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Instrumentation and Minimum Detectable Concentration
Calculations



A1.1 Instrumentation

Since NECR is a mine site, small piles of ore rocks may be scattered about the site, and there are
some locali/ed areas (hot spots) where the Ra-226 concentration in soil is significantly elevated
compared to adjacent areas. Shine from such nearby locali/ed hot spots may interfere with gamma
radiation level measurement at an area of interest, as the high-energy gamma radiation can travel long
distances in air, up to 50 feet, before it loses its energy bv ioni/ing air molecules or other airborne
particulates. Therefore, any such shine interference was reduced by placing the 2x2 Nal detectors in
a 0.5-inch thick lead collitmtor, which was housed in a mnrlex casing for protection. A Ludlum
Model 19 u.R meter (exposure rate meter) was also used to identify surface soil sample locations to
retrieve the desired range ot concentrations from background to about 25 pCi/g for the correlation
survey and soil sampling.

Prior to any gamma radiation survey in the field, the instruments were either calibrated in accordance
with the SOP-01 or by the vendor. The instrument calibrations included operation calibration for
Ludlum 2221 Scaler/Ratemetcr, the 2x2 Nal detector high voltage and background calibration, the
2x2 Nal detector efficiency calibration using Department of Energy (DOE) uranium ore calibration
pads, and establishing operational function check parameters. The calibration certificates are
included in Appendix A-l, Calibration I function Checks. As specified in SOP-02 and SOP-03 of the
RSEWP, daily operational function checks of instruments were performed. The daily function check
forms are included in Appendix A-2.

A1.2 Instrumentation Minimum Detectable Concentration

Minimum Detectable Concentration (MDC) is the activity level that the instrumentation is expected
to detect 95% of the time. The RSEWP specified a gamma radiation survey instrument MDC of
50% of the Derived Concentration Guideline Limit (DCGL). The DCGL\v was specified in the
RSEWP to be 1.24 pCi/g corresponding to the H.H risk criterion assuming a residential exposure
scenario. Therefore, an instrumentation MDC of 0.61 pCi/g (50% of the 1.24 pCi/g) was specified
for the static gamma radiation survey.

MDCs for the static survey were calculated using the equation provided in Section 9.1 of SOP-Ol in
the RSEWP (equation 6-7 from the MARSSIM [EPA, 2000al).

Al.2.1 Calculation

MDC for Static Gamma Radiation Measurement (for a 0.05 probability for both false positive and
false negative errors)

MDC = C x [3 + 4.65 (B'1-')]

Where,

C = Detector calibration factor, pCi/gm/cpm (for this survey as determined above).

B = Number of background counts that are expected to occur while performing a sample
measurement.

Example:



:i. If the background count from the function check for the bare detector (#408522-33) is 7861
cpm, :md the C, slope vnlue is 0.00139 pCi/gm/cpm (721 cpm/pCi/gm), then the MDC for a
one-niinLite sL;itic measurement would be:

MDC = (0.0014 pCi/gm/cpm) x |3 + 4.65 (7862 cpm)":' | = 0.58 pCi/gm

b. If i l i e background count from the func t ion check (or the collimated detector (#408522-33) is
288') cpm, and the C, slope vnlue is 0.0023 pCi/gm/cpm (432 cpm/pCi/gm), then tlie MDC for
a one-minute static measurement would be:

MDC = (0.0023 pCi/gm/cpm) x |3 + 4.65 (2889 cpm)"r' | = 0.58 pCi/gm

A 1.2.2 MDC for Scan Gamma Radiation survey

The scan MDC is assumed for a scan rate of about one foot per second, three-second interval (based
on detector focuses on about 36 inches diameter area at about 18 inches from ground surface). Also,
a surveyor efficiency (p) of 0.5 is assumed. First calculate the Minimum Detectable Count Rate
(MDCR) as follow:

MDCR = d'xfbi"-5) x(60/i)

Where,

d' = value for true positive and false positive proportion. A value of 1.38 will be used for
95% true and 60% raise positive proportion.

bi = number of background counts in the interval i (bi = (bkg cpm) x (i , scan interval) x 60/i)
i = 3 for one ft per second scan rate for an observation area of about 36 inch diameter.

For the bare detector (#408522-33) background count of 7861 cpm, the MDCR for one-foot per
second scan rate (three second interval) would be:

MDCR cpm = (1.38 ) x [(7861 cpm) x (3 sees) x (1 min/60 sec)]"5 x (60 sec per min/3 sees)
= 547 cpm.

Then calculate the MDCR surveyor using surveyor efficiency (p) of 0.5 as follow:

MDCR M,n.,v,,r = MDCR/Cp"-3) = 547 cpm/(0.5"-3) = 773 cpm.

From the MDCR <urvcy..r, calculate the scan MDC using the following:

Scan MDC = (MDCR ,Unwor) cpm )x (C, pCi/gm/cpm)

Where,

C — Detector calibration factor, pCi/gm/cpm (for this survey as determined by calibration at
DOBs Grants calibration pad GPL)

For a C of 0.00139 pCi/gm/cpm (721 cpm/pCi/gm), the Scan MDC would be:

Scan MDC = (547 cpm) x (0.00139 pCi/gm/cpm) = 1.07 pCi/gm



The detector background counting rates (determined during the daily ins t rument function checks),
and the detector efficiency were determined using DOP.'s calibration pud GPI. (87.78 pCi/g) at the
drums calibration Pad Site. The calculated scan MDCs ranged from 1.02 to 1.07 p^i/g for the bare
SPA-3, 2x2 Nal detector #408522-33 used during the field scan gamma radiation survey at the Site.
The calculated MDC is jus t slightly above the specified MDC of 1.0 pCi/g in the RSHWP.



Instrument Calibration Worksheets
Instrument Daily Function Check Logs



CERTIFICATE OF CALIBRATION

^onaMonuroc.urw LUDLUM MEASUREMENTS. INC.

Scienlilteuna Industrial r-FPTIPIf^ATP OP <~AMRD AT^M POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET I;AX NO. 325-235-4672

SWCETWATIiR. TEXAS 7?556, U.S.A.

OKDERNO. 2A0080 / 304342

Serial No. ._

. Serial No..

2fr-JuL-07 Cal. Interval . 1 Year Mnterface 2Q2JH6

>eck mark [v3 applie^o applicable inslr. and/or detector lAWmfg, spec. T. , _7<L_ f RH 43_% Alt 699.3 mm Ho

:USTO,MER AVM ENVIRONMENTAL SERVICES

''g. ludlum Meas.uiements._\nc. Model

_..g. ..__ . . Model __

:a!. Date 2fcJyLP6 . Cal Due Date __

19

New instrument Instrument Received [pfwithin Toler. +-10% Q 10-20% [J Out cfTol. G Requiring Repair Q Other-See comments

Mechanical ck. fyf Meter Zeroed fj Background Subtract Q Input Sens. Linearity

|j Ceclrcpism3 I-/S Resp. ck (2" Reset ck. Q Window Operation
2" Audio ck. |7] Alarm Setting ck. \£ Bait. ck. |,v,in. Voit) ,__2J2_VDC

D Calibrated in accordance wilh LMI SOP 14.8 rev 12/05/89. [Zfcalibrated in accordance with LA/11 SOP U.9 rev 02/07/97.

trument Volt set °(f)D V Input Sens. ..JS__. rnV Der. Oper, _ . ___ V at __ rnV L)?al Ratio

____ V Ref./lnst. ____ ____ _ /

mV

MV Readout (2 points] Ref./lnst., /

OMMENTS:

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL POINT "AS FOUND READING" METER READING*

5000 4000uR/hr Won u™r>
5000
500
500
250
250
50
50
25

•ijnc&rtahty within! 10%

REFERENCE

CAL. POINT

'a!
doul

lOOOuR/hr >/ f io '//7/V7

400 uR/tir = 7A >?«^ up**. VAQ %y>
lOOyR/hr ' ^ /^o y/?;?

20Q uJ?/hr= $C zoo &f)fn 2 on Aot>
100 uR/hr ' ; too ){>t>

Jofio cpm ' ..lo ifp
L77o cpm /<? ;^
£&2D cpm ^o ^o

*?C^T cpm £ 4

r F, wifhip + 20*. 50, 2 5 Rangers) Calibrated Eledranlcally

INSTRUMENT INSTRUMENT

RECEIVED METER READING'

REFERENCE INSTRUMENT INSTRUMENT

CAL. POINT RECEIVED METER READING*
Log
Scale

_

erence Instruments and/or Sources; LJ5-394 Gii22 Q?8l
?,7 Gamma S/N 0)162 G G112 D M545 D 5105 Dll00a3r879 DES52 DE551 G 720 d! 734 D Neuiron Am-241 Be 5,'N 7-304

Aloha 5/N - LJ BetaS/N

m e .OQS/N 189506 G Oscilloscope S/N

•rilpri Ry 1.J, J<fi», — Itsr^jJitj^ Date

Q Other

MultlmeterS/N__ 57390613,

/iewed By. L/Q Date T7

ceri.fcale shnll nol be '
MC22A 04/02/2006

eO except In lu.l, without (he -.vrllten cpprovol of L'jdKfffl Measuemenls, Inc. AC Inst.
Or;.V

Passed Dielectric [Hi-Poi| and Coniinuity Test



AVIV1 Environmental Services Inc.
Grants NM, 87020

Rate Meter/Sealer Calibration

Model S/N

Calibration Source i v> AL^ /Llix-r

Threshold (inputsensitivity), Found at \QQ

Window, In/Out <9uA Window

Pulser Amplitude Set @

__ mV Left or Set at 10 & mV

mV

mV

Range/Mode

Calibration Point
(Pulser Setting)

cpm x multiplier
As Found
Reading

Left or Set
Reading

VDC

Date
"7

Calibrated B;



CERTIFICATE OF CALIBRATION

Model No. / Serial No. 500 /

LUDLUM MEASUREMENTS, INC.
POST OFf ICE SOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556, U.S.A.

CUSTOMER AVM ENVIRONMENTAL SERVICES CUSTOMER PO ORDER NO. 257138/303202

Cal. Date 14-Jun-06 Cal Due Oalo 14-Jun-07 Cal. lr>terva!__1_Year Procedure M50Q, Rev. 5

T.

U New Instrument Instrument Received H Within Tolerance QoutofTol. L3 Requiring Repair Q Other-See Comments

_Zi__'F RH 42 % Alt 702JJ mm Hg Bwetor Zeroed Qwechanical Check

PULSE WIDTH

Acceptable
As Found As Left Range (us) ± 10%

MEG PULSE

POS PULSE
.j.y }.? 1.5-1.9

<2.25

PULSE AMPLITUDE

Reference
Amplitude

1 V

100mV

10 mV

1 roV

As Found As Left
Amplitude Amplitude Acceptable
Reading Reading Range ±10%

I (/

I&& M t/

!&**</

hi r* «/

/ I/

/fiO ^ [/

ID *,!/

i.\ *\S

0.9-1.1

90-110

9-11

0.9-1.1

As Found As Left
Relerence Amplitude Amplitude
Amplitude Reading Reading

4V

400 mV

40 mV

4mV

H. 2, i/

*tZl> f* I/
V, 2, V

H3.O mlS

Acceptable
Range ± 10%

3.6 - 4.4

360 - 440

H rt t/ 12. *.L/ i 36'44

f.Zsv I/ **.l *t/ 3.6-4.4

PULSE FREQUENCY (PERIOD)

Pulser As Found As Left Acceptabla
Range Period Period Range'±2%

x 10K

x1K

x 100

x lO

X 1

X0.1

(0,10 V '

(o^.O V

fn 7a.^
{07av
(tl.OV

$0

6>,&{>t> 6.534-6.8

£&j££_
(^ ((> <f> . ft
to (a k> to

fab.&6
90

65.34 - 68

653.4 - 680

6534 - 6800

65.34 - 6&

38.2 -91 .8 Counts

ReferencH
Voltage

500V

2000V

As Found
Voltage Reading

^Df>

)??£>

As Left
Voltage Reading

^flr?

/^•^

Acceptable
Range ± 5%

475 - 525

1900-2100

CPM Reading

MAX '

WIN

As Found
cpm Reading

9?Z
/

As Left
cpm Reading

ffZ

/

Acceptable
Range ± 1 0%

961 - 999

0-1*

• READING OF 0-99 !S ACCEPTABLE FOR INSTRUMENTS WITH A S/N 1COOOO AND BELOW AND MAIN BOARD = S2Q8-065

COMMENTS:

Ludlum Measurements, !nc. certifies that the above Instrument has been calibrated by standards traceable to the National Institute of StandanJs and
Technology. The calibration system conforms to the requirements of ANSI/NCSL Z540-1-1994 and ANSI N323-197S,

Reference Instruments:

Frequency Counter

Oscilloscope

Voltmeter

Model }foft A

M(">^F)| V~ j-^&fi

Model F}(/Me 75 —

S/N' _J?(?<5^?
S//M 908V 101

?/N 57390613

Cal Dale .

Cal Date _

Cal Date -

t-J'Og

* ' 3 -fi(-
v-tq-fi.^

Calibrated By:

.viewed By:

11 Da\a

Date

fhls ccrllflcafe ahall nof be re^rocuced excepl lr> full, wll^x3u^ lha written approval of LudJum MecuuiemsMls, trie.
r-ORMCU-l 04/09/200]

i A.C Inst. 0 Passed Dleleclrlc (Hî Pot) and Continuity Test
I 0"^ D foiled:



AVM Environmental Services Inc.
Scalcr/Ratcmeter- Detector Calibration Form

Scaler/Ratcmcter LULA L
Detector 5PA ~~3 S/\J V0 3 S"A a- ~ 3_3

Source: LA/-0^lut^-, £?,•«. ixi ra.s>

Scalcr/Ratcmetcr Thrcshhold set &, !<ye> mV. Window IN/OUT j^o

Reading, CPM Reading, CPM
HV (Source) (Background)

500 U>75I 3^3-

550 1-1/74 7fe^
600 3t»<:l'7'3 J2.5TI
650 £TV^O| vagus'"

700 k 7 S » < ? "37i"0

750 £2 3:f 2 4^73
800 ^<fO"7"3. S'-tlt

850 9f£~33 57' o
900 CfAtfSI 5"?a.g
950 ^?3. Sov» 5~fH'L
1000 93'^-s~y S-r^q
1050 93/73- S~8bi
UOO ^SloSb" S~9S"P

HSO i l l Mfo'^ Lo 72
^200 l^^^^o U'^/^fe
1250 (73^05- 73o«f

1300 ^S7 &'
1350 I •a.^ot

1400

HV Set @ 9OC> VDC (Instrument)

Input Sensitivity (THR), mV / OO

Strength: / u/o

^ .Window f//A mV

Background reading at designated function
check location in office.

Count ft Reading (CPM)

1 71 U2 ajfclS

3 '7ss i •as'jcC

5 -7533- J.^97
Average 7S-I,/ 33^

Count Readings witli I percent U3O, can
directly under shielded probe on designated
function check location In office.
Count # Reading (CPM)

l q'-jSTAo
Z CJ4 703

3 ^^95"!
4 ^ M "7 O Q
5 Q 5 ^ "^^

Average

^ ' ° VDC (DVM Fluke 8020!

Function Check with 1 percent UjO8 ore in can. Can Directly under the detector.
: Function check range is: ~J ~> 8'% 4 to CPM

Count Readings for Calibration Pad GPL (87.78
Bare (Unco)limatcd)

#5 [->".} 540 cpm

Eff{avgcpm/a

Date 7" -

Revision 2.0
July 2006

#2 V39#*
#3 t>°3jf/3
#4 U'3<?i3

Average l^!J^t.3
7.78 pCii'gm "7 ^ 1

* / - O t o

^ r^/ A^

cpm
cpm
cprn
cpm

, cpm
upin/pCi/gm

pCI/gm Ra-226)
Collimated

#2 3^7
#3 '3.7,
#4 3^ c
#5 ~$j,(

Average 3 7 %
Eff x,

By/^c

l^to cpm
P^O cpm
h 75" cpm
fl g 3- cpm
fjjo cpm
H3.^>. cpqf/pCii'gm x

-r ^/. , ^ 1*^^ J

'
SOP-1

Page 7 of 7



200000

Detector High Voltage Plateau
SPA-3 #408522-33 with Ludlum 2221 #68782

1% Uranium Ore in Sealed Can

16000

14400

Opfimiim HV ® 900TDV

Detector High Voltage, VDC

-Source Plateau » Background Plateau



Certificate of Calibration
Ratemefcr/ Sealer Certificate of Calibration

CflG
EnviroruneniAl Reitomtioa Group, Ire.
$809 Washington Si. NE, Sui'fe (50
AJbuquenquc, KM 87113
(505)298-4224

Manufacturer: Ludlum Model: 2221 Serial No.:

AH Ranges Calibrated EJoctronicolly; Lucilum Pulsor Generator S.M. D 97743 201932

Reset CJAudio ID Mechanical 0"Batlery O-fhreshold / Window Operation i

High Voltage 500v CT TOOOv zf 1500v-CJ ^~

Instrument found within tolerance (+/- 10%) Yes 2J No a

Riiferenee Setting

400 Kcpm

lOOKcpm

40 Kcpm

10 Kcpm

4 K.cpm

I Kcpm

400 cpm

100 cpm

Reference Setting

400 Kcpm

40 Kepm

4 Kcpm

400 cpm

Ratemeter
Instrument

"As found reading"

Integrated Counts
(l-nunutc count)

Log Scale
Count Rate

Instrument
"As found reading"

ERG Form 1.023



AVM Environmental Services Inc.
ScaleT/Ratemeter - Detector Calibration Form

Scaler/Ratcmeter L K. el I H.»T» oL J j a j l

Detector jTM- 3 -V>3/ V^85"3^-io

Source: tAr<v< iu*»i £>/-« 1/1 C^A

Scaler/Ralemeter Threshhold set © ioc.

Reading, CPM
HV (Source)

soo \£55y
550 333^^
600 B'SOjl

650 7551*8
700 S-S*?1^

750 9/771?
800 <?3 3 1£2
850 q&"a /#

Strength: ' %>

•) 1 mV, Window IN/OUT ^u.-(- , Window V/A nV

I

Reading, CPM Background reading at designated function
(Background) check location in Office.
fqy fv .„ j/V'.-v.

l i q * 4 Count # Reading (CPM)

: ~2>£>0C> 1 7*J^C> ^2'77«f

H^ttl 2 '}Sei^ 25" 4O
: ^333 3 79^3 ^s<??

5^V5" 4 774 r, ^?q^?
lT"*-Jj-i'~i c'

<^J ' "^ *^ 7c?^"7 !^ S2ta

5f~5*C> Average 7S t^O. ^SiTJ

900 75^(3 : SS^ O.O'Zr^re- t,3.*/O-^'3^ A *Sb •• 3 *i

950 ySlloG

1000 Q'lieC>£>'

1050 lO'Tcu.'1/

1100 /2S5'^3

1150 J57?5"3
1200 I *? O O()O
1250

1300
1350

1400

HV Set @ ^O

, IK v ^ , ..._ Count Readings wltli I p u i c e u t UjOj can
, . , . - directly unf lp r shielded probe on depicnitcd

£,"<J6O function check location in office.

• 1*2 1?1/ Count# Reading (CPM)

7^5o l q5~*>>$

57t"3 2 ^tS"i??
; | 050-ix 3 <76"^o^
: /as"?4? 4 ^<?it>

5 ^S'Jlfe'/
• Average tfSTlQS

-• VDC (Instrument) *9O 5* VDC (DVM Fluke 80201

Input Sensitivity (THR), mV /PO ;

Function Check with 1 percent U3Oa ore in can. Can Directly under the detector.

to CPM

Count Readings for Calibration Pad GPL (JJ7.78 pCi/gm Ra-226)
Bare (Uncollimated) Collimated

#1 (al^oS cpm #1 3>£'-1$3-

E ff(avg cpr

Date ~7 -

Revision 2,
July 2006

#2 (^ } o t~O
#3 ^, j g § <f
#4 Ua7«ST
#5 (D\t-0%

Average [aiS
t^l>

•n/n.ll pCi/gm ~?cr£~

Zl-CXs

,o

cpm .
cpm
cpm
cpm
cpm
cpm/pCi/gm

#2 J3 4,2^6"

« 3^477
«4 '3ia3.97
JJ.T »_

ff5 2i«.C'~77
Average 3k>.2./l-y

Eff xi ^ / 3

Bv^^fet

'i i

cpm
cpm
cpm
cpm
cpm
cpm

cpm/pCI/cjn

J /"^

/ SOP-1
Page 7 of 7
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Detector High Voltage Plateau
SPA-3 #408522-30 with Ludlum 2221 #68782

1% Uranium Ore in Sealed Can

Optimum HV ® 900 VDV

Detector High Voltage, VDC
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Designer and Manufacturer
of

Scientific and Industrial
CERTIFICATE OF CALIBRATION

CUSTOMER ENVIRONMENTAL_RESTORATIpN. GRP

Mg. ... Ludlum Measurement^ Inc. Model

Mfg. . . _ . Model

Cal. Date . 2iQ_C_kQ.4_ Cal Due Date

J222J

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494

SOI OAK STREET FAX NO. 325-235-4672

SWEETWATER, TEXAS 79556, U.S.A.

ORDER NO. 262.705

Serial No.

_________ ___ Serial No. . ___ ____

g-Oct-07 ___ Cul. Interval _ 1, Year _ Meterface

:heck mark t/fappfcs to applicable instr. and/or detector lAWmfg. spec. T.. 74 °F RH ____ 3j_ % Alt 704.8 mm Hg

_2S2-1S9

[^ Now Instrument Inslrumcnt Received Q Within Toler. +- 10% Q 10-20% D Out of Tol.

52" Mechanical ck. %$ Meter Zeroed O Background Subtract
\2! F/S Resp. cK S3" Reset ck,
!vT Audio ck. Q Alarm Setting ck.
H'Calibrated in accordance with LMI SOP 1 4.8 rev 12/05/89.

Requiring Repair Q Other-See comments

{yf input Sens. Linearity
S? Geotropisrn

4.4 vnc

istrumcnt Volt Sot _ 900. V Input Sens.

125' HV Readout [2 points) Ref./Jnst.

Window Operation
I5T Batt. ck. IMin. Volt)

Q Calibrated in accordance with LMI SOP 14.9 rev 02/07/97.
. , _ , . _ Threshold

0 mV Det. Oper. V at mV Dial Ratio i_QQ_. -

500 / . v Ref./lnst.___ 2000... /

10__

COMMENTS:

; 16 for*

REFERENCE INSTRUMENT RECD INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

X IK _.400kcom . ... </6o
XJK
X100
X\00
X 10
X LO
X 1
XJ

TOOkcpm
40kcpm
lOkCpm

4kcpm
Ikcpm

400cpm

l QQcprn

Mo
voo
too
Wo
/Oo
**f&£

ffiO

'uncertainly within ± 10%

REFERENCE

CAL. POINT

igi'al
jadout 40Qkcpm

40kcpm
4kcpm

r F within + JO'S!

INSTRUMENT INSTRUMENT

RECEIVED METER READING*

tJQol (e)
<4f>o fo)
no rat

40cpm •/ (0)

REFERENCE

CAL. POINT'

Log
Scale SOOkcpm

50kcpm
5kcpm_

SOOcpm
50cpm

/>LL Ronge(s) Callbraled Electronically

INSTRUMENT INSTRUMENT

RECEIVED METER READING*

VZftt
&

Wa

f^
Ueasureroenrs. l"c. certilies thai fr.e oagve InslrL'frant hoi bean ooliWotsd by ilandords uoceoO'e la me Nortional ;nslltu'e ol Standaras and lecr.rotogy, or to ir« colibrorllon taciiiltei ol

ief infernallona Slondords OrganizQiIon menr,bef s. or hove been derived from occepted values of natural pr.yaicol caritanfs or have been derived by '.ho ra^Io type af col'txalion l^schniquGs.
5 cdinruiion system conforms to the reauirernents of ANSI/NCSL1540-1-1^94 and ANSI N323-I976 Stale of Texoi Colibralion Licence Ma. LO-W&3

leference Instrument and/or Sources: Q 5-394 D '• 122
:s-!37i3ammaS/N GlU2 GG112DM565 G 5105 D TIOO& D T679 QE552 D ESS]

Alpha S/N

m 500 S/N

irated By:

38120

^
af(££lt£6d.

ni 8f>to S/N

Q rxrilloscooe S/N

^^^^-
Date

734

Other

D Neutron Am-241 Be S/N T-304

0" Multimeter S/N 84260.131

!eviewerl By: -titans <0$^t
hu ceaif/cata sfiaH not Oe reproduced excepf In luM, withogf the wrilfen oppcovol qf Lud/um Measufeaients, ire
QRM C22A

ACir.st.
OniV

Passed Dielectric (Hi-Pot) and Cont;nuity Test



AVM Environmental Services, Inc.
Micro R Meter Function Check Form

UNO's NECR Mine Site

Micro R Meter: Ludlum 19. SR#76248 Function Check Source ID: 1% U3OaOre in Seated can

Function Check @ Calibration

Acceptable Function Check Reading (uR/hr) Range (20%).

On

72. to /Cg

Date Physical Check Cal Date
Battery'1' Volts or

OK
BKG Reading

uR/hr
Source Reading <2>

uR/hr

Within Acceptable
Range
YorN Cal Due Tech

OK

O '<. V?

i
0* J2C ¥

-vrf -£<6> y
7-2L-0?

it -
oK.

6ft.

7-2

JL
Y

It

7^24

7-2 'T
X'

Note: (1) Battery Voltage must be within BAT TEST Range (2) Function Check Source must be placed in the circle on the front side of the meter



Scaler/Ratemeier ID: *-1"-

AVM Environmental Services, Inc.

Scaler/Ratemater - 2" x 2" Nal Detector Function Check
UNO's NECR Mine Site
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AVM Environmental Services, Inc.
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Note: (1) Battery Voltage for Ludlum 2221 must bo >5.3 volts; (2) Threshhold must be at 100 mV; (3) Window Position must be OUT; (4) C.C. for Eberline ESP sealer must be 1.0*00



Gamma Radiation Level to Surface Soil Ra-226 Correlation
Field Data Update for Backup Detector



Gamma Radiation Level to Surface Soil Ra-226 Correlation

A correlation between the gamma radiation levels in (1PM and surface soil Ra-226 concentrations
was performed prior to the field gamma radiation survey for a site-specific calibration of the 2x2 Nal
detectors. The results were provided in Results of Rtick.ynnnd ,/nd Radium C.om'kition Sampling ?\<ir/ljnist
Church Rock Mini: Site Technical Memorandum (M\VH, 2()06b). The gamma radiation (1PM equivalent to
the Ra-226 field screening level (I'SL) was necessary prior to conducting the actual surveys in order
to identify area boundaries and identify locations above the I'SL during the radiation survey. This
required performing the necessary gamma radiation level measurements and soil sampling for Ra-226
to determine a correlation between gamma radiation level (1PM and Ra-226 concentration in surface
soils.

The KSL (2.24 pCi/g) for Ra-226 was defined as the DCGU (1.24 pCi/g) above the mean
background Ra-226 concentration (1.0 pCi/g), as discussed in more detail in Section 2.4.

The gamma radiation survey and surface soil sample locations were identified to retrieve the desired
range of concentrations in surface soils with no subsurface soil contamination. The selected
sampling locations were all on relatively flat terrain, and were large enough so that moving around
several steps in each direction did not affect the readings significantly. The contamination
distribution for the gamma radiation survey using this correlation procedure is assumed to be in the
surface soil and fairly homogenous within the detector observation area. Any subsurface
contamination deeper than six inches during the field survey would skew the radiation survey results
and possibly cause an over-estimation of the equivalent surface soil Ra-226 concentration.

The gamma radiation level measurements and Ra-226 soil sampling for the correlation were
conducted from August 16 through August 18, 2006 in accordance with SQP-02 of the RSEWP.
Results of the correlation gamma radiation level survey and soil sampling are presented in detail in
the correlation technical memorandum (MWH, 2006b). In addition to obtaining a correlation for a
bare (unshielded) detector, a correlation was also developed for a lead collimated detector by
obtaining gamma radiation level measurements for both bare (uncollimated) and collimated detectors
at each location. A radiation survey in the arroyo tor bed sediment would require different geometry
of the survey system detector compared to surface soils in a fairly plain geometry. During the
radiation survey for the Unnamed Arroyo bed sediments, gamma radiation shine from the arroyo
banks would also interfere with the survey. Therefore, a separate correlation with soil samples and
gamma radiation levels was developed for surveying in the arroyo sediment bed.

During the August 16 to 18, 2006 correlation radiation survey and soil sampling, gamma radiation
level measurements with the primary SPA-3 detector (#408522-33) were collected at 15 soil sampling
locations, as indicated in SOP-02 of the RSEWP. Gamma radiation level measurements with the
backup SPA-3 detector (#408522-30) were performed at only four locations for correlation.
Following a review of the correlation technical memorandum (AfWH, 2(.)06b), the EPA commented
that unless additional correlation data is obtained (to meet the minimum quantity as indicated in
SOP-2 of the RSEWP) correlation data from this instrument (#408522-30) should not be used as
screening data. Therefore, on November 7, 2006, gamma radiation levels were obtained with the
collimated backup detector (#408522-30) from the remainder ot the correlation soil sampling
locations to complete correlation in order to enable use of the backup detector, as necessary, during
the field survey. The field survey form containing this data is included in Appendix B. Table 2.1,
Gci/i/H/a Radiation I jirels rs. Ra-226 Soil Concentrations, Mine Site, includes the gamma radiation level
measurements for the backup detector on November 7, 2006, as well as the correlation field data and
soil sampling results performed during August 16 to 18, 2006. The correlation technical



mc.-monmi.lum (MWH, 2006b) included field data ;inil results of the correlation tor the Unnamed
Arroyo bed sediments. However, no gamma radiation survey was performed in the Unnamed
Arroyo, as the August 2006 correlation sampling indicated that all tifteen locations in the sediment
bed exceeded the FSL (MWH, 2006b).

( jamnia radiation levels versus surface soil Ra-226 concentrations linear regressions for the 19
locations with surface soil Ra-226 concentrations ranging from background to 185 pCi/g, and the 15
locations with Ra-226 concentrations ranging up to 10.3 pCi/g, as specified in the SOP-02, for bare
and collimated detector SPA-3 #408522-33 were presented in the correlation technical memorandum
(MWH, 200ftb). These figures are included in Appendix B as Figure B-l, Gatawa Riidiii/ion \ jfivl to
\{ii-226 C.oiicfiitrtifinii Krivr.w'w; Analysis jar Oil-site Amis, H.H//IV RtiHiie and Figure B-2, Giimma Radiation
I.er/'l to Rii-226 C.niifi'iitration Regression .-liialysis /or Oii-i/te .'Ireas, Riickyoi/nd to 10 pG/g Ritiige. The R2

values for all of these linear regressions tor detector #408522-33 exceeded the specified value of
0.80.

Linear regression analysis for gamma radiation levels (obtained on November 7, 2006) to surface soil
Ra-226 concentrations for all 19 locations with surface soil Ra-226 concentrations ranging from
background to 185 pCi/g, as well as for 15 locations with Ra-226 concentrations ranging up to 10.3
pOi/g for the collimated backup detector SPA-3 #408522-30 are summarized on E'igure B-3, Gamma
Rcidialion \ jL'nl tn Ra-226 Concentration Regn-ssioti Analysis for On-sile Amis, Background to 10 pG/g Range,
and Figure B-4, Gcimma Initiation I^ere/ to \{a-226 C.onceniration Regression Analysis for Oil-site .Areas,
Kticfyroiiiid to 10 pG/g Riinge. The R2 values for all of these liner regressions exceeded the specified
value of 0.80.

Based on linear regressions, the following equations were initially used to calculate surface soil Ra-
226 concentrations from the gamma radiation level measurements obtained in CPM at the NECR:

1. Surface Soil Ra-226 pCi/g = (0.0021 x CPM) - 7.4151 (R2 = 0.866) for collimated SPA-3
#408522-33 (low range shown on Figure B-2) tor use with gamma radiation levels below 10,000
CPM, which were expected to be below 10 pCi/g.
(2.24 pCi/g FSL is equivalent to 4600 CPM)

2. Surface Soil Ra-226pCi/g = (0.0020 x CPM) - 7.5289 f (R2 = 0.873) for collimated SPA-3
#408522-30 (low range shown on Figure B-4) for use with gamma radiation levels below 10,000
CPM, which were expected to be below 10 cPi/g..
(2.24 pCi/g FSL equivalents to 4884 CPM)

3. Surface Soil Ra-226pCi/g = (0.0026 x CPM) - 11.592 (R2 = 0.974) for collimated SPA-3
#408522-33 (entire range shown on Figure B-l) for use with gamma radiation levels above
10,000 CPM, which were expected to be above 10 pCi/g..
(2.24 pCi/g FSL equivalents to 5320 CPM)

4. Surface Soil Ra-226pCi/g = (0.0024 x CPM) - 11.567 (R2 = 0.972) for collimated SPA-3
#408522-30 (entire range shown on Figure B-3) for use with gamma radiation levels above
10,000 CPM, which were expected to be above lOpCi/g.
(2.24 pCi/g FSL equivalents to 5753 CPM)



5. Surface Soil Ra-226pCi/g = ((1.1)005 x CPM) - 6.0697 (R! = 0.84V) for bare SPA-3 #408522-33
(shown on Figure B-2) for use with gamma radiation levels below 40,000 (1PM.

(2.24 pCi/g FSL equivalents to 16,619 CPM)

6. Surface Soil Ra-226pCi/g = (0.0009 x CPM - 16.284 (R- = 0.966) tor bare SPA-3 #408522-33
(shown on Figure B-l) for use with gamma radiation levels above 40,000 CPM.

(2.24 pCi/g FSL equivalents to 20,582 CPM)

No linear regression equation is included above for the bare (ancollimated) detector #408522-30
since this detector was not used tor any uncollimated radiation survey.

The static gamma radiation reading counts obtained with the coliimated 2x2 Nal detectors were
initially converted to surface soil Ra-226 concentrations using applicable linear regression equations
(e.g., #1 through #4) shown above. Surface soil samples submitted for laboratory analysis were
collected from 218 of the 819 static gamma radiation survey points in the on-site areas. The results
showed that the converted Ra-226 surface soil concentrations were generally higher, by an average of
about 56%, than the laboratory soil sampling results at these 218 locations. The primary reason for
the higher converted Ra-226 surface soil results is due to the presence of elevated levels of Ra-226 in
subsurface soils, as deep as 20 feet in the on-site areas as confirmed by the subsurface soil sampling.
As discussed in Section 2.2.2, the gamma radiation survey was designed and correlated tor surface
soil Ra-226 characterization. Significant levels of subsurface Ra-226 were not expected at most of
the survey areas on the Site. Gamma radiation levels due to elevated Ra-226 in subsurface soils were
converted to equivalent surface soil concentrations using appropriate regression equations, as
described in the following paragraph.

An analysis of numerous linear regressions for gamma radiation levels to surface soil Ra-226
correlations was performed and provided to EPA on February 15, 2007. This analysis included a
linear regression for 101 points with gamma radiation levels over 10,000 CPM within the on-site
areas with elevated levels of Ra-226 in subsurface soil. This resulted in a correlation that would
account for, and minimize, interferences at locations with elevated readings (above 10,000 CPM) due
to the presence of significant subsurface Ra-226 concentrations within the initial area boundaries.
The analysis also included a linear regression of 18 points with low-level gamma radiation readings
(below 10,000 CPM) within the NECR-1 step-out area where elevated levels of Ra-226 in subsurface
soil was not expected. On February 16, 2007, EPA agreed with the analysis and notified that the
field gamma radiation survey results equal to or less than 10,000 CPM were converted to surface soil
Ra-226 concentrations according to the linear regression for the 18 points at the NECR-1 step-out
survey area. The field gamma radiation survey results over 10,000 CPM were converted according to
the linear regression for the 101 points with gamma radiation levels over 10,000 CPM within the on-
site areas. Efficiencies and background counting rates of the two coliimated 2x2 Nal detectors
(primary SPA-3 #408522-33 and the backup #408522-30) are similar (<5% difference), as shown in
the calibration certificates provided in Appendix B-l; therefore, EPA also agreed that these
correlations would be appropriate for both of the coliimated detectors.

The field gamma radiation survey results and soil sampling results for the applicable correlations are
provided in Table 2.2, Gamma Radiation I jsvels Versus Surface Soil Ra-226 Concentrations Regression Data.
The summarized linear regression for <10,000 CPM and > 10,000 CPM are shown on Figure B-5,
Gamma Radiation levels rs Surface Soil Ra-226 Concentration Ri-gression Data, AECR-/ Step Out Su
Points for <10K CPM Comlation with Coliimated2\2 Nal Detector, and Figure B-6, Gamma Radiation
to Surface Soil Ra-226 Regression On-site Areas >/OK S/nvej Points for > 10K CPM Conv/atinii ir/fb Cullimated
2\'2 \'til Detector, respectively, included in Appendix B. All static gamma radiation survey readings



were converted to surface soil Ra-226 concentration using the following equations, nnd are discussed
in Section 3.1:

• Surface soil Ra-226 pCi/g = (0.0024 x CPM) - 1 1.6118 (R2 = 0.98) for collimated 2x2 Nal
detectors (shown on Figure 13-5 of Appendix B) with gamma radiation levels below 10,000
CPM. (2.24 pCi/g 1'SI. equivalents to 5,770 CPM)

• Surface soil Ra-226 pCi/g = (0.0016 x CPM) - 13.909 (R2 = 0.74) or collitnated 2x2 Nal
detectors (shown on Figure B-6 ot Appendix B) with gamma nuliation levels above 10,000
CPM. (2.24 pCi/g FSI, equivalents to 10,093 CPM)

The first linear regression analysis shown above was used to estimate low levels of surface soil Ra-
226 concentrations (i.e., near the KSL) in areas such as the step-outs where Ra-226 impacts were
expected to be in surface soil only with gamma radiation levels generally below 10,000 CPM, yielded
;i regression with a low R2 value significantly below the specified value of 0.80. This could be due to
elevated variance and error associated with measurements at low levels. Therefore, two survey points
collected from the step-out survey area (where Ra-226 contamination is in surface soil only) with Ra-
226 concentrations above 10,000 CPM were included in the liner regression to improve the R2 value.
Although, this biased regression produced an R2 value of 0.98, the data obtained by the field
instrumentation was of estimated quality for field screening purposes.

The second linear regression analysis shown above which was used for correlation at locations with
gamma radiation measurements above 10,000 CPM tor the on-site areas, had an R- value of 0.74,
lower than the 0.80 value specified in the RSFiWP. A revision to the correlation was necessary to
minimize interference and over estimation of surface soil Ra-226 from significantly elevated levels of
subsurface Ra-226.

The field gamma radiation survey measurements provided data of a quality sufficient for field
screening. The data collected with field instruments have the potential for error and low accuracy
and are considered to be estimated values, especially, in areas with different contamination
distribution than the instrument calibration/correlation assumptions. This was the case for most of
the on-site survey areas, where significantly elevated levels of Ra-226 are present in the subsurface.
The initial correlation was developed prior to the field survey for Ra-226 in surface soils (less than six
inches deep) with fairly homogeneous distribution. The initial correlation did not expect and account
for the elevated gamma radiation shine from the subsurface Ra-226, and thus, the Ra-226
concentrations for surface soils determined by the gamma radiation survey using the initial
correlations were higher compared to the single point soil sampling results. The correlations were
revised and biased to account for the elevated gamma radiation levels in the subsurface, and to obtain
more representative Ra-226 surface soil concentrations and improve the quality of the gamma
radiation survey data. However, the revised correlation, which would account for subsurface Ra-226
interference, does not account for any variation in gamma radiation shine interference due to
variation in subsurface Ra-226 concentrations at different on-site area locations. Therefore, the data
obtained by field instrumentation with revised correlations is estimated data suitable for field
screening purposes.



AVM Environmental Services, Inc.
Gamma Radiation Survey @ UNC's .VECR Mine Site

Static Gamma Radiation Survey Field Form For Correlation
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Table 1
Gamma Radiation Level to Surface Soil Ra-226 Concentration Field Data for NECR
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Figure A-l
Gamma Radiation Level to Ra-226 Concentration Regression Analysis for Onsite Areas

Entire Range(all 19 Locations), SPA-3 #408522-33 2x2 Nal Detector

Gamma Radiation Level, CPM

i Bare (Uncollimated) SPA-3 #33 Detector A 0.5 Inch Lead Collimated SPA-3 #33 Detector
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Figure A-2
Gamma Radiation Level to Ra-226 Concentration Regression Analysis for Onsite Areas

Background to 10 pCi/gm Range, SPA-3 #408522-33 2x2 Nal Detector

Gamma Radiation Level, CPIY1

| Bare (Uncollimated) SPA-3 #33 Detector A 0.5 Inch Lead Collimated SPA-3 #33 Detector
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Figure A-3
Gamma Radiation Level to Ra-226 Concentration Regression Analysis for Onsite Areas

Entire Range, SPA-3 #408522-30 2x2 Mai Detector

Gamma Radiation L-evcl, CPM

A JL5 inch Lead CoUimatcd SPA-3 #.10 Detector
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Figure A-4
Gamma Radiation Level to Ra-226 Concentration Regression Analysis for Onsite Areas

Background to 10 pCi/gm Range, SPA-3 #408522-30 2x2 Nal Detector
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Figure A-5
Gamma Radaiation Level to Surface Soil Ra-226 Concentration Regression

NECR-1 Step Out Survey Points for <10K CPM Correlation with Collimated 2x2 Nal Detector

2.24 pCi/gm equivalent to 5770 CPM
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Figure A-6
Gamma Radiation Level to Surface Soil Ra-226 Regression

On Site Areas >10K Survaey Pointds for >10K CPM Correlation with Collimated 2x2 Nal Detector

2.24 pCi/gm equivalent to 10093 CPM
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Gamma Radiation Level (CPM)
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Gamma Radiation Survey ® UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scalerffiaccmeter£^/6»i £2-2/ (6'Sr-?i?-2). Detector

Instrument Calibration Date: &"£'• *' ^ . Instrument Daily Fi

2"x2" Nal Detector Collimated I/ Yes or No.

Survey Area/Unit Dccsription / V £>?.X

Survey Date

' • ;y% ;<••

\\-tf-Cb
•^e {-<•>:;,

fl-ti !-*V

\Wi~C&
(\~Ol~Qk
h-</1-it..

i l-el-i*-
il-OT^'
iv-cl-yy

44~03==fi£fc>t^o'T-^n
IV- »!-<?£
U~ <?-*-&';
it-oof.
U M P • • = . . = . - •
i V - < - r^ : '
•ir t'1-o;.-
ii-e'V-o-.-.
U-01'0^
u-in-ofc.-
'll-C^Ot!

, / i - c - 7 - 0 4
» i -£>7-^

< f - O'J • C4

tf-C-'S- ^

//'- £?*"*&

H'iV-c£>
//-£'?'#&
'i-0?-fl<->
$\-(f)-C)^

>./ ^//^ AlH. •

nction Check Perfor•med: *^

Survey Point
ID/Description

kirn.: i- ',.v/
i^:^ JL- i'v
k ' f v - 5 r*»-;
N f c f i - i - ^ H
^4t t^ i •• * ^ *
Ki^t-R- 1 - 13 2-
A;'^:-' r->i
I.';' - i - lV*
K--f.-;r, • ,1.̂

hr ;^ ; -^
j . --' -Y • ^fi^—

Ki^CC. -i- (O'l
KirV>-' . - - v^O

? v ' j : : - - - i - j t i
f - •'••-. ll'A

jvj£CK-<- • ! » >
. &Cj2 ^\n
\pt' t - ) \ ^

NfcfX • s - H b

N p t f - i - n l

LNpa-.--A"L^
Ni&tfSi- i r l
s -^K- / - !0|
tfet-ji-i' ice
H£tf2.-l- <?<"/

^&fri- 93?
fitetfi-t- cf?
sSG&'i- 96
*f€al*/-'9£'
rte&'j- 7y
v<ax-^-9J?

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

'

V

^

Easting
Gamma Radiation
Reading, CPM

2'Vt"i3
o OO^:

^tlt 1-
24-^Ci'l
3'^-Hie

•^*tl(f S
V«j2,D!'
6.vrHci
i ^ i t f ^S
^^C'l

v^H-?-1

ittc?
7^1c:i
fetIM-1"}*}
~J<Tl"l£^"5

t ^ "t>*'- '-^-

•l^tifc
^Z'^VT

'1^6^
^§73
'7C-M-1

jo*+3'7

8633
't'J.O't

/<js?<fr-}
/Qfjgy

2 75~?'7
%$t 4s?

2 b$~Z'9'
I Ll jjfl "7

Comments/Motes

6k*

$(*

pike-

£/c*-

/«.t\

W*fc

m+<tCT<

!O!WA

M-*

>i-*
Technician Signature ^''?^-T ffiF^---^ , Reviewed by ;.,̂ t5L^



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

' ' ' /1 i \ • • •» •*
Instrumentation : Scaler/Ratcmeter ... '-''* fefri !_}'? l {t$*7!f*\Detector 5 i «•-3 .?-.** 2 W*\J~ .s^ ___

instrument Calibration Date: fl~) t * ^__ , Instrument Daily Function Check Performed: *s

2"x2" Nal Detector Collimatcd V Yes or _

Survey AreaAJnit Decsripfion ^V^ ^A-""

No.

/(~<~<?>(_

Survey Dale
Survey Point

in/Desi:ription

Survey Point Coordinate NAD 1983 NM
Slate Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

A/&:£- - _£L/^Z
it -7- Ob -/- fft

I/- 7- DC* 90

- 1$

-79
43*3-0

V-9-66
-/- 8

I/X-'/'^

&-/* ̂ 5V

/̂ 5'5"/
//-'}' Of,

ft-O-Ot - 81
/I-'? -Ok

H- '?

S6</90-

.</?$•/

it- 1- 2.3V 60

10&2-
M6C.fi-(•

//*"?'&£> -v<

Technician Signature _ .Reviewed by



Gamma Radiation Survey @ UNC's NECK Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scalcr/RatemeterAW/t^ 'L'

Instrument Calibration Date: 6"' %

. Detector

, Instrument Daily Function Check Performed:

2"x2" Nal Detector Collimated V YeYes or No.

Survey Area/Unit Decsripiion (2

Survey Point Coordinate N/\D 1983 NM
State Plane, feet

Survey Date
Survey Point

ID/Description Northing Easting
Gamma Radiation
Jleading. CPM Coinments/iv'otcs

j£~/~/ST6

IL

-715^
rL-

U_ 1/15"^

If y ••--«,
I f - ? t- '

,,-

««• L |q

u-y

47725'

f t -

<r W£l
Technician Signature _. .Reviewed by



Instrumentation: Scaler/Ratcmeter

Instrument Calibration Date: g .^ 3 -Q

Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

'L1'i\

, Instrument DaiJy Function Check Performed:

2"x2" Nal Detector Collimated 'y Yes or No.

Survey Area/Unit Decsription NJpCrL''"^ \£U-^>Ti

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Survey Daw
Survey Point

ID/Description Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

U.-&-OC-

1&

16 2-5 1
Lv

IV- *

t ( H

!±T
K; t

- 61
It- 8-0^

Cn.t I.VVCH F'* "*•

0

u-
^go^f~37

7?Technician Signature. , Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scnicr/Ratemeter U.**VA

Instrument Calibration Date: a"' $ ^^

. Detector

, Instrument Daily Function Check Performed1.

2"x2" Nal Detector Collimated * Yes or No.

Survey Area/Unit Decsription __ i //>.

Survey Date
Survey Point

ID/Description

Survey Point Coordinate NAD 1 983 NM
State Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM

11 - £ -06

65 i

i- 1-7 TZ-378

f; £.*?.- - t- l*\

itih.

/

(1- g-Cfc ^33-7

11- 2- - 1

H- B -^ .- 1 - It

11- 8-

225"^
/ Z 3

7f
, Reviewed by ' ^Technician Signature _



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/Ratemcter £>M [•**•

Instalment Calibration Date: «J"".l "*^

, Detector

_, Instrument Daily Function Check Performed:

2"x2" Nal Detector Collimated V Yes or

Survey Area/Unit Deception

No.

l_ Survey Date

\//-f-06

f'/'g-Ot,

\

'

Survey Point
ID/Description

Hec&s-t' 2-
tiec#'~ / - /

\

\

\

\\

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

\
\

\

\

\

\

,'i

Easting

\
\
\
\
\

Gamma Radiation
Reading, CPM

gfft

/tXG7

\

\
\
\

Comments/Notes

ct~r&f*i.

\
\
\

""

-1 '
Technician Signature ^sttf'tjt'7. _, Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site

Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/Ratemetcr l_(*ti,

Instrument Calibration Date: <* ~J-&

l*-l fa/fr*). Detector .T/A'J?, 2-*2 /*A£-*/ </<? .fi~~21.^ - ^ ^
, Instrument Daily Function Check Performed; I—**"

2"x2" Nal Detector Collimatcd

Survey Area/Unit Decsription _

Yes or . No.
'

Survey Date
Survey Point

[D/Dcscription

Survey Point Coordinate NAD 1983NM
State Plane, feet

Northing Hasting
Gamma Radiation

Reading, CPM Comments/Notes

HI*

-H 76
-il

I I -!?-

-llijJ

Zo

l£l

•70^
-T7

6116 I 1 7 r l f 3

606"

- A 233

II
?<; 5-

H -HP- Z56-

"^ 3
Technician Signature _, Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site

Static (7amma Radiation Survey Field Form

Instrumentation: Scaler/RatemeterA^tgff**. Z22.J /£' Jf^ ^'), Detector Sf7r"3 2*2 J^f<jL

Instrument Calibration Date: Z ' -3 ' ̂  fc' , Instrument Daily Fu

*'-

X

2"x2" Nal Deteet

Survey Area/Unit

Survey Date

/!•/$-&

H- *•/, • i/ (,

M - ' i - f c C

if ..,S-«k

> i -<3-<^

jHvu,

U'tt-<A<

H-'J-vX,

I'-iV-u.

M ~|?-M,

ll- l^-t/i,

I V I V - J / C

i»"1-*

U-i^H/L

ji-iV-<\,
i l - iV<*>

M-rt-<fc

i!-^5-ou

j|- ^..00

ii-'J-e*:,
/ / . , J -ttr

/ ' - / ? - O t

S r - . ^ - t - t ,

fl"VC6
1 1 • rt-Oj,

1 1- r? - *
n-'l-tu

i l - . V - c t

l i-rVH.

i« - i^-vc-

or Collimarcd V*^ Yes or No.

Decsription A/£s-£ td~/ ^£>

f

nction Check Pcrformod: '-'''

Survey Point
ID/Description

ftg if.-/-4 t6 /

(Vf i'£ - 1 $ /Ti

,j/!*fi-i uiS'l

A/^d-t H't^

iMe^'t *' *ol
KJLV" ^KrZ.

/" ( /

jjrw,t-j ^101
M5cft- i 4 ItiS

i\Kci-» '-H/66

( \jfti1' ' "** i lj /

fi \i L. I*-" ̂  "P- 1^ g

^f.X-» ^Ib^j

i\JE (,'jl-i -tl\1o

k\i4«:>l'| ivni

jJfcii-i ^ \&

rJ^c £- • •< ! f^

iJiijiM-4 r̂ ^L
(X/cdi-l * IX ̂

^/c-5-f n WL.

Nfc/z-/ H /y j
KitcA-rit/y*

i^^i2,'Uinfi
^c^-ul nf
(VttV-t 4 i"^?
Nrui-'-u 116
w?*. ,1-141 n$
(VjLii -1 4i f "?M

t^fciJ -i 4.1 n$
Wi<A-\ 4 (V-

K

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

/-\

Easting

/

Gamma Radiation
Reading, CPM

'l̂  </
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T^'^C
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iWt
lij(:<Jb

^7/^1
(jci 3 &

S>5'2^

ygCjL
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? \%c
~]-&4c
5'n$~
^"3?c -

^3ZG

6,£;^
lot*,

noy\
H^sc
\d %-;
^lX(sff
(jll^C

°\L\6^

r/5<-/
10(.,C -

\

Commenis/Notes '

^^ V63
3- 7 </7
V Z -2 i 5

>«.'7tf i?

f-/^>/7

•575V/

it^/W
^/ 1 -S 5 2.

322TC

2C»7<;$"

3<C'^ fJ
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if 2-̂

3 7.^-/*>

jj tf3^f.

pyiytj

ZoMtotf

2-7'S?<

zz^rz.
2c,,$'/5"~

5/i^1^
^ ^ c; / 5
^^r
^»J7^

^y>^ > ^' ^^
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*4C,-7S5
L/6 *5 ^1
^ i "*? *^? ^7

Tcthnician Signature \ yW~-^ cSrtr l̂̂ - , Reviewed by ^'/uC/^^



Gamma Radiation Survey @ UNC's NECR Mine Site

Static Gamma Radiation Survey Field Form

/ J/ 1 / s i cfr •) ? i/ rInstrumentation : Scaler/Ratemeter^A i«gYu» 22-2.1' ( Z-fZfZS. Detector J>fYr ~J <2>-l /V^t- *

Instrument Calibration Date: -3--J & > Instrument Daily Function Check Performed:

'3~J

2"x2" Nal Detector Collimated

Sur\'cy ArcaAJnit Dccsription _

Yes or No.

Survey Date
Survey Point

[D/Dcscription

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM Commcnts/Notci

1^2.5
itlV^L

ItiML -; -ft £6 n 10s

n

2*1 &!?•£•

2-

it.

Technician Signature . Reviewed by '



Gamma Radiation Survey @ UNC's [NECK Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/RatemeteiO^W-"* £2 2 (.(#"%•?). Detector SflQ- - -J!3

Instrument Calibration Date:: s ' " ' * " _, Instrumeat Daily Function Check Performed:

2"x2" Na( Detector Collimaled

Survey Area/Unit Decsripiion

Yes or No.

— /

Technician Signature



Gamma Radiation Survey ® UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

"°

Instrumcntaiion : Scalcr/Ratemcter

Instrument Calibration Date:

2"x2" Nai Detector Collimated ^ Yes or

Survey Area/Unit Decsription /v ^?VX? - ( t.

\ Detector j^f^JJ,,. _-3 3
_, Instrument Daily Function Check Performed:

No.

Survey Date
Survey Point

ID/Description

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing Hasting
Gamma Radiation

Reading, CPM Commeats/Notes

tO 3

K 121 #0
ti

H

tl

:£-\ -3o5
a
a

y&LA,Technician Signature . Reviewed bv



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Ins t rumenta t ion: ScaJcr/Ratemeter

"j Instrument Calibration Date: 5

2"x2" Na I.Detector Col I imated V Yes or

Survey Area/Unit Dccsription j

llU . Detector

. Instrumcni Daily Function Check Performed- *
•*

No.

-Sf>nfh ./'

Survey Date
Survey Poinr

ID/Description

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing Hasting
Gamma Radiation

Reading, CPM Comments/Notes

y -

J/3P

\ 1*1

?2»L

3 2,0

<t

tt

-12?

76 t

7 r ̂
i/

Technieian Signature



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/RitcmetcrL^c//'^

Instrument Calibration Date: _____ jr~ j -of*

2"x2" Nal Detector Collitriatcd _ v Yes or

Survey Area/Unit Decsription

l) . Detector

No.

, instrument Daily Function Check Performed:

1,

Survey Date

\l-\-oi-
M

it

(1

>l

t/

,/

Survey Point
ID/Description

bi&M'ii-^
3^r
3V£
W7
$w

V -} / ^
~35\C

V\

Survey Point Coordinate NAD 1983 MM
Stale Plane, feet

Northing

\
\

\
\

\
\

V
\

Basting

\
\
\
\

\
I

\
\

L

Gamma Radiation
Reading, CPM

£*5 *^ j

C'^ *~*i

C^lo

ffl?*/
^V3"/

3 / /~fo
&¥5"i^

V
\

Comments/T^Jotes

Technician Signature ^^fC/^4^' , Reviewed by Hx-^A^



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/Ratcmeter/.'-g* *»

Instrument Culibntion Date:

V Detector a ?~$"2 J-
c

2"x2" Nal Detector Collimated '

, Instrument Daily Function Check Performed:

Yes or Mo.

Survey Area/Unit Decsription _ /\f (zs£ft-'r

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Survev Date
Survey Point

ID/Description Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

/ / • - - - £ 2 -

^UL M.

&g. -2- 5/1.
'vi&/2.

n • *> O^ 3$ t -

n_
ILL

( \ \ \ \
I Oi

1L
LL. ' - 6

'I' -A?
1

\JL- 52
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// - f -
Technician Signature . Reviewed by



Instrumentation : Scaler/Ratemcter

Instrument Calibration Date:

Gamma Radiation Survey @ UNC's NECR Miue Site
Static Gamma Radiation Survey Field Form

. Detector

, Instrument Daily Function Check Performed:

2"x2" Nal Detector Collimated Yes or No.

Survey Area/Unit Deesriplion / vc^ ^/^ " ~L*

Survey Point Coordinate NAD 1 983 NM
State Plane, feet

Survey Date
Survey Point

JD/Description Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes
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Technician Signature_ , Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site

Static Gamma Radiation Survey Field Form

Instrumentation : Scalcr/Ratemeter /.itt/fll^i

tf*"- ? - «.'£[[isimmeiic Calibration Date: _ <* >*

2"x2" Nat Detector Collimated

Survey Area/Unit Decsription

-' ^
Detector

, Instrument Daily Function Check Performed:

Yes or No.

Survey Date

/.'-*;-££
/• o - t-
//'*;-£
tf-7-6

<M- £
/ /-*/-£
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/( '"*/ " tr
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i —
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A^ctr-z- 5^
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jl>^.£L-2 " ̂ SZ

Wj-iK--a.-€«l_
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rt/e-CjL-2-^-'-4 '

A/fctl-2- 1
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^-H

Survey Point Coordinate NAD 1 983 NM
State Plane, feet

Northing

^\
>
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Gamma Radiation
Reading, CPM
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"• ' T '̂  1

\
\
\
\

A ,
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Technician Signature i. /" ^^^i-^^^ ; • , Reviewed by i/ /^-^^^^^A
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Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

insTrumcntatirm : Seal cr/Ratemetc^J^ ̂ 2-22 (

Instrument Calibration Date: <P~ -?* °£ _ _

, Detector

, Instrument Daily Function Check Performed: ^-

2"x2" Na! Detector Collimatcd Yes or No.

Survey Area/Unit Decsription A 6 C /( - 7

Survey Date

Survey Point
ID/Description

Survey Point Coordinate NAD 1 9S3 NM
S]ate Plane, feet

. Northing Easting
Gamma Radiation

Reading, CPM Commcnts/Nolts
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ft- JL
Technician Signature

W
X- . Reviewed bv -



Gamma Radiation Survey @ UNC's NECR Mine Site

Static Gamma Radiation Survey Field Form

Instrumentation : Sca!tr/Ratemeter t_f*-</iW^ 22-2- lA^*/ Detector 5//V "/ ^ *^- /̂ ./ , -^ '-fO'ffii '33

Instrument Calibration Date: 3 '^ •'CJUf , Instrument Daily Fu

2"x2"Na( Detector Colliuiated W^ Yes or No.

f (
nction Cheek Pcrformed: tx"^

Survey Area/Unit Dccsription r^viA. ^2L- . S O

Survey Dale

\\-Vbr<H*
* (•<

j i

i f

H

f f

,,

t'

^

Survey Point
ID/Description
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NJfC . i t . -Z -M 3
lJfCtt-1-U4*
N < f K . - i - U T

r\ T

Survey Point Coordinate NAD 1983 NM
Slate Plane, feet

Northing Easting

•^ ^^ jS ,

Gamma Radiation
Rcadfng, CPM

53'?^

5-775-

491^5-

5300
^33"
U05S

2CX0V3L
1&5&

,__

Comments/Notes

i.. . _ ._(

Technician Signature \ •J^-^_A^^L , Reviewed by/A*^^1



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

ion .• Scaler/Ratcmetcr^/^/Z^ 2g!*( / (-fr'Z*Instrumentation

Instrument Calibration Date:

letector - 3 . -&3 3

2"\2" IVaf Defcclor CoHimaleJ

Survey Area/Unit Dccsription

_, Instrumem Daily Function Check Performed: __*^1

Yes or No,

Survey Daie

//- -?^-t>^

M

;/

|(

Survey Point
ID/Description

//£<rtf '<: - //^

- / / 7

-Itf

,

|

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

i

•

',(

\

;
\

^

Easting

X

'.

\

\

\

':

\

'i

"l
. '|

\

1

\

\

1

\

\

Gamma Radiation
Reading, CPM

7U.y-~
? vftr"
7Y/'f

^ !
/ *

'f J^L-. "

Comments/Notes

'

Technician Signature _ S^ _, Reviewed by ' i



Instrumeataticti •. Scal«/R-dtcmetct

Instrument Calibration Date: _ £'-?

2"x2" Na! Detector Cotlimated v Yc

Survey Area/Unit Decsription .

Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

, Detector

. Instrument Daily Function Check Performed:

Ycsor No.

Survey Date
Survey Point

ID/Description

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing Easting
Gamma Radiation

Reading CPM CommentiyTVotes

t i b
- ?»

-6
- s

l/lfl/Cfc
; * r • '.- (o

sn-n

-I*
b '

t/f 0/0-6 I -ZQ
Zi

U/io/bfc

K/WGC-

- 3.1 III
Il/;o/o6 1 — 30

Technician Signature . Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

- / I-

L '3jl / \
t^aj ( ut*\ ~L 12. ((Oji|^?Jbi

Instiument Calibration Date: _ "O_""'2}
*7

2".x2" Nal Detector Coflimated ^ Yes or

etcctor A -~%. J^

Instrument Daily Kunction Check Performed: *••_'

No.
c*

Survey Ai ca/Unit Decsription _ 3i.
-it-

Survey Date
Survey Point

ID/Description

Survey Poim Coordinate NAD 19&3 NM
State Plane, Feet

Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

5Fl A 0

-S£-L (̂4 "b?[

SF| -

737^

IZ &7U
ii - / - -*-v

1 to

i f M e t

5 A-V - r>r

5PJ -(??

< P< - /-:

Technician Signature *V t,-^-:'̂  4i-^ - Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Rudiatiou Survey Field Form

Instrumentation : Scaler/Ralcmcter

Instrument Calibration Date-

1/&M (L , Dciector 2*2--
, Instiumcni Daily Function Check Performed

-•-/
: \S

2"xl" Nal Detector Collimated \s Yes or No.

V /

Survey Date

////e/c.6

\\ >}t>liit'

\\\\0\Stf

n /{*/&&

i i / V M
i i / N / i ^
n!i*jrt'

U'l^/d-
a'ltc/fo
li'jiv'jOi,
ii'ls*/Pt>'
i/'/V/^
? /J*D£pfc>

I

Survey Point
ID/Description

C" * r"" •*• t ~Jt £~*i~ '̂
i*} r*^ t J ^

^.^ ^ ̂ i
5F-/ ^7/

^-/ ^'7A

S/'-V "^ t '̂
c r*' ̂ -/ -rfQy

_5>-| jj^3,

S p -i tf V&
^-{ as-^-
^T-/ -5i-
^j^"/ nT^Z

SY--/ ^7/
•\
\

Survey Point Coordinate NAD 1983 MM
Stntc Plane, feet

Northing

\

\
\
\

.

Easting

^_ !
\
\

X^
^

A

Gamma Radiation
Rcadinj?, CPM

3071?

fc •('?'/

£ t* 3'7
^•:53?
4"Z (^
5»'''^
(1- f 5V
*"/ ?7
-p.7'7r/^r

<5~tX6.-
/£!>'2J>

x
\
\\

L-

Comments/Notes

)
" "~ I

\

N
Technician Si^nafure , Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/Ratcmetcr^UtV'K 2ll< ( I Detector .>/?•? '/ 2 *2 /I"''- f *•/& .( ">'*'/

Instrument Calibration Date: X - ^ • e> k, , Instrument Daily Function Check Performed: l''

2"x2" Nat Detector Collimated U Yes or No,

( "' "' " / / ^ •»
Survey Area/Unit Dccsription J><'W*f.' fr '/ / '•& Jr'

Survey Date

': Wr>t:
T>A:

,'/"/& -f'i.

/ /-• /«;. . et-
//'-f * --C

/ /-yc- ^^

//-/» -i,6

//" /i/ ^^

'/ "" <^ l̂7 *^Jc>

/ ,x "' /t*^ C* O-

' • • • • ' C -^

/ ' i / fO^

/JfO/oe.
i l/IO /Or

— ; J .
1 1 / \ 0/tj-t
i \/fcfa

\ (j 0/cXr.

\\iioiot-
\\/irJfai ; i .

fijt3S1

Survey Point
ID/Description

;v.,jsiV/?...-./V

(tinJMb* *)

•Ji?'j'*/ -:^V?.\

S^w/<//2*;^
î /yi> *-i
/^.f'/»;//^3.
^ja/i^/^
S^w/5//^ /«>
fc^'/Sfi #H

'4 -i^ ^/
*' -^ ^'

^P.--^ ._K,^

sr^_^; n
s-^ * t •
JjFi *M"i

Spa --'-I t v.?.-
^P2_ :|: 2'̂
S-FZ ^2.[

5F7^ iî

SF2L --Hi

SFX. ^ I'f

/7

Survey Poinl CoordiriRte NMD I983 NM
State Plane, feet

Northing Easting

i ^— - /

Technician Signature V^ ' ' ' ' l^ ^-^^ , Reviewed by /

Gamma Radiation
Reading, CPM

:̂ ^S
^•*/2.<t

— " ' ^/" *"-/••••.

//j^3^|
l^ff/ji- i

j tj/2^

\ U'2.#'$ >
\^3-¥^l

t~fC*}Lf ''I

•TjJ-f /

"7 7<r.. 7

^.'R * 7.

i (?CT • 5"

{•"^M^
'" 5<f-:|

<°V'6fc

?-C^V ^

<S'3v^
G1^ ̂ */'
fcOo2-

•7,14"}-

-«.i/W<

)

Coinmen(5/Nores

-}" j'vr i-"1 *'• i' u;^ j)/" v •-• s.r if- ft

f1'?/ ^ f*

\?i«<
I-Ac'
/.A*--

/?/^^

i3fUl^
koio<?
hU<2.

t!:V^

blui^

() • - i mA't^Af AT r lif-f-^
,r "

JJ/IM^

/Lx^fe^



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Seak-r/Ratemeter Li jQuun ?,7.i\ (zg&ic&'i Detector _j£A_2_^2 ' '< . •* ' N &s!L (

Instrument Calibration Date: D - 3 -'CJXj , Instrument Daily Function Check Performed:

2"x2" Nal Detector Collimated ^Xl Yes or _ No.

Survey Arco/Unit Dccsription _ SOM"SC> ^ ' \\ <Ni Q . _, ?

Survey Date
Survey Point

ID.'Dcscription

.3 -ZT

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing Hasting
Gamma Rndiation

Reading, CPM Comments/Note.';

blu

SmnFliL3-2?>

;- i \pHo
-l_L2JLi

. lCi ' 2 -<
v^.

inkjiL

. - k J "x m«i*

> 7 Y) \ oe.
VAT. 53

[t-[jq_-c.ic

b\oe

Technician Signature -^ . Reviewed by



CJamraa Radiation Survey @ UNC's NECR Miae Site
Static Gamma Radiation Survey Field Form

Instrumentation :'

Instrument Calibration Date:

2"x2" Nal Detector Collimated

f £f?fr J8/ .Selector -J £>
-

I/-

t s

, Instrument Daily Function Check Performed: __ ^

Yes OT No.

Survey Are.a/Unit Decsriplion J^efilcS />'//- ^? -J Q

SuiYey Date

\\-\\.- CJU
t *

r.

<t

"
'<

r '

//-/?-#
7J

!

,

1
1 '
I

Survey Point
ID/Description

.x^aCii-^-zq
'* • 3D
> / s r
V 3>
••' 'J?
ft -\af

/• IT
'•' j; 6

•57
'/ ?^*>

/^

Sun'ey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

-..

V

k̂
X

j ^»^,

Easting

A

V
"\

\\
V

f-l —

Gamma Radiation
Reading, CPM

5mr°i'
~1L\'Z
t'l'M
z'^y
'l^'ifr

•ft 9(1
4Lf /:>
.*W
u^, \^\
fen^

N
\V

\V

Corrunen ts/No tes

X
Technician Signature,

•^r-
-^ >O > , Reviev/ed by 7•fed by ' f



Gamma Radiation Survey @ UNC's NECK. Miue Site
Static Gamma Radiation Survey Field Form

Instrumentation : Sealer/Ratemeter--^*^ , Detector / -Jf- 33

instrument Calibration Date; _ J?Tl£ ll'!_^! , Instrument Daily Function Check Performed: '̂1.

2"x2" Na! Detector Collimated _J^__ Yes or No.

Survey Area/Unit Decsription 3^-

Survey Date

r/-W'M>
i(

\ "
t /

/ »

Survey Point
ID/Description

SEz-m>
-4/
'l/2-

-13
- 2<?

1

Suwey Point Coordinate NAD 1 983 MM
State Plane, feet

Northing Easting

j

Gamma Radial ion
Reading, CPM

{- 6- 5~^~

5*7 z «/•'•
•iVYS-
*>'$r-il^
/ 7 c/Sr?^

\
\
\

\\
''••v 1

S

/ ., -' _

Comments/Noles

|

J

Technician Signature ',-x-I _, Riviewed by



Gamma Radiation Survey @ UNC's NECR Miue Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scalcr/Ralemelc/£,d' bn 2gJ./S22yiZSfJ, Detector e^fti!^ •? •& C-fOfciT'S'l- •'%--

Instrument Calibration Date: _>?'3~*J(z» , Instrument Daily Function Check Performed:

2"x2" Nal Detector Colltmatcd ^ Yes or No.

Survey Area/Unit Decsription
7

Suivcy Dale
Survey Point

ID/Description

Survey^ Point Coordinate NAD 1 98J Nlvl

State Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM Comments/NDtcs

// ff-et? /?W / j;

n it

it

n

, , •* 77 /.y^/2;
n

•it
cr-?(

fi 2.

I 6/7/7

JLL
tt

n / /3L77/
ft it. •#(£> 92 -23?

JjL

a n
>!

/ / t
H
ii •#?$

M-
n 26/5^7

n

UL

'L2.

3
if " * ?2

Technician Signature •\j~ '"^/^VY ^^ *• ffife- _, Reviewed by



Gamma Radiation Survey @ UNC's NECR Miue Site
Static Gamma Radiation Survey Field Form.

Instrumentation ; Scaler.'Ratemcler .__• \,,-r ->. -l-tH^iV** ^' J^ Detector _J

Instrument Calibration Date: A'~^ vj, , Instrument Daily Function Check Performed:

2"x2" Nal Detector Colfimatcd j< Yes or No.

Survey Area/Unit Decsription Y& i J~ r ~i

Survey Date

//'/* -6C,

*
'S

,,

«
tf

>J

/

v

f,

„
,f
„
"

1

1 >

it

(.'
j '

,i
i,
t •

i l
[f

r <

„

(«

• j

i,

'"

Survey Point
ID/Description

fftjp/'Z- £ faj!

* >'/

" # $8
" &g
" tf£
" #7

.# w
i, if- zz-
n *33

4k // f
if *f i »

fi fFJ> '7
ft jf: jf

„ #23

- %&
:,/ 7 H'

" ^7J
• ' ^^-^
" ^l-l

• -<-,.Z

- 7?.T'-7

" ?f,^S

--'/ 2 7

" r f M o
// ^ 4j

/! -^ ^H

» / w ? ^
(/ -//-.i-"^"

H 'pi- ̂  (=•

M # '^?

-f-' J.^

Survey Point Coordinate NAD 1983 NM
State Plane, feel

Northing

t

Easting
Gamma Radiation

Reading, CPM

5"?//
73-$-$-
bJYV
6>/£7

3Y& £g
U'ft

W6</9

33?*S~
'?*?/

7y-s-6<<p
2.2<t£<?

/

Technician Signature s^'^tfe-^-**' . Reviewed bv ^h

3 ̂ 37
?#$*£

rJni
75^

j?i5H
.S^-A
7T 7f

.-?-ffl
3 ^ W V I ^

i;35'-i
7 3"x>
JO'XI I

77/y
4)0 pj

J H W M
',,,.£>
f ' v Y -

t̂ ^SS^H

Comments/Notes

^/*«

^A«

)>Lc
IbU.;

W M €
l



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scalcr/Ratemeter_l * i\ lu ,^ ~1 .2.3 t/ ngOt . Detector • 'j

Instrument Calibration Date; % !̂_11̂  , Instrument Daily Function Check Performed: ..j^_

2"x2" Nal Detector Collimated JK Yes or No.

Survey Area/Unit Decsription ite.-»A /-^-- _

Survey Date

||-,* >^

> i

I t
r

•

f r

„

„

r /

I '

ll

; •

/ ,

i '

f f

1 «

I F

?f

f»

//

ii-n'tx,

j

,,

Survey Point
irVOcscription

A.,,, | .2 .frJ>l

v •>"

Survey Point Coordinate NAD I9«3 NM
State Plane, feet

NortKins

^ /f S
;* *!-&

../.'- :>
/? ^ <•'!
ri -V /?
i' -Tt >g

4« J* /O

, , fj iJ

•r M .'/
.1- j/ ^c

.< -^5"?f3i
?i ^ 4H
if ^MJ
rf -?"r^CT

•»( ^ /*i
ir -M- ,^>f/

, jtjt X /••/f -rf* t.'' t>

// -|4t-/?qt

11 * '/'Z—

Easting
Gamma Radiation

Reading, CPM

£. 5 -9 7
' '^TU'iT
^3'i3
431,1?
«l3ii^;

J , - t f7T

.r-^jt 'l
(>^~3
7 i>^ i
t->'77

5Uf
j^^ci A
.§•732.
7/3H

fT"-i/
I I » 3 ^ ^

^5^
HCZ72.

!V-7^>'7
<li&50
nwi
iil^&

A

Comments/No(cs

U ,U-e

/ , / ^c -

tL«.

-

Technician Signature _, Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/Ratemeter £« 2^.3- t ' Detector 2

InsiTument Calibration Date: aJ •'£>£• _, Instrument Daily Function Cheek Performed:

2"\2" Nal Detector Col li mated Yes or No.

Survey Aren/Unit Dccsription

Survey Date
Survey Point

ID/Description

Survey Point CoorBinate NAD 1983 NM
State Plane, feet

Northing Hasting
Garnma Radiation

Reading, CVM Comments/Notes

-3 - /

#2. Z
£/ (2,0

it- ?-

f/- 7 -of.

£

<fl $0?

//- 7-ff
//- 3 ~

-3 " /f

/**£>••• 3 ' //i

~ 22

Jt-'l-Ct

Jt-8

•&•- 06
Technician Signature _ , Reviewed by



Gamma Radiation Survey (a; UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

eter L*W7'-Instrumentation : Scaler/Ratcmeter

Instrument Calibration Date: Q' 3 ^QC-

2"x2" Nal Detector Collimated _ V Yes or

Survey Area/Unit Dccsription f&fllti 3

Elector tJ&,1

_ jnstrument Daily Function Check Performed:

No. .

Survey Datei
Survey Point

ID/Uescription

Survey Point Coordinate "NAD 1 983 NM

State Plane, feet

Nortlu'n^ Easting
Gamma Radiation

Reading, CPM Comments/Notes

//- J'-

L—
/V»V50 - jj

;/-?•• 06 $ 990
- 35

-3 -

¥773 f

//-#-£> I, - 3 -

/i-g-66

!t&

^ o 3 -

Jti-^L^A n.
& 3 Q'7

n-*r<* '-2L
'-72*

Technician Signature _ _, Reviewed by



Gamma Radiation Survey @ UNC's NECR IVIine Site
Static Gamma Radiation Survey Field Form

Instrumentation: Scaler/Ralemeter

Instrument Calibration Date:

tHiHy* i-W £ (sf ?£-*) . Detector £Pk ') ^ 2*£-(^<*l_-i

__ , instrument Daily Function Check Performed:

2"x2" Nal Detector Collimated

Survey Area/Unit Dccsription _

Yes or No.

Survey Date

l(~9-cfi
\\'ltrck
\\-*i ' d b
[\-fy~tf(s

!\-°r&&
il-9-Qb

lli-f}-o^

I

Survey Point
ID/Description

&»'£>-?' ?t)
jO "™> / Gi
I-' /\ 4 J^*\ ... •• fr** j

PfMQ '3 -10$

^GfjDr'3> 'if ~~*

PQH/O' 3 " (/tf

&falJC>~3 ~ (f'y

Potfo-'?- 6^

Survey Point Coordinate N/\D 1 9S3 NM
State Plane, feet

"Northing

V
\
\

Easling

\
\
\
\
\
\

\

Gamma Radiation
Reading, CPM

2*1370
W 7*t 7

\ (ff&i£
i3o7<?
2~*i77&
»9 31 £

\\\\\\\
\

\

^ *-^~

Comments.'Notes

Qi-ue

quue

V
\\\

Technician Signature ,,^^-

v ^v/yvttv-^•^-<f/£^f%y.'V^ • Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site

Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/RatemeterZ'^f^^J^llj ^^^'V_,Detector 5"/A 'i }t-i- flfil

instrument Calibration Dale: 3 'k , Instrument Daily Function Check Performed:

~* Y °

2"K2" Nal Detector Collimated \S Yes or

Survey Area/Unit Decsription

No.

1 Survey Date

Ul'jLiQb
i <
,,

if
,,
, i

) t

i<
t(

(\
a

i

i

Survey Point
ID/Description

/#ALO " ?T" / t

ft^O-3 - 7$

&Jfi 3- 1(^
D -7 - ~)~7
fC(^O " $ I I
f) -} -1 !•)

]0&t> s /t?

f^^'l-'^Cf

fti-'D - 3 - SO
J5brvj5-3" 01

•TJjOiD " ̂  "~" C* * —
n ->. T-rHj-^O

{/i i iji 7 nn_

\
\

\

r, ^r\

Survey Point Coordinate NAD 1 983 NM
State Plane, feet

Northing

x
\
\\

A — .-

^ Easting

\

X
\

X

A

Gamma Radiation
Reading, CPM

i£8#$ .
blO'7

6iC-'5
(0^3J5
^ICL^
icoMT
"711?

\
X

X
\

/_ /

Comments/Notes

k\\\\
Technician Signature . Reviewed by I/ '



Gamma Radiation Survey @ UNC's NECR Mine Site
Stalk Gamma Radiation Survey Field Form

Instrumentation :

Instrument Cal(bra.liou Owe-.

. Dctcclor Z *•

Instoument Daily Function Check Performed:

2"x2" Nal Detector Cuilimated

Survey Area/Unit Decsription

Yes or No.

Survey Dale

\ 1

Suivcy Point
.ID/Description

t<

ML
It

V C

Sur\'cy Point Coordinate NAD 1983 NM
State Plane, feet

Northing Easting
Gamma Radiation

Reading. CPM

5025.

Comments/Notes

L.

i \

Technician Signature _, Reviewed by



Gamma Radiation Survey @ UNC's NECR Miue Site
Static Gamma Radiation Survey Field Form

Instrumeniation : Scaler/Ratemeiei

Instrument Calibration Date:

emele/.'J «* Detector

_, Instrument Daily Function Check Performed:

l"\l" Nal Detector Collimated X Yes or __ No.

Survey Area/Unit Decsription Sej.'me.ntr P ggj- '.-_G}_

Survey Date
Survey Point

ID/Description

Survey Point Coordinate NAD 1983 h!M
State Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

u- 5EOPAO-2 -7

-1,3..
sen PA ft- 2

JCL
- H o *

11-

l- 9>TK 3i
l l - O ^ - f f l o - 2.1 oe,

U P

- 1

n-n°t-

- 3 b\oe

tv_- o^ -<V -0-7

blot
5ED9AO-0.5

f̂ib
^oJ_

J^ S&OPAD-Q2.

nUa

Technician Signature ^(.qAll (AJoW , Reviewed by >_



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey FieJd Form

Instrumentation . Scaler/Ratemeter U/ rw~ ̂ t7,^ ( &l&i) . Detector 5^ 'J z,^ L- ̂ '^ ^ ~* ^f-^i-Jf)

Instrument Calibration Date; &'_~3''f*t-

2"x2" NaJ Detector Collimatcd ^ Yes or No.

_, Instrument Daily Function Cheek Performed: \^

Survey Area/Unit Detsription_5^r-*^''K«*^ f**-*{ *-S/e-f 0*X~*

Survey Date

it-n-ct
;

l\

/ '

''
f 1

t

V'

•Jr
t <

''

Surx'ey Point
ID/Description

,OJ tfst/Jffo
i ' /f ^?/
/' -' 3>

^^

" ^5"
'•' ;t 3ViP ^~,
• . • ' ^ ' -^^

V ^

n t q^)

.

A ; njv

Survey Point Coordinate MAD 1983 NM
State Plane, feel

Northing Easting

A

Gamma Radiation
Reading, C'PM

(^fi'yt/
Comments/Notes

•$-&; ^

L^ifcM

(f'Jyii-

_yJ5iY_
'5"?o ~i
hO^iLm^/
5tyT"<3
"70*1
«SST7^

>
i.^*~~~

Technician Sifinacure lA^^ ^ . Reviewed by /'̂ •/^-'V



Gamma Radiation Survey @ UNC's NECR Mine Site

Static Gamma Radiation Survey Field Form

Instrumentation : Scalcr/Ratcmetcr
&

Instrument Calibration Date: <->

12-2j(C&"?lr$Detector

2"x2" Nal Detector Collimated

Survey Area/Unit Decsription

, Instrument Daily Function Check Performed:

Yes or ^ No.

Survey Date

' ( • 2? CU

i \

< l

: 1

,.

t '

,(

1 (

't

,,

i •<
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n 2.)

23.
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« -2^

" 2.7

" J2 ?

if J.C]

>< 30

" 3/

Survey Point Coordinate NAD 1 983 NM
State Plane, ftct

Morthing Easting

Technician Signature /-/^•^t f^~ \ . Reviewed by /i
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Reading, CPM
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Gamma Radiation Survey @ UNC's NECR Mine Site
Stalic Gamma Radiation Survey Field Form

Instrumentat ion : Scaler/Ratcmeter/. iAALi-.

Instrument Calibration Date: __ $ ^ ° ^

2"x2" Nat Detector Collimated Yes or

*£•*).. Detector S P/\ ^-

, Instrument Daily Function Check Performed:

No.

Survey Area/Unit Dccsription V/g.tl koj g. H/ 3

Survey Date

, 1 - a z c . w
/ i
u

II

Survey Point
ID/Description

\/ rt 3 - 3 2.

33

3H

IZ

•

Survey Point Coordinate »AD 1 983 NM
State Plane, feet

Northing Easting

V

\,

,XV y fl i/

Gamma Radiation
Reading, CPM

^ I3>5t

•A?7'3r>

HJU^o

26'S'tc'i

7 i

Comments/Notes

)Î L.t J^J

,~,JJ/, c,-l V/J-J-3

1

/ A- -""A
Technician Signature .,- , Reviewed by
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Instrumentation : Scaler/Ratemetcr

Instrument Calibration Date:

Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

. Detector Sf*-3

_, Instrument Daily Function Check Performed:

2"x2" Nal Detector Collimated .

Survey Area/Unit Decsription _

Yes or I/* No.

3 Ct

.Survey Date
Survey Point

ID/Description

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

u
2-3

7

- "7

2

_ < t

II

3

n

t( 3'

'I 32,302)
Technician Signature _, Reviewed by



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/Ratcmcter

Instrument Calibration Date: _ Jir ^}-'f^

ii'il , Detector 5V/KJT

, Instrument Daily Function Check Performed:

2"x2" Nal Detector Collimated _

Survey Area/Unit Decsription _

Yes or No.

Survey Date

)l'lL>-t>(r

l<

j <

Survey Point
ID/Description

T-7)

r^--jy
r?or

1\
\

'-.

.

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

i.
V

\
\\

\
\

\

\
\

\\
\

Easting

\

\

\

',

\

'>

Technician Signature '̂ V^ . Reviewed by X
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Reading, CPM
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Comments/Notes
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Gamma Radiation Survey (a), UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scalcr/Ratemeter^"vltv^2^i-l

Instrument Calibration Date: _ O ' J> ~

2"x2" Nal Detector Collimatcd

Survey AreayUnit Decsription

, Detector

_, Instrument Daily Function Check Performed: *^

Yes or No.

Survey Dare

ii-J-1'H
/I- 37- d
i/-27-ol.
»'J?-C(.

fh.H'Ct,
//-*?? -o&

Survey Point
ID/Description

•/T-;3£

Tf - y'7
rr- IX
'fi^~ ~' "*i ^/

T/^ —" 'y'/1'

IP-*//

SI

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

*W*tapc\^
„ tf0^5-
, #jq u

- SSX-r
- 2Kb

7£2. f

Easting

7?r, 7^3,5"

7^.^

73^3

77^- 1

770.7

73a.^

.•7

Gamma Radiation
Reading, CPM

•y/¥2.^
^ 7*3 *

j>"9JSV&
&'}3T& /
ffik *i£ff
/jeftif

i i

Comments/NoTes

OS £S /f A^-'A
Technician Signature /*'^^\J ' . Reviewed by ' l/\S^\s-^\
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NECR Mine Site

Howe Sites Coordinate, UTM 19S3, distance-meters

ID

H1

H2 '

H3

H4

H£

rUM

H7

H8

H9

Easting Worthing

725,604.4

L_ 725,579.9

725,595.5

725,692.1

725,683.3

725,726.2

725,706.8

725,921.1

725,932.3

3,949,469.0

3,949,435.3

3,949,395.5

3,949,431.8

3,949,418.8

3,949 .327.5

3,949,298.5

3,949,360.3

3,949,327.0

NW
Easting

725,581 .9

725,557.4

725,573.0

725,669.6

725,660.8

725,703.7

725,684.3

725,898.6

725,909.8

Northing
3,949,491.5

3,949,457.7

3,949,418.0

3,949,454.2

3,949,441.2

3,949,350.0

3,949,321 .0

3,949,382.7

3,949,349.5

NE
Easting

725,626.9

725,602.4

725,618.0

725,714.6

725,705.7

725,748.7

725,729.3

725,943.6

725,954.7

Northing
3,949,491.5

3,949,457.7

3,949,418.0

3,949,454.2

3,949,441.2

3,949,350.0

3.949,321.0

3,949,382.7

3,949,349.5

SW
Easting

725,581.9

725,557.4

725,573.0

725,669.6

725,660.8

725,703.7

725.684.3

725,898.6

725.909.fi

Northing
3,949,445.5

3,949,412.8 _,

3,949,373.0

3,949,409.3

3,949,396.3

3,949,305.0

3,949,276.0

3,949,337.8

3,949,304.5

SE
Easting

725,626.9

725,602.4

725,618.0

725,714.6

725,705.7

725,748.7

725,729.3

725,943.6

725,954.7

Northing
3,949,446.5

3,949,412.8

3,949,373.0

3,949,409.3

3,949,396.3

3,949,305.0

3,949,276.0

3,949,337.8

3,949,304.5



Gamma Radiation Survey @ UNC's NECR Mine Site
Scan/Walkthrough Gamma Radiation Survey Field Form

Instrumentation : Scalcr/Ratcmcfcr

Instrument Calibration Dace:

fjt.l/1^

5-c
. Detector Zx.2- f/a_£

2"x2" Nal Detector Collimated Yes or *

__, Instrument Daily Function Check Performed:

No.

Survey Area/Unit Decsription _/j f£>fltf 'Ji

Survey Date
.Survey Area-Transect

ID/Description

Gamma Radiation
Reading Range

CPM Commcnrs/Notes

'kbf-.S.&Mfifa

fffi/Jt/ ft'/? KM/

i- ,*"
' . /'(.-» S .

/ J . ' ^ - A / "^ '/'V.^^

HI

7H*
/v- V

P 1

I/

Technician Sicnature



Instrumentation : Scalcr/Ratcmctcr t -

Instrument Calibration Date: fi'.J ""

2"x2" Naf Detector Collimatcd ____ _ Yes or _ No.

Survey Area/Unit Dccsription HeOt

Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

L < Detector <>f$r '3 "°- f?j —

, Instrument Daily Function Check Performed: __

Stii'vev Date
Survey Point

ID/Description

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

u

M10,

h ti I
ft
n
n HIM . 3,

3W

Ml- I
H7-1
H7-*

H6-1 7^5"

7=23"

331.3 -5

7^5" 70 5". O

73.5

7Technician Signature \- ^YJTA^^-i^^- . Reviewed by



Insttumenration :

Instrument Calibration Date: _

2"x2" Nal Detector Collimatcd

Survey Area/Unit Dccsription

Gamma Radiation Survey (a] UNC's NECR Miue Site
Static Gamma Radiation Survey Field Form

. Detector

~ '1 1£> (•

Yes or \S No

, Instrument Daily Function Check Performed: __^

Survey Date
Survey Point

IDi'Descriplion

Survey Point Coordinate NAD 1983 NM
Slate Plane, feet

Northing Easting
Gamma Radiation

Reading, CPM Comments/Notes

!&L
^L

394*? 1 1. 1 15
M 7^5'

1 1 *» n v-
f f

•l

m-s

7^5"*? 74. f

' i

a.

lud
Ht- i l 725"fc>o?.'7

if

Technician Signature WJ . Reviewed bv



Gamma Radiation Survey @ UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrunieiilaiion : Scaler/Ratenieter/tg/A<" 2 2 ZjfSf 7 ̂  ty .Detector ^PA''

Instrument Calibration Date: _

2"x2" Naf Detector Co Miniated _ )/. Yes or

Survey Area/Unit Decsriptio

, Instrument Daily Function Check Performed:

Technician Sienaturc



Camma Radiation Survey © UNC's NECR Mine Site
Static Gamma Radiation Survey Field Form

Instrumentation : Scaler/'Ratemeter/^^t \(f~ i22^t [ £$"?£''!'), Detector f> ffy ' 3 , '& ^O2rSjiL^3j

Instrument Calibration Date: g" J -_O fa

2"x2" Nal Detector Collimated \/_ Yes or _

Survey Area/Unit Decsriplion /f KK°Y<3 IJ,St n_i

. instrument Daily Function Check Performed:

No.

Survey Date

\\-\l -0(ff

It
li
l-i
/'
((
/(

/•<
/(
a

}

I

Survey Point
rD/Description

frft- z^
ftft - ^c? 1

~ il
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-3^
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•1^

\1<*

-.I'?.

-^

M A

Survey Point Coordinate NAD 1983 NM
State Plane, feet

Northing

1.

\
\
\
\

r^

Easting

\

\

\

\
\
\

/

Gamma Radiation
Reading, CW

5e^^
4 '̂iu
LKft^
5b^5.
HS8S.
57ofr

r\°m^ •
kM4
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*07

\
\
\
\
\

3 L^r
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I
/
I
\
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Technician Signature ivv^ Vcvyp-T^ .Reviewed by ^jA^/K-^.l
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Table B.1
Surface Soil Sample Summary

Surface
Sample
Number

Location
Identification

Analytical Suite Notes

NECR-1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

NECR1-005
NECR1-016
NECR1-018
NECR1-020
NECR1-023
NECR1-026
NECR1-028
NECR1-030
NECR1-044
NECR1-046
NECR1-047
NECR1-049
NECR1-065
NECR1-067
NECR1-068
NECR1-070
NECR1-090
NECR1-092
NECR1-093
NECR1-095
NECR1-101
NECR1-103
NECR1-126
NECR1-127
NECR1-129
NECR1-131
NECR1-133
NECR1-135
NECR1-137
NECR1-138
NECR1-140

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

EPA split

duplicate

EPA split

EPA split

duplicate
EPA split

EPA split

NECR-1 Stepouts
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

NECR1-164
NECR1-173
NECR1-184
NECR1-207
NECR1-238
NECR1-240
NECR1-262
NECR1-265
NECR1-266
NECR1-281
NECR1-289
NECR1-293
NECR1-307
NECR1-316
NECR1-323
NECR1-326

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs

duplicate
EPA split

EPA split

EPA split

Page 1 of 6



Table B.1
Surface Soil Sample Summary

Surface
Sample
Number

Location
Identification

Analytical Suite Notes

NECR-2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

NECR2-004
NECR2-015
NECR2-017
NECR2-018
NECR2-020
NECR2-027
NECR2-033
NECR2-035
NECR2-037
NECR2-039
NECR2-050
NECR2-052
NECR2-056
NECR2-069
NECR2-071

COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs

EPA split
EPA split

EPA split?

EPA split
EPA split
duplicate

EPA split
NECR-2 Stepouts

1
2
3
4

NECR2-083
NECR2-096
NECR2-103
NECR2-109

COPCs
COPCs, SPLP
COPCs
COPCs, SPLP EPA split

Ponds 1 and 2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

POND1/2-011
POND 1/2-0 14
POND1/2-019
POND1/2-020
POND 1/2-023
POND1/2-024
POND1/2-035
POND1/2-041
POND 1/2-042
POND1/2-047
POND1/2-050
POND1/2-056
POND1/2-058
POND1/2-061
POND1/2-069
POND1/2-071
POND1/2-076
POND1/2-077
POND1/2-082

COPCs
COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

duplicate

EPA split
EPA split

duplicate, EPA split
EPA split

EPA split
EPA split

ss for subsurface loc

ss for subsurface loc
Pond 1 and 2 Boundary Confirmation

1
2
3
4

POND1/2-009
POND1/2-012
POND1/2-032
POND1/2-063

COPCs
COPCs
COPCs
COPCs

Page 2 of 6



Table B.1
Surface Soil Sample Summary

Surface
Sample
Number

Location
Identification

Analytical Suite Notes

Pond 3/3a
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

POND3/3a-001
POND3/3a-007
POND3/33-014
POND3/3a-015
POND3/3a-027
POND3/3a-029
POND3/3a-037
POND3/3a-038
POND3/3a-042
POND3/33-046
POND3/33-057
POND3/3a-059
POND3/3a-061
POND3/3a-063
POND3/3a-065

COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, Agronomics
COPCs, SPLP, Agronomics
COPCs
COPCs
COPCs
COPCs

EPA split

EPA split
EPA split

EPA split

duplicate, EPA split

Sediment Pad
1
2
3
4
5
6
7
8
9
10
11
12
13

SEDPAD-005
SEDPAD-006
SEDPAD-008
SEDPAD-011
SEDPAD-012
SEDPAD-014
SEDPAD-015
SEDPAD-018
SEDPAD-020
SEDPAD-021
SEDPAD-022
SEDPAD-025
SEDPAD-026

COPCs
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs

EPA split

EPA split
EPA split

duplicate, EPA split
EPA split

Sand Backfill No. 1
1
2
3
4
5
6
7
8
9

10 •
11
12
13
14
15

SAND1-009
SAND1-011
SAND1-017
SAND1-021
SAND1-027
SAND1-028
SAND1-030
SAND1-041
SAND1-043
SAND1-044
SAND1-049
SAND1-050
SAND1-051
SAND1-063
SAND1-068

COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

EPA split

EPA split
i

EPA split

duplicate

EPA split
EPA split

Sand Backfill No. 1 Boundary Confirmation
1
2

SAND1-032
SAND1-053

COPCs
COPCs

Page 3 of 6



Table B.1
Surface Soil Sample Summary

Surface
Sample
Number

3

Location
Identification

SAND1-065

Analytical Suite

COPCs

Notes

Sand Backfill No. 2
1
2
3
4
5
6
7
8
9
10
11
12
13

SAND2-003
SAND2-004
SAND2-006
SAND2-007
SAND2-010
SAND2-011
SAND2-012
SAND2-014
SAND2-015
SAND2-016
SAND2-017
SAND2-019
SAND2-020

COPCs, SPLP
COPCs
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs, Agronomics
COPCs
COPCs
COPCs
COPCs
COPCs

EPA split

EPA split
duplicate, EPA split

EPA split

EPA split

Sand Backfill No. 3
1
2
3
4
5
6
7
8
9
10
11
12
13

SAND3-002
SAND3-005
SAND3-006
SAND3-008
SAND3-009
SAND3-010
SAND3-014
SAND3-017
SAND3-022
SAND3-024
SAND3-025
SAND3-026
SAND3-027

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, SPLP, Agronomics
COPCs
COPCs
COPCs
COPCs
COPCs, Agronomics

EPA split

EPA split

EPA split
duplicate, EPA split

EPA split

Sand Backfill No. 3 Boundary Confirmation
1
2

SAND3-004
SAND3-012

COPCs
COPCs

Non-Economic Material Storage Area
1
2
3
4
5

NEMSA-001
NEMSA-002
NEMSA-003
NEMSA-004
NEMSA-005

COPCs, Agronomics
COPCs
COPCs, Agronomics
COPCs
COPCs

Boneyard
1
2
3
4
5

YARD-001
YARD-002
YARD-003
YARD-004
YARD-005

COPCs, Agronomics
COPCs
COPCs
COPCs, Agronomics
COPCs, Agronomics

Page 4 of 6



Table B.1
Surface Soil Sample Summary

Surface
Sample
Number

Location
Identification

Analytical Suite Notes

Home Sites
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

HOME1-001
HOME1-002
HOME1-003
HOME1-004
HOME1-005
HOME2-001
HOME2-002
HOME2-003
HOME2-004
HOME2-005
HOME3-001
HOME3-002
HOME3-003
HOME3-004
HOME3-005
HOME4-001
HOME4-002
HOME4-003
HOME4-004
HOME4-005
HOME5-001
HOME5-002
HOME5-003
HOME5-004
HOME5-005
HOME6-001
HOME6-002
HOME6-003
HOME6-004
HOME6-005
HOME7-001
HOME7-002
HOME7-003
HOME7-004
HOME7-005
HOME8-001
HOME8-002
HOME8-003
HOME8-004
HOME8-005
HOME9-001
HOME9-002
HOME9-003
HOME9-004
HOME9-005

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

duplicate

duplicate
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Table 8.1
Surface Soil Sample Summary

Surface
Sample
Number

Location
Identification

Analytical Suite Notes

Vent Holes 3 & 8
1
2
3
4
5

VENT8-002
VENT8-006
VENT8-019
VENT8-031
VENT3-034

COPCs
COPCs
COPCs
COPCs
COPCs

duplicate

EPA^plit

EPA split
Trailer Park

1
2
3
4
5

TP-001
TP-009
TP-013
TP-024
TP-027

COPCs
COPCs
COPCs
COPCs
COPCs

EPA split

duplicate
EPA split

Page 6 of 6



Table B.2
Subsurface Soil Sample Summary

Sample ID Lab ID
Depth
(fbgs) Analytical Suite Notes

NECR-1 Soil Borings
NECR1-SB-016
NECR1-SB-016[5.0]
NECR1-SB-016 [10.0]
NECR1-SB-016[15.0]
NECR1-SB-016[20.0]
NECR1-SB-046
NECR1-SB-046[5.0]
NECR1-SB-046[10.0]
NECR1-SB-046[15.0]
NECR1-SB-046[20.0]
NECR1-SB-046 [25.0]
NECR1-SB-046 [30.0]
NECR1-SB-90[5.0]
NECR1-SB-90 [10.0]
NECR1-SB-90[15.0]
NECR1-SB-90[20]
NECR1-SB-90 [25]
NECR1-SB-90[30.0]
NECR1-SB-90[35.5]
NECR1-SB-90[40]
NECR1-SB-90[45]
NECR1-SB-095 [0.5]
NECR1-SB-095[5.0]
NECR1-SB-095[10.0]
NECR1-SB-095 [14.0]
NECR1-SB-131 [5.0]
NECR1-SB-131 [10.0]
NECR1-SB-131 [15.0]
NECR1-SB-131 [20]
NECR1-SB-131 [24]

C06111057-012
C061 11057 -014
C06111057-015
C06111057-016
C06111057-017
C061 11 057-003
C061 11 057-044
C061 11057-045
C061 11 057-046
C061 11 057-047
C061 11 057-048
C061 11 057-049
C061 11057-021
C061 11 057-022
C061 11 057-023
C061 11 057-024
C061 11 057-025
C061 11 057-026
C061 11057-027
C061 11 057-028
C061 11 057-029
C061 11 057-078
C06111057-018
C061 11057-019
C061 11 057-020
C06111057-117
C06111057-118
C061 11057-1 19
C061 11057-120
C061 11057-121

0.5
5.0
10.0
15.0
20.0
0.5
5.0
10.0
15.0
20.0
25.0
30.0
5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
0.5
5.0
10.0
14.0
5.0
10.0
15.0
20.0
24.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
\COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs, TPH, VOCs

NECR1-TP-138 JC06120405-010 3.5-4.0
NECR-2 Test Pits

NECR 2-TP-015
NECR 2-TP-020
NECR 2-TP-035
NECR 2-TP-039
NECR 2-TP-052
NECR 2-TP-052

C061 10906-021
C06110906-018
C061 10906-01 5
C061 10906-01 9
C061 10906-016
C061 10906-01 7

0.5-1.0
1.0-1.5
1.0-1.5
1.0-1.5
1.5-2.0
4.0-5.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

duplicate

Sand Backfill No. 1 Test Pits
SAND1-TP-030
SAND1-TP-030
SAND1-TP-043
SAND1-TP-049
SAND1-TP-049
SAND1-TP-063
SAND1-TP-063
SAND1-TP-068
SAND1-TP-068

C06120405-011
C06120405-020
C06120405-012
C06120405-013
C06 120405-01 4

C06120405-016
C061 20405-01 7
C061 20405-01 8
C06120405-019

1-1.5
3.5-4.0
1-1.5
1-1.52
3.5-4

0.5-1.0
1.5-2.0
0.5-1.0
1.5-2.0

COPCs, SPLP
COPCs
COPCs
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs

duplicate

Sand Backfill No. 2 Test Pits
SAND 2-TP-008
SAND 2-TP-01 1
SAND2-TP-012
SAND 2-TP-017

C06 11 0906-026
C061 10906-022
C061 10906-023
C06 11 0906-024

0.5-1.0
0.5-1.0
1.5-2.0
1.5-2.0

COPCs
COPCs
COPCs
COPCs
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Table B.2
Subsurface Soil Sample Summary

Sample ID
SAND 2-TP-019

Lab ID
C061 10906-025

Depth
(fbgs)
1.0-1.5

Analytical Suite
COPCs

Notes

Sand Backfill No. 3 Test Pits
SAND3-TP-005
SAND3-TP-005
SAND3-TP-006
SAND3-TP-009
SAND3-TP-014
SAND3-TP-014
SAND3-TP-025

C061 20235-066
C06120235-067
C061 20235-068
C061 20235-069
C06 120235-070
C06 120235-075
C06120235-071

0.5-1.0
1.5-2.0
0.5-1.0
0.5-1.0
0.5-1.0
1.0-1.5
0.5-1.0

COPCs
COPCs
COPCs
COPCs, SPLP
COPCs
COPCs
COPCs

Ponds 1 and 2 Soil Borings
1/2-SB-71 [10.0]
1/2-SB-71 [15.0]
1/2-SB-82
1/2-SB-82 [5.0]
1/2-SB-82[10.0]
1/2-SB-82[15]
1/2-SB-82 [20]
Pond12-SB-071
Pond12-SB-71 [5.0]

C061 11 057-071
C061 11057-072
C061 11 057-073
C061 11 057-074
C061 11 057-075
C061 11 057-076
C061 11057-077
C061 11057-069
C061 11 057-070

10.0
15.0
0.5
5.0
10.0
15.0
20.0
0.5
5.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

Ponds 1 and 2 Test Pits
POND12-TP-030
POND12-TP-030
POND12-TP-035
POND12-TP-035
POND12-TP-035
POND12-TP-058
POND12-TP-058

C061 20235-057
C06120235-058
C06 120235-059
C06120235-060
C06120235-061
C061 20235-062
C06120235-063

2.0-3.0
4.5-5.0
1.0-1.5
2.0-2.5
9.0-9.5
4.5-5.0
8.5-9.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

Pond 3/3a Soil Borings
3/3a-SB-61
3/3a-SB-61 [5.5]
3/3a-SB-61 [10.0]
3/3a-SB-61 [15.0]
3/3a-SB-61 [20.0]
3/3a-SB-61 [25.0]

C06111057-111
C06111057-112
C061 11057-1 13
C06111057-114
C06111057-115
C06111057-116

0.5
5.5
10.0
15.0
20.0
25.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

Pond 3/3a Test Pits
POND3-TP-007
POND3-TP-007
POND3-TP-014
POND3-TP-014
POND3-TP-029
POND3-TP-029
POND3-TP-029
POND3-TP-037
POND3-TP-037
POND3-TP-037

C06 120336-042
C06120336-043
C061 20336-044
C061 20336-045
C06 120336-046
C061 20336-047
C06 120336-048
C061 20336-049
C06120336-050
C06 120336-051

5.0-5.5
9.0-9.5
6.5-7.0
8.5-9.0
3.0-3.5
6.0-6.5
9.0-9.5
0-0.5

5.0-5.5
8.5-9.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

Sediment Pad Test Pits
SEDPAD-TP-006
SEDPAD-TP-006
SEDPAD-TP-012
SEDPAD-TP-012
SEDPAD-TP-014
SEDPAD-TP-014
SEDPAD-TP-021
SEDPAD-TP-021
SEDPAD-TP-026

C061 20405-001
C06 120405-002
C06 120405-003
C06120405-004

C061 20405-005
C061 20405-006
C06120405-007
C06 120405-008
C06120405-009

1 .5-2.0
3.0-3.5
1.0-1.5

1.5-2.0
0.5-1.0
1.0-1.5
5.0-5.5

10.0-10.5
0.5-1.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
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Table B.2
Subsurface Soil Sample Summary

Sample ID Lab ID
Depth
(fbgs) Analytical Suite Notes

Unnamed Arroyo Soil Borings
ARROYO-SB-001
ARROYO-SB-001
ARROYO-SB-001
ARROYO-SB-002
ARROYO-SB-002
ARROYO-SB-002
ARROYO-SB-003
ARROYO-SB-003
ARROYO-SB-003
ARROYO-SB-004
ARROYO-SB-004
ARROYO-SB-004
ARROYO-SB-005
ARROYO-SB-005
ARROYO-SB-005
ARROYO-SB-006
ARROYO-SB-006
ARROYO-SB-006
ARROYO-SB-007
ARROYO-SB-007
ARROYO-SB-007
ARROYO-SB-008
ARROYO-SB-008
ARROYO-SB-008
ARROYO-SB-009
ARROYO-SB-009
ARROYO-SB-009
ARROYO-SB-010
ARROYO-SB-010
ARROYO-SB-010

C06 120235-072
C061 20235-073
C061 20235-074
C061 20336-001
C061 20336-002
C06120336-003
C06120336-004
C06 120336-005
C06 120336-006
C06120336-007
C061 20336-008
C061 20336-009
C06 120336-010
C06120336-011
C06 120336-0 12
C06120336-013
C06120336-014
C061 20336-01 5
C06120336-016
C06120336-017
C06120336-018
C06120336-019
C06 120336-020
C061 20336-021
C061 20336-024
C06120336-025
C06 120336-026
C06120336-027
C061 20336-028
C061 20336-029

0-1.0
1.0-2.0
2.0-3.0
0-1.0

1.0-2.0
2.0-3.0
0-1.0

1.0-2.0
2.0-3.0
0-1.0
1.0-2.0
2.0-3.0
0-1.0

1.0-2.0
2.0-3.0
0-1.0

1.0-2.0
2.0-3.0
0-1.0

1.0-2.0
2.0-3.0
0-1.0

1.0-2.0
2.0-3.0
0-1.0

1.0-2.0
2.0-3.0
0-1.0
1.0-2.0
2.0-3.0

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

duplicate
duplicate

NEMSASoil Borings
NEMSA-TP-001
NEMSA-TP-001
NEMSA-TP-001
NEMSA-TP-001
NEMSA-TP-002
NEMSA-TP-002
NEMSA-TP-002
NEMSA-TP-002
NEMSA-TP-003
NEMSA-TP-003
NEMSA-TP-003
NEMSA-TP-004
NEMSA-TP-004
NEMSA-TP-004
NEMSA-TP-004
NEMSA-TP-005
NEMSA-TP-005
NEMSA-TP-005

C06 11 0906-027
C06 11 0906-028
C061 10906-029
C061 10906-030
C06120336-030
C06120336-031
C06 120336-032
C061 20336-033
C061 20336-034
C061 20336-035
C06120336-036
C06 120336-037
C06120336-052
C06120336-053
C061 20336-038
C061 20336-039
C06120336-040
C06120336-041

0-0.5
1.0-1.5
4.0-5.0
6.0-6.5
0-0.25

0.25-0.75
5.5-6.0
7.0-7.5
0-0.5

1.5-2.0
4.0-4.5
0-0.5

1.0-1.5
6.0-6.5
8.5-9.0
0-0.5

4.0-4.5
8.0-8.5

COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs
COPCs

Boneyard Test Pits
YARD-TP-001
YARD-TP-001
YARD-TP-002
YARD-TP-002

C061 10906-031
C06120235-021
C06120235-023
C06120235-024

0-0.5
1.0-1.5
0-0.5

1.5-2.0

COPCs, TCLP
COPCs
COPCs
COPCs. TCLP

TCLP SampID C061 20227-001

TCLP SampID C06120227-002
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Table B.2
Subsurface Soil Sample Summary

Sample ID
YARD-TP-002
YARD-TP-003
YARD-TP-003
YARD-TP-004
YARD-TP-004
YARD-TP-004
YARD-TP-004
YARD-TP-004
YARD-TP-005
YARD-TP-005
YARD-TP-005
YARD-TP-005

Lab ID
C06120235-025
C061 20235-026
C061 20235-027
C06 120235-022
C06120235-028
C06120235-029
C06120235-030
C06120235-031
C061 20235-033
C06120235-034
C061 20235-035
C06120235-036

Depth
(togs)

9.5-10.0
0-0.5

1.0-1.5
0-0.5

0.5-1.0
5.5-6.0
7.0-7.5

9.5-10.0
0-0.5

2.5-3.0
4.5-5.0
8.5-9.0

Analytical Suite
COPCs, TCLP
COPCs
COPCs, TCLP
COPCs
COPCs, TCLP
COPCs, TCLP
COPCs, TCLP
COPCs, TCLP
COPCs
COPCs, TCLP
COPCs, TCLP
COPCs, TCLP

Notes
TCLP SampID C06120227-01 1

TCLP SampID C06120227-010

TCLP SampID C06120227-003
TCLP SampID C061 20227-004
TCLP SampID C06120227-007
duplicate, TCLP SampID C06120227-006

TCLP SampID C061 20227-005
TCLP SampID C061 20227-008
TCLP SampID C06120227-009
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