
00~ b62 · 
DOE/RL-99-34 

Supplement-Approval 

Notice of Construction 
for Tank Waste Remediation 
System Vadose Zone 
Characterization 

United States 
Department of Energy 
Richland, Washington 

Approved for Public Release 



DOE/RL-99-34 
Supplement-Approval 

Notice of Construction 
for Tank Waste Remediation 
System Vadose Zon~ 
Characterization 

Date Issued 
August 23, 1999 

United States 
Department of Energy 
P.O. Box 550 
Richland, Washington 99352 

Approved for Public Release 

UC-630 



Pagel of 15 

Hanford Facility NOC Revision Form 

Emissions Unit: 

Tank Waste Remediation System Vadose Zone 
Characterization 
(Listed in Table 1) 

NOC Title and Approval Reference : 

No.DOE/RL-99-34, Rev. 0 
Notice of Construction for Taruc Waste 
Remediation System Vadose Zone 
Characterization 

NOC Revision O: Add discussion related to perched and purge water to the NOC. 
The addition of purge and perched water falls within the bounding source term presented, therefore, no increase in the 
emissions estimate will be realized due to the addition of this topic. Actual emissions should decrease since wet soil is less 
mobile than dry soil. 

DESCRIPTION 

1. Revised Section 6.0 to provide process description describing operations associated with perched water, purgewater, 
and sampling groundwater. 

2. Revised Section 7.0 to provide description on APQ associated with perched water, purgewater, and sampling 
groundwater. 

3. Revised Section 8.0 to provide description on why there should be no controls associated with perched water, 
purgewater, and sampling groundwater operations. 

4. Revised Section 9.0 to include perched water, purgewater, and sampling groundwater as additional fugitive emission 
sources. 

5. Revised Section 10.0 to provide description on release rates associated with perched water, purgewater, and sampling 
groundwater. 

6. Revised Section 11.0 to include offsite impacts associated with perched water, purgewater, and sampling groundwater. 
Also include correct Attachment designations and delete the word respectively since it no longer applies. 

7. Revised Section 13.0 to provide description on why technology standards associated with perched water, purgewater, 
and sampling groundwater do not apply. 

8. Revised Section 14.0 to include an additional reference to support discussion in Section 7.0. 

9. Added Figure 2 - Flow Diagram for handling perched water and purgewater. 

10. Revised Attachment E to include APQ, PTE, and TEDE to the MEI based on perched water, purge water and obtaining 
groundwater samples 

11. Revised Attachment F to also sum the results for perched water, purge water and obtaining groundwater samples. 

Pages with the added text changes are attached to this form. 

Date Date 
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The following are additional conditions and limitations that shall be applied to the Notice of Construction 
for Tank Waste Remediation System Vadose Zone Characterization. 

I. 

2. 

3. 

No more than an average of 2,000 gallons of water (includes perched \~er, purge water and 
groundwater sampling) will be removed from each equivalent bore hol~ Perched water and purge 
water will be collected in passively ventilated open top containers. When a sufficient volume of water 
has been collected or at the end of groundwater sampling activities, the water shall be tr~nsferred from 
the passively ventilated containers into a tanker truck for treatment at the 200 Area E1F or other 
permitted storage/treaunent facility . ~../41.:,/- · -b, exce.e.d 26) oo<> .,7,./4,,u..- c,-,C ~A.f.e.-

The APQ associated with perched water, purge water and groundwater sampling shall not exceed 
l.36E-03 curies. 

The following controls shall be mandatory when handling perched water, ground water and ground 
water sampling: All contaminated liquids shall be contained; all exterior surfaces of liquid holding 
devices shall be maintained at the current radiological free release limit; vented drums shall be 
maintained non-smearable; storage and handling of the vented drums shall be as described in the Site 
wide Vented Drum Notice of Construction. 

4. Fugitive emissions will be monitored using periodic confinnatory monitoring ac·complished by 
operating three fixed head samplers around the location of the work activities. The fixed head 
samplers will also be located with 100 feet of where the casing removal activities are occurring and 
will be operated when the work activities have the potential to emit radionuclide's'. . ,; 
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tremie is an apparatus that consists of a hopper or funnel at the top (ground level) end and a long metal 
tube for placing fill materials directly on the bottom of the borehole. Using a tremie reduces void spaces 
while backfilling the hole and reduces the potential to resuspend contaminated particulates . Casing 
removal activities will be performed outside of the containment structure. The closure of the equivalent 
boreholes may also be perfom1ed by backfilling the borehole using a tremie without pulling the casing . 

. Durinl~ dri_ll im!_:tct1yi·t_i~5 . .,th::: r-.: _i-: .thc>. r:<:1ssib1 I it,: .. ot'.h ;tt in~.n~rched .watc~r .... P,~rcht'd. \\·2t\:! r y,_t::!'ClUntfr,·;:.m :r 
sco:Hak'L: from :in un(krh inc: bod , ot ,;roumk;:,tcr ln um,arurJ.rcd rod .. Am pcrch-::d \\':ltcr ,~cn ild be 
collected ;11 rllc dru 111 .i l the b1-ill\)m l'f th,' C\'~l,,11c. 1'lh~ pcrch..::d water i;; nor cxn~'.cr.::,I f,) C1.)JJS1st of 
w 1cl :lu1 .. ,d rn.nk .',\·astc si nee >.!amina lOL'.!~ill!.'. activ i1it:; h~n-10 not~d tktt the l(::l lflmJ. .,;onr,.: ,;;-: fr m t::ink w~:!>t~ 

dc•.·rca . ..:: _,, nh. dcprh,.tl,ar .1 :, J!.bt'i1_1.:_an, .. p..::r,.;hcd. \. ,u..::r.,rabk 1m,;\\ 1..J%h l. 

A Dpm: in 1atelv J.Oi.l(J. i!.allons. nf purg;e,rnt;;;r .wi.ll..bt~ .r~mo'.'ed. fron? .. eacl1 .. ,'C1UiY::tlent .h.)rel1ok .. tJrior. to 
lt,scrri.n i:! th-~ screen l.lliO the \\ :.ttl'r ta ble. A.ftl'r m;;talbtiL)i1 of rbc screen. i:!round \\fllCr ::,ampks \\ ill b..:: 
lak-:n :\.11 :P:er:~!?~ ,.1 f "'. IJi)(i ~:n lions oh,·:.tk r ( inc !ucks ncrchc-d ,nter. 11111 !!.<:'1\·akr and l!.rcnnchYater 
s:m11>lim•l i, i:-..:nectt·cl to hi: r..:mo,· ·d fr,1; n rac h i;'Gu1·;aknt ·1in1·eh0k. A~ ,h~1rrn i11 F:•.!UF~ .'1• nerciwd 
,, J.r...:r. nnd.DufQ('\\::ll'l'r. \ '- il)Jx. col.li'.:cr,xi. in. p:issi\_d \.. v,::11t1 bt-:d. upcnJoD. <.:,mtai.ncr~ ...... \\ 'hcn.,1 .suffic1u1t 
vol nm<:. ,1(,\·ater .k1:; .b\:!1.'.li .col kckd. or. :1t.thc-_ c-11d _r,f f.:rc,u nd1, ::iwr .. ,;;amol.1 ,:,<,1CCiY1t: .::~- . ..th~' ... \ :1te"i'. \11 i.J..hc
trnn-:fr·r; ·e,J. from .rile. p:1ss i,·e1 \.. \'cot i l:rkd. cc1ira; n,·rs. into. ,1. t:tni,c-r. tmck 'ti:;;- trcatmcnt .. at. t!1e.)lili _ . .\rea .. ETF 
()J l)lh-~·;· DCnmt~cd stor~1•.:cft1\.' atn11:·m fo::illt\ . 

7.0 ANNUAL POSSESSION QUANTITY AND PHYSICAL FORM 
(REQUIREMENTS 8, 10, AND 11) 

The annual possession quantity (APQ) was estimated based on drilling and closing ten equivalent 
boreholes per year with the soil containing an average of 330 microcuries of Cs-137 per gram of soil. The 
33 0 microcuries of Cs-137 per gran1 of soil is based on a 100 percent saturation of the soil pore space 
(30 percent total porosity) by a waste solution (BNWL 1966) . [Based on previous soil characterization 
activities, the highest actual measured Cs-13 7 concentration in the soil was I 00 microcuries 
(100,000 nanocuries) per gram of soil (BNWL 1966) .] 

Other isotopes may have higher off-site dose consequences and they have been accounted for; however, 
Cs-137 was selected as the base isotope since it is readily detected in the soil. Attachment B provides a 
listing of known or assumed leaking tanks (HNF 1998) and the corresponding tank inventory from the 
database in the Tank Waste Information Network System 2 which is available on the internet 
(http ://twins .pnl.gov:8001). A ratio of each isotope to Cs-137, based on curies, was calculated for each 
tank as shown in Attachment C. A comparison of the curie ratio for each isotope in each tank was 
performed with the average value being considered representative of the extent of soil contamination for 
other isotopes . 

As shown in Attachment D, a maximum of 10 equivalent boreholes may be drilled per year. Each 
equivalent borehole will have a nominal top diameter of 10 inches for the first 50 feet and a nominal 
bottom diameter of 8 inches for the remaining 200 feet of boring (average depth is 250 feet) . As a result 
of drilling, the soil has been observed to expand approximately 15% over what would be calculated based 
strictly on the volume of the equivalent borehole since the soil is no longer compacted. Based on 
previous drilling e>..l)erience, the average vertical range of soil contamination is assumed to span an 
average of 20 feet per equivalent borehole (HNF 1999a). For conservatism, all contamination is assumed 
to occur in the 10-inch diameter section of the equivalent borehole. 
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Based on the previous assumptions, approximately 112 cubic feet of soil is removed per equivalent 
borehole. An estimated 13 cubic feet of the soil per equivalent borehole is assumed contaminated. Using 
the average isotope ratios multiplied by 330 microcuries of Cs-137 (average) per gram of soil and the 
total weight of soil [based on an average density of 97 .5 pounds per cubic foot for loose dry sand and 
gravel, (Avallone and Baumeister)] the APQ of each isotope for drilling has been provided in Attachment 
D. 

The APQ associated with the closure of IO equivalent boreholes has also been provided in Attachment D. 
Under field conditions, the soil column abrasively scrubs the outside of the casing free of a soil layer 
leaving a few patches (up to 15% of the exposed surface area) of soil on the casing material (DSI 99b) . 
The thin soil patches were assumed to consist of a thickness of 1/64-inch with the worst case composition 
of330 microcuries ofCs-137 per gram of soil. For conservatism an additional 10% was added to the 
exterior contamination on the casing to account for any potential contamination on the interior of the 
casing. For boreholes that do not require casing removal, the APQ is assumed to be zero since the APQ 
was included in constructing the borehole. I 

A summary of the total APQ associated with the installation and closure of 10 equivalent boreholes per 
year has been provided in Attachment D (4.38E+04 curies per year) . All isotopes are assumed to be in 
the form of particulate solids or liquids . 

The A PQ ::iss0ci:1red w ith µ.:rched \\·akir. unr1!.e,Yuter :-rnd 1.>, rot.rndY,·::lrer s:1111 nl irw is b::ised on dril iin,, I 0 
c:cmivalent b0rehoks ucr Ye:1r. willi ::111 ::iv,,n°e 0f 2_()(Jtl ~:1l1011s D~r boreh1k c(-.rrtamin::itt"d ,viti, T,: -9° a l 

:1 __ conc.::mration. 0f. J}.000 _p1coc11n..::s.J1.::r_.llkr. ___ Th<.: __ l 8._0(lU __ picoc:11 ri~-s. p.::r_iilcr_oi~ Tc-9Ci . C()fl\' :->ponds. [() 
~.noundwakr _s:1mn! i ng ne::u),~_!_ -T_Tank _ F :::mn. and. it _renr~sents. th:.:: _h i!.!h~\S1 .. i:.·<:m,·.::ntrnt10n. th:1t.J1c1~· .. bl:."cll_ 
found 111 iu0und\\<1t.:r (PNKL-120% ) As sbD\·\ll in A.rLaclm11:·nr E. rh.: APO :1ssoc1:1t.::d I\ irh v,.:n:b:·d 
\\ :itc:r. ourgc\, ::it~r ,rnd ground,., 2.t-:r sanmlnrn is cstimat.::d a[ 1. '.,(,L.r,~ c:un::~ 

8.0 ABATEMENT TECHNOLOGY AND CONCEPTUAL DRAWING(S) 
(REQUIREMENTS 6 AND 7) 

Emissions from air rotary drilling activities will be contained using an active ventilation system attached 
to the process equipment and a passive vent system attached to the process equipment containment 
structure. The active ventilation system will have radioactive air emissions abated by one stage of high 
efficiency particulate air (HEP A) filter. The HEP A filter located downstream of the will be tested to 
provide a minimum collection efficiency of 99 . 95 percent for particulates with a median diameter of 0 .3 
microns . The containment structure will have a passive HEP A type filter that will provide high efficiency 
collection. 

The average volumetric flowrate from the compressor to the equivalent borehole is estimated to be 1.2 
cubic meters per second (2,400 cubic feet per minute) with approximately 0 .6 cubic meters per second 
(1 ,200 cubic feet per minute) returning out the borehole into the cyclone. The difference in the flowrate is 
attributed to the soil column absorbing a fraction of the air volume which is gradually released into the 
process and abatement control equipment after the compressor is turned off. 

The exhaust fan will have a maximum average velocity of 0.85 cubic meters per second (1 ,800 cubic feet 
per minute) with a range of 0.6 to 1.2 cubic meters per second (1 ,200 to 2,400 cubic feet per minute) to 
maintain the ducting between the cyclone and the HEPA filter at atmospheric or less than atmospheric 
pressure. The drill r1g will be sealed to the casing so that particulates will be contained and routed to the 
process equipment (e.g ., cyclone and torit) located inside the plastic containment structure. The flange on 
the well discharge head and on the inlet of the cyclone will be double flanged to reduce the potential for 
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an unabated release to the atmosphere. Additionally, the flexible line connecting the well discharge head 
and the cyclone will be encased by another flexible line. The flexible encasement line and flanges will 
also be vented to the cyclone. The plastic containment structure surrounding the process control 
equipment will be fitted with one stage of HEPA type filtration. Figure 1 is a conceptual drawing of the 
proposed system. 

When the borehole has been completed and the process equipment is ready to be removed, equipment will 
be broken down at the disconnect points and contaminated equipment openings will be sealed or plugged 
to minimize the spread of contamination. All work related to disconnecting and moving the equipment 
will be performed in accordance with TWRS as low as reasonably achievable control technology 
(ALARACT) demonstration number 12 (HNF-1999b), "TWRS ALARACT Demonstration for Packaging 
and Transportation of Equipment & Vehicles" (Attachment I) . 

Emission controls to be used during sonic drilling, cable tool drilling, cone penetrometer, use of the 
closed end probe, and casing removal will be decontamination by non-aggressive manual methods such as 
wiping, sleeving into plastic or having fixatives applied to prevent the spread of contamination if the 
smearable contamination levels are greater than 100,000 disintegrations per minute per 100 square 
centimeters for beta/gamma or 2,000 disintegrations per minute per 100 square centimeters for alpha. 

During cable tool drilling, when the barrel is removed from the ground, the barrel will be sleeved into 
plastic and the bottom will be tied off. During sample removal, the exterior of the barrel is hit with a 
hammer or other hard object, the moist soil will dislodge into the plastic sleeving with minimal potential 
for emissions . The soil samples from this activity will remain in the plastic sleeving after the sleeving is 
removed from the barrel. In the event that the soil does not dislodge from the barrel, the entire barrel will 
remain in the sleeving and the barrel will be placed in a suitable closed container for shipment to the 
laboratory or placed in a closed burial box. 

Additionally, all other sample containers will be wrapped in plastic after retrieval and the casing will be 
sleeved into plastic during the removal process to prevent the spread of contamination. 

En t:issiu.ns ;i%ociJ £ell '.\ uh L'crcbcd \\ ;:ir,~r. pur2:..::\ :i.tcr and QfOLilld\, :Her' :-,,:mmlcs J re \;x1~,_·1.::tcl! 1\) b·. dose 
tc, w mdc-t:;ct::tbk . ln t!i ;~ ~\ ::.:nr thnc tx rch<:'d \\-;:it;;-r 1s i::nco1.u1kred. :1ctu:1i crniss i011s frc,,: i dri lltil!.! \Yd i 
decre,-,s,;; s111..-:c· ::tn \· ci:,nt2111ir0akd ~,..,;l ,, ·; [i hec011w \Y:.'t ;:ind ks~ inoliik. P11n.!~\Yakr \'. ii! n:<;lih in F-emI1· ~ 

r.L1.,: .. 1m,.;r ) or. of rL·. (: ,1 ::err: ·.'. __ <1;1dp,JT cnr 1:d J · •. . ,,_·;11r::uning_.radion.!; .. · lidcs . :1dhcrcd .. !, >_.the .1.il.iCr 1, ;r. uf .th,:.:. c[!j!.'l!::;, ... h-.~ 
:1 .. r:;;su ! LJ >ol t i tt 1aI._t~: n t;;-;1011s .~ sst)C :ate cl _-,Y1th . .r ad1onuc I id,:s _im iclc _the. c~s (p !) ... ~~jJJ.{!SJJ'..~1J.l \:.:;):.J;EfQ.~-~:.,i!!J!;'.~ 
t1 ~~ _r ::,d :n :1uc lid ,'. --: . \ ,; ·1 l.i _ bc. ,,:e:tted. 0r_ i 11.S-: 1 h;t1on ..... -'\s_ s h c)\\-11 _i.n .. Fi:2.u re_ l . . no. contrc,l :s _a r:;-.vrr,n:..-, .:ecJJ ::,r 
D:..:rd1cd ,,;Her. gurn-s::'\u tl..'r and l!TOu nd\\':.ucr s:1mDLlnr, :icri ,·it1cs sine;; i.\ ::lll..'r rct~1rds rhc rl..'suwcnsion uf 
p,,ri.1 cui·1.tc· rad1onur l1d-:s 

A wind speed restriction of 20 miles per hour will be applied to drilling, sampling and casing removal 
work. This criterion applies to sustained wind speeds as determined by the Hanford Meteorological 
Station. The radiological conditions associated with the work activities will be controlled by following a 
radiation work package (RWP). Continuous Health Physics Technician coverage will be provided while 
drilling, sampling and removing casing. 

9.0 MONITORING SYSTEM (REQUIREMENT 9) 

Periodic confirmatory monitoring of emissions from borehole drilling using the air rotary drilling 
technique will be accomplished by a destructive or non-destructive analysis of the record filter combined 
with radiological field surveys during the work. The record filter, located downstream of the active 
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ventilation HEPA filter, will receive all flow from the first filter and will have a minimum efficiency of 
90 percent for particulates with a median diameter of 0.3 microns as specified by the manufacturer. The 
radiological analyses from the soil samples will be averaged to determine the isotopic distribution of 
Strontium-90 (Sr-90), Cs-137, Plutonium-239 (Pu-239) and Americium (Am-241) . Sr-90, Pu-239 and 
Am-241 are the isotopes estimated to potentially contribute greater than I 0% of the unabated offsite dose; 
whereas, Pu-239 and Sr-90 are the isotopes estimated to contribute greater than 25% of the offsite dose 
due to abated emissions . The record filter will be counted using a gamma spectrometer calibrated to Cs-
137. Counting will be done annually using either a destructive or non-destructive technique. 

The soil sample isotope ratios discussed above will be applied to Cs- I 37 on the record filter to confirm 
low emissions instead of the ratios used in Attachment C. The actual soil sample isotopic ratios are 
expected to be less than the overly conservative ratios contained within Attachment C since Pu-239 and 
Am-241 are not as soluble and will not transport through the entire leak plume as readily as Cs-137. The 
proposed periodic confirmatory method is capable of providing the required detection levels to verify low 
emissions . In addition, the HEPA filter housing will be field surveyed after the completion of each 
borehole to verify low emissions. 

Periodic confirmatory monitoring of the passive HEPA type filter will be accomplished by performing a 
field survey of the filter housing to confirm low emissions . The field survey of the passive HEPA type 
filter will be performed after the completion of each borehole. 

Fugitive emissions may result from cable tool and sonic drilling, use of the closed end probe and the cone 
penetrometer, the plastic containment structure during air rotary drilling, and during 
dismantlement/assembly or relocating the ventilation equipment, plastic containment structure, or process 
equipment. To confirm low emissions, periodic confirmatory monitoring will be accomplished by 
operating three fixed head samplers around the location of where the drilling and sampling operations are 
occurring. The fixed head samplers will be located within I 00 feet of where the drilling and sampling 
work activities are occurring and will be operated whenever the work activities have the potential to emit 
radionuclides . After packaging the equipment and samples for shipment, Health Physics Technicians will 
perform surveys (swipes for removable contamination) in accordance with lWRS as low as reasonably 
achievable control technology (ALARACT) demonstration number 12 (HNF- l 999b }, ' ·1WRS 
ALARACT Demonstration for Packaging and Transportation of Equipment & Vehicles" (Attachment I) . 

Fugitive emissions may also result from removing casing from the ground_ :111d_ frornJr:m~fcrrim! ,rbc 
perchr..:d_w~ter .. etnd_nm!'~''Clkr. To confirm low emissions, periodic confirmatory monitoring will be 
accomplished by operating three fixed head samplers around the location of the work activities. The 
fixed head samplers will also be located with. 100 feet of where the casing removal activities are occurring 
and will be operated when the work activities have the potential to emit radionuclides . 

10.0 RELEASE RA TES (REQUIREMENTS 12 AND 13) 

Up to ten equivalent boreholes may be drilled by the methods previously described in the NOC. Each of 
the proposed methods has the potential to emit radionuclides into the air. Individual methods are to be 
selected based on the highest concentration of contaminants likely to be encountered. The highest levels 
of contamination occur closest to the tanks . As the depth below the tank increases, the levels of 
contamination decrease substantially. Of the methods considered for use, the most conservative drilling 
approach (lowest potential to emit) will be applied first. Borehole logging will be used to determine when 
it is appropriate to apply drilling techniques that may have a higher potential to emit. Zones not sampled 
during advancement of the borehole due to having a high potential to exceed occupational exposure 
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more boreholes may be drilled until the 12 consecutive month period falls below the handling limit. 
Conversely, if the limit would not be reached after drilling 10 boreholes, additional boreholes may be 
drilled until the annual handling limit is reached. Table 2 has been ihcluded below to demonstrate how 
the average limit would be adjusted based on drilling one, five, and ten equivalent boreholes per year. 

Table 2. Average Allowable Concentrations of Cs-137. 

Estimated Volume of One Borehole Per Two Boreholes Ten Boreholes 
Contaminated Soil Per Year Per Year Per Year 
Equivalent Borehole 

(Appendix D) 
Air Rotary 12 .54 cubic feet 5.0E-08 curies per l .0E-08 curies 5.0E-09 curies per 
Drilling gram of soil per gram of soil gram of soil 
Cable Tool or 12.54 cubic feet 5.0E-06 curies per 5.0E-06 curies 5.0E-06 curies per 
Sonic Drilling gram of soil per gram of soil gram of soil 
Closed End Probe 0.44 cubic feet 3.3E-03 curies per 6.6E-04 curies 3.3E-04 curies per 
or Cone gram of soil per gram of soil gram of soil 
Penetrometer 

})erched \Vnter . P ur~cwah~r. and G roun dwater Sampling - Emissions a_sociarcd ,,ith perched \\atcr. 
nuri!cw:ircr :-ind !!round,\CHCT s:.1mphn£! a.re based on :i.p1Jhnrn a 2.0 E-0> H\\ O rum s rh 40 CTR 61 
Ap1.1endi, D release 1'rncri·ll 1 0r l i) E-u3 for liauids and o::irticulates) release fraction to th ::innu::il 
possession _quantit\ .· ... Tbc.2. O __ E-t,3.rckasc . .fractiou __ \\as. used.lo _cons.::n_ar1 ,,d, __ nccounr _fo r. tr:11,sfrrrin;;r_ the 
\Y3ter __ into t he_temporar,·. containrni.'11t_st111cture. and.the. subsequent_ tra1Jsfer_ to. the t::i11ker. tmck. .. 1l1e tot<1! 
volume. of the _urou nd,i;::ikr_ samplc:s .. is .. i 11s i g 11 ifica 111 .. comp:rn:'.cl. t o. the _notcnt_i.i 1_ Yoluin..: _asrnc iated. \Yith 
perched ,\a.tcr or ourzcw:ucr: thcr-:for·.:. :.1pphm;.: rhc 2.0 E-0~ release fracrwn tL1 th' !:!TO:mtfoatcr samples 
\Yill not ha\'\:" ::i sienificant imunct 011 the estimated emissions . A snm111arY of emissions associ::itcd \"Yith 
nerched \Yater. Dureewater and !1:rollnd,Yater s:1111o!ing i, Drovided in Attachment E Erni sic,ns as,;ociated 
,,-irh _perched. ,, at~r. _purnc\\'atcr_ :rncl _0round,\atcr. samplm!! a re _i.ns i!n1ificanc_ ,,-hen. compar('d . ro _cmi _ _-sions 
.issociated _,Yith_ dril I i_n l'. _and. cas,nF: ri:.n10,·al __ ::ictivities. 

11.0 OFFSITE IMPACT (REQUIREMENTS 14 AND 15) 

A detailed summary of the estimated potential-to-emit TEDE to.the hypothetical MEI for each 
radionuclide for the various drilling techniques, casing removal activities . pcrched.m,ter. purgewater. 
12-roull<h :::ircr samnlilHL and overall total summary has been provided in Attachments EJ2, F&, and G.E, 
h3~t3'26-Hv-d-:··. The MEI is 20,200 meters east southeast of the 200-East Area of the Hanford Site. 

12.0 COST FACTORS AND FACILITY LIFETIME (REQUIREMENTS 16 AND 17) 

Requirement 16 is not applicable because a best available radionuclide control technology (BARCT) 
demonstration is provided (Attachment J) . 

The maximum design life of the project is twenty years (July 15, 2019) . 
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13.0 TECHNOLOGY STANDARDS (REQUIREMENT 18) 

For air rotary drilling, the HEPA filter performance standards of ASME/ANSI N510, Section 10.5 will be 
met. The powered HEPA filter will have a minimum efficiency of 99.95 per cent for particles with a 
median diameter of 0.3 microns . AS ME/ANSI AG-1 for the HEPA filter will be met as documented in a 
letter from the U.S . Department of Energy, Richland Operations Office, to the Washington State 
Department of Health (99-EAP-213) . Other sections of ASME/ANSI 509 and 510 do not apply to this 
system due to its temporary configuration. The passive HEP A filter will be factory tested to a minimum 
efficiency of 99.95 per cent for particles with a median diameter of 0.3 microns and will provide a high 
efficiency of collection during passive ventilation. The systems will be visually inspected daily during 
operation and after any relocations to ensure the systems continues to operate as designed. Additionally, 
line pressure tests will be performed on the line between the well head and the cyclone and line between 
the torit and the fan prior to starting a new borehole. The line pressure test will be performed in 
accordance with ASME/ANSI N510. 

In accordance with WAC 246-247-075(3), for emission units with a potential-to-emit of less than 
0.1 millirem per year TEDE to the MEI, the option exists to estimate radionuclide emissions in 
accordance with 40 CFR 61 Appendix D, or other approved methods . Additio·nally, WDOH may require 
periodic confirmatory measurements during routine operations to verify low emissions. For the air rotary 
drilling, a destructive or nondestructive analysis of the record filters are proposed to be used for providing 
periodic confirmatory measurement to verify low emissions . Since the exhaust flow rate will not be 
needed to determine emissions, 40 CFR 60 Appendix A, Methods 1, IA, 2, 2A, 2C, 2D, 4, 5, and 17 do 
not apply. In addition, ANSI N 13 .1 does not address the record filter system design because a sampling 
probe will not be used to measure emissions . 

The air rotary drilling monitoring method will be compatible with NQA-1 as imposed by NESHAP 
Quality Assurance Project Plan for Radioactive Airborne Emissions, all of Sections 2.0, 3.0 and 5.0. 
ANSI/ASME NQA-2 is no longer an active National Standard and has been incorporated into NQA-1. 

For cable tool drilling, sonic drilling, closed end probe, cone penetrometer, rn-1cl- casing removal activities, 
uurn(·-.\;,t :2'r. ;:ind e-wuncl,,::i.tcr s,mll)lint.!. the technology standards do not apply since these will be fugitive 
emission sources . Emissions will be maintained using BARCT (decontaminating, plastic sleeving and 
applying fixatives as needed) for contamination controls . 

14.0 REFERENCES 

BNWL, 19-9~6, Characterization of Subsurface Contamination in the SX Tank Farm, BNWL-CC-701 , by 
J. R. Raymond and E.G. Shdo, Battelle-Northwest, Richland, Washington. 

DSI-99a, "Volume of fines Collected During Air Drilling", DSI, Kent Reynolds, Waste Management 
Northwest, Inc., to Stan Hill, Waste Management Federal Services of Hanford, Inc. , Richland, 
Washington, January 15, 1999. 

DSI-99b, "Well Decommissioning", OSI, Kent Reynolds, Waste Management Northwest, Inc., to 
Stan Hill, Waste Management Federal Services of Hanford, Inc., Richland, Washington, 
February 22, 1999. 

DOE-RL, 1998, Tank Waste Remediation System Vadose Zone Program Plan, DOE/RL-98-49, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
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DOE-RL, 1999, letter, 99-EAP-213, Mr. J. E. Rasmussen, U.S . Department of Energy, Richland 
Operations Office, to Mr. A. W . Conklin, Washington State Department of Health, "Technical 
Justification for a Temporary Deviation to American Society of Mechanical Engineers (ASME) 
AG-I, Section FC, 5100 High-Efficiency Particulate Air (HEPA) Filter Qualification Test 
Requirements", March 22, 1999. 

EPA, 1993, Subsurface Characterization and Monitoring Techniques, Volume 1, EPA/625 ,_R-93-003a, 
U.S. Environmental Protection Agency, Center for Environmental Research Information, 
Cincinnati, Ohio. 

HNF, 1998, Waste Tank Summary Report for Month Ending July 31 , 1998, HNF-EP-0182-124, Fluor 
Daniel Hanford, Inc. , Richland, Washington. 

HNF, 1999a, Radionuclide Inventories of Liquid Waste Sites at Hanford, HNF-1744, Fluor Daniel 
Hanford, Inc. , Richland, Washington, expected release June 1999. 

HNF 1999b, Control of Airborne Radioactive Emissions for Prequently Performed TWRS Work Activities 
(ALARACT Demonstrations) , HNF-4327, Fluor Daniel Hanford, Inc. , Richland, Washington, April 
1999. 

PNNL- I 20S6 H~111ford Si te Groundy,·Jtc:r Monitorin!! FY l ~1 ~;:-_ l\'l..l H;:11t111Jn . et. :\I. P~1c1fic No11lim.•st 
Narional.L1borJton ... h::bru:m _ __l 9Y9 .. 

E . A. Avallone and T. Baumeister III, "Marks ' Standard Handbook for Mechanical Engineers", 
9th Edition, McGraw Hill, 1987. 

WDOH, 1992, Letter, Air 92-107, A. W. Conklin, Washington State Department of Health, to 
J. D. Bauer, U.S. Department of Energy, Richland Operations Office, no subject, October 5, 1992. 
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ATTACHMENT E • WATER 

ESTIMATED EMISSIONS ASSOCIATED WITH PERCHED WATER, PURGEWATER AND GROUNDWATER SAMPLING 
i{SUBSET OF PREVlOUSL Y ESTIMATED EMISSIONS) 

TOTAL NUMBER OF EQUIVALENT 
10 

BOREHOLES PER YEAR 
ESTIMATED TOTAL VOLUME PER 

2,000 GALLONS 
EQUIVALENT BOREHOLE 

ESTIMATED TOTAL VOLUME PER 
7570.8 LITERS 

EQUIVALENT BOREHOLE 
TOTAL VOLUME 75708 LITERS/YEAR 

RELEASE FRACTION 2.00E-03 {ASSUMES TWO TRANSFERS· FIRST INTO HOLDING CONTAINER AND THEN INTO TANKER TRUCK) 

MAXIMUM CONCENTRATION ANNUAL POSSESSION QUANTITY UNABATED RELEASE CAP 88PC 200 EAST OFFSITE UNABATED OFFSITE DOSE 
ISOTOPE 

(PICOCURIES/Ll~ER) (CURIESNEAR) (CURIESNEAR) DOSE FACTOR (MILLIREM/CURIE) {MILLIREMNEAR) 

TC-99 18 000 1.36E-03 2.73E-06 2.30E-02 6.27E-08 

Page 1 of 1 



ATTACHMENT F-AIR DRILLING 

SUMMARY OF OVERALL EMISSIONS USING AIR DRILLING METHOD ONLY 
-- - - --- - ---- .---- - -------.- -- ----- - ----- --- -.---- -- -- - ------ ------- --------- --------+---------1 

-------- ---- ---·- --- - -~~~~~,-- -- -·--- ------ -·---------
200-EAST AREA 

TOTAL POSSESSION TOTAL UNABATED TOTAL ABATED 
ISOTOPE QUANTITY CURIES PER RELEASE CURIES PER RELEASE CURIES PER 

YEAR YEAR YEAR 

CAPBBPC OFFSITE UNABATED OFFSITE ABATED OFFSITE 
DOSE CONVERSION DOSE MREM PER YEAR DOSE MREM PER YEAR 

FACTOR MREM/CURIE 

PERCENT OF 
UNABATED DOSE 

PERCENT OF ABATED 
DOSE 

- -3H _ __ --- ·----1.1-6E-05 - -- _____ 1._15_E_-_05 _______ 1.1~~os - _ _:- ~-~2.SOE-05=- ..-:_ ___ -- 2 .BBE-10·- --~ 2.BBE-10 0.00% 
--·-· 14C -- - .. -- - 3.22E-06 3.19E-06 3.19E-06 1.90E-03 6.00E--09-- ,->----6-.06- E- --0-9---+-- ----=-o-=.oo-=-%:-:--·--+---c-

0.00% 
0.02% 

___ 59NI _ , 7.77E-06 _____ 7_.6_9E_-_06___ __ _ 3.:~3E-~ ____ - -- - 3.10E--04---- - - - · 2 ,.._.,..3BccE,--Occ9c-_::_ =----·-_--.:_--.:_1-::_.2_2E_-_1_2_ ---+-___ 0_.00_ % __ _ 
---63Ni- - 7.56E-04 7.4BE-04 3.82E-07 2.60E-04 1.94E-07 9.93E-11 0.00% 

60Co -- - --- 1.46E:0S-- 1.45E--05 ------"7-'_3-=g""E--'09~---• -- -· 2.SOE-01 3.62E-06 1.85E-09 0.01% 
90Sr ·-·-·· l---3-'_-13-'e=--o··-1~--- ----3.-10- E- --01 __ __, ____ 1.SBE-04 1.10E-01 - ----3-.4-1-E--0-2---·-+----1-.7--4-E_--0_5 _______ 4_9_.00_ % _ ___ -+----,-

---...,.9-,-0~Y----- ---3- _-13-E--o- 1 ___ _, ____ --3.-1 o- E--o- 1---+----1·.siiE:-04----<,----3-.4-oE--04- - --·-·-1::-'_o"'s:;E=--0='4:'----f----::s-=.3:::s=E--=oc::s---+----:o-:--.1:':s='=%:-'------+----'::'-': 
_____ 9_3_z-, ·---+----3.-6-5E----06 ___ -- - - _.c...3'--6-,1 E=-06,,..,--- --·1,-.Bc-4-=Ecc-0-::9--·- - - --1,.-,.3cc0c=Ec-'o"'3---+---c4_-=5cc9E=--709=---t-----:2:--.4:-:0c:cEc--1-::2---1 0.00% 
l-----99~Tc-c----+----,1-.4-::2ccE--c-Occ3---- --·- s :eoE:05 2.75E-06 2.30E-02-- -- 1.29E-06 -;---76.733::-:E=--708::---1------:0-::.00:-::-:c%c---;----,--,-
l----,1-=o-=-6=-R-u-- --~--2-.5-9E--O- B >-- --2"' . .c...ss-'E=--oc..,s,-----· - 1_3,..1=E--1...,.1---t --- ··-1-.6-0E- -02 -- - - 4.10E-10 
•----1-25....,S....,b- -· -l----'1=-.1-::0ccE-c-OccS- --- - 1.09E-05 - -5.SSE-09 .. - 2.40E-03 -- - - -- 2.61E-08 

--179e.()6 s :10E-10 --4}o~- ---- 5.61E..Q8 ----,-12""6,..,Sc-n-- -·--+----1.-21-E--06---

2.09E-13 000% 
----i°."33E-11 0:00% --- ----.,....,. 

2.87""E-_,1..,.1---t----o'-.00c....c...c.%.c... ___ -+-___ _ 

0.00% 
0.00% 
0.01% 
48.90% 
0.15% 
0.00% 
0.18% 
0.00% 
0.00% 
0.00% 

. -· ~ -- 2.SBE-07 ----·1.32E-10 ---- 2.00E-01 ~--- 5.15E-08 
-- -- - ---------~----- - ------ - - -----

2.22E-07 1.13E-10 1.00E-01 2.22E-08 

>----·- - ---
1291 2.60E-07 

--- -134Cs- - - - 2.24E-07 
----2.63 E-11· 0.00% 
-· --1~3E-11 -- - - 0-.00- % ________ _ 0.00% 

0.00%----- --- ---- -- --- -- ----- ----- - 1- 3-7C_ s _______ +- -- - 2.80E-o2 - ·- - 2.77E-02 1.42E-05 2.70E-02 -3.82E-07 ------ - 1--:ii~ --·---= 1.08% 
-----1-::s-,-1s=-m·- --- -----:z:s2i:-:03··- ---- 2.79E-03 - 1 .43E--06-- - -·· ·-1-.so- E--0-4 - · 

=======~=~=2=~~==--_-_-_-_,'",-.·-----~-:~-~-~-: -4---=- -_ ~:~~: -t:~:: -- ~::::~: - ... -· !::~::~: ---_+_-_-_--.:_--.:_-::.~-=:~-=-~-;:-:...,-~=~=----~-~+-•-_-_-_-_-_--'-~"":-~'-;'-:-=--=-·.:...-·- t-----,--:: 

1.07E-09 0.00% 0.00% 
0.00% 
0.04% 

·------

---- 155Eu . ---·· ---3- .9-SE- -04 -- 3.91E-04 2.00E--07 8.00E-03 - -~ 3.13E-06 - 1.60E-09-- 0.00% 
·- ---+---- - --- -- - -· ---------- - -- · --=-cc=-.-~------=-:--- - -- - -~.,----- --- ---c=--c-=-----+----'-"----·-·--t-----

226Ra 5.59E-10 5.53E-10 2.82E-13 4.60E-01 2.54E-10 1.30E-13 0.00% 
·--- 2-2e_R_a --- ' - 2 .00E--O- B- --- ~----_----=-2'-.B-'7Ecc.-os - ~= __ 1_.4_11::-_1_1 _____ -.---, :~§:_0_1 __ .... -~_B~~o~_ _ _ _ __2} _s _e- 1~.::-.::.=:-_ ~-=- __ o=-._oo=-:_"'%,.._= ==-·-+----=..., 

227Ac ----- - 6.89E-09 6.B2E-09 3.48E-12 1.50E+01 1.02E-07 5.22E-11 0.00% 
---22- 9-Th - -- -1.-1s- E--0-9 ·---- - - 1.16E-09 5.94E-13 -1Mle+O~ - 1.sse-oa 9.s1e-12 ----=o-=.oo= %---+----

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

232Th - 1.-15-E--09 ___ -- . 1-14&09 ___ -- ~ s.s~ · 8.00E+~ -- - 9.11E-09 --- 4.65E-12 0.00% 0.00% 
.. 

231Pa 7.16E-09 7.0BE-09 3.62E-12 1.20E+01 B.SOE-08 4.34E-11 0.00% 
----c2cc:372U:-:-----+-- 8.89E-OB 8.79E--08 +---4- .4-c-9ccEc--1:-1c----t---, .-10E+01- 9.67E-07 4.94E-10 0.00% 

- - --,2,c3-c3U..,.-__________ 3_._4_1 E_-_07 ____ ·-- _ _ 3._38_E~ 7 __ t-- J 72 E-1~_ -- _ . __ 3_.1_0E+~- _-.:: _ _ _ ~ .O_SE_-06 ___ ~~ - - --::5-:.3:-4-=E: -~1-=o'----_-_-_-_:-f-;_-_-_-~- Oc-.OO- %-c----+-----' 
234U 6.74E-06 6.67E-06 3.41E-09 3.10E+OO 2.07E-05 1.06E-08 -=o-:.Oc::3-:-c%:----;-----:c 
235U 2.98E-07 2.95E-07 1.51E-10 3.00E+OO - - - -cs=-.s'"'sc=E:--Occ:7c---t-----:-4-=.s"'2E=---c1 o=---t-----,O....,.OO- %,----+----'-

l----2~3~6~U:----+---~6~.8~9~E~-0~8---+---6~.~82~E=--o~s~-- t-- -=3_~4~sE~-711::------<r-----::2~.90==E,...+00:::::---- - - --'1-'.9'-8~E-'-o77---+---'-1."-01~E~-~10=--·---- -----=-o-=.007 %:-:-----t-----,,-

0.00% 
0.00% 
0.00% 
0.03% 
0.00% 
0.00% 

238U - - 6.79E-OO- . - --s:n-E:-oo- -- ----3~43E-09 --- - - 2.BOE+OO - ·1.si:ii::Os -·s:e,e =w - - - ~ ... ---
l----=2...,3=7Nccp----l - 5.37E-08 - 5.32E-08 ~-2 .71E-11 - -- 1~20E+01- -- -- .6.38~ --- - 3.26E-10 
1--~-...,2cc:378P=-u~---;-·- --3- .3-3-E-05 - - - - - 3:-.2c-'9-c=E--c-0-=5-·--+----,-1.-c68""E-...,0.,..8----t- -=7...,_670=-E+....,OO,..,...., -- 2.SOE-04 --1.28-E--0-7- --

239Pu -- 1-- - · 3.04E-03 - 3.00E-03 - - ,~s3E-~ B.20E+OO - - --·----+-2.46E-02 
--- -·- -

1.26E-05 

0.00% 
0.36% ----

35.43% 

0.03% 
0.00% 
0.36% 

35.36% 

--+--------- - -+----=-,cc---- 1 

240Pu ~· 3.20E-04 - - 3.17E-04 - - - 1.62E-07____ --8 .20800- - -
l----:2...,4

7

1 P=-u__ _ ___ 1.B9E-03 _ _ _ _ 1.B7E--O~--- __ ~~E~ ______ 1._30_E_-0_1____ -_---::-:-::=-:::c:---·t----=----+----=-cc------t----'-
242Pu 9.07E-09 8.97E-09 4._SB_E __ -1_2 ___ -+--- 7.BOE+OO __ _ _ 
241Am - --- 5.27E-04 -- 5.22E-04 - - - 2:eeE-07 T3iiE+o1 

- ---=2743::-A:--m---;--- -1-.1-7-E-08 --_::- - --,1-.1,-,,67E-...,Oc-8-- - =- 5.9-3E- -1r- ~- __ 1_.3_0_E,...+_01_-_- __ -- --

242Cm 4.12E-06 4.0BE-06 2.0BE-09 4.10E-01 
243Cm ----1.« E--07 - 1.42E-07 - - 1Ts&1, --+----ca...,_so= E-+OO ___ -- -

---244..:.ccC;.:.m;;._ __ +----,1-=.34-=-E-...,06-c-- - ·----1-.3-2-E--06---<t--- 6.76E-10 -----6- .i o-E-+OO ___ _ 
- --.C.-----+----==-----+----"-'-==-c...c---1---~'=-'-''-'-----t--------- -

TOTAL 6.65E-01 6.57E-01 3.53E-04 

2.60E--03 
-- -

1.33E-06 
2.44E--04 1.24E-07 
7.00E-08 

-
3.57E-11 

6.78E--03 - 3.46E-06 
1.51E-07 

-
7.71E-11 

1.67E-06 
-

B.54E-10 
1.21E-06 6.16E-10 
8.87E-06 4.53E-09 
6.95E-02 3.56E-05 

-
3.74% 
0.35% 
0.00% -- 9.76% ·-·-

3.73% 
0.35% 
0.00% 
9.74% ---•--·-·---------------

0.00% 0.00% 
0.00% 0.00% 
0.00% 0.00% 
0.01% 

100.00'/4 
0.01% 

100.00% 
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ATTACHMENT F -OTHER METHODS 

SUMMARY OF OVERALL EMISSIONS USING CLOSED END PROBE ANO CONE PENETROMETER 
- I • - -- • 

TOTAL POSSESSION TOTAL UNABATED TOTAL ABATED 
ISOTOPE QUANTITY CURIES PER RELEASE CURIES PER RELEASE CURIES PER 

ftAR ftAR Y~R 

200-EAST AREA 
CAP88PC OFFSITE UNA BA TEO OFFSITE ABATED OFFSITE 

DOSE CONVERSION DOSE MREM PER YEAR DOSE MREM PER YEAR 
FACTOR MREM/CURIE 

PERCENT OF 
UNA BA TEO DOSE 

PERCENT OF ABATED 
DOSE 

~-=-- 3~ _ _ _ _ _ ____ ~79E-Q_2__ 1.11E-05 -- - ::f.!1~: 0i __ -__ ----~.50§.:05_ _ _ _ _ 2.77E-10 -- _ __?_.77E: 1.Q ___ ~- _- 0.00% --~ ""' -----
14C 1.05E-02 3.07E--06 3.07E-06 1.90E-03 -5.83E-09 -- 5.83E-09 0.00% - -+- - 0.00% 

__ -~~1 _ __ _ _ 2 .sJE-02 ·- 73 9E-o6· 7.39E-06 ___ :__ __ 3:!.Q§.:~ ·--=~·2J~ o.:L·· - - 2 2 ~-os=.._ -- >- - 000% -----+--=-o"'.~00~% ____ , 
63NI 2.46E+OO -- 7.19E-04 __ _ _ 7.19E-04 ___ ~ __ 2.:?._qE-94___ __ __ ! -~~~ Ol_ _ . __ _!.87E-OI _ _ __ _ 0.00% 0.00% 

-- --&OCo - - --4~77E-O:f - 1.39E-05 ~---- 1.39E-0 5 ____ __ 2.50E-01 -'-- _ 3.48E-06 _____ 3~ 8§.:0_f! __ ,_ ---0.01% - 0.01% 
90Sr --·- 1.02E+03 2.98E-01 2.98E-01 1 .10E-01 3.27E-02 3.27E-02 49.00% 49.00% 

·---90Y . 1.02E+03 2.98E-Oi - - 2.98E-01 -- -· -- 3.40E-04 - -- ·- - . 1.011:-:-04 1.01E-04 - . 0.15%· 0.15% 
-- -·· 93Zr - - 1.19E-02 _ 3A7E-:0S __. __ .. _ ·3 .47E-66.°- -·--· ; :-JoE-03 - - - 4.51 E-09 -- - - -4.51E-09 ___ ...._ _ 0.00% 0.00% 

- 99Tc 1.77E-01 5.39E-05 5.39E-05 2.30E-02 1.24E-:0S- - - --1.24E:ci6 -- - 0.00% 0.00% 
-- - - 106Ru - 8.43E-05 2.46E-08 ---· 2.46E-08 1.60E-02 - i 94E-=-i'O-- - 3.9•E-10 0.00% 0.00% 
- - ---~sb --- - - - 3.s a-E.oi _ __ 1:0SE:os - --- _1-:iisE-os .::-= = --::-- u oi':-03 -- - 2.51E-oa 2.51E-oa --a~ - 0.00% 

_ ___ 1~ _____ --~ ~~E-0~ __ --·· 1.15E-06 .. J..:!~1::~ -- __ __ 4.70E-02 __ _ 5.40E-08 - 5.40E-08 -- ~ ___ 0.00% --+-----0_.00 __ % ____ 
1 

_ __ 1_2_91_ --~-'--~~ 2.4BE-07 _ _ _ 2.48E-07 ______ 2.00E-01 ____ _ _ 4.95E-Of!_ __ _ __ _!95E-08 _ _ __Q_,_~ ~ - 0.00% 
134Cs 7.30E-04 2.13E-07 __ _ _ 2.13E-07 __ _ 1.00E-01 _ 2.13E-08 __ ,____ -~ ~E-08____ _ 0

1 
.. 00
08

_%
0

.,___ 0.00_% ___ _ 
137Cs 9.13E+01 2.67E-02 2.67E-02 2.70E-02 -- 7.20E-04 - 7.20E-04 ,. 1.08% 

1----,~-=!,cc2!=--:- - --=:.:..=--~~~-.. -~-=--~ ~---· _~ -- .f.~~~:~~-~-~--~~:;~~--~ =--=~~~~:~ · ---}~~~~=-- --~ -==--K~-o-:---
>---- 154Eu ________ 4.28E-01 _____ 1.25E-04 1.25E-04 2.00E-01 ____ 2.~ §_-0~ --=- 2.50E-05 - 0.04% 0.04% 

155Eu 1.29E+OO 3.76E-04 3.76E-04 8.00E-03 3.01E-06 3.01E-06 0.00% 0.00% 
- - ~ R_a_______ i .B2E:-oo· 5.31E-10- 5.31E-10 ______ 4.60E-01--__ -__ - -- 2.«E:;o· - __ - - 2.44ETo -- ~ - 0 .00~ 0.00% 

228Ra ---9.46E::0S-. - --UGE-08 -- 2.76E-08 1.90E-01 5.25E-09 5.25E-09 0.00% 0.00% 
______ 22_7_A_c _ _ -.:::=-:. -2.24&05 . -- .. __ -!!:_55E-09 __ _ -- -- 6:ci5E-O~ _ ---~ • ~-_!:~OE+O) _-::._, -_ - -_!).~~E_-!)~ -= - ----·- ii:°83[:oa · -~ =- - - · o.00%-- .. f-- 0.00% - -

229Th 3.83E-06 1.12E-09 1.12E-09 1.60E+01 1.79E-08 1.79E-08 0.00% 0.00% 
-----232Th -· · - --- 3.75E-06 - 1.09E-09 -- - - 1.09E-09 - - - -- - 8 .008 00. - -8.76E-09 - - 8.76E-09 0-:-00% - 0.00% 
- - ~ 1Pa - - 2.33E-05 __ . __ - 6~81 E-09- -- -- - 6 .81E-09 1.20E+01 __ - ~.17E-08 _ ___ 8.17E-08 O :cio¾ - --- 0.00% 
_____ 2_3~ _ , .:_-:_2.:._90E-~ 8.45E-08-- - 8.45E-08 - 1.10E+01 9.30E-07 9.30E-07 - 0.00% 0.00% 

233U 1.11E-03 - 3.25E~0-7 - =-~-=-- .~:~5E-07 _ -- 3_JQ_E~~ _:=__ - , .01E-06 1.01E-06 0.00% - 0.00% 
234U i20E-02 6.41E-06 _ 6.41E-06 _____ 3.10E+OO 1.99E-05 -- --= 1.99~ 05 _-_- 0.03% 003% 

---·23su - -- -· 9.72E-04 - _ --- _2.84E-07 ~= -- 2.84E-07 -- --- 3.00E+p<l ·-- - 8.51E-07 . _ 8,5!~:_07_ - - - 0.00% " ---t'oo"'i--
236U 2.25E-04 6.56E-08 .. _ ~ 6.56E-O_f!__ ___ _±,90E+OO 1.90E-o'7 - -- _ .!.:_9Q.E-pl._ _ _ __ __Q,_~% 0.00% 
238U - 2.21E-02 6.46E-06 6.46E-06 2.BOE+OO - 1.81E-05 - - - 1.81E-05 0.03% 0.03% 

237Np ·- 1.1sE-04 ______ s .11E-oa · _ i ~1_1_5.aa 1.20E•o1 · s .i'JE-01 -- - s.i"JE-01 - - ---- o:cio%'_____ 0.00% 

238Pu _1.0BE-0.!._ _ 3.17E-05 ___ ±.,!II::-~ ·--- 7.60E+OO 2.41E-04 -·-- 2.41E-04 - ~ 36% 0.36% 
239Pu __ 9__:8_9_E_~~- ___ 2.89E-03 _2.89E~ ---· 8.20E+OO 2.37E-02 - 2.37E-02 -35.43% 35.43% 
240Pu 1.04E+OO _ - · 3.0SE-04 3.0SE-04 _ _ 8.20E+OO 2.SOE-03 - 2.SOE-03 3.74% 3.74% 
241Pu 6.17E+OO ~ OE-0~_ _ - --1.BOE-03 - 1.30E-01 2.34 E-.Q~ 2.34E-04 _Q.35% 0.35% 

- 242Pu - - - 'i.95E-05 8.63E-09 8.63E-09 7 .BOE+OO 6.73E-08 6.73E-OB 0.00% 0.00% 
241Am 1.72E+OO 5.02E-04 5.02E-04 1 30E+01 6.52E-03 - __ 6_.S.?._E_:O~ 9.76% - __ .....___ •i76°_; -
243Am .3.82E-05 ----,.,2E-08 - 1.12E-08 ·-=-= ~ OE+01 -----_ =~::: __ 1.45E-07_ ___ 1.45E-07 _ _9.!)0%- 0.00% 
242Cm 1.34E-02 - -i 3.92E-06 3.92E-06 ___ 401_9_E~ _1__ 1.61E-06 - 1.61E-OO -- 0.00% 0.00% 
243Cm 4.68E-04 - - 1.37E-07 - 1.37E-07 8.SOE+OO 1.16E-06 - - 1.16E-06 --;-- o:cio% -- 0.00% 
244Cm 4.36E-03 1.27E-06 ~ .!_:?7E-06 _ __6_1Cl_E~OO__ 853&06 8.53E-06 0.01% 0.01% 
TOTAL 2.16E+03 6.32E-01 6.32E-01 6.68E-02 6.68E-02 100.00% 100.00% 

Page 1 of 1 

__J 



ATTACHMENT F • CABLE TOOL 

SUMMARY OF o_vERA_LL E~ISSIONS USING _TRADITIO!'IAL _c~_BLE TO_OL AND SO!"IC DRILLlf'JG ----------
- ----- ------ -- - - ------ - ------ --- --- ·--- - ~- ~===~=----l --------- -- -- -- ---

TOTAL POSSESSION TOTAL UNABATED TOTAL ABATED 200-EAST AREA 
--- -- - ------ - -----l 

ISOTOPE QUANTITY CURIES PER RELEASE CURIES PER RELEASE CURIES PER CAP88PC OFFSITE UNABATED OFFSIJ"E ABATED OFFSITE PERCENT OF 
YEAR YEAR YEAR DOSE CONVERSION DOSE MREM PER YEAR DOSE MREM PER YEAR UNABATED DOSE 

PERCENT OF ABATED 
DOSE 

-----------1------- - ... FACTOR MREM/CUR1E_ ------- ----+------ ----i _____ ______ _ 
-----·-3H-----+---1- .-16ccE,--0,..,2c---+- 1.16E-05 1.16E-05 2.S0E-05 2.91E-10 2.91E-10 __ _,__ 0.00% 1----,,0...,,.00,_.%- - - I 
----~ -- - - 3

0
22E-0.L_ __ f- 3.22E-06 - 3.22E-06 1.90E-03 6.13E_:!)!) ____ :::--s"TJE-09 ___ 0.00% _ 0.00% 

-----~t: ~:;!tg~ ~:;!~:: ~:;!~:: -- --- ;:!g~:g: ~::!~~~ ~:~~:it-- --- g:gg: g:gg: 
- 60Co --=--- 1.46E-02 -- 1.46E-05- -- ---_-1 .46E-05 =- 2.S0E-01 3.66E-06 3

3
._s
44

§.EE:06
02

_-==----=-· 0.01 % -- 0.01% 
90Sr _ 3.13E+02 _ 3.13E-01 . ___ 3.13E-01 1.10E-01 _ 3.44E-02 ----~,c..,-~~----1- 49.00% 49.00% 

1---~so""y~- 3.13E+02 --~ 3.13E-01 3.13E-01 3.40E-04 1.06E-04 1.06E-04 --~%-- 0.15% 
93Zr 3.65E-03 3.65E-06 3.65E-06 1.30E-03 4.74E-09 4.74E-09 0.00% 0.00% 
99Tc 5.52E-02 -- - 5.66E-05___ _ 5.6_§_~:QL__ + -- 2.30E-02 1.30E-06 1.30E-06 0.00% 0.00% 

106Ru 2.59E-05 2.59E-08 2.59E-08 1.60E-02 4.14E-10 4.14E-10 0.00% 0.00% 
125Sb 1.10E-02 ----- 1.10E-05 ----1.10E-05 __ 2.40E-03 2.64E-08 2.64E-08 0.00% 0.00% 
126Sn 1.21E-03 1.21E-06 1.21E-06 __ 4.70E-02 5.67E-08 5.67E-08 0.00% _ _ _ 0.00% 

1291 - 1--- 2.60E-04 2.60E-07 2.60E-07 ___ __ 2.00E-01 5.21E-08 5.21E-08 _ 0.00% 0.00% 
134Cs 2.24E-04 2.24E-07 _ 2.24E-07 1.00E-01 2.24E-08 2.24E-08 0.00% 0.00% 
137Cs 2.80E+01 2.B0E-02 2.B0E-02 _,.. 2.70E-02 7.57E-04 7.57E-04 1.08% __ 1.08% 
151Sm 2.B?_E+OQ_ __ >- 2.82E-03 2.8~!=.:!l±.._ _ 7.S0E-04 2.12E-06 2.12E-06 0.00% 0.00% 
152Eu 6.25E-03 __ 6.25E-06 6.25E-06 ____ 2.40E-01 • 1.S0E-06 1.50E-06 _ 0.00% __ _____ 0_.00_ % _ _ __ 

1 
154Eu 1.31E-01 ---f---- 1.31E-04 1.31E-04 _ __ 2.00E-01 _______ 2.63E-05 2.63E: Q?____ 0.04% _ 0_._04_% ___ _, 
155Eu 3.95E-01 3.95E-04 3.95E-04 8.00E-03 3.16E-06 3.16E-06 0.00% 0.00% 

l---~2""276R=-_ a~ 5.59E-07 - 5.59E-10 5.59E-10 __ ==--- _i,_60E-01 _____ 2.57E-10 -- __2_57E-10 ___ ~=- 0.00% . ___ 0._00_% ____ 
1 

228Ra _ 2.90~5 ___ f-- 2.90E-08 2.90E-08 1.90E-01 5.51E-09 _ 5.51E-09 _ 0.00% ____ 0.00% 

- ~~~~~ - - .... ~:~:~: - ~:~:~::- - --~:~:tg: --- - -~ ::~1~g:--- -·· . ::g~~~--- ---::~i~~}-- g:gg: 0.00% 

--=--~ _ :.:.)~2Th- =- _ -:._:: 1~ 15E-~_:- _ -~ _ .1.1~~-- -- . -1.15E-09 = =- _ .. a.opE+po __ ... ::._ - 921E-09 -- -=-~ [21E-09 ... _-:.._- -·· o-:-oo°i - - . -· -g:gg: --
-- __ 231Pa ____ __ 2,16!=: Q§ _______ 7.16E-09 ____ I_.!_6_s_-OJ__ >---L 20E+0!_ ____ ,.._ ___ 8.59E-08 _____ 8.Ji!Js:~ _ 0.00% = ==-~ ----
--~ U___ _ 8.89E-05 ____ 8.89E~ _ 8.89E-08 _1:.!_0s:Q1 _______ 9.78!=-07 9.78E-07 ... ---0.00% _ 0_.00_ % ____ 

1 
233U 3.41E-04 3.41E-07 3.41E-07 3.10E+OO 1.06E-06 1 06E-~ -- 000% -- · --- 000% 

----2~ - 6.74E-03 _ ·- - .. 6 .74E-06 ... . 6.74E-06 _ ..._--=--.--i1o_E+OO __ · 2.09E-05 ... · fogi;-:-05··-- - -- o:03% -~-- o:03% 
235ll _____ - 2.98E-04 2.98E-07 --2 ."98E-07 _ ,.. ___ 3.00E•OO _ _ ___ 8.95~ --- ___ 8.95E-07 _____ __Q,_00% 0.00% 

____ 236U ___ ___ 6.89E-05 -->---· 6.89E-08 6,8_!1~ -- + _ 1.,_9QE+OO _______ 2.00E~ _ .... 2.00!=.:Ql..._ _ 0.00% 0.00% 
238U 6.79E-03 >- _ _ 6.79E.:._06 _ _ .... _____ 6_,.I_9_!=:_06 __ --+ - ~ 8_0§+9() _ _ _L90E:Q? _ _ ___ J.,90E:_0_!;_ _ ___ 0.03% 0.03% 

___ 23l_Np _ _ ____ 5.37!=: 05 _ -~- 5
3

._3
3

7
3

EE-08-0 __ 
5

_ _ _ 5.3_7E-0_f! ... . !:~0E_+01 _6.45E-07 __ _ _6.45s:9?_ _ ____ _ 0.00% _ 0.00% 
--- 238Pu ____ 3.33E-02 -- --- ------ 3.33E-05 7.60E+OO _ 2.53E-04 2.53E-04 0.36% ______ o_.3_6_% ___ _, 

239Pu 3.04E+OO 3.04E-03 - 3.04E-03 8.20E+OO _ ___ 2.49E-02 -- -2.49E-02 - --- . 35.43% 35.43% 
• ·-- 240Pu .. 3.20E-01 ~ - 3.20E-04 3.20E-04 8.20E+OO 2.63E-03 2.63E-03 3.74% - 3-.7-4_% ____ , 
-- -- 241Pu______ 1.89E+OO - --= >-· ____ 1.89E-03 __ =-- 1.89E:03 -- -=- })oe-01 :_-.:.... 2.46E-04 -- _ ... - 2.46E-:04 ·-=-~~-=-- · o.35~ ~ =::._ - - --0.35% __ _ 
---242Pu 9.07E-06 9.07E-09 9.07E-09 7.80E+OO 7.07E-08 7.07E-08 0.00% ·---· o.00% 
-----241Am - -- - - 5.27E-01 - - 5.2-7E--04 _ __ -· -· 5.27E-04 - .... - 130E~01 .... - s:SsE-O3___ 6.86E-03 ---9.76% --- 0 9.76% .. -

243Am 1.17E-05 1.17E-08 1.17E-08 1.30E+01 153E-07 153Ei=07i 000% 0.00% 
___ 

2
2

4
4
3
2CCmm ... 4.12E:oJ -->---- 4.12E-06 - , -- 4.1iE-:oo - __ ~ .10E-Oi _ _ _ __ 1.69E-06 --- _ 169E-06 ~- 0 .00% ___ . 0.00% --

1----=-c.,-_ ~~---•----1_.44_ E-04 1.44E-07 ·1.«E-07 8.50~:00 ___ ,.._ ___ 1.2~s._--(1L_ ___ ~ 22s:~ --~• .00% 0.00% 
244Cm 1.34E-03 1.34E-06 1.34E::Q§__ _ 6.70E_+OO __ >--~I_E-06 897E-06 0.01% --~ 0.01% 

---TOTAL 6.64E+02 6.64E-01 6.64E-01 7.0JE-02 7.03E-02 100.00¾ 100.00¾ 
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NOTICE OF CONSTRUCTION FOR TANK WASTE REMEDIATION SYSTEM 
VA DOSE ZONE CHARACTERIZATION 

1.0 INTRODUCTION 

The following description and any attachments and references are provided to the Washington State 
Department of Health (WDOH), Division of Radiation Protection, Air Emissions & Defense Waste 
Section as a notice of construction (NOC) in accordance with Washington Administrative Code (WAC) 
246-247, Radiation Protection - Air Emissions . The WAC 246-24 7-060, "Applications, registration, and 
licensing", states ''This section describes the infonnation requirements for approval to constmct, modify, 
and operate an emission unit. Any NOC requires the submittal of information listed in Appendix A." 
Appendix A (WAC 246-247-110) lists the requirements that must be addressed. • 

Additionally, the following description, attachments and references are provided to the 
U.S . Environmental Protection Agency (EPA) as an NOC, in accordance with Title 40 Code of Federal 
Regulations (CFR), Part 61, "National Emission Standards for Hazardous Air Pollutants ." The 
information required for submittal to the EPA is specified in 40 CFR 61.07. The potential emissions from 
this activity are estimated to provide less than 0.1 millirem/year total effective dose equivalent (TEDE) to 
the hypothetical offsite maximally exposed individual (MEI), and commencement is needed within a 
short time frame. Therefore, this application is also intended to provide notification of the anticipated 
date of initial startup in accordance with the requirement listed in 40 CFR 61.09(a)(I), and it is requested 
that approval of this application " ·ill also constitute EPA acceptance of this initial start-up notification . 
Written notification of the actual date of initial startup, in accordance with the requirement listed in 
40 CFR 6 l .09(a)(2) will be provided at a later date. 

This NOC covers the activities associated with vadose zone characterization within the Single-Shell Tank 
Fanns located in the 200-East and 200-West Areas of the Hanford Site. Vadose zone characterization 
activities include the drilling and sampling of soil from the surface to the depth of groundwater. 

For the various characterization options covered under this NOC, the maximum TEDE to the 
hypothetical MEI is 7.03£-02 millirem per year. 

990527 .1226 
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05/99 

2.0 FACILITY LOCATION (REQUIREMENT 1) 

U.S. Department of Energy, Office of River Protection 
825 Jad,•:in Avenue 
P.O. Box 550 
Richland, Washington 99352-3562 

Vadose zone characterization work may be performed in any of the single-shell tank farms. The 
following is a listing of coordinates for the individual single-shell tank fam1s based on the location of a 
tank within the farm (center location if data was readily available) or an average of two tank coordinates 
that would result in a location near the center of the fam1. 

Table I . Facility Locations . 

Tank Fann Latitude Longitude Reference Tank(s) 
241-A 46° 33 ' 11.6" N 119° 31'2.3"W Average 241-A-103 & -104 
241-AX 46° 33' 15.7" N 11 9° 31' 29.6"W Average 241-AX-101 & -104 
241-B 46° 33' 52.3" N 119° 32' 13.9" w 241-B-108 
241-BX 46° 33' 54.0" N 119° 32' 23 .2" w Average 241-BX-101 & -112 
241-BY 46° 33' 58.5" N 119° 32' 36.1" w Average 241-BY-101 & -112 
241-C 46° 33' 28.2" N 119° 31' 12.0" w 241-C-108 
241-S 46° 32' 22.9" N 119° 37' 88.8" w Average 241-S- l 01 & -112 
241-SX 46° 32' 13 .7" N 119° 37' 43 .0" w 241-SX-l 13 
241-T 46° 33' 35.7" N 119° 37'43.l"W 241-T-108 
241-TX 46° 33' 20.0" N 119° 37' 44.9" w 241-TX-110 
241-TY 46° 33' 26.4" N 119° 37' 45.6" w Average 241-TY-101 & -106 
241-U 46° 32' 41.9" N 119° 37' 43 .7" w 241-U-108 

3.0 RESPONSIBLE MANAGER (REQUIREMENT 2) 

The responsible manager for the activities described under this NOC is as follows: 

Mr. R. T. French, Manager 
U.S. Department of Energy, Office of River Protection 
P.O. Box 550 
Richland, Washington 99352 
(509) 376-7591 

4.0 TYPE OF PROPOSED ACTION (REQUIREMENT 3) 

The proposed action results in the construction of new minor emission units . These will not represent 
significant modifications . 

990527.1226 2 
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5.0 STATE ENVIRONMENTAL POLICY ACT (REQUJREME NT4) 

The proposed action is categorically exempt from the requirements of the State Environmental Policy Act 
under WAC 197-11-845 . 

6.0 PROCESS DESCRIPTION (REQUIREMENT 5) 

To accomplish the goals of the vadose zone characterization program, there will be a need to perform 
subsurface sampling within selected single-shell tank fam1s identified in Table I . Subsurface sampling 
and drilling techniques will be performed using the guidance document contained in Attachment A. 

Up to ten equivalent boreholes may be drilled per year (consecutive 12-month period) by the methods 
described in this section of the NOC . An equivalent borehole for the purposes of this NOC is assumed to 
have a nominal top diameter of 10 inches for the first 50 feet and a nominal bottom diameter of 8 inches 
for the remaining 200 feet of pipe (average depth is 250 feet) . Additionally, an equivalent borehole is 
assumed to contain a contaminated layer 20 feet long in the IO-inch portion of the equiva lent borehole . 
Each of the proposed subsurface sampling and drilling methods has the potential to emit radionuclides 
into the air. Individual methods are to be selected based on the likely level (concentration) of 
contaminants to be encountered. The highest levels of contamination occur closest to the tanks; however, 
as the depth below the tank increases, the levels of contamination decrease substantially . The most 
conservative drilling approach (lowest potential to emit) will be applied first . Borehole logg ing will be 
used to determine when it is appropriate to apply drilling techniques that may have a higher potential to 
emit. Zones not sampled during advancement of the borehole due to having a high potent ia l to exceed 
exposure guidelines may be sampled by various side-wall sampling techniques as the boreholes are 
decommissioned. 

The most aggressive (greatest potential for particulate generation) option for drilling equivalent boreholes 
will involve the use of an air rotary type drill. The air rotary type drill is expected to suspend particulate 
matter into the cyclone and the torit® 1 (process equipment for material recovery) shown in Figure 1. 
According to the manufacturer, the torit has an efficiency of 99.96% for particulates with a median 
diameter of 0.4 microns . No abatement credit is taken for the cyclone or torit. 

Samples from air rotary type drilling will be obtained from the "sampling sock" located on the side of the 
cyclone and/or from the dmms underneath the cyclone and torit (see, Figure 1). The "sampling sock" is a 
polyethylene (or similar air tight material) bag that will catch material for chemical and radiochemical 
analyses. Geological description samples will be obtained from the drums . The-dmms will be labeled to 
allow correlating the material level in the drum to the depth in the borehole where the material resided . 
The material in the dmms will be sampled by pulling a mini-core from the drum. Sampling and change
out of the drums will perfom1ed inside the containment structure with continuous HPT coverage. The 
radioactive material in the drums is expected to be at a very low level as assured by the administrative 
limits in Section 7 .0 for use of the air rotary type drilling method. 

Other possible borehole drilling techniques that may be used are briefly described belO\Y. 

• Sonic drilling - a non-air assisted drill and drive system that mechanically reinoves the cuttings in a 
vibrated core barrel set up . The core barrel is vibrated down. This captures the soils in the barrel, the 

1 Torit is a registered trademark of Donaldson Company, Inc . - Minneapolis , MN 
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barrel is removed and extruded, the casing is advanced by vibration and the whole process is 
repeated. 

• Closed end probe - a casing with closed end is driven into the ground by a number of methods- pile 
driver (percussion), vibrated (sonic), air hammer (driven from inside of the pipe by an air driven 
hammer, the circulation air is not in contact with the soil and therefore is not contaminated) . At the 
maximum depth, the end of the probe is removed (either unscrewed or milled-drilled out) and the 
probe is extracted. Sampling is accomplished by rotating and driving a small sampler into the 
sidewall of the borehole as the probe is extracted. No air or circulating fluid is utilized for this 
sampling process . Several telescoped lengths of probe may be utilized to achieve total depth for this 
method. 

• Traditional cable tool drilling from top to bottom. A core barrel is driven into the soil by mechanical 
impact, the barrel is removed, emptied and the casing is driven down by impact at surface . When the 
barrel is removed from the ground, the barrel is sleeved into plastic and the bottom is tied off. The 
barrel is then placed into the drum, the e:\.'terior of the barrel is hit with a hammer or other hard object 
to dislodge the soil into the plastic sleeving. The plastic sleeving is removed from the barrel, tied off 
at the top and placed into the drum. The soil samples from this activity will be contained in the 
plastic sleeving. 

• Cone Penetrometer - consists of a probe containing either instrumentation to measure activity in the 
ground, or a soil sampler both of which is pushed into the ground by sheer weight. There is minimal 
potential for sudden or other air emissions from this technology. The equipment design and operation 
keeps personnel and environmental exposures to contamination very low (i .e., no drill tailings, no 
compressed air, pipe is pushed slowly, sensors provide real-time information, soil exposure to the air 
pathway is ex.'tremely minimal). 

Other soil sampling techniques will include one or a combination of the following techniques ; 

• Air Rotary Split Spoon 
• Cable Tool 
• Cable Tool and Auger with a Split Spoon Core Barrel 
• Sonic Core Barrel and Split Spoon 
• Rotary Coring 
• Sidewall San1pling 

With the exception of sidewall sampling, a detailed description of the drilling and sampling techniques 
are discussed in chapter two of EPA 1993. Sidewall sampling of the borehole involves the use of a 
"whipstock" located at the end of the casing to deflect a sample tube from the vertical direction and direct 
it into the surrounding formation (maximum of 8 inches). Once the sample is captured, the drill rod with 
the sampler attached will be removed form the borehole using the drilling machine. At the surface, the 
sampler will be bagged or sleeved into plastic after retrieval and packaged in a container suitable for 
shipment to the laboratory for analysis . 

Additionally, a maximum of 10 equivalent boreholes will be closed per year (boreholes with casing 
removal) . For casing removal, the casing will be pulled into plastic sleeving. The casing will be cut into 
segments (nominal length of 10 feet) below the sleeving using a wheel cutter. The wheel cutter, similar to 
a tubing cutter, does not use a high-speed blade. Approximately one foot of casing will be exposed to the 
air during the cutting process . Cuttings will be captured in a draped plastic. The cut pieces of casing will 
be capped with plastic or the sleeving will be horsetailed and placed in a burial box. Using a tremie, the 

. hole will be backfilled ,vith clean (non-radioactive) materials (e.g., granular bentonite and/or grout) . A 
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tremie is an ap-paratus that consists of a hopper or funnel at the top (ground level) end and a long metal 
tube for placing fill materials dir-ectly on the bottom of the borehole. Using a tremie reduces void spaces 
\vhile backfilling the hole and reduces the potential to resuspend contaminated particulates. Casing 
removal activities will be performed outside of the containment structure. The closure of the equivalent 
boreholes may also be performed by backfilling the borehole using a tremie without pulling the casing. 

7.0 ANNUAL POSSESSION QUANTITY AND PHYSICAL FORM 
(REQUIREMENTS 8, IO, AND 11) 

The annual possession quantity (APQ) was estimated based on drilling and closing ten equivalent 
boreholes per year with the soil containing an average of 330 microcuries of Cs-13 7 per gram of soil. The 
330 microcuries of Cs-137 per gram of soil is based on a I 00 percent saturation of the soil pore space 
(30 percent total porosity) by a waste solution (BNWL 1966). [Based on previous soil character"ization 
activities, the highest actual measured Cs-137 concentration in the soil was 100 microcuries 
(I 00,000 nanocuries) per gram of soil (BNWL 1966).] 

Other isotopes may have higher off-site dose consequences and they have been accounted for; however, 
Cs-137 was selected as the ~ase isotope since it is readily detected in the soil. Attachment B provides a 
listing of known or assumed leaking tanks (HNF 1998) and the corresponding tank inventory from the 
database in the Tank Waste Information Network System 2 which is available on the internet 
(http://twins.pnl.gov:800l) . A ratio of each isotope to Cs-137, based on curies, was calculated for each 
tank as shovm in Attachment C. A comparison of the curie ratio for each isotope in each tank was · 
performed with the average value being considered representative of the extent of soil contamination for 
other isotopes . 

As shown in Attachment D a maximum of IO equivalent boreholes may be drilled per year. Each 
equivalent borehole will have a nominal top diameter of IO inches for the first 50 feet and a nominal 
bottom diameter of 8 inches for the remaining 200 feet of boring (average depth is 250 feet) . As a result 
of drilling, the soil has been observed to expand approximately 15% over what would be calculated based 
strictly on the volume of the equivalent borehole since the soil is no longer compacted. Based on 
previous drilling experience, the average vertical range of soil contamination is assumed to span an 
average of 20 feet per equivalent borehole (HNF 1999a) . For conservatism, all contamination is assumed 
to occur in the I 0-inch diameter section of the equivalent borehole. 

Based on the previous assumptions, approximately 112 cubic feet of soil is removed per equivalent 
borehole. An estimated 13 cubic feet of the soil per equivalent borehole is assumed contaminated. Using 
the average isotope ratios multiplied by 330 microcuries of Cs-137 (average) per gram of soil and the 
total weight of soil [based on an average density of 97 .5 pounds per cubic foot for loose dry sand and 
gravel, (Avallone and Baumeister)] the APQ of each isotope for drilling has been provided in Attachment 
D. 

The APQ associated with the closure of 10 equivalent boreholes has also been provided in Attachment D. 
Under field conditions, the soil column abrasively scrubs the outside of the casing free of a soil layer 
leaving a few patches (up to 15% of the exposed surface area) of soil on the casing material (DSI 99b). 
The thin soil patches were assumed to consist of a thickness of 1/64-inch with the worst case composition 
of 330 microcuries of Cs-13 7 per gram of soil. For conservatism an additional l 0% was added to the 
exterior contamination on the casing to account for any potential contamination on the interior of the 
casing. For boreholes that do not require casing removal , the APQ is assumed to be zero since the APQ 
was included in constructing the borehole. 
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A summary of the total APQ associated with the installation and closure of 10 equivalent boreholes per 
year has been provided in Attachment D (4 .38E+04 curies per year) . All isotopes are assumed to be in 
the form of particulate solids or liquids. 

8.0 ABATEMENT TECHNOLOGY AND CONCEPTUAL DRA WING(S) 
(REQUIREMENTS <i AND 7) 

Emissions from air rotary drilling activities will be contained using an active ventilation system attached 
to the process equipment and a passive vent system attached to the process equipment containment 
strncture. The active ventilation system will have radioactive air emissions abated by one stage of high 
efficiency particulate air (HEPA) filter. The HEPA filter located downstream of the will be tested to 
provide a minimum collection efficiency of 99. 95 percent for particulates with a median diameter of 0_.3 
microns._ The containment structure will have a passive HEPA type filter that will provide high efficiency 
collection. 

The average volumetric flowrate from the compressor to the equivalent borehole is estimated to be 1.2. 
cubic meters per second (2,400 cubic feet per minute) with approximately 0.6 cubic meters per second 
(1 ,200 cubic feet per minute) returning out the borehole into the cyclone. The difference in the flowrate is 
attributed to the soil column absorbing a fraction of the air volume which is gradually released into the 
process and abatement control equipment after the compressor is turned off. 

The exhaust fan will have a maximum average velocity of 0.85 cubic meters per second (1 ,800 cubic feet 
per minute) with a range of 0.6 to 1.2 cubic meters per second (1,200 to 2,400 cubic feet per minute) to 
maintain the ducting between the cyclone and the HEP A filter at atmospheric or less than atmospheric 
pressure. The drill rig ·will be sealed to the casing so that particulates " ·ill be contained and routed to the 
process equipment (e.g., cyclone and torit) located inside the plastic containment structure. The flange on 
the ·well discharge head and on the inlet of the cyclone will be double flanged to reduce the potential for 
an unabated release to the atmosphere. Additionally, the flexible line connecting the well discharge head 
and the cyclone will be encased by another flexible line. The flexible encasement line and flanges will 
also be vented to the cyclone. The plastic containment structure surrounding the process control 
equipment will be fitted with one stage of HEPA type filtration. Figure I is a conceptual drawing of the 
proposed system. 

When the borehole has been completed and the process equipment is ready to be removed, equipment will 
be broken down at the disconnect points and contaminated equipment openings will be sealed or plugged 
to minimize the spread of contamination. All work related to disconnecting and moving the equipment 
will be performed in accordance with TWRS as low as reasonably achievable control technology 
(ALARACT) demonstration number 12 (HNF-1999b), "TWRS ALARACT Demonstration for Packaging 
and Transportation of Equipment & Vehicles" (Attachment I) . 

Emission controls to be used during sonic drilling, cable tool drilling, cone penetrometer, use of the 
closed end probe, and casing removal will be decontamination by non-aggressive manual methods· such as 
wiping, sleeving into plastic or having fixatives applied to prevent the spread of contamination if the 
smearable contamination levels are greater than 100,000 disintegrations per minute per 100 square 
centimeters for betal&amma or 2,000 disintegrations per minute per 100 square centimeters for alpha. 

During cable tool drilling, when the barrel is removed from the ground, the barrel will be sleeved into 
plastic and the bottom will be tied off. During sample removal, the exterior of_the barrel is hit with a 
hammer or other hard object, the moist soil will cfislodge into the plastic sleeving with minimal potential 
for emissions . The soil samples from this activity will remain in the plastic sleeving after the sleeving is 
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removed from the barrel. In the event that the soil does not dislodge from the barrel, the entire barrel will 
remain in the sleeving and the barrel will be placed in a suitable closed container for shipment to the 
laboratory or placed in a closed burial box. 

Additionally, all other sample containers ,viii be wrapped in plastic after retrieval and the casing will be 
sleeved into plastic during the removal process to prevent the spread of contamination. 

A wind speed restriction of 20 miles per hour \viii be applied to drilling, sampling and casing removal 
. work. This criterion applies to sustained wind speeds as determined by the Hanford Meteorological 
Station. The radiological conditions associated with the work activities will be controlled by following a 
radiation work package (RWP). Continuous Health Physics Technician coverage will be provided while 
drilling, sampling and removing casing. 

9.0 MONITORING SYSTEM (REQUIREMENT9) 

Periodic confirmatory monitoring of emissions from borehole drilling using the air rotary drilling 
technique will be accomplished by a destrnctive or non-destructive analysis of the record filter combined 
with radiological field surveys during the work. The record filter, located downstream of the active 
ventilation HEPA filter, will receive all flow from the first filter and will have a minimum efficiency of 

· 90 percent for particulates with a median diameter of 0.3 microns as specified by the manufacturer. The 
radiological analyses from the soil samples will be averaged to determine the isotopic distribution of 
Strontium-90 (Sr-90), Cs-137, Plutonium-239 (Pu-239) and Americium (Am-241) . Sr-90, Pu-239 and 
Am-241 are the isotopes estimated to potentially contribute greater than 10% of the unabated off site dose; 
whereas, Pu-239 and Sr-90 are the isotopes estimated to contribute greater than 25% of the offsite dose 
due to abated emissions . The record filter will be counted using a gamma spectrometer calibrated to Cs-
137. Counting will be done annually using either a destructive or non-destructive technique. 

The soil sample isotope ratios discussed above will be applied to Cs-137 on the record filter to confirm 
low emissions instead of the ratios used in Attachment C. The actual soil sample isotopic ratios are 
expected to be less than the overly conservative ratios contained within Attachment C since Pu-239 and 
Am-241 are not as soluble and will not transport through the entire leak plume as readily as Cs-137 . The 
proposed periodic confirmatory method is capable of providing the required detection levels to verify low 
emissions . In addition, the HEPA filter housing will be field surveyed after the completion of each 
borehole to verify low emissions. 

Periodic confirmatory monitoring of the passive HEPA type filter will be accomplished by performing a 
field survey of the filter housing to confirm low emissions . The field survey of the passive HEPA type 
filter will be performed after the completion of each borehole. 

Fugitive emissions may result from cable tool and sonic drilling, use of the closed end probe and the cone 
penetrometer, the plastic containment structure during air rotary drilling, and during 
dismantlement/assembly or relocating the ventilation equipment, plastic containment structure, or process 
equipment. To confirm low emissions, periodic confinnatory monitoring will be accomplished by 
operating three fixed head samplers around the location of where the drilling and sampling operations are 
occurring. The fixed head samplers will be located within 100 feet of where the drilling and sampling 
work activities are occurring and will be operated whenever the work activities have the potential to emit 
radionuclides. After packaging the equipment and samples for shipment, Health Physics Technicians will 
perform surveys (swipes for removable contamination) in accordance with TWRS as low as reasonably 
achievable control technology (ALARACT) demonstration number 12 (HNF-1999b), "TWRS 
ALARACT Demonstration for Packaging and Transportation of Equipment & Vehicles" (Attachment I) . 
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Fugitive emissi<;?ns may also result from removing casing from the ground. To confirm low emissions, 
periodic confirmatory monitoring will be accomplished by operating three fixed head samplers around the 
location of the work activities . The fixed head samplers will also _be located with 100 feet of where the 
casing removal activities are occurring and will be operated when the work activities have the potential to 
emit radionuclides . 

10.0 RELEASE RA TES (REQUIREMENTS 12 AND 13) 

Up to ten equivalent-boreholes may be drilled by the methods previously described in the NOC. Each of 
the proposed methods has the potential to emit radionuclides into the air. Individual methods are to be 
selected based on the highest concentration of contaminants likely to be encountered. The highest levels 
of contamination occur closest to the tanks. As the depth below the tank increases, the levels of 
contamination decrease substantially. Of the methods considered for use, the most consen'ative drilling 
approach (lowest potential to emit) will be applied first. Borehole logging will be used to determine when 
it is appropriate to apply drilling techniques that may have a higher potential to emit. Zones not sampled 
during advancement of the borehole due to having a high potential to exceed occupational exposure 
guidelines, may be san1pled by various side-wall sampling techniques as the boreholes are 
de com missioned. 

Based on the methods of drilling and the total APQ discussed in Section 7.0, handling limits were 
calculated for each of the available drilling methods to ensure that the estimated TEDE to the hypothetical 
MEI remains less than 0.08 millirem per 12 month consecutive period. Drilling method selection and 
subsequent monitoring of excavated material will define the number of boreholes that may be drilled in 
any year. The estimated emissions associated with the different drilling techniques are located in 
Appendix E. The assumptions used to estimate the emissions associated with the various drilling 
techniques and the administrative limits are discussed below. 

Air Rotary-The administrative average handling limit is 5.0 nanocuries of cesium-137 (Cs-137) per 
gram of soil which results in a total handling limit of 2.8E-02 curies of Cs-137 per year. The 
administrative limit is based on previous drilling experience where the average vertical range of soil 
contamination is assumed to span an average of 20 feet per equivalent borehole (HNF 1999a). Using the 
average isotope ratios multiplied by the administrative average limit of 5 .0 nanocuries of Cs-13 7 per gram 
of soil and the total weight of soil [based on an average density of 97 .5 pounds per cubic foot for loose 
dry sand and gravel (Avallone and Baumeister)], the total annual handling limit and estimated emission 
for each isotope has been provided in Attachment E. 

Cable Tool and Sonic Drilling- The administrative average handling limit is 5.0 microcuries of Cs-137 
per gram of soil (total combined handling limit of 28 curies of Cs-137 per year) . The total annual 
handling limit for the cable tool and sonic drilling were calculated similar to that for air drilling since all 
the material will be removed from the equivalent borehole and brought to the surface. Using the average 
isotope ratios multiplied by the administrative average limit of 5.0 microcuries of Cs-137 per gram of soil 
and the total weight of soil [based on an average density of 97 .5 pounds per cubic foot for loose dry sand 
and gravel (Avallone and Baumeister)], the total annual handling limit for each isotope has been provided 
in the Attachment E. 

Closed End Probe and Cone Penetrometer - The administrative handling limit was conservatively 
estimated based on the soil containing an average of 330 microcuries of Cs-137 per gram of soil (total 
combined annual handling limit of71.8 curies of Cs-137 per year). The 330 microcuries ofCs-137 per 
gram of soil is based on a 100 percent saturation of the soil pore space (30 percent total porosity) by a 
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waste solution (BNWL 1966). The annual handling limit for the closed end probe and the cone 
penetrometer is _based on the contaminated soi-I volume brought to the surface which occurs during 
sampling. These emissions are contained within Attachment E_and·assume the equivalent of 10, 4-inch 
diameter by 2 feet long (approximately 1.75 cubic feet) samples, with 25% of the sample (0.44 cubic feet) 
being contaminated with the worst case composition of 3 3 0 microcuries of Cs- I 3 7 per gram of soi I. 

Attachment F contains the estimated emissions associated with the closure of 10 equivalent boreholes . 
For boreholes that do not require casing removal , the emissions of radionuclidcs is assumed to be equal to 
zero since the radioactive material available for release was included in constrncting the borehole. 

Attachment G contains a summary of the emissions associated with the installation and closure of 10 
equivalent boreholes per year using the air rotary method, the cable tool /sonic drilling, and the closed end 
probe/cone penetromcter. An example calculation has been provided in Attachment H. 

The average soil concentration used to derive the emissions estimates discussed above is based on the 
total amount of Cs-13 7 in the actual borehole divided by the estimated volume of contaminated soil in the 
equivalent borehole (calculated in Appendix E) for the selected method . In the event that fewer than ten 
equivalent boreholes are drilled, the average limit may be 3cJjusted upwards to match the total annual 
possession quantity associated with each method . If the limit is reached in fewer than 10 boreholes, no 
more boreholes may be drilled until the 12 consecutive month period falls below the handling limit. 
Conversely, if the limit would not be reached after drilling 10 boreholes, additional boreholes may be 
drilled until the annual handling limit is reached . Table 2 has been included below to demonstrate how 
the average limit would be adjusted based on drilling one, five, and ten equivalent boreholes per year. 

Table 2. Average Allowable Concentrations of Cs-137 . 
Estimated Volume of One Borehole Per Two Boreholes Ten Boreholes 

Contaminated Soil Per Year Per Year Per Year 
Equivalent Borehole 

{Appendix D) 
Air Rotary 12.54 cubic feet 5.0E-08 curies per l .0E-08 curies 5.0E-09 curies per 
Drilling gram of soil per gram of soil gram of soil 
Cable Tool or 12 .54 cubic feet 5.0E-06 curies per 5.0E-06 curies 5.0E-06 curies per 
Sonic Drilling gram of soil per gram of soil gram of soil 
Closed End Probe 0.44 cubic feet 3.3E-03 curies per 6.6E-04 curies 3.3E-04 curies per 
or Cone gram of soil per gram of soil gram of soil 
Penetrometer 

11.0 OFFSITE IMPACT (REQUIREMENTS 14AND 15) 

A detailed summary of the estimated potential-to-emit TEDE to the hypothetical MEI for each 
radionuclide for the various drilling techniques, casing removal activities and overall total summary has 
been provided in Attachments E, F, and G, respectively. The MEI is 20,200 meters east southeast of the 
200-East Area of the Hanford Site. 
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12.0 COST FACTORS AND FACILITY LIFETIME (REQUIREMENTS Hi AND 17) 

Requirement 16 is not applicable because a best available radionuclide control technology (BARCT) 
demonstration is provided (Attachment J). 

The maximum design life of the project is twenty years (July 15, 2019) . 

13.0 TECHNOLOGY STANDARDS (REQUIREMENT 18) 

For air rotary drilling, the HEPA filter performance standards of ASME/ANSI N5 l 0, Section 10.5 will be 
met. The powered HEPA filter will have a minimum efficiency of 99. 95 per cent for particles with a · 
median diameter of 0.3 microns . ASME/ANSI AG-I for the HEPA filter will be met as docui11ented in a 
letter from the U.S. Department of Energf Richland Operations Office, to the Washington State 
Department of Health (99-EAP-213). Other sections of ASME/ANSl 509 and 510 do not apply to this 
system due to its temporary configuration. The passive HEPA filter will be factory tested to a minimum 
efficiency of 99.95 per cent for particles with a median diameter of 0.3 microns and will provide a high 
efficiency of collection during passive ventilation. The systems will be visually inspected daily during 
operation and after any relocations to ensure the systems continues to operate as designed . Additionally, 
line pressure tests will be performed on the line between the well head and the cyclone and line bet\-veen 
the torit and the fan prior to starting a new borehole. The line pressure test will be performed in 
accordance with ASME/ANS] N510. 

In accordance with WAC 246-247-075(3), for emission units with a potential-to-emit of less than 
0.1 millirem per year TEDE to the MEI, the option exists to estimate radionuclide eri1issions in 
accordance with 40 CFR 61 Appendix D, or other approved methods . Additionally, WDOH may require 
periodic confirmatory measurements during routine operations to verify low emissions . For the air rotary 
drilling, a destmctive or nondestructive analysis of the record filters are proposed to be used for providing 
periodic confirmatory measurement to verify low emissions. Since the exhaust flow rate will not be 
needed to determine emissions, 40 CFR 60 Appendix A, Methods 1, IA, 2, 2A, 2C, 2D, 4, 5, and 17 do 
not apply. In addition, ANSI N 13 .1 does not address the record filter system design because a sampling 
probe will not be used to measure emissions .. 

The air rotary drilling monitoring method will be compatible with NQA-1 as imposed by NESHAP 
Quality Assurance Project Plan for Radioactive Airborne Emissions, all of Sections 2.0, 3.0 and 5.0. 
ANSI/ASME NQA-2 is no longer an active National Standard and has been incorporated into NQA-1. 

For cable tool drilling, sonic drilling, closed end probe, cone penetrometer, and casing removal activities, 
the technology standards do not apply since these will be fugitive emission sources. Emissions will be 
maintained using BARCT (decontaminating, plastic sleeving and applying fixatives as needed) for 
contamination controls . 
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990527.1226 10 



DOE/RL-99-34, Rev. 0 
05/99 

DSJ-99a, "Volume of fines ColJected During Air Drilling", DSI, Kent Reynolds, Waste Management 
Northwesj, Inc., to Stan HilJ, Waste Management Federal Services of Hanford, Inc. , Richland, 
Washington, January 15, 1999. 

DSI-99b, "Well Decommissioning" , DSI, Kent Reynolds, Waste Management Northwest, Inc. , to 
Stan Hill, Waste Management Federal Services of Hanford, Inc., Richland, Washington, 
February 22, 1999. 

DOE-RL, 1998, Tank Waste Remediation System Vadose Zone Program Plan, DOE/RL-98-49, 
U.S . Department of Energy, Richland Operations Office, Richland, Washington. 

DOE-RL, 1999, letter, 99-EAP-213, Mr. J. E. Rasmussen, U.S . Department of Energy, Richland 
Operations Office, to Mr. A. W . Conklin, Washington State Department of Health, "Technical 
Justification for a Temporary Deviation to American Society of Mechanical Engineers (ASME) 
AG-1 , Section FC, 5100 High-Efficiency Particulate Air (HEPA) Filter Qualification Test 
Requirements", March 22, 1999. 

EPA, 1993, Subsurface Characterization and Monitoring Techniques, Volume I , EPA/625,R-93-003a, 
U.S. Environmental Protection Agency, Center for Environmental Research Information, 
Cincinnati, Ohio. 

HNF, 1998, Waste Tank Summary Report f or Month Ending July 31 , 1998, HNF-EP-0182-124, Fluor 
Daniel Hanford, Inc ., Richland, Washington. 

HNF, 1999a, Radionuclide Inventories of Liquid Waste Sites at Hanford, HNF-1744, Fluor Daniel 
Hanford, Inc., Richland, Washington, expected release June 1999. 

HNF 19996, Control of Airborne Radioactive Emissions for Frequently Performed TWRS Work Activities 
(ALARACT Demonstrations) , HNF-4327, Fluor Daniel Hanford, Inc., Richland, Washington, April 
1999. 

E. A. Avallone and T. Baumeister III, "Marks' Standard Handbook for Mechanical Engineers", 
9th Edition, McGraw HilJ, 1987. 

WDOH, 1992, Letter, Air 92-107, A. W . Conklin, Washington State Department of Health, to 
J. D. Bauer, U.S . Department of Energy, Richland Operations Office, no subject, October 5, 1992. 

990527.1226 11 



-Iv 

._, ... 
0 
() 
~ 

"' "' 
"T1 
0 
~ 

Compressor 

To Atmosphere 

To Atmosphere 

Exhaust Fan 

Not to scale. 

HEPA 
FIiter(•) 

HEPA 
Type 
FIiter 

(i) Registered Trademark of Donaldson Co, Inc. Minneapolis. MN 

Containment structure 

Torit<D 

00 
00 

Snmple 
Sock 

Surface 
Seal 

H98120073.1 RB 



990526.1023 

ATTACHMENT A 

INSTRUCTIONS FOR BOREHOLE SAMPLING 
(WHC-SD-EN-AP-181, REV. 0) 

ATT A-i 

DOE/RL-99-34, Rev. 0 
05/99 



This page intentionally left blank. 

990526.1023 ATTA-ii 

DOE/RL-99-34, Rev. 0 
05/99 



WHC-SD-EN-AP-181, Rev. 0 

INTRODUCTION 

DOE/RL-99-34, Rev. 0 
05/99 

Geologic systems generally are complex with physical properties and 
trends that can be difficult -to predict. Subsurface geology (including 
stratigraphy, mineralogy, geochemistry) exerts a fundamental control on 
groundwater fJow and contaminant transport. Federal and state regulations 
(Title -40, Code of Federal Regulations (CFR) Part 265.90(a), 40 CFR 
265.90(c)(l)(ii), 40 CFR 265.90(2)(1), 40 CFR .265.9l(a), _ Washington 
Administrative Code (WAC) 173-303-282, WAC 173-303806, WAC 173-200-080, 
WAC 173-160-050) require characterization of subsurface .hydrogeologic 
conditions to aJlow for defensible ·calculations of flow and tr.ansport 
conditions, and to asses the impacts of the geology on groundwater and 
vadose zone conditions. · 

The primary source for direct observation of subsurface geologic 
information is a borehole. However, .direct observations from a borehole 
essentially are limited to the diameter and spacing of boreholes and the 
quality of the information derived from the drilling. Because it is 
impractical to drill a borehol~ every few feet to obtain data, . it is 
necessary to maximize the data gathered during limited drilling operations. 
A technically deferisible balance between the customer's data quality 
objectives and control of drilling costs through limited drilling can be 
achieved with proper conduct of operations. 

This report presents· the ·minimum criteria for geologic and hydrologic 
characterization and sampling that must be met during drilling. It 
outl 'ines the sampling goals that need to be addressed when drilling 
boreholes, and the types of drilling techniques that work best to achieve 
these goals under the geologic conditions found at ·Hanford. This repor.t 
provides general guidelines for: (1) how sampling methods are controlled 
by data needs, (2) how minimum sampling requirements chaDge as knowledge 
and needs change, and (3) when drilling and sampling parameters need to be 
closely controlled with respect to the specific data needs. Consequently,
the report is divided into two sections that center on: (1) a discussion 
of basic categories of subsurface characterization, sampling, and sampling 
techniques, and (2) guidelines for determining which drilling and sampling 
techniques meet required charac~erization and . sampling objectives. 

Data quality objectives for subsurface characterization in any given 
project are established in characterization plans, work plans, data sheets, . 
and similar documentation. The guidelines outlined in this report are usep 
to determine the appropriate drilling and sampling techniques necessary to 
achieve the stated objectives. This document is not intended to be used to 
establish the data .quality objectives for a specific project, only to aid 
in achieving them. · 

1 

990526.1023 ATI A-1 



990526. ! 023 

WHC-SD-EN-AP-181, Rev. 0 

SUBSURFACE SAMPLING 

DOE/RL-99-34, Rev. 0 
05/99 

Subsurface sampling is the main driving force of any characterization/ 
drilling program. Sampling during drilling can be grouped under general 
categories which relate to the ·.data needs for a given project. These 
categories range from no sampling, to basic or gross scale sampling, to 
intermediate sampling, · to detailed analysis. · Depending on data needs and 
project objectives, different scales of sampling effort are necessary~ 
Successful implementation of sampling, regardless of the type, is highly 
dependant on - input from an experienced drilling engineer and the project -
geologist. 

Sampling Categories 

The basic rational, typical techniques, and situations · for the 
different categories of sampling are outlined below: 

l. No Samp ling - In some situations a projects data quality objectives may 
not involve geologic/physical sampling. Under these circumstances it 
would be appropriate to not do any geologic sampling . 

2. Basic Sampling - Basic sampling (also referred to as gross or grab 
sampling) is used to provide enough information to identify basic 
geologic features such as formation, member, and unit and to 
differentiate between major sediment types or facies. Under some 
circumstances, these samples also may be adequate for chemical and 
radiological screening. Basic samples typically consist of cuttings 
bailed from the borehole and/or removed from an air/fluid circulation 
stream. · The geologist's ability to accurately interpret . the geologic 
features represented by particular cuttings is directly dependant upon 
drilling factors such as lagtime, hole cleaning, over drilling, and 
excessive milling. Generally, basic sampling is done in areas were 
sufficient data already exists to meet project data need~, in areas 
were only confirmation of the most basic geologic information is 
needed, and as a scoping tool in areas where reconnaissance or 
exploratory drilling is being conducted. 

3. Intermediate Scale - Intermediate sampling ·;s -done ··iri a·reas where a 
moderate amount of data already exists and where project goals call for 
specific, limited technically defendable ·sampling. Such objectives 
include, but are ~ot limited to, verification of stratigraphic picks ·. ~ 
and facies types previously interpreted from cuttings and the 
collection of certain types of samples for specific analysis. 
Commonly, this type of characterization may _require that samples be 
called for anytime there is a need to establish a level of control or 
defensibility not attainable with drill cuttings alone. Appropriate 
technique~ for this sampling would include split spoons, sonic core 
barrel methods, and rotary coring. · 

4. Detailed - Detailed sampling, . generally in the form of coring (e.g., 
rotary or sonic), usually is undertaken in areas where there is little 
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or no accurate data to meet project data quality -objectives. These 
needs range from physical data about 'formation geologic properties that 
is only obtainable from intact samples to specific sample -requirements 
for analytical evaluation. Specific sample techniques are controlled 
by the types of samples needed and the geologic conditions (e.g., 
cemented vs. uncemented, or gravelly vs. silty). 

Establishing Sampling Categories 

·Determining which sampling category is used during any given project is 
dependant on a clear definition of the data quality objectives. In· order 
to determine the objectives, one must first evaluate the nature and qualay 
of existing data applicable to a given project. Based on this · evaluation 
specific project data needs (e.g., the data quality objectives) -are .. 
identified and the requirements for borehole sampling established. 

The existing data and data needs are usually identified in 
characterization and work plans written prior to the beginning of a 
drilling project. Data sheets for individual wells take the information 
from the work and characterization plans to identify drilling and sampling 
goals {e.g. sample categories) for a well, establish the type of sample 
required, and indicate the approximate sample intervals. The project 
geologist, in consultation with the client, is responsible for determini~g 
overall sampling needs, and the effectiveness and reliability of the 
samples retrieved during the project. 

The following discussion lists two examples of how sampling categories· 
are used in combination to achieve specific data qual_ity objectives: 

1·. For many projects adequate well coverage ~nd data to address most, if 
· not all, data quality objectives already exists. In these situations 

new drilling and sampling will center. on correlating the geology 
encountered in the new wells to preexisting wellt, .and sampling will 
consist dominantly of category 2 methods. Some category 3 sampling to 
verify stratigraphic/facies picks will be undertaken if -it is 
determined to be.necessary .. Occasionally, category 4 sampling will 
undertaken if site specific data quality -objectives must be met. In 
some cases if no additional information is required no sampling would 
be needed (i.e., sampling category 1). 

2~ For some projects little or no data ap~licable to the project 
objectives may exist. Consequently, · drilling for this project relies 
hea~ily bn sampling categories 3 and 4 in order to establish site . 
specific data and tie the new site to other, previously characterized 
locations. 

During any given project, the seal~ of the sampling effort is likely to 
change. For example, as data from drilling is assimilated, the level of 
the sampling effort may decrease (e.g . , from categor~e~ 4 to 3) as ~ata 
quality objectives are met. Another example of cond1t1ons under which a 
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scale-down in sampling may occur is in situations where drilling conditions 
are such that intact cores (category 4) simply can not be obtained. Under 
many circumstances ·a scale up in sampling effort is necessary. This 
typically happens when previously unforeseen geologic conditions are 
encountered during drilling and it is determined that more detailed 
sampling is necessary to meet the project data quality objectives. 

SAMPLING TECHNIQUES 

Sampling techniques and sampling categories are closely related and, in 
practice, essentially inseparable . . Inappropriate sampling techniques for 
the geologic conditions encountered limits the ability to recover a .. 
representative s amp 1 e, and consequently leads to decreas.ed accuracy .and 
reli~bility in the ~nalysis performed. During subsurface geologic · · 
sampling, data needs and formation conditions must be considered when 
determining the appropriate drilling/sampling techniques to collect the 
required data. · 

Tables 1 and 2 compare various field and analytical samples to 
different drilling techniques to show which technique~ are more appropriate 
for the kind of analysis planned. These comparisons take the form of a yes 
(Y) or no (N) to show whether a particular drilling method has a reasonable . 
chance of acquiring a sample adequate for a given analysis or data need .. 
In many cases the yes/no response is marked by a number that corresponds t~ 
a footnote following the tables. These footnotes list basic considerations 
that need to be taken into account for the specific drilling techniques and 
sampling requirements. These considerations center on two fundamental 
areas of critical importance to the acquisition of representative · 
subsurface Jamples: (1) geologic or formation conditions, and (2) drilling 
technique and rig operation. 

Table 1 lists the descriptive parameters that well - site geologists 
commonly consider when providing general subsurface geologic descriptions. 
In addition, the p~rameters listed in Table 1 generally represent the 
minimum data requirements necessary for the field geologist to identify 
subsurface samples that meet sampling criteria established in the 
characterization plans and data sheets. . · 

Table 2 lists analyse$ typically done on borehole samples and compares 
them to the various drilling ·techniques. This table shows that a numper ·of 
drilling techniques are not appropriate for the types of analysis requested 
for many of the samples collected on the Hanford Site. The taqle can be 
used to establish the drilling technique needed to acquire samples for the 
analyses required to meet the project data quality objectives. If the 
drilling criteria for the ~pecific analyses outlined in Table 2 cannot be 
met, the data quality objectives for the project will not be met. In such 
cases the selected drilling/s~mpling techniques need to be reassessed. 
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Table I. Fi~ld Criteria 

Auger, Cable Tool, Cab"le Tool Sonic core Air Rotery, 
sol id HT and Auger, barrel and cuttings 
stem spl. spoon, split spoon 

core barrel 

Relative N2 N y1 w9 N 
Moisture 
(see Ell 
9 .1) -

Cements (Ce, y10/N2 y11 y4 y y3, 10 
Si, Fe) 

Colors (<1 N2 N y Y/NS y3, 12 
ft) . • . 
Lith., N N. y4 Y/'/15 y3, 12 
textures (1 

1p1,; > 

Llth., 1113 '/113 y Y/NS y3 
~lng (2 
ft) 

Mineralogy N2 116, 12 y4 y y3 
(+S ¾) 

Explanations of parameters used in Table 1. 

Air Rotary, 
split spoon 

y6 

y4 

y 

y4 

... 

y 

y4 
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Hud Rotary Rotary 
Coring 

H y1 

y10 y 
... 

y12 y 

y12 y 

N·uncon . 
Yconsolt12• 

y 

N y 

Cements - The basic nature a~d ~haracteristics of cementing agents need to 
be identified because of their fundamental control on hydrologic 
properties such as high and low flow zones. Cementing agents typically 
pr~sent include calcium carbonate~ silica, ferro~~agnesium oxides, and 
muds. · 

Colors - Color changes are often an ·important indicator of unit and. faciej 
changes. As such they need to be readily identified. Changes in color 
need to be identified within I foot of actual occurrence. · 

Lith., textures - L1thologic texture essentially refers to grain size. 
Grain size variations down to I phi have to be identifiable in the sand · 
to small pebble range. 

Lith . , bedding - Resolution of stratigraphic features within 2 ft of their 
actual occu·rrence is necessary to identify facies changes important to 
hydrologic flow systems and to . pick major formational and stratigraphic 
unit contacts. · 

Mineralogy-· In fine-grained sand and larger sizes the field geologist 
should be able to identify major mineral types {e.g . basalt, quartz, 
feldspar, micas, etc.) and estimate abundance by volume to ±10%. Below 
the fine-grained sand size geologist cannot identify mineralogy by hand 
·1ens. · · 
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Table 2. Analytical Criteria 

Auger, C11ble Tool, Cable Tool Sonic core Air Rotary, 
solid stern HT and Auger, barrel and Cuttings 

spl.spoon, spl ft 
core barrel spoon 

Moisture N N y1 N9 N 

CaCOf N2 N y y y3 
ceme ts 

Sieve N2 ,r r4 y N 

Specific IJ II 
. y4 Y/IJ5 N 

Gravity 

Density, N " y 4 Y/115 N 
Porosity 
(>3.5") 

Unsat & Sat K N N y4 Y/115 N 
(>3.5 11 ) 

Moisture N N y4 Y/tl
5 N 

Retention 

XRD Hin. N2 N y4,8 y y3 

N2 
. . 

y4,8 y3 XRF Geochem. N y 

Thfn Sec. N2 N y4,8 y y3 

Chemical N2 N y y - N 
nonvot. 

N -
volatile 

DOE/RL-99-34, Rev. 0 
05/99 

Afr Rotary, Mud Rotary Rotary 
split spoon _ cuttings Cor:-ing 

y N y1,7 

y y y 

y4 " y· 

y4 N y 
". 

y 4 · 
" y 

y4 II y 

y4 N 't 

y4,8 y3 . y 

- y4,8 y3 y 

y4,8 y3 y 

y N y7 

Density, Porosity and Unsat. and Sat. K - A minimum 3.5 inch diameter sample 
needs to acquired on iample runs less than 10 feet long. If sampling runs 
longer than 10 ft are being done sample minimum diameter will be 2.5 inch. 

Footnotes to Tables 1 and 2. 

1. If fluid not added. 

2. Mixing of cuttings with borehole wall during transport of cuttings up 
auger flights limits use. 
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3. Assumes a reasonable la~ time of no mofe than 20% over calculated lag 
time based on an upbole velocity of 6000 ft/min, less than l ft of 
slo~gh in the borehole, absence of significant overmilled material and 
position of drill bit is as per manufacturers spec for the system in 
use. 

4. Best applied in unconsolidated to consolidated muds and sands. Will not 
work well in gravelly or cemented deposits because driving the sampler 
into the~e sediment types will break and fracture formation materials. 
Anything recovered from the sampler undei these circumstances wiJl not 
be intact. 

5. Sonic core barrel samples in many cases show evidence of having expanded 
at some point during drilling (e.g. rig will drill 5 ft but sample will . 
fill a 10 ft of core barrel). Expansion commonly results in the 
destruction of bedding features. As yet, the cause and extent of 
expansion is not clearly ·understood, making it difficult to determin~ •if 
many samples are representative of true formation conditions. Whether 
or not expansion has occurred needs: to be determined in order to decide 
if a yes or no applies. 

6. Fines are generated while drivin~ the sampler becausi of abrasion and 
breaking of formation materials . Also have to have clean boreholes to 
insure recovery of representative sample. 

7. Mud rotary core may alter. 

8. In crystalline and homogeneous sedimentary rocks should wprk well. In 
heterogeneous deposits have to assume .an ability to separate grains 
broken during drilling from those that are unbroken. As a consequence, 
this may only be usable in -gravel-poor formations and uncemented strata. 

9. Temperatures measured during drilling are too high for .reliable 
estimates of moisture content and sampling of volatile materials. 

10. Can use obser\;'ed differences in drilling responses, e.g. chattering, · 
torque, chang1ng advance rate, bucking, etc; to determine at least the 
presence or absence of cement. · 

11. Gross scale observations (changes over several feet), based on advance 
rate. Small scale features such as individual beds and changes over 
just a few feet are difficult to identify . . 

12. Gross scale resolution of such things as beds over several feet thick 
and formational and member contacts is based on first arrivals of a 
particular parameter. Small scale features such as individual beds and 
changes over j~st a few feet are difficult to identify. 

13. The exception is formational and high contrast member/unit contacts that 
are based on major, large scale parameters such as very different 
colors, textures, etc. 
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14. Resolution of bedding is incumbent upon whether or not features are 
actually present. Knowing this is dependant upon good regional and 
facies knowledge typically acquired from outcrop analogues and intact 
cores. 

-CONCLU$IONS 

Accurate subsurface characterization is dependant on the acquisition of 
representative geologic samples . To acquire_ such samples, the appropriate 
drilling technology must be matched to a projects stated data needs. These 
data needs, presented as part of the data quality objectives, ·should be found · 
in planning documents (such as the characterization plan, drilling plan~ and 
data sheets) fo r any given project. The guidelines outlined in this report 
can then be used by the project staff, ii} consultation with the .client, to 
determine the specific dri11ing techniques necessary to obtain the stated data 
quality objectives for subsurface characterization . · 
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APP._ ..1IX B 

Constituent Name Units A-103 A-104 A-105 AX-102 AX-104 B-101 B-103 B-105 B-107 B-110 B-111 
- -- - -- -- 1---~------+----+--~-1---,---,-=--,,....,...-• -,:-:-:-=--c-=-~--=--::-=-:-:c-t--=-~=--=-.,....-t-,-=-:=--:-t--:,---c,-;:=---::-c--t--.,-,-:-=--c-c--+---,,--1 

3H Ci 3.00E+02 . 6.06E-01 9.18E+00 3.24E+01 3.38E+0O 3.27E+00 7.67E-01 1.79E+0O 3.58E+00 1.48E+00 1.32E+01 
14C - Ci 4.92E+OO - 1.1 BE+00 1. 71 E+OO i-5.1 0E+00 6.30E-01 5.46E-01 1.41 E-01 · >- 2.62E-01- 6.03E-01 2.81 E-01 1.70E+OO 
59Ni _ __ Ci- - 3.66E+O0 1.18E+01 8.48E+00 1.57E+00 3.12E+0O 1.58E+01 1.34E-01 1- 3.12E-01 1.15E-01 . 1.34E+00 1.16E+01 
63N( - - - Ci 3.60E+02- 1.16E+03 8.52E+02 1.61E+02 3.13E+02 1.57E+03 1.21E+01 2.80E+01- 1.04E+01 1.35E+02 1.17E+03 
60Co-- -. -·-- ---·- - Ci- 2.35E+01 4.85E+02 - i.36E+OO 6.61 E+O0- 3 .-4 ?~:+-0?_ 8.63E-0..!._,_1.48E-02 _ ~ ~JI.Of:~?_ 8.17E+00 -~J 4E.:_0_.!._ .~1l~:tQ9_ 
g·oi:fr 1- Ci 1-1.48E+05 2 :93E+06 4.71E+06 1.72E+05 2.95E+06 2.23E+03 1.29E+03 6.73E+03 3.81E+04 1.35E+05 2.64E+05 
90Y - - ·- C;i->--1.48E+05 2.93E+06 4.71 E+06 1nE+05- 2.95E+06 2.23E+03- 1.29E+03 6.73E+03 3.81 E+04 -· 1.35E+05,-2.64E+05 
93Zr·- --· ·- - - Ci 2.53E+O C 2.24E+01 3.68E+01 2.33E+01 1.36E+01- 2.15E+011.14E-01 2.63E-01 2.89E-01 5.82E+00 5.05E+01 
!i°9Tc - ···- ·- -·->-- Ci- - 23°6E+·o2 829E+OO 1.21E+01 3.77E+01 9.53E+01 3.51E+OO 7.90E-01 f a2E+OO 1.75E+012Jl7E+01 - 1.21E+02 
1osRu·-----· ·ci- 1:oaso2-,~33E-03- · 1.ooE-02 l-s.8sE-01 1.01 E-02 1.06E-01 9.s1 ~ 2.29E-o8 8.43E-°os - ,i:°351::TJ ·3.mE-62 
125Sb __ _ ___ Ci 2.73E+02 - 4.83-E+02 2.42E+o:C~3.08E+01 2.81E+02 5.16E+00 2.22E-02 5.25E-02 3.03E+oo ·7:°i57E+OO 1.52E+01 
126Sn _____ _ _ - · Ci i94E+OO -8T1E+OO- - usE+01 8.35E+00 4.61E+00 7.79E+00 3.61E-02 - 8.32E-02 8.89E-02 1.98E+O0- 1.71E+01 
1291 - - -- - -·-er- - °i.'64E-03- 7YoE~- - 2.3sso2- - 1.2a1::-02- a~s-4s.03 s .1sE-03 1.49E-o3 3.43E-=cfa- 1.93E+oo 4.soE-02 3.41 E-02 

. f34~----1- - Ci5.33E+OO 2.00E-01 5.62E-01 5.04E-01 2.07E-_-0·1- . 3.15E-02 5.84E-04 1.43E-03--3.26E+0O8.87E-02 7.74E-01 
137Cs- Ci- --2~93E+05 7.77E+04 1.73E+05 5.57E+04 6.16E+04- 1.59E+04- 9.30E+03 2.45E+04-2.17E+04 1 .86E+04 1 .68E+05 
1?~?,,:;-· --=- ~- Ci- - :;-:-asE+04 2.0SE+0~ 2.99E+04 1.55E+04 1.10~J~2E+04 - ~ 95E+01 2.06E+~2 _ _2_!4E+02 4.73E+03 4.10E+04 
152Eu _ ___ Ci 7.17E+O0 7.85E+00 9.13E+00 2.11E+01 3.36E+00 ! 3.19E+01 1.70E-02 4.04E-02 5.66E-02 1.45E+O0 1.25E+01 
154E·u- - · Ci 9.44E+02 2.86E+03 7.37E+03 1.66E+03 1~a5E+6TI 7 ·_57E+03 4.37E-01 1.03E+00 2.99E+01 8.30E+01 1.81 E+02 
155Eu _ ___ - ·· . ~-~- ~i= : ~.3~!=+02-1- 5.1~~:"~ ~0~+02- 1_:_93E+03 - 1.7BE+03_J_ 1._!3~~+03_~36E+OO 3.08E+6o _J62_E+01 1.08E+02 9.3_2E~~[ 
226Ra_ _ __ Ci 2.57E-04 7.65E-04 5.32E-04 2.34E-04 1.96E-04 7.04E-04 8.22E-06 1.58E-05 7.76E-06 8.47E-05 7.29E-04 
ifsRa _____ __ ci 4.93E-01 8.48E-05 4.81E-09 3.79E-02 1.77E-09 1.47E-08 7.46E-11 1.59E-10 7":o6E-02 7.91E-10 -2.52E-03 
2i1A~ Ci-T°51E-03 3.99E-03 2.87E-03 1.14E-03 1.06E-03 3.16E-03 3.79E-05 8.0?E-05 9.82E-04 4.56E-04 3~93E-:-03-
229Th _ __ ___ Ci 1.14E-02 3.93E-05 7.51 E-07 8.82E-04 2.77E-07 1.73E-06 1.45E-08 3.09E-08 3. 78E-041 .. 25E-07 5.91 E-05 
232Th- - - Ci- · 5.34E-02 9.15E-06 - 4~34·E=fo 3.86E:o3 - 1.60E-10 1.95E=10 3.28E-11 · t-7.54E-11 1.28E-03 ·7.18E-11 - 3.11E-04 
231Pa Ci s ·.aaE-03 5.48E-03 6.46E-03 5.91E-04 2.38E-03 1.98E-04 7.71E-05 1.74E-04 1.51E-03- 1.03E=o3 8.85E-03 
232U Ci 1.64E+00 5.37E-03 9.88E-08 1.11E-01 4.67E-06 1.92E-05 8.84E-06 6.99E-05 1.16E-051.25E-06 2.68E-03 
233iJ C-i - 6.27E+O0 2.08E-02 2.33E-09 4.26E-01 1.10E-07 9.89E-07- 4.69E-07 - 3.30E-06 7°:1"7E-05 6.BOE-08 1.03E-02 
234U Ci · - 9.99E-0°1 - 1.67E-02 1.22E-03- 8.75E-02 5.76E-02 1.14E+00 5.6:3E-=o13.22E+00- 7 .35E-018.57E-02 6.93E-02 
2jsu_ _ ___ Ci 3.95E-02- 6 .92E-04- 5.08E-05 1-3.SOE-03 2.40E-03 5.10E-Oz°- 2.52E-02 1.43E-01- D 1E-02 3.84E-03 3.04E-03 
236U ·- - Ci- - 3.22E-02 4.58E-04 3.32E-05 2.86E-03 1.57&o3--9 .08E-=-63 4.28E-03 3.06E-02 4.69E:03 6~21S04 8.13E-04 
- -238U_ _ _ ___ Ci 8.88E-01 1.61E-02 1.19E-03 7.84E-02 5.61E-02 1.16E+00 5.71E-01 3.27E+0O 7.45E-01 8.68E-02 7.01E-02 

2_jj~p - Ci 1.25E+00262E-02 2.59E-=o2 1.33E-01 9.54E-03 1.47E-02--4.86E-03 1.12E-02- 1.84E-02 1.40E-01 - 7.61E-02 
238Pu Ci 7.23E+OO 1.36E+01 6.78E+00 6.07E+01 1.10E+01 5.41E+01 3.91E-01 1.68E-01- 1.67E-OC 4.02E+0O3.26E+OO 
239Pu - ·---- Ci ... 2.40E+02- 7.23E+02 1.76E+02 4.15E+02 2.86E+02 i s ·.1 5E+02 7.06E+01 - 3.10E+01-- 5.21 E+01 - 8.96E+01 9.27E+01 
240Pu ----Ci f-4.15E+01 1.14E+02 3 .35E+o·-:;-1TaE+0i- - s-:-4sE+01- 1.s6E+o2 5.48E+oo 2.38E+oo- • i oBE+oo · '9.76E+oo · 1.59E+01 
241Pu - ~~sJi3E+02 9.95E+02 4.83E+02 4.20E+03- - 7.85E+02 3.75E+03 1.35E+01 5.68!;+00- 2 .03E+OO 8.:20E+01- 2 ~o1iE+D2 
242Pu Ci 2.74E-03 4.33E-03 2.79E-03 3.03E-02 4.54E-03 2.65E-02 5.95E-05 2.50E-05 6.20E-06 4.59E-04 1.20E-03 
241Am Ci 2.32E+02 1.75E+02 2.76E+02 1.33E+03 9.65E+02 1.11 E+03 1.35E+O0 4.76E-01 1.0SE-01- 9.088017.41E+01-

3.80E-03- - 8.48E-03 1.48E-01 2.96E-02 U6E-01 9.27E-06 3.29E-06 3.95E-07 ~ 2)8E-03 2.27E-03 
- --- ·--+-- -+-- -=---+--1-.87E-01 2.52E-01 1.79E+00 8.81E-01 1.61E+00 2.04E-03 7.43E-04 1.19E-04 8.31E-02 6.77E-02 

24:lAm Ci 8.19E-03 
242cm Ci 5.65E-01 ----~-
243Cm Ci 5.09E-02 1.03E-02 1.94E-02 2.1 BE-01 6.77E-02 1.90E-01 4.17E-05 1.52E-05 2.1 SE-06 6.40E-02 2.00E-02 
244Cm Ci 4.11E-01 8.06E-02 5.96E-01 8.96E+00 2.08E+00 7.25E+00 2.18E-04 7.76E-05 1.49E-05 1.54E+00 4.B0E-01 
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APPENDIX 8 

Constituent Name 8-112 8 -201 8-203 B-204 BX-101 BX-102 BX-108 8X-110 BX-111 BY-103 BY-105 BY-106 

3H ---· 9.36E+00 5.63E-04 1.01 E-03 9.86E-04 1.40E+00 9.31 E-02 5.21 E-02 2.11 E+O f 6.80E+01 1.93E+02 1.68E+02 2.70E+02 
14C- · . -- -• -•" - - - 2.54E--•1 ·--4~35E:02 .. 3 .. 1i E-.:04- - iosE:ff4 1.35E-•1- 2.30E-01 1.11 E-02 5.47E+00 ··1f 7E+01 - 5.03E+01 - 4.37E+01- - 7.01 E+01-
59Ni 2.24E-01 4.96E-05-- '"a:86E-05 - 8.68E-05 9.31 E+O0 8.79E-03 3.1 SE-03 5.96E-01 2.46E+OO 5.37E+0O 6.78E+00 8.841:+00 
63Ni ---- - 2.22E+o1·- - 4.57E-03- - ·a-.1 iE~3 - 8.01 E-03 9.22E +02 7 .77E-01 . -2.84E-•1- - 5~9(f8 01 2.44E+02 5.33E+02 6~53E+02-r-8.65E+02 
60Co - · - --- ·- -2.2!fE+ 0O>---5.60E-05 1.00E-04- 9.81 E-05 7.1 BE+O0 1.02E+01 - 2.43E-03 - 5.07E+0O - 2:i6E+01 4.71 E+01 4.06E+01 6.55E+01 
90S r ·- --i .6iE+o4- - 2] ?E+02- - 3~2sE-+o-1 T19E+01 sT2E+o·4 - 2-.0-4E-+04 -1 ~4-3E-+04- 2.01 E+04- - 2~29E+64 _ 7 ___ 9_6_E-+0_4_ ,_6.20E+o-s·-+--4.-96- E-+05 
90Y - 2.62E+04 2.87E+02 - 3.26E+01 . 3.19E+01- 6.12E+04 2.04E+04 1.43E+04- - 2.01E+04 2.29E+04 7.96E+04 6.20E+05- 4.96E+os · -·------ ------------ -- - · -- -- -· - --- ------------- ----- --------
93Zr 9.20E-01 1.75E-04 3.12E-04 3.06E-04 2.33E-01 3.10E-02 1.11 E-02 2.26E+O0 9.34E+00 2.04E+01 1.78E+01 2.85E+01 
99Tc 'T 64E+OT°' - 2.67E-°01 - 2.16E-03 2.12E-03 9.05E+00 5.99E+O0- 4.96E+OO- - 3:o6 E+01- 9~83E+01 - 2] 0E+02 " 2 .43E+02- 3.91 E+02 
106Ru___ _ 4.28E-04 4.20E-11 7.S0E-11 7.35E-11 7.85E-02- 3.54E-06- 9.50E-10- - 1.01E-03 4.30E-03 - 9.40E-03- - 8.'10E--03 1.31E-02 
125S b 1.02E+01 6.46E-:-os LlSE-04 - 1.13E-04 1.28E+cio 1 .39E-02 - 2.19E-03- ~ 7E+Of° 9 .66E+D1 2 ~1E+02 1.82E+02 2.94E+02 - - ---------- - ----- - -----~--------,..----1------ ----- - -·---- - --- - · ------- - -·-· -··· ·•---- ---
126Sn 2.84E-01 5.55E-05 9.91 E-05 .9.72E-05 7.87E-02 9.68E-03 3.51 E-03 7.00E-01 2.89E+00 6.31 E+00 5.51 E+O0 8.82E+00 
1291 ·-s )2E-03- - 2.29e:-.:06- ~ 4.oaE-.:Os- 4 .oifE:06- uai:--.:-02 · s .37E-o3 ·-1.4sE-.:04 - s .92E-02 - n ibE-01 - ·s .42E-=-a r · - ,fiaE-=-01- - i -s6Y-ci1 -
134cs 1.0SE-01 2.78E-06- '"' 4.97E:oo 4.87E-06 3.59E-03 7.75E-04 ·- 8.BBE-05 2.47E-01 1.05E+00 - 2.29E+00 1.99E+O0 3.20E+00 
137Cs· --- - -- --- - ··1.21E+04 1.10E+o2 3.69E+o"1 3.62E+01- 1.75E+04 - 8."10E+03 - 2.0SE+03 6.71E+04- 7.64E+04- 2.26E+05 5.22E+05 - 7.04E+05 
fsfam_ _____ 6.58E+02- - f 39E-01 -~·2.49E-01-~2.44E-01 1.84E+02 2.46E+01 8.7 2E+Oo- · - ii2E+ 03 6.69E+03 - f 4ifE+041.27E+ 04 2.04E+04 
- ··----- --- - ------ ---+--- --+-------+--------- --+------ ----·---------t----•----·----·---
152Eu 2.87E-01 1.82E-04 3.25E-04 3.19E-04 7.42E+00 1. 79E-02 3.06E-03 7.33E-01 3.04E+00 6.64E+00 6.05E+00 9.43E+00 
1s4Eu ____ ___ - i ·11E+01 s.02s o_1 ,_T sW-03 t--1.s7E-o3 s .22E+oo 9.74E-02 4.31E-02 a -:s?E+01 3.64E+o2 7.9sE+o2 6.86E+o2 1.11E+°ro 
155Eu· ·1.74E+01--ti4E-02 2.94E-02 2.88E~,__426E+o2 U1E+ O0- 2.40E-01 4.47E+01 1.84E+02 4.03E+02- ~ 2E+ 02 5.74E+02 
226-Ra- .... ---- 8 ~86E-06- - 8 .22E-09 T ill=-oa - 1 A4E-:08--3.25E-04 1.20E-05 --6} 5E--O°i"' --2~57E=-os · 4.03E-05-. 2.03E-04 1.94E-04 2.90E-04 -
228Ra - 1.09E-01 - 5.29E-13 9.44E-13 9.25E-13--1.87E-03 1.02E-03 1.30E-11 2.70E-01 ,.. 1.15E+0O2.52E+OO 2.17E+OO 3.50E+00 
227Ac ·- 1.21E-04--4.34E-08 ,_ 7.75E-08 7.59E-08 1.39E-03 3.15E_-03 3.44E-06 3.28E-04 1.32E-03 8.48E-03 - 2.55E-03 -~ 4.04E-03 
229Th _______ 2.51E-03- 1.02E-10-- 1.83E-10-

1
1 .79E-10 4 .37E-05 -- 4.61E-04 - 2.51E-•9 ---6.24E-03 J 1.15E-02 - SJ39E-02 5.01E-02 - 8.0BE-02 

232Th - · ·- -- -- ·-;( K1 E-ci3-· - 4.s2E:f4-· ·-a.2·s·E~14··- ·-a."o'aE:14·- 2.31 E-04 4.7sE-os --3.1 ~iE:::i 2 ··-9.9aE-o3 .. - f a4E.-02- ··g."30E-02 ·-a.01 E°:02- ·1 .29-E:01 -
231Pa 6.23E-04 1.00E-07 - 1.79E-07 - 1.75E-07 - 7.36E-05 4.65E-03 7.43E-06 1.63E-03 2.93E-03 2.31E-02 ---1.29E-02 2.07E-02 
232U 4_;@ ~=-or 1}ffE-=-oi 9.57E-08 9.38E-08 9.65E-04 1.12E-03 · 1 .01 E-cis " 4:§ge:-=-oi-t-T.60E-01 1.69E+00 ~ u2E+0O- a53E-01-
233U _ _ _ ·- 1°T2E-.::01- 6.47E-09 - 4.37E-09--4·:2aE-09 3.54E-03 4.34·E:03 · >-s~·1E-o'i' 1.91E-01 yg1E+00,__6:4'iE+ci02.96E+01 3.27E+00 
234U 1.28E-02 7.07E-03 4.77E-03 4.68E-03 3.48E+00 2.61 E-01- --5-.69E-o°f"" - 2.60E+OO - ;i-:-2oe:-=-0·1- 5.14E-.:01- 7 ~43E+00- 2 .32 E-01-
2351..1________ 4.79E-04 3.1 SE-04 2.12E-04 2.0BE-04 1.57E-01- 1.17E~02- 2.54E-02- 9.0BE-02 1.70E-02 1.93E-02 3.17E-•1- 8 ~6 1 E-03 
236U •·•- ---· .. -- - ~i: 11 E:04·- - 6: 17E:os- 4.16E-05 4:0a°E~os- 2.22E-02 l-~i°:i!OE-03 - . -4.68E-03 - 2.os E=oi - 9.00E-03 "T6-9E--02- . 1.0 4I:-o;- · - 7.71E-o3·· 
238-U 1.0BE-02 7.18E-03 4.84E-03 4.75E-03 3.53E+00 2.63E-01 5.78E-0·1- 2.78E+OO- ,_ 3.84E-01 4.34E-01- 7:14E+ OO 1.93E-01 
237Np · 1.44E-02 7.51E-06- 1.34E-05 ~ 1.31E-05- 5.04E-03 1.30E-03 4.74E-04 1.04E-01 1.94E-01 ,_ 9.40E-01 8.19E-01 1.31E+00 
238P·u 6.89E-03 9.49E-01 3.02E-01 3.64E-01 4.68E+00 1.01E+00 3.32E:::-02 Ll8E+OO - 7.98E-01UBE+OO 2.88E+O0 1.46E+00 
239Pu -··------ - ·is·6-E-01- - f:42E+02 4.37E+01 5.27E+01 - 822E+01 '4-:-2sE+0_1_ 4 ) 9E+0O 1 ~58E_+_02- 3.07E+6T 6.76E+01 ""f o4E+ o·2- - 5.24 E+o·1-
240Pu - - - ...... -4.97E--0-2 . - :;~·2sE+of · - 3.83E+Oci- --4:!faE+Cio- 1.78E+01 - - i .'52E+ci6-- 4 .2se:-:-01 - 1-:-45E+01 .. 5.04E+cio-· . 1:iaE+01 -·1 :i7E.+01 - 8~97E+ oo · 
241Pu _____ 4.6:fE-0-1- 4 .°f3E+01 1.27E+01 1.53E+01 3.28E+02 8.12E+01 1.34E+00 4.83E+01 - 5_-68E+01 1.34E+02 2.07E+02 1.05E+02 
242Pu 2 .21E-06- t--r 91E-04- ·s.a6E"".:"65 7]j7E-05 2.14E-03- - 2.28E-04 6.0SE-06- - 2.20E-04 - --2.73E-04 5 .. 41 E-.:04- - 9~6E-04 5.0SE-04 
241Am ·- 1.07E-01 4.26E+OO- 3.57E-01 4.31 E-01 1.73E+021.76E+02 5.05E+OO 4.82E-01 1.36E+01 - 6.59E+01 1.43E+02 -1.23E+02 
243Am·---- .. - -- -- - 3.71E-06 3:46E-05 2.90E-06- 3.50E-06 1.31E-02- - 1.14E-03- 3.48E-05 7.81E-06 •4.69E-04- -2.28E-03 - 4.92E-03 4.23E-03 
242Cm - · - - ·-·- -· - 1.9 i°E-06 - 4.16E-02 ~ 3.49E-03- 4.20E-0.3 3.39E-01 1.83E+O0- 1.40E-0 2- 8.65E-04 . 2.33E:-04- 1 . 17E-03 1.75E-02 6.93E-03 
243Cm ____ 3.92E-08 9 .04E-03 7.51E-05 9.0SE-05 3.61E-02 4.78E-02 2.86E-04 6.51E-05 4.78E-06 2.62E-05 3.59E-04 1.42E-04 
244Cm 5.42E-07 2.17E-01 7.38E-05 8.90E-05 9.68E001 3.74E-02 8.21 E-04 5.38E-05 6.58E-05 3.0BE-04 8.06E-04 6.21 E-04 
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APPL ,X B 

Constituent Name BY-107 BY-108 C-101 C-110 C-111 C-201 C-202 C-203 C-204 S-104 SX-104 SX-107 

JH---- ------ - -- - -7.46E+01 3.29E+Of --4.-27E~01-- 1.07E+OO 1.66E-01 - 4A1 E-03-- 8.19E-04 1.52E-02 8.00E-03 6 .15E+OO 5.68E+02 3.47E+01 
14c -- --- · _,_ 1.1i3E+oT --s"."3·s-E+oo· ··a:91E~-02· 3.16E-01 · - 3~1SE--=ci2 1.14E-02 1 ·_f5E~3 - ~24E=--o2· · ·2.1aE~o2··- - fME+oo -1]1E+cff - 1.ssE+oo 
59Ni----- -·- 3.07E+OO 3.09E+OO 1..76E-02 1.75E-02 2.24E-01 4.23E-01 - 4.23E-01 4.24E-01 4.23E-01 1.02E+01 1.20E+01 1.13E+01 
63Ni ·- - - . 2.96E+02- 2.87E+02 1.63E+OO 1.53E+OO 2.02E+o·1- 1- 4.15E+OT 4.15E+01 4.15E+01- 4.15E+01 9.71E+02 1:1sE.+03 1.10E+03 
6~~o _____ _ _ ... _ --~-?0!_!9~ _7.:.~~E+OO ~--8~~:_9_2_ ""s.ssE-03 - 9.09E-03 1.36E-03_ 1.19E-03 _ 1.90E-03 __ 1_. 54E-03 __ 6.67E+OO 8.40E+01 - _ 1.52f:~OO 
90Sr 3.36E+04 1.95E+05 1.07E+03 4.69E+03 1.14E+06 1.70E+04 1.46E+04 9.32E+03 3.76E+02 5.49E+05 5.28E+05 1.98E+05 
gov -- · - - __ _ __ ,_ 3.36E+o4 1.95E+o5 t-1.01E+o3 - 4_6·9-E+o3·-1:14E-+06- - f ioE+o4- 1.46E+ci4 - 9·_·32E°+"o3 - i76E-+o:r 5.49E+a5 · 5:2aE+65- - T9aE+"os 
93z;:· - - · · - -- · - f9oE+cio - - ":3.53E+aci - · -s .24E--02 · s.1 sE-02 - - 3Ts&"o2· ·- 2:5f E°-02 2.1sE-02 ·· 2.69E~oi - · 2.43E-oi · i10E+ci1 -4~4sE+o f 1.s9E+o1 
99Tc --- . - - - fosE·+oi" --4-.69E+o1 · 4.34E-01 -3.41 E+OT 2.19E-01 · 1 :6!lE-02 - 7.95E-03 - 4.-:fat=-02 - . 2.56E-02 4 .42E+01- - 5:48-E-+02 "T 42E+61"" 
106Ru --- - - --···· j_saE-03- --.,~5-1E~03- ·• 15iiE=--os -·2.ofE-1·0- 6.59E-08 9 .. 41E-06 . 9.42E-06 9.40E-06 9.4TE-=--os - - 1.-46E =--oi -1.50E-02 3.28E-04 
125S b -· - .. - 8.04E+ci1·· 3.40E+Of ·- 1i"s1 E-02·· 4.61·E=-o3·- - fjsi:~02· - 4.66E~03- - -.f57E=-o"j- - 4:95E-03 -4.76E~o":3 - 2.31 E+o1 · - 3.59E+02 -s: 16E+OO 
126S n - --·- ·- ·- . 2.45E+OO --1:10E+OO- - 2.00E=--02-t-1 .·s2E-02 1.ooE=--02t-ii .-2aE=--0·3 7.-88E--03- 9A?E~-ci3 - 8.68E-03- 6.81E+OO 1.39E+01- - 4~85E+oo· 
129(- - -- . - -·· ici9E-01·- - 9.07E-02 -· . 8.25E-04 . i.90E-04·- 4.13E-04 3.18E-05 - °LS-4E-_-05 - - s:T2-E-05 . -~i:s·3·E-05 - 1.16E-01 1.06E·+-Oci" 2.70E-02 
134·cs-- · · ·- --- - ·a~s2E·-01 3.s1E-01 - 4.46E-a3 · 1.32E-os- 1.-64E-o3 - · · 4.s2E-=cis - - .f42·E-06-- - .:i .a2E=-o6- -4 .62E-o6 - T42E+oo· -s~s4E+oo- - 3]sE-°01-
131cs- ---- ---· - 2:41 E+os- 3.sf E+os 1.73E+03 1.86E+04 - f20E+04 1"1"6E+o2~E+o1- 3.18E+02 1.34E+oi- T1o-E+os· ··s .i"z°E+os- s.33E+04 
1s1sm·· 5.68E+03 2.55E+03 -- 4.85E+01 - 788E+o1 ·-i46E+01 1.95E+01- 1.85E+01 - 2.26E+01 ·-2~05E+CJ1 --1.58E+04- 3.23E+04 - 1.34E+04 
1siEU -- - - ·2~74E+-oc, · ·-1 ."42E+OO .. ··-1.GaE:01 --5 .99E-03- - 4.•9-E-02 -- --3.2sE:-Of . 3.2sE:01 - - 3.26E-01 ·· . 3.25E~o1 ·- -if."29E+OO 1.3iE+o·1- 1.24E+01 
154Eu___ ·- 3.03E+02 6.96E+01 5.72E-01 1.15E-01 1.BOE-01 1.91 E-01 1.89E-01 1.98E-01 1.93E-01 - 1.60E+02 1.38E+03 3.66E+01-
155Eu - --·- ---- 1.70E+02 g ~f4E+OT1 .20E+01 9.05E-01 2.89E+OO 2.12E+01 2.12E+01 2.13E+01 2.13E~ 4.10E+02 7.32E.+02 6.28E+02 
226Ra·· -· . . .. - ·a:s4E-Os·· - f?°i°E--05-- -·4.01 E-:-05- 5.SOE-06 1.ilaE-:-06 . -- 3.72E-05 -- --3.68E-:::os· -· fBBE~Os ·· .. 3.78E:os . -···7.2aE-04 - ·s :29E~04 - 9.61 E-04 
228Ra - - .. ·g:s9E-01 . ·;fosE:of· --·s_-o·gE-03 .. 8.15E-11 - --{ 3-1E~·1·0-. 2.09E:10 -2.06E: 10 ·- - i.1~iE·:10 . i 12E-10 -- ·- ·f60E-03 - 2.89E-01 · · -·1-:-01·E-:::03-
227Ac _ _ _ __ _ 1.14E-03 5.36E=ci4 1.56E-02 - - 2.77E-05 9.57E-06 - 1.81E-04 - 1.BOE-04 1.85E-04 1.82E-04- 3.62E-03 4.41E:03 4.32E-03-
229Th . -·· .. -·· .. 2.21 E-02- ·-9~36E=i:i:f· · ·2.-31 E=--ci3 ... ··1.57E-08 . "fME:oa · 3.79E-08 . "ii3E-=-o°Ei - ""3:-iJ1t=-os·· . "j_ss·E-=-oa 2.31 E-0·4- - . i3i9E-03- - 2.ssE=--os -
2i2ri,- -- .. ... ·- - 3.54E-02 ··1.50E-02 . - 2.37E-04 1.91E-11 8.83E-12 6 .65E-1J°" 2.69E~13 1.86E-12 1.06E-12 1.29E-04 1.93E-02 1.36E-=--o-5-
-· - · -- ----- - - --- --- - ··- - ·- - ----------- - -- --------------- ~ --- -· c-,--c-+--
231 Pa 5. 73E-03 2.54E-03 2.31 E-02 5. 78E-05 2.06E-05 6.06E-06 4.86E-06 9.67E-06 7.27E-06 6.60E-03 1.1 SE-02 4.15E-03 
232U -- - - 5.91E+00 1.68E+01 8.89E-02- - 8.~5E-06 2.96E-05 8A°4E-09 2.GSE-08-- 1.53E-08 1- 6.41E-09- - 8.64E-02- 2.60E+00 7.3a·E:-Q2 
233U _ _____ _,_2.27E+01- Ef4.2E+01 3.45E-01 4.94E-07 1.33E-06 ~E-10 - 6.97E-10 9.15E-10- 3.84E-10 3.30E-01 9.95E+OO 2.82E-01 
i34u- J:10E+oo 4.86E+00 1.41E+ao 6.96E-01 1.39E+00 - 7.12E-04- 3.SOE-04- 1.29E-03 5.41E-04 - 4.36E+OO 3.58E+00 2mE+00-
23su-·- ·-··- -- :i:2sE-6t - 1.83E-01 6.0?E-02 3.13E--=32 6.18E-02 - 3.20E-os·- 1.60E-05 5.80E-05 ~ 2.43E-05 1.82E-01 1.45E-01 8.17E-02-
236U _ _ _ 6.86E-02 1.54E-01 2.46E-02 4.44E-03 1.24E-02 4.SSE-06 8.84E-06 8.23E-06 ~ 3.45E-06- 1.26E-01 1.17E-01 7.67E-02 
iJa·u --- f-fssE+ao 4ToE+oo 1.4oE+oo 1.04E-01- °T.41E+oo· 1.ii E-o4- 3 ~iiE=--04 - 1-:-31E=fo- · s .4sE=o-1 - 4~oiE+oo3~24E+oci- u 1E+oo 
237Np 3.64E-01 - - 1.62E:-01 " 2.78E-03- 2.SSE-03 1 ."3SE-03 7.71 E-05 2.41 E:()5- """ijci"E:04 --1.30E~-04-· . ·2.aoE-01 . 2.03E·+oo· if62E:02 -
238Pu - 9.24E-01 8.57E+OO 8.55E+OO - 2.38E-01 3.31E+OO 2.93E+OO 7.63E-01 6.98E-01 ·- 9.16E-03- 7.49E+OO 6.03E+OO 8.56E+OO 
2·3g"pu_ __ 3.58E+01 5.13E+01 4.16E+02-·7.46E~ 2.16E+02 1.24E+02 3.22E+01 2.96E+o1 · 3.87E-=014.50E+02- - 2.96E+ci2 - is"ciE+ci2" 
-· - ··-- • • - · ·- --·••·-·- - - -- ---- ------ ~ - . - -· - - · - · - ·- - - ·. ·- ••• ..!,. ___ -·- ·- - - --•· - --

240Pu 5.85E+OO 8.40E+OO 6.97E+01 4.40E+OO 3.25E+01 2.04E+01 5.30E+OO 4.85E+OO 6.36E-02 6.52E+01 4.56E+01 4.25E+01 
241P·u ____ __,_6.57E+01 9.51E+01 6.65E+02 2.81E+OO 2.40E+02,..2.12E+02 5.51E+01 5.04E+01 6.61E-01 4.22E+02 3.80E+02 4.31E+02 
242Pu·- · 3.16E-04 - 4.58E-04 2.07E-03- 8.60E-06 - 9.15E-04 1.04E-03 2.71E-04 2.48E-04- 3.25E-06 . 1.95E-03- - 1.95E-03- - 2:36E-03 
241Am 1 .59E+01 2.47E+01 5.49E+02 2.13E-02 5.29E-02 4.18E+01 1.09E+01 9.96E+Oo"- - 1.31 E-01 - 7.45E+of- -1.54E+02 - 2-:-09E+02-
243Am - -- -- -- s·_-M·E-::04 - 3.71 E-04 4.81 E-03 5.96E-08 4.25E-07 1.00E-03- 2.61E-:04- 2 .39E-04 - --3-_-13·E~06 · ·2.3fa~·-03- . 5.27E-03- - 9.27E-03-
242Cm - --- - - 2.isE-:03- - s.°66E:-03- 9 .56E+OO 2.40E-05 7.61E-04 6.73E-02 1.75E-02 · 1.60E=-02 - · 2.foE~o4 ·- - 6.71E-:02· 3.76E-01 ··s .20E-01·-
243Cm -- 5.64E-05 7°36E-0.4 2.24E-01-- 3.56E-07 1.67E-05 3.69E-03 9.61 E-04 - 8.79E-04 1.15E-05 - 1.54E-03 3.07E-02 f--4.97E-02 . 
244Cm-· 1.02E-04 1.28E-04 1.SOE-01 9.12E-07 1.69E-05 1. 79E-03 4.67E-04 4.27E-04 5.60E-06 1.23E-03 2.91 E-01 1.48E+OO 
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APPENDIX B 

Constituent Name SX-108 SX-109 SX-110 SX-111 SX-112 SX-113 SX-114 SX-115 T-101 T-103 T-106 T-107 

3H _ ___ -- ---- 1.77E+01 -f74E+02- ~-4.31 E+01 6.29E+01 3.82E+01 2.21 E-01 1.34E+02 5.73E+OO 6.1 SE+OO 1.70E+OO 6.35E."6z 2.19E-01 
14C -- .. --- . - - 1.02E+OO - 8.99E+OO- 2.06E+oo· . ·3.16E+O(i" ·-1-:-97E+OO- 1.ifE-02- --6~74E+06- --3.11 E-01 ··1.1ilE+OO- ··3:04E-:.01 9.25E:oj . - s .sfE:02 
59Nf"·-- -·· ·- ······- -9.40E+0Cl .. . 1.i:3E+ci1 - 1.06E+01 ·- 1.60E.+01 1 :oiE+o(· 1.12E-01 - - i54E+01- - 4.92E-cir-6.33E-02 1.64E-02 2.63E-03- 1.60E-02 
63Nf . . -- . .. .. -9.ifoE+02 . ' . f 19E+03. - - f os·E+03- --1.57E+o3·- - {OSE+03--1.05E+01 --1~sff+ifa"" - 4:65E+or 6.2ElE+cio- 1.62E+OO 2.44E-01 1 AOE+OO-

---·-- - -- ---.--.-----·------ ·--- ·- ---- -·--- --· - ----- . ·- -----
60_~~- -- _ _ _ _ i _ 7 :..1.~E:0_1__ ---~-98E+OO __ ?:9J_E+_90 __ 2..:..88E.:_qQ_ .J 2!._ l~_-!:99 _ 6.75E-03 . 6._?.!_E+o9 _ . 2.54E-01 _t .34E+og_ 3:~0~:.~. . 3.~_4E~3 __ - ~8~F.:_03 _ 
90Sr 1 1.09E+06 1.10E+06 1.17E+05 2.37E+05 1.75E+05 3.87E+03 2.67E+05 2.27E+04 1.18E+05 2.71 E+04 3.05E+03 1.07E+05 

lli/ ~~-~-~.IHiit~!~ =Hi~;: ~Uii~lj ~!:~l= rn~t~mH~~ t~i~~f ~;;~if~_ ~i}:toi~. ;~~:~! {J~rf !~~iiif 
106Ru ,

1 

1.32E-04 1.83E-03 5.03E-04 6.77E-04 3.89E-04 1.89E-08 1.47E-03 5.41 E-05 2.26E-04 6.78E-05 3.66E-07 1.84E-10 
1 is-sh · - - - · - i:21 E+oo · · 2.8:fE+cif · - i .49E+6o · 1.03E+o1 · s .01 ·E+oo - 9.92E-03 ·· 2.24E+o1 8.6SE-01 s~8SE+cicf· --1.49E+cio- -il .97E-63- - 4.22E-03 

~ ;:~n~~ ~:-~---~::~Q.-~~~~~~r ~--;~.~~t~f 3s~4~~~ ~:~i~~f 3~i0~~g~-~ --~:~~~~;~t ~1k~~;~~- ~-~$~~~gi--{~~t~~--_ ~ :~~~~~; __ ~ :~~~~~~- ~~jf~~~= 
134Cs 1 1.73E-01 1.81 E+OO 5.56E-01 7.47E-01 4.35E-01 2.0SE-04 1.SOE+OO 5.29E-02 2.01 E-02 8.26E-03 3.85E-04 6.69E-05 
137Cs- . :_ ~:- . . :· 1 -6._92E~04-· ·-2.58f~o~:. ··_ijj~.:_0_( ~(~tE+Q~~ -~~}j ~!Q'.[ · 1:04~:':0_3 - _2:~?.E!0_5 __ §:1~E.:Q3 - __ 9.~0E_!04 __ ,_2::_8~~~~~ ~~1)8E_~o~:: ~ :?2E+O~ 
151Sm 1 8.96E+03 2.57E+04 1.80E+04 2.36E+04 1.43E+04 1.30E+01 3.00E+04 6.02E+02 3.24E+02 8.38E+01 7.39E+OO 4.46E+01 
1s"ifu . - - . . ·g _.46E+OO .. L°43E+o1 ·· ·1 ~45·E·+of 1-:-99E+o1·- - TI5.E+011--5~29E=--62·· ·-2.04E+01 - - i60E-01 iisE-01 - 6.81 E-02 · 1.66E~o2 5.47E-03 
154Eu --1.74E+o1·- 1.91E+02- l-4 .88E+0_1_,_6li3E+01·· 4.13E+01 - f"63E:01- 1 .49E+02 - 6.08E+OO - :,:gat+61- l-5.08E+oo· 8.6GE-02 -·r osE·-01 
155Eu - ----- .... .. -~f76E+02- ·1.2SE+02- l-•-r;isE-i-oT ""fb"1E+OT 6.36.E+Oi- 2.SOE+OO 1 .04E+03- · 1.77E+o1 · 1.64E+of· >-,n:;sE+cio· ·-9.-48E-01 - ·e·.2sE."01 -

226Ra --·--:. ~~~ _ 7:82E~04__ 9.67E:o,(· _ 9.-si_(o~--=-~i-iQ( 03~~} _2?E-=-o4·- ·- ait(Q!3 _ ~-·:;-:32E".-03 -·1~·3_s2E~os = - 4:4aE:-o6 _ : ).36E~ci6 ~- _ 3 .22E-ot ~ --~_0_3~:~( 
228Ra 1.58E-08 1.13E-02 1.79E-03 2.SOE-03 1.37E-03 7.00E-11 7.93E-03 3.58E-04 6.48E-05 3.48E-03 3.26E-11 7.45E-11 
227Ac .. .. ·- .. - 3.SOE-03 4~77E~03 . ··;i~.32E::-03· . 6.33E-03 4.16E-03- "isoE::05- 6.21 E-03 .. {71 E::-04·· 2.25E:os· . - 1.06E-02 1.66E-06 2.54E·-os 
229Th ... - . - - ·· 1 :2sE~06 "i "i3E=04 4.43E-05 - .. 6:22·E~os · 3 :~i3E-05 .. 1 ·.34E:o8 . -{ giE-04. -- ~-8.62&06- 3:osE-06- .. f "s1E:03 3 .3iE-09·- 1.44E·-oa-
232Th -- -- -·- -- - s:1iE:·1cJ° . -1 :s2E-=-04 - 2.40E-05 -- 3~36E=-os· -1~84"E--=-os- .. 4_'4"fE~1·2-- 1·.osE-04- 4.79E~06- -2:1 sE-05 1.68E--04 - 3.-i0E-=1i"" -f.74e-.:-11 -
231 Pa - - - . 2.67E-03 9.77E-03 5.59E-03 7.42E-03 4.47E-03 5A3E-06 1.03E-02 2.51 E-04 9.SSE-05 1.57E-02 - 3.83E-06 . 5 .28E-05 
232U _____ _ ---- 1.31E-04 - 3.51E-01 !5.12E-02- 1.13E-01 7.65E-Oi- 1.48E-06 2.01E-01 1.17E-02 2.98E-03 1.79E-01 1.36E-05 - 8.75E-05 
2JjLi -- - -- - 4 .19E-06 1.34E+oo ·-2.34E--01- --4~33E:OT-2 -_93E-:Of ___ 5_64E~o8 7.69E-01- -- 4_48E=o2 ·- 9.S0E-03 - 6:91E:-01 · 4 .a2E-oi- S~2:fE·:os-
234u --- ----- -- . 2.30E+OO - 6.54E+OO- 1.23E+OO 2.46E+OO 1.80E+OO 3.37E-02 - 3.77E+Oci- T3°1E-01- 8.47E+OO - {46E+OO- i--3.18E-01 7.38E+OO 
23_5_u ____ - . 9.61 E-02 2.64E-01 ·- 4.96E-02 9.92E-02 7 .28E-02 1.45E~ro - 1.52E-01 ·- 9.39E-03- - 3.28E-01- - 6.18E-02 - r- 1.33E-02 3.32E-01 -
236u··- .. . - - -- -- - 6~46E-:Cl2 - ·2.69E:01 - 5.46E-02 ---;l.02E::0·1 ·7 .25E-02- 5.34E-04 1.58E-01 --!:i."oa·E:03 - - 4.93E-01 3.1 SE_:-ci:z- 9.77E:03- - 4.72E::02-
238U - -- - 2 .17E+00>-5.64E+OO 1.04E+OO- 2.11E+OO 1.56E+Oci- 3.44E-023.23E+OO - 2.02E-01- 6.21E+OO 1.41E+OO 2.87E-01 - 7.48E+OO 
2f7Np ·- - - --- - 3.94E-=-02- 3.07E-01·-6.63E::02- --1.07E-01 6.83E-02 7.77E-04 - -2~25E-01-f 11 E-()2 - 2.94E-02- - 7.38E-03- -4 -_75E-:-04·· ~3E-03-
238Pu --- ·- .. -6~85E·+oo· 7.35-E+OO 9.38E+00-1.31E+01 8.42E+OO 5.00E-02 - 1 .20E+o1· · 2~04{.01- - 2.49E+01°4~01E+oo·· - T66E-01 1--·4A6E-01 
239Pu ---· ··---· - -i .22E+02 - - 2.22E+02 1.85E+02 3.13E+02 2.23E+o2 3.57E+OO - 2.62E+02 1.24E+01 6.92E+02 - 1.67E+02- . 6.66E+oo· - 1.40E+02 
24oPu ____ - -- -- -isaE+o1- --3)4E+m 3.si5E+ff1- °"s.6sE+o1 3.90E+o1 s .11 E-01 - 4.87E+o1 1.ill+ao 1.14E+o2 ·2"]TE+ci1- ·· 1.01t=:"+oo · 8.24E+oo 
24fPu __ ____ - --iso"E+02 3.72E+02- 4.STE+a2 6.43E+02 4.18E+02 3.00E+oo 5.83E+02 1.1sE+o1 - foiE+03- - 321E+02- ·1.ssE+aa~ ·-s .2iE+00 
242Pu ----- - - 1.89E-03- - i."62E-03 2.58E-=-53 3.61 E-03 2.32E-03 1.38E-05 3.30E-03 5.59E-05 2.70E-fo- - 9~05E::Cl4- -2~4fE".05 1.61 E-05 
-----------· ------ -------- -----1---~ ------+--- -------- -- ----·- - ·· - ·--- - · --· - ----- ··- - -

241Am 1.52E+02 2.19E+02 2.80E+02 3.61E+02 2.20E+02 6.12E-02 3.67E+02 2.83E+OO 1.53E+OO 4.00E-01 8.85E+OO 1.38E+01 
243Am ·- -· •· ·6.78E-03 8.JoE-·03 - - 1.24E-02 ·· ·-1.60E-02 --9.72E~•3- 5.72E-0i- --·f.58E~02 .. a ·_63E:OS" -·s.9oE=os -- 1.51E-05 - 7.13E-os ·- 3~86E:05 __ _ 
242Cm-- ... - - - ·-,(03E:-o·f- -3~49E-=-oT 6.42E-01 8.49E-01 5.29E-01 l--1 ·.22E-03 7.SOE-01 3.69E-03 . ·s .9aE.:-03 · 1.67E-03 6.88E-02 - 1.56E-=-0~2-
243Cm 3 -:-76E-02 3.32E-02 6.51E-02-. 8.39E-02 5.14E-02 2.79E-05 7.54E-02 8.45E-05 - 4-:S-OE::04 1.20E-04 ~SE-03- · u1E-04------·- · 244Cm 1.11 E+OO 9.85E-01 1.97E+OO 2.52E+OO 1.54E+OO 2.04E-05 2.28E+OO 6.57E-05 4.66E-03 1.16E-03 2.12E-03 5.91E-04 
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APPE, . _.,< 8 

Constituent Name T-108 T-109 T-111 TX-105 TX-107 TX-110 TX-113 TX-114 TX-115 TX-116 TX-117 TY-101 

JH - · .. - -- - ·- 2.87E-01 6.56E-01 - 5.45E-02 3.54E+02 3.13E+OO 2.20E+02 - 2.42E+02 2.74E+02 3.30E+·CJ2 1.19E+02 1.68E+Oz' - ·- 6.67E-01 
14C . -- ·- -- - 4.57E~i 9.-iaE=o2 - - 1.-98E-02 5.05E+01 5.16E-01 3.07E+01 3.42E+01 3.86E+01 4.70E(+01 - . "('7sE+6f' -2.44E+01 5jsi:r:01 
59Ni - . - - - - 8.07E-02 - 1.99E-01- - · 1.10E-01 3.85E+OO 3.54E-02- 2.30E+OO 2.60E+OO- - 3.1 OE+OO 3.58E+OO 2.43E+QO 2.66E+OO - ,f.foi:-.:-01 
63Nf- --- - - ·- ·· ·-7.26E+oo- 1.79E+o1 - - 1 ~20E+o1·- 3.7BE+o2 3.44E+oo 2.2sE+o2 2.s4E+o2 3.02E+o2 3.51 E+o2 2~29E+oi· 2.ssE+02-- -3:63E-+o1-
soco·-- --·-- ·- ·· 9.71 E-03 · 2.21· E-:-02 a.OOE-01 5.53E+01 4.91 E-01·-·- 3.48E+013.86E+61 4.30E+01 s.1_SE+91 _ __ 1 _ _:!37~!0.! 2.62E+01 --2A7~+oo-
90Sr ·- . - ·· 1 .sifE+03 2.45E+03 ,-.fogE+04 1.68.E+os · 1.71E+03 1.20E+05 · 1.33E+05•· 1.42E+05 1.57E+05 6.60E+04 8.60E+04 7.47E+03 
!iov-- · - · · ·- - · 1-:S8E+o:f - 2.45E+ci3 1 .·09f+o4- ·- 1.Gafios- - 1.71 E+o3 - ·-·1"}cif"+os- 7 ~3°3E+os1.4iE+cis 1.s7E+os- 6.60E+04 - - 8.61 E+04 7.47E+03 
gjzj..·-·-- · - ---- - 4~6sE=-ci2 ~ 9.99E:02---:Ul8E-02·-- 2-:-ssE+M· 2.44E-OT - 1.67E+cif - 1.80E+01 - 2.04E+01 2.38E+01 8.80E+OO 1.24E+01 ··1.26E-01 -
99Tc ---·- - - 3.22E-01 ·- 6.92E-01 - 1.70E+01 - 3.60E+02 3.16E+OOI- 2.19E+02 2.43E+02 ~ 2.75E+02 . 3.35E+02 1.25E+ci2- 1.74E+oz" - 5.39E+OO . 
Hi.GRu __ _ -·- ·-·· - 3.49E-09 ··-a)4E-09 . . -·1.·goE·:c59 - I- 9.88E-03 9.51 E-05 6.81 E-03--7.17E-03 ·a.12E.:-03· . 9.24E-03 . - iiffE~3- - 4.-25E-:.03- 1j3i:.oii-
12ssb • -·· - --·---a.4sE~03 ___ 2.00E-02 - 4_·2·0E-o3·- 2.35E+Q2 2.13E+00 f52E+02- 1.64E+02- 1.85E+02 --2:19E+62- 7.85E+01 r- ·C10E+o2·- O.00E+00 
126Sn . - - . . - --· --1.47E·:oT 3.16E-02- - 6 .27E~o:f· 7.84E+OO - 7.53E-02- 5 ."14E+ff6- 5.55E+OO--6.28.E+OO. 7.32E+OO - iii:iE+OO- - 3~81 E+OO 3.98E-02 -m~r .~ : . · :~ :m?i .· ~ J:I!t: ~ijJf.~l · tiiiir-miir~-iiiii~ · · iii;;r =!~!:i: : ;imit 1: riti t1: -rnmi: 1ri11f 
152E·~~---___ .. - --~±~---~~~~~-- .J~}~~~[ }~~~~~= --~_::J~;~;-~:;;;~~~g[_ . ~1~~~~6~~ -~;;_~~:-~~ - ~ ~i~~l~~ J::~~~-:~~ 1~J~~~~-~: : ~{!~~~6~ =~~6~~~g~ ~ 
154Eu 1.69E-01 3.92E-01 8.13E-02 8.91 E+02 8.36E+OO 5.96E+02 6.35E+02 7.19E+02 8.31 E+02 2.94E+02 4.13E+02 5.49E-01 
155Eu --· ---··--·· - 8.'54E-.:-0C {§6E+ci0- 1.28E+00- 3-:-3€5E+02--3~98E+00 _,__2.68.E+02 - i.'6"9E+02- 3.04E+02 3.17E+02 - {17E+Oi · T 62E+02- 4.26E+OO 
226Ra •·• - -· ·- -- 2Jl6E-06 . -5.91E-06 ~ 1.14E-06 - 2:S1E-04- - if3iE~06- ·-1:saE-o.ii· - ·-osE=M· ·-2-.-obE-04-- ·-2.31E:04·· - 1.1fE-04 . . · -:;-_·41E·-M ·- 6.67E-06-
228Ra ·- . .. -· - - · ·-;i°.83E-~11- -- 9.8TE-=--f1 - - 6.08E-t1- 4.09E-01 3.35E-03 U6E~01·- - 2-:-6-a"i:-=-01- - i02E-01 - 3°.SOE-01- 1.67E--01 1-·3~16E-01 - - 1ji1 E:fo-
227 Ac·-·-· - --··- - - f.SiE-os 3.o4·E~-cis - ,__s-:-a3-E-os - 1.6:fE-=-ci:f· ···2°A-aE--os - 1.02E-03 - 1 :--; ·4E=o3- -T 29E=-o:f"· 1.s1 E·~o3- · -; .06E·-04- · 9-:--iaE-o4 - 3.44E~os-
22·frti - · -- -- •· -·-- - gjsE-=o·f · · 1.91 E-08 - 1.-faE~08 9.48E-03 7.76E-05 5.47E-03 -·s·.21i:-=-03- - io1E·:o:f . 8.81 E-Of-. -i88E:03· - 7.29E-03 - 3.72E-08 
232Th __ ___ - ---· -----·- 1.35E-11- ·2.BGE:1 ( ·-s_64E-12- ·-i .-SfE:02_,__21f6E-=04·· --1-~4-sE--02- - 1 ~65.E--02- - ·1.BSE-=-62- - 2.33E-62- - 1 .63E:62·· 1.92E-02 3.54E-11 -

-- ····-----,- -- - -- ---- --- ---- -------r- - --·- ---------- -- -- - -- -- - ------ ------- --
231 Pa 3.27E-05 6.61 E-05 1.27E-05 7.17E-03 7.34E-05 4.54E-03 4.99E-03 5.65E-03 6.68E-03 2.81 E-03 4.02E-03 7.56E-05 
232U - - --· - 7 .OOE-06 1.34E-06 - 3.79E-05- 1.82E-01 ,.. 6.40E-04 4.82E-01 7 .68E-02 . 3.34E-O( .. 1.90E+OO 9.14E-02 - - 1. 72E-01 .. 1.34E-05 
233U -- - ·- - 3.84E:oj "" ·-s :36E-=oa ""fgsE-=--os·- - 6.98-E:oT " -2.45E--=-o3- ·1 .85E+O() . 2.94E-01 --(28E+ciif" -TiaE·+oo - "" is6E~01 - - ifsilE-01- 6j•SE-07-
234U- - - ----- ·-4.84E-:.-of- 6.28E-02 2.22E+OO- S.19E-01 1.59E-01 - 1.25E+cib . ·-6.42E:fff 5.93E-o( · - 1.56E+cio·- - if fi E:01-f- 5.-70E~01 - - 5.62E~01 
235U - - -··· - ·- ··2.17E:02- ·t-2.7aE:oj 9.90E-02- 2.26E~oi-- 7.15E-=-o3- 5 .37E-02 - 2.81 E-02 2 ~51 E:02 · - 6.25E=-ci2 - 3.59E-02 2.48E-02 -·2.4a·E-=-02 -
236U ·· · ·- · - -· · ·· 3.49E-o3 · s .88E-o4 ·-1·.isE-02- -=,_ 19E'.:-of· · ·f63 E--=-of- ·-2.os'E-ci2-· · 7.9aE-o3· 1: 1 sE-02 - - s·_o4E:02- - 9 .20E-63.. 7.83E-o3 - - s~i2E°-o_i _ 
23su- 4.91E .. 01 s.38E-02 2.2sE+oo s.01E:0·1- 1 ~s1E-o'I 1.22E+oo --s~44E=61- S ~s-sE:01·- - -:;-_-3ae+oo- - a.21-E-01- -s .s4E:cf1-s.11E-=-o-1-
2J7Np·- - -- -- 1.97E-:.-03- · ··4:26·E=-03 -8.47E:04- 1.30E+OO -1.15E-02- 7 .86E~01 .. ··-a)8E-oT· . 9~92E~01 ···1.21 E+OO- - ,i.sa·E-ci"f ' . 6·.36E:01 - - 5~39-E-03 
23.8Pu --·--- --·- 1.35E-01 - 8 ."11-E-:62- · - 1.81E+OO 2~o9E+o0- - i.OSE-02- 1.SOE+Oci- - f~:fE·+o_Q_ 1.81E+00 r-1~95E+00- -1~·12·E+00 -·1:25E+o0 - 9.76E-01 -
239Pu - - - ------ 2 ·~47E+o1- 1.3SE+0T r-i ?GE+-02- -7.54E+ri1 ~ a.10E~o1 s.71E~ - 9.25E+0·1- - 7.54E+b1 ·- 7.o4E+o1- 9 .89-E+61-- 8.17E+o'1-·1.2aE+02 ---- - --- -------- --- . - ·--. - ...... - --· -- ---~-. . ·- --· -··· --- - . ·--•· -- -
240Pu 1.90E+OO 1.10E+OO 2.37E+01 1.25E+01 1.25E-01 9.14E+OO 1.28E+01 1.14E+01 1.17E+01 9.96E+OO 9.43E+OO 1.21E+01 
241Pu ·- 4.56E+OO 2.98E+00- 7.10E+01 1.37E+02 1.35E+OO 9.88E+01 1.14E+02- f- 1.18E+02 - 1.29E+02 6.06E+o1 ·· 7.40E+01 4.17E+01 
i42Pu 2.01 E-05 1.33E-05 3.19E-04 7.49E-04 7.43E-06 5.43E-04 6.16E-04 6.42E-04 7.00E-04 3.08E-04 ·-3.8·1 E-04 1.90E-04 
ff1Ai-n- - -~2.71E-01 - -usE-01 9.20E+o1- 9.44E+o1~3E-01 6.2sE+o1 6.7iE+or ,_1~sE+o1'TaiE+o1 2.i1E·+o1- -3:§1E+ci1 --2."64E-01 
243Am -- - --- . -·- .. 1.84E-06 - 1 .. 24E:05·- - 6.'43E-·04·· -3.faE-:.03- --3. foi:-=os·· 2.22E-03 - fi3E:03-· . i64E:03 - .. 2.98E-o"3- - 9.41 E-04 1.35E-of" - 1.86E-06-

t:l 
0 

~ 
"' "' I 
w 
-"' 

242Cm - · - - - ·-··· --6JJaE~o4- 4.08E-:.04- - a.-oai:":a:; ·- - figi:-.:-oT 2.39E-o3 -1 .15"E:~ ··-1.73E-01- - fgsE-01 ·-2.oo"i:-=01- ·--i ~o4E-02 9.97E-02 --f ."14·E-o3-
i-1Jcm· -- - 1.24E-05 8.35E-06 1.66E-02 - 2JJJE-02 2.20E-04 1.60E-o2- T6°oE-Cl21.81E-Oi . 7.91E:02- - -6.35.E-03 9.09E-03·-f- 23 4E: os- ' ~ ~ 
244Cm 4.04E-05 2.73E-05 1.52E-02 2.10E-01 2.01E-03 1.44E-01 1.52E-01 1.72E-01 1.97E-01--6.43E-02 8.98E-02 4.27E-05 ~ ;=, 
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APPENDIX B 

Constituent Name TY-103 TY-104 TY-105 TY-106 U-101 U-104 Us110 AVERAGE VALUE, 
CURIES 

~ -- --- 2.45E+01 1.74E-01 3.24E+00 8.63E-03 7.91 E-02 3.80E+01 2.94E-01 - 6.18E+01--
-·--- -- -- ·· -· ·-· - -- ----··- -·--·---- ----------···---- - ------ - --·· · 

14C 1.04E+00 9.36E-01 1.05E +00 1.03E-01 2.27E-01 4.88E+O0 3.52E-01 8.97E+00 
59Ni 4.41 E-01 - 1.05E-01 1.27E-01 3.39E-04~ 8.01 E-03 5.65E-Ot - 2.39E-02 - 3.50E+CJ0--
63Ni ---· --- --- --- 4.20E+Of- 9.61 E+O()- 1.15E+01 ·-y06E-02- -7.03E:01- - 5~5OE+01 .. .. i foE+OO- -- f4iE+Of- . ·-
60Co -- 1.53E+OO- 2.22E+00 6.65E+00 2.73E-04 3.92E-03 4.30E+O0 f°17E-02 2.28E·+o·1- ·-
90Sr 9.43E+04 3.18E+04 2.56E+0S 9.76E+03 --4. 25E+o4 " 7 .72E+o4-. 3.42E+05 ---3.09E+OS 
90Y 9.43E+04 3.18E+04 2.56E+05 - 9.76E+03- 4.25E+04- 7.72E+04·- 3.42E+05- 3.09E+05 ... 
93Zr . - 1.78E+00_._3.49E-02 - 4.49E-01 - 1.20E-03- 2.82E-02- 2.99E+00 8.41E-02- 9.89E+00 
99Tc-- --- · ·----·- --1.64E+o1- -9.oi3i:+oo- 4.40E+o1 1.oiE+o1- ·•- fg;fE: 01 - · 5-:-21E+o1 ··y 3s·E+oo 6.a2E+o1 
106R_u _ __ __ ____ -- 6.29E-04 4.13E-09 4.27E-08 1.14E-10 9.24E-11 7.02E-04 - 2)sE-1·0- 2.36E-02 
1255b --- ---- 1.56E+01 - 8.59E-03 9.49E-02 - 2.53E~ 1--2.12E=6°3 1.59E+01>-6.30E-03 - - - 5.93E+01 
126Sn- - ·- 5.48E-01 - 1.11E-02 1.42E-01 3.79E-04 ... 8.79E-03 ,_ 9.10E-01- 2.62E-02- - 3.18E+OO __ _ 
1291 --- ··· .. . - ·- · 4.82E-02 - - 4.58E-04 4.60E~2- 1.56E-05- . 3.62E-04 - . 6.29E-02 ...... 1.08E-03- --2.36E-01 __ _ 
134Cs - ··- -- - 2.57E-01 3.04E-03 - 8.9oE-Or- 3.17E-06 . 2.26E-06- 8.24E-01 - 6.69E-05 1.04E+00 
13ics ---- -- - -- -- 1.49E+04- 1 ~-ioE+o4 ___ 1 ~6sE+04 1.59E+03 ·-1.1,fe:·+04 -5 .15E+04--2~65E+04-- 1.10E+os 
1 sfsm - -- - -1.28E+03- 2.73E+01 3.52E+02-- 9.37E-01 2.24E+01 - - 2.1]-E+03 - 6-:-6i5E+Cff - 7.56E+03 
152Eu --- .. --··· - - 5.5:ZE::-01 - . -s:2a&o2-· - 4.42E:01- .. 2~73E-=-oY - 5.23E~03 - - 6~07E=b1 - ··f ogE-=62.. 4.41 E+0O --· -
154Eu · 5.91 E+o1·- --:;·_5,fE:01- 1.85E+00--4.92E-03 -5.27E=--02-· ? ~STE +01 1.57E-01 ·- --4ll4E+02- · -
155Eu- - -·- - ----- 3.56E+01- - i84E+OO- ··3 .33E+OT .... 2.06E-01 - i.ffE-=oT · - 3-:-a2E+01 1.65E+00 2.71 E+02 
226Ra - - - -- - 2.18E-05-1 .72E-06 - 2.58E-05 - 6.86E-08 - 1.14E-05 5.01E-05 1.72E-05 - 2.31E-04 
228Ra _ _______ · ·3.05E-02- 1 .84E-10 1.69E:691-:-04E.:-f1 7. 13E-11- 2.61E-03 - .,-~48E~10·· - ·- 2~faE:-of -
227 Ac - 1.36E-or 8.86E-06 1.32E-04 ,_ 3.51 E-07- 2.86E-05 2.63E-04 5.52E-05 -- 1.82E-03 
i"29Th___ ... ·- 7.04E:04 __ _ 3.57E:oa· 3.2fE::-07- -·2-:-02E:09- --1 ~37E-08 - 1 :·s2E~04 - 2.86E-08 4.78E-03 -
232Th ---·--- - 1.85E-03--9.72E-12 1.28E-10- 3.40E-13-- 8.74E-12 - 6.97E.-04

1
2.60E-1( 9.01E-03 __ _ 

231Pa --- 5.41E-04--L96E:~2:aeE~4-~7.62E-07 - --2.65E-05 -- { 01E-03 - 7.89E-05 - --3.75E-03 -
232u -- --- ---- -- - 1 :lsE-M- 4 .ME:Os - 2.02E-04_ ,__4_51 E-oe - 4_42E: ae>" - 3.s2E-=-03- 4.42E-o5 ---6.4aE=-o-1 -
233U - -- 4.45E-01 - 2.08E-06 >-9.99E-=66 2.23E-07 2.64E-07- 1.35E-Oi- 2.64E-06- 2.48E+0O 

- - ·- ---- -
234U 5.92E+00 1.89E+00 1.07E+01 2.39E-01 3.73E-01 7.17E-01 3.73E+00 1.71E+00 
2- J-si:r-·----t--·2-.61E-01 a.33E-02 4.76E-01 1.06E-02 1 .&aE: 02- - 322E~2 - 1.68E-01 --T 21E-02--
236U- ------+-627E--:ai- 7~93E-=-02 9.19E-02 2.cisE:03- -i :faE: 03- --4:i39E-o3 - 2j aE-02- ---:fa2E-02 
238U.,....------1-6- .-=0·1=E+OO 1.92E+00 1.09E+01 2.43E-01 3.77E-01 7.24E-01 3.77E+0O 1.61 E+00 
237~p 9.23E-02- 1.51 E-03 1.92E-02 5. HE-05 - 1. 17E=ci3 - 1.23E:01 3.48E-03 2.33E~01--
238Pu 1.86E+OO 3.88E-01 5.02E-01 2.17E-02 2.31E-01--2.01E:01 - 7.75E-01 5.0-1E+OO ---
239Pu 1.68E+02 4.83E+01 7.64E+01 3.30E+00 7.25E+01 7.99E+00 2.43E+02 1.44E+02 
240Pu 1.80E+01 - 4.71 E+00 6.56E+00 - 2.83E-01 4.27E+00 1.19E+OO- 1.43E+o1 ·- 2.37E+01 ·-- - - ------
241 Pu 9.69E+01 1.70E+01 1.98E+01 8.52E-01 2.73E+00 1.20E+01 9.16E+00 3.01 E+02 
242Pu 4.82E:04 7.78E-05 8.90E-053.84E-06 ___ 8_35E-06 - 5.95E-05 2.80E-05 - - - 1.73E-03--
241Am _____ -3.35801 - 9-.71 E+OO !3.62E-01 2.29E-03 2.57E+00 9.60E+00 8.89E+01,-~7E+02--
i,faAm 1.12E-03 6.93E-05 6.01 E-06 1.60E-08 7 ~~5- 2-:§2E-04- 2A.9E-04 6.93E-=-o3 __ _ 
242cm 9.6aE-02 1 } 9E-61-1--a.09E"-63 s])oE-b-s 5.52E-03 1.aoE-02 1 :ME-01 ---T ci"a"E-::01--
243cm 7.53E-03 2.45E-03 1.66E-04 1.02E-06 8.19E-05 1.37E-03 1.98E-03 2.32E-02 
244Cm 7.51 E-02 1.65E-03 1.42E-04 3.79E-07 1.10E-04 1.69E-02 3.B0E-03 5.48E-01 
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APf ( C 

I_SO~Q_P_E_T_O_C_S_-1_3_7 ~RA_ TI~ FO~A_C_H_ TA_N~K----l--- - -+------+---~1-----f-- - - +-- - --+-----+-- ----+--- ~ - ---f------l 

B-101 I B-103 Constituent Name Units A-103 A-104 A-105 AX-102 AX-104 B-105 B-107 8-110 B-111 B-112 B-201 

3H Ci/Ci l-- 1.02E-03 7.BOE-06 5.31E-05 5.82E-04 5.49E-05 2.0GE-04 j 8.25E-05 7.31E-05 1.GSE-04 7.96E-05 7.86E-05- 7.37E-0-4 5.12E-06 
14C - Ci/Ci --i .6BE-05- 1.52E-05 - 9.-88E-06 - !i,sE-05 ···1.02·E-0S 3.43E-05 i 1.52E-05 r-1.07E-05 - 2.78E-iis· . ·1--:-s,i::os- ·-( 01f:·os - - 2.<io{os ·· - 3.fsE~04-
- . . --- --- - - -1--- · - --r-- ---------- --- --·· - ------ -· ·- --· · - --+--- ----- ---- ----~------ - -------- -- ------ -- - --
59NI Ci/Ci 1.25E-05 1.52E-04 4.90E-05 2.82E-05 5.0GE-05 9.94E-04 i 1.44E-05 1.27E-05 5.30E-06 7.20E-05 6.90E-05 1.76E-05 4.51E-07 
63N1···· ---··- - Ci/Ci . - ·1 .23E-03 . 1 ·.49E-02-- 4.92E-03 2.89E-oi"· s.6"e{()3- 9~87E-O:n-( 30E: 03- - fiTE-:-03 - 4} 9e:o-1+· 7.iGE-03- --6.96E:o·3 - U SE.-03- 4.15E-05 
60Co- .. . . . . -·- ---Ci/Cl -- a :02·E:·os . ·6 .24E:o3 - .. 1~36E-6°5 - - 1. foE:04- - -5.63E:03·- 5.43E-05 I 2.67E-06 2.37E-06 - 3.76E-04H.. . 2.0-,f.os-· f- 2:-isE:os- · -1 :SoE~04- - s.-og·E:01 .. 

90Sr Cite(- s .osE-Oi- 3.77E+01 2.72E•oi- J.09E+oo 4.79E+o1 1.40&01T 1.39E-01 2.75E~01 1.76E+OO - 7.26E• OOe- LS7E+oo 2.oeE+oo - 2.61E+oo 

90Y .- . ·_ ~, Ci/Ci ~ 5.0SE: o-c ] , 7-7-E~~ = 2.j _2yi_:_~1 _:~.q9_E~_'?.?_ ~ 7_~E:O!.. _ 1~~E_:0~ 3~-~-0 1_ .-2:?~E-_q.!_I_ 1_. r~E_+_O_O_ . _7_:26E :-:o_q_ __ ! :~r_E_-~oo ~ J o_~E_+cio- ..=·fi,~~E~ ~o: 
93Zr_ _ _ __ ... .. __ _ Ci/Ci -~- ~ 8:63E-_?5-_ _ 2.:.B~E_:9.4 ___ ~ ~~_E:_04_ 4.1BE-O_~ 2.21 E-04 1.35E-03 : 1.23E-05 __ 1_JJr_E~~ _ 1.3_3_~-0a · ·3_._1~E: _g4 __ 3~E:_O_'.I_ -- ~, 2~_E·0~ ___ _ _ 1.:..S_~E:'?_~ _ 
99Tc Ci/Ci 8.0SE-04 1.07E-04 6.99E-05 6.77E-04 1.SSE-03 2.21 E-04 B.49E-05 7.43E-05 B.OGE-04 1.11 E-03 7.20E-04 B.19E-04 2.43E-03 
106Ru -_ ___ _ _ _ Ci/Ci_ 3.6~~.:.?B_ ~ i ~ - s .r.a_E~[:~ .OSE-05 , 1.64E-O?_ ~ 4.44E-05 I 1.02E-12 ~ ~.:.~SE~ :C -=-?~BSf:_OJ . __ 2.3_3( 07 2.2~-~07-= _)57~-of" ~ ~~ f! 3-
125Sb __ -- ·- Ci/Ci 9.32E-04_ ~ -22E-03 1.40E-03_ ~~~E-04 I 4.56E-03 ._22.~E-04 ;_~:39E-06 2.14E_-~ ,-1.:~.QE-04 _ a..:.9._!!_~_:-95_] 9.0_:i~:qs_,_e:o.~E-04 ~B~~qz__ 
1265n _ _ __ ,_ Ci/Ci 2.71E-05 1.12E-04 7.23E-05 1.SOE-04 j 7.4BE-05 4.90E-04 i 3.SBE-06 3.40E-06 4.10E-06 1.06E-04 1.02E-04 2.24E-05 5.0SE-07 
1291 ··-· - - --- f-~ciid= _9)~.,~:0-2._ -2:~-~ 1 1.:i6E~ 1.31E-os _ _!_-"o~r-4_2sE-01J 1.soE-01 1.4oi:-01 =:l:s}~:-64 =~ ?§-os _2 .·~~(01.=-·4_soE:o.f..f-2~oae:cis 
134Cs ____ Ci/Cl 1.B2E-05 2.57E-06 3.25E-06 9.05E-06 3.36E-06 1.9BE-06 I 6.2BE-OB 5.84E-OB 1.50E-04 4.77E-06 4.61E-06 8.27E-06 2.53E-OB 
,-j7cs· · ·:-cvci - 1.<ioE+o6='3"~E~£ ::!POE•~~ - 1~00E• OO ·-,--:ooE+OO 1.00E..:0·0J ·-1.00E• -6o= ~OOE_:£)_q_ 1:0~!E oq__~E~ ~ - 1~o~E~ Oo= ·=--1_Ao_E~-~ ==ii~E oi[ 
1515m ____ _ Ci/Ci ___ 6 :~_1_E42 _ - -~~~_E:_01 1.73E_-9~ -- ~-~ -E:~ -~..:.?._~E-01 _ 8.93E-01 I 9.62E·O.~ _ 8~ !._~0-~ _?..~6~02.._ _ 2.54E.:._0!_~ 2~ -:_~~~- ~ ~ 1BE:O~ _1.:.2~~_3_ 
152Eu Ci/Ci 2.45E-OS 1.01 E-04 5.28E-05 3.79E-04 S.45E-05 2.01 E-03 , 1.83E-06 1.65E-06 2.61 E-06 7.BOE-05 7.44E-05 2.26E-OS 1.6SE-06 
154Eu - . .• -- - Ci/Ci - -· 3:22E-03 - 3.68E-02 - 4~2se=-02- 2.9BE:02 3.02E-02 9.87E-02 ! 4.70E-05 - 4.iOE:os- - 1 ::iaE: o:i - - 4-.-46E:03 1.oaE: 03 - --1 ~66E-03- ~7E~ii3" " 
155Eu· - - . Ci/Ci - 1 .4BE-036 .. 60E-03 3.93E-03-i---1 "es·e:: ~ - 2.89E-02- - 1-.04E-:01 . ;·1 ·.46E-04 - i ~ 6·E-:04 2 .·13E:03-,-s.e·1 ·E-03 - S:Ss&o3- - 1~37E-03 f-i .49E:04 

226Ra -=---=- -~~~ =-cJci- · 8.77E:10 ~ 9 :~E.:_g9 >-f~E-09_= ~ .20~:.o~_3.18E-09 4A3~ -08_j_~ --~~1 ~ 1--6.4~-1q_ -=.3.58E-10 7 4.55~-09 4.34E-99_. ~-6-~_BE} O f-7~•iE-=-11-
228Ra Ci/Ci 1.6BE-06 1.09E-09 2.78E-14 6.BOE-07 2.B7E-14 9.25E-13 • B.02E-15 6.49E-15 4.BBE-07 4.25E-14 1.SOE-08 8.5BE-06 4.81 E-15 
227Ac ______ CiiCi 5.15E-09 S.14E:oa - iTGE-08 >-2-:0SE:oa 1.72E-08 1.99E-07 i 4.08E-:(jg"- 329E-(i94.53E:c;a2.45E-OB 2.34E-OB- -- ~SJE-09- 3.95~ 
229-Th ___ Ci/Ci- 3.B9E-08 5.06E-10 4.34E-12 1.58E-OB 4.SOE-12 1.09E-10 i 1.56·E~- Ll6E-12 1.74E-08 ~2- 3.52E-10 1.9BE-07 9.27E-13 
233_!~- - - - - - ~i~C.i_ _ _!_,82E-07 1-:-1°8E-1~ _ _ 2.51E~-~ _ 6.9·:i-f:9.t!_ ~ .SOE:,£ 1.23E:1 4] 3.53E-15 -3 ~~E-15=,_s~o_E-08 2.:_tl_6!=-15- ~5EJ i~ ,_is~-~-?I-. ,.....'.'.:.20E.:.!..~ 
231Pa Ci/Ci 2.01E-08 7.0SE-08 3.73E-08 1.06E-08 3.86E-OB 1.25E-OBJ B.29E-09 7.10E-09 6.96E-08 5.54E-08 5.27E-OB 4.91E-08 9.09E-10 
232U -- ---Cl/ci 5.60E-oo 6.91E-o·a s.11E .. 13 1.99E-os 7.sae., 1- - 1.21E-09 f-9.51e~ O - 2.esE:Qg- - s~s·E~10- 6 ~72E~11-:sOE:08 - 3~53e-06 --,--:29E-09-
233U ci,cT 2 .-i"<i·E.:of - :f68E-01 1.JsE-14 1 .6sE-os 1.19E-12 6.22E_ ,-,-,-s.04E-°i1 - ,·.-:isE:10 - s .39E-1 o J.siii:Ti"" s ."1 Ji::-oa- - , .3sE-os - s-:-aBE-11 
iJ4U Ciia-r--3.41E-06 2.1s·E-01 7.0SE .. Q9 1.57E-06 9.35E-07 7.17E-OS 6 .0SE-05 1.31E-04 3.39E-o5- ~1E-:06 - 4~i3E:07- ~ 1E-06 6.43E--05 
235U_____ _ Ci/Ci e--1_3-SE:07 8.91E-09 2.94E-10 6.2BE-08 3.90E-08 3.21E-06 2.7,-E-06 5.B4E: o6 1.53E-06 2.06E-07 - ,.a1E-08 3.77E: os- >-2.86E-06 
ijsu_____ f-- Ci/Cl1:10·E-:a, - 5.-e9E.CJ9- - 1 :92E-10- 5.13E-:0S 2.55E-08 5.71 E-07 4.60E-07 1.25E-06 2.16E-07 - 33"4E-OB4.84.E:09- - :i.24E-08- °"""s.61E:01 
238U - c"itCi - -3-:-o3E:os- 2 .07E-07- 6ll8E-09- 1 .41 E-06 9.11 E-07- - 7°30E:0S l-6.14 E."os 1.33E: 04 3.43E-05 - 4.67E-06 - - i.°17 E:ci?- 8.SOE-07 6.SJE-05 
;i~ii:Jp_ Cil~.!._ ,_~:~7E-:-o6•-f-i37E::-01 1.SOE-07 2.39E-06~E-07 9.25_E-07 i -=~n·f :01- ~ i_E-07 -=--(~ae: 01- --7.53!:·06- 3}_f(~~-3_E-=o£: ~ -~!:~ .!!.. 
238Pu Ci/Ci 2.47E-05 1.75E-04 3.92E-05 1.09E-03 1.79E-04 3.40E-03 4.20E-05 6.B6E-06 7 .70E-06 2.16E-04 1.94E-05 5.43E-07 B.63E-03 
·· -··-- ·- - --- - - - ----- ·-·--+------ --~------------+---~ ---·---·- - ·-----1-----+---'-----~ --------- - ---
239Pu Ci/Ci B.19E-04 9.31 E-03 1.02E-03 7.45E-03 4.64E-03 3.24E-02 t 7 .59E-03 1.27E-03 2.40E-03 4.82E-03 5.52E-04 2.BOE-05 1.29E+OO 
i,ioi>u Ci/Ci 1.42E-04- 1.47E-03 1.94E-04 2.66E-03 B.BSE-04 9.43E-03 5.89E-04 9.71E-05 1.42E-04 5.25E-04 9AGE-:0s-,-3~-:oi;1~14E-OT 
--•· - --- --- ---· ·•--·- - ------·-·--t-- - ---- - ---r---·- -·-- -- -·--- -------- -··-- - · ·· - ··---- -- - -- --- · - · 

241 Pu Ci/Ci 1. 72E-03 1.28E-02 2.79E-03 7 .54 E-02 1.27E-02 2.36E-01 1.45E-03 2.32E-04 9.35E-05 4.41 E-03 1.24E-03 3.64E-OS 3.75E-01 
242Pu ___ -- - ,__Ci/Ci 9-:-:i"sE-=o!i- S.57E-08 1.61E:0e 5.44E-07 7.37E-OB 1.67E-06 6.40E-09 1.02E-09- - 2-:S6E -10- 2.47E-OB >-7.14.E-:09- - 1--:-i4E-10 - 1-:YiE-06 
241Am ---- ····-- - Ci/Ci - -7.92E-04 - - 2"25E-03 1 .60E-03- 2:iiJE:021.57E-02 6.9BE-02 ·- 1.45E-04-- 1.9 4E-os ___ ,ijj,i·iso6--• -:SaE:03 ~-;i_",i iE·--04- - 8.43E-06 ---ie1E: 02-
243Am-- -- --- - - -cucf- - 2.eoE:os- - 4:a9 E-oe 4.9oE:Oa - 2.s sE:os- 4 .e1E-07 - IToi::--=--oe- 9.sis 10 -·, :34E:-;o 1.a2E: 11 ·1::i9E-01- - 'i".:isE-os- ··2 .s2E:1 o ---i, s·E-01 
242Cm _ _____ Ci~ - 1.93E-06 2.41E-06 1.46E-06 3.21 E-05 1.43E-05 1.01E-04 2.19E-07 3.03E-OB 5.4BE-09 ·wE-06 4ll3E:07- UOE:,o 3.7BE-04-
24"fcrii Ci/Ci 1.74E-07 1.33E-07 1.12E-07 3.91E-06 1.10E-06 1.19E-05 4.4BE-09 6.20E-10 9.91E-11 3.44E-06 1.19E-07 °To9E-12 8.22E-05-
244Cm Ci/Cl 1.40E-06 1.04E-06 3.4SE-06 1.61 E-04 3.38E-05 4,56E-04 2.34 E-08 3.17E-09 6.87E-10 8.28E-OS 2.B6E-06 4.27E-11 1.97E-03 
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APPENDIXC 

ISOTOPE TO CS-137 

Constituent Name B-203 B-204 BX-101 BX-102 BX-108 BX-110 BX-111 BY-103 BY-105 BY-106 BY-107 BY-108 C-101 C-110 

~~--- - ---- --- ~:~:~:~ci -~:~~~:~ci -~:~~~:~~ ~ : ~~~:~;- -- ~ :~~~:~~ ~:::~:~: ~ :~~~:~H ~:~~~~1- ~:;;~:~: -~:::~~~ --~~~~~6:-~H~~:g;-- ~ :~~I~: ~:;~~:~; 
:~~: ~:~i:t~ :- ;~~~t-~ :1¥,~~6-F-+~tt~~= -~{:!:~F--t~~!~~f :-{~t~~!+-!~5:f~r ·:~!~:~; ~:;~~:~;-· ::~-~~:~;--::~~~~: - !:~;~:~! ··::~!~:~~-
:~~~ . --·-· --- ---~:~:~:~~-~~~~~-~f ·:~-~g~~!-- ~:-~~~~~ ~.J::~~~--~ :~!f~~ ~:~~-~:~~=r~ : ~-~~:~~ 7 .ieE:Os· · ··- .. . - ~:~s~=~~~ l --~:~l~~ ~"~~:~~ 
90Y - a~e-iE:-01- a:a-1E:01- --3.soe+oo - 2~2E•OO 6.98E•OO 3.00E:-01 3~00E-:-01 ,-f52E=-01 1.19E+00 7.0SE-01 1.39E-01 s~s6e:017-fi.18E-:o, 2.52E-01 
93Zr - . . ... - - . 8.46E:o6 ·- - 8 . .4.SE-06- - 1.33f.°iis" . 3.83E-06 -- ·s :.i1 E-06 - -3-.37E-=-os - - 1 .22E:-04 T 9.03E-os· --i41E-:-o·s · ";fcisE:05 - - iiiiE-05-- -1.01E:os l :i:S1 E::-os 3.31 E:-os-
99Tc - --- . . . J 5.85E-05 . - 5.86E-05 - 5.17E:04" - 7.40E-=-ciT . -f42E-03 4.56E:04-· 1 :29E:-o3 T 1 :24E.-03- ·4 _-6-6E-04 - - s:s·sE:-04 - - -4.48E·-·o4 -- 1::i°4E-04- l .. 2.51 E:-04 - 1 .83E~OJ-

1061fu =.: ---~.:~ -- ·~ i-_o:i(J f : - 2_:0JE":)2 - - ~-~?~-0~- - 4.~t E:j o __ - ~:6:i_B"L 1.5_!(~~- ---=-~,~~_(_os-: -~-16(~8- ~l s_s(Q( :J:8_6("6~1 ~}:~ii E~o( -~:3~E~_?= r _!)3~=-§a~_f ~fE~4 

~ ~:!~ --···-- -- - ~:!~~:g:--~:!;~:i: -~:ii~:~-~--+;i~{:-~ }~}~ci - ~'.~t~:--H:~:-i~ -j-~J:t~:-- -ti:~~}- -{;:~rii-+{d;~~~} -H}~~-~-/--~~i~~~~ }~~~~~i- -

137Cs 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO i 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 
151 S_m ~~:. =-= -_·-f 75E~ 3 ~ =-~-~ ~f -~ ~J :.Q~~:02 :· j .01(0:i- -~1~f:~3 _t 41 ~02 ~- ~ affi ( o2 ~ i 6 .~s_~ot · - 2.:_4}E.:~f ::.?-_9ofo2 = -~t ?~~-~2 :.:_ _ [ 26(03 _:I 2 :8QE-02- ~-I fi~E~?-= 
152Eu _ _____ _ 8.81E-06__ 8.81E-06 4.24E-04 __ 2.21E-06 _ 1.49E-06 _ 1.09E-05 .. 3.98E-05 ! 2.94E-05 _ 1.16E-05__ 1.34E-05 _ 1.14E-05 4.0SE-06 ___ 9.71E-05 3.22E-07 _ 
154Eu 4.36E-05 4.34E-05 2.98E-04 1.20E-05 2.10E-05 1.28E-03 4.76E-03 I 3.52E-03 1.31 E-03 1.58E-03 1.26E-03 1.98E-04 3.31 E-04 6.18E-06 

~~~~~= - -==-~- -~ : :~~:~~ --~~::~:~; --~;:_~~;~--~~~~~~_:_ ~:;~~:~~ ~:~~l~_ --~-:~~~~~1_l;~~~; __ _];~~-~~~~- -::_:~~:-~~ -~ : ~!~:~~ ~~~~~~~-=1-~ :;~~~~~ ---~~;;~;~_ 
228Ra 2.56E-14 2.56E-14 1.07E-07 1.26E-07 6.34E-15 4.02E-06 1.51E-05 I 1.12E-05 4.16E-06 4.97E-06 3.98E-06 1.15E-06 2.94E-06 4.38E-15 
2i1Ai: -·-· - · 2.1o"E-09- - 2."i°OE-09 7.94E-08 3.89E-07 1.GSE.°09 4.89E-09 1.73E-08 I 3.75E-08 4.89E-09 5.74E-09 4.73E-09 1.SJE-09 · 9.02E-06 1.49E-09 
229Th . . - - - -- ··4:9sE: 12 · 4 .94E:12- 2.50E:og· · · s .69E:cia - T22E:12 9.30E-08 1.51E-07 I 2.61E-07 9.60E-08 1.15E-07 9.17E-08 2.67E-08 ~ 1.34E-06 8.44E-13 
232Th -- - - - --- . .1.·3~E_:_1_5 2.23E-15 1.:!?E-~_ -~-~~~~9 _ 1.56E-15 1.49E-07 - 2,:i°{E:01 - :- 4. i2E-:-oi - . ·1:s} E.:Qf - ~~83f ~?-= ~=!:~(o?°· = 4.2fE~8 = - 1jj fo1 - 1-:-oJE-=-i ·s -
231Pa 4.85E-09 4.83§~ 4.~E-09 5.74E:_~ 3.~?E.:92_ 2.~_:lE-0!'1_ ....?:.~4_E-08_; _.!:_02_E-07 2.47E:_0~ _ 2.94E_:.~~ _ 2.~_~§_-08 _ .• 7.:2~E:_Q9 
232U 2.59E-09 2.59E-09 .. 5.51E-08 1.38E-07 4.93E-09 7.44E-07 9.95E-06_•, 7.48E-06 _ 1.48E-05 1.21E-06 2.45E-05 4.79E-05 5.14E-05 
23-JU . - - - - - 1.18E·10 2.02E-07 5.36E-07 2.49E-10 2.85E-06 3.81E-05 , 2.86E-05 5.67E-05 4.64E-06 9.42E-05 1.83E-04 1.99E-0_4 _ _ _ 
234U _____ 1.29E-04 1.99E.:_~ ~2tE-05 2.78E-04 3.87E-05_ 5.SOE~ 2,~7E-~6 1.4~E~5 _ _? _~0~-07 1,2_~~~5 1.JaE·:os 8.15E-04 3.74E-05 
23.SU --- __ .. --- ·• --- ··---- -- - ~:?_5E~06_ - ~·9!~0_6_ 1.4~!:-~6 _ _ 1.24_~~5- 1.35_~~-- --2c2.~E: 07__J _8.:54E: 0_!1 __ 6.07_E~O~ _ 1.22_E_-_oe __ 5.~~E:PI.... s:2-iE:07= -=i}) E :05 _ 1 :~e~os-=: 
236U 1.13E-06 1.13E-06 1.27E-06 2.22E-07 2.28E-06 3.06E-07 1.18E-07 _ I 7.48E-OB 1.99E-07 1.10E-08 2.85E-07 4.39E-07 1.42E-05 2.39E-07 
238U 1.31E-04 1.31E-04 2.02E-04 3.25E-05 2.82E-04 4.14E-05 5.03E-067 1.92E-06 1.37E-05 2.74E-07 1.18E-05 1.17E-05 8.09E-04 3.78E-05 

~~~~~ -------· --- {1!tci;- -}~}~:~i- --~:!~~:~~ -1:~~~:6:- ~1}~~-~--+;~~~~--H}~:i~-i-;:i{~~it-~ :;~~~~:--~ij~:ii -~:!~}~i --~tt~;- -¾J:~tj -}:~i~~~} 
239Pu --- - 1.18E+OO 1.46E+OO - 4-.7oE:a3 5.25E-03 2.34E-03 2.35E-03 4.02E-04 I 2.99E-04 1.99E-04 7.44E-05 1.49E-04 1~46E:04 2 ·.40E-01 - --•.oiE--03-

~:~:~--- -- ~:~:~~: ~ :~~~:~: •-~;~:~~ ~ :~~~:~-~ °T54E-04 ~ : ~~~:~: -~::~~:~n ~:~;~:~! ~ :~~~:~! ::!~~:~!-~'. j~~~~F ~~ ~i~:~!- ~}~{~~~ ~: ~~-~r~ 
242Pu . -i.°59E-:ai; 1.95E-06 1.22E-07 2.B1E-08 2.97E-09 3.28E-09 3.57E-09 I 2.39E-09 - 1~9-1°i::-09 7.17E-10 1.31 E-09 , 1.JOE-09 - 12 01~:05 4.6iE-:-10-
241Am- ·- . -9.67E:03· - 1:1i:IE:02 - 9.89E:o:i 2.17E-02- - 2x6·E:0·3 7 .1 8E:os· - - ; :1a·E-04·-,2_92·E-:-04 - 2 .74·E=-ci4- - 1-:-1s·E-0·4-- 6 .60E:os . 7.04E:af - :i.1iE-0·1 --·r 1·5E-06-
243Am - ---·- ·- ··1.iisE-:08- 9.67E-08 7.49E-07 1.41E-07 1.70E-08 UG-E-10 6.14E-09 I 1.01E-08 9.43E-09 · s .ci1E-:-a°g· 2.26E-09 1.06E-09 2.78E-06 3.20E-12 
242Cm 9.46E-05 1.16E-04 -- 1.94E-05 2 .26E:04 6.83E-06 1.29E-08 3.05E-o9j 5.18E-09 3.35E-08 9.84E-09 1.14E-08 1.90E-08 5.SJE-03 1.i9E-09-
i43Cm _ __ _____ 2.04E-os 2.soE-06 - ioilE-:Os - s:iiaE:·os 1.4o"E-01 9.70E-10 6.2sE-11 1.16E-10 6.88E-10 io2·E~ o- 2.34E-10 3.81E-10 1.29E-a4 1.il1E-=-i1 
244Cm 2.00E-06 2.46E-06 5.53E-05 4.62E-06 4.00E-07 8.02E-10 8.61E-10 1.36E-09 1.54E-09 8.82E-10 4.23E-10 3.65E-10 1.04E-04 4.90E-11 
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ISOTOPE TO CS-137 

Constituent Name C-111 C-201 C-202 C-203 C-204 

APPL . C 

-+----l-- --- ---1---- ·-- - - ·-- -- - ·- ---- ·----·- _____ , 
S-104 SX-104 SX-107 SX-108 SX-109 SX-110 SX-111 SX-112 SX-113 
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APPENDIXC 

ISOTOPE TO CS-137 ~ 

-~~:st~t~en~ame . SX-114 - SX-11~ T-101 ~::- - ;.~:- T-107 T-108 - -T-109 T-111 --~:-105 ,- TX-107 TX-110 TX-113 TX-114 

3H 6.63E-04 9.38E-04 6.65E-05 5.99E-05 3.21E-05 1.BOE-05 2.BBE-04 5 81E-04 1.63S04 8.10E-04 1.29E-04 7.21E-04 7.83E-04 . 6.72E-O• 
14C 3.34E-05 5~09E: iis - ···1 :27E-05 __ J .O?E;O(_ =•i.°~?~~ __ 4:~o~(o~ ~- _ {se_E~os ~ ~-6~.foj ~ _ -~-J3(cis ~ -~-) ~(o,i - ~ 2:i_3E-0_5 _ _ 1.0·1E:04 1.11 E-04 9.48E-05 
59NI -i62E-os· · -8.0SE-05 6.81E-oi 5.77E:07 __ 1_,33E-06 .. _ 1.3~E:06 _ 8:09E-05 j __ J.76E:04 __ __ 3:29E-04 _ _ 8.81E-06 __ _ 1.46E-0_6_ 7.54E-06 . 8.4 i E:os· -~~OE-0( 
63NI 7 .48E-03 7.61 E-03 6.73E-05 5.70E-05 1.23E-04 1.15E-04 7.27E-03 I 1.SBE-02 3.59E-02 8.GSE-04 1.42E-04 . 7.38E-04 . 8.22E-04 7.40E-04 
60Co - - .. --- - - 3.07E-05 4.16E-05 1.44E-05° . ·-1.-20E:Of i:99E-06- - · - sX1E:01 .. 9.73E-06 - -- , .96E:os - 2.4o r.:::03· . · 1.27E-04 . 2.03E--05- 1.14E-04 1.23E-04 . 1.0SE-04 

90Sr~~~ ~-=- "}..32E~OO ~ .. 3}2~~00~ 7-~'.~~o-~ ·. 9.~(~i~_ ...!:~~Af - ~ -77E~O- T~E+O~:_jJ_7~•·oo· _fi~!:~01 - 3.~~-E-~1 -· ~ ~~1ifo2_· - -i~IE:o( ~ ~{3o_(:-o_!_ . 3.~!!E:_O[ 
90Y . . _ _ _ .. ___ 1._~2E~OO __ 3.72E+OO __ 1_. 2'.E+OO _ _ 9.~4E:01 ___ 1_.5_'.IE~OO_ .. J-?7_E~OO _ _1_. 58E_~OO_J.. 2. H _~oo __ _ 3:_2?E~_01 __ 3.84E:01 .. __ 7._07E-02 t 3._93E:01 __ _ 4'.~0E-01 _ _ ~.48E..:_O~ _ 
93Zr _ .! ·B~E:04_ __1.3~_E-04_ _ 4_:BGE-06_ ~ .1_2E:q~ -~ 87E_- 0_6 ___ _'.I 6_1E:06 __ ~.6GE-_05_ 1_a_84E-0_5 _ _:i 93E:_9~ ___ 5.84E-05__ _1.0) E-O_Sj __ 5.48E:q~ ___ 5 8~E-O~ __ t 5.00E:05 _ 
99_!c______ 2.6~~0i._ ~-JOE_:!)4 _B~~E-05 7.36E_-E~. --~:3_!1~-05 _]J_B_E:~~ ~:2.~E:£)~ _;_ ~2~:0~ - ~-~_9E.:_02 __ 8.2_~E-_o_~ __ 1:31_E:O~ __ !:!~E:~4- J _86E:O~-- ?~?_4E:!)4_ 
106Ru 7.28E-09 8 85E-09 · 2.43E-09 2.39E-09 1.BSE-10 1.51E-14 3.SOE-12~ 7.73E-12 5.69E-12 2 26E-08 3.93E-09 2.23E-08 2.32E-08 1.99E-08 ~:·:!~ ~=-=-·= _1.11E:04·- ·1:~2E:-04- .. 629E:os- - 525E-05. . 4 .53E-:-os .. 3.46E-:-01 - 8~47E:o6 - 1.77E:os- - -1 26E:o·s- - s.:ie·E-.-04 .. ·s .aciE-05 - . . 4.9.BE-04. - s·.31 E:04"l 4.53e:-04:=_ 

1291 _______ _____ : ·;:~~~- --~)~~:~~±_::;~t~~-__ :_:~~~:-~~--~~~t~; __ ;·:~~~~._:_ --~;~~-~;~-}l~~;~; __ -~{:~:~-~--__ ;~.75;~:-~~ -- -~:;~t~~ j· _:-~:t~: _:·:~~:~t __ ;_:~-~::= 
134Cs 7.43E-06 8 66E-06 2.16E-07 2.91E-07 1 94E-07 5.48E-09 3.77E-07 8.21E-07 5.36E-07 9.27E-06 2.20E-06 8 52E-06 8.51 E-06 1.57E-05 
137Cs ------· · 1.ooE+OO- 1.00E+OO 1~0E+o·o 1:-ooE+OO 1.00E+OO 1 .00E+OO- ~OE-+oo·,.- , .OoE~o · 1.00E.+001 :ooE+OO (ooE+oo · · ,.ooE+cio- - 1.00E+OO 1.oo·E.·•00 

~;!E-=-=~~ -----:· H!-iif-~-ii!-U~ =Hi~f =Hii;if ~:ii;;~ -::Hf.I!~ ~fiUI!~,,~HH:~f 1:iitif =ii;;~H~ ~J;~t!ff~!l!i~~~--i:i!Hf: T;i~~ 
155Eu 5.15E-03 2.90E-03 1.76E-04 1.60E-04 4.79E-04 6.79E-05 8.56E-04 1.68E-03 3.83E-03 7.69E-04 1.64E-04 8.79E-04 8.71 E-04 7.45E-04 ~~::: =:=~~~ -~r~t~: ~:;:~:~: :::;~:~~ ~:~:~:~; ~:!~~::~ H~fr~-- -ft~:~}{=ff~~~l~~-~i-i~1f lj~:~f l~~-:if -{;~~:~~~ =:Ij!:i~T~'.:·i~~if 
22·7 Ac- -. - - .. - - 3.07E-08 2.BOE-o·a - 2.-42E:10 - 3)3E::-01 8 .38.E-10 2:0aE-09 1.52E:0e T 2.69·E:oal· - ;·,7sE-:0a- - 3.73E:-og- -1.02E:69- - 3.34E-09 . i69E-09- i - i 16E:og-

229Th _ _ _ ____ _ _ _9. .SOE.:,1_0 _ _ ~04.1E-_Q_9 __ 3 .2~E.:_1_1 __ ~S?E-08 ...!:~~-E_-.!_2_ J-.!.~.E~2 _ __ 9}!.~:_!2±·· 1_:6~E:!!.. . --~ '. ~3-~ .!._ _ 2_. 1~E-OJ ___ 3:?! ~0-~-- · 1..:?_9E:~8.- _2.:£)_! ~:O~ 1.72_E:_0_.l!_ 
232Th 5.25E-10 7.84E-10 2.31E-10 5.92E-09 1.87E-15 1.43E-15 1.35E-14 2.53E-14 1.69E-14 5.74E-OB 8.51E-09 4.75E-08 5.34E-08 4.56E-08 
231Pa _ - ---- _ 5.10E-08 4.11E-08 1.03E-09 _ 5.53E-07 1.93E-09 4.33E-09 _ 3.28E-08 ~ 5.BSE-08 3.BOE-08 1.64E-08 3.03E-09 1:•?E:_08_ _!_.6_(E_:_OB_ ~e~( 
232U 9.95E-07 1.91E-06 3.20E-OB 6.30E-06 6.B7E-09 7.17E-09 7.01E-09 j 1.19E-09 1.13E-07 4.16E-07 2.64E-08 1.SBE-06 2.49E-07 8.19E-07 
233U - 3.81E-06 7.33E:oo - - ; .OJE:-07 2:4sE:-os 2.43E-10 - 4.30E-:io - iasE:;·0-1 - 5.63E-1 1 - - 5.84E:og- - ·1:sciE:·00 ; - ;~OIE-07 6.07E-06 9.Si E·-o-,- !.14E:0·s-
234U --i:87E--_-05 3.iBE-05- ~:os 5.14E-05 1.61 E-04 6.0SE-04 4.BSE-04 / 5.56E-05 6.65E-03 1.19E-06 6.57E-06 4ToE-:06 - 2-:-oa·E-06- 1.45E-06 
235U 7.52E-07 1.54E-06 - 3-:-53E-06 ""T.18E-06- - 6.72E-06 2.72E-05 2.17E-05 ! 2.46E-06 2.96E-04 5.17E-08 ·- 2~se:07 1.76E-07 9.09E-08 - s·.1se:-oe-
236U 1.a2E-01 1.•9E-os -s:i'cisos - ;-:-,fE-06- - -1.·iije::oo 3.a7E-o6 3.soE-o6 , s .20E-01 s .33sos- ·- 1:SsE:oa - - <l26E:oa 6.a2E-oa - 2.ssE-oe - i92E-0a-
23su . 1.60E-05 3.31E:-os --6~6BE-05 4.96E-05 1.45E-04 6.13E-04 4.92E-04 I 5.65E-05 6.74E-03 1.16E-06 6.65E-06 4.00E-06 2.0BE-06 .i.°39E:-oi;-
237Np- · - ·· - ·- 1 . il°E-06 1.82E-06 3.16E-07 . 2.60E-07 2.40E-07 1.91 E:01 1.97E-06 _ l_3.77E-06 - 2.54E-06 2.97E-06 4.75E-07 . 2.SBE-06 

1 
2.84E-06 2.43E:06-

2:is·Pu . -----· .. 5,94E-05 -3~4·E:-os - - 2~68E:-04··· - , .-i1E."04 · s .-3BE: os 3.66E:-o·s 1.JSE:0-417.-,s-E-05- - SA2E-03. --4.78E-06 8.47E-07 4,92E-06 5.92E-06 4.44E-06 
239Pu - ,-_ 30E-O:i- - :fo3E-03 7.44E-03 5.BBE-03- - i°36E-03_ 1.15E-02 2.-47E:0·2-r,·.1 gif.ci2 8~26E-01- - ,-_13£:04 33si;:os 1~87E-04·- - 2:gtie:-04- 1.85E-04 
240~u -=--~--=-=-~= _ V~~E:O~-- _ 2J8E-04 __ 1.~:'_E.:,03 ___ 1.0?E:<J3 ___ 5_._!0_E:O.~_ _32_5E.:_~_'.I_ _ 1: 90E.:O? _1_ 9._73_E.:_0_4 __ 7-.1~E: 0_2_ __ 2,86E-05 _ 5. 17-E-06 - icioE:os- - 4~14E-05- - 2)9E:os 
241 Pu 2.B9E-03 1.93E-03 1.10E-02 1.13E-02 3.82E-03 4.32E-04 4.57E-03 l 2.64E-03 2.13E-01 3.14E-04 5.SBE-05 3.24E-04 3.69E-04 2.89E-04 
242Pu . - -- -- . --- 1 .63E::oa . - 9.-15E~09 - 2~0E-08- --3.19E:oa - ·-1~2sE.:oa 1,i2E_:0_9 - ~~ (~~=1-=:1.Ts:fq~_ =~9_:.5S(E7 ~1_.? 1( ~9-=- :~~-E7_E-10_ .I~~~:W. ~_1-~!if.69 - -·i,S~E]lj-:: 
241 Am 1.82E-03 4.63E'.04 . 1.65E-05 1.41 E-05 4.47E-03 1.13E-03 2.72E-04 ; 1.58E-04 2.75E-01 2.16E-04 3.65E-05 2.0SE-04 2.19E-04 1.BBE-04 
2,faAm 7.82E-OB 1.41E-oa 6~34E: ,o 5.32E-10 3.60E-oa 1.B4E-09 ,- 1~i°ciE::09 1~3-~os i2iiE:oii- · · ·1.iaE:09 7.2ai:::og · 7-:"s4E-09 6.47E:-og-
242Cm _ ___ 3.71E-06 6:04E::07 · 6 .43E-_-cia 5.88E-08 3.47E-05 6.09E-O?T 3.61E:07- 2.42E-03 5.01E-07 9.SBE-08 5.67E-07 5.60E-07 «OE-:-oi 
243Cm '3°}3E-07 1.38E-08 4.84E-09 4.23E-09 7.83E-07 1.89E-08 1.24e:-o8ii39S09 4~7E-05 - -- -- 5.25E-08 5.18E-08 4.44E-08 
244Cm 1.13E-05 1.0SE-08 5.01 E-08 4.0BE-08 1.07E-06 4.B4E-08 4.0SE-08 , 2.42E-08 4.SSE-05 4.81E-07 8.31 E-08 4.72E-07 4.92E-07 4.22E-07 
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l_~O_TO~~ TO_<_:_S.:!_3_7-+-----+- ---+----,~----+-----+----1------+------+------+----+- ---+------- • 
Constituent Name TX-115 TX-116 

-- - --- -- ---
JH 8.11 E-04 4.82E-04 
14C ·- - --- - -- 1.15E-64-- 7.o9E-05 -
59Ni ·- ---- ·- - -- - ·- ii.aoE-06 9.84E-06 

63NI 8.62E-04 9.27E-04 

TX-117 TY-101 

5.33E-04 3.88E-03 
7.75E-05 3.71E-03 ---- ··- -- -
8.44E-06 2.33E-03 

---·-- ·- ··· . . 
8.10E-04 2.11E-01 

TY-103 

1.64E-03 
6.9BE-05 
2.96E-05 

·2.a:ilf-03· 

TY-104 TY-105 

1.SBE-05 3.09E-04 
8.51 E-05 1.00E-04 ·-. - .. ··-· 
9.55E-06 1.21 E-05 - - -- ---
8.74E-04 1.10E-03 

TY-106 

5.43E-06 
6.48E-05 
2.13E-07 ----- ---
1.92E-05 

U-101 

6.94E-06 
1.99E-05 

1.oJE:01 
· s .11E:05 

U-104 

7.38E-04 

U-110 

1.11E-05 

AVERAGE 
ISOTOPE/Cs-137 

RATIO 
4.15E-04 

9.4BE-05 1.33E-05 1.1 SE-04 
1.1oe--oif -·il:o2·E:oi · · - ... i .7iE-04--

1.01E-03 7.92E-05 2.70E-02 
60Co· --· .... -- - -- (27E-04 7.57E:os ·e ~32E-=-os- -1.44E:02 - ,-:-0·:i'E:04'" ··2:02E:04 . --6.33E-04 1.72E:01·- --3.44E-07' 8.35E:os· ;1_42E-07 - --- 5.22E~---
905._r~~---=-=--=~~--:-- 3.86E-01 2.67E-01 2.73E-01 4.34E+01 . 6.33E+OO- - 2:a9E+OO - 2.-44-E+ofTfBE•OO 3.73E+Ci0 ·h-:soE+66_ ·1 .29E-;o1 '" --, :12E+cii __ _ 

:~;r ~ !:::~:~! -}:~f~i- ~:~!~:~! ~--~:~~g; ~ --~~~~g~ . ~--~~~~ii_ .. !-.~~~~g~ _1 

~--~~~~g~ _ ~-:~~~: t ~-.!~~~g~ _ ~-~~~~g; ______ ~--~~~~i; _ 
99Tc- _ 8.23E-~4 _ - j .:.o~_Qi _ . ?Ji2E:04_ .J 1_~E-_0_2_ 1.10E-03 _ a:2-~-~:0~ - -~-~9E-O_~ __ _ 6,?_~_E.:,~3 ~ _,?OE-_q? _ t _6.~_sE:9~ __ 2.77E-.o~ _. ___ __ 1~92E:q_~ _ 
1_06Ru_ ~~~ :=.:=.: __ ipE-g_~q J.:.2~_:9~ 1J?_E-q!) _?_. ?_3E:J_1_ 4.22E-08 3.75E-13 4.07E-12 7.17E-14 8.11E-15. 1.36E-08 1.04E-14 9.23E-07 
125Sb 5.38E-04 3.18E-04 3.49E-04 0,00E+OO _!-~~~~~- 7.81E-07 __ 9.04E-06 _ 1.59E-07 _ 1.86E-07 -~--3.09E-04 .. 2.38E-07 _ _ _ 3.92E-04 ____ _ 
126Sn --- --- 1-:-aoE-:os ·1.09E: os 1~21 E:os- - 2-:-:iiE-..-04 3.68E-05 1 01E 06 1 35E 05 2 38E 07 7 71E 07 I 1 77E 05 9 89E 07 4 31E 05 

12s1 ~~:. --~---=--·:-=.= . ..} .5~E.:ol? __ 9.?_sE:o! .. ~-~-01E-=-~s= -=f ~·o_E-:04 ~_:i'.2~_E-=-o( - ~\~E:j( ~.3:~a~:os_:-_, .:)A~ E~-f. ~'._i a{o~ . ~~::{ 2:2E~cii~ _ ~}~~:oa:::: = \2a~:oo-~-~ 
134Cs 9.43E-06 5.30E-06 4.03E-05 - ~~_0~:0_5_ 172E-05 _ 2.76E-07 8.48E-OB_ 1.99E-09 __ _ 1.98E-10 I-- 1.60E-05 _ 2.49E-09 7.99E-06 
137Cs 1.00E+OO 1.00E+OO 1·.ooE+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 1.00E+OO 
151Sm-. 4.20E-02 2.56E-02 2.82E-02 5.71E-01 8.59E-02 2.48E-03 3.35E-02 5.89E-04 1.96E-03 4.14E-02 2.51E-03 1.01E-01 
1s2eu ---- -- 1.J1E-os 1.a1E-os a.s1E-0s 3.s2E-04 3 :10E-os- - 4.aoE-os 4.21E-os 1.12E-os 4.ssE-01 , .,aE-:Os 4.11E-01 2.23E-04 
154Eu - i_o-4E:03 1.19E: o:i 1.31E-03 :i:T!iE: 03 3.97E-03 1.49E-05 (nE:oT - 3~09E-06 4.62E-06 1.52E-03 5.92E-06 4.69E-03 
1ssEu ___ ____ - 7.79E·:o4 _ ·;1.74t.·04 s :14E-04 _ - 2A°aE:02 2.:ig'E-03- --:iA!iE-04 3 _-17E-o3 1.JoE:oT s ·_94E:os- ·-:;_42e:04 ·_ - s 2:ie:os --[- 1.41 E:oi--
22sRa 5.68E-10 4.49E-10 4,48E-10 3.88E-08 1.46E-09 1,56E-10 2.46E-09 4.31 E-11 1.00E-09 9.73E-10 6 49E-10 1,99E-08 
228Ra - - -- --·· --9.34E:o7 6.76E--07 - ,-_ooE:06 - - ·, .1 ·1 E·:12 - Tosso·s-- ---, .67E:-,4- ·1.51E:13 6 54E-1s· - s .2sE:1 s · - fo,e:oa- s:saE-15 - - -·•-1 ~04E-06 ··--
227Ac -- - 3.71E-09 2.86E-09 3.01E-09 200E-07 9.13E-09 8.0SE-10 1.26E-08 2.21E-10 2.51E-09 511E-09 2.0BE-09 2.46E-07 
229Th ---· ---- - 2:,sE-OB- -··, .s·iE:oe 2~31E-08 - 2.16E-10 4.72E-08 3.25E:,i 31i E::-11 i .27E=-i""2 1.2of:12 - 2.95E:og . -,-:OaE-12- ---4:-i9E:-os--
232Th,. ___ ---- • · s .frE-oa .. - 4_1iE-0s s~10E-oa - 2:06E-i3 . - T.24E-0,- - a :a4-E=,-s- , 22E-=-1.i- --2~,-4T"is - 1.s1E:,e- • · 1:JsE-00- · ·ii.ii1E-,s- - ,i_ ,oe::oa - -

2:iif'..a =--=- - - __ _ 1 64E-08 __ 1.14E-08 1.28E-08 4.40E-07 3.63E-08 1.78E-09 _ 2_72E-08 _ .. 4.79E-10 _ _ 2.32E-09 1 96E-08 _ 2.98E-09 --J-- 2,SSE-07 __ _ 

232U _ --- - _ < S7E-06 . - '"~'"'"-- 2'"''" _1. 7~.S-.08 . . IC"~-. - '""''~-- __1.92,C06_ J .'."·" . . .'-'":!!'. _ 6 ,,,_-0, __ 1 67E-OO l'· _ ,,11_,.,,. __ _ 
233U 1.79E-05 1.42E-06 2.09E-06 3.58E-09 2.99E-05 1.89E-10 9.51E-10 1.40E-10 2.32E-11 2 62E-07 9.96E-11 1.22E-05 
2:i4u 3:aJE-06-- -3.51E::-05 ,.--s,E:os 3 2·iE:03- - :i:iilf.'6,i- 1.1iE-04 - ,- 02E-03 1.soE-04 - 3:21E:os-· 1.:iiiE-0s 1.4iE-=04 2~41e: 64--
2:isu ___ - - 1':"s4E-07 -,~4"sE-:a, 7.87E-OB 1.44E-04 USE-05 7.57E:o"i; 4 53E:os s·_67E-06-- , ·:4iE-06- -6.25E-:-o7 6.34E-06- - , ·osE-05--
iJGU - ---- - -- --, :i4E-Oi -3.72E: oa .. 2.49E-OB - 3.33E:os·· 4.2-1 E-06 1.7SE:06 - 8.75E-06. . 6oe=-os - 2-:-o!iE:o-; . 9.SOE-08 'a:iiaE::-01 ·t·--2A6E-06--
238U ___ __ ... - - ... 3.39E-06 . -·3.32E:06 -1.79E: os - 3.32E:o3 - -4 .03E::-o4 - us·E-04- - 1.04E-03. - 1.53E-04 . 3.31E-05- - , '.4'1E:-os· - · 1.42E-04 - - · ·2:.i2E:04 - -
237~p -=-:=-----~--=- . 2.9.7E:os ··1 .BSE-ciif . - ~ri2E-:os- - 3-:-i'JE:-os 6_-19E-06 - ~iE-:01 . ·; :s3E:-os - 3-:-21E:Oe. 1 ~o3E::-07 - 2.39E: os· ·;3' 1E-oi · . - - , .92E:oo--
238Pu • vs·E-06- · 4.53E:os - 3:iliE-:-os - s.iiiE:of. -,.2sE-:04 - 3-:-s:iE:os ... 4 .7BE-:-os- ·-1_-36E:os-- 2-:-oJe-os- - 3~0E·:05 · 2.ii2E: os ---- 1.19E:oi-

~!~:~--· --- ;:~;~=~: -1:ii~:i: H!~¾}- -+~~:~~ ::~}~:~~ ::~:~:~! -~~:~:~!- H{~~!- {l:~{t __ !;~;~6t -:~t.:~!~-~=~~~-~-~:~~=:::: 
241Pt,----··-- 3.17E-04 2:45E-04. 2.35E-04 2.42E-01 6.SOE-03 1.SSE-03 1'. fgE:-03 5.36E-04 2.39E-04 2.33E-04 3.46E-04 6.76E-02 
242Pu · - - ·· - - , .72E-09 1.25E-09 1.21E-09 1.10E-06 3.23E-08 7.07E-09 8.48E-09 2:42E-:-09 · 7.32E-:10 · 1:16E:og·- - 1.osE::-09 - - --:i.23E-07--
241Am 2.17E-04 1.12E-04 1.26E-04 1.53E-03 2.25E-03 8.83E-04 8.21 E:05 1.44E-06 _ 2.25E-04 _ 1.86E-04 __ _ 3.35E-03 _l _ __ 1.88E-02 
243Am ... - --- 7.32E-09 3.81E-09 4.29E-09 1.0BE-08 7.52E-08 6.30E-09 5.72E-10 1.01E-11 6.29E-10 5.67E-09 9.40E-09 i 4.19E-07 

~:~~~ ------ ~~~~-~6~- -~ :~;~~~ ~ : !~~:~~ ~~r:~~- ::~~~:~~ ~ :~~~; ~::~~:~~ ;:~:-~:~~ -~ :~~~~ -;:~~~;n_~~; __ 
2«~ 4.84E-o7 2.soE-07 2.esE-07 2.4BE-07 s.o4·E-06 1.soE-07 2.JBE-10 s .ssE-09 3.28E-o7 1.43E-oH 4.77E-os 
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APPEN-DIX D • APO DRILLING 

ANNUAL POSSESSION QUANTITY FOR DRILLING 
NUMBER OF BOREHOLES PER YEAR 10 

AVERAGE DEPTH OF CONTAMINATED SOIL PER 
BOREHOLE (OCCURS AT 10-INCH BOREHOLE 20 FEET · 

DIAMETER) 
VOLUME OF CONTAMINATED SOIL (20 FEET 

10.91 FEETA3 
LAYER IN 10-INCH BOREHOLE) 

MAXIMUM VOLUME OF CONTAMINATED SOIL 
12.54 FEET"3 PER BOREHOLE+ 15¾ EXPANSION 

MAXIMUM VOLUME OF CONTAMINATED SOIL 
PER YEAR+ 15¾ EXPANSION 

125.45 FEET"3 

DENSITY OF SOIL 97.5 POUNDS/FEETAJ 

TOTAL WEIGHT OF CONTAMINATED SOIL PER 
1.22E+04 POUNDS/YEAR 

YEAR 
TOTAL WEIGHT OF CONTAMINATED SOIL PER 

5.55E+06 GRAMS/YEAR 
YEAR 

MAXIMUM AVERAGE Cs-137 CONCENTRATION 
3.30E-04 

CURIES PER GRAM 
SOIL IN CONTAMINATED LAYER OF SOIL 

AVERAGE 
AVERAGE CURIES 

ISOTOPE TANK Cs-137 
RATIO 

PER GRAM OF SOIL 

3H 4.15E-04 1.37E-07 
14C 1.15E-04 3.79E-08 
59Ni 2.77E-04 9.15E-08 
63Ni 2.?0E-02 8.90E-06 
60Co 5.22E-04 1.72E-07 
90Sr 1.12E+01 3.68E-03 
SOY 1.12E+01 3.68E-03 

93Zr 1.30E-04 4.29E-08 
99Tc 1.92E-03 6.34E-07 

106Ru 9.23E-07 3.05E-10 
125Sb 3.92E-04 1.29E-07 
126Sn 4.31E-05 1.42E-08 
1291 9.28E-06 3.06E-09 

134Cs 7.99E-06 2.64E-09 
137Cs 1.00E+OO 3.30E-04 
151Sm 1.01 E-01 3.32E-05 
152Eu 2.23E-04 7.36E-08 
154Eu 4.69E-03 1.SSE-06 
155Eu 1.41E-02 4.65E-06 
226Ra 1.99E-08 6.58E-12 
228Ra 1.04E-06 3.42E-10 
227Ac 2.46E-07 8.11E-11 
229Th 4.19E-08 1.38E-11 
232Th 4.10E-08 1.35E-11 
231Pa 2.SSE-07 8.43E-11 
232U 3.17E-06 1.0SE-09 
233U 1.22E-05 4.02E-09 
234U 2.41 E-04 7.94E-08 
235U 1.06E-05 3.51E-09 
236U 2.46E-06 8.11E-10 
23BU 2.42E-04 8.00E-08 

237Np 1.92E-06 6.32E-10 
238Pu 1.19E-03 3.92E-07 
239Pu 1.0BE-01 3.57E-05 
240Pu 1.14E-02 3.77E-06 
241Pu 6.76E-02 2.23E-05 
242Pu 3.23E-07 1.0?E-10 
241Am 1.88E-02 6.21E-06 
243Am 4.19E-07 1.38E-10 
242Cm 1.47E-04 4.SSE-08 
243Cm 5.12E-06 1.69E-09 
244Cm 4.77E-05 1.SBE-08 
TOTAL I 

990526.1013 ATI D-1 

DOE/RL-99-34, Rev. 0 
05/99 

. 

(AVERAGE FOR LOOSE, DRY SAND & 
GRAVEL-MARKS STANDARD 
HANDBOOK FOR MECHANICAL 
ENGINEERS) 

TOTAL POSSESSION QUANTITY 
CURIES PER YEAR 

7.60E-01 
2.11E-01 
5.0?E-01 
4.93E+01 
9.55E-01 
2.04E+04 
2.0-4E+04 
2.38E-01 
3.52E+OO 
1.69E-03 
7.18E-01 
7.88E-02 
1.?0E-02 
1.46E-02 
1.83E+03 
1.84E+02 
4.0BE-01 
8.58E+OO 
2.58E+01 
3.65E-05 
1.90E-03 
4.50E-04 
7.68E-05 
7.52E-05 
4.67E-04 
5.SOE-03 
2.23E-02 
4.40E-01 
1.95E-02 
4.SOE-03 
4.44E-01 
3.51 E-03 
2.17E+OO 
1.98E+02 
2.09E+01 
1.24E+02 
5.92E-04 
3.44E+01 
7.67E-04 
2.69E-01 
9.37E-03 
8.74E-02 
4.34E+04 



APPENDIX O • APQ CASING REMOVAL DOE/RL-99-34, Rev. 0 
05/99 

ANNUAL POSSESSION QUANTITY FOR CLOSING BOREHOLES 
-

NUMBER OF BOREHOLES OECOMMISIONED 
10 

PER YEAR 
LENGTH OF 10-INCH NOMINAL DIAMETER 

50 FEET 
CASING PER BOREHOLE 
LENGTH OF 8-INCH NOMINAL DIAMETER 

200 FEET 
CASING PER BOREHOLE 
TOTAL SURFACE AREA OF EQUIVALENT 

97.08 FEET"2 
BOREHOLE 
ASSUMED CONTAMINATED SOIL THICKNESS 1/64 INCH 
OUTSIDE UNIFORM SOIL COVERAGE VOLUME 

0.72 FEET"3 
PER BOREHOLE 
OUTSIDE UNIFORM SOIL COVERAGE VOLUME 

7.17 FEET"3 
PER YEAR 
OUTSIDE FRACTION OF SURFACE 

0.15 
CONTAMINATED 
INSIDE FRACTION OF SURFACE 

0.015 
CONTAMINATED 
ESTIMATED SOIL COVERAGE VOLUME 1.183 FEET"3 

(AVE~GE FOR LOOSE, DRY SAND & GRAVEL· 
DENSITY OF SOIL 110 POUNDSIFEET"3 MARKS STANDARD HANDBOOK FOR MECHANICAL 

ENGINEERS) 
WEIGHT OF SOIL 130.17 POUNDS 
WEIGHT OF SOIL 59,044.05 GRAMS 

AVERAGE 
TOTAL POSSESSION 

CURIES PER 
ISOTOPE 

GRAM OF 
QUANTITY CURIES PER 

SOIL 
YEAR 

3H 1.37E-07 8.09E-03 
14C 3.79E-08 2.24E-03 
59NI 9.15E-08 5.40E-03 
63Ni 8.90E-06 5.25E-01 
60Co 1.72E-07 1.02E-02 
90Sr 3.68E-03 2.18E+02 
90Y 3.68E-03 2.18E+02 
93Zr 4.29E-08 2.54E-03 
99Tc 6.34E-07 3.74E-02 

>-
106Ru 3.0SE-10 1.S0E-05 
125Sb 1.29E-07 7.64E-03 
126Sn 1.42E-08 8.39E-04 
1291 3.06E-09 1.81 E-04 

134Cs 2.64E-09 1.56E-04 
137Cs 3.30E-04 1.95E+01 
151Sm 3.32E-05 1.96E+00 
152Eu 7.36E-08 4.35E-03 
154Eu 1.55E-06 9.13E-02 
155Eu 4.65E-06 2.75E-01 
226Ra 6.58E-12 3.88E-07 
228Ra 3.42E-10 2.02E-05 
227Ac 8.11E-11 4.79E-06 
229Th 1.38E-11 8.17E-07 
232Th 1.35E-11 8.00E-07 
231Pa 8.43E-11 4.97E-06 
232U 1.0SE-09 6.18E-05 
233U 4.02E-09 2.37E-04 
234U 7.94E-08 4.69E-03 
235U 3.51E-09 2.07E-04 
236U 8.11E-10 4.79E-05 
23BU B.00E-08 4.72E-03 

237Np 6.32E-10 3.73E-05 
238Pu 3.92E-07 2.31E-02 
239Pu 3.57E-05 2.11E+00 
240Pu 3.77E-06 2.23E-01 
241Pu 2.23E-05 1.32E+00 
242Pu 1.07E-10 6.30E-06 
241Am 6.21E-06 3.67E-01 
243Am 1.3BE-10 8.16E-06 
242Cm 4.SSE-08 2.B7E-03 
243Cm 1.69E-09 9.98E-05 - 244Cm 1.SSE-08 9.30E-04 
TOTAL 4.61E+02 

990526.1013 ATT D-2 
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APPENDIX D -·ToT AL APO 

TOTAL ANNUAL POSSESSION QUANTITY 

TOT AL ANNUAL 
ISOTOPE POSSESSION QUANTITY 

CURIES PER YEAR 
JH 7.68E-01 

14C 2.13E-01 
59Ni S.13E-01 
63Ni 4.99E+01 
60Co 9.66E-01 
90Sr 2.07E+04 
90Y 2.07E+04 
93Zr 2.41 E-01 
99Tc 3.SSE+00 

106Ru 1.71E-03 
125Sb 7.2SE-01 
126S n 7.97E-02 

1291 1.72E-02 
134Cs 1.48E-02 
137Cs 1.85E+03 
151Sm 1.86E+02 
152Eu 4.13E-01 
154Eu 8.67E+00 
155Eu 2.61 E+01 
226Ra 3.69E-05 
228Ra 1.92E-03 
227Ac 4.SSE-04 
229Th 7.76E-05 
232Th 7.60E-05 
231Pa 4.72E-04 
232U S.87E-03 
233U 2.2SE-02 
234U 4.45E-01 
235U 1.97E-02 
236U 4.SSE-03 
238U 4.48E-01 

237Np 3.SSE-03 
238Pu 2.20E+00 
239Pu 2.00E+02 
240Pu 2.11 E+01 
241Pu 1.25E+02 
242Pu 5.98E-04 
241Am 3.48E+01 
243Am 7.75E-04 
242Cm 2.72E-01 
243Cm 9.47E-03 
244Cm 8.83E-02 
TOTAL 4.38E+04 

ATTD-3 
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POTENTIAL-TO-EMIT ASSUMPTIONS AND CALCULATIONS 
DRILLING BOREHOLES 
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APPENDIX I:. . DRILLING 

SOURCE TERM FOR AIR ROTARY c_9RE DRILLING BA.C:.SCE~-=-D_O::,..:N..:....::S..c:.C.:_A:.=Lc.:.IN..:...:G::.,....:..T-=.O.:_T_A_N_K--,-IS_O_T_O_P_E/_C_ s-_1,-37_ RA_ T_IO_S __ -+----+-----+-----+-----l 
NUMBER OF BOREHOLES PER YEAR:.___le--...:.,c--e-------l-----+------t-------+--------+------t------t----- --+'--------1 

RELEASE FRACTIO~ ---
10 

1.00 
LENGTH OF 10·-lNCH-NOMINAL._D_IA_M_E~TE= R-+---"' 

50 FEET 
CASING PER BOREHOLE 

--LE_N_G_TH_cOF 9-INCH N OMINA
0

L.::~D~:!:IA'-M-ETE-_-R--l------l-------+-----l-----t-------+--------+-- --- -+------+-------+-------I 
200 FEET 

___ _c:C.:...A,S~.:.:..:ING PER BOREHOL . .!:E:.__ __ ~-----1-------~-----1-----1-------1--------1-------+-----+-------+------I 
VOLUME OF SOIL REMOVED PER BOREHOLE 

PLUS 15% EXPANSIO_N _ ___ ,._ ____ ,__ _____ _. ______ _,_ _____ -+-------+--------1-- ------1----- - -·-l-------1------- I 
_A_V_E_RA_ G_E_D_cEPTH OF CONTAMINATED SOIL 

111 .65 FEET•J 

PER BOREHOLE (OCCURS AT 10-lNCH 20 FEET 

_ _ _ _c:Bc.::cOREHOLE DIAMETERL) ----+-----+--------1-----l-----l--------+--------t-----·+-----t------+------- I 
VOLUME OF CONTAMINATED SOIL (20 FEET 

LAYER IN 10-INCH BOREHOLE) ___ ..,_ ____ _,__ ______ __, _____ , ____ _ - ------1--------1-------+------
10.91 FEET•J 

MAXIMUM VOLUME OF CONTAMINATED SOIL 
PER BOREHOLE+ 15'!. EXPANSION __ _,_ ____ _,_ ______ -+----·-----·+------- _________ _ . _ _ --·-·. _ _ _ ·--· _ _______ ·---!----- -

. MAXIMUM VOLUME OF CONTAMINATED SOIL 

12.54 FEET"J 

__ ........:.P_:E,R._:...:YEAR + 15% EXPAN,_::S~:l::;0::_:N:.._ __ -1------1-------b=-==..,,L==c=-,=.,...,f==-=-===~~==-======±=====~==.,....,==-=::c=c-- ---ll-------l 
---- -'DENSITY OF S..::O.clL=-----+------1,-......- (AVERAGE FOR ~~O~ E, ORY SANO & GRAVEL• MARKS STANDARD HANDBOOK FOR M}:<:=HANICAL ENGINEERS) _____ +------! 

125.45 FEET•J 

97.S POUNOS/FEET•l 
TOTAL WEIGHT OF CONTAMINATED SOIL 

AVAILABLE TO CHALLENGE HEPA FILTER PER 1.22E+04 

---
POUNDSIYEAR 

YEAR'....--==== -~----+------+-----+-----1-------+-------t------t------j--------+-------' _ T_O_T_A_L_W_ E-IG_H_T_O_F.:..=Cc:ONTAMINA TED SOIL 

AVAILABLE TO CHALLENGE HEPA FILTER PER S.SSE+OS GRAMS/YEAR 

YEAR'._._ ___ ...:_~~-~-----l=-,=-=-==-=:-:--:-:l-----+----+------+-------t------t-----1------+-------I 
MAXIMUM AVERAGE C,-137 CONCENTRATION 

SOIL IN CONTAMINATED LAYER ---+---- - • - ----- 1-------· - -l----------1 ____ ___ _. _ _______ ~-------·+-------I 
-- -NiiMBER OF HEPA FILTERS IN SERIES _,_ _____ ......_ ______ _,_ ____ -+------.-------+---- ---+------- _ _ ____ . ---------1------l 
-~--- - - ~ HE~A} ILTER EFFICIENCY - . --- '---+--------•----- -+-----·- - - -----·,---------'--·- _____ _,I ___ ----· 

ANNUAL TOTAL 200-EAST AREA UNABATED ABATED 
AVERAGE AVERAGE CURIES HANDLING UNABATED TOTAL ABATED CAP88PC OFFSITE OFFSITE DOSE OFFSITE DOSE PERCENT OF PERCENT OF 

TANK C5•137 PER GRAM OF LIMIT CURIES RELEASE RELEASE CURIES DOSE CONVERSION MREM PER MREM PER UNABATED DOSE ABATED DOSE 
RATIO SOIL PER YEAR CURIES PER PER YEAR FACTOR MREM/CURIE YEAR YEAR 

--·- ·- -· lH ____ ___ _ _ ·'--T,sE-04 2.0BE-12 1.15E-05 1~; ~~ 5 1.1 5E-05 2.50E-05 2.88E-10 2.881:-10·- '- 0.000% 0.001% 
· ---- - - - 14C '-1.Tse-04 S:fse -13 :l.19E-06 3.19E-Oi- --J:T!ie-OG 1.90E-OJ s.OGE-09 s.OGE-09 o.QOO~ __ o_.oi.?'}4 

59NI 2.77E-04 1.39E-12 7.69E-06 7.69E-06 3.B-4 E-09 3.10E-04 2.38E-09 1-:-i 9E-12 0.000'4 0.000% 
·-·- ------ 6JNI 2.70E-02 1.JSE.:_10 7.48E-04 '--T.48E-04 - - - 3.74E-07 2.SOE-04 _ ___ L~~-07 9l_?E_:1c_1_ _ O.OOfa 0.~~-

60Co _ .__5,??.~- 2.61E-12 L_~~E-05- 1 .4~E-05 - 7.24E-09 2~50~~-- - ~ '~ E~ . __ 1.8_!Ejl!l_._ __ 00~~---...__,__Q000~% __ 

ISOTOPE 

5.00E-09 
CURIES PER GRAM 

OF SOIL 
1 

99.95% - - -- ------- -------l 

-----·-- -93Zr 1 30E-04 6 51E-13 3 61E-06 3.61E-06 1.81 E-09 1 30E-03 4 69E-09 2 35E-12 0000% 0.000% 
·-99Tc_______ _ _1 j 2E-~ L ~ 6~:!.2 - - ~ S~J.E:QS __ 5 3~1@5- _ _ 2 66E-08 =--= _=.__j J!lE:O? ___ . 1 23E-06 6.13E-10 = q 002'4 _ ~ 002'4 

---- -- 106Ru ________ +-~9 23E-07 4 61E-15 2 56E-08 2.56E-08 1.28E-11 1 SOE-02 4.10E-10 2 05E-13 O 000'4 O 000% 
1issb :i.92E-04 1 96E-12 1.09-E-:Os 1.09E-OS 5.44E-o9 2 40E-03 2 s1e-0a 1.JOE-11 o 000%._~>----'o 000-%--

-- ---- 126Sn 431 E--05--2·1sE-13 1.19E-OG- ",:°19e-05- ~fE-10 4.70E-02 5 61E-06 ~ 1E-11 0 000'4 0 000_% __ 

==--:=---=-~~~~ '=7~.~J:~: !-~~ ~::}~~: ~ ;~~;]__,_~-Hi~; ___ !;:_: ___ ~.6¼~~2;!·~~~¼- .=_~;~: 1'E.&.~ 

-- 129I. _______ -+~9-~E:~_ -~64E-14 2 58~-07 2.58E~I..._- ~E-10 2 Q9E-01 s~~§.:QS_ __2,58E-!_1c_ __ ·o_~;4 __ __ o_~~ 
134Cs ________ ____ 7._99E:()6_ --~OOE: 14 222E-07 2.2~E-07 1.11E-10 1.00_~:0.!. _ __ ~22E_:08 _ 1._.!.1E:..!.!._ _ ___ 0_000'.4 _____ _ 0 000_%__ tJ 

··-·- - - --· - · - · ·mes _ 1_00E•~ - - ~OOE-!)9 _ _?_?I!i-0_2 2 77E~?- _ __ _1;_3_'.l~-05 22ge::22 ____ L 7 49E-04 ¥ 3 74E-07 ____ 1077'.4 __ . __ 1.0Z?..°"' __ O 
= -- ... _ -·· ~~~i::~:_:_~=~=- -~ ~}:!,_---+~:~---H~:~~~~:~~-- --}~~: ~-~~-- ~ ~~:: ~-~;::C ---~~~~--.__-~:~~-- § 
· - ·- - -- 154Eu . __ fs9E-03- __ 2.34E-11 ~ 3QE-04 -+-,:JOE-04-=.=---tsoE-08__ _ 2:ooE-01 _,__:-:-?·¥E~5-=_ --r30E~= - - ---ci·o37%::::::::-: --0037%-- , 

- --155Eu ___! _4_1E_~2_ ,_ _ 7_Q5~- 11 39_!~~~9~~ __ 1_26~-l?_7 _ _ 80QEj>_3 _ __ 3.13E-06 _ 1.56E-W _.__ __ ~00~% __ .__0 (!l~~-- \Q 
-- . --- .• 226Ra ~ -~E-~ -- 9 96E-17 ,.._~ ~-~E:_!0 _ __ S_S~E~_o__ 2.76E-13 __ _ 460E~!_ ___ _2;54E~_o_ _ ·--~ 2?_E_-1 3 _ _ 0000'4 - - - -- _0_000~-- \0 

---·-·-· ___ __ 228Ra ·--- ----- -~E~-<---~ --1_8_E-15 2 ~7E~ - - ~Z~~- - - - _!.,_:l~E-11 12!)E~!_· _ _____ S4~E_:(!9 _ ~ - J?~E-!2 ... __ . .Q.009'./4 _ __ q_oc:>0'14___ w 
227Ac ___ ___ _ 2.46E-07 __ _!;2~~ - ~82E~ -~~~-Q!l_ 3.41E-12 __ _!_.50E+01__ 1.02E-O~ · '- 5.11E-11 _ -· 0.000'!. _____ O"qo<l%__ .t,. 
229Th _____ _ .. 4. 19E-08 <----~ -OE-16 1._~?E-09 _ 1.16E~_ S.82E-1 3 1.60~-- 1.86E-08 9.31E-12 ___ 0"000_'.~ _ __ _ __ (! 000~--

- ·-- -· ·- --·--- ·- 232n,- =--~~~-08 2.0~E~ _ 1.14E-09 1.14E-0:9 ___ S.69~~ -- - - 8.00E: +OO 9.11E-09 '- - 4.55~ ____ _!)~% ______ ~-~~-- 0:,:, 
-- ··-231Pa 2.SSE-07 1.28E-15 7.08E-09 7.08E-09 3.54 E-1 2 1.20E+01 8.SOE-08 4.2SE-11 0.000% 0.000% Vo ~ ~-L------~23~2~U:.,_ ______ _,__;3~.~17~E~-06=-_.. _ _;1~.5~9~E--1~•--'-~8~.7~9~E~-08=--''-~8~.7~9=E-08-=-l--4~.~40~E~-~1~1 _ _,_ __ ~1~.1~0~E~•0~1'---'--~9~.6~7~E~-0~7 _ _,__~•~·B-4=E~-1~0_;....1.._-=o~.00=1•~~'---l--~0~.00=1~%'----''-0 O 
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ISOTOPE 
AVERAGE 

TANK Cs-137 
RATIO 

AVERAGE CURIES 
PERGRAM OF 

SOIL 

APPENDIX E • AIR DRILLING 

TOTAL 
UNABATED 
RELEASE 

ANNUAL 
HANDLING 

LIMIT CURIES 
PER YEAR CURIES PER 

YEAR 

200-EAST AREA 
TOTAL ABATED CAP88PC OFFSITE 

RELEASE CURIES DOSE CONVERSION 
PER YEAR 

FACTOR MREM/CURIE 

UNABATED 
OFFSITE DOSE 

MREM PER 
YEAR 

ABATED 
OFFSITE DOSE 

MREM PER 
YEAR 

PERCENT OF 
UNABA TEO DOSE 

' ' 

PERCENT OF 
ABATED DOSE 

==== .::_ =---~~~~ ------ -- -- --+---,-! '.-=! 2=,;~=--l-=s=-__ --;--6=-1~-=-:=-:-~=--:--:-: ~-:---t--::c~ --=:! -=-1~=-!i=1-t--:!=-!=-~-ffis-7----+~---------}--~-~~-~-, -o _--+===-=--;-: :-~-~-~~---_- __. ~-~;:! - ~:~;:~~ ~:~~--~ ~t--
··- - - ---· 23su--· ·-·------ - , .OGE-05 -- 5.32E-,•- 2.95E-07 2.95E.07 1A8E-10 3.00E+00 ___ 885E-07 ,_ 4.43E-10 ___ o .oo1•.4 ~ 001•4 

--- ·---- ·-!~:~ ·--------1;-:;::----:.~~:::~ ~~~~:=~::~~-: . =-·-~:~~~! ---- ~:::~---+:-:-<:::~~ ~~~:::~:~ -- =~~:::~=---~.:~= ==::: .. ::-=: __ 237Np-== :==-~-=-=-1-9iE-06 -- _ 9.SBE=iS - - s-:-:i2E-08_ 5.32E-08= _ 2.66E:, ; __ I- 1.20E+ 01 ___ ·-:-s 36E-07= = ·3:1 9E-:10-=.= =--0 .001'4 _ --0.001•4-= 
238Pu 1.19E-03 5.93E-12 3.29E-05 3.29E-05 1.65E-06 7.60E+OO 2.SOE-04 1.25E-07 0.360•~ 0.360% · - ·-- ·--- - -··- · - ·· ----- --·-··---·--- · --- ----- ···- -· ·· - -- -- · .. -- - · - ------ .. ···-· f-·----··-· ·---- _..__ ---- --- . ·-- ---· ·· --- ------ --. --
239Pu 1.06E-01 5.41E-10 3.00E-03 3.00E-03 1.SOE-06 8.20E+OO 2.4GE-02 1.23E-05 35.430% 35.424% - · - ·· -- ----· - - ·· - ·---·----·----- ------- -· ------ - ·------- --------- - -- ---- ---·- .. ----·--- --· --240Pu 1.14E-02 5.71E-11 3.17E-04 3.17E-04 1.SBE-07 8.20E+OO 2.60E-03 1.30E-06 3.737'4 3.736% ·--· .. -- -- ----- ·-·-·- ---·----·--· ----- ---· . ·--- --·- --··---- -·- - ··-·-- ---- . ---- --
241Pu 6.76E-02 3.36E-10 1.87E-03 1.87E-03 9.37E-07 1.JOE-01 2.44E-04 1.22E-07 0.350% 0.350'4 

......•. - •· - - .. 242Pu --- -· .. - . ..... i 23E-07 - ···--,_-62E:1s - ··· 8.97E-09 .. - - ·e.97E-09. - . - .. 4.49E-i2- - . - - 7 .BOE+OO 7.00E-08 3.SOE-1;· --- - - ·o.·000% ___ - - -0000%--
• ·-·--·-· ·- - 241Am ·- ·· · · - ·- 1.eeE-02-· - - -- ii.41E:i--1-- - 5.i°2E-04 ___ s .22e-04 ·- - - 2."s i E-01 · ··· ·- - 1.30E• o1 6.7BE-03 3.39E-OG_ __ 9.759% -- · · -··i1se•i -· -

243Am •.19E:07- ~-:-o·iiE-15 1.16E-08 1.16E-06 ·--5 _-e·1E~i 2 1.30E~o, -- --1·.s1e-01-· - 7.55E-11 --·· --O:-ixxJ% --~·-o.ooo•~---
,:-_-_-_-_-_-_-:_~==-~---_i.i:icri,---------; --,-1.-47E-04 7.36E-13- ~E-06 4.0BE-06- --i.°04E0--09 __ _ --·· 4.lOE-0_1 __ - ·1-:-s1E~ - - a~ ie--= ,o- - oro2%-- - 0 .002%--

243Cm s .w e:oo-e---2-:-ssE-14 1.42E-07- --;::i:if-07- --i .-10E~i 1 - --8.SOE• OO- - 1 ·_2ie -00-- - 6.04E: io ·-- ·--o-:-ooi % 0.002%- -
- ---- ---=244-=- ·c;;,------ - +-- 4~_77e:-0s 2.39E-13 1.32E-06 1.32E-06 6.62E-10 6.70E+OO 8.67E-06 4.44E-09 o:ofa% 0.013% 

TOTAL 6.57E-01 6.57E-01 3:4i E-04 ii:iise.:02 3.48E-05 100% 100% 
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APPENDIX L ,BLE TOOL 

SOURCE TERM FOR CABLE TOOL AND SONIC DRILLING BASED ON SCALING TO TANK ISOTOPE/Cs-137 RATIOS TO FIELD DATA BNWL-CC-701 
NUMBER OF BOREHOLES PER YEAR 

LENGTH OF 10~NCH NOMINAL DIAMET'c-E=-R---lf----'-"---f----------1------t------+------+---------+------+----- -+----- --1-------1 
10 

so FEET 
CASING PER BOREHOLE 

_ L_E_N_G_T_H OF 8~NCH NOMINAL DIA'=-M=E=TE=R=-----+----+------+-----t-------t--------1- - - -----t------t------t---- --+------1 
200 FEET 

CASING PER BOREHOLE 
---- RELEASE FRACTIONcc-----t-.,...-::c=-c=--t------ - t------t-----;----- ---+--------t-------t--- ---t--------t------1 

1.00E-03 
VOLUME OF SOIL REMOVED PER BOREHOLE 

PLUS 15'4 EXPANSION 
111 .65 FEETA3 

- A-V-ERA_ G_ E_DEPTH OF CONTAMIN-·A---TE- D_S_O_IL-1---- --1---- - - ----1------+--- - - --+- - - - --+---- ------t-- - ---1---- - - -1- --- - ---t-- -+----l 

PER BOREHOLE (OCCURS AT 10-INCH 20 FEET 

____ BOREHOLE DIAMETERJ ____ +---- - +---- - - - +------1------1 - -- - ·---·•-~- ~--- ---t---

10.91 FEETA3 VOLUME OF CONTAMINATED SOIL (20 FEET 
LAYER IN 10-INCH BOREHOLE) 

MAXIMUM VOLUME OF CONTAMINATE=-D--=s-=o--c,L- l·------t- - - ·---
12.54 FEEfAJ 

PER BOREHOLE+ 15¾ EXPANSION 
. MAXIMUM VOLUME OF°CONTAMINATED·soiL 

125.45 

97.5 
PER YEAR+ 15% EXPANSION 

l---- -,cOENSITY OF SOIL 
- T=o=-T=A.,..L,....,,,w--=E,,.1G"'Hf oFcoNT AM cc1N,..,A""TE=D- s=-=o=-=,.,..L- f--- ·-

A vA1LABLE TO CHALLENGE HEPA FILTER PER 1.22E+04 

---·-----
FEETAJ 

__"..~.!".P_5IFEETAJ 

POUNOS!YEAR 

1--- - ---1-- - ----•------ ----11------ ---....... -------- - ------ ---- --- --1------- 1 

---1------1--- - - -----+------ --- - --- ---- - - ·--- --·-· ------·--

(AVERAGE FOR LOOSE, OR~AND & GRAVEL· MARKS STANDARD HANDBOOK FOR_MECHANICAL_ENGINEERSJ ___ _ --+------I 

YEAR 
-=-To- T=-A_L_W_E-,G=-H_T_o,.,:F°coN~T=-=A-M-1-NA=TE=o=-=s-=0""1L--t------t-------t------+-------1- ------+---------+------- ,---- - --+-------f--- - ---· 1 

AVAILABLE TO CHALLENGE HEPA FILTER PER 
YEAR 

5.55E+06 GRAMS!YEAR 

MAXIMUM AVERAGE Cs-1 :i-"1'·c=-o=-N°'c=EN°'T=RA=T1=0-:-:N+---S-OO_E_--06_-+-=c-:-:u-=R:-:1E==s'"'P°'E==R=--G=RA=M+------r---- ---1------
SOIL IN CONTAMINATED LAYER . OF SOIL 

: __ __'.'~,~~':,~~:;,~;:;,~s ~ -r• :~RA;;T15s0:,~, A':e":oS~O~l·L~~<~ -:~~;,~- ~i~~D ~;~~~~~~~S •. ~~;~:;;IT· -~;;;:£i~rs,;~¼~~:~s ~=,,~~ ~:,~:~:.: 
LIMIT CURIES CURIES PER PER YEAR DOSE CONVERSION MREM PER MREM PER UNABATED DOSE ABATED DOSE 

PER YEAR YEAR_--+---- ---- FACTOR MREM/CURIE YEAR YEAR 

· - ------ JH --·- -- - 4.15E--04 --2-.0-8E-·--09-----+- -
3
1-.1

1
-5
9

-=EE_-~-2
3
-_---+---

3
1.1

1
_
9
SEE· :_0--06_5 ___ 

3
1:....._1

1
5
9

EE-0--06 __ ~--- ___ 2
1
.so
90 

__ EE_~5
3
-j·---

6
2 __ e

06
ii-EE·~ =--- 2

6
88
06

_-EE-~ -= :0
0 
__ 000

000
: · •.~-__:___ ::_ 0

0
000
000
_ s= 

- ---- -- -- 14C --- ·--- -- ----· - 1.15E--04 - 5.75E-10 .., .., ..,~ ..,~ ~ ~ 

. 59NI . 2. 77E--04--1.39E--09 _ ___,,___7_.69E:03 _ ,_ i69E-06 f59{--05- - ---3.10E-04- ·-2 JBE--09- - i38E-09 - - 0·000•1, - - --0000•:i.--

~-=-= ===ii-r ___ ·---~ii~:= :1I!:= =i$JJ~i-=•-1u~~~ Jgi~ --·--~j~i~ HU:- --~~ii---~---=~~ti~==zjJ~tt 
90Y 1.1:iE+01 5.58E-05 3:101:-;o~~ii{-01 3.10E-01 ___ --- 3- _40E-0-4 i~OSE-04 --- --, .05E-04 ___ o:1si'•.4 0.151% - -

- · --·- - - - 93Zr --- --- -- -,.30E--04 6.51E: io- - ·3.sff-03 J .siE~ --3:S1 E·-06- . . - ·- ;joe-0:i ___ - •.-69E'.oi! ··-- ----:(s9e-09··- -- •-·<1000•.4- --·---o 000-;.4--
99Tc _ ______ ._ 1.92E-03 960E-09·- - 5~33E-02- - S.JJE-OS ___ s _:fae--05-- -----2.:icie-02 ___ --1-. 23E--06-- - , .i:iE-06 0002%- --o.cici2•.4--

106Ru - ·9 .:i3E-07- - 4-:-s1e :12 2.sse=-os- ~ f56E-08 ___ i".56E-08 _____ ----· 1.60E-02 ___ ·-4.10E--io" ---- --• : 1oe:10·- - -- 0 000•.4·- ----o.cioo•1,--
---- --~125Sb ---3.9:iE~--,.!iGE-O"!i- - 1~09e-0i--- - i .09e:Os- -·- (09E-05-- ---2:-ioE-0:i 2.e1E-0s ·-- -··2.e,e-0a __ ___ 0000%- - --0000% _ __ _ 

--126Sn ________ - .f.3,E-05 2.15E·-1·0 119E--O:i- '""1:i'!iE--06 1.19E-06- ·--•~foE-02 5.61E-08·-· --5.61E-08 ___ Q __ ()()()'I, 0.000'.4 _ _ _ 
-------1291 _ ______ . "7':°28E-06 4~64E: i"i 2~58E-04 2.58E-:07 --258E-07 2:00e-01-- - s .-1sT--0e--~s :1sE-08 _____ 0.000•4 --+--__ o.ooo·A- -

134Cs - ·7.99E--06 4.00E~ ·- 2.22e-04- - 2~22E-07--2~2E-07 1.ooe·-01 222E-08 ·--~ ~22E-08- - --·0.000•.4- 0.000% 
·- --· ·- -- ----·· ----137Cs___ _____ 1.00E • OO- 5.00E-OG _ _ ,__2.77E+01 o---2.77E-0~ 2.77E-O~ ·2.70E-02 - -- 7.49E--04 -- - --7.•9E--04 - - - -- 1.077'.4-- --1:077% 
------- - --151Sm-- ------ -·· ·1.01E-Oi - --·5.04E-07 2."i9E+OO- - fi9E-03--2.79E-03- - --- ( SOE-04 . 2.ioE-00·- --·2.10E-06-- - - · o.oofa- - - 0003% 
- - -- ·- ·--··· · 1s2Eu_____ 2.23E--04 -1.12E--09 ·- 6.19E-03- 6.19E-06 6.19E-06 ~ .40E-01 1.48E--06 - 1.48E--06--- 0.002% - - . 0.002%·-
------ - 154Eu 4.69E-03- f----2-:-34E-08- - C:io{oi 1.30E-04- --f30E-04-- ----fOOE-0-1 -- - :i 60E-OS - ·· . --2.SOE-05 - - · - ·o.037%- t---0.037'4 --

155Eu 1.41E-02 7.05E-08 3.91E-01 3.91E-04 3.91 E-04 8.00E-03 _ _ -+--_ 3.13E--06 . ~ ~i:i"E-06- e- - ·o:-oos¾ o:oo5%--
l- - ------c226Ra 1.99E-08 9.96E-14 5.53E:07 5.53E-10·-- s .S:iE=-i"O 4.60E-01 ··2_54E=i·o·-· c---- 7 _54e: ,o-- -- -- · oooa;i;·- --0000% _ _ _ 
-· - -- - - - 228Ra __ __________ __ _:::-_1~e~_ 5.18E-1~ '=_2!l? __ E~= __!:~7E-~-= =:-2.i3!_E:9e-- ----1c!J9.E_-0_1 __ =--~-~~~-Q9--=-- . :.:· ~-•?E--09: -=-:- - .-:-:.o~'..4 ·_ -:::: -- -=-~~-·.4 __ 
- - ----- - 227Ac -- - -~-~E~7 _ _ __!.:_23~.:E,___ __ 6.82_!:~- - -~fE~_,....._6J!?E~ 1.S0f::0_1 ___ ___ 1.02_E~! __ __ f-• ....J ,02~~ __ _ _ _ 0.000'.4____ _ o_ocio•.4 __ _ 
- -· ----·- - -- ··229n, ------- 4.19E-08 2.10E-13 1.16E--06 1.16E--09 1.16E-09 1.60E+01 1.86E-08 1.86E-08 0.000% 0000% 

·--232Th 4.10E-08 2.05E-13 -- 1.14~ 1.14E--09·- --1.-1•E--09 8.00E+OO 9.1iE:W--- >--9-:-i1E-09- -- --·-· 0.000%- ··- 0 .000% - - o ;;.:l 
o------- - -2- 3·1i>a 2.55E-07 1.28E-12 7.0SE--06 7.0BE--09 7.0SE--09 1.20E+01 8.SOE-08 ~ 8.SOE-08 - 0.000% 0.000% ~ ~ 

232U 3.17E--06 1.59E-11 8.79E-05 8.79E-08 8.79E-08 1.10!:•01 9.67E-07 9.67E-07 ---0.-001% o 001% ~ 
0 
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APPENDIX E - CABLE TOOL 

mu_ ·- · __ _ j_ __ ),?.~E-05 __ 
... ___ . ___ 234U _ _ ----- · __ __ . l __ 2.•1E-04_ 

--------!~:~ - - ------ ---+ ~::~: 
--- ---gf f - ---1-T~!~ 

··- ___ __ __________ 240Pu ·------ _j _ _ 1.14E-02 

---- -·_ -- ---- ::~:~ -- --- - -_____ -1-·-;;ilH;-
- ·--- - • 243Am ' 4.19E-07 
--------- 242Cm - 1.47E-04 
---- ----- 243Cm 5.12E-06 

2«cm ----:Uie-0s ______ __:.TOTAL --
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APPENDIX E • 01 HER DRILLING 

S0URCETERMF0RCL0SEDENDPR0BEANDC0NEPENETR0METER 
BAS_E_D ONSCALING TOTANK iS0TOPE/Cs-137 RATIOS ----1-----+-------+--------i 
--NUMBER OF BOREHOLES PER YEAR 10 

VOLUME OF 75, 2-INCH DIAMETER X 10cclc.N-,C~H-+--'--'---+--F- E_E_T_•_l--+------t--- ---+-------+---------t---~--t------- t--------t------l 

LONG SAMPLE PER BOREHOLE 
1
-
3635 

VOLUME OF 10, 4-lNCH DIAMETER X 2'"'F""E:-:E;::T:-t--
1
-_
7
-
4

-5
3
--+--- F-E_ET_•_3--t-------t-----t--------t-- ------f------J·--- ---t-------+------l 

LONG SAMPLES 
•--T-0-TA_L_S_A_M-PLE VOLUM.EP.C,EC,,R-,B,-0,-R,-E,-H,-07L=E---,-,_1:-:5--+---:F:-:E;::E=T"°"•3=----+,c.-M:c:AX-==1M-:-:-U-:-:-M-:-::-S0='1L-::S:-0AM-=P:-:-LE=--:-:V=o,-CLU-+M:-0E=P=E=R-=e=~=~=E:-:H=o.,..,LE=-~,,...--_-:__-_-_-_-:__-_-_-_-_-_-_--t+---_-_-_-_-_- _-_-_-_-_-+,_-:__-_-_-_- _-_-_-_-_-_~1---_-_-_-:__-_-_-_-_-_-_--1+--_-_-_- _-_-_-_-_-_-_~ 

VOLUME FRACTION OF SOIL SAMPLES FROM 
HIGHLY CONTAMINATED ZONE 

0.25 
TOTAL VOLUME OF CONTAMINATED=-=S-::O"'IL-+------t-------+-------+------t-------+--------+------+-- ------+--------1--------I 

EXTRACTED PER BOREHOLE BASED ON 0.44 FEET•J 
MAXIMUM SAMPLE VOLUME PER BOREHOLE -----t----- ---t------+------- ____ ______ 1 _ _______ 1 ________________ _______________ 

1 - TOTAL VOLUME OF CONTAMINATED SOIL - . 
EXTRACTED PER YEAR 

- --- DENSITY OF SOIL = ---- t---,-1 :-:1 o,--t-;P:-:;<?,-;U:-:-N:::1):-:;_~'"',~""E"" __ E:-:T:-:•"'37 ~'"'"''!.."'E"'RA=G:..E""""FO"""R'-;-L-;:o"'o"s'""E,.., "D"R"'Y-,S!-;~c;-~;-;D;--&.-;:~;,RA=v"'E,;-L-:_-;M~A ... _~"'~.,.,s..-_;;-s_!_·A""'~"'D;;-~:;-,R;;-D;;--,-H;-;;A7N"'o"'B:-:;O:-:;O"'~=Fo=R7M"'E'""'Ct.H,-,_A;-;N-;;-IC"'A-;-;-L-;:E~N°'G"'1N'"E"'E"'R"S")-----+-'----- - 1 
FEET•l 

TOTAL WEIGHT OF CONTAMINATED SOIL 2.1BE+05 GRAMS 
Cs-137 CONCENTRATION SOIL (ASSUMES 100% _

3
_
30

E-04--+-C-U_R_IES-PER G=RA-,-,-;Mt-------t-----+-------t---------,f------t-------t-------t-------l 

SAT\JRA TION OF VOID SPACE). ___ ,_ ____ ,_ _ _ O_F_SOIL 
FRACTION OF SAMPLE AVAILABLE FOR ---;------+-------+-------1---------ii--------ii--------ii----- --t-------l 

RELEASE TO ATMOSPHERE O. lO 
--- -- . RELEASE FRACTION~-~ ---t--,-1.""oo"'E=--0=3-+-------;--- ---+-------+-------t----------11-------
- - -- NUMBER OF HEPA FILTERS - o·· -- -------1--------+---- ---I 

HEPA FIL TE.R EFFiCIENCY --- - · 99_95•;. --+--·- ---+-----------+---------~------- --- - --- - --- --------!--------I 
. .. -- ---- _ .. --- . - - -- -·-- ·--· . ·--------- - ---<-------+--- --•----- ---,-- - ---- - . ----- ----!-------

ANNUAL TOTAL 200-EAST AREA UNABATED ABATED 
AVERAGE AVERAGE CURIES HANDLING UNABATED TOTAL AOATED CAP88PC OFFSITE OFFSITE DOSE OFFSITE DOSE PERCENT OF PERCENT OF 

TANK Cs-ll7 PER GRAM OF LIMIT CURIES RELEASE RELEASE CURIES DOSE CONVERSION MREM PER MREM PER UNABATED DOSE ABATED DOSE 
RATIO SOIL PER YEAR CURIES PER PER YEAR FACTOR MREM/CURIE YEAR YEAR ==-=----_____ lff=--=-=-=-:::-_=-:-__ _j 4.15E-04 __ 1.37E-07 ___ 2.9BE-O~- ~~~.':is ___ 2c98_E-06 _______ 2.50Ejl5 _t 7.46E-11 _ _ 7.46E-11 __ _ l_ - -_ 0000'4 _ ___ 0.000% __ 

- -- - - - - -14~----. ---- - --- __ 1.J 5E:?4 ____ 3.~9E_-9e _ _ ___ e.2~i:;_:0~ __ _ B.26E::O? _ _____ 8_~6E-O_?_ _ - - __ 1 ~E:0_3 __ ___ __1 57E-09 - - ~J7E:-09 _ - 1 ___ ()~% __ __ 0_-000'4 _ _ 

=====ii~l-==-=-~=-~~ =~~~i~ --- ----t~ii==:iiiw- -h1i __ ~--~1~Ji~===~~---:Hi~i===~i~a -- =---~~iiH=~iS;-··---~j~ --~ 
90Sr 1.12E+01 3_68E-03 B.o2E+02 8.02E-02 B.02E-02 1.10E-01 B.82E-03 B.82E-03 J 49.000'/4 49.000% 

- gov 1:!_2e• o1 3.seE-03 ao~e+-02 e,Qi(:22-· ~-:o?fo2- - --3.40E:04 2~~e-0~= ~)3e3JL __ J __ o_Js_!_'.4. 0.151'-' 

_________ -_-__ -_-_-_-;;~; _________ __ t~~:; __ ::_~:~--_l;_~~~L-_J;~~~~~ ~:;~~~-~ __ :-:-"=~_Jj~~~; ~:~-~@=-. _H~~~L-I __ K~;_ - --~:~~= 
106Ru 9.23E-07 3.05E-10 6.63E-05 6 .63E-09 6.63E-09 1.GOE-02 1.0GE-10 1.00E-10 0 .000'4 0.000'4 

---------1issii ________ :i:!i2E-04- --;}'ife°:{l7-- --2.eie-02 -2 :eiE-06 ___ ;fe2i::oo - ---2 .40E-03 6.76E-09-- --6.76E-09 ___ -- . ·0000% oooo~ 
12ssn 4.31 e-05- -1.4i'E-·os-- - 5:09{.QS- -3.09e.:-C)i-- - i09E-01- - - - -4.?'0E-02- - ·--1 ASE-08 iAs'e-08 ___ - -o-:-000•.4 - -- ~-:oc;o;,4--

ISOTOPE 

- ----------- - 1·291 __ =::~ .-. ----- •·· -- ___ 9 _28E_-06 __ . ____ 3 OGE:-09 - -- --- 6,67E-04 ___ __ 6,67E§C = 6,67E_-08_ 2.00E-01 ____ .-:. _ 1.33E_:08 __ _ ·-- _1.33E-08 0.000% 0.000'4 
________ !3.4Cs _ _______ 

1
_~7~.9_9E_~ - i--2._~E~ _:__>-----c52_~E_:!>4_,.._ 5.74E_:0

7
8--lf----c5'-.74E_~ __ .. ____ 10o_o_E_:O__!__ _ ___ _ ? -~4E-09 ____ 5J~E:'}9 _ ___ Q oqo_'.4-=--= ===(?~_%_-_-_-_ 

_ _____ _____ 13_7Cs _________ +-_1"'-.00E~~ +--- 3'-c·3c_c0E_:04 __ ,_!J_~~:0_1_,_J)_BE~~ __ 7__:_1BE :(?_3 _ ___ 2 7_0€:(12__ _ _1.~~E-0_:4 ___ 1_.94_ ~-0_:4 _ ___ 1~0_7_7~'4 ___ 
4 

___ 1_.0_7_7'4 __ 
151Sm 1.0lE-01 3.32E-05 7_24E+OO 7.24E-04 7.24E-04 7.50E-04 5.43E-07 5.43E--07 0 .003% 0.003'4 

----- ---- ··- - 152Eu ----------- 2.23E-04 -I-- 7.36E--08 .---,.GOE--02- 1.GOE-06- - 1.GOE-06 - ---- 2.40E-01 - --3.85E-07- 3.85E--07 - --• -· o.002%.::-_-_--t-__ 0.002% 
- -------154Eu ______ - - •69E-03-,___..,:55E-06 i37E-01-~37E-05- ~ 37E-05- - ----2_foE-Oi ___ --6 .73E~ --sfjE:00- - - - -- 0 .037~ o~foj;,4--

15SEu ,·_41e-02 4.s5E-OG-- - - i:cffE~oo 1~01E-04 1.ci1e-04 e:OOe-03 eT 1E-01- - - i -ilE-0-;-- - - iioosi4 ____ o:cxis-4--
--- - --- - .. 2_iGRa-==-=:-=--=~-= -~ ~!:9_9E-0~= - 6c58E~i2=:-__:(,1:iE_:OO- ·-1X:i_f8_0= ·-=--i~i(:1_0= - - : __ {_0E:0j _ _:::_= ::-:-_E;:59E;11 -= -=~_6-:59(!1 -:__·_: _-:-=-~ 0000% ::_-:_-::.::_~-=0·000%~-= 

228Ra 1.04E-06 3.42E-10 7.44E--05 7.44E-09 7.44E-09 1_90E-01 1.41E-09 1.41E-09 0.000% 0.000'4 
- ------i·iiAc ____ ___ _,_ 2.46E-07 e.1 11:-1 1 · 1.77E--05 1.77E-09 1.77E-09 1.S0E+01 2.65E-08- ~SE-08- - --0.000% o.cioo•.4- -

--- - 229n, _________ , ·,f 1!le-0a 1.3BE=-i·;--~oii:-:OO- 7:0,E:,o 3.01e~----;~soe•o1 4:S2i:-0!i- --4:i"i2E-0!i-- --o~ocxi-i. o.oo§'~= 
- - -----iJini -- 4.!0E-OB 1.35E:1 _1 __ .._2 :iisE-06 2.9se:10- -2.95E-:fo BOOE•()()- - 2:36E-09-- - --:i:36E-09- - --0000'4 ____ 0.000% 

il1 Pa ________ _, _ 2,s_sBJ~ __ 8 ~3E--!!__~ 6JE:0?=~.:_8~E_-09 1.B__3i_3i9 ____ 1 c2-0_~;-01___ ·- 2~0_§~~- - =~~OE-QB ___ l-=-=-0~000% _ ___ 0.<JQO% -
--- 232U 3.17E-06 1.05E-09 2-2BE-04 2.2BE-08 2.2BE-OB 1.10E+01 2,51E-07 2.51E--07 , 0.001% 0.001'.4 

. - ·--- --·· ---··· - 233U - - -- ---· - - --1:-22(~5 - - - - •§:i(~9= - _::: ___ A~E_-0.C::=S:74E-OB 8.74~~ -----_;i~E~.QO== :=r1_~§~7= ==-j,°?ifQ7 ___ -~1-=- :::_o.:ClOi~= =~O,Dq~-4-==-
- - --- 234U 2.-41E-04 7.94E-08 1-73E-02 U3E-06_ , ~~ _ 3_10E+OO 5_36E-06 __ 5.36E-06~0030'4 0.030'4 __ :,::l 
----- 235U ·------- -- 1.0GE-05 3.51E-09 7.64E-04 7.64E-08 7.64E-OB 3.00E+OO 2.29E-07 2_29E-07 0.001% 0.001% 0 ~ 

236U 2.46E-06 B.11E-10 1.77E-04 1.77E-OB 1.77E-OB 2.90E+OO 5_ 12E-OB S.12E-OB - - 0.000% a .ciao% ~ < 
l-------~238U 2.42E-04 8.00E-08 1.74E--02 1.74E-06 ·1_74E-06 2.BOE+OO 4.BBE-06 4.88E:00 0~027% 0.027% ~ O 

Page1of2 



> 
~ 
m 
I 

°' 

ISOTOPE 
I AVERAGE 
' TANK Cs-137 

RATIO 

APPENDIX E • OTHER DRILLING 

TOTAL 
AVERAGE CURIES ANNUAL UNABATED TOTAL ABATED 

PER GRAM OF HANDLING RELEASE RELEASE CURIES 
SOIL LIMIT CURIES CURIES PER 

PER YEAR YEAR 
PER YEAR 

Pa9"? of2 

200-EAST AREA 
CAP88PC OFFSITE 

DOSE CONVERSION 
FACTOR MREM/CURIE 

UNABATED ABATED 
OFFSITE DOSE OFFSITE DOSE PERCENT OF PERCENT OF 

MREM PER MREM PER UN~BATED DOSE ABATED DOSE 
YEAR YEAR 

C, 
0 

~ 
I 
\0 
\0 

I w 
.i,.. 

0 ~ 
Vl ~ ....... ~ \0 
\0 0 



990526.1023 

ATTACHMENTF 

DOE/RL-99-34, Rev. 0 
05/99 

POTENTIAL-TO-EMIT ASSUMPTIONS AND CALCULATIONS 
CLOSING BOREHOLES AND REMOVING CASING 

ATTF-i 



This page intentionally left blank. 

990526. I 023 ATTF-ii 

DOE/RL-99-34, Rev. 0 
05/99 



APPENDIX F - ,.,,,l DRILLING 

SOURCE TERM FOR CLOSING BOREHOLES • AIR DRILLING METHOD 

NUMBER OF BOREHOLES DECOMMISIONED 10 
PER YEAR 
LENGTI1_0_F_1_0_~_N_C...,H-,-N...,O.,..M-,-1::-Nc-A-,-L"""'D=-=1""'"A"'"M-::E:::T:::E-=R- --l---

50
---+---F-E_E_T-- -+-------t--------+-----------t-------+----- ----,f-- ------,c-------l 

CASING PER BOREH.c.O::.L::.E=---------1------+------ - -+---- ---f--------1-------------1r--- ----1--------+------+------ 1 
LENGTli OF B~NCH NOMINAL DIAMETER 200 FEET 

CASING PER BOREHOLEc.....- --~=---+--- ---+-------+--------+--------+-----------i-------;---------+---- --+---- --1 
TOTAL SURFACE AREA OF EQUIVALENT 97_08 FEET•2 

1 

BOREHOLE 
ASSUMEi>':..CO-NT_A_M_I_Nc-A-=T-=E-O...,S...,0.,.,IL-T=H""l-=c.,.,K.,.,N-=Es=-s=----+---,1,-::164:-:------i---l::-N:-::C-:-:H---+--------f-------l------------:+------ t--------f- - ----+-----I 

OUTSIDE UNIFORM SOIL COVERAGE VOLUME 0_72 FEET•J 
PER BOREHOLE 
OUTSIDEUNIFO:_R_M_SO- IL_C_O_ V_E_RA_G_E,....v"""'o-,-L-,-U,....M-,E-f--7-.1-7--+---FE_E_T_•_3 _ _ +------ -1--------;------------i--------;-- -------+---- ----+--------l 

PER YEAR OUTSiD:::.E::F_RA_C_TI_O_N_O_ F_S_U_R-FA_C_E=------l-- ---l-------1-------+--------+-----------t-------+-------+------t------l 
0.15 

CONTAMINATED 
1Ns10EFRACllo_N_o_ F_ s_u_R_FA_c_E _____ _ 

0.015 
CONTAMINATED 
E·irTIMATEo-so1L,_ c_o_v_E_RA_G_E_v_o_L_U_M_E ___ -1--1,...._.,.,1e:-::3--+---:F:-::E:-::E==T::-•3=---+------+--------+-----------t-------t-------t------t------1 

DENSITY OF SOIL 110 POUNDS/FEET=·,...,3-+{,,....Ac-V=ERA=-G=-E=--=Fo=-R=,-,-L-,O'=o-=s-=E,""'D"'R=-=Y.,...s=-A:-,N-:-,D=--::-&-,:G:-::RA:':-:-V:=E,-L-- -:-:Mc:-A-::R-:-:K-=s-=sc:Tc-:-A-:-:N=-D-=-A=-R=-D-:-cHc:-A-:-cN:=D'=e-=oo-=-:-:K-,:F:-::O:-::R:--:M-:-:E:::C=-:H-:-:Ac':N-::-IC=A,.,Lc-,::-ENC-:G=1""'N-::E=E=Rs"'),+---- --+------l 

WEIGHTOFSOIL ---------- 130.17 -~UNO~ - 7 =f-
WEIGHTOFSOIL ---- ---~ .59,044.05 GRAM-S . - _ _______ __ __ 
RELEASE FRACTION___ 1.00E-03 
.. - · - - -- - - - - --- --- AVERAGE 

ANNUAL TOTAL UNABATED TOTAL ABATED 200-EAST AREA CAP88PC UNABATED ABATED OFFSITE PERCENT OF 
ISOTOPE CURIES PER HANDLING LIMIT RELEASE CURIES RELEASE CURIES OFFSITE DOSE CONVERSION OFFSITE COSE DOSE MREM PER UNABATED PERCENT OF 

ABATED DOSE GRAM OF CURIES PER YEAR PER YEAR PER YEAR FACTOR MREM/CURIE MREM PER YEAR YEAR DOSE 

--------J=-=H~--------+--:2=-.~:::
0
:--~-~--12-+---1,...._2,....J-=E--0-=1--f---, ·_.,.2,....JE=---,o--- -+---1"""'.2,..3-=E--1..,.o--+-----=-2.-=so..,.E=-0=5----+---=3-=_0G=E-....,1-=5---+·--=-3_-=0G.,,E=--.,.1=-5---1--0=-. ..,.oo.,..•1,- --+---o,..._00%---, 

·----- ------·- 14c ---- --5.1sE-13 3.39E-08 3-:-j9E-11 3.39E'--1~'1'----1-- ---,.00E-03 s.•5E-14- --s Ase-~ - ·o:oo-°"· ---+---o- .oo~ 
---·---- S9NI ·- ;39e.,2 e.18e.oa 8.18E~11 e.1ee'-.,.:...1'---+-----3-'-'_1'-'o-=E'--04'-"------+---'2-'-.54~--'e~ - - 2~E--1•--·- 0.00% 0.00% 

gji,i1 1 .35E-10 7.96E-06::--+---,7....,.96,..,·-=e,....-09cc----;----,7,...96= E:--09,-,,...----,c-----::2:-:.60=Ec-:-04:-:--___ -t_--:2:-:.0:::7:-::Ec--1:-:2---1r--~'07-~1__2 o,~ =---;-- ...,o,....,.oo~--
- - - ----6ClCo 2.61E-12 1.54E-07 1.54E-10 1.54E-10 2.SOE-01 3.85E-11 3.85E-11 0.01% 0.01% 
--- - ----90Sr ------ --- - · 5.SSE-08 - --3.30E-0-3--~.30E-OG 3.3oE-:00---+-----(10E--01 ·3 6JE-07- - 3.6JE-07 - ~9.00•1,~-f-- •.C.,9°.-00%·-'-''~-

.:::~~~~--- gov s .seE-Oii-1--3-::foE-03 j~-0, 3.30E-06 3.•0E-04 1.12e-09 1.12E-09 0.15% o.1s•1o 
-~, 6.51E-13 3.84E-08 3.84E-11 3.84E-11 1.30E-03 4.99E-14 4.99E:i'4 0.00%--+----0-.00--%--

--~---- -------1!~~cu-=--=--=--=--=--=--=--~-=--=-·.::: - -- !:f;~:~~ ~:~~~~~ ~:~~~:}~- -- ~:~~~::~ ----~~~~ }~~¾-- ---}~~{~ ' 7 :~~----}~!----_-_ 
---------125Sb - 1.96E-:i"2- - - 1.16E-07 1.16E-10 1.16E-1 0 2.40E-03 2.78E-13 2.78E-13 --ri.00•1, 0.00~ 

126Sn ·2.1sE:;3 1.27E-08 1.27E-11 1.27E-1 i- - 4.70E-02 5.97E-1 3-- --s .sie: 13 0.00;1, 0.00% 
---------c12!i1 ~.64E-14 2.7•E-09 . 2.1•e-12 2.1•e-12 2.ooE-01 5.•BE-13 s.•11&1~ ___ 009.,.•1,--+-- --:o-'.oo--'--%--1 

134Cs 4.00E-14 2.36E-09 2.36E-12 2.36E-12 1.00E-01 2.36E-13 2.36E-13 0.00_% ___ ..... __ o_._00_•1. _ _, 
1 ~-=--=--=--=--=--=--=--=--=--=--=--=--=--::.7_1-=3~7Cs 5.00E-09 2. 95E-04 2. 95E-07 2. 95E-07 2. 70E-02 7. 97E--09- 7. 97 E-09 1.08% __ ._ __ 1._08_% _ _ 

151Sm 5.04E:;O 2.97E-05 2.97E-08 2.97E-08 7.50E-04 2.2:iE-11 2.23E-11----0-.00-1, 0.00-lo 
--------,1·s--=2eu 1.12E-12 6.58E-08 6.S8E-11 6.S8E-11 2.40E-01 1.58E-11 1.S8E-11 o.oo'"•,.,.14---1-- 0-,-.00%--

154Eu 2.34E-11 1.38E--06 1.38E-09 1.38E-09 2.00E-01 2.77E-10 2.77E-10 0.04% 0.04% 
---- ----::-,155Eu 7.0SE-11 •.16E--06 __ f-_4.16E-09 4.16E-09 e: ooE-03 3.33E-11 3.3JE:11 i:i:-00% O~~ 
---- ----2°i6Ra 9.96E-17 5.eii&i:i s:SSe:i~ 5.88E~15---+-----4.-60-E-01 2~71E-15 2f1E-:i"5- - - 0.00•1, 0.00•1, 

----------~~-~::--------- --N~~:s- ;:~~:+~-- --;:-:~,..~,..,~===~:====:~:06
~2°s=-tH-- - ;_-~!!~ --- - }~tf~- ~:~~-~-- ---1~:1 ~:t=== 

--------::229Th 2.10E-16 1.24E-11 1.2,-•-=E-,-1--:•---1---,1:-7.24E---1•---+-----,-.60- E+01 1-:9iiE-13 - --1-.9BE-13 0.00•1, 0 .00-lo 

232Th 2.0SE-1 6 1.21E-11 1.21E-14 1.21E-14 8.00E+OO 9.69E-14 9.69E-14 0 .00•1, 0.00% 
----------:231P• 1.28(15 7.54E-11 7.54E-14 7.54E-14 1.20E+01 9.0SE-13 - 9 .-0SE-13 0.0041. o.~ --

1------------:::~j~ !·:~::: ;;i~~ ;·:~::; ;::~::; ~::~~:~ ::~~~~-- ---::~~f:_: _ - -~:~~----,r---~--.'-,-~~t- -
-----------~234U- -------·- 120E-12 1:10E--08 1:10E-11 7.10E-11--+-- 3.10E+OO 2.20E-10 2.20E-10 -- - - 003°1, 0.03%--

5.32E-14 3.1•E-09 3.14E-12 3.14E-12 ----3-.00- E+OO 9.42E-12 9.•2E-=i2- -- 0.00% 0.00%--

236U 1.23E-14 7.26E-10 7.26E-13 7.26E-13 2.90E+OO 2.10E-12 2.10E-12 0.00-lo 0.00% 
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APPENDIX F • AIR DRILLING 

: ·~~-~=-:=!1lt :~.= ·. :. -· -rnt1K~r §~~-==:=1~i~~~wj~ffi~=r==\~i~~=.~=rn if= ~=ifil!J1§==~1~= 
_ _ ______ 242Pu_____ 162E-15 ~SSE-11 _ ___ 95SE-14 .. 95SE-14 _____ 780E+OO · 7.45E-13 _ 7.•SE-13$. __ 000% OOOo/--;-
__ ____ _: __ ~~~~m ______ ___ ,__9_~!§:.1..:.1--1-_ __:S.SSE~-- __ S _~55..:Q.9__ S_SJE~--+-- ____ 1._3o~g1 7.2?§-<?_8 __ ~ _22_E_-O~ ___ 9 I~4 976~~== 
__________ 24_3_A.'!' ____ - ---'~2~E.:_!5 124~:~~- 124E-13 1.24E-13 130E+01 1.6_!E-12 __ .__.!:~1_E~2 __ - -~~•~ __ ..___.Q_OO~ 

242Cm 7.36E-13 4.34E-08 4.34E-11 4.34E-11 4.10E-01 1.78E-11 1.7BE-11 0.00'4 0.00'4 
--- - --- 243Cm 2.56E-14 1.51E-09 1.SiE-12 1.51E-12 8.SOE+OO 1.28E-11 1:2ae:,-, -- ~00% 0.00% 

1 _______ ~ 244.:. Cm 2.39E-13 1.41E-08 1.41E-11 1.41E-11 6.70E•OO 9.•• E-11 9.«E-11 0.01% 0.01% 
TOTAL 6.99E-03 6.99E-06 6.99E-06 7.•0E-07 7.•0E-07 100.00'4 100.00% 
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APPENDIX F · t.:ABLE TOOL 

~OUR_C_~ ~ -M FOR CLOSING BOREHOL~S_l!._S.!_N9. CABLE OR SONIC DRILLIN~- -+---- --+---------1------- - ---1------ --1r-------t----- - - 1-------I 

NUMBER OF BOREHOLES DECOMMISIONED 10 
PER YEAR 
LENGnt OF 10~NCH NOMINAL DIAMETER 

50 FEET 
CASING PER BOREHOLE 
LENGTH OF l~NCH NOMINAL DIAMETER 

200 FEET 
CASING PER BOREHOLE 
TOTAL SURFACE AREA OF EQUIVALENT 97.08 FEET•2 
BOREHOLE 
ASSUMED CONTAMINATED SOIL THICKNESS 1/64 INCH 
OUTSIDE UNIFORM SOIL COVERAGE VOL\)ME 0.72 FEET•3 
PER e'OREHOLE 
OUTSIDE UNIFORM SOIL COVERAGE VOLUME 7.17 FEET•3 
PER YEAR 
OUTSIDE FRACTION OF SURFACE 0.15 
CONTAMINATED 
INSIDE. FRACTION OF SURFACE 0.015 
CONTAMINATED -<-·- --- · __________ - - -->------·- - --- ----- --1-------------------,--------+----- -' 
ESTIMATED SOIL COVERAGE VOLUME 1.183 FEET•l 
DENSITY OF SOIL~------ ---- 110 POUNDS/F-=EET= •ccJ,--+(ccA-,.,Vc:E-=RA= G-=E-::Fc-cOc-cRc-L,--O='o= s =E,""'D°"R='y-=-=s-=-A:-:N-=D-::&:--G=RA'=-v"=EL • MARKS STANDARD HANDBOOK FOR MECHANICAL ENGINEERS) 

:::~~tg::~~:~ ·· ~:=-~-:. =-=: .. ·. :·_·-- :. 5;_~;_~5- · -- - --~o~N~::=- ~-~-=-:_--=..--=:=~ - . ____ _____ . ____ ___ · _________ · ---·-·····-- l~=--: .. ____ ~~~·+---~-~-----== 1-_-_-__ -_-_-_-_-_- _-
1 

RELEASE FR.ACTION 1.00E-03 
.. . . - . -- - ----- --- - AVERAGE 

CURIES PER 

- --- --- - t-------1-------------- --- --- -- -- -- -- ·---·- - --- ------ -- --- ---1---- - - -1 
ANNUAL TOTAL UNABATED TOTAL ABATED 200-EAST AREA CAP88PC UNABATED PERCENT OF 

ISOTOPE HANDLING LIMIT RELEASE CURIES RELEASE CURIES OFFSITE DOSE CONVERSION OFFSITE DOSE 
ABATED OFFSITE 
DOSE MREM PER 

YEAR 
UNABATED 

DOSE 

PERCENT OF 
ABATED DOSE 

-------+--G-~-O~L_
0

_F_ ,._c _u_R_IE_s_P_E_R_Y_~_ R_ ... __ PE_R_Y_EA_ R_ -+-·- P- E_R_ Y-=E-:A-=R- -t-·-F- A_c_r_o_R-C,MC,RC-ECCMC"/C_u_ R_I_E _ _ , MREM PER YEAR 
. - -------- JH _ ________ 2.08E-09 1.23E-04 1.23E-07 1.23E-07 2.SOE-05 3.0GE-12 3.0GE-12 0.00% 0.00% 

14C >- 5.75E-10 ~ 39E-05 --3.39E-08 3.39E-08___ -· 1.ooe-0_3 _ ____ ~-6:-.ise·., 1 - ---6~45E~11-- - 0~00%- --o-:ooli.--

59NI 1.39E-09- ~ 8-E-05 8.18E-08 8.1 8E-08 3.10E-04 --254E-11 2.54E-11 ~ 00% ci.~ 
---- ---- 63Nl _______ -+ __ 1.35E-07 7.96E-03 7-:00E-06 7.96E~ --+-------2;_6<jE-04 .__2.07E-09 - ~ [ OI_~-09- --0.00% 0~ 

60Co :i.°61E-09 1.54E-04 1.54E-07 1.54E-07 2.SOE-01 3.85E-08 3.BSE-08 0.01 % o.oi'i--
-------·-9os,- - --· 5.seE"--Os- --J.:icie~-- J.JoE-03 J .JOE-OJ 1.10E-01 ·f°ifaE -04 J .sJE-04 •9.00% •9.oo% 

------- ,oY ___ _ ···--· - s:ss~-0s'""·7:~~~~ ,-.--]~~E~l- - - 3~:io1E93____ _ __ J.4_o_e~ -~- ( 12e~= --~---i ~i2(~ - ::--oJ.s'A. o.,s'-4--
!iJZ, 6.51E-10 3.84E-05 3.84E-08 3.84E-08 1.JOE-03 4.99E-11 4.99E-11 0.00% 0.00% 

-----····- 9iiTc_________ 9.soe-09- ~~s-ie-0• s .eie-01 s .s1e-0i-- ------2.Jo·E-02 ·--i .JciE-:OS- --, .::ioE-08 cfoo% <i:00'4 _ _ 
--------:1-=oGRu - •.Gie: 12 2.12e-01 2.12&io 2.12E-10 ----;:-i;ciE-02 4.36E--:ff-- --•-.JGe:-i2 000% 0.00-%- -

1:issb 1.96E~ ~ 6E-04 1.16E-07 1.16E-07 2.40E-03_ _ _ _ 2.78E-10 2.78E-10 0.-00% 0.00-%- -
------- 126Sn 2.1-SE-10 1.27E-05 1.27E-08 1.27E-08 4.70E-02___ _ 5.97E-10 5~7E-=-io- ---0.00'J. 0.00% 
------- ---,1~291 4.64E-11 2.74E-06 2.74E-09-- ~ 74E-09 - 2.00E-Oi --5A6E:W-- - 5.48E:W __ __ 0.00% 0.00~ 

mes •.ooe::,,--2~e-0i _ _ _ i°J6e-0_9 __ ---i.""36E:00 1.cxie-01 2.JGE-10 2.Jse·.,o o 00•1. o.oo-%--
-----"""7131cs s .ooe-06 2.9se-01 2.9sw--·--2:ss·E-04 2.foe~- --,:91~----- , _gie:OS 1.08•1. 1.oe% 

----- 151Sm _ _ ___ _ _ c...t-_5.04E-07-· ~ 7E-02 2.97E-05 2.97E-05 7.SOE-04 .f23E-06 2.23E-08 0.00% 0.00% 
15iEu 1.12&09 6.SBE-05 6.58E-08 6.SBE-08 2.40E-01 --1~58E-08 --- - - 1.58E-08-- - 0-00% 0.00% 

•--------154Eu 2.3-4E-08- ----;~E-03 1
0
3~E.:!:)6_ 1.JBE-06 2.00E-01 2.77E-07--~~77E-Oi _ _ _ 0.04% 0.04'J.--

155Eu 7.0SE--08 4.16E-03 4.16E-06 •.16E-06 8 OOE-03 355"e--::00--,---JT3°E-08 0.00% 0.00% 
· - - · -- 226Ra _ _______ 9 .96E.:;•--5Tee-09- - ~ .88E-12- 5.88E-12 •.60E-01 2:1i'f.'"12 _ _ __ 2.1iE: 12-- -- 0.-00•1. 0.00%- -

______ 228~_a ____ -- · s .lBE-12 3.06E-0;- ·- - 3-:.oo.E-10 __ ~~i~~--f---___ 1,oo_E-01 5.81E-1i -+---581E-:,1- --o:oo% 0.00% 
227Ac 1.-2:1E: 12--7.26E-08 7.26E-11 7.26E-11 1.SOE•01 - , 1 .WE-09 · 1.09E-09-- 0.00% o.00% 

··--- •.... . - ---·- 229Th ------ --- . - 2.10E-i3 - --- 1.24E-08- 1.24E-11 1.24E-11 1.soe~,-- ---- ---1~iiiiE: 10·-- --,.gae: ,o-· - ·o.cio% D.00% 
·-· -----7 3zn,____ 2.osE-13 1.2,~ii 1 21e:;-1 - ~ :iie-11 s .ooe•oo 969E-:-,,-- ---9.69E~,--- --- 0-:-00% 0.00% 
- · -· -----·· 231Pa - ---- -·1.2e·E:,2- -i54E-08- -- - f54E-1 1 7."54E-11 1.20E+01 9.o·se-:w->--·g _-o5E-10--+--·Q00% _ __ 000%--

- - - ·---·--2nu _ _ ______ - 1 .59E-1i- 9.36E-07 9.36E-1Q 9.JGE-10_____ 1.10E+01 1.0JE-08 - - ·- ·1 .0lE-08 _ __ - - 000%·---o:oo°i- -
. - - -· ·-·· --2JJU -- - s:ciilE-11- - - 3.59E~--- ·-3."59E-09 -- ----:l.59E-09 . - :Jioe~ 1.11E-0e-. ---·, _- ;1E-0a· - · -·000•1. _ __ _ 0_0014 _ _ _ 

----- -- --- 234U -- - ,.20E-09 7.lOE-05 7.10E-08___ 7.10E-08 ------:i.,oe";-oo---- - --2~20E-07- . -- 2 .20E--07___ . - 0 .03'4-- ---ci.o:i;J.- -

235U 5.32E-1 1 3.14E-06 3.14E-09 3.14E-09 3.00E • -00 9.42E-09 9.42E-09 0.00% 0.00%. 
--- -----:fJ·"ifu 1.23E-11 7.26E-07 7.26E-10 7.26E-10 2.90E+OO 2.10E-09 2.10E-09 000% 0.00% 
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APPENDIX F • CABLE TOOL 

··- ·- - --- ------ ~J_eu_ _ 1- 1-~~E_-09~~E~5 __ --~6!'_:08 I 1.,sE~s ___ _ __ 2:.5.9_E_~oo __ J OOE~-- _ _ J.O()E:_0_7 _ _ J_...PJ3'.~ o.o3'/4 __ 

--==-~=----~~~~~:=~=--==-~-=-==~ . ~:m:~~~---~E~:== ---~:m~~ - ~:E~~~ -==i:~~~: -=== =~~~:=-~ -~- --~-~:~~:-=~1-=- ~5;3~-= - ~5;~ -
- - - -- - - -- · --- --- - ---- ··· - - -- -- --- --·-- --- -- . - ----- ----- - --- - -- -----+·- . - - ---- - --- -- ----.-- - ······ --- ----- - --

240Pu 5.71E-08 3.37E-03 3.37E-06 3.37E-06 __ -+-____ 8.20E+OO____ 2.76E-OS 2.76E-05 3.74'~ 3.74% 
- ·- - - - - - 241Pu --·- -- -- - --~J.J8E-07--·;-_999E-()i-- - -1~f--O~ - - 1~e-Os 1.30E-01 - f59e-06-- ---i.59E-OS-- --- ·-·- ojs•,4-- - - -0.JS-4--
- ------ -- --2·•2pu-- ·- - - --- - ( 62e:12-+--~9.-SsE-O_s __ - - ~55E-11c--+---9.5SE:f1 - - -- ··- 1.eoe+--'oo_~---·--+---f ,45e:10--·- - -"iAse·--,-0 - -· - 0.00·•.4 •'• - ,_ 0~00%--
----------- . -~---- - ----- - - ------ ---- ------------ - -- - -- - ---- - - - -- ---- - - . -- --- ---·· · · ----- -- - --- ---- -. --

241Am 9.41E-08 5.SSE-03 5.SSE-06 S.55E-06 1.30E•01 7.22E-05 7.22E-05 9.76'~ 9.76% 
- ----------243Am____ - - 2.09e:i2"· ~24E~7- - - ,~4e;.10 1~2•e-"io - ----1.:ioE • 01 --,:GiE-09- - - - 1~s1E:00-- · - - o.oo•~- - ,...--o.00•4--

242cm 7.36E~oC--l----•_-~3-c4E-0s=---·l----,4--c_34= e--0'ccs---l- - -4,--_34~ e-0a- ·----4:1-0E--0- , - - -·- --- 1.n·e-0e- - ·- 1)8e-08- - -·--0.00•,4--f--o 00-.4--
- - ---- - 243Cm - --- - ·---- - :z:-sse:,i - - ; _SIE-06- - --1.51E-09 1.51E-09 8.SOE+OO 1.28E-08 _ _ _ - - -1~8E-08 ____ --o_oo;~- - - - -0.00-.4--

2«Cm 2.39E-10 1.41E-05 1.41E--08 1.41E-08 6.70E+OO 9.4•E--08 9.44E-08- --0:01•.4 0.01'.4 
TOTAL 6.99E+OO 6.99E--03 6.99E-03 7.40E-04 7 .•0°i:--04 100.00% 100.00•~ 
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APPENDIX F · t, . _ ,{ METHODS 
'D 
...:, 
0 
V, 

N 
!=7'-

s S<?_llRCE TERM FOR Cl:~~I_NG BOR_~HOLE~ SE_D_O_N_CLOSED ENO PROBE ANO~C_O_N_E_P_E_N_E_T_R_D_M_E_T,-E_R ______ -+------------t------+-------t--------+--'----- I 
0 

NUMBER OF BOREHOLES DECOMMISIONED 
PER YEAR 

10 

LENGTH OF 10~NCH NOMINAL DIAMETER 
CASING PER BOREHOLE 
LENGTH OF 8-INCH NOM;"IN"'A"'L- D::;l,:A-:;M;-;:E:;T-;;E;::R---l------11-------t--------11--------i------------t-------t----~---11------t-------l 

200 FEET 
~~~kNi:\~i:i:;~~~~= F-=E-=a"'u""1v_,.A.,.,L,..,E"'N-cT=---•-----1--------+------+--------i-------------t-----··· -··---------1------1------r 

97.08 FEET•2 
BOREHOLE 
ASSUMED CONTAMI_N_A_T_E_D_S_O_I_L_TH_ IC_K_ N_E_S_S_...,.. __ 1164 __ .,_ ___ I_N_C_H~~-~~~:-~~~~~~~~~~~~::~~~~-=-=--=--.:.-=--=-~~-·-t- ========:::=============:= -··._---__ -_-__ ·-_·+ - - -------- . 
ciii'rsiriEUNIFORM soiCc6vERAGEVOLUME ~;;2- ---F;~;.3 i---------1-------1 

PER BOREHOLE 
OUTSIDE UNIFORM ..,.S.,.O-IL- Cc·o"'v""'ERA,,..,-G=E.,.V"'O:-cL-:-U:-,M:cE:--t------1--------t--------1------- - 1------ ------1----•- ----------t-------t--------l 

7.17 FEET•3 
PER YEAR ==cc-=-=-------1--- - -__,. _______ __,_ _______ 1 __________ >- ------------+---·-----·-
OUTSIDE FRACTION OF SURFACE O.l S 

CONTAMINATED -----·--+-----it--------·-i-------f-------- t------------l·-______ ·---· _ - -·------
INSIDE FRACTION OF SURFACE 
CONTAMINATED 

50 

0.015 

FEET 

----- . - ------• 

ESTIMATED SOIL COVERAGE VOLUME 1.1 83 FEET_•_3·--+---·----~-------c~=---==-----~--
DENSITY OF SOIL . 110 POUNDSIFEET·3 (AVERAGE FOR LOOSE, ORY SANO & GRAV EL . MARKS STANDARD HANDBOoK -=F-=o-=R-:M-:-;Ec,C=:H-:-A~N"'l-=cc:cA7"L-::E'7N"'G""IN""E=cE=cR=cS=:)-+---

WE1GHT OF SOIL _ -··· ·-----·---~ --591,304_0.41_,os-- PGORA_U_NM~_ss_ - ---·-------- - - , __ -----·- - ·· t-- ----------------t------ t 
WEIGHi""o'F _S01L ___ ____ -----·--·- --- --- ·· --- -- -RELEASE FRACTION _ _______ _ _ _ -· 1.00E-03--1---- .... -- ------ ·-- ·-- - - --· - -- - -- -- · · - -·- ·----- -- --- -· --·--·· ··- --- - ------ -··· --- - - ----- -

.. . . .. .. . - .... AVERAGl ANNUAL TOTAL UNABATED TOTAL /\BA TE.;- - 20;;,AST AREA CAP88PC -- - -~ ·;;-;;;;TED --· ~BATED OFFSl;E. ~ PER-~E-;;T OF . 

ISOTOPE C~RIES P~R HANDLING LIMIT RELEASE CURIES RELEASE CURIES OFFSITE DOSE CONVERSION OFFSITE DOSE DOSE MREM PER UNABATED PERCENT OF 
~O~LO CURIES PER YEAR PER YEAR PER YEAR FACTOR MREM/CURIE MREM PER YEAR · YEAR DOSE ABATED DOSE 

. ·-- -- -- ·- -- 3H ·- ------ ~ 7E-07- 8.09E-03 8.09E-06 8.09E-06 ------2- .SOE-0-5 - - ·-- - - -i .02e:10 -- . - --2.02E-10- ··· - >-- · - ·o:oo"'-_ __,,___0.00'4 
-- -------- ---- i4C _____ ·-- - , 3 .79E-Oil --2.24E-0_3 _ _ --- f24E-06 __ ,___fi-iE-06-- ---- ·· 1--:!ioe-03 ____ --- -4~26E-09 . - >- - •.iSE-09 __ __ --· - -()~()()% o~cio•4--

-- ----- 59NI ____ 9.iSE-08-~S~•OE-0.3 s-:-.we-06 5.40E-06 _______ 3_-,oe-0• ___ __,,___ 1.67E-09---,.67E-09-- --0~00•4 0.00% 

=-=--=~~.:-:=.-:-.. ~ 63!:'1_ - · ---=~--=~ oo( _oiC .._. s)~.-0~ - - ~25~-0• ___ 5,2sE°-04- =--==2~(~ ___ !:?fE-0_1---- ~ ~~. 1:~1e~1-=-=-::_ =_ __ q,oo-"'= ·= ~20~~-
----···---- 6..0.co __ _:_ 1.72E-07 1.0I~_2 _ _ ____!;_q2!=:QL__ _ _ ls~I~~---+----- 2.50E-01 --~E-~ 2.~~~-- _ ___ op_1% 0~0~_% _ _ 

90Sr 3.68E-03 2.18E+02 2. IBE-01 2.18E-01 1. IOE-01 2.39E-02 2.39E-02 49.00% 49.00% 
- ·----- - - 90Y___ 3.68E-03- 2.18E+02 2.18E:0,-~~BE-01-- ------3.40E-04. 7,•0E-05 - ,-.40E-05 ____ - ·- 0.15% - --ii.,~ 
- - ·---- -- 93Z, - -------4.29E-08 2.54E-03 2.54E-06 2.54E-06 1.JOE-03 -- 3.30E-09 - · --- 3.30€-09 ---0.00% - 0.00%--
·--------99Te ________ ,__ ~ :~E~ --3J~-02 ~--7~~5__ 3.74E-05 2.30E-02 8.61 ~3>;- - il~I:(§'7 - ==:o--:oo~ _ ___ 0~% 

106Ru 3.0SE-10 I .BOE-OS 1.BOE-08 I.BOE-08 l .60E-02 ___ -; ___ 2.88E-10 2.88E-10 0.00% · 0.00% 
•--------:c1-=2ssb --~ -,i~e-01 1.G•e -03 1.G•e-06 1.64E-06 L_'.___ 2 .4oe-03 i .iiJe·..oa - --1.a3e:oa--· --0-:--00% o.ooi--

--------1~ssn -=--===- _!._~2!:~ - ~~~~~-04 8.39E-07 ____ e __ 39E-07 c=_4.:7Q_E:<Ji-----~-?._4~-0~ ·= --~ 4E~-==-.:.-·o~oo}4 a.co~ 
_____ ____ 1_291 _, 3:~E~ _ __ 1,8!~.-04 ____ .!_.~~7 ____ ...1..:_8_!E_:0_7 __ ---· __ 2,~E-01 ___ _ __ 3.~~E_-.2_~ ___ _ 30 6~E-~ --- __ o,~~~ 0.00% 
________ 1J~Cs_ _______ 2.~E~ 1.5?!=_-94 l .56E~7 1.56_E_-0_7 __ _ _ ___ ,..:.()()_E_-01 _____ l .~E_-:09 ____ 1 .. ~._oa _____ q,_00~4 0.00'..4- -

137Cs 3.JOE-04 1.95E+OI 1.95E-02 1.95E-02 __ --+-____ 2.70E-02 ____ 
1
..___5.26E-0• 5.26E-O• 1.08'4 1 08'4 

··- --- - -- -- i SI Sm ___ ---- -- - 3 .32(05 __ ___ _ 1_. 96~•oo-:=-:- ·:-:_~~-~E:03 _____ _ .!.:_9'5E~J --· _ ____ __ 7.SOE-04 ____ _ __ __i .~7E_::0S-:-=· ==-···_, .4~E-06--:-:--=-~ - - -o· 00% ---t--o_ 0014 
____ 1 S2Eu ___ ____ _ ~ .3GE~ _ -~--3~E~-~-- __ 4.~E_-OG O SE~- - _____ 2.~~E-01 1.0•_E~ _____ l .04E-06___ 0 0014 0.00'4---

154Eu - -- ----- 1.SSE-06 9.13E-02 9.13E-05 9.13E-05 2.00E-01 1.BJE-05 l .83E-05 - o-:ii414 -- - 0.04-14--
. -- - -----1 SSEu - ---.GSE-06- ~:rse-0,-·- --2.75E-04 2. 75E-O•------·- 6.00E-03- 2· 20E-06 - • --2:20E-OG --·- - .. ii" 00'4 - - - o:00%--

226Ra 6 .Sl!E-12 - ...... 3~68E-07 3 88E- 10 3.88E-10 4.GOE-01 1.79E-10 . 1.79E-10 0.00'4 --- ·-·-0.00'4 
- ·-· - - - --- 228Ra ___ - --·--·- 3 .42E~O- --2~2e-0s~- - - foiE-<ie 2:02e-0a - --,~90E-OI 3.83E·.oo-·· ·- 3.83E-09-- f--·om•,4--f--0.00~ 

2i7Ac ______ 8.IIE-11 4.79E-06 4.79E-09 4.79E~ 1.50E+01 7.18E-08 - - 7.IBE-08 · -0.00•4 0.0014 
- --------- 229Th - - l .38E-11 8.17E-07-- ---e.'1ie:;o-- 8.17E-10 1.60E+OI 1.3,-E:OS-- ---1.31E-08-- >-- 0-:-00•4 0.00% 
--- - ·---·- 232Th 1.:ise: 11 8.00E-07 8.00E-10- 8.00E-10 8.00E+OO 6.40E-09 6.40E-09-- --0-00% 000% 

. - ---~ ~-=-·~· :231Pa _ _ ····-· - -· ~-~ - -~ -4~E-:D _ -4}7E_-06-=---~ =~-=-:=~:9!_(iiil=· • .9?T~===-==·-- _1)0E~01 __ s.~1i1:0if-=~ -=-=:·_ -5.97E-08-- 000% ··-- __ _ 0.00% _ _ 
232U l .05E-09 6.IBE-05 6.18E-08 6.18E-08 1.IOE+01 ____ +-_6.79E-07 6.79E-07 0.00'4 0.00% 

. - --- . -· - ··- 2JJU--- -- >- 4.02E-09 2.37E-O• -- 2.37E-07- 2.37E-07~ 3 .10E-;OO ___ --t ___ 7.35E-Of. - - -- - 7.:isfo; - -·~ -- 0.00% ----0.00%--

. ·-·----- - - · ·2J•u -- -·- ·- 7.9•E-08 •.69E-03 •.69E-06 •.69E-06 - 3-:,oe+oo :Lise-<is ___ ···-·1.•sE-0s·-·· --o-:O:i•.4----0.03%--
-·--- - - - 2 3su ·- .... 3 :5iE-<i9 2.01e-0• 2.01e -0,---~e~ · - 3.00E•oo 6.22e-01- - ··--6 22e-01-- ---0.00% 0.00% 

236U 8.11E-10 4.79E-05 •.79E-08 U9E-08 2.90E+OO 1.39E-07 ~ .'J"9E-07 0.00% 0.00% 
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APPENDIX F • OTHER METHODS 

AVERAGE ANNUAL TOTAL UNABATED TOTAL ABA TEO 200-EAST AREA CAP88PC UNABATED ABATED OFFSITE ~ PERCENT OF 
ISOTOPE C~RIES ~~R HANDLING LIMIT RELEASE CURIES RELEASE CURIES OFFSITE DOSE CONVERSION OFFSITE DOSE DOSE MREM PER UNABA TEO PERCENT OF 

~O~L CURIES PER VEAR PER VEAR PER VEAR FACTOR MREM/CURIE MREM PER VEAR VEAR DOSE ABATED DOSE 

. _-_ -__ -_-_ ~.----.~- -_-23- 8~ - ~----------~~-~= _- 8._-00~~ 8 _. --~- !_2E~3 - - ~ -· _ 4 72_E~ -= --=--=--=--_..,.4-=.}_
7
2E=-06=·--- =-----_-_-_ __,?...,_~"'~-=E-~

7 _,,-_-~~~- ---+-__ -_._,., ..,.3-=-2E=-:0-=-s=-_ ---i==f~2-E_-0_5 __ -__ -_·_- ~~--0~0-_ 3-,,4-_-_-_+_- _-_-_- o-<;>- ~-~,4-_--_ , 
- ----·· ---··· __ 237Np ________ --·· __ 632_E:1_0_ --~J.3E-05 _____ J 73~-08 ____ 3 7_3E~ --- ______ !_2~E~0_1 ______ ·- _448E-07 __ ____ 4.~8E_-07 _ ___ O.~ -~-- --~()()~---

238Pu ---- -l- 3.92E-07 2.31 E-02 - -+--2.31 E-05 2.31 E-05 7.60E•00~----+---- 1.76E-04 1.76 E-04 ~j 0.36'.4 0.36% 

~==~=--rn~~ ---------;~:J~t~----iiir ~!i~=-----IEJ _-_ -1:1:~=!:m;=t:i----3is= 
____________ !:!:: ______ ---~ ---=~~ _· ~:~!:~--- ----::~r:t-- --~~~~~= ----~:~~:~ --- -1 -_ -- ·_ -::~~~~~·-==:: --{~~~~ ·· -·_-- ~ :~:~~ · - · ----~:~:~~--= _- --~ ~~---

242Cm 4.85E~ _ _ 2.87E.::!.3 2.87E-06 2.87E-06 I ~ OE-01 1.185~ 1.1 8E~ -- --~-~ ~--->--~OQ.%_ 
243Cm 1 .69E-09 9.98E-05 9.98E-08 9.98E-08 _ 8.SOE+OO 8.48E-07 8.48E-07 0.00% 0.00% 

- - - --- - ·2,~«-·"c m 1.SSE-08 9.30E-04 9.30E-07 9.JOE-07 G) ciE+OO 6.23E-06 6.23E-06 0.01•,4 0.01%--
----- ---'TOTAL 4.61E+02 4.61E-01 4.61E-0-1 -- . 4.BSE-02 4.88E-02 100.00"1, 100.00'.4 

P~ge 2<>1 2 
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APPENDIX < DRILLING 

S~~-~-A_R.~C?_F_O~~ RALL ~M~SI_O_N_S __ US~NG_A_I~ Dl:lll_l:1~ ~~~1:_l:i_C?..D_~ ~L_Y.,----------t---~-----+----~ ~ 

200-EAST AREA - ·-
ANNUAL HANDLING TOTAL UNABATED TOTAL ABATED 

ISOTOPE LIMIT CURIES PER RELEASE CURIES PER RELEASE CURIES PER CAPUPC OFFSITE UNABATED BATED OFFSITE PERCENT OF PERCENT OF ABA TEO 
YEAR YEAR YEAR oosE CONVERSION DOSE MREM PER YEARloosE MREM PER YEAR. UNABATED oosE oo:,E =~~-

1
3
4
~~~=-= ==-~:~~~: ·---==-~::~~:~-=--·-·· ~::~~: FACTO~-~~~O~/CURIE ____ _288E-10 ·- . 2.88E-10 · · ·---'-·· ____ 0.00% _______ 0.00~ =--= 

,---- ----- ·- _______ ·- · - · ·----+- - ~~--- _ ______ 1.~E-03 6.06E-09 ~ -~E-09 _ _ _ ·>--__ 0.~/4 _________ O.Q±% ____ _ 
59NI 7.77E-06 7.69E·06--·-+--- 3.93E-09 3.10E-04 2.38E-09 1.22E-12 0.00% 0.00% 

~~~t=~i-~~i1~!L___Jfil~ -- il!il~ --~:~~-=-~liii~~-=~ =1~.,..}--==---_--• 
93Zr===i-3.65E-08 3.61E-06 1.84E-09 1.30E-03 4.69E-09 2.•0E-12 0.00% 0.00% 

•- ···- - 99Tc ___ I ·- - - s:Jae:os s .3:iE:os _______ 2.12e-0s ___ ---2.Joe --02 1~i:ie-:OO s.2se:-io---1--- o.ooo;. 0.00% __ _ 
· ---·- ,o6Ru ___ ·---i:s9e-0e- -·-1 2.ss{i:is ;::i1e-11 ·1.6of o2 • .1oe-10 2.o!ie-1:i _ ____ o:C,o•/4-- 0.00•.4 __ _ 

:11~: - rn1; = +~= gg --:-!I~] -~-== ;~!~l==: =-~ i!E~ -=- rnrn =~:-=- !§---- --!§ ---
137C• -· ··-2.BOE-02 ·- · -· - 2.77E-02 ·- 1.42E-05 ·- 2.70E-02 - 7,49E-04 - 3.82E-07 ··- --··-·· ,.oe•Ao---· ----1.08% 

•--- ··- --- -----· - ·· --- ·-·I---- ·-·----+---•·· -----+---·---c-=- ·--- ----- --- ·---+-- - ·- ------ - - - --------- ---- ·--- - 1 
151Sm 2.82E-03 2.79E-03 1.43E-06 7.50E-04 2.10E-06 1.07E-09 0.00% 0 .00% 

---152Eu ___ - - 6.25E-06 6~19E-06 3.16E-09 2.•oe-::-01 1.48E-06 7.58E-10 0.00% ___ ---000% _ _ _ 

--1~Eu 1~·1E-04 1.30E-04 6.64E~ B 2.00E-01 2.60E-05 1.33E-08 0.04°/4 0.04% 
---15-SEu ___ ---3-.95E-04 3.91E:04 2.00E-07 8.00E-03 3.13E-06 1.60E::00·- - - -·0.-00% 0.00_% __ _ 
- -·- - 226R1- . - ·s .59E-10 - 5.53E:,o---- ·z:a2e-13 4.60E-01 2.SiE:10--- ~ - i .-JoE:1 :1- ·•- - - --0.00% 0.00'4 _ _ _ 

--228R• 2.90E-08 2.87E-08 1.47E-11 1.90E-01 5.46E-09 2.79 E-12 0.00% 0.00% 
227Ac - 6.89E-09 6.82E-09 3.•BE-12 1.50E+01 1.02E-07 5.22e--:1i 0.00% 0.00% 

----229Th 1.18E-09 1.16E-09 5.94E-13 1.60E+01 1.86E-OB 9.5-1E-12 0:00% _____ __ 0.00% 
---2-3ITh- 1.15E-09 1.14E-09 5Jl1E-13 8.00E+OO 9.11E-09 4.65E-12 0.00% 0.00-%- - - I 
---2i1P1 7.16E-09 7.0BE-09 3.62E-12 1.20E•01 8.50E-OB __ -+----• ·ice:-i i- ---0.00% - ·- 0:00% __ _ 

232U 8.89E-08 8.79E-08 4.49E-11 1.10E+01 9.67E:01 i .94E-10 0:00% OJJ0% __ _ 
233u ··--- - - ---- - 3~41·E~oi- --· 3.JBE-07 - · 1.72E-10 3.10E•OO 1.0SE-06 - -- - · .. 5.34E-10 - · - -·--0:00% _ __ -- 0.00% 

____ 2_3,u- · ~= --s:r•·e:-oe --· ~ ( s~~ 06 3.•1E-09 -- J .10E•oo - - - 2-:oie:os -- · ·- ~,~ e ~e___ _ o.o~~--- o.o3'4 _ _ _ 
235Uc--_____ 2.98E-07 2.95E-07 1.51E-10 3.00E+OO 8.B5E-07 4.52E-10 0.00% 0.00% 

---236U 6.89E-06 6.82E-08 3.48E-11 2.90E•OO i :saE-07 1.01e: ,o - ----0-.00%-- - - ----ci.-oo·-%----< 
. - 238U ____ _ ---li'.79&06---~ ---i;:ne-oo- - - :i.•3E-09 ______ 2:iioE•·oo- - - · · - ---, .eeE:os_ _ __ 9.61E-09 . 0.03% -- . 0.03% __ _ 

- ·--- . ----- ---- - - --·---t------·--------------- f-- --- - ----·- - - - - - - ------+- --- - - - · --- --------- -----·--c-.~---1 
237Np 5.37E-08 5.32E-08 2.71E-11 1.20E+01 6.3BE-07 3.26§:.10 O.~ ~ - 0.00% 

---238Pu ___ - - -3~3E-05 3.29E-05 1.68E-08 7.60E•00 _______ 2.'sciE-04 1.28E-07 0.36% _______ o·"'.36'"---'%'----I 
---239Pu :i:0.CE-O:i--- -- - - - 3.00E:03 1.53E-06 8.20E+OO i .•ii&oi ___ - -·--1·.2sE:-os ____ - ·--35~ 3~ ___ 35~2•_14 __ _ 

--2i0Pu 3.20E-04 3.17E-04 1.62E-07 8.20E•OO 2.soE:03 1.33E-06 3.74°/4 3.74% 
---iiiPu ______ 1.89E-03___ 1.87E-03 9.57E-07 1.30E-01 :Z.:ccE-04 1.24E-0_7 _ _ ----o::is% _ _ __ ·-- - 0.3 5% __ _ 

- -·-ff2~u ·- -- - _....:._?:Oi(o(== ===( 9i_E:(!9--·· ---(SeE:fC.:.== =-7_,~~~• 00- --7_-~~w=-==~--=i~7_E-~_i - =--~:~/4=-:....-=-~ -=--·-0"!)0~ -
241Am 5.27E-04 5.22E-04 2.66E-07 1.30E+01 6.76E-03 3.46E-06 9.76% 9.76'/4 

- 243Am - -- 1.17E-08 - 1.16E-08- 5.93E-12 1.30E+01 1.51E-07 ___ - 7.71 E-11 -- 0.00% ---·- 0.00% --
---2•iCm- - ----•TiE-::-06--- ---•-.OeE:oo 2.0BE-09 4.iOE-01 1.67E-06 8.54E:1o--------O.OO% 0.00% 
---2•3Cm 1.44E-07 ·-- -,::c:ze-07 7.25E-11 8.50E+OO 1.21E-06 6.16E-10 0.00% 0'"'_00,..,..,,%- - - I 
---244Cm 1.34E-06 1.32E-06 6.76E-10 6.70E+OO 8.87E-06 4.53E-09 0.01% 0.01% 

TOTAL 6.64E-01 6.57E-01 3.SOE-04 6.95E-02 3.55E-05 100.00'~ 100.00'~ 

C, 
0 
tT1 

~ 
I 

'° '° I 
\.,.) 
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0 ;:i:, 
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APPENDIX G - CABLE TOOL 

SUM_MARY_~F OVE~LL EMISSIO_N~-U_SING TR!°'.DITIONAL _<: AB_LE TO_OL_A!"D_5._(?!"IC_~_~.!_LL~~ - ________ ______ I _ __ __________ _ _____ ____ _ __ ~-- __________ _ 

- ---- --- . - ---- -- ---- ------ -- -----,- ------,----- ----------------- -------i----- -- ··- --- -- -----
ANNUAL HANDLING TOTAL UNABATED TOTAL ABATED lOO-EAST AREA 1 
LIMIT CURIES PER RELEASE CURIES PER RELEASE CURIES PER CAPBBPC OFFSITE UNABATED OFFSITE ABATED OFFSITE I PERCENT OF PERCENT OF ABATED 

YEAR YEAR YEAR DOSE CONVERSION DOSE MREM PER YEAR DOSE MREM PER YEAR, UNABATED DOSE DO~E 

___ ~:~

1

_-~::--~ :=3~~~~;; ___ __ ----~:~~~~: --- --~:~~~:~- - _F~C:_T.01:: ·11r~-RI_E -·-·-!:~~~:: _____ '!:~;~! ----1_-- -__ ~::: ____ =-t~} __ 
___ 63NI ___ ___ ; :~~~~-- - _ ;:~~~:~----+--_;:~~:: ________ ~:!~~~:-----~::!~: ___ ~::!~: __ !__ _____ ~:::~- -~;;;=== 

--}}f- --=-~lli~l---~~!i - rni~ - m!~---__ )~f:~;;~Ei~~~t~-- -_~;;; 
... .. -~~~~~- - ---1 ~ :~~~~~ - .. --- -~ :~~~:~: ---- ~:~~~:~: - ----- ~:!~~:~; --+--· .. ;:!:~:~~ --- - ---~:!:~:~~-··-·- ·-· - ~::: --· - -----~:~~--

ISOTOPE 

• 
=I 
0 

I 

N 

~~li~~--)~I Jf s .~1rar~~1~~~~~]ai~1~=-::mm~~=1m_~=~ __ JE_= ~ -~~;5== 
151Sm ~+ 2.82E•OO 2.82E-03 2.82E-03 7.SOE-04 2.12E-06 2.12E-06 ___ 1---- 0.00'.4 O.CXW, =~~;2121~!1=:=i~rn~~ -J:ai-~ -- iffl~1===1~~ . -~- tilm=: -·== 15~ =-=- 1_m __ _ 

----~~~~~--- ----n~~~ __ _ . ____ H:~~-==-~~~~~~----~ :~~~~=i=----{~;~:~~ ____ - -H~~~~m~ ~~'.~~ ---· ___ ~:~~-=--
lJ2Th 1.15E-06 1.15E-09 1.15E-09 8.00E•OO 9.21E-09 9.21E-09 0.00'.4 0.00% --- - .. ------ ------ - - --·-----------------~-- -- ·- -· ---- -- ----- -- - ---- ---- ---- ----- ---- -------
231Pa 7.16E-06 7.16E-09 7.16E-09 . 1.20E+01 8.59E-08 8.59E-08 0.00% 0.00'.4 - -- . - -- ----- - - ----------+-------- - ·--------- -- ---. ------ ---·---- -- -------- ···-----
232U 8.89E-05 8.89E-08 8.89E-08 1.10E+01 9.78E-07 9.78E-07 0.00'.4 0.00'.4 

·- ·--· · 2J3u- -- --- ----3.•1e:o .. ---- - ·----·--3.4iE:o1--· -----3.4·1e:-o-1 - - - ·-i toe-;·oo- - - ---- 1:0ae:00--·-r- ---,.OGe-06 ____ --·· - ·- 0.00%··-·-·· - ----o.Oci% __ _ 
- - - 23.Cu-· 6.74E-03 6.74E-06 6.74E--06- ---3~c;e-;oo--· 2.09E-OS ___ - --f 09E.os o.0:3% 0.03% __ _ 
---235U 2.98E-O•-- --2.98E-07 2.98E-07 3.00E+OO sisE-:O-;- · 8.95E-07 0.00% 0:00% _ _ _ 
··-- -- - . -- - ----· ··-. --- ---·· - - "-'----+---"~-- -· --- 1------'·- ----- - -- - ---•-· ···- ---- ·---- ·- - -----+--- ··-- ··---

236U 6.89E-05 8 .89E-08 6.89E-08 2.90E+OO 2.00E-07 2.00E-07 0.00'.4 0.00'.4 
23SU _ ____ - ----s :79E-03 - ---6.79E_-06 - ---6.79E::-oo--- --2 .BOE~OO __ _ - -- -·--··1:90e:iis-- -- ·1:we-0s ____ ---·- o .03% .. - -- ·0.0:i•.4 __ _ 

--------· - - ------ - - . ----- ------ -- - ---- ---- --- ------- --- ·----- - - - - - - -- -- --- - --- - - ---- - -- - . .. ------ -- --- --- --- ----
237Np 5.37E-05 5.37E-08 5.37E-08 1.20E+01 6.45E-07 6.•SE-07 0.00% 0.00% 

- 23SPu --- ---3.33E-02 -- ------ 3.33E-05 - 3.33E-05 --- 7.GOE+OO • -- - - 2.53E-04 ---- -- .. 2.53E-04 ___ -----036%· - ... ·----036'.4 ___ _ 
.239Pu --- - 3.04E;OO --- -- -- 3~04e."03 _ ___ - 3.04E.-03 ___ - - --8 .20E•OO- ·-- - ·-· - 2.49E-0°2 -· -- -· - 2.•-9E-02- - -- - ----35.43°.4 --- - --- ··-·-35.43% ·---
240PU - · - -----i20e-01 ___ ---·3·.2oe.04- - - ---3~2C)E~ - - e~OE+OO 2j;Je-Oj ---2~6-JE-:OJ ______ 3.74%-- - r- 3.7•%---

---2•1Pu _ __ _ 1_.89E~C?<J ___________ 1.89E-03 ___ L 89_E_-~3 __ 1_.3_(!E_:0 1 __ _____ f 46E-O~- -= · =-~=-·2:•~~~ --- ___ O}SJ> .. _ ____ __ ~I~~.4-= 
242Pu- - ·- - 9.07E-OG 9.07E-09 9.07E-09 7.80E+OO 7.07E-08 7.07E-08 0.00% 0 .00°.4 
241Am - -· ---5.27E-01 ___ -- 5.27E-04 5.27E-04 1.30E+01 -- 6.86E-03 - -- 6.86E-03 _ _____ ··- · 9.76% .. - ·- - 9.76% ___ _ 

-- ------- - ------ ----- - - --------·-·-----l------- - - ,-----;--- --·-·--+-------· . ------ .. - --- - -------- --····-- · ---- - ···- ---
243Am 1.17E-05 1.17E-08 1.17E-08 1.30E+01 1.SJE-07 1.53E-07 0.00% 0.00% 

--242Cm ·- 4.12E-03 - 4.12E-06 4.12E-06 ·- •.10E-01 - -- 1.69E-06 - ·· -- 1.69E-06 0.00%··-- 0.00% ___ _ 

t:l 
0 
tT1 
:i3 
r' 
I 

----243cm - ---1 -:«E- 0• ___ ---, _•4E-01 1.•• E-01 e .soe•oo 1.22e-oo 1.221:--:-00 0.00% ___ -+-___ o.oo_"" _ _ _ 
- --244Cm 1.34E-03 1.34E-06 1.34E-OO 6.70E+OO 8 .97E-08 8.97E-06 0.01% 0.01% 
- - --,.OTAL 6.6'E+02 6.64U11 6.64E-01 7.0JE-02 7.0JE-02 100.00~- - 100.00'/, 

\0 
\0 
I 
w 
~ 

0 :,::, 
Vl ~ 

----
< 

\0 
\0 0 
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APPENDIX G -~ _R METHODS 

s~u~~? v oF ~~eRA_ L_L eM1_s _s1_o_N::~:_o_c_L_o-1s1-e_o_ e_N_o_P_R_o_s_e_A_N_o_c-to-N_e_P_e_N_e_T_R_o_M_ ET_E_R- -+-- -=-=-=====-=-- · t---- ---- - -+--- -~-==·=t----~- ---·-- 1----- - --- , 
200-EAST AREA I ANNUAL HANDLING TOTAL UNABATED TOTAL ABATED 

ISOTOPE LIMIT CURIES PER RELEASE CURIES PER RELEASE CURIES PER i;::~o~~:~!'i~~ o~~:~ARTEEi ~::~:!R oo::~T:~M
0
;;;

1
~:AR! u:AE~CT~~T iisE PERCEN~i;/BATED 

-·- - - 3H __ __ . ·-· 3::::2 1~~::5 1~~:.:5 ·- FACT0:.5~:~~/CURIE - •- -·--2 .m-10-- ·· ··. 2.77E-10 1----· 0.00% · - - -· ·-- · · · ·o.i:ioo.4 - ··--
·· - -·. - 14C . . - ··- - -- · ·, .-05E.02·· --- - ···3_0iE-06- - •· - -----3~01°E-06 --- - 1.00E-03 _ _ __ ··· - - :- s11:iE-09 ___ ,_ . 5.83E-O!C ··•- j · - - - 0:00% __ __ - ·--··o:00%·- --
·- - - 5~NI _ _ ··--·· ___ __ 2,.5_:l_E:02 . . ·--- 7.39E-06 - · --· 7.39E-06 3.lOE-04 - ~ = 2.29E.Q9 - --= ·:~ 2.29E-09_:...= . L _-~= 0.00% _..:__~=-:~= 0.00"/o===-_ 

63NI 2.46E•OO 7.19E-04 7.19E-04 2.GOE-04 1.B7E-07 1.87E-07 J 0.00% 0.00"/o 

·- ·· -~~~~ · · - :.~:;:~; ___ ··---~-~;~::~~---···· --~ -_)!:::~-~---- --~:l~t~~-. ----~-----~-;~t~~---~----t~~:~-- ___ -:j1 

____ - •~°;;._ __ ______ ___ •09~~----
90Y 1 02E•03 2.98E-01 2.98E-01 3.40E-04 1.01E-04 1.01E-04 0.15% 0.15% 

-----93Zr ·•·-- ··-- 1.19E.02 ·--- -- 3.•7E-06 - · -· - · - 3.•7E-06 - 1.30E-03 4.51E-O~ •.51E-09 0.00% 000% -
--- ·- ggfr 1~iSE-01 -1- 5.12E-05 - 512E-05 2 30E-02 1.lBE-06 ~ 1.16E-06 0.00% - · 0.00% -

. - - 106Ru- - - · - · - .. - · s .43E-05 -- - - - -2.46E-08_ _ __ . .... i •GE-08 - -- ----,.-soE~02 .. - - - - - 3 -94E-10. - --- - - -394E:10 - - - ·- - - ·· - 0:00% - ·-- - - - · - ·-· ·0~00% _ _ _ 

-: ~1g:: ~: -,~ ~ 1~rn---:= ~ =1m; =~ -:~ lll!~= :~::~~~;~-~ ~~~nE;. :--~~ ~ 1-ll!i~ ~ ~ ~=~iE -~ = ~==~-E--• 
--, J7Cs · - - - 9.13E+01 2:S1E-02--·· ·· ·--- ,.,,.,;, ,.i6eCo, ----1- ,ioE-0.-- -~--ffoe.O.. ·--- ·-· - - - i:oe•.4· - - - --- , -oeo.<. __ _ _ 

- ·- 151Sm · •·. ' . 9.20E•00 ____ _ _ _ 2.69E-:-03- - - 2.69E~O:i - --+--- 7.50E-04 _ __ - - - 2.01E-06- - ---- - -2.0i°e:oo- · - - 000% - --· - - - --0.00°/o __ _ 

=-~m~:--==~--=);rt--=11r~-~--i1;t~--- 1~nr==5 - __ _:~i~!r~=~-~~~,~-~~:E~~~=-J~~~ 
-- . 226Ra 1.82E-06 _ __ -t ___ 5.31E-10 5 31E-10 •.GOE-01 2.44E-10 2.•• E-10 0 00% 0.00% 
----- ·22e·Ra _ _ _ _ --- 9.•6E-05 2.76E-08---,----i)iie~o8 1.00E-0-1 - -- 5 25E-09 5.2se'.09 ·---o:oo;,,.·- - - - --0 00•4--

---~~~~~--- - ~::1t:--------~'.~~~~---=-Zi.~-~~~:- -+~~:~: -~ ---t~~~: ___ [:~·tm~:-- -__ -- ~:~t--------}~---
==·:::i-3.~Th 3.75E-06 _ _ __ 1.09E-09 ___ _ ~.09E-09 B.OOE+OO _ ____ 8.76E-09 __ _ 8.76E-09 ____ -+ _ __ 0.00% 0.00% 

231Pa 2.33E-05 6.81E-09 __ _ -t-_ _ _ 6.81E-09 1.20E+01 8.17E-08 , 8.17E-08 0.00% 0.00% 
---·· 232u - ~ 2.ooE-04 a .•5E.oa a .•5E-oe 1.10E•o1 g-:J<ie.oi 9.3oe-ei7 ____ ---0:00•1, ____ ---o:-w1o __ _ 
____ 2fiiJ 1:i·1E-:-03 __ _ _ - - - 3~5E-07 3.25E-07 3.10E+OO _ _ __ ---,-_oi{oG 1.01E-06 0.00% 0.00°/o _ _ _ 
- ·- ·7 34tJ------ - 2.2QE:Q2 6.41-e-:oo--- f--6 .4·1e--:QQ,----t---- 3·10E+OO 1.99E-05 - 1.99E-05 ____ - 0.03% - - o.oJ•.4 _ _ _ 
- - --235U _ _ _ _ t-_ _ 9.72E-04 2.84E-07 2.84E-07 3.00E+OO 8.51E-07 8.51E-07 - - 0.00% . - - - - - - - 0.00% 
=-_23~U 202~~ ____ 6,56E~8 6.56E-OB 2.92_~(?9 _ _ _____ _ _ 1.90_E:07. . -==- ~ 90g_.01 _______ _ 0,00~---- ____ 0.:_0_9~1o _ _ _ 

--- -:3;·ip- ----ui::---- -- - :"1~~t----<--- -~:m:: - - ---~:~~::: -- - ! :~~~:~~ - -- - - !:~~::~~ --- -- - -- ~ ~~ ---- -1----- ~ :~~ - - -
_ __ ---·2J8Pu--- .-- , .oee-01 ___ - 3.17E-05- - - - 3.17E-05 7.60E•OO _ __ - --2:-•1e-=o•- -- 2.41E-04 ____ -· --0.36;.4 _ ___ -- - --0.36°1, __ _ 
· ·--- -2J9Pu_ __ _ ---9:-e!iE~oo-~-- - -· - 2 -.89E-03 2.ege:o:i _ . _ _ _ e,~~~oo _ _ _ ___ 2-??g__-0_2 ___ __, ____ 2.;.37E-02 - - · ---- 'Jt{:i% . - - - - 35.•3% - -
---·- ·2•oriu __ __ ... 1.0•E+OO - 3.05E-04- 3.05E-O• 6.20E+OO 2.50E-03 2.SOE-03 3.74% 3.74°4 _ _ _ 
--- ·2•1Pu· -- - 6.17E+OO 1.BOE-03- 1.60E-03 __ ___,,---_1.30E.Q1 2.34E-04 - - · 2.34E-04 ___ -- 0.35'.l. - ----0.35~ -
. · - · --·· 2.i2Pu _ __ __ - ---2:9se-=-os ----- r----e·.·6jE-:Q9 - - - · - ·e~6-3E-09 7.80E•OO -- 6.73E-08-- - ~ - -6.1fE:OB- - - - -- ----0~00•.4 · - - -- -- - -·0.00°1. ___ _ 
~~--~-= ~~41~m~- -~ _ ___ _ 1.72E•OO __ _ __ 5.02E-04 ·-=--.. 5.02E-O• _ ___ _ 1.30E+01 _ _ 6.52E-03 ___ _ __ 6.52E-03 _ __ _ · __ 9.!6~/o ___ _ __ - · ___ 9.76% _ __ _ 

243Am 3.82E-05 1.12E-08 1.12E-OB 1.30E+01 1.•5E-07 1.45E-07 0.00% 0.00% 
·· - -· - 2•2Cm · - - - - , .3-4E-:02 ___ _ - - ~2E-06 3.92E:oo •.10E-01 1.s1e:oe- - - .--- 1.61E-OG- - - ---0-:-00•1,- - ·· - >- -- - 0 .00•1, __ _ 

- - - --- - .. - - ---- · . ·,-----;- - - -c.'c - ···---t----c-ccc · ---- ·f---- - ·~-- --- -- -,____-- - ·· ·--- --- - -· - - __ _ ,_ _ _ _ ___ _ __ _ 
2•JCm 4.GBE-04 1.37E-07 1.37E-07 8.SOE+OO 1.16E-06 1.16E-06 0.00% 0.00"/o 

--·- 2«cm-'-- - -t·- --•,-.3,.,6,0E:-·03 1.27E-06 1.27E-06 6.70E+OO 8.53E-06 8.53E-06 0.01~ - - 0.01% 
TOTAL 2.16E • OJ 6.J2E-01 8.J2E-01 6.68E-02 6.68E-02 100.00% 100.00% 
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Vadose Zone Sampling Example Calculation 

. . . 
1 

. ,_ 
3 7 10

10 disintegration 
d1smtegr.at1on := curie.- . · •·-----

sec 
rem:= I 

DOE/RL-99-34, Rev. 0 
05199 

millirem:= .OOl·rem 

The first step Is to determine the annual handling limit which corresponds 
to the actual volume of soil to be removed. Based on field experience, the 

volume of soil that has been removed is observed to expand approximately 15% 
because the soil is no longer compacted. 

Diameter IO_inch := JO-in Length IO_inch :=50-ft 

Diameter 8 inch := 8-in Length S_inch := 200-ft 

JO 
Borehole :=-

yr 

2 
Diameter 10 _inch 

2 
Volume 10_inch:=n · ------

12-in 
ft 

2 
Diameter 8 _inch 

·Length JO inch 

2 
Volume8 inch :=n· ------

12· in 
·Length 8_inch 

. ft 

Volume Actual := l.15-(Volume 10_inch+ Volume 8_inch) 

990526.1023 ATI H-1 

Volume 10_inch = 27.271°ft 

Volume8_inch = 69.81:)>ft
3 

3 
Volume Actual = ll l.641'ft 
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The average verticle span of soil contamination is assumed to be 20 feet. This 20 
feet can be anywhere along the depth of the borehole. For conservatism assume 
that the 20 feet of soil contamination corresponds to the 10 inch diameter. 

Length contamination := 20·ft 

2 
Diameter 10 inch 

2 
Yolumecontamination := 1.1 5-n· ------

12· in 

3 
Yolumecontamination = 12·545Pfi 

ft 

· Length contamination 

The average density of loose soil is 97.5 pounds per cubic feet 
(Marks' Standardard Handbook for Mechanical Engineers, 9th Edition) 

lb 
P soil :=97.5·

ft3 

Soil contamination := Volume contamination ·p soil 
Soil contamination = 1.223- 10

3 
"lb 

The amount of contaminated soil that reaches the HEPA filter in one 
year is as follows: 

HEPA contamination := Soil contamination ·Borehole 

HEP A contamination = 1-223- 10
4 

0
~ 

yr 

6 gm 
HEPA contamination = 5-548· 10 °

yr 

Air Rotary Drilling Annual Handling Limit Calculation for Pu-239: 

'1 HEPA := .9995 
·- -9 curie 

Cs contamination .- 5.0· 1 O ·-
gm 

Pu239 Cs 137 ratio := 1.08· 10-
1 

Pu239 PQ := Soil contamination ·Cs contamination ·Pu239 _Cs_137 ratio·Borehole 

Pu239 PQ = 2.9% I 0- 3 
0 curie 

. yr 

990526. I 023 ATT H-2 



Air Rotary DriNing Unabated and Abated Release/Dose Calculati_on 
for Pu-239 using a conservative 40 CFR 61 Appendix D release fraction of 
1.00 for particulates and Uquids: 

RF := 1.00 

Pu239 unabated := Pu239 PQ" RF 
-3 curie 

Pu239 unabated = 2.996 IO 0
-

yr 

Pu239 abated := Pu239.unabated ·( I - TJ HEPA) 

-6 curie 
Pu239 abated = 1.498· 10 °-

yr 

mill irem 
DoseFactor Pu 239 := 8.20- . 

- curie 

Pu239 unabated_dose := Pu239 unabated ·DoseFactor Pu_239 

P 239 = 0_025.mill irem 
u unabated_dose 

yr 

Pu239 abated_dose := Pu239 abated ·DoseFactor Pu_239 

Pu239abated dose = 1.228·10-somill irem 
yr 

For the other drilling techniques (e.g., closed end probe and cone 
penetrometer) the source of airborne emissions is expected to 
come from the volume of soil extracted during sampling activities. The 
maximum soil sample volume from each borehole is based on obtaining 
up to 10, 4-inch diameter by 2 feet long-samples. 

I 4.. )2 ·tn 
Sample 1 := 10·2·ft ·n· ---

vo ume \ . 
2·12-~ 

ft 

990526.1023 

3 
Sample volume= l.745oft 

ATTH-3 
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The total fraction of samples from the contaminated zone is expected to be 
0.25. Since the samples are being extracted from the well, the s·amples are 
compacted; therefore, an average density for compacted soil was used.The 
average density of loose soil is 97.5 pounds per cubic feet (Marks' 
Standard Handbook for Mechanical Engineers, 9th Edition) The maximum 
volume of contaminated soil per year is calculated below. 

fraction contaminated_zone := ·25 

·- I 10- lb P soil compacted .- -
- ft3 

DOE/RL-99-34, Rev. 0 
05199 

Soil contaminated := Sample volume·fraction contaminated_zone ·p soil_compacted · Borehole 

Soil contaminated = 479.96&~ 
yr 

Soil contaminated = 2-177- 105 •gm 
yr 

Other Drilling Techniques Annual Possession Quantity Calculation for Pu-239: 

__ -4 curie 
Cs contamination .-J.JOlO ·-

gm 

Pu239_Cs_137ratio := 1.08·10-
1 

Pu239 PQ := Soil contaminated ·Cs contamination ·Pu239 - Cs_l J? ratio 

Pu239 PQ = 7.759-curie 
yr 

990526.1023 ATTH-4 



Other Drilling Techniques Unabated and Abated Release/Dose Calculation 
for Pu-239 usiRg a conservative 40 CFR 61 Appendix D release fraction of 
1 E-03 for particulates and liquids and that only 10% of the contaminated soil 
is exposed to atmosphere: 

RF:= 1-10-3 
Fraction exposed :=. I 

Pu239 unabated := Pu239 PQ·RF-Fraction exposed 

P ?39 :: 7.7591o- 40 curie 
LI- unabated 

yr 

Pu239 abated := Pu239 unabated 

? -4 curie 
Pu-39 abated :: 7.759 IO o __ 

millirem 
DoseFactor Pu 23 9 := 8.20- . 

yr - curie 

Pui39 unabated_dose := Puz39 unabated ·DoseFactor Pu 239 

Pu239 unabated dose = 6.362· IO-J omillirem 
yr 

Pu239 abated dose := Pu239 abated -DoseFactor Pu_239 

P 239 = 6.3· 62-10-Jomillirem 
u abated_dose 

yr 

990526.1023 ATIH-5 
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For Casing Removal : 

Assumed contaminated soil thickness on casing: 

·1 • I . 
SOI t, .=- ·m 

64 

For 10-inch casing , the estimated soil volume is: 

Yolume 10 :=.25Length 10 inch·n · . - . 

[[ 

( Diameter 10 inch+ 2·soil t.) ]2 
( Diameter 10 

- 12-~ 12-~ 

3 Volume 10 = 0.171°ft 

ft ft 

For 8-inch casing, the estimated soil volume is: 

Volumeg .- .2) Length 8 inch ·n· . - . 
·- _ [[ (Diameterg inch+ 2·soil t.)]2 

( Diameter8 

- 12-~ 12-~ 

3 Yolume 8 = 0.54(joft 

ft ft 

The total soil volume on the casing if uniformly coated is : 

990S26.1023 

Volume uniform := Borehole ·(Yolume 10 + Yolume 8) 

ft3 
Yolumeuniform = 7.172°

yr 

ATTH-6 
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Based on previous experience, approximately 15% of the exterior surface of the 
cas-ing is contaminated. For conservatism, an extra 10% of the· exterior surface 
contamination is added to a.ccount for any potential contamination that may be 
within the interior of the casing. Therefore, the adjusted soil volume is: 

fraction exterior := .15 

fraction interior:= . I ·fraction exterior 

fraction total := fraction exterior+ fraction interior 

Volume adjusted := fraction total ·Volume uniform 

ft3 
Yolumeadjusted = 1.183°

yr 

fraction interior= 0.015 

fraction total = 0.165 

The average density of compacted soil is 110 pounds per cubic feet 
(Marks' Standard Handbook.for Mechanical Engineers, 9th Edition) 

lb 
P soil compacted := 11 O·-

- ft3 

The total weight of soil on the casing is: 

Weight soil_casing := Volume adjusted ·p soil_compacted 

Weight soil casino = 59044. )•gm 
- o yr 

990526.1023 ATTH-7 



Annual handling limit calculation for Pu-239 associated with casing removal: 

-4 curie 
Cs contamination := 3.3o 1 0 ·-

gm 

Pu239 Cs 13 7 ratio : = 1.08· 10-
1 

(Based on other drilling methods) 

Pu239pQ := Weight soil_casing ·Cs contamination ·Pu239_cs_137 rat io 

Pu239 PQ = 2.104° curie 
yr 

RF := .001 

Casing Removal Unabated Release/Dose Calculation for Pu-239: 

· Pu239 unabated := Pu239 PQ' RF 

Pu239unabated = 2 .10410-Jocurie 
yr 

millirem 
DoseFactor Pu 239 := 8.20 . 

- cune 

Pu239 unabated dose := Pu239 unabated ·DoseFactor Pu 239 

P 239 = 0.0 1.,.,millirern 
u unabated_ dose ,-

yr 

P 239 = 1_73_10-2
0
rnillirem 

u · unabated dose 
yr 
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TWRS ALARACT DEMONSTRATION FOR PACKAGING AND TRANSPORTATION 
OF EQUIPMENT AND VEHICLES 

990526.1023 ATI 1-i 



This page intentionally left blank. 

990526.1023 AIT I-ii 

DOE/RL-99-34, Rev. 0 
05/99 



990526.1023 

TWRS ALARACT DEMONSTRATION FOR . 

DOE/RL-99-34, Rev. 0 
05/99 

ALARACT 12 · 

PACKAGING .AND TRANSPORTATION OF EQUIPMENT AND VEHICLES 

eat 

perat1ons 
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4. 
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ALARACT 12 

TWRS ALARACT DEMONSTRATION FOR 
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. HNF-4327, Rev. O 

PACKAGING AND TRANSPORTATION OF EQUIPMENT &·VEHICLES 

Description of Activity~ 

E~uipment and vehicles that become contaminat~d during work activities 
are reused when possible. If the-equipment or vehicle is to be reused 

· or stored in a contamination area, the removable activity levels on the 
· surface of the item, or the. outer-most container, must be in accordance 
with HSRCM-1, Table 2-4 (or latest revision). ·If the equipment or 
vehicle is to be transported to another facility, the surface of the 
item; or the ~utermost coritainer, must meet the requirements under the 
Radiological Controls section listed below. 

• Emission _pathway - _Fugitfve/diffuse sour~es 

• TWRS Facility Description - All TWRS facilities 

Radiological Controls: 

Removable contamination on the surface of the item, or the outer-mos; 
container, must be <1,000 dpm/100tm2 beta/gamma and/or <20 dpm/lOOcm 
alpha if the equipment or vehicle is leaving the contamination are~ 

Monitoring: 

· • Radiological surveys (swipes for _ removable contamination) of work 
area · 

• Post job survey 

Records/Documentation: 

• Radiological work permit 

• Radiological survey report(s) 

42 
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DISCUSSION OF BEST AVAILABLE RADIONUCLIDE CONTROL TECHNOLOGY 
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DISCUSSION OF DEST AVAILABLE RADIONUCLIDE CONTROL TECHNOLOGY 
(REQUJRE!\IENT 16) 

Providing cost factors for construction, operation, and maintenance of the proposed control technology 
components is not required because the following BARCT discussion is provided. The BARCT is 
defined by WAC 246-247-030 as follows: 

"Technology that will result in a radionuclide emission limitation based on the maximum degree 
of reduction for radionuclides from any proposed newly constructed or significantly modified 
emission units that the licensing authority determines is achievable on a case-by-case basis. A 
BARCT compliance demonstration must consider energy, environmental, an-0 economic impacts, 
and other costs through examination of production processes, and available methods, systems and 
techniques for control of radionuclide emissions. A BARCT compliance demonstration is the · 
conclusion of an evaluative process that results in the selection of the most effective control 
technology from all know feasible alternatives. In no event shall application of BARCT result in 
emissions of radionucl ides that could exceed the applicable standards of WAC 246-24 7-040. 
Control technology that meets BARCT requirements also meets ALARCT requirements." 

As stated in WAC 246-247-120, only those radionuclides comprising more than 10 percent of the 
unabated dose need to be evaluated. All of the dose is due to particulate radionuclides. The Washington 
State Department of Health has provided guidance that HEPA filters generally are considered BARCT for 
particulate emissions (WDOH 1992). 

It is proposed, pursuant to the quoted citation, that the ventilation system described in Section 8.0·and the 
controls (engineering and administrative) (described in Section 9.0) be approved as BARCT for the 
proposed activities . 
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