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1- Scope of the Project

... t...Aountaln Labs •wasp asked to revi• 'the, feasibility and
appropateries of performing Po~lo In soils., This " stdyfcu on .dlgesting

EiohJm standard proceure fo• PoIdium •210 In •solutons

:solid Certified Referenc Pkiria1; UTS-4•. Witr-.utain abs ti nt the
•detcUon :lhlmt wt fv •d•.f.rent nt•n :I•yeis. offl ehd d tln limit

studies using UTS-4.

2- Method Summary

inter-Mountain Labs performed a wet acid digestin on solid samples. The

wet a~lddigestion cons1sted of a nitrc ci4 dlgestion refluxecl vemnight on a hot

Plate, see R-DIGSOIL-.t;:O setln • The s:Ir•pes wpthenp filteedar•. brought

to a volume of i liter. -A-ortio of te solution w:as then prepare for polonium

.210 :analysis.• R.PL10-1li. Th samples w•er ant• e using preures

:desciibedt:y Eichrom OTW(•-rev see setins:7 and 8. Thehav metals of

resuln~g solin :wa~ as ed thtu-h a 'Eidhrr•Sr est c•fn ni and • the
•poontum Wa sele~tv~ely i•d• The eluts •pfllnngPeI was chmcly

:• . . . . I I I _ =- -



3~ Dat&#r.sntat~on

Faue Laboratory C~ti~oI w~&ari~/zed full metho4. IJ~U~ spike
~mpJ~ w0r0~ pi~ep~re~ ~fld ~t~k~n thr~gh 4h~ e~iIfr~. rr~th~4~ The ~siit~ ~re
pre~ente4 in Table 1. An ~ver~ge~ reoov~ of 7~% was f~A~nd forP~1O with
this ~

t~i
P~~Ionukn ~6~ecovory2 Sb~dy E~48~$~ (LOS~8~ 1)

~pqt~6 ~.rv.d
$a~e Ree~v~&

1~29 ~ 114%

E~I5S~4B4- 12.29 47$ 71~%
Aerage ~I7
P~2W~o1ut~pn $t~r4g4
~cf~e~t an~ZI~r L~t4~*8~

~1i4 L~b~atgry CQJ S~fn~s w~ ~y~ed ~iIm~tt~od. S~Wd
j~jate~jaJ k~n~fled ~s Standard ~efs~n~ ~v1~te,~at UT$4 were- Ptepared aM
tak~wtk~Qugh the~ttre tn~hod. The ~ ~e set~tgŽIt~ Thbt~ Z Th~

av~r~e r~cov~y Is 8OI&%~ A d

.. . . . . ... .. . . .. .I _ , . ....... ......... . I _ I II • I I _ , : .. ..... . .



detecton., Th•tdi•es;epen ;in Tables 3, 4,5 :5 and, 1 ahd are~presentet

with lowest to hihs,• .MDL su findings tange fro evet o 0.6 p~i t 394;

:spike:valus and ar •tn d tob temst :cctwte. B•ed •n these studies.

,,Q~~iS4(O~L~ .....

#~pect~ed 0~emve~ Revove~
pCI p~I

l$t~4~$PL-1 0A9~9 O.O8~5 1T.~8
UTS44~b~.2 O.4~I89 127.8~
UT$4-M%~L4 0.49I~ 0.~128 124.54
U134-MPL4 0.49I~$ O.4~O1 97~O
U'44~I0L.5 O.4~189~ ~ 25~1 51.98
UT84-MQL4 O.492t~ O~$4~3 132.00
UTS4-M~L~.1 tk49189~ 0~328 8~.88

Aver~4e 8829
$t~i~4 ~yIaU~n 022
E~brnated Mt)L In pC~iIg O.~8

*E~.v~4 bosed on in~rQWth with decay serIes

T~4
~of~nu1ryr21~4JTS4 ~MOL&~dy~

UT~444l~A 1.00 1Q7:7~5

(i~4TMP~2 ~ O~49~T 0~:79

Ut~(L~

429
~m~t.~MbI- in ~tfg

"] I I "11 -" -II I I I I I I
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Thl$e 7
P~kV~ 2~A~ UTS-4 (M~L $tui~y 5)>

~Exp~te4 Qb~erved ReI~OVaI~
p~J pci

~)T~44i~DL-I 8~5$
U1~44AtL~2 40 ~7 8~7O
~JT$4~M0I~-3 7~.92 7~2O
IJT$~M0L!-4

z 8~06
7.02

PIM~L- JQ 7~7~ 7 ~

7p~r4
014

E~4iIW~ NtOL in pt~l/~ Z.34

*Bte~j,~ed on in~row~t~ With decay series

4~ ~oncluskrns
This ciat~ v~li~iates these pitpo~ed procedures for Polonium 210 i~ sol~

rT~ted8Is. Thl&skt4y ~hows that these procedures are ,ffectjve at messurTh~

polonium 210 in ~asofid ni~tr1x,, where polonium is expected to be soluble In a i~itr1~

a(~Id 4igest~t~. Ti tudy *~es not ~ddress 5~fl~pte requ1r~ments such as partl~

siz~ potent1~l Inter rer~e~ ?r4 samp1~ ~omo~enefty~ Slnc~ acid estlons> haye~

b~eo ~ to ~I~st ni0t~I~ when. ar~pr~pfl.teW. it~ i~ ~s~m04 Ths~

~p1e~ ~qt4~# ~ a~J sfr~d$it~ pr~s~ ~p 4~ mesh. ~xps~te4

~cAr~1es will te1t,~ the ren~e of 75% With c~uantt~b1e mea~uremen~ a~ ~ ~OL If

tt~ ~q~*ijr~ ~t&~t~ I$n~4L ~ 5> pC4fo thor, the ~n~1yst~1I nee4 ~

~he ~ino~nVq~ ~m~A~gest~d ~rd va~d* ~A~t~s ~tthat lev~L

Tha s~h~r~u~d fri~'thta~ ~tud~ Wa~ UTS4. Ua~~dt~ C~rtltIo~i

R*~ N~t~ W W~R~Z2~ Pb2IW ~f Pp2I~ ~l~& ~$T8~4 wa~ ~rep~r~4
and nnaWze4 in 1~ she> ~v ~tp r ur~k~own. The~ r~f~rn~ mater~I
r~~wt~n UT$h4 ~ Iude~as a tta~hinent t~tt~IB ut~e6t.>
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A~t~4~ ~0I3

Standard Procedure for Digeslion of SvaI for Usa in i~udkx~h.mioat Analyses

Document TItI~ S n~r4Om8&~Pncedure fgr Oige~*,n ~f $$f4~dJe~ in ien*~i An~eee

Do~wient C~ntro~ tui~er~ ~'DtGSOlL-1&

-
I63~Av~nue

" "e• r+ +++ )Ieeo' + o'iforUe iL: &*ltAi•se
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AprRg4A 2013

$t~n~r4 Qj~u~ng Procec~ure fi~ Djg*ti*n QE $o~ ft~Usei~ ~agMochmt4~eI Anatys.#

I A) Scope andA~tlcation

IA Th~e~ n~ethod ~s appllcabt. to dIgest~on of s~ for srtaJysfs~ of Radium~~228. Rm~2~8.,
The Wt-~30, Lead-21~Potonlur~-Z1O, and natOraU~ bccurring Ur~r$um.

1.0 Summa~o~Ia.thod.

ii TI~ niethc4 Is for 1ti~ coI~e~on of radlonucildes tfrough the dI~estk~n of soil in nit~e acid
$$$~QflR. The soil is teatedlh ~n1b~Ic acid sohitlv4stbMow ~ b~g p~int'for aporlxi
of eJ~t hours~ il~en ~ooied. The .xtracted sotuilonis then ~1tered an4s~AIt Into separate
oilq~t~ fQr e~h 5nI~6is~

$.O ~ C~neI4eratlQ~a.
c~r~er the soil mat~iiatAs, flip more di$41t ~lJ 1e to leech tt~ ~ar~t a~ytes ~te

~ a~fine powc~et (n'~ost Ul~ef~ ~00 rneeli)

bef~r&t~n b~ 4ig~sle4.

32 Qfassw~r~ ~n~l other equ1pm~nt 9~fl be~om~ ad~dvey con~wnir~ed fr~m cont~.d
use.

$.ZI Alt gIgssw~re ~n~1 c~ ~quipme~fl v~I 1* $or0u~Ny cis~ed with a~ 4eter~ent

4es~gr~ tQ r~n9v~. radio~tiv~ ~pr~nant~ fcilawed b~ ~ rtri~se with 1:4

32.2 Glassware ni~y ~tso ~ ~t tliro~h ~ glet$W~re wa$h~ A he~y~ ~e with
4etergen~ f$oW4 ~y ~e~4thr'rsinq>0gent but n t~o~Ad be
- to meke ~ ~ont~fl~inaU~ mo~41r~ gIas~WW~, Se~ ~wer~
w~hInO ptoced rjutt'~r ~*ll~.

4*~ S~1~1Q'~ P eeir~tI~ ~4 H~dUng~,

4.1 $~4~ i~otiId ~ M ~ p1~o ~r ~ttl~s ~ Wtit4~ty t~ ~o ~
~ 0~Y 9Q~

0.~ S~V~ty~

8.0 t~4Ma~

e~a ~rULaI~ ~

,3. n~ytk~a1 balance

6.4 2~(~riff~ low ~orn~) ~n&~ crnw~ci~



Apifl4, ~1 3

O~7 Pt~s~1brn~ei.

0;8 r~xu24~m litter p~p~r ~~iv~nt

~J 2$O mL~ IO~mL, ~ 6~mL ~ Ag~ri~0~

04t~ P~aflk,~

GAl 2-L, 500 mL4 and 260 mL pre~deaned ~aso~e~

7.0 E~eagenti

741 R~entwetor~ Pew~r(fli-w~te~)dre0 ~ T¶t~

72 ~,41bi~ act~. Co~cen~p~'

7~ N~ack$, I I ~cJIk~te5~O rrtL ~ 600 ~

soR ~ ~k~gs tar nat~#~ ~uti~np~ tsotopes~ N~r~I ~es~ur~

ur~ThIuaT~ and R~~n-22~.

8~O ~aRbjop aI~tajdar~jjzEtt~n~

B~nee Qa~r~tI~ Pr~4ic~4u~e 1.0.

8~0 QIsity9ontTol.

#~ts T~

1D~ ~

%0~ ~

~ ~ ~mpte4ar$~ uneven ~t4e

1oA~AA Per Itte ~&



April 24. 201$

1~.2 Pgestior.

10.21 Place a clean, ~lss.~25O mt. beaI~er on the an~lyUc~l balance, zero the balance.

10.2~2 Usfri~ a ~et~ spat~$~ or spoons mneesure out the apprvpri~te amount of sample
into the bea~r. Re(er19 Table I fri $eQtion IO.7~.

10.2~3 Adct2QQ ~L of ti HNO, w~ ~eversaw~ w1t~i watct~ glass.

10.2,4 Tu hotplajatc45O51F. Heatsemp~for8ho*~rs.

10.2A4 t1~,t~ Do not ~flow ~ 'to ~eporate ~nplete$y from the be*~
After 4 hours ~ beet ~ ~ re4uoed to200F, ~ a~lUon~ acid can
1~a adQ th~

10.2,5 Remove T~fm~ heat~

10.3 $et up 14. Vo{um~ic ft~aR~ ~r~i pl~stk f~n~nel~. one fot esc~t saflple~

IDA Using AI~trwn 1~t~er p~p#~ ih the plailk ~*~rI*4e, pour the aample inotudir~g the s~JI Into the
tUnneL Rinap ~e eal~et~~1th 01-water a ~oupie ~f ~lme~ v~th Dt-wet~and pour thIs intQ the
tUnnel. Ailow Th~ ~wnp~ to filter t~ompla~ely ~ ~uinse the i~il ~n4 AJ~iIstrc~n filter with Dl-
w*r to en~ir~l bf sarr~ple ha~ heewcotlect.d In the vol~metrtc ~ 0mg san~ple ta
vo4ume of I-k i~sln~ QI~w~

10.~ Cover v~ume~tasWwith paraflI~ri at~d inv~rt tasi8-I&Iimes. The sample must be
well homogon~z heIiquof~e spPt~to eo~ure a al~4Ical ~esutts

10* Spilt s~mpie ~CQ9F~Ifl9 to~s~rnple emouifluaed (rem r~bt~ 1,

~J* I
PhIPo 1~j~2~ Th-~3O U ~xtra/Ra-228

5 ya~4~e&ted ?.O~ nit. ~ 200 iW. ~O0 mL t x ~O0 mL
~ I2~IT~L 4~4. P~mL 12~mL 4xi25mL.

1 x 1.L

4GAA ~te~ Th~ ~Wfor'~nsly* ~ U~lU~b~ IP~ sor ~P~M$ n~ to be t~efl from
~a2~I26 ~ tto4lneb ~i4~

11.0 ~rnwice*~

~-Q~G$0ft4O Pag.A&5~



ATrACHMENT #1

8TA#~DARD OP~RATIN~ PROCEIDU~E

METHOD TRAINING ftECORD

Document J7tIe~' Si~ndw~I 9p.r~t~ihg Pd~ft- to~ OIg~tIon of Soil for U in Ra~JlochemiaJ

Document Cony ei~4~G$O&-1 .0

Locatign, triI~er-Mount~Lh

Ihve reed #h. pr.~.d1i~g 1o~um.nt and understand all ~ef1ons;

I hav# 4n tra1ne~I In %/* p~rfpnr~nc# ~f ~4e i,*~p~* e~W any tw#ont ~evfsIons to tI~i~
pro
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Decem~a 12, 2013

Sander 'er~UngPrvced~re for Lead 210 ari~ Po~hli.~rn210~

1.0, Scope ~ud AppIic~aUon.

1.1. ThIs method Is apjj~tcabIe to the determination of dissolved lead (Pb-210} and polon1wt~ {Po~21O)
in water a~8 waetewate~. Suspended solids in water can be evaluated if tl~e solids puf into~a
water~ matrix by. acid digestion.. This digestion process can also beapplied tosoll, sfr~ and
orgonk~sempIes to place read and polonium into a dissolved state for analysis.

2!D ~WTVD~T~ of Mthpd.

21. Lead ~ p*~nivm me concentratedtom atO L sa~nple by an iron oXIde tFe(0$)d ~cavar~ge.
~ Fk~ a ep~roted from ~ther~1ements with Elchrom S~' Reu~n 1~' The purl 4 P~ aidPo
fra~ticns are o to s~paratsiy and prepared for anallysis' ~ismutl~1 Q (Bi-2i0~ la~t10Wedto

s~outar qu~1um *lth Pb-~O, and is measured by ~backgi~xw~d ~a~ow
counUn9~. Lead carijer an~ a Po-210 NIST traceable ,standaid'8r~ L~secLto ~norntor

~4eids end~ '*tresults In ~rdert~ Improve accuracy and precision

22. Signiftoanee of use - significantly eliminates contamination from other beta emitter&

$.O D.ftnIttQ~s

$1 ~e~ularequ~lum - when the helf4lfe of the progeny is much less than the half4lfe of the
ora#~ progeny~ the total a~tlvity reaches a maximum of bout twice the initial

~then displ~y~ the char terlsti~ haIf-~e of the parent.-usually no change over
normal ~neasurement ifliervals.)

$2. Da~ighter pr~d~t the progeny ota parent radioisotope.

3, 4igr~wth - ~ pe$~d of daughter prodLK* production.

4.0 Inter em~ces~oj~ldoratlons~

41, ~y ~rUonM o~wy beta wriitte~ can. tionaI~y esuse Interference wWi the

u ~ 2 1 ~ o~Pb-2I~. This methode~ctlvely eliminates these

42 S ar~o~~tv~ dl~solv~l ~ 4o e~g~ent~ ~r organic mate#ial In e sample can
~ w ~r~e~ana~s %~r ioad altos oIheSrRes~ ~rn~ be necess~r>~ to4~

t~re~iplt~Uen ~r before I oading the iesln toe inure that thetarget

4 ~ G~s r'an4 ~Or equipment ~ be mejodI~,actlv.l~r conla4 iated from continued us&

4 ~ ff ~4~r u~pr~nt~4iI be thoroughi ~teai~e~wi~h a*tsJgefl

~ *W~1P'~ ~lthr avoyctewith
~y~g~a;~ rttwmg ~egent~ or~ heovy e~we~V~a

dag~nt~hQ~,ld be ~sed~ $ee ~3lassw~re Vaehfn~ Proce4ur.

R~P~4~-tT



Q~ceii**r 1Z ~Q1~

For p U~9~g1t~v~ ~iI~h 3~5% OhV~n9ne~c4tfr bar~
~*h~ hy4t~ht~rk~d 4vm~nigIfl wt# ~ ne~ea~ry t~, ~

4,~. i~g ~m b~rik througt~ the 0ntire procs1Ii~t~r o~~iw ~

5~O $~n~pI~ ~r~arv.t1pn1 ~nd I~n~flng.

~I¶0I~4 i~q&~a~t# qualifr ~ntrot pemf$~s.

1*~ered ~ a ~ tiite~ ~M ~ A*

$a~piee e.r~a~d wtho~t ~
t*~flow~ i~1t~a$Qn In th~ cas~ wh~re ~ ~~U~be ~4*~

~i~Ahe ab t~wiU preseh~e the sampt~s. ~n~Pe~ng~ >'

5~AA I su~ponde4 p~tl~4 por~ Qf tha ati~pIp 1# ~ ~a~zediI~ i~ w~tb

the~solved~ the 0. ~rMItters 8re5op~c.5I@.te~

tO Saf~ty~~

6.1. Ra zuvJId~ s~wc~& will ba ~t In a cabinet In ~tio ~ robrj~ wi~ ~I~4~ich
~varbQnaori~t~al f~rs~if~fd4ng. Low Iv1a$~ I~wace~~
handje' however~ ~alt sour~ee shall be bandied with
.mptoye~

6~ The4~ ~d*I*~n tr~ strat~

~ h:.

The wlftm~4~&4~ ~r~o~4
Ir{~af~d~5ldfl as~wefl aa

~r~rination on g~en~ais~ ~ tw~icei ~

~

~



Qecember IZ. 2013

7.6; Tore ie $cIeotfi€ strr~ngJ'ot plate wtlt 9. positins or euialent

7.7. FisherVortex Genie 2 tst tube mbeor equivalent

7. 8. Mu~e•+fm ~e or oven capable of mintafn~g tem:ratures of 300

7.10. 0.45 pm mixei cellulose ester47 mm ftffers

713.• .2 ml .-+ i•+er fle+k wit yeow+ plas.+ ga

7+:15-. 1! lIte,50m,:.: • 50 ml., and 10 l•.mgraduatedcytind•r

7.16, +5)00ml pistic squirt bottles

7.17. •I • tirn roda -and rubber poilo -e

7,19, 5L• l •le tbe wthcaps and trays

7.20:. Elclir+m+8f R~nr',,2 rml cartridge, 50-100 p~m piilesz

72•2.. Eichi. p.-flt matre, 2 nIL crtige

7-•2: .... tto with C•bf a +nd aapor tor25i +and++.0+ rmL

7+25. p$tpi ...... 014 rar+L

7+39,pj+ J!•45 fp ++: n~m +re M s+rls~ts~~~

:7+1. P• +t+4h +n+aJewir



~c~rA*ri~Z1~

7.33. ~Nfckel disc~ I Inch diameter with han9in9 hole approx. 2 rniniromedge

7.34. S steelplanchets, 2lr

8.0 Rug.nts

8.1. Reagentwater Nano water or D~-ionlzed water (D1~wate~ *ee or radioactive matetals

8.2 Anirnonium citrate1 O.05M~ dissoiw 6;O8~ of ammonlum citrate in G25-Lof water~

&3. Ammonlum hydroxide, I 5N: Concentrated Ammonl~im hydroxide reagent redo.

8A.~ Ammorilurw7hlocyanate indIcator

~. ~A~orb1~>acid, IM. dIssc4v~ I78~ ~3gTaecorbIc acid ~5O~ ml. of water and dHute~to bL NOTE~
This eclutfon must be made fresh at least .veiy week.

8.0 Ethanot~ 8~

8~6 1A~iIute ~3 ml. ethyl alcohol, 100%, to 100 i~L with ~

8~8.2.Di1ute~84.2 mL ethyl alcohol, 96% to 100 ml. with Ol-water~

& 7. Ethyl alcohol, USP, 100%, Absolute alcohol

8.8. Ethyialcol~ol. US~, 95%, canbe substitutedfor 10fl>ethyrafcohot

89. Hydrochlodo acid (NCI). concentrated hydrochkwib add

8.10. N ~hlcncacld~2M add 1~7m1.ofconcentrated4Cito 100 ~oOw~teranddl1uteto f~L

all. I ccc ackJ~ o:5~: add 4t6 mL otcoricent ated4~to ibo mI§dt t~vat~anS dlIute~to
1~L'

8. ~ ) Z{mg F#~JmU ~iis~o~ 08~ of rW~h4 ~dZL 9~4~ H~

8 1& ur*fer(Pb(N~7/~), ¶~k n~p(mL P~ 4~5~ lea4ni~'Me IiV~0Q n~ DI~.w~ter ~n

~ 4M~d ~y~L o~con~sted ~ t~44~

~; j)~, A~.8MnceIra~4~c a~

R*atO421~



t*cen~ber 12. 2Q1~

9.0 Calibration and Standardization

9.1. Determiation of instrurment, efficie~ncy -the instrumept undergoe a full calibraon once ayear
with aph and beta sources of siilar gome .is to those Of the metod sampes This will
establish efficiece, plateaus, and a •ea bandL between the atpha-and beta rangs.

dislntegrations. per minteof a known souce(Secn 12. t): Ths iscakua
automatcal by the instrumen software,• which Is graphed) printed, and~archiled

.2 Detrmination of method offlrin•

value, and inceaigale of la ca.rlrr, A mreng•of laedadrier ecvei whlih will
reflect those possibleom smpes~are plce•o fihters en4lledQ • row for 5 dys.

and for the da albrtlriof• the ls~tive Th ettincy tht Is dete midi h

9.3. Background determlnation•

9:, 1.I, Lead-210: An initial mclup otte• ptrce ir, dobipsied-tpean aluminum foil
cover will be.conted for te stan.tard l]ead-2.O conig timr• to demno.•trat the'y do not
cotrbte any beacunst a •saml. tis mocup rise abvebckrond the
individual etements wiltbe asse~sto determinthesorce of th nei atlo,

9;3.1 A.- iubsequent :mock ups can be done if-ateidals snificantly change and a
background. nees•, to be :reeeablieh-ed.= ...............

1~A~L~1O~4 A



0ec~*~r1Z 2~%$

eQfttaIns polo~m~21~~ Th secuIar~.quiUbrIum both can be recovered without havffl94O.t~O
sep~ra~e~ rn~trbc ~pikpti~r each standard~

1QA~2. Sines the lsbor~tory musU tha~ client .smpl.s1 nou~h vohame~fSaffipie nn5st~
sayei to repeetihe Ithernot~>sno~h to run a~dupIicata and a m~t4~* spike.
ao~prote~tih* $ent #a~pi~ a ~sanip1e~ v~tap watea~w4lt be~used for either the

pl~Qata or~e~n~(<~ke.

10.2. The method l~ank re~It ~hQU1~ be~ebw*~ef.por~ llmlFo~ minimum detevt~{e amount
(M~A). if #~a method *~fs~ve the repor~g limit, the ~1ata may be-reported if queilfled

rQpJiete~y.

1Q.$. Laborat~xy contr~,1 .ample~Q~$)

tO ~t Working Ijn#s~ Th ory~ont~l QCS) shall piMth1r~4*8ndard
devIations oe~~'~ ot'o n~lnimunve~ ~p~lke~tecoverles.

iO~3,i.1. ~theL~t~Initsthe m~r~e*ed Thisappt~esto both
tX7~$s. v~*ifno~p~o~ ~i44hevther does n&th&d~ w~i be accepted.

i0.~4,Z The-ww~tnw1lm1ts shallha ~4$~-perve~t recovery un~froetu~i limfts are

IQ.3.1 .a Lahorafoly cor~trol samples wlU t~e s ne~r~ri

re~*at~y a~encl.s and

IPA. Duplicates st~N ~ with1rr~a ~elatIv. pe oer~t4 ni4±-20% ~(See ~evlion ~A).

1O~4A. If upIIca~ is~ ter~than the 20 ~Mi~d0w andi~sa th~r~ ~ times the MDA~ the

ic.te~# ~t~4 U tt)~y0pI~s~ eit~r-i~atie ~RER $e~$0ctIon f3.2.) If this

1O~4.Z If a $ 4~jWa. ter~*~i ~ o~te~, i~tki.4arnr~iIeie etfi) out of these-

aI~y h~p~e

i~A~ Wd~~Is~ ~ ~w~e~slandard

~ 1~ih~4t.rla for LCS

~e4 VI ~ -~ - l%~ .r~e~er#

f~r~wo~

41.P ~

VtM~



Decme t 012,•3

11.11.1. $amples to ~ stored for future proce.sln~ Fittrn 1000 niL per sample-or
however iriany ~i~ra required; if it is pai~t df the qtiatit~~ ~ontro1-ttwough ~ 0~45
~*m ~*~ose ester filter vsin~ ~vacuum fla~k and filter ap~ratus. Sam~ile is
*forecSln apteMicbote~idpdopH~2w~hflltrcscid.

ii .tI~2. If the*amp$ea are to be processed Immediately, filter thro~gh e 0.45 pm oetltiose
estee f~ter~ M the aample m not preserved and is poured into a 1500 mL ~t~ss
beaker an&~overed ~4fli 815cm watch glass.

111,2. Precipitatfor~

11.121. O~ee~ni~s are poured into 1500 ml. beakers, add 14 mL concentrated r~itdc
~I4 t~ p$~2~ ~ome e~n~.ay need mc~re ac4to reect, pH'2. NOTE1
&a4e4~L~Ls~ soIl egetation, ,~neat, and air'aamples should be checked
b~I~1y~tot~ t~e~add1tionat nlt~ acid.. as they are digested in nitric acid
a~b~1~ie pi~of2

11.1.2.2. A4d I ~l. ~fjeed ca d~r (10 ~~1n~L), I mL of Iron carrl'er (2Thng(mL), and
apprapria9f2t~or~ol~onlum-21O spil~eto 1.0$ and MS.

11.1.2,3. Heatttiesart~pIegn stirringhotplateat near bcillng for 1 hour.

11 A .2.4. W~y o rptully, while s~nin9, add NH~OH until a reddisWbrown precipitate of
FaA fornw. A~jus* t~ fn~1 pH of the soh$lon to 8.S ±05. NOTE: Digested
samples may need a fln~lp8of 1~ to complete the preclitat$on.

¶ 1.1.2.5. StIr jhes~1uUon with a~l~s~ rod If necessary, and cQntInue heating and sUrfing
kit ai~tother~0 ryflni.ite~ Remove the sample from the hotplste and allow the
pr~cIp1tete t~, settle fo(at least 2 hours, prefer~bIy ov~rnlght.

11.1.2,6. After 4~carwting ~s m upemete e~ possIb4a~ trwi~fer the remalnder of Iba
e~i1pl0 to a 5QrnL centtlf4g. ~be C u)tr~ge and decant the supemate. Repeat
iuritII~ll prdentinifu~etube.

11.1.21, Wash ~t~1e praci$ate witW1~oLot 01-water by vortexing. CentrilUge and discerd
su-,

111.21,1. if p.~lpI~*t~ lntheDl.Water, ~ea ewittheecfto berg-
l~ta~d~

if t2.71A~ R~t*n¶~Ie to 1~4 mTiL~ai~et~. ta*e f~ i-L vOh~Ime>W1th Of-water,
4~st top ~wItI, n1ti'i~cid, then ~h~atS.ct~on 111 .2.~

14A,21.I~ tsuTIptofem~h~ 1t~cIuded with the lr&

111 .21~Z fl~ ie~n~t pa*ulate fre~4 a,¶~.saw~the su~en1at~ i~

I t14~& M&4~ ~LW $GL~r4~.texb dl~olve ~e~ta1e~. r~ipItat. ~oe~ not
~seoI~, ~iple~ ~vo4r ~ ilf the pre~t*stm ~foe.i~otg~

#4el~ heat and vtrteK 'The s~iubon ahotile
have ayello*huewhen

1tt2.~. Ad&8 ~*of 1M~ ec~ i~&4vtIoo, swfrNr~ to~ Wait 2~s mhute~
for the tolutlon tocteee~ NOTE Any ~sit~wor i~ed cbfor sho tdfsappea~ whTc~



If ~Iorpei~ the dd~n~
~~h6i~d b& e~#~p.W1s~ wfth mi~dng until thtcolar ~ 0

AQ~M~ na~&~n be us.d~t~ rn4i~t it all the iro~in the sokiUon ha~
~

lIZ Le~d-21~)~ P~o 2~S~para~ioiiU~iig Eicl¶rom Sr. Ro~in~'

11 ~, 1. In the f~4lpwIoo ~ev.r~ pl~nee~a en Eich~i $~ Re~n~ ~cartrt~ge set i.ip. (TI*
inctudea~ ~Wt~tl~ ~eltow tl)~ ~ ai~t4~g~ ani e ~() mksy~inge). All holes o~he ~

~t~*s~b&~overd w,~tt~ a ~li~g~qed t~ eeemb1~ ore ~ ilreet$y

I 1~2IJ ~e$r ~W~' ~jun~U~ ~th &~u~m ~ syeter4. C~
an~iin~~ ~~q~ow fet O1ThUn~n (22.24 ~e ~i ~nl~4

ma)dJfl!~ ~ r~t~f I ~nt~fn~fn~. j~ee
tid~ ~$etup ~4~et~Uon tru~tQ~ts *~f

uun~ ~~~VB$}J.

~ rln~ ~ resi~ 4~e ~s used to ~QU~he ~ld rl~ ~utfo~
dn~II ~e~1esAhe ~elifrifuge ti~y so4 tubes ~re u*Lt~ eo1~

II ~ t.~edlng Mmple~>on 8~- Re~Ii1~~

1t2.2A. ~ *I~h tie n~cess~ry nur*er *f as~emblIes t6r th~be~fr
$sf*~T '~vtth 10 mE, ~M H~I, ~mh solution ofdl~oIve4

~ ~r~ed IJflQII e*nsetup~ on the v~ouwn box.
VL2.2~Z V~JS~Pp~.4~, Aa4~p. beam, the astss~t~pl~ is ~o~nt~f to 0

*r1he~et~h, ~tch shouk~ Ab~9teatef'thaI~ 1~IJ~i,

II .ZZ.~ RJ~is~ ~W~httjti4 ~ w$~ ~O ~nL 2N1 HO$ m~ a4~to ~s~~pIe& ~
~

ri~si¶i~4th a tt~*m,, tp~.ent

I1~

~ ___

ATt~ ~eu~ov~Žtubes~ an~eetM~i~ 4b~I d~o~Wbh i~ S~ti~ ~

~rti4~ ~ o~fthe~rRE&~ ie~



Oecenfl~r1Z 2QI~3

tt.2A.3. PIpetI~nLof0.05MAmn~nium citrate into IJie cartddge assembly. pass
ttwough the cartric~e at 'I mtJmin, flow rate, and collect eIuen~.

112.4.4. Veqcaref4dly add 4 niL of concentrated suit uTic acid to each lead eluent arid
allow the solution to cool for 10-16 minutes. NOTE; Addition of sulfurio acid toe
water YTiatdxls ane,~otjiermlojeact1on. Caution should be taken to avoid burns
and sp~tertn~

11.2.4.5. ~h Re~lve 9.1 ~m lifters en 4-place balance ~nd record weight Place them
on 2 in. ~tat~'iless steel pIaru0~ets, one for each sample.

1 t2.4.6. ~ceiflrifuge tubes and vortex the solution geotty. A white precipitate should
foRm

I 1.Z4.7. $~t up~ Pall filter apparatus for ~6 mm Resolve 01 ~im filter. Place first f liter in
op~paretus. Thrrl9rl vacut~

1tZ~4.~. A4~f~SrnL8Q% Ethanol to~filter and checkapparatustorleaks. Rluisa filterwith
24 vil.. Df~water.

11 2A.8, Pil~r sample pnto Resolve f$ter and drise centrifuge tube with 5 ml.. Dl~water~
a~*iln~ tn~e to jIlter. Wash filter with 3-5 mL I QOW Ethanol. Nemove filter and

ce~bact5 on ColTesponding planchet and allow to dry.

112A 19. (~an filtarapparatus and Wipe dow~i with Kim vApa, then setup for next sanipip.
C9t~ruie until all aarnple~ are on filters.

I V2AA I. *erson4plaeebalance, tlienmountfllters~on planohets using
double4id*d ~ ~n~~PV~V with aluminum fulL NOTE: Extend enot~gh tepe on
the p er~he~ tol~old meelurninum foil edges down.

11 .~4.I2. Piece plenchets In tray and waft at least 5 days for BI-210 ingrowth.

¶1 ~AAa ~wfl het~ p in~gas~ flow r~por~lonai counter l~or valcMlon of~e~uIte,
12.

14 Z~ Se~ip trp~1o~ P*nitmi send ~o-depositio~ on kel~os

11 ~,5,1 R~*f~eI *Zlscs ~th Dl~W*r and ihenul. Let~* 4ry~ L0t~el ~Jscs With ~
1~r1~244 or enough to f1l~ ~. ~at~fr ~praypa1ntone ~Id~ Vi~ith

p~Intpi ~y~In~ and allpwt* ~W~t~Y dr~ ~~1ot4 ~r~lng

~pend1he discs jnt~ OirnL ~4~nrno~e~

~ ~0QmnL ~
A~fl8~ mL4~. scI~ Th~r~

~ to Fe~P~G Ea~Ah~ ~J~Qn *fU~

11 ,2~ T~ tld~~ ~e~Iot~ 11 ~ ~ Into

I1~2~5~4~ Plate the $ na~s~tt~ ~!Iot pl~t~ d~a~d .tlr~

I I2.~5. ~ {~*~oata4~re hfl~heaJ~era~ eoyarb~al~er Wtll a yellow

I 0-LI. Pag~ VY415



Oeaembe.K~Z 20i~

14~6~. H be~r~ ~Q 7O~C~pd conBtantly stir. PI~booJd n~efpr~8
t~ NOTE~ I(~v6Jurr*eiredu~ee, CQntlnue to ~ ~M HOI ~ew~I~tQ ttI0 200 ~iL

1I.~7, p~ ~I*d, r~~from ~ution and rinse With O1-watv~ th~. Air
4ry ~o ~ i~h s10~s~e~ planchet

R~8. C~ur~ ~Ip ~rt~*s>Th 9~s flow proporuoiW o~iIer. For cul~ of're~&$ts

12A. ~arid~r4iZi~ton ~ie~c~i Qf~tficJ0n~y>(E) of 4he system.

~~PM~PM

OP~1 ~ sg~e~r~ per !~h~1u~

<1~.2. P~ spike yi~Id P~1anIum-21Q

Nom{nai ~ooventraUon (pCitun~i)

v.t~ ~ teki~ddIng the 2 m ~p~I~f~% ~

1Z3 C~j~t~i ~Hni~[ P~2IGoc4Iv*ty~

~PM

Ii, ~;&



Decekbr 12,•201$

12.~. C ula~ion ~f Initial Lead-210 recovery based on Bismuth.210 iri9rowth

Pb-210 (pCIIL) S-B
'212 * E Pb~ ~ (I- e~~~'~1 ) W ~

Where~
S sample ~activIty, CPM
a b~ckgr , CPM

~Abfl~fficlen~y, measured CPWDPM of isotopic Pb-210 standard
Pbyi~ ~rrie~'yiaId.
A1 = 0~1~38~ day' (decay constant f0r Bismuth-2 10)

0.90O~8~$ day'1 (decoy constant for Le0d-2 10)
= tim@~ of initial s~rnpllng

~&~1~e~of 8I-210~tartgfJngr~th, recorded in $ectlon i1.22~3.
~ m d~pointo~ s~mpIe count

Vu aafltplvoIwTlekn r.ters, L
12.6. Cal~uIate the Ial~oratoy conti~I sample (LCS) recove~y;

= LOS Rasult (pOll unit)L~C$ r~covey (Vt)
Nominal LOS Cone. (pCiIunlt) x 100

iLl. Calculation of error~tthe95%conf1dence level:

V 'ti t~
Error~ ~

B ~os~o~nt rst, QPM

t1 ~'c~WiUl1g time for sample vo~W minutes

~ r~tes~

~44Aar fri
~f~y ~

1Z8, oil*ftte M~*flutn Qete~tat~ Avtivlty (MDA),

BB

MOA=

aiI&

,~ ~t*~R~

~ kac~g~ix~d countFr*t, CP~A

LIpt~fl~ ~m~V ec~yo~*N. 4des

~ r y1e1d~ P~ o~ Pb~

R*.~2iO4.i ~Pi~gc i~$



1$~P Prs~l$io~ w4 Aoot'r~y-

1$A. R ~v~p~rv.nt dilference, RPD:

{~~}
A~Lt~ttVfty ~f the 1i~tt me~mer~l

*4e~ ~M~y ~kth. second mmur.n~nt

132 ~0 rr~rr~t~0, RER~

YVh.re~
A~&?v~ty of the first me~svrrnteifl
~

~ ur~c~rta1hty of th~ first me~sur~rnent
~ ~f¶cei~t~inty of th ~or.d measurement

14.0 few ~es~

141 Lad,21~andPo-21tJ inWater(OTV~1)~ Rev. ~2~OJ Ekhwm Te hno1~e~ Lt&, ihJI~f<2~8, 2009

Pmnts~Msrua~ ~MAI~tAP~ ~URE~1~78-
EP>K4 ~-O4~.O61A, f~JT~2Ot~4-1b5421,JLaIy

0



Pe~emker 12, ~Q1 3

r,;~I. I
Ground water and m~nJtorh)g sampteWclean Water Act

Instn~t.cnpIateavs. Yerniy
e~i~ ____________

$ Yea
$tabUIt~i c.~ff1c~encias 9Q~i1Q%~ Day Q~ us
Stablil ~und Less than *Tie~d ~Jete~ti~ limit D~eof~
Metho4 ~{ank ss method ~iIt Every b~tct~

co~ sam le OngoIng Q~ ehart~ ~ ~tgrr~ Ever9 batch
10$ borat~ry ~ontroI sample Ojigr~n~ QC ~ ~t<~ s~& ~f re~ueate~
doptlc* AND *ZQRPJYQrRER>~
M~t1,~tC~Ike 0 QO clwt&at~ ~ ~ver~rbat~h
Matrix #~Ak~1upIlcate OngoIng QC chert~ at~sigma Every batct~

____________________ AND ~ 20% RPD ~ REa%~z ___________________

MDL-Method detection limit 7 fortified b~anI~s sp4ked between Yearly
MOL and requIred detec~on liniit



A11AC$~tEI~T #1
STANDARD QPERATING PROCEOUR~

M~ThQD TRA~NIN(~ REQR*

wm~,# 7~e:$tandard Op.raflhg Procodur~ou Analysts ~irL..d ~1C and ~olonIum 2~O

ZN~c**~h~nt ~rnft~i Number~ R4PLZ1Q~.1 .1

Locefkvi~ $nter4ounta# Laboi>at~rIes, Inc.

t,~ p eingid4~gnj~m .n~ ~4 ys~p4 411 s#~Ion$~.,
I e~h~is framed in *he~f~in7an~. ~~#1*%t% ~r~d .h9~re~.vt~ r.~sjpns•~to this
pioc#dlur..
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.ily28• 200 Page 2o~f i.2

S112. ion exchange column..'-I to1.5.5-m diameter, 10 nmlresin volume

5.14; 4iqddSnrl4t m £ou$r (tSC) - For meaSiirenent ofP'0 8i daughter of

5.$ zwBcg ,dcnmillo~n 1¼ts- for samle measurement viu LSC

:5A1•.. h•em•irer~'• 0,-1 mikron 25mm polypropylene., Eichrom•ni at nml

5.18 $i~r p~ h ~jt e~m~n~4)- 2~5'ram diat~eter, polished enn~iaese

p aint; Dt!ri i.amal! hole near he ege before polishing,

5.181.:! Nhcp •nb6,fiat (Lo-er-p0 Recoerkes) --25 mm diameter, oise
on mne si~d¢:andt coated on therback side wit an acid resistant acrylic pait.



Ei~om ~J7edm4~ies, LEe. QTW~1
An~1yt4 ~

6J0. Ifydr IarkAeidrO.SM~< A4~141 it~L con~entr~ted lid {sp ~r 1.I~) to 8Q(~
L~1ih~t~ ~o 1 tierwi~frw~r.

6J1. ~d kIoric~Add(2.P4%)~. Add 165 wLvon~enfratcdHCi (spay LI~)AO 7O~
m1i1uteu~ 1 ti~w~U~w~

6.12k fr~rn ~4~rkr (Zi~ m~/mL,~ ~- ~On1y ft~r iwn hydr~xide precipitation) WssoW~
9~p~ic e~Qrid~(~C1~6$2O) in ~/0 mE Cddi~ui~p 1~

6J3~ $4~& rpi~T1
13 t. Z~4~qn*r (1&~ m~# t~fwilv: L6 ~n~s &P~O 4 j~wat~nd

~P0 niL with t~((~ti~ I~utcI~es ~r b~ud~ ~' 4
6ApicTracer~b ti~a~et~dknown puri~ ai~d arAivity

1~5~ N c#id415 74%~ - con~n~ted *1N03

6.16. Nfr ids0Jsd~n (~A~ Add 310 n~L ~fcencentr~ted IWO3 (~p gri 44t~
4&~i~ ~w~t~r o~4 4i1u~ W 1 1ite~ with w~ter~

~A7~ Mfr~A~id0A12 .~M4~$&nL of ~n tt~t~dflN03 to 8OQi~ZL ~4~t~4

61& cA~id~i IA4Y - Add &4 mLi~/'concL~yrat~d HNO~ ~to~81~0 mLw~torand
d~tifte ~ I f~ter~with watex~

~ - 4y~iJ~ht fro ic~r~ t paekag~,4 ~

~ p~

Availab1~ fr~m~wbno1~s'
i1~b1t#~1~

6
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7.2. W.¶~z~,r ~Y4n~pJe Prepwc~1ion:

7.2~d. If req~nre4, fiKe~ tb~ ~a~pIe tbrot~g~ a 94$ nikron ~iIter,

7 ~ Aliquet $00 to I$() niL of the san~sp1~ (or~neugb ome~ti~equ1red
4~t0~tion lixt4t) nt u~ap~priate size beaker;

7.2.3~ A44 I tnt of~tab1e~ Pb carrier or an ~ppr9p4te amount of~oer.
The ~omIcr ~r tracer is depeuidezit~Pb yi~14 de~atibhi~#~and

fk&al analytica>I te~bni~iye~ Exan~1es~ *br ~Pb ~ieh~ by we~*you will need t>twse 1~d
1~y SC-ICP-MS ~bec the ~ ~c~wo~c~nihiate

~s~1e~use1~otqpicaUy pure ?b.tracers.

1.2.4 A p t>ofi6oto~if~ I1~ spike t~lity C~s~p1~s,

7.2~ Aw~i4if~ th~ssmj$e t~ pIT 2, with ii~nt~t~d UNQI (sp ~t 1A~.
().~ mL per 1900 mL). ft 4etermining Pb r~ovv~y ~,y 1C)~t~k~ a

~n~11 ~mpJe to d~t~miine initial Pb ritt~tiou fo*~<e*~tie~ ~
caktilations.

7~2.7. If sampk~ larger thwi I Lure amilyzed, p~r&~e the s~n~Ietp.
tppr~imte~L

7.~$. Vr0ceed t~WPb ~enc~ntration method- 1r~n hy4r~xi4e~ Step 7~$ ~r
~jon ~g~$t~p 72,10,

7I~ ~n~nv4Wc4~iwI&n.~

7291;4d4 1 *i4~4A~ carrier to s~t~pIe t'~p~V~p 72~7 ~ b~er wvth

~ Md 1~ n~t

A11~L~. hak~heo~r~

atan~ TrsnaI~t the p~itate~into~ L~1&Mi~•

#wW~ I ~

7~Z4.&At~l ii~L 4aseorbic acid ~io each soklt$~~r~ 1Wfrfif~toimx. Wait
~
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1~ll) ~4YEe(1Th If ibe ~lit ~tif I per8it~t~ tbex~ ~d4i~iox~iI ~ id~ho~dbe

e4dr~p~wi~e w¶b mi~diiguutU t~~e ~o~l

7 2~10~ Cafion Excbang~ Qpti~ CFQrRk o4~~epw~*iQns)

7L1 (). I .Prepare a cation exchange column ~ontaiiiin~ IO~m1 (10 g) 4'C8~
~00~MA-I~ 100-200 i~esb fo~ ~a M~1~siz~ ~f 50& niL A l~ger resin
~ohimni~ay be requited for a 1ar~r samp1e'~ize. (20i~ te~ti~Autni~ fo~
1.0 L~mpie)

7~2A ~.2PIa~ c&i~n~zs on t~c~ witb I ~~41~tn~ rvoir&(2s0 ~l ~) 500
~xn1~.

22.1 0~3;Ensi~re tli4 a s~ita~1e con~a~ner is beU~W~b~ ~o1i~r~,

7.2A0A.Add 24m1 of0.IM HNO~ bea~hcohznin to eondjtioni~ilumn~.

?24 0.5 Lo~d e~eh ~mple from step 77 on*i~ life apprap~iat~eohnnn and
allow to &ain.

7.2.1 O~6.Add 25 n~i1 of 0. l~ HNO, to c~1i voh~mn to xir~se.

7Ž1 0.71)isvard the feed and rinse ~e~&eit i~' ~o1le~t~4.~

712J O~8.Ensure that a labeled 150 wul be~tker is. below eacit volwnn,

7~2A 0,9. Add .50 n~I of 8fr1 11N03, to e~4b ~p1u~w t~>e1t~ Ie~&

7~Z. 10,tU.P1a~v each beaker on ~ hot plate in ~fiune hood and £v~porate to
4r~ess.

7112. I&A 1. ,Dissolve th~ te~idi~e hi I& i~ ~f'2M 1*C~ th~np14~ each be~k&r et~
~hotplatein ~tume boo4ai~4 e~t~di~yness~

1.Z 1OJ2Re4i~s~ve tbe ~esidne in

I 043~4d I 44 l~ ~ t~aeh s9~tinI~ switIin~t~, ~ix

1~ 4~e~dP~ Sq~aratI~m ~&n~*~s~

IiT~SrR~u4ridg~&ate.~used w~b~ the V~t~t~o~ ~4fl~W

dl

whro~.



Th~hrem Technologies, LLC. OTWtU
A~jy~iva1 ~e~edi~res
3uly 28?. 2009 Ngei1~ f 12

7~3. I 2,The Sr Resin (~1unins are used under gravity Oow ~ondi'tio~n&
S~mpJes &e loa4ed in ~ ~es~voir ~d flew

742. c itiSrResjn with l0mJ4$iW~L
74.3. Los4ing satn~1e~ oi~ Sr R~esifr

73.3J4e~4 tbe di~s~1ved precipitate ~b~t step 7.i2A7 orl.2J0.12 onto the
Sr re~in~

7,32~Ri~se eaehbe~ker with IflmL2~~1CI andadstt&SrR~sin. Revord
the tune a~d 4~te ~f i~4iitipD~, 11~i&wi,11 b~i~se&~ ~4tate the
higrowtWof~' 131. P~seard ~he e1~aetxt~
Note: Tiils will ~b*~mith~tthm iI~pi~enL

74.4. StripPo ~tItJie Sr Rein,

Note: 1l$~ ~t~p o~44~ ~nue~t~ ~ ~ix~e~np~y Nfromtbe

7~3.4.I.Place ac1ean~r~i 1abe1edc~*itiifiage t~e~1iimz~.

7.3~42A445 nit 1.0~1~JNQ 3 t 1~tnwpsss thw~d~oi1ect.

7.3A3~Add 15 mL.OTh H~0~$~tbe inn pi~s~t~rqd~h ~z~4to11ect

7.3~4AR~mQw~bes~n4 set aside forP~iato-kpo$i{lon In ~ecilen 7A if
desired.

~ Strip Pb ofT the & Resin.

7;35.I Iea~I ~
ThS±Th c~i~,strip~4'~witb w~41~ient~

ci~

AL~2t1~it~w ~D4Th

7A~ ~ ~~Ak4l~k

~74I. W~p~i~ier~4i ~~e~hsnoI~amVacetune. Lei



Eichrom Teehnologies, LLC. OT'01

7.42. Transtfer the soluti :from-Step 7.3.4,4 to a 250 mL2 beaker.•

7.4,3, Add j85nimL:f0M 1,SrCL to, fial voliumn~of 200 m...,

7.4.4. AddtlOmg ofascotb'icacidtoihe~soiution. The asorbieaid will
reduce any :•I)i t' out, n eae ,th redu •Inironlu.

7,4.5. Place :the aple ona pttreenfledot plai•ea~ •dd a magtic
stir bar,

7.4.& Plsha t~i~et |tj := t .... hol5 ": .... a-d•" "- :ch6end to an

7A,8, R~~Te pay•t er:•1mip a ndfi25 oL andvattep ethanol and

7.4.9, Heat discs on , 3'00•C h a~e-for 1i5-30 minutes to convert Po to PO
oxide to inulimig tli-nik of deteetotp@•n~a6n • ad •i

7.4. 10. Count in an atpha~spect tesstm

7.,5.1, ?Ianhtipdan



Liebrom Techno1p~ies~ LLC. Oi~V~i
Analytiml Procedi~r~s ~v;>~2 0
July 25,2009 P~ige ~ef 12

7.5.1.10. Place e~xch plnnchet under a heat lamp in a hood or on a hot plate
With low he~4~

7.5.1.1L 'trTheslun~te>p7.3.lAtotbep1ancheLin2.~3mL
.Iiq~ ai4~va aw~nea~ 4tyn~s b44~io~
1~1f1be ~ bs~lWeen ~4i4o*~ ~ d~e pIan~e~ to
~ ~ This wjin~ ~p1~rii~g an~t losses of
the ~ss1~p)~,

7.5.142. 1~in~ th~ tube vo~tait~n~ th~s1urzy wit1V2~3 tnb ~f watei aiid
~e ~l~swb~

7.5J43. A Uths~Ihpos~ate4to4~yti~eool ~h
planehet~

7.5.144. R~weigh ca hp1u~1~ ~nd~rccoi~i th ~1gbtto QOO(fl Srnm~
7.5A.1~. (~vtrp be~wttfraiuminum foiland wait at 1ea~t three days for

7,5.1.16. coij~t~i a gas flow ~tionii1 eomi~er;

7.5.2. I.$~s~1e~ ~Wo~4d be prectPit~tad within an hour after eluting from resbi
as ~i m~y n o-pre~pilate with Th.

72Y~exy ~ar~tfly a~d 4 ~L ~f e~ne~dft~ri~rAd to each Pb
eluent and allow ~he s~1utte~ io1 cool for ID-IS n4i~utes

~ be~U~b ~ 4wb p~re~ipitate is fq~in4

752A~$7et4Aa R~so14FUta~ flA mi~on~2S i~t*~ r~owa Qelman filter

~ w~ta~ iee~e~n~ y~e fi~el a~d WO

~2~.A44§$4inL ~tIiamI ~o~each fl~te~ va~uwz and

~ ~4.tp~ ~ Ut ~4~fot~ ~

WUE~31t~U~1I ~d ftfo~Uoa~t 3 '4~ys fti~

~~7$AW ~t ~ a g~41~# i~t~ j



~ichr&n Tedino1~ies, LEC. OTWOt
Ana1yth~a1 e~u~es Rew 2;~
Jt4y 28)2009 Page'l0of 12

75~3~LFort~C 210Pb deteiinination

7~5.3.J4~Pipet~e7 sL. ~ftb~e t~ad fraction from ~tep 7,3.5;2 inte a clean,
J~eIe4 LSC vlSI.

7.5.3J4 2.Add 15 n~L of appnpriate s~intiJ1ation cocktail t~ die vial.
Sb~ke t~xw~ ~nd erisur# that cocktail 4o~s not from separate~
1 .y~

7.5,3.L3.C~nnto~bSC 4~~t~fli ix~grow~h of 4 kast3 d~ys, Talw' care
to~ ~ns,,re chig the~ctror~ieter is ci~librated to count the ""BI
en~ission&~4~&b~ ~nire beta ~ectrwm

7.5 ~ Pb~a~p1e fra~tion nnd ipitia1~sarnple a1iqi~ot t~y.
AAACP/1CP~MS for P1,yl~1d detennin~tion.

7.~J~3~Thwb sampi ~ti~ ~svalsQ b~ used to directly determine 210Pb
mass concentration via ICP-MS. Sec reference 7)

8. Calculations

8.]. ?o1oniuti~ Tracer yieId~ P&-2Po~.2O~

w1~e~e:
~ Av?~rty ~1Qflfl1m ~er on flt~i1 filter

Po41 A f~poIo~im r~lke ~utipn

bac4wund~ counts per i~iliiut.

Rw~-Tw- B~



EiToIogi~ LtC.
Ar~yliva1 Ptq~e4i~s Rev. 2~O
Juty2%~O09 ~Pa~eBof 1~

whcte:

residi.e + p1~nvbet or fi1tcr~i~g
~ ~

~

&4c~1y~1~i~ ~ &rier-~ IC?

_ Pb ~tt~i con en~ti&*~

JS~#np~ VqM~e ~ tizn~ ofgliqMot

w Vob ~1iitjeo tini~ ~f ~jna1 ~hquot

8.5.. Caicuia~i A ba~ti~vity bi~sed~n ~Bi ii1~owth

~Pb~pci/L~ S8

where:
S - ~
~

eiTh3iy ~ eMs~oi~sin beh~ c6~ini~r

N~



Ejebrorn Technokgies~ LLC. OTWOl
Az~~lytieaI procedures R~ ZO
Ju1y28,2'009 ?age 1.2 ~f 12

4) APIS- "Analysis QfPo1oni~m41 G inwat~r.. soil, air fihers~ iuis~ethineous
samples and biota", 1~vi~or~ineifla1 survey ~nd site a~s~ssment progr~nu (ESSAP)
at the Oak Ridge Thst~ut~ f~ Science and Educ~tina (OJUSE)

5) ~rnnb~r4. K, et ~1. VaIi4~tion 4an Improve4 MetlWKI For tb~ Separati~rn and
MeasiireA~ent of Pb-219 ~i4 ~ 1?'r~sen~ ~t tb~ ~e1~ei~is~y
~diobioassay Measi~rcxnent~ Con*renc; October ~0O6, Cbkago~ 1W

6) Jel~ansson, LY. Phi) DIs~ta~ien M Determinatio~i of Pb#2 1(Y and P~21Q in
aque~* ~iivirontnen~a1 sam~tes~' 2008

7) L~rM~re, I)~ e~ 4 'Petem~in~4on ~f2IQPb 1t~a-~a~e k~~js~ in w~t~r by IC?-
M$", Analytica Chirni~a Av~, VoIu~ne 549, I~&~e42 1~ 188-196(2005)
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Livestock Analytical Data



"-I YE Inter-Mountain Labs
INTUR -MOUNTAIN LABS

Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

Date: 7/29/2014

OCLIENT: Cameco Resources, Crow Butte Operation CASE NARRATIVE
Project: Marsland Beef Samples Report ID: Si1404031 002

Lab Order: 31404031 (Replaces Si1404031 001)

Samples Marsland Beef Sample #1, Marsland Beef Sample #2, and Marsland Beef Sample #3 were received on April 1, 2014.

All samples were received and analyzed within the EPA recommended holding times, except those noted below in this case

narrative. Samples were analyzed using the methods outlined in the following references:

"Standard Methods For The Examination of Water and Wastewater", approved method versions
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition
40 CFR Parts 136 and 141
40 CFR Part 50, Appendices B, J, L, and 0
Methods indicated in the Methods Update Rule published in the Federal Register Friday, May 18, 2012
ASTM approved and recognized standards

All Quality Control parameters met the acceptance criteria defined by EPA and Inter-Mountain Laboratories except as
indicated in this case narrative.

0

0
Reviewed by: _______________________

Wade Nieuwsma, Assistant Laboratory ManagerPae1o1



*• '" Inter-Mountain Labs
IN'hR ERMOUHrAIW LADS

Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

Sample Analysis Report

. ompany: Cameco Resources, Grow Butte OperationPO Box 169
Crawford, NE 69339

ProjectName: Marsiand Beef Samples
Lab ID: S$1404031-001
ClientSample ID: Marsiand Beef Sample #1
COC" WEB

Date Reported 7/29/2014
Report ID S$1404031 002

(Replaces S$1404031001)

WorkOrder: S$1404031
CollectionDate: 3/28/2014
DateReceived: 4/1/2014 10:40:00 AM
FieldSampler:
Matrix: Animal

Comments
SAnalyses Result Units Qual RL Method Date Aaye/i

Radionuclides - Total
.Lead 210

Lead 210 Precision (_+)

Polonium 210

Polonium 210 Precision (_+)

Radium 226

Radium 226 Precision (_±)

Thorium 230

Thorium230 Precision (_+)

Thorium229 Tracer (30-120)

Uranium

8.8E-6
4.0E-6

ND

NA

1.2E-6

4.0 E-7

ND

NA

95.6

9.0E-7

pCi/kg
pCi/kg

pCi/kg

pCi/kg

pCi/kg

pJCi/kg

pJCi/kg

pCi/kg

pCi/kg

1 .0E-6 OTW01
OTW01

1.0E-6 OTW01

OTW01

5.0E-8 SM 7500 Ra-B

SM 7500 Ra-B

2.0E-7 ACWlO

ACWlO

ACWlO

2.0E-7 EPA 200.8

04/28/2014 1117
04/28/2014 1117

04/28/2014 1434

04/28/2014 1434

04/28/2014 1533

04/28/2014 1533

05/02/2014 1353

05/02/2014 1353

05/02/2014 1353

04/23/2014 132

MB
MB

MB

MB

MB

MB

KK

KK

KK

MS

These results apply only to the samples tested.

Qualifiers: B
E
J
M
0
X

Analyte detected in the associated Method Blank
Value above quantitation range
Analyte detected below quantitation limits
Value exceeds Monthly Ave or MCL or is less than LCL
Outside the Range of Dilutions
Matrix Effect

RL - Reporting Limit
C Calculated Value
H Holding times for preparation or analysis exceeded
L Analyzed by a contract laboratory

ND Not Detected at the Reporting Limit
S Spike Recovery outside accepted recovery limits

Sviewed by: 4>
Wade Nieuwsma, Assistant Laboratory Manager Page 1 of 3



*'•". Inter-Mountain Labs
INTER-MOUNTAIN LABS

Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

Sample Analysis Report

. ompany:

ProjectName:
Lab ID:
ClientSample ID:
COC:

Cameco Resources, Crow Butte Operation
P0 Box 169
Crawford, NE 69339

Marsiand Beef Samples
51404031-002
Marsland Beef Sample #2
WEB

Date Reported
Report ID

WorkOrder:
CollectionDate:
DateReceived:
FieldSampler:
Matrix:

7/29/2014
51404031002
(Replaces 51404031001 )

51404031
3/28/2014
4/1/2014 10:40:00 AM

Animal
Comments
IAnalyses Result Units Qual RL Method Date Analyzed/Init I

Radionuclides - Total
Lead 210

Lead 210 Precision (_)

Polonium 210

Polonium 210 Precision (_+)

Radium 226

Radium 226 Precision (+)

Thorium 230

Thorium230 Precision (_+)

Thorium229 Tracer (30-120)

Uranium

5.0E-6
2.5E-6

ND

NA

2.0E-7

2.0E-7

ND

NA

102

2.0E-7

IpCi/kg
pCi/kg

pCi/kg

pCi/kg

pCi/kg

pCi/kg

pCi/kg

pCi/kg

pCi/kg

1.0E-6 OTW01
OTW01

1.0E-6 OTW01

OTW01

5.0E-8 SM 7500 Ra-B

SM 7500 Ra-B

2.0E-7. ACW1O

ACW 10

ACW1O

2.0E-7 EPA 200.8

04/28/2014 1117
04/28/2014 1117

04/28/2014 1434

04/28/2014 1434

04/28/2014 1533

04/28/2014 1533

05/02/2014 1353

05/02/2014 1353

.05/02/2014 1353

04/23/2014 204

MB
MB

MB

MB

MB

MB

KK

KK

KK

MS

•These results apply only to the samples tested.

Qualifiers: B
E
J
M
0

Analyte detected in the associated Method Blank
Value above quantitation range
Analyte detected below quantitation limits
Value exceeds Monthly Ave or MCL or is less than LCL
Outside the Range of Dilutions

RL - Reporting Limit
C Calculated Value
H Holding times for preparation or analysis exceeded
L Analyzed by a contract laboratory

ND Not Detected at the Reporting Limit
S Spike Recovery outside accepted recovery limits

~viewe by:I____________________

Wade Nieuwsma, Assistant Laboratory.Manager Page 2 of 3



urn Iinter-Mountain Labs
I NTER-MOUNTAIII LABS

Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

Sample Analysis Report

. ompany: Cameco Resources, Crow Butte OperationP0 Box 169
Crawford, NE 69339

ProjectName: Marsiand Beef Samples
Lab ID: $1404031 -003
ClientSample ID: Marsiand Beef Sample #3
COC" WEB

Date Reported 7/29/2014
Report ID S$1404031 002

(Replaces S$140403 1001)

WorkOrder: 51404031
CollectionDate: 3/28/2014
DateReceived: 4/1/2014 10:40:00 AM
FieldSampler:
Matrix: Animal

Comments
SAnalyses Result Units Qual RL Method Date AnalyzedlInit

Radionuclides - Total
Lead 210

Lead 210 Precision (+)

Polonium 210

Polonium 210 Precision (_+)

Radium 226

Radium 226 Precision (+)

Thorium 230

Thorium230 Precision (_+)

Thorium229 Tracer (30-120)

Uranium

6.1E-6
6.2E-6

ND

NA

ND

NA

1.0E-6

6.0E-7

107

ND.

pCi/kg
IJCi/kg.
pCi/kg
pCi/kg

pCi/kg
pCi/kg
pCi/kg
pCi/kg

pCi/kg

1.0E-6 OTW01
OTW01

1.0E-6 OTW01

OTW01

5.0E-8 SM 7500 Ra-B

SM 7500 Ra-B

2.0E-7 ACWl0

ACW 10

ACWl0

2.0E-7 EPA 200.8

04/28/2014 1117
04/28/2014 1117

04/28/2014 1434

04/28/2014 1434

04/28/2014 1533

04/28/2014 1533

05/02/2014 1353

05/02/2014 1353

05/02/2014 1353

04/23/2014 209

MB
MB

MB

MB

MB

MB

KK

KK

KK

MS

These results apply only to the samples tested.

Qualifiers: B Analyte detected in the associated Method Blank
E Value above quantitation range
J Analyte detected below quantitation limits
M Value exceeds Monthly Ave or MCL or is less than LCL
0 Outside the Range of Dilutions

RL- Reporting Limit
c Calculated Value
H Holding times for preparation or analysis exceeded
L Analyzed by a contract laboratory

ND Not Detected at the Reporting Limit
S Spike Recovery outside accepted recovery limits

eviewed by:_______________
Wade Nieuwsma, Assistant Laboratory Manager Page 3 of 3



ji• Inter-Mountain Labs Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

ANALYTICAL QC SUMMARY REPORT

NT

Work Order:

Project:

Cameco Resources, Grow Butte Operation
S$1404031

Marsiand Beef Samples

Date: 5/15/2014

Report ID: S1404031001

Pb210 in Animals Sample Type MBLK Units: pCi/Kg[M~i 2 (0/81 91)Rno 027Pe(t:0/31 :0 BthD84
IAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Lead 210 ND 1

Pb210 in Animals Sample Type LCS Units: pCi/Kg
[ LCS14-112 (04/28/14 09:14) RunNo: 107237 PrepDate: 04/23/14 0:00 BatchlD 8140

IAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Lead 210 14 1 12 116 50 -150

Pb210 in Animals Sample Type MS Units: pCi/Kg

I TAP MS (04/28/14 09:14)
RunNo:107237 PrepDate: 04/23/14 0:00 BatchlD 8140

Pb21I

AnlyeResult RL Spike Ref Samp %REC % Rec Limits Qual
Lead 210 15 1 12.5 1 113 50 -150

0 in Animals Sample Type MSD Units: pCi/Kg

STAP MSD (04/28/14 09:14) RunNo:107237 PrepDate: 04/23/14 0:00 BatchlD 8140

AnlyeResult RL Conc %RPD %REC % RPD Limits Qual
Lead 210 17 1 15 10.3 126 20

0in Animal Sample Type MBLK Units: pci/KgPo210

( MB14-112 (04/28/14 13:31)
RunNo: 107198 PrepDate: 04/23/14 0:00 BatchlD 8140

w [ nlt Result RL Spike Ref Samp %REC % Rec Limits Qual
Polonium 210 ND 1

0in Animal Sample Type LCS Units: pCi/KgPo210

ILCS14-112 (04/28/14 13:31)Analyte

RunNo: 107198

Result
PrepDate: 04/23/14 0:00
RL Spike Ref Samp

BatchlD 8140
%REC % Rec Limits Qual

Polonium 210 31 3.07 89.2 50 -150

Po21 o in Animal Sample Type MS Units: pCi/Kg
[TAP MS (04/28/14 14:34) RunNo: 107198 PrepDate: 04/23/14 0:00 BatchlD 8140

IAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Polonium 210 12 1 12.5 ND 97.9 50- 150

Po21o in Animal Sample Type MSD Units: pCi/Kg
[ TAP MSD (04/28/14 14:34) RunNo: 107198 PrepDate: 04/23/14 0:00 BatchlD 8140

IAnalyte Result RL Conc %RPD %REC % RPD Limits Qual

Polonium 210 13 1 12 4.25 102 20

I lfers: B

H

L

0

S

Analyte detected in the associated Method Blank
Holding times for preparation or anaiysis exceeded

Analyzed by a contract laboratory

Outside the Range of Dilutions

Spike Recovery outside accepted recovery limits

E Value above quantitation range
J Analyte detected below quantitation limits

N D Not Detected at the Reporting Limit

R RPD outside accepted recovery limits

X Matrix Effect

Page 1 of 3



i1• Inter-Mountain Labs Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

ANALYTICAL QC SUMMARY REPORT

NT

Work Order:

Project:

Cameco Resources, Crow Butte Operation
51404031

Marsiand Beef Samples

Date: 5/15/2014

Report ID: S1404031001

Radium 226 in Animal Sample Type MBLK Units: pCi/Kg

MB14-111 (04/28/14 15:33) RunNo: 107123 PrepDate: 04/22/14 0:00 BatchlD 8140

IAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Radium 226 ND 0.05

Radium 226 In Animai Sample Type LCS Units: pCi/Kg
[ LCS14-111 (04/28/14 13:19) RunNo: 107123 PrepDate: 04/22/14 0:00 BatchiD 8140

IAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Radium 226 4.9 0.05 5 98.6 87.4 - 111
Radium 226 in Animal Sample Type MS Units: pCi/Kg

[ TAP MS (04/28/14 13:19) RunNo: 107123 PrepDate: 04/22/14 0:00 BatchlD 8140

IAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Radium 226 5.0 0.05 5 ND 99.5 70.8 - 130

Radium 226 in Animal Sample Type MSD Units: pCi/Kg
[ TAP MSD (04/28/14 13:19) RunNo: 107123 PrepDate: 04/22/14 0:00 BatchlD 8140

Analyte Result RL Conc %RPD %REC % RPD Limits Qual

Radium 226 5.3 0.05 5.0 6.30 106 20

Thorium 230 in Animal Sample Type MBLK Units: pCi/Kg

I B411(05/02/14 13:53)
RunNo: 107266 PrepDate: 04/21/14 0:00 BatchlD 8140

Result RL Spike Ref Samp %REC % Rec Limits Qual

Thorium230 0.0 ±0.0 0.2

Thorium 230 in Animal Sample Type LCS Units: pCi/Kg
[ LCS14-1.11 (05/01/14 09:35) RunNo: 107266 PrepDate: 04/21/14 0:00 BatchlD 8140

jAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Thorium230 13.3 0.2 12,5 106 50 -150

Thorium 230 in Animal Sample Type LCSD Units: pCi/Kg
[ LCS14-111 DUP (05/01/14 09:35) RunNo: 107266 PrepDate: 04/21/14 0:00 BatchlD 8140

[Analyte Result RL Conc %RPD %REC % RPD Limits Qual

Thorium230 11.5 0.2 13.3 13.6 91.8 20

•liiflers: B
H

L

0

S

Analyte detected in the associated Method Blank
Holding times for preparation or analysis exceeded

Analyzed by a contract laboratory

Outside the Range of Dilutions

spike Recovery outside accepted recovery limits

E Value above quantitation range
J Analyte detected below quantitation limits

ND Not Detected at the Reporting Limit

R RPD outside accepted recovery limits

X Matrix Effect

Page 2 of 3



iI• Inter-Mountain Labs
INTER-MOUNTAIN LABS

Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

ANALYTICAL QC SUMMARY REPORT

W~ork Order:

Project:

Cameco Resources, Crow Butte Operation
Si1404031

Marsiand Beef Samples

Date: 5/15/2014

Report ID: S1404031001

Total (3050) Metals by EPA 200.8 Sample Type MBLK Units: pCi/Kg
IMBLK (04/22/14 15:02) RunNo: 106807

Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Uranium ND 0.2

TotalI(3050) Metals by EPA 200.8 Sample Type LCS Units: pCi/Kg
[ LCS (04/22/14 14:57) RunNo: 1068071

Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Uranium 68.8 0.2 67.7 102 85 -115

Total (3050) Metals by EPA 200.8 Sample Type MS Units: pCi/Kg
[S1404031-001 AS (04/23/14 01:54) RunNo: 106807

IAnalyte Result RL Spike Ref Samp %REC % Rec Limits Qual

Uranium 574 0.2 602 0.9 95.2 70- 130
Total (3050) Metals by EPA 200.8 Sample Type MSD Units: pCi/Kg

5 1404031-001AMSD (04/23/14 01:59) RunNo: 106807

Analyte Result RL Conc %RPD %REC % RPD Limits Qual

Uranium 578 0.2 574 0.859 96.0 20
Total (3050) Metals by EPA 200.8 Sample Type DUP Units: pci/Kg

S1404031-00lAD (04/23/14 01:49) RunNo: 106807

Analyte Result RL Ref Samp %RPD %REC % RPD Limits Qual

Uranium 0.9 0.2 0.9 2.64 20

e,Iiflers B
H

L
0
S

Analyte detected in the associated Method Blank
Holding times for preparation or analysis exceeded

Analyzed by a contract laboratory

Outside the Range of Dilutions

Spike Recovery outside accepted recovery limits

E Value above quantitation range
J Analyte detected below quantitation limits

N D Not Detected at the Reporting Limit

R RPD outside accepted recovery limits

X Matrix Effect

Page 3 of 3
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Appendix EE

Kozeny-Carmen Calculations



___________________ Analysis of K results _______ _____
Formation Geomean of K (cmlsec) STD Coeff of Variation # of Samples

Arikaree 1.4E-04 9.3E-04 6.69 10
Brule 8.9E-05 6.1E-05 0.69 13
Upper Chadron 5.1E-05 8.2E-06 0.16 3
Middle Chadron 2.2E-05 8.3E-06 0.37 2
Upper + Middle Chadron 3.7E-05 1 .7E-05 0.47 5







S
Poros$t
Kozeny-Cannan Coeff
Shape Factor

0.438
4.8 Range 4.5 to 5.1
6.5 Range 6 to 8.4 Rounded 6.1 - 6.6

Medium angular 7.4 -7.5
Very Angular 7.7 - 8.4

Intrinsic P_____________________
Permneability= ( c;r . •, • ,••Pnon.,,.,'s

Hydraulic "K ___________________y__o•,-

Conductivity (K )= njjrEffectine Grain Size (cma)
Intrinsic Penmeability (cm2)
Rho (g/cm3)
Viscosity (dyne-sec/cm2)
Gravitational Coost (cn/sec2)

0.001104539
1 .8E-09

1.03
0.016

880
lIp1-n4

0.164Iu• •: 2.661

0.0009 8 Im 2,T 1864.9041m 2.68 1811.769I 2.341 1574.951:

0.00049I lit.1 1587,7711 toa.0 1453.795 1 0.931 1251.018
0.08) 178.538

K (ti/day)
K (rn/day)
D10 (mm)

K Hazen 1cm/sec

K (ft/day)
K Hazes (cmlsec

K (ft/day)

28.78

61.01

10.20

0.12 K (if/dey)
0.04 K (rn/day)

0.0116 D10 (mm)

1 .36E-04 K Hazen (cm/sec

0.38 K (6/day)
7.00E-05 K Hazes (cm/sec

0.20 K (6/day)

0.18 K (i/day)
0.05 K (m/day)

0.0131 D10 (mam)

1.71E-04 K Hazes (cm/sec

0.49 K (6t/day)

8.83E-05 K Hazes (cm/sec

0.25 K (6l/day)

0.17
0.05

0.0136

1.86E-04

0.53
9.61E6-05

0.27

Sand(1%)
Sift (%)
Clay()%)

43.11
47.25

9.04

36.62
54.65

8.73

I uooer Chadron





Appendix FF

Quarterly Water Level Data



MARSLAND WATER LEVELS
October 17, 2013

General Sround Level )itme from Ground To Level Depth Watr Level SuvydTop keydTop ot
Welt ID Elevtlon •emmnt Point AtMeasurement Point leEtio ECtoordlnate Nrt Coordlauta

Monitor I 4101.5 1.8 399.4 3703.9 1131520.7 429027.9 __

Monitor 2 4197.2 2.3 500.3 3699.2[ 1126362.4 439439.1 __

Monitor 3 4260.2 1.2 565.5 3695.9 1121518.7 446287.7 __

Monitor 4A 4326.3 3.4 634.3 3695.4 1121344.1 450083.5

Monitor 5 4337.4 3.4 645.4 3695.4 1119235.5 447734.4

Monitor 6 4213.8 2.6 518.2 3698.2J 1124385.2 442856.5

Monitor 7 4243.2 3.1 548 3698.3! 1120757.2 440358.4 ___

Monitor 8 4352.4 3.5 660.5 3695.4 1117004.9 450973.8 _ _

Monitor 9 4364.6 2.42 669.7 3697.3 1 120642.7 456122.8 _ _

Monitor 10 4160.5 3.5 465 3699.0 1124017.9 435031.4 __

Monitor I11 4124.2 3.9 427.9 3700.2 1129466.6 432062.9

C1PW-2010-1 4259.8 1.6 565.3 3696.1 1121527.7 446224.8

CPW-2010-1A 4261.1 2.2 567 3696.3 1121450.2 446202.0

130W-I 4259.2 0.9 124.9 4135.2 1121572.0 446250.5 __

BOW-2 4322.3 2.66 151.4 4173.6 1121367.4 450154.1 __

BOW-3 4349.8 3 139.6 4213.2[ 11!17056.4 450973.9 _ _

BO0W-4A 4162.4 0.7 93.7 4069.4 1124588.9 434717.3 ___

BOW-5 4125.0 2.9 74 4053.9 1129467.0 432093.7 ___

BO0W-6 4099.2 1.21 50.3 4050.1 1131536.4 429001.7 _ _

BOW-7 4247.6 0.8 155.6 4092.8 1122449.2 442906.1 _ _

BOW-8 4366.4 2.9 74 4295.3 1120638.9 456205.1 I__

BOW-9 4144.9 1 74.6 4071.3 1128100.5 436375.6 _ _

BOW-10 4196.7 1.1! 113.8 4084.0 1126708.4 440807.5

BOW-Il1 4091.0 0.9 37.4 4054.5 1128708.9 426957.2 __

AOW-I 4260.6 1 126.4 4135.2 1121484.3 446205.9 _ _

AOW-3 4351.1 0.9 142.2 4209.8 1117032.7 450950.3 __

AOW-4 4161.0 0.91 87.3 4074.6 1124044.4 435036.8 _ _

AOW-5 4124.3 1.1I 72 4053.4 1129444.7 432092.1 __

AOW-6 4067.6 1 20 4048.6 1 132761.2 426945.1 I__

AOW-7 4242.9 1 DRY HOLE N/A 1120713.3 440391.7 _ _

AOW-8 4364.2 0.8 71.7 4293.3 1120636.6 456107.5 __

AOW-9 4145.3 1.1 74.9 4071.5 1127974.4 436369.7 __

AOW-10 4197.7 0.9 113.3 4085.3 1126707.0 440838.5 __

AOW-I1I 4090.2 0.8 35.4 4055.6 1128712.0 426919.7 __

Collected by TiJ, LE



MARSLAND WATER LEVELS
January 21, 2014

Genrial Ground Level Dis~ce from Gro~nd To et nur Level Depth'i•- Level m'e, Top ,meTop Note
e io D Ebvativ M reent Pon Mesueni Point _____ -eat Cwlnt Cof• t

Monitor 1 4101.5 1.8 402.3 3701,0 1131520.7 429027.9 __

Monitor 2 4197.2 2,3 502.1 3697.4 1126362.4 439439.1 _ _

Monitor 3 4260.2 1.2 566.6 3694.8 1121518.7 446287.7 _ _

Monitor 4A 4326.3 3.4 636.6 3693.1! 1121344.1 450083.5 _ _

Monitor 5 4337.4 3.4 647.4 3693.4 1119235.5 447734.4 ___

Monitor 6 4213.8 2.6 520.2 3696.2 1124385.2 442856.5 _ _

Monitor 7 4243.2 3.1 549.9 3696.4 1 120757.2 440358.4 ___

Monitor 8 4352.4 3.5 663.6 3692.3 1117004.9 450973.8 ___

Monitor 9 4364.6 2.42 674 3693.0 1120642.7 456122.8 ___

Monitor 10 4160.5 3.5 466.8 3697.2 1124017.9 435031.4 _ _

Monitor 11 4124.2 2.5 428.3 3698.4 1129466.6 432062.9 _ _

CPW-2010.-1 4259.8 1.6 567.3 3694.1! 1121527.7 446224.8 _ _

CI'W-2010-1A 4261.1 2.2 569 3694.3 1121450.2 446202.0 _ _

BOW-I 4259.2 0.9 125 4135.1 1121572.0 446250.5 _ _

BOW-2 4322.3 1.4 150.1 4173.6 1121367.4 450154.1 _ _

BOW-3 4349.8 0.7 137.2 4213.3 1 117056.4 450973.9 ___

BO0W-4A 4162.4 0.7 93.4 4069.7 1124588.9 434717.3 _ _

BOW-5 4125.0 2.9 74.9 4053.0 1129467.0 432093.7 *__

BOW-6 4099.2 1.2 49.9 4050.5 1131536.4 429001.7 _ _

BOW-7 4247.6 0.8 155.5 4092.9 1 122449.2 442906.1 _ _

BOW-8 4366.4 0.5 71.6 4295.3 1 120638.9 456205.1 _ _

BOW-9 4144.9 1 74.5 4071.4 1128100.5 436375.6 *

BOW-10 4196.7 1.1 113.2 4084.6 1126708.4 440807.5 *

BOW-11 4091.0 0.9 37.1 4054.8 1128708.91 426957.2 _ _

AOW-1 4260.6 I 126.3 4135.3 1 121484.3 446205.9 _ _

AOW-3 4351.1 0.9 142.4 4209.6 1117032.7 450950.3 _ _

AOW-4 4161.0 0.9 87.1 4074,8 1124044.4 435036.8 *

AOW-5 4124.3 1.1 72.6 4052.8 1129444.7! 432092.1 *

AOW-6 4067.6 1 19.7 4048.9 1132761.2 426945.1 _ _

AOW-7 4242.9 I DRY HOLE NIA 1120713.3 440391.7 _ _

AOW-8 4364.2 0.85 71.8 4293.3 1 120636.6 456107.5 ___

AOW-9 4145.3 1.1 73.7 4072.7 1127974.4 436369.7 _ _

AOW-10 4197.7 0.9 114.1 4084.5 1126707.0 440838.5 ___

AOW-11 4090.2 0.8 35.2 4055.8 1128712.0 426919.7 _ _

* Water Level Measured using Level-trol instrumentation
Collected by T J, LE



MARSLAND WATER LEVELS
April 22, 2014

General Ground Level Ditnefrom Ground To &ert l~evel Depth te Level Su•Top SndTop Notes
Well 10 Elevon i~msremnen Point Measurement Point Elevtlton .Est Coondin, at Nrt Coordllnate

Monitor 1 4101.5 1.8 404.1 3699.2 1131520.7 429027.9

Monitor 2 4197.2 2.3 503.9 3695.6 1126362.4 439439.1

Monitor 3 4260.2 1.2 568.6 3692.8 1121518.7 446287.7

Monitor 4A 4326.3 3.4 638.7 3691.0 1121344.1 450083.5

Monitor 5 4337.4 3.4 649.3 3691.5 1119235.5 447734.4

Monitor 6 4213.8 2.6 522.1 3694.3 1124385.2 442856.5

Monitor 7 4243.2 3.1 551.8 3694.5 1120757.2 440358.4

Monitor 8 4352.4 3.5 665.7 3690.2 1117004.9 450973.8

Monitor 9 4364.6 2.42 678.8 3688.2 1 120642.7 456122.8!

Monitor 10 4160.5 3.5 467.8 3696.2 1124017.9 435031.4

Monitor 11 4124.2 2.5 430.1I 3696.6 1129466.6 432062.9 __

CPW-2010-1 4259.8 1.6 569.3 3692.1 1121527.7 446224.8

CPW-2010-1A 4261.1 2.2 571 3692.3 1121450.2 446202.0

BOW-I 4259.2 0.9 124.8 4135.3 1121572.0 446250.51

IBOW-2 4322.3 1.4 149.9 4173.8 1121367.4 450154.1

BOW-3 4349.8 0.7 137.1I 4213.4 1117056.4 450973.9

BOW-4A 4162.4 0.7 91.3 4071.8 1124588.9 434717.3 *

BOW-5 4125.0 2.9 73.8 4054.1I 1129467.0 432093.7 *

BOW-6 4099.2 1.2 49.4 4051.0 1131536.4 429001.7

BOW-7 4247.6 0.8 155.1! 4093.3 11i22449.2 442906.1

BOW-8 4366.4 0.5 71.4 4295.5 1120638.9 456205.1

BOW-9 4144.9 1 73.8 4072.1 1128100.5 436375.6 *

BOW-10 4196.7 1.1 112.8 4085.0 1126708.4 440807.5 *

BOW-Il 4091.0 0.9 36.5 4055.4 1128708.9 426957.2

AOW-1 4260.6 1 126 4135.6 1 121484.3 446205.9

AOW-3 4351.1 0.9 141.9 4210.1 1117032.7 450950.3 ___

AOW-4 4161.0 0.9 86.6 4075.3 1 124044.4 435036.8 *

AOW-5 4124.3 1.1 71.9 4053.5 1129444.7 432092.1 *

AOW-6 4067.6 1 19.7 4048.9 1132761.2 426945.1 __

AOW-7 4242.9 1 Dry H-ole N/A 1120713.3 440391.7

AOW-8 4364.2 0.85 71.6 4293.5 1120636.6 456107.5

AOW-9 4145.3 1.1 75.5 4070.9 1127974.4 436369.7 *

AOW-10 4197.7 0.9 113.7 4084.9 1126707.0 440838.5 *

AOW-I 1 4090.2 0.8 34.6 4056.4 1128712.0 426919.7 __

•Water Level Measured using Level-irol instrumentation

Collected by TIJ, LE, WB



MARSLAND WATER LEVELS
July 14, 2014

General Ground Level Distance from Ground To Water Level Depth Water Level Surveyed Top Sureveyd Top Notes
Well ID Elevation Measurement Point At Measurement Point Elevation East Coordinate North Coordinate

Monitor 1 4101.5 1.8 405.6 3697.7 1131520.7 429027.9

Monitor 2 4197.2 2.3 505.5 3694.0 1126362.4 439439.1

Monitor 3 4260.2 1.2 570.0 3691.4 1121518.7 446287.7

Monitor 4A 4326.3 3.4 640.1 3689.6 1121344.1 450083.5

Monitor 5 4337.4 3.4 650.7 3690.1 I1119235.5 447734.4

Monitor 6 4213.8 2.6 523.3 3693.1 1124385.2 442856.5

Monitor 7 4243.2 3.1 553.3 3693.0 1120757.2 440358.4

Monitor 8 4352.4 3.5 667.1 3688.8 1117004.9 450973.8

Monitor 9 4364.6 2.4 680.1 3686.9 1120642.7 456122.8

Monitor 10 4160.5i 3.5 469.3 3694.7 1124017.9 435031.4

Monitor 11 4124.2 2.5 431.7 3695.0 1129466.6 432062.9

CPW-2010-1 4259.8 1.6 570.8 3690.6 1121527.7 446224.8

CPW-2010-1A 4261. 1 2.2 572.4 3690.9 1121450.2 446202.0

BOW-2010-1 4259.2 0.9 124.9 4135.2 1121572.0 446250.5

BOW-2010-2 4322.3 1.4 150.0 4173.7 1121367.4 450154.1

BOW-2010-3 4349.8 0.7 137.2 4213.3 1117056.4 450973.9

BOW-2010-4A 4162.4 0.7 90.4 4072.7 1124588.9 434717.3 *

BOW-2010-5 4125.0 2.9 73.0 4054.9 1129467.0 432093.7 *

BOW-2010-6 4099.2 1.2 49.6 4050.8 1131536.4 429001.7

BOW-2010-7 4247.6 0.8 155.2 4093.2 1122449.2 442906.1

BOW-2010-8 4366.4 0.5 71.3 4295.6 1120638.9 456205.1

BOW-9 4144.9 1.0 74.6 4071.3 1128100.5 436375.6 *

BOW-10 4196.7 1.1 112.7 4085.1 1126708.4 440807.5 *

BOW-Il1 4091.0 0.9 36.9 4055.0 1128708.9 426957.2

AOW-1 4260.6 1.0 126.3 4135.3 1121484.3 446205.9

AOW-3 4351.1 0.9 142.2 4209.8 1117032.7 450950.3

AOW-4 4161.0 0.9 86.5 4075.4 1124044.4 435036.8 *

AOW-5 4124.3 1.1 71.8 4053.6 1129444.7 432092.1 *

AOW-6 4067.6 1.0 19.4 4049.2 1132761.2 426945.1

AOW-7 4242.9 1.0 DRY HOLE N/A 1120713.3 440391.7

AOW-8 4364.2 0.9 71.5 4293.6 1120636.6 456107.5

AOW-9 4145.3 1.1 76.0 4070.4 1127974.4 436369.7

AOW-10 4197.7 0.9 113.5 4085.1 1126707.0 440838.5 *

AOW-11 4090.2 0.8 34.8 4056.2 1128712.0 426919.7 __

• Water Level Measured using Level-trol instrumentation
Collected by LE, WB




