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Jî /̂e- AfcT* X'.eco^r-M/ 

<r /̂A «*.? 

3Y­

T>6­

*< 

H 
t 

« 

MS 

Ml I'M 

3 >*i r« 

C-or-fel "to 3S. 1 •Tem.'t' 

-

(
 



APPENDIX E
 

MONITORING WELL OBSTRUCTION DDGS
 



 m, M< U^' I I f f  c i i . 

IM.OKI-UK \U.I> Ci'i rwn.ill sirii I 

rili»..n \l 
OHM I? INNII 

2(11 'KH. 
MONITORING WELL CONSTRUCTION SUMMARY 

Mr i r t n M » i

Project: Pinette Salvage yard Owner: U.S.E.P.A. •e l l Mo. 
SMW-

Or II Mug S ***•*• r 7: 

^ +483.84 ft Total Depth: 7.0 ft Driller : E. Gavnor 

+—PRO TfCTlVC 
__^ CASING Borehole Ole««e«er(i): 8 inch * +481.3 ft to +474.3 ft 
V 
^*X^ *'9 Type: Gus Peck Brat ­ 22 8lt»: 7 5/8" Auger Bit 

TiiJ"iiS j'1'ir fT Elevation: lend Surface: +481. 3 ft Hater Level : +479 . 34 ft 

'ill -IV HII =1j Top of Inner Coung-. +483.35 ft Drilling fluid Type: N/A 

V
(• * 

Supervisory Geologltt: James T. Moore 

GROUTU

t:: I 
— /rise* 

t 
Nell Design: 

i­;» 
* 

1

J+480.8 ft

 Casing Mterlal: SCH 80 S/S 

 lrr..« Material: SCH 80 S/S 

Diameter: 2 inch

niwMt^r; 2 inch

 lengtnt.05 f t 

 length 5 ft 

BCNTONlTcf/' 

fr** 
25 

1 
• < 

'

l+4fln.3 ft

 Slot Sil«: 0,010" 

 riltwr H.t.rl.1: #1 Sand 

Setting: +^74. 3 ft to

Settlngr+474.3 ft

 +479.3 ft 

 to +480.3 ft 

Seals Material :Bentonite Pellets Sett»r.g:+480.3 ft to +480.8 ft 

+479.3 f t 

Grout Type: Portland Cement/

Bentonite 
Surface Gating Material : 4* steel

 Sett lng: + 480.8 ft

 Sett Ing :+483.35 ft

 to +481.3 ft 

 to +483.84 ft 

Tine Log: Started Completed 

GRAVEL 
PACK 

Or 1 1 1 Ing: 

Inttal lat Ion: 1045

hrg

 hr«s

 11 /? /R7 

 11/2/87 

hrc

hrs

 1 T /? /R7 

 11/2/R7 

Water Level Reading: 0723 hrs 11/23/87 Q723 hrs 11/21/fl? 

Development: 11Q3 hrs 11/16/97 1 1 Ifi hr«; 1 1 /T fi/H7 

V e i l Development: 

>tothod/Equipment; Bailing/l'i'* Bailer 

S ta t i c Depth to water : +479.34 ft 



Cn l"h«*Ti.iil k'l'nk \l I D 
M 

DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

. .MINI 

: pinette Salvage Yard Site 0»"»r : U . S . E . P . A . 

Or III Ing 

Totel Depth; 34.0Ft Of III»r : E. Gavnor 

483.72Ft 12 inch* 481.3 Ft to 473.3 Ft NX Hole= 
PROTECTIVE Borehole Dla»eter(t>: +455 .3 Ft to +447..1 Ft 8 inch=+473.3 Ft to 

CASING +455 .3Ft 

Rig Type: r.n* PPI~|C Rra«- -7? Blt j : 7 S/S" Anonr RT" 

Clevetlon: Land Surface: -t-481 .3Ft «»t»r t«»>l ; -t-481 . 77Ft 

Top of lnn>f Coiing-. - * -483.20Ft Drill Ing r igid Typ«: 

Sup»r»l»orr Prolog I it: James Moore 

••II 0«»lgn: 

C*»l«9 ; SCH 80 PVC Dl««»»t«r: 2 inch 

Scr»«n M«f*rl«l : SCH 80 PVC Ql>m«t«r: 2 inch 

Slot Silt: 0.010" Sott ing; +456.3Ft to +464.3Ft 

fllt.r Materiel: #1 Sand Settlng.--f455.3Ft to +466.3Ft 

+447.3Ft to +455.3Ft / 
Seal* Material: Bentonite Pellets S*rtlra: +466.3Ft to 468.3Ft 

^ggfeCement/
 Grout Typ«: Setting: ^468. 3Ft to +4B1.3Pt 

Mi Id 
Surface Casing Material :8" Steel Sett Ing : + 483 . 20Ft to +483.72Ft 

Tin* Log: Started Completed 

+ 466. 3Ft Dri l l ing: 1519 Hrs . 10/28/87 1410 Mr*. 11/1/87 

Instillatlon: 1510 Mrs. 11/1/87 1015 Hrs. 11/2/87 

•ater Level Reading: 0720 Hrs. 11/23/87 0720 Hrs. 11/23/87 

Development: 1245 Hrs. 11/15/87 1338 Hrs. 11/15/87 

•ell Development: 

Met rod/Equipment: Air Lift Method / PVC Pipe (1 1/4") + Compressor 

S t a t i c Depth tp Hater: +481.77 
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I't'i Itkirn.ill sin ri
 I V . ( I K I ' I ) K \ I M > 
Mi-mi \l
 

IIKH (7 INKII
 
MONITORING WELL CONSTRUCTION SUMMARY 

Jill 'KM, _'4<Nl 

SMW 
Project: Pinette Salvage yard Site 0«ner : U . S . E . P . A . ••M Ho. 

Or 1 1 1 Ing Summery: 

Total Depth: 8.0 ft D r i l l e r : E. Gavnor 

Borehole O l o * e f e r ( s > : 8 inch - + 4 7 3 . 1 ft to + 4 6 5 . 1 ft 

3 
Rig Type: Gus Peck Brat - 22 Bits: 7 5/8" Auaer 

~ni = ii +472,78 ft 
"™J|ln i ^—^ "̂
III — III o—pftQTFCTIve Hevet lo«: Land Surf ace: +473 . 1 ft Water Level : +47l .02 ft 

CASINGIII-H! [ y Top of Innar Cosmg-. +472.. 43 ft Or III Ing Fluid Type: N/A 

• Supervisory Geologist: James T. Moore J1 

I 
•1 

-— ruse*GROUT I' 

i 
fj
 Hell Design:
 

1 Casing Materiel: S.C.H 8.Q S/S Diameter: 2 inch Length 2 . 33 

\
J+471 .6 ft IrrMO Material : SCH80 S/S pi»Mt*r:2 inch Lengths ft bj 
» 

BENTONITEl' • " Slot Sna: 0.010" Setting: +465.1 ft to +470.1 ft PFI i rr« .V 

Fi l t e r M a t e r i a l ; »1 Sand Settlng.-+465.1 ft to +471.1 ft 
*.1+471 . 1 ft 

Seals M a t e r i a l ; Bentonite Pellets Set t ing: +471.1 ft to +471.6 ft 

Grout Type; Portland Cement/ Se t t ing : +471.6 ft to +472.1 ft 

Bentonite 

Surface Casing Material : 4" steel Sett ing: + 4 7 2 . 4 3 ft to +472 .78 t 

Sterted Completed 

GRAVEL nq?fl hrs 1 1 / I hr«; 1 1 /I 1/fl7 
PACK 

1249 hrs 11/13/87 1650 hrs 11/13/87 

Veter Level Reeding: 0731 hrs 11/23/87 0731 hrs 11/23/87 

1311 hrs 11/16/87 1339 hrs 11/16/87 

Mel I Development : 

Met hod/Equipment; Bai ling/11* " Bailer 

S t a t i c Depth to Hater: +471.02 ft 
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DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

Project; Pinet te Salvage Yard Slco 0»n«r : U .S . E . P .A. w a i l *>.; DMW-2 

D r i l l i n g Senary: plush Mounted Well-DMW-2 

Total OaBth; 34.QFt_ D r l l l a r ; 
12 inch=+473Ft to + 465 Ft NX Hole-+449Ft to 

Borahola OlamatarO): -f^igpt a i n<-h=+d6SFt tn 

: Gus Peek Brat-22 •lt«: 7 5/8" Auger BIT 

CASING Top of Innaf Cosing-. +472.60Ft P r i l l i n g f l u i d TTpa; N/A 

Supervisory C+oioqlst: James T. Moore 

••II Design: 

Casing *r«rl«l: SCH 80 PVC Ql»»«f«r: 2 inch l«no.tn 16.lFt 

Scr««n Mater ia l : SCH 80 PVC OlM«tor: 2 inch Ungth S.QFt 

Slot Sin: O.QIO" Sottlng:+448.50Ft to +456.5Ft 

nit«r Material: l lSand S«ttIng; -»-447.1Ft to -«-460Ft 
+439Ft to +447. iFt/ 

w +462Rb^ SMIS Mitor la l ; Bentonite Pellets Sotr i rg; +460Ft to -t-462Ft 

Qf0ut Typ«: Portland Cement S«tt I ng : +462Ft to +472Ft 

Mild 
Surf»c« Casing Mala r i a l : 8" Steel Sat t lng: +472.60Ft to +472 .77Ft 

TIM* Log: Star tad Complatrt 

+ 46OFt Or II l i n g ; 1442 Hrs. 10/29/87 1700 Mrs. 11/5/87 

Installatlon: 1153 Hrs. 11/6/87 Q73Q Mrs . 11/7/87 

iratar Laval Raadlng: Q728 Hrs. 11/23/87 Q728 Mrs . 11/23/87 

Da»alop«iant: 160Q Hrs. 11/16/87 1630 Hrs. 11/18/87 

M a l l Da>alopmanT: 

Ha t fod /Equlpaan t ; flailing / 1 1/2 inch Bailers 

S t a t i c Oapth to Katar; +453 .97F t 



HI 1M IINni IM,I M< in I *ri III 

IN< IIKI'OK \U.D !'•'• n».rn.ill sin 

Mlvn \l 

(IK* I? IMMil 

;il| 'MM. .'Jim MONITORING WCLL CONSTRUCTION S U M M A R Y 

SMW-;rVoJ« qg Yarrf : H.S.E.P.A. •to. : 

Or 11 I Ing St^vMry : 

Total Depth: 7.5 ft	 Driller : E. Gavnor 

Borehole DlaoeterU): g jncn = »47S ft to +467.5 ft 

Typ«: Gus Peck Brat - 22 Bltt: 7 5/8* Auger Bit 

in -=n +-474 ̂ 83 ft 
1 1 r^^ r _ »l aitliM*- IttAai Cur f t t ra* *47Q n 

* 	̂  Hater  ft iTT J	 
I' at •' * * * ' " • H"W *••••£•. - r *J /3 ,U ft  tavel *+471III ̂ * i i  — 

ff „»*,111=111' 
Top of Inner Cating-. +474.48 ft Dril l ing nwl< TTP.: N/A 

[/ 1 'j 
Super vl»orr Geologist: Barnes T. Moore 1 j 1 1* hGROUT I • 

r : R~ r.• _ '•.'	 •ell Design; 
1̂  4 

Ctslng Miter lei: SCH 80 S/S Olemeter: 2 inch length 1.98 [:•;
i.*

•:iI*. • •. 
m J •L^*'4 ^«- Screen Material: SCH 80 S/S plM»**r: 2 inch lengths ft 
• * 

Slot Sue: 0.010"	 Sotting: +467.5 ft to +472.5 ft B>ri i CT« .*-• — ^C LLC. la	 ••

t:: •:̂   *l

••'.1 !••'	 Filter Material: *1 Sand Setting: +467.5 ft to +473.5 ft u.1 !• 1 +473.5 ft 

Seals Materiel: Bentonite Pellets Settlrg: » 4 7 3 . 5 ft to +474 ft 

Grout	 Type: portland Cement/ Setting: »474 ft to +474.5 ft 

Bentonite 
Surface Gating Material : 4" Steel Set t ing: *474.48 ft to +474.83 

• t -472.5 f t 

Tl»« log:	 Started Completed 

Or I I I Ing:	 1402 hrs 11/15/87 1402 hrs 11/15/87 G R A V E L 
PACK 

Inttt l latIon: 1402 hrs 11/15/87 1458 hrs 11/15/87 

Meter Level Reading: 0748 hrs 11/23/87 0748 hrs 11/23/87 

Development: 1342 hrs 11/17/87 1406 hrs 11/17/87 

Hell Development: 

Method/Equipment: Bailing/I1!' Bailer 

S t a t i c Depth to Rater: +471 ft 



I"N>rn i> K T « » K 
xKi SI 

DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

201 

Project: Pinettes Salvage Yard Site •' ri - s.E . P . A 

Drl l i lng Si-wary: Flush Mounted Well-DMW-3 

Total Depth: 31.0Ft Dril ler : p. ri 

12 inch= + 475.4Ft to +467.4Ft NX Hole-+451.4F 
Borehole Dtameterd)! 8 j.nrh= + 467. 4Ft to + 4S1 4P«- tQ > 4 4 6 . 4 f 

«lfl : Gus Peck Brat-22 : 7 5/8* Auger BIT 

Sur>ac»:- f-475.4Ft W«t«r • 4.451 . 5lFt — Ill +475. 
PROTECTIVE
 

CASING Top of lnn«f Coiing; +475. IQFt Or III Ing f luid Type•
 

Super»l»ory Ceologl»t: James T. Moore 

••II D«»lgn: 

Casing M»t»rl«l : SCH 80 PVC Ol*"«t«r:_2_inch 

Scr»«n Material; SCH 80 PVC Ql«»>t«r: 2 inch L«ngth__8F_t_ 

Slot Sin- 0.010" Setting: +450.4Ft to ->-458.4Ft 

Fllt«r M«t*rici: II Sand _ S»ttlng:-f449.8Ft to -»-460.4Ft 

+440. 8Ft to +449. 8Ft 
S««it H»t»rl«i ; Bentonite Pellets S«Ttlrg:+460.4Ft to -»-462.4Ft 

~~~~"~~^~~~~ 
Portland Cement /

Grout Trp«: Bentonite S*tf '»9>462 . 4Ft to 475. 4Ft 

Mild 
SurUe* C«»lng Het»rl»l: 8" steel Sett ing: +475.IQFt to - f -475 .24F t 

Tl*« Log: St«rf»d Completed 

•*-460.4Ft Drilling: 0927 Hrs. 11/3/87 1941 Hrs. 11/14/87 

Inttt l l«t Ion: 1950 M r s . 11/14/87 1339 Hrs. 11/1S/R7 

W«t«r Level Reading: 0741 Hrs. 11/23/87 0741 Hrs. 11Z23/87 

Development: 0803 Hrs. 11/17/87 0834 Hrs . 11/18/87 

Mel I Development: 

Method/Equipment; Bailing / 1 1/2" Bailers
 

Sta t ic Depth to Wafer : +451.5lFt
 

http:Hole-+451.4F
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.I'n n».rn,ill Mrt f
M.Mkl'Ok \1 KM 
MI-«I \l 

IIMK 17 (Nmi 
MONITORING WELL CONSTRUCTION S U W W A M T 

201 'NX. . ' I IMI 

CMIJ. 
•v oj ec t : Pinette Salvage yard site 0««»r : ti .s.E.P.A.	 •*>.: 

Or 1 1 1 Ing S«*x»>cr y : 

1 + 477.44 ft Total Depth: 8.0 ft	 Driller : E. Gaynor 

— PROTECTlVf 
% CASIHG Borarele Dle<*eter(i) : 9 inch =» +475.4 ft to +467.4 ft 

^ Rig Trpe; Gus Peck Brat - 22 •lt»: 7 5/8" Auaer Bit tLT
. wj j '''~lF " fj £la»atloo: L»nd Surface: +475.4 ft Heter Le»el: +471rJ9 f^ III""'­

111=11) 1 '= 
Top of Inner Cotmg. +477.08 ft Drilling f lu id Typ»: ^/A ))' I:	 Supervisory Geaiogltt: James T. Moore 

I'? 
-RiSfRGROUTli 

We l l Deilgn: 

f 
Get Ing Starlet: SCH 80 S/S Dlemeter: 2 inch length 4. 68 f 

+474.9 ft Scraen Material : SCH 80 S/S ptMMt»r: 2 inch Lengths ft 

._NTONITE|> • ' Slot Silt: Q.010" Setting: +4 f i7_4 f+ fn +475 4 ft 
.PELLETS ,V LV4 

Filter »Ut«rl«l: sand Sett ing: +467.4 ft to +474.40 ft + 4 7 4 . 4 0 f t 

Seed >te te r l i l : Bentonite Pellets Settlr.g: + 4 7 4 . 4 0 ft to +474.9 ft 

Grout Type: Portland Cement/ , Sett Ing :+474 .g  f t to + 4 7 5 . 4 ft 
Bentonite  M , l d 

Surface C«*lng M>t»r lei : 4" Sceel Sett Ing .>477.oa ft to +477 .44 ft 
+ 4 7 2 . 4 f t 

Tine Log: Started Conpi etad 

Or 1 1 1 Ing: hrs T 1 / q / f l 7 i ?nq GRAVEL
 
PACK
 

In t ta l la t lon: 1219 hrs 11/9/87 1239 hrs 11/9/87 

SCREEN Water Level Reading: 0809 hrs 11/23/87 0809 hrs 11/23/87 

1418 hrs 11/16/87 1438 hrs 11/16/87 

•el I Development: 

^t r o d / E q u i p m e n t : Bailing/l 't Bailer 

S t a t i c Depth to Water : +471.9 ft 
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Mlon NJ 
rWRI7-0()<)l DOUBLE CASED	 MONITORING WELL CONSTRUCTION S U M M A R Y 

Pinette Salvage Yard Site	 0»*er : M g F p a . *ei i 

Or II I Ing Summary: 

Total Depth: 34 .0 ft. D r i l l e r : E. Gavnor 

+479 ,37 . f t . 17_ inch=-t-476.1Ft to +466.1 NX Hole=+452. IF' 
PROTECTIVE Borehole Q l a » e t e r ( » ) ; to +442 . IFt 8 inch=>466. IFt-. fo 

CASING 

R i g : 7 5/8" Auger Bit 

Elevation: Land : -t-476.1 ft. ? +454 .13 ft. 

Top of lnn>r Coimg-. +478.97 ft. Dri l l ing f luid Type: N/A 

Supervisory Geologist: James T. Moore 

— GROUT 

•ell	 Design: 

Casing material: SCH 80 PVC Ol»*«t«r: 8 inch l«ngt»19.87 

Screen Material; SCH 80 PVC Diameter: 2 inch f t . 

Slot Sin: 0.010" Set t ing: -t-451.1 ft to +459.1 ft 

Filter Material: II Sand S«tt lno;>450.1 ft to -t-461.1 ft 

+442. iFt to +450. iFt/ 
S««ii »%t«r l« l : Bentonite Pellets Sett lr.g:+461. IFt to >463. lF t 

~~~~~""^^——— — 

Grout Typ«: pnrMand	 Sett I ftg :^.<lft ^ •,  +n 4.d7fi 1 ft­f<.

Bentonite Mild 
Surface Casing M a t e r i a l ; a" Steel Sett Ing :+478.97 ft to +479.37 ft 

3ENTONITE
 
PELLETS
 

Started	 Completed 

•t-461.1	 ft Or 1 1 1 I ng: Q807 hrs 11/4/87 1533 hrs 11/8/87 

Q757 hrs 11/9/87 1146 hrs 11/9/87 

••ter Level Reading: Q756 hrs 11/23/87 Q7S6 hrs 11/23/87 

Oe»elopnent: Q9QQ hrs 11/15/87 Q933 hrs 11/18/87 

Mel I Development: 

Method /Equ ipmen t : Bailing/1*} inch bai lers 

SCREEN 5,.tie Depth to water:	 + 4 5 4 . 1 3 ft 

»451.1 f t 

» 4 5 Q . l f t 

http:l�ngt�19.87
http:479,37.ft
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( iMNi; ( N u l l 
MONITORING	 Wttl CONSTRUCTION SUMMARY 201 '«». 

qa	 Yard Sit* t l . S P. P. A. 

Drilling S«MM 

_ftZ_£t Tot«l	 Depth; 7,5 D r i l l e r ; E. Gavnor 
•PKOTCCTlVf 

CASING Borehole Ole»«fer(s) :_o inch » +478 ft to +47Q.S ft 

Type: Gua Peck Brat - 2? • Its: 7 5/8* Auger Bit 

CI •ration: Lend Surface: 478 ft Beter level; 475 .42 ft 

Top of Inner Cosing-. 479 .13 ft ( X I I 1 1 * 0 M y l « Ty>« 

Supervisory C«3lof l l>t: James T. Moore 

GROUT I •ffiSC/f 

••M 

Casing tu tor ia l . - SCH 80 S/S Oi*»«t«r:2 inch t .«ngt»3.63 ft 

+477.5 ft Screen Mate r i a l ; SCH 80 S/S lwMt^r; 2 inch length 5 ft 

Slot Siii. 0.010" ; +470. 5 ft to »47S.S ft 
ai 

Flltvr iut«rl«i: II Sand	 ; +470.5 ft to +477 ft •t-477 ft 

SMI* *t«r l» l : sentonite Pellets Setting; +477 ft to +477. S ft 

Grout Typ«; Portland Cement/ Set t ing: »477.5 ft to +478 ft 
Bentonite ~ 

Surf.e* Casing K « t « r l » l . - 4" steel S e t t i n g : +479.13 ft to -t-479.87 
+475.S ft
 

TIM Log:	 Started Completed 

Drill Ing: 1600 hrs 11/13/87 1611 hrs 11/13/87 
PACK 

Installation: 1614 hrs 11/13/87 1636 hrs 11/13/87 

•SC/fffM	 Water Level Reading: 0826 hrs 11/23/87 0826 hrs 11/23/87 

Development: 1452 hrs 11/17/87 1523 hrs 11/17/87 

•ell	 Development: 

totnod/Cqulp<»ent: Bailing/Ill" Bailer 

Stat ic Depth	 to Hater; + 4 7 5 . 4 2 ft 
+470.5 f t 

http:t-479.87
http:t.�ngt�3.63


I r II. I MMM IM,1 

NJ 
DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

Pinette Salvage Yard Site 0«nar : U . S . E . P . A . Nat 

D r i l l i n g Summary:
 

Total Qaptn: 34.5 ft Or I Mar : E. Gavnor 

CASING NX Hole , +449.7 ft to +442 .7 ft 

Rig Typa: Qua Peck Brat - 22 Bi ts:? 5/8" Auger Bit 

Clavatlon: Lend Sur faca: -t-477. 7 ft »»tar »••»•' »-457 .67 ft 

Top of Innar Coiing-. +481.43 ft Dri l l ing Fluid Typa: N/A 

Supervisory Caologltt: James T. Moore 

••II Daslgn: 

Casing MaTtrltl : SCH 8Q PVC Dl»»«t«r: 8 inch I«ngtnl9.7 

Scr««n Material: SCH 80 PVC Dl<m«t*r; 2 inch L«ngth8 ft 

Slot Sil>: 0.010" S«tt lngH-453.7 ft to +461.7 ft 

mt«r Material: #1 Sand SattIng.-+451.7 ft to +463.7 ft 

+443.2Ft to +451.7Ft/ 
.N^Llfiikixit Saals ; Bentonite Pellets Sa t r i rg : +463.7Ft to +455.7Ft 

Grout Typ«;portland Cement/ 7 -t-477.7 ft-

Bentonite Mild
 
Surfae* Casing Matarlal; 8"Steel Satt Ing :+481.43 ft to +481.78 t 

BENTONITE 
PELLETS 

Tl»a Log: Star tad Complatad 

Or 1 1 1 1 ng: 1515 hrs 11/4/87 1302 hrs 11/11/87 

Installatlon: 1528 hrs 11/11/87 1520 hrs 11/13/87 

••tar Laval Raadlng: 0821 hrs 11/23/87 0821 hrs 11/23/87 

Daralopmant: 0938 hrs 11/17/87 1QQ8 hrs 11/18/87 

Mai I Davalopmant: 

Mathod/Equlpmant; Bailino/m" Bailer 

S t a t i c Dapth to Watar: +457.67 ft 
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Metro Park III
 
599 Thornall street
 
[•dbon NJ 
08837-0001 DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

201 906-2400 

Project: Pinette Salvage Yard Site Oner: QSEPA Region I M e l l 

Dr 11 I Ing Summary: 

Total Depth: 74.0 Ft Or 1 1 1 e  r : Norman Phillips 
+478.56 12 1/4" = to +467.60 to +454.10 
PROTECTIVE Borehole D l a m e t e r ( s ) : HX core hole = +454.10 to +403.60 
CASING " "
 

Rig Type: CME 55 Bits: 12 1/4" auger bit/HX corin« 

^ bit 
Elevation: Lend Surface: +477.60 Water Level • +455.30 

Top of Inner Casing +477.63 D r i l l i n g F l u i d T y p e - water 

S u p e r v i s o r y Geologis t : Robert J. Melvin 

Mel I Design: 

Cosing Material: SCH. 80 PVC Diameter : 2 inch Length35.0 F 

Screen Material: SCH. 80 PVC D i a m e t e r : 2 inch Length 15.0 F 

Slot Sue 0.010" Se t t i ng : +427.60 Ft to +452.70 

F i l t e r M a t e r i a l : #1 sand Sett I ng ; +423.60 to +444.60 

\ \ \ 
Seals M a t e r i a l : Bentonite Pellets Sett I n g  : +444.60 to +450.10 

\ \ N  - - - \ \ \ 
, \ \ \ - > \ \ 
*N»; '» Grout Type: Portland cement/ S e t t i n g : +450.10 to +477.60 

bentonite 

Surface Casing M a t e r i a l :8" mild Se t t i ng : +467.60 to +477.60 
RISER steel 

Time Log: Started Com pi eted 

+444.60 Dr i l l ing: 0836 Hrs 7/14/88 1552 Hrs. 7/10/88 

InstallatIon: 1552 Hrs 7/20/88 2042 Hrs. 7/22/88 

Water Level R e a d i n g : 1500 Hrs 8/01/88 1503 Hrs. 8/01/88 

+442.60 Deve lopmen t : 0910 Hrs 7/23/88 1055 Hrs. 7/23/88 

Mel I Development: 

M e t h o d / E q u i p m e n t : Bailing/1-1/2 stainless steel bailer 

•SCREEN s t a t i c Depth to Wate r : +455.3 

+427.60
 

+403.60
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MONITORING WELL CONSTRUCTION S U M M A R Y 

2IM 

Project: Pinette Salvage Yard Site U . S . E . P . A . 

Or 1 1 I I ng 

+459.99 7ot«i 8.0 ft Or I I I • ' : E. Gaynor/R. Bamford 

Borvtoi* D l » » t » « r i » ) : 8 inch = +456 .6 ft to +448.6 ft 

Typ« : Tripod w/140 Ib hammer B l t » : 7 5/8" Auger Bit 

: L»ntf S u r f » c > : >456.6 ft »«t«r l«»«l : - t -455.64 ft 

Top of lnn«r no-. +459.40 f t O r l l l l « g Typ«: N/A 

$up«r» l»or T C«3 'of l i» t :  J- Moore/M. Pierdinock 

••II 

C*»lr»g >»t»rl«l; <;CH 80 S/S Dl«»«t«r ; ? i nrh 

Length s•t-456.1 f t^ Scratn H « t « r l i l : SCH HO S/S Pl***<«r : ? inch f1. 

7 • 

ENTONITEI'1 
Slot Sin: 0.010 Set t ing: - f448.6 ft  to -t-453.6 ft 

HE LLETS 

f l l t . r M « t « r l « l : None Se t t ing ; N/A
+455.6  f t 

$••!» : Bentonite Pellets S«tt lr.9:-*-455.6 ft to -»-456.1 ft 

Grout Typ«: Portland Cement/ S e t t i n g : -*-456.1 to +456.6 ft 
Bentonite 

Surf tc* C a » l n g M t t « r l a l :  4" steell S « t H n g : +459.40 ft to +459.99 f 

1339 hrs 11/12/87 1446 hrs 11/12/87
GRAVEL
 
PACK
 

1452 hrs 11/12/87 1524 hrs 11/12/87
 

0828 hrs 11/23/87 0838 hrs 11/23/87
 

1530 hrs 11/17/87 1604 hrs 11/17/87
 

»*ttod/tquip««nt: Bailing/11^" Bailer 

$»• ' ic Depth to : ->-455.64  f t 

http:t-455.64


ICF TECHNOLOGY- Metro Park III 

INCORPORATED 399 Thornall Street 
Edison. NJ 
08637-0001 

201/906-2400 
MONITORING WELL CONSTRUCTION SUMMARY 

Project; PIHETTB SALVAGE YARD SITE Qnner; DSBPA RBGIOH I W e l  l No,gMW-6J 

Or 111 Ing Summary: 

Total Depth; 8.5 Ft Dri l l e  r : S. Dnderwood 

Borehole Dlameter(s): 81/4inch= 456.5Ft to 448.OFt 

Rig Type; Mobile B-57 Bits; 8 1/4 auger bit 

Illf Hlf Elevation: Land Surface: 456.5 Water Level; 452.63 

Top o( Inner Gating-. 458.24 Drilling Fluid Type; N/A 

Supervisory Geologist; James T. Moore 

Nell Design: 

Casing Material; SCH 80 S/S Diameter; 2 inch Length 4.7SFt 

Screen Materiel; SCH 80 S/S p|y»«t»r! 2 inch Length c 

BENTONITE[»* 
PELLETS rVj

F:.' 
Slot Sin; 0.010"

Filter Material: # 1 Sand 

 Setting; ̂ S.S to *4S3.5 

Settlngr^S.O to '''454.5 

Seals Material; Benitonite Pellets Setting; 454.5 to 455.5 

Grout Type; Portland cement/
bentonite 

 Sett I ng ;'*'455.5 to *4S6.5 

Surface Casing Material ; 4" mild Sett Ing.•'''458.24 to *459.43 
' steel 

Time Log: Started Completed 

GRAVEL Drilling: 1300 Hrs 7/15/88 131O Hrs 7/1S/8H 
PACK 

Installation: 1310 Hrs 7/15/88 1330 Hrs 7/15/88 

Water Level Reading: 1730 Hrs 7/15/88 1730 Hrs 7/15/88 

Development: 
1126 Hrs 7/16/88 1226 Hrs 7/16/88 

Well Development: 

Method/Equipment; Bailer/1-1/ 2 inch stainless st«»«»1 

Static Depth to Water; +452.63 



M K i ( . ( IIMH.OM Metro Park 111 

V ( ) R | > ( ) K \[ hi) !99Thornall Street 
Fdison. NJ 
08837-0001 DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

201'906-2400 

Project: Pinette Salvage Yard Site Oner: USEPA Region I Well No.:DMH-

Or I I I Ing Summary: 

Total Depth: D r 1 1 1 e  r : S. Onderwood 24-° Ft
 

PROTECTIVE Borehole Diameter(s): 8 V4 inch - +460.70 to +445.20 
CASING 

R i g Type; Mobile B-57 B i t s : 8 1/4 inch auger 

Elevation: Lend Surface: +460.70 Water Level : +452.26 

Top of Innar Cosing-. +462.91 Dri l l ing Fluid Type: 

Supervisory Geologist: James T. Moore 

Mel I Design: 

Cosing Material : SCH 80 PVC Diameter: 2 inch Length 10.0E 

Screen Material: SCH 80 PVC Diameter : 2 inch Length 8.0 I 

Slot S ize: 0.010" Setting: +444.70 to +452.70 

F i l t e r M a t e r i a l : tl sand Sett I ng: +444.20 to +454.70 
+436.70 to +444.20 

Seals M a t e r i a l : Bentonite Pellets Sett I n g  : +454.70 to +456.70 

Portland Cement- /
Grout Type: Bentonite Se t t ing : +456.70 to +460.70 

Surface Casing Materlal :8" jetting: +452.70 to +463.14 

Time Log: Started Compl eted 

+454.70 Dr i l l ing: 1323 Hrs. 6/18/88 1615 Hrs. 6/28/88 

InstallatIon: 1615 Hrs. 6/28/88 1100 Hrs. 7/06/88 

Water Leve l R e a d i n g : 0910 Hrs. 8/01/88 0914 Hrs. 8/01/88 

+452.70 1516 Hrs. 7/13/88 1619 Hrs. 7/13/88 Development:
 

Wei I Development:
 

Method /Equ ipment ; Bailer / 1-1/2 inch stainless steel Bailer 

SCREEN c . .» i_ n..»k ._ w . » . _ . +452.26 Stat ic Depth to Water: 



II.* IM.HNOI.UM Mrtri' I'rfrk III 

INCOKI 'OK \TKI) .Wl Thornall Sirrn 
MKnn VI 
OHH <7-(NKM 

201 'MM,-J4IK» MONITORING WELL CONSTRUCTION SUMMARY 

frojwct: Pinettes Salvage Yard Site O»ner: DSBPA Region I ».n M,.:SMW; 

Or 11 I Ing Stmiary: 

Tot*I D«pth: 7.33 Ft D r i l l e  r ; Herman Phillips 

Borehole Dlai»eter(»); * 1/4 inch = +475.4 to +468.07 

Rig Type: CMB 55 B i t s : 81/4" auger bit 

: Land Surface: +475.4 Water Level : +427.23 

Top of Inner Cosing-. +475.29 Drill ing Fluid Type: 

Supervisory GeoIogIst: Robert J. Melvin 

"•II Dvtlgn: 

Casing >tet»rl»l; SCH 80 S/S Dlam»t»r: 2 inch length 1.89 I 

SCI-MR M.t.rl«l: SCH 80 S/S ; 2 inch L,ngt  n5 Ft 

BENTONITEt •" 
on i CT« "• • Slot Size 0.010" Setting: +468.07 to +473.9 

Filter Material: tl sand _ Setting; +468.07 to +473.9 

Seals Material; Bentonite pellets Setting: +473.9 to +474.9 

Grout Type:
Portland cement/ 

 bentonite Setting: +474.9 to 475.4 

Surface Casing Material: 4" mild Setting: +475.29 to +475.59 
steel 

Tl»e log: Started Completed 

GRAVEL D r i l l i n g : 1004 Hrs 6/26/88 1012 Hrs 6/26/88 
PACK 

InstallatIon; 1015 Hrs 6/26/88 1055 Hrs 6/26/88 

-SCREEN Water Level Reading: 0915 Hrs 8/05/88 0917 Hrs 8/05/88 

Development: 1035 Hrs 7/12/88 1442 Hrs 7/12/88 

Me 11 Development: 

Method/EquIp»«nt: Bailer/1-1/2 inch stainless steel bailer 

+468 4 Static Depth to Water; +472.23 



1

U.K	 F K C H N O L O M Metro Park I I I 
J99 Thornall Street i\( ORPOR \n-;o 
Edison \J 
08837-0001 DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 
201/906-2400 

Project: Pinette Salvage	 Yard Site Owner : USEPA Region I i NO.DMW-"; 

Or 1 1 I Ing Summary:
 

Totol Depth: 29.0 Ft Dr 1 1  1 »r : Norman Phillips 

12 1/4" +475 to +460.4 
 Hx hole  +450 9 F1 Borehole Dlameter(s) : 8 1/4" = 460.4 to +450.9  = ­

~ ~ t o +440.9 F 

+475 .£7.  R '9 Type: Mobile B-57 Bits : 8 1/4" and 12 1/4" auger b 

I Mil— Elevation: Land Surface: +475.4 Water Level ; (initial) +457.58 
H	 1—III 

PROTECTIVEf— PRi 
CASING Top of Inner Cosing-. +475.08 D r i l l i n g F l u i d Type: N / A 

$ ° 
S u p e r v i s o r y Geologist:Michael J. Pierdinock 

GROUT'. 

$ Me I I Design: 

• o Cosing M a t e r i a l : SCH 80 PVC Diameter: 2 inch Length 9.68 ! 

!;.; Screen Mate r ia l ; SCH 80 PVC Diameter; 2 inch Length IQ pt 

(••• Slot Sue: 0.010" Setting: +445.4 to +455.4 

^ F i l t e r M a t e r i a l : tl sand Sett I ng: +445.4 to +458.4 
CONFINING \\\ 

Seals M a t e r i a l : Bentonite pellets Sett ing : +458.5 to +460.4 

Grout Type:Portland cement/ Sett Ing:+460.4 to +475.08 o « ̂ ­

bentonite 
:i1 Surface Casing M a t e r i a l : 8  " mild Set ting:+475. 08 to +475.67 

BENTONITE «*•- RISER steel PELLETS ;«'J Time Log: Started Compieted 

Or I I I Ing: 1535 Hrs 6/25/88 1300 Hrs 7/07/88 

Instal latIon: 1300 Hrs 7/07/88 1633 Hrs 7/07/88 

Water Level R e e d i n g : 1140	 Hrs 8/01/88 1142 Hrs 8/01/88 

Development : 1035	 Hrs 7/12/88 1142 Hrs 7/12/88 
GRAVEL
 

PACK
 Wei I Development: 

Method/Equipment : Bailer/1-1/2 stainless steel bailer 

SCREEN s t a t i c Depth to Hater ; +456.42 (stabilized) 0 8/05/88 

+446.4 

+445.4 



Mrlri> i'.irk III 

.T»<i Thorn.ill siren INCOKI 'nK \TKD 
MKnn \l
 

(IKM (7-(HMII
 
MONITORING WELL CONSTRUCTION SUMMARY 

2(H 'MM.-jmKI 

Project: Pintte Salvage Yard Site O»n»r: DSEPA Region I »,|( 

Dr I I I Ing Summary: 

Total Depth: 7.5 Ft Or 1 1 1 er : Norman Phillips 

Borehole Dlameter(s): 8 1/4 inch = +476.5 to +469.54 

Rig Type: CME 55 Bi t s :8 1/4* auger bit 
+473.63 

PROTECTIVE El«»«t Ion: L»nd Surf »c» .-+476.5 Meter L«v«l : +472.54 
CASING 

Top of lnn«f Co$mg.+476.34 Dril l ing Fluid Typ>: N/A 

Sup»rvl*ory G«ologltt: Robert J. Melvin 

Mil Design: 

Casing >tet«rlal: SCH 80 S/S Dlsm»t»r: 2 inch length 1.84 

Screen Material: SCH 80 S/S DlM»>t*r: 2 inch length 5 Ft 

Slot S i z > : 0.010" Setting; +469.5 Ft to +474.5 Ft 

Filter Material: tl sand _ Sett ing; +469.0 to +475.0 

Seals Material : Bentonite pellets Sett Ing :+475.0 to +475.9 

Grout Type .-Portland cement/ Settlng:+475.9 to +476.5 
Bentonite 

Surface Casing Material :4" "ti Sett I ng :+476.34 to 476.63 

Time Log: 

Or)I I Ing: 

InstallatIon: 

Water Level Reading:

Development:

Mel I Development: 

steel 

Started Completed 

1017 Hrs 6/25/88 1029 Hrs 6/25/88 

1029 Hrs 6/25/88 1129 Hrs 6/25/88 

 1130 Hrs 8/01/88 1133 Hrs 6/25/88 

 1444 Hrs 7/12/88 1012 Hrs 7/13/88 

Method/EquI pment; Bailer/1 -1/2 inch stainless steel bailer 

Stat ic Depth to Mater: +472.54 Ft 

http:Co$mg.+476.34


Metro Park I I I U F F K ( H N O U M 
J99Thornall Street N C O R P O R \ | K D 
Edison. NJ 
08837-0001 DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

201/906-2-400 

Project: Pinette Salvage Yard Site 0*ner: OSEPA Region I 

Dr 11 I Ing Summary: 

Total Depth: 30.0 Ft Or 1 1  1 er : Norman Phillin«! 
12 1/4" = +466.5 to +476.5 

Borehole Olameter ( s ) : 8 1/4 " = +466.5 to 451.5; HX Hole = +451.5 

to +441.5 
+476.92 F t R I 9 Type: CME 55 Blts:8 1/4" and 12 1/4" auger bi 

Elevation: Land Surf ace :+476.5 Water Level :+455.76 

PROTECTIVE 
CASING Top of Inner Co»mg-. +476.49 Dri l l ing Fluid Type: N/A 

Supervisory Geologist : Robert J. Melvin 

Mall Design: 

Casing Material: SCH 80 PVC Diameter : 2 inch 

Screen Material: SCH 80 PVC Diameter : 2 inch LengthlO Ft 

Slot S ize : 0.010" Sett I ng :+451.5 Ft to +461.5 Ft 

F i l t e r M a t e r i a l : #1 sand Sett I ng : +446.5 to +463.5 

Seals M a t e r i a l ; Bentonite pellets Sett ing: +463.5 to +465.4 

Grout Type: Portland cement/ Sett I ng : +465.4 to +476.49 
bentonite 

Surface Casing Material:8" mild Sett I ng : +476.49 to +476.92 
BENTONITE steel PELLETS 

Time Log: Started Completed 

DrI 1  1 Ing: 1445 Hrs 6/23/88 1532 Hrs 6/24/88 

Installatlon: 1543 Hrs 6/24/88 1137 Hrs 6/25/88 

Water Level Reeding: 1125 Hrs 8/01/88 1128 Hrs 8/01/88 

Development: 1444 Hrs 7/12/88 1012 Hrs 7/13/88 

Mel I Development: 

Method/Equipment ; Bailer/1-1/2 inch stainless steel bailer 

Sta t i c Depth to Water : +455.76 



!<:»• IH.HNOI.n 
INCOKI 'OK \ T K I > :n<) TTxirndll Mrrri 

KrtlMtn \l 
(IK« (7.(MHI| 

2(11 'KM,-..MIX) MONITORING WELL CONSTRUCTION SUMMARY 

Project: Pinette Salvage Yard Site O-n»r: USEPA Region I H(l t ^SMW-9 

Dr I I I Ing Summary; 

Total Depth: 7.17 Ft Dr 1 1  1 er :Norman Phillips 

Borehole Diameter ( s  ) : 8 1/4* = +480.01 to +472.84 

R i g Type : CME-55 B i t s : 8 1/4" auger bit +480.01 
in 

-PROTECTIVE Elavet Ion: Land Sur face: +479.8 Water Level : +476.04 
CASINGIII-HI 

Top of Innar Coung-. +479.84 Dr i l l ing Fluid Type: 

Supervisory Geologist.- J.T. Moore/Denise Page 

-RISERi ;GROUT 

••II Design:
 

ft Casing Material ; SCH 80 S/S Diameter: 2 inch Length 2.0 F 

+479.34 Screen Material: SCH 80 S/S Pl~» : 2 inch Length 5.0 P 
*-. 

BENTONITEf' Slot Sn«: 0.010" Setting: +472.84 to +477.84 
PELLETS /'
 

Filter Material: fl sand Set ting;+472.84 to +478.84
 

Seals Material: Bentonite pellets Setting: +478.84 to +479.34 

Grout Type:Portland ceirent/ Setting:+479.34 to 480.01 
bentonite 

+477 84 Surface Casing Material : 4" mild Sett ing: 479.51 to 480.01 
I steel 

Tl*e Log: Started Completed 

GRAVEL Or I I I Ing: 1600 Hrs 6/29/88 1630 Hrs 6/29/88 
PACK 

InstallatIon: 1630 Hrs 6/29/88 1800 Hrs 6.29/88 

-SCREEN Water Level Reading: 1050 Hrs 8/01/88 1054 Hrs 8/01/88 

Development: 1112 Hrs 7/13/88 1236 Hrs 7/13/88 

Mel t Development: 

Met hod/Equ I pment; Bailer/1-1/2 inch stainless steel bailer 

+472.84 Stat ic Depth to Mater; +476.04 

http:Setting:+479.34
http:ting;+472.84


Metro Park III '( F IK HM1LOM 
J99 Thomall Street \ ( ORPORUKI) 
Fdlson NJ 
08837-0001 DOUBLE CASED MONITORING WELL CONSTRUCTION SUMMARY 

201 906-2400 

Project: Pinette Salvage Yard Site Owner : USEPA Region I Mel I No.BMW-9 

"'il 1~
 
1 

s 
• 

o " 

' . « • oGROUT 
• 

< O t • 

•* .• * 
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•o 
0 • 

' o « 
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r> oIv. 
k t 

•. t 
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o 

« •I': 
s x 1 » 

CONFINING 
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^
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» 0o ' '̂̂ > ° o 
0 0

e °, 

::iI• 
•

0

 •

" 

.:.]
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BENTONITE r-: »»*
PELLETS -.-•j&
ty >: 

GRAVEL
 
PACK
 

Or I I I Ing Summary: 

Total Depth: 35.7 Ft Or 1 1  1 er : Norman Phillips 
12 1/4" = + 479.6 to +469.6; 

Borehole D l a m e t e r ( s ) : 8 1/4; = +469.6 to +452.6; HX Hole = +452.6 
to +442.6 

+479 88  R ' 9  T YP« : CME-55 Blts:8 1/4" and 12 1/4" auger bi 

1 '"  m "1 Elevation: Land Surface: +479.6 Water Level: +476.96 

f— PROTECTIVE 
JD
~Q 
•* 
'.j
..' 

CASING Top of Inner Cosing-. +479.72

 Supervisory Geologist: Robert J.

 Dril l ing Fluid

 Melvin 

 Type: N/A 

,̂ 1 

Me l t Design: 

„"̂.J Casing Material: SOT 80 PVC Diameter: 2 inch Lengthl7.12 

• •* Screen Material: SCH 80 PVC Diameter: 2 inch Length 10 Ft 

Slot S i ze : 0.010" Setting: +452.6 to +462.6 

.'.j +496.6 
v \ \ V V V V v \ \  V Filter Mater ial- #1 sand Setting: +443.9 to +465.6 

\ \ \ \ s\\ 

i.xxx+467^^- Seals Mater 1 al : Bentonite pellets Sett Ing :+465.6 to 467.6 
\ \ \ \ x " " N \ \ \ 

\N»; -» Grout Type: Portland cement/ Settlng:+467.6 to +479.72 
bentonite 

«,^^/, Surface Casing Material :8" mild Sett Ing :+479.72 to +479.88 
steel 

Time Log: Started Completed 

+465.6 Dri l l ing: 1537 Hrs 6/29/88 1304 Hrs 7/10/88 

Instal let Ion: 1415 Hrs 7/10 88 1117 Hrs 7/11/88 

Water Level Reading: 0940 Hrs 8/05/88 0942 Hrs 8/05/88 

Development: 1112 Hrs 7/13/88 1236 Hrs 7/13/88 

Mel I Development: 

Method/Equipment ; Bailer/1-1/2 inch stainless bailer 

Stat ic Depth to Water: +476.96 _^____ 

http:Lengthl7.12


APPENDIX F
 

RESULTS OF GEOTECHNICAL ANALYSES OF SOIL SAMPLES
 



GRAIN SIZE ANALYSES
 

SUBSURFACE SOIL AND
 

SEDIMENT SAMPLES
 



ANALfST:


SAMPLE
 
ID
 

39MA-01
 
39B4A-81D
 
3984A-02
 
3984A-83
 
3984A-04
 
3984A-83
 
3984A-B6
 
3984A-07
 
39B4A-0B
 
3984A-89
 
3984 A- IB
 

 JSC

AIR DRY
 
WEIGHT
 

157.79 
158.63 
218.49 
215.14 
245.90 
285.68 
191.98 
345.99 
287.14 
229.99 
268.39 

SfiAIH SIZE 

 fiCIt

MASS RETAINED 
ON 18 SIEVE 

19.89 
39.95 
96.59 
27.87 

125.60 
163.41 

0.10 
271.28 

0.N 
126.28 
125.81 

 87921

I OF
 
TOTAL
 

12.61 

25.18 

45.89 

12.58 

51.08 

57.20 

0.05 

78.41 

0.00 

54.91 

46.87 

 DATE:

MASS PASSIN6 

10 SIEVE 

137.83 

118.56 

113.43 

187.84 

120.17 

122.88 

191.54 

74.33 

286.88 

182.69 

139.73 

 7-26-8 

I OF
 

TOTAL
 

87.35 
74.74 
53.89 
87.31 
48.87 
42.73 
99.77 
21.48 
99.84 
44.65 
52.06 



GRAIN SUE 

: JSC RHA QCI: B7921 DAfE: 7-26-B8 

MASS OF SOIL PASS INS SIEVE 
SAHPLE 

ID SUH 1/2" SUN 3/8' SUN 1/4' SUN 14 SUH 118 SUH 
3984A-01 157.63 12.71 144.92 1.9) 143.81 2.14 140.87 0.48 148.47 2.o4 137.33 
39B4A-81D 158.56 28.89 137.67 6.31 131.36 3.67 127.6? 3.89 124.68 6.84 118.56 
3984A-82 289.55 48.17 161.38 12.28 149.18 14.48 134.78 8.26 126.44 13.81 113.43 
3984A-83 214.99 4.31 218.68 2.11 288.57 8.36 208.21 4.75 195.46 7.62 187.84 
39B4A-B4 245.85 34.98 218.95 18.11 288.84 26.48 174.44 16.54 157.98 37. 73 128.17 
39B4A-B5 285.62 58.64 234.98 9.98 225.88 41.46 183.54 19.98 163.64 41.56 122.46
 
39B4A-86 191.63 8.88 191.63 8.88 191.63 8.88 191.63 8.08 191.63 8.89 191.54
 
39B4A-87 345.89 137.81 288.88 38.34 177.74 38.55 139.19 22.34 116.85 42.52 74.33
 
3984A-88 286.88 8.88 286.88 0.88 286.88 8.88 286.88 8.88 286.38 8.88 286.88
 
39B4A-B9 229.82 69.37 159.65 13.13 146.52 11.85 134.67 9.38 125.29 22.68 182.69
 
3984A-18 265.33 48.62 216.71 18.83 285.88 22.38 183.58 15.36 168.14 28.41 139.73
 



6RAIH SIZE
 

ANALiSI: JSC RHA QCI: 87921 BATE: 7-26-8
 

AMOUNT OF SOIL PASSING SIEVE
 

SAMPLE 1/21 sieve 3/fl- sieve 1/4' sieve 14 sleve tie sieve 
19 grus I gran I gran I gran I gran I 

3984A-81 144.92 91.8 143.81 90.6 148.87 89.3 148.47 89. 0 137.83 87.4 
3984A-81D 137.67 86.8 131.36 82.a 127.69 88.5 124.68 78. 5 118.56 74.7 
3984A-82 161. 38 76.7 149.18 78.9 134.78 64.8 126.44 60. 1 113.43 53.9 
3984A-83 218.68 97.9 288.57 96.9 288.21 93.1 195.46 90. 9 187.84 87.3 
3984A-I4 218.95 85.a 208.84 81.7 174.44 78.9 157.98 64. 2 120.17 48.9 
39B4A-85 234.98 82.3 225.08 78.8 183.54 64.2 163.64 57. 3 122.88 42.7 
39B4A-16 191.63 99.8 191.63 99. B 191.63 99.8 191.63 99. B 191.54 99.8 
3984A-87 288.88 68.1 177.74 51.4 139.19 48.2 116.85 33. B 74.33 21.5 
3984A-I8 206.88 99.8 206.88 99.B 286.88 99.8 206.88 99. 8 206.80 99.8 
3984A-89 159.65 69.4 146.52 63.7 134.67 58.6 125.29 54. 5 182.69 44.6 
3984A-18 216.71 88.7 205.88 76.7 183.58 68.4 168.14 62. 6 139.73 52.1 



GRAIN SIZE 

ANALYST: JSC RHA K i: 87921 DAIE: /-26-8B 

AMOUNT OF SOIL PASSING SIEVE 

SAMPLE 
ID 

sieve 18 
grafts I 

sieve 
grata 

35 sieve 68 
qrais I 

sieve 
grits 

100 
I 

sieve 
grafts 

128 
I 

sieve 170 
grafts \ 

sieve 
^raas '1 

3984A-81 66.58 87.1 64.29 84.2 53.37 69.9 42.42 55.6 39.32 51.5 34.83 45.6 i9.46 38.6 
39B4A-81D 62.35 73.1 58.16 .68.2 46.16 54.1 36.32 42.6 33.48 39.2 29.7? 34.9 25.36 29.7 
3984A-B2 52.23 53.7 48.88 58.2 43.66 44.9 39.75 48.9 38.55 39.6 36.79 37.8 34.40 35. < 
3984A-83 74.57 84.8 78.96 88. 7 67.35 76.6 40.86 45.5 29.83 33.0 17.72 28.1 10. as it. 5 
3984A-84 43.34 35.5 21.41 17.5 9.98 8.2 7.24. 5.9 6.73 5.5 6.06 5.0 5.23 1.3 
3984A-85 48.15 34.5 41.72 29.9 38.67 27.7 38.26 21.7 25.82 18.5 18.76 13.4 11.44 a. 2 
39B4A-86 56.55 101.4 56.54 181.4 56.49 181.3 56.47 181.3 56.47 101.3 56.47 101.3 56.45 181.2 
39B4A-87 38.12 16.8 28.78 12.7 21.62 9.5 17.77 7.8 16.39 7.2 14.42 6.5 12..-4 5.4 
3984A-BB 59.41 188.4 59.39 188.4 59.37 188.3 59.36 188.3 59.36 108.3 59.34 100.3 59.11 99.9 
39B4A-B9 56.65 39.5 45.78 31.8 36.48 25.4 32.22 22.4 31.84 21.6 29.38 20.4 26.97 18.8 
39 84 A-H 52.82 46.4 45.37 48.5 37.27 33.3 33.64 38.8 32.82 29.3 3L.58 28.1 38.18 <I6.9 



6RAIN SUE 

QCI: 87921 ANALYST: JSC 

MASS OF TOTAL SAHPLE REPRESENTED 

oven dry lass = lass x HCF 

SAHPLE •ass q hydro. oven dry 

ID used corr . fac. •ass 9 (a) 

39B4A-81 67.75 8.984 66.67 

3984A-81D 64.87 8.983 63.77 

3984A-82 55.13 8.951 52.43 

39B4A-B3 77.98 8.986 76.81 

3984A-84 68.26 8.991 59.72 

39B4A-85 68.32 8.989 59.66 

3984A-86 56.53 8.984 55.63 

3984A-87 58.86 8.961 48.88 

•39B4A-B8 59. SB 8.993 59.88 

3984A-89 67.26 8.953 64.18 

3984A-18 59. SB B.98B 58.31 

DATE : 7-26-88 

IN HYDROMETER TEST 

H » U/b> x 188 

I pasting 
lie (bi 

87.35 
74.74 
53.89 
87.31 
48.87 
42.73 
99.77 
21.48 
99.84 
44.65 
52.86 

9 of tot 
saiple tW) 

76.32 
85.32 
97.^9 
87.97 

122.28 
139.68 
55.75 

227.58 
59.18 

143.56 
112.88 



HYDROMETER ANAL/SIS
 

DATE: 7 -26-88 
SCI: 87921 

K HflLVST J SC 
CASEI: H\A 

SAHPLE Initial 
258 Hi n 1448 Ki n

Nin 5 Nin 15 Nin 38 Hin 68 Nin ID 

9:34 4. 5 4.8 4. 8 4. a 3. 5 3. 5 4 5
BUnk 

IB. 8 7. 8 5 814. 5 12. 839B4A-B1 8:38 28. 5 17.5 
5. 8 3 5 

3984A-81D 8:34 IB. 5 15.5 12. 8 9. 5 8. 8 
5 0J 

39B4A-82 8:42 27. 5 23.5 19. 5 16. 5 14. 5 18. 
1. 5 1.5 

3984A-83 8:48 6. 5 4.S I 4. 8 3. 8 3. 8 
1. 5 1.5 2. 5 2. 54. 5 4. 3. 8 

5 2 5 2. 5 1. 5 1.5 39B4A-84 9s 54 
8. 5 5. 3 

29 8 17. 5 18 .5 3984A-85 9:88 
39B4A-86 9:86 48. 5 47. 48 8 34 8 

8.5 5 a 3 .8 3 8 1 5
3984A-87 9:12 8 5 6. 

.5 18 8 4 .5 3.8 
39B4A-B8 9:18 47 5 38. 23 5 14 

4 .8 1.5 9.8 7 .5 39B4A-B9 9:24 19 .5 15. 11 .8 
9 .5 7 .8 18 .8 15 .8 13 .5 

39B4A-1B 9:30 25 .5 22. 



GRAIN SIZE 

ANALYST: JSC RHA QC1: B7921 DATEi 7-26-88 

PERCENT OF SOIL REHAIN1N6 IN SUSPENSION (PI P * <Ro/Hl > 188 

SAMPLE ID 2 HIN 5 H1N 15 HIM 38 m 60 HIN 250 HIN I 440 HIN 

39B4A-01 26.86 22.93 19.88 15.72 13.10 9.17 6.55 
3984A-01D 21.68 18.17 14.86 It. 13 9.38 5.86 4.10 
3984A-02 28.27 24.15 21.14 16.96 14.90 10.79 7.19 
3984 A-03 7.39 5.12 4.55 3.41 3.41 1.71 1.71 
3984 A-04 3.68 3.27 2.46 2.85 2.05 1.23 1.23 
3984A-05 i.89 3.58 2.51 1.79 1.79 1.07 1.07 
3984A-06 86.99 84.31 71.74 60.98 52.01 31.39 18.83 
3984 A-I7 3.74 2.64 2.21 1.32 1.32 0.66 8.22 
3984A-0B 81. 2i 64.21 39.71 24.58 16.90 7.68 5.07 
3984 A-09 13.58 11.45 7.66 6.27 5.22 2.79 1.04 
39B4A-1B 22.77 19.64 16.17 13.39 12.05 8.48 6.25 



6RAIN SIZE 

ANALlST: JSC RHA QC I: B7921 DATE: 7-26-88 

SAHPLE IHAMETER i lu) 1) = K (L/ !T> K = 8.81382 
10 2 NIN 5 NIN 15 NIN 30 NIN 60 NIN 250 NIN 11440 NIN 

3984A-01 8.8344 8.8221 8.0130 8.8893 0.0067 0.0032 0.8814 
3984A-01D 8.8348 8.8224 0.0132 0.8895 0.0067 8.0033 0.8814 
39B4A-02 9.8327 8.0225 0.0126 8.8891 8.0065 0.0032 0.8814 
39B4A-03 0.0375 0.8248 0.0137 8.8098 8.0069 0.0033 0.8015 
3984A-04 0.0376 8.8238 0.8138 8.0098 0.0069 0.0833 0.0015 
3984A-05 0.8368 8.8237 0.0138 0.0098 8.0069 8.8833 0.0015 
3984A-06 8.0276 8.8177 0.0188 0.0881 0.8059 8.8038 0.0014 
3984A-07 8.8368 8.8236 0.0137 8. 8898 0.0069 0.0033 0.0015 
39B4A-08 8.8278 8.0192 0.0123 8.8892 8.8066 0.0033 0.0014 
3984A-09 8.0345 0.8224 0.0133 8.8894 0.0067 0.0833 0.0815 
39 84A- 18 0.0332 8.8215 0.8127 8.8891 0.8865 8.8032 8.8814 



EFFECTIVE DEPTH, I« 

2 HIM 5 KIN IS HIM 30 HIM 60 N1N 250 HIM 1440 HIM 

13.0 13.4 13.9 14.3 14.7 15.2 15.5 
13.3 13.8 14.3 14.8 15.0 15.5 15.7 
11.8 12.5 13.1 13.6 13.9 14.6 15.2 
15.3 15.6 15.6 15.8 15.8 16.1 16.1 
15.6 15.6 15.9 15.9 15.9 16.1 16.1 
14.9 15.5 15.7 15.9 15.9 16.1 16.1 

8.4 8.6 9.7 10.7 11.5 13.4 14.6 

14.9 15.3 15.5 15.8 15.8 16.1 16.* 

8.5 10.1 12.5 13.9 14.7 15.6 15.8 

13.1 13.8 14.5 14.8 15.1 15.6 16.1 

12.1 12.7 13.3 13.8 14.1 14.8 15.2 
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GRAIN SIZE ANALYSES
 

UNDISTURBED SAMPLES
 



PROJECT NAME:
 

PROJECT NO.:
 

SAMPLE NO.:
 

GRAIN SIZE ANALYSIS
 

USEPA BORING NO.: 3984-A
 

SAS3984A DEPTH: 7.0-7.55 FT
 

ST-11 SPEC. GRAV. 2.7 ASSUMED
 

===«======SIEVE ANALYSIS============
 

SIEVE NO. DIAMETER PERCENT FINER 
(nun) 

3.0 in. 75.000 100, .0 
1.5 in. 37.500 100. .0 
0.75 in. 19.000 100. .0 
0.375 in, 9.500 100. .0 
NO. 4 4.750 100. .0 
NO. 10 2.000 100. .0 
NO. 20 0.850 99. .9 
NO. 40 0.425 99. .9 
NO. 60 0.250 99. .9 
NO. 140 0.106 99.8 
NO. 200 0.075 99.8 

^HYDROMETER ANALYSIS============
 

DIAMETER PERCENT FINER CORRECTED PERCENT
 
(mm)
 

0.0716 83 .5 99. .7
 
0.0509 82 .9 98. .9
 
0.0361 82 .3 98. .2
 
0.0257 81 .7 97, .5
 
0.0162 72 .1 86, .0
 
0.0110 45 .7 54. ,5
 
0.0080 39 .6 47. .3
 
0.0062 19.2 22. .9
 
0. 0046 10.2 12.2
 
0. 0033 6.0 7.2
 
0.0014 2.4 2.9
 

CORRECTION FACTOR = 1.194
 
WEIGHT OF SOIL FOR SIEVE ANALYSIS = 603.6 (gm)
 
WEIGHT OF SOIL FOR HYDROMETER ANALYSIS = 66.1 (go)
 
VISCOSITY OF WATER = 9.61 (millipoises)
 

D60= NOT CALC CU= NOT CALC
 
D30= NOT CALC CZ= NOT CALC
 
D10= NOT CALC
 

http:7.0-7.55
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PROJECT NAME:
 

PROJECT NO.:
 

SAMPLE NO.:
 

DIAMETER
 
(nun)
 

0.0752
 
0.0551
 
0.0401
 
0.0295
 
0.0189
 
0.0112
 
0.0082
 
0.0060
 
0.0044
 
0.0032
 
0.0013
 

GRAIN SIZE ANALYSIS
 

USEPA BORING NO.: 3984A 

SAS-3984A DEPTH: 5.20-5.45 FT 

ST-12 SPEC. GRAY. 2.68 ASSUMED 

===—=—=-=5i£,VE AWA 

SIEVE NO. DIAMETER PERCENT FINER 
(nun) 

3.0 in. 75.000 100.0 
1.5 in. 37.500 100.0 
0.75 in. 19.000 100.0 
0.375 in. 9.500 100.0 
NO. 4 4.750 100.0 
NO. 10 2.000 100.0 
NO. 20 0.850 100.0 
NO. 40 0.425 99.9 
NO. 60 0.250 99.9 
NO. 140 0.106 99.7 
NO. 200 0.075 99.2 

=HYDROMETER ANALYSIS=
 

PERCENT FINER
 

79.9
 
74.4
 
69..4
 
62..6
 
49..6
 
44..6
 
38..4
 
29,.7
 
23..5
 
18.0
 
9.9
 

CORRECTION FACTOR = 1.241
 
WEIGHT OF SOIL FOR SIEVE ANALYSIS = 327.87 (gm)
 
WEIGHT OF SOIL FOR HYDROMETER ANALYSIS = 64.36 (gm)
 
VISCOSITY OF WATER = 9.61 (millipoises)
 

D60= NOT CALC CU= NOT CALC
 
D30= NOT CALC CZ= NOT CALC
 
D10= NOT CALC
 

CORRECTED PERCENT
 

99.
 
92.
 
86.
 
77.
 
61.
 
55.4
 
47.7
 
36.9
 
29.2
 
22.3
 
12.3
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PROJECT NAME:
 

PROJECT NO.:
 

SAMPLE NO.:
 

USEPA
 

SAS3984-A
 

ST-12
 

s


SIEVE NO.
 

3.0 in.
 
1.5 in.
 
0.75 in.
 
0.375 in.
 
NO. 4
 
NO. 10
 
NO. 20
 
NO. 40
 
NO. 60
 
NO. 140
 
NO. 200
 

DIAMETER
 
(mm)
 

0.0720
 
0.0518
 
0.0377
 
0.0268
 
0.0181
 
0.0107
 
0.0081
 
0.0060
 
0.0045
 
0.0032
 
0.0014
 

GRAIN SIZE ANALYSIS
 

 Z>i£.VJS ANALYSIS ===—
 

DIAMETER
 
(mm)
 

75.000
 
37.500
 
19.000
 
9.500
 
4.750
 
2.000
 
0.850
 
0.425
 
0.250
 
0.106
 
0.075
 

PERCENT FINER
 

109.0
 
105.8
 
100.3
 
99.5
 
73.7
 
67.4
 
51.7
 
36.1
 
21.9
 
13.3
 
5.5
 

CORRECTION FACTOR =
 
WEIGHT OF SOIL FOR SIEVE ANALYSIS =
 
WEIGHT OF SOIL FOR HYDROMETER ANALYSIS =
 
VISCOSITY OF WATER =
 

BORING NO.: DUP
 

DEPTH: 5.20-5.45
 

SPEC. GRAY. 2.68 ASSUMED
 

PERCENT FINER
 
(%)
 

100.0
 
100.0
 
100.0
 
100.0
 
100.0
 
100.0
 
100.0
 
99.9
 
99.9
 
99.8
 
99.4
 

CORRECTED PERCENT
 

99.0
 
96.2
 
91.2
 
90.5
 
67.0
 
61.3
 
47.0
 
32.8
 
20.0
 
12.1
 
5.0
 

0.909
 
318.16 (gm)
 
50.88 (gm)
 
9.61 (millipoises)
 

D60= NOT CALC CU= NOT CALC
 
D30= NOT CALC CZ= NOT CALC
 
D10= NOT CALC
 

http:5.20-5.45
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PERMEABILITY ANALYSES
 

UNDISTURBED SAMPLES
 



i- f 1 1 iH i ' Anr i 

r F- ' I Ih I "I Ml,
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< A -i H r '- I- - '-i ' 1 1- I- ' - ­

A i;f- h "i I ir I- PP (̂  I 1 1 "I- I K '­

[ N I f I A L - A (i F L E I. U N LI L i I t ' f J S 
fWh h ,'iiif- I F- i l l . " ! H ' ui < 4 , 3 

A V E F A b t - n i i ^ M F r h K '  i ' ' • p 

M^h> AiiF- A K F A ' i i** ' '> . 4 

wJA i E1- i L / J 11- n ' ": > M . 
DF r nt- ,r- L ) c ' - 1 ' i"L . 
f OF E VUL tint- ' ^ • It.' 

F I N AI ^A (11- t f­ I ' IN 1  1 I I L 0N i 
A V E K A h l r I H'l. I H L n > 4 . I ­10 

A i j f ­ ' i i A i 1 ( - ) l - K ' i  n _. ^ n V 

A f i t A K h A ' . n ^ A  1 ^ , 4 A C -
UA I hi­ f n,Jl i-NI r. ­ 1? . •? 

HP r LENS i f i ( HI I • t ' >5 . ' 

r 0 h' f- Uf 11 I 11) r ' ­ ) 1 •> ' 

r D ) A I I- ( iW 

c r ' 

1 , O 7 

J . O O 

J , 70 H . 4 

"3 » 0 4 •• . 3 
4 , 0 2 1 2 . 0 
5 .63 I ^ . : 
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V I S U A L D E S C R 1 C T I C N • L A Y LRLH D ARK _ G.SAY Cj_Ai . 
o PERMEATED W I T H LC1^.- - . • : ; - A T F " 
o
 FRCJECT NAME
 
CO. PROJECT NG.
 

BCR1NG NC.
 

SAMci_E NC. T ­

o DEFTH C P t )
 
o
 

AVERAGE G R A D I E N T
 

o 
o 

CN| 

o 
o 

o 
o 

• O 
•O , 
I • ­I 

O 
O ! 
•-I 

O 
O 

o: 
. 2.00 3,00 

ELAPSED TIME 

5.53E-C8 CM/SEC FROM T1 = 

4.00
( d ays) 

.67 TO T2 = 

 5-00 

5,69 

5.CO 



i i ' i : r j H n £ 
K ' i IF i t Kl , 

(• FKhF AH I I i f i f h S T [N Ui FH f O . U l N M T I IK1 ' UL FA TE 
PUP I i l f j .in , ­ I 11 IF.'H ND. 1-2 
3 A i1P L t NO. ' > C ­ 1 1 CELL N L) . (' '4 
D F' • i H f M ' . 1 5 I Hi Al L O N I N I ELL F- l 

i' ILL F P E 3 S U R F ' ^ 5i > 5 8 . " 0 JPhCIFTL I FY 
F A - F F !<F .v-UIK'r 1 > 
IOP P R E S S U R E ' P-} i > A U F R A G E b K A U J h K T 
A V F K A H h FF M- ri J VF ^ •< . 9 5 

I N J f i A L SAnPLE L'ONDi I I IJNS 
A',"-_ K A i) f I K Nfn H ( > n ; 4 , 1 3 6 

A V E R A G E LUAt tETEk ' j n ) ? . B / 0 
A U F K A H f - A K ' F A  < \ \\lf.i 6 . 4 7 1 

v A r eR L DN T FN r ' " : ) i o.i 
11R < 111- N -j i I ( ' \" - f ) 119.7 
-'ORIt VLlLUnE ( c c  > 127 

F T N A I s Art PI F DUNlU l lUNB 
A V E R A G E LENbfH (in; 4 . 1 4 0 

rWFKAHF- U l A i l R l l -k ' , 1 1 1 ) J .869 
A V E R A d F A K t A \ i n * # ? ) 6 . 4 ( ^ 5 
UA I Fk ( n,N1 KN1 < '/. ) 19.8 

nPY IIFNSI rr (pe t •> 11 9.6 
rrikt- vm IMF ' . - c ) 12? 

F. LAPSED I J HE T O T A L F L O W 
', d ,­* '­i <- ) ( cc) 

.00 .0 

. 12 1 , 1 

. 77 5.3 
1.11 8 .0 

78 12.5 
,07 14.2 
30 2 2 . 3 

.78 25 .3 
78 31 .5 

U K 
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V I S U A L DESCRIPTION
 
PERMEATED WITH
 
PROJECT NAME
 
PROJECT NC.
 
B O R I N G NC.
 
SAMPL<:" NC. 

DEFTh ( T t ) 

A V E R A G E G R A D I E N T 

i A Y f f ? F P 

AIJ 

. 'SF'FA 

T - i r 

7. S5 

J_2_ 

o ' * 
o I 

~ro,. 
. C D 0.80 I . 5 C 2 .40 3 .20 4 , 0 0 4 .80 

ELAPSED TIME (days)
 
T 16.70E-C6 CM/SEC FROM  = 0 .77 TO T2 - 4.78 



r P1 ( . t C I N A M E U S E - A
 

F fv 0 If- f 1 ,JI) . < 9 g 4 A
 

(• EP("F AHiL l I Y I T s f i N G W l l H iO .OlN I ' A i r i i m s M I L F A T E
 
B O K L N i - i ND. S I - 1 2 IF SI NU. 1-1
 

SAMPLE NO. S f -U CELL Mti . L'-16
 

O F P 1 H ' T t  > ' . . 4 5 L U L A I L O N IN CELL P-l
 

C E I L PRESSURE M** i > ' . H . O O bPECIFiL L ^ R A V J T Y ' . '0 

BA^ t P K ' F S S U P F ' > - •= ! i j 6 . 7 0 ' 5 <= s ij m e d > 
T O P PPESSUPE ' ^ = 1 ' c.5 , / (> A V E R A G E l ^ K A H I I - N r 1 0 

A ^ F K A f i F ' - F F F t ' l l ' J F ^ I K ' S S ' t- >, 1 ) 

I N M l A L SAMPLE C O N D I I i U N S 

A V F . K A f J F i t - N f ^ l H ( i n ) 4 , 0 8 6
 
A V E R A G E U l A M E T E R ( H . ) 'J.H60
 
A V I - K A M F A k F A < j u * # LM S . 4 2 4
 

W A T C f t C O N T E N T ( % ) JL. , 0
 
P R Y I H - N S I 1 Y (H^tM 100.0
 

F'ORE VULL'ME (cc ) 3 /b
 

F INAL ^AMPI F L ' fJNO L I IONS
 

A V E R A G E L E N G T H < j n ) 4 . 0 6 2
 

A V E K A H F lUAMF. IKK ( in) .'.860
 
A V E R A ( 3 E A K ' b A (in**lM A.^ ;M
 
U A l t - K fMJNIF.Nl ( % ) 2b.9
 
( | R Y DENSITY (net > 100.6
 
PUKH yfJLUMt < « ' C > 1 7 2
 

bLAPSFD ( IME T O T A L FLOW 

C day -s ) ( c c ^ 
.00 .0 

.73 8.6 

1 .67 19.2 

2 .00 22 .9 

2. 70 30. 7 

3 .04 J4.4 

4.02 46. 7 

5 .68 67.0 
6 .69 78 .6 

* * UK 

http:fMJNIF.Nl
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VISUAL DESCRIPTICN
 
PERMEATED wi^t-i
 
PRCJECT NAME
 
PROJECT NO.
 
B3RING MG.
 

:' NC.
 
DEFTh Cfi:
 
A V E R A G E G R A D I E N T
 

.C ..C i-^LJ: AL C liJUiiJ_EALE 

.!qH 4 A 

S T - 1 ? 

.00 ? . D C 3 .00 4.00 5.00 5,CO 
ELAPSED TIME (days) 

2.95E--07 CM/SEC PROM TO T2 = 5.69
 



FMUt-LT NArtE I ' - t - rH 

F'FUJf-.Ll ,JU . ' r > : ' 4 H 
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APPENDIX H
 

ACETONE
 

Acetone is absorbed in humans and animals following oral or inhalation exposure
 

(EPA 1984). Acetone vapors as high as 2,150 ppm produce irritation of the
 

mucosal membranes in humans (EPA 1984). In rats, slight increases in organ
 

weights and decreases in body weights have been observed following long-term
 

exposure to acetone (EPA 1986).
 

EPA (1988) derived an oral reference dose (RfD) for acetone of 0.1 mg/kg/day
 

based on a study sponsored by the EPA Office of Solid Waste (EPA 1986) in which
 

increased liver and kidney weights and nephrotoxicity were observed in rats
 

exposed orally to acetone; an uncertainty factor of 1,000 was used to derive
 

the RfD.
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ENVIRONMENTAL PROTECTION AGENCY (EPA). 1986. Ninety-Day Gavage Study in
 
Albino Rats Using Acetone, Office of Solid Waste, Washington, DC. As
 
cited in EPA 1988
 

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1988. Integrated Risk Information
 
System (IRIS). Environmental Criteria and Assessment Office, Cincinnati,
 
Ohio
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ANTIMONY
 

Antimony is a metal which occurs both in the trivalent and pentavalent
 

oxidation states (EPA 1980). Absorption of this metal via oral and inhalation
 

routes is low (EPA 1980). Humans and animals exposed orally or through
 

inhalation to either trivalent or pentavalent forms of antimony displayed
 

electrocardiogram (EGG) changes and myocardial lesions (EPA 1980).
 

Pneumoconiosis has been observed in humans exposed by inhalation and dermatitis
 

has occurred in individuals exposed either orally or dermally. Oral
 

administration of therapeutic doses in humans has been associated with nausea,
 

vomiting, and hepatic necrosis (EPA 1980). A single report (Balyeava 1967)
 

noted an increase in spontaneous abortions, premature births, and gynecological
 

problems in 318 female workers exposed to a mixture of antimony metal, antimony
 

trioxide, and antimony pentasulfide dusts.
 

EPA (1988) derived an oral RfD of 4xlO~4 mg/kg/day for antimony based on a
 

chronic oral study (Schroeder et al. 1970) in which rats given the metal in
 

drinking water had altered blood glucose and blood cholesterol levels and
 

decreased lifespan. An uncertainty factor of 1,000 was used to derive the oral
 

RfD.
 

H-3
 



BALYAEVA, A.P. 1967. The effects of antimony on reproduction. Gig. Truda
 
Prof. Zabol. 11:32
 

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1980. Ambient Water Quality Criteria
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antimony, vanadium, and lead in rats: Lifetime studies. J. Nutr.
 
100:59-66
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ARSENIC
 

Arsenic is readily absorbed via the oral and inhalation routes. Both inorganic
 

and organic forms of arsenic are readily absorbed from the gastrointestinal
 

tract; more soluble forms are more readily absorbed than the insoluble forms
 

(EPA 1984). Approximately 95 percent of soluble inorganic arsenic administered
 

to rats is absorbed from the gastrointestinal tract (Coulson et al. 1935, Ray-


Bettley and O'Shea 1975). Approximately 70 to 80 percent of arsenic deposited
 

in the respiratory tract of humans has been shown to be absorbed (Holland et
 

al. 1959). Dermal absorption is not significant (EPA 1984).
 

Acute exposure of humans to the metal arsenic has been associated with
 

gastrointestinal effects, hemolysis, and neuropathy. Chronic exposure of
 

humans to this metal can produce toxic effects on both the peripheral and
 

central nervous systems, keratosis, hyperpigmentation, precancerous dermal
 

lesions, and cardiovascular damage (EPA 1984). Arsenic is embryotoxic,
 

fetotoxic, and teratogenic in several animals species (EPA 1984). Arsenic is a
 

known human carcinogen. Epidemiological studies of workers in smelters and in
 

plants manufacturing arsenical pesticides have shown that inhalation of arsenic
 

is strongly associated with lung cancer and perhaps with hepatic angiosarcoma
 

(EPA 1984). Ingestion of arsenic has been linked to a form of skin cancer and
 

more recently to bladder, liver, and lung cancer (Tseng et al. 1968, Chen et
 

al. 1986).
 

EPA has classified arsenic in Group A—Human Carcinogen, and has developed
 

inhalation and oral cancer potency factors of 50 (mg/kg/day)"I and
 

1.75 (mg/kg/day)"1, respectively (EPA 1988a, 1988b). The inhalation potency
 

factor is the geometric mean value of potency factors derived from four
 

occupational exposure studies on two different exposure populations (EPA 1984).
 

The oral cancer potency factor was based on an epidemiological study in Taiwan
 

which indicated an increased incidence of skin cancer in individuals exposed to
 

arsenic in drinking water (Tseng 1977). EPA (1988b) has reported an oral
 

reference dose of IxlO"3 mg/kg/day based on the study by Tseng (1977) in which
 

investigating blackfoot disease was observed in humans exposed to arsenic in
 

their drinking water. An uncertainty factor of 1 was used to develop the RfD.
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BENZENE
 

Benzene is readily absorbed following oral and inhalation (EPA 1985). The
 

toxic effects of benzene vapors in humans and other animals following exposure
 

by inhalation include central nervous system effects, hematological effects,
 

and immune system depression. In humans, acute exposures to high
 

concentrations of benzene vapors has been associated with dizziness, nausea,
 

vomiting, headache, drowsiness, narcosis, coma, and death (MAS 1976). Chronic
 

exposure to benzene vapors can produce reduced leukocyte, platelet, and red
 

blood cell count (EPA 1985). Benzene induced both solid tumors and leukemias
 

in rats exposed by gavage (Maltoni et al. 1985). Many studies have also
 

described a causal relationship between exposure to benzene by inhalation
 

(either alone or in combination with other chemicals) and leukemia in humans
 

(IARC 1982).
 

Applying EPA's criteria for evaluating the overall evidence of carcinogenicity
 

to humans, benzene is classified in Group A (Human Carcinogen) based on
 

adequate evidence of carcinogenicity from epidemiological studies. EPA (1988)
 

derived both an oral and an inhalation cancer potency factor for benzene of
 

2.9xlO~2 (mg/kg/day)"1. This value was based on several studies which
 

increased incidences of nonlymphocytic leukemia were observed in humans
 

occupationally exposed to benzene principally by inhalation (Rinsky 1981, Ott
 

1978, Wong 1983).
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BERYLLIUM
 

Beryllium is not readily absorbed by any route of exposure. Occupational
 

exposure to beryllium results in high levels being seen in the bone, liver and
 

kidney (EPA 1986). Acute respiratory effects due to beryllium exposure include
 

rhinitis, pharyngitis, tracheobronchitis, and acute pneumonitis. Dermal
 

exposure to soluble beryllium compounds can cause contact dermatitis,
 

ulceration and granulomas (Hammond and Beliles 1980). Ocular effects include
 

conjunctivitis and corneal ulceration from splash burns. The most common
 

clinical symptoms caused by chronic beryllium exposure are granulomatous lung
 

inflammation (IARC 1980, EPA 1986). Chronic skin lesions sometimes appear
 

after a long latent period in conjunction with the pulmonary effects. Systemic
 

effects from beryllium exposure may include right heart enlargement with
 

accompanying cardiac failure, liver and spleen enlargement, cyanosis, digital
 

clubbing, and kidney stone development (EPA 1986). Beryllium has been shown to
 

be carcinogenic in experimental animals resulting primarily in lung and/or bone
 

tumors when given by injection, intratracheal administration, or inhalation
 

(EPA 1986). Several epidemiological studies have suggested that occupational
 

exposure to beryllium may result in an increased lung cancer risk although the
 

data are inconclusive (EPA 1986).
 

Beryllium has been classified by EPA in Group B2—Probable Human Carcinogen
 

based on limited evidence of carcinogenicity from epidemiological studies (EPA
 

1986). Ihe Carcinogen Assessment Group (CAG) calculated an inhalation cancer
 
-
potency factor of 8.4 (mg/kg/day)1 based on an epidemiological study by
 

Wagoner at al. (1980) and the industrial hygiene reviews by NIOSH (1972) and
 

Eisenbud and Lisson (1983) (EPA 1986). EPA (1988) developed an oral reference
 

dose (RfD) for beryllium of 0.005 mg/kg/day based on a study by Schroeder and
 

Mitenner (1975) in which rats exposed to 5 ppm beryllium sulfate in drinking
 

water for lifetime did not exhibit adverse effects; an uncertainty factor of
 

100 was used to develop the RfD.
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BIS (2-EIHYIHEXYL) PHTHAIATE
 

Bis(2-ethylhexyl)phthalate also known as di-ethylhexyl phthalate (DEHP) is
 

readily absorbed following oral or inhalation exposure (EPA 1980). DEHP is
 

reported to be carcinogenic in rats and mice, causing increased incidences of
 

hepatocellular carcinomas or neoplastic nodules following oral administration
 

(NTP 1982). Chronic exposure to relatively high concentrations of DEHP in the
 

diet can cause retardation of growth and increased liver and kidney weights in
 

laboratory animals (NTP 1982, EPA 1980). Reduced fetal weight and increased
 

number of resorptions have been observed in rats exposed orally to DEHP (EPA
 

1980).
 

DEHP has been classified in Group B2—Probable Human Carcinogen (EPA 1986).
 

EPA (1988) calculated an oral cancer potency factor for DEHP of 1.4xlO~
 

(mg/kg/day)~ based on data from the NTP (1982) study. EPA has recommended an
 

oral reference dose (RfD) for DEHP of 0.02 mg/kg/day based on a study by
 

Carpenter et al. (1953) in which increased liver weight was observed in female
 

guinea pigs exposed to 19 mg/kg bw/day in the diet for 1 year (EPA 1988); an
 

uncertainty factor of 1,000 was used to develop the RfD.
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2-BUTANONE (METHYL ETHYL KEIONE)
 

Absorption of methyl ethyl ketone from the gastrointestinal tract and from the
 

lungs has been inferred from systemic toxic effects observed following acute
 

oral exposure and acute and subchronic inhalation exposures (Lande
 

et al. 1976). Schwetz et al. (1974) reported that rats exposed to inhaled
 

methyl ethyl ketone at concentrations of 3,000 ppm displayed retarded fetal
 

development and teratogenic effects (acaudia, imperforate anus, and
 

brachygnathia). Inhaled methyl ethyl ketone also produces hepatotoxicity and
 

neurological effects in rats (Cavender et al. 1983, Takeuchi et al. 1983).
 

EPA (1988a) determined an oral reference dose (RfD) of 5 x 10~2 mg/kg/day for
 

methyl ethyl ketone based on a study by LaBelle and Brieger (1955) in which no
 

effects were observed in 25 rats exposed to 235 ppm (693 mg/m3 or 46 mg/kg/day)
 

methyl ethyl ketone for 7 hours/day, 5 days/week for 12 weeks. Higher doses
 

have resulted in fetotoxic effects in rats exposed to methyl ethyl ketone via
 

inhalation (1958 mg/m3 or 130 mg/kg/day) (Schwetz et al. 1974). EPA (1988b)
 

also derived an inhalation RfD of 9 x 10~2 mg/kg/day based on the LaBelle and
 

Brieger (1955) study. An uncertainty factor of 1,000 was used to calculate
 

both oral and inhalation RfDs.
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CHLJDROBENZENE
 

Evidence from toxicity studies suggests that chlorobenzene is absorbed after
 

oral, inhalation, and dermal exposure (EPA 1985). Acute and chronic exposure
 

to chlorobenzene has been associated in humans and experimental animals with
 

central nervous system (CNS) effects, liver and kidney lesions, and respiratory
 

distress. Results of reproductive studies with rats and dogs also indicate
 

that chlorobenzene induces testicular lesions (EPA 1985).
 

EPA (1988) derived an oral RfD for chlorobenzene of 3xlO~ mg/kg/day based on a
 

study by Monsanto (1967) in which dogs were administered chlorobenzene in
 

capsules for 90 days; an uncertainty factor of 1,000 was used to develop the
 

RfD. EPA (1988) also reported an inhalation RfD for chlorobenzene of 5xlO~
 

mg/kg/day based on a study by Dilley (1977)in which rats were exposed to
 

chlorobenzene 7 hours/day, 5 days/week for 120 days; and uncertainty factor of
 

10,000 was used to develop the RfD.
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CHLOKOEIHANE (EIHYL CHLORIDE)
 

Chloroethane is primarily absorbed through the lungs, although some dermal
 

absorption may occur. Absorption and excretion of chloroethane occurs rapidly
 

via the lungs; it is not metabolized to a significant degree (Clayton and
 

Clayton 1981). Severe acute inhalation of chloroethane by humans produces
 

minor neurological effects that are manifested as stupor and lack of
 

coordination, and in some incidences as cardiac arrhythmia produced by the
 

potentiation of adrenalin (Clayton and Clayton 1981). Acute inhalation of
 

chloroethane by animals has produced histological or pathological changes in
 

the liver, brain, and lungs (Troshina 1964). Chronic exposure of animals to
 

chloroethane produced kidney damage and fatty changes in the liver, and at high
 

levels has upset cardiac rhythm (EPA 1985). Studies assessing the mutagenicity
 

and carcinogenicity of chloroethane are currently being conducted (EPA 1985).
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CHLOKCMETHANE (METHYL CHTDRIDE)
 

Chloromethane is primarily absorbed by inhalation, although some is absorbed
 

through the skin (NIOSH 1977). The compound is widely distributed in the body
 

and rapidly metabolized and excreted within 24 hours of exposure. Acute
 

exposure to humans produced primarily central nervous system (CNS) effects
 

including headache, drowsiness, giddiness, ataxia, convulsions, hepatic and
 

renal effects, depression of bone marrow activity, coma, and respiratory
 

failure (AOGIH 1986). Symptoms may develop a few hours after exposure to
 

chloromethane. Chronic effects of chloromethane exposure include blurred
 

vision, dizziness, weakness, gastrointestinal disturbances with prolonged
 

vomiting, sleep disturbances, muscular incoordination, and tachycardia (Hansen
 

et al. 1953). Qironic exposure in animals was reported to produce
 

neuromuscular, liver, kidney, and testicular damage and death (Evtushenko 1966,
 

Mitchell et al. 1979, Smith and von Oettingen 1947). Chloromethane has
 

produced teratogenic effects in the form of heart defects in the offspring of
 

exposed mice (CIIT 1981a). Chloromethane was found to be carcinogenic in male
 

mice exposed by inhalation for 24 months, producing tumors of the kidney and
 

liver (CIIT 1981b).
 

EPA (1988) developed cancer potency factors for chloromethane from kidney tumor
 

data in male mice obtained from the CUT (1981b) study. An inhalation cancer
 

potency factor of 6.3 x 10~3 (mg/kg/day)-1 was calculated. EPA (1986) also
 

calculated an oral cancer potency factor of 1.3 x 10"̂  (mg/kg/day) ~̂  based on
 

an oral extrapolation from data obtained in the CIIT (1981b) study.
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CHROMIUM
 

Chromium exists in two states, as chromium (III) and as chromium (VI).
 

Following oral exposure, absorption of chromium (III) is low while absorption
 
of chromium (VI) is high (EPA 1987). Chromium is an essential micronutrient
 

and is not toxic in trace quantities (EPA 1980). High levels of soluble
 

chromium (VI) and chromium (III) can produce kidney and liver damage following
 

acute oral exposure; target organs affected by chronic oral exposure remain
 

unidentified (EPA 1984). Chronic inhalation exposure may cause respiratory
 

system damage (EPA 1984). Further, epidemiological studies of worker
 
populations have clearly established that inhaled chromium (VI) is a human
 

carcinogen; the respiratory passages and the lungs are the target organs (EPA
 

1984). Inhalation of chromium (III) or ingestion of chromium (VI) or (III) has
 

not been associated with carcinogenicity in humans or experimental animals (EPA
 

1984). Certain chromium salts have been shown to be teratogenic and
 

embryotoxic in mice and hamsters following intravenous or intraperitoneal
 

injection (EPA 1984).
 

EPA has classified inhaled chromium (VI) in Group A—Probable Human Carcinogen
 

(EPA 1988). Inhaled chromium (III) and ingested chromium (III) and (VI) have
 
not been classified with respect to carcinogenicity. EPA (1988) developed an
 

inhalation cancer potency factor of 41 (mg/kg/day)"1 for chromium (VI) based on
 

an increased incidence of lung cancer in workers exposed to chromium over a 6
 
year period, and followed for approximately 40 years (Mancuso 1975). EPA
 
(1988) derived an oral reference dose of 5.0xlO~3 mg/kg/day for chromium (VI)
 

based on a study by MacRenzie et al. (1958) in which no observable adverse
 
effects were observed in rats exposed to 2.4 mg chromium (VI)/kg/day in
 

drinking water for 1 year. An uncertainty factor of 500 was used to derive the
 

RfD. EPA (1988) developed an oral RfD of 1 mg/kg/day for chromium (III) based
 

on a study in which rats were exposed to chromic oxide baked in bread; no
 

effects due to chromic oxide treatment were observed at any dose level
 

(Ivankovic and Preussman 1975). A safety factor of 1000 was used to calculate
 

the oral RED.
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ODD, DDE, DDT
 

DDT and DDE are absorbed through the skin and gastrointestinal tract in humans
 

(EPA 1984). In humans, DDT and its metabolites are stored primarily in adipose
 

tissue; storage of DDT in human tissues can last up to 20 years and tissue
 

storage of DDE can last for the lifetime of the individual (NIOSH 1978). Acute
 

oral exposure to DDT in humans an animals causes dizziness, confusion, tremors,
 

convulsions, and parathesia of the extremities. Allergic reactions in humans
 

following dermal exposure to DDT have also been reported (EPA 1980). Long-term
 

occupational exposure to DDT and DDE results in increased activity in hepatic
 

microsomal enzymes, increased serum concentrations of ILK, SOOT, and
 

cholesterol, decreased serum concentrations of creatinine phosphokinase,
 

increased blood pressure, and increased frequency of miscarriages (NIOSH 1978).
 

Liver effects, neurological effects, immunotoxicity, reduced fertility,
 

embryotoxicity, and fetotoxicity have also been reported in animals exposed to
 

DDT or DDE (NIOSH 1978, McLachlan and Dixon 1972, Schmidt 1973). DDT has been
 

shown to be carcinogenic in mice and rats at several dose levels or dosage
 

regimens. The principal site of action was the liver, but an increased
 

incidence of tumors of the lung and lymphatic system were reported in several
 

investigations (NIOSH 1978, Tomatis et al. 1974, NCI 1978). DDE also caused
 

hepatocellular carcinomas in both sexes in B6C3F1 mice (NCI 1978).
 

DDD, DDE, and DDT are classified by EPA's Carcinogen Assessment Group in Group
 

B2—Probable Human Carcinogen based on inadequate evidence of carcinogenicity
 

from human studies and sufficient evidence of carcinogenicity from animal
 

studies (EPA 1988). EPA (1988) developed an inhalation and oral cancer potency
 

factor of 0.34 (mg/kg/day)"1 based on the geometric mean of a number of
 

carcinogenicity studies. EPA (1988) also developed an oral RfD for DDT of
 

5x10"̂  mg/kg/day based on a study in which liver lesions were observed in rats
 

fed 5 ppm but not in those fed 1 ppra (0.05 mg/kg/day) DDT (Laug et al. 1950);
 

an uncertainty factor of 100 was used to derive the RfD.
 

EPA (1988) has reported an oral cancer potency factor of 0.24 (mg/kg/day)"1 for
 

DDD based on a study in which an increased incidence of lung tumors in males
 

and lung and liver tumors in females was observed in mice fed 250 ppm (TWA) DDD
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for 13 weeks (Tonatis et al. 1974). EPA (1988) also has reported an oral
 

cancer potency factor of 0.34 (mg/kg/day) ~1 for DDE based on the geometric mean
 

obtained from feeding studies in mice and hamsters.
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1,2-DICHIDROBENZENE
 

1,2-Dichlorobenzene is readily absorbed through the lungs, skin, and
 

gastrointestinal tract (EPA 1987). The principal toxic effects of this
 

compound in humans and experimental animals from acute and longer-term exposure
 

include central nervous system depression, blood dyscrasias, and lung, kidney,
 

and liver damage (EPA 1985). Chromosome breaks also have been observed in
 

exposed humans (EPA 1987).
 

EPA (1988) derived an RfD of 9xlO~2 mg/kg/day for 1,2-dichlorobenzene based on
 

a study in which kidney effects were observed in mice administered
 

1,2-dichlorobenzene 5 days/week for 103 weeks (Hollingsworth et al. 1958); an
 

uncertainty factor of 100 was used to derive the RfD. EPA (1988) also reported
 

an inhalation reference dose for 1,2-dichlorobenzene of 4xlO~2 mg/kg/day based
 

on an NTP (1985) study in which decreased body weight was observed in rats
 

exposed to 1,2-dichlorobenzene for up to 7 months (EPA 1985); an uncertainty
 

factor of 1,000 was used to develop the RfD.
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1,3-DICHIDROBENZENE
 

1,3-Dichlorobenzene (1,3-DCB or meta-dichlorobenzene) is absorbed following
 

oral and inhalation exposure (EPA 1985a). Results of pharmcokinetic studies
 

suggest that dichlorobenzenes are readily distributed after absorption
 

regardless of exposure route and that some tissues preferentially accumulate
 

these compounds, particularly the kidney, liver, lung, and adipose tissue (EPA
 

I985b). 1,3-DCB is metabolized to arene oxide intermediates via action by
 

epoxidase enzymes. Although no studies were available on the acute or chronic
 

effects of 1,3-DCB exposure, these effects are expected to be similar to those
 

associated with 1,2-DCB or 1,4-DCB. Acute exposure to high doses of 1,2-DCB or
 

1,4-DCB primarily affects the respiratory tract, central nervous system, and
 

hematologic systems. Chronic exposure to 1,2-DCB or 1,4-DCB has been
 

associated with damage to the reticuloendothelial and hematopoietic systems, as
 

well as the central nervous system, liver, and kidneys (NJDWQI 1987). No data
 

are available on either the carcinogenic or reproductive/teratogenic potential
 

of 1,3-DCB.
 

With respect to carcinogenicity, EPA (1987) has classified 1,3-DCB in
 

Group D—Not Classified. Since no adequate studies on the noncarcinogenic
 

effects of 1,3-DCB were available, EPA (1987) calculated an oral RfD for
 

1,3-DCB based on subchronic data for 1,2-dichlorobenzene. In two separate
 

unpublished studies (Battelle-Columbus 1978a,b), rats and mice were
 

administered 1,2-dichlorobenzene in corn oil by gavage at doses of 30, 60, 125,
 

250, or 500 mg/kg/day 5 days/week for 13 weeks. A NQAEL of 125 mg/kg/day was
 

identified from these studies; at higher doses (188 mg/kg/day, 5 days/week)
 

kidney and liver weights increased in rats (Hollingsworth et al. 1958).
 

Applying a safety factor of 1,000 to the NQAEL and adjusting for exposure for 5
 

days a week, EPA (1987) derived an oral RfD for 1,3-DCB of 8.9xlO~2 mg/kg/day.
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1,4-DICHLDROBENZENE
 

1,4-dichlorobenzene is a solid used as an air deodorant and as an insecticide.
 

It is readily absorbed through the lungs, skin, and gastrointestinal tract and
 

is widely distributed to various tissues (EPA 1987). The principal toxic
 

effects of this coirpound in humans and experimental animals from acute and
 

longer-term exposure include central nervous system depression, blood
 

dyscrasias, and lung, kidney, and liver damage (EPA 1985). Chromosome breaks
 

also have been observed in exposed humans (EPA 1987). 1,4-Dichlorobenzene was
 

found to cause liver tumors in mice in a 103-week gavage study (NTP 1986).
 

EPA classified 1,4-dichlorobenzene in Group B2—Probable Human Carcinogen based
 

on adequate evidence of carcinogenicity in animals (EPA 1987). An oral cancer
 
-
potency factor of 2.4xlO~2 (mg/kg/day)1 has been reported by EPA (EPA 1988).
 

EPA (1987) also derived an oral RfD for 1,4-dichlorobenzene of 0.1 mg/kg/day
 

based on the NTP study in rats and using an uncertainty factor of 1,000. This
 

RfD was used to develop a lifetime health advisory for 1,4-dichlorobenzene
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DI-n-BUIYL FHIHAIATE
 

Di-n-butyl phthalate is readily absorbed following oral and inhalation exposure
 

(EPA 1980). Reduced fetal weight, increased numbers of resorptions, and
 

dose-related musculoskeletal abnormalities have been observed among fetuses
 

from rats and mice exposed to very high doses of di-n-butyl phthalate during
 

gestation (Shiota and Nishimura 1982).
 

EPA (1988) calculated an oral reference dose (RfD) for di-n-butyl phthalate
 

based on a study by Smith (1953) in which male Sprague-Dawley rats were fed
 

diets containing 0, 0.01%, 0.05%, 0.25%, or 1.25% dibutyl phthalate for a
 

period of 1 year. One-half of all rats receiving the highest dibutyl phthalate
 

concentration (1.25% of diet, or 600 mg/kg/day) died during the first week of
 

exposure. The remaining animals survived the study with no apparent adverse
 

effects. Using a NQAEL of 125 mg/kg/day (0.25% dibutyl phthalate in diet) and
 

an uncertainty factor of 1,000, an oral reference dose (RfD) of 0.1 mg/kg/day
 

was derived; a IDAEL of 600 mg/kg/day (1.25% dibutyl phthalate in diet) was
 

-oserved in this study.
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DI-n-OCTYL PHIHAIATE
 

Di-n-octyl phthalate is not especially toxic. It is a severe eye and a mild
 
skin irritant in rabbits (NIOSH 1985, NTP/IRIG 1982, EPA 1980). Fetotoxicity
 

and developmental abnormalities were observed in the offspring of rats
 

administered 5 g/kg intraperitoneal injections on days 6 to 15 of gestation
 

(NTP/IRH; 1982, EPA 1980).
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LEAD
 

Absorption of lead from the gastrointestinal tract of humans is estimated at
 

10%-15%. For adult humans, the deposition rate of particulate airborne lead is
 

30%-50%, and essentially all of the lead deposited is absorbed. Lead is stored
 

in the body in bone, kidney, and liver (EPA 1984). The major adverse effects
 

in humans caused by lead include alterations in the hematopoietic and nervous
 

systems. The toxic effects are generally related to the concentration of this
 

metal in blood. Blood concentration levels of over 80 ug/dl in children and
 

over 100 ug/dl in sensitive adults can cause severe, irreversible brain damage,
 

encephalopathy, and possible death. Lcwer blood concentrations of lead (30-40
 

ug/dl) have been associated in humans with altered nerve conduction, altered
 

testicular function, renal dysfunction, and anemia. Lead exposure also has
 

been associated in humans with spontaneous abortions, premature delivery, and
 

early membrane rupture in humans; however, reliable exposure estimates are
 

lacking in these cases. Decreased fertility, fetotoxic effects, and skeletal
 

malformations have been observed in experimental animals exposed to lead (EPA
 

1984).
 

EPA classified certain lead salts in Group B2—Probable Human Carcinogen (EPA
 

1985), although no cancer potency factor has been established (EPA 1988). This
 

category applies to those agents for which there is sufficient evidence of
 

carcinogenicity in animals and inadequate evidence of carcinogenicity in
 

humans. Oral ingestion of certain lead salts (lead acetate, lead phosphate,
 

lead subacetate) has been associated in experimental animals with increased
 

renal tumors, but no quantitative estimate of cancer potency has been developed
 

for these various lead materials. Doses of lead that induced kidney tumors
 

were high and were beyond the lethal dose in humans (EPA 1985). EPA (1985) has
 

noted that the available data provide an insufficient basis on which to
 

regulate lead acetate, phosphate and subacetate as human carcinogens. EPA
 

(1988) has also considered it inappropriate to develop a reference dose (RfD)
 

for inorganic lead and lead compounds, since many of he health effects
 

associated with lead intake occur essentially without a threshold.
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MERCURY
 

In humans, elemental and inorganic mercury are absorbed following inhalation
 

exposure but are poorly absorbed following oral exposure (EPA 1984); absorption
 

of orally administered inorganic mercury is estimated to be between 7 and 15%
 

(Rahola et al. 1971, Task Group on Metal Accumulation 1973). No information
 

was found on health effects following chronic exposure of humans to inorganic
 

mercury. Occupational exposure of workers to elemental mercury vapors (0.1 to
 

0.2 mg/m3) has been associated with mental disturbances, tremors, and
 

gingivitis (EPA 1984). A primary target organ for inorganic compounds is the
 

kidney. Human exposure to inorganic mercury compounds has been associated with
 

anuria, polyuria, proteinuria, and renal lesions (Hammond and Beliles 1980).
 

In rats administered mercury (as mercuric acetate) in the diet for up to 2
 

years, decreased body weight in males exposed to 160 ppm mercury and
 

significantly increased kidney weight in the 40 and 160 ppm dose groups were
 

observed (Fitzhugh et al. 1950). In hamsters administered mercuric acetate on
 

day 8 of gestation, resorptions and embryo abnormalities were dose-related
 

(Gale 1974).
 

EPA (1984) has categorized mercury as a Group D agent (Not Classified). Tnis
 

classification applies to those agents for which there is inadequate evidence
 

of carcinogenicity in animals. EPA (1988) has reported an oral reference dose
 

(RfD) for inorganic mercury of 2xlO~3 mg/kg/day based on a chronic rat study in
 

which kidney effects were observed (Fitzhugh et al. 1950). An uncertainty
 

factor of 1,000 was used to derive the RfD.
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METHYLENE CHLDRIDE
 

Methylene chloride is absorbed following oral and inhalation exposure. The
 

amount of airborne methylene chloride absorbed following inhalation exposure
 

increases in direct proportion to its concentration in inspired air, the
 

duration of exposure, and physical activity. Dermal absorption has not been
 

accurately measured (EPA 1985a). Because of methylene chloride's high
 

solubility in water and lipids, it is probably distributed throughout all body
 

fluids and tissues. Acute human exposure to methylene chloride may result in
 

irritation of eyes, skin, and respiratory tract; central nervous system
 

depression; elevated carboxyhemoglobin levels; and circulatory disorders that
 

may be fatal. Chronic exposure of animals can produce renal and hepatic
 

toxicity (EPA 1985a).
 

There have been several chronic studies in which methylene chloride was
 

administered to experimental animals either orally or by inhalation. The
 

inhalation studies provided clear evidence of carcinogenicity. There is only
 

suggestive evidence of a treatment-related increase in combined hepatocellular
 

carcinomas and neoplastic nodules provided in drinking water studies in
 

experimental animals (EPA 1985a,b).
 

EPA (1988) classified methylene chloride in Group B2—Probable Human
 

Carcinogen. It has been concluded by EPA (1985b) that the induction of distant
 

site tumors from inhalation exposure and the borderline significance for
 

induction of tumors in a drinking water study are an adequate basis for
 

concluding that methylene chloride be considered a probable human carcinogen
 

via ingestion as well as inhalation. EPA (1985b) derived an inhalation cancer
 
—2 —1
 potency factor of 1.4x10 (mg/kg/day) based on the results of a National
 

Toxicology Program (NTP) inhalation bioassay (NTP 1986). In the NTP bioassay,
 

groups of 50 male and 50 female F344/N rats and B3C6F1 mice were exposed by
 

inhalation to methylene chloride concentrations ranging from 0 to 4,000 ppm
 

for 6 hours a day, 5 days/week for 2 years. Significant dose related increases
 

in the incidence of neoplastic lesions were reported for mammary tumors in male
 

and female rats and for lung and liver tumors in male and female mice. EPA
 

(1985b) determined an oral cancer potency factor of 7.5xlO~3 (mg/kg/day)"1
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based on the results of the NTP (1986) inhalation bioassay and on an ingestion
 

bioassay conducted by the National Coffee Association (NCA 1983). In the NCA
 

study, groups of from 50 to 200 B6C3F1 mice received between 60 and 250
 

mg/kg/day of methylene chloride in their drinking water. Significant increases
 

in the incidence of hepatocellular adenomas and/or carcinomas were reported for
 

male mice in the 125 mg/kg/day and 185 mg/kg/day groups and a borderline
 

significant increase in incidence of these neoplastic lesions was reported in
 

the 250 mg/kg/day group.
 

An oral reference dose (RfD) of 0.06 mg/kg/day has been developed by EPA (1988)
 

based on a 2-year rat drinking water bioassay (NCA 1982) that identified
 

no-observed-effect levels (NOELs) of 5.85 and 6.47 mg/kg/day for male and
 

female rats, respectively. Liver toxicity was observed at doses of 52.58 and
 

58.32 mg/kg/day for males and females, respectively. An uncertainty factor of
 

100 was used to derive the RfD.
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POLYCYCLIC AROMATIC HYDROCARBONS (PAHis)
 

PAHs occur in the environment as complex mixtures of many components with
 

varying noncarcinogenic and carcinogenic potencies. Only a few components of
 

these mixtures have been adequately characterized, and only limited information
 

is available on the relative patencies of different compounds. The PAHs are
 

often separated into two categories for the purposes of risk assessment:
 

carcinogenic and noncarcinogenic PAHs.
 

PAH absorption following oral exposure is inferred from the demonstrated
 

toxicity of PAHs following ingestion (EPA 1984a). PAH absorption following
 

inhalation exposure is inferred from the demonstrated toxicity of PAHs
 

following inhalation (EPA 1984a). It has been suggested that simultaneous
 

exposure to carcinogenic PAHs such as benzo[a]pyrene and particulate matter can
 

increase the effective dose of the compound (ATSCR 1987). PAHs are also
 

absorbed following dermal exposure (Kao et al. 1985).
 

Acute effects from direct contact with PAHs and related materials are limited
 

prijmarily to phototoxicity; the primary effects is dermatitis (NIOSH 1977).
 

PAHs have also been shown to cause cytotoxicity in rapidly proliferating cells
 

throughout the body; the hematopoietic system, lymphoid system, and testes are
 

frequent targets (Santodonato et al. 1981). Some of the noncarcinogenic PAHs
 

have been shown to cause systemic toxicity but these effects are generally seen
 

only at rather high doses (Santodonato et al. 1981). Slight morphological
 

changes in the livers and kidneys of rats have been reported following oral
 

exposure to acenaphthene. Oral administration of naphthalene to rabbits and
 

rats has resulted in cataract formation (EPA 1984b). Nonneoplastic lesions are
 

seen in animals exposed to the more potent carcinogenic PAHs only after
 

exposure to levels well above those required to elicit a carcinogenic response.
 

Carcinogenic PAHs are believed to induce tumors both at the site of application
 

and systemically. Neal and Rigdon (1967) reported that oral administration for
 

approximately 110 days of up to 250 ppm benzo[a]pyrene led to forestomach
 

tumors in mice. Thyssen et al. (1981) observed respiratory tract tumors in
 

hamsters exposed to up to 9.5 mg/m3 benzo[a]pyrene for up to 96 weeks.
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Benzo[a]pyrene is representative of the carcinogenic PAHs and is classified by
 

EPA as a Group B2—Probable Human Carcinogen based on sufficient evidence of
 

carcinogenicity from animal studies and inadequate evidence from
 

epidemiological studies (EPA 1984c). EPA (1984a) calculated a value of 11.5
 

(mg/kg/day)~1 for the cancer potency factor for oral exposure to carcinogenic
 

PAHs (specifically benzo[a]pyrene) based on the study by Neal and Rigdon
 

(1967). EPA (1984a) calculated and inhalation cancer potency factor of 6.1
 

(mg/kg/day)"1 for benzo(a)pyrene based on the study by Thyssen et al. (1981).
 

These potency factors are currently undergoing a reevaluation based on
 

recalculation of the data.
 

EPA's Environmental Criteria Assessment Office developed a reference dose for
 

chronic exposure to naphthalene of 0.4 mg/kg/day based on the development of
 

ocular lesions in rats (Schmal 1955, as cited in EPA 1986) and occupational
 

data on coke oven workers. An uncertainty factor of 100 was applied to the
 

animal data in the development of the reference dose.
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POLYCHLDPJNATED BIPHENYIS (PCBs)
 

PCBs are complex mixtures of chlorinated biphenyls. The commercial PCB
 

mixtures that were manufactured in the United States were given the trade name
 

of "Aroclor." Aroclors are distinguished by a four-digit number (for example,
 

Aroclor 1260). The last two digits in the Aroclor 1200 series represent the
 

average percentage by weight of chlorine in the product.
 

PCBs are readily absorbed through the gastrointestinal (G.I.) tract and
 

somewhat less readily through the skin; PCBs are presumably readily absorbed
 

from the lungs, but few data are available that experimentally define the
 

extent of absorption after inhalation (EPA 1985). Dermatitis and chloracne (a
 

disfiguring and long-term skin disease) have been the most prominent and
 

consistent findings in studies of occupational exposure to PCBs. Several
 

studies examining liver function in exposed humans have reported disturbances
 

in blood levels of liver enzymes. Reduced birth weights, slow weight gain,
 

reduced gestational ages, and behavioral deficits in infants were reported in a
 

study of women who had consumed PCB-contaminated fish from Lake Michigan (EPA
 

1985). Based on the published literature, reproductive, hepatic, and
 

immunotoxic effects appear to be the most sensitive end points of PCB toxicity
 

in nonrodent species, and the liver appears to be the most sensitive target
 

organ for toxicity in rodents (EPA 1985). Immunotoxic and iinmunosuppressive
 

effects have been reported in most experiments in which these end points have
 

been investigated, and are among the more sensitive indicators of PCB exposure
 

(EPA 1985). A number of studies have suggested that PCB mixtures are capable
 

of increasing the frequency of tumors including liver tumors in animals exposed
 

to the mixtures for long periods (Kimbrough et al. 1975, NCI 1978, Schaeffer et
 

al. 1984, Norback and Weltman 1985). Studies have suggested that PCB mixtures
 

can act to promote or inhibit the action of other carcinogens in rats and mice
 

(EPA 1985).
 

EPA (1984) classified PCB in Group B2 agent—Probable Human Carcinogen based on
 

sufficient evidence in animal bioassays and inadequate evidence from studies in
 

humans. The EPA Carcinogen Assessment Group (EPA 1988) calculated a low-level
 

cancer potency factor of 7.7 (mg/kg/day) for PCBs based on the incidence of
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hepatocellular carcinomas and adenocarcinomas in female Sprague-Dawley rats
 

exposed to a diet containing Aroclor 1260 as reported in a study by Norback and
 

Weltman (1985).
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TOLUENE
 

Toluene is absorbed in humans following both inhalation and dental exposure
 

(EPA 1985). In humans, the primary acute effects of toluene vapor are central
 

nervous system (CNS) depression and narcosis. These effects occur at
 

concentrations of >200 ppm (754 mg/m3) (von Oettingen et al. 1942a,b). In
 

experimental animals, acute oral and inhalation exposures to toluene can result
 

in central nervous system depression and lesions of the lungs, liver, and
 

kidneys (EPA 1987). The earliest observable sign of acute oral toxicity in
 

animals is inhibition of the CNS, which becomes evident at approximately 2,000
 

mg/kg (Kimura et al. 1971). In humans, chronic exposure to toluene vapors at
 

concentrations of approximately 200 and 800 ppm has been associated with CNS
 

and peripheral nervous system effects, hepatomegaly, and hepatic and renal
 

function changes (EPA 1987). Toxic effects following prolonged exposure of
 

experimental animals to toluene are similar to those seen following acute
 

exposure (Hanninen et al. 1976, von Oettingen et al. 1942a). There is some
 

evidence in CD-I mice that oral exposure to greater than 0.3 ml/kg toluene
 

during gestation results embryotoxicity (Nawrot and Staples 1979). Inhalation
 

exposure of up to 1,000 mg/m3 by pregnant rats during gestation has been
 

associated with significant increases in skeletal retardation (Hudak and
 

Ungvary 1978).
 

EPA (1988a) has derived an oral risk reference dose for toluene based on a 24­

month inhalation study in which rats were exposed to concentrations as high as
 

300 ppm (30 mg/kg/day) (CUT 1980). No adverse effects were observed in any of
 

the treated animals. Using a NOEL of 30 mg/kg/day and an uncertainty factor of
 

100, an oral RfD of 0.3 mg/kg/day was deruved. EPA (1988b) reported an
 

inhalation RfD for toluene of 1 mg/kg/day also based on this CIIT study and
 

using an uncertainty factor of 100.
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1,2,4 -̂ TRICHDDROBENZENE
 

Information inferred from data describing the toxicity or excretion of
 

tri ;hlorobenzenes suggests that they are absorbed following oral, dermal, and
 

inhalation exposure (EPA 1985). Human exposure to 1,2,4-TCB in air can result
 

in eye and respiratory irritation. Ihe effects in laboratory animals of acute
 

exposure to trichlorobenzenes include local irritations, convulsions, and
 

death. Liver, kidneys, adrenals, mucous membranes, and brain ganglion cells
 

appear to be target organs with effects including edema, necrosis, fatty
 

infiltration of the liver, increased organ weights, porphyrin induction, and
 

microsomal enzyme induction (EPA 1985). Studies on the toxic effects of
 

trichlorobenzenes following subchronic exposure indicate that, in general, the
 

liver and kidneys are target organs (Kbciba et al. 1978, Coate et al. 1977,
 

Watenabe et al. 1978). Subchronic oral studies have found that 1,2,4-TCB
 

induces hepatic enzymes and liver porphyrins, increases liver weight, and
 

causes fatty infiltration of the liver (Carlson and Tardiff 1976, Carlson 1977,
 

Smith et al. 1978). Topical doses of 1,2,4-TCB have been reported to result in
 

extensor convulsions, necrotic foci in the liver, and death in guinea pigs
 

(Powers et al. 1975, Brown et al. 1969). Teratogenicity studies after
 

administration by the oral route in rats showed mild osteogenic changes in pups
 

and significantly retarded embryonic development as measured by growth
 

parameters (Black et al. 1983, Kitchin and Ebron 1983). Maternal toxicity was
 

observed at doses causing effects in the pups. Increased incidences of non-


neoplastic lesions were seen in multiple organs in both male and female mice
 

exposed to 1,2,4-TCB painted on the skin for 2 years (Yamamoto et al. 1957).
 

EPA (1988a) developed an oral RfD for 1,2,4-trichlorobenzene of 0.02 mg/kg/day
 

based on a study by Carlson and Tardiff (1976) that identified increased
 

liver-to-body weight rations in male rats exposed at 40 mg/kg/day but not at
 

20 mg/kg/day; an uncertainty factor of 1,000 was used to develop the RfD. EPA
 

(1988b) developed an inhalation RfD of 3xlO~3 mg/kg/day based on a study of
 

Watanabe et al. (1978) in which rats were exposed to up to 2.5 mg/kg/day for 3
 

months; an uncertainty factor of 1,000 was used to develop the RfD.
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APPENDIX I
 

AIR MODELING SUMMARY
 



I.I SOIL VOLATILIZATION EMISSIONS MODEL
 

Mathematical models have been developed to predict volatilization rates of
 

organic chemicals from the soil when the chemical concentration in the soil is
 

known. One such model proposed by Hwang (1986) was used to calculate the
 

emissions of volatile organic compounds due to soil volatilization at the
 

Pinettes site. The Hwang model used in this assessment calculates the flux as
 

a function of time for chemicals incorporated throughout the soil column from
 

the soil surface. A time dependent model was used because the organic
 

chemicals in the soils at the Pinettes site represent a finite reservoir of
 

contamination and as the organic chemicals volatilize from the site the
 

concentration in the soil will decrease. The volatilization flux rate is
 

proportional to the chemical concentration ip the soil, therefore the
 

reduction in soil concentration will result in a decreased volatilization flux
 

rate. Additionally, it is possible that the initial mass of a particular
 

chemical could be totally depleted from the source in less than a 70 year
 

exposure period, so that calculating volatilization for a 70 year period
 

without some depletion could result in unrealistically high risks.
 

First, it was necessary to assume an initial volume over which the
 

contamination occurred in the soil. This was estimated to be an area of
 

approximately 5,350 m2 (57,600 ft2) and the contaminants were estimated to
 

extend to a depth of 1.8 m (6 ft). This was based on the presence of Aroclor
 

1260, the primary contaminant of concern at the site. The dimensions for the
 

source volume represent the furthest extent at which Aroclor 1260 was detected
 

in soil samples. However, Aroclor 1260 was not always detected in all soil
 

samples from 0 to 6 feet within the specified area. Consequently, the
 

contaminant source volume was conservatively considered to be an over-estimate
 

of the emissions source. This results in a large flux of chemicals from the
 

source area and predicted air concentrations will be conservative.
 

Conversely, this large flux will cause the chemical to volatilize more quickly
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which will deplete the source within a shorter amount of time and reduce the
 

exposure period.
 

To account for the reduced volatilization flux rate due to source depletion,
 

the Hwang model was run for one volatilization period (this period was assumed
 

to equal 140 days because for the remaining days of the year the
 

volatilization process would be decreased due to snow cover or frozen ground).
 

The mass lost over the first period was subtracted from the mass of the
 

chemical in the soil at the beginning of that period, and a new soil
 

concentration was calculated. The new soil concentration was used in the
 

Hwang model to calculate the volatilization flux for the next period. This
 

process was continued until the volatilization flux was reduced by a factor of
 

ten million (107) from the initial flux or until the reservoir was totally
 

depleted for a given organic chemical. An average flux rate for the exposure
 

period was calculated by summing the flux rates for each year and dividing by
 

the number of years over which the 107 reduction in volatilization flux
 

occurred.
 

Table 1-1 lists the time period for volatilization and the average emission
 

rates for the chemicals of concern at the Pinettes site. Note that the Hwang
 

model does not explicitly take into account the effects of temperature, the
 

presence of a stagnant boundary layer, and soil moisture on the rate of
 

volatilization. Therefore, it overestimates volatilization of soluble, low
 

molecular weight chemicals (such as chlorinated and non-chlorinated solvents)
 

which are diffusion limited.
 

The time dependent volatilization model used in this exposure scenario assumes
 

that the chemicals are incorporated uniformly throughout the soil column. In
 

the soil matrix a chemical can exist in the following three phases: adsorbed
 

to soil particles; as a liquid in the soil pore spaces; or as a vapor also in
 

the soil pore spaces. In the Hwang model the flux rate of chemicals from the
 

soil into the air is a result of Fickian diffusion of chemical vapors up
 

through the soil matrix. Thus it was necessary to determine the concentration
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of vapors in the soil pore spaces associated with the reported concentrations
 

of chemicals adsorbed to soil particles at the Pinettes site. By assuming an
 

equilibrium partitioning between the adsorbed, liquid and gas phases of a
 

chemical in the soil matrix, it was possible to determine the chemical
 

concentration in each phase.
 

The phase partitioning between the adsorbed and liquid phases is a function of
 

the fraction of organic carbon (f ) in the soil and the tendency for the
 

compound to be adsorbed by the organic matter. Based on site-specific data,
 

the soils at the Pinettes site were described as sandy and silty with very
 

little organic carbon content. Therefore, the value for f was assumed to be
 0
 oc
 
0.1%. The tendency for a chemical to be adsorbed to organic matter in the
 

soil can be described by the organic carbon partition coefficient (K ). The
 

equilibrium concentration of a chemical in solution was determined by:
 

I K f
 
oc oc
 

where
 

Cl = concentration of chemical in solution, [g/ml]
 

Cs = concentration of chemical adsorbed to soil, [g/g].
 

The concentration of a chemical in solution was used with the liquid-vapor
 

partition coefficient to determine the equilibrium vapor-phase concentration.
 

The liquid-vapor partition coefficient is generally represented by the
 

chemical-specific Henry's Law Constant. Thus the vapor-phase concentration of
 

a chemical in the soil pore spaces was determined by:
 

C.

8 R T
 

where
 

Cg = concentration of chemical in the vapor phase, [g/cm
3
 

H - Henry's Law Constant, [atm-m3/mol] ,
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TABLE 1-1
 

PERIODS FOR VOLATILIZATION OF CHEMICALS OF CONCERN
 
AND EMISSION RATES FROM SURFACE SOIL
 

PINETTES SITE
 

CHEMICAL
 

Acetone
 
PCBs(Aroclor-126C)
 
2-Butanone
 
Chlorobenzerie
 
4,4'-DDD
 
4,4'-DDE
 
4,4'-DDT
 
1 ,2-Dichlorobenzene
 
1 ,3-Dichlorobenzene
 
1,4-Dichlorobenzene
 
Methylene Chloride
 
Carcinogenic DAH (Total)
 
NonCarcinogenic PAH (Total)
 
Toluene
 
1 ,2 ,4-Tnchlorobenzene
 

NUMBER OF
 
YEARS FOR
 
FLUX TO CHEMICAL
 
DECREASE VOLATILIZED
 
BY 10'-7 VEAR
 

1 YES
 
70 NO
 
1 YES
 

VES
 
70 NO
 
70 NO
 
70 NO
 
34 NO
 
23 NO
 
26 NO
 
1 YES
 
70 NO
 
52 NO
 

1 YES
 
7C NO
 

AVERAGE
 
EMISSION
 
RATE FOR
 
PERIOD
 
(g/sec)
 

7 83E-05
 
2.38E-06
 
7 19E-06
 
5 50E-06
 
2.04E-08
 
3.18E-08
 
2.40E-07
 
1.05E-05
 
1.04E-05
 
1.51E-05
 
7 68E-05
 
1.03E-07
 
1 66E-05
 
6.40E-06
 
8.10E-06
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R = universal & eas constant, [8.19x10-5 l
 

T - soil temperature, [293 K].
 

The soil column was assumed to be isothermal with a constant temperature of
 

20°C. This assumption will yield an average estimate of the annual
 

volatilization flux since periods of lower soil temperatures at the Pinettes
 

area site could retard or even halt the volatilization process, while higher
 

temperatures could accelerate the process.
 

Based on the assumption of equilibrium phase partitioning in the soil matrix,
 

the vapor phase concentration of a chemical, Cg , in the Hwang time dependent
 

flux rate equation is given by:
 

R T R T Kad Kad K f S°
 
 oc oc
 

where Cso is the initial concentration of chemical adsorbed to the soil and
 

all other varilab"les are as defined earlier.
 

The transport of chemical vapors in the soil is by diffusion through the soil
 

pore spaces. The effect of soil geometry and moisture on the vapor-phase
 

diffusion is accounted for by defining an effective diffusivity, Ds. The
 

effective diffusivity is given by:
 

D. - D, * E1/3
 

where
 

Di = vapor-phase diffusion coefficient in air for i chemical, [cm2/s]
 

E = soil porosity.
 

This definition for the effective diffusivity conservatively assumes that the
 

soil is dry.
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The flux rate of vapors from the soil surface into the overlying air is
 

obtained by solving a mass balance equation for a vertical element of the
 

soil. Solution of this equation requires the specification of initial and
 

boundary conditions. In this case the assumed conditions are a time dependent
 

emission from the soil surface, with chemicals incorporated throughout the
 

soil column beginning at the soil surface. The initial condition is that the
 

vapor-phase concentration throughout the soil pore spaces is given by the
 

equilibrium partitioning described earlier. The boundary condition for the
 

soil surface sets the vapor-phase concentration equal to zero. The lower
 

boundary condition sets the vapor-phase concentration equal to the equilibrium
 

concentration to an infinite depth. Using these initial and boundary
 

conditions, the average flux rate for a given time period, t, is given by:
 

2 E Ds
 

where
 

Na = average flux rate over the period t, [g/m
2-s]
 

E - total porosity,
 

Ds - effective diffusivity, [cm2/s]
 

H1 = nondimesional Henry's Law constant
 

Kd — soil/liquid partition coefficient = Koc * foe, [cm3/g]
 

C - initial chemical concnetration in the soil, [g/g]
 

t - flux rate period, s
 

a = [Ds * Ej/[E + Ps * (1 - E)(Kd/H')], [cn>2/s]
 

where Ps = true soil density = bulk soil density/(l-E), [g/cm
3].
 

The total porosity was set at 24%, based on site-specific data. The chemical-


specific value for Kd was the product of the chemical-specific K value and
 

the soil f value, assumed to be 0.1%. The soil was assumed to maintain a
 
oc
 

constant 20°C temperature. The flux rate period was 12,096,000 seconds (140
 

days) based on local climatological data for Caribou, Maine (NOAA, 1979). The
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true soil density was computed as defined by Hwang (1986) as the ratio of the
 

soil bulk density and the total soil porosity. The soil bulk density was
 

assumed to be 1.54 g/cm3 based on an average of the mean value for dry bulk
 

density of medium sand and silt as stated in Morris and Johnson (1967).
 

The average emission rates determined using the Hwang model were incorporated
 

into the Box model to determine air concentrations for current on-site workers
 

and nearby residents at the Pinettes site.
 

1.2 WIND EROSION DUE TO VEHICLE EMISSIONS
 

Contaminants may be released from the unpaved road surface on the Pinettes
 

site as a result of vehicular traffic. Entrainment of contaminated dust and
 

dirt from the vehicles and the subsequent inhalation of particles is a
 

possible exposure pathway for individuals at the garage and those at nearby
 

residences. Emission rates are calculated using the methodology presented
 

below.
 

The emission rate equation for vehicle traffic presented in EPA (1985) was
 

used to determine the emission rate for this exposure scenario. The PM10
 

emission factor for an average case for vehicle traffic over the unpaved road
 

at the Pinettes site was calculated by the following equation:
 

. ,. 7. s S W °-7 w °5 365 - p
 
e10v-k(1.7) _ _ *_
 

12 24 2.7 4 365
 

where
 

e = PM1 _ emission factor per vehicle-kilometer of travel, VKT,
 

(kg/VKT)
 

k = particle size multiplier (dimensionless),
 

s = silt content of soils (%),
 

S = mean vehicle speed (km/hour),
 

1-7
 



W = mean vehicle weight (Mg),
 

w = mean number of wheels, and
 

p = number of days with at least 0.254 mm of precipitation per vear.
 

The particle size multiplier, k, was set at 0.36 which represents a particle
 

size of 10 mm or less (PM10). Site-specific data indicated a silt content of
 

26%. A mean vehicle speed of 4 km/hr was assumed for the vehicles which
 

travel on the site road. Since a number of different types of vehicles use
 

the road, a mean vehicle weight of 6.375 Mg and 12 wheels were used as average
 

parameters for the vehicle emissions scenario. The number of days with at
 

least 0.01 inches of precipitation was assumed to be 160. This was based on
 

local climatological data for Caribou, Maine (NOAA, 1979). These assumptions
 

are listed in Table 1-2.
 

The PM10 emission rate due to vehicle traffic, E10v, is estimated by
 

multiplying the PM10 emission factor by the number of vehicle-kilometers
 

travelled each day:
 

EIQV - e10v * Av * CF
 

where
 

E10v = PM10 emissions due to vehicle traffic (g/sec),
 

e10v = PM10 emission factor due to vehicle traffic (kg/VKT),
 

Av = Average source extent (VKT/s), and
 

CF = Conversion factor (1000 g/kg).
 

The average source extent, Av, was calculated using the following equation:
 

Av = (// of round trips/day)x(// of vehicles/round trip)x(dist travelled/veh)
 

For the average case scenario, it was assumed that one vehicle made one round
 

trip per day. Since the length of the road was estimated to be 150 m, the
 

distance travelled per day was twice the length of the road (300 m).
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TABLE 1-2 

PARAMETERS USED TO ESTIMATE DUST EMISSIONS 
FROM VEHICLE TRAFFIC 

Silt contenc (s) 26% 

Mean vehicle speed (S) (km/hr) 4 km/hr 

Mean vehicle weight (W) (Mg) 6.375 Mg 

Mean number of wheels/vehicle (w) 12 

Number of days with 0.01 inches 
of precipitation/year 160 days/year 
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These assumptions and the calculated PM10 emission factor are listed in Table
 

1-3. Based on these assumptions, the emission rate was calculated to be
 

e.SlxlO"'1 g/sec.
 

The particulate emission rates were then converted to chemical-specific
 

emission rates using the equation:
 

R10v = Cm * E lCv 

where 

R10v = average emission rate of metals on particulates (g/sec),
 

Cm = contaminant concentration in the road surface (g/g), and
 

E10v = PM10 due to vehicle traffic (g/sec).
 

Exposure point concentrations were then calculated using a dispersion model to
 

be described in a later section of this appendix.
 

1.3 BOX MODEL
 

Both the on-site garage and the nearest residence (approximately 80 meters
 

east of the center of the site) at the Pinettes site are located near the
 

spill area. The Industrial Source Complex Long Term (ISCLT) model, which is
 

the most recent EPA approved refined dispersion model, cannot be used to
 

determine the ambient concentrations of an area source at or near the source
 

of emission. The ISC User's Manual (EPA 1987) recommends subdividing the area
 

source into smaller area sources in this case. However, the spill area of the
 

Pinettes site is one emission source and it would be difficult to divide this
 

source area into several separate emission sources. Therefore, a box model
 

was used to determine the ambient air concentrations for on-site workers at
 

the garage and the nearest resident.
 

The box model assumes steady and spatially uniform conditions of dispersion so
 

that the emissions from an area source are uniformly distributed throughout a
 

box defined by the area of the source and the mixing height. The model
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TABLE 1-3
 

ASSUMPTIONS USED TO DETERMINE SOURCE EXTENT
 
FOR AN AVERAGE CASE SCENARIO
 

?/ of Round trips/day 1
 

# of Vehicles/round trip 1
 

Distance travelled/vehicle 300 m
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requires steady-state emission rates, a constant wind vector, and also that
 

the crosswind distance of the area source is Large in comparison to the
 

downwind distance of the receptor. To meet these requirements, all emission
 

rates were calculated for steady state, the wind speed was chosen to be the
 

annual average wind speed recorded at a local airport, and the receptor
 

location was the site of the area source. All of these assumptions are
 

functions of the model. They are considered to be conservative and therefore
 

appropriate for predicting annual average concentrations. The only condition
 

left to determine was the height of the box. Box models used on an urban
 

scale often use the height of the daytime mixing layer, approximately 500 m,
 

as the height of the box. For that definition to be appropriate, a downstream
 

fetch on the order of tens of kilometers is required. The mean vertical
 

displacement of emissions as a function of stability and downwind distance
 

should provide a reasonable analogy to the mixing height used in larger scale
 

box models. The height of the box was determined using the following equation
 

presented by Pasquill (1975):
 

X - 6.25 Z0 [(H/ZO) In (H/Z0) - 1.58(H/Z0) + 1.58))]
 

This expression is for a D or neutral stability class. Although this
 

stability does not result in the highest air concentrations (an F stability is
 

most conservative) it should provide an average estimate of ambient
 

concentrations because the effect of a change in atmospheric stability would
 

be to raise or lower the box height relative to the neutral stability.
 

Changes in the box height will affect the ambient concentrations in the box
 

since the volume available for diluting the emissions is changed. The value
 

for Z0, the roughness height, was chosen to be 0.03 m which represents open
 

flat terrain, grass and a few isolated obstacles (NOAA 1983) . This
 

description was considered to most closely resemble the area where
 

volatilization would occur at the Pinettes site. The downwind distance, X,
 

was chosen to be 91 m, which is the square root of the area of emissions at
 

the Pinettes site. This value is an approximation of the length of one side
 

of the site and assumes that the site is square. Because the actual site is
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rectangular, ambient concentrations determined bv the box model would be
 

lowest when the wind is blowing parallel to the shortest side of the site, for
 

the same conditions. Thus, treating the site as a square should provide an
 

average case for the ambient concentrations
 

Having specified X and Zc . H was determined to be 4.3 m. This height
 

represents the mean vertical height that a particle would attain after
 

traveling across the entire length of the site. Because exposure to emissions
 

could occur anywhere on the site and not just at the downwind edge, an average
 

annual concentration was determined by using one-half the calculated value for
 

the box height in the box model equation.
 

The concentration on-site can be determined using the equation:
 

(H/2)WU
 
where
 

Ci = The concentration on-site for the ith contaminant, [ g/m3]
 
QV1 = The emission rate of the ith contaminant, ^g/m2 - s]
 
U = Average wind speed in the box, [m/s]
 
H = Height of the box, [m]
 
W = Crosswind width of the area source, [m] , and
 
A = Size of the area source, [m2] .
 

An average wind speed value of 5 m/s speed was based on local climatological
 

data from Caribou, Maine (NOAA, 1979). This wind speed is measured at a
 

typical anemometer height of 10 meters. Therefore, the wind speed used in the
 

box model calculations is slightly larger than the actual ground level wind
 

speed. However, the lower wind speed at the ground level would not differ
 

significantly from the wind measured at 10 meters and therefore would have
 

little effect on predicted concentrations. The dimensions A and W were
 

determined using the square area source dimensions as described earlier. The
 

input parameters used to determine the on-site concentrations were H/2 = 2.15
 

m; U = 5.0 m/s; and Z0 = 0.03 m.
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1.4 GAUSSIAN LINE SOURCE DISPERSION MODEL
 

A gaussian infinite line source dispersion model (Turner 1970) was used to
 

estimate concentrations downwind of the unpaved road located on the Pinettes
 

site. This model requires that the source be a straight line. Consequently,
 

it was assumed that the road was a straight line with approximately a north-


south orientation and that the modelled line source was located midway between
 

the north-south sections of the actual road on-site.
 

This model was used as a conservative screening model based upon the air
 

quality modeling parameters recommended in the Superfund Exposure Assessment
 

Manual (IGF 1987). The major parameters suggested in this manual when
 

estimating long-term atmospheric concentrations is a D stability
 

classification and the assumption that the wind blows toward the exposure
 

point 30 percent of the time. The model presented in Turner (1970) is used to
 

estimate atmospheric dispersion when mean wind speed and direction can be
 

determined. This model does not account for turbulence or the variation of
 

wind speed with height. It is assumed that the stability classification is
 

the same throughout the diffusing layer and that no turbulent transfer occurs
 

through layers which have different stabilites.
 

The special case of defining a line as the emission source was used in
 

calculating ambient air concentrations for the garage on-site and for off-site
 

residents. The following equation was used to estimate concentrations:
 

2qF
 

where
 

q Source strength per unit distance (g/sec-m) ,
 
F Percent of time during which wind blows toward receptor,
 
CTZ Standard deviation of plume concentration distribution in the
 

vertical (m), and
 
U Mean wind speed (m/sec).
 



For the Pinettes site, it was assumed that a round trip by a vehicle on the
 

unpaved road would constitute an erosion event. ' Therefore the source strength
 

per unit distance, q, was calculated as the emission rate in g/sec divided by
 

two times the length of the road (2 x 150 m or 300 m). As mentioned earlier.
 

F was assumed to be 30 %. Once the downwind distance from the source to
 

receptor is determined, oz, can be estimated using Figure 3-2 in Turner. For
 

the Pinettes site the model was used to estimate concentrations at two
 

receptors. Consequently, two different downwind distances and vertical
 

dispersion coefficients were used. These values are listed in Table 1-4.
 

Based local climatological data for Caribou, Maine, the mean annual wind speed
 

used was 5 m/sec.
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TABLE 1-4
 

DOWNWIND DISTANCES AND DISPERSION COEFFICIENTS FOR
 
FUGITIVE DUST EMISSIONS
 

Receptor Location Distance from Source Dispersion Coefficient
 

Garage 52 m 335 m
 

Nearest Resident 88 m 430 m
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J. EXPOSURE AND RISK CHARACTERIZATION METHODOLOGY
 

The purpose of this appendix, is Co present the methodology used to evaluate
 

exposure and risk in the text of the Public Health Evaluation for the Pinettes
 

Salvage Yard site.
 

J.I DIRECT CONTACT WITH CONTAMINATED SOILS
 

Chronic daily intake (GDI) estimates for incidental soil ingestion are
 

calculated as follows:
 

GDI = (Cs)(I)(AI)(E)(YR)(X)
 

(BW)(DY)(YL)
 

where
 

GDI = chronic daily intake (mg/kg/day);
 

Cs = chemical concentration in soil (mg/kg);
 

I = amount of soil ingested (mg/visit); = (mg/day);
 

AI = oral absorption factor;
 

E = frequency of exposure events (days/yr);
 

YR = years of exposure (years);
 

X = conversion factor (kg/10 mg) ;
 

BW = average body weight (kg);
 

DY = days in a year (365 days/year); and
 

YL = years in lifetime or in the period over which risk is being
 
estimated (70 year lifetime for carcinogens, period of exposure
 
for noncarcinogens).
 

GDIs for dermal absorption of chemicals of potential concern are calculated as
 

follows:
 

GDI = (Cs)(CD)(E)(YR)(Z)(ABS)
 

(BW)(DY)(YL)
 

where
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GDI = chronic daily intake (mg/kg/day);
 

Cs = chemical concentration in soil (mg/kg);
 

CD = contact rate for soil (mg/day);
 

E = frequency of exposure events (days/year)
 

YR = years of exposure;
 

Z = conversion factor (kg/106 mg) ;
 

ABS = dermal absorption factor;
 

BW = average body weight (kg);
 

DY = days in year (365 days/year); and
 

YL = years in lifetime or in the period over which risk is being
 
estimated (70 year lifetime for carcinogens, period of exposure
 
for noncarcinogens).
 

The total GDI associated with direct contact with soils is the sum of the GDIs
 

from incidental ingestion and dermal absorption.
 

J.2 EXPOSURE TO CONTAMINANTS RELEASED FROM SOILS VIA INHALATION
 

The equation used to estimate the GDI through inhalation is:
 

(Ca)(V))(E)(YR)
 GDI
 

(BW)(DY)(LT)
 

where
 

GDI = chronic daily intake (mg/kg/day);
 

Ca = ambient air concentration (mg/m3) ;
 

V = ventilation rate (m3/day);
 

E = number of exposure events (days/yr);
 

YR = years of exposure (yr);
 

BW = body weight (kg);
 

DY = days in a year (365 days/yr); and
 

YL = years in lifetime or in the period over which risk is being
 
assessed (70 year lifetime for carcinogens, less than lifetime for
 
noncarcinogens).
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J.3 INGESTION OF GROUNDWATER
 

The GDI estimates for ingestion of groundwater were calculated as follows
 

= (CJ(I)(YR)
 

(BW)(YL)
 

where
 

CDI = chronic daily intake (mg/kg/day) ;
 

Cw = chemical concentration in groundwater (mg/liter)
 

I = amount of water ingested (liter/day);
 

YR = years of exposure (year);
 

BW = average body weight (kg); and
 

YL = years in a lifetime (70 years).
 

J.4 EXAMPLE CALCULATIONS
 

(see attached pages)
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APPENDIX K
 
COMMON AND SCIENTIFIC NAMES USED IN THE TEXT
 

Common name
 

Mammals
 
meadow voles
 
mink
 
beaver
 
red fox
 
white-tailed deer
 
moose
 
shrews
 
field mice
 
eastern chipmunk
 
short-tailed weasel
 
muskrat
 
opossum
 
cottontail rabbit
 
racoon
 
woodchuck
 

Birds
 
Eastern kingbird
 
American goldfinch
 
barn swallow
 
mourning dove
 
red-winged blackbird
 
common yellowthroat
 
swamp sparrow
 
belted kingfisher
 
screech owl
 
Bald eagle
 
American Peregrine Falcon
 

Amphibians & Reptiles
 
Eastern newt
 
Northern leopard frog
 
green frog
 
Painted turtle
 

Fish
 
yellow perch
 
pumpkinseed
 
common shiner
 
white sucker
 
brook stickleback
 

Invertebrates
 
scud
 
midge
 

Scientific Name
 

Microtus pennsylvanicus
 
Mustela vison
 
Castor canadensis
 
Vulpes fulva
 
Odocoileus virginianus
 
Aloes alces
 
Sorex sp.
 
Peromyscus sp.
 
Tamias striatus
 
Mustela erminea
 
Ondatra zibethicus
 
Didelphis marsupialis
 
Sylvilagus floridanus
 
Procyon lotor
 
Marmota monax
 

Tyrannus tyrannus
 
Spinus tristus
 
Hirundo rustica
 
Zenaidura macroura
 
Agelaius phoeniceus
 
Geothlypis tichus
 
Melospiza georgiana
 
Megaceryle alcyon
 
Otus asio
 
Haliaeetus leucocephalus
 
Falco peregrinus anatum
 

Notophthalmus viridescens
 
Rana pipiens
 
Rana clamitans
 
Chrysemys picta
 

Perca flavescens
 
Lepomis gibbosus
 
Notropis cornutus
 
Catostomus commersoni
 
Culaea inconstans
 

Gammarus pseudolimnaeus
 
Tanvtarsus dissimilis
 



APPENDIX K
 
COMMON AND SCIENTIFIC NAMES USED IN THE TEXT (continued)
 

Common name
 

Plants
 
Ostrich ferns
 
Arrow-leaved tearthumb
 
Bedstraw
 
Black willow
 
Cattail
 
Cottonwood
 
Foul-meadow grass
 
Foxtail
 
Joe-Pye-weed
 
Mint
 
Sensitive fern
 
Soft-stem bulrush
 
Speckled alder
 
Tamarack
 
Tussock sedge
 

Scientific Name
 

Matteuccia struthiopteris
 
Polygonum sagittatum
 
Galium palustre
 
Salix nigra
 
Typha latifolia
 
Populus deltoides
 
Poa palustris
 
Alopecurus
 
Eupatorium maculatum
 
Mentha arvensis
 
Onoclea sensibilis
 
Scirpus validus
 
Alnus rugosa
 
Larix laricina
 
Carex stricta
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