.3 L ) x 3 = 1 t 95 L i(D,Sl qd) . 
Total Volume Purged: L Liters to gallons = L x 0.26gallL 1.1 qd 

1 x Purge Well Volu 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



a Shaw .- Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW22 

Sample Number: DH3002 

Page 1 of 3 

Collection Date: &bb J 

Collection Time: ( \1f~ 

Sample Name: PBOW-04-PB-BED-MW22-DH3002 Start Depth: 3 s  0 

Sampling Method: Low Flow End Depth: 3 5 . 2  

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KessierIParham 

Analytical Suite Containers Sketch Location 

EXPLOSIVES I1 - 1 L Amb. Glass 

VOLATILES 13 - 40 mL Vial 

FILTERED METALS 

TOTAL METALS 

SEMIVOLATILES I - 1 L Amb. Glass 

TOC 2 - 40 rnL Vial 

CYANIDE 1 - lLHDPE 

ALKALINITY 

CHLORIDE 

NITRATE 

SULFATE 1 - 1 LHDPE 

TDS 

TSS 
TCTRBIDITY 
HARDNESS 1 - 250 mL HDPE 

1 - 250 mC HDPE 
1 - 250 mT, HDPE 

Comments : P-d2.3 QJ 

,. 
Logged by/Date: / Reviewed byDate: ))& d&b@ 



Page 2 of 3 

a Shaw GROUNDWATER PURGE FORM 
Shaw E & I, Inc. 

Location Code: PB-BED-MW22 
$#' i )2bSkW 

Sample Number: DH3002 TWfl 5-Jd 3 9 7  

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page 3 of 3 

Project Number: 843635 

Project Name: PBOW 

Collection Date: ~ I O Y  Form Completed By: 

Collection Time: 1,1\ 0 Sampler@): D. Kessler, Z. Parham 

s a m p l e j P I B I O l W l - I O 1 4 1 - I P l B I - I B ( E I D I - ( M l W l 2 1 2  1 - ] G l W l - [ D I H 1 3 / 0 1 0 ( 2 1  
Name 

2 . -  - 2 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 1 
Well Number: MW22 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes I Total Well Depth (ft): 42' 

Outside Casing Dia. (in): 2" 

Depth to Product (ft): NA 

Vapor Monitor SIN: 4 8 4 1 4 l 3  
Well Condition: Good 

TOP of Screen: 27' 

- -. I . - .  I - .  - 

I Remarks: V ~ a s  v,'dk (li I4 L J  A m &--\ 
MONITORING WELL PURGE CALCULATIONS J 

Odor: v% t2 fl & 
Vapor ~ o n i i o r  ~ ~ p k :  PID I LEL 

Screen Height: 15' 

Casing T v ~ e :  PVC 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = gallft 

Depth to Water (R): 2q  sg 
Water Column: ( 2  ,4t ' 

Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = a a l l o n s  
7 I 

Reading (ppm): LEL=)/&% 0 2 = & . ~  % 

, b 10.7 ?PI- C =  0 ppm ~ z s = > a p p m  
Top of Filter Pack: 25' 

Pump Type: Bladder 

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (~'-d'), where D is total borehole dia. in inches & d is casi-41 x (( )' - ( )2) = gallfi - 

Depth Pump ~ & f :  35' II?  h - 
Pump Settings: psi - 20, Refill - 2, Discharge -2 

Filter Pack Volume (gal) = ((Screen Height + Sand Above Set or Watersolymn) x gallft) x p o r o s i e e n  Height ft + ft) x gallft) x 0.3 = gallons I 

I 
LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

Purge Well Volume: Purge Well Volume - Filter Pack gal = gal 

Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = j 8 f t .  

Tubing Volume (Liters) = (rubing Literslft. x Tubing length] + Pump volume) x 3 = ([0.01 Lift x z f t ]  + 0.3 L ) x 3 = 2 40v L 0 +F) q& 

5 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) I x Purge Well Volume (gal.) 
-" 

2 x p u r g 9 e a l . )  3 x Purge Well Volume (gal.) 



a Shawl- Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Page 1 of 1 

Project No: 843656 Project Manager: S, Downey 

Location Code: PB-BED-MW22 

Sample Number: DH3002-MS 

Sample Name: PBOW-04-PB-BED-MW22-DH3002-MS 

Sampling Method: Low Plow 

Sample Type: GW 

Sample Purpose: MS 

Collection Date: k/~!/o(/ 
Collection Time: t\\ 8 

Start Depth: 

End Depth: 3 5. 2 

Sample Matrix: WATER 

Sample Team: KesslerParham 

Analvtical Suite Containers Sketch Location 

 TOTAL METALS 11 - 250 rnL HDPE I 
EXPLOSIVES 11- i ~ ~ m b . ~ l a s s  

VOLATILES 

SEMJYOLATILES / 
3 - 40 mL Vial I 
2- 1 L Amb. Glass I 

CYANIDE 

NITRATE 

SULFATE 

TDS 

TSS 

TURBIDITY 

HARDNESS 

See sample# DH3002 for location information. 

1 - 1 LHDPE 

1 -250mLHDPE 

Comments: See sample# DH3002 for purge and location information. 

Logged bymate: Reviewed bymate: 



& Shaw- Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW22 

Sample Number: DH3002-MSD 

Page 1 of 1 

Collection Date: 8/2&.(of/ 
Collection Time: i l 0 

Sample Name: PBOW-04-PB-BED-MW22-DH3002-MSD Start Depth: 35-0 

Sampling Method: Low Flow End Depth: 3C-z 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: MSD Sample Team: Kessler/Parham 

Analvtical Suite Containers Sketch Location 
FILTERED METALS I I - 250 mL HDPE I 
TOTAL METALS 11 - 250 mL HDPE I 

TOC 12 - 40 mL Vial I 

EXPLOSIVES 

VOLATILES 

SEMIVOLATILES 

I -  

ALKALINITY I 

1 - 1 L Amb. Glass 

3 - 40 rnL Vial 

2 - 1 L Amb. Glass 

SULFATE 1-1 1 - 1 LHDPE 

See sample# DH3002 for location information. 

I 

HARDNESS I I - 250 mL HDPE 

Comments: See sample# DH3002 for purge and location information. 

Logged by/Date: 
Id f& - f/%hay Reviewed by/Date: ,)&4 & ~/%bd 



a Shawl. Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Location Code: PB-BED-MW30 

Sample Number: DH3003 

Page 1 of 3 

Collection Date: ~ / L T / @ v .  

Collection Time: / 3 
Sample Name: PBOW-04-PB-BED-MW30-DH3003 Start Depth: 4d.7 
Sampling Method: Low Flow End Depth: 4 6.  ) 
Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: KesslerIParham 

Analytical Suite Containers Sketch Location 

TOTAL METALS 1 - 250 mZ, HDPE N' f 
EXPLOSJYES 1 - 1 L Amb. Glass 

VOLATILES 3 - 40 mL Vial 

SEMIVOLATILES 2 - 1 L Amb. Glass 

TOC 2 - 40 mL Vial 
I 

~ - -~ - 

CYANIDE 11- ~ L H D P E  

Comments: 

Logged byIDate: a/2C/eY - Reviewed bymate: b& K& &?L>$$ 
C - 



Shaw E & I, Inc. 

GROUNDWATER PURGE FORM 

Page 2 of 3 

Location Code: PB-BED-MW30 

Sample Number: DH3003 

- 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM Page 3 of 3 , 

Project Number: 843635 

Project Name: PBOW 

Collection Date: ?/2~/0 Y Form Completed By: 4. j%,?k 
Collection Time: pfl Sampler(s): D. Kessler, Z. Parham 

S Investigation Site: Downgradient Sample Filtered (YeslNo): Yes; Metals \ 

RFNCOCNumber: P F @ L S I ~ V S T L ~ $  Weathernemp: D& w/r Reviewed By: b. KYs~IU- 
~ ~ ~ ~ ~ ~ ( P ( B ( o I W ~ - ( O ~ ~ [ - ( P ( B I - ( B ( E ( D ( - ~ M I W ( ~ ( O  1 - ( G ( W ( - ( D ( H ( ~ ( o ( o ( ~ ]  
Name 

MONITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 1 - .  

Well Number: MW30 ( Outside Casing Dia. (in): 2" 1 Odor: NW 
Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

Depth to Product (ft): NA 

Total Well Depth (ft): 54.53' 

Top of Screen: 39.53' 

Screen Height: 15' 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )2) = gallft 

Well Volume (gallons) = Water Column (ft) x Gallft = ft x 

gallft 

gallft) x 0.3 = gallons 

Vapor Monitor Type: PID I LEL 

Vapor Monitor SIN: 

Depth to Water (ft): 2S  ( 

Casing Type: PVC I Pump Type: Bladder 

- -  

I x Purge Well Volume -well (gal Volume (gal.) 1 3 x Purge Well Volume (gal.) I 4 x Purge Well Volume (gal.) 1 5 x Purge Well Volume ( g a ~ i  1 

Reading (ppm): 

Water Column: lq, (I 8 
Top of Filter Pack: 39' 

Pump Settings: psi -Zr, Refill -10 , Discharge - P 
Remarks: 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

plb- 0.0 p)r. C = 0 ppm H2S= 0 ppm 

Depth Pump $kt: f ' 

MONITORING WELL PURGE CALCULATIONS 

Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = &ft. I 
Tubing Volume (Liters) = ([Tubing Literslft. x Tubing length] + Pump volume) x 3 = ([0.01 Llft x k f t ]  + 0.3 L ) x 3 = 2 . 7  L 

Total Volume Purged: 2q 7 L Liters to gallons = L x 0.26gallL 2 0~10 ?$ 



A S haw - Sample Collection Log 
Shaw E & I, Inc. Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Page 1 of 3 

Location Code: PB-BED-MW33 Collection Date: 

Sample Number: DH3004 Collection Time: if YO 
Sample Name: PBOW-04-PB-BED-MW33-DH3004 Start Depth: B. 3 

Sampling Method: Low Flow End Depth: $5.0 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: REG Sample Team: Kessler/Parham 

Analytical Suite Containers Sketch Location 
f 

FILTERED METALS 1 -250mLHDPE J 
TOTAL METALS 1 - 250 mL HDPE I / ,  

EXPLOSIVES 1 - 1 L Amb. Glass / 
VOLATILES 2 - 40 mL Vial 

-1 / 
NITRATE 

\ 

SULFATE 

TDS /A 
I 

TSS 

T U R B I D ~ J  

B ~ ~ E S S  1 - 250 mL HDPE 

Logged by1Date: [& Reviewed h y / D a t e i b  Kd & 7 , ,  



Page 2 of 3 

A Shaw" GROUNDWATER PURGE FORM 
Shaw E & I, Inc. 

Location Code: PB-BED-MW33 

Sample Number: DH3004 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page 3 o f 3  

Project Number: 843635 

Project Name: PBOW 

Collection Date: ~/2?/0f  Form Completed By: be fi%(- 
Collection Time: llw Sampler(s): D. Kessler, 2. Parham 

Investigation Site: Downgradient 
kc 

Sample Filtered (YeslNo): Yes; Metals 

RFNCOC Number: P ~ o %  L ~ . O Y ~  WeatherlTemp: ~ / d  Reviewed By: 

s a m p l e I P I B I O / W l - I O j 4 1 - I P B I - I B I E I D I - ( M l W l 3 1 3  1 - l G l ~ l - I D I ~ 1 3 1 0 1 0 ( 4 1  I Name 

MOI\IITORING WELL INFORMATION [use top of casing (TOC) for all measurements] 

Well Number: MW33 

Well Secure (Yes I No): Yes 

Well Labeled (Yes I No): Yes 

Well Condition: Good 

TOP of Screen: 68.5' 

Screen Height: 20' 1 

I Well Volume (gallons) = Water Column (ft) x Gallft = i b * ~ ~  f i  x 0 - &f Gallft = 2 .bb gallons I 

Outside Casing Dia. (in): 2" 

Depth to Product (ft): NA , , r 

1 I 

Casing Type: PVC I Pump Type: WcMw dA 2' &[ h 

I Volume of Water in Filter Pack: Gallonsifoot = 0.041 x (~ ' -d~ ) ,  where D is total borehole dia. in inches & d is casing dia. in inches = 0.041 x (( 5 ) - ( )') = 6.8L gaVR I 

Odor: D ; f b d  U, S & .&k b- iM 
Vapor Monitor Type: PIDI L ~ L J  J 

/*Total Well Depth (ft): 88.5' g\2$laY $J[Zi'cw 
r * 

Depth to Water (ft): -72.05 90 '3~4  
Water Column: lh.45" 
Top of Filter Pack: 65.5' 

Pump Settings: psi 44, Refill #A, Discharge - &jj 

I Filter Pack Volume (gal) = ((Screen Height + Sand Above Set or Water Column) x gallft) x porosity (0.3) = ((Screen ~ e i ~ h t  (&?(z. R + %# ft) x b% gallft) x 0.'= 4. 2 gallom / 

Vapor Monitor SIN: f i g  Y \963 I 91 n 
Reading (ppm): LEL = 1 % 0 2  = 

ylb=23,LCnm c - 0  P P ~  H~s=D P P ~  
1 1  

Depth Pump Set: 

% 04 w t h  N 83 ~ . t / 5 ~ ^ 8  ;h cakd). Remarks: bd cy/ &&, 
MONITORING &LL PURGE~ALCULATIONS 

Volume of Water in Casing: Gallons/foot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( 1 )2) = Q.&f gallft 

I Purge Well Volume: Purge Well Volume - Filter Pack Volume +Well Volume = q d l  gal + 2.b& gal = &,gv gal 
- 

I 

-- 

Tubing Length = ft. 

Total Volume Purged: 

1 x Purge Well Volume (gal.) 2 x Purge Well Volume (gal.) 3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



Page 1 of 1 

Shaw E & I, Inc. 

Location Code: 

Sample Number: 

Sample Collection Log 
Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Collection Date: ~ Z L  /R J 

Collection Time: i (  10 

Sample Name: PBOW-04-PB-BED-MW22-DH3005 Start Depth: 35-0 

Sampling Method: Low Flow End Depth: 3C.1 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: FD Sample Team: KesslerIParham 

Analytical Suite Containers Sketch Location 
IFILTERED METALS I1 - 250 r n ~  HDPE I 
ITOTAL METALS I1 - 250 m~ HDPE I 
EXPLOSrVES 

VOLATILES 

See sample# DH3002 for location information. 

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

SEMTVOLATILES 

Comments: See sample# DH3002 for purge and location information. 

2 - 1 L Amb. Glass 

Logged by/Date: $d F d  A ~ Y  Reviewed byIDate: rn &hJ 



Page 1 of 1 

Shaw E & I, Inc. 

Location Code: 

Sample Number: 

Sample Name: 

Sample Collection Log 
Plum Brook Ordnance Works 

Project No: 843656 Project Manager: S. Downey 

Sampling Method: Low Flow 

Collection Date: g[& fa (l 

Collection Time: 111 0 
Start Depth: 3 5- Q 

End Depth: 3s- 

Sample Type: GW Sample Matrix: WATER 

Sample Purpose: FS - sud 6 &CCAS{ Sample Team: KesslerRarham 

Analytical Suite Containers Sketch Location 
FILTERED METALS 11 - 250 rnL HDPE 

 TOTAL METALS 11 - 250 rnL HDPE I 

See sample# DH3002 for location information. 

EXPLOSIVES 

VOLATILES 

SEMIYOLATILES 

Comments: See sample# DH3002 for purge and location information. 

1 - 1 L Amb. Glass 

3 - 40 mL Vial 

2 - 1 L Amb. Glass 

Logged by/Date: 
w - 



Page 1 of 3 

Sample Collection Log 
Shaw E & I, Inc. 

Location Code: 

Sample Number: 

Sample Name: 

Sampling Method: 

Sample Type: 

Sample Purpose: 

Plum Brook Ordnance Works 
Project No: 843656 Project Manager: S. Downey 

PT-5912 

DH3007 

PBOW-04-PT-5912-DH30007 

Low Flow 

GW 

Collection Date: ~/zz/& 
Collection Time: lo30 

Start Depth: 32 o 

End Depth: 3 2 ,  '1 

Sample Matrix: WATER 

REG Sample Team: Kesslermarham 

Analytical Suite Containers Sketch Location 

VOLATILES 3 - 40 rnL Vial 
SEMIVOLATILES 2 - 1 L Amb. Glass 

FILTERED METALS 

TOTALMETALS 

EXPLOSrVES 

TOC 12 - 40 mL Vial I 
I 

. - -- . -. .- 

CYANIDE 1-1LHDPE 

ALKALINITY 

1 - 250 mL HDPE 
1 - 250 ml, HDPE 
1 - 1 L Arnb. Glass 

CHLORTDE 

NITRATE 

SULFATE 1 - 1LHDPE 

TDS 

TSS 

TURBIDITY 

HARDNESS 1 - 250 mL HDPE 

IJ f - v 

7 Z d  Comments: z Id 
- 

Logged byIDate: ( Reviewed bylDate: bdzd d2 & J 



Page 2 of 3 

a Shaw," GROUNDWATER PURGE FORM 
Shaw E & I, Inc. 

Location Code: PT-5912 y~ ;h(d ~ d - 4  ( 3 2 
Sample Number: DH3007 

Abbreviations: BTOC - Below top of casing; DTW - Depth to water; mL - milliliter; L - Liter 



GROUNDWATER SAMPLING FORM page3 of 3 

Project Number: 843635 Collection Date: Form Completed By: 

Project Name: PBOW Collection Time: LO k9 Sampler@): D. Kessler, Z. Parham 

e, Investigation Site: Downgradient Sample Filtered (YeslNo): Yes; Metals 
C 

WeatherlTemp: b d  5 Reviewed By: 
I L L I 

Sample I P I B / O / W I - - ~ O ~ ~ - I P I T I - ~ ~ \ ~ ~ I ~ ~ ~  I - ~ G ~ w ~ - I D I H ~ ~ ~ o ~ o ~ ~ I  [ Name 

I MOI\IITORING WELL INFORMATION ruse tor, of casina (TOC) for all measurements1 I 
Well Number: PT-5912 

Well Secure (Yes I @ !  
Well Labeled (Yes 

Well Condition: 

I Casing Type: ' I Pump Type: Bladder ( Pump Settings: p s i g  , Refil l lo , Discharge 1 

TOP of Screen: Q P ~  bk 
Screen Height: \ 

I I Remarks: I 

M 
Outside Casing Dia. (in); ( G  

Depth to Product (ft): ud (0') 
Total Well Depth (ft): 5% 
Depth to Water (ft): 9, 1 2 

I MONITORING WELL PURGE CALCULATIONS 

Odor: NS)sP 
Vapor Monitor Type: PID I LEL 

Vapor Monitor SIN: /&gLf)$(3 I 
Reading (ppm): LEL= 0 % 0 2 = 2 0 . q  % 

Water Column: 5% ci.bf ~6 
Top of Filter Pack: Nrhrc 

Volume of Water in Casing: Gallonslfoot = 0.041 x d2, where d is casing diameter in inches = (0.041 x ( )') = gallft 

lb: 0. [anc. c = 0 pprn H2S= 0 ppm 

Depth Pump s ~ C :  ' 3 t  

I Well Volume (gallons) = Water Column (ft) x Gallft = ft x Gallft = g a l l o w  

Volume of Water in Filter Pack: Gallonslfoot = 0.041 x (~'-d'), where D is total b o r @ Q t & v  ia. in inches = 0.041 x (( )'- ( y) = gallft 
1 1  

Filter Pack Volume (gal) = ((Screen Height + Sand Above Set or Wa ity (0.3) = ((Screen Height ft + ft) x gallft) x 0.3 = gallons 

Purge Well Volume: Purge Well Volume - - d w e l l  Volume = gal + - gal = gal 

I I I I 

LOW-FLOW TUBING PURGE CALCULATIONS (3 tubinglpump volumes required for PBOW) 

Volume of Water in Tubing: 114" ID Tubing = 0.01 Literslft. 318" ID Tubing = 0.02 Literslft. 2" Bladder Pump Volume = 0.3 Liters Tubing Length = xft. 

Tubing Volume (Liters) = (rrubing Litersift. x Tubing length] + Pump volume) x 3 = ([0.01 Llft x x f t ]  + 0.3 L ) x 3 = ~ d d v  L Q,F> pd 

x Purge Well Volume (gal.) 

Total Volume Purged: L Liters to gallons = L x 0.26gallL 2 a 
-I 

3 x Purge Well Volume (gal.) 4 x Purge Well Volume (gal.) 5 x Purge Well Volume (gal.) 



APPENDIX B 

SOIL BORING AND MONITORING WELL HTRW DRILL LOGS1 
WELL CONSTRUCTION DIAGRAMS 

KNS\PBOW\OJ GWDS;Final\Biilder 2 TOC (List of App)\4/29/2005'G:00~40 P.M 















(Not To Scale) . , 

Depth (fl.) 

Top Cn Rleer 
Watclr-Tlght Cap 

Well No.: PB- DfP W s  We// Canstructlon Dlagram 
Dale Installed: b/&j/03 prepared for: 
Elevation Top of Casing: 670,  63 P I U ~  D&k Ordn*n u W&C 

S d s 5 ,  OH 



13. DEPTH DRILLED INTO ROCK - 

.&'P 1 M A  I 2 
20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY] I OTHER (SPECIFY) 21. TOTALCORE 

1I/A dB n/A. RECOVERY, 

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 
% 

Nla rJ A 











(Not To Scale) 

Depth (H.) 

Top Cn Rlser r- Wetclr-Tlght Cep 

~Grnlnal ' 
Borehole Diameter 

w.11 NO.: pB-Bc -wq P Well Constructl~h Dlagram 
Date Installed: 2 4/03 prepared for: 

Elevation Top of Casing: r b ,  3s Is/-. k m l s  'PL Brdharrcc w 





a HTRW DRILLING LOG (continuation sheet) 
Shaw E8.1, Inc 

Hole Number 
P8-13@-M3O 

Prolect Pa &LJ I ~ ~ ~ l ~ g ~ ~ ~  1), /&d* Sheet 2 of 7 Sheets 

zg  u 55  
o"g 

Descr~ptlon of Mater~als 8 
o, 3 

- - - 
2 - 
: 
6 - 

h 1 

d 

5 k  

5h 

R it: (- n t&k  r 4 & 00p. rl(b) 
d d  y~~\bd;bk b w ~  Ma&M 

~ ( d ~ b ~ h  ~ \ y t ~  S ~ L T ~  

Field 
screenlns 

Results 
( P P ~ )  

i 5% i(w$ke bbLr, Isw 

4 - - 

I r&i\k b-. M M I 4  \bfo) 

k t\(rqr, $ICT, 

- 
- 5.8 - 

6 - 

7 - 

- - - 

w.J 8.0-8,~' - - - - 

- - - 
l o  

Project p b w  

000 

8.0 

0.0 

0.0 

Geotech 
Sample 
or Core 
BOX NO 

~a 

Analytical 
Sample 

No 

MA 

p'.sl. 

L 3'30 

2 

g E  
d 

- - - - - - - - - - 

- - 
- - - - - - - - - - - - - - 

Number p&k* bJ 30 

Remarks 

2.01 

2 -3 

1535 

I3uo 

- 
Posrkk thj - - 

krsc 4 f? 
- - - - 
- 

br?Y$/G9 hr: 
- - - - - - 0.0 pp'- - 

0% L E L  
- - - - 

or?- - - - - o fqh 4 5  - 
Z I ~ S Y O  Or - - - - - 

Ba1kqt ruck q s d  i~ 
- 

RR b 5 M -  - - 
-44 d 3 # <  = - 

- - - - - - - - - - - - - - - - - 
- - - - - - - - - 

2@ 0 

2.01 

2 10 

Hole 





&$ HTRW DRILLING LOG (continuation sheet) 
Shaw E&I, lnc 

Hole Number: P R-P,D.- j,b3J 

Project: 9 a & I Geologist: b 4.c Sheet Y of 7 Sheets 

& $  u 

- - - - - - - 

5; 
A q, 

Description of Materials 
$ 3 

Field 
Screening 

Resulls 
( P P ~ )  

Geotech. 
Sample 
or Core 
BOX NO. 

Analytical 
Sample 

NO. 

$ , - 
8 
2 

Remarks 







a &w- HTRW DRILLING LOG (continuation sheet) 
Shaw E a I, lnc 

Hole Number PB. s8b- t~3Q 
project PB Geolog~st 6, K ~ K / ~ ~ \  Sheet 7 of r ~ h e e t s  

i@ 55 m, 
0; 

Descr~pt~on of Mater~als IJI 

% 3 

jo 
- - - 

.;I + 
: - 

- 
5-2 - 

1 
- - - - 
- - 

4 - 3  L - 
- - - - - - - 

5-4 1 - - - - - 
- - - 

5 5 - - 
- - 
- 
- - - 
- 

5- 6 = - - - - - - - - - 
T 7  7 

- - - - - - - 
2;8 I - 

s\rk2 

~lnE~76diz ,  
I 

v ~ y  \r;di &&,J :hj, id y ~ % ~ ~ + 6 4 i l 4 ,  

Cw &2ls,iii, h a i s ( * ,  

shy N. ~bi~"x$,~-'r, Ib&y,,&L t t 
4 2 l t h ~  b ~ ~ r i k  klid " I  I 
$C&i . C y  o x  kwfi bxL11 9 

, prdv l i t * . ,  d l f i '  ek,, 

held 
Screening 

Results 
( P P ~ )  

.I &@? - 
7 9  - 

- - - - - - - - 
bC0 - 

- - - - 
Ruh3 3 - 

- - 
- - - - fc i .~- -~b .  3 - - - - 

~ 1 ~ 1 !  4 6 3 ~  - - 
j h l  a 15-~-% 

- - - - - - 
- 3Y%i#\ - 
- 

g , g g  ~ b w  - - 
\ 

- 
{V y.y F* lire,, - 

7 -= 
1 \,w C,,,,',' ~ 4 /  L~Li - 
I *  Ibi&ypl".'5~ f(ii 1 9 

C6a.i 5,&rrd. LJ 
hpd.zGIL ,,k tfl E 1 lrckh. 

- - - - - - - - - - - - - 
- - - - - - - - - - - 
- - - - - 

Geotech 
Sample Amdytml 

2 
~ecnple B -  

or Core -Plo, 5 S 
BOX NO 

~ R L L  

hH $0.3 

+? 
7&44bTi.A.(- 9 , 3 @  

- - - 
BnLdct c&al - 
elojJwn4&1 )hlfPwlf - 

RJ 3 C@, s 
- - - - 

bwdwIt r q c m d r /  E 

Remarks 

' 5 

- - - 6 " ~  b w  CO 
f i . 3  Ff. - - - - - - - - - 

Project fmd 

.r tw~*&) 

- 5'1.1 
-n,L - 

Hole Number. PB -&I. m ~ ~ )  

*$3'i ) 

w112) 

-53.'1 
'"A 4 

( 

-- 
.- 

- 

. ~ Y J  2 
'tu lul 

. y 5 c , L  

DX I & Z ~ )  

',5';.7 

5.b 

$6. FsJ 

n.ll bn 



Depth (tt.) 

Top Cn Riser 

/--- Wetar-right Cep 

(Not To Scale) ' 

Nominal ' 
Borehote Diameter 

B/eil Construction Diegram 





4 
~bw"- HTRW DRILLING LOG (continuation sheet) 
Shaw EB I, Inc H O I ~  Nu?b-- -lw 3 1 

Project: P bQ./ Geologist: b : K f s 3 k  Sheet 2 of @ Sheets 

5s 

?; Lv. Pa& ksIv kn t - 
- - 

I Project I 

$ m 
3 

5: 
0 ..-. 
a; 

- 

Field 
Screening 

Results 
( P P ~ )  

Description of Materials 
Geotech. 
Sample 
or Core 
BOX NO. 

2 
0 - 
$ E  
I? 

Analytical 
Sample 

No. 
Remarks 



B 
%w- HTRW DRILLING LOG (continuation sheet) 
Shaw Eh 1, Inc 

Hole Number 
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APPENDIX C 

PHOTOGRAPHS 

KN5\PBOW\04 GWDS\Final\Bindcr 2 TOC (List of App)\4/29:200j'3.00.40 PM 



ROCK CORES 
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Note: 

Name of photograph provides identification of rock core. 
Example: 2 8 b x I R l - T  

28 - Name of boring (PB-BED-MW28). 
bxl  - BOX 1. 
R l  - Run 1. 
T - Top portion of core or 
B - Bottom portion of core or 
E - Entire core. 
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FINAL DEVELOPMENT GROUNDWATER 
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No Picture taken of BED-MW33 final development water. Monitoring 
well went dry. Final turbidity reading 280.0 NTU. 
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APPENDIX D 

WELL DEVELOPMENT LOGS 
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~ u d m r r a ,  Well Development ~ o g  Page 1 of 
Project Number: %LC3656 
Project Name: PBw, -- Site ID: b h  d ha# 

I Form Completed by: b. KrfSlu, 
Well Developed bylfirm: 1%; li*, Dh'b( 

- ".---, . . - -  
Location ID: P6< $€D- W Z &  
Date Started: f / / \ / 0 3  I 

v 
Development Method: Screen Height (ft): / s f  

Filter pack lenght (R): 1 $,2-< ' 
- Measurements 
Depth to Water (ft): 

Casing Diameter (in): 2" Total depth of Well (fl): 
71 6s- 
t4/.rz 

&Bee-, OCOP* 
I '  

Volume of Water in Casing: GBI~O~S~M= 0.041 d,  = 0. / b  4 
Well Volume (gallons) = Water Cdumn (R) x GalM = QY. 6- Il x @ I  I 6 galfn = < J6 gall- 

'I- GS 

Volume of Water In Filter Pack: 
Gallondfoot = 0.041 x (D' - d2). when D is total bwehole diameter In Inches i3 d Is ceslng diameter In indres = 0.041 x (( b 12- ( 2 )') = . 3 1 gam. 

Filter Pack Volume (gal) = (the less of the filter pack lenght w water calurnn) x gaUR x pwosny (0.3) = ( 1 k 2q )I x ( 1 ( 3 1 ) galfn x 0.3 = 7 17 gal 

Purge Well Volume: Purge well Voluma = Filter pa& volume + Well Volume = 7. 17 gal + X. S b  gal I 1 2  ?< gal. 



7 b -RQ - W L X  I d d )  m (5*, py* \ >  
IlcmPmma 
A Y . l h l T +  Well Development Log 

Site ID: 
Location ID: 
Date Started: 

/ 

v 
Development Method: Screen Height (ft): 
Development Equipment: 

Total depth of Well (R): 

Volume of Water In Caslng: Gallonslfoot = 0.041 x d, vvhe gaUff. 

I Well Volume (gallons) = gaVtl= gallons I 
Volume of Water In Fllter Pack: 
Gallonsffoot = 0.041 x (D' - dl). where 0 Is total EL d is casing diameter in ') = gaUR. 

Filler Pa& Volume (gal) = (the less of the x gaVn x porosity (0.3) = 

Purge Well Volume: me = Filter pack volume +Well Volume = gal + gal = 

3 x Purge Well Volume 4 x Purge Well Volume 5 x Purge Well Volume 

Develovment Record 



m IlcmwMna 
A ~ ~ ~ ~ -  Well Development Log Page of I 
Project Number: g q 3 G C b  
Project Name: P bw Site ID: 
Form Completed by: A. I C Q S S ~  Location ID: - m- WZ'~ 

PA@ 
Well Developed bylfirm: fii\[;c/, h6l(;,.~, Date Started: 

J 
F(ll2103 

Development Method: Screen Height (ft): LC' s fRTOC) 
Filter pack lenght (fl): [Z, q Depth to Water (R): 3 . 3 9  
Casing Diameter (In): 2 Total depth of Well (fl): 39.02 

ud* ~ & r -  3 4 , ~ ~  

Volume of Water in  Casing: ~a~ions/,wt = 0.041 x b, wt~e=eZ!!~Z:= = 0' 164 gaufi. 
Wall Vdume (gallons) =Water Cdumn (ft) x Gallit = 1 x 0.16 4 gallit = ,c '9 7 Y. L% gallons 

Volume of Water In Filter Pack: 
Gallondbot = 0.04, x (d -dl. where D Is tow bomhole diimeter in inches (L d is asing diameter in inches = 0.041 x (( 6 1- ( ) )  = 1' 3 1 gauft. 

Filter Pack Volume (gal) = (the less of the filter pack h g h t  or water column) x gaVfl x pomsity (0.3) = ( a ) #  x ( 1 3 1 ) gaM x 0.3 = Sh 0 7 gal 

Purge Well Volume: purge well "dume = ~ t e r  pa& "duma + well ~ o l u m .  = 0 7 g s  + 5. (rq gal = 10.7% g.. 

1 x purge Well Voiume 2 x Purge Well Vdume 3 x Purge Wall Volume 4 x purge Well Voklme 5 x Purge Well Volume 

LO1 '76 Z j e n  J E .  Lq 93, O=f 5-2- w h'k ryk. 19k:: 1289 

Development Record 

Time 
(24 hn) 

SV< 

1343'5 
09 vr 
a?sy 
loo< 
l 0 l Y  
I 01. 5 
' i03< ~ ~ ~ 1 8  

L Q ~  92s L\ 

Volume Removed 

(gal) 

0 
/ 0 
2% 
3s 
4.Y 
& Y  
ST 
q <  

(fl) VOC) 

3.33 
CttYr 
t o . t n  
11. etb 

Water Level ~urbidlty Clam Temp. pH Condudivity 0.0. Redox Comments 

(NTU) 

3 
T?.L 

939.1 
4-53 

[ '~.3q b . 6 q  t1103 8 . r ~  t b . 2  

10.73 8.13 13,Cf 
to,'ll w 3 t2.9 

(mlor) 

b d b r  

1 i a t . h  
eJr"h 

is3 &L 
* 
"\ 

L.. 

(C) 

11.25' 

I ~ . q q  
1ZbG\  
1z.37 :<, 

(Std UnHa) 

Y.'ifS. 
[0#5L 
IP, 74 
/#<h3 

r""gd 4 

(mSlan) 

/3#b3 
ll.$q 

I l.cr 
10.4q 

(mg/L) 

O17k 
0.22 
6 . l r  
o , i 2  

(mV) 

9-1 
37.3 
~ 4 . q  

Izr gz 
~ 

"I 

m, 

.c ru,d -J( 



Shaw E & I, Inc. Well Development Log Page I of Z 
Project Number: 8Cf3651r 
Project Name: Yb9.3 ,, site ID: pD@ - b-red;> ~4 
Form Completed by: b ~ i b  K 4 5 5 L  Location ID: wfj~b 8m39 
Well Developed bylfirm: \'%\iu h\\iv Date Started: 3/t4 /Q c( 

Monitorinq Well Information 
Development Method: L* k k  kp Screen Height (ft): Beainina Measurements (BTOC) 
Development Equipment: * Filter pack length (ft): 

sh&;u9 W I p \ , 4  
Depth to Water (f&): L.6 '4% 

Casing Diameter (in): 2 Total depth of Well (ft): W . X  
Drilling VlfaMr Lo&: ' A Drilling Water Recovered (5 X volume): - (plus 5 times water in well and casing) 

Monitoring Well Develo~e Calculations 
Volume of Water in  Casing: Gallonslfoot = 0.041 x d2, where casing diameter in inches = (0.041 x ( It )') = 6. / h  4 gallft. 

Well Volume (gallons) = Water Column (ft) x Gallft = 27, $ \ ft x 0. lbq gallft = 5-7 gallons 

Volume of Water in  Filter Pack: 
Gallonslfoot = 0.041 x (D' - d2). where D is total borehole diameter in inches & d is casing diameter in inches = 0.041 x (( 6 1'- ( 2 )') = b;;! CJJ,". 

Filter Pack Volume (gal) = (either water column in filter pack or water column) x gallft x porosity (0.3) = ( Ir-j3 )ft x ( 1.3 1 ) gallft x 0.3 = 

Purge Well Volume: Purge well Volume = Filter pack volume + Well Volume = 6 1 0 gal + 4- r gal = /0,6 7 gal. 

1 x Purge Well Volume 2 x Purge Well Volume 3 x Purge Well Volume 4 x Purge Well Volume 5 x Purge Well Volume 

1 u - L ~  ~ 1 . ~ 4  ?Z.O( 92 6s ?3,3r I 

C:\Dkk\My Docurnents\Forms\Well Dev log 11\ 314104 



Development Method: 
Development Equipment: 

Volume of Water in Casing: 

Volume of Water in Filter Pack: 
n inches & d is casing diameter in inches = 0.041 

Filter Pack Volume (gal) = (either wate or water column) x galift x porosity (0.3) = ( )ft 

Purge Well Volume: 

C:\Dkk\My Documents\Forms\Well Dev log 11\ 3/4/04 



a 
Shaw- 
Shaw E & l, Inc. Well Development Log Page 9 of / 
Project Number: g&',?(~.<b 
Project Name: PMJ 
Form Completed by: 8)k to r - 4 ' ~ ~  Location ID: ~ P A ~ X D  

,d -4 
- h 3 3  

Well Developed bylfirrn: h/, luA b b \ : +  Date Started: q / u / C ~  

Volume o f  Water in Casing: 

Monitorincl Well Develo~e Calculations 
Gallonslfoot = 0.041 x d2, where casing diameter in inches = x ( 2- )2) = D, / h  4 galift. 
Well Volume (gallons) = Water Column (ft) x Gallft = 530 ft x 0, /b  4r galln = 51 47 gallons 

Volume o f  Water in Filter Pack: 
Gallonslfoot = 0.041 x (D' - dZ), where D is total borehole diameter in inches & d is casing diameter in inches = 0.041 x ( 

Lq - 2 
iZ) = b L L g a ~ i f t .  

Filter Pack Volume (gal) = (either water column in filter pack or water column) x galiff x porosity (0.3) = ( a l / f tx0.3= gal 

Purge Well Volume: p u k e  well Volume = Filter pack volume + Well Volume = <q 7 gal + b, 14 gal = 11, (1 k gal. 
1 

I I I I I I I I 

C:\Dkk\My Dw:uments\Forms\Well Dev log 11\ 3\4/04 



APPENDIX E 

HYDRAULIC CONDUCTIVITY DATA 
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Aquifer Test Results 

2004 Groundwater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

1.0 Purpose 

Slug testing was conducted to estimate the hydraulic conductivity of geologic materials in the 

vicinity of four monitoring wells at the Plum Brook Ordnance Works, Sandusky, Ohio. Newly 

installed during the 2004 site-wide groundwater remedial investigation, the following wells were 

tested: 

2.0 Method 

The methods of Bouwer and Rice (1976), as implemented through the computer program 

AQTESOLV~ for Windows (HydroSOLVE, Inc. 1989), were used to calculate the hydraulic 

conductivity near a well. The calculation was based on the rate of water level change after 

adding a slug of known volume to the well (Falling Test) or sudden removal of a volume of 

water (Rising Test). 

3.0 Theory 
The Bouwer and Rice (1 976) method for unconfined aquifers is based on the following equation: 

where: 

Q = the flux to the well (length3/time) 
K = the hydraulic conductivity of the aquifer (lengthltime) 
L, = the length of screen contributing water to the well (length) 
y = the difference between the water level in the well and the equilibrium 

water table (length) 
R, = the aquifer radius over which water level changes are dissipated (length) 
r, = the boring radius (length). 



The instantaneous change in water level in the well, dyldt, is given by: 

dy/dt = - Q/z r z  
where: 

2 " r c  1 = the cross sectional area of the well. 

Combining equations (1) and (2) yields: 

Integration of (3) between yo at time t = 0 and yt at time t and solving for K yields: 

K and the factor in square brackets are constants. Therefore, field data plotted as ln(yt) versus t 

should lie on a straight line with slope: 

The factor ln(&/r,) in (4) is an empirical function of aquifer and well geometry. For partially 

penetrating wells: 

where: 

In [(H-L,)/r,] 4 6. 

For fully penetrating wells: 



The dimensionless parameters A, B, and C are empirical functions of well geometry as 

determined by electric analog modeling (Bouwer and Rice, 1976). 

Hydraulic conductivity is calculated from (4) using the slope and y-intercept of a line fit to the 

field data and ln(&/r,) from (6) or (7). 

4.0 Assumptions 
The Bouwer and Rice (1 976) method for unconfined aquifers is based on the assumptions that: 

The aquifer is homogeneous, isotropic and unconfined 
Drawdown is negligible compared to aquifer thickness 
Vadose zone flow is negligible 
Well losses are negligible. 

5.0 Procedure 
The following steps were followed in estimating the aquifer hydraulic conductivity: 

a) Define the aquifer and well geometry using the following parameters (Table 1): 

H = Aquifer saturated thickness (assumed) 
L, = Length of saturated well screen 
L, = Static height of water in well 
rc = Radius of well casing 
r, = Radius of boring 
4 = Porosity of filter pack (Assumed to be 30 percent. Porosity of 

unconsolidated sand ranges from 25 to 50 percent [Freeze and 
Cherry, 19791) 

yo = Initial change in water level 

b) Using the field data to determine whether water level fluctuations occurred within 
the screened interval of the well. 

When L, = L, Water level fluctuations occurred in the screened section of the 
well. Modify rc to account for filter pack storage according to: 

When Lw > Le Water level fluctuations occurred above the screened portion of 
the well. Note that the filter pack porosity in this case does not 
affect subsequent calculations, therefore, r, is used in calculation. 

c) Input geometric parameters listed above and time versus drawdown data. 



d) Perform hydraulic conductivity calculations. Hydraulic conductivity is calculated 
interactively using AQTESOLV~ for Windows. AQTESOLV~ is used to display 
field data, which is then visually matched with a best-fit line. AQTESOLV~ then 
calculates the hydraulic conductivity from the input geometric data and slope and 
y-intercept of the best-fit line. 

6.0 Results 
The slug tests were performed on May 04,2004 (Attachments 1 and 2). Both falling and rising 

tests were conducted in PB-BED-MW28, PB-BED-MW29, and PB-BED-MW30 while only a 

rising test was conducted in PB-BED-MW33, because the water level prior to the test was below 

the top of the screen. 

Table 1 summarizes the depth to groundwater, the total well depth, and the geometric data of 

each well tested. Values of calculated hydraulic conductivity (K) and transmissivity (T) are 

summarized in Table 2. 

The hydraulic conductivity values of the tested well range from 0.389 ftlday (PB-BED-MW30) 

to 1.23 ftlday (PB-BED-MW33) with a geometric mean of 0.582 Wday. The transmissivity (T) 

was also calculated for each test using an assumed aquifer saturated thickness for each location. 

T values are summarized in Table 2. 

The slug test results were analyzed using AQTESOLV for Windows Pro 3.0, which assumes that 

the aquifer being tested is homogenous and isotropic. Since the aquifer is rarely a homogenous 

and isotropic media, the hydraulic conductivity calculation based on the commonly accepted 

assumption will have uncertainties associated with it. The degree of uncertainty is directly 

proportional to the deviation of the homogenous and isotropic model from the reality. Therefore, 

it is recommended that the slug test data be used with caution, knowing the 

limitations and uncertainties associated with these results. 
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Table 1 
Summary of Slug Testing Well Geometry Data 

Plum Brook Ordnace Work 
Erie County, Sandusky, Ohio 

Page 1 of 1 

Note: D -Aquifer saturated thickness (assumed) 

rc - Radius of well casing 

r, - Radius of boring 

L, - Length of saturated well screen 

L, -Static height of water in well 

@ - Porosity of filter pack (Assumed to be 30 percent. Porosities of unconsolidated sand range from 

25 to 50 percent [Freeze and Cherry, 19791 ) 

D 

(ft) 

35.03 

35.24 

27.93 

9.61 

Total 

Depth 

(ft) 

41.48 

37.83 

54.25 

83.50 

Well ID 

PB-BED-MW28 

PB-BED-MW29 

PB-BED-MW30 

PB-BED-MW33 

Water 

Level 

(TOC) (ft) 

6.45 

2.59 

26.32 

73.89 

r c 

( ft ) 

0.083 

0 083 

0.083 

0.083 

rw 

(ft) 

0.25 

0.25 

0.25 

0 25 

L, 

(ft) 

15 

10 

15 

20 

LVV 

(fi) 

35.03 

35.24 

27.93 

9.61 



Table 2 

Summary of Hydraulic Conductivities 
PBOW, Sandusky, OH 

Hydraulic 
Conductivities 

K (Wmin) 

5.1 8E-04 

3.50E-04 

3.69E-04 

4.14E-04 

2.70E-04 

2.74E-04 

8.57E-04 

8.57E-04 

2.7OE-04 

4.04E-04 

Test 
TY Pe 

Falling 

Rising 

Falling 

Rising 

Falling 

Rising 

Rising 

Well No. 

PB-BED-MW28 

PB-BED-MW29 

PB-BED-MW30 

PB-BED-MW33 

Hydraulic 
Conductivities 

K (cmlsec) 

2.63E-04 

1.78E-04 

1.88E-04 

2.1 1 E-04 

1.37E-04 

1.39E-04 

4.36E-04 

4.36E-04 

1.37E-04 

2.05E-04 

Transrnisivities 

T (elday) 

2.61E+01 

1.77E+01 

1.87E+OI 

2.10E+01 

1.09E+01 

1.10E+01 

1.19E+01 

Maximum 

Minimum 
Geometric Mean 

Aquifer 
Response 

Unconfined 

Unconfined 

Unconfined 

Unconfined 

Date 
Tested 

5/4/04 

5/4/04 

5/4/04 

5/4/04 

Hydraulic 
Conductivities 

K 

7.46E-01 

5.04E-01 

5.32E-01 

5.96E-01 

3.89E-01 

3.94E-01 

1.23E+00 

1.23E+OO 

3.89E-01 

5.82601 

2.61E+Ol 

l.O9E+Ol 

1.59E+Ol 

Saturated 
Aquifer 

Thickness 

(Assumed) 

35.03 

35.24 

27.93 

9.61 



ATTACHMENT 1 

TIME VERSUS DRAWDOWN DATA 

KN4\PBOW\O4GWDS\Draft\E-AqTest\12/6/2004(8:59:17 AM) 



In- Situ Inc . MiniTroll Pro 

ieport generated : 10/11/04 16:23:27 
ieport from file: F:\PBOW\slugtest\5-O4\mw28£.bin 
IataMgr Version 3.71 

jer ial number : 00008843 
?irmware Version 3.09 
Jni t name : 

Pest name : mw2 8 f 

Pes t defined on : 05/04/04 16:lO:ll 
Pest started on: 05/04/04 16:15:58 
rest stopped on: N /  A N/A 
rest extracted on: N/A 

Iata gathered using Logarithmic testing 
Maximum time between data points: 10.0000 Minutes. 
Number of data samples: 10 5 

POTAL DATA SAMPLES 105 

:hannel number [ 2 ]  
Measurement type: Pressure 
Channel name : 
Sensor Range : 30 PSI. 
Specific gravity: 1.000 
Mode: TOC 
User-defined reference: 0.000 
Referenced on: test start 
Pressure head at reference:' 20.102 

Date 
- - - - - - - - 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 

Time ET 
-------- ----- 

16:15:58 
16:15:58 
16:15:58 
16:15:59 
16:15: 59 
16:15:59 
16:16:00 
16:16:00 
16:16:00 
16:16:00 
16:16:01 
16:16:01 
16:16: 01 
16:16:02 
16:16:02 
16:16:02 
16:16:03 
16:16:03 
16:16:03 
16:16:03 
16:16:04 
16:16:04 
16:16:04 
16:16:05 
16:16:05 
16:16:06 
16:16:06 
16:16: 07 
16:16: 07 
16:16:08 
16:16:08 
16:16:09 
16:16:10 

(min) 
- - - - - - - 

0.0000 
0.0050 
0.0100 
0.0150 
0.0200 
0.0250 
0.0300 
0.0350 
0.0400 
0.0450 
0.0500 
0.0550 
0.0600 
0.0650 
0.0700 
0.0750 
0.0800 
0.0848 
0.0900 
0.0950 
0.1000 
0.1058 
0.1120 
0.1185 
0.1255 
0.1328 
0.1407 
0.1490 
0.1578 
0.1670 
0.1770 
0.1875 
0.1985 

Chan[2] 
Feet H20 
--------------- 

0.000 
-0.011 
-1.191 
-3.468 
-5.749 
-4.734 
-3.359 
-4.123 
-5.445 
-5.578 
-5.040 
-4.010 
-2.827 
-2.716 
-3.500 
-4.161 
-4.759 
-4.876 
-4.088 
-3.903 
-4.737 
-4.751 
-3.826 
-4.503 
-5.128 
-3.879 
-2.659 
-3.395 
-3.808 
-3.388 
-3.422 
-3.500 
-3.396 

Feet H20 

Feet H20 







Ln-Situ Inc. MiniTroll Pro 

teport generated: 10/11/04 16 : 14 : 10 
Zeport from file: F:\PBOW\slugtest\5-04\mw28r.bin 
IataMgr Version 3.71 

jerial number: 00008843 
Pirmware Version 3.09 
Jni t name : 

?es t name : mw2 8r 

'est defined on : 05/04/04 16:12:29 
'est started on: 05/04/04 16:29:33 
'es t stopped on : 05/04/04 16:43:51 
'est extracted on: N/A 

)ata gathered using Logarithmic testing 
Maximum time between data points: 10.0000 Minutes. 
Number of data samples: 107 

'OTAL DATA SAMPLES 107 

!hannel number [2] 
Measurement type: Pressure 
Channel name: 
Sensor Range : 30 PSI. 
Specific gravity: 1.000 
Mode: TOC 
User-defined reference: 0.000 
Referenced on: test start 
Pressure head at reference: 4.048 

Date 
- - - - - - - 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5704/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 

Time 
- - - - - - - - - 
16:29:33 
16:29:34 
16:29:34 
16:29:34 
16:29:34 
16:29:35 
16:29:35 
16:29:35 
16: 29 : 36 
16:29:36 
16:29:36 
16:29:37 
16:29:37 
16:29:37 
16:29:37 
16:29:38 
16:29:38 
16:29:38 
16:29:39 
16:29:39 
16:29:39 
16:29:40 
16:29:40 
16:29:40 
16:29:41 
16:29:41 
16:29:42 
16:29:42 ' 
16:29:43 
16:29:43 
16:29:44 
16:29:45 
16:29:45 

ET (min) 
. - - - - - - - - - - - 

0.0000 
0.0050 
0.0100 
0.0150 
0.0200 
0.0250 
0.0300 
0.0350 
0.0400 
0.0450 
0.0500 
0.0550 
0.0600 
0.0650 
0.0700 
0.0750 
0.0800 
0.0848 
0.0900 
0.0950 
0.1000 
0.1058 
0.1120 
0.1185 
0.1255 
0.1328 
0.1407 
0.1490 
0.1578 
0.1670 
0.1770 
0.1875 
0.1985 

ChanL21 
Meters H20 
--------------- 

0.000 
-0.058 
-0.184 
-0.120 
-0.342 
-0.840 
-1.241 
-1.117 
-0.776 
-0.715 
-0.923 
-1.035 
-0.942 
-0.851 
-0.885 
-0.963 
-0.971 
-0.928 
-0.912 
-0.939 
-0.965 
-0.957 
-0.945 
-0.958 
-0.969 
-0.963 
-0.971 
-0.976 
-0.978 
-0.984 
-0.987 
-0.992 
-0.997 

Meters H20 

Meters H20 







Cn-Situ Inc. MiniTroll Pro 

teport generated: 10/11/04 16:28:10 
teport from file: F:\PBOW\slugtest\5-04\mw29f.bin 
IataMgr Version 3.71 

jerial number: 00008843 
Firmware Version 3.09 
Tni t name : 

?es t name : mw2 9 f 

'est defined on : 05/04/04 14:05:36 
'est started on: 05/04/04 15:17:18 
'es t stopped on : 05/04/04 15:34:38 
'est extracted on: N/A 

)ata gathered using Logarithmic testing 
Maximum time between data points: . 10.0000 Minutes. 
Number of data samples: 110 

'OTAL DATA SAMPLES 110 

!hannel number [21 
Measurement type: Pressure 
Channel name: 
Sensor Range : 30 PSI. . 
Specific gravity: 1.000 
Mode: TOC 
User-defined reference: 0 
Referenced on: test start 
Pressure head at reference: 2 6 

Date 
- - - - - - - 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 
5/04/04 

Time ET (min) 
-------- ------------ 

15:17:18 0.0000 
15:17:19 0.0050 
15:17:19 0.0100 
15:17:19 0.0150 
15:17:20 0.0200 
15:17:20 0.0250 
15:17:20 0.0300 
15:17:21 0.0350 
15:17:21 0.0400 
15:17:21 0.0450 
15:17:21 0.0500 
15:17:22 0.0550 
15:17:22 0.0600 
15:17:22 0.0650 
15:17:23 0.0700 
15 : 17 : 23 0.0750 
15:17:23 0.0800 
15:17:24 0.0848 
15:17:24" 0.0900 
15 : 17 : 24 0.0950 
15:17:24 0.1000 
15 : 17 : 25 0.1058 
15:17:25 0.1120 
15:17:26 0.1185 
15:17:26 0.1255 
15:17:26 0.1328 
15:17:27 0.1407 
15:17:27 0.1490 
15:17:28 0.1578 
15:17:29 0.1670 
15 : 17 : 29 0.1770 
15:17:30 0.1875 
15:17:30 0.1985 

Chan [ 2 ] 
Feet H20 
------------ 

0.000 
-0.462 
-0.563 
-0.247 
-0.263 
-0.668 
-2.007 
-2.944 
-3.599 
-2.039 
-1.220 
-1.755 
-1.274 
-1.496 
-1.163 
-1.149 
-1.149 
-1.161 
-1.543 
-1.145 
-1.040 
-1.270 
-1.600 
-1.239 
-1.286 
-0.832 
-0.772 
-1.159 
-0.812 
-1.151 
-0.970 
-0.960 
-0.527 

Feet H20 

Feet H20 







Cn-Situ Inc. MiniTroll Pro 

teport generated: 10/11/04 16:28:25 
teport from file: ~:\~~0~islugtest\5-04\mw29r.bin 
IataMgr Version 3.71 

Serial number: 
Firmware Version 
Jni t name : 

?es t name : 

?es t defined on : 
?est started on: 
?es t stopped on : 
?est extracted on: 

)ata gathered using Logarithmic testing 
Maximum time between data points: 10.0000 Minutes. 
Number of data samples: 106 

'0TA.L DATA SAMPLES 106 

!hannel number [2] 
Measurement type: Pressure 
Channel name: 
Sensor Range : 30 PSI. 
Specific gravity: 1.000 
Mode: TOC 
User-defined reference: 0.000 
Referenced on: test start 
Pressure head at reference: 18.874 

Date 
. - - - - - - - 

15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 

Time ET (min) 
-------- ------------ 

15:35:10 0.0000 
15:35:11 0.0050 
15 : 35 : 11 0.0100 
15:35:11 0.0150 
15:35:12 0.0200 
15 : 35 : 12 0.0250 
15 : 35 : 12 0.0300 
15:35:13 0.0350 
15:35:13 0.0400 
15:35:13 0.0450 
15:35:13 0.0500 
15:35:14 ' 0.0550 
15:35:14 0.0600 
15~35~1'4 0.0650 
15:35:15 0.0700 
15:35:15 0.0750 
15:35:15 0.0800 
15:35:16 0.0848 
15:35:16 0.0900 
15 : 35 : 16 0.0950 
15:35:16 0.1000 
15 : 35 : 17 0.1058 
15 : 35 : 17 0.1120 
15 : 35 : 18 0.1185 
15 : 35 : 18 0.1255 
15 : 35 : 18 0.1328 
15:35:19 0.1407 
15 : 35 : 19 0.1490 
15:35:20 0.1578 
15:35:21 0.1670 
15 : 35 : 21 0.1770 
15:35:22 0.1875 
15:35:22 0.1985 

Chan[2] 
Feet H20 

Feet H20 

Feet H20 







In-Situ Inc. MiniTroll Pro 

Report generated: 10/11/04 16:28:35 
Report from file: F:\PBOW\slugtest\5-04\mw30f.bin 
DataMgr Version 3.71 

Serial number: 00008843 
Firmware Version 3.09 
Unit name : 

Test name : mw30f 

Test defined on: 05/04/04 14 : 04 : 49 
Test started on: 05/04/04 14:07:39 
Test stopped on: 05/04/04 14 : 32: 24 
Test extracted on: N/A 

Data gathered using Logarithmic testing 
Maximum time between data points: 10.0000 Minutes. 
Number of data samples: 11 6 

TOTAL DATA SAMPLES 116 

Channel number [ 2 ]  
Measurement type: Pressure 
Channel name: 
Sensor Range : 30 PSI. 
Specific gravity: 1.000 

Date -------- 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 

Time 
-------- - 
14:07:39 
14:07:39 
14:07:40 
14:07:40 
14:07:40 
14:07:40 
14:07:41 
14:07:41 
14:07:41 
14:07:42 
14:07:42 
14:07:42 
14:07:43 
14:07:43 
14:07:43 
14:07:43 
14:07:44 
14:07:44 
14:07:44 
14 : 07 : 45 
14:07:45 
14:07:45 
14 : 07 : 46 
14:07:46 
14:07:46 
14:07:47 
14 : 07 : 47 
14:07:48 
14:07:48 
14:07:49 
14:07:50 
14:07:50 
14:07:51 
14:07:52 
14:07:52 
14:07:53 

ET (min) 
----------- 

0.0000 
0.0050 
0.0100 
0.0150 
0.0200 
0.0250 
0.0300 
0.0350 
0.0400 
0.0450 
0.0500 
0.0550 
0.0600 
0.0650 
0.0700 
0.0750 
0.0800 
0.0848 
0.0900 
0.0950 
0.1000 
0.1058 
0.1120 
0.1185 
0.1255 
0.1328 
0.1407 
0.1490 
0.1578 
0.1670 
0.1770 
0.1875 
0.1985 
0.2102 
0.2227 
0.2358 

Chan [2] 
Feet HZ0 
----------- 

24.163 
24.240 
24.367 
33.909 
43.315 
30.519 
23.178 
23.806 
29.802 
33.740 
31.122 
27.621 
27.145 
29.762 
30.932 
29.728 
27.290 
26.156 
27.274 
28.771 
28.674 
27.719 
27.419 
27.911 
28.138 
27.902 
27.736 
27.915 
27.895 
27.774 
27.837 
27.793 
27.764 
27.766 
27.730 
27.785 







Cn-Situ Inc. MiniTroll Pro 

Xeport generated: 10/11/04 16:28:43 
teport from file: F:\PBOW\slugtest\5-O4\mw3Or.bin 
IataMgr Version 3.71 

Serial number: 00008843 
?irmware Version 3.09 
Jni t name : 

Pest name : mw3 Or 

Ces t defined on : 05/04/04 14:05:14 
rest started on: 05/04/04 14:34:01 
rest stopped on: 05/04/04 14:52:13 
Cest extracted on: N/A 

Iata gathered using Logarithmic testing 
Maximum time between data points: 10.0000 Minutes. 
Number of data samples: 111 

?OTAL DATA SAMPLES 111 

:hannel number [2] 
Measurement type: Pressure 
Channel name : 
Sensor Range : 30 PSI. 
Specific gravity: 1.000 
Mode: TOC 
User-defined reference: 6.860 
Referenced on: test start 
Pressure head at reference: 14.758 

Date 
- - - - - - - - 
15/04/04 
15/04/04 
)5/04/04 
)5/04/04 
)5/04/04 
)5/04/04 
)5/04/04 
15/04/04 
15/04/04 
15/04/04 
)5/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
15/04/04 
)5/04/04 

Time 
- - - - - - - - - 

14:34:01 
14:34: 02 
14:34:02 
14:34:02 
14:34:03 
14:34:03 
14:34:03 
14:34:03 
14:34:04 
14:34:04 
14:34:04 
14:34:05 
14:34:05 
14:34:05 
14:34:06 
14:34:06 
14:34:06 
14:34:06 
14:34:07 
14:34:07 
14:34:07 
14:34:08 
14:34:08 
14:34:08 
14:34: 09 
14:34:09 
14:34:10 
14:34:10 
14:34:11 
14:34:11 
14:34:12 
14:34:13 
14:34:13 

Chan[2] 
Feet H20 
------------- 

6.860 
6.199 
4.293 
0.974 
-0.929 
1.365 
3.085 
2.031 
0.325 
0.859 
2.077 
1.988 
1.029 
0.912 
1.547 
1.710 
1.261 
1.069 
1.337 
1.492 
1.307 
1.152 
1.301 
1.321 
1.190 
1.239 
1.239 
1.178 
1.206 
1.166 
1.170 
1.147 
1.139 

Feet H20 

Feet H20 







In-Situ Inc. MiniTroll Pro 

Report generated: 10/11/04 16:28:51 
Report from file: F:\PBOW\slugtest\5-04\mw33r.bin 
DataMgr Version 3.71 

Serial number: 00010089 
Firmware Version 3.09 
Unit name : 

Test name: mw33r 

Test defined on: 05/04/04 10:29:37 
Test started on: 05/04/04 17:12:04 
Test stopped on: 05/04/04 17:24:41 
Test extracted on: N/A 

Data gathered using Logarithmic testing 
Maximum time between data points: 10.0000 Minutes. 
Number of data samples: 105 

TOTAL DATA SAMPLES 105 

Channel . number [2] 
Measurement type: Pressure 
Channel name: 
Sensor Range : 30 PSI. 
Specific gravity: 1.000 
Mode: TOC 
User-defined reference: 0.000 Feet H20 
Referenced on : channel definition. 
Pressure head at reference: 8.648 Feet H20 

Date -------- 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 
05/04/04 

Time 
- - - - - - - - - 

17:12:04 
17 : 12 : 04 
17:12:04 
17:12:04 
17:12:05 
17:12:05 
17:12:05 
17:12:06 
17:12:06 
17:12:06 
17 : 12 : 07 
17:12:07 
17:12:07 
17:12:07 
17:12:08 
17:12:08 
17:12:08 
17:12:09 
17:12:09 
17:12:09 
17 : 12 : 10 
17 : 12 : 10 
17:12:10 
17:lZ:ll 
17:12:11 
17:12:12 
17:12:12 
17 : 12 : 12 
17:12:13 
17:12:14 
17:12:14 
17:12:15 

Chan [2] 
Feet H20 
--------------- 

1.735 
1.592 
-1.956 
2.607 
0.050 
0.432 
1.376 
0.028 
0.891 
0.686 
0.465 
0.823 
0.509 
0.640 
0.633 
0.560 
0.635 
0.573 
0.589 
0.565 

, 0.589 
0.562 
0.565 
0.538 
0.536 
0.520 
0.547 
0.518 
0.479 
0.496 
0.534 
0.512 







ATTACHMENT 2 

TIME VERSUS WELL RECOVERY GRAPHS 

KN4WBOW\04GWDSU)raft\E-AqTest\12/6/2004(8:59:17 AM) 



0.001 
0. 1.8 3.6 5.4' 7.2 9. 

Time (min) 

FALLING TEST ANALYSIS I 
8 ata Set: F:\PBOW\slugtest\S-O4\mw28f.aqt 

ate: 1 011 1/04 .Time: 14:36:50 

PROJECT INFORMATION 

Company: Shaw E&l 
Client: , USACE 
Project: 843656 04000000 
Test Location: PBOW, Sand1 
Test Well: PB-BED-MW28 
Test Date: 5/4/04 

AQUIFER DATA 

Saturated Thickness: 35.03 ft Anisotropy Ratio (KzlKr): 

WELL DATA (MW-28) 

Initial Displacement: II, ft Casing Radius: 0.08 ft 
Wellbore Radius: 0.25 ft Well Skin Radius: 0.25 ft 
Screen Length: xff Total Well ~ene t ra tE~ep th :  35.03 R 
Gravel Pack Porosity: 0.3 

SOLUTION 

Aquifer Model: Unconfined Solution Method: Bouwer-Rice 

.< = 0.00051 83 Wmin 
I 

yo = 3.984 it 



Time (min) 

RISING TEST ANALYSIS 

Data Set: F:\PBOW\sIugtest\5-04hw28r.aqt 
Date: 1011 1 /04 Time: 14:38:07 

PROJECT INFORMATION 

Company: Shaw E&I 
Client: USACE ~ - -  

Project: 843656 04000000 
Test Location: PBOW, Sandusky, OH 
Test Well: PB-BED-MW28 
Test Date: 5/4/04 

AQUIFER DATA 

Saturated Thickness: 35.03 ft Anisotropy Ratio (KzIKr): -1, 

WELL DATA (MW-28) 

Initial Displacement: 1, ft Casing Radius: 0.08 ft 
Wellbore Radius: 0.25 f t  Well Skin ~ a d i u s x 2 5  ft 
Screen Length: 15. ft Total Well ~enetration~epth: 35.03 ft 
Gravel Pack Porosity: 0.3 

SOLUTION 

Aquifer Model: Unconfined Solution Method: Bouwer-Rice 

K = 0.0003502 Wmin yo = 3.899 ft 



FALLING TEST ANALYSIS 

Data Set: C:\Documents and Settings\jing.li\My Documents\Projects\PBOW\slugtest\5-04\mw29faaqt 
Date: 03/08/05 Time: 07:46:09 

PROJECT INFORMATION 

Company: Shaw E&l 
Client: USACE 
Proiect: 843656 04000000 
~oiat ion: PBOW, Sandusky, OH 
Test Well: PB-BED-MW29 
Test Date: 5/4/04 

Saturated Thickness: 35.24 ft 

AQUIFER DATA 

Anisotropy Ratio (KzIKr): -1_ 

Initial Displacement: 1, ft 
Total Well Penetration Depth: 35.24 ft 
Casing Radius: 0.08 ft 

WELL DATA (MW-29) 

Static Water Column Height: 35.24 ft 
Screen Length: 10. ft 
Wellbore Radius: 0.25 ft 

Aquifer Model: Unconfined 

K = 0.0003693 Wmin 

SOLUTION 

Solution Method: Bouwer-Rice 

yo = 0.771 9 ft 



0. 3. 6. 9. 12. 15. 

Time (min) 

RISING TEST ANALYSIS 

hta Set: F:\PBOW\slugtest\S-04\mw29r.aqt 
late: 10/11 I04 Time: 14:41:51 

PROJECT INFORMATION 

:ompany: Shaw E&l 
:lient: USACE 
'roject 843656 04000000 
est Location: PBOW, Sandusky, OH 
est Well: PB-BED-MW29 
est Date: 5/4/04 ' 

AQUIFER DATA 

aturated Thickness: 35.24 ft Anisotropy Ratio (KzIKr): 1, 

WELL DATA (MW-29) 

~itial Displacement: II, ft Casing Radius: 0.08 ft 
ilellbore Radius: 0.25 ft Well Skin Radius: 0.25 f& 
creen Length: IO. ft Total Well ~enetratiK~epth: 35.24 ft 
;ravel Pack Porosity: - 0.3 

SOLUTION 

quifer Model: Unconfined Solution Method: Bouwer-Rice 

= 0.0004142 Wmin yo = 1.139 ft 



0. 6. 12. 18. 24. 

Time (min) 

FALLING TEST ANALYSIS 

Data Set: C:\Documents and Settings\jing.li\My Documents\Projects\PBOW\slugtest\5-04\mw30faaqt 
Date: 03/08/05 Time: 07:46:22 

PROJECT INFORMATION 

Company: Shaw E&l 
Client: USACE 
Project: 843656 04000000 
Location: PBOW, Sandusky, OH 
Test Well: PB-BED-MW30 
Test Date: 5/4/04 

AQUIFER DATA 

Saturated Thickness: 27.93 ft Anisotropy Ratio (KzlKr): 1, 

WELL DATA (MW-30) 

Initial Displacement: ft Static Water Column Height: 27.93 ft 
Total Well Penetration Depth: 27.93 ft Screen Length: 15. ft 
Casing Radius: 0.08 ft Wellbore Radius: 0.25 ft 

SOLUTION 

Aquifer Model: Unconfined Solution Method: Bouwer-Rice 

K = 0.0002702 ftlmin yO==ft 



Time (min) 

RISING TEST ANALYSIS 

Data Set: F:\PBOWAslugtest\5-O4\rnw30r.aqt 
Date: 1011 1/04 Time: 14:33:57 

PROJECT INFORMATION 

Company: Shaw E&l 
Client: USACE 
Proiect: 843656 04000000 - - - - - - - - - - - - - 
~ e i t  Location: PBOW, Sandusky, OH 
Test Well: PB-BED-MW30 
Test Date: 5/4/04 

AQUIFER DATA 

Saturated Thickness: 27.93 ft Anisotropy Ratio (Kz/Kr): 1, 

WELL DATA (MW-30) 

Initial Displacement: 1, ft 
Welibore Radius: 0.25 ft 
Screen Length: g ft 
Gravel Pack Porosity: 0.3 

Casing Radius: 0.08 It 
Well Skin Radius: 0.25 ft 
Total Well ~ene t ra tE~ep th :  27.93 ft 

Aquifer Model: Unconfined 

K = 0.0002736 #min 

SOLUTION 

Solution Method: Bouwer-Rice 



0.001 
0. 3. 6. 9. 12. 15. 

~ i m e  (min) 

RISING TEST ANALYSIS 

ata Set: F:\PBOW\slugtest\5-04\mw33r.aqt 
ate: 1011 1 104 Time: 14:36:09 

PROJECT INFORMATION 

Company: Shaw E&l 
Client: USACE 
Project: 843656 04000000 
Test Location: PBOW, Sandusky, OH 
Test Well: PB-BED-MW33 
Test Date: 5/4/04 

AQUIFER DATA 

Saturated Thickness: - 9.61 ft  Anisotropy Ratio (KziKr): I, 

WELL DATA (MW-33) 

Initial Displacement: I, fi Casing Radius: 0.08 ft 
Wellbore Radius: 0.25 ft Well Skin Radius: 0.25 ft 
Screen Length: a.ft Total Well ~enetration~epth: 9.61 R 
Gravel Pack Porosity: 0.3 

SOLUTION 

I Aquifer Model: Unconfined 
= 0.0008572 Wmin 

Solution Method: Bouwer-Rice 

vO = 0.5954 ft 



APPENDIX F 

LAND SURVEY DATA 
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FINAL REPORT 
0 f 

SURVEYlNG SERVICES PERFORMED 
by 

MURPHY & SAClCS SURVEYORS 1 KUSMER & ASSOCIATES J.V. 
at the 

PLUMB11001< ORDNANCE WORKS, SANDUSICY, OH 
for 

SHAW E & 1 (CONTRACT #DACA62-00-D-0002) 
AUGUST, 2003 (REVISED 10 MAY, 2004) 

SUMMARY OF WORK PERFORMED 
1"" Mobilization: Murphy & Saclcs Surveyors, in joint venture with Icusmer & Associates, Inc., 

located 7 background soil sample locations and 2 monitoring well locations \vitliin or near tlie 
Plumbrook Ordnance Worlts site. One additional existing ~nonitoring well was re-located at the 
I-cq~iest of Sliaw E&I. Work was performed on-site between 1 1  August, 2003 and 13 A~~gus t ,  
2003 in accordance with Sliaw E & I R.F.P. 2003-013 under purchase order #218436 OP in 
support of Sha\v E & I contract DACA62-00-D0002. 

2"d Mobiliziltio~i: All additio~ial 5 tnonitoring well locations were located during a second 
deployment to this site between the 26"'and 28''' of April, 2004. Wells located during said 
deploymelit are desig~iatecl MW-30 through MW-34. 

KEY PERSONNEL 
W. Robert I<usmer - Ohio Land S~~rveyor S-6754 
Stanley Robert Sacks - North Carolina Surveyor L-29 13 
Michael A. McICibbin - Mu~.pliy & Saclis I-Iazmat Project Manager 
Dan Baynes - On-site Party Chief :': 
Robert Murphy - Survey Tecli~iician :" 
* all on-site personnel for this pro-ject are OSI-1.4 29 Part 1910 40 trained and metlicrrlly 
monitored in accordance with Shaw E & 1 requirements. 

FIELD PROCEDURES 
Due to the widely scattered nature of the saliiple locations and the fact that many wcrc locatcd 

o ~ ~ t s i d e  of the perimeter of the Plum Brook facility, all sa~iiplc point and monitori~tg well 
locations were obtaincd by direct static differential GPS observation using three Aslitecli Promark 
111 GPS receivers. GPS vectors were adjusted holding fisecl station "Clark" using Aslltech post- 
~lrocessing software, producing a least squares adjustment of tlie WGS 84 positions. A loop using 
the ~~nadjusted vectors passing the fixed and derived control positions yields a loop precision 
exceeding 1 part in 100,000. 1-lorizontal and vel-tical \/alucs of Fvlurphy and Saclis control statio~i 
"Clark" were derived by GPS survej, in 1996 from NGS Monuments "Sky\vay Rk1 2" and "J- 
3 18" (a first order bench~iiarli). I-lorizoi~tal datum is NAD 83. Vertical datum is NGVD 29. 
Values were scalcd to the Ohio State Planc Coordinate System (North Zone) using a combined 
scale and ellipsoid factor of 0.9999270034. Values for Murphy & Saclis monumcnt "Clark" are: 

Northing (y) 19 1,039,0899 m 
Easting (x) 585,910.9777 m 
Ellipsoid Elevation 155.4353 111 
Geoid Height -35.1900 m (Geoid 99) 



SAMPLE LOCATIONS 

Background Soil Sanlplillg Locatiolls (August, 2003) 

M&S ID# Northi~lg (y) Easting (x ) Ground Elev. Shaw Desig~latioil 

SB-07 610,726.99 1,923,542.80 672.84 PBOW-BCG-SB07 
SB-08 608,692.03 1,927,935.73 658.70 PBOW-BCG-SB08 
SB-09 617,798.34 1,914,534.61 683.69 PBOW-BCG-SB09 
SB- 10 6 15,556.4 1 1,904,177.06 652.47 PBO W-BCG-SB 10 
SB-1 1 612,234.68 1,905,930.72 698.76 PBOW-BCG-SB 1 1 
SB-12 599,786.85 1,920,737.89 688.85 PBOW-BCG-Sl3 12 
SB- 13 61 1,297.92 1,9 14,322.93 706.06 PBOW-BCG-SB 13 

Nlonitoring Well Locations (August, 2003) 

M&S ID# Northing (y) Easting (x ) Ground / Riser Elcv. Shaw Desig~latioil 

Monitoring Wcll Loci~tions (April, 2004) 

bl&S ID# Northiilg (y) Eastiilg (x ) Ground / Riser Elev. Shaw Designation 

*** = No riser present at well locatioil 

CERTIFICATION 

I, warre~l Roberl Kusmer, Ohio Professional S~lrveyor 3s-6754, liercby certiSy that tlie 
i n l o r ~ ~ ~ a t i o ~ l  in tlii true to the best of lily kliowledge and bclicf. 

Ohio Professio~lal Surveyor #S-6754 

L z - 4  
Date 



LAUNDON SIMON KELSER & ASSOC., INC. 
ALEX KELSER 

REGISTERED LAND SURVEYOR NO. 787? 
7 70 Middle Ave., Elyria, Oh. 44035 

Tel.:(440) 322-7625 Fax:(440) 323-4242 
e-mail: Isksurvey@yahoo.com 

August 30,2004 

Shaw Environmental, Inc. 
312 Directors Drive 
Knoxville, TN 37923-4799 

ATTN: MR. DAVID KESSLER, 
GEOLOGIST 

In Re: Purchase Order No. 49730 
Monitoring Well - Patten Tract, Sandusky, OH. 

Dear Mr. Kessler: 

It was a pleasure meeting you last Tuesday, August 24, 2004. Per our contract I present the 
following final data report: 

Top Monitoring Well . . . . . . . . . . . . . . . . . . . .636.22' 

I Ground @ Well (right below top shot) . . . . . . . 634.81' 

It has been a pleasure working with you on this project. I trust everything has been handled 1 to your satisfaction. Enclosed please find a copy of our invoice, of which we have mailed the original to 
I Mr. Greg Massingale. 
I 

1 Enc. 

Alex Kelser, P.S. #7871 



APPENDIX G 

IDW WASTE MANIFESTS 
(August 2003 - August 2004) 
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l r a k  lih,.fh'3s, . . !vlrpri.M 7 / ~ / ~ 3  Required under authority of Part 111 and 

I 

L 20. Facility Owner or Operator: Certification of receipt of h a z a r w  materials coveted: by.thismanifest except as noted in 
Item 19. . .. 

. . . . ''S*:. Date . . 

$ 1  Printeflyped Name Sinatpie . ' . . .. 
.g'. :: .. . 

- .  

WASTE MANAGEMENT DIVISION 
MICHIGAN DEPARTMENT OF 
ENVIRONMENTAL QUALITY 

1 

5. 
DO NOT WRITE IN THIS SPACE 

A T .  DIS. REJ. PR. 

Failure to file may subject you to 5 

criminal and/or civil penalties uhder - 
Sections 324.1 1151 or 324.121 16 MCL,? 



OHlO EPA 
State of Ohio Environmental Protection Agency 
Northwest District Office 
347 North Dunbridge Road 
Bowling Green, Ohio 43402 

OHlO €PA ONSITE OBSERVATlON LOG 
. - -. - . - . .. . . .. . . - - ..... . . -... . . - - . . . . < . . . .. .- - -- . . .. -- - .. - - . .... - .. . - . 
SITE: N A S A  /~uwQiSioSK 

DATE: 08 ) ( z  (03 

TIME: 64!21, 

County: E6t 
Facility: flfisfi ~ L V M  BAooK 
File: a 0 e R ~  

SUMMARY: Pcr  b ~ u t  \ cc5~ le t 's  ~ L o * c  cdt  08(1t (13 -, 9 brd~ocK weds i6 

SIGNATURE: ) h w '  



Evergreen RDF T1I;I.i.E f :  758138 
k Waste Management Company W ~ W  E ~ N U ,  a'(- IjRTE: @.4,1&!2@1&? 

CUSTOMER : 3.37 1261 ! MAS'TERC.iiRL,/ V ISCI CUS'TUMFRS P. 0. : 
GENERQTOR: / USRUE PROF # : 532215 GROSS: 27928 L.gs 
COUNTY: 887 i wocm TCIRE: 1 7 8 ~ ~ 4  LBS 
'1-RUCK : SHOW CUYDS: 25 NET: 1@86@ LQS 
ROUTE: Nfi  / Iilon Rpp MfiNIFEST: NO # 
CDMMEN7 : 

trJb 9J- 
G!kl!OBLTL ..--.-__..--. .. U!!!TL- ~WNIY BRTE.] . . F. PE:I:SP.., . .. . - ,  - , . T ~~M(.)uI\IT . 

182 / SOLIDIFICRTION DRUM Ll 22. @B @.a@ Ql.841 
?@ / 28BS SM STfiTE FEE I N  T 5,43 m. !a@ a. 9s 

DRIVER: .. . . ~. . . . . . . - .. 



THIS M E M W D U M  
t ; -' , 

* ~ ~ l W 8 b . d ~ t m b a ~ m 1 d & n d 0 * ~ 8 1 D d L d 1 ~ , n u  J&@ Shippets NO. 
. O p l a d r p l * a l 4 ~ ( h ~ n m n d M n , m d l o ~ ~ b ~ a n o a d  Blta@d~e1/* ~ i @  arriets NO. 

I I 1 I I 1 

Rgrnit C.O.D. to: COD . ,C. 0. D. FEE: TOTAL CHARGES: 
Address: Prepaid= 
Citv: State: Z~D: Collect CIS' 

8 

' Destination /il& raja . 0 H zip 4% jq 1 origin 5117&u5 1% , 0 f l  zip 44870. 

3ECEIVE0, subject to the dassficabons and tanffs in effect on the date of this B~li of Lading, the propeddesmbed ebove In apparent good order, except as noted (contents and condiion of contents of packages unknown), 
~a*ed. consigned, and desbned as Indicated above, which said company (the word company being understood throughout this contract as meaninp any person or cowratlon In pasSesslon of tho pruwrty under the I 

Route: 

?JMmct) aarees to caw to Its usual dace d d e l ~ e ~  at said destination. if.on Its own road or Its awn witet line. othewlse to deliver to another canler on h e  rbute to sald destmation. It Is rnutualk aareed, as to each canier o t i  

EMERGENCY RESPONSE 
TELEPHONE NUMBER (4 19 ) qac- b I 7 ' 

MONITORED AT- ALL TIMES THE HAZARDOUS MATERIALS IS IN TRANSPORTATION, 
INCLUDING STORAGE INCIDENTAL TO TRANSPORTATION (172.604), -- 4 .- . - - - - ~, 

vehicle Number U.S. DOT Hazmat Reg. No. 



i sanadrnowledementthata8i~d-~kren&andb~them 
This Memorandum em ot ~ed'w, M a w or -M covering the 

Shipper No. 

hcemea.owvhmmnma b ~ F ~ ~ C " d : l P # ~  cmNa 
Ou'T wwzmh 

:, of ,,I l a  
p-- - 

(Namedcenier) (=w 
Date $nrf (l 

- -- 

~ m D . k r r . h p m 4 k l l r r ~ ~ 9 ~ 1 ~ ~ ~ ~ 1 h n C ~ k ~ u q ~ ~ .  
FROM * mi- + U W F  

Route 1 N u m b  

PER PER 

DATE 

Pwinment msMffiee a&&= nfrrhi-r CNIC-~ a ~u..&.-a~i-~--.. ,-.. . . 



Shipper No. This Memorandum 

> 
Carrier No. 

of - (Nemedavrier) (SCrC) 

Date 4/f{/oq 

OnwnDkl.)lbnn*hYhm(rW.ppbb.--urOrrCWkI(aW-l. 

yp t 

')' 

R#Wk 
shipper 

.- d\oo C&,h, Qoc. 
Chi %o& L & Y  state 0 H zip code L\L\x30 

24 hr. Emer@Ow M No. ~ / 9  - 34'8- 5~;066 



I ..<. .* .. Shipper's No. 1 
I 

~rrier) S h ~ w  e d  i 
eked, sut$#athe daskalions and taritf. In effect on the date of this Bill of Lading: 

SCAC. Carrier's No. 
t ,  , 

C Consignee L ~ L R  

- street 100 LiuWLseu, 

~estiiatio? r( o B -3 ~ \ - l  a p  4 31,l~j origin o h Q ~ ~ a k ,  0 k \  zip 'fY?70 
Route: 

I -' - -. I I 

C,,d\nh , at , ON , date from 
. . + p e r t y ~ b e d  below, idapparent good order, excepl as noted (content8 and mnditlon of contents of packages upknown), marked, consbned, and destlned as krdtcated below, which ssld company 

(fhe word mmp8ml M g  understood thrw&aut this contract as meaning any paraon or mrpofath in possession of the property under the contract) agrees to cay to its usual placa of d e w  at saidd 
destimdm, il on its om mad wits own water Ilne, othe* to delhrer to anomr caniar on the W e  toaald dastlnatlon. ll is mutually agreed, as to each carrier of all or any of said property ww all or any 

of aaJd mutat0 d e m a m ,  and as to each ~ s r t y *  any Interested In all or any of said pmwrty, that every service to be performed hereunder shall beauqect to a# the mnditians not prohibited by - W @ r  pllm Or wrftten, hemin m-Mned (= spedfied In Appendbc B to Part 1035) which are hereby agreed to by the shipper and accepted for himself and hls assigns. 

T;B: - (Mall or street address of consignee for purposes of notification only.) 

I 
livefi6gCarrier - . I Trailer InitiaVNumber I U.S. DOT Hazmat Reg. Number 

"1 

29-BLS-C3 (Rev. 6/95\ 

FROM: 
I 



STRAIGHT BILL OF LADING - SHORT FORM -Original - Not Negotiable 
. J i i  2 ~ 4  - 3 c ~ r d  9cylir -[OK 

I Shippel's No. 1 
&carrier) Shed U l  SCAC. Carriets NO. I 

0~hred. subject to the dassifkations and tariffs In effect on the date of this Bill of Ladlng: 

, date from 
the property dascdbed bob&, in  epparent good order. excapt as nded (contents and mndklon of mntems of packages unknown), markad, mnslgned, and destined as ind i ied below, whk41 said company 
(the word wmpany being understood throughout this m t r a d  as meaning any person or carpordon In possession of the property under the contract) agrwa to cany to its usual place of delhrety at said 
dsstlnation. U on its own mad or Its own water Ilne, othewlse to deliver to another carder on the route to said destination. It Is rnutuaiiy agreed, as to ea& canler of all or any of aald property over all or any 
portion of sald route to destlnatlon, and as to each party at any time Interested in all or any of seld property, lhat every service to be performed hereunder shall be subject to all the wndltions not prohibited by 
law, whether printed or written, herein contained (as spedfled In Appendht B to Par1 1035) which are hereby agreed to by the shlpper and accapted for himself and hls assigns. 

TO: (Mall or street address of consignee for purposes of notification only.) I FROM: 

street ZbZS &I B ~ d w i a \  areet 6106 b ! ~ m h u ~  Am. 
Origin zip 44 8 3 0  

Route: 

consignee L c a 4 ~  Lad F; \\ - W Mq& 

29-BLS-C3 (Rev. 6/95) 

Shipper V S M  



] , w n a t i o n  A j o (  %woo& . il H l ~ r l g i i  5(..,,&5 H ap ~ 1 4 ~ 7 9  
'Route: / ~ehlc~Nufnbar  1 US. DOT Humat Re$, Ncj, 

reed or declared value 
r d a r e d  value of the 



APPENDIX H 

DATA VALIDATION SUMMARIES 

KNS\PBOW\04 GWDSWinalBinder 2 TOC (List of App)\4/29/2005U:00:40 PM 



MAY 2004 DOWNGRADIENT WELL SAMPLING 
DATA VALIDATION SUMMARY 

KN5\PBOW\04 GWDS\FinaliBinder 2 TOC (List of App)\412912005\3:00:40 PM 



Data Validation Summary Report 
Quarterly Groundwater Sampling May 2004 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

1.0 introduction 
Level Ill data validation was performed on 100 percent of the environmental samples collected 

for the May 2004 Groundwater Sampling event. The analytical data consisted of delivery groups 

(SDG's) H4E060131, H4E070134 and H4E080113, which were analyzed by Severn Trent 

Laboratories (STL) and F23936, which was analyzed by Accutest Laboratory. 

The following samples were validated for this site investigation: 

The chemical parameters for which the samples were analyzed, are identified below: 

SDG 
Number 

H4E060131 
H4E070134 
H4E080113 

F23936 

Parameter (Pre~IAnalvtical Method) 

Sample Number 

DF3001, DF3002, DF3005 
DF3000 
DF3003, DF3004 
DF3006 

Volatile Organics by &IMS ~ ~ 8 4 6  5030i8260~ 
Semivolatile Organics by GCIMS SW846 351 0C18270C 

Total and Dissolved Metals by SW846 3005Al6010B and 7470A 
Nitroaromatic and Nitramine Explosives by SW846 8330M 

Wet Chemistry (TOC. Sulfate, Nitrate. Chloride. Alkalinity. Turbidity. I . . 

TDS, TSS, Hardness, Cyanide) 

GCIMS - Gas chromatography/mass spectrometry. TDS - Total dissolved solids. 
TOC -Total organic carbon. TSS - Total suspended solids 

2.0 Procedures 
The sample data were validated following the logic identified in the 2002 EPA Contract 
Laboratory Program National Functional Guidelines for lnorganic Data Review and the 1999 

EPA Contract Laboratory Program National Functional Guidelines for Organic Review for all 

areas except blanks. EPA Region Ill Modifications to the Laboratory Data Validation Functional 

Guidelines for Evaluating lnorganic Analyses (February 2002) and Region Ill Modifications to 
National Functional Guidelines for Organic Data Review, Multi-Media, Multi-Concentration 
(September 1994) were applied to the areas associated with blank contamination. Specific 

quality control (QC) criteria as identified in the quality assurance plan (QAP), analytical 

methods, and laboratory standard operating procedures (SOP) were applied to all sample 

results. As a result of the use of Update Ill SW846 test methods for the analytical data and the 

application of the Contract Laboratory Program (CLP) guidelines during the validation process, 

there were instances where specific QC requirements for all target compounds were not 



defined. In light of applying CLP guidelines to SW846 methods and evaluating the usability of 

the data during the validation process, specific QC criteria were determined to address all target 

compounds and are identified in this report for each parameter, as well as in the validation 

checklists, which function as worksheets. For those analytical methods not addressed by the 

CLP and Region Ill guidelines, the validation was based on the method requirements (i.e., 

SW846, Code of Federal Regulations, SOPS) and technical judgement, following the logic of the 

CLP validation guidelines. Lab-specific criteria may be found in Attachment A. 

3.0 Summary of Data Validation Findings 
The overall quality of the data was determined to be acceptable with minimal qualifications. 

The only rejected data ( "R  qualified) were poor performing volatile compounds, which 

experienced severe calibration problems in the associated calibration data. 

Individual validation reports have been prepared for each parameter, and the overall results of 

the validation findings are summarized in this report. A listing of the validation qualifiers and the 

reason codes, along with their definitions, is found in Attachment A. The following section 

highlights the key findings of the data validation for each analysis. 

4.0 Analysis-Specific Data Validation Summaries 

4.1 Volatile Organics by GC/MS S W846 82608 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Preservation 

Preservation criteria were met for all samples. 

Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuinq Calibration 

The initial calibration (ICAL) and continuing calibrations (CCAL) associated with the project 

samples met QC criteria, with the following exception(s): 

The following exhibited individual ICALICCAL relative response factor (RRF) < 0.1: 

SDG Number 

H4E060131, H4E070134, 
H4E080113 

Samples Affected Compound(s) 

2-Butanone, 4-Methyl-2-pentanone 

Validation 
Qualifier 

JIR 



The following exhibited individual CCAL percent difference (%D) > 20%: 

Blanks 

The 5Xl10X rule for contaminants found in the associated field, trip, and/or method blanks was 
applied to all sample results. All were found to be acceptable, with the following exception(s): 

Validation 
Qualifier 

UJ 
UJ 

RIU J 

UJ 

RlU J 

Surrogate Recoveries 
All surrogate recoveries were within QC limits. 

Compound(s) 

1,1,2-Trichloroethane 
Chloromethane 

4-Methyl-2-pentanone, trans-1,3- 
Dichloropropane 

1 ,I ,2-Trichloroethane, Chloromethane, 
trans-l,3-Dichloropropane 

1 ,I ,2-Trichloroethane, 4-Methyl-2- 
pentanone, trans-1,3-Dichloropropane 

SDG 
Number 

H4E060131 

H4E070134 

H4E080113 

Matrix Spike I Matrix Spike Duplicate 

Matrix SpikeIMatrix Spike Duplicate (MSIMSD) analysis was performed for the project samples, 

and all QC criteria were met. 

Samples Affected 

All 
DF3001 

DF3002, DF3005 

DF3000 

DF3003, DF3004 

Validation 
Qualifier 

B 
B 

Laboratory Control Sample 

Laboratory Control Sample (LCS) analysis was performed for the project samples, and all QC 

criteria were met. 

Blank 
Contaminant 

Method 
Method 

Field Duplicates 

Original and field duplicate results were evaluated and no problems were identified. 

Acetone 
Acetone 

SDG 

H4E060131 
H4E070134 

Internal Standards 
All internal standards met QC criteria. 

Samples Affected 

All 
DF3000 

Quantitation 
Results quantitated between the method detection limit (MDL) and the reporting limit (RL), 

which the lab qualified as "J", were qualified as estimated "J" unless blank contamination was 

present or the results were rejected. 



4.2 Semivolatile Organics by GC/MS S W846 8270C 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Preservation 
Preservation criteria were met for all samples. 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria, with 
the following exception(s): 

The following exhibited individual CCAL %D > 20%: 

Blanks 

The 5X110X rule for contaminants found in the associated method blanks was applied to all 
sample results. All were found to be acceptable. 

SDG 
Number 

H4E070134 
H4E080113 

Surrogate Recoveries 

All surrogate recoveries were within QC criteria, with the following exception(s): 

Samples Affected 

DF3000 
DF3003 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met, with the 

following exception(s): 

SDG Number 

H4E060131 

H4E070134 

Compound(s) 

2,4-Dinitrophenol, 4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol, 4,6-Dinitro-2-methylphenol 

Validation 
Qualifier 

UJ 
UJ 

Samples Affected 

DF3001, DF3002 
DF3002 
DF3000 

SDG Number 

H4E060131 

Compound(s) 

All BaselNeutral 
All Acidic 

All BaseINeutral 

Samples Affected 

All 

Validation 
Qualifier 

JIU J 
UJ 

JIU J 

Compound(s) 

1,2,4-Trichlorobenzene, 
Acenaphthene, Pentachlorophenol 

Validation 
Qualifier 

U J 



Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Field Duplicates 

Original and field duplicate results were evaluated, and all QC criteria were met. 

Internal Standards 
All internal standards met QC criteria, 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

4.3 Total and Dissolved Metals by S W846 6010B1'7470A 
Overall, the data are of good quality and are usable as reported by the laboratory with the 

exceptions noted below. Data were reviewed for the following: 

Preservation 

Preservation criteria were met for all samples. 

Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibrations 

All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 

The 5X rule for contaminants found in the associated calibration and method blanks was applied 
to all sample results. All criteria were acceptable with the following exception(s): 

Cal -Calibration. 
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Validation 
Qualifier 

B 

B 

B 
B 

B 

B 

B 

Blank 
Contaminant 
MethodICal 

Calibration 

MethodICal 
MethodICal 

MethodICal 

Calibration 

Calibration 

Compound(s) 

Thallium 

Selenium 

Arsenic, Manganese 
Aluminum, Thallium 

Thallium 

Arsenic 

Aluminum 

SDG 

H4E060131 

H4E070134 

H4E0801 l3 

Samples Affected 

All (Total & Dissolved) 
DF3001 (Dissolved), DF3002 
(Dissolved) 
DF3000 (Total & Dissolved) 
DF3000 (Dissolved) 
DF3003, DF3004 (Total & 
Dissolved) 
DF3003 (Total & Dissolved) 
DF3003 (Dissolved), DF3004 
(Dissolved) 



Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 

following exception(s): 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

SDG 
Number 

H4E060131 
H4E070134 

lnterference Check Sample 

All lnterference Check Sample (ICS) percent recoveries were acceptable. All QC criteria were 

met. 

lnductivelv Coupled Plasma Serial Dilutions 

All QC criteria were met for the serial dilutions associated with the project samples with the 

following exception(s): 

Samples Affected 

All Total 
DF3000 (Total) 

Field Du~licates 

Original and field duplicate results were evaluated, and no problems were identified with the 

following exceptions: 

Compound(s) 

Aluminum 
Selenium 

SDG 
Number 

H4E060131 
H4E070134 

Validation 
Qualifier 

J 
UJ 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "B", were qualified 

as estimated "J" unless blank contamination was present or the results were rejected. 

Samples Affected 

All (Total & Dissolved) 
DF3000 (Total & Dissolved) 

SDG . 
Number 

H4E060131 

4.4 Nitroaromatic and Nitramine Explosives by S W846 8330 
Overall, the data are of good quality and are usable as reported by the laboratory with the 

exceptions noted below. Data were reviewed for the following: 

Preservation 

Preservation criteria were met for all samples. 

Compound(s) 

Potassium, Sodium 
Potassium, Zinc 

Samples Affected 

DF3002 (original) DF3005 (FD) 

Validation 
Qualifier 

J 
J 

Compound(s) 

Aluminum (Total), Iron (Total) 

Validation 
Qualifier 

J 



Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 
The 5X rule for contaminants found in the associated equipment rinses and method blanks was 
applied to all sample results. All were found to be acceptable. 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Matrix Spike I Matrix Spike Duplicate 
MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 
following exceptions: 

Laboratow Control Sample 
LCS analysis was performed for the project samples, and all QC criteria were met. 

2ND Column Confirmation 
The percent difference QC criteria between columns for analyte concentrations were met. 

Validation 
Qualifier 

UJ 

Field Duplicates 
Original and field duplicate results were evaluated, and no problems were identified. 

Compound(s) 

Tetryl 

SDG Number 

H4E060131, H4E080113 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

Samples Affected 

All 

4.5 Wet Chemistry (TOC, Sulfate, Nitrate, Chloride, Alkalinity, Turbidity, TDS, 
TSS, Hardness, Cyanide) 

Overall, the data are of good quality and are usable as reported by the laboratory, with the 
exceptions noted below. Data were reviewed for the following: 

Preservation 
Preservation criteria were met for all samples. 



Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 

The 5X rule for contaminants found in the associated equipment rinses and method blanks was 

applied to all sample results. All were found to be acceptable. 

Matrix Spike 1 Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 
following exceptions: 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

SDG 
Number 

H4E060131 

Field Duplicates 
No field duplicate was associated with this parameter. 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "B", were qualified 

as estimated "J" unless blank contamination was present or the results were rejected. 

Samples Affected 

DF3001, DF3002 

5.0 Quality Assurance Field Split Sample Data Evaluation 
Data from the quality assurance split sample: DF3006 (SDG F23936), was validated. The 

sample was analyzed for volatiles, semivolatiles, metals and explosives. The following section 
highlights the key findings of the data validation for each analysis. 

5.1 Volatiles by S W846 8260B 
Overall, the data are of good quality and are usable as reported by the laboratory, with the 

exceptions noted below. Data were reviewed for the following: 

Compound(s) 

Alkalinity, Cyanide 

Holding Times 

Technical holding time criteria were met for all samples. 

Validation 
Qualifier 

JIUJ 



Initial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria, with 

the following exception(s): 

The following exhibited individual ICAUCCAL RRF < 0.1 : 

The following exhibited individual CCAL %D > 20%: 

SDG 
Number 
F23936 

Blanks 

The 5X rule for contaminants found in the associated method blanks was applied to all sample 

results. All were found to be acceptable. 

Samples Affected 

DF3006 

SDG 
Number 
F23936 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Compound(s) 

Acetone 

Samples Affected 

DF3006 

Laboratorv Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Validation 
Qualifier 

R 

Field SplitlOriginal Sample Comparison 

Compound(s) 

2-Butanone 

SDG F23936 

DF3002 (original) and DF3006 field split (FS) results were evaluated. It should be noted that 

acetone and Methylene Chloride were detected in DF3002 and were non-detect in DF3006. 

Validation 
Qualifier 

UJ 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

5.2 Semivolatiles by S W846 8270C 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 
reviewed for the following: 



Holdina Times 

Technical holding time criteria were met for all samples. 

lnitial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 

The 5X rule for contaminants found in the associated method blanks was applied to all sample 

results. All were found to be acceptable. 

Surrogate Recoveries 

All surrogate recoveries were within QC criteria. 

Matrix Spike I Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Field Split/Original Sample Comparison 

SDG F23936 

DF3002 (original) and DF3006 (FS) results were evaluated. It should be noted that Phenol was 

detected in DF3006 and was non-detect in DF3002. 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

5.3 Metals by S W846 6010Bl7471A 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 
reviewed for the following: 

Holdincl Times 

Technical holding time criteria were met for all samples. 

lnitial and Continuina Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria. 



Blanks 

The 5X rule for contaminants found in the associated blanks was applied to all sample results 

and all were found to be acceptable. 

Matrix Spike / Matrix Spike Duplicate 

Batch QC was performed for the project samples and all QC criteria were met. 

Laboratow Control Sample (LCS) 

All QC criteria were met for the LCS associated with the project sample analyses. 

Interference Check Sample 

All Interference Check Sample (ICS) percent recoveries were acceptable. All QC criteria were 

met. 

Inductively Coupled Plasma Serial Dilutions 

All QC criteria were met for the serial dilutions associated with the project. 

Field SplitIOriginal Sample Comparison 

SDG F23654 
DF3002 (original) and DF3006 (FS) results were evaluated. All relative percent difference (RPD) 

QC criteria (50%) were met with the exception of aluminum and Iron. High RPDs were likely 
attributed to the lack of sample homogeneity. It should be noted that nickel and thallium-were 

detected in DF3002 and were non-detect in DF3006. The dissolved sample results for 

aluminum, selenium and thallium were detected in DF3002 and were non-detect in DF3006. 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

5.4 Nitroaromatic and Nitramine Explosives by S W846 8330 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 
reviewed for the following: 

Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria. 



Blanks 

The 5X rule for contaminants found in the associated equipment rinses and method blanks was 

applied to all sample results. All were found to be acceptable. 

Surrogate Recoveries 

All surrogate recoveries were within acceptable QC ranges for the surrogates applied. 

Matrix Spike / Matrix Spike Duplicate 

Batch QC was performed for the project samples and all QC criteria were met. 

Laboratory Control Sample (LCS) 

LCS was performed for the project samples and all QC criteria were met. 

2nd Column Confirmation 

Sample results were non-detect. 

Field SplitIOriainal Sample Comparison 

SDG F23936 

DF3002 (original) and DF3006 (FS) results were evaluated. All results were non-detect. 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 



ATTACHMENT A 



Validation Qualifiers 

U Not detected. The compound/analyte was analyzed for, but not detected above the 
associated reporting limit. 

J The compound/analyte was positively identified; the reported value is the estimated 
concentration of the constituent detected in the sample analyzed. 

B The concentration reported was detected significantly above the levels reported in the 
associated equipment rinse samples and/or laboratory method and trip blanks. (5XllOX 
Rule was applied). 

R The reported sample results are rejected due to the following: 

1. Severe deficiencies in the supporting quality control data. 

2. Anomalies noted in the sampling and/or analysis process, which could affect the 
validity of the reported data. 

3. The presence or absence of the constituent cannot be verified based on the data 
provided. 

4. To indicate not to use a particular result in the event of a reanalysis. 

UJ The compound/analyte was analyzed for, but not detected above the established 
reporting limit. However, review and evaluation of supporting QC data and/or sampling 
and analysis process have indicated that the "nondetect" may be inaccurate or 
imprecise. The nondetect result should be estimated. 



Validation Reason Code Definitions 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Interference check standard 
Serial dilution 
Tentatively identified compounds 
Quantitation 
Multiple results available; alternate analysis preferred 
Field duplicate RPD criteria is exceeded 
Percent difference between original and second column exceeds QC criteria 
Professional judgement was used to qualify the data 
Pesticide clean-up checks 
Target compound identification 
Radiological calibration 
Radiological quantitation 
Reported result and/or lab qualifier revised to reflect validation findings 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 





Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 

Spiked Compound 

STL 

Semivolatile Organic Compounds, SW-846 8270C (cont.) 

Water - LCS 
% Recovery 

Range 

Accutest 

4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 

Water - LCS 
% Recovery 

Range 

Water - MSIMSD 

N /A 
N /A 

61 - 128 

65 - 1 0 7 6 5  

N /A 
N /A 

% Recovery 
Range 

Water - MSIMSD 

bis(2-Ch1oroethyl)ether 
bis(2-ChloroisopropyI)ether 
bis(2-Ethylhexy1)phthalate 
n-Nitroso-di-n-propylarnine 
n-Nitrosodiphenylamine 

Precision 
RPD (%) 

% Recovery 
Range 

NIA 

NIA 

61 - 142 

- 107 

NIA 

NIA 

Precision 
RPD (%) 

N/A 
N/A 
N/A 

62 - 114 

N /A 

N/A 
N/A 
50 

26 

NIA 
NIA 

NIA 

NIA 

NIA 

60 - 117 

NIA 

N A 

65 - 113 

22 - 50 

69 - 101 

70 - 113 

75 - 107 

N A 
48 - 119 

32 - 81 

60 - 103 

67 - 113 

71 - 105 

N A 

2 1 

28 

20 

20 

14 

N/A 
N/A 
N/A 
36 

N/A 

64 - 106 

52 - 120 

69 - 115 

64 - 109 

74 - 1 1 4 7 2  

54 - 103 

49 - 109 

55 - 120 

57 - 103 

- 112 

24 

22 

22 
24 

16 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 

LCS - Laboratory control sample. 
MSIMSD - Matrix spikelmatrix spike duplicate. 
RPD - Relative percent difference. 
STL - Severn Trent Laboratories. 
NIA - Not applicable. 
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Data Validation Summary Report 
Quarterly Groundwater Sampling June 2004 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

1.0 Introduction 
Level Ill data validation was performed on 100 percent of the environmental samples collected 
for the June 2004 sampling event. The analytical data consisted of one sahple delivery group 
(SDG) PB047, which was analyzed by Severn Trent Laboratories (STL). In addition, validation of 
the field-split data, SDG F24891, which were analyzed by Accutest Laboratories, was performed 
and findings are discussed in section 5.0 of this report. Water matrix was validated. 

The following samples were validated for this site investigation: 

Sample Number 
DG3000, DG3001, DG3002, DG3003, DG3004, DG3005, DG3006 

The chemical parameters for which the samples were analyzed, are identified below: 

Parameter (PrepIAnalytical Method) 
Volatile Organics by GCIMS SW846 503018260B 

Semivolatile Organics by GCIMS SW846 351 0Cl8270C 
Total and Dissolved Metals by SW846 3005N6010B and 7470A 

Nitroaromatic and Nitramine Explosives by SW846 8330M 
Wet Chemistry (TOC, Sulfate, Nitrate, Chloride, Alkalinity, Turbidity, 

TDS, TSS, Hardness, Cyanide) 

GCIMS - Gas chrornatography/rnass spectrometry. TOC -Total organic carbon. 
TDS -Total dissolved solids. TSS -Total suspended solids. 

2.0 Procedures 
The sample data were validated following the logic identified in the EPA Contract Laboratory 
Program (CLP) National Functional Guidelines for lnorganic Data Review (July 2002) and the 
EPA Contract Laboratory Program National Functional Guidelines for Organic Review (October 
1999) for all areas except blanks. EPA Region 111 Modifications to the Laboratory Data 
Validation Functional Guidelines for Evaluating lnorganic Analyses (April 1993) and Region 111 
Modifications to National Functional Guidelines for Organic Data Review, Multi-Media, Multi- 
Concentration (September 1994) were applied to the areas associated with blank contamination. 
Specific quality control (QC) criteria as identified in the quality assurance plan (QAP), analytical 
methods, and laboratory standard operating procedures (SOP) were applied to all sample 
results. As a result of the use of Update Ill SW846 test methods for the analytical data and the 
application of the Contract Laboratory Program (CLP) guidelines during the validation process, 
there were instances where specific QC requirements for all target compounds were not defined. 
This primarily occurred in the organic, GCIMS calibration areas and is due to the fact that the 
analytical methods are performance-based and allow the use of average calibration responses 



in lieu of individual responses, which are defined by CLP protocol. In light of applying CLP 
guidelines to SW846 methods and evaluating the usability of the data during the validation 

process, specific QC criteria were determined to address all target compounds and are identified 

in this report for each parameter, as well as in the validation checklists, which function as 
worksheets. For those analytical methods not addressed by the CLP and Region Ill guidelines, 

the validation was based on the method requirements (i.e., SW846, Code of Federal 

Regulations, SOPS) and technical judgement, following the logic of the CLP validation 

guidelines. Lab-specific criteria may be found in Attachment A. 

3.0 Summary of Data Validation Findings 
The overall quality of the data was determined to be acceptable with minimal qualifications. 

The only rejected data ( "R  qualified) was due to "poor performing" volatile compounds (ketones, 

some halogenated hydrocarbons, etc.), which experienced poor calibration responses in the 
associated calibration data and samples that were reanalyzed and have more than one set of 

results reported. The "R" qualifier was assigned to the samples with more than one set of 
results to indicate that a given result should not be used to characterize a particular constituent 
or an analysis for a given sample. 

Individual validation reports have been prepared for each parameter, and the overall results of 
the validation findings are summarized in this report. A listing of the validation qualifiers and the 
reason codes, along with their definitions, is found in Attachment A. The following section 

highlights the key findings of the data validation for each analysis. 

4.0 Analysis-Specific Data Validation Summaries 

4.1 Volatile Organics by GUMS S W846 8260B 
Overall, the data are of good quality and are usable as reported by the laboratory with the 

exceptions noted below. Data were reviewed for the following: 

Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

The initial calibration (ICAL) and continuing calibrations (CCAL) associated with the project 
samples met QC criteria with the following exception(s): 

The following exhibited individual ICAUCCAL relative response factor (RRF) ~0 .1 :  

SDG 
Number 
PB047 

Compound(s) 

2-Butanone, 4-Methyl-2-pentanone 
Bromodichloromethane 

Samples Affected 

All 
DG3001 

Validation 
Qualifier 

R 
R 



The following exhibited individual ICAL relative standard deviation (%RSD) >30 andlor 

CCAL percent difference (%D) ~ 2 0 :  

Blanks 
The 5XllOX rule for contaminants found in the associated equipment rinses, trip blanks, and 
method blanks was applied to all sample results. All were found to be acceptable with the 

following exception(s): 

Validation 
Qualifier 

R 

JIUJ 

UJ 
UJ 

Surrogate Recoveries 
All surrogate recoveries were within QC limits, with the following exception(s): 

Compound(s) 

2-Butanone, 4-Methyl-2-pentanone 
Acetone, Carbon Disulfide, trans-1,3- 

Dichloropropene, 2-Hexanone 
Dibromochlorornethane, 

Tetrachloroethene 
1,1,2-Trichloroethane 
I, I -Dichloroethane 

SDG 
Number 
PB047 

Samples Affected 

DG3000, DG3002, DG3004, DG3005 

All 

DG3001, DG3003, DG3006 

DG3001, DG3003, DG3004, DG3006 
DG3004 

Validation 
Qualifier 

B 

Matrix Spike I Matrix Spike Duplicate 

Matrix SpikeIMatrix Spike Duplicate (MSIMSD) analysis was performed for the project samples, 

and all QC criteria were met. 

SDG 
Number 

"04' 

Laboratow Control Sample 
Laboratory Control Sample (LCS) analysis was performed for the project samples, and all QC 

criteria were met. 

Compound(s) 

Acetone 

Samples Affected 

DG3000, DG3001, DG3003, 
DG3005. DG3006 

Validation 
Qualifier 
JIBIRIU J 

Field Duplicates 

Original and field duplicate results were evaluated and no problems were identified. 

Blank 
contaminant 

MethodrrB 

Compound(s) 

All 

SDG 
Number 
PB047 

Internal Standards 

All internal standards met QC criteria. 

Samples Affected 

DG3001 



Quantitation 
Results quantitated between the method detection limit (MDL) and the reporting limit (RL), which 

the lab qualified as "J", were qualified as estimated "J" unless blank contamination was present 

or the results were rejected. 

4.2 Semivolatile Organics by GC/MS S W846 8270C 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Holdinn Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria with the 

following exception(s): 

The following exhibited individual ICAL %RSD >30 and/or CCAL %D >20: 

Blanks 
The 5Xl10X rule for contaminants found in the associated equipment rinses and method blanks 
was applied to all sample results. All were found to be acceptable. 

Surronate Recoveries 
All surrogate recoveries were within QC criteria. 

Validation 
Qualifier 

UJ 

SDG Number 

PB047 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Samples Affected 

All 

Field Duplicates 
Original and field duplicate results were evaluated, and all QC criteria were met. 

Compound(s) 

2,4-Dinitrophenol, 4,6-Dinitro-2-methylphenol 

Internal Standards 
All internal standards met QC criteria. 



Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

4.3 Total and Dissolved Metals by S W846 6010Bff470A 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibrations 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 

The 5X rule for contaminants found in the associated equipment rinse, calibration, and method 
blanks was applied to all sample results. All criteria were acceptable with the following 
exception(s): 

Matrix Spike 1 Matrix Spike Duplicate 
MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratow Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Validation 
Qualifier 

B 

B 

B 
B 
B 

B 

B 

B 
B 

Interference Check Sample 
All Interference Check Sample (ICS) percent recoveries were acceptable. All QC criteria were 

met. 

Blank 
Contaminant 

PrepICalibration 

Prep 

Calibration 
Calibration 
Calibration 

Prep 

PrepICalibration 

Calibration 
Prep 

Element(s) 

Thallium 

Zinc 

Arsenic, Copper 
Selenium 
Mercury 

Zinc 

Thallium 

Arsenic 
Mercury 

SDG 

PB047 (Total) 

PB047 
(Dissolved) 

Samples Affected 

DG3000, DG3001, DG3003, 
DG3004, DG3006 
DG3000, DG3003, DG3004, 
DG3005, DG3006 
DG3001 
DG3003 
DG3004 
DG3000, DG3002, DG3004, 
DG3005 
DG3001, DG3004, DG3005, 
DG3006 
DG3001 
DG3003 



Inductively Coupled Plasma Serial Dilutions 
All QC criteria were met for the serial dilutions associated with the project samples with the 
following exception(s): 

Field Duplicates 
Original and field duplicate results were evaluated, and no problems were identified. 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "B", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

SDG 
PB047 (Total/Dissolved) 

4.4 Nitroaromatic and Nitramine Explosives by SW846 8330 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Element(@ 
Potassium 

Samples Affected 
All 

Holding Times 
Technical holding time criteria were met for all samples. 

Validation Qualifier 
J 

Initial and Continuing Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 
The 5X rule for contaminants found in the associated equipment rinses and method blanks was 
applied to all sample results. All were found to be acceptable. 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Matrix Spike I Matrix Spike Duplicate 
MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 

following exception(s): 

Laboratow Control Sample 
LCS analysis was performed for the project samples, and all QC criteria were met. 

Validation Qualifier 

UJ 

SDG Number 

PB047 

Samples Affected 
DG3000, DG3001, DG3002, 
DG3003, DG3005, DG3006 

Compound(s) 

Tetryl 



Field Duplicates 
Original and field duplicate results were evaluated, and no problems were identified. 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

4.5 Wet Chemistry (TOC, Sulfate, Nitrate, Chloride, Alkalinity, Turbidity, TDS, 
TSS, Hardness, Cyanide) 

Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Preservation 
Preservation criteria were met for all samples. 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 
The 5X rule for contaminants found in the associated equipment rinses and method blanks was 
applied to all sample results. All were found to be acceptable. 

Matrix Spike I Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 

following exception(s): 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Field Duplicates 

Original and field duplicate results were evaluated, and no problems were identified. 

Validation Qualifier 

UJ 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

Compound(s) 

Cyanide 

SDG Number 

PB047 

Samples Affected 
DG3000, DG3001, DG3002, DG3003, 
DG3004, DG3005 



5.0 Quality Assurance Field Split Sample Data Evaluation 
Data from the quality assurance split sample: SDG F24891 sample DG3007, were validated. 
The field split (FS) sample was analyzed for Volatiles by SW846 82608, Semivolatiles by 
SW846 8270C, Explosives by SW846 8330, and Total and Dissolved Metals by SW846 6010B 
and 7470A. The following section highlights the key findings of the data validation for each 
analysis. 

5.1 Volatile Organics by GC/MS S W846 8260B 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Preservation 
Preservation criteria were met for all samples. 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuinq Calibration 
The ICAL and CCAL associated with the project samples met QC criteria with the following 
exception(s): 

The following exhibited individual ICAL %RSD >30 and/or CCAL %D >20: 

Blanks 
The 5x11 OX rule for contaminants found in the associated trip blanks and method blanks was 
applied to all sample results. All were found to be acceptable. 

Surrogate Recoveries 
All surrogate recoveries were within QC limits. 

Validation 
Qualifier 

UJ 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Compound(s) 

C hloroethane 

SDG 
Number 
F24891 

Laboratory Control Sample 
LCS analysis was performed for the project samples, and all QC criteria were met. 

Samples Affected 

DG3007 



Internal Standards 

All internal standards met QC criteria. 

Field Split/Original Sample Comparison 

SDG F24891 
DG3003 (original) and DG3007 (FS) results were evaluated. It should be noted that the original 
sample had positive results for Acetone and Carbon disulfide below the reporting limits. The field 
split sample had positive results for Carbon disulfide equal to the reporting limit. 

Quantitation 
Results quantitated between the MDL and the RL, which the lab qualified as "J", were qualified 

as estimated "J" unless blank contamination was present or the results were rejected. 

5.2 Semivolatile Organics by GC/MS S W846 8270C 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 

reviewed for the following: 

Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 
The initial calibration and continuing calibrations associated with the project samples met QC 
criteria. 

Blanks 

The 5N10X rule for contaminants found in the associated blanks was applied to all sample 
results and all were found to be acceptable. 

Matrix Spike 1 Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratow Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Internal Standards 

All internal standards met QC. 



Field SplitlOriainal Sample comparison 

SDG F24891 
DG3003 (original) and DG3007 (FS) results were evaluated. It should be noted that both 
samples were non-detect for all compounds. 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

5.3 Total and Dissolved Metals by S W846 6010B/7470A 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Holdinn Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 
The 5X rule for contaminants found in the associated blanks was applied to all sample results 
and all were found to be acceptable. 

Matrix Spike I Matrix Spike Duplicate 
MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratory Control Sample 
All QC criteria were met for the LCS associated with the project sample analyses. 

Interference Check Sample 

All ICS percent recoveries were acceptable. All QC criteria were met. 

lnductivelv Coupled Plasma Serial Dilutions 

All QC criteria were met for the serial dilutions associated with the project with the following 
exceptions: 



Field SplitIOriginal Sample Comparison 

SDG F24891 
DG3003 (original) and DG3007 (FS) results were evaluated. All RPD QC criteria for total and 

dissolved results were met with the exception of Aluminum (65.41%) and Zinc (-53.24%) for 

Total results. 

Validation 
Qualifier 

J 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

Compound(s) 

Potassium, Sodium 

SDG 
Number 
F24891 

5.4 Nitroaromatic and Nitramine Explosives by S W846 8330 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 

reviewed for the following: 

Samples Affected 

DG3007 (Total and Dissolved) 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 
The 5X rule for contaminants found in the associated equipment rinses and method blanks was 
applied to all sample results. All were found to be acceptable. 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Matrix Spike 1 Matrix Spike Duplicate 
MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 



Field SplitlOriginal Sample Comparison 

SDG F24891 
DG3003 (original) and DG3007 (FS) results were evaluated. It should be noted that DG3003 

(original) and DG3007 (FS) were non-detect for all compounds 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 





Validation Qualifiers 

U Not detected. The compound/analyte was analyzed for, but not detected above 
the associated reporting limit. 

J The compound/analyte was positively identified; the reported value is the estimated 
concentration of the constituent detected in the sample analyzed. 

B The concentration reported was detected below the levels reported in the associated 
equipment rinse samples andlor laboratory method and trip blanks. (5X110X Rule was 
applied). 

R The reported sample results are rejected due to the following: 

1. Severe deficiencies in the supporting quality control data. 

2. Anomalies noted in the sampling and/or analysis process, which could affect the 
validity of the reported data. 

3. The presence or absence of the constituent cannot be verified based on the data 
provided. 

4. To indicate not to use a particular result in the event of a reanalysis. 

UJ The compound/analyte was analyzed for, but not detected above the established 
reporting limit. However, review and evaluation of supporting QC data andlor sampling 
and analysis process have indicated that the "nondetect" may be inaccurate or imprecise. 
The nondetect result should be estimated. 



Validation Reason Code Definitions 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 

LCS - Laboratory control sample. 
MSIMSD - Matrix spikelmatrix spike duplicate 
RPD - Relative percent difference. 
STL - Severn Trent Laboratories. 
NIA - Not applicable. 

Spiked Compound 

STL 

Nitroaromatics and Nitramines, SW-846 8330 

Water - LCS 
% Recovery 

Range 

Accutest 

1,3,BTrinitrobenzene 
1,3-Dinitrobenzene 
2,4,6-Trinitrotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Nitrotoluene 

Water - LCS 
% Recovery 

Range 

Water - MSIMSD 

75 - 121 

75 - 121 

76 - 1 2 0 6 7  

73 - 1 1 8 7 2  

74 - 120 

50 - 1 0 9 4 6  

% Recovery 
Range 

Water - MSlMSD 
Precision 
RPD (%) 

% Recovery 
Range 

62 - 127 

70 - 121 
- 120 

- 118 

74 - 120 
- 118 

Precision 
RPD (%) 

33 

42 

34 

36 

32 

38 

77 - 115 

77 - 117 

76 - 1 1 3 7 0  

74 - 1 1 9 7 2  

77 - 123 

68 - 120 

72 - 116 

77 - 117 
- 117 

- 121 

77 - 122 

75 - 119 

12 

12 

14 

15 

16 

17 
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Data Validation Summary Report 
Quarterly Groundwater Sampling August 2004 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

1.0 Introduction 
Level Ill data validation was performed on 100 percent of the environmental samples collected 
for the August 2004 sampling event. The analytical data consisted of three sample delivery 
groups (SDGs) H4H260300, H4H270215 and H4H280124, which were analyzed by Severn 
Trent Laboratories (STL). In addition, validation of the field-split data, SDG F26367, which were 
analyzed by Accutest Laboratories, was performed and findings are discussed in section 5.0 of 
this report. 

The following samples were validated for this site investigation: 

The chemical parameters for which the samples were analyzed, are identified below: 

SDG Number 
H4H260300 
H4H270215 
H4H280124 

F26367 

Parameter (PrepIAnalytical Method) 
Volatile Organics by GCIMS SW846 503018260B 

Semivolatile Organics by GCIMS SW846 3510Cl8270C 
Total and Dissolved Metals by SW846 3005N6010B and 747014 

Nitroaromatic and Nitramine Explosives by SW846 8330M 
Wet Chemistry (TOC, Sulfate, Nitrate, Chloride, Alkalinity, Turbidity, 

TDS, TSS, Hardness, Cyanide) 

Sample Number 
DH3001, DH3003 
DH3000, DH3002, DH3005 
DH3004, DH3007 
DH3003 

GCIMS - Gas chromatography/rnass spectrometry. TOC -Total organic carbon. 
TDS - Total dissolved solids. TSS -Total suspended solids. 

2.0 Procedures 
The sample data were validated following the logic identified in the EPA Contract Laboratory 
Program (CLP) National Functional Guidelines for lnorganic Data Review (July 2002) and the 
EPA Contract Laboratory Program National Functional Guidelines for Organic Review (October 
1999) for all areas except blanks. EPA Region 111 Modifications to the Laboratory Data 
Validation Functional Guidelines for Evaluating lnorganic Analyses (April 1993) and Region 111 
Modifications to Nafional Functional Guidelines for Organic Data Review, Multi-Media, Multi- 
Concentration (September 1994) were applied to the areas associated with blank contamination. 
Specific quality control (QC) criteria as identified in the quality assurance plan (QAP), analytical 
methods, and laboratory standard operating procedures (SOP) were applied to all sample 
results. As a result of the use of Update Ill SW846 test methods for the analytical data and the 
application of the Contract Laboratory Program (CLP) guidelines during the validation process, 



there were instances where specific QC requirements for all target compounds were not defined. 
This primarily occurred in the organic, gas chromatography (GC) and GCImass spectrometry 

(MS) calibration areas and is due to the fact that the analytical methods are performance-based 

and allow the use of average calibration responses in lieu of individual responses, which are 

defined by CLP protocol. In light of applying CLP guidelines to SW846 methods and evaluating 
the usability of the data during the validation process, specific QC criteria were determined to 

address all target compounds and are identified in this report for each parameter, as well as in 
the validation checklists, which function as worksheets. For those analytical methods not 

addressed by the CLP and Region Ill guidelines, the validation was based on the method 

requirements (i.e., SW846, Code of Federal Regulations, SOPS) and technical judgement, 
following the logic of the CLP validation guidelines. Lab-specific criteria may be found in 

Attachment A. 

3.0 Summary of Data Validation Findings 
The overall quality of the data was determined to be acceptable with minimal qualifications. 
The only rejected data ("R" qualified) was due to "poor performing" volatile compounds (ketones, 

some halogenated hydrocarbons, etc.), which experienced poor calibration responses in the 
associated calibration data and samples that were reanalyzed and have more than one set of 
results reported. The " R  qualifier was assigned to the samples with more than one set of 

results to indicate that a given result should not be used to characterize a particular constituent 
or an analysis for a given sample. 

Individual validation reports have been prepared for each parameter, and the overall results of 
the validation findings are summarized in this report. A listing of the validation qualifiers and the 
reason codes, along with their definitions, is found in Attachment A. The following section 

highlights the key findings of the data validation for each analysis. 

4.0 Analysis-Specific Data Validation Summaries 

4. I Volatile Organics by GC/MS S W846 8260B 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Initial and Continuing Calibration 
The initial calibration (ICAL) and continuing calibrations (CCAL) associated with the project 

samples met QC criteria with the following exception(s): 

The following exhibited individual ICAUCCAL relative response factor (RRF) ~0 .1 :  



The following exhibited individual ICAL relative standard deviation (%RSD) >30 and/or 

CCAL percent difference (%D) >20: 

SDG 
Number 

H4H260300 

H4H270215 

H4H280124 

Blanks 
The 5XllOX rule for contaminants found in the associated equipment rinses, trip blanks, and 
method blanks was applied to all sample results. All were found to be acceptable with the 

following exception(s): 

Samples Affected 

DH3003 

DH3000, DH3002, DH3005 
DH3000, DH3002 

DH3004 

SDG 
Number 

H4H260300 
H4H270215 

Surrogate Recoveries 
All surrogate recoveries were within QC limits. 

Cornpound(s) 

Acetone, 2-Butanone, 4-Methyl-2- 
pentanone 

2-Butanone, 4-Methyl-2-pentanone 
Acetone 

Acetone, 2-Butanone, 4-Methyl-2- 
pentanone 

Samples Affected 

DH3003 
DH3005 

SDG Number 

H4H270215 

Matrix Spike I Matrix Spike Duplicate 

Matrix SpikeIMatrix Spike Duplicate (MSIMSD) analysis was performed for the project samples, 

and all QC criteria were met. 

Validation 
Qualifier 

R 

R 
R 

RIJ 

Laboratory Control Sample 
Laboratory Control Sample (LCS) analysis was performed for the project samples, and all QC 

criteria were met. 

Compound(s) 

Acetone, 2-Butanone, 2-Hexanone 
Xylenes (Total) 

Samples Affected 

DH3002, DH3005 
DH3002 

Field Duplicates 

Original and field duplicate results were evaluated and no problems were identified. 

Validation 
Qualifier 

RIU J 
UJ 

Internal Standards 

All internal standards met QC criteria. 

Compound(s) 

Carbon disulfide 
Toluene 

Blank 
contaminant 

TB 
TB 

Validation 
Qualifier 

B 
B 



Quantitation 
Results quantitated between the method detection limit (MDL) and the reporting limit (RL), which 
the lab qualified as "J", were qualified as estimated "J" unless blank contamination was present 

or the results were rejected. 

4.2 Semivolatile Organics by GUMS S W846 8270C 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria with the 

following exception(s): 

The following exhibited individual ICAL %RSD >30 and/or CCAL %D >20: 

Blanks 
The 5Xl10X rule for contaminants found in the associated equipment rinses and method blanks 
was applied to all sample results. All were found to be acceptable. 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Validation 
Qualifier 

UJ 

SDG Number 

H4H270215 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Samples Affected 

DH3005 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Compound(s) 

2,4-Dinitrophenol, 4,6-Dinitro-2-methylphenol 

Field Duplicates 

Original and field duplicate results were evaluated, and all QC criteria were met. 

Internal Standards 
All internal standards met QC criteria. 



Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

4.3 Total and Dissolved Metals by S W846 601 OBn470A 
Overall, the data are of good quality and are usable as reported by the laboratory with the 
exceptions noted below. Data were reviewed for the following: 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibrations 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 
The 5X rule for contaminants found in the associated equipment rinse, calibration, and method 
blanks was applied to all sample results. All criteria were acceptable with the following 
exception(s): 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 

following exception(s): 

SDG 

H4H260300 
H4H270215 

H4H280124 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Element(s) 

Arsenic (dissolved) 
Aluminum (dissolved) 

Aluminum (total), Selenium 
(total) 

Nickel (total) 
Aluminum (dissolved) 

Samples Affected 

DH3003 
DH3000, DH3002, DH3005 

DH3000 

DH3005 
DH3004 

SDG Number 

H4H260300 
H4H270215 
H4H280124 

Blank 
Contaminant 

ICB/CCB 
ICBICCB 

ICBICCB 

ICBICCB 
ICBICCB 

Samples Affected 

DH3003 
DH3000, DH3002, DH3005 
DH3004 

Validation 
Qualifier 

B 
B 

B 

B 
B 

Compound(s) 

Aluminum (total) 
Aluminum (total) 
Aluminum (total) 

Validation 
Qualifier 

J 
JIB 
J 



Interference Check Sample 
All lnterference Check Sample (ICS) percent recoveries were acceptable. All QC criteria were 

met. 

lnductivel~ Coupled Plasma Serial Dilutions 
All QC criteria were met for the serial dilutions associated with the project samples with the 

following exception(s): 

Field Duplicates 
Original and field duplicate results were evaluated, and no problems were identified. 

SDG 
H4H260300 
H4H270215 
H4H280124 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "B", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

4.4 Nitroaromatic and Nitramine Explosives by S W846 8330 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 
reviewed for the following: 

Samples Affected 
DH3003 
DH3000, DH3002, DH3005 
DH3004 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuinq Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Element@) 
Potassium (dissolved) 
Potassium (dissolved) 
Potassium (dissolved) 

Blanks 
The 5X rule for contaminants found in the associated equipment rinses and method blanks was 
applied to all sample results. All were found to be acceptable. 

Validation Qualifier 
J 
J 
J 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Matrix Spike I Matrix Spike Duplicate 
MSIMSD analysis was performed for the project samples, and all QC criteria were met. 



Laboratorv Control Sample 
LCS analysis was performed for the project samples, and all QC criteria were met. 

Field Duplicates 

Original and field duplicate results were evaluated, and no problems were identified. 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

4.5 Wet Chemistry (TOC, Sulfate, Nitrate, Chloride, Alkalinity, Turbidity, TDS, 
TSS, Hardness, Cyanide) 

Overall, the data are of good quality and are usable as reported by the laboratory with the 

exceptions noted below. Data were reviewed for the following: 

Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria. 

SDG Number 
H4H270215 

Blanks 
The 5X rule for contaminants found in the associated equipment rinses and method blanks was 

applied to all sample results. All were found to be acceptable. 

Matrix Spike 1 Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 
following exception(s): 

Samples Affected 
DH3000 

Laboratow Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Compound(s) 
Cyanide 

SDG Number 
H4H260300 
H4H270215 
H4H280124 

Field Duplicates 

Original and field duplicate results were evaluated, and no problems were identified. 

Validation Qualifier 
UJ 

Samples Affected 
DH3003 
DH3000, DH3002 
DH3007 

Compound(s) 
Nitrate, Cyanide (total) 
Nitrate, Cyanide (total) 

Cyanide (total) 

Validation Qualifier 
UJ 
UJ 
UJ 



Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

5.0 Quality Assurance Field Split Sample Data Evaluafion 
Data from the quality assurance split sample: SDG F26367 sample DH3006, were validated. 

The FS sample was analyzed for Volatiles by SW846 8260B, Semivolatiles by SW846 8270C, 

Explosives by SW846 8330, and Total and Dissolved Metals by SW846 601 08 and 7470A. The 

following section highlights the key findings of the data validation for each analysis. 

5.1 Volatile Organics by GUMS S W846 82608 
Overall, the data are of good quality and are usable as reported by the laboratory with the 

exceptions noted below. Data were reviewed for the following: 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

The ICAL and CCAL associated with the project samples met QC criteria. 

Blanks 
The 5Xl10X rule for contaminants found in the associated trip blanks and method blanks was 

applied to all sample results. All were found to be acceptable. 

Surrogate Recoveries 
All surrogate recoveries were within QC limits. 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met with the 

following exception(s): 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Validation 
Qualifier 

UJ 

Compound(s) 

Trans-I ,3-Dichloropropene, Styrene 

SDG Number 

F26367 

Samples Affected 

DH3006 



Internal Standards 

All internal standards met QC criteria. 

Field SplitlOriqinal Sample Comparison 

SDG F26367 
DH3002 (original) and DH3006 field split (FS) results were evaluated. It should be noted that the 
original sample had positive results for Benzene, Carbon disulfide and Toluene below the 
reporting limits. The field split sample had non-detect results for all compounds. 

Quantitation 
Results quantitated between the MDL and the RL, which the lab qualified as "J", were qualified 
as estimated "J" unless blank contamination was present or the results were rejected. 

5.2 Semivolatile Organics by GC/MS S W846 8270C 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 

reviewed for the following: 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuinq Calibration 
The initial calibration and continuing calibrations associated with the project samples met QC 
criteria. 

Blanks 
The 5x11 OX rule for contaminants found in the associated blanks was applied to all sample 

results and all were found to be acceptable. 

Matrix Spike / Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratory Control Sample 
LCS analysis was performed for the project samples, and all QC criteria were met. 

Surrogate Recoveries 
All surrogate recoveries were within QC criteria. 

Internal Standards 

All internal standards met QC. 



Field SplitlOriainal Sample Comparison 

SDG F26367 
DH3002 (original) and DH3006 (FS) results were evaluated. It should be noted that both 

samples were non-detect for all compounds. 

Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 

5.3 Total and Dissolved Metals by S W846 60106/7470A 
Overall, the data are of good quality and are usable as reported by the laboratory with the 

exceptions noted below. Data were reviewed for the following: 

Holding Times 

Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 

All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 

The 5X rule for contaminants found in the associated blanks was applied to all sample results 
and all were found to be acceptable with the following exception(s): 

Matrix Spike I Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

SDG 

F26367 

Laboratow Control Sample (LCS) 
All QC criteria were met for the LCS associated with the project sample analyses 

Interference Check Sample 

All ICS percent recoveries were acceptable. All QC criteria were met. 

Samples Affected 

DH3006 

Inductively Coupled Plasma Serial Dilutions 

All QC criteria were met for the serial dilutions associated with the project 

Element(s) 

Aluminum (dissolved) 

Blank 
Contaminant 

ICBICCB 

Validation 
Qualifier 

B 



Field SplitlOriginal Sample Comparison 

SDG F26367 
DH3002 (original) and DH3006 (FS) results were evaluated. All RPD QC criteria for total and 

dissolved results were met with the exception of Aluminum (64.33%), Iron (136.93%) and Nickel 

(95.24%) for total results and Aluminum (63.35%) for dissolved results. 

Quantitation 
Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 

estimated "J" unless blank contamination was present or the results were rejected. 

5.4 Nitroaromatic and Nitramine Explosives by SW846 8330 
Overall, the data are of good quality and are usable as reported by the laboratory. Data were 

reviewed for the following: 

Holding Times 
Technical holding time criteria were met for all samples. 

Initial and Continuing Calibration 
All initial and continuing calibrations associated with the project samples met QC criteria. 

Blanks 
The 5X rule for contaminants found in the associated equipment rinses and method blanks was 
applied to all sample results. All were found to be acceptable. 

Surronate Recoveries 
All surrogate recoveries were within QC criteria. 

Matrix Spike 1 Matrix Spike Duplicate 

MSIMSD analysis was performed for the project samples, and all QC criteria were met. 

Laboratory Control Sample 

LCS analysis was performed for the project samples, and all QC criteria were met. 

Field SpliffOriginal Sample Comparison 

SDG F26367 
DH3002 (original) and DH3006 (FS) results were evaluated. It should be noted that DH3002 

(original) and DH3006 (FS) were non-detect for all compounds. 



Quantitation 

Results quantified between the MDL and the RL, which the lab qualified as "J", were qualified as 
estimated "J" unless blank contamination was present or the results were rejected. 



ATTACHMENT A 



Validation Qualifiers 

U Not detected. The compound/analyte was analyzed for, but not detected above 
the associated reporting limit. 

J The compound/analyte was positively identified; the reported value is the estimated 
concentration of the constituent detected in the sample analyzed. 

B The concentration reported was detected below the levels reported in the associated 
equipment rinse samples and/or laboratory method and trip blanks. (5XllOX Rule was 
applied). 

R The reported sample results are rejected due to the following: 

1. Severe deficiencies in the supporting quality control data. 

2. Anomalies noted in the sampling and/or analysis process, which could affect the 
validity of the reported data. 

3. The presence or absence of the constituent cannot be verified based on the data 
provided. 

4. To indicate not to use a particular result in the event of a reanalysis. 

UJ The compound/analyte was analyzed for, but not detected above the established 
reporting limit. However, review and evaluation of supporting QC data andlor sampling 
and analysis process have indicated that the "nondetect" may be inaccurate or imprecise. 
The nondetect result should be estimated. 



Validation Reason Code Definitions 

11B 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 

% RPD (if run in duplicate) 
Interference check standard 
Serial dilution 
Tentatively identified compounds 
Quantitation 
Multiple results available; alternate analysis preferred 
Field duplicate RPD criteria is exceeded 
Percent difference between original and second column exceeds QC criteria 
Professional judgement was used to qualify the data 
Pesticide clean-up checks 
Target compound identification 
Radiological calibration 
Radiological quantitation 
Reported result andlor lab qualifier revised to reflect validation findings 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 





Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 



Laboratory Control Limits for QC Samples 
Plum Brook Ordinance Works 

LCS - Laboratory control sample. 
MSIMSD - Matrix spikelmatrix spike duplicate. 
RPD - Relative percent difference. 
STL - Severn Trent Laboratories. 
NIA - Not applicable. 
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Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAM PLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Explosives 
Amino-2,6-dinitrotoluene, 4- 
Amino-4,6-dinitrotoluene, 2- 
Dinitrobenzene, 1,3- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
HMX 
Nitrobenzene 
Nitrotoluene, 2- 
Nitrotoluene, 3- 
Nitrotoluene, 4- 
R DX 
Tetryl 
Trinitrobenzene, 1,3,5- 
Trinitrotoluene, 2,4,6- 
General Chemistry 
Alkalinity 
Chloride 
Cyanide, total 
Hardness 
Nitrate 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 
Metals 
Aluminum 
Aluminum 
Antimony 
Antimony 
Arsenic 
Arsenic 
Barium 
Barium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 

Units Filtered -- 

ug1L N 
ug1L N 
uglL N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 

PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
NTU N 

uglL N 
uglL Y 
uglL N 
ug1L Y 
ug1L N 
ug1L Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 

PB-BED-MW17 PB-BED-MW19 
DF3000 DF3001 

6-May-04 5-May-04 
REG REG 

Result Qual ValQual Result Qual ValQual ------ 

PB-BED-MW22 PB-BED-MW22 PB-BED-MW3O PB-BED-MW33 
DF3002 DF3005 DF3003 DF3004 

5-May-04 5-May-04 7-May-04 7-May-04 
REG F D REG REG 

Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual - - - - - - - - - - - - 



Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Calcium 
Calcium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
Copper 
Iron 
Iron 
Lead 
Lead 
Magnesium 
Magnesium 
Manganese 
Manganese 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Silver 
Silver 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
Semivolatiles 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 

uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
ug/L Y 
ug1L N 
ug1L Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
ug1L Y 
uglL N 
uglL Y 
ug1L N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 

uglL N 
uglL N 
ug1L N 
uglL N 
uglL N 

PB-BED-MW17 
DF3000 

6-May-04 
REG 

31 6000 
326000 

10 U U 
10 U U 
50 U U 
50 U U 
25 U U 
25 U U 

-100 U U 
100 U U 
3 U U  
3 U U  

277000 
287000 

4.7 B J B 
4.4 B J B 
0.2 u U 
0.46 
40 U U 
40 U U 

64400 J J 
66700 J J 

5 U UJ 
5 u u  
10 u U 
10 U U 

662000 
684000 

10 U U 
2.9 B J B 
50 U U 
50 U U 

24.7 J 
8.1 B J 

PB-BED-MW19 
DF3001 

5-May-04 
REG 

184000 
170000 

10 U u 
10 U U 
50 U U 
50 U U 

52.2 
25 U U 
100 u U 
100 U u 
3 U U  
3 U U  

44600 
44800 

15 U U 
2.2 B J 
0.2 U U 
0.2 U U 
9.2 B J 
7.9 B J 

36500 J J 
36500 J J 

5 U U  
2.6 B B 
10 U U 
10 U U 

74300 J 
75400 J 

5.1 B J  B 
4.4 B J B 
50 U U 
50 U U 

65.9 
20 U U 

PB-BED-MW22 
DF3002 

5-May-04 
REG 

134000 
1 18000 

10 u U 
10 U U 
50 U U 
50 U U 
25 U U 
25 U U 

2220 J 
100 U U 
3 U U  
3 U U  

39500 
37900 
91.8 
47.4 
0.2 U u 
0.2 U U 
2.8 B J 
40 U U 

4780 B J J 
4300 B J J 

5 U U 
1.7 B B 
10 u U 
10 u U 

20400 J 
20600 J 

4.5 B J B 
5.3 B J B 
50 U U 
50 U U 
22 
20 U U 

PB-BED-MW30 
DF3003 

7-May-04 
REG 

124000 
127000 

10 u u 
10 U U 
50 U U 
50 U U 
25 U U 
25 U U 
251 
100 U U 
3 U U  
3 U U  

61 900 
63600 
46.9 J 
41.4 J 
0.2 U U 
0.2 U U 
40 U U 
3.2 B J 

15400 J 
15500 J 

5 U U  
5 U U  
10 U U 
10 U U 

72500 
73500 

3.9 B J B 
3.5 B J B 
50 U U 
50 U U 

80.6 
13.4 B J 

PB-BED-MW33 
DF3004 

7-May-04 
REG 

162000 
153000 

11.6 
10 U U 
4.2 B J 
50 U U 

13.1 B J 
25 U U 

4920 
120 
1.7 B J 
3 U U 

1 17000 
1 16000 

164 J 
129 J 
0.2 U U 
0.2 U u 
12.7 B J 
4.2 B J 

39100 J 
38200 J 

1.6 B J 
5 U U 
10 U U 
10 u U 

278000 
278000 

3 B J  B 
3 B J  B 

8.6 B J 
50 U U 

69.8 
5.4 B J 

Page 2 



Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Benzo(b)fluoranthene uglL N 
Benzo(ghi)perylene uglL N 
Benzo(k)fluoranthene ug1L N 
Bis(2-chloroethoxy)methane ug/L N 
Bis(2-chloroethy1)ether uglL N 
Bis(2-chloroisopropyl)ether uglL N 
Bis(2-ethylhexy1)phthalate uglL N 
Bromophenyl phenyl ether, 4- uglL N 
Butyl benzyl phthalate uglL N 
Carbazole uglL N 
Chloro-3-methylphenol, 4- ug1L N 
Chloroaniline, 4- uglL N 
Chloronaphthalene, 2- uglL N 
Chlorophenol, 2- uglL N 
Chlorophenyl phenyl ether, 4- uglL N 
Chrysene uglL N 
Dibenz(a,h)anthracene uglL N 
Dibenzofuran uglL N 
Dichlorobenzene, 1,2- uglL N 
Dichlorobenzene, 1,3- ug/L N 
Dichlorobenzene, 1,4- uglL N 
Dichlorobenzidine, 3,3'- uglL N 
Dichlorophenol, 2,4- uglL N 
Diethyl phthalate uglL N 
Dimethyl phthalate uglL N 
Dimethylphenol, 2,4- ug1L N 
Di-n-butyl phthalate ug1L N 
Dinitro-2-methylphenol, 4,6- ug/L N 
Dinitrophenol, 2,4- ug1L N 
Dinitrotoluene, 2,4- ug1L N 
Dinitrotoluene, 2,6- ug1L N 
Di-n-octyl phthalate ug1L N 
Fluoranthene uglL N 
Fluorene uglL N 
Hexachlorobenzene uglL N 
Hexachlorobutadiene uglL N 
Hexachlorocyclopentadiene uglL N 
Hexachloroethane ug/L N 
Indeno(l,2,3-cd)pyrene ug1L N 
lsophorone ug1L N 

PB-BED-MW17 PB-BED-MW19 
DF3000 DF3001 

6-May-04 5-May-04 
REG REG 

10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
2.3 J J 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U U 10 U U 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U u 10 U U 
10 U UJ 10 U UJ 
1 J J 10 U UJ 

10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
50 U UJ 50 U UJ 
10 U U 10 U U 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U U 10 U U 
10 U UJ 10 U UJ 
50 U UJ 50 U U 
50 U UJ 50 U U 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
50 U UJ 50 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 
10 U UJ 10 U UJ 

PB-BED-MW22 
DF3002 

5-May-04 
REG 

10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
50 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
50 U UJ 
50 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
50 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 

PB-BED-MW30 PB-BED-MW33 
DF3003 DF3004 

7-May-04 7-May-04 
REG REG 

10 u U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U u 
10 U U 
10 U u 
10 u u 
10 u u 
50 U U 
10 U U 
10 u u 
10 U U 
10 U U 
10 U U 
50 U UJ 
50 U UJ 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U u 
10 U U 
50 U U 
10 U U 
10 u U 
10 U U 



Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Methylnaphthalene, 2- ug1L N 
Methylphenol, 2- uglL N 
Methylphenol, 4- uglL N 
Naphthalene uglL N 
Nitroaniline, 2- uglL N 
Nitroaniline, 3- uglL N 
Nitroaniline, 4- uglL N 
Nitrobenzene uglL N 
Nitrophenol, 2- uglL N 
Nitrophenol, 4- ug1L N 
n-Nitroso-di-n-propylamine uglL N 
n-Nitrosodiphenylamine ug/L N 
Pentachlorophenol uglL N 
Phenanthrene uglL N 
Phenol uglL N 
Pyrene uglL N 
Trichlorobenzene, 1,2,4- uglL N 
Trichlorophenol, 2,4,5- uglL N 
Trichlorophenol, 2,4,6- uglL N 
Volatiles 
Acetone uglL N 
Benzene uglL N 
Bromodichlorornethane uglL N 
Brornoforrn uglL N 
Brornomethane ug1L N 
Butanone, 2- uglL N 
Carbon disultide ug1L N 
Carbon tetrachloride ug/L N 
Chlorobenzene ug1L N 
Chloroethane ug/L N 
Chloroform ug1L N 
Chloromethane uglL N 
Dibrornochlorornethane uglL N 
Dichloroethane, 1 , l -  uglL N 
Dichloroethane, 1,2- uglL N 
Dichloroethene, 1 , l -  uglL N 
Dichloroethene, 1,2- uglL N 
Dichloropropane, 1,2- ug1L N 
Dichloropropene, cis-1,3- ug1L N 
Dichloropropene, trans-1,3- ug1L N 

PB-BED-MW17 
DF3000 

6-May-04 
REG 

7.7 J J 
10 U U 
10 U U 
8 J J 

50 U UJ 
50 U UJ 
50 U UJ 
10 U UJ 
10 u U 
50 U U 
10 U UJ 
10 U UJ 
50 U U 

0.85 J J 
2.2 J J 
10 U UJ 
10 U UJ 
10 u U 
10 u U 

PB-BED-MW19 
DF3001 

5-May-04 
REG 

5.2 J J 
10 U U 
10 U u 
3.7 J J 
50 U UJ 
50 U UJ 
50 U UJ 
10 U UJ 
10 U U 
50 U U 
10 U UJ 
10 U UJ 
50 U UJ 
10 U UJ 
10 U U 
10 U UJ 
10 U UJ 
10 U U 
10 U u 

PB-BED-MW22 
DF3002 

5-May-04 
REG 

10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
50 U UJ 
50 U UJ 
50 U UJ 
10 U UJ 
10 U UJ 
50 U UJ 
10 U UJ 
10 U UJ 
50 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 
10 U UJ 

PB-BED-MW30 
DF3003 

7-May-04 
REG 

2.2 J J 
10 U U 
10 U U 
10 U U 
50 U U 
50 U U 
50 U U 
10 U U 
10 U U 
50 U U 
10 U U 
10 u U 
50 U U 
10 u u 
10 u U 
10 u U 
10 U U 
10 U U 
10 u U 

PB-BED-MW33 
DF3004 

7-May-04 
REG 



LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Ethylbenzene 
Hexanone, 2- 
Methyl-2-pentanone, 4- 
Methylene chloride 
Styrene 
Tetrachloroethane, 1,1,2,2- 
Tetrachloroethene 
Toluene 
Trichloroethane, 1 ,I , I -  
Trichloroethane, 1,1,2- 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

ug1L 
uglL 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
ug1L 
uglL 
ug1L 
uglL 
ug1L 

PB-BED-MW17 
DF3000 

6-May-04 
REG 

86 J J 
500 U U 
500 U R 
34 J J 
100 U U 
100 U U 
100 u U 
120 
100 u U 
100 U UJ 
100 U U 
100 U U 
390 

Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW19 
DF3001 

5-May-04 
REG 

6.8 J J 
100 U U 
100 U R 
7.3 J J 
20 U U 
20 U U 
20 U U 
8 J J  

20 u u 
20 U UJ 
20 U u 
20 U U 
66 

PB-BED-MW22 
DF3002 

5-May-04 
REG 

20 U U 
100 U U 
100 U R 
5.8 J J 
20 U U 
20 U u 
20 U U 
20 U U 
20 u U 
20 U UJ 
20 u u 
20 U U 
20 U u 

Laboratory Qualifier (Qual) Definitions 
B (inorganic) - The analyte was detected below the reporting limit. Estimated value. 
B (organic) - The analyte was detected in the sample and the blank. 
G - Reporting limit is elevated because of matrix interference. 
I - Matrix interference. 
J (inorganic) -The analyte was detected in the sample and the blank. 
J (organic) -The analyte was detected below the reporting limit. Estimated value. 
U - Not detected. The analyte was not detected above the reporting limit. 

PB-BED-MW30 
DF3003 

7-May-04 
REG 

7.5 
25 U U 
25 U R 
10 u U 
5 u u  
5 U U  
5 U U  

7.2 
5 U U  
5 U UJ 
5 U U  
5 U U  

47 

PB-BED-MW33 
DF3004 

7-May-04 
REG 

15 J J 
250 U U 
250 U R 
24 J J 
50 U U 
50 U U 
50 U U 
15 J J 
50 U U 
50 U UJ 
50 U U 
50 U U 
84 

Validation Qualifier (ValQual) Definitions 
B -The analyte was not detected above the level found in an associated blank 
J -The analyte was positively identified; the concentration is estimated. 
R - Data rejected. 
U - Not detected. The analyte was not detected above the reporting limit. 
UJ - Not detected. The reporting limit may be inaccurate or imprecise 

Page 5 



JUNE 2004 DOWNGRADIENT WELL SAMPLING 
CHEMICAL ANALYTICAL DATA SUMMARY 

KN4\PBOW\04 GWDS\DrafWmder 2 TOC (List of App).doc\l2/21/2004(4:01:28 PM) 



Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter -- Units Filtered 
Exposives 
Amino-2,6-dinitrotoluene, 4- uglL N 
Amino-4,6-dinitrotoluene, 2- uglL N 
Dinitrobenzene, 1,3- uglL N 
Dinitrotoluene, 2,4- uglL N 
Dinitrotoluene, 2,6- uglL N 
H MX uglL N 
Nitrobenzene uglL N 
Nitrotoluene, 2- uglL N 
Nitrotoluene, 3- uglL N 
Nitrotoluene, 4- uglL N 
R DX uglL N 
Tetryl uglL N 
Trinitrobenzene, 1,3,5- uglL N 
Trinitrotoluene, 2,4,6- uglL N 
General Chemistry 
Alkalinity PPm N 
Chloride PPm N 
Cyanide, total PPm N 
Hardness PPm N 
Nitrate PPm N 
Sulfate PPm N 
Total dissolved solids PPm N 
Total organic carbon PPm N 
Total suspended solids PPm N 
Turbidity NTU N 
Metals 
Aluminum uglL N 
Aluminum uglL Y 
Antimony uglL N 
Antimony ug1L Y 
Arsenic uglL N 
Arsenic ug/L Y 
Barium ug1L N 
Barium ug1L Y 
Beryllium uglL N 
Beryllium uglL Y 
Cadmium uglL N 
Cadmium uglL Y 

IT-BG8-BEDGW-001 
DG3000 

16-Jun-04 
REG 

Result Qual ValQual - - -  

PB-BED-MW20 
DG3001 

17-Jun-04 
REG 

Result Qual ValQual - - -  

PB-BED-MW24 PB-BED-MW25 
DG3002 DG3003 

16-Jun-04 17-Jun-04 
REG REG 

Result Qual ValQual Result Qual ValQual - - - ---  

PB-BED-MW25 
DG3006 

17-Jun-04 
FD 

Result Qual ValQual - - -  



Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Calcium 
Calcium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
Copper 
Iron 
Iron 
Lead 
Lead 
Magnesium 
Magnesium 
Manganese 
Manganese 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Silver 
Silver 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
Semivolatiles 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Units Filtered -- 
ug1L N 
ug1L Y 
ug1L N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
ug1L N 
ug1L Y 
ug1L N 
ug1L Y 
ug1L N 
ug1L Y 
uglL N 
ug1L Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
ug1L Y 
uglL N 
ug1L Y 
ug1L N 
uglL Y 

IT-BG8-BEDGW-001 PB-BED-MW20 PB-BED-MW24 PB-BED-MW25 
DG3000 DG3001 DG3002 DG3003 

16-Jun-04 17-Jun-04 16-Jun-04 17-Jun-04 
REG REG REG REG 

Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual - - ----------  
81 800 1880000 125000 194000 
81 300 1940000 135000 193000 

10 U u 10 U U 10 U U 10 U U 
10 u U 10 U U 10 U U 10 U U 
50 U U 11.4 B J 50 U U 50 U U 
50 U U 13 B J 50 U U 50 U U 
25 U U 3.2 B B 25 U U 25 U U 
25 U U 2 5 U U 25 U U 25 U U 
100 U U 584 100 U U 104 
100 U U 636 100 U U 100 U U 
3 U U 4.7 G U U 3 U U 3 U U 
3 U U 4.9 G U U 3 U U 3 U U 

29000 91 5000 69900 70400 
29400 942000 72000 70200 
40.9 170 19.6 105 
47.5 178 22.6 103 
0.2 U U 0.2 u U 0.2 U U 0.2 u U 
0.2 U U 0.2 U U 0.2 U U 0.06 B B 
40 U U 6.2 B J 40 U U 40 U U 
2.8 B J 7.2 B J 40 U U 40 U U 

4310 B J  J 164000 J J 21900 J J 10800 J J 
4770 B J J 170000 J J 22300 J J 10900 J J 

5 U U 5 U U 5 U U 1.5 B B 
5 U U 5 U U 5 u U 5 U U 
10 U U 10 U U 10 U U 10 U U 
10 U U 10 U U 10 U U 10 U U 

13300 7930000 64400 67000 
17600 8240000 66400 67700 

4 B J B 4.2 B J B 10 U U 5.2 B J B 
10 U U 3.8 B J B 10 U U 10 U U 
50 U U 50 U U 50 U U 50 U U 
50 U U 50 U U 50 U U 50 U U 

16.6 B J  B 85.5 J 20 U U 5.1 B J B 
17.5 B J  B 102 J 4.2 B J B 20 U U 

PB-BED-MW25 
DG3006 

17-Jun-04 
FD 

Result Qual ValQual - - -  
192000 
195000 

10 U U 
10 U u 
50 U U 
50 U U 
25 U U 
25 U U 

98.4 B J 
100 u U 
3 U U 
3 U U 

69600 
70900 

104 
104 
0.2 U U 
0.2 U U 
40 U U 
40 U U 

10700 J J 
10900 J J 

5 U u 
5 U U 
10 U u 
10 u u 

66300 
68400 

4.4 B J B 
5.8 B J B 
50 U U 
50 U U 
3.6 B J B 
2 0 U u 

uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 

Page 2 



Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAM PLE-DATE 
SAMPLE-PURPOSE 
Parameter -- Units Filtered 
Benzo(a)pyrene uglL N 
Benzo(b)fluoranthene uglL N 
Benzo(g hi)perylene uglL N 
Benzo(k)fluoranthene uglL N 
Bis(2-chloroethoxy)methane uglL N 
Bis(2-chloroethy1)ether uglL N 
Bis(2-chloroisopropyI)ether uglL N 
Bis(2-ethylhexy1)phthalate uglL N 
Bromophenyl phenyl ether, 4- uglL N 
Butyl benzyl phthalate uglL N 
Carbazole uglL N 
Chloro-3-methylphenol, 4- uglL N 
Chloroaniline, 4- uglL N 
Chloronaphthalene, 2- uglL N 
Chlorophenol, 2- uglL N 
Chlorophenyl phenyl ether, 4- uglL N 
Chrysene uglL N 
Dibenz(a,h)anthracene uglL N 
Dibenzofuran uglL N 
Dichlorobenzene, 1,2- uglL N 
Dichlorobenzene, 1,3- uglL N 
Dichlorobenzene, 1,4- uglL N 
Dichlorobenzidine, 3,3'- uglL N 
Dichlorophenol, 2,4- uglL N 
Diethyl phthalate uglL N 
Dimethyl phthalate uglL N 
Dimethylphenol, 2,4- uglL N 
Di-n-butyl phthalate uglL N 
Dinitro-2-methylphenol, 4,6- uglL N 
Dinitrophenol, 2,4- uglL N 
Dinitrotoluene, 2,4- uglL N 
Dinitrotoluene, 2,6- uglL N 
Di-n-octyl phthalate ug1L N 
Fluoranthene ug1L N 
Fluorene ug/L N 
Hexachlorobenzene ug/L N 
Hexachlorobutadiene uglL N 
Hexachlorocyclopentadiene uglL N 
Hexachloroethane uglL N 

IT-BG8-BEDGW-001 
DG3000 

16-Jun-04 
REG 

Result Qual ValQual 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U UJ 
50 U UJ 
10 u U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U u 
50 U U 
10 U U 

PB-BED-MW20 
DG300 1 

17-Jun-04 
REG 

Result Qual ValQual 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
50 U U 
10 U u 
10 U u 
10 U U 
10 U U 
10 u U 
50 U UJ 
50 U UJ 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
10 u U 

PB-BED-MW24 
DG3002 

16-Jun-04 
REG 

Result Qual ValQual - - -  
10 U U 
10 U U 
10 U U 
10 u u 
10 U U 
10 U u 
10 U U 
10 u u 
10 U U 
10 U U 
10 U U 
10 u u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U u 
10 U U 
50 U U 
10 U u 
10 U u 
10 U u 
10 U U 
10 U U 
50 U UJ 
50 U UJ 
10 u U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 u U 
50 U U 
10 U U 

PB-BED-MW25 
DG3003 

17-Jun-04 
REG 

Result Qual ValQual 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 u U 
10 U U 
10 U U 
10 U U 
50 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
50 U UJ 
50 U UJ 
10 U u 
10 U U 
10 U U 
10 U u 
10 U U 
10 U U 
10 u U 
50 U U 
10 U U 

PB-BED-MW25 
DG3006 

17-Jun-04 
FD 

Result Qual ValQual - - -  
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 u U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
50 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U J 
50 U U J 
10 U u 
10 U U 
10 u U 
10 U U 
10 u U 
10 u U 
10 U u 
50 U U 
10 U u 
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Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAM PLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Indeno(l,2,3-cd)pyrene 
lsophorone 
Methylnaphthalene, 2- 
Methylphenol, 2- 
Methylphenol, 4- 
Naphthalene 
Nitroaniline, 2- 
Nitroaniline, 3- 
Nitroaniline, 4- 
Nitrobenzene 
Nitrophenol, 2- 
Nitrophenol, 4- 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Trichlorobenzene, 1,2,4- 
Trichlorophenol, 2,4,5- 
Trichlorophenol, 2,4,6- 
Volatiles 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Butanone, 2- 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dibromochloromethane 
Dichloroethane, 1 , l -  
Dichloroethane, 1,2- 
Dichloroethene, 1 , I -  
Dichloroethene, 1,2- 

Units Filtered -- 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 

ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
ug/L N 
ug/L N 
ug/L N 
ug1L N 
uglL N 
uglL N 
uglL N 

IT-BG8-BEDGW-001 
DG3000 

16-Jun-04 
REG 

Result Qual ValQual 
10 u U 
10 u U 
10 U U 
10 U U 
10 U U 
10 u U 
50 U U 
50 U U 
50 U U 
10 u U 
10 U U 
50 U U 
10 u U 
10 U U 
50 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 u u 

PB-BED-MW20 
DG3001 

17-Jun-04 
REG 

Result ValQual Qual 
10 U u 
10 u U 
10 U U 
10 u U 
10 U U 
10 u u 
50 U U 
50 U U 
50 U U 
10 u U 
10 U U 
50 U U 
10 U U 
10 u U 
50 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 

PB-BED-MW24 
DG3002 

16-Jun-04 
REG 

Result Qual ValQual - - -  
10 U u 
10 U u 
2 J J 
10 u U 
10 U U 
1.9 J J 
50 U U 
50 U U 
50 U U 
10 U u 
10 u u 
50 U U 
10 U u 
10 U u 
50 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 

PB-BED-MW25 
DG3003 

17-Jun-04 
REG 

Result Qual ValQual 
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
50 U U 
50 U U 
10 U U 
10 u U 
50 U U 
10 u U 
10 U U 
50 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 u U 
10 u U 

PB-BED-MW25 
DG3006 

17-Jun-04 
FD 

Result Qual ValQual 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
50 U U 
50 U U 
10 U U 
10 U U 
50 U U 
10 U U 
10 U U 
50 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U u 
10 U U 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Dichloropropane, 1,2- 
Dichloropropene, cis-1,3- 
Dichloropropene, trans-1,3- 
Ethylbenzene 
Hexanone, 2- 
Methyl-2-pentanone, 4- 
Methylene chloride 
Styrene 
Tetrachloroethane, 1,1,2,2- 
Tetrachloroethene 
Toluene 
Trichloroethane, 1 , I ,  1- 
Trichloroethane, 1 , I  ,2- 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

IT-BG8-BEDGW-001 
DG3000 

16-Jun-04 
REG 

Units Filtered Result Qual ValQual --- -- 
ug1L N I U U 
uglL N 1 U U 
uglL N 1 U UJ 
uglL N 1 U U 
uglL N 5 U UJ 
uglL N 5 U R 
uglL N 2 U U 
uglL N 1 U U 
uglL N 1 U U 
uglL N 1 U U 
uglL N 1 U U 
uglL N 1 U U 
uglL N 1 U U 
uglL N 1 U U 
uglL N 1 U U 
ug1L N 1 U U 

Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW20 
DG3001 

17-Jun-04 
REG 

Result Qual ValQual - - -  
1 U U J 
1 U UJ 
1 U U J 
1 U UJ 
5 U UJ 
5 U R 
2 U UJ 
1 U UJ 
1 U UJ 
1 U UJ 
1 U UJ 
1 U UJ 
1 U UJ 
1 U UJ 
1 U UJ 
1 U UJ 

PB-BED-MW24 
DG3002 

16-Jun-04 
REG 

Result Qual ValQual - - -  
10 U U 
10 U U 
10 U U J 
45 
50 U UJ 
50 U R 
20 U u 
10 U U 
10 U U 
10 U u 
57 
10 U U 
10 u u 
10 U U 
10 u U 

240 

PB-BED-MW25 
DG3003 

17-Jun-04 
REG 

Result Qual ValQual - - -  
1 U U 
1 U U 
1 U UJ 
1 U U 
5 U UJ 
5 U R 
2 U U 
1 U U 
1 U U 
1 U UJ 
1 U U 
1 U U 
1 U UJ 
1 U U 
1 U U 
1 U U 

PB-BED-MW25 
DG3006 

17-Jun-04 
FD 

Result Qual ValQual - - -  
I U U 
1 U U 
1 U U J 
1 u U 
5 U U J 
5 U R 
2 U U 
1 U U 
1 U U 
1 U U J 
1 U U 
1 U U 
1 U U J 
1 U U 
1 U U 
1 U U 

Page 5 



LOCATION-CODE 
SAMPLE-NO 
SAM PLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Exposives 
Amino-2,6-dinitrotoluene, 4- 
Amino-4,6-dinitrotoluene, 2- 
Dinitrobenzene, 1,3- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
H MX 
Nitrobenzene 
Nitrotoluene, 2- 
Nitrotoluene, 3- 
Nitrotoluene, 4- 
RDX 
Tetryl 
Trinitrobenzene, 1,3,5- 
Trinitrotoluene, 2,4,6- 
General Chemistry 
Alkalinity 
Chloride 
Cyanide, total 
Hardness 
Nitrate 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 
Metals 
Aluminum 
Aluminum 
Antimony 
Antimony 
Arsenic 
Arsenic 
Barium 
Barium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 

Units Filtered -- 

uglL N 
ug1L N 
uglL N 
ug1L N 
ug/L N 
ug1L N 
uglL N 
ug/L N 
ug/L N 
ug1L N 
uglL N 
uglL N 
uglL N 
ug1L N 

PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
NTU N 

uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
ug/L N 
uglL Y 
uglL N 
ug/L Y 

PB-BED-MW28 
DG3004 

15-Jun-04 
REG 

Result Qual ValQual 

Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW29 
DG3005 

16-Jun-04 
REG 

Result Qual ValQual - - -  

Page 6 



LOCATION-CODE 
SAMPLE-NO 
SAM PLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Calcium 
Calcium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
Copper 
Iron 
Iron 
Lead 
Lead 
Magnesium 
Magnesium 
Manganese 
Manganese 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Silver 
Silver 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
Semivolatiles 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW28 PB-BED-MW29 
DG3004 DG3005 

15-Jun-04 16-Jun-04 
REG REG 

Units Filtered Result Qual ValQual Result Qual ValQual - - - - - - - - 
uglL N 17400 272000 
uglL Y 17300 282000 
uglL N 10 U U 10 U U 
uglL Y 10 U U 10 U U 
uglL N 50 U U 2.6 B J 
uglL Y 50 U U 2.6 B J 
uglL N 25 U U 19.8 B J 
uglL Y 25 U U 6.1 B J 
uglL N 184 1000 
uglL Y 125 892 
uglL N 3 U U 3 U U 
uglL Y 3 U U 3 U u 
uglL N 7280 188000 
uglL Y 7250 196000 
uglL N 10.6 B J 43.6 
uglL Y 11.6 B J 44.8 
uglL N 0.1 B B 0.2 U U 
ug1L Y 0.2 u U 0.2 U U 
uglL N 40 U U 40 U U 
uglL Y 40 U U 40 U U 
ug1L N 15900 J J 116000 J J 
ug1L Y 14000 J J 120000 J J 
ug1L N 5 U U 5 U U 
uglL Y 5 U U 5 U U 
ug1L N 10 U U 10 U U 
uglL Y 10 U U 10 u U 
ug1L N 269000 1 E+06 
ug1L Y 272000 1 E+06 
ug1L N 3.9 B J B 10 U U 
ug1L Y 4 B J B 2.5 B J B 
uglL N 50 U U 50 U U 
uglL Y 50 U U 50 U U 
uglL N 15.4 B J  B 27.4 J B 
uglL Y 14.7 B J  B 23.5 J B 

uglL N 10 U U 10 U U 
uglL N 10 U U 10 U U 
uglL N 10 U U 10 U U 
uglL N 10 U U 10 U U 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethy1)ether 
Bis(2-chloroisopropyl)ether 
Bis(2-ethylhexy1)phthalate 
Bromophenyl phenyl ether, 4- 
Butyl benzyl phthalate 
Carbazole 
Chloro-3-methylphenol, 4- 
Chloroaniline, 4- 
Chloronaphthalene, 2- 
Chlorophenol, 2- 
Chlorophenyl phenyl ether, 4- 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Dichlorobenzene, 1,2- 
Dichlorobenzene, 1,3- 
Dichlorobenzene, 1,4- 
Dichlorobenzidine, 3,3'- 
Dichlorophenol, 2,4- 
Diethyl phthalate 
Dimethyl phthalate 
Dimethylphenol, 2,4- 
Di-n-butyl phthalate 
Dinitro-2-methylphenol, 4,6- 
Dinitrophenol, 2,4- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
Di-n-octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

Units Filtered -- 
uglL N 
uglL N 
uglL N 
uglL N 
ug1L N 
ug1L N 
ug/L N 
uglL N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 

PB-BED-MW28 
DG3004 

15-Jun-04 
REG 

Result Qual ValQual 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 u U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 u U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U UJ 
50 U UJ 
10 U u 
10 U U 
10 U u 
10 U U 
10 u U 
10 u U 
10 U U 
50 U U 
10 U U 

Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW29 
DG3005 

16-Jun-04 
REG 

Result Qual ValQual - - -  
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
10 U UJ 
10 U U 
10 U u 
10 U U 
10 U U 
50 U UJ 
50 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
10 U U 
50 U U 
10 U U 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter -- Units Filtered 
Indeno(l,2,3-cd)pyrene ug/L N 
lsophorone uglL N 
Methylnaphthalene, 2- uglL N 
Methylphenol, 2- uglL N 
Methylphenol, 4- uglL N 
Naphthalene uglL N 
Nitroaniline, 2- uglL N 
Nitroaniline, 3- uglL N 
Nitroaniline, 4- uglL N 
Nitrobenzene uglL N 
Nitrophenol, 2- ug/L N 
Nitrophenol, 4- ug/L N 
n-Nitroso-di-n-propylamine uglL N 
n-Nitrosodiphenylamine ug/L N 
Pentachlorophenol uglL N 
Phenanthrene uglL N 
Phenol uglL N 
Pyrene uglL N 
Trichlorobenzene, 1,2,4- uglL N 
Trichlorophenol, 2,4,5- uglL N 
Trichlorophenol, 2,4,6- uglL N 
Volatiles 
Acetone uglL N 
Benzene ug/L N 
Bromodichlorornethane ug/L N 
Bromoform uglL N 
Bromomethane ug/L N 
Butanone, 2- uglL N 
Carbon disultide uglL N 
Carbon tetrachloride uglL N 
Chlorobenzene uglL N 
Chloroethane uglL N 
Chloroform ug/L N 
Chloromethane ug1L N 
Dibromochlorornethane uglL N 
Dichloroethane, 1 , l -  uglL N 
Dichloroethane, 1,2- uglL N 
Dichloroethene, 1 , I -  uglL N 
Dichloroethene, 1,2- uglL N 

PB-BED-MW28 
DG3004 

15-Jun-04 
REG 

Result Qual ValQual - - -  
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
50 U U 
50 U U 
10 U U 
10 U u 
50 U U 
10 U u 
10 U U 
50 U U 
10 U U 
10 u U 
10 u U 
10 U U 
10 U U 
10 U U 

Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW29 
DG3005 

16-Jun-04 
REG 

Result Qual ValQual - - -  
10 U U 
10 U u 
10 U U 
10 U U 
10 U U 
10 U U 
50 U U 
50 U U 
50 U U 
10 U U 
10 U u 
50 U U 
10 U U 
10 U U 
50 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U U 
10 U u 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Dichloropropane, 1,2- 
Dichloropropene, cis-1,3- 
Dichloropropene, trans-1,3- 
Ethylbenzene 
Hexanone, 2- 
Methyl-2-pentanone, 4- 
Methylene chloride 
Styrene 
Tetrachloroethane, 1 , I  ,2,2- 
Tetrachloroethene 
Toluene 
Trichloroethane, 1 , I ,  1 - 
Trichloroethane, 1 , I  ,2- 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

Units Filtered -- 
ug/L N 
ug/L N 
ug/L N 
ug/L N 
uglL N 
ug/L N 
ug/L N 
ug/L N 
uglL N 
ug/L N 
ug/L N 
uglL N 
uglL N 
uglL N 
ug/L N 
ug/L N 

PB-BED-MW28 
DG3004 

15-Jun-04 
REG 

Result Qual ValQual - - -  
I u U 
1 U U 
1 U UJ 
1 U u 
5 U UJ 
5 U R 
2 U U 
1 U U 
1 U u 
1 U U 

0.13 J J 
1 U U 
1 U UJ 
1 U U 
1 u U 
1 U U 

Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW29 
DG3005 

16-Jun-04 
REG 

Result Qual ValQual 
1 U U 
1 U U 
1 U UJ 

0.55 J J 
5 U UJ 
5 U R 
2 U U 
1 U U 
1 U U 
1 u U 
1 u U 
1 u U 
1 U U 
1 u U 
1 u U 

3.7 

Laboratory Qualifier (Qual) Definitions 
B (inorganic) -The analyte was detected below the reporting limit. Estimated val 
B (organic) -The analyte was detected in the sample and the blank. 
G - Reporting limit is elevated because of matrix interference. 
J (inorganic) -The analyte was detected in the sample and the blank. 
J (organic) -The analyte was detected below the reporting limit. Estimated valuc 
U - Not detected. The analyte was not detected above the reporting limit. 

Validation Qualifier (ValQual) Definitions 
B -The analyte was not detected above the level found in an associated blank. 
J - The analyte was positively identified; the concentration is estimated. 
R - Data rejected. 
U - Not detected. The analyte was not detected above the reporting limit. 
UJ - Not detected. The reporting limit may be inaccurate or imprecise 
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Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Exposives 
Amino-2,6-dinitrotoluene, 4- 
Amino4,G-dinitrotoluene, 2- 
Dinitrobenzene, 1,3- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
HMX 
Nitrobenzene 
Nitrotoluene, 2- 
Nitrotoluene, 3- 
Nitrotoluene, 4- 
R DX 
Tetryl 
Trinitrobenzene, 1,3,5- 
Trinitrotoluene, 2,4,6- 
General Chemistry 
Alkalinity 
Chloride 
Cyanide, total 
Hardness 
Nitrate 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 
Metals 
Aluminum 
Aluminum 
Antimony 
Antimony 
Arsenic 
Arsenic 
Barium 
Barium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 

Units Filtered -- 

ug1L N 
ug1L N 
ug1L N 
ug/L N 
ug1L N 
ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 

PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
NTU N 

ug1L N 
ug1L Y 
ug/L N 
ug1L Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
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Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Calcium 
Calcium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
Copper 
Iron 
Iron 
Lead 
Lead 
Magnesium 
Magnesium 
Manganese 
Manganese 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Silver 
Silver 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
Semivolatiles 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Units Filtered -- 
ug1L N 
ug1L Y 
ug1L N 
ug/L Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
uglL N 
uglL Y 
ug/L N 
ug/L Y 
ug1L N 
ug1L Y 
ug1L N 
uglL Y 
uglL N 
ug1L Y 
ug1L N 
ug1L Y 
uglL N 
ug1L Y 
uglL N 
ug1L Y 
uglL N 
uglL Y 

ug1L N 
uglL N 
uglL N 
uglL N 
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Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethy1)ether 
Bis(2-chloroisopropy I)ether 
Bis(2-ethylhexy1)phthalate 
Bromophenyl phenyl ether, 4- 
Butyl benzyl phthalate 
Carbazole 
Chloro-3-methylphenol, 4- 
Chloroaniline, 4- 
Chloronaphthalene, 2- 
Chlorophenol, 2- 
Chlorophenyl phenyl ether, 4- 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Dichlorobenzene, 1,2- 
Dichlorobenzene, 1,3- 
Dichlorobenzene, 1,4- 
Dichlorobenzidine, 3,3'- 
Dichlorophenol, 2,4- 
Diethyl phthalate 
Dimethyl phthalate 
Dimethylphenol, 2,4- 
Di-n-butyl phthalate 
Dinitro-2-methylphenol, 4,6- 
Dinitrophenol, 2,4- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
Di-n-octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

Units Filtered -- 
ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
ug1L N 
ug1L N 
ug1L N 
uglL N 
ug/L N 
ug1L N 
uglL N 
ug1L N 
uglL N 
ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
ug1L N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
ug1L N 
ug1L N 
ug1L N 
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Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Indeno(l,2,3-cd)pyrene 
lsophorone 
Methylnaphthalene, 2- 
Methylphenol, 2- 
Methylphenol, 4- 
Naphthalene 
Nitroaniline, 2- 
Nitroaniline, 3- 
Nitroaniline, 4- 
Nitrobenzene 
Nitrophenol, 2- 
Nitrophenol, 4- 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Trichlorobenzene, 1,2,4- 
Trichlorophenol, 2,4,5- 
Trichlorophenol, 2,4,6- 
Volatiles 
Acetone 
Benzene 
Bromodichlorornethane 
Bromoforrn 
Bromomethane 
Butanone, 2- 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dibromochlorornethane 
Dichloroethane, 1 , l -  
Dichloroethane, 1,2- 
Dichloroethene, 1 , l -  
Dichloroethene, 1,2- 

Units Filtered -- 
uglL N 
uglL N 
uglL N 
ug1L N 
ug1L N 
uglL N 
ug1L N 
ug1L N 
ug/L N 
ug/L N 
uglL N 
uglL N 
ug1L N 
ug1L N 
uglL N 
uglL N 
uglL N 
ug1L N 
ug/L N 
ug1L N 
ug1L N 

ug1L N 
ug1L N 
uglL N 
ug1L N 
ug1L N 
ug1L N 
uglL N 
uglL N 
uglL N 
ug1L N 
ug1L N 
uglL N 
ug1L N 
ug1L N 
uglL N 
uglL N 
ug1L N 
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Chemical Analytical Data Summary 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Dichloropropane, 1,2- 
Dichloropropene, cis-1,3- 
Dichloropropene, trans-1,3- 
Ethylbenzene 
Hexanone, 2- 
Methyl-2-pentanone, 4- 
Methylene chloride 
Styrene 
Tetrachloroethane, 1 ,I ,2,2- 
Tetrachloroethene 
Toluene 
Trichloroethane, 1 , I ,  1- 
Trichloroethane, 1 ,I ,2- 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

Units Filtered -- 
ug1L N 
ug1L N 
ug1L N 
uglL N lue. 
uglL N 
uglL N 
uglL N 
uglL N ?. 

uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
uglL N 
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Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE PB-BED-MW17 PB-BED-MW1 9 PB-BED-MW22 PB-BED-MW22 PB-BE D-MW30 PB-BED-MV 
SAMPLE-NO DH3000 DH3001 DH3002 DH3005 DH3003 DH3004 
SAMPLE-DATE 26-Aug-04 25-Aug-04 26-Aug-04 26-Aug-04 25-Aug-04 27-Aug-0, 
SAMPLE-PURPOSE REG REG REG FD REG REG 
Parameter ------------------ Units Filtered Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual 
Explosives 
Amino-2,6-dinitrotoluene, 4- uglL N 0.23 G U U 0.2 l U U 0.2 U U 0.2 U U 0.2 U U 0.55 G U 
Amino-4,6-dinitrotoluene, 2- uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 l U U 0.48 G U 
Dinitrobenzene, 1,3- uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U 
Dinitrotoluene, 2,4- uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U 
Dinitrotoluene, 2,6- uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U 
HMX uglL N 0.5 U U 0.5 U U 0.5 U U 0.5 U U 0.5 U U 0.5 U 
Nitrobenzene uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U 
Nitrotoluene, 2- uglL N 0.33 G U U 0.2 U U 0.2 U U 0.2 U U 0.16 J J 0.2 U 
Nitrotoluene, 3- uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U 
Nitrotoluene, 4- uglL N 0.2 l U U 0.2 U U 0.2 U U 0.2 U U 0.23 0.2 U 
R DX uglL N 0.5 l U U 0.5 U U 0.5 U U 0.5 U U 0.5 U U 0.5 U 
Tetryl uglL N 0.2 l U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U 
Trinitrobenzene, 1,3,5- uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U 
Trinitrotoluene, 2,4,6- uglL N 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.2 U U 0.43 G U 
General Chemistry 
Alkalinity ppm N 855 634 467 646 
Chloride ppm N 2790 396 33.4 101 
Cyanide, total ppm N 0.01 U UJ 0.01 U UJ 0.01 U UJ 0.01 U UJ 
Hardness ppm N 1940 584 424 564 
Nitrate PPm N 2 G U  UJ 0.1 U UJ 0.1 U UJ 0.1 U UJ 
Sulfate PPm N 50 G U U 29.5 5 U U 52.5 
Total dissolved solids ppm N 4690 836 51 9 857 
Total organic carbon PPm N 1 5.6 1.8 8.9 
Total suspended solids PPm N 22 79 31 34 
Turbidity NTU N 36.4 118 252 90.5 
Metals 
Aluminum uglL N 136 B B 67.3 B B 717 J 1080 J 377 J 567 
Aluminum uglL Y 95.3 B B 50.3 B B 63.6 B B 64.1 B B 352 118 B 
Antimony uglL N 60 U U 60 U U 60 U U 60 U U 60 U U 60 U 
Antimony uglL Y 60 U U 60 U U 60 U U 60 U U 60 U U 60 U 
Arsenic uglL N 10 U U 10 U U 10 U U 10 U U 6.1 B J 11.9 
Arsenic uglL Y 10 U U 10 U U 10 U U 10 U U 5.4 B B 12 
Barium uglL N 1790 1190 695 70 1 J 161 B 187 B 
Barium uglL Y 1810 1140 700 694 187 B J 148 B 
Beryllium uglL N 5 U U 5 U U 5 U U 5 U U 5 U U 5 U 
Beryllium ug1L Y 5 U U 5 U U 5 U U 5 U U 5 U U 5 U 
Cadmium uglL N 5 U U 5 U U 5 U U 5 U U 5 U U 5 U 
Cadmium ug1L Y 5 U U 5 U U 5 U U 5 U U 5 U U 5 U 



Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Calcium 
Calcium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
Copper 
Iron 
Iron 
Lead 
Lead 
Magnesium 
Magnesium 
Manganese 
Manganese 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Silver 
Silver 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
Semivolatiles 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

PB-BED-MW17 PB-BED-MW19 PB-BED-MW22 PB-BED-MW22 PB-BE D-MW30 PB-BED-MV 
DH3000 DH3001 DH3002 DH3005 DH3003 DH3004 

26-Aug-04 25-Aug-04 26-Aug-04 26-Aug-04 25-Aug-04 27-Aug-0, 
REG REG REG FD REG REG 

Units Filtered Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ------------------ 
ug1L N 312000 185000 1 18000 1 17000 140000 134000 
uglL 
ug1L 
uglL 
ug1L 
ug1L 
ug/L 
ug/L 
uglL 
uglL 
ug1L 
ug1L 
ug1L 
uglL 
uglL 
ug1L 
uglL 
ug1L 
ug1L 
uglL 
uglL 
ug1L 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
ug1L 
ug1L 
ug1L 
ug1L 

uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
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Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethy1)ether 
Bis(2-chloroisopropyI)ether 
Bis(2-ethylhexy1)phthalate 
Brornophenyl phenyl ether, 4- 
Butyl benzyl phthalate 
Carbazole 
Chloro-3-methylphenol, 4- 
Chloroaniline, 4- 
Chloronaphthalene, 2- 
Chlorophenol, 2- 
Chlorophenyl phenyl ether, 4- 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Dichlorobenzene, 1,2- 
Dichlorobenzene, 1,3- 
Dichlorobenzene, 1,4- 
Dichlorobenzidine, 3,3'- 
Dichlorophenol, 2,4- 
Diethyl phthalate 
Dirnethyl phthalate 
Dimethylphenol, 2,4- 
Di-n-butyl phthalate 
Dinitro-2-methylphenol, 4,6- 
Dinitrophenol, 2,4- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
Di-n-octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

PB-BED-MW17 PB-BED-MW1 9 PB-BED-MW22 PB-BED-MW22 PB-BED-MW30 PB-BED-MV 
DH3000 DH3001 DH3002 DH3005 DH3003 DH3004 

26-Aug-04 25-Aug-04 26-Aug-04 26-Aug-04 25-Aug-04 27-Aug-0, 
REG REG REG FD REG REG 

Units Filtered Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ------------------ 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 2.5 J J 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug/L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug/L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 50 U U 50 U U 50 U U 50 U U 50 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 50 U U 50 U U 50 U U 50 U UJ 50 U U 
ug1L N 50 U U 50 U U 50 U U 50 U UJ 50 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug/L N 50 U U 50 U U 50 U U 50 U U 50 U U 
ug/L N 10 U U 10 U U 10 U U 10 U U 10 U U 
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Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Indeno(l,2,3-cd)pyrene 
lsophorone 
Methylnaphthalene, 2- 
Methylphenol, 2- 
Methylphenol, 4- 
Naphthalene 
Nitroaniline, 2- 
Nitroaniline, 3- 
Nitroaniline, 4- 
Nitrobenzene 
Nitrophenol, 2- 
Nitrophenol, 4- 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Trichlorobenzene, 1,2,4- 
Trichlorophenol, 2,4,5- 
Trichlorophenol, 2,4,6- 
Volatiles 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Butanone, 2- 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dibromochloromethane 
Dichloroethane, 1 , l -  
Dichloroethane, 1,2- 
Dichloroethene, 1 , l -  
Dichloroethene, 1,2- 

PB-BED-MW17 PB-BED-MW19 PB-BED-MW22 PB-BED-MW22 PB-BED-MW30 PB-BED-MV 
DH3000 DH3001 DH3002 DH3005 DH3003 DH3004 

26-Aug-04 25-Aug-04 26-Aug-04 26-Aug-04 25-Aug-04 27-Aug-0, 
REG REG REG FD REG REG 

Units Filtered Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ------------------ 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 12 11 10 U U 10 U U 6.2 J J 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 13 7 J J 10 U U 10 U U 3.8 J J 
uglL N 50 U U 50 U U 50 U U 50 U U 50 U U 
uglL N 50 U U 50 U U 50 U U 50 U U 50 U U 
uglL N 50 U U 50 U U 50 U U 50 U U 50 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
ug1L N 50 U U 50 U U 50 U U 50 U U 50 U U 
ug1L N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 50 U U 50 U U 50 U U 50 U U 50 U U 
uglL N 1.2 J J 0.89 J J 10 U U 10 U U 10 U U 
ug1L N 2.6 J J 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 
uglL N 10 U U 10 U U 10 U U 10 U U 10 U U 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
ug1L 
ug1L 
ug1L 
ug/L 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Dichloropropane, 1,2- 
Dichloropropene, cis-1,3- 
Dichloropropene, trans-1,3- 
Ethylbenzene 
Hexanone, 2- 
Methyl-2-pentanone, 4- 
Methylene chloride 
Styrene 
Tetrachloroethane, 1 , I  ,2,2- 
Tetrachloroethene 
Toluene 
Trichloroethane, 1 , I ,  1 - 
Trichloroethane, 1,1,2- 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW17 PB-BED-MW19 PB-BED-MW22 PB-BED-MW22 PB-BED-MW30 PB-BED-MV 
DH3000 DH3001 DH3002 DH3005 DH3003 DH3004 

26-Aug-04 25-Aug-04 26-Aug-04 26-Aug-04 25-Aug-04 27-Aug-0. 
REG REG REG FD REG REG 

Units Filtered Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual ValQual Result Qual 
ug1L N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
uglL N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
uglL N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
uglL N 62 8.8 1 U U 1 U U 9.1 14 J 
uglL N 250 U U 36 U UJ 5 U U 5 U U 25 U UJ 250 U 
uglL N 250 U R 36 U R 5 U R 5 U R 25 U R 250 U 
uglL N 100 U U 14 U U 2 U U 2 U U 10 U U 100 U 
uglL N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
uglL N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
uglL N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
ug1L N 98 11 0.11 J B 1 U U 10 9.5 J 
uglL N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
ug1L N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
ug1L N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
uglL N 50 U U 7.1 U U 1 U U 1 U U 5 U U 50 U 
ug/L N 280 95 1 U U 1 U UJ 56 56 
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LOCATION-CODE 
SAMPLE-NO 
SAM PLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Explosives 
Amino-2,6-dinitrotoluene, 4- 
Amino-4,6-dinitrotoluene, 2- 
Dinitrobenzene, 1,3- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
HMX 
Nitrobenzene 
Nitrotoluene, 2- 
Nitrotoluene, 3- 
Nitrotoluene, 4- 
R DX 
Tetryl 
Trinitrobenzene, 1,3,5- 
Trinitrotoluene, 2,4,6- 
General Chemistry 
Alkalinity 
Chloride 
Cyanide, total 
Hardness 
Nitrate 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 
Metals 
Aluminum 
Aluminum 
Antimony 
Antimony 
Arsenic 
Arsenic 
Barium 
Barium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 

Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

V33 PT-5912 
DH3007 

4 27-Aug-04 
REG 

Units Filtered ValQual Result Qual ValQual ---- -- 

uglL N U 0.2 U U 
uglL N U 0.2 U U 
uglL N U 0.2 U U 
uglL N U 0.2 U U 
uglL N U 0.2 U U 
uglL N U 0.5 U U 
ug1L N U 0.2 U U 
uglL N U 0.2 U U 
ug/L N U 0.2 U U 
ug1L N U 0.2 U U 
ug/L N U 0.5 l U U 
uglL N U 0.2 U U 
ug1L N U 0.2 U U 
ug/L N U 0.2 U U 

PPm N 
PPm N 
PPm N 
ppm N 
PPm N 
PPm N 
PPm N 
PPm N 
ppm N 
NTU N 

ug1L 
ug1L 
ug/L 
uglL 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
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LOCATION-CODE 
SAMPLE-NO 
SAM PLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Calcium 
Calcium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
Copper 
Iron 
Iron 
Lead 
Lead 
Magnesium 
Magnesium 
Manganese 
Manganese 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Silver 
Silver 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
Semivolatiles 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

V33 PT-5912 
DH3007 

4 27-Aug-04 
REG 

Units Filtered ValQual Result Qual ValQual ---- -- 
uglL N 95900 
uglL Y 94900 
uglL N U 10 U U 
uglL Y u 10 u u 
uglL N U 50 U U 
uglL Y U 50 U U 
uglL N U 25 U U 
ug/L Y U 25 U U 
uglL N 1680 
uglL Y 77.9 B J 
uglL N U 3 U U 
ug/L Y U 3 U u 
ug/L N 31 500 
ug1L Y 31 300 
ug1L N 95 
ug/L Y 92.2 
ug/L N U 0.2 U U 
ug1L Y U 0.2 U U 
uglL N U 40 U U 
ug/L Y U 40 U U 
ug1L N 1460 B J  J 
ug/L Y J 1340 B J  J 
ug1L N U 1.8 B B 
ug1L Y U 5 U U 
ug1L N U 10 U U 
ug/L Y U 10 U u 
ug1L N 9720 
ug/L Y 9630 
ug/L N J 10 U U 
ug1L Y U 10 U U 
ug/L N J 50 U U 
uglL Y J 50 U U 
ug1L N J 173 
uglL Y J 4.4 B J 

uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
ug1L N 10 U U 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethy1)ether 
Bis(2-chloroisopropyI)ether 
Bis(2-ethylhexy1)phthalate 
Bromophenyl phenyl ether, 4- 
Butyl benzyl phthalate 
Carbazole 
Chloro-3-methylphenol, 4- 
Chloroaniline, 4- 
Chloronaphthalene, 2- 
Chlorophenol, 2- 
Chlorophenyl phenyl ether, 4- 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Dichlorobenzene, 1,2- 
Dichlorobenzene, 1,3- 
Dichlorobenzene, 1,4- 
Dichlorobenzidine, 3,3'- 
Dichlorophenol, 2,4- 
Diethyl phthalate 
Dimethyl phthalate 
Dimethylphenol, 2,4- 
Di-n-butyl phthalate 
Dinitro-2-methylphenol, 4,6- 
Dinitrophenol, 2,4- 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,6- 
Di-n-octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

V33 PT-59 1 2 
DH3007 

4 27-Aug-04 
REG 

Units Filtered ValQual Result Qual ValQual ---- -- 
uglL N 10 U U 
uglL N 10 U U 
ug1L N 10 U U 
uglL N 10 U U 
ug1L N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
ug1L N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
ug1L N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 50 U U 
uglL N 10 U U 
uglL N 10 U U 
ug1L N 10 U U 
ug1L N 10 U U 
ug1L N 10 U U 
ugIL N 50 U U 
uglL N 50 U U 
ug/L N 10 U U 
ug1L N 10 U U 
ug1L N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 50 U U 
uglL N 10 U U 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Indeno(l,2,3-cd)pyrene 
lsophorone 
Methylnaphthalene, 2- 
Methylphenol, 2- 
Methylphenol, 4- 
Naphthalene 
Nitroaniline, 2- 
Nitroaniline, 3- 
Nitroaniline, 4- 
Nitrobenzene 
Nitrophenol, 2- 
Nitrophenol, 4- 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Trichlorobenzene, 1,2,4- 
Trichlorophenol, 2,4,5- 
Trichlorophenol, 2,4,6- 
Volatiles 
Acetone 
Benzene 
Brornodichloromethane 
Brornoforrn 
Brornornethane 
Butanone, 2- 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dibrornochlorornethane 
Dichloroethane, 1 , I -  
Dichloroethane, 1,2- 
Dichloroethene, 1 , l -  
Dichloroethene, 1,2- 

Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

V33 PT-59 1 2 
DH3007 

4 27-Aug-04 
REG 

Units Filtered ValQual Result Qual ValQual ---- -- 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 50 U U 
ug1L N 50 U U 
ug1L N 50 U U 
ug1L N 10 U U 
ug1L N 10 U U 
ug/L N 50 U U 
uglL N 10 U U 
uglL N 10 U U 
ug1L N 50 U U 
ug1L N 10 U U 
ug/L N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 
uglL N 10 U U 

uglL N J 
uglL N J 
uglL N U 
uglL N U 
uglL N U 
uglL N R 
uglL N J 
uglL N U 
uglL N U 
ug1L 'N U 
uglL N U 
uglL N U 
uglL N U 
ug1L N U 
ug1L N U 
ug/L N U 
ug1L N U 

U u 
U U 
U U 
U R 
J J 
U U 
U U 
U U 
U U 
U U 
U U 
U U 
U U 
U U 
U U Laboratory Qualifier (Qual) Definitions 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Dichloropropane, 1,2- 
Dichloropropene, cis-1,3- 
Dichloropropene, trans-1,3- 
Ethylbenzene 
Hexanone, 2- 
Methyl-2-pentanone, 4- 
Methylene chloride 
Styrene 
Tetrachloroethane, 1 , I  ,2,2- 
Tetrachloroethene 
Toluene 
Trichloroethane, 1,1,1- 
Trichloroethane, 1 , I  ,2- 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

V33 PT-5912 
DH3007 

4 27-Aug-04 
REG 

Units Filtered ValQual Result Qual ValQual ---- -- 
uglL N U 5 U U 
ug/L N U 5 U U 
ug1L N U 5 U U 
ug1L N J 1.7 J J 
uglL N U 25 U U 
ug/L N R 25 U R 
ug1L N U 10 U U 
uglL N U 5 U U 
uglL N U 5 U U 
ug1L N U 5 U U 
uglL N J 3 J J 
uglL N U 5 U U 
uglL N U 5 U U 
uglL N U 5 U U 
uglL N U 5 U U 
uglL N 3.6 J J 

Chemical Analytical Data Summary 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

B (inorganic) -The analyte was detected below the reporting limit. Estimated value. 
B (organic) -The analyte was detected in the sample and the blank. 
G - Reporting limit is elevated because of matrix interference. 
I - Matrix interference. 
J (inorganic) -The analyte was detected in the sample and the blank. 
J (organic) -The analyte was detected below the reporting limit. Estimated value. 
U - Not detected. The analyte was not detected above the reporting limit. 

Validation Qualifier (ValQual) Definitions 
B -The analyte was not detected above the level found in an associated blank 
J -The analyte was positively identified; the concentration is estimated. 
R - Data rejected. 
U - Not detected. The analyte was not detected above the reporting limit. 
UJ - Not detected. The reporting limit may be inaccurate or imprecise 
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APPENDIX J 

DETECTED HITS SUMMARY EXCLUDING "B" QUALIFIERS 
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MAY 2004 DOWNGRADIENT WELL SAMPLING 
DETECTED HITS SUMMARY EXCLUDING "B" QUALIFIERS 
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Detected Hits Summary Excluding "B" Qualifiers 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE PB-BED-MW17 PB-BED-MW19 
SAMPLE-NO DF3000 DF3001 
SAMPLE-DATE 6-May-04 5-May-04 
SAMPLE-PURPOSE REG REG 
Parameter -------- Units Filtered Result Qual ValQual Result Qual ValQual 
Volat i le~ 
Acetone uglL N 
Benzene uglL N 15 J J 18 J J 
Butanone, 2- uglL N 130 J J 
Carbon disulfide uglL N 3.2 J J 
Chlorobenzene uglL N 11 J J 2.2 J J 
Ethylbenzene uglL N 86 J J 6.8 J J 
Methylene chloride uglL N 34 J J 7.3 J J 
Toluene uglL N 120 8 J  J 
Xylenes, total ug1L N 390 66 
Semivolatiles 
Bis(2-ethylhexy1)phthalate ug1L N 2.3 J J 
Chrysene uglL N 1 J J 
Methylnaphthalene, 2- ug/L N 7.7 J J 5.2 J J 
Naphthalene ug/L N 8 J J 3.7 J J 
Phenanthrene ug/L N 0.85 J J 
Phenol ug1L N 2.2 J J 
Metals 
Aluminum ug/L N 122 B J 61.7 B J 
Aluminum uglL Y 45.2 B J 
Arsenic uglL N 
Arsenic uglL Y 
Barium uglL N 1860 1120 
Barium uglL Y 1910 1050 
Calcium uglL N 316000 184000 
Calcium uglL Y 326000 170000 
Chromium uglL N 
Chromium uglL Y 
Cobalt uglL N 
Cobalt uglL Y 
Copper uglL N 52.2 
Copper uglL Y 
Iron uglL N 
Iron uglL Y 
Lead uglL N 
Lead uglL Y 
Magnesium uglL N 277000 44600 
Magnesium ug1L Y 287000 44800 
Manganese ug1L N 
Manganese ug1L Y 2.2 B J 

PB-BED-MW22 PB-BED-MW22 
DF3002 DF3005 

5-May -04 5-May-04 
REG F D 

Result Qual ValQual Result Qual ValQual ------ 

PB-BED-MW30 PB-BED-MW33 
DF3003 DF3004 

7-May-04 7-May-04 
REG REG 

Result Qual ValQual Result Qual ValQual ------ 
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LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
General Chemistry 
Alkalinity 
Chloride 
Hardness 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 

Detected Hits Summary Excluding " B  Qualifiers 
Downgradient Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

PB-BED-MW17 PB-BED-MW19 
DF3000 DF3001 

6-May-04 5-May-04 
REG REG 

Units Filtered Result Qual ValQual Result Qual ValQual - - - - - - - - 
ug1L N 
ug1L Y 0.46 
ug1L N 9.2 B J 
uglL Y 7.9 B J 
uglL N 64400 J J 36500 J J 
uglL Y 66700 J J 36500 J J 
uglL N 
uglL Y 
uglL N 662000 74300 J 
uglL Y 684000 75400 J 
uglL N 
uglL Y 
uglL N 
ug/L Y 
uglL N 24.7 J 65.9 
uglL Y 8.1 B J 

PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
PPm N 
NTU N 

Laboratory Qualifier (Qual) Definitions 
B (inorganic) -The analyte was detected below the reporting limit. Estimated value. 
J (inorganic) -The analyte was detected in the sample and the blank. 
J (organic) -The analyte was detected below the reporting limit. Estimated value. 

PB-BED-MW22 PB-BED-MW22 
DF3002 DF3005 

5-May-04 5-May-04 
REG F D 

Result Qual ValQual Result Qual ValQual ------ 

PB-BED-MW30 
DF3003 

7-May-04 
REG 

Result Qual ValQual --- 

3.2 B J 
15400 J 
15500 J 

72500 
73500 

80.6 
13.4 B J 

PB-BED-MW33 
DF3004 

7-May-04 
REG 

Result Qual ValQual --- 

12.7 B J 
4.2 B J 

39100 J 
38200 J 

1.6 B J 

278000 
278000 

8.6 B J 

69.8 
5.4 B J 

Validation Qualifier (ValQual) Definitions 
J - The analyte was positively identified; the concentration is estimated 
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Detected Hits Summary Excluding "B" Qualifiers 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Explosives 
Alkalinity 
Chloride 
Hardness 
Nitrate 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 
Volatiles 
Acetone 
Benzene 
Carbon disulfide 
Ethylbenzene 
Toluene 
Xylenes, total 
Semivolatlles 
Methylnaphthalene, 2- 
Naphthalene 
Metals 
Aluminum 
Aluminum 
Arsenic 
Arsenic 
Barium 
Barium 
Calcium 
Calcium 
Cobalt 
Cobalt 
Copper 
Copper 
Iron 
Iron 
Magnesium 
Magnesium 

IT-BG8-BEDGW-001 
DG3000 

16-Jun-04 
REG 

Result Qua1 ValQual 

PB-BED-MW25 
DG3003 

17-Jun-04 
REG 

Result Qual ValQual 

PB-BED-MW25 
DG3006 

17-Jun-04 
FD 

Result Qua1 ValQual 

PB-BED-MW28 
DG3004 

15-Jun-04 
REG 

Result Qual ValQual 

PB-BED-MW29 
DG3005 

16-Jun-04 
REG 

Result Qual ValQual 

17-Jun-04 16-Jun-04 
REG REG 

Result Qual ValQual Result Qua1 ValQual Units Filtered -- 
PPm N 
ppm N 
PPm N 
PPm N 
ppm N 
PPm N 
PPm N 
ppm N 
NTU N 



Detected Hits Summary Excluding "6" Qualifiers 
Tenth Quarterly Groundwater Monitoring 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

LOCATION-CODE 
SAMPLE-NO 
SAMPLE-DATE 
SAMPLE-PURPOSE 
Parameter 
Manganese 
Manganese 
Mercury 
Mercury 
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Sodium 
Sodium 
Thallium 
Thallium 
Zinc 
Zinc 

IT-BG8-BEDGW-001 PB-BED-MW20 PB-BED-MW24 
DG3000 DG3001 DG3002 

16-Jun-04 17-Jun-04 16-Jun-04 
REG REG REG 

PB-BED-MW25 
DG3003 

17-Jun-04 
REG 

Result Qua1 ValQual 
105 

PB-BED-MW25 
DG3006 

17-Jun-04 
FD 

Result Qua1 ValQual 
104 

PB-BED-MW28 PB-BED-MW29 
DG3004 DG3005 

15-Jun-04 16-Jun-04 
REG REG 

Result Qua1 ValQual Result Qual ValQual 
10.6 B J 43.6 

Units Filtered Result Qual ValQual Result Qual ValQual Result --- 
uo/L N 40.9 170 19.6 

Qua1 ValQual 

U~IL Y 
ugiL N 
ugiL Y 
ugiL N 
ug/L Y 
ugiL N 
uglL Y 
ug/L N 
ug/L Y 
uglL N 
ugiL Y 
ugiL N 
ug/L Y 
ugiL N 
ugIL Y 

Laboratory Qualifier (Qual) Definitions 
B (inorganic) - The analyte was detected below the reporting limit. Est~rnated value 
J (inorganic) - The analyte was detected in the sample and the blank. 
J (organic) - The analyte was detected below the reporting limit. Estimated value. 

Validation Qualifier (ValQual) Definitions 
J - The analyte was positively identified; the concentration is estimated 



AUGUST 2004 DOWNGRADIENT WELL SAMPLING 
DETECTED HITS SUMMARY EXCLUDING "B" QUALIFIERS 

KN4\PBOW\04 GWDS\Draft\Binder 2 TOC (List of App).doc\l2/21/2004(4:02:21 PM) 



Detected H i ts  Summary  Exc lud ing  "B" Qualif iers 
Downgradient  Mon i to r ing  

Former  P l u m  Brook  Ordnance Works  
Sandusky, Oh io  

LOCATION-CODE PB-BED-MW17 PB-BED-MWl9 PB-BED-MW22 
DH3000 DH3001 DH3002 

26-Aug-04 25-Aug-04 26-Aug-04 
REG REG REG 

Filtered Result Qual ValQual Result Qual ValQual Result Qua1 ValQual -- 

PB-BED-MW22 
DH3005 

26-Aug-04 
FD 

Result Qua1 ValQual 

PB-BED-MW30 
DH3003 

25-Aug-04 
REG 

Result Qua1 ValQual 

PB-BED-MW33 PT-5912 
DH3004 DH3007 

27-Aug-04 27-Aug-04 
REG REG 

Result Qua1 ValQual Result Qual ValQual 

SAMPLE-NO 
SAMPLE-DATE 
SAMPLE PURPOSE 
parameter - Units 
Explosives 
Nitrotoluene, 2- ugiL 
Nitrotoluene, 4- ugiL 
Volatiles 
Acetone ugiL 
Benzene ugiL 
Carbon disulfide ugiL 
Ethylbenzene ugiL 
Toluene ugiL 
Xylenes total ugiL 
Semivolatiles 
Bis(2-ethylhexyl)phthalate ug1L 
Methylnaphthalene, 2. ugiL 
Naphthalene ugiL 
Phenanthrene ugiL 
Phenol ug1L 
Metals 
Aluminum ug1L 
Aluminum uglL 
Arsenic ugiL 
Arsenic ugiL 
Barium uglL 
Barium ugiL 
Calcium ugiL 
Calcium ug/L 
Copper uglL 
Copper uglL 
Iron uglL 
Iron uglL 
Magnesium uglL 
Magnesium uglL 



LOCATION-CODE 
SAMPLE-NO 
SAMPLE DATE 

parameter 
Manganese 
~anganese  
Nickel 
Nickel 
Potassium 
Potassium 
Selenium 
Selenium 
Sodium 
Sodium 
Thallium 
Thallium 
Vanadium 
Vanadium 
Zinc 
Zinc 
General Chemistry 
Alkalinity 
Chloride 
Hardness 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 

Units Filtered -- 
ug1L N 

ppm N 
ppm N 
ppm N 
ppm N 
ppm N 
ppm N 
ppm N 
NTU N 

PB-BED-MW17 PB-BED-MW19 
DH3000 DH3001 

26-Aug-04 25-Aug-04 
REG REG 

Result Qua1 ValQual 
6.3 B J 

Qual - 
B J  

Laboratory Qualifier (Qual) Definitions 
B (inorganic) - The analyte was detected below the reporting limit. Estimated value. 
B (organic) - The analyte was detected in the sample and the blank. 
J (inorganic) - The analyte was detected in the sample and the blank. 
J (organic) - The analyte was detected below the reporting limit. Estimated value. 

Detected H i ts  Summary  Excluding "B" Qual i f iers 
Downgradient  Mon i to r ing  

Former  P l u m  Brook  Ordnance Works  
Sandusky, Oh io  

PB-BED-MW22 
DH3002 

26-Aug-04 
REG 

Result Qual ValQual 
57.5 
47 

PB-BED-MW22 
DH3005 

26-Aug-04 
FD 

Result Qua1 ValQual 
56 

46.2 

4410 B J  J 
3750 B J J 

18700 
18500 

4.1 B J 
5.8 B J 

5.2 B J 

PB-BED-MW30 
DH3003 

25-Aug-04 
REG 

Result Qua1 ValQual 
27.9 
28.5 

PB-BED-MW33 PT-5912 
DH3004 DH3007 

27-Aug-04 27-Aug-04 
REG REG 

Result Quai ValQual Result Qual ValQual 
80.3 95 
77.8 92.2 

. - 

26600 J 1460 B J  J 
27200 J J 1340 B J J 

. - 
- - 

187000 9720 
187000 9630 

3.8 B J - - 
. - 

5.1 B ' J  . - 
4.2 B J . - 
12.1 B J 173 
4.7 B J 4.4 B J 

333 
14.9 
350 
70.5 
452 
2.9 
21 
37 

Validation Qualifier (ValQual) Definitions 
J - The analyie was positively identified; the concentration is estimated 
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K. 1.0 Introduction 

This appendix presents results of the quality assuranceJquality control (QAIQC) measures 

implemented for the sampling and analysis activities at the Plum Brook Ordnance Works 

(PBOW) - Sandusky, Ohio. The quality indicators from every aspect of the data collection have 

been reviewed, and an assessment of the data with regard to project-specific objectives is 

presented. Successful execution of project-specific objectives and procedures provides strong 

support for the acceptance of the data generated as adequate for the purpose of evaluating the 

analytical results from this assessment at PBOW. 

Shaw Environmental, Inc. (Formerly IT Corporation) conducted field-sampling activities at 

PBOW in May 2004. Severn Trent Laboratories (STL) in Knoxville, Tennessee, and North 

Canton, Ohio, analyzed the project samples. Accutest Laboratories of Orlando, Florida, analyzed 

the field split samples. All data analyzed were reviewed for accuracy and completeness. One 

hundred percent of the data analyzed were subjected to data validation following Unites States 

Environmental Protection Agency (USEPA) guidelines in the USEPA Contract Laboratory 

Program National Functional Guidelines for Organic Data Review, (EPA, 1999) and USEPA 

Contract Laboratory Program National Functional Guidelines for Inorganic Data Review, 

(EPA, 2002). The criteria for blank evaluation were based on those detailed in Region 111 

Modi~cations to National Functional Guidelines for Organic Data Review (EPA, 1994) and 

Region 111 Modifications to the Laboratory Data Validation Functional Guidelines for 

Evaluating Inorganics Analyses (EPA, 1993). Since these documents specify procedures for 

Contract Laboratory Program (CLP) data, they are used as guidelines only. Method and 

laboratory quality assurance and quality control requirements supercede these guidelines where 

applicable. Laboratory criteria are provided in Attachment A of Appendix H. Data were 

evaluated against specific criteria to verify the achievement of precision, accuracy, 

representativeness, completeness, and comparability goals established to meet the project data 

quality objectives (DQO). To verify that these DQOs were met, field measurements, sampling 

and handling procedures, laboratory analysis and reporting, and all nonconformances and 

discrepancies in the data were examined to determine compliance with the appropriate and 

applicable procedures defined in the site-wide sampling and analysis plan (SAP). The results of 

this review are presented in the following sections, with all analytical outliers or 

nonconforrnances discussed where they occurred. 



K. 2.0 Field Sampling and QC Activities 

Shaw was retained by the U. S. Army Corps of Engineers (USACE), Nashville District, to 

conduct investigation and sampling activities at PBOW. Field activities at this site included 

collection of the downgradient groundwater samples. The collection of these samples along with 

their associated QA and QC samples are discussed in this section of the Data Quality Evaluation 

(DQE). 

All project and field duplicate samples collected were submitted to STL. Sample shipments 

from the field were performed under custody and documented using standard Shaw Analysis 

RequestIChain of Custody (ARICOC) forms. These forms provided project-specific analytical 

specifications and QC instructions to the laboratory. A formal COC transfer record was prepared 

and included with these forms to document custody during sample transportation, storage, and 

disposition by the laboratory. Table K-1 summarizes the field sample number, location, sample 

type, date of collection, and sample delivery group for each sample collected. Table K-2 

summarizes the detected compounds in the method blank and trip blanks associated with the 

PBOW samples. 

K.2. I Trip Blanks 
Aqueous samples designated for volatile organic compound (VOC) analysis may be susceptible 

to contamination by diffusion of organic compounds into the sample container. Trip blanks are 

analyzed in order to assess the potential for contamination to be introduced to an aqueous 

volatile sample during transport and handling procedures. A trip blank is a sample of analyte- 

free deionized (DI) water that is prepared at the laboratory, shipped to the field with sample 

containers, and returned to the laboratory with the water matrix samples receiving VOC analysis. 

A trip blank is then analyzed for volatile organics using the same sample preparation and 

analysis procedures used for the actual field samples. Three trip blank samples were collected. 

Three trip blanks contained target analytes. 

The data validator applied the 5X-10X rule to the samples for the analytes detected. The 10 

times limit is applicable only for common laboratory contaminants such as acetone, methylene 

chloride, and 2-butanone. No samples were qualified "B" for associated trip blank contamination 

by the data validator, indicating that contamination was not introduced during transport or 

handling procedures. 



K.2.2 Field Duplicates 
Field duplicate samples are collected and submitted to the laboratory for analysis along with their 

corresponding original samples. The data generated from the analysis of field duplicate samples 

are used to evaluate the precision of the sample collection and analysis procedures. High relative 

percent difference (RPD) between an original sample and its field duplicate may indicate a 

difference in sample matrix or sample collection rather than true problems with precision of 

sample analysis. Also, when estimated "J," blank-contaminated "B," or nondetected "U" results 

are reported, there is a potential for increased variability between the primary and duplicate 

sample results. 

Field duplicate samples were collected at a frequency of approximately one for every ten 

samples collected (1 0 percent). One field duplicate sample was collected during this sampling 

event. Table K-3 compares the original and field duplicate results and shows the RPDs 

calculated for those detected compounds. Compounds not presented in the table were not 

detected in either the original or field duplicate samples. In cases where duplicates were 

performed and one result is less than the reporting limit, but greater than the method detection 

limit (MDL), the RPD is reported, but should be considered an estimated value. 

The acceptance criterion of 30 percent RPD was used to evaluate these sample results. Data was 

qualified only if the analyte was detected in both samples. Iron and carbon disulfide were 

qualified "J." In most cases, original and field duplicate data compared well as demonstrated by 

the RPDs calculated. The instances where they do not compare well involve estimated or blank- 

contaminated data. RPD is calculated by using the following formula: 

A - B  
R P n =  r loo 

(A+ B ) l 2  
where: 

RPD = relative percent difference 
A = original result 
B = field duplicate result. 

K.2.3 Field Split Samples 
Split samples were collected in conjunction with field duplicate samples and sent to Accutest 

Laboratories. The split samples were submitted to the laboratory for the same analysis as their 



corresponding field duplicates and original field samples. The split samples are used to 

determine if data results are reproducible when analyzed by two different laboratories. Results 

are also evaluated to determine if a contracted laboratory's preparation and analysis procedures 

are in control and meet the approved method criteria. 

Field split samples were collected at a frequency of approximately one for every ten regular 

samples. One split sample was collected during this sampling event. 

Table K-3 compares the original and field split results and shows the RPDs calculated for those 

detected compounds. Compounds not presented in the table were not detected in either the 

original or field split samples. The analytes compare well when both labs reported above their 

reporting limits and there was no blank contamination. 
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K.3.0 Analytical Program and QC Activities 

The project QAIQC program described in the SAP was followed for the collection and laboratory 

analysis of samples. Each of the analytical methods used require that method-specific QNQC 

protocols be followed during sample analysis. These protocols are a critical part of the methods 

employed and were followed by the laboratory during sample analysis. Specific measures 

included detailed record keeping procedures, instrument calibrations, and analysis of method 

blanks, blank spikes, matrix spikeslmatrix spike duplicates (MSIMSD), surrogates, and internal 

standards. The following SW-846 and USEPA methods were used to analyze PBOW samples: 

Appendix I contains validated analytical data summaries for the samples collected during this 

field investigation. The validator used the QNQC criteria defined in the SAP to evaluate the data 

for all parameters for which criteria were provided. If acceptance criteria were not provided in 

the SAP, the validator used the laboratory-derived acceptance criteria or analytical method 

criteria to qualify data. Any qualifiers added to these data by the data validator are included in 

the summaries. 

K.3.1 Laboratory QAIQC Procedures 
The following sections discuss specific QNQC protocols required and performed by the 

laboratory during this investigation. 

K.3.1.1 Method/Calibration Blanks 
Method blanks are analyzed with each analytical "batch processed on a per matrix (i.e., soil and 

water) basis. Method blanks are carried step-wise through the same analytical procedure as their 



associated field samples, including the addition of solvents, surrogate and standard spikes, and 

reagents as required in the analysis process. The purpose of a method blank is to identify any 

possible contaminants that may be introduced to the sample as a result of any part of the 

analytical process. The data validator evaluated all blank data associated with each sample. 

When estimated or positive concentrations of compounds/analytes were reported in the 

corresponding field samples, associated samples were evaluated and qualified using the 5X-1 OX 

rule. The 10-times limit is applicable for common laboratory contaminants such as acetone, 

methylene chloride, 2-butanone, and certain phthalates. 

For some analyses, initial and continuing calibration blanks are performed throughout the run 

sequence. These blanks verify the presence of carry over contamination for the analytes of 

interest. 

Qualifiers applied to samples based on detections in the calibration and/or method blanks are 

summarized below: 

B - blank contamination 

K.3.1.2 Matrix Spikes and Laboratory Control Spikes 
Two types of spikes were generally performed for all analyses: MS and laboratory control 

samples (LCS). MS compounds are spiked into an aliquot of a field sample. LCS compounds 

are spiked into a blank matrix. The spiked compounds are representative compounds that are 

quantified during performance of the method. Recovery of the spiked compound is used as an 

assessment of analytical accuracy for the sample matrix analyzed. These results are useful in 

distinguishing sample matrix interferences from analysis interferences through a comparison of 

MS and LCS recovery data. Often, spikes are performed in duplicate (as an MSD or LCS 

duplicate). In this manner, the precision of the assessment can be quantified as the RPD of the 

original and duplicate spike. 

Blank 

Calrbratron 
Calrbrat~on/Method 

Method 
Calrbratron 
Calrbratron 

Method 
Calibratron/Method 

Method 
Calrbratron 
Calrbratron 

CalrbratronIMethod 

Blank Contaminant 

Selenrum (drssolved) 
Thallrum (drssolved/total) 
Acetone 
Alumrnum (drssolved) 
Arsenrc (drssolved/total) 
Manganese (drssolved/total) 
Thallrum (drssolved) 
Acetone 
Alumrnum (dissolved) 
Arsenrc (drssolved/total) 
Thallrum (drssolved/total) 

SDG 
Number 

H4E060131 

H4E070134 

H4E080113 

Validation 
Qualifier 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

Sample Number Affected 

DF3001, DF3002 
DF3001, DF3002, DF3005 
DF3001, DF3002, DF3005 
DF3000 
DF3000 
DF3000 
DF3000 
DF3000 
DF3003, DF3004 
DF3003 
DF3003, DF3004 



Matrix spikes were assigned at a frequency of 1 for every 20 field samples collected. An MS 

and MSD were assigned in the field to sample DF3002. This sample corresponds to location PB- 

BED-MW22. Additional sample volume was provided to the laboratory for the MSIMSD 

analyses. This sampling frequency meets the collection criteria for this program as specified in 

the SAP. In addition to the overall collection frequency, the analytical method requires that the 

laboratory analyze 1 set of spikes per analytical batch. To comply with this method requirement, 

the laboratory may have to analyze batch QC with a work order. The validator evaluated the 

batch QC. The laboratory statistically determined target acceptance limits were used to assess 

the spike recovery and RPD. 

The MSIMSD criteria were met with a few exceptions. The following samples were qualified: 

I H4E080113 DF3003, DF3004 Tetryl 

SDG Number 

11 H4E060131 I DF3001. DF3002. DF3005 I Aluminum (total) I J 11 

Analyte(s) Sample Number Affected 

Wet Chemistry 

11 Semivolatiles 11 

Validation 
Qualifier 

Explosives 

H4E060131 I DF3001, DF3002 

H4E060131 

LCS results are used to evaluate lab method performance in the same manner as the MSIMSD 

results except the LCS is not performed on an actual field sample matrix. An LCS is prepared 

for each analytical "batch" for each parameter and matrix analyzed. All LCS recoveries met the 

established QC criteria. 

Metals 

Cyanide 

Total Alkalinity 

DF3001, DF3002 

DF3001, DF3002 

K.3.1.3 Calibration 
A few compounds exhibited unacceptable performances in the calibration standards. The 

relative response factor (RRF) of 4-methyl-2-pentanone and 2-butanone were less than 0.1. 4- 

Methyl-2-pentanone and 2-butanone were rejected in all samples except the field split and 

DF3000. Acetone was rejected in samples was rejected in the field split. 

Tetryl 

U J 

J 

UJ 

UJ 

UJ - undetected, estimated 

1,2,4-Trichiorobenzene, 
Acenaphthene, 

Pentachlorophenol 
H4E060131 DF3001, DF3002, DF3005 



The following compounds exhibited individual initial calibration (ICAL) percent relative 

standard deviation (%RSD) greater than 30 and/or continuing calibration (CCAL) percent 

differences (%D) greater than 20. 

Number 

F23936 

H4E060131 

H4E070134 

I1 I I I If 

R- rejected 
J - estimated 
UJ - undetected, estimated 

H4E080113 

K.3.1.4 Column Agreement 
For high-performance liquid chromatography (HPLC) analyses, sample results are confirmed 

using two dissimilar columns. In order for an analyte to be reported, it must be detected on both 

columns. Results differing by greater than 40 percent are qualified estimated, "J." All detections 

Analysis 

Volatiles 

Volatiles 

Sernivolatiles 

Volatiles 

Sernivolatiles 

were in agreement. No data were qualified. 

Volatiles 

K.3.1.5 Surrogate Recoveries 
Surrogate standards are non-target compounds that are added to all samples prior to extraction or 

purging. They are used in organic analyses to monitor the percent recovery efficiencies of the 

Samples 
DF3006 
DF3006 

DF3001, DF3002, DF3005 
DF3001 

DF3001, DF3002, DF3005 
DF3002, DF3005 

DF3000 

DF3000 

DF3000 
DF3000 
DF3003 

sample preparation and analytical procedures. Semivolatile surrogate recoveries for samples 

DF3001, DF3002, and DF3000 were below laboratory established QC limits. Results for the 

affected samples should be considered biased low. 

DF3003 

DF3003 

Compounds 
Acetone 

2-Butanone 
1 , I  ,2-Trichloroethane 

Chlorornethane 
2-Butanone, 4-Methyl-2-Pentanone 

Trans-1,3-Dichloropropene 
2,4-Dinitrophenol, 4,6-Dintro-2- 

Methylphenol 
1 , I  ,2-Trichloroethane, Chlorornethane, 

Trans-1,3-Dichloropropene 
4-Methyl-2-Pentanone 

2-Butanone 
2,4-Dinitrophenol, 4,6-Dintro-2- 

Qualifier 
R 
U J 
U J 
U J 
R 
UJ 
UJ 

U J 

R 
J 

UJ 
Methylphenol 

1 , I  ,2-Trichloroethane, Trans-? ,3- 
Dichloropropene 

4-Methyl-2-Pentanone, 2-Butanone 

UJ 

R 



DF3001, DF3002, and DF3000 were qualified as follows: 

K. 3.2 Reporting Limits 
Limits have been established to describe project sensitivity requirements. Each laboratory is 

required to demonstrate method performance through MDL studies for every method employed. 

These studies are required to be laboratory-specific so that individual laboratory variables such 

as equipment brands, reagent suppliers, and chemist technique are factored into the performance 

study. MDLs are established using controlled matrices (i.e., DI water). Practical quantitation 

limits (PQL) or method quantitation limits (MQL) used for this project are those statistically 

determined by the laboratories. The analytical program executed for this project required the use 

of SW-846 methods, which specify the procedure for calculating the MDLs. The PQLIMQL 

calculation adjusts the limit by a predetermined mathematical factor for the analysis of actual 

environmental sample matrices (i.e., soil, groundwater, etc.). Method reporting limits (MRL) are 

based on the project action or decision levels. 

These limits are generally defined as follows: 

0 MDL. The minimum concentration of an analyte that can be measured and 
reported with 99 percent confidence that the concentration is greater than zero. 

Qualifier 
Validation 

JIUJ 
UJ 

JIU J 

MQUPQL. The lowest level that the laboratory has demonstrated its ability to 
reliably quantitate target analytes within the criteria required for a given method. 
It is the lowest concentration at which the data are reported without qualification. 

Compound(s) 

All BaseINeutral 
All Acid 

All BaseINeutral 

SDG Number 

H4E060131 

H4E070134 

MRL. A threshold value below which the laboratory reports a result as non- 
detected. Ideally, the MRL will be established anywhere between the MDL and 
112 the project action levels. 

Samples Affected 

DF3001, DF3002 
DF3002 
DF3000 

An MDL is the lower limit at which the laboratory can differentiate a measurement from back- 

ground. The MDL is determined in accordance with the procedures in 40 Code of Federal 

Regulations (CFR) Part 136. If project action levels are near or below the MDL, it is unlikely 

the sensitivity of the method will be achievable. A compromise must be reached. The 

PQLIMQL is the lower limit at which a measurement becomes meaningful. This measurement 

(the PQL or the reporting limit [RL]) is generally a multiple of three to five times the MDL. 



Most samples were handled and analyzed as expected without significant changes to the 

anticipated project MQLs. 

K. 3.3 Holding Times/Presen/ation 
All laboratory results submitted for this investigation have been reviewed with respect to 

laboratory adherence to extraction and analysis holding times. Maximum sample extraction and 

analysis hold times were those specified in USACE document EM200-1-3 (USACE, 2001). All 

holding time criteria were acceptable for the samples collected. 



K.4.0 Data Evaluation and Usability 

The analytical data review process identified a few analytical nonconformance issues that were 

noted during this analytical program. These anomalies have been discussed in the previous 

sections of this appendix. Table K-5 summarizes all compounds requiring qualifier application 

due to anomalies discovered during data validation. Table K-4 defines the reason codes for 

qualification, and Table K-6 defines the data validation qualifiers. 

The following definitions are used for defining precision, accuracy, representativeness, 

completeness, and comparability as they have been applied to this evaluation. 

Precision. Precision is a measurement of mutual agreement among individual measurements 

of the same property, usually under prescribed similar conditions. Precision data were obtained 

through the analysis and evaluation of duplicate QA samples. Accuracy was determined through 

the analysis and evaluation of method blanks, LCSs, trip blanks, equipment rinsates, and MS 

samples. 

Accuracy. Accuracy is a measurement of bias in a system and is expressed as a percent 

recovery. These QA samples were collected and/or analyzed at the frequency established in the 

SAP, verifying the completeness element of the DQOs along with the evaluation of holding 

times and reporting limits. Percent recovery is calculated as follows: 

Where: 
X = the lab determined concentration of a spiked sample 
S = the sample native concentration prior to spike 
T = the true concentration of the spike 

Relative Percent Difference is calculated as follows: 

Dl - 021 
Relative Percent Difference = 1 D l + D 2  * l o o  

Where: 

Dl  and 0 2  = the results of duplicate measurements 
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Representativeness. Representativeness is a qualitative parameter that expresses the degree 

to which sample data actually represent the matrix and site conditions. For example, in 

conducting groundwater monitoring, representativeness requires proper location of wells and the 

collection of samples under consistent, documented procedures. Wells are located based upon 

the results of the hydrological study in progress and are designed to provide maximum coverage 

of the flow conditions. Requirements and procedures for sample collection and handling are 

designed to maximize sample representativeness. Representativeness also can be monitored by 

reviewing field documentation and performing field audits. 

The samples were collected using Shaw standard operating procedures (SOP) and were fully 

documented through the use of standard Shaw field forms. Samples are representative of the 

matrix and site sampled. 

Completeness. Completeness is a measure of the amount of valid data that are obtained 

during a sampling event as compared to the amount of data expected under optimum conditions. 

No data points were qualified "R," rejected, in the validation process because of QC criteria as 

described in the previous sections of this report. Completeness is calculated as follows: 

Where: 

D, = the number of data points for which valid results are reported 
D, = the number of valid samplesldata points that are collected and reach the laboratory 

for analysis. 

During this task, 5 monitoring wells were sampled resulting in approximately 1149 targeted 

analytical records, including duplicate and split records. Eleven data points were rejected due to 

anomalies discovered during the validation process. Using the above calculation, greater than 99 

percent completeness is achieved for the task. 

Comparability. Comparability is a qualitative parameter expressing the confidence with which 

one data set can be compared with another. Comparability ensures that results for the sampling 

event can be compared with data from other past and/or future sampling programs. Compar- 

ability for this sampling event was achieved through the use of established and recognized 

techniques and accepted standard USEPA methods. All samples collected and analyzed were 



subjected to the same sampling, handling, preparation, analysis, reporting, and validation criteria 

for the purpose of achieving comparability goals within the data set. Only data of known quality 

(i.e., precision and bias) can be compared. 

Statement of Data Usability. The overall results of the analyses, as discussed in this 

evaluation, suggest that representative samples were collected and analyzed, and the results are 

indicative of the media analyzed, with the exception of the few anomalies noted. The data do 

reflect expected site conditions and are usable for their intended purpose. 

Tables K-1 through K-6 summarize the analytical program and the results for the data validation 

effort for all samples collected by Shaw at PBOW. 
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Table K-I 

Sample Cross-reference 
Downgradient Wells 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

SDG - Sample delivery group. 
GW - Groundwater. 
REG - Regular. 
FD - Field duplicate. 
FS - Field split. 



Table K-2 

Summary of Analytes Detected in Blanks 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

BLK - Method blank 
TB - Trip blank 
pg/L - Micrograms per liter. 

Lab 
Qualifier 

J 
J B 
J 
J 
J 
B 
B 
J 
J 

J B 
J 
J 
J 

J B 
J 
J 
J 
B 
B 
B 

Parameter 
TRICHLOROETHYLENE 
ACETONE 
CHLOROBENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
POTASSIUM 
THALLIUM 
ACETONE 
ACETONE 
ACETONE 
CHLOROBENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
ACETONE 
CHLOROBENZENE 
CHLOROFORM 
METHYLENE CHLORIDE 
MANGANESE 
POTASSIUM 
THALLIUM 

Sample 
Purpose 

BLK 
TB 
TB 
TB 
TB 
BLK 
BLK 
BLK 
BLK 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
BLK 
BLK 
BLK 

Sample Dellvery 
Group 

F23936 
H4E060131 
H4E060131 
H4E060131 
H4E060131 
H4E060131 
H4E060131 
H4E060131 
H4E060131 
H4E070134 
H4E070134 
H4E070134 
H4E070134 
H4E080113 
H4E080113 
H4E080113 
H4E080113 
H4E080113 
H4E080113 
H4E080113 

Result 
0.61 
4.7 
0.19 
0.13 
0.31 
74.7 
9.7 
3.8 
3.3 
3.5 

0.14 
0.15 
0.25 
4.2 
0.18 
0.14 
0.23 

4 
92 
5 

Sample 
Number 

SF954636 
DF5000 
DF5000 
DF5000 
DF5000 
GFQAGBW 
GFQAGBW 
GFQX3BW 
GFWG2BW 
DF5002 
DF5002 
DF5002 
DF5002 
DF5003 
DF5003 
DF5003 
DF5003 
GF4J4BW 
GF4J4BW 
GF4J4BW 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
uglL 
uglL 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Analys~s 
Date 

18-May-04 
8-May-04 
8-May-04 
8-May-04 
8-May-04 

10-May-04 
10-May-04 
7-May-04 

10-May-04 
8-May-04 
8-May-04 
8-May-04 
8-May-04 

10-May-04 
10-May-04 
10-May-04 
10-May-04 
18-May-04 
18-May-04 
18-May-04 



Table K-3 

Summary of Original, Field Duplicate, and Field Split Results and RPD Calculations 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Y - Yes. 
REG - Regular. 
FD - Field duplicate. 
FS - Field split. 
uglL - Micrograms per liter 



Table K-4 

Summary of Data Validation Reason Codes 
Plum Brook Ordnance Works 

Sandusky, Ohio 

Reason Code 
01 
01A 
02 
02A 
02 B 
03 
03A 
038 
03C 
03D 
03E 
04 
04A 
04 B 
04C 

Description 
Sample received outside of 4+/-2 degrees Celsius 
Improper sample preservation 
Holding Time Exceeded 
Extraction 
Analysis 
Instrument Performance - Outside Criteria 
BFB 
DFTPP 
DDT and/or Endrin % breakdown exceeds criteria 
retention time windows 
Resolution 
Initial Calibration results outside specified criteria 
Compound mean RRFc0.05 
Compound %RSD>30 
Correlation CoefFicient<0.995 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
999 

Quantitation 
Multiple results available; alternate analysis preferred 
Field duplicate RPD criteria exceeded 
Percent difference between original and second column > 25% 
Professional judgement was used to qualify the data 
Pesticide clean-up checks 
Target compound identification 
Radiological calibration 
Radiological quantitation 
Reported result and/or lab qualifier revised to reflect validation findings 
See hard copy for details. 



Table K-5 

Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 
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Table K-5 

Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

(Page 6 of 6) 

Footnotes: 
(1) Table K-4 defines all reason codes. 
(2) Reason codes are assigned in order of their importance to the validation qualifiers with R1 

being most important. 

Definitions: 
VQ = validation qualifier 



Table K-6 

Laboratory and Validation Qualifier Definitions 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Qualifier 
Laboratory - Organic 

B 
J 

I 

U 

Laboratory - Inorganic 
B 

J 
G 

U 

Validation - All 
B 

J 
R 

U 

UJ 

Definition 

The compound was detected in the sample and in an associated method blank. 
The compound was positively identified; the reported value is an estimated concentration 
between the method detection limit and the reporting limit. 
Matrix interference. 

Not detected. The compound was analyzed for, but not detected above the associated reporting 
limit. 

The analyte was positively identified; the reported value is an estimated concentration between 
the method detection limit and the reporting limit. 
The compound was detected in the sample and in an associated method blank. 
Elevated reporting limit due to matrix interference. 

Not detected. The analyte was analyzed for, but not detected above the associated reporting 
limit. 

The analyte was not detected significantly above the levels found in the associated method blank 
or field blanks 
The compound/analyte was positively identified; the reported value is an estimated concentration. 
Rejected due to severe deficiencies in the analytical process or supporting quality control data. 
The presence or absence of the compound/analyte cannot be verified. 
Not detected. The compound/analyte was analyzed for, but not detected above the associated 
reporting limit. 
Not detected. The associated reporting limit may be inaccurate or imprecise. 
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K. 1.0 Introduction 

This appendix of the Tenth Quarterly Background Report presents results of the quality 

assurance/quality control (QAIQC) measures implemented for the sampling and analysis 

activities at the Plum Brook Ordnance Works (PBOW) - Sandusky, Ohio. The quality indicators 

from every aspect of the data collection have been reviewed, and an assessment of the data with 

regard to project-specific objectives is presented. Successful execution of project-specific 

objectives and procedures provides strong support for the acceptance of the data generated as 

adequate for the purpose of evaluating the analytical results from this assessment at PBOW. 

Shaw Environmental, Inc. (Formerly IT Corporation) conducted field-sampling activities at 

PBOW in June 2004. Severn Trent Laboratories (STL) in Knoxville, Tennessee, and North 

Canton, Ohio, analyzed the project samples. Accutest Laboratories of Orlando, Florida, analyzed 

the field split samples. All data analyzed were reviewed for accuracy and completeness. One 

hundred percent of the data analyzed were subjected to data validation following Unites States 

Environmental Protection Agency (USEPA) guidelines in the USEPA Contract Laboratory 

Program National Functional Guidelines for Organic Data Review, (EPA, 1999) and USEPA 

Contract Laboratory Program National Functional Guidelines for Inorganic Data Review, 

(EPA, 2002). The criteria for blank evaluation were based on those detailed in Region 111 

ModzJications to National Functional Guidelines for Organic Data Review (EPA, 1994b) and 

Region 111 ModzJications to the Laboratory Data Validation Functional Guidelines for 

Evaluating Inorganics Analyses (EPA, 1993). Since these documents specify procedures for 

Contract Laboratory Program (CLP) data, they are used as guidelines only. Method and 

laboratory quality assurance and quality control requirements supercede these guidelines, where 

applicable. Laboratory criteria are provided in Attachment A of Appendix H. Data were 

evaluated against specific criteria to verify the achievement of precision, accuracy, 

representativeness, completeness, and comparability goals established to meet the project data 

quality objectives (DQO). To verify that these DQOs were met, field measurements, sampling 

and handling procedures, laboratory analysis and reporting, and all nonconformances and 

discrepancies in the data were examined to determine compliance with the appropriate and 

applicable procedures defined in the site-wide sampling and analysis plan (SAP). The results of 

this review are presented in the following sections, with all analytical outliers or 

nonconformances discussed where they occurred. 



K. 2.0 Field Sampling and QC Activities 

Shaw was retained by the U. S. Army Corps of Engineers (USACE), Nashville District, to 

conduct investigation and sampling activities at PBOW. Field activities at this site included 

collection of the background groundwater samples. The collection of these samples along with 

their associated QA and QC samples are discussed in this section of the Data Quality Evaluation 

(DQE). 

All project and field duplicate samples collected were submitted to STL. Sample shipments 

from the field were performed under custody and documented using standard Shaw Analysis 

RequestIChain of Custody (ARICOC) forms. These forms provided project-specific analytical 

specifications and QC instructions to the laboratory. A formal COC transfer record was prepared 

and included with these forms to document custody during sample transportation, storage, and 

disposition by the laboratory. Table K- 1 summarizes the field sample number, location, sample 

type, date of collection, and sample delivery group for each sample collected. Table K-2 

summarizes the detected compounds in the method blank and trip blanks associated with the 

PBOW samples. 

K.2.1 Trip Blanks 
Aqueous samples designated for volatile organic compound (VOC) analysis may be susceptible 

to contamination by diffusion of organic compounds into the sample container. Trip blanks are 

analyzed in order to assess the potential for contamination to be introduced to an aqueous 

volatile sample during transport and handling procedures. A trip blank is a sample of analyte- 

free deionized (DI) water that is prepared at the laboratory, shipped to the field with sample 

containers, and returned to the laboratory with the water matrix samples receiving VOC analysis. 

A trip blank is then analyzed for volatile organics using the same sample preparation and 

analysis procedures used for the actual field samples. Three trip blank samples were collected. 

Three trip blanks contained target analytes and five samples were qualified. 

The data validator applied the 5X-10X rule to the samples for the analytes detected. The 10- 

times limit is applicable only for common laboratory contaminants such as acetone, methylene 

chloride, and 2-butanone. The following samples were qualified "B" by the data validator, 

indicating that sample results are indicative of blank contamination: 



K. 2.2 Field Duplicates 
Field duplicate samples are collected and submitted to the laboratory for analysis along with their 

corresponding original samples. The data generated from the analysis of field duplicate samples 

are used to evaluate the precision of the sample collection and analysis procedures. High relative 

percent difference (RPD) between an original sample and its field duplicate may indicate a 

difference in sample matrix or sample collection rather than true problems with precision of 

sample analysis. Also, when estimated "J," blank-contaminated "B," or nondetected "U" results 

are reported, there is a potential for increased variability between the primary and duplicate 

sample results. 

Field duplicate samples were collected at a frequency of approximately one for every ten 

samples collected (10 percent). One field duplicate sample was collected during this sampling 

event. Table K-3 compares the original and field duplicate results and shows the RF'Ds 

calculated for those detected compounds. Compounds not presented in the table were not 

detected in either the original or field duplicate samples. In cases where duplicates were 

performed and one result is less than the reporting limit, but greater than the method detection 

limit (MDL), the RPD is reported. but should be considered an estimated value. 

Validation 
Qualifier 

B 

The acceptance criterion of 30 percent RPD was used to evaluate these sample results. Data was 

qualified only if the analyte was detected in both samples. Iron and carbon disulfide were 

qualified "J." In most cases, original and field duplicate data compared well as demonstrated by 

the RPDs calculated. The instances where they do not compare well involve estimated or blank- 

contaminated data. RPD is calculated by using the following formula: 

Blank Contaminant 

Acetone 

Lot 
Number 

PB047 

A - B  
RPD= ( A +  B ) l 2  100 

Sample Affected 

DG3000, DG3001, 
DG3003, DG3005, 

DG3006 

where: 

RPD = relative percent difference 
A = original result 
B = field duplicate result. 



K. 2.3 Field Split Samples 
Split samples were collected in conjunction with field duplicate samples and sent to Accutest 

Laboratories. The split samples were submitted to the laboratory for the same analysis as their 

corresponding field duplicates and original field samples. The split samples are used to 

determine if data results are reproducible when analyzed by two different laboratories. Results 

are also evaluated to determine if a contracted laboratory's preparation and analysis procedures 

are in control and meet the approved method criteria. 

Field split samples were collected at a frequency of approximately one for every ten regular 

samples. One split sample was collected during this sampling event. 

Table K-3 compares the original and field split results and shows the RPDs calculated for those 

detected compounds. Compounds not presented in the table were not detected in either the 

original or field split samples. The analytes compare well when both labs reported above their 

reporting limits and there was no blank contamination. 



K.3.0 Analytical Program and QC Activities 

The project QAIQC program described in the SAP was followed for the collection and laboratory 

analysis of samples. Each of the analytical methods used require that method-specific QAIQC 

protocols be followed during sample analysis. These protocols are a critical part of the methods 

employed and were followed by the laboratory during sample analysis. Specific measures 

included detailed record keeping procedures, instrument calibrations, and analysis of method 

blanks, blank spikes, matrix spikeslmatrix spike duplicates (MSIMSD), surrogates, and internal 

standards. The following SW-846 and USEPA methods were used to analyze PBOW samples: 

Appendix I contains validated analytical data summaries for the samples collected during this 

field investigation. The validator used the QAIQC criteria defined in the SAP to evaluate the data 

for all parameters for which criteria were provided. If acceptance criteria were not provided in 

the SAP, the validator used the laboratory-derived acceptance criteria or analytical method 

criteria to qualify data. Any qualifiers added to these data by the data validator are included in 

the summaries. 

K.3.1 Laboratory QNQC Procedures 
The following sections discuss specific QNQC protocols required and performed by the 

laboratory during this investigation. 
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K.3.1.1 Method/Calibration Blanks 
Method blanks are analyzed with each analytical "batch processed on a per matrix (i.e., soil and 

water) basis. Method blanks are carried step-wise through the same analytical procedure as their 

associated field samples, including the addition of solvents, surrogate and standard spikes, and 

reagents as required in the analysis process. The purpose of a method blank is to identify any 

possible contaminants that may be introduced to the sample as a result of any part of the 

analytical process. The data validator evaluated all blank data associated with each sample. 

When estimated or positive concentrations of compounds/analytes were reported in the 

corresponding field samples, associated samples were evaluated and qualified using the 5X-1 OX 

rule. The 10-times limit is applicable for common laboratory contaminants such as acetone, 

methylene chloride, 2-butanone, and certain phthalates. 

For some analyses, initial and continuing calibration blanks are performed throughout the run 

sequence. These blanks verify the presence of carry over contamination for the analytes of 

interest. 

Qualifiers applied to samples based on detections in the calibration and/or method blanks are 

summarized below: 

B - blank contamination SDG - sample delivery group 

K.3.1.2 Matrix Spikes and Laboratory Control Spikes 
Two types of spikes were generally performed for all analyses: MS and laboratory control 

samples (LCS). MS compounds are spiked into an aliquot of a field sample. LCS compounds 

Validation 

Qualifier 

B 

B 

B 
B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

Number 

PB047 

Sample Number Affected 

DG3000 
DG3000, DG3001, DG3003, 
DG3006 
DG3001 
DG3001 
DG3002, DG3003, DG3004, 
DG3005, DG3006 
DG3003 

DG3003 

DG3004, DG3005, DG3006 

DG3005, DG3005 

DG3004, DG3005 

DG3004 

DG3006 
DG3000, DG3001, DG3003, 
DG3005, DG3006 

Blank Contaminant 

Zinc (dissolved/total) 

Thallium (total) 

Arsenic (dissolved/total) 
Copper (total) 

zinc 

Selenium (total) 

Mercury (dissolved) 

Thallium (dissolved) 

Zinc (dissolved) 

Thallium (total) 

Mercury (total) 

Thallium (dissolved) 

Acetone 

Blank 

Method 

Calibration, Method 

Calibration 
Calibration 

Method 

Calibration 

Calibration 

Method 

Method 

Method 

Calibration 

Calibration 

Method 



are spiked into a blank matrix. The spiked compounds are representative compounds that are 

quantified during performance of the method. Recovery of the spiked compound is used as an 

assessment of analytical accuracy for the sample matrix analyzed. These results are useful in 

distinguishing sample matrix interferences from analysis interferences through a comparison of 

MS and LCS recovery data. Often, spikes are performed in duplicate (as an MSD or LCS 

duplicate). In this manner, the precision of the assessment can be quantified as the RPD of the 

original and duplicate spike. 

Matrix spikes were assigned at a frequency of 1 for every 20 field samples collected. An MS 

and MSD were assigned in the field to sample DG3003. This sample corresponds to location PB- 

BED-MW25. Additional sample volume was provided to the laboratory for the MSIMSD 

analyses. This sampling frequency meets the collection criteria for this program as specified in 

the SAP. In addition to the overall collection frequency, the analytical method requires that the 

laboratory analyze 1 set of spikes per analytical batch. To comply with this method requirement, 

the laboratory may have to analyze batch QC with a work order. The validator evaluated the 

batch QC. The laboratory statistically determined target acceptance limits were used to assess 

the spike recovery and RPD. 

The MSIMSD criteria were met with a few exceptions. The following samples were qualified: 

1 SDGNumber I Sample Number Affected Analyte(s) 
Validation 
Qualifier 

UJ - undetected, estimated 

1 
LCS results are used to evaluate lab method performance in the same manner as the MSIMSD 

results except the LCS is not performed on an actual field sample matrix. An LCS is prepared 

for each analytical "batch" for each parameter and matrix analyzed. All LCS recoveries met the 

established QC criteria. 

Tetryl PB047 

PB047 

K.3.1.3 Calibration 
A few compounds exhibited unacceptable performances in the calibration standards. The 

relative response factors (RRF) of 4-methyl-2-pentanone and 2-butanone were less than 0.1. 4- 

Methyl-2-pentanone and 2-butanone were rejected in all samples except the field split. 

Wet Chemistrv ' UJ 

DG3000, DG3001, DG3002, DG3003, 
DG3005, DG3006 

Cyanide DG3000, DG3001, DG3002, DG3003, 
DG3004, DG3005 UJ 



The following compounds exhibited individual initial calibration (ICAL) percent relative 

standard deviation (%RSD) greater than 30 and/or continuing calibration (CCAL) percent 

differences (%D) greater than 20. 

SDG 
Number 

F24891 

B - blank cot 

Validation 

Qualifier 

U J 

Analysis 

Volatiles 

K.3.1.4 Column Agreement 

Semivolatile 

S 

Volatiles 

DG3001 

DG3002, DG3004 

DG3004 

For high-performance liquid chromatography (HPLC) analyses, sample results are confirmed 

Samples 

DG3007 

2,4-Dinitophenol, 4,6-Dinitro-2- 

Methyphenol 

2-Butanone, 4-Methyl-2-Pentanone 

2-Hexanone, Carbon Disulfide, 

Trans-1,3-Dichloropropene 

Acetone 

1,1,2-Trichloroethane, 

Dibromochlormethane, 

Tetrachloroethene 

I 

DG3000, DG3001, DG3002, 

DG3003, DG3004, DG3005, 

DG3006 

DG3000, DG3001, DG3002, 

DG3003, DG3004, DG3005, 

DG3006 

DG3000, DG3001, DG3002, 

DG3003, DG3004, DG3005, 

DG3006 

DG3000, DG3001, DG3003, 
DG3005, DG3006 

DG3001, DG3003, DG3006 

using two dissimilar columns. In order for an analyte to be reported, it must be detected on both 

Compounds 

Chloroethane 

UJ 

R 

JlUJ 

B 

UJ 

tamination; J - estimated; R- rejected; UJ - undetected, estimated 

Bromodichloromethane 

Acetone 

1 , I  ,2-Trichloroethane, 1 , I  - 
Dichloroethane 

columns. Results differing by greater than 40 percent are qualified estimated, "J.." All detections 

R 

UJ 

UJ 

were in agreement. No data were qualified. 

K.3.1.5 Surrogate Recoveries 
Surrogate standards are non-target compounds that are added to all samples prior to extraction or 

purging. They are used in organic analyses to monitor the percent recovery efficiencies of the 

sample preparation and analytical procedures. Volatile surrogate recoveries for sample 

DG3001were below laboratory established QC limits. Volatile results for DG3001 should be 

considered biased low. 



DG300 1 was qualified as follows: 

"B" qualifiers for blank contamination and "R" qualifiers for calibration problems take precedence over estimating 
qualifiers (UJIJ). 

Validation 
Qualifier SDG Number 

I I I I I 

K.3.2 Reporting Limits 
Limits have been established to describe project sensitivity requirements. Each laboratory is 

required to demonstrate method performance through MDL studies for every method employed. 

These studies are required to be laboratory-specific so that individual laboratory variables such 

as equipment brands, reagent suppliers, and chemist technique are factored into the performance 

study. MDLs are established using controlled matrices (i.e., DI water). Practical quantitation 

limits (PQL) or method quantitation limits (MQL) used for this project are those statistically 

determined by the laboratories. The analytical program executed for this project required the use 

of SW-846 methods, which specify the procedure for calculating the MDLs. The PQLIMQL 

calculation adjusts the limit by a predetermined mathematical factor for the analysis of actual 

environmental sample matrices (i.e., soil, groundwater, etc.). Method reporting limits (MRL) are 

based on the project action or decision levels. 

These limits are generally defined as follows: 

PB047 I DG3001 

MDL. The minimum concentration of an analyte that can be measured and 
reported with 99 percent confidence that the concentration is greater than zero. 

Samples Affected 

All VOC Compounds I JIBIRIUJ 

MQUPQL. The lowest level that the laboratory has demonstrated its ability to 
reliably quantitate target analytes within the criteria required for a given method. 
It is the lowest concentration at which the data are reported without qualification. 

Cornpound(s) 

o MRL. A threshold value below which the laboratory reports a result as non- 
detected. Ideally, the MRL will be established anywhere between the MDL and 
112 the project action levels. 

An MDL is the lower limit at which the laboratory can differentiate a measurement from back- 

ground. The MDL is determined in accordance with the procedures in 40 CFR Part 136. If 

project action levels are near or below the MDL, it is unlikely the sensitivity of the method will 

be achievable. A compromise must be reached. The PQLIMQL is the lower limit at which a 

measurement becomes meaningful. This measurement (the PQL or the reporting limit [RL]) is 

generally a multiple of three to five times the MDL. 



Most samples were handled and analyzed as expected without significant changes to the 

anticipated project MQLs. 

K. 3.3 Holding Times/Presen/a fion 
All laboratory results submitted for this investigation have been reviewed with respect to 

laboratory adherence to extraction and analysis holding times. Maximum sample extraction and 

analysis hold times were those specified in USACE document EM200-1-3 (USACE, 2001). All 

other holding time criteria were acceptable for the samples collected. 
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K.4.0 Data Evaluation and Usability 

The analytical data review process identified a few analytical nonconformance issues that were 

noted during this analytical program. These anomalies have been discussed in the previous 

sections of this appendix. Table K-5 summarizes all compounds requiring qualifier application 

due to anomalies discovered during data validation. Table K-4 defines the reason codes for 

qualification, and Table K-6 defines the data validation qualifiers. 

The following definitions are used for defining precision, accuracy, representativeness, 

completeness, and comparability as they have been applied to this evaluation. 

Precision. Precision is a measurement of mutual agreement among individual measurements 

of the same property, usually under prescribed similar conditions. Precision data were obtained 

through the analysis and evaluation of duplicate QA samples. Accuracy was determined through 

the analysis and evaluation of method blanks, LCSs, trip blanks, equipment rinsates, and MS 

samples. 

Accuracy. Accuracy is a measurement of bias in a system and is expressed as a percent 

recovery. These QA samples were collected andlor analyzed at the frequency established in the 

SAP, verifying the completeness element of the DQOs along with the evaluation of holding 

times and reporting limits. Percent recovery is calculated as follows: 

Percent Recovery = (v) * 100 

Where: 

X = the lab determined concentration of a spiked sample 
S = the sample native concentration prior to spike 
T = the true concentration of the spike. 

Relative Percent Difference is calculated as follows: 

Dl - 021 
Relative Percent Difference = 



Where: 

Dl  and D2 = the results of duplicate measurements 

Representativeness. Representativeness is a qualitative parameter that expresses the degree 

to which sample data actually represent the matrix and site conditions. For example, in 

conducting groundwater monitoring, representativeness requires proper location of wells and the 

collection of samples under consistent, documented procedures. Wells are located based upon 

the results of the hydrological study in progress and are designed to provide maximum coverage 

of the flow conditions. Requirements and procedures for sample collection and handling are 

designed to maximize sample representativeness. Representativeness also can be monitored by 

reviewing field documentation and performing field audits. 

The samples were collected using Shaw standard operating procedures (SOP) and were fully 

documented through the use of standard Shaw field forms. Samples are representative of the 

matrix and site sampled. 

Completeness. Completeness is a measure of the amount of valid data that are obtained 

during a sampling event as compared to the amount of data expected under optimum conditions. 

No data points were qualified "R," rejected, in the validation process because of QC criteria as 

described in the previous sections of this report. Completeness is calculated as follows: 

~riplenrrrss  % = (%:; X 100 

Where: 

D, = the number of data points for which valid results are reported 
D, = the number of valid samplesldata points that are collected and reach the laboratory 

for analysis. 

During this task, 5 monitoring wells were sampled resulting in approximately 1444 targeted 

analytical records, including duplicate and split records. Fourteen data points were rejected due 

to anomalies discovered during the validation process. Using the above calculation, greater than 

99 percent completeness is achieved for the task. 

Comparability. Comparability is a qualitative parameter expressing the confidence with which 

one data set can be compared with another. Comparability ensures that results for the sampling 

event can be compared with data from other past and/or future sampling programs. Compar- 
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ability for this sampling event was achieved through the use of established and recognized 

techniques and accepted standard USEPA methods. All samples collected and analyzed were 

subjected to the same sampling, handling, preparation, analysis, reporting, and validation criteria 

for the purpose of achieving comparability goals within the data set. Only data of known quality 

(i.e., precision and bias) can be compared. 

Statement of Data Usability. The overall results of the analyses, as discussed in this 

evaluation, suggest that representative samples were collected and analyzed, and the results are 

indicative of the media analyzed, with the exception of the few anomalies noted. The data do 

reflect expected site conditions and are usable for their intended purpose. 

Tables K-1 through K-6 summarize the analytical program and the results for the data validation 

effort for all samples collected by Shaw at PBOW. 
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Table K-I  

Sample Cross-reference 
Background Wells 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

Sample I Sample I Sample I Sample I SDG 

SDG - Sample delivery group. 
GW - Groundwater. 
REG - Regular. 
FD - Field duplicate. 
FS - Field split. 



Table K-2 

Summary of Analytes Detected in Blanks 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Sample 
Delivery Group 

PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 

Sample 
Purpose 

TB 
TB 
TB 
TB 
TB 
TB 
BLK 
BLK 
BLK 
BLK 
BLK 

Number 

PB047 I GJNWFBW I 21-Jun-04 I BLK 

pg/L - Micrograms per liter. 

DG5000 
DG5001 
DG5001 
DG5001 
DG5002 
DG5002 

GJDG8BW 
GJF4LBW 
GJNHABW 
GJNHABW 
GJNHABW 

16-Jun-04 
17-Jun-04 
17-Jun-04 
17-Jun-04 
21-Jun-04 
21-Jun-04 
16-Jun-04 
17-Jun-04 
23-Jun-04 
23-Jun-04 
23-Jun-04 

Parameter 
ACETONE 

I Lab 

Resul 
5 

ACETONE 
CHLOROFORM 

METHYLENE CHLORIDE 
ACETONE 

METHYLENE CHLORIDE 
ACETONE 
ACETONE 

POTASSIUM 
THALLIUM 

ZINC 
ACETONE 

Units I Qualifier 

pg/L I J B 
5.6 
0.1 
0.25 
4.1 
0.46 
3.6 
3 

97.1 
5.9 
7 

3.7 



Table K-3 

Summary of Original, Field Duplicate, and Field Split Results and RPD Calculations 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

ter. 
N - No. 
Y -Yes. 
Qual - Qualifier. 
REG - Regular. 
FD - Field duplicate. 
FS - Field split. 



Table K-4 

Summary of Data Validation Reason Codes 
Plum Brook Ordnance Works 

Sandusky, Ohio 

l ~ e a s o n  Code 1 Description 

19 
20 
21 
22 
23 
24 
999 

Professional judgement was used to qualify the data 
Pesticide clean-up checks 
Target compound identification 
Radiological calibration 
Radiological quantitation 
Reported result and/or lab qualifier revised to reflect validation findings 
See hard copy for details. 



Table K-5 

Summary of Data Validation Qualifiers Assigned amd Reason Codes for Qualification 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

(Page 1 of 4) 



Table K-5 

Summary of Data Validation Qualifiers Assigned amd Reason Codes for Qualification 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 
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Table K-5 

Summary of Data Validation Qualifiers Assigned amd Reason Codes for Qualification 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

(Page 3 of 4) 

SAMPLE DELIVERY 
GROUP 

PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 

PARAMETER 
CARBON DlSULFlDE .----------------------------------------..----------------------------------------------------------------------------------.------------ 
DIBROMOCHLOROMETHANE .----------------------------------------.----------------------------------------------------------------------------------.------------ 
TETRACHLOROETHENE .----------------------------------------.----------------------------------------------------------------------------------.------------ 
TRANS-1,3-DICHLOROPROPENE .----------------------------------------.----------------------------------------------------------------------------------..------------ 
CYANIDE, TOTAL .----------------------------------------.----------------------------------------------------------------------------------.------------ 
ALUMINUM .----------------------------------------.----------------------------------------------------------------------------------.------------ 
MANGANESE 

SAMPLE 
NUMBER 
DG3003 
DG3003 
DG3003 
DG3003 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3004 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3005 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 

MERCURY 
POTASSIUM 
THALLIUM B 06A 15 
ZINC 
2,4-DINITROPHENOL 
4,6-DINITRO-2-METHYLPHENOL 
1 ,I ,2-TRICHLOROETHANE 
1 ,I-DICHLOROETHANE 
2-BUTANONE 
2-HEXANONE UJ 05B 
4-METHYL-2-PENTANONE 
ACETONE 
CARBON DlSULFlDE 
TOLUENE 
TRANS-1,3-DICHLOROPROPENE UJ 05B 
CYANIDE, TOTAL 
TETRYL UJ 08A 
ALUMINUM 
COBALT 
COPPER 
POTASSIUM 
THALLIUM B 06A 15 
ZINC 
ZINC 
2,4-DICHLOROPHENOL 
4,6-DINITRO-2-METHYLPHENOL 
2-BUTANONE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
ACETONE 
BENZENE 
CARBON DlSULFlDE 
ETHYLBENZENE 
TRANS-1,3-DICHLOROPROPENE UJ 05B 
TETRYL 
ALUMINUM 
BARIUM 
IRON 
POTASSIUM 
THALLIUM 
ZINC 
2,4-DINITROPHENOL 

ANALYSIS 
VOLATILES 
VOLATILES 
VOLATILES 
VOLATILES 
CYANIDE 
METALS 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------.----------------------------------------------------------------- 
SEMIVOLATILES .----------------------------------------.----------------------------------------------------------------- 
SEMIVOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES 
VOLATILES 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
CYANIDE .----------------------------------------.----------------------------------------------------------------- 
EXPLOSIVES 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------..----------------------------------------------------------------- 
METALS .----------------------------------------.----------------------------------------------------------------- 
SEMIVOLATILES .----------------------------------------.----------------------------------------------------------------- 
SEMIVOLATILES 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES .----------------------------------------.----------------------------------------------------------------- 
VOLATILES 
EXPLOSIVES 
METALS 
METALS .----------------------------------------.----------------------------------------------------------------- 
METALS .----------------------------------------..----------------------------------------------------------------- 
METALS 
METALS 
METALS 
SEMIVOLATILES ........................................................................................................... 

Reason Codes (1,2) 
VQ 
J 

UJ 
UJ 
UJ 
UJ 
J 
J 

R2 R1 
05B 
05B 
05B 
05B 
08A 
15 
15 

R3 R4 



Table K-5 

Summary of Data Validation Qualifiers Assigned amd Reason Codes for Qualification 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

(Page 4 of 4) 

Footnotes: 
(1) Table K-4 defines all reason codes. 
(2) Reason codes are assigned in order of their importance to the validation qualifiers with R1 

being most important. 

Definitions: 
VQ = validation qualifier 

PARAMETER 
4,6-DINITRO-2-METHYLPHENOL .----------------------------------------.----------------------------------------------------------------------------------.------------ 
I ,I ,2-TRICHLOROETHANE .----------------------------------------.----------------------------------------------------------------------------------.------------ 
2-BUTANONE .----------------------------------------.-----------------------------------------------------------------.----------------.------------ 
2-HEXANONE .----------------------------------------.----------------------------------------------------------------------------------.------------ 
4-METHYL-2-PENTANONE 
ACETONE .----------------------------------------.-----------------------------------------------------------------.----------.-----.------------ 
CARBON DlSULFlDE .----------------------------------------.----------------------------------------------------------------------------.-----.------------ 
DIBROMOCHLOROMETHANE .----------------------------------------.----------------------------------------------------------------------------.-----.------------ 
TETRACHLOROETHENE .----------------------------------------.----------------------------------------------------------------------------------.------------ 
TRANS-1,3-DICHLOROPROPENE 

SAMPLE DELIVERY 
GROUP 

PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 
PB047 

Reason Codes (1,2) 
VQ 
UJ 
UJ 
R 
UJ 
R 
B 
J 

UJ 
UJ 
UJ 

SAMPLE 
NUMBER 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 
DG3006 

ANALYSIS 
SEMIVOLATILES 
VOLATILES 
VOLATILES 
VOLATlLES 
VOLATILES .----------------------------------------.--------------------------------------------------------------------- 
VOLATILES 
VOLATILES 
VOLATILES 
VOLATILES 
VOLATILES 

R1 
05B 
05B 
04A 
05B 
04A ----- 

- - 0 5 ~  
05B 
05B 
05B 
058 

R2 

05A 

05A ----- 
- 0 6 ~ '  

R3 

----- 

R4 

06~- - -?5-  



Table K-6 

Laboratory and Validation Qualifier Definitions 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Qualifier 
Laboratory - Organic 

B 
J 

U 

Laboratory - Inorganic 
B 

J 
G 

Definition 

The compound was detected in the sample and in an associated method blank. 
The compound was positively identified; the reported value is an estimated concentration 
between the method detection limit and the reporting limit. 
Not detected. The compound was analyzed for, but not detected above the associated reporting 
limit. 

The analyte was positively identified; the reported value is an estimated concentration between 
the method detection limit and the reporting limit. 
The compound was detected in the sample and in an associated method blank. 
Elevated reporting limit due to matrix interference. 

U 

Validation - All 
B 

J 
R 

U 

UJ 

Not detected. The analyte was analyzed for, but not detected above the associated reporting 
limit. 

The analyte was not detected significantly above the levels found in the associated method blank 
or field blanks 
The compound/analyte was positively identified; the reported value is an estimated concentration. 
Rejected due to severe deficiencies in the analytical process or supporting quality control data. 
The presence or absence of the compound/analyte cannot be verified. 
Not detected. The compound/analyte was analyzed for, but not detected above the associated 
reporting limit. 
Not detected. The associated reporting limit may be inaccurate or imprecise. 



AUGUST 2004 DOWNGRADIENT WELL SAMPLING 
DATA QUALITY EVALUATION 

Kh5;PBO\I\OI G\IDS\Final\Binder 2 TOC (List of .\pp)\4~2912005\,3 00:IO PM 



Table of Contents 

Page 

. . 
List of Tables .............................................................................................................................. K-11 

... 
List of Acronyms ....................................................................................................................... K-111 

..................................................................................................................... K . 1.0 Introduction K- 1 

K.2.0 Field Sampling and QC Activities .................................................................................. K-2 

......................................................................................................... K.2.1 Trip Blanks K-2 

................................................................................................. K.2.2 Field Duplicates K-3 

K.2.3 Field Split Samples ............................................................................................ K-4 

K.3.0 Analytical Program and QC Activities ........................................................................... K-5 

K.3.1 Laboratory QAIQC Procedures ........................................................................... K-5 

.................................................................. K.3.1.1 MethodICalibration Blanks K-5 

K.3.1.2 Matrix Spikes and Laboratory Control Spikes .................................. K-6 

............................................................................................ K.3.1.3 Calibration K-7 

.............................................................................. K.3.1.4 Column Agreement K-8 

........................................................................... K.3.1.5 Surrogate Recoveries K-8 

K.3.2 Reporting Limits ................................................................................................. K-8 

............................................................................... K.3.3 Holding TimesIPreservation K-9 

...................................................................................... K.4.0 Data Evaluation and Usability K- 10 

..................................................................................................................... K.5.0 References K- 13 



List of Tables 

Table Title 

K- 1 Sample Cross-reference 

K-2 Summary of Analytes Detected in Blanks 

K-3 Summary of Original, Field Duplicate, and Field Split Results and RPD Calculations 

K-4 Summary of Data Validation Reason Codes 

K- 5 Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification 

K-6 Laboratory and Validation Qualifier Definitions 



List of Acronyms 

AWCOC 

CCAL 

CFR 

CLP 

DI 

DQE 

DQO 
EPA 

HPLC 

ICAL 

LCS 

MDL 

MQL 
MRL 

MS 

MSD 

%D 
%RSD 

PQL 
PBOW 

QA/Qc 
SAP 

SDG 

STL 

RL 

RPD 

RRF 
SOP 

STL 

TDS 

TOC 

TSS 

USACE 

USEPA 

VOC 

analysis requestlchain of custody 

continuing calibration 

Code of Federal Regulations 

Contract Laboratory Program 

deionized 

data quality evaluation 

data quality objectives 

U.S. Environmental Protection Agency 

high-performance liquid chromatography 

initial calibration 

laboratory control sample 

method detection limit 

method quantitation limit 

method reporting limit 

matrix spike 

matrix spike duplicate 

percent difference 

percent relative standard deviation 

practical quantitation limit 

Plum Brook Ordnance Works 

quality assurancelquality control 

sampling and analysis plan 

sample delivery group 

Severn Trent Laboratory 

reporting limit 

relative percent difference 

relative response factor 

standard operating procedures 

Severn Trent Laboratory 

total dissolved solids 

total organic compounds 

total suspended solids 

U.S. Army Corps of Engineers 

U. S. Environmental Protection Agency 

volatile organic compound 



K. 7.0 Introduction 

This appendix presents results of the quality assurance/quality control (QAIQC) measures 

implemented for the sampling and analysis activities at the Plum Brook Ordnance Works 

(PBOW) - Sandusky, Ohio. The quality indicators from every aspect of the data collection have 

been reviewed, and an assessment of the data with regard to project-specific objectives is 

presented. Successful execution of project-specific objectives and procedures provides strong 

support for the acceptance of the data generated as adequate for the purpose of evaluating the 

analytical results from this assessment at PBOW. 

Shaw Environmental, Inc. (Formerly IT Corporation) conducted field-sampling activities at 

PBOW in August 2004. Severn Trent Laboratories (STL) in Knoxville, Tennessee, and North 

Canton, Ohio, analyzed the project samples. Accutest Laboratories of Orlando, Florida, analyzed 

the field split samples. All data analyzed were reviewed for accuracy and completeness. One 

hundred percent of the data analyzed were subjected to data validation following Unites States 

Environmental Protection Agency (USEPA) guidelines in the USEPA Contract Laboratory 

Program National Functional Guidelinesfor Organic Data Review, (EPA, 1999) and USEPA 

Contract Laboratory Program National Functional Guidelines for Inorganic Data Review, 

(EPA, 2002). The criteria for blank evaluation were based on those detailed in Region 111 

Modi~?cations to National Functional Guidelines for Organic Data Review (EPA, 1994b) and 

Region 111 ModiJications to the Laboratory Data Validation Functional Guidelines for 

Evaluating Inorganics Analyses (EPA, 1993). Since these documents specify procedures for 

Contract Laboratory Program (CLP) data, they are used as guidelines only. Method and 

laboratory quality assurance and quality control requirements supercede these guidelines, where 

applicable. Laboratory criteria are provided in Attachment A of Appendix H. Data were 

evaluated against specific criteria to verify the achievement of precision, accuracy, 

representativeness, completeness, and comparability goals established to meet the project data 

quality objectives (DQO). To verify that these DQOs were met, field measurements, sampling 

and handling procedures, laboratory analysis and reporting, and all nonconformances and 

discrepancies in the data were examined to determine compliance with the appropriate and 

applicable procedures defined in the site-wide sampling and analysis plan (SAP). The results of 

this review are presented in the following sections, with all analytical outliers or 

nonconformances discussed where they occurred. 



K. 2.0 Field Sampling and QC Activities 

Shaw was retained by the U. S. Army Corps of Engineers (USACE), Nashville District, to 

conduct investigation and sampling activities at PBOW. Field activities at this site included 

collection of the downgradient groundwater samples. The collection of these samples along with 

their associated QA and QC samples are discussed in this section of the Data Quality Evaluation 

(DQE). 

All project and field duplicate samples collected were submitted to STL. Sample shipments 

from the field were performed under custody and documented using standard Shaw Analysis 

RequestIChain of Custody (ARJCOC) forms. These forms provided project-specific analytical 

specifications and QC instructions to the laboratory. A formal COC transfer record was prepared 

and included with these forms to document custody during sample transportation, storage, and 

disposition by the laboratory. Table K- 1 summarizes the field sample number, location, sample 

type, date of collection, and sample delivery group for each sample collected. Table K-2 

summarizes the detected compounds in the method blank and trip blanks associated with the 

PBO W samples. 

K.2.1 Trip Blanks 
Aqueous samples designated for volatile organic compound (VOC) analysis may be susceptible 

to contamination by diffusion of organic compounds into the sample container. Trip blanks are 

analyzed in order to assess the potential for contamination to be introduced to an aqueous 

volatile sample during transport and handling procedures. A trip blank is a sample of analyte- 

free deionized (DI) water that is prepared at the laboratory, shipped to the field with sample 

containers, and returned to the laboratory with the water matrix samples receiving VOC analysis. 

A trip blank is then analyzed for volatile organics using the same sample preparation and 

analysis procedures used for the actual field samples. Four trip blank samples were collected. 

Four trip blanks contained target analytes and three samples were qualified. 

The data validator applied the 5X-10X rule to the samples for the analytes detected. The 10- 

times limit is applicable for common laboratory contaminants such as acetone, methylene 

chloride, and 2-butanone. The following samples were qualified "B" by the data validator, 

indicating that sample results are indicative of blank contamination: 



SDG 
Number 

I t  11 

SDG - Sample delivery group. 

H4H270215 

K. 2.2 Field Duplicates 

Field duplicate samples are collected and submitted to the laboratory for analysis along with their 

corresponding original samples. The data generated from the analysis of field duplicate samples 

are used to evaluate the precision of the sample collection and analysis procedures. High relative 

percent difference (FWD) between an original sample and its field duplicate may indicate a 

difference in sample matrix or sample collection rather than true problems with precision of 

sample analysis. Also, when estimated "J," blank-contaminated "8," or nondetected "U" results 

are reported, there is a potential for increased variability between the primary and duplicate 

sample results. 

Sample Affected 

Field duplicate samples were collected at a frequency of approximately one for every ten 

samples collected (1 0 percent). One field duplicate sample was collected during this sampling 

event. Table K-3 compares the original and field duplicate results and shows the RPDs 

calculated for those detected compounds. Compounds not presented in the table were not 

detected in either the original or field duplicate samples. In cases where duplicates were 

performed and one result is less than the reporting limit, but greater than the method detection 

limit (MDL), the W D  is reported, but should be considered an estimated value. 

DH3002, DH3005 

DH3002 

The acceptance criterion of 30 percent RPD was used to evaluate these sample results. Data was 

qualified only if the analyte was detected in both samples. Iron and carbon disulfide were 

qualified ' " J 'Vn  most cases, original and field duplicate data compared well as demonstrated by 

the RPDs calculated. The instances where they do not compare well involve estimated or blank- 

contaminated data. RPD is calculated by using the following formula: 

Blank Contaminant 

A - B  K m =  r 100 
( A +  B ) l 2  

Validation 
Qualifier 

Carbon Disulfide 

Toluene 

where: 

B 

B 



RPD = relative percent difference 
A = original result 
B = field duplicate result. 

K.2.3 Field Split Samples 
Split samples were collected in conjunction with field duplicate samples and sent to Accutest 

Laboratories. The split samples were submitted to the laboratory for the same analysis as their 

corresponding field duplicates and original field samples. The split samples are used to 

determine if data results are reproducible when analyzed by two different laboratories. Results 

are also evaluated to determine if a contracted laboratory's preparation and analysis procedures 

are in control and meet the approved method criteria. 

Field split samples were collected at a frequency of approximately one for every ten regular 

samples. One split sample was collected during this sampling event. 

Table K-3 compares the original and field split results and shows the W D s  calculated for those 

detected compounds. Compounds not presented in the table were not detected in either the 

original or field split samples. The analytes compare well when both labs reported above their 

reporting limits and there was no blank contamination. 



K.3.0 Analytical Program and QC Activities 

The project QAIQC program described in the SAP was followed for the collection and laboratory 

analysis of samples. Each of the analytical methods used require that method-specific QNQC 

protocols be followed during sample analysis. These protocols are a critical part of the methods 

employed and were followed by the laboratory during sample analysis. Specific measures 

included detailed record keeping procedures, instrument calibrations, and analysis of method 

blanks, blank spikes, matrix spikeslmatrix spike duplicates (MSIMSD), surrogates, and internal 

standards. The following SW-846 and USEPA methods were used to analyze PBOW samples: 

Appendix I contains validated analytical data summaries for the samples collected during this 

field investigation. The validator used the QAIQC criteria defined in the SAP to evaluate the data 

for all parameters for which criteria were provided. If acceptance criteria were not provided in 

the SAP, the validator used the laboratory-derived acceptance criteria or analytical method 

criteria to qualify data. Any qualifiers added to these data by the data validator are included in 

the summaries. 

K.3.1 Laboratory QA/QC Procedures 
The following sections discuss specific QNQC protocols required and performed by the 

laboratory during this investigation. 

K.3.1.1 Method/Calibration Blanks 
Method blanks are analyzed with each analytical "batch" processed on a per matrix (i.e., soil and 

water) basis. Method blanks are carried step-wise through the same analytical procedure as their 
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associated field samples, including the addition of solvents, surrogate and standard spikes, and 

reagents as required in the analysis process. The purpose of a method blank is to identify any 

possible contaminants that may be introduced to the sample as a result of any part of the 

analytical process. The data validator evaluated all blank data associated with each sample. 

When estimated or positive concentrations of compounds/analytes were reported in the 

corresponding field samples, associated samples were evaluated and qualified using the 5X- 1 OX 

rule. The 10-times limit is applicable for common laboratory contaminants such as acetone, 

methylene chloride, 2-butanone, and certain phthalates. 

For some analyses, initial and continuing calibration blanks are performed throughout the run 

sequence. These blanks verify the presence of carry over contamination for the analytes of 

interest. 

Qualifiers applied to samples based on detections in the calibration and/or method blanks are 

summarized below: 

B - blank contamination 

K.3.1.2 Matrix Spikes and Laboratory Control Spikes 
Two types of spikes were generally performed for all analyses: MS and laboratory control 

samples (LCS). MS compounds are spiked into an aliquot of a field sample. LCS compounds 

are spiked into a blank matrix. The spiked compounds are representative compounds that are 

quantified during performance of the method. Recovery of the spiked compound is used as an 

assessment of analytical accuracy for the sample matrix analyzed. These results are useful in 

distinguishing sample matrix interferences from analysis interferences through a comparison of 

MS and LCS recovery data. Often, spikes are performed in duplicate (as an MSD or LCS 

duplicate). In this manner, the precision of the assessment can be quantified as the RPD of the 

original and duplicate spike. 

S DG 
Number 

H4H260300 

H4H270215 

H4H280124 
F26367 

Matrix spikes were assigned at a frequency of 1 for every 20 field samples collected. An MS 

and MSD were assigned in the field to sample DH3002. This sample corresponds to location PB- 

Blank 

Calibration 
Calibration 

Calibration 

Calibration 
Calibration 
Calibration 

Validation 
Qualifier 

B 
B 

B 

B 
B 
B 

Sample Number Affected 

DH3003 
DH3000, DH3002, DH3005 

DH3000 

DH3005 
DH3004 
DH3006 

Blank Contaminant 

Arsenic (dissolved) 
Aluminum (dissolved) 
Aluminum (total), Selenium 
(total) 
Nickel (total) 
Aluminum (dissolved) 
Aluminum (dissolved) 



BED-MW22. Additional sample volume was provided to the laboratory for the MSIMSD 

analyses. This sampling frequency meets the collection criteria for this program as specified in 

the SAP. In addition to the overall collection frequency, the analytical method requires that the 

laboratory analyze 1 set of spikes per analytical batch. To comply with this method requirement, 

the laboratory may have to analyze batch QC with a work order. The validator evaluated the 

batch QC. The laboratory statistically determined target acceptance limits were used to assess 

the spike recovery and RPD. 

The MSIMSD criteria were met with a few exceptions. The following samples were qualified: 

1 SDG Number I Sample Number Affected Analyte(s) 
Validation 
Qualifier 

11 Metals 11 

I Aluminum (total) I J 11 

H4H260300 

H4H270215 

11 Wet Chemistry 11 
11 H4H260300 I DH3003 I Nitrate, Cvanide (total) I UJ 11 

DH3003 

DH3000, DH3002, DH3005 

11 H4H270215 I DH3000, DH3002 I Nitrate, Cyanide (total) I UJ 11 
11 H4H280124 I DH3007 Cyanide (total) UJ II 

Aluminum (total) 

Aluminum (total) 

J 

JIB 

LCS results are used to evaluate lab method performance in the same manner as the MSIMSD 

results except the LCS is not performed on an actual field sample matrix. An LCS is prepared 

for each analytical "batch for each parameter and matrix analyzed. All LCS recoveries met the 

established QC criteria. 

Volatiles 

K.3.1.3 Calibration 
A few compounds exhibited unacceptable performances in the calibration standards. The 

relative response factor (RRF) of 4-methyl-2-pentanone and 2-butanone were less than 0.1. 

4-Methyl-2-pentanone and 2-butanone were rejected in all samples except the field split and 

DF3000. Acetone was rejected in samples was rejected in the field split. 

The following compounds exhibited individual initial calibration (ICAL) percent relative 

standard deviation (%RSD) greater than 30 andlor continuing calibration (CCAL) percent 

differences (%D) greater than 20. 

UJ F26367 

UJ - undetected, estimated 
B - associated blank contamination (Blank qualifiers take precedence over estimating qualifiers.) 

DH3006 
Trans-? ,3-Dichloropropene, 

Styrene 



SDG / Validation 11 -- - 
Number 

11 H4H260300 I Volatiles 

K.3.1.4 Column Agreement 
For high-performance liquid chromatography (HPLC) analyses, sample results are confirmed 

using two dissimilar columns. In order for an analyte to be reported, it must be detected on both 

columns. Results differing by greater than 40 percent are qualified estimated, "J." All detections 

were in agreement. No data were qualified. 

Analysis 

H4H270215 

H4H280124 

K.3.1.5 Surmgate Recoveries 
Surrogate standards are defined as non-target compounds added to standards, blanks, and 

samples prior to extraction or purging for organic analysis used to monitor the percent recovery 

efficiencies of the sample preparation and analytical procedures on a sample-by-sample basis. 

All surrogate recoveries were within laboratory established QC limits. No data were qualified. 

Samples 
DH3003 

I pentanone 

R- rejected 
J - estimated 
UJ - undetected, estimated 

Volatiles 

Semivolatiles 

Volatiles 

K.3.2 Reporting Limits 
Limits have been established to describe project sensitivity requirements. Each laboratory is 

required to demonstrate method performance through MDL studies for every method employed. 

These studies are required to be laboratory-specific so that individual laboratory variables such 

as equipment brands, reagent suppliers, and chemist technique are factored into the performance 

study. MDLs are established using controlled matrices (i.e., DI water). Practical quantitation 

limits (PQL) or method quantitation limits (MQL) used for this project are those statistically 

determined by the laboratories. The analytical program executed for this project required the use 

of SW-846 methods, which specify the procedure for calculating the MDLs. The PQL/MQL 

calculation adjusts the limit by a predetermined mathematical factor for the analysis of actual 

environmental sample matrices (i.e., soil, groundwater, etc.). Method reporting limits (MRL) are 

based on the project action or decision levels. 

Compounds 
Acetone, 2-Butanone, 4-Methyl-2- 

UJ DH3003 

DH3000, DH3002, DH3005 
DH3000, DH3002 

DH3005 

DH3005 

DH3004 

Qualifier 
R 

2-Hexanone 

2-Butanone, 4-Methyl-2-Pentanone 
Acetone 

Xylenes (Total) 

2,4-Dinitrophenol, 4,6-Dinitro-2- 
Methylphenol 

Acetone, 2-Butanone, 4-Methyl-2- 
Pentanone 

R 
R 

UJ 

UJ 

RIJ 



These limits are generally defined as follows: 

MDL. The minimum concentration of an analyte that can be measured and 
reported with 99 percent confidence that the concentration is greater than zero. 

MQUPQL. The lowest level that the laboratory has demonstrated its ability to 
reliably quantitate target analytes within the criteria required for a given method. 
It is the lowest concentration at which data are reported without qualification. 

MRL. A threshold value below which the laboratory reports a result as non- 
detected. Ideally, the MRL will be established anywhere between the MDL and 
112 the project action levels. 

An MDL is the lower limit at which the laboratory can differentiate a measurement from back- 

ground. The MDL is determined in accordance with the procedures in 40 Code of Federal 

Regulations (CFR) Part 136. If project action levels are near or below the MDL, it is unlikely 

the sensitivity of the method will be achievable. A compromise must be reached. The 

PQLIMQL is the lower limit at which a measurement becomes meaningful. This measurement 

(the PQL or the reporting limit [RL]) is generally a multiple of three to five times the MDL. 

Most samples were handled and analyzed as expected without significant changes to the 

anticipated project MQLs. 

K. 3.3 Holding Times/Preservation 
All laboratory results submitted for this investigation have been reviewed with respect to 

laboratory adherence to extraction and analysis holding times. Maximum sample extraction and 

analysis hold times were those specified in USACE document EM200-1-3 (USACE, 2001). All 

holding time criteria were acceptable for the samples collected with the exception of cyanide for 

sample DH3000. The cyanide result for sample DH3000 is estimated, qualified 'UJ', due to hold 

time exceeded. 



K.4.0 Data Evaluation and Usability 

The analytical data review process identified a few analytical nonconformance issues that were 

noted during this analytical program. These anomalies have been discussed in the previous 

sections of this appendix. Table K-5 summarizes all compounds requiring qualifier application 

due to anomalies discovered during data validation. Table K-4 defines the reason codes for 

qualification, and Table K-6 defines the data validation qualifiers. 

The following definitions are used for defining precision, accuracy, representativeness, 

completeness, and comparability as they have been applied to this evaluation. 

Precision. Precision is a measurement of mutual agreement among individual measurements 

of the same property, usually under prescribed similar conditions. Precision data were obtained 

through the analysis and evaluation of duplicate QA samples. Accuracy was determined through 

the analysis and evaluation of method blanks, LCSs, trip blanks, equipment rinsates, and MS 

samples. 

Accuracy. Accuracy is a measurement of bias in a system and is expressed as a percent 

recovery. These QA samples were collected and/or analyzed at the frequency established in the 

SAP, verifying the completeness element of the DQOs along with the evaluation of holding 

times and reporting limits. Percent recovery is calculated as follows: 

Percent Recovery = [(xis)) - * I00 

Where: 

X = the lab determined concentration of a spiked sample 
S = the sample native concentration prior to spike 
T = the true concentration of the spike. 

Relative Percent Difference is calculated as follows: 

Dl - 021 
Relative Percent Difference = 1 D l + D 2  



Where: 

Dl  and D2 = the results of duplicate measurements 

Representativeness. Representativeness is a qualitative parameter that expresses the degree 

to which sample data actually represent the matrix and site conditions. For example, in 

conducting groundwater monitoring, representativeness requires proper location of wells and the 

collection of samples under consistent, documented procedures. Wells are located based upon 

the results of the hydrological study in progress and are designed to provide maximum coverage 

of the flow conditions. Requirements and procedures for sample collection and handling are 

designed to maximize sample representativeness. Representativeness also can be monitored by 

reviewing field documentation and performing field audits. 

The samples were collected using Shaw SOPS and were fully documented through the use of 

standard Shaw field forms. Samples are representative of the matrix and site sampled. 

Completeness. Completeness is a measure of the amount of valid data that are obtained 

during a sampling event as compared to the amount of data expected under optimum conditions. 

No data points were qualified "R," rejected, in the validation process because of QC criteria as 

described in the previous sections of this report. Completeness is calculated as follows: 

Where: 
D, = the number of data points for which valid results are reported 
D = the number of valid samplesldata points that are collected and reach the laboratory 

for analysis. 

During this task, 5 monitoring wells were sampled resulting in approximately 1040 targeted 

analytical records, including duplicate and split records. Nineteen data points were rejected due 

to anomalies discovered during the validation process. Using the above calculation, greater than 

98 percent completeness is achieved for the task. 

Comparability. Comparability is a qualitative parameter expressing the confidence with which 

one data set can be compared with another. Comparability ensures that results for the sampling 

event can be compared with data from other past and/or future sampling programs. Compar- 

ability for this sampling event was achieved through the use of established and recognized 



techniques and accepted standard USEPA methods. All samples collected and analyzed were 

subjected to the same sampling, handling, preparation, analysis, reporting, and validation criteria 

for the purpose of achieving comparability goals within the data set. Only data of known quality 

(i.e., precision and bias) can be compared. 

Statement of Data Usability. The overall results of the analyses, as discussed in this 

evaluation, suggest that representative samples were collected and analyzed, and the results are 

indicative of the media analyzed, with the exception of the few anomalies noted. The data do 

reflect expected site conditions and are usable for their intended purpose. 

Tables K-1 through K-6 summarize the analytical program and the results for the data validation 

effort for all samples collected by Shaw at PBOW. 
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Table K-I 

Sample Cross-reference Downgradient Wells 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Sample Sample Sample 

SDG - Sample delivery group. 
MS - Matrix spike. 
MSD - Matrix spike duplicate. 
REG - Regular. 
FS - Field split. 



Table K-2 

Summary of Analytes Detected in Blanks 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

LQ - Laboratory qualifier. 
MDL - Method detection limit. 
pglL - Micrograms per liter. 
RL - Reporting limit. 
TB - Trip blank. 



Table K-3 

Summary of Original, Field Duplicate, and Field Split Results and RPD Calculations 
Former Plum Brook Ordnance Works 

FS - Field split. 
pglL - Micrograms per liter. 
N - No. 
Y -Yes. 
Qual - Qualifier. 
REG - Regular. 
ValQual - Validation qualifier 



Table K-4 

Summary of Data Validation Reason Codes 
Plum Brook Ordnance Works 

Sandusky, Ohio 



Table K-5 

Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

(Page 1 of 3) 

Parameter 
Cyanide, total 
Aluminum 
Manganese 
Selenium 
Zinc 
Nitrate 
Phenanthrene 
Phenol 
Acetone 
Benzene 
Butanone, 2- 
Carbon disulfide 
Methyl-2-pentanone, 4- 
Aluminum 
Manganese 
Potassium 
Thallium 
Zinc 
Cyanide, total 
Aluminum 
Manganese 
Nickel 
Nitrate 
Naphthalene 
Phenanthrene 
Acetone 
Butanone, 2- 
Carbon disulfide 
Hexanone, 2- 
Methyl-2-pentanoneY 4- 
Aluminum 
Copper 
Manganese 
Nickel 
Potassium 
Selenium 
Thallium 
Cyanide, total 
Aluminum 
Nickel 
Potassium 
Thallium 
Zinc 
Nitrate 
Acetone 
Benzene 

____---------____&_------__------_----------------_------------------------_----------------------------- 

Analysis 
Cyanide ._______-_--___________________________..~-~~~~~~-_..--__-_-_~.--______________--------- - - -____-. . - - - - - - . . - - - - - . . - - - - - - -  
Metals 
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . - - _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ - ~ - - - - - - ~ _ _ _ ~ ~ . . ~ - - - - - . . - - - - - . . - - - - - ~ ~  
Metals _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - ~ ~ _ ~ ~ ~ . . ~ ~ - - ~ - . . - - - - - . . - - - - - - ~  
Metals _______________~_______________________..-__~~---__. . -_-___-_-___________________-_-_-_--~-.____..______.._---- . . - - - - - -~ 
Nitrate . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ . _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ . . _ ~ _ _ _ _ _ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ . . _ _ _ _ _ _ . . _ ~ ~ ~ ~ . . ~ ~ ~ - - ~ ~  
Semivolatiles . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . _ ~ ~ _ _ ~ _ _ ~ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ . _ _ _ _ _ _ . . ~ ~ ~ ~ ~ . . ~ ~ - - - _ ~  
Semivolatiles ____--_________________________________..________-_..________---_-_-_-_---.--__________--_-------------____-..------..-----..------- 
Volatile~ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ _ ~ _ ~ _ ~ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ . . _ _ _ _ _ _ . . _ ~ ~ ~ ~ . . - - - - - ~ ~  
Volatiles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . _ ~ _ _ ~ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ _ _ _ _ _ . . ~ ~ ~ ~ ~ . . ~ - - - - ~ ~  
Volatiles ___________-___________________________.._~-_-_-_--. .__--_-__-__-________________----------_____..--_---. .-----. .------.  
Volatiles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ ~ ~ ~ ~ ~ ~ ~ ~ . . _ _ ~ ~ _ _ ~ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ . . _ _ _ _ _ _ . . _ _ _ _ ~ . . ~ ~ - ~ ~ ~ ~  
Volatiles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ . . ~ _ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ _ ~ _ _ ~ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ _ _ _ _ _ . . _ _ _ _ _ . . ~ ~ ~ - ~ ~ ~  
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . _ ~ ~ ~ ~ ~ ~ ~ ~ . - - _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ - - - - - - - ~ _ _ _ ~ ~ . . ~ ~ - - ~ ~ . . - - - - - . . - - - - - ~ -  
Metals . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ ~ _ ~ ~ ~ ~ ~ ~ . . _ ~ ~ _ _ ~ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . _ _ _ _ _ _ . . _ _ _ _ _ . . _ ~ ~ - ~ ~ ~  
Metals 
Metals 
Metals 
Cyanide 
Metals 
Metals 
Metals 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ p _ s _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ _ . . - - - _ - - - - - _ . . - - _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - ~ - - - - - - _ _ _ - _ _ . . _ _ _ _ - _ . . - - - - - . . - - - - - - -  
Nitrate 
Semivolatiles 
Semivolatiles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ p _ _ _ - . . - _ - - _ - - - - _ . . - - _ - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - - _ - - - - - _ . _ _ _ - . . _ _ _ _ _ _ . . - - - - - . . - - - - - - -  
Volatiles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . - - _ _ _ _ _ _ _ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - ~ _ _ ~ ~ ~ . . - - - - - - . . - - - - - . . - - - - ~ - -  
Volatile~ 
Volatiles 
Volatiles _______________________________________.._---_-_--_..-_____-_-__________________-----__----.____..______.._----..------- 
Volatile~ 
Metals 
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ ~ ~ ~ ~ ~ ~ . . ~ ~ _ ~ _ ~ ~ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ _ _ _ _ _ . . _ _ _ _ _ . . ~ ~ ~ ~ - ~ ~  
Metals __________________-____________________..----------..~~~~~--__.--_____---------------------.----..------..-----..------- 
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . _ ~ _ _ ~ _ _ ~ ~ . _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - ~ _ _ _ _ _ . ~ ~ ~ ~ ~ ~ . . ~ - - - - . . - - - - - ~ ~  
Metals .______________________________________.._------_--.._--__-__----__________----------------_----..------..-----..------- 
Metals 
Metals _______________________________________..-__----~--.,--_-__------__________---------------_~----..------..-----..------- 
Cyanide 
Metals 
Metals 
Metals 
Metals 
Metals 
Nitrate 
Volatiles 
Volatiles 

(1,2) 

R3 

15 

15 

05B 
058 

,,---_--- 

Reason 

VQ 
UJ 
B 
J 
B 
J 
UJ 
J 
J 
R 
J 
R 
J 
R 
B 
J 
J 
J 
J 
UJ 
B 
J _________-______-----______..______..__---..------- 
B 
UJ 
J 
J 
R 
R 
J 
UJ 

-R-_, 
B 
J 
J 
B 
J 
J 
J 
UJ 
J 
B 
J 
J 
J 
UJ 
R 
J 

Filtered 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Sample Delivery 
Group 

H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H260300 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 ..................... 

Sanple 
Number 

DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3000 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3001 
DH3002 
DH3002 
DH3002 
DH3002 
DH3002 
DH3002 
DH3002 
DH3002 
DH3002 

R1 
01A 
06B 
15 
06B 
15 
08A 
15 
15 
04A 
15 
04A 
15 
04A 
06B 
15 
13 
15 
15 
08A 
06B 
15 
06B 
08A 
15 
15 
04A 
04A 
15 
05B 

~ ~ A - , , ~ _ 5 _ A  
068 
15 
15 
06B 
13 
15 
15 
08A 
08A 
06B 
15 
15 
15 
08A 
04A 
15 

Codes 

R2 
08A 
08A 

15 

05A 

05A 

05A 
15 

08A 

15 

05A 
05A 

15 

15 

15 

05A 
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Table K-5 

Summary of Data Validation Qualifiers Assigned and Reason Codes for Qualification 
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Sandusky, Ohio 
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Footnotes: 
(1) Table K-4 defines all reason codes. 
(2) Reason codes are assigned in order of their importance to the validation qualifiers with R1 

being most important. 

Definitions: 
VQ = validation qualifier 

Reason 

VQ 
J 
J 
J 
UJ 
UJ 
J 
R 
B 

-R-_. 
UJ 
B 
J 
J 
J 
J 
J 
J 
UJ 
UJ 
B 
J 
UJ 
J 
J 
J 
B 
R 
R 
J 
J 
R 
J 
J 
B 
J 
J 
J 
J 

Analysis 
Metals _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ - ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ m - ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - ~ ~ ~ ~ ~ ~ ~ . _ - _ - . . - - - - - - . . - - - - - . . - - - - - _ -  
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ _ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ . . - - - - - ~ ~  
Semivolatiles 
Semivolatiles 
Semivolatiles _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ ~ ~ _ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ _ _ _ _ ~ . . ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~  
Volatiles _ _ _ _ _ _ _ ~ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ ~ _ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ ~ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ . . _ _ _ _ _ _ . . _ _ ~ _ _ . . ~ ~ ~ ~ - _ _  
Volatiles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ _ ~ _ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ _ _ _ _ _ . . _ ~ ~ ~ ~ . . ~ ~ ~ ~ - ~ ~  
Volatiles . _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ ~ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ - - ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ . . ~ - - - - . . - - - - - ~ ~  
Volatiles 
Volatiles 
Metals . _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ - . . - - - - - ~ ~  
Metals _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ ~ _ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ _ ~ _ _ ~ ~ ~ . _ _ _ _ . _ _ _ _ _ _ . . _ ~ _ ~ ~ . . ~ ~ ~ ~ - ~ ~  
Metals _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ ~ _ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ _ _ ~ _ ~ ~ ~ . _ _ _ _ . _ _ _ _ _ _ . . _ ~ _ ~ ~ . . ~ ~ ~ - - ~ ~  
Metals . _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ ~ _ _ _ ~ ~ ~ ~ ~ ~ - ~ - - ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ . ~ - - ~ ~ - . . - - - - - . . - - - - - ~ .  
Metals _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ _ ~ ~ ~ _ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ _ _ ~ ~ ~ ~ ~ . _ _ _ _ . . _ _ _ _ _ _ . . _ ~ _ ~ ~ . . ~ ~ ~ ~ ~ ~ ~  
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ _ ~ _ ~ ~ ~ . _ _ _ _ . . _ _ _ _ _ _ . . _ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~  
Metals _ _ _ _ _ _ _ _ _ _ _ _ ~ _ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ^ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ _ _ _ _ _ ~ _ _ ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ ~ ~ _ _ ~ _ ~ . . ~ ~ - ~ ~ ~ . . - - - - - . . - - - - - ~ ~  
Volatiles 
Volatiles . _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ ~ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ ~ _ _ . . - - ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ ~ ~ _ ~ - - ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . _ ~ ~ ~ ~ ~ . . - - - - - . . - - - ~ - ~ ~  
Metals . _ _ _ _ _ _ _ _ ~ ~ _ ~ ~ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ ~ ~ - - - ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . ~ _ ~ ~ ~ ~ . . - - - - - . . - - - - ~ ~ .  
Metals 
Cyanide ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ - ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ - . . ~ - - - - . . - - - - ~ ~ ~  
Metals 
Metals 
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ ~ _ ~ s _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ ~ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ _ _ _ _ _ ~ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . _ _ _ _ _ ~ . . ~ ~ ~ - - . . - - - - - ~ ~  
Metals _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ _ ~ ~ . . ~ ~ _ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ . _ ~ _ _ . . _ _ _ _ _ _ . . _ _ _ _ ~ . . ~ ~ - ~ ~ ~ ~  
Volatiles 
Volatiles 
Volatiles . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ ~ _ . . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . _ _ _ ~ ~ _ . . ~ ~ ~ ~ ~ . . ~ - - - - ~ ~  
Volatiles _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ _ ~ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ ~ _ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ ~ ~ ~ . ~ ~ ~ ~ ~ ~ . . - - - - - . . - - - - - ~ .  
Volatiles . _ _ _ _ _ _ _ _ _ _ ~ _ ~ _ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ ~ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ . . ~ ~ - - - . . - - - - - ~ ~  
Volatiles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ _ ~ ~ _ ~ ~ _ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ _ _ ~ ~ ~ _ ~ . _ _ _ _ . . _ _ _ _ _ _ . . _ _ _ _ ~ . . ~ ~ ~ - - ~ ~  
Volatiles _ _ _ _ ~ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ . . ~ ~ - - ~ - . . - - - - - . . - - ~ - - ~ ~  
Metals . _ _ _ _ _ _ _ _ _ _ ~ _ ~ ~ ~ _ _ _ ~ ~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _ _ _ _ _ _ ~ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ . _ _ ~ ~ ~ ~ . . ~ ~ - - - . . - - - - - ~ ~  
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ ~ _ ~ ~ ~ _ ~ _ , . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ _ ~ _ _ _ ~ _ _ _ ~ _ _ . , _ _ _ _ _ _ . . _ _ _ _ ~ . . ~ ~ ~ ~ ~ ~ ~  
Metals 
Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ _ ~ ~ _ ~ ~ ~ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ _ ~ _ ~ _ ~ . _ _ ~ _ . . _ _ _ _ _ _ . . _ _ _ ~ ~ . . ~ ~ ~ ~ ~ ~ ~  
Metals 

Filtered 
N 
N 
N . _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ ~ ~ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ ~ _ _ _ ~ ~ ~ ~ ~  
N . _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ ~ _ ~ ~ ~ _ _ _ _ _ _ _ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~  
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 

Sample Delivery 
Group 

H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
H4H270215 
F26367 
F26367 
F26367 
F26367 
F26367 
F26367 
F26367 
F26367 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 
H4H280124 

Parameter 
Thallium 
Zinc 
Bis(2-ethylhexyllphthalat 
Dinitro-2-methylphenol, L 

Dinitrophenol, 2,4- 
Benzene 
Butanone, 2- 
Carbon disulfide 
Methyl-2-pentanone, 4- -___---__-_-_--------- 
Xylenes, total _________________-------_-_____.._____-.._----~.-----_. 
Aluminum 
Potassium 
Thallium 
Iron 
Nickel 
Potassium 
Vanadium 
Dichloropropene, trans-I 
Styrene 
Aluminum 
Potassium 
Cyanide, total 
Aluminum 
Barium 
Potassium 
Selenium 
Acetone 
Butanone, 2- 
Carbon disulfide 
Ethylbenzene 
Methyl-2-pentanone, 4- 
Toluene 
Xylenes, total 
Aluminum 
Barium 
Iron 
Potassium 
Zinc 

Sanple 
Number 

DH3005 
DH3005 
DH3005 
DH3005 
DH3005 
DH3005 
DH3005 
DH3005 
DH3005 . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ _ _ , . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~  
DH3005 _ ~ _ ~ _ _ ~ _ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . _  
DH3005 
DH3005 
DH3005 
DH3006 
DH3006 
DH3006 
DH3006 
DH3006 
DH3006 
DH3006 
DH3006 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 
DH3007 

R1 
15 
15 
15 ---------.----.------..-----..------. 
05B -----------.----..------..-----..------- 
05B 
15 
04A 
06D 

?jfi_,,!?fi 
05B 
06B 
13 
15 
15 
15 
15 
15 
08A 
088 
06B 
15 
08A 
08A 
15 
15 
06B 
04A 
04A 
15 
15 
04A 
15 
15 
06B 
15 
15 
13 
15 

Codes 

R2 

05A 
15 

15 
15 

15 

15 
05A 
05A 

05A 

15 

15 

(1,2) 

R3 

.--_-__- 



Table K-6 

Laboratory and Validation Qualifier Definitions 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Qualifier 
Laboratory - Organic 

B 
G 

I 

J 

U 

Laboratory - Inorganic 
B 

J 
G 

U 

Validation - All 
B 

J 
R 

U 

UJ 

Definition 

The compound was detected in the sample and in an associated method blank. 
Elevated reporting limit due to matrix interference. 

Matrix interference. 

The compound was positively identified; the reported value is an estimated concentration 
between the method detection limit and the reporting limit. 
Not detected. The compound was analyzed for, but not detected above the associated reporting 
limit. 

The analyte was positively identified; the reported value is an estimated concentration between 
the method detection limit and the reporting limit. 
The compound was detected in the sample and in an associated method blank. 
Elevated reporting limit due to matrix interference. 

Not detected. The analyte was analyzed for, but not detected above the associated reporting 
limit. 

The analyte was not detected significantly above the levels found in the associated method blank 
or field blanks 
The compound/analyte was positively identified; the reported value is an estimated concentration. 
Rejected due to severe deficiencies in the analytical process or supporting quality control data. 
The presence or absence of the compound/analyte cannot be verified. 
Not detected. The compound/analyte was analyzed for, but not detected above the associated 
reporting limit. 
Not detected. The associated reporting limit may be inaccurate or imprecise. 
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Shaw E & I, Inc. 

Project NameMo: 
Sample Team Member: 

ANALYSIS REQUEST AND 
CHAIN-OF-CUSTODY RECORD 

REFERENCE 

PBOW Sample Shipment Date: 31 (1 104 
Davld Kessler Laboratory Denination: STL- Knoxville 

COC NO.: 

Bill To. 

PB03 (3 O1STL-K 

PACE-1- OF I 
Accounting 
Shaw E & I 
312 Directors D r ~ v e  
Knoxville, TN 37923 

Profit Center: Ktioxville Laboratory Contact: Jamie McKinney ReponTo: Maureen McMyler  
Project Manager: Steve Dowtiey Projcct ContaclIPhone: Mailreen McMyled865-690-32 I I Sllaw E & I 

Projm No.: 843656 Carrier Wayhill No.: 9 3 3 1 5 Y  %& 8 +/ 312  Directors Drive 

Required Repon Date: 21 DAYS Knoxville, TN 37923 

TCL VOCs by 82600 

I Possible Hazard Ident i l icar~o~i:  Sn~np le  Disposal: 

N o n - l ~ a z  2 Fla~li~i iable .  - Poison R: - U~ikiio\vn: - 1<etur11 to C I I ~ I I I  - Dislmsal hy Lab -X- hrchi\.c -- 

Nor~na l :  X Rusii. - I ~ e l i n i t i v e .  X Project Specific. - 

Time: Time: 

I . Kelinqu~slied by: . Date: 3 / $ / 0 q  DL-J P& .rime 1g~i-0 
2 .  Relinquislled by: Date: 

Time: 

Turnaround Time: 

1 .  Recc~\led by: Date: (Xa-oq 
Time: h&a.& - 

2.  ~ e c e i v e d ' b Z c /  Date: 
Titne: 

Level o f  QC Required: 

3. Rel inq~~is l i ed  by: Date: 12. Received by: Date: 



Shaw E & l, Inc. 

ANALYSIS REQUEST AM) 

CHATN-OF-CUSTODY RECORD 

P ~ o ~ Q \  q 5 ~ ' ~ '  
PZFEXENCECOC NO.: PRO3 Oq OaM 

PAGE-1- OR 1 .- 

siuro: h u n t i n g  
Shaw E & I 

Pmjwt N d o :  PBbWh43656 S ~ b S @ m a t k  .?J/qt!oJ 312 L~~u&Is Drive 
Sample Tsam M c m k  David KtsrIcr ~ ~ M & I I :  STLNorth &ton Knoxville,llrl 37%3 

Prcl6tCatc~ K n o d e  ~nior~Coufatad Ken Kuzior R e p t  To: Maureea McMyler 
hojm Mawgc~ StcveDownsy Pmjcct cwacmme: Maurtm McMykr1865-640-3211 ShawE&I 

Pmj&No.: 843656 WP WaybillUo.: b~ 312 DLccto~~ thive 
Requid Rc+mt Dntc 21 days 8t?Ob404533r Knoxville, TN 37923 

Smple 
Number 

Speojal Instructions: 

Time: Time; 
3. Relinquished by: Date: 12. Received by: Date: 

Possible Hazard Identification: 

N o n - k .  Flammable: - Poison B - Unknown: - 

Time: I Time: 
Comments: 1 

2- G h e  40mt HZS04 TOCby9069 
A h k i t y b y  310.1; Q11oAdely3252 

I 

Sample Disposal: 

Rmnnlow-  Dispoaalby Lab: -X- AKbive: - 

Sampkllpd 
Description 

WATfR 

T m u n d  Time: 

MeRime 
Colltcrtd 

Pre- 
savative 

H2S04 

Cwl 

HN03 

Level of QC Rcqwd:  

Condition on 
Receipt Rqested T d g  Pro$ram 

TOC by9060 

Allralinity 310.1; CWoricltW325.2 

Niuauby353,2: Salfate by375.4 
TDSbYl60.1;TSSbylM).Z 

Turbidyby'l80.1 

~ c s 5 b y 1 3 0 2  

Disposal 1 
Record 

Containex 

1m ' 

2-Glass 

Sample 
Yohme 

40mL 

IOOOmL 
31 9104 
\q 0 

1 -HDPE 

I -WPE 2SOmL 



Shaw E & I. Inc. 

ANALYSIS REQUEST AND 

CHAIN-OF-CUSTODY RECORD 
REFERENCE COC NO.: - 1 0 0 4 ~ ~ ~ ~  

PAGE -1- OF 

Nan-liaz: Fla~nmablc. - Poison B: - U~ikno\vn - Rc~uln  to Clienr - Disposnl I,\ Lab. -S- .Archi\-e. - 
Tur~~nro<i!~d ~ i m c : '  I.evel of QC Required: 



ormd: X Rush: - Ddmitive: 6 , Roject Sptcific: - 
Relinquished by: me 3 / f e / ~ q  1. Received by. 

'Lf&,,/- p--#. Date: 5/11 
T i e :  [& Time: C).t&o 

Relinquished by: - Date: 2. Received by: 0 ' Date: 
Tkc: k e :  

Relinquished by Date; 2. Rcceived by. Date: 
The; Timc: 

mmenw: t 

ANALYSIS REQUEST AND REPERENCE coc NO: p~ ~ N L  

CHAIN-OF-CUSTODY RECORD PACE-1- OR I ,! 

Shaw E.& I, lnc earo: ~ m t m ~ i n g  
Sbaw E& I 

PmjmNWo:  PBOWl843656 Samph SMpmt Date Td/R & 3 12 ~irect016 Drive 
Swqrle Tear, Manba: David Kesslcr LahramryI)estirutian: STLNorth Canton Knoxvjlk, TN 37923 

Profit Cent= K n o d 5  L8baratoryOh~t:  Ken Kwior Rcpon T% Maureen Mch4yler ' 

PmjoctMauagec Steve Downey Pro* Cmaevlt~onc MarrreenMcMfic~I865-690-321j Shaw E & I  
ProjeXNo.: 843656 CmierWaybInXo.: 3353al1224Lf. 3 12 Duectors Drive 

RequircdRcp~cpoa Date: z i  days Knoxville, TN 37923 

Sample Smpk ~ypd DatOime . Contahr Sample PW Condition on 
Number Description Clellected %e Volume servative . Requested Tating Program Receipt 

S,/6'< oat( 
2-,Glass 40uL nL04 MCbygOM) 

D i sa l  
Record 

OE 380s  
Akdhily by310.1; C W d e  by 3253 

XIAsPAT& la!9 I ) I b t ~ b 3 5 3 Z S * b 3 7 5 *  . 
TDSbyl6O.l;TSS by 1602 

TItd'laayby lSO.1 
1 - HDPE 250mL Hh'03 H d n s a  by1302 

I 
2 - G ~ s  40 uL. H2S04 TOCby9060 

flE7mx g ,  10. i7q - HDPE 1000 mL Cool 
Alkallnityby310.1; W d c b y 3 2 5 2  

WATSR 

1385 
Nhteby3532;  Sulfate by 375.4 

TDsby 160 .1 ;m by 1602 
Tmbiditybyl80.1 

I -HDPE 250mL IN03 Hardacsaby1302 

?t /& q - G h  4OmL H2S04 rOCby9060 

Qt.7@@( 
I 

' ~ b y 3 l 0 . 1 ; ~ ~ b y 3 2 5 . 2  

WATER I HDpE bl N-b~3533;wW375.4  

,525, I D S ~  1m.i; TSS by 1602 
Turbi~by l80 .1  

1 -HDPE 250mL HXO3 IIYdoasrby1302 

mid Instructions: 

mible ~azard  Identification: Sample DisppsaL. 

Poison B: Unknown: Ranm to Climl: D-wlby Lab: -X- Archive: 
Level of QC Required: 



a, 
Shaw Y-, 
 haw E & I, Inc. 

Project NameMo: 

Sample Team Member: 

Profit Center: 

Project Manager: 

Project No ' 

Required Report Date: 

ANALYSIS REQUEST AND REFERENCE 

CHAIN-OF-CUSTODY RECORD $Y c \'Zo(lt( 

PBOW 

David Kessler 
kioxville Laboratory Contact: Jamie McKinney 
Steve Downey ~ r o j e n  ContacUPhone: Maureen McMyier1865-690-3211- 
843656 Carr~er Wayb~ll N o .  2 '3 5-3 02- I (2% & ( 
21 DAYS 

COC NO.: 

Bill To: 

Report To: 

1 1  044STL-K 

PAGE -1- OF 2- 
Accounting 
Shaw E & I 
312 Directors Drive 
Knoxville, TN 37923 

Maureen McMyler 
Shaw E & I 
3 12 Directors Drive 
Knoxville, TN 37923 

Speclal Instructions: 
onic(< $ CiO1O/'iFJr 

Possible Ihzard  lde~itilication b a 3 ~ 0 ~ - K 5 b  9 \ i.NDpE ( L  @\7, d # ~ f l  IS aln '1 le Disposal. 

NOII-l~az. Fla~ii ~nable. - Poison B: - U i i k t ~ o ~ v ~ ~ :  - 

Time: I Time, 
3. Re1 ~~iq~iislied by: Date: 12. Received by: Date: 

Retorn to Client - Dis~~sal hy L a b  -S- .Archive: - 

Nornial S Rt~sli: - (~efinit ive: X , , Project Specilic: - 
Date: 3/[1/04 

h Tinie: 1 
2. Relinqi~islied by: Date: 

Tunia~ou>id Ttllic. 

Date a- 12-03 
Time: wL*. 1 0  
Date: 

Time: 

Level of QC Required: 

Time: 
Comments: 



ANALYSIS REQUEST AND 

CHAIN-OF-CUSTODY RECORD 
Shaw E & I, Inc. 

Project NameMo: PBOW Sample Shipment Dale 3 1 1 \ 1 0 t( 
Sample Team Member. David Kessler Laboratory Destination. STL- Knoxville 

04STL-I( 

PAGE* OF 2 
8111 To Accounting 

312 Directors Drive 

Knoxville, T N  37923 
Profit Center. ffi~oxville Laboraroly Con~act: Jamie McKinney Repon To. Maureen McMy ler 

Project Manager: Steve Dow~ey Project Contact/T'hone: Maureen McMylerI865-690-32 1 1 Shaw E & I 
Project No : 843656 Carrier Waybill No.: ' T j  $?(?"L i 1 L 20 31 2 Directors Drive 

RequiredRepon Date. 21 DAYS Knoxville, TN 37923 

I Sample I SampleTypd I Daterr ime I Container I Sample I Pre- I I Condit io~i  o n  I ~ i s ~ o s a l  I 

1 - HDPE 250 tnL HNO3 Total TAL htnals by 6010817470A 

. WATER 
2 - Amber I L Cool TCL SVOCs by S27W 

3 -Glass 40 1nL HCL TCL VOCS by 52608 
I - HDPE I L NaOH Cyanide by 9010190l? 

WATER 2 - Glass 40 I ~ L  HCL TCL \'OCs bg 8?GOB 

Number Descriplion 

WATER 

. 

I I. I 

NOI~.IIIZ:  2 Flam~nable: - I'oison B: Uiikno\v~~:  - 

Collected 

3 (0  4 

~~1~ 

Sl~ecial  I~~struct ions.  

Relurn to Clie~il. - Disposal hi. Lab -X- hrchivc: - 

Norlnal. X Rush - I ~ e f i n i t i v r .  >i Project Spcc~ i i c .  - 

2 -Amber 

Possible Hazard Ida~it i f icnt io~i~ 

Date: 3/(1/0g 
Time: Im 

2. R e l i ~ i q ~ ~ ~ s l i e d  by: Date: 
Time: 

3. R e l i ~ i q ~ ~ i s h e d  by: Date: 
Time,  

Type 
2 -Amber 
I - HDPE 
I - HDPE 

2 -Amber 
3 - Glass 
I -HDPE 

Sa~np lc  Disposal 

Tur~iarouird Tanlc: 

Dare. 0 3-12-04 
-i). '=hbubd T i ~ n e :  m'. ]b  

2. ~ ? ' e d e d \ ~ :  Date. 
T ~ r n e .  

2. Received by: Date: 
Time 

I L 

Level o i Q C  Reqt~ired. 

Volorne 
1 L 
250 mL mz 
250 mL & 
I L 
40 mL 

I L 

cool Explosives by 8830 

servative 

Cool 
H N 0 3  

H N 0 3  

Cool 
HCL 
NaOH 

Requested Testing Program 
Explosivcr by  8830 
Total TAL Mc~als by GOllBI747OA 
DissolvedTAL Metals by 6010Bi7470A 
TCL SVOCs by S27K 
TCL VOCs by 82GOB 
Cyanide by 90i0/1012 

Receipt Record 



ah; 
S h w  

ANALYSIS REQUEST AND . . REPEBENCE coc NO.: ~ J Q  3 I! V w - N L  

m" CHAIN-OP-CUSTODY RECOlu) . 1 An 7 

E:& I, Inc. 
I nu& -A- UP & 

BillTo: Acc~unthg 
Shaw E & I 

R P j e c t N m o :  PBOWl843656 Sampk Shipmmt Dats. 
J~IUI& Tam M e m k  David KwsIer ~ r a t o r u ~ n :  SSLNorth Canton 

Proiit Cmtu: Kmxville LabaratmyCdaok &a Kuzior. 
Rojea h a g e t :  Steve bwnay Project Con!acu%one Maureen 

Rojtd No.: 843656 WaybinYo.: 
uhrdXepmDate: 21 days - Knoxvi 

~ .- - 

- 312 Wrectors Drive 
Kn0XVill~ TN 37923 

Reperl To: hurten McMyler 
McMyln/865-690-32 1 1  Shaw E & 1 

3 12 Directors Drive 

WATER I -mPE linalL jCod Nihate.by353i;S~by375.4 
lDSby160.1; TSS by 1603 

-.=I I!+ TN 37923 

l~ossible Hazard Idcntificatioo: 

Sample 
Number 

OE' 30g3 

- .  
Flammable: - Poison B: - 'Jnkn0~11: - Rekm to Clien!: - Dispadby L8b: -X- 

T-und Time: 
Archive: - 

Level of QC Required: 
I 

V 
3. Relinquished by: Time: Date 2. Rcaxived by: Datc: 

The: 
Comments: Time: 

S W k  'l)?w/ 

hctiption 

Dateirime 
Collected 

3,11.04 

Cknramcr 

Type 
2 -Glass 

Sample 
Volume 

40mL 

Pre- 
s m t i v e  

H 2 S a  
Kequested Testing Program 

T(rcby9060 
m t Y b Y 3 1 0 . 1 :  ChlarldcW3252 

Condition on 
Reccipt 

Disposal 
Record 



Hammahle: - Poison 9: - uaknown: -- Resun to C h t  - Dispsal by Lab: ,% 
Tlrmamund Time: 

Adlive:- 
Level of QC R e q d  

& A-NALYsKL3 REQUEST AM) FSFERENCE coc NO.: ' S h w -  CHAIN-OF-CUSTODY RECON) -, *4L PAG'EJ!' OF 
Shaw E & I, 1n.c B~II TO: A C C O U U ~ ~ U ~  

Shaw E & I 
. Project N ~ o :  PBOW~843656 W!ePk-DU: 3 / I (  k4 312 Dir&s Drive 

Sempls Tsam h&&m David K a d a r  LaboratwDertin&~~ IUSTLNoah Canton Knoxville, TN 37923 
Profit Ceata. K n o x ~ t  ~a~oratoxy Contact Ken KudOT Rcpm To: hfaurm MCMyler 

Project Manapa: S h e  bwney h j ~ t  Cmmc&me: Mawm McMyIer/865-590-32 11 Shaw E & 1 
Pmjccl No.: 843656 C w d . m W N o . :  8 35302112 872 312 Dinctm Drive 

% u f d ~ a a t c :  21 days 

Sample 
Numbcr 

bE3oob 

PE %@O 

k p ~  
Spccial Instructions: 

PossibleHazard Identification: Sample Disposal: 

Sample Type/ 

Dncription 

W A E B  

WATER 

. J' 

/? 

DawTirne 
Collected 

31 Hlo4 

041s 

~ I I  la+ 
IC105 

' 

KnoxwUe, TN 37923 

Container 

T.vpe 
2 -Glass 

I - HDPE 

1 - HDPE 
. l - G l a s s  

I - HDPE 

Sanple 
Volume 

40mL 

, 
25OmL 
40mL. 

Px- 
?ervative 

1QS04 

Cool 

HN03 
W804 

1 - HDPE 

Cml 

HNO3 

'.,../' 
250mL 

,-- 

Requested Testing Program 
TOCby 9060 
~ ~ 3 l O . l ; ~ d d e b y 3 2 1 i 2  

N h  hy3532; SuIBte by375.4 

m b y  160.1; TSS by 1602 

Midityby 180.1 

-by 

TOCby9060 
Awinityby3lo.l;Chl9riQcay3252 

NiWb353.2; S'JffWb~375A 
TDSby 160.1; TSE by 160.2 

Tlubiditybyl8o.l 
Itpdwsby 1302 

---- 

'I- ..# -"L//l 
. 

Condition on 
Receipt 

Disposal 
Rmrd 

- 





Shaw E & I, Inc. 

ANGLYSIS REQUEST AND 

CHAIN-OF-CUSTODY RECORD 
REFERENCE COC NO.: DO6 / 04- 

PAGE-1- OF 1 . - 

Bill To: Accounting 
Shaw E & I 

Project Nammo: PBOW Sample Shipmmt Datc: 312 Directors Drive 
Sample Team Member. David Kessler Laboratory Destination: STL- Knoxville Knoxville, 'l-N 37923 

Profit Center: Knoxville Laboratory Contact: Jamie McKimey Report To: Maureen McMyler 
Project Manager: Steve Downey Projgt ContactlPhone: Maureen McMylerI865-690-32 11 Shaw E & I 

Project No.: 843656 Carrier WaybiiNo.: 8 7-7 0 6 q(7973 21 312 Directors Drive 
Required Repon Date: 21 DAYS 

Non-haz: - Flammable: - Poison B:  - Unknown: - 
Turnaround Time: 

Return to Client: - DLrposai by Lab: -X- Archive: - 
Level of QC Required: 

Normal: X Rush: - Definitive: X , Project Specific: - 
Date: b//jyo# 
Time: / 

2. Relinquished by: Date: 
Time: 

3. Relinquished by: Date: 
Time: 

Date: & -16 -4 CJ 
Time: ~q 

2. K e i v e d  b y  
-./ 5 

Date: 
Time: 

2. Received by: Date: 
Time: 

Comments: 

- 



ANAtYSIS REQUEST AND , , 

CW-OF-CUSTODY RECORD 

Wb3@9+ I WATER 1 (3% 
J i 2 r n ~ ~  

- -  
Bin TO. ~~counting 

ShawE&I 

Sgnpk Ttmn M& 312 Dinctors Drive - hmi, TN 37923 
-To: MaUrCMMcMyk 

Shaw B & I 
R*-- -uyu.~ r s  asps - 

\. 
\- -- 

- 
Special 1nr;Lnrctions: 

Possible H u d  IdcntScation: I 

Sampk 
Number 

h - -  . , 

Smplc Disposal: 

Non-haz: Flammable: - Poison B: - Urhown: . 
'lkcm\md Time: 

RcarmtoCllmc- Dirposl by Lab: -X- 
hve l  of QC Requireb. 

m e -  

Normat: X Rush, 
1. Re1iol~~ish.d by: 

D&tive:,X , hjcct Specific: 
Date: &//my 
Time: /SI)L' -S/1 D*: 6 / / & / o  Y 

2. Rclinqubhed by: Date: 
Time: 9 {SO 

Time: 
Date: 

3. Relinquished by: Date: The; 
Time: Date: 

Comments: Tima: 

S - P ~  7)pd 

Description 

1\8rplinityby310 I:Bbn'dcby325.?, 
l k i e b y 3 ~ 3 1 ;  S W t  by375.4 
DS by 160.1; TSS by 1602 

~ u r b w  by la0 1 
I - m E  2MmL HNW hdmsbyl302 

- 

MOXVIUC, IN 37972 

I 

DateRime 
calle4tcd 

L\ rrloq 

Cdntsincr 

TW 
* - G i u  

-10 
V o h e  

4 0 m t  

~ e .  
srwative 

H2S04 
Requmicd Tesring Prom 

~ocbym 

W i t i o n  on 
Receipt 

Disposal 
Record 



ANALYSIS REQUEST AND REFERENCE coc NO.: p ~ o 6  6 0- 

CKtiIN-OF-CUSTODY RECORD PAGE -1- OF 1 
Shaw E & I, lnc. 

BiU To: Accou~~tiog 
Shaw E& I 

Project NameMo: PBOW m e  S t :  (J 1 /b (04 3 12 Directors Drive 
Sample Team Member: David Kessler Laboratory Destination: STL- Knoxville Knoxville, TN 37923 

Profit Center: Knoxville Laboratory Contact: Jamie McKinney Repon To: Maureen McMyler 
Project Manager. Steve Downey Project Contactmhone: Maureen McMyIer/865-690-32 1 I Shaw E & I 

Project No.: 843656 CarrierWaybiUNo.: 9 J 7 7,9 '3 9 75-7 312 Directors Drive -_ 
RequiredReport Date: 21 DAYS Knoxville, TN 37923 

Non-haz: Flammable: - Poison B: - Unknown: - Retum to Client: - Disposal by Lab: -X- Archive: - 
Turnaround Time: Level of QC Required: 

Normal: X Rush: - I~efinitivq: $ , , Project Specific: - 
Date: (, / /L/o Y 
Time: * f f&J 

2. Relinquished by: Date: 
Time: 

3. Relinquished by: Date: 
Time: 

1. Received by: Date: 08 - / 7-4 Y- 
k& b. 3& Time: @.~5  

2. ~ e c e ~  by Date: 
Time: 

2. Received by: Date: 
Time: 

-. 

Comments: 



Flammablt: Poison B: - ~nldlown: - R-to CLbpr,- Dispcssl by Lab: -X- 
TU~mmui Time: 

Arohive: - 
Level of QC: Required: 

Normal: X Rush: Definitive: ;Y , , Project Spec~fic - 
De. b//c/@ 
T'me: f& 

2. Relinquished by: Date: 
The: 

3. Relmquishedby. Date: 
Time: 

I‘.$wajv"d by Date: 
JA%..+~& 

/ /7 /o 
Time: 4; c/J 

2. Recoived b y u  ' Date: 
Time: 

2. Received by: Date: 

Commants Time: 



& ANhLYSIS REQUEST AND Shaw -- CHAIN-OF-CUSTODY RECORD 
Shaw E & I. Inc. 

REFERENCE COC NO.: 

PAGE -1- OF 7 
Bill To: Accountine ~-~ 

Shaw E & I 
RojectNancMo: PBOW Sarrrplc Shipment Date: 312 Directors Drive 

Sample Team Member: David Kessler Laboratory Destination: STL ~ n b x v i l l e  Knoxville, TN 37923 
Rofit Center: Knoxville Laboratory Contact: Jamie McKinney Repoti To: Maureen McMyIer 

Project Manager: Steve Downey Project ~ontactmhone: Maureen McMyler1865-690-321 I Shaw E & I 
ProjectNo.: 843656 

Required Report Dale: 21 DAYS 

-Nan-haz: 2 Flam~nable: - Poison B: - Unknown: - R e m  to Client: - Disposal by Lab: -X- 
Turnaround Time: 

kchive: - 
Level of QC Required: 

Normal: X Rush: - Definitivs: )I 1 Project Specific: - 
Date: 4 / /  710 4 Date: - \8 - W 
Time: / &~ Time: 

2. Relinquished by: Date: 2. h%ved by: Date: \p'l4'm oo\'.\g , 

Time: Time: I\;\< 
3. Relinquished by: Date: Date: 

Time: 
Comments: Time: 



a Shawl- 
Shaw E & I, Inc. 

ANALYSIS REQUEST AND 
CXAIN-OF-CUSTODY RECORD 

ProjccrNamWNo: PBOW 

Sample Team Member: David Kessler 

Profit Center: Knoxville 
Project Manager Sleve Downey 

Project No.: 843656 

RequiredRepon Date: 21 DAYS 

sample Shrpmcnt Date: dr7,log 
Laboratory Destination: STL- Knoxville 

Labomtor/ Contact: Jamie McKinnev 
Project Contacflhone: Maureen McMyIerl865-690-32 1 I ,, 

39rw ' Carrier WaybiiNo.: 9 3 7 ' 1  0 

Shaw E & I 
312 Directors Drive 

Knoxville, RI 37923 
Reprt To: Maureen McMyler 

Shaw E & I 
312 ~ i r e c t o ~ ~ r i v e  
Knoxville, TN 37923 

I"; 
Sample 

Number 
lcool l~xplosivu by 8330 I I 
1 ~ ~ 0 3  ITotal TAL Metals by 6010Bfl470A YWL I I 

1 - HDPE lM=/?X 1 ~ ~ 0 3  I ~ k o l v e d  TAL Mekh by6010Bl7470A J/ 1 
2 -Amber (1 L lcool JTCL SVOCr by 8270C I 

Sample Typd 

Description 

I~oss ib le  Hazard Identifica~ion: I ~ a r n ~ l e  Disposal: 

DateRime 

Collected 

rr I I I I 

Normal: X . Rush: - Defmitive: 3 , , Project Specific: - 
I. Relinquished Date: 6 / / 7 / U  I .  Receiv d by: Date: 0 w -1 x-O+ 

Timc: 

2. Relinquished by: Date: Date: 

Container 

Type 

Special Instructions: 
r I Q P -  506~lq1 LSVOC b63mf3\ I 

Non-haz: Flammable: - Poison B: Unknown: - Rehim to Clienl: - Disposal by Lab: -X- Archive: - 

Sample 

Volume 

3. Relinquished by: Date: 

Time: 

Turnaround Time: 

2. Received by: Date: 
Time: 

Prc- 

servative 

Level of QC Required: 

Comments: 

Requested Testing Program 

Condition on 

Receipt 

Disposal 

Record 



~ A L Y S I S  REQUEST AND -cecwno.:.EHP6 ~7 k y  
c ~ - o F - C X J S T O D Y  RECORD 

Sh'aw E & I, lnc. 
PAGE-1- OF 2_ 

Bill To: Accounting 

Pmject N W o :  PBOWM3656 
Sbaw E&I 

sample ~ p m m t  Date: 
m k  TeamMamhr: David Kefsler 

312DiredprsDrive 
hhtw ~ 0 1 1 :   NO& cf,nton 

ROBt CQLIP: Kooxvlne 
KwxviUe, TN 37923 

Lnbmalary C o e '  Ken Kuzim 
RojCn- Steve h w y  

Heport To: Maureem McMyla 
~ C W h o n e :  Maw% McMyiaI8~-690.3211 

ProjeXNo.: 843656 . , 

ShawEtI  
Cmia~aybc l l~o . :  BY ZL 5 5 3 

M R a p o I t r n s :  21 d.ys 
3 8,6 22- 3 12 Dhectors Drive 

Smnpk 
h b e r  

!)G 3003 

Spacial Luhdions: 

DeGnitivc; XI , A Project Specific: 

w: / , ~ l r 3 / 1 1 ~  
Timc I&' 

2. F.elinqni.4mi by: Datt: 
Time: 

3. Relinquished by: Date: 
Timc: 

Sampk W 
Description 

WATER 

WATER 

WATEK 

I. R me: (&'[I g ( b y  , 
Timt: /j 4.34 

2. Received by P - Date; 
Time: 

2. Received by: Datc; 
Ti: 

Possibls Hazard Identification: 

Non-haz: flammable: ' Y oison B: Unknown: 

Comments: 

Knoxville, M 37923 

Sample Disposal: 

R d n m b C W -  Disposal by lab: -X- &hive: - 

DalelTim. 
Collected 

oC 'bY 

hnnamrmd Time: h l o f f  R q R d  , 

~ - - -  

.-by 3lO.l;Wri&by3252 

1 -mp~ 1 0 ~ ~ ~  1 N ~ b 3 5 3 ~ ; ~ t c b ~ 3 7 5 . 4  
T D S b y l 8 0 . ~ ~ ~ ~ b y 1 6 0 2  

%&db'yby 180.1 
I-HDPE 2MmL 

?-Glans 40mL 
AIkdhityby31O.I;Qlbrideby3292 

? ' lbby353& Spltktc by 375.4 
TDS by IO.1;TSS by 1@2 

T~bih3tybylSO.l 

Container 

Type 
2 - 0 h  . 

1-HDPE 

I -HOPE 

P 

Sample 
Volvme 

40 mL 

lOOOmL 

250 mL 

Pre- 
servative 

HZSOd 

Cool 

HN03 Wcrsby1j0 .z  

Rayeitcd Testing Program 
?&by90&l 

AUcali~tIyby3lO,l;Cbbd&by3252 

Nikateby3532; Sulfbtcby375.4 

TDSbylMI;1:TSSbyl602 . 

Cocdition on 

Mi 

D i i s a l  
Record 



- *J ~3 AN-4.LYsI.S RlEQUEST AND 
REFBBENCP, CU>C NO.: 1 7' odsp,  - !C 

CHAIN-OF-CUSTODY RECORD P A C E ~ O F  z 
ShW E& I, Inc. BillTo: Am- 

'u-diPL- ShawE&I 
PmjeaNamdNo: PBOWM3656 Sample Sbipmedt Dnto: 312 Dkcctors Driw 

Samph Team Memkr: David Kcsslcr laborawry Dertlnatim .STLNorth Centon Knoxviie. TN 37923 
Prom Cmcer: h m i l l e  R w r t  To: k e e n  McMylcr 

Shaw E & I 

Unknown: Rchnn to Climt: - 
Timt: 

Disposal by Lab: -X- Xrchivc: - 
Level of QC Required: 



F24891: Chain of Custody 
Page 1 of 2 

, 

4% ANALYSIS REQUEST AND 
shw- CHAIN-OF-[TUSTODY RECORD PAGE -1- Or 1 
Shaw E & I, Ink  BUT^ ~ ~ r r o u n -  

/17/0$ 
EhwB&I 
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Appendix M 

Methods Related to the Evaluation of Background 
Former Plum Brook Ordnance Works 

This appendix describes the methods to be used in the evaluation of potentially background- 

related contributions to site groundwater, as referenced in Section 5.4.2 of the 2004 Groundwater 

Data Evaluation and Summary Report. Section M1.O identifies the wells and samples used for 

the background data set. Section M2.0 describes the methodology used to derive Plum Brook 

Ordnance Works (PBOW) background screening concentrations (BSC). Section M3.0 discusses 

the use of statistical population testing. Various aspects of geochemical analysis are described in 

Section M4.0, and spatial evaluation is discussed in Section M5.0. The treatment of potentially 

background-related organics are discussed in Section M6.0. Note that Sections M3.0 through 

M5.0 may potentially apply to organics as well as inorganics. 

Analytical data may have associated validation qualifiers. The selection of data use in the 

derivation of BSCs, as well as that to be used in statistical population testing or other 

comparisons to background described in this appendix, is consistent with the protocol used in the 

baseline human health risk assessments (BHHRA) that have been performed for PBOW sites (IT, 

2001; 2000a,b). Nonqualified and estimated (i.e., "J") values were used directly in the 

evaluation of background. Rejected (i.e., "R") and blank contaminated (i.e., "B") were not used. 

For samples which are nondetects (i.e., "U.'), the chemical is assumed to be present at one-half 

the detection limit, unless the chemical was not detected in any of the site samples in which case 

it is regarded as not present in background. The analytical results of field duplicate sets were 

averaged, with one exception: where one of the duplicate samples was reported as a nondetect 

and the other was detected at a concentration less than the detection limit, the detected 

concentration was used. In all cases where one duplicate was reported as a detection and the 

other was not. the sample was included as a detection for data summary purposes. 

M1.0 Selection of Background Data Set 

Seven wells were installed as potential upgradient bedrock background wells for PBOW. 

Based on a review of all available site data, the following wells are recommended for inclusion 

in the PBOW background data set that will be used in determining the background 

concentrations of inorganics in bedrock groundwater (Shaw, 2004a): 
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BG8-BEDGW-001 (10 samples) 
BED-MW25 (10 samples) 
BED-MW28 (4 samples) 
BED-MW29 (4 samples). 

Only samples from the above wells collected using low-flow (minimal drawdown) sampling 

were used in the derivation of BSCs, and only these samples should be used in statistical 

population testing (Section M3.0) or other evaluations (Section M4.0 and M5.0), as needed, in 

the groundwater BHHRA (Shaw 2004b). 

The following wells were excluded from the PBOW background well data set, with the reasons 

for exclusion provided in parentheses: 

BED-MW20 (excluded due to the presence of methane) 

BED-MW24 (excluded because location is now interpreted as being downgradient 
from a contamination source; also, presence of multiple nitroaromatics) 

e BED-MW26 (insufficient well yield). 

It is noted that well BED-MW20 might be useful as a background well for qualitative 

comparison for any on-site wells that are impacted by natural gas. 

M2.0 Derivation of Background Screening Concentrations 

The use of BSC for inorganics is referenced in Section 5.4.2 of the 2004 Groundwater Data 

Evaluation and Summary Report. BSCs were derived using the 28 samples from the four 

background monitoring wells identified in Section M. 1. BSCs are designed as a quick screening 

tool to be used for inorganics in the BHHRA. It is understood that if an inorganic analyte's 

maximum detected concentration (MDC) in groundwater at a PBOW area of concern does not 

exceed the BSC, then that analyte is regarded as being attributable to background conditions 

without any further evaluation (Shaw, 2004b). 

As agreed by the U.S. Army Corps of Engineers (USACE) and the Ohio Environmental 

Protection Agency (OEPA) during the November 20, 2002 PBOW project team meeting 

(USACE, 2002), PBOW BSCs were derived from the background MDC or the upper tolerance 

limit on the 95th percentile (UTL), whichever is less. The UTL was derived from the Chebychev 
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inequality (EPA, 1997) which is shown in Equation M. 1. This inequality holds over all 

distributions with finite mean and variance. 

Eq. M.l 

Where: 

Pr = probability 
X = random sample from a population 
p = population mean 
o = standard deviation 
b = function of the probability. 

The Chebychev UTL is calculated based on the mean and standard deviation of the sample as 

shown in Equation M. 1. Let p denote the mean and o the standard deviation of the distribution 
2 from which the X observations are taken. By the Chebychev inequality: setting i l b  = 0.05, then 

b = f i ,  which is approximated by 4.47. This indicates that the interval [p - 4.470, p + 4.471 

holds at least 95 percent of the probability of the distribution. Therefore, p + 4.47 is an upper 

bound for the 95th percentile. The calculated 95th UTL may be larger than the MDC, especially if 

relatively few background samples (e.g., < 30) are in the data set and/or the upper end of the 

distribution is not well defined by the data. Nearly all of the BSC values for PBOW (Table M-1) 

are based on the MDC, rather than the UTL, because the MDC values are generally less than the 

UTLs for the PBOW data sets. 

It is noted that BSC values are used for screening and are only a preliminary determination as to 

the classification of site-relatedness for an inorganic constituent; the exceedance of a BSC 

indicates only that further evaluation is warranted in the BHHRA. The first step of this further 

evaluation is the generally population testing as described in Section M3.0. Note that the BSC 

values shown in Table M-1 for potentially site-related BTEX compounds (benzene, toluene, 

ethylbenzene, and xylenes) will not be used for screening in the RHHRA, but are included in this 

report as points of reference (see Section M6.0). 

M3.0 Statistical Population Testing 
Statistical population testing may be performed in cases where the site MDC for an inorganic 

exceeds the BSC. Population testing is not necessary for site data sets whose results indicate 

obvious site-related contamination; such data sets may be judged as exceeding background 

without needlessly expending the effort to perform a statistical analysis. Also, population testing 



may not be necessary for those data sets whose MDC very marginally exceeds the MDC, but 

whose analytical data (as evidenced by a data summary information including mean, standard 

deveiation, and frequency of detection) do not exceed those of background. 

The Wilcoxon rank-sum test (WRS), also known as the Mann-Whitney U test, will be used for 

population testing because it is independent of distribution type and in many cases has greater 

statistical power than parametric tests such as the t-test for independent samples, which can be 

run only on two normally or two lognormally distributed populations (Statsoft, 1998). Further 

statistical population comparison may be performed on a case-by-case basis, depending on 

specific data set characteristics such as the detection frequencies of the two data sets (i.e., site 

and background), magnitude of site detections versus background, and spatial variability 

(Section M5.0) of the two data sets. 

M4.0 Geochemical Analysis 
Geochemical characteristics of the site groundwater are evaluated as a matter of course in the 

remedial investigation. If judged appropriate for a given well or data set, pertinent geochemical 

characteristics of site groundwater may be evaluated with respect to background groundwater. 

These include parameters such as total dissolved solids, total suspended solids, pH, and dissolved 

oxygen. Also, filtered versus unfiltered analytical results may be compared to differentiate 

between the inorganic analytes that are likely to be transported with groundwater flow through 

the aquifer material and those that may not. Geochemical analysis is generally more applicable 

for inorganics than organics, but groundwater impact of organics may affect aquifer conditions 

(e.g., pH, dissolved oxygen [DO]) that result in changes in concentrations of inorganics 

dissolved in groundwater. Also, as mentioned in Section M6.0, petroliferous shale may be a 

source of polynuclear aromatic hydrocarbons (PAH), benzene, toluene, ethylbenzene, and xylene 

(BTEX) in groundwater. Natural reducing conditions associated with the petroliferous shale 

could also result in higher concentrations of certain inorganics. 

A geochemical analysis may also consider the impact of sorption of certain trace inorganics to 

suspended "clays" (i.e., clay minerals, hydrous aluminum oxides, and aluminum hydroxides) and 

"iron oxides" (i.e., iron oxide, iron hydroxide, and iron oxyhydroxide). The presence of 

suspended clays or iron oxides in groundwater samples has particular importance in the 

interpretation of trace element concentrations. Most clay particles maintain a negative surface 

charge under neutral pH conditions, and have a strong tendency to adsorb positively charged 

(cationic) aqueous species, such as barium, lead, and zinc. Iron oxides display the opposite 

behavior, maintaining a positive surface charge under neutral pH conditions, and have a strong 

tendency to adsorb negatively charged (anionic) aqueous species, such as arsenic, selenium, and 



vanadium. Under neutral pH, aluminum concentrations exceeding approximately 1 milligram 

per liter (mg/L) (1,000 micrograms per liter [yg/L]) indicate the presence of suspended clays. 

Likewise, under neutral pH and moderate-to-oxidizing redox conditions, aluminum and iron 

concentrations exceeding approximately 1 mg/L (1,000 yglL) are indicative of suspended iron 

oxides. 

M5.0 Spatial Evaluation 
Spatial evaluation of groundwater should be considered for the evaluation of both organic and 

inorganic chemicals, as appropriate, and may be performed in conjunction with a statistical 

and/or geochemical evaluation. A spatial evaluation may be performed where specific areas of 

chemicals of potential concern exhibit relatively high concentrations and may be necessary even 

when the WRS statistical test (which) indicates that site concentrations do not exceed 

background; note that the WRS is nonparametric and does not consider absolute magnitude on 

the detected concentrations. With respect to background, a spatial evaluation may provide 

information to indicate whether an apparently elevated concentration on site might in fact be 

related to background. Also, the spatial evaluation may suggest the presence of a hot spot; it 

may be expedient to perform some of the above comparisons to background (e.g., statistical) 

excluding the hot spot, presuming that remediation or an informed site management decision is 

made regarding the hot spot. 

M6.0 Potentially Background-Related Organics 
BTEX compounds and PAHs detected in site groundwater may be at least partially attributable to 

background sources. Petroliferous shale formations, including the Delaware Limestone, underlie 

the site. In the general vicinity of PBOW, quarries mine limestone from the Delaware; traces of 

natural petroleum-derived BTEX and hydrogen sulfide (indicative of reducing conditions 

associated with petroleum) are common in these quarries. Further, actively producing in Erie 

County oil wells are reportedly pumping from the Delaware Limestone and Columbus Limestone 

(Swinford, 2002). 

As stated in Section M2.0, BTEX compounds will not be screened out of the BHHRA on the 

basis of BSCs. Instead, compounds with concentrations exceeding risk-based screening 

concentrations (RBSC) will be carried through the BHHRA. Further evaluation will be 

performed if the presence of these compounds is shown to contribute significantly to risk. BSC 

values were not developed for PAHs because no PAHs were detected in the background 

groundwater data set. 



As part of the remedial investigation (RI), an evaluation of BTEX and PAHs was performed for 

site and background groundwater with respect to lithologic unit. Vertical correlation-especially 

with regard to lithologic unit-was considered as well as horizontal correlation, utilizing 

multiple lines of evidence. Existing information was gathered, as available, concerning regional 

variations, again, with respect to lithologic units. As part of this evaluation, the monitoring wells 

were evaluated for hydrogen sulfide content, which may indicative of the presence of naturally 

occurring petroleum. 

It is anticipated that the results of the study will have to be evaluated qualitatively as well as 

quantitatively, and that it will yield no unequivocably interpretation as to the contribution of 

background sources. Instead, the intent is that information from this background evaluation of 

PAHs and BTEX be used to facilitate informed site management agreements. 
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Table M-I  

Background Screening Concentrations 
for lnorganics and BTEX Compounds in Groundwater 

2004 Groundwater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

Range of Values, ug/L 
Detection Percent Detected Concentrations Reporting Limits Mean Standard UTL a BSC 

Chemical Frequency hits Minimum Maximum Minimum Maximum ug/L Deviation ug/L ug/L 

Metals - Unfiltered 
Aluminum 11 / 13 8 5 3.15E+01 3.09E+02 2.00E+02 2.00E+02 1.05E+02 6.98E+01 4.17E+02 309 

Arsenic 4 / 26 15 3.30E+00 7.40E+00 1.00E+01 1.00E+01 4.99E+00 6.56E-01 7.92E+00 7.4 

Barium 28 / 28 100 2.58E+01 1 .I 8E+04 2.00E+02 2.00E+03 1.73E+03 3.77E+03 1.86E+04 11800 

Calcium 28 / 28 100 1.74E+04 3.16E+05 5.00E+03 5.00E+03 1.38E+05 8.31E+04 5.09E+05 316000 

Cobalt 6 / 27 22 1.00E+00 1.21 E+01 5.00E+01 5.00E+01 2.05E+01 8.75E+00 5.96E+01 12.1 

Copper 2 / 28 7 3.30E+00 1.98E+01 2.50E+01 2.50E+01 1.24E+01 2.26E+00 2.25E+01 19.8 

Iron 24 / 27 8 9 3.82E+01 1.55E+03 1.00E+02 1.00E+02 4.1 5E+02 4.87E+02 2.59E+03 1550 

Magnesium 28 / 28 100 7.28E+03 2.17E+05 5.00E+03 5.00E+03 7.17E+04 5.85E+04 3.33E+05 21 7000 

Manganese 28 / 28 100 3.60E+00 6.88E+02 1.50E+01 1.50E+01 8.12E+01 1.24E+02 6.36E+02 636 

Nickel 4 / 27 15 4.80E+00 8.60E+00 4.00E+01 4.00E+01 1.81 E+01 4.67E+00 3.90E+01 8.6 

Potassium 28 / 28 100 2.53E+03 1,16E+05 5.00E+03 5.00E+04 2.70E+04 3.06E+04 1.64E+05 11 6000 

Sodium 28 / 28 100 1.33E+04 1,39E+06 5.00E+03 5.00E+04 3.55E+05 4.36E+05 2.30E+06 1390000 

Zinc 14 / 19 74 8.30E-01 5.07E+02 2.00E+01 2.00E+01 5.55E+01 1.23E+02 6.06E+02 507 

Volatile Organic Compounds 

Benzene 9 / 28 32 1.45E-01 2.40E+00 1.00E+00 5.00E+00 6.73E-01 5.43E-01 3.10E+00 2.4 

Ethylbenzene 6 / 28 2 1 1.30E-01 8.70E-01 1.00E+00 5.00E+00 5.82E-01 4.00E-01 2.37E+00 0.87 

Toluene 8 / 28 2 9 1.20E-01 1.70E+00 1.00E+00 5.00E+00 4.99E-01 2.83E-01 1.76E+00 1.7 

Xylenes, total 8 / 28 2 9 3.60E-01 5.50E+00 1.00E+00 5,00E+00 1.22E+00 1.53E+00 8.07E+00 5.5 

a The UTL (upper tolerance limit) is calculated using the Cheby Chev equation (mean + 4.47 * standard deviation). 

The BSC (background screening criterion) is the calculated UTL or the maximum detected concentration, whichever is less 
ug/L = microgram per Liter 
mg/L = milligram per Liter 
BTEX = benzene, toluene, ethylbenzene, and xylenes 
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Former Plum Brook Ordnance Works, Sanduskv, Ohio 

Dear Mrs. Ingram: 

Seven possible background bedrock groundwater monitoring wells at the above noted facility, 
have been sampled on a quarterly basis beginning in September-October 2001, to determine the 
background concentration of inorganics in bedrock groundwater. Shaw is providing this 
technical memorandum for review and approval from PBOW Team Members of wells that were 
selected, prior to report preparation. Prior review and approval of this background monitoring 
well data set will reduce subsequent comments and revisions to the 2004 Groundwater Data 
Summary and Evaluation Report, scheduled for November 2004. 
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Evaluation and Selection of Background Groundwater Monitoring Wells 

Former Plum Brook Ordnance Works, Sandusky, Ohio 

September 2004 

7.0 Introduction 
Seven new and existing monitoring wells have been sampled to determine the background 

concentrations of inorganics in bedrock groundwater at the Former Plum Brook Ordnance Works 

(PBOW), Sandusky, Ohio. The purpose of this technical memorandum is to qualitatively evaluate 

the suitability of these wells for determining background concentrations and to obtain approval 

from PBOW Team Members prior to report preparation. Prior review and approval of a 

background data set will reduce subsequent comments and revisions to the Draft 2004 Groundwater 

Data Summary and Evaluation Report, scheduled for November 2004. 

Data from the following Sexisting wells (installed prior to November 2001) and 2 newly installed 

wells (installed in August 2003) were evaluated to determine whether groundwater data collected 

from these wells was representative of background conditions. Evaluation criteria included well 

yield, groundwater flow direction, water quality parameters, and the presence of groundwater 

contamination. 

2.0 Potential Background Monitoring Well Locations 

For evaluating background bedrock groundwater, monitoring wells furthest upgradient of known 

PBOW contaminant sources is required. In general, bedrock groundwater flow at the PBOW site is 

in the northeast direction, toward Lake Erie. This interpretation is based on consistent observations 

of quarterly groundwater elevation data collected over the past 2 years. Potential upgradient 

background monitoring wells include those installed as part of historical site investigations and 

those installed as part of the focused background investigation. In all, the following wells were 

evaluated: 



Locations of all potential background wells evaluated in this document are shown on Figure 1. 

Wells BG8-BEDGW-001 and PB-BED-MW20 have been used for previous groundwater 

investigations and are upgradient of known PBOW contaminant sources. Bedrock monitoring well 

BG8-BEDGW-001 is located in the extreme western part of the PBOW facility, south of the G-8 

Burning Ground Area and TNT Manufacturing Area C. Monitoring well PB-BED-MW20 is 

located in the extreme southern portion of the PBOW facility west of the intersection of Taft and 

Patrol Roads. 

To supplen~ent these existing background wells and better provide for site-wide bedrock 

groundwater coverage, monitoring wells PB-BED-MW24, PB-BED-MW25, and PB-BED-MW26 

were installed in August 2001. Bedrock monitoring well PB-BED-MW24 is located in the extreme 

western part of the PBOW facility, southwest of Acid Area No. 2 and west of the West Area Red 

Water Ponds. Bedrock well PB-BED-MW25 is located in the extreme southwest part of the PBOW 

facility, southeast of the Lower Toluene Tanks Area and well PB-BED-MW26 is located in the 

extreme southwest part of the PBOW facility. 

Evaluation of background PBOW bedrock groundwater from the identified wells began in the fall 

of 2001. Groundwater samples were attempted to be collected by the low-flow (minimal 

drawdown) sampling methodology if recharge of bedrock groundwater allowed, and if not, were 

collected by bailer. Groundwater sampling was performed on a quarterly basis in relation to a 

calculated "wet" and "dry" climatological season for the PBOW site. Based on historical rainfall 

records and evapotranspiration rates, the wet season (time the greatest volume of groundwater 

potentially present) for the Sandusky area was determined to be during the months of January 

through June and the dry season (time the least amount of groundwater potentially present) was 

identified as July through December. After the first year (4 quarters) of groundwater sampling, 

analytical data was reviewed. Low levels of nitroaromatics in the bedrock groundwater were 

intermittently detected in wells PB-BED-MW20 (nitrobenzene-April 2002), PB-BED-MW24 

(nitrobenzene, RDX, and 2,6-DNT-April2002), and PB-BED-MW25 (nitrobenzene-April 2002). 

Since these wells were located on PBOW property, it was thought the low levels of nitroaromatics 

may be site related. Based on discussions with the Ohio Environmental Protection Agency, two 

additional rounds of groundwater sampling were conducted in October 2002 and April 2003 to 

verify the detection of nitroaromatics in these wells. Nitroaromatics (nitrobenzene, TNT and RDX) 

were again detected in the groundwater from these three wells. Monitoring well PB-BED-MW20 

detected RDX in the groundwater in April 2003, PB-BED-MW24 detected TNT in April 2003, and 

PB-BED-MW25 detected nitrobenzene in October 2002. With the additional groundwater 



elevation data from these wells, the data was used to refine the groundwater flow maps for the site. 

These flow maps indicated that well PB-BED-MW24 was potentially downgradient of the West 

Area Red Water Pond. 

To determine if these wells were truly background and upgradient of the PBOW site, off-site 

monitoring wells PB-BED-MW28 and PB-BED-MW29 were installed in August 2003 

hydraulically upgradient (south) of PBOW. Monitoring well PB-BED-MW28 is located south of 

the PBOW facility on property owned by NASA, near the intersection of Taft and Mason Roads. 

This well is upgradient of well PB-BED-MW20. Monitoring well PB-BED-MW29 is situated 

southwest of the PBOW facility on private property, located west of Ransom Road and south of 

West Scheid Road. This well is located upgradient of PB-BED-MW25. Following installation of 

these new bedrock wells, four (4) additional rounds of groundwater sampling were conducted from 

all potential background wells. 

As part of the investigation to determine off-site groundwater quality, monitoring well PB-BED- 

MW30 was installed in March 2004 northwest of PB-BED-MW24, east of the intersection of Bouy 

and Patten Tract Roads. Water level from this well in addition to one private well further to the 

north, confirmed that well PB-BED-MW24 is indeed downgradient of the West Area Redwater 

Pond. 

3.0 Review Criteria 

New and existing background bedrock monitoring wells were evaluated using site data to 

determine whether groundwater samples collected from these wells is representative of background 

bedrock concentrations of inorganic compounds entering the PBOW facility. This data included 

criteria such as well yield, groundwater flow direction, water quality parameters, and the presence 

of groundwater contamination. A brief description of these review criteria are presented in the 

following paragraphs. 

3. I Well Yield 

Well yield is an important factor in determining whether the fracture encountered during drilling is 

providing groundwater in sufficient quantities that would be available for transport of any potential 

groundwater contamination. More importantly, the yield dictates whether the well can be sampled 

using low-low (minimal drawdown) methods, thus providing more representative groundwater 

sample results. Well yield was evaluated during drilling to determine the interval to install the well 

screen and during well sampling. 



3.2 Groundwater Flow Direction 

Groundwater flow maps were completed to determine the overall groundwater flow regime at 

PBOW. Current groundwater flow directions are depicted on the August 2004 overburdenlshale 

bedrock contour map (Figure I). Flow directions of the bedrock groundwater in the Delaware 

Limestone are shown on the August 2004 Delaware Limestone groundwater contour map (Figure 

2). These maps were reviewed to determine whether each well used in the evaluation was 

upgradient of potential groundwater contamination. 

3.3 Water Quality Parameters 
Water quality parameters, collected during purging and sampling using a flow-through cell, were 

evaluated to determine if there were anomalous data or indicators of potential sampling problems. 

A summary of water quality measurements is shown on Table 1. 

3.4 Presence of Groundwater Contamination 

The presence of groundwater contamination, particularly site-related contaminants (i.e., 

nitroaromatics), may alter groundwater geochemistry. For example, anaerobic degradation of 

organic compounds may lead to lower dissolved oxygen and more negative oxidation-reduction 

potential, leading to higher dissolved inorganics. A summary of the background groundwater 

analytical results is provided as Table 2. 

4.0 Results 

The following sections summarize all available data for each of the potential background wells. 

4.1 BG8-BEDGW-001 

Monitoring well BG8-BEDGW-001 is screened within the Olentangy Shale bedrock at a depth of 

4.75 to 19.75 feet bgs. Based on groundwater elevation data collected and corresponding flow 

maps, groundwater flow in this area of PBOW is to the north-northwest (Figure I), indicating this 

well is upgradient of known PBOW areas of potential contamination. A total of 12 groundwater 

sampling events (1 0 by low-flow [minimal drawdown] and 2 by bailer) have been conducted at the 

well beginning in November 1997 (dry season) and ending in June 2004 (wet season). 

Nitroaromatics have never been detected in any of the groundwater samples from the well. 

Sporadic detections of acetone, 2-butanone, carbon disulfide, chloromethane, methylene chloride, 

xylenes and bis(2-ethylhexy1)phthalate have been reported. Approximately half of these organic 

compounds were "B" qualified, indicating the compound was also detected in the associated 

laboratory blank, suggesting these reported detections are not site related. The remaining detected 



organic compound concentrations were less than 1 microgram per liter (ygll). The analytical data 

does not indicate that this well has been impacted by PBOW-related activities. 

Review of groundwater quality data indicates anomalous readings for three sampling events. An 

elevated pH of 13.03 S.U. was observed on September 27,2001. The pH range for all other 

sampling events from this well was 5.97 to 7.80 S.U. At a pH of 13.03 S.U., concentrations of iron 

and manganese would be expected to be low. Review of the data does not indicate these to be 

anomalously low compared to other results from this well. Elevated pH readings were also 

observed in other wells sampled during this time period, suggesting that these readings are due to 

equipment error and are not indicative of geochemical changes in groundwater. Elevated Eh and 

dissolved oxygen readings were recorded on April 3,2002 and March 1 1,2004. Redox values 

recorded for all other sampling periods are negative for this well, indicating reducing conditions. 

Corresponding dissolved oxygen readings are also typically low, ranging from 0.0 ppm to 1.92 

ppm. Conversely, the Eh values for April 3,2004 and March 11,2004 were 220 mV and 42.8 mV, 

and DO values were 6.74 ppm and 5.5 1 ppm, respectively. Note that the DO value for April 3, 

2003 was obtained from the purging log. The DO meter malfunctioned during sampling, and the 

reading was the last recorded. Regardless, the data suggest a possible seasonal effect occurring. 

Review of the dissolved inorganics data indicate lower concentrations of redox-sensitive 

compounds, specifically iron and manganese. Even though some anomalies of groundwater quality 

criteria are noted and some organics were reported at low concentrations, the observed values do 

not appear to indicate site-related conditions. Therefore, well BG8-BEDGW-001 is recommended 

to be included in the background data set. Further evaluation of the seasonal trends will be 

completed as part of the 2004 Groundwater Data Summary and Evaluation Report. 

4.2 PB-BED-MW20 

Monitoring well PB-BED-MW20 is screened within the Ohio Shale at a depth of 28.5 to 48.5 bgs. 

Based on groundwater elevation data collected and corresponding flow maps, groundwater flow in 

this area of PBOW is to the east (Figure I), indicating this well is upgradient of known PBOW 

areas of potential contamination. A total of 12 groundwater sampling events (8 by low-flow 

[minimal drawdown], and 4 by bailer) have been conducted at the well beginning in November 

1997 (dry season) and ending in June 2004 (wet season). Low concentrations of nitrobenzene 

(0.088J ygll), RDX (0.175 pg/l), and 4-amino-2,6-DNT (O.19J pg/l) were each detected in 1 of 12 

sampling events. These three nitroaromatics were detected in groundwater samples collected 

during the months of April 2002 (wet season), April 2003 (wet season), and September 2003 (dry 

season), respectively. The RDX detection is interpreted to be false positive result based on the 

following information. RDX has only been detected sporadically in PBOW soil and groundwater 



samples. In total, RDX has been detected in 4 of 880 soil samples and 11 of 421 groundwater 

samples collected at the site from 1996 through 2004. There is no information to indicate that RDX 

was ever used or was otherwise present at the site. RDX is not known to be a contaminant of any 

reactants used in TNT manufacturing, a by-product of TNT manufacturing, or a degradation 

product of any compounds formerly used or manufactured at PBOW. RDX is not a nitroaromatic 

and is structurally quite dissimilar from nitroaromatics such as TNT and related compounds, some 

of which are substrates or breakdown products of TNT (e.g., di- and mono- substituted 

nitroaromatics and aminonitroaromatics). Similar sporadic detections of RDX have been reported 

at the West Virginia Ordnance Works, a TNT manufacturing facility similar to PBOW. 

Confirmation sampling and analysis at that site verified that RDX was not present. 

Natural gas was encountered in well PB-BED-MW20 during nearly every sampling event. During 

groundwater purging of the well when the water table was lowered, escaping gas was evident. The 

2-inch riser would sometimes violently shake, gurgling and bubbling of water could be heard, and 

the explosive meter would measure maximum limits. Also, based on discussions with NASA 

personnel, an abandoned natural gas well is located nearby at Tafi Road and the security fence. 

While hydrogen sulfide is common in nearly all the bedrock wells, natural gas (presumably 

methane), has not been observed in any other wells onsite. 

Other organic compounds sporadically detected include acetone, bromomethane, 2-butanone, 

chloromethane, ethyl benzene, methylene chloride, xylenes, bis(2-ethylhexyl)phthalate, and 2- 

methylnaphthalene. Of these detections, acetone and methylene chloride were commonly "B" 

qualified, indicating the compound was also detected in the associated laboratory blank. This 

suggests the reported values may not be site related. In addition, 2-butanone and BEHP, although 

not "B" qualified, are also common laboratory contaminants. Other organic compounds benzene, 

carbon disulfide, and toluene were detected in the groundwater in more than half of the sampling 

events. As previously discussed, these detections are likely the result of natural petroleum 

hydrocarbons present in the bedrock at PBOW. All of the detected organic compounds exhibited 

concentrations slightly above or less than 1 pg/l, except acetone (5.3 pgll in April 2002) and 2- 

butanone (9.8 pg/l in July 2002). 

Review of water quality parameter data indicate that two anomalous results for Eh and/or DO. The 

positive Eh readings were observed in April of 2002 and 2003. Review of the redox-sensitive 

inorganics (i.e., iron) indicate much lower concentrations of iron during these two periods. In 

addition, dissolved oxygen was elevated during April 2003. These readings, coupled with the 

lower concentration of iron, suggest a possible seasonal trend in this well. Samples collected in 



May 1998 also show a lower concentration of iron, supporting this seasonal trend. It should be 

noted however that Eh data was not available for this sample. 

As noted above, the well exhibited high concentrations of natural gas. Review of the inorganic 

analytical data indicate that the dissolved iron concentrations were approximately one to two orders 

of magnitude higher than other background wells. In addition, manganese was also elevated by a 

factor of two over other wells. 

In summation, most of the organic groundwater detections are interpreted to be influenced by the 

presence of natural gas in the rock formation or are common laboratory contaminants. The low 

levels of nitroaromatics were detected sporadically and were not reproducible over the quarterly 

sampling. In addition, the low concentrations of the nitroaromatics likely will not have a 

significant impact on the inorganic data. However, the presence of natural gas (methane), atypical 

for the PBOW site, likely influences the concentration of inorganics. Therefore, monitoring well 

PB-BED-MW20 should not be used to determine background groundwater concentrations for 

PBOW in general, even though the presence of methane is associated with natural geologic 

conditions. Should any other bedrock wells exhibit the presence of natural gas, the data from PB- 

BED-MW20 could be used for comparison purposes for that well only. Further, only those 

samples collected by low-flow should be used to determine the range in background concentrations. 

4.3 PB-B ED-M W24 

Monitoring well PB-BED-MW24 is screened within the Delaware Limestone at a depth of 25.5 to 

40.5 feet below ground surface (bgs). Based on groundwater elevation data collected and 

corresponding flow maps, groundwater flow in this area of PBOW is to the west-northwest (Figure 

2). A total of 10 groundwater sampling events (9 by low-flow [minimal drawdown] and 1 by 

bailer) have been conducted at the well beginning in October 2001 (dry season) and ending in June 

2004 (wet season). Nitroaromatics 2,6-DNT (pgll), nitrobenzene (0.33 pgll), RDX (0.225 pgll), 

and 2,4,6-TNT (0.081 J pg/L) were each detected in 1 of the 10 groundwater sampling events for 

this well. 2,6-DNT, nitrobenzene, and RDX were reported only in the sample taken during April 

2002, and 2,4,6-TNT (0.081J pgll) was reported only in the sample collected during April 2003. 

After installation of off-site monitoring well PB-BED-MW30 and review of potentiometric flow 

map data, it was concluded that well PB-BED-MW24 was actually downgradient of a known 

contamination source, the West Area Red Water Pond. Therefore, monitoring well PB-BED- 

MW24 is not considered a background well. Groundwater analytical results from this well will be 

evaluated with other site-related wells in the upcoming data summary report. 



4.4 PB-BED-MW25 
Monitoring well PB-BED-MW25 is screened within the Olentangy Shale bedrock at a depth of 

27.5 to 37.5 feet bgs. Based on groundwater elevation data collected and corresponding flow maps, 

groundwater flow in this area of PBOW is to the northeast (Figure I), indicating this well is 

upgradient of known PBOW areas of potential contamination. A total of 10 low-flow (minimal 

drawdown) groundwater sampling events have been conducted at the well beginning in October 

2001 (dry season) and ending in June 2004 (wet season). 

The nitroaromatic compound nitrobenzene has been detected in 2 of the 10 PB-BED-MW25 

groundwater samples. During April 2002 it was detected at a concentration of 0.076J ygll and in 

October 2002 at a concentration of 0.125 pgll. The source of the nitrobenzene is unclear, but 

nitrobenzene has wide industrial use and is present in numerous consumer products; perhaps, its 

presence may be associated with the application of pesticides or fertilizer on local farm fields. 

Sporadic detections of acetone, carbon disulfide, chloroform, 4-methyl-2-pentanone, methylene 

chloride, benzene, ethyl benzene, toluene, xylenes (BTEX) and bis(2-ethylhexy1)phthalate have 

been reported. Three of these organic compounds (acetone, methylene chloride, and bis[2- 

ethylhexyllphthalate) exhibited analytical results that were "B" qualified, indicating the compound 

was also detected in the associated laboratory blank. This suggests that these reported 

concentrations are not site related. Natural petroleum hydrocarbon (oil) and natural gas are known 

to be associated with the limestone and shale bedrock in northern Ohio. The low levels of BTEX 

and carbon disulfide (less than 1.5 pgll) are believed to be related to the natural petroleum and gas. 

The remaining detected organic compounds (chloroform and 4-methyl-2-pentanone) were only 

detected during one sampling event and exhibited analytical results 1.1 and 0.3 pgll, respectively. 

A potential source of chloroform is from release of chlorinated tap water into the environment 

through surface discharge or through septic systems. Although there are low levels of organics, the 

analytical data does not indicate that this well has been impacted by PBOW-related activities. 

Review of groundwater quality data indicates an anomalous pH reading for one sampling event. 

An elevated pH of 10.58 S.U. was observed on October 5,2001 with the pH for all other sampling 

events from this well ranging from 6.56 to 8.46 S.U. At an elevated pH (i.e., greater than 10 S.U.), 

the solubility of iron and manganese is low. Review of the data indicates iron at a concentration of 

795 pgll (unfiltered) and 71 3 pgll (filtered) and manganese at a concentration of 89 pgll (filtered) 

and 87 pgll (filtered). The iron concentrations from the October 2002 sampling were anomalously 

high compared to the other sampling events for this well while manganese concentrations were 

within the range of those detected during other events. Elevated pH readings were also observed in 



other wells sampled during the fall 2001 groundwater sampling, suggesting that these readings are 

due to equipment error and are not indicative of geochemical changes in groundwater. 

With the exception of turbidity, the remaining water quality parameter readings were relatively 

consistent over the sampling intervals and do not indicate any possible errors. Field recorded 

turbidity readings were less than 6 NTUs for all samples collected. However, laboratory measured 

turbidity (Table 2) for these same samples ranged from 2 to 112 NTUs. The reason for this 

discrepancy is unclear. 

The sporadic detections of nitrobenzene should not preclude this well from being used to determine 

background conditions in bedrock groundwater. While the source of the nitrobenzene could be 

from PBOW, the lack of other nitroaromatics (TNT or DNT) in samples from this well suggests 

that nitrobenzene is not site-related (note also, as mentioned above, that nitrobenzene has wide 

industrial applications and is present in numerous consumer products). Further, the low reported 

concentrations likely do not have a significant impact to groundwater geochemistry. The primary 

effects of organics in groundwater are lower dissolved oxygen and more reducing conditions. The 

bedrock groundwater is naturally under reducing conditions due to the presence of naturally 

occurring petroleum hydrocarbons, and thus, these sporadic nitrobenzene detections likely would 

not significantly change the geochemistry. 

4.5 PB-5 ED-M W26 
Monitoring well PB-BED-MW26 is screened within the Ohio Shale bedrock at a depth of 42.75 to 

57.75 feet bgs. This well has insufficient yield for use in background monitoring. A single sample 

was collected by bailer only in January 2002,with sufficient volume to analyze only for unfiltered 

metals. Results of the unfiltered metals sample exhibited very high analytical results when 

compared to the results from other background wells. Since January 2002, sufficient water has not 

been available for further analysis. During a September 2002 meeting between the USACE, 

OEPA, NASA, and Shaw, it was decided to eliminate monitoring well PB-BED-MW26 from the 

background data set due to insufficient yield, having never been properly developed, and showing 

unrepresentative groundwater analytical results caused by the high turbidity in the groundwater that 

accompanies attempts at sampling by bailer from a limited water column. 

4.6 PB-BED-MW28 

Monitoring well PB-BED-MW28 is screened within the Ohio Shale bedrock at a depth of 21.65 to 

41.65 feet bgs. Based on information from potentiometric flow maps, the well monitors 

groundwater upgradient of the PBOW site with groundwater flow in a northeast-easterly direction 



toward the site (Figure 1). A total of 4 groundwater sampling events performed by the low-flow 

(minimal drawdown) sampling methodology have been conducted at the well beginning in 

September 2003 (dry season) and ending in June 2004 (wet season). Nitroaromatics have never 

been detected in the groundwater from the well. Sporadic detections of acetone, carbon disulfide, 

chloromethane, ethyl benzene, methylene chloride, trichloroethene, and xylenes have been reported 

and benzene and toluene were detected during all four of the sampling events. The sporadic 

detection of methylene chloride was "B" qualified, indicating that it was also detected in the 

associated laboratory blank. All of the compounds except acetone, benzene, and toluene were 

detected at concentrations less than 1 pgll. Acetone was detected at a concentration of 2.1 pgll in 

March 2004, benzene was detected at concentrations of 2.4 pgll, 2.2 pgll, 1.7 pgll, and 1.1 pgll 

during the months of September 2003, December 2003, March 2004, and June 2004, respectively, 

and toluene was detected at a concentration of 1.7 pgll in September 2003. Natural petroleum 

hydrocarbon (oil) and natural gas are known to be associated with the shale bedrock in northern 

Ohio. The low levels of BTEX and carbon disulfide (1.3 pgll) are believed to be related to the 

natural petroleum and natural gas in the organic rich shale in which the well is screened. The 

detection of trichloroethene (TCE) (0.59J pgll) in the September 2003 is most likely related to local 

farming operations in the area. 

Review of groundwater quality data indicates anomalous readings for only the Eh measurements. 

Positive readings indicating oxidizing conditions were obtained in December 2003 (7.5 mV-dry 

season) and March 2004 (75.3 mV-wet season) while negative measurements indicating reducing 

conditions were obtained in September 2003 (-95.2 mV-dry season) and June 2004 (-131.9 mV-wet 

season). Corresponding dissolved oxygen readings for all 4 events were typically low, ranging 

from 0.00 to 0.45 ppm. The Eh data suggest a possible seasonal effect occurring. Review of the 

dissolved inorganics data indicate higher concentrations of redox-sensitive compounds, specifically 

iron and manganese, during the fall and winter with lower concentrations observed in the spring 

and summer results. This likely is due to additional groundwater recharge occurring during the 

spring. Further evaluation of the seasonal trends will be completed as part of the 2004 

Groundwater Data Summary and Evaluation Report. 

The purpose of the background evaluation is to determine the water quality entering the PBOW 

site, regardless of any impacts from offsite areas. Given that this well's location is approximately 

1,200 feet upgradient of the site, there is no concern of impacts by PBOW site activities; this is 

corroborated by a lack of nitroaromatics detections. Therefore, well PB-BED-MW28 well is 

recommended for use in the background data set. 



4.7 PB-BED-MW29 
Monitoring well PB-BED-MW29 is screened within the Olentangy Shale bedrock at a depth of 

27.65 to 37.65 feet bgs. Based on information from potentiometric flow maps, the well monitors 

groundwater upgradient of the PBOW site with groundwater flow in a north-northeastly direction 

toward the site (Figure 1). A total of 4 groundwater sampling events performed by the low-flow 

(minimal drawdown) sampling methodology have been conducted at the well beginning in 

September 2003 (dry season) and ending in June 2004 (wet season). Nitroaromatics have never 

been detected in the groundwater from the well. Sporadic detections of acetone, chloroform, 

chloromethane, methylene chloride, and toluene have been reported and benzene, carbon disulfide, 

ethyl benzene, and xylenes were each detected in at least three of the four sampling events. 

Sporadic hits acetone and methylene chloride were "B" qualified, indicating that they were also 

detected in the associated laboratory blank. All of the compounds except acetone, carbon disulfide, 

and total xylenes were detected at a concentration less than 1 pgll. Acetone was detected at 

concentrations of 17 pgll, 2.1 pgll, and 9.1 pgll in September 2003, March 2004, and June 2004 

respectively, carbon disulfide was detected at a concentration of 13 pgll during the month of 

December 2003, and total xylenes were detected at concentrations of 5.5 pgll, 5.1 pgll, 4.5 pgll, 

and 3.7 pgll during the months of September and December 2003 and March and June 2004, 

respectively. Natural petroleum hydrocarbon (oil) and natural gas are known to be associated with 

the shale bedrock in northern Ohio. The low levels of BTEX and carbon disulfide are believed to 

be related to the natural petroleum and natural gas in the organic rich shale in which the well is 

screened. 

Review of groundwater quality data indicates no particular anomalous readings. The Eh 

measurement during the month of June 2004 was recorded as a negative reading compared to three 

positive measurement readings during the previous sampling months. As with PB-BEDGW-028, 

Eh shows a seasonal trend. Concentrations of redox-sensitive compounds, specifically iron also 

shows a seasonal trend. 

The purpose of the background evaluation is to determine the water quality entering the PBOW 

site, regardless of any impacts from offsite areas. Given that this well's location is approximately 

1,200 feet upgradient of the site, there is no concern of impacts by PBOW site activities, as 

corroborated by a lack of nitroaromatics detections. Therefore, well PB-BED-MW29 is 

recommended for use in the background data set. 



5.0 Summary 

Based on a review of all available site data, the following wells are recommended for inclusion in 

the PBOW background data set that will be used in determining the background concentrations of 

inorganics in bedrock groundwater: 

BG8-BEDGW-001 (10 samples) 
PB-BED-MW25 (10 samples) 
PB-BED-MW28 (4 samples) 
PB-BED-MW29 (4 samples) 

It should be noted that only samples from the above wells collected using low-flow (minimal 

drawdown) will be used in the statistical evaluation of background analytical data. The number of 

samples shown in parenthesis represent only the samples collected using low-flow sampling. All 

other samples collected by bailer will not be used in determining the background concentration of 

inorganics. 

The following wells are recommended for exclusion from the PBOW background well data set, 

with the reasons for exclusion provided in parentheses: 

PB-BED-MW20 (excluded due to the presence of methane) 

PB-BED-MW24 (excluded because location is now interpreted as being 
downgradient from a contamination source; also, presence of multiple 
nitroaromatics) 

e PB-BED-MW26 (insufficient well yield). 

It is noted that well PB-BED-MW20 might be useful as a background well for qualitative 

comparison for any on-site wells that are impacted by natural gas. 



Table 1 

Final Field Measurements of Groundwater Samples 
Background Well Review 

Former Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 1 of 3) 

Well Identification Date 

PB-BED-MW24 

Time 

0935 
1005 
1730 
1405 
11 10 
1530 
1320 
1035 
1305 
1330 

10/9/2001 
1/17/2002 
4/3/2002 
7/12/2002 
10/19/2002 
4/9/2003 
9/17/2003 
12/10/2003 
3/10/2004 
6/16/2004 

PID 
(ppm) 

Low-Flow 
Sampled 

Yes 
Yes 
Yes 
Yes 
NO 

Yes 
Yes 
Yes 
Yes 
Yes 

H2S 
(ppm) 

NM 
114 
76.0 
84.1 
58.2 
5.6 

62.9 
58.3 
56.8 
47.5 

Eh 
(mV) 

NM 
0.0 
0.0 

>500 
>50 
>200 
~ 5 0 0  
>50 
156 

>200 

pH 

-144 
-333 
-318 
-358 
-297 

-337.7 
-323.0 
-331.7 
-310.3 
-321.9 

Conductivity 
(pmhoslcm) 

9.38 
6.82 
7.06 
6.66 
6.30 
6.64 
6.14 
6.61 
6.54 
6.63 

Turbidity 
(NTU) 

1.81 
1.99 
1.98 
1.88 
1.85 

1.753 
1.637 
1.408 
1.700 
1.334 

Dissolved 0, 
( P P ~ )  

73.3 
2.5 
0.0 
350 
22.3 
0.0 
0.0 
0.0 
3.4 
0.0 

Temperature 
("c) 

Volume 
Purged 

(gal) 

5.32 
0.00 
NM 
0.00 
5.52 
0.00 
4.88 
-1.99 
0.00 
0.00 

11.20 
9.69 
10.71 
12.93 
12.20 
9.98 
13.00 
10.06 
10.84 
14.65 

2.99 
2.11 
1.8 
4.5 
4.5 
3.3 

3.25 
3.2 
2.1 
3.3 
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(Page 3 of 3) 

Notes: 
Water quality measurements were recorded immediately before sample collection. PID and YS readings taken as monitoring well lid removed. 

O2 - Oxygen. 

aWater quality reading collected from last purged groundwater due to a limited water volume. Reading was not 
recorded in a flow through cell. Well was purged on 1/15/02 and sample was collected on 1/17/02 at 0820. 



Table 2 

Summary of Background Bedroclc Groundwater Analytical Results 
Former Plum Brook Ordnance Works 

Sanduslcy, Ohio 



Summary of Background Bedrock Groundwater Analytical Results 
Former Plum Broolc Ordnance Works 

Sandusky, Ohio 

Location: 
Sample Number: 

Sample Date: 
Low-Flow Sample: 

Parameter I Units] MDC 1 BSC 

PB-BED-MW20 
5960 

17-Nov-97 
No 

Result 1 VQ 

ED3026 
26-Sep01 

No 
Result I VQ 

5965 
28-May-98 

No 
Result 1 VQ 

CA3005 
15-Jan-02 

Yes 
Result I VQ 

CB3001 
4-Apr-02 

Yes 
Result 1 VQ 

CC3003 
10-Jul-02 

Yes 
Result I VQ 

DG3001 
17-Jun-04 

Yes 
Result ( VQ 

CD3003 
17-Oct-02 

No 
Result I VQ 

DD3002 
9-Dec03 

Yes 
Result I VQ 

DE3001 
10-Mar-04 

Yes 
Result 1 VQ 

DA3003 
I I -Apr-03 

Yes 
Result I VQ 

DC3001 
18-Sep03 

Yes 
Result 1 VQ 



Summary of Background Bedrock Groundwater Analytical Results 
Former Plum Broolc Ordnance Works 

Sandusky, Ohio 

Location: 
Sample Number: 

Sample Date: 
Low-Flow Sample: 

Parameter 1 Units 1 MDC 1 BSC 
Explosives 
Amino-2.6-dinitrotoluene, 4- 1 uglL 1 0.19 1 NE 
Dinitrotoluene, 2,6- 1 uglL ] 0.43 I NE 

PB-BED-MW24 
BD3029 
9-Oct-01 

Yes 
Result I VQ 

Metals - Filtered 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Thallium 
Vanadium 
Zinc 
Water VQity Parameters 
Alkalinity 
Chloride 
Cyanide, total 
Hardness 
Nitrate 
Nitrate-Nitrite 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 

CA3001 
17-Jan-02 

Yes 
Result I VQ 

1 I I I 

116 

ug/L 
uglL 
ug/L 
uglL 
uglL 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
uglL 
ug/L 
ug/L 
uglL 
ug/L 
ug/L 
ug/L 
ug/L 
uglL 
ug/L 
ug/L 
uglL 

55.1 

942 

159000 

78500 
22.1 

30700 

90500 

CB3008 
3-Apr-02 

Yes 
Result 1 VQ 

I I ( 0.43 1 I I I I I I I I I I I 
I I 

1470 
0 

6.9 
26200 

1.5 
1.2 

2570000 
0 

34.8 
49.2 
6180 
8.7 

1090000 
1300 
0.24 
82.9 

173000 
0 

9110000 
7.3 
0 

673 

B 

J 

CD3004 
19-Oct-02 

No 
Result ( VQ 

CC3004 
12-Jul-02 

Yes 
Result I VQ 

I 1 

TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 

697 
149 

566 - -  

21.4 
948 
3 

266 

89.6 

962 
1.5 

158000 

40.7 

78800 
18.7 

43300 

87800 
4.1 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
NTU 

979 
34600 
0.004 
20000 

22 
0.2 
514 

43800 
9.9 
760 
742 

J 

DA3004 
9-Apr-03 

Yes 
Result 1 VQ 

B 

B 

B 

J 
B 

DE3002 
10-Mar-04 

Yes 
Result I VQ 

810 
140 

710 

150 
1000 
1.8 

6 1 

DG3002 
16-Jun-04 

Yes 
Result I VQ 

DC3002 
17-Sep03 

Yes 
Result I VQ 

DD3003 
I l - D e c 0 3  

Yes 
Result I VQ 

74 

1170 

161000 

82800 
16.6 

44400 

105000 

3.4 

157 
175 

715 

23.6 
2200 
2.4 
14 

110 

670 - 

147000 

79400 
44.2 

38300 

98500 

B 

J 

J 

J 

B 

979 
155 

1370 

32.3 
1020 
3.7 
124 ~ 742 

87 

1140 

160000 

1.4 

77600 
15.5 

24000 

92500 

5.7 

757 
126 

808 -------- 

990 
3.7 
62 

49.6 

B 

J 

J 

B 

128 

1160 

168000 

1.5 

83600 
13.7 

25800 

105000 

0.97 

803 1 846 
98 

761 
~ 

24.6 
988 
1.9 

138 

105 
0.004 
820 

20.3 
949 
2.4 
5 

68.8 

B 

J 

J 

J 

J 

B 

726 
48.7 

130 

32.6 
779 
1.6 
4 
74 

69.9 

689 

169000 

3.7 

79900 
35 

23200 

79600 

2.9 

700 
79.7 

670 ------ 

40.5 
755 
1.5 

23.5 

769 
79 

584 

25.5 
824 

56.6 

B 

J 

J 

B 

50.8 

669 

152000 

71 100 
25.5 

24500 

67900 

B 

J 

J 

J 

56.9 

489 

126000 

67300 
26 

23900 

61200 
2.8 

J 

J 

B 

B 

J 

J 

84 

590 

135000 

72000 
22.6 

22300 

66400 

4.2 



Summary of Background Bedrock Groundwater Analytical Results 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Location: 
Sample Number: 

Sample Date: 
Low-Flow Sample: 

Parameter ] Units] MDC 1 BSC 
Explosives 

PB-BED-MW25 

Amino-2,6-dinitrotoluene, 4- 
Dinitrotoluene. 2.6- 
Nitrobenzene 
RDX 
Trinitrotoluene, 2.4.6- 

BD3030 
5-Oct-01 

Yes 
Result 1 VQ 

uglL 
uglL 
uglL 
uglL 
uglL 

CA3002 
16-Jan-02 

Yes 
Result 1 VQ 

Volatiles 

0.19 
0.43 
0.33 
0.22 
0.081 

0.076 

Acetone 
Benzene 
Bromomethane 
Butanone. 2- 
Carbon disulfide 
Chloroform 
Chloromethane 
Ethylbenzene 
Methyl-2-pentanone. 4- 
Methylene chloride 
Toluene 
Trichloroethene 
Xylenes, total 

CB3004 
3-Apr-02 

Yes 
Result I VQ 

NE 
NE 
NE 
NE 
NE 

J 

ug/L 
ug1L 
uglL 
ug/L 
uglL 
uglL 
uglL 
ug1L 
uglL 
uglL 
ug1L 
uglL 
uglL 

CC3005 
I I-Jul-02 

Yes 
Result 1 VQ 

1.7 
0.37 

0.48 
1.1 

0.22 
0.3 
0.3 
0.8 

1.5 
Semivolatiles 

0.12 

170 
110 
0.27 
17 
29 
1.1 
1.3 
45 
0.3 
21 
100 
0.59 
240 

Bis(2-ethylhexy1)phthalate 
Diethyl phthalate 
Dimethylphenol. 2.4- 
Methylnaphthalene. 2- 
Naphthalene 
Phenol 

CD3005 
17-Oct-02 

Yes 
Result I VQ 

J 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

B 
J 

J 

J 
J 
B 
J 

0.86 

DA3005 
10-Apr-03 

Yes 
Result I VQ 

1.5 

NE 
NE 
NE 
NE 
NE 
NE 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 

Metals - Unfiltered 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Thallium 
Vanadium 
Zinc 
Metals -Filtered 

5.4 
1.5 
1.1 
10 
8.7 
1.4 

J 

DC3003 
18-Sep03 

Yes 
Result I VQ 

0.36 

0.21 
0.25 

78.2 

226 

134000 

795 

79500 
89 

17600 

112000 

7.7 

68.7 

224 

128000 

713 

76800 
87 

17000 

109000 

3 

278 

3 

TED 
TBD 
TED 
TBD 
TBD 
TBD 
TED 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
ug1L 
uglL 
uglL 
uglL 
uglL 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 

DD3004 
I I-Dec-03 

Yes 
Result I VQ 

J 

B 
J 

B 

10200 
8 

52.6 
26900 

4.6 
1.5 

2290000 
18.2 
35.8 
72.2 

52100 
101 

1040000 
2240 
0.1 
74.9 

174000 
5 

9130000 
7.1 
35.9 
612 

B 

J 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 

uglL 
ug1L 
uglL 
uglL 
ug/L 
uglL 
uglL 
uglL 
ug1L 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 

, uglL 

1470 
0 

6.9 
26200 

1.5 
1.2 

2570000 
0 

34.8 
49.2 
6180 
8.7 

1090000 
1300 
0.24 
82.9 

173000 
0 

9110000 
7.3 
0 

673 

404 

627 

121 
1000 

4 
4 

21.7 

DE3003 
11-Mar-04 

Yes 
Result ( VQ 

79.8 

247 
1.2 

158000 

357 

80000 
56.2 

21600 

11 5000 
4.7 

TBD 
TBD 
TBD 
TED 
TBD 
TBD 
TBD 
TBD 
TBD 
TED 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 

Chloride 
Cyanide, total 
Hardness 
Nitrate 
Nitrate-Nitrite 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 

DG3003 
17-Jun-04 

Yes 
Result I VQ 

1.4 

0.17 

Selenium 
Sodium 
Thallium 
Vanadium 
Zinc 
Water VQity Parameters 
Alkalinity 

B 

J 

B 

B 

B 

B 

J 

uglL 
uglL 
uglL 
uglL 
uglL 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
NTU 

979 

B 

J 

J 
J 

J 

J 

NE 
460 

720 

79 
1100 

2 

21 

0.77 

1.6 
0.15 

1.3 

0.37 

41.3 

434 

173000 

91.1 

68000 
68.8 

14500 

196000 

79.5 

234 

146000 

337 

74400 
52.2 

20200 

114000 

61.8 

177 

158000 

92.7 

6 1400 
71.5 

11900 

11 8000 

2.6 

34600 
0.004 
20000 

22 
0.2 
514 

43800 
9.9 
760 
742 

1.5 

175 

135000 

74.5 

51400 
55.2 

I1100 

115000 

21.7 

B 

J 

J 

J 

B 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

J 

J J 

J 

J 

J 

558 

61 1 

36.2 
1330 

3 
9 

112 

313 

J 

J 

J 

J 

J 

52.7 1 B 1  97.8 

320 
631 

848 

79.5 
1440 
2.7 

35.8 

1.2 

0.13 

44.6 

164 

183000 

103 

69100 
95.6 

11400 

92300 

B 

J 

J 

J 

J 

452 

176000 

69700 
65.6 

14900 

196000 

19.9 

J 
316 

57.7 

239 

112000 

43800 
46.8 

11400 

119000 

219 

772 

416 
1180 
2.7 
5 

23.6 

615 
0.004 
820 

38.6 
767 
2 
4 
98 

J 

J 

J 

J 

69.8 

270 

198000 

157 

78600 
84.2 

15900 

180000 

1.5 

I 

337 331 

€3 

J J 

J 

329 314 

B 

294 

4.9 

1.9 

79.7 

277 

200000 

207 

80200 
86.5 

16200 

187000 

1.7 

B 

J 

B 

160 

187000 

59.8 

74100 
94 

12100- 

97600 
6.4 

344 

B 

J 

117 

193000 

70200 
103 
0.06 

10900 

67700 

257 

700 

264 
1100 
2.8 
5 

22.9 

J 

J 

J 

135 

545 

188000 

2 

18.8 

77900 
75.7 
0.056 

18400 

21 7000 

1 

J 

B 

J 

B 

J 

J 

J 

J 

J 

22 1 

540 

136 
834 
2.4 
8 

64.4 

137 

558 

194000 

102 

81200 
79.8 

19200 

223000 

1.4 

199 

510 

142 
808 
2.3 

86.5 

95.4 

760 

514 
1160 
1.9 
4 
2 

B 

J 

B 

B 

J 

J 

B 

J 

86.5 

177 

159000 

156 

62000 
72.9 

12100 

120000 
3.1 

4.8 

61.2 

187 

141000 

140 

54000 
58.5 

11900 

122000 
3 

74.4 

B 

J 

B 

50.3 

233 

107000 

82.1 

41900 
45.1 

10800 

1 14000 

B 

J 

J 

84.8 

112 

194000 

104 

70400 
105 

10800 
1.5 

67000 
5.2 

5.1 

J 

J 

J 
B 

B 

B 



Summary of Background Bedrock Groundwater Analytical Results 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Location: 
Sample Number: 

Sample Date: 
Low-Flow Sample: 

Parameter 1 Units1 MDC 1 BSC 
Explosives 

PB-BED-MW26 
CA3004 

17-Jan-02 
No 

Result 1 VQ 

Amino-2,6-dinitrotoluene, 4- 
Dinitrotoluene, 2,6- 
Nitrobenzene 
RDX 
Trinitrotoluene, 2,4,6- 
Volatiles 
Acetone 
Benzene 
Bromomethane 
Butanone. 2- 
Carbon disulfide 
Chloroform 
Chloromethane 
Ethylbenzene 
Methyl-2-pentanone. 4- 
Methylene chloride 
Toluene 
Trichloroethene 
Xylenes, total 

PB-BED-MW28 

NE 
NE 
NE 
NE 
NE 

ug1L 
uglL 
ug/L 
ug1L 
uglL 

PB-BED-MW29 

0.19 
0.43 
0.33 
0.22 
0.081 

ug/L 
uglL 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 

DG3004 
15-Jun-04 

Yes 
Result 1 VQ 

DC3004 
17-Sep03 

Yes 
Result I VQ 

DC3005 
16-Sep03 

Yes 
Result I VQ 

Semivolatiles 

170 
110 
0.27 
17 
29 
1.1 
1.3 
45 
0.3 
21 
100 
0.59 
240 

Bis(2-ethylhexy1)phthalate 
Diethyl phthalate 
Dimethylphenol. 2.4- 
Methylnaphthalene. 2- 
Naphthalene 
Phenol 

DD3007 
9-Dec-03 

Yes 
Result 1 VQ 

DD3008 
9-Dee-03 

Yes 
Result I VQ 

DE3004 
9-Mar-04 

Yes 
Result 1 VQ 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

ug1L 
ug1L 
ug1L 
ug1L 
ug/L 
ug1L 

DE3005 
10-Mar-04 

Yes 
Result 1 VQ 

Metals - Unfiltered 
Aluminum 
Antimony 

Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Thallium 
Vanadium 
Zinc 
Metals - Filtered 

DG3005 
16-Jun-04 

Yes 
Result I VQ 

5.4 
1.5 
1.1 
10 
8.7 
1.4 

NE I I 
NE I I 

2.4 

1.7 

uglL 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 

J 
J 

J 

NE 
NE 
NE 
NE 
NE 
NE 

J 

J 

I 

10200 
8 

52.6 
26900 

4.6 
1.5 

2290000 
18.2 
35.8 
72.2 

52100 
101 

1040000 
2240 
0.1 
74.9 

174000 
5 

9130000 
7.1 
35.9 
612 

0.59 

2.2 

0.97 
0.13 

0.62 

2.1 
1.7 

1.3 

0.42 

2.1 
0.18 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Thallium 
Vanadium 
Zinc 
Water VQity Parameters 

J 

TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 

J 

J 
J 

J 

B 

B 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
ug1L 
ug1L 
uglL 
ug1L 
ug1L 
uglL 
uglL 
ug1L 
uglL 
ug/L 
ug1L 
uglL 
ug/L 

Chloride 
Cyanide, total 
Hardness 
Nitrate 
Nitrate-Nitrite 
Sulfate 
Total dissolved solids 
Total organic carbon 
Total suspended solids 
Turbidity 

1470 
0 

6.9 
26200 

1.5 
1.2 

2570000 
0 

34.8 
49.2 
6180 
8.7 

1090000 
1300 
0.24 
82.9 

173000 
0 

9110000 
7.3 
0 

673 

152 

6.9 
371 

20300 

242 

8120 
15.8 

7140 

289000 
4.1 

3.8 

J 

J 

J 

B 
J 

Alkalinity 

TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 

0.41 5.5 

J 

J 

J 

B 

B 

1.1 

0.1 

0.13 

93200 

56.8 
------- 

1970 
5.2 
3.3 

2180000 
454 
82.8 
293 

232000 
79.2 

958000 
7470 
0.14 
457 

334000 

3790000 

142 
789 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
NTU 

474 

5.1 

J 

J 

147 

7.4 
374 

20800 

235 

8320 
20.3 

7240 

5.6 
374 

19700 

354 

7670 
16.4 

5920 

280000 
3.8 

247 

NE 
34600 
0.004 
20000 

22 
0.2 
514 

43800 
9.9 
760 
742 

ppm 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

979 444 

J 

17 

J ]  0.44 

J 

J 

J 

J 

J 

J 

J 
B 

171 

99.5 

35.2 
833 
5.9 

3.3 

J 
J 

J 

J J 

468 

4.5 

0.25 

0.86 

0.12 

42.6 

5.4 
395 

20000 

398 

7780 
16.6 

6050 

290000 
4.2 

2.5 

74.6 

5 
354 

17900 

186 

7540 
1 1 1 . 8  

17300 

282000 
5.2 

3 

148 

81.6 

13.1 
697 
5.3 
4 

1.6 

0.96 

13 

0.3 
0.87 

285000 

247 

B 

B 

481 

J 

B 

J 

B 

B 

J 

J 

J 

B 

J 

J 

J 
J 

3.7 

275000 
6.7 

2.8 

443 

54.5 

5.5 
342 

17500 

219 

7370 
10.6 

18300 

78.1 

343 

17300 

125 

7250 
11.6 

14000 

272000 
4 

14.7 

168 

78 

774 
5.2 

1.4 

2.1 
0.22 

1.9 

0.66 

0.59 

B 

B 

432 

B 

B 

J 

J 

J 

J 

J 

B 

B 

162 

30.4 

746 
4.7 
8 

0.72 

J 
J 

J 

B 

269000 
3.9 

15.4 

448 

129 

337 

17400 

184 

7280 
10.6 
0.1 

15900 

3540 

1750 
0.39 

5.7 
6580 
2.6 
46 

14.7 

467 

9.1 
0.23 

0.55 

B 

B 

83.1 

2.6 
10500 

316000 

6.1 

350 

219000 
55.1 

76500 

1390000 
6.2 

8.5 

B 
J 

J 

J 

J 
B 

J 

B 

J 

J 

J 

J 

J 
B 

2930 

1500 

3880 
3.9 
7 
7 

1390000 
5.1 

6.9 

B 

J 

J 

J 

B 

J 

309 

11300 

316000 

3.9 

932 

217000 
62.7 

75800 

66.9 

3.1 
10800 

283000 

3.4 

1490 

189000 
49.3 

60700 

1250000 
3.8 

528 

85 

10800 

274000 

3.4 

1060 

190000 
45.5 

114000 

1360000 

3.4 

J 

B 

J 

------------- 

J 

J 

B 

J 

J 

B 

3050 

1540 

5450 
2.2 
105 
8.1 

1350000 
2.4 

507 

107 

9050 

282000 

2.6 
6.1 
892 

196000 
44.8 

120000 

1380000 
2.5 

23.5 

3340 

1470 

7.5 
5720 
4.5 
14 
7.5 

49.9 

3.3 
11800 

295000 

3.6 

1550 

198000 
50.7 

67800 

B 

B 

J 

J 

1350000 

9 

103 

2.6 
10800 

274000 

3.5 

1480 

189000 
46.4 

112000 

J 

J 

B 

B 

J 

1320000 

27.4 B 

120 

91 10 

272000 

2.6 
19.8 
1000 

188000 
43.6 

116000 

J 

J 
J 

J 



Table 2 

Summary of Background Bedrock Groundwater Analytical Results 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 

Validation Qualifiers (VQZ 

J -The analyte was positively identified; the reported value is an estimated concentration. 

B - The analyte was not detected sigificantly above the levels found in the associated blanks. 

uglL - Micrograms per liter. 

RDX - Cyclotrimethylenetrinitramine. 

NTU - Nephelometric turbidity unit. 

ppm - Parts per million. 
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Former Plum Brook Ordnance Works, Sandusky, Ohio 
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reater than the 7 percent epm charge balance criteria. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 
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reater that the 7 percent eprn charge balance criteria. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 

KN4\PBOW\04 GWDS\DRAmAPM\Table M2-1 (EPM)\4/25/2005(7:56 AM) 

Sample Location: 
Sample No.: 

Sample Date: 
Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 

Units 

5960 
1 7-Nov-97 

ug/L 
uglL 
ug/L 
ug/L 

5965 
28-May-98 

BD3026 
26-Sep-01 

2570000 
1090000 
91 10000 

103000 
Total 

epm 
eprn 
epm 
eprn 

491 000 
223000 

1870000 
21600 

21 10000 
965000 

81 00000 
87400 

128.2430 
89.6961 

396.2850 
2.6347 

Alkalinity 
Chloride 
Sulfate 

24.5009 
18.3507 
81.3450 
0.5525 

105.2890 
79.4099 

352.3500 
2.2357 

CA3005 
15 Jan-02 

1720000 
829000 

6870000 
170000 

Total 

epm difference ePm 
% difference % 

PPm 
ppm 
PPm 

61 6.8588 

85.8280 
68.21 84 

298.8450 
4.3486 

CB3001 
4-Apr-02 

ePm 
epm 
ePm 

240 
19000 

0 

124.7491 539.2845 

191 0000 
888000 

7830000 
86900 

3.9336 
535.9900 

0.0000 

260 
21 000 

0 

255 
22400 

0 

95.3090 
73.0735 

340.6050 
2.2229 

BED- 
CC3003 

10 Jul-02 

539.9236 

0.0333 
3.3254 

4.2614 
592.41 00 

0.0000 

4.1795 
631 .go40 

0.0000 

457.2400 

2020000 
969000 

81 20000 
102000 

596.6714 

-0.3271 
-32.7079 

636.0835 

-0.041 2 
-4.1 178 

280 
18000 

3.2 

100,7980 
79.7390 

353.2200 
2.6092 

MW20 
CD3003 

17-Oct-02 

4.5892 
507.7800 

0.0666 

51 1.2104 

1990000 
91 I000 

7750000 
88400 

51 2.4358 

-0.0285 
-2.8461 

229 
17300 

0 

99.301 0 
74.9662 

337.1250 
2.2613 

DA3003 
I I -Apt--03 

3.7533 
488.0330 

0.0000 

536.3662 

21 20000 
953000 

821 0000 
79000 

491.7863 

0.0097 
0.9683 

293 
19000 

0 

105.7880 
78.4224 

357.1 350 
2.0208 

DC3001 
18-Sep-03 

4.8023 
535.9900 

0.0000 

51 3.6535 

2270000 
1070000 
871 0000 

105000 

540.7923 

-0.0021 
-0.2055 

259 
21 100 

0 

1 13.2730 
88.0503 

378.8850 
2.6859 

DD3002 
9-Dec-03 

4.2450 
595.231 0 

0.0000 

543.3662 

2240000 
1020000 
9000000 

70500 

599.4760 

-0.0386 
-3.8550 

246 
34600 

0 

1 1 1.7760 
83.9358 

391.5000 
1.8034 

DE3001 
10-Mar-04 

4.0319 
976.0660 

0.0000 

582.8942 

2000000 
944000 

8220000 
173000 

DG3001 
17-Jun-04 

980.0979 

-0.1433 
-1 4.3335 

248 
191 00 

0 

99.8000 
77.681 8 

357.5700 
4.4253 

1940000 
942000 

8240000 
170000 

4.0647 
538.81 10 

0.0000 

589.01 52 

96.8060 
77.51 72 

358.4400 
4.3486 

542.8757 

0.0178 
1.7774 

238 
21 300 

0 

3.9008 
600.8730 

0.0000 

539.4771 

604.7738 

-0.0066 
-0.6600 

248 
20800 

0 

537.1 118 

4.0647 
586.7680 

0.0000 

264 
24200 

0 
590.8327 

-0.0227 
-2.2717 

4.3270 
682.6820 

0.0000 
687.0090 

-0.061 2 
-6.1 226 
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reater that the 7 percent eprn charge balance criteria. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 

KN4\PBOW\04 GWDS\DRAFT'WPM\Table M2-1 (EPM)\4/25/2005(7:56 AM) 

Sample Location: 
Sample No.: 

Sample Date: 
Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 

BD3030 
5-Oct-01 

128000 
76800 

109000 
17000 

Units 
6.3872 
6.3199 
4.7415 
0.4349 

CA3002 
16 Jan-02 

ug/L 
ug/L 
ug/L 
ug/L 

Total 

146000 
74400 

114000 
20200 

epm 
epm 
epm 
epm 

Alkalinity 
Chloride 
Sulfate 

7.2854 
6.1224 
4.9590 
0.5167 

CB3004 
3-Apr-02 

17.8834 

176000 
69700 

196000 
14900 

Total 

epm difference ePm 
% difference % 

278 
404 
121 

ppm 
ppm 
ppm 

8.7824 
5.7356 
8.5260 
0.3811 

CC3005 
11 Jut-02 

18.8835 

4.5564 
11.3968 
2.5192 

epm 
epm 
epm 

187000 
74100 
97600 
12100 

320 
460 

79 
18.4725 

-0.0081 
-0.81 01 

9.3313 
6.0977 
4.2456 
0.3095 

CD3005 
17-Oct-02 

5.2448 
12.9766 
1.6448 

23.4252 

198000 
78600 

180000 
15900 

19.8662 

-0.0127 
-1.2680 

337 
558 
36.2 

BED-MW25 
DA3005 

10-Apr-03 

9.8802 
6.4680 
7.8300 
0.4067 

5.5234 
15.7412 
0.7537 

19.9841 

188000 
77900 

217000 
18400 

22.01 83 

0.01 55 
1.5479 

329 
219 
416 

9.3812 
6.4104 
9.4395 
0.4707 

DC3003 
18-Sep-03 

5.3923 
6.1780 
8.6611 

24.5849 

158000 
61400 

118000 
11900 

20.2314 

-0.0031 
-0.3075 

314 
631 
79.5 

7.8842 
5.0526 
5.1330 
0.3044 

DD3004 
I I -Dec-03 

5.1465 
17.8005 

1.6552 

25.701 8 

135000 
51400 

115000 
11 100 

24.6022 

-0.0002 
-0.01 75 

344 
615 
38.6 

DE3003 
I I -Mar-04 

6.7365 
4.2297 
5.0025 
0.2839 

5.6382 
17.3492 
0.8037 

18.3742 

112000 
43800 

119000 
11400 

DG3003 
17 Jun-04 

23.791 0 

0.01 93 
1.9304 

313 
257 
264 

5.5888 
3.6043 
5.1765 
0.2916 

193000 
70200 
67700 
10900 

16.2526 

5.1301 
7.2500 
5.4965 

9.6307 
5.7768 
2.9450 
0.2788 

316 
221 
136 

17.8765 

0.0069 
0.6865 

5.1792 
6.2344 
2.8315 

14.661 2 

14.2452 

0.0329 
3.291 2 

331 
199 
142 

18.631 2 

5.4251 
5.6138 
2.9564 

294 
95.4 
514 

13.9953 

0.01 16 
1.1619 

4.8187 
2.6912 

10.7015 
18.21 14 

0.0057 
0.5698 



Table M2-1 

Geochemical Data Analyses 
2004 Groundater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 4 of 4) 

reater that the 7 percent eprn charge balance criteria. 
lents per million. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 

KN4\PBOW04 GWDS\DRAFT\APM\Table M2-1 (EPM)\4/25/2005(7:56 AM) 

Sample Location: 
Sample No.: 

Sample Date: 
Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 

Units 

DC3004 
17-Sep-03 

ug/L 
ug/L 
ug/L 
ug/L 

20300 
8120 

289000 
7140 

DC3005 
16-Sep-03 

Total 

epm 
epm 
epm 
epm 

1.0130 
0.6682 

12.571 5 
0.1826 

DO3007 
9-Dec-03 

316000 
21 9000 

1390000 
76500 

19700 
7670 

280000 
5920 

15.7684 
18.021 5 
60.4650 

1.9569 

DD3008 
9-Dec-03 

epm 
epm 
ePm 

Alkalinity 
Chloride 
Sulfate 

0.9830 
0.6312 

12.1800 
0.1514 

BED-MW28 
DE3004 

9-Mar-04 

283000 
189000 

1250000 
60700 

Total 

epm difference ePm 
% difference % 

14.4353 

ppm 
ppm 
Ppm 

17900 
7540 

282000 
17300 

DG3004 
15-Jun-04 

14.1217 
15.5528 
54.3750 

1.5527 

BED-MW29 
DE3005 

10-Mar-04 

474 
171 

35.2 

96.21 18 

0.8932 
0.6205 

12.2670 
0.4425 

17300 
7250 

272000 
14000 

274000 
190000 

1360000 
114000 

DG3005 
16-Jun-04 

7.7689 
4.8239 
0.7329 

13.9456 

443 
3540 

5.7 

0.8633 
0.5966 

1 1.8320 
0.3581 

13.6726 
15.6351 
59.1 600 
2.9161 

282000 
196000 

1380000 
120000 

13.3256 

0.0200 
1.9986 

444 
148 
13.1 

7.2608 
99.8634 
0.1 187 

85.6022 

14.0718 
16.1 288 
60.0300 

3.0696 

7.2772 
4.1751 
0.2727 

14.2232 

107.2428 

-0.0271 
-2.71 09 

432 
2930 

0 
11.7250 

0.0433 
4.3253 

468 
168 

0 

13.6500 

7.0805 
82.6553 
0.0000 

91.3838 

7.6705 
4.7393 
0.0000 

481 

162 
0 

89.7358 

-0.01 18 
-1.1787 

93.3002 

448 
3050 

0 
12.4098 

0.0340 
3.4044 

7.8836 
4.5700 
0.0000 

467 
3340 

7.5 

7.3427 
86.0405 
0.0000 

12.4536 

0.0229 
2.2916 

7.6541 
94.2214 

0.1562 
93.3832 

-0.0054 
-0.541 1 

102.031 7 

-0.0224 
-2.2350 
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Attachment M2 

Geochemical Evaluation of Elevated Inorganic 
Concentrations in Background Groundwater 

This attachment evaluates and describes the overall geochemistry of the groundwater in 

the background wells, by providing a chemical basis for the observations of the major 

and minor elements observed in the background groundwater. This is accomplished by 

first establishing quality criteria and evaluating the usability of the data, censoring data 

that fail to meet the criteria, describing the observed data in terms of established 

geochemical principles, and finally reviewing the data to determine if any long-term or 

seasonal trends are present. 

Monitoring Well BG8-BEDGW-001. Background monitoring well BG8-BEDGW- 

001 is an overburdedshale well screened within the Olentangy Shale bedrock. This well 

has been sampled 12 times since November 1997. Results of these analyses are 

contained in Table 7-1 8 of the main document. 

The first step in evaluating aqueous geochemical data pertaining to the major elements is 

to assess data acceptability. This is important because the anionic and cationic analyses 

are performed on separate bottles of sample, using different analysts and several different 

analytical methods. Additionally, precipitation and/or dissolution reactions may occur 

that could alter the chemical composition within the bottles to varying degrees based on 

holding times and storage conditions prior to analysis. 

Water quality parameters total organic carbon, total suspended solids, and turbidity 

included in the background groundwater sampling are the equivalents per million (EPM) 

for cations, anions, and percent difference. These charge balance computations are 

commonly used to determine analytical acceptability. Because all waters must be 

electrically neutral, a complete water analysis should result in total positive charges 

equaling total negative charges; this absolute property is independent of seasonal or 

cyclical variations. It is generally established that an acceptable water analysis should 

not deviate more than plus or minus 7 percent for the four major cations and three major 

anions. Provided that analytical data are accurate, larger deviations indicate an 

overlooked charged species such as nitrate in certain waters. As indicated by cell shading 



in Table M2-1, six of the analyses for well BG8-BEDGW-001 do not meet the 

acceptability criteria for major ions. 

Pronounced seasonal trends were observed in samples from well BG8-BEDGW-001. 

The anion chloride exhibited the most pronounced seasonal trend. Concentrations of 

chloride anions tended to be relatively high during the dry season (i.e., July through 

December) and relatively lower during the other wet season (i.e., January through June). 

Similar seasonal trends were found in the cations calcium, magnesium, sodium, and 

potassium. This fluctuation in water type, together with the observations of concurrent 

trends in total dissolved solids concentrations and relatively shallow placement of the 

well screen, are interpreted to suggest meteorological influence. 

Further evidence of a possible surface influence lies in the oxidation-reduction potential 

(Eh) values. The variation in the values between sampling events, plus the presence of 

dissolved oxygen suggests a mixture of recent and older water at this location. The 

extreme variation in Eh measurements suggests the system is not well poised and either 

oxygen reactions or some type of mixed potential is occurring at the electrode surface. 

Field measured pH values generally lie within the neutral range, with the exception of the 

value 13.03 measured on September 27, 2001. Such exceptionally high alkaline 

conditions are found in nature in the surface waters of alkaline playa lakes. It is highly 

likely that this value is an error resulting from either an equipment problem or a 

calibration issue on this date. The graph below shows that all samples collected on this 

date showed anomalously high readings. 

Sampling Date 

-- -- - - - 
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Explosives have not been detected in this well and detections of volatile organic 

compound (VOC) and semivolatile organic compound (SVOC) parameters are very low 

and either detected in the laboratory blank samples or estimated below the detection limit. 

Filtered trace metal concentrations are low and for the most part sporadic in nature. 

Barium, iron, manganese, and zinc are the only trace metals consistently detected at 

concentrations above the detection limits. 

Monitoring Well BED-MW20. Background monitoring well BED-MW20 is screened 

within the Ohio Shale and has been sampled twelve times since November 1997. 

Applying the EPM charge balance criteria for major element acceptability results in two 

samples falling outside the limits. The groundwater sample collected in May 1998 

(Sample No. 5965) appears to have analytical problems with the major cations: all 

appear to be anomalously low. The groundwater sample collected during April 2003 

(Sample No. DA3003) appears to have an anomalous result for the chloride ion. 

Examination of the remaining twelve samples indicates that groundwater at this location 

is a strongly sodium chloride type water with high total dissolved solids; this water can 

be classified as brackish to saline. Drilling logs indicate the water was under confining 

pressure so that unlike well BG8-BEDGW-001, well BED-MW20 is not likely influenced 

by locally infiltrating surface water and most likely represents the mineralogy of the shale 

confining rock. Dissolved oxygen concentrations are at or near zero and, as expected in 

conditions of low oxygen, the measured Eh is negative and generally within the range of 

ferrous/ferric and sulfate/sulfide couples. Filtered iron and manganese concentrations are 

nearly as high as those of the unfiltered samples and are consistent with the reducing 

conditions where these metals are primarily dissolved and not associated with filterable 

microcrystalline hydroxides. Barium also is elevated and most likely is representative of 

the mineralogy of shales which contain barite. 

Three nitroaromatic compounds were detected from this well at low estimated 

concentrations in three samples. Reported concentrations of VOCs and SVOCs were 

either also found in the laboratory blanks, or estimated at concentrations far below the 

reporting limits. These results indicate that this well has not been impacted by Plum 

Brook Ordnance Works activities. However, this water is unique among the background 

wells and most likely represents a very different aquifer environment. 



Monitoring Well BED-MW25. Background monitoring well BED-MW25 is screened 

within the Olentangy Shale bedrock and, like well BED-MW20, is under confined 

conditions. The well was sampled ten times and each of the samples meet the charge 

balance criteria for major elements. The major element chemistry of this well is unique 

to the background wells in that it contains relatively equal equivalents of the three major 

cations (e.g., within a factor of about two). The principal cation is usually calcium with 

sodium and magnesium at comparable levels. In addition, an anion "shift" of was 

observed in well BED-MW25 where the water was observed to be chloride-dominant 

with during five of the first six sampling events (October 2001 through April 2003), and 

bicarbonate-dominant (i.e., alkalinity) during three of the last four sampling events 

(September 2003 through June 2004). The cause for this is not apparent but does not 

seem related to seasonal variation or wet versus dry periods. It does not appear to be 

related to local recharge, as large changes in total dissolved solids are not observed. In 

addition, the field Eh measurements are well poised and although dissolved oxygen was 

measured in several instances, the Eh readings do not confirm its presence. 

The persistence of iron and manganese in the dissolved fraction at similar concentrations 

to the unfiltered samples support reducing conditions at this location. The other trace 

metals detected in the dissolved fraction (barium and zinc) are common to groundwater 

derived from shale. 

The only nitroaromatic compound detected in this well was nitrobenzene, detected twice 

at very low estimated concentrations. Low concentrations of a few other organic 

compounds were reported in samples from this well; however, several were attributed to 

blank contamination, and the remaining at were at very low estimated concentrations. As 

stated in the teleconference messages (Appendix N), natural petroleum hydrocarbons are 

known to be associated with local limestone formations. The low levels of benzene, 

toluene. ethylbenzene and xylenes (BTEX) and carbon disulfide may have migrated from 

this source below or may be associated with the organic rich shale. 

Monitoring Well BED-MW28. Background monitoring well BED-MW28 is screened 

for 15 feet within the Ohio Shale. The well was sampled four times and each sample 

meets the charge balance criteria. The water is dominated by sodium and bicarbonate 

species. Boring logs indicate that the screened interval is dominated by limey shale and 

calcite vugs which appear to control the major element chemistry. Bicarbonate results 

from the dissolution of carbonate minerals. The dominance of sodium over calcium most 



likely results from ion exchange with the shaley mineralogy that is primarily layered 

silicate minerals exchange capacity. 

Field Eh measurements and the presence of dissolved oxygen imply that the platinum 

electrode is measuring mixed potentials due to the oxygen. The relatively constant values 

of iron and manganese in both the unfiltered and filtered sample fractions suggests that 

while oxygen may be present, its concentration is probably low. 

Unfiltered and filtered zinc and barium were detected in each of the four samples, and 

arsenic was reported in three samples in both the filtered and unfiltered fractions (though 

one in each was "B" qualified). Each of these elements is commonly present in shale and 

the mobility of zinc and arsenic is enhanced in more reducing environments. 

Nitroaromatic and semivolatile constituents were not detected in any of the samples 

analyzed from well BED-MW28. Very low concentrations of acetone (a common 

laboratory contaminant), chloromethane, and trichloroethylene were each estimated 

below the detection limit in only one or two of the samples from this well. The 

remaining very low detections of BTEX are consistent with a local, naturally occurring 

hydrocarbon source and not indicative of former ordnance activities. 

Monitoring Well BED-MW29. Background monitoring well BED-MW29 is located in 

the Olentangy Shale with a screened interval of 10 feet. The boring log indicates the 

presence of pyrite veins, vugs, and clay-filled partings. The well was sampled four times 

and each of the analyses met the charge balance criteria for major elements. 

The groundwater at this location is a sodium chloride type with relatively high total 

dissolved solids. Field measured Eh and dissolved oxygen measurements indicate that 

the system has low concentrations of dissolved oxygen, and the variable Eh 

measurements reflect its presence. 

The presence of dissolved zinc, iron, and copper are indicative of the sulfides that are 

observed in the groundwater. Barium, detected at relatively high concentrations in filter 

and unfiltered fractions from this well, is a common constituent of shale and its presence 

in this well is likely not the result of anthropogenic activities. 
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No nitroaromatic or SVOC compounds were detected in any of the samples. As was the 

case with well BED-MW28, the low levels of VOCs detected in these samples can be 

attributed to a natural hydrocarbon source that has been documented in the vicinity. 

Trends Evaluation Conclusions. Data from wells, where sufficient information was 

available, were plotted against time to ascertain if any long-term or seasonal trends could 

be observed (Figures M2-1 through M2-8). This resulted in the portrayal of major 

elements plus dissolved iron and manganese. The major element plots only include those 

samples meeting the charge-balance criteria. The findings of this evaluation are 

summarized as follows: 

Pronounced seasonal trends were observed in well BG8-BEDGW-001. 
The anion chloride exhibited the most pronounced seasonal trend. 
Concentrations of chloride anions tended to be relatively high during the 
dry season (i.e., July through December) and relatively lower during the 
other wet season (i.e., January through June). Similar seasonal trends were 
found in the cations calcium, magnesium, sodium, and potassium. This 
fluctuation in water type, together with the observations of a large decrease 
in total dissolved solids and relatively shallow placement of the well 
screen, are interpreted to suggest meteorological influence. 

e An anion "shift" of was observed in well BED-MW25 where the water was 
observed to be chloride-dominant with during five of the first six sampling 
events (October 2001 through April 2003), and bicarbonate-dominant (i.e., 
alkalinity) during three of the last four sampling events (September 2003 
through June 2004). The well was sulfate-dominant with respect to anions 
in the remaining two sampling events. 

e Overall seasonal trends common among the five background wells 
evaluated (including BED-MW20) were not observed. The only clearly 
evident seasonal trends were in well BG8-BEDGW-001, as described 
above. 
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Table M2-I 

Geochemical Data Analyses 
2004 Groundater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 1 of 4) 

reater than the 7 percent epm charge balance criteria. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 
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reater that the 7 percent epm charge balance criteria. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 
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Sample Location: 
Sample No.: 

Sample Date: 
Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 

Units 

5960 
1 7-Nov-97 

ug/L 
uglL 
ug/L 
ug/L 

5965 
28-May-98 

BD3026 
26-Sep-01 

2570000 
1090000 
91 10000 

I03000 
Total 

epm 
epm 
epm 
epm 

491 000 
223000 

1870000 
21600 

21 10000 
965000 

81 00000 
87400 

128.2430 
89.6961 

396.2850 
2.6347 

Alkalinity 
Chloride 
Sulfate 

24.5009 
18.3507 
81.3450 
0.5525 

105.2890 
79.4099 

352.3500 
2.2357 

CA3005 
15 Jan-02 

1720000 
829000 

6870000 
170000 

Total 

epm difference ePm 
% difference % 

PPm 
ppm 
PPm 

61 6.8588 

85.8280 
68.21 84 

298.8450 
4.3486 

CB3001 
4-Apr-02 

ePm 
epm 
ePm 

240 
19000 

0 

124.7491 539.2845 

191 0000 
888000 

7830000 
86900 

3.9336 
535.9900 

0.0000 

260 
21 000 

0 

255 
22400 

0 

95.3090 
73.0735 

340.6050 
2.2229 

BED- 
CC3003 

10 Jul-02 

539.9236 

0.0333 
3.3254 

4.2614 
592.41 00 

0.0000 

4.1795 
631 .go40 

0.0000 

457.2400 

2020000 
969000 

81 20000 
102000 

596.6714 

-0.3271 
-32.7079 

636.0835 

-0.041 2 
-4.1 178 

280 
18000 

3.2 

100,7980 
79.7390 

353.2200 
2.6092 

MW20 
CD3003 

17-Oct-02 

4.5892 
507.7800 

0.0666 

51 1.2104 

1990000 
91 1000 

7750000 
88400 

51 2.4358 

-0.0285 
-2.8461 

229 
17300 

0 

99.301 0 
74.9662 

337.1250 
2.2613 

DA3003 
I I -Apt--03 

3.7533 
488.0330 

0.0000 

536.3662 

21 20000 
953000 

821 0000 
79000 

491.7863 

0.0097 
0.9683 

293 
19000 

0 

105.7880 
78.4224 

357.1 350 
2.0208 

DC3001 
18-Sep-03 

4.8023 
535.9900 

0.0000 

51 3.6535 

2270000 
1070000 
871 0000 

105000 

540.7923 

-0.0021 
-0.2055 

259 
21 100 

0 

1 13.2730 
88.0503 

378.8850 
2.6859 

DD3002 
9-Dec-03 

4.2450 
595.231 0 

0.0000 

543.3662 

2240000 
1020000 
9000000 

70500 

599.4760 

-0.0386 
-3.8550 

246 
34600 

0 

1 1 1.7760 
83.9358 

391.5000 
1.8034 

DE3001 
10-Mar-04 

4.0319 
976.0660 

0.0000 

582.8942 

2000000 
944000 

8220000 
173000 

DG3001 
17-Jun-04 

980.0979 

-0.1433 
-1 4.3335 

248 
191 00 

0 

99.8000 
77.681 8 

357.5700 
4.4253 

1940000 
942000 

8240000 
170000 

4.0647 
538.81 10 

0.0000 

589.01 52 

96.8060 
77.51 72 

358.4400 
4.3486 

542.8757 

0.0178 
1.7774 

238 
21 300 

0 

3.9008 
600.8730 

0.0000 

539.4771 

604.7738 

-0.0066 
-0.6600 

248 
20800 

0 

537.1 118 

4.0647 
586.7680 

0.0000 

264 
24200 

0 
590.8327 

-0.0227 
-2.2717 

4.3270 
682.6820 

0.0000 
687.0090 

-0.061 2 
-6.1 226 
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reater that the 7 percent eprn charge balance criteria. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 

KN4\PBOW\04 GWDS\DRAFT'WPM\Table M2-1 (EPM)\4/25/2005(7:56 AM) 

Sample Location: 
Sample No.: 

Sample Date: 
Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 

BD3030 
5-Oct-01 

128000 
76800 

109000 
17000 

Units 
6.3872 
6.3199 
4.7415 
0.4349 

CA3002 
16 Jan-02 

ug/L 
ug/L 
ug/L 
ug/L 

Total 

146000 
74400 

114000 
20200 

epm 
epm 
epm 
epm 

Alkalinity 
Chloride 
Sulfate 

7.2854 
6.1224 
4.9590 
0.5167 

CB3004 
3-Apr-02 

17.8834 

176000 
69700 

196000 
14900 

Total 

epm difference ePm 
% difference % 

278 
404 
121 

ppm 
ppm 
ppm 

8.7824 
5.7356 
8.5260 
0.3811 

CC3005 
11 Jut-02 

18.8835 

4.5564 
11.3968 
2.5192 

epm 
epm 
epm 

187000 
74100 
97600 
12100 

320 
460 

79 
18.4725 

-0.0081 
-0.81 01 

9.3313 
6.0977 
4.2456 
0.3095 

CD3005 
17-Oct-02 

5.2448 
12.9766 
1.6448 

23.4252 

198000 
78600 

180000 
15900 

19.8662 

-0.0127 
-1.2680 

337 
558 
36.2 

BED-MW25 
DA3005 

10-Apr-03 

9.8802 
6.4680 
7.8300 
0.4067 

5.5234 
15.7412 
0.7537 

19.9841 

188000 
77900 

217000 
18400 

22.01 83 

0.01 55 
1.5479 

329 
219 
416 

9.3812 
6.4104 
9.4395 
0.4707 

DC3003 
18-Sep-03 

5.3923 
6.1780 
8.6611 

24.5849 

158000 
61400 

118000 
11900 

20.2314 

-0.0031 
-0.3075 

314 
631 
79.5 

7.8842 
5.0526 
5.1330 
0.3044 

DD3004 
I I -Dec-03 

5.1465 
17.8005 

1.6552 

25.701 8 

135000 
51400 

115000 
11 100 

24.6022 

-0.0002 
-0.01 75 

344 
615 
38.6 

DE3003 
I I -Mar-04 

6.7365 
4.2297 
5.0025 
0.2839 

5.6382 
17.3492 
0.8037 

18.3742 

112000 
43800 

119000 
11400 

DG3003 
17 Jun-04 

23.791 0 

0.01 93 
1.9304 

313 
257 
264 

5.5888 
3.6043 
5.1765 
0.2916 

193000 
70200 
67700 
10900 

16.2526 

5.1301 
7.2500 
5.4965 

9.6307 
5.7768 
2.9450 
0.2788 

316 
221 
136 

17.8765 

0.0069 
0.6865 

5.1792 
6.2344 
2.8315 

14.661 2 

14.2452 

0.0329 
3.291 2 

331 
199 
142 

18.631 2 

5.4251 
5.6138 
2.9564 

294 
95.4 
514 

13.9953 

0.01 16 
1.1619 

4.8187 
2.6912 

10.7015 
18.21 14 

0.0057 
0.5698 
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reater that the 7 percent eprn charge balance criteria. 
lents per million. 

ug/L - Micrograms per liter. 
ppm - Parts per million. 

KN4\PBOW04 GWDS\DRAFT\APM\Table M2-1 (EPM)\4/25/2005(7:56 AM) 

Sample Location: 
Sample No.: 

Sample Date: 
Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 

Units 

DC3004 
17-Sep-03 

ug/L 
ug/L 
ug/L 
ug/L 

20300 
8120 

289000 
7140 

DC3005 
16-Sep-03 

Total 

epm 
epm 
epm 
epm 

1.0130 
0.6682 

12.571 5 
0.1826 

DO3007 
9-Dec-03 

316000 
21 9000 

1390000 
76500 

19700 
7670 

280000 
5920 

15.7684 
18.021 5 
60.4650 

1.9569 

DD3008 
9-Dec-03 

epm 
epm 
ePm 

Alkalinity 
Chloride 
Sulfate 

0.9830 
0.6312 

12.1800 
0.1514 

BED-MW28 
DE3004 

9-Mar-04 

283000 
189000 

1250000 
60700 

Total 

epm difference ePm 
% difference % 

14.4353 

ppm 
ppm 
Ppm 

17900 
7540 

282000 
17300 

DG3004 
15-Jun-04 

14.1217 
15.5528 
54.3750 

1.5527 

BED-MW29 
DE3005 

10-Mar-04 

474 
171 

35.2 

96.21 18 

0.8932 
0.6205 

12.2670 
0.4425 

17300 
7250 

272000 
14000 

274000 
190000 

1360000 
114000 

DG3005 
16-Jun-04 

7.7689 
4.8239 
0.7329 

13.9456 

443 
3540 

5.7 

0.8633 
0.5966 

1 1.8320 
0.3581 

13.6726 
15.6351 
59.1 600 
2.9161 

282000 
196000 

1380000 
120000 

13.3256 

0.0200 
1.9986 

444 
148 
13.1 

7.2608 
99.8634 
0.1 187 

85.6022 

14.0718 
16.1 288 
60.0300 

3.0696 

7.2772 
4.1751 
0.2727 

14.2232 

107.2428 

-0.0271 
-2.71 09 

432 
2930 

0 
11.7250 

0.0433 
4.3253 

468 
168 

0 

13.6500 

7.0805 
82.6553 
0.0000 

91.3838 

7.6705 
4.7393 
0.0000 

481 

162 
0 

89.7358 

-0.01 18 
-1.1787 

93.3002 

448 
3050 

0 
12.4098 

0.0340 
3.4044 

7.8836 
4.5700 
0.0000 

467 
3340 

7.5 

7.3427 
86.0405 
0.0000 

12.4536 

0.0229 
2.2916 

7.6541 
94.2214 

0.1562 
93.3832 

-0.0054 
-0.541 1 

102.031 7 

-0.0224 
-2.2350 
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Figure M2-1

Alkalinity Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Figure M2-2

Magnesium Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Calcium
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Figure M2-3

Calcium Concentration (ppm) versus Sampling Date)
2004 Groundwater Data Summary
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Sodium
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Figure M2-4

Sodium Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Chloride
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Figure M2-5

Chloride Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Sulfate
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Figure M2-6

Sulfate Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Manganese
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Figure M2-7

Manganese Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Dissolved Iron
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Figure M2-8

Dissolved Iron Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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APPENDIX N 

TELECONFERENCE NOTES ON BTEX IN QUARRY1 
E-MAIL MESSAGE ON ACTIVE OILIGAS FIELD 
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Subject: fU2 County Ifmestone 

From: mSwhbrd, Mac" 4ac.Swlnford@dnrrdstate.oh.us* 
To: ad kesslerl@juno.mm 4 kesslerl @uuno.com> 
Dak h, ,29Aug200209:55: -0400 
Subject: Erie County Itmestone 

a 
M~SSR e-ID: 
~~4~3~76~~~824083~~13~~308~~9~8~8156~~n~~d.1g2.dnr.state.oh.~~~ 

David Kessler: 

There Is an actively producing oil and gas field producing from the 
D&wm 
Limestone and the un ng Columbus Umestone in Florence and Berlm 

k "r Tmsh S, Me County, nformation on the individual wells am on file 
here at Ohio Geological Survey. We also have maps depicting the 
general 
outline of the fields in this area. Piease caH Ron Riley 614-266-6573 
for 
this Wormation. 

Regional, the Cdumbus and to a lesser extent the Delaware Urnestone 
commonly can have a slight to moderate petroleum smetl and may have a 
sulfw odor. 

If you require additional information please contact me. 

Thank YOU, 
M s c S w ~  
Geologist and Supenrlsor, 
O8oIoglcMa p Group 
ODNR ~ i m %  ~ e ~ l o g i ~ l  Swvey 
61 4-266-6473 
email: mac.swinford~nr.state.oh.us 



4% Shaw- 
Shaw Environmental & Infrastructure, inc. 

RECORD OF TELEPHONE CALL 
DATE: 213104 

TIME: 1000 

Project Name: PBOW 

Project Number: 843656 

Call from: David Kessler 

Call to: Mr. RickPavey, (614) 265-6599, Ohio Department ofNatural Resources (ODNR). 

Summary (DecisionslSpecific Actions): 
Attempted to contact Mr. Mac Swinford of ODNR for information of oiYgas wells found at the DNR website 
(www.ohiod~.cod~eosu~~ey/o~ciru/petr~~~map, URL: ftD://Ro/dnr.state.oh.us/Geoloaical Survey/well dbierie'dbf) but 
was transferred to DNR representative Mr. Rick Pavey. 

Informed Mr. Pavey of above listed website and inquired if he had any information of the wells found on the 
map. Mr. Pavey said that he would attempt to find specific information and return call. [Shaw faxed the map 
for his research that was found at the website but had the PBOW coordinates included with the well locations]. 

Return call from Mr. Pavey to David Kessler -1300: 
From his research into the purpose of the oillgas wells, he found that the well on PBOW property was not listed 
in the records (must have been installed before records were kept). The next nearest well to the facility (well 
immediately to the west, as shown on the map) was drilled in 1957 as a stratigraphic test boring. From his 
review of the other activelinactive oil and gas wells shown on the figure and his recollection of petroleum 
hydrocarbon encountered at the Wagnor Quarries, he confirmed that there is "without a doubt petroleum 
hydrocarbon in the Delaware and Columbus bedrock units". There must not have been sufficient quantities of 
oil or gas for commercial production in this area (near PBOW), as indicated by the sporadic spacing, but in the 
southeast comer of the map, a good producing oil field is present. The well locations are very close to one 
another. 

Required Action: Include information in response to Restoration Advisory Board comments received for the 
Seventh Quarterly Background Groundwater Report. 

Prepared By: David Kessler 

Distribution: Steve Downey, Mike Gunderson, Tom Siard 

N:\SHARED\COMMON\PBOW\W\04 8th Qrt Back Report\Comm from 7m\Telecon for RAB R-C 
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Attachment 1 
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Soil Legend 

VERY DEEP SOILS ON LAKE PLAINS 
Toledo-Fulton Association: Nearly level, vexy poorly drained and somewhat poorly drained soils 
formed in Iacustrine sediments. 

Del Rey-Milford Association: Nearly level, somewhat poorly drained and very poorly drained soils 
formed in lacustrine sediments. 

Weyers-Haplaquents-Sandusky Association: Level, very poorly drained soils formed in calcareous 
tufa and marl, over lacustrine, sediments. 

VERY DEEP SOILS PRIMARILY ON TILL PLAINS 
Bennington-Cardington-Haskins Association:, Nearly level to sloping, somewhat poorly drained and 
moderately well drained soils formed in glacial till and loamy outwash sediments over glacial till or  
lacustrine sediments. 

Pewarno-Bemington Association: Nearly level to gently sloping, very poorly drained and somewhat 
poorly drained soils formed in glacial till and lacustrine sediments. 

Mahoning-Rawson-Ellsworth Association: Nearly level to sloping, somewhat poorly drained and 
moderately well drained soils formed in glacial till and loamy outwash over glacial till or lacustrine 
sediments. 

SHALLOW TO DEEP SOILS ON BEDROCK-CONTROLLED TILL PLAINS AND WLE PLAINS 
Allis-Fries Association: Moderately deep, nearly level, somewhat poorly drained to very poorly 
drained soils formed in glacial till or lacustrine sediments over shale bedrock. 

Hornell-Fries-Coiwood Association: Moderately deep and deep, nearly level to gently sloping, 
somewhat poorly drained and very poorly drained soils formed in glacial till and lacustrine 
sediments over shale bedrock. 

Castalia-Millsdale-Milton-Ritchey Association: Shallow to moderately deep, nearly level to 
moderately steep, well drained and veIy poorly drained soils formed in glacial till, lacustrine 
sediments and limestone residuum. 

VERY DEEP SOILS ON OUTWASH PLAINS, LAKE PLAINS, DELTAS AND BEACH RIDGES 
Kibbie-Elnora-Tuscola-Colwood Association: Nearly level to gently sloping, somewhat poorly 
drained, moderately well drained and very poorly drained soils formed in outwash, lacustrine and 
deltaic sediments. 

Jimtown-Oshtemo-Millgrove Association: Nearly level to gently sloping, somewhat poorly drained, 
well drained and very poorly drained soils formed in outwash and beach sediments. 

The general soil map shows the location of the 11 
soil associations or general soit areas in Erie Coun- 
ty. Each association typically consists of two to 
four major soils for which it is named and some 
soils of minor extent. The soils in each association 
occur together in a distinct and repetitive land- 
scape pattern. 

The general soil map is most useful for providing 
generalizedinformation about the soil resources of 
Erie County. It is not suitable for planning the 
management of a farm or for selection of a build- 
ing site because of i t .  small scale. 

Information on how to obtain more detailed. soil 
maps id the county is given elsewhere in this 
publication. The following information about the 
28 soils identified on the General Soil Map plus 32 
other soil series in the cbunty can also be obtained 
by request: 

Slope range 
., Drainage cIass 

Permeability 
Available water capacity 
Seasonal high water table depth 
Depth to bedrock 

-. Shrink-swell potential 

Some of thk more common management concerns 
that can be.identified in places from the detailed 
soil maps are slope, erosion, shallowness to bed- 
rock, slow permeability, seasonal wetness, ponding, 
droughtiness, poor filtration, and flooding. Infor- 
mation about recommended management practices 
can be obtained from the Erie SWCD. 
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Response to Comments 
U.S. Army Corps of Engineers (CELRN-EC-R-D) 

2004 Groundwater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

(Report dated December 2004) 

Reference: CommentsJi.onz Jinz Beuujon, copied Febrzlury 18, 2005fiom Dr. Checks. 

Comment 1: Page ES-2 & ES-3: The "ug/L1' in the tabular column heads are not 
underlined. 

Response 1: Agreed. The "ug/L" in the tabular colunln headings will be underlined. 

Comment 2: Page ES-5,2nd paragraph, end of 2nd line: Delete "site" from the 
sentence. 

Response 2: Agreed. "Site" will be deleted from the sentence. 

Comment 3: Page 1-4, Section 1.2,lst paragraph, 2nd to last line: Change 
"groundwater conclusions and recommendations" to "groundwater 
conclusions. Recommendations". 

Response 3: Agreed. The changes will be made as indicated. 

Comment 4: Page 3-6, paragraph at top of page: It  states the total cost of the 
alternative for TNTA was estimated to  be $7,815,000 but the 
parenthetical note indicates that cost includes TNTC. Is the $7,815,000 
the estimate for TNTA alone or is it for both TNTA and TNTC? Please 
edit for clarity. 

Response 4: The total cost estimate for the recoinmended remedial alternative at TNTA is 
$7,688,000. The estimated cost for simultaneous remediation of TNTA with 
TNTC is $10,987,000. The text will be edited to reflect the correct costs 
along with clarification of the estimated costs. 

Comment 5: Page 3-6, Section 3.1.2,3rd paragraph, 4th line: Appropriate portion 
should read "sediment, soil, and groundwater". 

Response 5: Agreed. Soil will be included in the referenced historical media. 

Comment 6: Page 3-11, Section 3.1.3,3rd paragraph, 1st sentence: Some punctuation 
is needed between each of the listed investigations, perhaps semicolons. 
So it would read as "... by MK (1994); a 1994 ... by D&M (1997a); 
groundwater by Shaw ... and 2002 (Shaw 2003a); and a soil ...". 

Response 6: Agreed. Senlicolons will be inserted as needed. 



Comment 7: 

Response 7: 

Comment 8: 

Response 8: 

Comment 9: 

Response 9: 

Comment 10: 

Response 10: 

Comment 11: 

Response 11: 

Comment 12: 

Response 12: 

Comment 13: 

Response 13: 

Comment 14: 

Response 14: 

Page 3-15,6th line of 1st paragraph: Change "Delaware screened" to 
"Delaware Limestone screened1'. 

Agreed. "Limestone" will be inserted following Delaware. 

Page 3-16, paragraphfsentence beginning with "Shaw was contracted in 
1989": Is "near-surface sediment sampling" meant to be "near-surface 
soil sampling"? 

The sentence will be adjusted to read, "Shaw was contracted in 1989 to 
conduct surface water, soil, and groundwater sampling . . ..". 

Page 4-1,2nd paragraph, 2nd to last line: BED-MW29 is west of Ransom 
Road. 

Correct. "East" will be replaced by "west" in the sentence. 

Page 4-1,3rd paragraph, last sentence: Change to read "... north of 
PBOW on the east side of Columbus Avenue beneath the State Route 2 
overpass ... area, north of Taylor Road near Botay Road. 

Agree. The last sentence will be changed as indicated. 

Page 4-2, Section 4.2,lst paragraph, 7th line: Change "prior to the ... 
perimeter respectively" to "from the ... perimeter areas respectively". 

Agreed. The last part of the sentence will be changed as indicated. 

Page 4-2, last paragraph on page, 4th line: For clarity, change vvlocated 
on government property" to "located on NASA property". 

Agreed. The word "government" will be changed to "NASA" for clarity. 

Page 4-4, 1st line: Change "soil areas. During this phase of work, 
overburden" to "soil areas, thus overburden1'. 

Agreed. The two sentences will be restructured as noted. 

Page 4-4: 4th line of 2nd full paragraph- change "desire depth" to 
"desired depth". End of 2nd to last paragraph- change "manhole" to 
"access hole". 

Agreed. "Desire" will be changed to "desired" and "nlanhole" will be 
changed to "access hole". 



Comment 15: 

Response 15: 

Comment 16: 

Response 16: 

Comment 17: 

Response 17: 

Comment 18: 

Response 18: 

Comment 19: 

Response 19: 

Comment 20: 

Response 20: 

Comment 21: 

Response 21: 

Page 4-5, last paragraph: Rewrite the first sentence for clarity. Change 
the next 4 sentences to read something like "As a result of using Driller 
Service Lnc. size #1 sand rather than the appropriate size #2, quantities of 
filter pack sand passed through the screen slots and into the monitoring 
well during well development. This influx of sand decreased the total 
accessible depth of BED-MW30 by approximately 3 ft and BED-MW33 
by approximately 4.5 ft. The change in total depth of BED-MW30 was ... 
The change in total depth of BED-MW33 was also noted prior to its 
development." 

Agreed. The paragraph will be rewritten as suggested. 

Page 4-5, last paragraph, 5th sentence: This sentence is a bit confusing as 
it states a "final" determination was made a t  two points in time ("at this 
point and approximately 2 weeks later"). Generally a "final" 
determination is made a t  one point in time not two. Please edit the 
sentence. 

Agreed. The sentence will be changed to "Approximately 2 weeks later, 
confirmation with the drilling firm was made that an incorrect sand size had 
been used for filter pack construction". 

Page 4-6,2nd line: Change "suite is able to be collected" to "suite can be 
collected". 

The change will be made as suggested. 

Page 4-7, last paragraph, 3rd line: Change ll(i.e., with" to "(i.e., sampled 
with". 

Agreed. "Sample" will be added prior to with. 

Page 6-3: First line- change "76 wells overburden wells" to "76 
overburden wells". Third line- close the parentheses after "Shale". 

Agreed. The changes will be made as suggested. 

Page 6-4,lst full paragraph, last line: Change "less continuous that 
previously" to "less continuous than previously". 

Agreed. "That" will be replaced by the word "than". 

Page 7-1, paragraph before bullet list of AOCs: Change "direct-put" to 
"direct-push". 

Agreed. "Direct-push" will replace "direct-put''. 



Comment 22: 

Response 22: 

Comment 23: 

Response 23: 

Comment 24: 

Response 24: 

Comment 25: 

Response 25: 

Comment 26: 

Response 26: 

Comment 27: 

Response 27: 

Comment 28: 

Response 28: 

Comment 29: 

Response 29: 

Page 7-3,2nd paragraph, 3rd line: Change "Only samples ... was used" to 
"Only samples ... were used". 

Agreed. Was will be changed to were. 

Page 7-3, Section 7.2,2nd sentence: Change "compared RBSC" to 
"compared to RBSC". 

Agreed. The word "to" will be inserted prior to RBSC. 

Page 7-4,2000 Dry Season section: The 6th and 7th sentences both 
mention benzene and toluene in GWOl are above RBSC. Is the 7th 
sentence necessary? 

No the 7th sentence is not necessary and will be deleted. 

Page 7-7, about the middle of the partial paragraph a t  top of page, 
sentence beginning with "In this well": Change both occurrences of 
"compounds above" to "compounds were above". 

Agreed. "Were" will be inserted between "compounds" and "above" at both 
locations in the sentence. 

Page 7-10, Section 7.2.1.4, end 3rd line: Change "7 on 2001" to "7 in 
2001". 

Agreed. "On" will be changed to the word "in" as suggested. 

Page 7-14,2002 Wet Season section, sentence on 4th and 5th lines from 
end of paragraph: Change "others metals" to "other metals" and "L), 
iron" to "L), and iron". 

Agreed. The changes will be made as suggested. 

Page 7-17,3rd line from end of 1st partial paragraph on page: Change 
"det3ected" to "detected". 

Agreed. The misspelled word will be corrected. 

Page 7-48,2002 Wet Season section, 2nd line: Change "detected above 
the at a" to "detected at a". 

Agreed. The change will be made as suggested. 



Comment 30: Page 8-1,lst paragraph, 2nd line from end: Change "were determined 
not to be used" to "were not used1'. 

Response 30: 

Comment 31: 

Response 31: 

Comment 32: 

Response 32: 

Comment 33: 

Response 33: 

Comment 34: 

Response 34: 

Comment 35: 

Response 35: 

Agreed. The wording will be changed as indicated. 

Page 8-6, Section 8.2.1.2,5th line from end of 1st paragraph: Remove "(" 
from between "value" and "ranged". 

Agreed. "(" will be removed as suggested. 

Page 8-8,lst 2 sentences on page: I believe there are several properties 
between Mr. Koch's property, which includes PT-5912, and PBOW thus 
please rewrite these sentences to something like- "Private well PT-5912 is 
northwest of PBOW downgradient of the WARWP and AA2. The owner 
of PT-5912 signed a ROE form to allow sampling for this investigation. 

Agreed. The last turo sentences will be rewritten as suggested. 

Page 8-10,lst sentence: RDX was reported once in a groundwater sample 
from AA1 too and an explanation for the erroneous reporting of RDX 
was provided earlier in the document. Thus please replace "so its one 
time occurrence in the groundwater sample is unclear" with something 
incorporating the earlier explanation. 

Agreed. The sentence will be replaced by the following sentence, 
"Nitroaromatic RDX is not known to have ever been used or manufactured at 
PBOW, and is not a degradation product of nitroaromatics fom~erly produced. 
Based on information and analyses at a similar site, the reported 
concentrations of RDX at PBOW are likely a laboratory artifact". 

Page 8-13,2nd paragraph, 2nd sentence: Was there free-phase 
hydrocarbons in the soil from the borings for BED-MW31,32, and 34 or 
was it in the rock cores from those holes? If it wasn't in the soil please 
rewrite the sentence accordingly. 

Agreed. "Soil" in the second sentence will be replaced by "also on rock cores 
fiom the" to make the sentence clearer. 

Page 9-1,1 st recommendation: Section 7.2.8.3, pages 7-48 and 7-49, seems 
a bit more definite that the toluene is the result of former DOD activities 
rather than natural petroleum hydrocarbons in the area. If that is a valid 
assessment this recommendation should reflect Section 7.2.8.3's 
conelusion better. 

Agreed. The recommendation will be revised as follows: "Toluene was 
detected at elevated concentrations in well MK-MW20 in the UTT area. 



Comment 36: 

Response 36: 

Comment 37: 

Response 37: 

Comment 38: 

Response 38: 

Comment 39: 

Response 39: 

Comment 40: 

Response 40: 

Based on the relative absence of other aromatic hydrocarbons, the source of 
the contamination is interpreted to be from toluene storage used in the 
production of nitroaromatics. Based on these findings, further evaluation is 
warranted. 

Table 3-16, Title: The second "W" is missing from "WARWP". 

Agreed. The second " W  will be inserted into WARWP in the title. 

Table 4-1: Change column heading "Groundwater Level Conditions" to 
something like "Seasonal Period". 

Agreed. The "Groundwater Level Conditions" column heading will be 
changed to "Season Period". 

Figure 3-4: Label Fox Road. 

Fox Road will be identified on Figure 3-4. 

Well Construction Diagram for BED-MW30: What is meant by the hand 
written "unknown" beside the form's printed "20-40 Washed Silica Sand 
Pack"? Also, no elevation or depth is recorded for the groundwater 
encountered on "3/18/04". Relative to the note in the lower left of the 
form and so it will be clearly understood by future samplers please add a 
brief notation above the "57.3" to indicate the depth the sand has filled to 
(e.g. filter pack sand infiltration has filled to - ft). 

As indicated on Page 1 of the HTRW form for BED-MW30, the depth 
bedrock groundwater was encountered was not able to be identified. 
"Unknown" written beside 20-40 Washed Silica Sand Pack should have been 
written beside "Encountered groundwater at". "Unknown" will be moved to 
the proper location. 

A note will be added on the BED-MW30 well cox~struction diagram above the 
57.3 foot depth to indicate filter pack sand has infiltrated the screen to a total 
depth of 54.3 feet. 

Well Construction Diagram for BED-MW31: What is meant by the hand 
written " ~ n k n o w n ' ~  beside "Encountered groundwater at"? 

Groundwater was not encountered during drilling of BED-MW3 1 during the 
time period of March 16 through March 20,2004. On March 21,2004, a 
groundwater level measurement incorrectly recorded approximately 15 feet of 
water in the borehole. In thought of groundwater present in the borehole, 
PVC well construction material was installed. 'I'he well construction diagram 
form Mias completed on March 2 1,3004 indicating the depth groundwater was 



Comment 41: 

Response 41: 

Comment 42: 

Response 42: 

Comment 43: 

Response 43: 

Comment 44: 

Response 44: 

Comment 45: 

Response 45: 

Comment 46: 

encountered was unknown. Since only a foot of groundwater could be 
measured after the well was installed, the PVC materials were removed and 
further well completion activities were not conducted. "Unknown" will be 
removed from the well construction diagram. 

Well Construction Diagram for BED-MW33: There is no indication on 
the diagram that sand has infiltrated the well. So it will be clearly 
understood by future samplers, above the "88.5" please add a brief 
notation (e.g. filter pack sand infiltration has filled to - ft) indicating 
where the bottom of the well was a t  last measurement. 

Agreed. A note will be added on the BED-MW33 well constn~ction diagram 
above the 88.5 foot depth to indicate that filter pack sand has infiltrated the 
screen to a total depth of 83.7 feet. 

Photographs: For the most part good photos, much better than the ones 
taken during earlier investigations using disposable cameras. 

Noted. Photographs of rock cores taken with a digital camera are now 
standard procedure. 

Appendix E: There are two attachments to this appendix but I didn't see 
where the text in the appendix refers to or  explains the attachments. 
Section 2.0,Ist sentence- change "The methods ... was" to "The methods 
... were". Section 6.0,3rd paragraph, 1st line- change "well are range" to 
"well range". 

The call outs for Attachments 1 and 2 will be included in Section 6.0 and 
granunatical changes will be made as indicated. 

Appendix E, Attachment 2: If the "f.aqtV in the Data Set name means it's 
data from a falling head run then two of the falling head runs are miss- 
titled "Rising Test Analysis". 

Correct. The titles from the two falling head data sets will be identified 
correctly. 

Attachment M2, Table M2-1: The footnotes for the shading start with 
"Greater that" rather than "Greater than". 

Agreed. "Greater that" will be changed to "Greater than". 

Attachment M2, Figures: The figure titles are  not really correct. For 
example Figure M2-1 would be more correctly titled "Alkalinity 
Concentration (ppm)" or "Alkalinity Concentration (ppm) versus 
Sampling Date". 



Response 46: Agreed. The titles of all seven figures will be changed as suggested (i.e. 
Alkalinity Concentration (ppm) versus Sampling Date. 

Reference: Comments fiom Lanrzae Long, copied February 28, 2005Ji.onz Dr. C,'hecks. 

Comment 1: Section 3.2.1, page 3-17, last para.: Para. beginning with "A BERA was 
performed by Shaw for the WARWP (IT, 2001f; 2000~). The paragraph 
should be expanded to explain that a full ecological risk assessment 
including definitive toxicity testing was done for surface water and 
sediment and a brief description of results. This paragraph only touches 
on the Screening Level ERA which did indicate that further action 
(BERA) was needed. 

Response 1: The paragraph will be completely revised as follows: "A SLERA was initially 
performed ibr the WARWP (IT, 2000~). Based on the SLERA results which 
suggested the potential for ecological impact, a full BERA (IT, 2001g) was 
performed to more accurately determine whether ecological receptors may be 
adversely impacted by PBOW-related chemicals in WARWP soil, surface 
water or sediment. The BERA included revised food-web models based on 
site-specific bioconcentration factors (BCF) derived from tissue sample and 
site-specific aquatic and terrestrial toxicity testing. It was concluded from the 
BERA that PAH concentrations in one surface soil indicated some earthworm 
toxicity; however, survival was decreased by less than 30 percent. These 
PAHs may be generated by controlled burning which is practiced at PBOW. 
Food-chain modeling indicated some potential for ecological risk to the shrew 
associated with PAHs, but only under the most conservative assumptions. 
Given the weight of evidence, it is unlikely that WARWP Area soils represent 
an unacceptable ecological concern. Iron concentrations in one sediment 
sample indicated the potential for ecological risk to the raccoon and heron 
through food chain modeling under the most conservative assumptions; more 
typical central tendency. Toxicity study results suggested some toxicity to 
benthic invertebrates. However, the maximum iron concentration detected in 
the sediment samples (24,200 mgkg) likely results from the native 
background soil which comprises the substrate of the pond. Iron 
concentrations in PBOW background soil range up to 234,000 mg/kg (mean 
of 40,100 mg/kg). Thus, there appear to be no site-related impacts to 
sediment with regard to ecological receptors in the WARWP Area." 

Comment 2: Section 3.2.2, page 3-20,2nd para.: This paragraph should be espanded 
to briefly summarize both SLERA and BERA. The SLERA indicated 
further action based on ECO results, thus a BERA was conducted. The 
BERA included toxicity testing of media at  the PRRWP, and a brief 
sentence or two should summarize the BERA findings. 



Response 2: The paragraph will be revised as follows: "A SLERA was initially performed 
for the PRRWP (IT, 2000~). Based on the SLERA results which suggested 
the potential for ecological impact, a full BERA (IT, 200 1 f) was performed to 
more accurately determine whether ecological receptors may be adversely 
impacted by PBOW-related chemicals in WARWP soil, surface water, or 
sediment. The BERA included revised food-web models based on site- 
specific BCFs. It was concluded from the BERA, using the most conservative 
exposure assumptions, only a low potential for adverse ecological effects 
exists upon exposure to PRRWP soil by terrestrial receptors. No site-related 
chemicals were identified as potentially impacting PRRWP surface water or 
sediment." 

Comment 3: Section 9 recommendations: One of the recommendations is to properly 
close 9 known manholes in TNT A and C. I found more manholes in 
Acids Area 3. Would it be appropriate to recommend that a general 
sweep of PBOW be conducted for open manholes, and other manholes 
also be appropriately closed as well? 

Response 3: Agreed. Identifying the location of former DOD open manholes across 
PBOW followed by proper abandonment will be recommended. 

Comment 4: Table 3-10, Historic: MDC were not included. Include the MDC in the 
left column for each chemical that was detected. 

Response 4: Agreed. MDC9s were inadvertently omitted and will be included. 

Reference: Comments from Doztglas ibfullendore, copied February 28, 2005,ponz Dr. Checks. 

Comment 1: Page ES-3, Nitroaromatic Contamination, 2nd Sentence. Suggest revising 
this sentence to state that only 2A-DNT and 4A-DNT suggest natural 
biological activity. 

Response 1: Agreed. The sentence will be revised. Also, under Delaware Limestone 
Water-Bearing Zone, page ES-5, last paragraph under Nitroaromatic 
Compounds, that information regarding the detection of 2A-4,6-DNT and 4A- 
2,6-DNT will be revised accordingly. 

Comment 2: ES-3, Organic Compounds, 1st Sentence. Add detected after consistently. 

Response 2: Agreed. Detected will be added to the sentence. 

Comment 3: General. In  section 2.0 can a section titled "Geochemistry" be included 
to discuss the significance of chloride, sulfate, and nitrate dominated 
groundwaters. 



Response 3: 

Comment 4: 

Response 4: 

Comment 5: 

Response 5: 

Comment 6: 

Response 6: 

Comment 7: 

Response 7: 

Agreed. Text discussing the site-wide groundwater geochemistry will be 
included as the last paragraph in Section 2.4 Site Conceptual Model. This will 
consist of a brief synopsis of the basic differences in the water bearing zones 
(overburdedshale and limestone), including potential natural and 
anthropogenic sources of sulfate, chloride, and nitrate at PBOW. Upon 
further review of the data, other pertinent information may be added including 
discussions of basic water quality parameters (pH, Eh, dissolved oxygen, total 
dissolved solids, etc). 

Page 7-17,lst Paragraph, Last Sentence. Detected is incorrectly spelled. 

Agreed. Detected will be spelled correctly. 

Page 7-28, Section 7.2j.4,lst Paragraph. Suggest revising that PCE and 
TCE are indicative of anthropogenic activities, but may not be related to 
DoD operations. 

Agreed. Because NASA and National Guard activities have taken place at the 
WARWP area, the detection of PCE and TCE in the overburdedshale 
groundwater may not be related to former DoD activities. The paragraph will 
be revised. 

Page 7-34,1998 Wet Season Sampling Event (May), Next to Last 
Sentence. Check the reference. 

The reference used for the detection of RDX as a laboratory artifact was 
obtained from the Background Monitoring Well Selection letter report. The 
correct reference will be included. 

Page 7-35, Delaware Limestone Bedrock, 2nd Sentence. Should the first 
parenthesis be for RDX? If so please correct. 

Correct. RDX will be included before the analytical concentration. 



Response to Comments 
U.S. Army Corps of Engineers - Huntington (CELRH-EC-CE) 

2004 Groundwater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

(Report dated December 2004) 

Reference: CommentsJi.om Eric Guy, received February 23, 2005. 

Comment 1: Executive summary, fifth paragraph, second sentence: after "well BED- 
MW30," and before "review of groundwater....", the word "and" should 
be inserted. Also, since BED-MW30 is downgradient of WARWP, the 
text should state that it is not part of the background data set either. As 
currently written one could assume that BED-MW30 replaced BED- 
MW24 in the background data set, and then become confused as they are 
both downgradient wells. 

Response 1: Agree with both comments. The paragraph will be revised to clarify the 
selection of the background wells. 

Comment 2: Executive summary, Organic Compounds section: it seems TNTB should 
be added to the list of "AOCs investigated" in parentheses. 

Response 2: Agreed. Benzene was detected above the RBSC in wells TNTB-BEDGW- 
003 and TNTB-BEDGW-004 during both sampling occasions from each well 
and toluene was detected above the BSC value on both sampling events from 
well TNTB-BEDGW-003. TNTB will be added to the AOC list. 

Comment 3: Section 3.1.1, last paragraph, second to last sentence: Delete "(combined 
remediation cost of TNTA and TNTC)" since $7.8 million is the 
individual cost given in (IT, 2003e) and not the combined cost. 

Response 3: A similar comment was also received from the Nashville USACE. The 
response provided and that will be inserted into the text is that the total cost 
estimate for the recomnlended remedial alternative at TNTA is $7,688,000. 
The estimated cost for simultaneous remediatioil of TNTA with TNTC is 
$10,987,000. The text will be edited to reflect the correct costs along with 
clarification of the estimated costs. 

Comment 4: Section 4.2, third to last paragraph: Replace "on private or property 
outside" with "on private property or property outside." 

Response 4: Agreed. The sentence will be revised as suggested. 

Comment 5: Section 4.3, third paragraph: its stated that "it was at  this point and 
approximately 2 weeks later that the final determination was made." 
This is a confusing statement, and its suggested that it be stated 



Response 5: 

Comment 6: 

Response 6: 

Comment 7: 

Response 7: 

Comment 8: 

Response 8: 

Comment 9: 

Response 9: 

Comment 10: 

Response 10: 

something to the effect of "it was suspected at  this point, and finally 
determined approximately 2 weeks later" instead. 

Agreed. A similar comment was also received from the Nashville USACE. 
The entire paragraph will be rewritten as recommended by J. Beaujon 
(comment # 1 5). 

Section 6.2.1, first paragraph, fifth sentence: suggest revising "76 wells 
overburden wells" to "76 overburden wells." 

Agreed. The change will be made as suggested. 

Section 7.1, last paragraph, second sentence: replace "was" with "were." 

Agreed. The replacement will be made. 

Table 3-16: the title acronym "WARP" should be changed to "WARWP." 

Agreed. The title will be corrected. 

Table 6-4: some of the average vertical gradient values are not calculated 
properly, e.g., it appears that the average value for pair 1 was calculated 
by dividing the sum of total measurements by 5 total measurements 
instead of by 7, which would be correct. 

Agreed. All of the average vertical gradients will be rechecked. After 
recalculation. the division difference did not change the end result. All of the 
vertical gradients remained positive indicating a downward gradient. 

Appendix E: The signature block on the final report is not signed. 

Believe comment is referring to Appendix F, land survey data. If so, 
comment is correct. A signed copy of the signature page will be included. 



Response to Comments 
Ohio Environmental Protection Agency 

2004 Groundwater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

(Report dated December 2004) 

Reference: Conzvzentsfiom John PVeaver through Ron ~ITuhor~,  received iblarch 30, 2005, ciuted 
Marclz 15, 2005. 

Introduction: 

The Division of Emergency and Remedial Response (DERR) has requested that the Division of 
Drinking and Ground Waters (DDAGW) perform a review of the above referenced document. 

The U.S. Army is conducting environmental investigations at previously owned U.S. Department 
of Defense (DOD) properties, of which the NASA Plum Brook Station (NPBS) is one such 
facility. The NPBS is comprised of approximately 6400 acres and is located 4 miles south of 
Sandusky, Ohio in Erie county. Investigatory work is being managed and technically overseen 
by the Nashville District of the U.S. Army Corps of Engineers (USACE) under the Defense 
Environmental Restoration Program (DERP) Formerly Used Defense Sites (FUDS). The 
USACE has contracted Shaw Environmental Inc. (Shaw) to provide engineering and consulting 
services for the NPBS investigation including the completion of a site-wide ground water 
investigation (GWI). The Shaw December 23,2004 Draft 2004 Groundwater Data Summary 
and Evaluation Report represents those ground water-related activities completed at NPBS to 
date and is the subject of this review. 

Comment 1: The NASA Plum Brook Station (NPBS) and Shaw Environmental Inc. 
(Shaw) December 23,2004 [Draft] 2004 Groundwater Data Summary 
and Evaluation Report (2004 Annual Report) is a compilation of 
datalinformation obtained from the following activities: 

a. 2003 offsite background monitoring well installation. 

b. Four phases of 2004 field activities. 

c. Tenth quarterly background ground water sampling event. 

d. Two downgradient ground water sampling events. And, 

e. Development of background screening concentrations (BSCs) 
for naturally-occurring benzene, toluene, ethylbenzene, and xylene in the 
background bedrock monitoring wells. 

Ohio EPA DERR has requested that Ohio EPA DDAGW provide a 
relevant summary of the above activities in this inter-office 
communication (IOC). 



2003 offsite background monitoring well installation 

To further expand the ground water investigation at  TNT Areas A, B, 
and C, and the Red Water Pond Areas (West Area and Pentolite Road), 2 
additional bedrock background monitoring wells (BED-MW28 and BED- 
MW29) were installed outside (south) of the NPBS boundary. These 
wells were installed in August 2003 as two-inch PVC wells and to a depth 
ranging from approximately 38-42 feet below land surface (bls). The 
wells are screened in shale (Olentangy). 

Also in 2003 (January), overburdenlshale monitoring well PR-MWO8 and 
downgradient bedrock well BED-MW27 were abandoned. 

Four phases of 2004 field activities 

To further expand the ground water investigation at TNT Areas A, B, 
and C, and the Red Water Pond Areas (West Area and Pentolite Road), 2 
downgradient bedrock monitoring wells (BED-MW30 and BED-MW33) 
were installed outside (west and north, respectively) of the NPBS 
boundary. The wells were installed in March 2004 as two-inch PVC wells 
and to a depth ranging from approximately 57-88 feet bls. The wells are 
screened in massive limestone (Delaware) where naturally-occurring 
hydrocarbon was observed. 

Hydraulic slug-testing was performed at  newly installed background 
bedrock monitoring wells BED-MW28 and BED-MW29 and newly 
installed downgradient bedrock monitoring wells BED-MW30 and BED- 
MW33. 

Tenth quarterly background ground water sampling event 

A tenth quarterly background ground water sampling event was 
completed at existing background bedrock monitoring wells BG8- 
BEDGW-001, BED-MW20, BED-MW24, and BED-MW25, and a t  newly 
installed background bedrock monitoring wells BED-MW28 and BED- 
MW29 on June 15-17,2004. During all 2003 and 2004 sampling events at 
the NPBS monitoring wells, ground water samples were obtained for 
analysis of VOCs, SVOCs, metals (filtered and unfiltered), 
nitroaromatics, and water quality parameters. Samples were analyzed by 
Severn Trent Laboratories, Inc. of Knoxville, Tennessee. 

For clarification, Ohio EPA, U.S. Army Corps of Engineers (USACE), 
Shaw, and NPBS have agreed that the background bedrock monitoring 
well network shall consist of the following wells for the purpose of 
developing background concentrations. 



Two downgradient ground water sampling events 

Existing onsite downgradient wells BED-MW17, BED-MW19, and BED- 
MW22 and new offsite downgradient monitoring wells BED-MW30 and 
BED-MW33 were sampled on May 5-7 and August 24-27,2004 to 
determine in part if ground water quality fluctuated on a seasonal basis. 

During the August 2004 sampling event, an offsite private well (PT-5912) 
was sampled to provide additional downgradient analytical data. 

Development of background screening concentrations ('BSCs) for 
naturally-occurring benzene, toluene, ethylbenzene, and xylene in the 
background bedrock monitoring wells 

BSCs for inorganic and selected organic constituents were developed 
using a total of 28 data points collected using low-flow sampling 
methodologies as follows: BG8-BEDGW-001 (10 samples), PB-BED- 
MW25 (10 samples), PB-BED-MW28 (4 samples), and PB-BED-MW29 (4 
samples). The BSCs were calculated using maximum detected 
concentrations or a 9sth upper tolerance limit, whichever was less 
(Appendix M of the 2004 Annual Report). 

Response 1: The information above is correct. The last paragraph on the previous page 
(page 2) beginning with "For clarification, Ohio EPA.. .", background 
bedrock monitoring wells that the Ohio EPA, U.S. Army Corps of Engineers 
(USACE), Shaw, and NPBS have agreed upon for developing background 
bedrock groundwater concentrations, were not listed. As identified in the 
October 19,2004 Background Monitoring Well Selection letter report, the 
wells are BG8-BEDGW-001, PB-BED-MW25, BED-MW28, and PB-BED- 
MW29. 

Comment 2: Provided in the table below is a summary of ground water quality in the 
monitored saturated zones at  selected areas of concern (AOCs) at  the 
NPBS. 
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Notes: 
BSCs -Background screening concentrations. 
RBSCs -Risk-based screening concentrations. 
a10 -And/or. 
Metals under consideration in the table above are arsenic, barium, 
beryllium, cadmium, chromium, cobalt, lead, mercury, nickel, selenium, 
and thallium. 
Downgradient perimeter wells are BED-MW17, BED-MW19, BED- 
MW22, BED-MW24, BED-MW30, and BED-MW33. 

Response 2: Based on review of analytical data tables, 4 additional cells should be marked 
to indicate groundwater quality in the saturated zones of AOCs. Additional 
markings made by Shaw are indicated by "0". 

Comment 3: Ohio EPA concurs with all of the recommendations made by Shaw in 
Section 9.0 of the 2004 Annual Report. These recommendations consist 
of: 

a. Additional evaluation of the detection of toluene at  the Upper Toluene 
Tank Area. 

b. Consideration of the installation of monitoring wells at the Middle 
Toluene Tanks Area as none currently exist. 

c. Installation of an additional bedrock well at the Pentolite Road Red 
Water Pond Area. And, 

d. Surface water sample collection from Ransom Brook to evaluate any 
nitroaromatic contamination. 

Response 3: Comment noted. 



Response to Comments 
HTRW Center of Expertise 

2004 Groundwater Data Summary and Evaluation Report 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

(Report dated December 2004) 

Re$reizce: Comments.fiom Chung-Rei Mao, dated February 23, 2005. 

Comment 1: Page ES-1,3rd paragraph: Normally BTEX would not be considered as 
naturally occurring contaminants and any detections of significant amounts 
would be considered as site related contaminations, instead of non- 
anthropogenic or anthropogenic background contaminants. If the BTEX are 
from naturally occurring petroleum hydrocarbons, recommend that it be 
stated early in the Executive Summary and also explain why BSCs were not 
determined for P m s ,  which should also be considered as naturally 
occurring contaminants. 

Response 1: Agreed. A brief statement will be made in the third paragraph stating that the 
BTEX concentrations are interpreted to be fiom natural sources and are not site 
related. In addition, the text will refer readers to following sections on the 
Delaware Limestone where this information is discussed in detail. BSCs were not 
derived for PAHs because no PAHs were detected in the background groundwater 
samples. No change will be made in the Executive Sunlmay. 

Comment 2: Page ES-2, last paragraph: The approach used to set the BSC value would 
give high biased BSC values, especially if the sample size is small and 
statistical outliers happen. In order for an effective comparison of site 
contamination with the background, recommend that the central tendencies 
of the site and background concentration data be compared. For example, if 
the background and site data sets were both normally distributed with equal 
variances, it would be appropriate to compare the mean concentration of the 
background data set with that for the site data set. 

Response 2: Tlle protocol used to screen maximum detected background concentrations in the 
report was previously ageed upon by USACE and OEPA during a November 
3003 team meeting. This meeting will be referenccd in Appendix M. The BSC 
values will not exceed the nlaximum concentration of the background saniples. 
The project team thoroughly discussed background sampling locations before 
deciding on the current background inonitoling well set. Any statistical outliers 
from these locations likely reflect t n ~ e  background conditions. 

Comment 3: Pages 3-5,3-10,3-14: Please explain the different RGOs for same 
contaminants occurred at TNT Areas A, B, and C. For examples, the RGOs 
for 1-A-4,6-DNT are 1.3,0.40, and 1.7 mgfkg for Areas A, B, and C, 
respectively. 

Response 3: First, an error in the RGOs listed on page 3-14 for TNTC will be corrected; the 
separate RGO for benzo(a)anthacene in this list will be removed because this 
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conlpound is included in the 1 mgkg RGO for "total carcinogenic PAHs." The 
RGOs for each site were back-calculated from the baseline human health risk 
assessments as presented in the feasibility study (FS) reports. The TNTB FS was 
conlpleted first. In that document, the RGOs are based on individual chemical 
hazard quotients (HQ) of 0.1 or incremental lifetime cancer risks (ILCR) of 1E-5, 
whichever resulted in a lower concentration for each chemical of concern. During 
discussions with USACE piior to submittal of the TNTA&C FS, the OEPA 
expressed that cleanup levels at these sites should be based on chernical-specific 
RGOs that resulted in a cumulative hazard index (HI) that does not exceed 1 and a 
cumulative ILCR that does not exceed 1E-5. Therefore, the RGO values for these 
latter two sites were derived on a site-specific basis, using a surn-of-ratios method 
and a review of all the RI samples in an attempt to mininlize the excavation 
volumes (refer to Appendix B of the TNTA&C FS). The derivation of the soil 
RGO values is too detailed to include in the text of this report. However, the text 
will be revised, as mentioned, to correct the error concerning benzo(a)anthracene 
and to more clearly indicate, in the case of TNTA, that the RGOs are fiom the FS 
report. 

Comment 4: Page 3-21, Section 3.3.1: Because of the potential of losing volatile organics 
from surface soils of less than 12" depth, recommend that soil samples for 
volatile organic analysis be collected from depths of at least 12" below the 
ground surface in the future. 

Response 4: Comment noted. 

Comment 5: Page 3-22: Recommend that the exclusion of Well PB-BED-MW20 because 
of the presence of methane be further described, e.g., how much methane, 
source of methane, potential impacts on data quality, etc. 

Response 5: The volume of methane released from well BED-MW20 is not known. The other 
reasons for excluding the well because of the presence of methane are detailed in 
Appendix M, Attachment M1. Information for exclusion of BED-MW24 and 
BED-MW26 is also included in the attachment. A reference for detailed 
explanations for the exclusion of each of the wells will be inserted into the text. 

Comment 6: Page 4-7, Section 5.0,2nd paragraph: Please clarify if the "4-gas" lower 
explosive limit (LEL) meter was for which 4 gases, i.e., was "methane" the 
missing 4th gas, which was used for the calibration of the LEL meter? 

Response 6: As stated in Section 5.0, page 4-7. 2"~aragsaph. for health and safety purposes. a 
"4-gas" lower explosive meter was used to measure vapors in the monitoring well 
to determine if any possibly hazardous vapors would be encountered during 
purging activities. The LEL meter measures the lower explosive limit, carbon 
monoxide, oxygen, and hydrogen sulfide. The lower explosive limit is not a 
specific gas but a term that describes when any vapor or gas concentration is too 
lean to bum and therefore allowing the chance for immediate explosion. The 4- 
gas meter is calibrated with a single calibration bottle containilig 5 gases. Methane 
and nitrogen are used for calibiating the LEL, cabon monoxide for carbon 



monoxide, oxygen for oxygen, and hydrogen sulfide for hydrogen sulfide. No 
changes will be made to the paragraph except carbon dioxide will be changed to 
carbon monoxide. 

Comment 7: Page 4-7, last paragraph: Please clarify the inconsistent statement on sample 
filtration. The first sentence of this paragraph states that a high capacity 
0.45-micrometer filter was used to filter groundwater; however, Sections 7.0 
and 8.0 imply that both filtered and non-filtered groundwater samples were 
collected. 

Response 7: Information in Sections 7.0 and 8.0 are correct. Per contract requirements, both 
filtered and unfiltered groundwater samples were collected from the monitoring 
wells. The last paragraph on page 4-7 simply describes how the filtered 
groundwater sample was collected. The frrst sentence of the last paragraph will be 
revised to state "Filtered and unfiltered samples were collected for metals analysis. 

Comment 8: Page 5-1, Section 5.1.1,2nd paragraph: EPA CLP protocols are EPA 
contract requirements, which may not meet project DQOs. Assessing 
analytical data based on NFGs may not be appropriate for performance- 
based SW-846 methods and meet project DQOs. It is not clear if the "specific 
criteria" described in the third sentence were the same as the generic NFGs 
or project-specific criteria based on DQO process. Recommend that the 
origins or procedures for the determination of the "specific criteria" be 
described. 

Response 8: Agreed. The paragraph will be updated to clarify that the documents listed, since 
they specify procedures for CLP protocol, are used as guidelines only. Method 
and lab quality assurance and quality control requirements supersede these 
guidelines where applicable. 

Comment 9: Page 5-2, Section 5.1.2: Please specify the "water quality parameters" and 
the analytical methods used. 

Response 9: Water quality parameters will be specified in the text but due to the length of the 
associated parameters, the reader will be referenced to Table 5- 1 .  

Comment 10: Page 5-2, Section 5.1.2,2nd paragraph, 4th sentence: Because headspace and 
calibration problems (i.e., low bias) may give false negatives, "nondetects" do 
not relief the impact on analytical data. 

Response 10: Agreed. The paragraph will be updated. 

Comment 11: Page 5-2, Section 5.1.3: The data quality requirements in the SAP and QAPP 
(IT, 1996) should be revised based on the DoD QSM for future PBONT 
projects. 

Response 11 : Conlment noted. 



Comment 12: Page 5-2, Section 5.1.4: Please note that CLP CRQL may not meet project 
DQOs. Project reporting limits or  quantitation limits should be determined 
based on project action levels, tolerable decision errors, and data uncertainty. 
In addition, the acceptance criteria for blank evaluations did not comply with 
SW-846 methodology (See Chapter One of SW-846). For inorganic analyses, 
calibration blanks should also be assessed with different acceptance criteria, 
e.g., metals analysis by Method 6010. Recommend that this comment be 
considered for the revision of the SAP and QAPP of future projects. 

Response 12: Comment noted. 

Comment 13: Page 5-4, Section 5.2.2: Although some approaches for comparing site 
concentrations to background concentrations may be intuitively appealing or 
may be consistent with current guidance, they can grossly over estimate the 
level of site contamination. One common strategy consists of establishing a 
threshold value for background and then comparing site contaminant 
concentrations, in a point wise manner, to the threshold value; the site is 
assumed contaminated if any detection exceeds the threshold value. The 
threshold value may be set equal to the mean background concentration, the 
maximum detected background concentration, or  the 95 percentile of the 
background data set. However, this strategy will generally be inappropriate 
since it typically results in an unacceptable high frequency of false positives. 
In other words, there will be a high probability that a site will be classified as 
being contaminated when the concentrations of the analytes of concern are 
not significantly different from background. 

For the purposes of illustration, assume that the study area has not been 
impacted by site-related waste handling activities. In terms of a statistical 
approach, this is equivalent to assuming that the probability distributions of 
contamination for the site and background study areas are identical. Also 
assume that the threshold value or background is equal to the maximum 
detected concentration for the background samples. If the same numbers of 
samples were collected for the site and background study areas, then the 
probability that the target analyte will be incorrectly declared to be a 
potential contaminant of concern will be 50%. In essence, the high "false 
positive probability" of 50% occurs because the site data are being compared 
on a sample-by-sample basis to a threshold value. In order for an effective 
comparison to be performed, the entire set (i.e., distribution) of values for the 
site study area (rather than individual values) needs to be compared with the 
entire set of values for the background study area. 

Response 13: Most of this comment focuses on the likelihood that a single screening value will 
result in analytes being classified as site-related when the concenfrations are 111 
reality associated with background conditions. However, the comparison of the 
maximurn detected concentrations to the PBOW BSC is only a screening step that 
has been agreed to by the project team (see response to Comment 2). As stated in 
Section 5.2.3 'and described in Appendix M. the cornparison to BSC values is not a 
final determination of site-relatedness and population testing (suggested by t11: 



Comment 14: 

Response 14: 

Comment 15: 

Response 15: 

Comment 16: 

Response 16: 

Comment 17: 

Response 17: 

Comment 18: 

Response 18: 

Comment 19: 

reviewer) is specifically mentioned and described therein. In addition to 
population testing, Section 5.2.2 and Appendix M also identify other potential 
methods (e.g., geochemical analyses and spatial evaluations) that may be used 
following BSC screening to determine the contribution of background to samples 
collected on-site or downgradient. 

Page 7-1, Section 7.0: Because of the large amount of data, recommend that 
temporal plots for major target analytes be prepared to show the 
concentration changes versus time and the cause of the wide temporal 
changes in concentrations be discussed. 

Temporal plots of groundwater analytical data are useful if the data set is 
sufficient. While there are multiple rounds of sampling are available, there are 
limited detections of site related contaminants (i.e., nitroaronlatics) with the 
detected concentrations generally being low. A review of the data indicates that 
only one or two wells have sufficient data to provide usefd plots. It should be 
noted that temporal plots were prepared for the background inorganic analytical 
data presented in Appendix M. 

Page 7-1, Section 7.1,2nd paragraph: Please check if "direct-put" should 
read "direct-push". 

Correct. "Direct-put" will be changed to "direct-push". 

Page 7-10, Section 7.2.1.4: Bis(2-ethylhexyl)phthalate, a plasticizer, is a 
common field or  lab contaminant. The detection of bis(2- 
ethylhexy1)phthalate could be an artifact of field or lab contamination. 

True but the analytical data were validated and were not found in the field or 
method blank samples. Since the well MK-MW23 was only sampled twice, once 
in November 1997 and again in May 1998, and the November 1997 revealed a 
nondetect, additional sampling &om the overburdenlshale well would need to be 
conducted to cod -m or deny the analytical result. 

Page 7-29, Section 7.2.5: I t  is not clear if PETN was analyzed with what 
analytical methods from 1998 through 2004, Recommend that more 
technical details on PETN analysis be provided. 

Although the Pentolite Road Red Water Ponds are nearest the Pentolite 
Manufacturing Area, groundwater at PBOW has not analyzed for PEW 
constituents 1998 through 2004 during any of the investigations. 

Appendix H, Page 1, Section 2.0, last sentence: "Specific QC criteria" for all 
target analytes should be listed or referred. 

Tables will be inserted that list specific criteria for the methods and labs. 

Appendix H, Page 2, Section 2.0,lst sentence: Attachment A is not avaf able 
and should be. 



Response 19: Attachment A contains the work lists that the validators used in their review. They 
are not provided because all the information contained in them is presented in the 
summary report. 

Comment 20: Appendix K, Page K-9, Section K.3.2,Znd bullet: The specified limits of 
precision and accuracy (bias) should be specified. In addition, please clarify 
how the concentration of the lowest standard was set to provide the "specified 
limits" of precision and bias. 

Response 20: Noted. Tables containing the limits of precision and accuracy will be provided. 
The definition will be modified to clarify the use of the lowest standard in 
determining the MQLPQL. 

Comment 21: Appendix K, Section K.4.0, Page K-12, Comparability: Recommend that this 
section also state that only data of known data quality (i.e., precision and 
bias) could be compared. 

Response 21: The section will be updated. 
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