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INTRODUCTION: 

Radioactive waste products from work associated 
the nation's atomic energy program at Linde Air 
are suspected to be in the Tona\.:anda landfill. 
identify the nature and extent of DOE wastes in 
defined in the Field Sampling and Analysis Plan 
Landfill (September 1994). · 

with the early years of 
Products, Tonawanda, NY, 
The Procedure used to 
the Tonawanda landfill is 
for the Town of Tonawanda 

Investigations of the landfill.hav.e been performed since 1960. In 1991, 
DOE requested Oak Ridge National Laboratory (OIUIL) to conduct a 
radiological survey of the landfill. The survey included surface gamma 
scans, gamma exposure rates at 1 rn above ground surface and at ground 
surface, 1J2 systematic soil samples taken at selected surface [0-15 em 
(0-6 in.)] and subsurface [15-46 em (6-18 in.)] locations, and 42 biased 
soil samples [up to 76 em (JO in.)] at 14 locations shown to have 
elevated gamma exposure rates. No deep sampling was performed. 

The present effort used borehole sampling to define the maximum depth cf 
radiological contamination. sediment and surface water samples were 
collected to complete the characterization. In addition, water was 
sampled when encountered in drilling boreholes. The areas chosen for 
sampling were based on historical data and samples wer~ analyzed for 
radiological and chemical contaminants, 

METHODOLOGY: 

The work was performed in two stages. In Stage 1, a state Plane Grid of 
the landfill and mudflat area was established. Five deep boreholes 
(based on historical data of suspected contamination) were marked, 
utilities were verified, and an exclusion zone was prepared. : . 
Attachment A for Borehole and surface Water/Sediment locat · 



• 
1 

A total ot !iva boreholes wara dril~ed 
.to the depth ot undisturbed Qaterial. 
ln AttachMntB. 

1291fft 
or hand augered (Borehole 5) 
Drilling logs are presented 

• Soil va• collected continuously with a split-spoon sampler except 
tor the tolloving; Borehole 5 was sampled with a hand auger and 

.Borehole 4 •ncountered water, preventing recovery in some intervals. 

• Downhole qa»ma surveys were per!ormed uainq a qamma probe. Survey 
results are presented in Attach~ent c. It was intended that a 
correlation between downhole gamma counts and actual soil activity 
levels vould be determined in the !icld. However, because of 
equipaant tailuret soil sa~ples were sent to the laboratory for the 
initial screening using wet g4moa spectroscopy. 

• All soil samples tro~ the boreholes wore sc~eened !or contamination 
by vet qamma spectroscopy. Results aro presented in Attachment ~. 
Soil sa=plea that wero suspected or having contaminant levels abuve 
guidelines (and ~he soil sa~plcs !rom intervals below the suspect 
soil samples) were dried and analyzed by alpha or gamma spectroscopy 
tor the contaminants ot concern. Analysis results are presented in 
Attachlllent E. 

• One grab sample tor TCLP VOA and one co=positc soil sample for TCLP 
total was collected from each or the rive boreholes. Analysis 
results are presented in Attachment F. 

• Sediment samples were collected from an area ~here vater collects 
and from the entry to tho stor~ sewer and screened !or contaminants 
by ~et gamma spectroscopy {Attachm~n~ 0). Dried samples were 
analyzed by alpha spectroscopy (Attachment E). 

• One surface water- sample was collect.cd from a small <'!rca. where water 
collects on the nor_th .sidC or thC land! i 11 and water samples were 
collected when water was surfAcing in-_ Boreholes 4 and 5. The two 
water samples collected !ro=·thesc boreholes had significant amounts 
o! sediment. samples were andlyzed !or ~adiologica.l and chemical 
constituents (Attachment E). 

Stage 1 Radiological Results 

Since the purpose o! this investigation was to define the maxi~um 
depth or radiol09ical and chemical contamination tram areas showing 
elevated activity levels in previous surveys, no samples were taken 
!or radiological analysis !rom the first 15 em (6 ln.) of soil below 
the surtacc. The wet qamm~ screening identified samples requiring 
turther analysis (Table 1). Radiological data results from 
identified samples trom Boreholes 1, 2, and 3 showed no r<'ldionuclido 
concentrations above FUSRAP guidelines for the intervals below the 
surface layer (Table 2). The soil sample !rom the 0-o.s m (0-1.5 
!t) interval in Borehole 4 exceeded the FUSRAP guideline !or Ra-226 
(58.3 pCi/g). soil samples extending !rom 0-0.5 to 3.5 m (0-1.5 to 
11.5 !t) in Borehole 5 exceeded guideline values tor all 
contaminants ot concern. Soil from the 3.5-3.8 m (11.5-12.5 ft) 
interval did-not exceed guidelines. Table 3 shows the radiological 
results ot samples that exceeded FUSRAP Guidelines and Table 4 shows 
the soil guidelines for FUSRAP sites. 



Th~ aedl~ont ~aapla collected from the entry to the storm sewer had 
no radionucllda concentration• above FUSRAP guidelines. The 
aedi .. nt aa•ple collected tro~ the area where water collects 
e~caed~ quidolin•• tor Ra-226 (65.7 pCl/g), Th-230 (121.8 pCifg), 
and ura~lua-234/238 (382.3/393.5 pCi/g). 

W•tar collected and analyzed from Borehole 4 was below DOE 
quidel1n••· Water colloctGd and analyzed from Borehole 5 exceeded 
DOE guidelines Cor U-238 (4328 pCi/L) and Th-230 (693 pCi/L). 
surface water exceeded DO& guidelines for Ra-226 (521 pCi/L). (See 
Table 4 tor DOE Guidelines tor Water.) 

Stage 1 TCLP results 

No TCLP-volatiles, -herbicides, -pesticides, or -semivolatiles were 
detected. see Table 5. 

The only TCLP-motal that exceeded regulatory levels was ~ne sample 
(Borehole 5) for load. Tho lead, T~L.P leachate results \.as 7320 
ug/L (7.32 =g/L). Tho roqulotory level is 5.0 mqfL. 

Staqe 2 

• Sampling activities during Stage 2 were determined in the field 
based on the results oC downhole gAmma logqing and wet gamma 
spectroscop~·· See AttAchment A tor borehole locations. 

• Borehole 4, on the perimeter o! the landfill, had results above 
guidelines tor radium-226 (58-3 pCi{g). To determine ~hether the 
conta•ination extended further into the land!ill, Borehole 6 was 
drilled about 15m (50 !t) to the southeAst of Borehole 4-

• Boreholes 7, 8, 9, and 10 were drilled to determine the boundary of 
conta=ination tram Borehole 5. 

Stage 2 Results 

Borehole 6, was drilled closer to the center o! the landfill to 
deter=ine i! contamination extended to this area. Sample results 
from this borehole were Yithin FUSRAP guidelines. 

To determine the bound.:.'l.ry ot the contam-ination in Borehole 5, 
Boreholes 7, 8, 9, ~nd 10 were drilled. Sample results from these 
tour boreholes were within FUSRAP guidelines. 

SUMI!AR'i: 

The analytical results indicate that radionuclide concentrations are 
above FUSRAP guidelines in two of the ten boreholes (Boreholes 4 and 5), 
in the surface water collected !rom the wet area, and in the sediment 
from this wet area. The sample collected from Borehole 5 for RCRA 
characteristics exceeded the regulatory level (5.0 mg/L) !or TCLP lead. 
This investiqation successfully bounded the known areas of subsurface 
contamination. 
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Sample Numt>er DrPfh (U) Spo~~.J (cpm) Ra-226 U-236 K-.CO 
129-807· 034 0-2 80-100 ·-"'-"1-·0.CS BOL 3 7 
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Bo,.hofe·l 

Borehole -9 Wei Area 

129-809- 055 

We! Gamma Spec (pCVg) 
) Ra-226 U-236 K-40 

129-809-056 
0.66 8DL 10 
2.3 BDL 55 

ao,..hole -10 Wet Area 

Wet Gamma Spec (pCilg) 

Sediment Samples 

5002 ''Hot Spot in Wet Area 
Sam le Number~Oe h n S 

t29-SD2 04L·.·.:··. · 
m) Ra-226 U-238 K-40 

32 9 164 3.4 

<11) Ra-226 U-238 K-40 
0 43 3.2 4.7 

Note: Shaded samples were dned a.1d analyzed by alpha or gamma speclroscopy 
for Ra-226,Th-226, Th-230, Th-232, and U-236 

BOL • below detection limit 
n/a • not applicable 

'_·,._.,., 
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OOS-02! 
OOS-02! 
BOS-028 
80S-028 
80S-028 
80S-028 

80S-02g 
80S-029 
80S-029 
80S-029 
805-029 
80S-029 

805-030 
805-030 
80S-030 
80S-030 
80S-030 
BOS-030 

805-031 
805-031 
80S-031 
BOS-031 
80S-031 
BOS-031 

Tsble 2 
Sumrruuy ('i Tonawanda Landfill Sample Resutts 

Depth (n} Date Collected Analytical MethOd Analyte Resutt pCi/g 

1 

1 >-3 

3-5 
3-5 
3-5 
3-5 
3-5 
3-5 

S-7 
S-7 
S-7 
S-7 
S-7 
S-7 

7-9 
7-9 
7-g 
7-9 
7-9 
7-9 

9-11 
9-11 
9-11 
9-11 
9-11 
9-11 

I 

~ 

~ 

17/14 

111171\l< 

1111719<4 
,,,, 7 19<4 

11117194 

11117t94 
11/1719<4 

11117194 

tl/17194 

11117194 
11117194 

11/1719<4 

11117194 

11/17194 

11/17194 
11117/94 
tf/17/94 
1111719<4 

11117/94 
11117/94 

11117194 
11117/94 
11117/94 
11117/94 
11117/94 
11117/94 

Wet Area 

iamma ;pee 
Alptla Spec 
Alp/>a SO<'C 
Alpha Spec 

Garnrna S(K'C 

Gamrna Sp.~c 
G.:tmrna Spec 

Alpha Sp.t•c 
Alpha Spet 
Alpha Sp..•c 

Carnrna Spec 

Garnma Spec 

Gamma Sr>ec 
Alpha Sp-t.•c 

Alphtt Spec 

Alphtt Sp~c 

Gamrntt Spec 
G;muna Sp-t.•c 

Garnma SPt'C 
Alpha Spec 

Alpha Spec 
Alpha Spec 

Gamma Sp-ec 
G:~rnma Spec 
Gamma Spec 
Alpha Spec 
Alpha Spec 
Alpha Spec 
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·226 
1-232 
-238 
·228 

Th-230 
Th-232 

Ra-226 
Th-232 
U-238 
Th-228 
Th-230 
Th-232 I 

Ra-226 
Tn-232 
U-238 
Th-228 
Ttl-230 
Th-232 

Ra-226 
Th-232 
U-238 
Th-228 
Th-230 
Th-232 

Ra-22ij 
Th-232 
U·238 
Th-228 
Th-230 
Th-232 

·3. 

124 
15 

585 
113 
59.4 
-7 6 

19.1 

2.6 
244 
3.1 

25.5 
3.4 

24.3 
15 

2<4 
-15 

51.3 
-2.9 

8.4 
1 

220 
1.3 
2.9 
1.5 

Error MOA• 

_1}. 

3.1 1.7 
0.29 0.91 
148 26.8 

. 48.2 134.6 
79.2 121.1 
10.9 120.9 

0.73 0.93 
0.45 1.4 
60.2 15.8 
0.95 0.18 
6.4 0.15 

1 0.07 

0.76 0.65 
0.,. 0.42 
60.9 9.7 
13.8 119.6 
60.2 46.4 

5.8 79 

0.35 0.61 
0.12 0.36 
55.5 10 
0.45 0.12 
0.84 0.1 
0.51 0.1 



Tabl*2 
llumrrllo')' of T oo.warodll l•ndflll Sampl<t R~$UIIS 

.. :; ' <"' ~ fftl Cote Coii«>Od ......,_,!<01 M<thod AM~• Resun pCUg 

··-" 
Error MOA" 

607-041 20-22 11117194. Gatnm<~ ~~c Ra·226 0 51 0.13 0.36 
607-041 20-22 1111719.C Gamma S~c Th-232 0 71 0 0.71 
607-041 20-22 11117194 Gamma Spec U-236 3.4 0 3.4 
607-041 20-22 1 1117194 Alph<~ Sp.ec Th-226 1 2 0.42 0.11 
B07·041 20.22 , 111719-4 AlPha s~ cc Th-230 1 5 0.48 0.11 
B07·041 20.22 11117194 hlph.l Spec Tn-232 1 1 0.39 0.1 

Borehole II 

BOS-053 19.>22 11/18194 Ra-225 1. 7 0.18 0.43 
BOS-053 19.>22 11116194 Tn-232 16 0.21 0.58 
608-053 19.>22 1 1118194 U-236 16.6 4.9 4.6 
608-053 19.>22 11/16194 Th·226 1.4 0.41 . 0.1 
BOS-053 19.>22 11118194 rn-230 1.9 0.49 0,07 
B06·053 19.>22 1 1116194 Th-232 1.3 0.37 0.04 



Talllo2 
Summa~)' or TonrN~oda Latl(Jfill Sample Resurts 

DopCII (ft) Dote COilectod ,t..nolytl<al Metno<l Analyte Resun pCVg 
Bo<ellolt .. 

Sediment From srorm Sew.r Entry 

SD-01 N/A 1111~ A!pna Spec Ra·226 2.9 
SD-01 NIA 11/1~ Alpna Spec Th·228 1.4 
SD-01 NIA 11/1 e;;.4 AIPhll Spec Th·230 1.1 
SD-01 NIA 1111~ AJptl• Soec Th·232 0.62 
SD-01 NIA 1111~ Afpfla SP<JC U.234 2.8 
SD-01 NIA 11/1~ AIPhol Spec U·235 0.12i 
SO.C1 NIA 11/1 8,.19.4 .AlPha Sp4:-c U·238 3.31 

SedlnMnt From Wet Area 

SO.C2 NIA 1111 arw.4 AIDtla s~ Ra·226 65.7 
50.02 NIA 11/1 at'i}.4 Alphll Spec Th·228 2.7 
SD-02 NIA 1tl1~ Alpha Spec Th·230 121.8 
50.02 NIA 11/1~ AlPha Spec Th·232 2 
SO.C2 NIA 1111~ Alpha S~c u.234 382.3 
SO.C2 NIA 1111819-1 Alpha Spec U·235 19.5 
SO.C2 NIA 11118/9-1 Alpha SP<c U·238 393.5 

Wei Ar•• 
Surface Water D.tlet Collectfil An011ly11c.1l M~thOd Analytc R~sult pCtiL 

SD-043 NJA- 11/19/94 Alpha Spec Ra-226 
S[).043 NIA 1111 919<4 Arpt>a SP<C Th·230 
5[).043 NIA ·11119/94 AlPha Spec Th·232 
5[).043 NIA 11119194 Alpha Sp.tC U·238 

Water Collected From Borehole •4 

804·059 NIA 11115194 Alpha Spec Ra-226 
804·059 NIA 11/15194 Alpha Spec Th·230 
804·059 NIA 1111519<1 Alpha Spoc Th·232 
804·059 NIA 11/15194 Alpha Sf><C U·238 

Water Collected From Borehole IS 

•MDA minimum detectable activity 
'1-l/A not applicable 

521 
0.2 

0.06 
48.2 

12.1 
24 
1.1 

202 

Error MOA* 

0.61 0.18 
0.44 0.12 
0.36 0.08 
0.24 0.08 
0.77 0.09 

0.1 0.05 
0.9 0.04 

5.7 0.2 
0.72 0.09 
26.1 0.05 
0.55 0.08 
124 1.6 
8.5 2 

127.5 0.93 

Error MOA 

45.7 0.37 
0.27 0.41 • 
0.15 0.35 
12.9 0.22 

3.3 1 
0.84 0.25 
0.49 0.19 

5.5 0.1 
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SOIL 

· .. Soil Gu1dd1n~c !or ro•ldual udi.:>activ!ty in soll at Tonawanda 

Radionuclido 

Ra-226, Th-230 
' Th-232 

Total Uranlu:o 

Soil Concont rat f. on (pfi/gJ Above 8ackqr01{_~d• 

5 pC11Q, ov~ro<jod over tho nrst 15 em o! soil below 
tho sur!aco: 15 pC1/q wh~n avcraQed over any 15-cm­
thlck soil lay~r b~low th~ 'ur!~co layer. 

60 pC11? ~or 
fp.ropo:!t:d~ 

IJU~dcl!n~ '.::r 

4~/ ~s-~-th~c~ 3o1l layer, which 
~quate~ to a cleanup 

~ppro~~~~t~ly )0 pCt/q !or U-238. 

"no£ qu1dcl1ne.:s for radior.ucl !d~ <.'(·n::c:'r.tratLon' .aoo•:e bllckqround in water 

!\adionuc lido 

Ra-226 
Th-232 
Th-230 
total uranitm 

!CG pC~/L 
~·-t: p-C l j!. 

)00 F-.('~/:. 

'too pC!/:., .... !-.~~:!:. t.:q·..:.atc~ to 4pprox1mAtely 
)'.,0 ;;-::-~.::. !-:.~: ·.>2Jfl 

•Average backgrou:1d reporte:! !;):- ·.::n ;,;ott;~.-.::·.! ::_ 5-_:~:':.~ a~d 7onawandll Area 
in the "Remedial Inve3~lg~t!o~ ~c?0:~ !:: :~~ :~na~~=~:ia Stte," 
DOE/0!\/21949-300 lfebruar-; :9'•3". 

!\ad!onucl!de 

!\a-226 
Th-232 
Th-2)0 
U-238 

1.0-1.6 
l.C-1.~ 

l.l-1.0 
2.0-4.0 

... 



RCR;, CHARACTERISTIC RESULTS ABOVE GUIDELINES 
.. :~ Borehole Depth Metals, Herbicides Pesticide, Depth VOA/BNAE' Number TCLP TCLP TCLP (VOA) TCLP.:':~ 

BOl 0-3' None None None 1.3- None . :. 
'. 

Table 5 · 

5' 
--'-B02 0-3' None None None 1.3- None 

5' 
B03 0-3' None None None 1.3- None 

5' . 

B04 0-3' None None None 1.3- . Nont' · .. . ··. 
5' 

B05 0-3' 7320 ug/L = None None 1.3- None 7.32 rng/L• 5' 

*Regulatory level 5.0 rng/L 

·, ; '. .•; 



At tact •. rnent A 
fi9ure o t Tonawanda l.ar.d t i 11 shm .. i nq sar.:p 1 e locations 
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KJOfLAIS LOCATIONS 

Borehole and Surface Water/Sediment Locations 



Attachm~nt 3 
Drillir:.g Logs 



Jo.!o~t ~~_., 
' i; ; 

i I "'-........... ,...., ' 

I -·"-....~---II ~ (11/J /'NJ. 
I I ,._,. ~ ........... I 1 

~:m-l~t: 'I 



SPLJT SS"())N; NO • cat£ IIJUIEl; 
HAND AUCU; 0 • OfHU 

I Jan IJ n • v-'1 . .,.., 
1.1 'Co )~"•-"'-•----·on""r tc<JcU.r. 

).~ n ....... ,., n-f-"'~d ........ tt-.4 """"•~'~~t~on-tl 
...-, ·~ r.u -~ v-• 

O.lJ C1 RAO u111pk 

0.)0 f1 TC1.r Ulllr'C 

1~10h AAD"'mfk 

J.' h ... ,..p~n ..,,h r 
OD. !.0' kror'h •plil 
'P"""-



l j ... ,. ". Jn"f.,. ..... :1 lO )Oh • _,_ 6ctoM. -.t,ORI'IC'C' ted ct.y. 0-U ft RAO umpk 

Q..l.O it Ta.t.u.mplc 

IS--).0 h Rt\0 ... mpk 

l-7" u"'J>ks wilt. r 
00, !.0' lcncth 1pli1 

'"""" 

t-i-i-t--t-i~-lt---t-'"'-"-t--f"-;'r;o;;;;;;;-;;r;;;;;;;;;;i;TO/i(i;;><ill;;dj"jJ.;j<r;i)-~ } 0-7.0 fl Rt\D orcty 

! Rotcl'lok bed.fillcct 
-.,lh «tn.entlhcntotmc 
'!l>WI (11/14/'9-1). 



"' 

Wuer at 'urface, berm 
built to contain water. 

0-1.5 !t RAD umplc 
0-3.0 ft TCLP metals. 

3.0-5.0 ft RAD only. 

rj---r-r---r--~-"i-~r-~="t--rj)-n;;;;;;;;;;;;-,;;;;;;~;,-iiii-,;;>r.;;;;.-;ili:7J6/Wi):----j 5.0-7.0 lt RAD only. 

• SPLU SPOt'>lf; NO • COA£ 8AU£L; 
• HANO AUGER; 0 • OTH£11 

Borehole b•rkfillcd 
~tilth «~'11/bcntonitc 
'I'O<.It ~U/It:~). 



lfO • COllE 
a OTH[It 

I 
I 

J..~ h ~- N.i.c\ l!'kl' br..-1'1 NJ~fiK '-'II •111'1 
'"yto~lll tw~"P f'<"\ t lOR I,':J _-en,..,,.,.., (oiJ 

I!.S..I<4~ lt I),,,.,,....,J_ <kll~-e. "'-<'-kretc rTddod\ 
t>I""Ciool-1l ( J(JR <4ft.) fi<lt ., .. NHT\( ""'";' ''•.-ch. 

0-l.j II RAO l..llmple, 
0-l.O ft TQ.p tnct11ls. 

I S.J 0 (I RAD lind 
TQr /YO<\ l..llmpk:. 
J.0-16..$ rr t.lmp/u 
C'OII<:nc<J ..,,h 2' kfl(lh, 
::!• OD sphlsPQO<'I~ 

<4S-S 0 No S..mpk 
T••c" 
J 0-.S 0 fl JV\0 only . 

..\Rll:.o;v..s 
fl.OW.IIu<J -1 !1 
•t>o..~ ,1'\..,fld, t>cnn 
<ontauu ..,.let. 

5 0-7 0 fr MD onry. 

7 0-'1 oft ~o Rcro.-cry 

9.0-JJ.O ft So 

II O.J.!.j So ~mplc 
T•\cn 



FUSRAP 

DESCRIPTION AND CLASSIFICATION 

S.mple dara recorded 
i~E:E~llogbook 

• SPlJJ SPOolrt; NO • COl!£ IAAIIEL; 
• H.UID AOC£R; 0 • OTHflt 



~-t t" ,.,., _,...., ... --• .,.., '•"""'44 v~ 
.,....._ ..... _,_-:.-- ............. ...... -t.l\oo· ,. 

NO • CCWI( IAUH; 
• OJHEit Tona.,....nda 

•t.Jb=..,w_.,. 

AJCtl;\U..._ n.ow ,......._...,.,._ 
I_J.. )..f & MD_, 

('1.1'/'lr-6..\. 

tl:l :.:::r-

i ,_. II a.A() Mn<~• 100 

~~ 
' 

~ '~1Dh ltAI>._.tw 

i""' 
' 

fG.tOh JI.At,_,.... -. 
r.-t-".,., •· n.-c .. , 
:: ,.,.... .. """"P-c .. 

IU-I!..Jh ~D 

~ ... -
IJ.onldf to«U.Ik4 
-" ht~Hoowc f"k&-. 
-..~ ,~ uun{"J.4, 



• SPLIT SPO()If; NO • COAE !AUEL; 
• HANO AUCEI; 0 • OTH(JI 

0.!0 C1 RA.D "'mplc 

"'"' 
All umpks t••cn ..;tn 
•lfllonll"ODJ{'Iit 

u:zD'~mpkl onty. 
!04.0 C! R.-\0 Umplc 
~·, 

-t Cl-6_0 fl R.A[) umpk 

""'' 

6.0-11 0 fl MD wmpk: 
~ly 

or1.,.u< "ro~ '"the 

""~-

10.10.0 (I M.O ......... I 
~·, 

100.12.0 Ct JV.O 
Umpk only 

12.0.1-t.O ft No 
RcC'Il¥Cry 



FUSRAP 
(Te~Tp{ateo: 211YW) 

DESCRIPTION AND CLASSIFICATION 

JB.0-20.0Ft. Sandy debris. wet. 

24-26 fL D!.td;; or;anic debris, very loose. Wet. 

• SPLIT SPOON;_ NO • CORE BARREL; 
• HAND AUGER; 0 • OTHER 

16.0-18.0 ft No 
l<=>.<cy 

18.0-20.0 !t RAD 
umpleonly 

20.0.22.0 ft RAD 
s.~mple only 

01pnic vapors in 
breathing zone let vent 
to clear. 

Oil 'heen on drill rods. 

220..24.0 ft RAD 
umple only 
Borehole did not reach 
the b~ or the landrill, 
too hauroous, 

Borehole backfilled 
with cement/bentonite 
crout (11/18/94). 

Sample data rcco«<ed 
in s.l_mple l.o~ook 
129-E-021. 



10.12 ft l..ntMC, ,.ct. <kbra ...,,., more cl•y. l>.1rl, 
ftlr. "'""< ~4do•l'l hro..n cl'l .. nU 

Samples taken with to 2 
fl. long, 2"00 split 
s~numpler, 
Rad samples only. 

()...to Ct RAD s.amph: 
only 

2.0-tO ft RAD s.ample 
only 

4.0-6.0 ll No ReC'O\'ery 

Drilling mud pou~d 
into augeR to p~--.:nt 
offgaumg of methane. 

6.0 !l.oJ ft RAD umplc 
Only 

10.0.12.0 It R.-\D 
umpJe only 

I!.O.JHl!t RAD 
umplc 01'1/y 



)l..!l h. ,.,.._ .. ,.._ ......... ......_"-~ ........... _,.,.,,...,. .... .....,... ,,._.. ·~ 

ao. u.o 11 JtA.O --
t---t--t--t----r--o--,·--•-~'~••----~· .. -J;;;;;;;;--;;r;;;;;;;.;;;-:::;;n:-f>;;-;r<;;;,;'il,;i{;>;;l-j )l~ ll.O n MO 

• SPLIJ SPOON; 1rt0 • COllE BARREl; 
• KANO AUGER; 0 • OTHU 

....,....., 
h.,.. ..... .._,,. ... ., -···--..,""._.. u-- (11/l("N) 



0.1.0 h IVJ) .._pic ..., 
lO.~.Ott~ ... ~ 
fOIIc.ncd -- • l.j h. oo .... 'f'CIOil. 

10-1 j h fiV.D Wfltplc ..., 
On~:to~oc •..4 ~rc.t 
...... ••rcnto~"' 
n(f~· ol-11\.ofiC. 



lrfO • CCI':£ l.UIIEl; 
• OTHU 

' 

FIJSRAP 

O£SCRIPTION AND CLASSIFIC~T10N 

Tnnw..-.. ndOI 

14..S..J7.0 fl No 

"""""' 
S..mpk .,.tt; recorded 
in SOm"" L<>d>ook 
number 12?-&021. 

17Jl-19..$ f1 RAO 
umpk only 

Oil ,wen 01'1 drill rodl. 

19.5-22.0 ft RAD 
...,mpk Otlly 

\ 
( 
f:· 
t 
I 

L 
~ 
I 
i 

' r 



• SPLIT SPOCwri; IIQ • COCI( il.IRIH; 
• llANO AUGU; 0 • OTHER 

s . .,n?kf. 1.atcn !ollinc • 
l.5 r1. :one, )• 00 'Piil 
apoot~ umpkt. 



HQ • CORE BAIIIIfl; 
• OlHfll 

0.0-2.7 Fr.flJ..L 
C).{j_,. !1 Silly dut ~t"Ow7! orpnic day with roou and debris. 

0.-4 • 2J ft Reddi$h fill and clay with uh ai"IQ' debris. 

Tuna"'"llnda 

Sampled with • 2 l/2' 
length, J• 00 ltllinless 
~reel. 

Sample data recorded 
in Simple logbook 
numbi;r J29-E.o2J. 



Attachment C 
Downhole Gamma Survey Results 



. TMNEberline 6 SUBSURFACE GAMMA-RAY RADIATION LOG 0- 19 q 2 

SITE: TONAWANDA LANDFILL 
AREA: MUD FLATS 
DATE: 11-14-94 

Hole I & Coord. 
129BH01 

D•ptl! Depth 

1 19628 1 

2 19328 2 

3 13414 3 

4 13380 4 

5 11807 5 

6 11260 6 

7 11020 7 

.. < 

SCALER MODEL: 
DETECTOR(SHIELDEO): 
SCALER MODEL: 
DETECTOA(UNSHIELDED): 

COMMENTS: 

SURVEY 1: 129SGS.:C 1 
JOB NUMBER: 129 SURVEYORS:  ,-------.,. 

RECORDEA: ~N~E~S~~~~-
COUNT TIME: 1 MINUTE(S) DEPTH (UNITS)a FEET 

COORDINATES 

Hole I & Coord. 
129BH02 

19481 

12683 

10876 

10609 

11011 

7396 

11795 

LUDLUM 2350 
BHP 

Depth 

Hola #.&·Coord:' Holo)4';&'Coc'rd,'t\ 

oep!lh 

--

SERIAL NUMBeR: ----c:;S,:7::;64:0:0:--
SEAIAL NUMBER: ____ _;:S;_:77..:.::.;97'---

SERIAL NUMBER: -------­
SERIAL NUMBER:--------

NOTE: COMMENTS MUST BE MADE FOR SPECIFIC GRID LOCATIONS. GIVE COORDINATES OF 
THE LOCATIONS TO WHICH EACH COMMENT APPLIES. 



TMNEborline 0-19426 
SUBSURFACE GAMMA-RAY RADIATION LOG 

SITE; TONAWANDA LANDFILL JOB NUt.ABER 
AREA: NORTH SIDE OF LANDFill 
DATE: !1-16-9-C COUNT Tlt.A€: 

SURVEY •: 
SURVEYORS: 

RECORDER: 
l.t!NUTE!Sl 

 
 

DEPTH {UNITS)• FEET 

COOROINA TES 

o..pm 

0 

1 

2 

3 

~ 

5 

6 

7 

Hole II & COO<d. 
129BHOJ 

17852 

8037 

7052 

12996 

13305 

13275 

13117 

9913 

SCALER MODEL: 
DETECTOR(SHIELOED): 
SCAlER MODEL: 
DETECTOR(UNSHIELDED): 

COMMENTS: 

LUDLUM 2350 
8HP 

SERIAL NUMBER: -----;:S-:;7:::,64;;'0;--
SERIAL NUMBER: . ___ _::;S n97 
SERIAL NUM!lEA; 
SERIAL NUMBER: --------

NOTE: COMMENTS MUST 8E MADE FOR SPECIFIC GRID lOCATIONS. GIVE COORDINATES OF 
THE LOCATIONS TO WHICH EACH COMMENT APPLIES. 



SURVEY t. 
SITE: TONAWANDA lAHDFlll JOB NUl.IBER: 1:n SURVEYORS: 

· AREA: NORTH SIDE OF lANDFill 
DATE: 11-1~-9-4 . .:.:..::::.::.,C"'OU~N"T"T"IJJ=E· I 

~ECOROER --~~--~==­
u;tHJT E t $) 

C~IIU.TES 

-- -·-·- f--------1 



TMNEberline 0-19426 
SUBSURFACE GAM R.\Y RADIATION LOG 

Iii 

SITE: TONAWANDA l»lDFILL JO'l NUMBER: 129 
AREA: NORTH SIDE OF l»lDFILL 
DATE: 11-17-94 COUNT TIME: I 

. { '<. l ; ~ 

SURVEY#: 129SG9404 

SURVEYORS: ~V~IS~------------~ 
RECORDER: ~R~D~~~-==--=~~ 

MINUTE(S) DEPTH (UNITS)= FEET 

COORDINATES 
['E§J 
[E2QJ 

SCALER MODEL: . ,. , . '"· LUDLUM 2350 
DETECTOR(SHIELDED): BHP 
SCALER MODEL: -

DE:£ECT()fl(U_f!Sf11ELDED):.;;,;""'':!"":c.· -'--'----

COMMENTS: 

SERIAL NUMBER: --------:S~764:=;:0 __ _ 
SERIAL NUMBER: ______ _:S::_.:_:nc;:9:.:,7 __ _ 
SERIAL NUMBER: 
SERIAL NUMBER:_----------.~. 

NOTE: coMMENTs ~'Gsr ~e ..i.A~e FOR sPECIFIC GRID LOCATIONs. GIVE 
··THE LOCATIONS TO WHICH EACH COMMENT APPLIES. 



TMNEberline 0 ~ 1 9 4 2 6 
SUBSURFACE GAMMA:·RAY RADIATI'JN LOG 

SITE: TONAWANDA LANDFILL JOB NUMBER: 129 
AREA: NORTH SIDE OF LANDFILL 
OATE: 11-18-94 COUNT Tlr,l~: 

SURVEY N: 129SG9405 

SURVEYORS: S~-------------­
RECORDER: R~O~~~~~~===-

MINUTE(S) DEPTH (UNITS)= _FE_ET_ 

C·:xJRDINATES 

SCALER MODEL: 
DETECTOR(SHIELDED): 
SCALER MODEL: .. 
DETECTOR(UNSHIELDED): 

: .. ------~~ .... :--­
COMMENTS: 

-·-~-=--·'· ~..- ·'-
.. -,__,,. ''•-: 

LUDLUM 2350 
--:r: BHP 

SERIAL NUMBER: ~· S 7640 ~:. .;,Jli~'fo:~, 
SERIAL NUMBER: -"""'=--s:::-::n:o,9;,;:7:-.e._ 

SERIAL NUMBER: 
SERIAL NUMBER: ------------

·- ~~. -<,' 

MADE FOR SPECIFIC GRID LOCATIONS. GIVE COORDINATES OF •• 
EACH COMMENT APPLIES. 



• •• -· ...... \oo ...... , •• ' 

TMA!Eberliile 0- I 9 4 2 6 
SUBSURFACE GAMMA-RAY RADIATION LOG 

SITE: TONAWANDA lANDFILL JOB NUMBER: 
SURVEY N: 29SG9406 

SURVEYORS: ~V7.1S~~~~---------129 
AREA: NORTH SIDE OF lANDFILL 
DATE: 11-18-94 COUNT TIME: 

RECORDER: ~A~R~D~~~-==--=~~ 
MINUTE(S) DEPTH (UNITS)= FEET 

COORDINATES 

Hole 1 & Coord. 
129BH09 

Depth 

0 11853 

1 13785 

2 14558 

3 13266 

4 12625 

5 10596 

-· 

SCALER MODEL: 
DETECTOR(SHIELDED): 

. SCALER MODEL: 

Oop!h 

0 

I I 

I 2 

I 3 

4 

I 5 

I 
I 

I 
I 

I 

I 

DETECTOR(UNSH.IELDED): 

COMMENTS: 

I 

Hole I & Coord. 
129BHIO 

8810 

10300 

10900 

13000 

11000 

9940 

. 
LUDLUM 2350 

BHP 

Depth 

0 

' 
2 

I 3 

4 

5 

6 

I 7 

8 

9 

I 10 

I 

Hole I & Coord. Hole# & Coord. 
1298H06 

Depth 

8985 

10516 

I 10511 

10779 

10937 

I 9058 

8458 

i 8203 

I 7996 

! n58 

4272 

I 
I 
I 
I 

I I 
I 

SERIAL NUMBER: --------":'Sc;7::.64:::0,__ 
SERIAL NUMBER: -------~Sc_:7.!_7=.;97c__ 

SERIAL NUMBER: -----------­
SERIAL NUMBER: ------------

MUST BE MADE FOR SPECIFIC GRID LOCATIONS. GIVE COORDINATES OF 
WHICH EACH COMMENT A~PUES. 

*""'"'''""'"''""*""'~""'•''· . '" '"' . 





1:2'•801•001 

12,·801-001 

l2'J·B01-0,0l 

129·801•002 
129·801-002 

129·801-002 

12'J·BD1·002 

t:U·S<l\·002 

UJ·80l·OD2 

12!·'1101-002 

t:lt-!101-002 

Ut·BDl·ODJ 

l:ZJ•DOl•OOl 

t:U•BOl•OOl 
'la-BOl-00) 

12'•801·00) 

i 

' 
Otl!. 11.1<59•· rtlSRAP R.r.dtolog!C'•l Rorport• 

Lttf_Ot'H 

o.ooo 

~-- .::~~: 
o.ooo 
o. 000 

0. 000 

D. 0"0 

D. 000 

1.500 

1.500 

t.soo 
1,500 

l..$00 

1. sao 
1.500 

l.SOO. 

l. coo 
) .coo 
J. 000 

l. coo 
1.000 

'.aero 
J. 000 
),000 

s. 000 

5 .coo 
s. 000 

s.ooo 
5. 000 

5 .coo 
5.000 
s. oao 
o.ooo 
o.ooo 
o.ooo 
O.CIOO 

o.ooo 
o.ooo 
o.ooo 

} , 

1. sao 
1.500 

1. soc 
l. ~00 

. sao 

.soc 

. 500 

:. s~o 
l. ~eo 
l. :oo 
) . coo 
1. ~co 

3.coo 
J.ooo 
J. ceo 
). coo 
s. 0~0 
s .oco 
S.IWl 

s.ooo 
s.ooo 
s.ooo 
s.ooo 
S,OOG 

7.000 

7,000 

1. 000 

7.000 

7.000 

7.000 

7 .coo 
7.000 

1.500 

t.soo 
t.soo 
1.500 

1-500 

1-500 

1-500 

11/1;;;~ .. 
11/H!'~ 
11/U/!H 

ll/1.&/94 

1l/Uh4 

U/H/94 

H!H/9t 
11/14/,,. 
lltHftt~ 
utunt~ 
ll/14/U' 

R..\·226 

JU.. 228 

TH·221 

~l-212 

IJ·H':. 

U-218 

1.'!·2U 

K·'O 

RA·226 

AA·lH • 

nt-ne 

11/H/~i.}. nt·2l2 

ll/:4/U. U·2lS 

'.'./H/')t·: !J·2l8 

11/H/9~., ...• AA·2H 
11/14/9~ K-40 
11/14/H AA·nr. 

11/14/'' AA·228 

ll/HHVt TH-228 
1l/H19i . ..f. TH-232 

11/14/94~~::. U·2l5 

11/14/9{.'· ... U-lll 
ll/14/94t AK·2.U 

U/141'4 .; J·40 

11/lC/U·. ~RA·22& 
ll/lC/,4. -~RA·228 
ll/14/S' i$.TH-228 
ll/H/94 ~Tn-232 
ll/14/94 };~U-235 
ll/14/94 f._:U·2ll 

ll/14/94 ~~}.M-241 
ll/H/94 -~.· ..• -~-40 
11/U/94 · ~-226 

11/14/94 ~ ,~·228 
l.l/U/94. · 'TH•228 

~~~~~:: ·t.: :~.-;~~2 
11/14/94 !ti~tl8 

w"'"f 

·" 
0. J2 

' " 0. ~8 

0. 42 

" 
0 t6 

12 .)0 

I -lO 

0. SJ 

o .SJ 

" 
" 6. JO 

0 ,l6 

9. 8;.1 

o. 74 

0.29 

o.n 
0 ,5') 

0,09 

l.20 

0.12 

15.40 

0.62 

0.25 

0.25 

0.57 

0.08 

0." 
0.09 

11.70 

1-90 

0-42 

0.12 

. o.sa 
. 0-19 

0.97 

0-17 

~. u70 

0. 040 

0. 860 

'" I. 000 

'" "' 0. ooo 

P<:I/0 . 

P<:I(O 

PCt/a ~ 
PCI/0 ... 
P<"T /0 :·, 

PCI/0 
PC!/0. 

Pet /(1 

0.16 

0.12 

O.D 

·" 
" )¢ 

0.16 

l .20 

o. 16 

0. S) 

'" 070 PCI/G 0.24 

o.04o Pct/o o.os 
1.600 t'CI/0 l.lO 

c.ooo PCI/0 0.16 

0. 960 PCI/0 1. 50 

0,060 PCl/0 o.H 

0.000 PCl/0 . 0,29 

0,000 PCI!OJ ~- 0,29 

::::: ::~~.ii~~ :::: 
o.occ X:I/a· .. 0.12 
1.200 PCI/0 '_ 1. oo 
0.060 PCI/0 -}:::~0.10 
o.ooo PCI!O i,_-,J;.r a.:zs 
0,000 PCI!G ::).,0.25 

o.cso PCI/O ._;::{o.l6 
0.020 PCI!G o-;:',0.05 

o.ooo PCI/0 f{o.94 
.i:'',_", 

0.000 PCI/0 ~- -.0.09 
0.940 PCI/G .r:-:·.~·0.91 
0.120 PCI/0 !:::_0.::1 

o.ooo PCI/0 't?' _O."l 
0.190 PCI/G }. 0.42 

O.l~O J>Cl/G -~; 0.37 

0.030 PCI/0 ~:. 0.09 

0.500 PCI/G [. 1.40 
0.000 PCI/G O.l~ 

UJ 

w 
J 

J 

UJ 

J 

w 
w 

LCS 

LCS 

J LCS 

J LCS 

W LCS 

J LCS 

U,J LCS 

w LCs 
J LCS 

J LCS 
tJ,] £AA 
w LCs 

J t.cs 

UJ LCS 
OJ u:s 
J LCS 
J LCS 
tJ,] ERR 
VJ LCS 
J t.cs 

UJ I.CS 

UJ LCS 

J LCS 

J LCS 
UJ ,.,. 
W LCS 

03/09/'JS 

""""""" ~Pl!.C 

Cl»+tASPii:C 

OA/"KK.SP!:C 

c»tV.5P£C 

a.v+!.\.SP£C 

~PEC 

~P!:C 

~P£C' 

C»K\SP£C 

G»"'-"5 P£C 

~P!:C 

~P£C 

Ck~PEC 

~PEC 

G1Jfl.I.SP£C 

~PEC 

C»KK.SP£C 

CN+tASPEC 

CWf1.\SPEC 

~PEC 

C»flAS:Pi:C 
CIJototASPEC 

~PEC 

~PEC 

~PEC 

~PtC 

CNt-!ASPEC 

""""'"''"' G»'W>SPEC 

GAl-lMASPEC 

"""""''c 
aAH-L\SPEC 

~PBC 

~PEC 

~PEC 

Gl'J-MASPEC 

C1JoWISPEC 
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