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ltem |- mendatian af the action required ta correct/resalve the discrepancy/problem indicated).

Comment{s)/Discrepancy (s} {Pravide technical justification far the comment and detailed recom-

Disposition [pravide justificatian if NOT accepted)

1. The BWIP has quality graded all components related to drilling and
. piezometer installations as either level 1 or level 3. Quality level

active materials to reach the tmcontrolled environment or involves or
affects public safety and health. " Quality level 3 generally applies
industry-accepted practices and standard, and sound engineering or
scientific practices.
appropriate to the needs of the data requirements. However, DOE/BWIP
asgigred quality level 3 to logging of drill cuttings, but quality
level 1 to geophysical logging.
inconsistent.
duced (geophysical data) it is level 1 beceuse it can be essentially
log drill cuttings the same way. Little bias would be introduced.
It seems that the physical description of drilled materials should be

their geophysical profperties.
ologic description are more accurate than geophysical logs of the

1 is applied to an item or activity in which failure may allow radio- . -

The quality level assignments appear to be

This would seem to be gomewhat
The implication here is that if data are machined pro-

wveighted equally in zhe interpretation of lithologic sequences as
It could be argued that physical 1lith-

~ See Nez Perce item 1.

same medium, because lithologic characteristics are inherent in the s
material, whereas geophysical properties are as influenced by
borehole and fluid conditions as they are of the {inherent cha:acter M L
.of the geologic material. A
, . 0
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BWIP REVIEW COMMENT RECORD (RCR} CONTINUATION

Raviswe No.

it

Caming 1) 'Dncrepancy (st 1Provide echrical justification for the comment and detailed tecommenda-
von ol Ihg et riquired 10 tarsect/sesolve the discrepancy/problem ndicated),

"0

Oispasition [provide justitication o NOT acceptedt.

Fiezomeser 1nstallarioas DC-32CX and DC-3ICX are propesad by ExIP to
provice intermeiiate informatian duzing LHS testing. These weuld be
che closest monitorirg wells to purping of RRL-2B, with the exseption
€ FPL=2a (50 feet souch of ARL-I3) and RPL-2C (350 feet easc of RRL-
2B).  C-)XX and DC-3XCK are horn several thourand feet from the
—umping well, Althaugh they do provide intermediste distances as
ccmpared to the other wells within the Controlled Ares Study Zene
(CASZ), they are not sufficiently close to provide additicnal monat-
sring iccations clese in to the punping well. Consaderation should be
aiven to :nstalling additional clzsge-in monstor wells to provige
recter coveraze for the projosed tracer testing as well as evaluate
the direct:onal hydravlic properties of the basalt medium on & l1scal
§oaa.t.

See Nez Perce item 2.
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BWIP REVIEW COMMENT BECORﬁ (RCR) CONTINUATION

Cormrnieagtag, Ducrepanc g (31 {Prawide tecnnadd ustihicatiun foe the camment ang detailed recomunénda.

O o0 gt tha aclian tequieed 10 casect/retatvie the diucresancy 'problam iticaraat,

Oispasition (pruvide justificetion if NOT accepredd.

JOECBWIP Lr prapadiog the CX-s2t1es slezsmezers because they fesi thac
Jriliing a single borehcle and conpleting seven piezomesers Ln that
ticendle distazus the systen less and cthat hydralagic baselire can be
achieved sotrer. It is alssy argued that some cost savings can be
tealized tesaude fewer holes have to be dralled.  However, there is
cintinaing C.ncern as to wrether or not sdequate sealing bSetveen
rv.mrtired 2:nes can ba assured. The potential for hedraulac intercon-
negtion thisugh tte Sosehole remains e continuing problem, espec.ally
in hale drilled ra sihw denrh rlese w111 (are) ha. [n addstisr. it
wuld seem tnat the GA/(C requirenents to be folloved and assoc.ated
cnsts in etk a aaltizle cempletion would exceed the benefrrs ceraved
feom soch eovplax lastallasions, 2t would seem to be preferable o
ensur2 higlh Juality piezameter insteclaticns with reliable perforwance
2ad l.nger time to achieve nydrolcgic baseline. If the CX piezrmeters
23 n2¢ work as planred, then redsilling and inscallation of rveliadle
przg:meters would increase ever further the time to reach hydrslogic

baseline.

See Nez Perce item 3.
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—— PRI

Comiment ]l Oncrapancy (s) (Piavide tecnnical justificatign for the comment and datarlad recommancia-
ton of 1he action requited (0 carrectiresalve the discrepancy/problem indicsted).

Disposition (provide justihcation if NOY accepted).

4=

It would aprear that LDCE/3WIP has put into place sufficient checks and
balenies threugh the SQA-1 VML program to ensure that licensable datas
will b= obtained. Iwwever, there 18 scne concern that the field
1nvastigation program s s enveleped in procedures and QA inspeciions
that the professional staff cesponsible for the geohydrology program
w1l not be able t2 cordust a scund technical program, Prosedures are
rever a substitute for good professional, experienced judgment. This
shculd rot be sonstrued co mean ve do not want propér QA contrsls, A
celicate balanie between QA :antrols and professional judgment needs
to be found. Prcfesional judgrant needs to be included as part ¢f che
¢verall quality assurance plan. If you have further questisns.
please contact us.

See Nez Perce item 5.
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BWIP REVIEW COMMENT RECORD (RCR) CONTINUATION ' 5 o

Commemli)/Discrepancyls) (Provide techrucal jastihicstion for the comment snd dstailes reconynendy-
uon of the action required (0 carrect/iesche the discrepancy/problem indicaled).

Disposition {provide justification it NOT sccepted].

To save time and money, we would ask you te think about the
possibility to change the charecters of one or tvo of these boreholes,
and to use them by drilling deeper, below the basalts, into the
sediments, &5 &n information source for the problem relsted to the
potentisl natural rescurces of the repository area.

Umatilla 5

Reject. Drilling one of these holes down to the
sediments is inconsistent with the goals of the
piezometer installation. The horizons to be moni-
tored would be apen to drilling fluid pressure

" effects and contamination for an extended period

of time. This would require extensive clean up
work, delay establishing the baseline, and the
possible loss of future high quality groundwater
samples.
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6 o 7

Commenits 1Q.sceeganty (3] (Pravide technics! justif-catan lor the comment and detaded recommends-
1.an af the acuon required 10 cantect/iesalve the dicryeoancy/problem indwcated).

Dispatition (pravide justification il NOT sccepreal,

Th: geotechnical concerns raised should not minimize DOE's respcr.xsi-
tiliey 22 ensure laws and ragulazions are followed prior to drilling
any of the IC's., Of mest interest to the Iride are the american
tel.zicns Freedem Ace and archaeological laws. We feel documented
pro<f 15 requrzed that no adversa irpacts will occur to present day,
ethnshistorazel or srchasclegical rescurces. Ihis means chat the area
receiving cleazante a9 having no adverse impact be of sufficient size
15 ensura no vehicle traffic, earthmoving equipment, or vegetation
removal cocur gutside the ersa where clearance is granted, Also.'the
1ntegrating of the 51ize should rersin &s neer prigstine ag pessible
during operatisn amxi well monitering.

Answer €o question #6,7 Accip~— We tully sgree that geotechrical carcaiis H
8hauld not bear upon DOE' s envirommental regulatory respongibilities, arst §
polnt in fact, OCE BWIP believes that the program axtently n place 1asuras
that enviromental reguiatory iasues are addressed priir to undertaking site
characterization activities, The program curcently in place incluckes a Ewip
Envircnmental Review prior to any specific site characrecization activity,
The BEA’s are an importent inteqral pert of the Envirocaental R yulatory
Canmpliance Plan (ERCP.J The ERCP in twm 13 o procrammat ie docunaic
describing, generically, the expected site characterization activities thar
cay trigger an enviranmental law, an analysis of tre applicable laws resultity
from these activities and the approach to compliance. 1In thus vegard,
alchough the working draft ERCP will not be relessed untal the fall of 1937,
the BER"S sssuwre full emnronmental regulatory conslderation of all speat le
site ctiaracrerizacion activities. Al of the BER’s, incluting those
canpleted for DC~24 and DC~25 contain three key sections, addressing
envirommental irpacts, cultural resource ixpacts, and enviroomental Tegulactory
considerations, respectively. This format assures that those areas of
particular interest tc the iriba such as the Indian Feligious Fresdom Act arcl
the several laws acdressing protection of of oultural resources are adecuacely

For DC-24 and OC-25, the area ares thar has been prepared at the DC's is of
sufficient size to contain all of the expacted site activaties. In adtfstaon
4 20 neter strip of land arouwd the clearcd area Was examined durang tre

BER review. All BER's including these include both an archival search and

an on-site inspection. The BER’s for OC 24 and 25 recommend that off-roat
vehicula: vravel be restricted to the cleared azea.
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PR

o ol Dostrapane (st (Pevade tecnmvcal justificatio s for the comment and detailed recommenda-
ton of the @lliga reguirad 10 carrect/r2solve the discrepancy/prablem indicatedh.

Disposiion lprownnde puanficavion if NOT sccepted),

-
[

Hw can vos follow thaough with an expadited spe_c.ia.‘. ca2se without &
p.er. to f2ilow regardiog all the legal responsibilities that would be
identified ander tne Esvirsmmental Regulatory Compllance Plan (ECRP)?
we feel vou shizlld prepare this pian first.

Answer to question $6,7 Accept-— We fully aqree that Faotechinical conoems
should not bear wpon DUE’s eavircrmencal requlstory responsitilities, ang
point In fact, OOE BWIP belleves that the program currently in place insures
that envircnmental requlatory issues are addressed pricr to wylertaking sate
characterization activities. The program currently in place Includes a BHIP
Environmental Review prior to any spacific site characterization activity.

The BER’S are an inportant integral part of the Environmencal Regulatory
Corpliancs Plan (ERCP.) The ERCP aa tuIm 18 & progr ammatic document
describing, generically, the expected site characterization activities that
may trigger an envirommental law, an amalysis of the applicable laws resulting
frem chese activities and the approach ro cunpliance. In this regard,
although the working draft ERCP will not be released until the fall of 1987,
the BER's assure full envitormental regulatory consideration of atl specific
site characterization accivities. A1l of the BER's, including those
capleced for [C-24 and DC-25 contain three key sections, addressing
enviromental impacts, cultural resource impacts, and environmental regulacery
considerations, respectively. This format assures thar those areas of
particular interest ta the tribe such as the Indian Religicus Freedom Act ard
the several laws addressing prutection of of cultural resources are ajdequately

-

For DC-2% and DC-25, the area area chat has been preparsd at the DC’s s of
suflicient size to cantain all of the expected site activities. In addition
a 20 metex strip of land around the cleared area was examined during the
EER review. All BFR'3 including these includs both an archival search and
an on-site inspecrion. The BER's for DC 24 and 25 recoqmend chat off-road
vehicular travel be restricted to the cleared area.
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Comineatls}iDiscrepancys] [Provids technical jusiilication foe the commenst and detaited secom-

14

Dupaotition lprovide Justitication it NOT acceptadl

» mendation ol the scuion reguired 10 correct/reiolve the ducrepincy/piotilem indicatedl.
Tsmments and fhanreaticns T
1. The BWI? has quality graded all components related to Nez Perce 1
érililang and plezometer installaticns as either level 1 or . '
level 3. cQuality level 1 is applied to an item or activity Reject.
the uncontiolien mavitonment o imvelves or stfecte Bobiie The determination of QA level is based upan the
1y K 13999 PR 2RV nmend e} . H -
safety and health. Guality level 3 genecally spplies use of the d§ta. ngt pow the dat§ is produged.
industry accepted practices and standard, and sound Formal stratigraphic interpretations and piezo-
ﬂn;incc:‘zné; or scienttxt'gc practiici- tTh:h qualf;-y .;;::1 meter placement decisions will be based upon
assignments appecar to be appropriate to ¢ pecds o ¢ : : s P :
4 data 3cquiremcnts. iowever, DOL/BW1P assigned quality level geoPhy51ca] ]°gging data, and confirmed by drill

3 to logsing of drill cuttings, but gquality level 1 to
srephysical logging., This would seem tu be somewhat
inceonsistent. The implication here is that if data is

" machine proiuced [(geophysical data) it iz level 1 because it

can bde reproduced or replicated. Professionally trained
personnel would also essentially log drill cuttings the same
woy. Little bias would be introduced. It seems that the
phyeical description of drilled materials shcould be weighted
cqually in the interpretation of lithologic sequences as
thezr geophysical properties. It couléd be argued that
physical lithologic descriptions are more accurate than
qecphysical logs of the same medium, because litholeogic
characteristice are dinkerent in the material, whereas
Geaphysical properties are as much a reflection of borehole
and {luid ccnditions as they are of the inherent character
ol the geclogic material. - -

vy

cutting analyses. QA Level 1 has been designated
as applicable to these activities. The geologic
logs, consisting of drill-rate and chip descriptive
logs for these rotary boreholes, are considered
inconclusive by comparison. While they are of
value for information purposes during drilling

and for initial recognition of stratigraphic
contacts, they will not be used for direct inter-
pretations. Therefore QA Level 3 has been applied.
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Revew No. Foye

9 ot 5

Co-mmen:tshiDacrepancyis) {Prowmdr 1echmical stshcation (or the comment and oeraled recommencla-

t:on gl the acion required 10 correctiresolve the discrepancy/problem indicated].

Dispotition (provide justficavon it NOT accepred].

Plez2omerter inotallations DC-J2CX and DC~2)CX are ptoposcq by
UeiP ta provide intermediate information during LH3 testing.
Taese wouid be the closest monitoring wells to pumping of
PRL~2B, with the cxception of RRAL-2R (500 feet south of RRL~
2n) and RAL-2C {250 feect east of RRL-2B]. ©DC-32CX and HC-
33CX are both several thousand feet from the pumping well.
Althoujh they da provide intermediate distances as compared
to the other wells within the Controlled Area Study Zone
{CA5C), they arec not sufflciently close to provide
addational monitoring locations close in to the pumping
well. Consideration should be given to installing
additional closc-in monitor wells to provide better coverage
for the proposecd trtacer testing as well as cvaluate the
directicanl hydraulic propertaes of the basalt medium on a
local scale.

Hez Perce 2

Reject.

The principal objectives of the Pre-ES LHS tests
are to determine the continuity of flow tops and
confining layers (flow interiors), and provide
an indication of the presence of disqualifying
tonditions (see DOE memorandum, A. Jelacic et.al.
to 5. Kale, "Geohydrologic Testing Program for
the Hanford Site Before Construction of the First
Exploratary Shaft," dated March 16, 1987). Esti-
mation of directional hydraulic properties is

not an objective, but may be considered for sub-
sequent tests, depending on 1) the results of

the Rocky Coulee Flow Top and Birkett Flow Top
LHS tests, and 2) data requirements for issue
resolution.

The LHS tests in the Pre-ES time are designed

to stress large volumes of earth, on the order

of kilometers in distance from the pumping well.
0C-32 and DC-33 are installed to provide obser-
vation points intermediate between the near-field
piezometers at RRL-2A and 2C, and those at greater
distances such as DC-20 and DC-22. Based on
present knowledge, this is deemed to be an ade-
quate configuration.
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BWIP REVIEW COMMENT RECORD (RCR) CONTINUATION

Ruaveew No., Puge

1 o ¢

uon af the action requiced 10 correct/resclve the ducrepancy/piotitem ingicated).

Qispaiition {provide juttification i NOT sccepred).

CCE/OWIP is proposing the CXe-series piczometers because they
feol that drilling a single borchole and completing seven
pirezoncters An that borehole disturbs the system less and
th t hydroleogic basciine can be achievaed sooncr. It is also
arqued tnat somc cost savings can be rejlized because fewer
holes have to be drilled. However, there is continuing
concern as to whother or not adeguate sealing between
ronitornd zones can be a:sured. The potential for hydraulic
inzerconnection througk the borchole remains a continuing
probicm, especially in hole drilled to the depth these
will{are} be. In addition., it would seem that the QA/QC
requitements to be foilowed and associated costs in such a
multiple compietion would erceed the benefits deraved from
such complex anstallations. It would seen to be preferable
+0 insure hingh qualluy piczomerver installations with
rellable perfommance and longer time to achieve hydrologic
Lascline. I1f the CX piezometers 4o not work a3 planaed,
then redralling and installation of weliable piczomcters
wauld increase ever further the time to reach hydrolegac
baselinc.

3A. Agree. DOE/BWIP agrees with the concern about
adequate sealing between monitored zones. Yo addregs
this concern about adequate sealing, DOE/BWIP is
conducting laboratory hydraulic conductivity tests
on prototype cement samples to ascertain whether

the proposed grout-mix design meets or exceeds

the acceptance criteria given in the Technical
Specification Data Report {SD-BW1-TN-010). No
piezometer seal will be placed unless the grout
meets or exceeds the acceptance criteria. One

of the major technical reasons why DOE/BRIP selected
a CX-series piezometer design was based on their
experience gained from similiar prototype piezo-
meter facilities. The DOE/BWIP believes that the
CX-series piezometers will be installed on a timely
basis to meet QA requirements and provide reliable
performance-based on past installation experience

2s well as noted in recent design-verification
studies. .
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Comment{shtOcrepancy (1} (Provide ‘echnical justilication for (he comment and detailed recommenda-

1on of 1'e oC1ion required 10 correct resdlvt the discrepancy/probilem indicsted),

Disposinion {provide justitication 1! NOT sccepisd),

it would appear that DOZ/DWIP has put into place sufficient
chechs and Ltalances through the KO-l QA/QC program to insure
that l:icensable da%te will be odtained., However, there is
some concern that the [acld investigation program is so
enveloped 10 procedures and CA inspections that the
nrofessional stalfl responsible for the gcohydroliogy program
will not be able to conduct a sound technical progranm.
Prucedures are never a substitute for gqood professional,
experienced judgmen. . ’

The Nuclear Regulatory Commission (NRC} requires
implementation of the 18 criteria, delincated in
Title 10, Chapter 1, Code of Federal Regulatiops -
Energy, Part 50, Appendix B (10 CFR SO, App. B), in
the quality assurance (QA) program to be applied
during site characterization. The NRC Review Plan,
1984, identifies how the staff will review these QA
program descriptions. The NRC Review Plan empha-
sizes the requirements for QA programs and the inter
action of the QA groups including management meeting
audits, inspections, and performance monitoring.

The following excerpt from the NRC Review Plan
provides the flavor of the NRC's expectations for
documentation of procedures:

"The plans outlining the conduct of a data gathering
progrem are of varying levels of detail ranging from
identification of general performance objectives and
criteria to detailing specific technical procedures
(Figure 2, see attached)."

While it is agreed that procedures are never a
substitute for good professional, experienced
judgement, lack of them wculd render non-compliance
to NRC regulations and an undocumented program that
would not stand alone in 2 licensing application.

1 Those individuals possessing ‘good professional,’

experienced judgement are responsible for authoring
and reviewing the procedures. The system provides

flexibility in that there are provisions for making
real-time changes to the procedures that would not

unduly constrain conduct of test activities.
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3. Comment{i}/Oucrepancy sl (Provide techincal jusiificanon !
inendation of (he oCt11an cenuired 10 correct/resolve the dis

* mmdnt and <eraled recoms-
wotilem srucatec),

(L 5
Oispatition {provids jusuficasion «f NO T acceprech

issuc #]):

The cost savings resulting from an carly res .

t may

nt be great ernough to balance the assccirated risks

Q18Cussi o

FAcesrding to the DCE, <ne of the main benefiis

resulting feon an parly restact 1s the savings af 349,200 1n
atand~by rig costs at DC-Zk. ne [DOE {l:% 23%8€rts that an
early restart would save 820 million that would ot!f erwise be
1ncurred due te delaye in €5 ceonstructicn arnd License
Applaication Desagn (LAD:. This assertion assumes that the
i5-ween scredule veducticon appiies directly to submattal of
the LFRD schadule recuction, However, the DOE concedes that
“the Ewpluratsry Shaft has othse prerequisites that may be
more contrelling than restart of [thed borehcles...™ The

liri betweern S50 wmiilicon in savings and an early restart of
test barenile dralling 1s not well ensugn estadbiished teo be

useéd As 3 basis for reconmending an early restart, and in

the context of the discussion i1s mizleading.

Compared t2 the {verall cost of site charecterizaticon
actavitigs, $90,000 15 ot ar amount that shouid be used to

mstifyv a chernce i1n schedule,sconsidering the risk snvelved,

Accepted
Page 89 para T

The statement "However, the Exploratory Shafy |

pPrerequisites that may be more
restart of borehole DC-23

has other
controlling than

DC-24, DC-25, DC-32, DC-33." Will be
deleted.

Since the issuance of "The Expedited Specia}
Case (ESC) Package for Drilling and

Piezometer Installation at Boreholes DC-23GR,

S—————— .

24CX, 25CX, 32CX, 33CX" in. May the Basalg
Waste Isolation Project has initiated an
investigation on impact of drilling the

(ES) two holes to top of
Scale Hydrasulic Stressg

Exploratory Shaft'’s
Basalt during Large
(LHS) Testliag.
ES drilling to top of Basalt does not impact
LSH Testing +then the Hydrology Baseline ang

the ES5 Design become the critical work
activities involved with the restart of ESg
drilling.

The savings to License Application Desigp

starting the
ESC will be .4

Schedule " in this case by
borehole drilling under the
weeks and 10 million dollars.
Otherwise the original statement of saving 19
weeks and 50 million dollars is still valig
because LHS Testing will stay on the critical
rath for ES drilling and LAD.

Ma AtbhAam mumwmanisd addam sed 17T Lawesa mand -—

If current study confirm that -
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-r-nﬂr:n;:lI;uutmncvlﬂ (Provide technice! justifrication for the comment and detailed recommenda: Disgasition lprovide justilication it NOT accepted),
ol the ection required ta correctlresaive the discrepancyl/problem indicated).
—
JsRw2 #3: The risws asscclatsd wath early rvestart way be preater
then irdicstel by the DCE. Accepted; DOE acknowledges that repeating work
could be difficult and time consuming if the data
crszwssient The DO wsint , ) ' 5 perishzble or time dependent. The risk of having!
Cistuzslieong The i sidintains that the risks associeted “‘.th an to repeat work can not be eliminabed even With ] ,
ear iy restart are minimai, ard that there is only a "smal] ° prerequisite documents in their flnal released :
531334t Ehat wors will _ . format. Comments have been received and :
p:ssibala.ty wors wi ave to be repeatzd. Even a incorporated from interested purties, and thel‘éfore
“sweil possitility” that werk will heve to ba reperted the risk has been reduced.as low as is teasonable -
cruid have a sigraficant effect, deperding cn the type of ?t this ti : The ho'ld points t are id&ntified
: ype < in the Expedited Special Case (ESC) for Restart i
wire to be rrepeated, and when 2 gecision is made o repeat insure that the documents that control the qualit:r ;
. i
that woirk. 1f, for imstarce, deta gathered cduring the pre- g‘f) :he data }éla:ewg;:? ﬁglgggg zg.doﬁl‘:i?ovﬁ Prior .
tarting . ining :
€5 phase «F the prograw need to be collected again (because unlicensable data can never be reduced to zero, '
they are not suitable for licencing), repeating the work mfemin & t'he actual deg of risk €an not b3 !
determined until after the tests are completed ;
curing the post~ES phase will rot help provide the degired ) !
informat jon rneeded regardang the hydrologic system., This s ﬁfc}:e%;evese a ;eg?::;ﬁ Rore m:gmationbon l
' bas regarding the su tabil;
particularily the case for data that are perishable 14 of the site at this time is more MMt tha}glt?
roture and that are rneeded to estadlish baseline hycdroleagic pursuing the elusive target of Obtaai!:lil?g_the
theoretically perfect test. The possibility that
czrditions, new lmow.'.Ledge may require the repetition of work is
an unavoidable risk. =

- —— .. W
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rentislic ocrepancyls] (Provide 1echnicat justification foe the comment end detaded recommends-
it the aciion tequiced 10 carrectlrescive the discrepency forablem indicated).

Disporition (provide justitication il NOT sccepted).

——— 1

Issue #Z: The [(mportance of favorable public/political

perception as a basis for early restart i1z cvereuphaslized.

Discussian: Ancther GOE justifigation for early restart of
driliing s the anticipstes favorable public/pzlitical;
perception of guch an actiom. The e2rly rezstart is expected
t> have steong favorable support from the techracel
camunity,  The “techrical community” being referced to is
wrcleer sirnce the DCE alsz anticipates strong negative
tescticon frow “those who have establighed a regative Zpinion

regarding locating & repository at Hanford. Rny decision

CAF e Y et s M e s - . . .. R
t> restart chould have @& sound technical basis and should

nut be motiveted by amticipated public/paslitical percepticn.

.

Rejected: The Nuclear Kaste Policy Act of 1982
{NWPA) requires that DOE consider public opinion of
the effort to locate a geologic repository for
nuclear waste, and therefore public perception is
one of the ten factors considered in deciding to
expedite the restart of drilling. & sound technical
‘basis for restart is ildentified by the prerequisite
list of documents that control the work and the
hold points that were established to insure that .
Hccntrolling procedures that were not in place-at
the time that the ESC was written are in place
prior to the start of work. Thus the start of work
is based on 2 sound technical hasis and public
corfidence in this basis is just one of ten factors
considered in assessing the risk of restarting
drilling prior to lifting the general stop work
order. DOE believes that the public perception is
[not overemphasized because of the NWPA
Irequlrements and because public perception is only
rone of ten factors considered in the decision to

. propose expadited restart. The major emphasis s
the ESC for Restart requirement to have the
necessary controls in place prior to the restart of

work.

J
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it (1)/Discrepancyis) (Provide technics) justificat:on for the comment and detailed recommaenda-

Disporition {peovide justiticarion If NOT sceepted),

the ecuon required 10 corrpctftesolve the ducrepancy /problem indicated].

- T vt
2 #6: Prerequisite documents will net Se cowpleted before

crillaimg begins.

“ssiont  Booording to DOE, the restart risk js mitigated by
the use of approves procedures and the DCE/subFﬁntractars
Evaiuation of Readiress that wiil be conducted after all
graft gocuments have been completed ard befare drillarg
crnwences, Hiwever, both restart reguests ztate that
Teracequisite dotunents thal are vt in plece st the tiwe
the wark begins will be integrated with the coupleted wivk
when the prerequisits gocunents ore released.™ These
statements are contradictory, Gt this tine, ot least 1Q of

the i6 Test and Dperations Procedures (TOP's) reviewed for

his repart arg still in their ¢raft forn. Other dacuments
1s: currently in draft farm {nclude the Study Plars, the
CD5, the DO, the Aregect Plan and Charter, the Reszards
aragewent Plen, the Dogunment Contral Plan, the BUIP °
:nfiguration Management Plan. Given the J:aly i, 13587
*1iling restart date discussed abave, a substantial
rcentage ¢f the prevequisite documents will ret be

v Tieal forw, and therefcee will rest be EpPraved, wWhEn worsk

AR C DS,

e ——————... -~

Accepted: A few of the prerequisite documents that'

control the management systems for

issued by DOE when restart of drilling oo, 2ot be
the documents that directly contro]l the qualit but
the work will be approved (released by West; v of
or issued by DOE). These directly <:=ont-rc>ll‘mgmmse
documents that kere not approved a the timemg

for Restart was written are listed a5 I*equir:hm:n%ssc

to begin work at the four hold points. These hold -

points insure that the directly cont :
documents will be approved before thzo i;:-ﬁg begi
ins.

directly control the qual ity of thebewg;;s aﬁg ot

therefore do not affect the acce £
data obtained. The Nuclear gegulgttglglny of the
has had an opportunity to review the pr%m’ Ssion,
documents and has not identifieg iéalerequlﬂlte
deficiencies that would preclude restart of
drilling. Based on the reviews of the g ¢
received to date, DOE believes that the°:tuumerxts
are sufficiently complete to begin work dy plans
boreholes included in the ESC for Restarp. ©°C

o
;
Q
?
8
:
:
5
g
5
:
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nens(s) /D uciepancy(s] (Provide technica) panlication for the comment and detailed reconmends-

Wl the action "Qﬂi"d ta correcifresolve the d"ﬁ'!P‘"‘?’D'Ob'm indicazed), Di&poﬁﬁm (wmid' il!"“"“hﬁ 14 NOI' Ntmtl:ﬂ.

~ exanple, cre of the prereguisite documents which {s
rrently incomplete i1s the "Ouality Evaluaticn Board Level

sigrments Expedited Special Case for Restart of Borehiles
=2k and DL-45%%. Thas gocument sets the OR levels ftor the
eus anrd activities far the bergncles and test fecilities.

this document is undergoing technicel review, and

wrrantly,
Restart

es mot fncjude boveholes DC-23, ~3&, end =33,
rquest & states that “the purpose ard construction of

sreholes DC-E23, ~32, and ~33 are very siniler to those of

C-i4 and =35; therefere, the 08 levels are expected to be
he sane.* Thas documernt should be fully compieteg before

irillang cemmencés. ttecause it directly affects the ESC

copr of work,
tr acdition, an carly restart would result in the release <
the Design Requirements Decument (DFDY prige to the relesse

of roviewed stuly plens end Test Data Collection

rckficetlons. [If the ORD 1s based on the study plans, the

udy plerns should be in final forw before the DRD is

1) 1sed.
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:nt{s)/Dacrepancyls) tProvide technical justification for the comment and detsiled tecommends-

the action required 10 corrpct/resolve the docregancy/problem indicsted).

Dispaiition {provide jurtificstion It NOT sccepien),

-

ssue XZ: The restart recuests ere not correct in stating that

higrer guality hydrogeslagle deta will te obtained because

the borehole data colle=tion and test design are row being

Core under CA leved | statug,

i1scussiint Collection of Borehcle and test design data under

Quality level 1 status will hapefully ensure the

trazepbility =f this information, Hewever, traceabit ity

¢oes not recessarily guarantec that the dxta will be of hlgh

Guality. In #ddition, becauses the actual enalycsis and *

irterpretatisn af these tat2 is Irdeperdert of 03 level

Slatus, the final results may rot be of higher qQuelity.

" for verying from the procedures without detection

e

Accept: DOE recognizes that your interpretation of
this statement is & possibility. However,
designating the activity as Q4 level 1 also
increases the surveillance for adhering to
procedural requirements and therefore the potmtial:

|
|

ie lessened which results in having greater
confidence that the data collected will represent
what it is supposed to represent. This is what was |
meant by stating that the data would be of higher- |
quality. The correct interpretation of the data t:an‘l
only be assured by technical and peer revieu |
processes which, as you imply, is less precise than;
operational procedures. The technical and peer i
review processes are controlled by procedures. In
addition, reviews by interested parties and the -
Ruclear Regulatory Commiesion will also increase
the probsbility that the most plausible
interpretations of the data will be utilized.
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ni{ih/0serepancy (il (Provde trchnical urtificstion for the commeny and detalad recommandy

1he action requued 10 caniecifresaive the diicrepency/prablem ind«<ated],

Chepasitinn. fprwvady posificomen of OT sisaput,

iue %€:  The DOE dees not Clearly cefine what constitutes a

“cuzleted” or *ain place* gecument,

icussizn:  The LDE states that “all prevequisite documents will
te conpleted and reviewed before Crilling bezins”, and that
"dicuwents that are rot gn Plece at the time woark bsgxns'
wiil be integrated...* The DCE sheulc specify 1f
"eupleted” or “in place* refers to a releaszed draft
Yersion, an Acproved but noat final versaon, or a3 Ffirnalized

Ver<sion.

fccept: Tha term “completed™ means that the
document is finished by the author and 1o in the |
review cycle. The “completed™ document s draft .
! vereion until it has been released (approved by !
, banagement) by the designated respansible ’
organization. The responsidle organization may be
designated as DOE Headquarters, DOE Richland, or .
Hestinghouse Hanford Company. An “in place® .
docnmentisonetbathasbeenreleasedbyme =i

designated responsible organization. An in place !}

.

document is a finalized version. The time required
to obtain release of a document can take ceveral l
months because of the complenity of the program and’
conflicting priorities. Significant technical ’
changes normally do not occur after the document is.
considered “complete”. Therefore a “complete®
document may be approved for use pending
finaljzation.

-

T r———
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veni{s]/Ducrepancy (3] [Provide technica! justification for the commens and detailed recommends- Dispasition fprovide justification if NOT sceepied).

1 1he action cequired 10 coerectiieinive the dinciepancy/problem indicstedl.

ive B7: The DOE claims that the marlaier svailability of data e

resulting from an esrly restart wil]l peruit warlier ; A

determination of site syitasbility {Request for Restsart

Documernt B, p, i1}, This may be true if th; datse were to Aﬂ?ﬁg:gﬂﬁ%‘:siﬁcﬁ:ru?° mﬁ?m

prove the site to be ursuitable; however, it is anticipeted the site may be wnsuitable and therefore there is a

that rno such ceterminstion will be msde by the DOE price to 'potential that mrpendimm of funds for site |
) characterization may be stopped prior to

ES cunstruction ard testing. I constructing the Exploratoxy Sbaft .

scussicr: The DCE pasition &t the April 7-3, 1387 Hydreolegy

Workshop eoncerning determination of site suitebalaty is ﬁ! /ng ﬁ ;Z ﬂ ﬂt Wm

reflected 1n the folewing statement: TUSDOE does not

believe the prelininary tests will produce enough

informnation to determine whether Hanforc wmey be disqualified EZ %7 /‘)/ W«
-

as & repository site” (Nuclear Waste Update, May 1387).

Therefore, it Ls rot likely that an early restart will have ‘7%6(/ /{ M 46(/ J

¢ significant effect or ths timing of suitablltity . /é et-( 7(0( ﬂ W
determination, which is rot empected to be made for several _? WE

years, This is particularly true giver: the uncertainty
assocaated with the geshydralegic ﬁystém and the tentative .
nature of schedules ard locaticons presented in the Site .

Greungwater Study Plan.
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9 el 44

ment{s}/Oncrepanty i) (Provide vechnical justification for the comvment and dataited recommends-
of the s0on required 10 coreeci/iesolve the nactepantyfproblem indicuted),

Dispasition {provide jurtification it NOT eccepied).

lssue #€: The Site Grouncwater Study Plan does rot address the

determingt ion of bou: jary conditions for CASI numerical

nedels.

Dlscusslon{ In the pre-£S phase, hydraulic head data will be
c2llected at rew locations within the CASI that hopéfully
will define the undisturbed potentismetric baseline in the
CRSZ. DQuring the post~ES testing p-ese, nen monitoring

facilities will help define the post—ES potentiometric

surfece outside of the CRSI, Numarical socdals for the CRASZ

wil]l b2 used {n the site perfornance sscessment reguired for

licensing performance application. For the -GWTT criterion
evaluation, undisturbed hydreulic head field boundery
conditicons sheuld be used as input to these wmodels to
'charactnri:u the hydreulic conditions that prevail before
disturbance ¢f the system by LHST and ES activities. In
order to characterize these Loundary conditions, the DOE
should study the grourdweter flow within & larger scvs than
the CASI before ES drilling. Since this eporaacth is not
Planned, and the present DOZ strategy is to charactarize the

twd parts of the groundwater system in two sejarate phases

* ce=E5 and post-ES), the DOE will have to lirk the

Open.

Khile this comment js appropriate to the Site
Groundwater Study Plan, it is not related to the .
work scope of the Expedited Special Case package.
It is recommended that this comment be addressed
and resolved in the context of a more general
study plan review.

[
[
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nifs}/Discrepancy sl (Provide technical Juniification for the comment snd delailed recommends-

the action requiced 10 correci/resnive the discrepancylproblen indicaied).

Disposition [provide fustification §f NOT stcepted).

]

sforuation resulting From these two phases in order to
:fine undisturbed flow conditions at the CAST boundary.
e sethod by which these pre-£ES and post-ES gernerated data

111 be comhined te proeperly deternine the undisturbed

Zundary corditions, should be clearly presented in the Site

roundwater Study Flar.
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Page

reni(s)/Oncrepancy{s] {Povide technicat justitication for the comment and dgeteiled recommendas
! the acuon required 10 correct/risclve the ducrepancyiproblem indicated).

Qisposition {prawide juniticytion M NOY accepsad)

1 gef

"
v}

! S

-

Istue 62: Water-level weasurements in pietcueters should be

courrected for borehole deviations from true vertical.

Discussiont  PBeceuse of the very low hydraulic gradierds in the

varlous confined aquifers, It {s crucial that sccurste

watzr-leve]l messurements te mnide fregusntly in the

plesomziers, {11 extremely accurste riser

This requirzs:
plpe surveys with respect to other riser pipes; (Z) precise
water=level messuring instruments; and {2) trained
techniclians, Howsver, several scurczs of e;ror are posgille

i# the water~levzl wessurements. First, the grror tolarance

in surveying the elevations of riser pipes will b2 2.1 Ft.
The second source of errsr is in the water-level

measurement, which has &n error tolerance of ©,1 ft. The
more sericus source of error, howsver, arises from the 3

c¢egree tolersnce in the borehole deviastion from true

vertical, For tnitsnce, & devistion of 5 degrees will

produce en errer Of 1,53 £t in the -~asured water tadble

depth of 400 ft when steel tape iz usec for mpasurenents.

With this type of uncertainty, &nd with the very small

hydraulic gradients eaxpecled in the confined aguifers, it

£9.

Accept. A}1 measurement errors will be

identified and either eliminated or compensated

for before interpreting any hydraulic head
data. This includes water~-level measur gt
errars resulting from borehole deviati-

Past and proposed BWIP drilling programs have
included routine borehole deviations surveys
in their suite of geophysical logs. Previous
survey records, for example,,can be found in
SD-BWI-TI-226 (Jackson, 1986} for the RRL-2B

L

1 - g

and -2C boreholes, and in SD-BHI-TI-329 (Jacksdn,

1986) for DC-19, -20, and -22 cluster sites.
These examples compare the actual dritled
depth to the corrected corrasponding true
vertical depth and show the:x to disagree by
only 0.02 feet at a depth of 400 feet for the
“C* wells. Errors of this magnitude, though
measurable should not, by themselves, constrai
a determination of accurate groundwater
gradient’ direction of key hydrogeologic
units. Again, all measurement errors, large
or small, will be collectively assessed for
their impact on gradient determination.
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nilslVDnucrepancyls) {Provide technlcat Justitication tor the ¢omment and detailed recommenda- . (peovi i :ﬁoﬁ 1 NOT sccepred).
the ecrion required 14 cotrect/inalive the discrepancyroblem indicated). Disposition e pustific Or accen

v

be almost impossible to delineate groundwater flow
iont and accurately estimeste gradients. Corrections . ‘ .
ccount for the borehole alignwent must be made ta

+ the present uncsrtainty. . o

L
* '
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n*!11/Discrepantyls) IProvide techaical hatilicatlon for the commant and dersiled eecommanda- Dltpniion loroide v icsion R 0T oot | | ! ' . -
* — i L] " ! - N y .

. !

the aciion required 1o cotrectfresoive the disceepancy fprobiem indicwtad],

]
. . . ' . o ' s
e

The Study Plan does not clearly sxplain the precedurs ‘ ‘ X

1

sue ¥1d)

by which alterrate conceptualizations at the flow systens Op&ﬂ.
. . ) ~oref 4% representation will be Khile this comment is ap,propriate to the Site
will be ranked and the “praferre Groundwater Study Plan, it is ngt related to the {/ o

ldentified. work scope of the Expedited Special Case package. o i

. At is recommended that this comment be addressed
iscussiont:  The study plan discusses the sethod by which and resolved in the context of a more general

integrated information will be used to generate a suite of study plan review. j

elterrate flow Systen representationsg consistent with the . .
avallable data. Quantitatjve svaluation will be uade by
buileing pumerical Wxdels based on wech conc.egtuni:snom
The constraints upon the conceptual sadel are in the form of -
*hard” deta .which provide reference points to which the .

Qualitative representation of the corceptual nodel wust

achere #¢ closely a3 possible, )

This way of priceeding apprars te ba dlirect, However, the ) PP Y X
*ctudl process (s not ag direct as is suggestod in the

Study glan. For instarce, Many peraseters sre {nferred from .
raw data obtained during tecting. The perameter inference .

Gtrerally is alreagy besed on a corcuptualization of the

system (e.0., porous mediun versus fractured medium for
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tion
D30 ncorpancy 3§ (Provide sechnical jusiiheation for the comm.os ahd dnwtm tuwuvnuﬁ-
the acHON raguired 1o corrgct/iesotve the ducrepancyiprablem indicaind). ,

nmaiﬁm tpmuh iumlamnu i NOY smmdl.

-

ps and tracer test, dermity effect nejligibie for:

rdraviic head measurement, etc.}. In addition, numericel ,

sdels that are used to analyze test dats and ultinetealy

sed to rark the preferred conceptual model have ron~unique

cluticns, For the sane conceptualization of the system, as

t 15 aceguately stated in the study plan, different values

f the anvestigated parauelers may be cobtained. Rdditional

p:«ramgter valugs are obtained when using alternsate

Eoenceptualizations of the hydgrologic systesm,

Que to the cifficulty ot answering the questions raised

above snd tha dramatic contEquences that & “preferred®

conceptualization way heve, the DOE should be uora explicit

and prevent clesrly the selmction process that will be uscd.

!f,ll' E

o e
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(s}/Discrepancyls! (Provide vechnica! juttilication for the comment and detaited cmuqvit‘adr

1 Gispotyion (previde fuasification 11 DT accepiss).

u action reguired 10 correct/iesoive the discrepancyfptoblern indicatedl.

Bll: The study plan contains an i{ncorrect 4ssuwpticn

regarding the rates of water axtraction during end after

canstruction of the exploratory shaft testing facilities.

ssicn; It 13 stated that the rate ¢. wabter extraction that

»ill have to be maintained to keep the exploratory shaft
facalities at atworspheric precsure will be similer to the
rates of the (KS test pump. It §s not clear why such an

analogy is made. While the rate of water extraction per

urnit of boreholestest facilities interior surface aree can’
be 2ssumed So l:; of the samg order, this situation canrnot be
true for the globa) yield since the yigld of water

extraction is proportional to the ares through which watpr

can Flow,

b
LI

o

Open.

While this comment is appropriate to the Site

Groundwater Study Plan,
work scope of the Expedi
It is recommended that t
and resolved in the cent
study plan review.

it is not related to the
ted Special Case package. |
his corment be addressed
ext of a more general
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{1J70ncrepancy(s] (Peovide technicat justification for the comment and detalied recommenda- Qisposition fpcovide justilication 3 NOT weresied), ) ol
€ gctign required 1o correciftesolve the diucrepsncy/problem indicsrdl, . U 7 A l -

L]

Reject. Conducting the drilling of DC-24, DC-25,
0C-32, and DC-33 in a drill and test fashion would :
not consloered in the request for restart document. cause perturbations to the potentiometric surfaces T
of the tested horizons and would likely result iy
in a significant delay in the establishment of ' ‘
hydraulic head baselines.

isue 8i3: The enly valid Justification for an early restart is

scussicons  An early restart would be better Justified jif plans

had been made to gath:r additional inforsation. DOE could Hydraulic conductivity conditions in the vicinity
of DC-24, DC-25, 0C-32, and DC-33 are not reganded
as “perishable" due to any site characterization
"3y and =33 on a drill and test basis. These tasts wauld activity. This information could oe obtained
later in the post-ES timefiame, if needed.

have plarred to conduct testing while drilling PC-Z4, -8,

Provide & way te refine the RBeostatistical propertiss of the

lecal hydraulle conductivity/transuissivity field in the The stochastic estimate of groundwater travel

i time requires data at many points. Many te.s
CA5Z. Such information is needed for &n ewarly determinstion of estimates of hydraulic conductivity. are
Indication of the presence of the grouncwater travel ¢ ime TEQ'J'IFEd_tO ]Bl:ld statistical credibility t’O'the

. . stochastic estimate of groundwater travel time.
Hi33uslifying condition. The additional data, if tollected at DC-24, DC-25,

0C-32, and DC-33, would aot significantly enhance
groundwater travel time estumales in the pre-£$
timeframe. :
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BWIP HEVIEW COMMENT RECORD (RCR] CONTINUATION -

s}/ Ducrapancy sl (Provide techaical {untification Sor the pomment and ditailed cecommendy:

he action requited to sortectiresolve the dhacrepsncylproblam indicand], i .

1

Disposition Garinide funtiticylian i NOT sccepl,

sue 813y

sCussionr:
magnitude of the rate and ic therefore set &t +/~ 5% of the

rates can be verified and whether redundant flow measuring”
devices will be used to verify this varjence. Finally, DDE
should provide the raticornale for selecting this specific

variance velue (+/= SX},

The study plan does not sdeguatmly discuss

veriflcation of weasured punping rates. Open,

On page 3Z, paragraph 3, it is stated that: “the

eccurscy nesded for pumping rates will vary sceording to the

1t is mot clear how the measuyred pumping

While this commen

-

t is appropriate to the Site
-Groundwater Study Plan, it is not related to the
work scope of the Expedited Special Case package.
It is recommended that this comment be addressed
and resolved in the context of a more general
study plan review,

e

Fay
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n
JIDicrepancy st tPravide technica!l justilication for the comment and detailed recommends- Disposition {arovide Justfication If NOT acceptedt,

sction requirted 10 correctirercive the ditrepancylproblem indicated).

t 14:  Not endugh detail i3 provided tg assess the
efficiercy of trecer tests, ) ’ ’ | L
_ : Open.
iswicn:  The hydrogeslogy studs plan does not provide the Khile this Comment is appropriate to the Sit.
' £
detail necessary to determing whether tracwr tests and the Grﬁzndwater Study Plan, it is not related to the
wOork scope
data gerersted fren thesm are us@ful, or whether such teots lt iS segon;:n;;gg E:g:d:;?g ‘S:EECi::' Edsedgdchge.
wee e ¢ a
can br undartsken, Opticns are given for when and how the and resolved in the context of a more QEne::?ed
study plan review.
tracers will be introduced, but no inforuaticn is given

regerding data analysis or potential problexs that might
Becsuse thay are an integral part @f the overall

hydrologic testing program, the tracer test plin  zhould be

oREUr,

relessed 1n a tinely fashion to allow review and input by

the affected parties. .
NS

-
EEBERAISA L L,
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o BWIP REVIEW COMMENT RECORD {RCR} CONTINUATION

1M Dnerepancyls} (Provide sechnical jusiification fot the comment and drtallsd srcommends-
s action requited 10 correci/resolve the dircvepancy/problem jodicatedl

7Ty Ty ;{lﬂ‘ et e
— _L 19 w04 ¢

Disposition lprovide paatiticaion ¥ NOT sccspiedl

"

s2 8152 Ceraliing the ES theough suprabazals sediments tefore
LHET may vesult in undue parturlsations of the unconfined

aquiter ard contaminagticr of the ES.

cussior: The €5 is situated to the west of the 00 West Rres.
Uncar the 200 Uest Area is sn extensive grounduwiter mound,
formed privarily By radicactive water (nfiltrating through
the yrzatyrs.ed suprabasalt sedivents froew the U Poad,
Other disposel sites arve present Lr the 200 West Arze, a%
well. The radicactive components are primarily tritium and
teta suitters (nmostly &3 Ru~IQEl. Non-radicactive nitrate
15 also presgnt, The plumes from the U Pond groundwater

uound are migrsoting southesst ot present, Uut & considerable

4

Open.

Hhile this comment is appropriate to the Site

Groundwater Study

work scope af the Expedited Special Case package.

It is recommended

and resolved in the context of a more general

study plan review,

Plan, it is not related to the

that this comnment be addressed

Ay g i p o
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CONTINUATION

SRR . i

ymmeni{s}/Oncrepancyls] (Provide technicu! juvtilicstion for the conwnent end detailed tecommends-

an ol Ihe actiion sequiced 1o corrpctfiernive the dacrepancylprpblem indicsied],

Disporition {pravide justification it HOT axepud),

—
-

L

sntunt of contaminated waler remaing vear the 202 Rest Areas
because of the relatively low trau:ulséivttlel in the
Aingold Forwation in this vicinity.

war an Gephart at al. (31973) shows that the groundweter

curd under the U Pomd has extended west, und!r-the ES site

the U pond L% only aboyt one mile east of the ES stita).

ne weter teble urder the ES has risen 40 to £ feet since

L4, By ¢ralling the ES down %o the top~of-basalt surface,
the potential exists for creating a large grourdwater sink,
1f water in the €S is puvped out., Such 4 Eink will likely
cause & chaenge in the locsal hydrauliz gracient. is sink
is likely to expand the longer the unfinished shafi i1s kapt
in place. Contsminated groundweter undar the U Rong cen
begin to migrate west toward the shaft, crusing the shaft to
becowe filled with water comtaining radiolcéivn solutes,
There appears to be evidence ¢f wastward migration of
contaminerts already. Hell E33-37-838, J255 then C.5 miles
from the ES site and about 0.73 miles from the U Pond, was
noted in 1281 by Graham to have & teitium concentration in
the grouncwater of 1.02 pa/ul., Srahasx (19851) notes thet
many of the: walls in the separatiorns &1'¢3 are Ecreensd nnnr.
the water=table surfece and contaminart sinking has been

cbeerved to be assecisted with mounding. Therelore, the

contanlinant corcertration rnoted here mey be & lower bound.

Tus FF site ta s the vicinity of Cold Creek, which actws o8
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BWIP REVIEW COMMENT RECORD (RCR) CONTINUATION

_}lumq he.

amemiis)/Ducregancyls) [Provide techaics! juttification for the camment and detailed cacammenda-

Qirposition {paowide purtdlcatrn i ROT geeepied],

2%

1 of the sction required ta carrect/rescive the discrepancy/orablem indscsted),
terded pericd of time may perurb proundwater flow

wreughout the aguifer and alter the pattern of contaninant

.umes, Fecpuse the ES site {s Iin a rechirge ares, greater

1an nornal inflows might be expested in the shaft, and
amping wiuld be necessary on & frequent or continous Ersis.
he altarrative would be to pump the water into settling

ords, cresting yet arother grourdwater wounc in the area
and altering flow patterns in the unconfined aquifer even

further.

efarences:
Guophart, R.E., R. L. Arnztt, #,G. Baca, L.35. Leophart, and
F.A. Spane, Jr., 1972, Hydreologic Studies within the
Columbias Plateau, Washington: An Integraticn of
Currerd Yinowledge, FHO~EWI-S5T-5, Rockwell Hanfeord,

Rachland, KA. ’

Graham, M.J., 1%E1, Hydrelogy of the Separations Rres, AMO-
UL1=3T~42, Richrell Manford Operations, Rickland, WR,

832 p.
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ment1)/Oncrepancy (3] (Provide technical justificauan for the commint and densiled recommtnde Disporition lprovide Justitication it NOT sceepudl,
6! 1he sction requured 10 cornecihizsolve the dicrepancy/probiem indwaled), .

«

wr BIE: N gores =311l be taken from the 2lanned hydrelogic Reject. The objective of these boreholes is hydro-

logic data collection, not geologic data collection.
test borehales. Multiple use holes weve considered. There are
incompatibilities in the practical aspects of
:ussacn: A high degree of uncertsinty has been associsted drilling between meeting geologic data collection

objectives and meeting hydrologic testing cbjec-
tives {e.g., drilling fluid control is much more
diwrzle groghysical technigues. While leproved geophysical difficult in coring). These incompatibilities
resulted in the decision against multiple use
holes at this time. "Specific geologic character-
cherscte~izaticon, thess techniq'uzs will probadly not be ization will be accomplished with other boreholes,

where the need for hydrologic data is not as
important.

with much of the Intraflow structyre cata cetermined by
logging techniguas will be developed as part of site

available for use in the borehcles to be drilled for pre-ES

hydrologic testing. Cores would provide sdditional

For these holes it is important to identify major

intraflew structure infornation to suppleuent that galved :
intraflow structures (flow top, flow bottom, flow |-

from geophysical methods, Even more inmportant, cores would interior, vessicular zones) in support of piezo—-

provide much nesdsd fracture and cooling Joint data which meter placement dgcisions. KWhile this.information
is easier to obtain from core, geophysical logs

cannyt be ohtained from geophysical wathods at this time, - provide an appropriate level of detail for this

By rot taking cores {n these boreheles, the DOE is losirg purpose.

the cppartunity to gain lemportant information recessary for .

site characterization,
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R

nmeni{sj/Oncrepancy (3l (Pravide 1echnicet Justilfication (ar the comment Md dernied lm Y " ) providy Jesification &f NOT

1 01 the ac1inn aguited 10 Corecijresstve the dncrepancy lprebfem indaeiad),

wtevpngl.

The Stratigraphy Study Plan does not address sub=
4

lssue #17:

basalt strata,

Discussicn: The cnission of sub-bzsslt strata frowm the sqop; of
the Stratigraphy Study Plan {s a reflection of the swemingly
cdisinterested attitude towsrds these rocks. Hnowledge of

sub=baselt strata is very important for struyctural

geclogy/tectonic studies snd nstural resource  assrssment,
lrn additicn, the deep grourdwaters within the sub~basall )
sedinentary rocks could be a recharge source for the
grounduaier flows in the baszlts. Therefors, to be

complete, the Stratigraphy Study Plan should includ? a

discussien of plans to cheracterize the sub~baralt stratas.

This wouid allow the study plan to mcre clearly meet the

cblectives of site characterization.

s

Open.
While this comment is a
graphy Study Plan, it i
scope of the Expedited
It is recommended that
and resolved in the con
study plan review.

ppropriate to the Strati-
S rot related to the work
Spgcial Case package.
this comment be addressed
text of a more general
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1 Nation - ‘
smmenils}/Discrepancy ls) (Provide sechnicss justification for she comment and detailed recommends- Disposition (provide Justification if NOT accepied]. .
an of 1he action required 10 correctlieiolve the discrepsncy/problem indicawed|. — : .

Issug BIB1 The Stratigraphy Study Plan implies that al] basalt

layers are to be imeged. .
L]

[ T YA

Discussicn: The study plan states, "Utilizing the proper Open.
Khile this comment is appropriate to the Strati- i
graphy Study Plan, it is not related to the work

scquisition snd processing techniques, the problexs can be

stlved and the basalt layers §r the CASZ can be imaged™ {p. scope of the Expedited Special Case package.
4@). While {t way be true that some of the basalt layers It is recommended that this comment be addressed .

y . and resolved in the context of a more general '
can be imaged, the study plan does not provide sufficlent study p]an review. 3

detgl]l of the procedures for data acgquisition and processing

to support the idea that 311 basslt layers can_be imaged.

In order to successfully Ismage the brsalt layers, two
subsurface requiresents must be wet. The fTirst is that each . .
drdlvidual flow top must be sufficiently thick to be
distinguishable from the layers above and below. The s;comﬂ . R
requiresient is that velocity and dersity céntrasts be great
encugh between adjacent layers to penerate a reflection that ‘ . v
{5 detectadle on the recerd section, Some of the thicker

flows may be detectable. -




g
’
1%

~ ‘ P TS e i

Yakina BWIP REVIEW COMMENT RECORD (RCR} CONTINUATION 25 w o]’ *
hation ) - | 5
mmentBDncrepancy{s} (Frovide technical justiticasion for vhe cormnment and delalled recommends- Dirposltion Lorovide Justification If NDT scceptad],
o ol 1he sction required 10 cortect/inicive the ditepancy/prablem indwnied), . l

Issue &13: The Steatigrapghy Study Plan is overly optimistic with

respect to the expected quality of sefgmic survey results, ‘ .
Discussion: In Secticen 3.2.8.4, the study plan describes seisuic , v ?
resclut ions expected relative to the q-:aal ity of the survey UQED. )
results. “It 45 expected that the survey results will not -| While this comment is appropriate to the Strati- 2

K 1 flcant graphy Study Plan, it is not related to the work |

be of encellent guelity unless the BUIP wakes a sig scope of the Expedited Specia'l Case package. ‘
breakthrough 1n the quality of selsmic scguisition and It is recommended that this comment be addressed 1,3

. with and resolved in the context of a more general K

processing. ™ For encellent quality results, fratures study plan review. !

' seismic expressions on the orcer of % to &5 meters should be

ressivable.

The dzfinitions of quality provided (n the study plan are

- Survey Results of Aversge Cuality ({.m., slightly
tetter than now evallable). Features with seizmc

expressions on the order of 30 to 190 m ghould be . cb
ret2lvable, . <N v

= Survey Rasults of Good Quality. Festures with .
seismic enpressions en the order of 15 to 40 m shaould . '
be resslvable. .

=~ Swwvey Results of Excellent Quality., Features with J
seisnic expressions on the order of S to 25 n shouly
be ressivable. ¢
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nment{1)/Oivcrapancy (s} [Pravide technical justiltizatian (ot the conwnent aad detsiled tecommends-
1 of the sction required 1o catect/rasotve the disceepancy/problem Indicaied)

BWIP REVIEW COMMENT RECORD (RCR} CONTINUATION

Disporition {provide jusiitication if NOT sccapredl,

ey

Urless the following problens can be %olved the results may

not even be of pood quelitys

Y

R high velocaty layze within the suprabas. .’ sediments
causes channeling of lew velocity energy -2ar t™e
surface,

The atove wenticned layer has large features csusing

statics probleus. -
(3] Velccity variations in the sediwvent cause scattering o;'

sefsmic energy. -
(4) Proolens of source and receiver coupling exist.
(%) Rlternsting high and low velocity layers of the tbasalts

and i1ntevbeds cause & high attenvation of seisumic
energy (Stratigrapghy Study Plan, p. IF-40).
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iation BWIPF REVIEW COMMENT RECORD {RCR) CONTINUATION : 27 ot 48]
ment{s)/Dicregancy (sl LProvide technical juttitication for th t and datailed recommends- L I :
of m:acui::n u;::rc; (2] 'c::u:ll::wlv:: 1::'&s:::p‘:nc:;p:o;l‘emzs::ﬂ. rled ee " Oisporition (provide justification it NOT sceepied). .. t
. Open. ) )
issue NZQ: It 15 questiored whether software of the While this comment is appropriate to the Strati- 1
sephisticatlon used in seiswic processing can be develcped graphy Study Plan, it is not related to the work

scope of the Expedited Special Case package. ..
It is recommended that this comment be addressed
and resolved in the context of a more general
study plan review.

in the tine frawe given.

Dascusslon; ceject regquirement & on page 4Z states that
proces3sing tonls such as surface~ceonsistent statice and ray-

trace statics must be developed or acquired to adequately

.o
LAY

process the data, The BWIP plans to begin the three~-

dinensisnal stismic testing in sumner of 1587, 1If the

necestary procesting coftwire cannol bde scquired, then it :
must be develcped. In this event, it is doubtful that the

scfiuere would be developed before the schedulud seismic

testing,




' Keview No, Page . s
[ B
f, BWIP REVIEW COMMENT RECORD [RCR) CONTINUATION | | 28 o 44 o
;E.'.mp..m,,m {Provide techascal juitelcation toe the comment snd detaded secommends- Disposition {provide justilicstion if NOT sccepted?,
2cion reguued 10 catrecriiesolve the dikrepancylorablem ind«cated). ‘
i
fue KZl: The study plan has an overly cptimistic view that
3trete and structure cin be mapped to a depth of 1500 ]
weters, .
Open. . . )
i i i ropriate to the Strati-
tcussicn:  The expected results of the 3-D seismic project are gg;ﬁyﬁs‘;zd?ﬂggt ;z fgpnog related to the work
»
that the “acquisition of selswle reflection date will image scope of the Expedlted SpECid] Case package.
It is recommended that this comment be addressed
e Rt ane basals v s Gepth of 303 weters or and resolved in the context of a more general
areater. In addition, data will be acquired that will allow study p]an review.

-

the EWIP to determine how to uge seismic reflection data to
map the strata sand structure te & degth of over 1%20 meters”
(p. 44), Tnese statewents are not substantiasted by any
technical references. In order to wap the CASZ subsurface
a: degth, tﬁe probles of energy loss within the bazalts and
the sediwentary interbeds wust be solvgd. if the pUlIp
intends to wake use of a previsus simjlar survey to arvive

4t the (300 meter depth, the study plan should make

refergrce to it.
. .
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mmeni(sp/Discrepancy {s) IProvide technical justificotion tor the camment and detaled recommenda-
1 of the aclion sequired 19 correct/resolve the discrepancy/problem adicated).

Disposition {provide wistdicavon il NOT accepradl.

Issue K3Z: - It ax recounerded that the parameters for the actual
three-dinersicnal seismic reflection survey be readjusted

weirg F'¢ 88 final parameters.

Discussiont 1In section 3.2.3.3 (p. 45), the study plan cer ~ibes

Open.

the data acquicition for the three-dimersigral seisuic
reflecticn survey. HAcquisition paraucters are to be
determinad during the processing of the preliwinary three-
dimernsicnal test data. The study plan states that these
pavameters are to be chosen during the processing of the
psrelivainary three-diuensiornal test data collected in FY 87,
Sirce the EWIP will perform additional testing in FY. B8, 1t
15 recomuenged that the parameters for the actual survey be

reddjus.ted uting the dats of the FY 87 cata.

While this comment is appropriate to the Strati-
graphy Study Plan, it is no* related to the work
scope of the Expedited Special Case package.

It is reconmended that this comment be addressed
and resolved in the context of a more general
study plan review.
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mmentis)/Oucrepancy {s] (Prowide techmical ustifcation far the comment and detailed recomunenda-
in of yhe action eaquited ta correct/resolve the discreaancy/problem indicated),

Disposition (provide gustificatnon of NOT scceptadl.

[ssue 433 —Hany- of ths prereguisite TOP documents are

univailable for review.

Discussion: 0Of the eighteen TOP's made «vaileble for critical
review, ten were draft reports. R1l draft ceports ;hauld te
finalized prior to comuencenent of restart actavities. This
is teportant because perforuence of restart sctavities based
on draft reports may result in invalidation of collected
cdata, unsafe practices, ard lost tiwe due to backtracking
avd lmplemertation of chenges. Furtherwore, (¢ is cifficult
to review the overall prograu based only on the eighteen TOP
reparts made evaileble. R total of fourty-six additional
TGP documents exist and have not been preovided; herce, &

comprehensive sssessment of the overall restart program R

cannct be performed,

A1l documents in the hierarchy {TDCs. Test Plan, and
Test and Operations Procedures (TOPs} necessary to
control drilling are or will be issued prior o
restart. This is assured by the conduct of an

Open Item Review per internal BWIP procedures

as well as approval by DOE and the Westinghouse
manager at hold point one in the Expedited

Special Case package.
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CONTINUATION | . | | {3; or 44 |

1/0ncrepancy (sl (Provide technicat justiticatson fas the comunent and dcta-hd recommenda-

t actean required ta coreectlinvalive the ducrepencylpioblea indacated].,

Diposition {vovide justificston it ROT xcepted),

24t The TOP's U> not provide adequate DR/OC procedures to

sure the irtegrity and gquality of the cemant scals,

1omny The ceuent seals are essential .to prevent the
tercanwunication of unigue grounduat;r systems in the
1reh2le.  when computaing the emount ©f cement necezsary to
.11 a given i1nterval with cement, anowalous porosities

. 0., fractures) are not gonsidered. If such anocmalies are
»t ingarpirated inte the calculaticon, the distribution of
e cement cannst be assured. Furthermore, although the

IP*s do> discuss gesphysicsl testing ©of the integrity of the
merit seals, corrective actions are mot discussed should

¢ seals prove to be inasdeguate.

Rejett. The transmittal of 1GPs in your
review package contained TOPs required for drilling
DC-24 CX under hold point 1 of the expediated specjal
case (ESC). Test and Operating Procedures and
other documents that covered piezometer {nstall-
ation, including QA/QC on the placement of the
isolation seal, will be transmitted for review
at a later time. This review corresponds to hold
point 3 of the ESC.

If suspected problems, i.e., integrity of the cemept
seal, are noted while implementwng the test activilty,
a 1ter1m problem report {IPR) is initiated in accojd-
ance with PMPM 7-119, "Data Collection Test Controfi."
The IPR initiates dianostic activities to determi
the effect of the problem and the appropriate cor-
rective activities.

) ﬁtﬂﬁvﬂo.. Page % .

.
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wnent (L Disceenancy (sl (Provicie technical justification for tha comment and detailed secommenda-
of the achion required 10 correct/resalve the discrepancy/problem indicated).

Dispusition (provide justitication « NOT acceptad).

-

ssue 820: The TOP documents lack sufficient OR/QC criteria with

regards to developnant and caupling of the borpholies.

wscussiont It [s specirfied in the Regquests Ffor Restart R and B

that higher quality hydrogeslogic data will be obtaired &y 2
darect result of the higher level of OA requirements; '
however, the TOP's do not reflect this higher level of DR/CC
requirencnts. The TOR's do not provide sufficiert
infornaticne regarding sampling frequercies or grocedures to
encura sdequate deconteminataion and cleaning of sawpling -
wequipwent. In addition, the relevant TOR'g do vot describe
callbratl¢q_muthads for important gesphysical and
gecchamical equipnent (i.e,, neutron prote and pH meterd,
but rather rely on the marufactursr or the ccntr;cto;
calibration methods, This may pose serious problems of (1)
standardization, (2) applicability of the calibration

results (i.e., see coument E3€), and (3) traceability.

Reject. Borehole development and development

sampling activities follow hold point 2.
Procedures covering these activities will be
provided prior to release of hold point 2.
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omment{3)/Discrepancy (3] (Prowde techmcal justification for the comment and detailed secommeanda- O“pcﬂg.ion {pravige gustitication sf NOT accepied!. | ' | :

a0 of the action required 1o cotrect/resclve the discrepancy fproblem indicated).

- .

Reject. The QEB Report does not discuss plans

Issue ¥SE: The OE3 document does not discuss plans te monitor
to monitor and measure methane because there

ard weasure nethane in the boreholes to be drilled. ' current]y are ne plans to monitor and measure
methane in these boreholes. These boreholes do
Discussion: The CEP report states, "Orilling history at Hanford not currently have such hydrochemistry objectives
haz not shiwn ratural gas (mathane) to be & problen... in the ".ltereSt of Miﬂlﬂ'ﬂZiﬂg the impa‘:t on th? :
' hydrologic baseline and attaining the hydrelegic v
Moratoring for natural pas production is a gomuon objectives. Site hydrochemistry investigations '

will be addressed separately in the Hydrochemistry

way to matigate unforeseen sdversz situatfons” (p. 18D,
Study Plan. -

FMeasuremants of wethane in greundwaters at Hanford have ,- ,
shown relatavely high concentraticons in some boreholes. % W _ J ]
Scme corcerntrations may be as high as 3% or more (Sarly, .

128€). Consequently, the potential exists for protlems in
the drilliing of future boreholes. This document does rot
contain any further refersgrnce to monitoring for natural gas,
and the oéher restart documants rtvieu‘h also do not
indicate plens to amonitor and weesure methane.. R BUIP
cocument (Carly, 1386) has recommended that new metharne
sampling &rd analytical procedures be adopted for future
berehale drilling, Rccording to Early (1988), “The EWIP *
recenf]y procured several downhole sampling devices cipable
of csllecting dissalved gases in gsitu. Acdition of & more

relietble gas extraction pratass and snalysic both by gas
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FRevaw No.

Page s

18 o 44f

X -
wrunentlslDucicpancyls) {Provide tecnncal justilication lor the commant dnd detated recommenda-
sy of 1he xvwon sequired to conrectiesoive tha discrepancyinoblem indicated),

Dispoution {provide justifecation of 10T accepted).

ehromatograpgh and' nass specirouwetric techniques should
greatly improve future mrasuremants.” It is (lwportant that
ell borehcles be tested ror methane, both for safety rgésons
anc 2lss to provide 1nfornut£on‘ragardlng the hydrocarbon

putential of the area.

‘eferance:

Early, T,0., 128¢, Corcentrations of Dissolved Methane (CH4)
and Nitragen (N2} in Gezurdwaters frowm the Hanford
Site, Weshington: SP-EWI-TI~&26, Fechwell Hanford
Dperstione, Richland, Washington, 30 p.

-
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nmeng{y/ncrepancy (s) (Provide techaical Justilicatwon tor the commaeant and detaded recommenda-
ol 1t wtion reguirest 10 correct/resalve the wicrepancy/problem indicated).

Disposition (pmvude pritilication « NOT sccepiedi.

1ssuz £27: The CEE repdrt fails to rectpgnize the adverse
cornsequences of borehcle deviation relative to water-level

measuren2nt ACCuracy. .

Discussion: The OEP assessment identifies borehele ceviation as

& possitle feilure during rotary €rilling. ARAccording to
this cocument, the possitile consequences of & "°"V!éti°il
hole are cifficulty in completing the borehole to a
predetermined cepth and problems in setting and cementing
casing. ) )
f wmore impartart and likely consequence of borehole
deviation (s the uncertainty that a nonverticzl hole
introduces to weter~level weasurements. Uncertainty could
have ;erlov.:s implication for groundwater flow studies.

Thnerefore, correction for borehole plumbress shou'd be wada

to reduce this uncertainty (l.e., see comment #3).

- ——

Reject. The2 consequences of borehole deviation
on water-level measurement uncertainty are recog-
nized. As-built deviations will be determined
by borehole directional survey, which has been
designated as QA Levei 1. This information wiil
provide a basis for correcting water-level
measurements as needed.
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Dispoution uoeade puudasion o KOT mcwpwd

Issue 83281 The CED ccnsiders the prasence of voids in the casing

Cement to be of wincr inportance even though such volds
coulc aliow undesirable conmunication of groundwater in the
Saddle Mountain Easalt and the suprab&:nl; sedinents (3.
72).  Subsaquently, this item was giver 2 qualaty.level

rataing <of 2.

Dizcussinn: RQuifer jrntercommunication in the uppsr part of the

section may not have a great effect on barehole objectives
or on waste jstlatien. However, such an gccurrence could
result in problass relativa to envirormental smeonitering of
site characterization activities and the Hanford
Resarvation, in general. Much of the unconfired aquifer;”
sysiem in this ares is highly contaminated from previous

Hanford waste managsement practices.

Rejuct. It is correct that volds {a the casing
cement could result in undesirable cocxxnication
through the Saddle Mountain Basalts and adove,
and consequent problems. The designation of QR
Level 3 is appropriate in that formations above
the Wanapum basalts are not being relied upon
far repository waste isolation. QA Level 3 does
not, however, imply inadequate design or comtruc-
tion. Procedures controlling the placement of ~
casing and cement include provisions to ensure
technically acceptable completion.

.
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m. entlshil)screpancy ls] (Provide techmcal justiication lor the comment and detated recomeamenda- . .

:: ol um‘ acton mw.rw o covruclltewlue !hut duerppancy fproblem incicated). Dispontion (provide justificaton  NOT tadd.

Issue #Z%: The CGEE assessnent of drill cuttings is unclear and Reject. Borehole geologic '095 are designated )
under QA lLevel 3 because they are used only for
N informational purposes during drilling, and for
initial recognition of stratigraphic coatacts.
They 2re not used for formal interpretations.

inconsistent.

Oiscussion: The gezlogic infornation frow drill cuttings will be

usag a5 input to stratigraphic and structural models and for Drill chip samp!ing is designated QA Level 1
creating berehole geslegic laps (p. 88). Orill cuttaing because drill chip chemical analysis is used to

. confirm formal stratigraphic i i
saupling 13 gGiven & quality level rating <f 1, but borshcle | on geophysical 1ogs. graphic interpretations bas?d

gc::-l-:hqic logs are rated as & level 3. The lower rating
assigred ¢o the geslegic logs is apparently due te the fact

that these logs are to be used for Inforunaticonal purposes
only, net for site charsacterization.

In the Request for Restart B, orne of the sctivities listed
for lnteﬁpretlng stratigraphy and intraflow structures in
? orcer to select piezometer [nstallation depthe is review of

geslegic logs. If, s the Regquest for Restart indicates,
the geclogic logs will ba used to help select piescmeter
depths, then these logs should have & gquality reting of ',
The CEE doos not recopnize the use of drill cuttings ax &
mathod to help determine pieroueter Installatlon depths,
Howaver, it does state the following: *Cuttings wils be
uned to ver{fy test horizons by chemical analysis.

Verification takes place after piecometers arg installed®

tp. 88). .
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wmni§sl Discrapency l1) (Provide technca! justdicanan for the comment and detailad recommenda-

ol the acpon 1eanred 0 correctiresolve the ciscrepancy/prablem indicated).

Oispasiuon (provide qustilication ! NOT acceptadl,

istue 4201 Stratigraphic, Ltetraflow structure, and geologle
structure dats needs were not taken into consideretion when

detormining borencle locations, .

nscussion: The hydrcloplic test borehole sites were chosen
solely on the basis of hydrologic cata nesds, While it 1s
.erucial that the borehcle logceticon meet the objectives of
the hydrclogic characterization propraws, other data needs
sh2uld alse be considered. Such considerations should be
prisible without endangering the priwvary goels of the
hydrolegy cherasterization. It Is wmportant thet all
burehzles grilled for site characterization be located so ag
to provide the optimum aacynt of dats, regardless of their'

priuary purpose,

- - -

Reject. These borehole locations were chosen

not on the basis of optimum data collection, but
on the basis of hydrologic data needs. Hydrologic
and geologic information are not completely in-
dependent, and stratigraphy and structure were
considered to the extent that their influence

on hydrologic measurements were anticipated.
However, geologic data needs were not integrated
into the location determinations. .

There are practical difficulties in drilling mul-
tiple use boreholes to support diverse data
collection, and the project has chosen to proceed
with the collection of critical hydrologic data
before resolving those difficulties. Geologic
data will be collected to the extent that it will
not interfere with attaining hydrologic objec-
tives. See also the response to issue 16.

[V Iy
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ammenitsi/Discrepancy 3} (Provude technica! pustitication tor the comment and datailed ercommenda-
un of the action srequired 10 correct/resolve the discrepancy/problem indicated).

Qisposition {provide justification o KOT accepind).

Iscue n3l: The TDLS document consistently refers to the TDP's in
a general fashion rather than previding specific references

in order to gualify and guantify prccedures.

Discussien: The failure to indicate specific TOP'y -nekes
assessient of the ocverall restart program difficult and does

not allow verification of the TDES/TOP references.

Reject. It is not within the scope of the TDCS

to identify specific TOPs. In the hierarchy of
cantrolling documentation for BHIP site character-
fzation, the Test Plan responds to the TOCS
requirements with specific procedure references.
For specific TOP references i{n support of test
requirements, see SD-BHI-TP-045, “Test Plan for
Completion of Multi-Level Piezometers."”
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Commenilsi:Oncrepencyls) (Pravide techacy justiticabon lor the comment and detailed recommendy:

won of (e ackyn requued W correcirmaive the dacrepancy/problem sndicated),

Disposition (provuie pustitcston of NOT ecoxpiedl.

Issue NIz

The TOCS documernt indicates that all TOP's wust b in
place pricor :o the commencement ¢f drilling cperation;
however, the TDCS document dogs not indicate that all TOR's

should de In finalized form.

Discussion: It Is highly recommended that a.l TOP's be fimalized

pricr te commencewent of drilling operattong. Furthermore,
i1t iz recowuended that the level of DA/OC pretented in the
TDCS'document be ungraded to & degree that will snsure tha
integritly cof the data. For exemple, Lt is stated in the
TOCS that "Cfferts to erercise gontrol of crilling fluadse
losses and gains shall, however, at a1l tiues be balanced
sgrinet the cbjective of successfully completing the
borehsig.” This statement indicates that fluid losses and
Erans are of miner concern ralative to the continutng
cperation &nd tinely ceupletion of the boreholes. Since tn}
guality of hydrologic and geochemicel datsa can be adversely
affectod by the presence «f drilling fTluids, actions should
be taten to minimize drilling fluld losses and gains. 1In
fact, mitigative actions should be proposed and docuwented
for all ceses in which cperations may not mest specifiaed

regquirenents.,

‘the use of TOPs. General test control procedures

Rejebt. The TOCS is nbt the only control governing
require that all testing, data collection, and

‘associated activities shall be conducted in accordance .

with written procedures or {nstructions {TOPs)
appropriate to the circumstances. General proced-
ures for TOP processing prescribe their review

and approval before distribution. Therefore,

the TOPs will be in finalized form, in that they
will be reviewed and approved, prior to their

use.
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Commentis)iDuciepency Is) {Pravide techmical pabhication lor the comment and dutaled racommaenda-
ton gl the 4Glion requited (0 carrect/resdive the discrepancylprablem wndicktad].

T

Rugmnition {preenhi pianrfacaran of NQT acoapsed).

Issue #313: Poor packer and sealing intsgrity sy affect the

quality of hydrochemistry and plescnster dats.

Discussion: The TLOR cdrcuwent states that there are three
alternstive deslgns for multi-piezcneter instellaticon. For

each of these desligns, the integrity of the packer and
saxling Guality is in question (TDCS, p.14), Faulty pacher

seals could rosult in sguifer cross—contamination which
would Pave sdverse effects upon the reprasentat iveress of
the hydrachemistry deta., Furthermore, 4n interconnection
beturen tested units cur to 3 lack cof packer integrity would

render the piezoueter <ata highly guesticnmable.

Reject. The chosen design for these borcholes
does-not depend upon packers. bul upon cemeat
seals for zone isolation. Sce the response to

issue 24 recardiag the integrity and quality of
the cement seals.
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It ventls)iOs ncy sl (Provide tech | nn for th 4 and detsidad recommuenda. :
on of ahe acvon cequas 10 corver lrevalve the discrepancy(orobiem mdicaiad), I Disparition lovavide isiicavon d NOT sccapd !

lssug.ﬂshx The TDOCS stztes thet standsrdization, calibration,

scquisitiorn, and display of newtron logping data must
cenforn to AP] stendards as defired Ln RPL RP 33-74,
Pecommerndel Prsctice for Btandard Callbration ang Foruat for

Nuglear Logs. In the neutron logging TOP's, no refererce is

made ¢Ff this docuuent,

Ciscussiar: It is nit hnown whether APl RP 33=74 was used in

formalating the standards for calibration, &cquisition, and
displey (n the TOR's pertaiming to neutron logging. ‘The

standarrds used nyust be consistant {(n both sources.

Accept. The Test and Opersting Procedures {ToPs)
concerning nuclear logging have been prepared

to conform with the standardization, calibralion,
acquisition, and display requirements specified

in the publication APl RP 33-74, “Recommended
Practice for Standard Calibration and Format for
Huclear Logs." A statement to this effect will

be incorporated in all of the TOPs which are involved
with nuclear tool logging.
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11310 ncrepancyls) {Frovide techmcal pustibscanion for the comment and drimled recommends:
e achinn requited 10 correctiresalve the dacrepenay /problem indsesied).

Daporilem [provide Justificaton f HOT sicrpledl,

sue #35: The TDCS includes a calibration technique for the

Jigcussicon:

three-and frur=arm Caliper that is not included in TORP GT-

€S-3i0, Fleld Set-Up, Calibraticn and Dperation of the Four-

Prm Cxliper &nd Gamna Pay Tool String.
The TOC3 rotes that & check on calibration of the

caliper mey be performed in cised intervals with known
césing dismeters and that borshols diaveters measurec shall

be within 5% of the “nown casing size. The TOP does not
wention this calibration chack &t all and hgnce dogs not use
the + 2% tolerances, This additional check.on :alsbrattqp

should be described in the TOP.

Reject. This particular calibration check was

determined to be ineffective, and the requirement

has been deleted from the TDCS.
calibration requirements are ad
implemented in the TQPs.

The remaining
equate, and are




-

N BWIP REVIEW COMMENT RECORD {RCR) CONTINUATION

’.-‘ ; ,ﬁtnaﬁﬁﬂ# : Foge ]
' 4ﬂ.cf44'

ition
g R e am o R

rilsl/Duerepantylil (Provafe techmcal (wsuslucateon for Ihe tommem and detsiled recommendsy-

the aC1wn 1equired 10 COtirLtiflieralve the dncrepancyluroblem indscated).

Dispotition. fprovide justification it NOT accepied).

®* #Z€t The porosity meatured by the theruwal neutron tool 1is
highly guestionsble beceuss calibration curves may be

1nalriuate.

s86lon:  The TODCS states that FWIP has established a maxjaum
tatal core porcsity of 2624, Through :empenéated therwal
neutren porosity logging, Gearhavt Industries has measursd -
total porosities as large as 374, The TDES states that the
discreparcy between cove-measured porcsities and porosities
gevaved from thermal neutron logging may be due to high iron
content ang that & plan for guantifying ircen effect ;n
neutren porosity will be provided in the appropriata TOR's,

ke important factor that mey be the cause of such

discreparcy and which has not been stated in the TOCS i the

resence of eethare In water. Hydrogere atoms from the
asthane mslecule (as well a2s the cnes from the water
wileculz) 2re likely to anteract with neutrons. Since
:alabration of the neutron tool s done with & Jimesteone

atureted with water, correction for the presence of methane
s rn:t accounted for, This could be & plausible explanation
‘9 the highar gorccity inferrved from rgutron wmezsurements.
he presence of nethane could pven Jeopardicse the use of the
heraal neutron teol to provide reliable estimate of

wrosity since the concentration of wethane~is not uniform

houghaut the Basalt lajers,

- Reject. - At this time, the principal use of com-

pensated thermal neutron logging data is in support :
of stratigraphic interpretations from relative
porosity changes along the borehole. Absplute
accuracy of porosity measurements do not affect
this use. It is recognized that absolute poro-
sities indicated from thermal neutron logs appear
high, and this effect will be investigated. For-
these boreholes, epithermal sidewalled porosity
(SNL) log data will be collected for comparison.
The effect of dissolved methane on thermal neutron
logs is expected te be negligible, based on in-
vestigations to date, which include conrsultation
with petroleum industry log analysts.

[T VST S P
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Preface

Iodine-129, the longest-lived radialsotope of iodine, has a half-life
of 1.57 X 107 years and is produced during fission. Natural occurring
2] is estimated to be ~40 Ci and man-made ***f could increase this
by a factor of approximately 100 by present estimates. Because of its
very long half-life, any ' released to the environment is, for all
practical purposes, a permanent addition to the total inventory of
global jodine. This report considers and evaluates the available infor-
mation on '**[ in terms of its physical properties, production sources,
physical transport, biological behavior, projected future production,
waste management, and the short- and long-term dose implications of
3] in the environment. «

The biological significance of '®I is limited by its low specific
activity. The largest poteatial source of '] is from spent nuclear fuels.
If this irradiated fuel is reprocessed, then '®] emissions will have to
be controlled. If spent nuclear fuels are not reprocessed, the short-
term exposure is insignificant and the potential long-term exposure is
of principal interest. The potential long-term global dose to people in
the environment is considered not to be manageable on the assumption
that eventual release to the environment through the hydrological
cycle is inevitable. The ultimate reservoir for the 'l is the oceans
with the resulting aquatic food chains which have man at the top.
Emissions from operating light-water reactors are, and will continue
to be, insignificant compared to potential short-term releases from
proposed fuel reprocessing or ultimate releases to the global environ-
ment from reprocessing nuclear waste or the inevitable release result.
ing from long-term storage of unreprocessed spent fuel.

Although the uncertainties of future development of nuclear energy
are great, the inventories of '®°] are certain to increase, However, we
can make a scientific judgement as to the biological significance of
present inventories and potential future production and management
of "] and this report is aimed at that goal.

The Council has noted the adoption by the 15th General Conference
of Weights and Measures of special names for sorme units of the



* the Sl unit of absorbed dose, absorbed dose index, kerma, and
cific energy imparted. The becquerel (symbol Bq) has been adopted
the special name for the SI unit of activity (of a radionuclide). One
1y equals one joule per kilogram; end one becquerel is equal to one
'ond to the power of minus one. Since the tiansition from the special
its currently employed—rad and curie—to the new special names
sxpected 1o take some time, the Council has determined to continue,

the time being, the usec of rad and curie. To convert from one set
units to the other, the following relationships pertain:

1rad=0.01J kg™ = 0.01 Gy
1 curie = 3.7 X 10" 57! = 3.7 x 10" Bq (exactly).

I'he present report was prepared by the Council’s Task Group on
of Scientific Commnittee 38. Serving as Chairman of Scientific
mmittee 38 on Waste Disposal was:
Merril Eisenbud
Institute of Environmental Medicine
New Yark University ledical Center
Tuxedo, New Yorl.

~ving un the Task Group were:

f.e0 K. Bustad, Cha:rman (1973-1981)
Washington State University

Pullman, Washington
Members
ven A. Buok Joseph K. Soldat
versity of Cahfornia Battelle, Pacific Northwest Labora-
1s, Californis tories
Richland, Washington
ohn Garaer
Environmental Protection Agency
-arch Triangle Park, North Carolina
Consultants
1P. Brauer Lee L. Burger
elle, Pacific Northwest Laboratories Battelle, Pacific Northwest Labora-
iand, Washington tories
Richland, Washington
NCRP Secretoriat—Thomas Fearon (1975-1980)
E. Ivan Wkite (1981-1983)

he Council wishes to express its appreciation to the members and
sultants for the time and effort devoled to the preparation of this

.
Warren K. Sinclair
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1. . Introduction

Iodine-129, the longest-lived radicisctope of iodine, has a half-life
of 1.57 % 107 years. Becau- 3 of its very slow rate of decay, any '*]
released to the environment (from either natural or man-made
sources) is, for all practical purposes, a permanent addition to the
total inventory of biospheric iodine,

Since '] emits only very low energy beta {maximum energy = 0.15
MeV) and gamma (0.04 MeV) radiation, accurate detection and meas-
urement are both difficult and tedious. It is detected most readily in
animal and human thyroid glands, since these endocrine organs exhibit
the highest concentrations of iodine. However, the amount of '] that
can be accumulated in the thyroid is limited by the *] low specific
activity (0.17 mCi g™).

Considerable attention has been given to '* because of the potential
for long-term accumulation in the environment from prolonged low-
level releases from the nuclear industry, principally from facilities
concerned with the separation and processing of irradiated fuels and
storage of wastes. Currcitly, the reprocessing of spent nuclear fuels is
very limited, but is likely to increase in the future. If retrievable
starage is the means chosen for handling spent fuel elements, '*I will
remain potentially available for release to the environment whenever
reprocessing occurs, because of its slow rate of physical decay. If, on
the other hand, spent nuclear fuels remain unprocessed in a permanent
disposal site, then releases of '*[ to the environment from U.S.
facilities described herein will be insignificant compared to the esti-
mates given in this report. The extent tq which "I coujd be released
to the accessible environment from a permanent disposal site will be
determined by the design of the repository, and by conditions in the
environs. The details of potential long term releases of [ from such
repositories is beyond the scope of this report. However, the US,
Environmental Protection Agency, in proposing standards for the
disposal of spent fuel, high level and transuranic radioactive wastes,
indicated that the total '*I in their model repesitory would be a
fraction of their calculated allowable release limit (U.S. Environmental
Protection Agency, 1982), i.e., the I is not controlling on the design



Geographical Sources and
Distribution of Stable Iodine
and '%°1

2.1 Introduction

1e has only one stable isotope, [, which is widely distributed
xeay, rocks, and in ell organisms. It usually occurs in the jodide
ute form. ‘The marine eavironment and biota usually have
srably higher iodine concentrations than do terrestrial plants
il, as shown in Table 2,1. Marine organisms concentrate iodine
rprising degree; certain tropical sponges may contain up to 14
t 1odine by weight (Mellor, 1946). Some land masses contain
urces of ivdine, such as the Chilean nitrate beds; other areas
low in stable iodine that their inhabitants suffer from iodine
1cy. Large areas in the northern and western United States
2en labeled es “goitrogenic” because of their low iodine content
ond Snedden, 1960; Bruner, 1963).

wide variation in soil iodine content has been the subject of
ipeculation and mrgument (Schaklette and Cuthbert, 1967).
ar, Goldschmidt's view (Goldschmidt, 1954) that the masjor
of indine in soils is material released from the ocean surfaces
i to be well substantiated (Schaklette and Cuthbert, 1967). A
theory has been developed that the Chilean deposits resulted
-ecipitation scavenging of the atmosphere, together with the
+ of weathering and biological activity (Claridge and Campbetl,

¢ concentration in the atmosphere generally diminishes with
ng distance from the oceans. This reduction consequently
the amount of iodine transferred to inland soils by precipita-
venging and dry deposition. The period of exposure of the soil
processes also gffects the iedine deposit. Hence, the concen-

f iodine 1s generally lower in young postglacial soils, particu-
thaie dnonor harisane (Caldcrhmids 1QR4Y

> - o
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TaBLE 2.1 -—-!ﬁdine in Lerrestrial and marine enwrons®

Percent by Weight
Component Terrestrial Marine

Thyzoid gland 107 107

(mammals and fish)
Mammals and fish 10 10

(other than thyroid) .
Plants (slgae) 107 10:.
Soils (silts) 10 10
Rock 16~ -
Water 107 10
Salt (non-iodized)* 1077 16
Air 10~ 107*
Rain and snow 1077 -

*From Goldschmidt (1954); Chilean lodine Educational
Bureau (1950s, 1950b, 1956); Vinogradov {1953); Hanson
{1963),

* lodized salt contains 10°? to 107% percent iodine.

up to 10 ug m*, were found in the atmosphere of coastal regions. Rain
and melted snow ranged from 0.2 to 5 gg L™}, and the water of
European rivers was reporied to contain about 1 pg L. Mineral
spring waters contain concentrations up to 300 ug L™ (Goldschmidt,
1954).

Several processes are believed to release iodine from the ocean
surface to the marine atmosphere. The release of gaseous iodine (I2)
by photochemical oxidation of icdine has been demonstrated experi-
mentally, and release of iodine-bearing particulates from an experi-
mental sea water surface has also been reported (Miyake and Tsunogai,
1963; Martens and Harris, 1970). It has also been suggested that
organically-bound iodine may be released to the marine atmosphere
(Dean, 1963; Blanchard, 1968). Understanding of relationships be-
tween the various sources of airborne iodine and elucidation of the
mechanisms that produce the observed concentrations and relative
iodine enrichment (Duce et al., 1963, 1965, 1967) await further detailed
measurements, particularly of iodine species. Some of the common
inorganic chemical species in which iodine can be found are listed in
Table 2.2.

The human body contains 10 to 20 mg of iodine, of which more than
90 percent is contained in the thyroid gland. The ICRP Reference
Man (ICRP, 1975) contains 13 mg of iodine, 12 of which are in the
thyroid gland. The thyroidal jodine concentration of 600 ug g™ pre-
sontad in tha 1978 ICRP renort iz aubatantiallv hicher than the 350
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TABLE 2 2~ Cummon morgnne chomucal species of
urhine”

\'.:;-nu» Comnon Npes et
=1 1lodides) 1°, Ui Nal. HiI-sH, 0
1) [z
-1 1CL IBr, HOY
=3 t{ndatest 10 10, IO, NelO,
+7 (Perivdatea) 10,7, H1O,. NalQ,

K Fn nr-n Hollznd, 1961, .

¥ ventral nervous system, 0.12; musele, 0.01; miltk, 0.07; and
1 (ICRP. 19735).

2.2 Nalural Sources

v-three radactive isotopes of ivdine have been identified.
naturallyv-cccurring radioisotupe, "1, has a half-life of 1.57
ars {Walker et al.,, 1277). It [+ produced in nature by the
n of high-energy particles with xenon in the upper atmos-
d. tv a fesser extent, by neutron-initiated reactions '®Tefn,
*Te(n, 2n) and spontaneous fission (Kohman and Edwards,
dwards (1962) estimated that these natural reactions would
a glubal steady state atom ratio of '®I: ¥l of 210~%, which
and Edwards (1966) estimated should result in a ratio of
¢ 107" " in the oceans. More recently, analyses of samples of a
ilver iodide deposit in Australia (Srinivasan et al., 1971) have
estimate that the equilibrium terrestrial ratio was bounded
s

22x 10" s ¥ g 38 x 1070

and Edwards (19606) also estimated that natural production
in a steady state inventory of 8.7 X 10° atoms of '™ in the
ere’ Iprim rily 2ceans), equivalent to 31 Ci(=1.8 X 10*g) and
transfer rate from oceans to sediments of ' is 2.7 x 10% ¢

wntity of ' in the bithosphere is more difficult to estimate.

v on the spuntaneous fission of **t widely dispersed at 3 ug
atent of ~0.01 Ci ¢ 'n be obtained. However, from the atom

v thee nced o rservonr oomenting of *he hvdrosphere, atinesphere and

2.0 MAN-MADE BOURCES / 5

ratio of ~3 X 10~ listed above (Srinivasan ef al, 1971), & quantity
of ~10 Ci of '] can be estimated.

The ~30 Ci of '™ in the hydrosphere plus the ~10Ci of '™} in the
lithosphere suggest an upper global total of about 40 Ci of naturally

occurring 1.

2.3 Man-Made Sources

lodine-129 is produced in nuclear fiasion as & decay product of '™ Te.
ke fission yields of several radioiodine isotopes from thermal neutron
fission of ™I} were tabulated by Holland (1963). The '™l mass chain
is partly reproduced below, with more recent values of radioactive
half-lives and fission yields from Lederer and Suirley (1978} and
Walker et al. (1977).

44h o 69m 16 x 10°y Stable
g T BT ., 18] — 1)
0.72) 0.7) {0.8) (0.8)
&7 &3¢
%Te
33.5d4
(0.27 + 0.06 direct)

The values in parenthesex sre cumulstive yields in atoms per 100
fissions. The quantity of **[ present in & fission product mixture wilf
increase slowly with time after irradiation has ceased as the ¥
precursors decay. The peak activity is not reached for several months.

lodine-129 is produced in nuclear explosions of ™U or *Pu at
approximate rates of 30 and 50 xCi per kiloton (KT) TNT equivalent,
respectively. The atmaspheric Lransport and diffusion of rediciodine
depend upon the initial height of the cloud and upon meteorological
processes, A review of these factors was made by the United Nations
Scientific Commitee on the Effects of Atomic Rediation (UNSCEAR,
1982). Fission products injected into the lower stratosphere have mean
residence times of < 0.5 y; while those fram medium altitude explosions
may hiave residence times of 2 years. The fission products that diffuse
to the lower atmosphere (troposphere) are deposited (mainty by pre.
cipitation) in & matter of weeks. Dry dex'mition is o significant fraction

w anama alf Taaer maimFal
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1 nel production of '#] from #*U fission in a therms! reactor is
it 1 4Ci per megawatt-day (MWd), depending upon the neutron
and irradiation time, which affect the transmutation of [ by
ron absorption. An additional source of **I is fission of ¥*Pu
uced in uranium fuel by neutron absorption in ®U. The atomic
{of *¥1 in *Pu fission is 1.5 percent, compared to 0.8 percent in
fission (Walker et al., 1977). If, for example, 40 percent of the
tor energy comes from “*Pu fission (Russell and Haln, 1971), the
woduction will increase by about 30 percent. For the purposes of
report, total production of ‘¥! in light-water reactors containing
itly enriched fuel is taken as 1.3 uCi per MWd.

nce nearly all of the fission products generated in nuclear fuels
retained within the fuel cladding until the fuel is chemically
neessed, the principal potential environmental sources of '2[ are
»ffluents from nuclear fuel reprocessing plants rather than those

1 nuclear reactors.

2.4 Atom Ratios '*?]:'*?] in Nuclear Fission

able 'l iy also produced in nuclear fission, but with a smaller
vic vield {0.12 percent from **U and 0.5 percent from **Pu)
lker et al., 1977). 1t would appear, based upon these values of
o yield for '*'] and '®I, that the atom ratio '®I:'¥'1 in irradiated
should he about 4 when irradiation is {ollowed by cooling times of
ral months to allow the I to grow in. Since '#'] should burn up
ture neutrons) at a faster rate in the reactor {resonance integral®
than will '®[ (resonance integral 30) (Walker et al., 1977), the
I ratio should be even greater than 4 for irradiation times of
tt 1 year.

om shout 1945, the atom ratio of '**] to stable ' in the environ-
t has been increasing because of the '*°] added to the environment
uclear weapons testing and nuclear facilities. Based on a small
her of samples of animal thyroids from locations remote from
ear facilities, the ratio of '®I:'¥ was 107 to 107 in the 1960's
1970's (Brauer et al., 1974b; Smith, 1977). However, values as
as 107 to 107" for thyroids and vegetation have been measured

esonance integral is Lhe integral of the product of &n isolope’s neutron cross
« multiplied by the neutron flux (both of which are s function of neutron energy)
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near some nuclear facilities (Russell and Hahn, 1971; Soldat et al,
1973; Brauer et ol., 1974b). Currently, a wide range of values for this
ratio can be found, depending upon the geographic location, the time
of the year, and type of material sampled.



Releases of Man-Made ?] to
the Environment

3.1 Nuclear Weapons Testing

total vield of about 540 megatons (MT) of nuclear weapons was
ed 1n the atmusphere or at ground level during the period from
Ot 19TH (FRC, 1963; Carter and Moghissi, 1977). The majority of

total was accounted for by tests of thermonuclear devices in the
osphere. The total fission yield from the atmospheric tests con-
ted by alf nations through 1962 was calculated to be 193 MT from
vin FRC Report No. 4 (FRC, 1963). For the period 1963 through
3 the total fiskion yield was estimated to be about §4 MT from
1 given by Carter and Muoghissi (1977) under the assumptions that
anonuclear devices were 30 percent fusion aud 50 percent Pu fission
that the uthers were Fu fission devices. Atmospheric testing since
lication of the Carter and Moghissi report has not added signifi-
th tu the total. Thus, a total of gbout 207 MT equivalent of Pu
won devices can be assumed Lo have been detonated above ground
he perina 1345 through 1975.
he rate of release of 'l t the atmosphere from these weapons
s, ns estimated {rom the detailed data in the two references and
n a yield of 50 4Ci "I per KT Pu fission, are tabulated in Table

‘urlear weapuns tests since 1976 have added very little to the '™
‘ntory; henee, the tutal is still eluse 1o 19 Ci. This amount of ']
s than the inventory of natural '#1 (~40 Ci) existing prior to
3 {ser Nection 2.2),

3.2 'The Nuclear Fuel Cycle

redictions of future ™1 releases to the environment obviously

'ud uhi nuumptmnq of future growth of the nuclear energy industry.
- mma B bn emala and i tha naet hava nraven to
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TaBLE 3.1 ~Approximate relcases

of Y] from atmospheric and high
altitude nuclear weapons tests®
Year (’:lemuhtnv(cc‘i‘,'l
1945-1951 0.04
1952-1954 2
1955- 1456 3
1957-1858 5
1959-1961 6
1962-1963 ) (V)
_lsa3am 10
* Based on dsta in the FRC Re

port No. 4 (FRC, 1963} for Lhe
period 1945-1962, and on data of
Carter and Moghissi {1977) for
the period 1963 to 1975,

production between nuclear and non-nuclear sources. Accurate esti-
mates are complicated further by the variability of national and
international governmental policies, and economic factors, that affect
fuel reprocessing.

Recently, each years published projections of nuclear power growth
have indicated a lower expectation of installed generating capacity
{Laue, 1982). A 1982 projection for the United States (U.S. Depart-
ment of Energy, 1982) reports that spent fuel discharged from U.S.
power reactors as of December 1981 totalled 8100 metric tons of
urani. a equivalent (MTU), only 230 MTU of which had been repro-
cessed. The installed nuclear power capacity was predicted to increase
gradually from 61 GWe in 1982 0 170 GWe by the year 2000. Because
of uncertainties in these estimates, it is considered unwise to project
the world-wide inventories of '**] beyond 2000. There is sufficient time
before the year 2000 to develop reasonsble estimates of environmental
impacts of plants now built or to be constructed by the end of the
century.

An estimated 4 Ci of '] could have been in the 230 MTU of spent
fuel processed at the Nuclear Fuel Services plant at West Valley, NY,
depending upon the reactor exposure of the fuels. Most of this '*°1
probably was sent to the high level waste storage tanks on site.

About 170 Ci of '®1 were contained in the 7870 MTU of unrepro-
cessed fuel as of December 1981 (U. S. Depat . .uent of Energy, 1982).

The projections made by the U.S, Department of Energy (1882) of
installed nuclear capacity and the associated masses of spent fuel
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L 12 Esumated nuclrar power grouth and **1 inventaries to the year 2000

" Tinsuilled “spent 9] in Spent Fuel (Cil

Year Crmormes Uischarged®

EWe) MTU) Annusl* Cumulsuve
o1 L (942 - Blw? — 180*

19Y5d 61 120G 50 230
19873 13 1600 60 290
1944 83 1500 0 360
1945 g5 200 () 450
13 L0 2600 116 560
19A7 120 6000 110 670
§185 120 29 120 w50
Juky 120 J200 130 920
1K) 1.0 J100 125 1045
108 v Nw 125 nw
1 1) J500 140 1310
1993 130 3400 140 1450
1994 14 3510 140 1590
1995 140 3600 o 1730
i 140 3500 140 1870
a7 150 Jiut) 140 2010
140N 156 %K) 160 2170
19t 10 KK 160 230
L000) 170 4000 160“ ~2500

m LS, Department of Energy (1482), Table 1.1, page 27 in units of gigawatis of
ol energy. '

m (LS. Department of Knergy (1482) Tabla 1.7, page 37,

‘mtory as discharged, calculated at 0.04 Ci per MTU.

udes 230 MTU reprucessed at NFS.,

1 U.8. Depertment of Energy (1982) Table 1.13, page 49.

a fuel exposure of 33,000 megawatt-days (MWd) per MTU and
% " per MWd. (This is equivalent to 0.04 Ci I per MTU of
ischarged.) On this hasis, the accumulated total of '®I in the
fuel discharged by U.S. reactors through the year 2000 would be
) Curies. This 2500 Ci of '®I would be available for release at a
:processing plant whenever reprocessing was accomplished, sub-
o treatment by gaseous effluent decontamination equipment.
8 decontamination factor of 500 for '®I at reprocessing plants,
il of ahout 5 Ci of '*I would be released to the environment
¢t whatever period is required to dissolve all of the epent fuel
wilated by the year 2000.

vever, even under the assumption that reprocessing were to
e in the near future in the United States, not all previously
ated spent fuel could be processed hy the year 2000 because of

C AV e A b csvilmnd ta daciem and Aanctmict the necessary
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aged less than 10 years would need to be dissolved prior to the ysar
2000. Fuels accumulated up to 1990 would contain about 1800 Ci of
1], Thus no more than 2 Ci of '®] would likely be released to the
atmosphere from reprocessing of commercial fuels prior to the year
2000.

Projections made in 1982 of worldwide nuclear generating capacity
in place by . 490 and 2000 (Laue, 1982) were onc -third to one-fifth of
those estimated in 1973 and 1974. As of 1981, the installed nuclear
generating capaity of International Atomic Energy Agency member
states was 154 GWe with a projected linear growth to 430 GWe by
1920.

Estimates for 2000 range from 740 to 1075 GWe. For purposes of
this report, nuclear generating capacity for the year 2000 will be
assumed to be 900 GWe.

Estimates of quantities of spent fuel discharged per year and its
content were made from the IAEA projections in a manner similar to
the estimates for United States spent fuel discharge. A plant factor of
60% was assumed for the first decade and 70% for the second, in
accordance with the JAEA practice (Laue, 1882). With a 30% thermal
efficiency, the projected total fuel exposure in the decade 1981.1930
would be 2500 GWth-y (9 % 10° MWd). At 1.3 «Ci '®I per MWA, this
fuel would contain 1200 Ci *°] at the time of discharge. Similarly, the
fuel discharged in the decade between 1930 and 2000 would have
received a total exposure of 5500 GWth-y (2'x 10° MWd) and would
contain a total of 2500 Ci 'I. If, eventually, all of this fuel (88,000
MTU) were to be reprocessed at a fuels reprocessing plant having a
decontamination factor of 500 for '™ in gaseous effluents, then 7.4 Ci
of '®] would be released to the world's atmosphere. About 3700 Ci
would be collected for disposal (presumably with the high level waste).
No account is taken here of ‘*[ in the spent fuel discharged world-
wide prior to 1981. In the previous discussion of the United States
projections, spent fuel discharged prior to 1982 accounted for only
about 12% of the projected [ estimated to be contained in all of the
spent fuel generated to the year 2000. (The radiological significance
of releases of 'Z[ to the atmosphere will be addressed in Section 4.8.)

ml



Human Thyroid '**I Exposures
from Dietary Sources

4.1 [Inlr ‘uction

the tollowing subsections, we first summarize what is known
it the transport of *“'1 frum the environment to the human thyroid.
dusitretric impheations are then discussed. A model atmosphere
contams 1 pCi m™* is assumed for this purpose. Then, experience
he vicinity of the West Valley reprocessing facility and other
ves of *'T s reviewed, followed by estimates of the dose from '#1
npulativas in the vicinity ol future reprocessing plants that may
uilt. Finally, the collective dose to the world population resulting
1 global transport of Y1 is discussed.
he near future releases of '““I to the environment gre likely to
inute from nuclear facilities. Most of the ***1 will be discharged in
ous effluents, with somewhat less present in liquid effluents.
ne-129 deposited on lund may eventually percolate through soil to
mdwater and, tngether with **1 in liquid effluent discharged di-
Iv to water, ultimatelr reach ocean waters. Most of the earth’s
le iodine *4°11 is in the vreans (Kocher, 1979); therefore the marine
romment will evenually constitute the primary reservoir of 1.
irborne <"l can enter human food¢ by depositing directly on
tation, either from the atmosphere or by irrigation with contam-
ed water. To a lesser extent, crops can be contaminated by root
ike. Ingestion of contaminated vegetation and of dairy products
meat from animals feeding on contaminated forage are the most
nrtant pathways for ™[ exposures of human populations. The
ster of **T from stmosphere to man has been described by Soldat
. (1973), Soldw (1976) and Kocher (1979). Dietary sources of '*]
s heen described by Bouk et al. 11977), and reviewed by Poston
&) and Kkucher (1979).
lthaugh radiciodine released into the biosphere in North America

Furope reaches people chiefly through cow's milk, the stable
- . cre - ¢ cbana . IAOAR b D e
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stage of lactation, the dietary intake of stable iodine, and, possibly,
intake of other materials. )

Marine fish and invertebrates contain more stable iodine than other
human foods. However, because average seafood consumption in the
U.S is small, the impact of these foods in the U.S. on iodine metaho-
lism is generally insignificant. Concentrations of iodine in fresh-water
biota are about 1% of those in marine biota. The main sources of
dietary stable iodine it the US. are bread made with iodate dough
conditioners, milk, and jedized salt (Kidd et al., 1974).

4.2 Deposition and Accumulation of '*°] jn the Food Chain

Because of insufficient experimental data, many of the physical and
biologic characteristics of "I must be based on observations of other
iodine isotopes. For example, studies of short-term iodine behavior
have utilized fallout radioiodine from nuclear explosions, principally
9 in particulate form, and releases of elemental vapor forms of ']
in field experiments or associated with nuclear power generation.
However, little information is avaiiable concerning the changes in
bicenviro:umental concentration processes that might result from al-
terations in form and availability of **J in the Jong term. Analyses of
behavior and potential accumulation of *#] released to the environ-
ment must therefore be based on studies of '] as a mode! for short-
term behavior, and stable iodine for long-term **I behavior.

The transfer of iodine among the various portions of the environ-
ment depends on its chemical and physical form (Holland, 1963;
Pekaps. 1963?. Iporganic vapor is the most chemically reactive form
of iodine, but iodine associated with particles and organic compounds,
:gcél;’as methyl iodide (CHal), is readily metsbolized {Morgan et al.,

A study of '™ in Missouri indicated the following order for succes-
sively lower values of *L:'*'] ratios in the local environment: rain,
wild deer,"commercial milk, beef cattle and humans (Oliver et al.,
1982). These progressively lower values apparently reflect increasing
dxlutiorf with stable iodine, especially as added to the diets of man and
domesticated animals. Radicecologica) studies at the Karlsruhe repro-
f:eSS'ing plant. in West Germany showed a wide range of concentration
in air, the soil, thyroids and milk (Schuttelkopf and Pimpl, 1982). The
concentration ratio of milk/air (Ci L™ milk to Ci m™ air) varied from

EQ s 18N it h aw avvarara ~f 90N Q.20 mmmbameinntion nbundlan tndinctant
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‘studies have verified that the '®*1 accumulates in the top soil
layer {Brauer and Strebin, 1982).
‘ollowing discussion, factors used for the transfer of **I from
ants and from animal feeds to animal products are those
1 by Soldat for the study of the potential doses to people
iclear power complex in the year 2000 (Fletcher and Dotson,
though a number of models for the environmental transport
{ine exist in the scientific and technical literature {(many of
the atmosphere — vegetation — cow —» milk — peicon
for '"'1), the concepts and values from the many other
models are similar to those presented in the Fletcher and

port.

‘ontamination of Food by Direct Deposition

ng-term accumulation of atmospheric '*I by vegetation via
yosition from the atmosphere onto plant surfaces is approxi-
the normalized equation (Soldat, 1976):

RDT(1 — e™)
= Ve {4-1)

C,

Zuncentration in edible portion of plant in pCi kg™ per pCi
“*I m™ of air via direct deposition onto plant surface,
Deposition velocity in pCi m™? d™! per pCi '*I m™ of air,
Fraction of aerial deposition retained on plant,

Plant yield in kg m™2,

Time of exposure of crop to airborne contamination in d,
Effective removal constant in d™', and

Fraction of deposited nuclide translocatcd to edible parts of
slant.

tive removal constant (Ag) is given by:

0.6932 + 0.6932 _ 0.6932

P ] —3 3 -1 -
E= At A Tr T 7" 0.05d (4-2)

Radivlogical half-life of **I in days, and

Fhe plant surface half-time, 14 days (Garner, 1971).

ted values for the various components of Eq. (4-1) are pre-
Table 4.1 (Fletcher and Dotson, 1971; Soldat et af, 1973;

976G). The elfect of variability in food chain parameters is

- cmesienan LA
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TABLE 4.1 — Estimated environmental parameters far iodine**

D;oaition velocity from air to ground. D (pCi m™ d™* per pCi m™*) 864
Fraction of aerial depositinn retained on plant, R 0.25
Fraction of deposited *®] translocated to edible portion of plant, T, :

Lealy vegetables (pasture grass) 10
Other vegetables and grains 0.1
Plant uptake from soil (concentration ratio), B [pCi kg™ plant (wet)
per pCi kg™ woil (dry}}, 0.02
Plant yield, ¥ (kg @™)
Leafy vegetables 1.5
Fresh forage (pasture) 18
Stozed forsge (allalfs, silage) 20
Grain a8
Time of exposure 1o aithorne contamination, ¢ (d)
Fresh forsge 30
Leafy vegetables 90
Grain 120
Ecological half-time on plant, T, {d} 14
Tranaler from feed ta cow milk, Sp (pCi L™ milx per pCi 8™ intake) 0.01
Transler from feed to meat {beef), Sy (pCi kg™ meat per pCi ¢
intake) 0.02

* From Fletcher and Dotson, 1971; Saldat et af, 1973; Soldat, 1976.
* Symbola refer to Eq. (¢-1) and (£-3).

m™? of air. The concentration in crops other than leafy vegetables
would be reduced by the fractional transfer from the leaves to the
edible portions, estimated to be about 10 percent. The '*[ concentra-
tion in these foods would then be sbout 290 pCi kg*'. The 'l
concentration in cereals, for an assumed yield of 0.8 kg m™, an
exposure time of 120 days, and a fractional transfer of 10 percent,
wguld!:e 540 pCi kg™, based upon an assumed air concentration of 1
pCim™3, .

These values for '™] in vegetation were used to estimate concentra-
tions of '®I in dairy and meat products by Book et al. {1977). Teble
4.2 lists the daily intake of veguiation and the resulting i intake for
dairy cows and beef cattle as the result of an assumed ***{ air concen-
tration of 1 pCi.m™, lodine-129 concentrations of 1200 pCi L™ (1250
pCi kg™')} for milk, and 1600 pCi kg™ for meat were calculated from
the transfer coefficients in Table 4.1 (and the **I intake listed in
Table 4.2). As before, thes: concentrations were derived for the as-
sumed air concentration of 1 pCi m™ 4],

4.2.2 Contamination of Food from Root Uptake
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Cuntamination of Foud by Uptake from Water

weumulation of I in fish and invertebrates such as mollusks
wtacea. over the short-term, can result from the relesse of ']
d effluents. Fish and invertebrates in equilibrium with fresh
ontaining 1 pCi "1 L.™! would be expected to contain epproxi-
t5 and 5 pCi kg™', respectively, based on calculated bioaccu-
m factors fur icdine (Thompson et al., 1972). Fish taken from
ter of the same '*[ concentrativn would be expected to contain
)i kg™' and invertebrates 50-100 pCi kg™' (Frecke, 1967;
sun et al., 19721. The intake of ™1 with [resh water fish having
alized concentration of 15 pCi kg™ per pCi L' water were
ted from the data in Table 4.3 on fish consumption by the four
ups. The results indicate that such fish would contribute 0.05,
15, and 0.21 pCi '**'[ to the daily diets of the 1-, 4-, and 14-year
d adults, respectively. These intakes ure insignificant compared
»ponding intakes with drinking water obtained from the same
as the fish,
1ormalized 'l concentration in fish assumed here iz completely
wlent of that assumed in the previous section for the air
ys. Therefure, it is nat possible 1o make a direct comparison of
itive importance of the two media (air and water) in terms of
ke with foods,

4.3 Accumulation of 2°[ in the Thyroid

siindine uptake and retention by the thyroid  land are altered
mnber of factors, including age, amounts of dietary 'l and

Jgic state,
burden of I in the thyroid, @, resulting from a constant,

al intake of the radionuclide may be calculated from:
- Pf(1 — e™™)

Y {pCi) (4-5)

Q

: Intake of '] in pCi d~!,

: Fraction of iodine reaching the thyroid,
: Effective decay constant in d~",

: Exposure time in days.

x, [Squation (4-5) reduces to:
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Values for the various age-dependent paramslers of Eq. (¢-6) are
presented in Table 4.5. '

Daily ™1 intake from major dietary items exposed to } pCai o™ ']
wauld result in steady state thyroid **1 burdens of 11, 13, 37, and 66
nCi in 1, €., and l1d-vear olds, and adults, respectively (Table €.6).

Tanrg 4.8 —Parumeters used in calculgting ihproud bunden gnd radiazion dose eqiaa-

) denat from V¥ _ N
Patameser I I 14y AGNL Rederemce
Fractiona) up. ake Welliman ot 6,
via ingestion £, 03 03 0.3 03 197 ICRP,
1859,
Fractional uptake iCRP, 1859,
via inhalation €, 0.23 0.23 [1302x] ¢.23
Biological half-Gime Wellman et af,
in thyroid (&) 2 20 S0 100 1970, Bryent
1968, 1970; Roh-
wer and Kay,
1868,
Thyroud tass 4g) 2 5 113 20 Fletcher and Dot-
eon, 1971; }CRP,
1959,
Concentrstion of ICRP, 1359; ICRP,
M in thyroid 197%; Cowser et
wg " 80 180 280 600 al, 1967,
Weight of '] in {CRP, 1975.
thyroid {mg) 018 090 42 12
{nhatation rate Rohwer and Kaye,
tm*d™) 586 70 16 2 " 1968; ICRP,
1968; ICRP,
1975.
Efective MeV ah- Modified from Sol-
sorbed per disin- dat et o, 1973,

tegration of "1}  0.061 0.063 0.064 0.085

TABLE €.6—Expected thyroid ‘™1 burdens resulting from eontinual ingestion of food
expased o an gir concencration of § pCi B m=*" (Inhalation for comparisor)

. { burden ¢nCi)
Digtary source

ly 1ty ity Adalt
Milk products 10 6.1 19 2
Mest 1.4 i8 8¢ 23
Leafy vegetables 20 20 63 b}
Cereals 0.3 03 15 o
Other vegetables snd fruits 04 0.5 19 4.3
Total from diet 11. 11, 317. 66.

Fram inhalation 004 0.05 03 08
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ative contribution of **"I in milk products to the total dietary
ike decreases steadily with increasing age; the increase in I
from meat offsets the decreasing importance of '] from dairy
ts. The contribution from leafy vegetables, cereals, and other
les and fruit, remains fairly constant throughout the four age

{Fig. 4.1).
comparatively insignificant contribution of inhaled **°1 to total

al burden is presented for comparison (Table 4.6).

4.4 Radiation Dose

duse rate (DR) per unit "'l activity () maintained within the
lis given by Soldat et al. (1973):

-— = 8.7 ;:-; {mrem y~! pCi™!) (4-7)

-

N & ANC WU B PRODLCTS -

t §uRJEN (PERCENTY
o
o
-

129

OETARY CONTRIBLTHON TQ TOTAL TWYAQiDa
L
<
3

{ OINER VEGLIARIES 8 FAUIT
INFAKT CHILO ROOCESCENT ApuLr
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18.7 = Counversion constant,

¢« = Effective energy ebsorbed per disintegration, MeV,
m == Mass of the thyroid, g.

The average equilibrium radiation dose equivalent rate per pCi ']

contsined within the thyroid is calculated to be 0.57, 0.24, 0.08, and
0.061 mrem y~* for 1-, 4-, and 14-year olds, and adults, respectively.
As the effective energy absorbed per disintegration (¢) remains fairly
constant with age (0.061 — 0.065 MeV per disintegration) (Soldat,
1976), the substantial decrease in dose equivalent per pCi with increas-
ing age results almost entirely from the repid increase in thyroid gland
size,
A steady dietary intake of one pCi "I ingested daily would lead to
en equilibrium burden of 8.7 pCi in the thyroids of 1 to 4 year old
children and 22 and 43 pCi in those of 14-year olds and aduits,
respectively, resulting in dose equivalent rates of 4.9, 2.1, 1.7 and 2.6
mrem y~* for the 1-, 4-, and 14-yeer olds, and adults, respectively.

Thyroid dose equivalents resulting from '®I burdens detailed in
Table 4.5 were determined from the above factors. The radiation dose
equivalent rate for the adult thyroid resulting from food items exposed
to air concentrations of 1 pCi ™I m~* would be about 4 rem y~! {(Table
4.7). Dose equivalent rates to the thyroid glands of 14-year olds and
4-year olds would be about 2.9 and 2.5 rem y™', respectively, or about
73 and 63 percent of the adult dose. The 1-year-old infant thyroid
teceives a dose equivalent rate of 6.3 rem y~!, or about 1.6 times the
dose to the adult thyroid. The higher dose equivalent rate for the
infant results from a burden of one-sixth that of the adult gland
contained in a mass 1/10 that of the adult gland.

TasLe £.7—Thyroid radiation dose eqivalent rate resulting from continual wngestion of
Joods produced where the air concentration of '™ was assumed to be 1 pCim™"

Average Thyroid dose equivalent rate
(mrem y™* per pCim™)

Dietary source —

ly 4y "y Adutt
Milk products 4000 . 1400 1600 1300
Meat 800 400 700 1400
Leafy vegetabley 1100 600 500 800
Cereals 200 100 100 200
Other vegetables and {ruit 200 100 100 _300
Total from diet 6300 @ 250 2900 4000
From inhalation 20 10 20 46

4 e teaiks an cennantad in Tahls 4 4 and inhalation rates
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4.5 The Fetal Thyroid

viodine is easily transported across the placenta resulting in
<posure from maternal radioiodine. The fetal thyroid gland is
nal prior 1o parturition, so it must be considered an important
for environmental radioiodine.

uman beings, the fetal thyroid is capable of concentrating
dine near the end of the first trimester of gestation (Shepard,
The concentration of radioiodine per gram of fetal thyroid
s that of the maternal gland toward the middle of gestation in
s and large animals exposed to coatinual low-level radioiodine
on fas reviewed by Book and Goldman, 1975). The concentra-
" radiojvdine from chronic exposure increases to values 2 to 3
the maternal thyroid concentration at term. Fetal/maternal
»f thyroid *'I concentration are higher following acute maternal
res; values up to about 9 times the maternal concentration can
1d near term (Book and Goldman, 1975). However, the proba-
f acute expasures to large doses of **[ is extremely small.
potential dose equivalent rate to the fetal thyroid from foods
ed in air containing 1 pCi 1 m™ can be estimated. As deter-
ahove, an assumed 30 percent thyroid uptake, a 100-day biologic
ne and -: 17-g thyroid in the mother (ICRP, 1975) would result
vady-state maternal thyroidal burden of 43 pCi, or 2.5 pCi g™’
1 for each pCi '@1 ingested daily. Such a burden would Jead to a
uivalent rate of 3 mrem y™ (7 X 1072 mrem d~?). If a 3-fold
ie in '¥I concentration in the fetal thyroid relative to that of
sternal gland is assumed, based upon chronic '?'1 exposures
and Goldman, 1975), then the near-term fetus would contain
121 g~ thyroid. From Eq. (4-7) and an assumed effective energy
MeV, the dose equivalent rate to the fetus would be 0.02 mrem
en the maternal intake is 1 pCi '#1 d~', Therefore, a pregnant
t ingesting 1.5 nCi ] d™! (Table 4.4) would receive a dose
tent rate of 10 mrem d™' to her thyroid, while the subsequent
ital dose equivalent rate could be as much as 30 mrem d™".

Doses [rom Measured Environmentsl Concentrations

survey of the I content in human dietary items in the Pacific
vest, Braver et al. (1974b) reported the maximum '®1:'*'[ ratios

LI ” PR
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is insignificant compared to that obtained via ingestion, the ratio that
would govern the thyroidal steady state can be taken to be 1 x 10~*
{Soldat, 1976). Such & ratio implies doses of about 0.02, 0.04, 0.05, and
0.14 mrem y~! to the 1-, 4-, 14-year-old child, and adult, respectively,
based on the "I thyroid contents listed in Table 4.5.

Milk samples from the vicinity of the Nuclear Fue! Services plant
in New York contained a peak '®I concentration of about 2 pCi L™,
in March 1972, but generally contained less than 0.3 to 0.5 pCi L.}
{Kelleher and Michael, 1973). These concentrations resulted from
plant operations in which the iodine removal system consisted of
essentially only a chemical serubber (Magno et al., 1972). For the peak
1] concentration of 2 pCi L7, the daily ingestion of one liter of such
milk for an entire year would yield 9.6, 4.0, 3.4, and 5.2 mrem y~! 1o
the respective age groups.

Kantelo et al. (1982) studied the distribution of @] i the terrestrial
environment surrounding the Savannah River reprocessing plant after
25 years of operation. A conservative (worst case basis) calculation
yielded an annual dose from *| of 1.6 mrem to an adult thyroid.

Dose estimates from other measured environmental eamples are
many orders of magnitude lower than the estimates calculated in the
previous sections for a concentration of 1 pCi m™ ¥ in air. The peak
concentration of 2 pCi 'P1 L™, a5 determined in milk samples near
the Nuclear Fuel Services plant, would require maintenance of an air
concentration of 1.7 X 107 pCi m™, according to the model used
above. Concentrations of '®l in air around nuclear power plants are
so much lower than those calculated for air around fuel processing
facilities that they are essentially undetectable.

4.7 Maximal Radiation Doses

The Jevels of '™ intake that will result in the maximum permissible
dose to the thyroid of 1500 mrem y~' (NCRP, 1971) would be 310,
750, 880, and 580 pCi day™ (from Eq. 4-5 and 4-6) for the 1-, 4-, 14-
year-old, end adult, respectively. These intakes would correspond to
thyroidal burdens of 2.7 nCi (0.015 mg), 6.5 nCi {0.038 mg), 19 nCi
{0.11 mpg), and 25 nCi (0.15 mg) in the respective age groups, of
approximately 1.4 nCi g™ for 1-year-olds and 1 3 nCi g™’ for the other
3 age groups. The isotopic ratios (***1:'"I) corresponding to these
levels of ®I concentration in the thyroid, based on parameters of
stable iodine content and concentration presented in Table 4.4, are

0.093, 0.043, 0.027, and 0.012, _

i teen bm D Slemme tha
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4l cunventration of radiviodine when radioiodine ingestion is
“tBouvk and Goldman, 1975). Therefore, when the maternal
'] cuncentration is 1.3 nCi g™ and the maternal dose rate is
rem y ', the fetal thyroidal ***1 concentration may reach about
g ' and its duse rate, about 4400 mrem y*, or about 12 mrem

4.8 Predicted Population Thyreid Doses

Regivnal Populativn Doses Near a Reprocessing Plasit

‘uid duses to a * maximally”' exposed 1-year-old infant and to
aulation living in the vicinity of a 1500 metric tons per year
¥ '+ fuel reprocessing plant (FRP) were calculated by Soldat
LS. Nuclear Regulatory Commission {(NRC) study of nuclear
centers (Battelle Pacific Northwest Laboratories, 1976). The
itent of the fuel was taken to be 0.04 Ci per MTU or 60 Ci in
| processed annually. With a decontamination factor of 100,
nual release rate of '*I would be 0.06 Ci. The maximum
heric dispersion factor {X/€)')* was assumed to be 2 % 107* sec
the site boundary 2.4 km (1.5 miles) from the stack, where the
average air concentration would be 3.8 x 107 pCi m™% The
+ thyroid dose equivalent rate per unit concentration developed
¢ 4.7 was 6300 mrem y~* per pCi '®1 m™ of air for an assumed
ith growing and grazing season. Hence, the air concentration
¢ 107 pei m™ estimated above would correspond to an annual
dose equivalent rate of 2.4 mrem to the 1l-year-old infant.
60 percent of this dose results from milk consumption. The
aly exposed adult would receive a thyroid dose of epproximately
'‘m y~'. In a more typical environment where the cows might
.2 contaminated forage for 8 months and only half of the fresh
Jes might be home grown, the annual thyroid dose equivalent
e 1.5 mrem to the infant.
innual collective thyroid dose equivalent to & population of 3.5
persons living within 80 km (60 miles) of this same fuel

+d uv a person with average living and dietary habita residing at the Jocation
vm snvarnnmental coneentrations.
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processing plant was also caloulated. If the population is assumed o

be sll adults the calculated annual collective dose equivalent was 240
person-thyroid-rem. For & population consisting of 60 percert aduits,
20 percent teenagers, 15 percent children, and 5 percent infants, the
annual coliective thyroid dose would be 220 person-thyvroid-rem. (An
additional contribution 1o the thyreid doge from [, which would also
be released, would be about equal in magnitude to the annual dose
from 1. Of course, there would be no longterm acoumulation of i
in s0il.)

The accumulated population thyroid dose over the period 1982 to
2000 could be estimated from ti.e tolal quantity of [ relsased Lo the
environment during that time, plus the contribution each year from
accurnulated ' in the soil. The actual rate of release of the *™] would
depend upon when reprocessing is resumed and the rate at which
teprocessing capacity would becume availshle.

One possible scenario includes the start of reprocessing about the
year 1990 at about 1500 MTU y~? over B 2 to 3 year period. Capacity
would probably remain at 1500 MTU y™* until new fue! reprovessing
plants were constructed at the end of the century, Abart 15,000 MTU
of spent fuel could be processed by the year 2000 in such B scenano.
This amount of fuel would contain 600 Ci of '*™]. At a decontamination
factor of 500, 1.2 Ci of '®[ would have been released to the atmosphere
by the year 2000 nt an average rate of about (.12 Ci per year between
the vear 1990 and 2000. For & populstion distributions sround U.5.
nuclear fuel reprooessing plants similar to that presented above, the
total dose equivalent commitment to the population within 80 km (50
miles) of the plant would be about 43 person-thymid-rem in the year
2000. Since the ¥ in the soil adds about 1 percent per year to the
dose, the 1.2 curies accumulated to the year 2000 would edd about
another 4.3 nerson -thyroid-rem. The total collective dose cominitment
then would be 47 person-thyroid-rem during the year 2000.

Time integration of the curies of ***| discharged to the atmosphere
during the period 1990 1o 2000 yields 6 curie years. The contribution
of the eoil/root pathway to the spcumulated thyroid dose is propor.
tional to thia value. The resulting sccumulated population thyroid
dose equivalent commitments are 430 person-thyroid-rem from direct
contamination during the 10 year period, plus 24 person-thyroid-tem
from vesidual soil rontamination, or a tolal of 450 person thyroid-rem.
The contribution from the soil/root pathway ignores any processes
that remove radioiodine from the plant root zone or that make it

e h— L 4 o],
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| be 1500 person-thyroid-rem including 60 person-thyroid-rem
the [ gradually accumulated in the soil over the entire period
) to 2010, Thus the total collective thyroid dose “or a population
ng within 80 km (50 miles) of plants reprocessing spent nuclear
ischarged up to the year 2010 in the 1).S. would be 1950 person-
id-rem through the year reprocessing is completed.
nilar calculutions can be performed to estimate the “first-pass™
tive dose resulting from the release of '™ during reprocessing of
fuel associated with the world-wide nuclear generating capacity
ssed in Section 3.2. The same reprocessing scenario as used before
1w United States nuclear fuels will be used for the world-wide
esthinntes (10-year old fuel is reprocessed in plants with a decon-
aution lactur of 510 and 3.5 million persons residing within 80
“the plant). Qn this basis, the collective dose equivalent commit-
trom the 7.4 Ci of *#] released as a result of world-wide nuclear
r generation through the year 2000 would be about 3000 person-
id-rem.

Y Glahal Dose Commitment

¢ Jung-term commi{led dose equivalent to the world’s population
releases of '] is alvo of interest. A multi-compartment model of
! distribution of '] and naturally occurring stable iodine has
developed by Kochier (1979). This linear compartment model of
vhal ivdine cycle has been used to predict the average long-term
rior of ' in the terrestrial environment, e.g., from nuclear fuel
vessing and atmospheric weapons testing (Kocher, 19682). Fig. 4.2
ingram of the steady state global iodine cycle, showing environ-
al compartments, their inventories in grams, transport pathways,
luses in g y~'. The dynamic behavior of I in the terrestrial
anment is predicted on the basis of the compartment model for
obal circulation of naturally occurring stable iodine, The dynamic
-or of "] in each of these regions is described quantitatively by
ean residence time, i.e., the average time an atom of circulating
sidex in & given compartment before being transported to another
artment in the system.® The parts of the terrestrial environment

4 “lirst-pany” dose 1s the duse reeeived from the radionuclides during release and
adionuchdes intially deposited during passage of the plume downwind of the
It does nut include subisequent exposure to the radionuclide after world-wide

wadd wieenlation afeura
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Fig. 4.2 Diagram of the global iodine cycle at steady state, showiag environmental
compartments. compartment inventories in grams, transport pathways, end fluxes in g
¥~ (from Kocher, 1982).

considered by Kocher include the surface soil region, with an assumed
depth of 1 m, and shallow and deep subsurface regions of the litho-
sphere in which '®] is transported via groundwater flow. The mean
residence time of *®] in the surface soil region with respect to removal
to ocean surface waters or the subsurface regions of the lithosphere is
predicted to he 4 X 10° y. This value is surprisingly large considering
the corresponding mean residence.time for water in the surface soil
region of 0.7 y and measured distribution coefficients for iodine in
soils. The predicted mean residence time for [ in surface soil leads
to the conclusion that ingestion of foodstuffs contaminated via root
uptake of '@ by plants is the only significant exposure pathway for
man for thousands of years following a release to the atmosphere and
deposition onto the earth’s surface. The predicted mean residence
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[ I in the shallow and deep subsurface compartments of the
rere are 1 X 10" and 4 x 10* y, respectively. These values are
wut a factor of five greater than the corresponding mean
e times for groundwater in these compartments. This result
vell with the expectation that '®I transport via groundwater
not greatly retarded, and leads to the conclusion that the
ace lithosphere is not a significant sink for isolating globally
ing I from wman.

multi-compartment model was used by Kocher to czlculate
re committed dose equivalent versus time following the release
vf 1 to each of several compartments. Of interest bere is the
ion that the long term (> 10° year) collective doses are essen-
1e rame whether the '*! is released to the atmosphere (over
water), to the surface soil compartments, or the mixed ocean

rollective committed duse equivalent per Ci '@l released to the
mosphere compartment are reproduced below:

Yedrs sinee Commtted Dose Fquivalent
releaue ol 1 Cy (person-thygoud- remi
10 530
100 90
1NN 2,800
XL 23,000
1U1),D00 43,000

short term collective dose is due primarily to the exposure of
onal population around the plant to ***] in the air and terrestrial
ys as discussed in Section 4.8.1. In the long term the collective
controlled by the cansumption of food derived from the mixed
wyer.
-adiation doses heyond even 1000 years, and their significance
¢t to great uncertainty, and the values are presented here to
i¢ the fact that the majority of the committed dose from *]
is received at extremely long times after the release. As calcu-
Section 3.2, 3700 Ci of ***] will be generated by the year 2000
pent fuel discharged from the world’s nuclear power generation
. Even if this '®I is disposed of in deep geologic storage, one
ssume that it would eventually migrate from the disposal site
ticipate in the jodine cycle in a manner simulated by Kocher's
If this were to occur and if the model were valid out to 10°
aen the world-wide collective committed dose equivalent would
' persaon-thyroid-rem. This seemingly large number must be

perspective by remembering that it is the summation of ~10"
v 1Ml iV mmmnan o af avrnanraa nnd nmhnhlv hﬂﬂ
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Estimates have been made of the maximum individual thyroid dose
equivalent rate and the collective thyroid dose equivalent, out to
infinite time, from the **I produced in a hypothetical nuclear power
program orders of meagnitude greater than any currently envisioned
(CEC, 1982a). As an extreme upper limit case, fissioning of all of the
recoverable terrestrial uranium was postulated. The calculated thyroid
doses were not high enough to preclude a power program as large as
the hypothetical case. However, the gignificance of the collective dose
was considered to be uncertain because of the many unresolved issues

involved.

4.9 Dosimetric Considerations

The magnitude of predicted radiation doses to the thyroid gland are
dependent on the model used in making the necessary calculations.
The values presented previously were derived, as were th:ose of Soldat
et al (1973), by utilizing an ICRP model that assumes that the
radionuclide is concentrated at the center of a spherical organ and
that all particulate radiation and a fraction of the gamma radiation,
depending on the effective radius of the organ, is absorbed within that
organ. In contrast, a8 model developed for '**] by Gavron and Feige
(1972) assumes that all radioiodine is concentrated within the colloid
of follicles and that the critical cells are the thyroid follicle cells, Using
that model and metsbolic parameters for "I of Colard et af. (1965),
daily ingestion of 1 pCi '*I was estimated to result in a dose equivalent
rate at the colloid-follicular cell interface in an infant thyroid of at
least 400 mrem y~*(Daly ¢t af, (1974).

However, such calculations grossly overestimated the thyroidal bur-
den following continuous exposure (Book et al, 1977) so that 1 pCi
day™! resulted in an infant thyroidal burden of 150 pCi g™*. Calcula-
tions presented in this report yielded sn estimated thyroidal burden
in a year-old infant of 4.9 pCi g™ per pCi ingested daily, a value about
3 percent of that of Daly et al. (1974). Substitution of this lower and
more realistic value into the Gavron-Feige model gives an estimated
dose rate at the colloid-cell interface of about 12 mrem y™! per pCi
ingested daily. The dose equivalent rate to the colloid-cell interface
per pCi '#I concentrated in the infant thyroid gland can be deduced
from the computations of Daly et al. (1974) to be about 1.2 mrem y™".
However, their calculations indicate an average thyroidal dose equiv-
alent rate of half that of the colloid-follicular cell interface, or 0.65
mrem y~', about the same as the 0.56 mrem y™ calculated by Soldat
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f **I in the shallow and deep subsurface compartments of the
here are 1 x 10° and 4 x 10* y, respectively. These values are
hout a factor of five greater than the corresponding mean
«ce times for groundwater in these compartments. This result
well with the expectation that '*] transport via groundwater

not greatly retarded, and leads to the conclusion that the
face lithosphere is not a significant sink for isolating globally
ting **I from man.

multi-compartment model was used by Kocher to calculate
ve committed dose equivalent versus time following the release
of 1 to each of several compartments. Of interest here ia the
sion that the long term (> 10° year) collective doses are essen-
he same whether the '] is released to the atmosphere (cver
- water), to the surface soil compartments, or the mixed ocean

collective committed dose equivalent per Ci '”[ released to the
mosphere cumpartment are repreduced below;

Yeors sinre Commtted Dose Equivatent
tebegne oo 187 {petann-thy towd-rem)
0 530
1 7490
1,08 3,800
1,0 23.000
{EIPU . 43,000

shart term collective dose is due primarily to the exposure of
ivnat population acound the plant to '#1 in the air and terrestrial
iy an discussed in Section 4.8.1. In the long term the collective
cuntrolled by the consumption of food derived from the mixed
ayer.

radiation doses heyond even 1000 years, and their significance
et to greal uncertainty, and the values are presented here to
te the fact that the majority of the committed dose from **f
is received at extremely long times afler the release. As caleu-
» Section 3.2, 3700 Ci of **'] will be generated by the year 2000
pent fuel discharged from the world's nuclear power generation
w, Even if this ***] ix disposed of in deep geoloyic storage, one
ssume that it would eventually migrate from the disposal site
Aticipate in the indine cycle in & manner simulated by Kocher's
If this were to occur and if the model were valid out to 10°
hen the world-wide collective committed dose equivalent would
* person-thyroid-rem. This seemingly large number must be
perspective by remembering that it is the summation of ~10™
v W A narciinel norann.vears af exnosures. and probably has
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Estimates have been made of the maximum individual thyroid dose
equivalent rate and the collective thyroid dose equivalent, out to
infinite time, from the **[ produced in a hypothetical nuclear power
program orders of magnitude greater than any currently envisioned
(CEC, 1982s). As an extreme upper limit case, fissioning of all of the
recoverable terrestrial uranium was postulated. The calculated thyroid
doses were not high enough to preclude a power program as large as
the hypothetical case. However, the significance of the collective dose
was considered to be uncertain beceuse of the many unresolved issues
involved.

4.9 Dosimetric Considerations

The magnitude of predicted radiation doses to the thyroid gland are
dependent on the model used in making the necessary calculations.
The values presented previously were derived, as were those of Soldat
et al (1973), by utilizing an ICRP model that assumes that the
radionuclide is concentrated at the center of & spherical organ and
that all particulate vadiation and a fraction of the gamma radiation,
depending on the effective radius of the organ, is absorbed within that
organ. In coutrast, a model developed for **I by Gavron and Feige
(1972) assumes that sall radioiodine is concentrated within the colloid
of follicles and that the critical cells are the thyroid follicle cells. Using
that model and metabolic parameters for **[ of Colard et al. (1965),
daily ingestion of 1 pCi [ was estimated to result in a dose equivelent
rate et the colloid-follicular cell interface in an infant thyroid of at
least 400 mrem y~'(Daly et al, (1974).

However, such calculations grossly overestimated the thyroidal bur-
den following continuous exposure (Book et al, 1977} so that 1 pCi
day~? resulted in an infant thyroidal burden of 150 pCi g~'. Calcula-
tions presented in this report yieldad an estimated thyroidal burden
in a year-old infant of 4.9 pCi g™ per pCi ingested daily, a value about
3 percent of that of Daly et al. (1974). Substitution of this lower and
more realistic.value into the Gavron-Feige model gives en estimated
dose rate at the colloid-cell interface of about 12 rem y™! per pCi
ingested daily. The dose equivalent rate to the colloid-cell interface
per pCi '¥¥] concentrated in the infant thyvoid gland can be deduced
from the computations of Daly et al. (1974) to be about 1.2 mrem y™'.
However, their calculations indicate an average thyroidal dose equiv-
nlent rate of half that of the colloid-follicular cell interface, or 0,65
mrem y~', about the same as the 0.56 mrem y™' calculated by Soldat
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7 et al. (1970) considered the 2-fold dose increase to the hor-
enic parts 1i.e., the colloid-cell interface) from therapeutic **1
1e basis for the decrease in subsequent myuedema, without loss
slar reproductive capahilities. Gavron and Feige (1972) ques-
whether the cell-colloid interface rather than the follicular cell
can be regarded as the critical site of radiation damage; they,
nsidered the dose to nuciei from '*1 to be about balf that at the
lloid interface.

int (1970) derived working limits associated with continuous
sheric release rates of ‘1. Her calculations indicate that dose
lent rates to the infant thyroid gland would be about 0.6 mrem
i) maintained in the gland. For the adult, the dose equivalent
suld be about 0.05 mrem y~* pCi~>. Soldat et al. (1973) deter-
similar adult values, D.06 mrem y™* fur each pCi maintained in
sroid. Coulard et al. (1965) estimated the average thyroidal dose
lenit from an initial thyroidal burden of 1 pCi to be 0.013 mrem.
fference between the infant and adult dose equivalent rates is
ily due to the difference in thyroid gland size. Colard’s calcu-
is bused on an initial 1 pCi '*1 burden while the others are
»n maintaining a 1 pCi burden of *L.

5. Limits to the Biological
Significance of '*I

Most estimates of the thyroidal radiation dose consequent to 1391

exposure are based upon metabolic parameters determined for other
radiviodines. For example, Colard et ol (1965) calculated thyroidal
burdens from chronic (1 xCi h™") absorption for a number of radioio-
dines, assuming a stable iodine intake of 100 pg d~*. In the case of "I,
guch an exposure was estimated to lead to the deposition of §700 uCi
in the thyroid. Because of its low specific activity, however, one #Ci
of 17} represents 5.9 mg of iodine. Hence, the data of Colard et al
(1965) would require the deposition of 34 g of iodine (gll &s '*f) in the
thyroid. ‘This quantity correspends to several thousand times the
average value of 0.012 g iodine in the thyroid (ICRP, 1975). The 1]
intake per day for the maximum permissible dose is discussed in
Section 4.7.

In a similar fashion, a single administration of one microcurie of
1237 would be expected to reduce the uptake of iodine by the thryoid.
Several investigators have examined the effect of large doses of stable
iodine (') on I uptake (Hamilton, 1942; Adams and Bonnel, 1962;
Sayena et al., 1962; Cuddihy, 1964; Blum and Eisenbud, 1967; Stern-
thal et al., 1980). Since the uptake of radioiodine by the thyroid is
inversely related to the intake of 1] the fraction of ingested "**I taken
up by the thyroid would be expected to decrease as the amount of &1
ingested increases.

The impact of I dosage on thyroid iodine metabolism was recently
investigated in young beagles (Book, 1977). Dosages of 0-0.8 xCi 'ZI
(0-5 mg I) were given along with tracer doses of "'I for external
thyroidal and total-body monitoring. Total-body retention was de-
scribed as the sum of 20r 3 exponentials; the rate of release from the
total animal during the first week of radioiodine was greater in those
ceceiving '] than in controls, and the release increased with increased
dosage.

Over the range of '*I dosages, there was a 5-fold decrease in peak
thyroidal uptake, from about 27 percent of the administered dose in
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L only slightly, with half-times of 10-13 days. Peak uptakes
‘ed at about 2.5 days in the control animals, and slightly later,
1ys. in those receiving '®1. The depression in thyroidal radioio-
iptake was found to be related to the total iodine intake by the
on:
Y =13 X4 &1

Y 1s the peak uptake in percent, and X, the sum of daily dietary
» (0.2 mg) and the '®] administered, in mg. Based upon this
wn, voung beagles receiving 0.2 mg '*°1 in their diet would be
‘ted to shuw peak uptakes of 15 percent when given 0.1 uCi ¥},
reent when given 1 4Ci ', and 1.9 percent from 10 uCi 'L
humans, the effect of I on thyroidal iodine metabolism can
alarly estimated. Frum the data of Blum and Eisenbud (1967),
in "] was administered to suppress *] intake, and for a dietary
take of 150 mg d°', the relationship of the 24-h uptake (Y) in
it, to the total iodine intuke (X) in mg was computed to be

Y = 8.64 XV (5-2)
wn in Fig. 5.1 (Book, 1976).
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Eq. (5-2) may be utilized in estimating thyroidal '®[ uptake. If a
daily intake of 0.15 mg ¥l is assumed, then thyroidal uptakes at 24
hours would remain at about 27 percent for **1 dusages of less than 1
nCi (5.9 ug iodine). However, at higher dosages of ‘[, there would be
a considerable reduction in thyroidal uptake, to about 10 percent from
0.1 xCi '®] (0.59 mg + 0.15 mg), to about 3 percent from 1 xCi ']
(5.9 mg + 0.15 mg). Since the radiologic dose Lo the thyroid is
determined by the ™I concentration in the gland, a similar decrease
in dose per unit intake would be predicted.

In a study on the effects of lifetime feeding of @[ in rats, the only
observed “effect” was & decreased '*'] uptake by thyroid glands of '*]-
fed rats (Book, 1983). That decrease reflected the “blocking” of the
thyroid by the large quantities of iodine required because of the low
specific activity of 1. Lifetime ingestion of **[ in that study resulted
in dose rates to the rodent thyroids of about 1 rad per day. There was
no significant increase in thyroid tumors of **I-exposed rats compared
to controls, nor in other thyroid effects, nor was there any difference
in longevity between '®l-irradiated and control rats.

The metabolic constraints that control the quantity of iodine in the
thyroid gland and the low specific activity of **] restrict the amount
of '¥] that can be corcentrated in the thyroid gland. Considering these
factors, and given the lack of effects in the thyroid glands of rats fed
12} for life, the potential for a radiologic hazard from exposure to '*]

appears to be limited.



Control Measures

-ar reactars are the prime producers of '?}, but fuel reprocessing
are the prime potentinl sources of environmental releases.
%, however, can be minimized by careful design, operating
rex, and installation of efficient treatment systems.
2 control technology has been reviewed in many comprehensive
(For example, 1AEA, 1973, 1978, 1980; Yarbo et al, 1972;
NEA, 1980; Dames and Moore 1977; ERDA, 1976; CEC, 1982a;
't al., 19832, 1983b). There have been several symposia dealing
vith radioactive jodine. The most recent of these was the
ssion of the European Communities meeting held in Mol in
EC, 1952h). The present report can only attempt to consider
Lrol technology in «ery brief form.

6.1 Control Technology

elease of radiviodine has generally been controlled by means
nethods: (1) holdup for decay and (2) collection by scrubbing
, and solid sorbents. Both holdup and collection have been
d. But the former is not suitable for '?I. When only small
s of radiviodine are involved, as with reactor effiuents, the
method may be adequate and charcoal fillers or charcoal delay
n be utilized. In fuel reprocessing plants, both holdup and
»n have been used with more recent effort concentrating on

»n and disposal.

Scrubbing Systems

al wet scrubbing systems have been used and proposed for use
ary systems,

ie scrubbing is one of the earlier methods used for primary
(CEC, 1982a). NaOH or KOH in solution is used in a packed
or bubble plate column. Decontamination factors (DF) of 107
» have heen achieved. I, is effectively trapped but organic
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compounds of iodine are not, and, as a result, DF's may vary consid-

erably depending on the type and concentration of the iodine com-
pound present. If the gas stream contains large amounts of acidic
compounds, then large quantities of caustic will be required and large
waste vblumes will be generated.

“The fodox process employs high concentration (20 to 23 M) nitric
acid to scrub iodine from the gas stream (Holladay, 1979). Iodine is
removed as anhydroiodic acid (H1,04). All iodine species are converted
to [** and, as a result, DF’s greater than 10* are possible. However,
the equipment is expected to be expensive because of corrosion prob-
tems with the concentrated nitric acid. The product of this process is
very eoluble in water and would have to be converied to a more
insoluble form before final storage.

The Mercurex process employs mercuric nitrate-nitric acid in a
packed column (Holladay, 1979). While dilute nitric acid has been
investigated, improved organic iodine remove is obtained with concen-
trated acid (> 10 M). Mercuric iodine complexes are formed. Oune
treatment method involves oxidation to the iodate, followed by filtra-
tion of the iodate. The mercuric iodate can be filtered off. DF's for the
mercurex process are affected by aromatic vapors and may be 100 or
less. The toxicity and cost of mercury are disadvantages as well as the
lack of demonstrated conversion technology for the mercurex solution.

6.1.2 Solid Sorbents

Solid eorbents offer the advantages of simpler design, and high
collection efficiency end lower maintenance costs. They produce a dry
waste product that is easy to handle and comparatively noncorrosive.
Solid sorbents proposed for both secondary end fina! iodine removal
systems include charcoal, zeolites, amorphorus silicic acid impregnated
alumina, mordenites, and macroreticular resins (Holladay, 1979).

Activated carbon has been widely studied for iodine removal and
widely used in nuclear power plants. The carbon is usually impregnated
with I", KI, I; = Kl, or triethylenediamine to improve removal of
CH,! from high humidity gas streams. Removal efficiency is highly
variable depending on the particular charcoal, its age and weathering,
iodine concentration, flow rate, humidity, temperature and any im-
pregnant used, The DF can vary from 10 to greater than 10° depending
on the above factors. There are severa! disadvantages of charcoal
absorbers that rule out their use for removal of iodine from gaseous
effluents at fuel reprocessing plants. These include low ignition point,
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iitiun in the presence of NO., low capacity, desorption of iodine
ated temperatures, and adverse ageing effects (Holladay, 1979;
1879).

search for inorganic absorbers in which a stable iodine com-
is formed has resulted in the selection of a synthetic zeolite,
molecular sieve 13X, converted to the gilver form, AgX. AgX
» advantages of nonflammability, no explosive hazard, resistance
soning, good operation at elevated temperatures, and & high
ty for jodine. In addition, it forms an insoluble jodine product.
12y range from 10% to 10" (Jubin, 1979). Disadvantages are: cost
silver, the deleterious effects of acid and prolonged exposare to
on the DF. Collection of CH;l can be affected by SQ,, B,S,
.lld N 01.

:r exchanged mordenites were developed as the result of a search
inexpensive substrate with a higher acid resistance than the
. zevlites. and a capacity for multiple cycles (Hollzday, 1979;
1879}, Silver mordenite, AgZ, is made by exchanging the sodium
synthetic zeolite with silver. The DF depends on particle size,
ite, temperature, gas composition and loading. A DF of 10° can
ained at a moderate loading of ivdine. Advantages are: high
ty for iodine luading (but not as high as AgX}, good retention
mic jodides, high recycle capability, and more acid resistance
ype X zeolites. Disadvantages include a lack of knowledge
ning the reactions, uncertainty about poisoning by organic
, and the fact that other halogens and sulfur can destroy the
ty for jodine sorption.

ic acid/silver nitrate and aluminum oxide/silver nitrate repre-
nother class of inorganic sorbents for removal of elementsl
und methyl iodide. A commercially available sorbent (trade
AC-6120) developed around a once-through process using AgNO;
:nated amorphous silicic acid is available in Europe. Develop-
| work in the United States has been initiated to examine the
ial for iodine removal for various nitrates on aluminum {(Jubin,
Disadvantages are: the cost is high, the presence of certain
es, high NO. concentrations, and the facts that high relative
ity can alfect performance and AC-6120 should not be used
250°C for extended periods of time. As with silver zeolites, other
ns and probably sulfur and phosphates, will destroy the capacity
line sorption. Advantages include good long-term disposal po-
, high removal elficiency in a superheated steam environment,
wil nerformance helow 200°C. A DF of 10° can be achieved at
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Jon-exchange resing have been investigated in the search to find
jodine sorbents less expensive than silver impregnated ones or more
stable than carbons {Holladay, 1979). The macroreticular structure
permits easy diffusion through the resins, Advantages are acid resist-
ance, high capacity, good radiation resistance, and cost. Dizadvantages
include adverse effects of humidity and elevated temperatures, and
limited experience on iodine removal! from gas streams. DF’s greater
than 10 have been obtained under experimental conditions.

" 6.2 Management of Iodine in Fuel Reprocessing Plants
Systems for removal of iodine from gaseous effluents at fuel repro-
cessing plants have generally been classed into primary, secondary,
and final cleanup systems. Primary iodine remaval systems are de-

TABLE 6.1 Management of iodine at fuel reprocessing plants®

Plant Ram:voldl‘g;uem Overall DF
A. Metal Fuel Plants
1. Hanford
B-Plant, T-Plant (<1952) Ceustic Scrubber- =10*
T-Piant, Redox, Purex {=1952) Silver Reactor 100-500°
2. TBP, Windscale (1964) Caustic Scrubber 1000
{now 20-30)
3. UP2 Lz Hague Caustic S~~.oer 2¢
" 4. DFR, Dounreay Mercurex 150
B. Oxide Fuel Plants
1. NFS, West Valley None 4
2. WAK, Kaslsruhe AC 6120 200
3. HAO, La Hague Caustic Serubber 50
4. PNC, Tokai Murs a. Caustic Serubber 100
b, AgX
5. Eurex, Saluggia a. Nitric Acid 200
(metal and oxide plant) b. AgX
C. Propaosed Designs
1. NFS, West Villey a. Mercurex 3500
. b. Caustic Scrubber
¢. Silver Mordenite
2. AGNS a. Mercurex 1000
b, AgX
3. THORP, Windscale & Caustic Scrubber NA
b. Possibly AC 6120
* Adspted from CEC, 1982a.
¢ Estimated by J. K. Soldat.
* Blasewitz and Schwidt, 19568,

S
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d to remove the jodine volatilized in the dissolver. The secondaty
m gives additional removal from the dissolver off-gas and other
ss equipment. Final cleanup is provided by an additional off-gas
n belore the gas is released from the stack.

merous fuel reprocessing plants have been operated (or planned)
ncluded indine removal systems on the gaseous effluent streams
|, 1982a). Table 6.1 lists several reprocessing plants along with
of iadine removal system used at each and the overall stack
tamination factor. Overall stack DF’s can vary considerably
ared to the theoretical efficiency of the individual systems be-
of routing in the plant of streams that may contain iodine.

6.3 Management of Iodine at Nuclear Reactors

the several radioisotopes of jodine created in nuclear reactors
two, ' and '], are present in sufficient quantities in gaseous
nts to warrant installation of effluent contso] systems.

items used &t reactors include delay lines, decay tanks, charcoal
bers, and charcoal delay beds (U.S. Atomic Energy Commission,
. Decay tanks are-used at pressurized water reactors. They are
srized tanks which hold up the gaseous effuents for up to 2
hs ellowing for radioactive decay of the short lived isotopes,
ling all of the radiolodines present except **’I. Charcoal absorbers
ally are used at boiling water reactors and provide a DF of about
- radiviodine. Deep charcoal beds not only absorb radioiodine but
its passage long enough to provide nearly complete removal of
iupes except '*I. The small amounts of '*I present in effluents
nuclear reactors are nearly unmeasurable and are of no signifi-
from a control standpoint.

7. - Methods of *°I Analysis

7.1 Introduction

Levels of **] in environments! samples have been determined by a
number oi investigatore (Studier et al., 1962; Edwards and Rey, 1969;
Keisch et al,, 1963, 1964, 1965; Cochran et af., 1970; Matuszek et al.,
1974; Markham, 1974; Magno et al., 1972; Boulos et al., 1973; Kelleker
and Michael, 1973; Brauer, 1974; Brauer et al, 1974b; Brauer and
Ballou, 1975). The high-analytic sensitivity for I by activation
analysis permits measurements at concentrations much below those
required for radiation protection.

Field concentration methods can be used to increase the quantity of
3] in certain materials that are collected. Thus, particle filters and
activated charcoal filters have been used to collect atmospheric iodine
(Brauer et al.,, 1974a). Ion-exchange methods, usually using anion
exchange resins, have been used to sample water-borne iodine and
ionic iodine in milk (Daly et al.,, 1974; Brauer and Rieck, 1973; Brauer
et al., 1974b; Keisch et al, 1965). Natural iodine collectors, such as
thyroid tissue and seaweed, have been used for collection of environ-
mental "I samples (Brauer et al., 1974b; Keisch et al., 1964; NSEC,
1963; Boulos et dl., 1973; Kelleher and Michael, 1973; Smith, 1977;
Oliver et al., 1982; Schuttelkopf and Pimpl, 1982).

The content of '] in environmental materials has been determined
in both fresh and dry samples. Drying methods utilized include air
drying, low-temperature oven drying, and freeze drying.

Analysis of '] in environmental samples generally requires sepa-
ration of the ijodine from the materials of concern. The need for
separation results from the low specific activity of I, its low-energy
emissions, and its low environmental levels. Separation of iodine from
environmental samples has been accomplished by both chemistry and
combustion methods (Studier et al., 1962; Keisch et al., 1965; Magno
et al.,, 1972; Boulos et al,, 1973; Gabay et al., 1974; McFarland et al,
19'74; Brauer and Tenny, 1976),

Spike recovery methods are generally used to measure the iodine-
separation yield. Spikes used include stable iodine (*¥I), and the
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¢ iadine in the sample. The use of stable iodine, however, also
es the capability for determining the **1:''] ratio, which may
icern in environmental and dosimetric studies.

se of a radioactive spike interferes with some measurement
i involving gross counting of '®L. Generally, a **I spike is
d 10 "1 because of its longer (60-day) half-life; also, it is absent
15t environmental samples. Methods for measurement of low
" and '*] are well developed. If amounts of '*] and '*'] are
termined, care must be taken 50 that the spike material is free
ad '¥{ cuntamination.

7.2 Measurement Methods

Liguid Scintilutivn Counting

1 scintillation counting methods for ‘I have been described
no et al. (1972); Bogen (1973); Gabay et al (1974); Rbodes
Horrocks (1974); and Ross (1970). The methods require the
| separation of igdine from the sample material, with the
ncorporated into a suitable liquid scintillation cocktail for
:ment of the beta and conversion electron uctivity associated

epurted detection limits for '®I by Jiquid scintillation range
10 1.2 pCi.

Low-level Beta Counting

>ounting of solid samples of iodine as Agl or other forms has
nsidered by several investigators but has not been generally
tu environmental ' analyses (Bogen, 1973; Gabay et al.,
oth gas-flow counters and low-level beta-scintillation counters
:n considered. The detection limits are about the same as for
intillation counting, but larger uncertainties result from self-
un in the sample to be counted.

(;amma-Ray and X- Ray Spectrometry
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Fig. 7.1 D.cay information for '®].

Crowther, 1964; Taylor, 1967; Brauer et al., 1970; Matuszek et al.,
1974; Horrocks, 1974; Brauer and Kaye, 1974; Thomas, 1973; Thomas
et al., 1975; Daly et al., 1975). In some cases, measurements can be
made on original sample material (e.g., thyroid tissue), but iodine
:sg:rations are generally required for maximum sensitivity and selec-
wity.

"Ihe decay scheme of [ is presented in Fig. 7.1. The '®[ gamma
ray is significantly converted so that only a relatively low intengity
remains. Higher sensitivities have been achieved by measuring the x
rays. Since xenon x-rays are emitted duting the decay of other radio-
iodines, x-ray measurements are only useful for total activity or pure
isotope determinations. Gamma- and x-ray radiation measurements
are usually done with solid state detectors such as Si(Li), Ge(Li), or
high-purity Ge detectors When maximum sensitivity bas been re-
quired for the total gamma-plus x-ray activity in the 26-56 keV region,
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Cuincidence Counting

~gamma coincidence counting has been used for standardization
sources, but has not been applied to analysis of environmental
s {Russell, 1957; Cali, 1973).

Neutron Activation Analysis

analysis of '®] by neutron activation was first reported by
vastha and Martin (1956). The first environmentel @] and *]
es by this method were performed by Studier et al. {1962). A
'r of activation analysis procedures have been described {Studier
1962; Buzzelli, 1964; Keisch et al., 1965; Watson et al., 1965;
tte ¢t al., 1966; Edwards and Rey, 1969; Heydorn, 1969; Brauer
aye, 1974; McFarland et al., 1974; Rook et al., 1975; Brauer and
, 1975).

high sensitivity of the neutron activation analysis method (107¢
ts freedom from interferences, and the capability for simulta-
analyses for '**I and '#’I, make the procedure a preferred method
usurements of environmental *#1.

Mass Spectrometric Analysis

s spectromeltry has been used in the determination of '#I:**']

(Russell, 1957; McHugh and Sheffield, 1965). When ‘I concen-

1s are needed, independent analysis of ' is required or isotope

n methods must be used. These measurements, however, have

en applied routinely to environmental samples.

iique application of mass spectrometry to '?L'"[ measurements
TABLE 7.1 -- Comparisun of ‘*I measurement methods

PSR T
Mearurement Method 1 m‘fa;:‘;“ Lamat

cintallation Counting 04
~ Prapartiona! Counting 0.5

‘el Beta Counting 0.05
KHay and X-Ray Spectrometry

Jetector 0.5
Th Detector 0.04
ectrometry

s 0.00002

e:""Xe Rativ 0.1

ann
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has been reported (Boulos et al., 1973; Srinivasan et al., 1971) wherein
separated iodine samples are irradiated with neutrons to produce %],
128Xe, and "™ Xe. The xenan isotapic ratios are then measured by mass
spectrometry.

The isotope separator has been applied to iodine isotopic analysis
(Rook et al, 1975). In this methoed, neutron activation is used to
produce radioactive iodine activities. The isotope separator serves to
mass-separate the radioiodine and also to decontaminate the irradiated
sample from other interfering radionuclides such as *Rr.

7.2.7 Laser Extinction

Detection of iodine isotopes by selective extinction, when traces of
iodine are inserted into the cavity of a hroad-band dye laser, has been
reported (Hinsch et al., 1974).

7.3 Discussion and Conclusions

Selection of a method for **1 analysis is dependent on available
facilities, required response time, required sensitivity, and whether a
concentration measurement or &n isotopic ratio (**I:3*"]) is required.
The detection limits for the measurement methods are compared in
Table 7.1. Except for cases where the 2] activity is sufficiently high
and can be measured without a chemical separation, the relative man-
hours required for an analysis are more dependent on the experience
of the analyst than the method selected.

When rapid response is desired and only an '®I concentration
estimate is required, counting of the I by low-level, solid-state
gamma-ray and x-ray spectrometric techniques should yieid the most
reliable results if the amount of **°] is about 1 pCi or more. For smaller
amounts of '¥| and when simultaneous measurement of the concen-
tration and isotopic ratio '2J:'¥"] js desired, neutron activation analysis
is the only method in routine use. The etrors associated with the
activation enalysis procedure range from 10 percent to 25 percent,
although they can be as high as 100 percent at levels close to the
detection limit (10~ pCi).

Recent research has included the areas of laser fluorescence spec-
trometry, mass spectrometry, tandem sccelerator mass rpectrometry
and improvements in neutron activation analysis (Brauer and Strebin,
.1_979; Elmore et al., 1980; Goles et al., 1981; Bate and Stokely, 1982;
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Summary and Conclusions

dine-129, with a half-life of 1.57 X 107 years, is the longest-lived
1e radionuclide. It originates frors both artificial and natural
ces. Natural production is estimated to have led to a steady state
a ratio of '] to stable ' of approximately 1072 in the oceans
r tu the introduction of man-made sources. As a result of nuclear
nology the ratio of "¥I:'’[ in the environment has increased since
mid-1940's. The ratio for the ger.eral biosphere was 10™® to 10~7
e 1960’s and 197U's,
dine-129 produced in nuclear power reactors and released during
reprocessing represents an essentially permanent contaminant of
hiosphere where it will appear as a fraction of the total environ-
tal jodine.
ae nel production of '] from fission of *°U in a thermal reactor
wut 1 uCi per megawatt-day, dependent on the irradiation time
neutron flux. Fission of 2®Pu, which adds ahout 40% to the power,
tates another 0.3 uCi of *# per megawatt-day. Some small quan-
3 of '™ are undoubtedly present in gaseous and liquid efiluents
| power reactors, but its measurement is difficult because of high
entrations of other fission and activation products. It is released
ily in gaseous form from fuel reprocessing plants.
1e selection of an analytical method is dependent on required
mse time, sensitivily, and whether a concentration measurement
1 isutopic ratio of "L'%] is required. When rapid determination
lving only ***I concentration estimates is needed, the use of low-
. solid-state gamma-ray and x-ray spectrometric techniques will
reliuble resulls if the amount of '*I is about 1 pCi. If smaller
ints of "] must be measured or if '*I:*7[ ratios are needed,
ron activation is the appropriate analytical method.
ng-terin accumulation of '®[ in snils is not expected to lead to
ficant contamination of plant materials. Uptake of iodine from
1 plants is Jow and migration below the root zone limits the
antrations expected in plants. The '®] will be diluted with stable
e alreadv oresent in roil and should eventually assume the same
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A significant part of the ‘®[ that is in the poil will eventually
percalate to groundwater and, together with ' 'discharged directly to
water in liquid effluents, will ultimately reach the ocean. Since most
of the earth's stable iodine is in the ocean, the marine environment
will probably constitute the primary reservoir for "1,

lodine-129 can enter the human food chain via direct deposition on
produce, as well as via .milk and mest from animals feeding on
contaminated forage. Plant uptake of iodine from goil is small and

adds only -1 percent per year to the concentration in Yood crops .
present es 8 result of dirert deposition to plant surfaces. After it is
ingested, ™I is concentrated in the thyroid gland. Even though the -

effective half-time of **¥ in the human thyroid is much longer than
that of other radiciodines, the radiation dose (7 mrem per nCi ingested)
is limited by the low energy of its emitted radiations.

The thyroid dose is further limited by the low specific activity of
121 (0.17 £Ci mg™) since ingestion of milligram quantities of iodine

~ can significantly reduce the thyroidal iodine uptake.

The estimated total accumulated amount of "I that sill be produced
in US. nuclear power reactor fuels through the year 2000 is about
2500 curies. If reprocessing resumes and decontamination factors of
B00 exist for gaseous effluent treatment systems, only about 5 Ci of
this total will have been released to the environment fre  fuel repro-
cessing plants. The remainder will be incorporated into solid wastes
appropriately isolated from the biosphere.

The collective dose equivalent from the release of this 5 Ci of 121
over the entire period required for reprocessing is estimated to Y 1950
person-thyroid-rem. This is based on a generic reprocessing ptant site
with 3.5 X 10° persons residing within 80 km (50 mi) of the plant.

Similarly, an estimated 3700 Ci '*I would be present in the spent
fuel discharged from the world’s nuclear power reactors throvgh the
year 2000. The estimated collective dose equivalent from the release
of 7.4 Ci of this ®[ is about 3000 person-thyroid-rem, during the
period of reprocessing.

It can be assumed that the majority of the ™[ is disposed of with .

high level waste and is isolated from the biosphere for relatively long
periods of time. Nevertheless, it should eventually reach the biosphere
and gradually become distributed in a manner similar to that described
in the model developed by Kocher, On this basts, the 3700 Ci of '*%
generated by the world's nuclear power reactors through the year 2000
could possibly lead to & collective committed dose equivalent to the
world's population 519'° persons) of 10® person-thyroid-rem, integrated
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has been concluded that the maximum. individual thyroid dase
salent rate from global circulation of '™ produced from the

slated fissioning of all the recoversble reserves of terrestrial.

ium would not be significant, Such hypothetical uraninm usage s
rs of maguitude greater than the usage envisioned_ under any
:nily planned power program. ’ -
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APPENDIX A

Glbésa?y |

sbsorbed dose: The energy isparted to matter by ionizing eadistion - -

per unit mess of irradiatad 'material at the place of interest. The
special ynit of sbsorbed dose is the rad. One rad equals 0.01 joules
per kilogram.

biological half-time: The time required for the body to eliminate
one-half of an administered dosage of any substance by regular
processes of elimination,

blosphere: The life zone of the earth, including the lower part of the

-+ atmosphere, the hydrosphere, soil, and the lithosphere to a depth of
about 2 kilometers.

boiling water reactor (BWR): A nuclear reactor in which water
used for coolant is allowed to boil.

x: Average concentration of radionuclide in the atmosphere at a
downwind point (Ci m™).

x/Q’: !}:tio of average air concentration to release rate at the gource
(s m™3),

computer model: The simulation of a physical systen by use of a
computer program (codc) and a set of real world data.

collective dose equivalent: (ofien referred to as collective dose or

. population dose) The summation of the radiation dose equivalent
(in rem) received by all individuals in a population group. Coliective
dose is principally used for whole-body dose where it has units of

»..person-rem. When the collective dose is calculated for the thyroid
the result is given in units of person-thyroid-rem. h

dose commitment: The dose commitment, es used in this report,

refers to the radiation dose re eived during some period of immediste - |
. exposure plus the dose ovee the time period of interest while the

material persists in the environment. .
dose oquivalent (H): The product of the absorbed dose in rads, the
quality factor, and any othér modifying factors. Dose equivalent is
expressed in rems and is considered to be related to the radiation
nsk.
effective half-time: Time required for a radioactive element in an

anivenlla Sunte am cncam ae Lo Bt A8 ea .
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the combined action of radicactive decay and bivlogical elimination.

effective half-time = biclogical half-time X radicactive half-life
biological half-time 4 radioactive half.life

ssion product: Any radionuclide or stable nuclide resulting from
nuclear fission, including both primary fission fragments and their
radioactive decay products.

We: Gigawatts electric.

Wth: Gigawatts thermal.
loton (KT): A unit of explosive energy equivalent to that released

upon detonation of 10” tons of TNT.

aximum exposed individual (Maximum Individual): The in- -

dividual whose locations and habits tend to maximize his radiation
dose, resulting in a dose higher than that received by other individ-
uals in the general population.

gximum permissible concentration (MPC): An accepted upper
limit for the concentration of a specific radionuclide in nir or water,
such that occupational exposure for the working life time of an
individual to the MPC values would not result in radiation doses
exceeding the standards recommended by competent authorities.
egaton (MT): A unit of explosive energy equivalent Lo that released
upon detonation of 10° tons of TNT.

TU: Metric tons of uranium equivalent, as applied to mass of reactor
fuel.

We: Megawatts electrical.

Wt: Megawatts thermal.

rwer: The time rate of doing work; the unit of power is the watt.
essurized water reactor (PWR): A nuclear reactor in which
water is circulated under enough pressure to prevent it from boiling,
while serving as moderator and coolant for the uranium fuel; the
heated water is then used to produce steam for a power plant.
iality factor (Q): A multiplying factor used with absorbed dose to
express its effectiveness in causing detrimental biclogical effects.
dicactive half-life: Time required for a radicactive nuclide to
decrease 10 one-half its initia] activity by radioactive decay.

urce strengih (@°): The number of curies of a redionuclide released
ner unit time to the atmosphere (Ci 8™') (ste x /Q’).

ecific activity: Tota!l activity of a given nuclide per gram of a
:ompound, element, or radioactive nuclide.
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sineers (Onk Ridge National Loborstory, Osk Ridge, Tennessee). i tion and (b) radiation measurements, quantities, and units, particu-

larly those concerned with radiation protection;

2. Provide a means by which organizations concerned with the
scientific and related aspects of radiation protection and of radiation
quantities, units, and measurements may cooperate for effective uti-
lization of their combined resources, and to stimulate the work of such
organizations;

3. Develop hasic concepts about radiation quuatities, units, and
measurements, about the application of those concepts, and about
radiation protection;

4. Cooperate with the International Commission on Radiological
Protection, the International Commission on Radiation Units and
Measurements, and cther national and international organizations,
governmental and private, concernad with radiation quantities, units,
and measurements and with radiation protection.

The Council is the successor to the unincorporated assocation of
scientists known s the National Committee on Radiation Protection
end Measurements and was formed to carry on the work begun by the
Committee.

The Counci! is made up of the members and the participants who
serve on the eighty-one Scientific Committees of (e Council. The
Scientific Committees, composed of experis having detailed knowledge
and cotpetence in the particular ares of the Committee’s interest,
draft proposed recommendations. These are then submitted to the full
membership of the Council for cdreful review and approval before

being published.
The following comprise the current officers and membership of the
Council:
Office -
President WARREN K. BINCLAIR

Vice Preaident 8. JAMES ADELSTEIN
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Currently, the following subgroups are actwe!y engaged in formu- :., '
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lating recommendations:
§C-1:  Busic Radistion Protection Cntena
SC-3:  Medical X-Ray, Electron Beam and Gamme-Ray mectzon for Ener-
’ gies Up w 50 MeV (Equipment Performance and Use)
8C-16: X-Ray Protection in Dental Offices
$C-18: Standards and Measurements of Radicactivity for Radiological Use
SC-38: Waste Disposal
Task Group oen Krypton-85
Task Group on Carban-14
Task Group on lodine- 129
Taek Group on Disposal of Accident Generated Waste Water
Task Group on Dispesal of Low-Level Waste
Task Group on the Actinides
Task Group on Xenon
$C-40: Biological Aspects of Radistion Protection Criteria
‘Task Group on Atomic Bomb Survivor Dosimetry
Subgroup on Biological Aspects of Dosimetry of Atomic Bomb Survi-
vors
SC-42: [ndustrial Applications of X Rays and Sealed Sources
SC-44: Radiation Asrociated with Medical Examinations
8C-45: Radiation Received by Radiation Employees
SC-6: Operational Radiation Safely
Task Group 1 ott Warning and Personnel Security Systems
Task Group 2 on Uranium Mining and Milling—Radiation Safety Pro-
grams
Task Group 3 on ALARA for Occupationally Exposed Individusls in
Clinicel Radiology
Task Group 4 on Calibration of Instrumentation
§C-47: Instrumentation for the Determination of Dose Equivalent
SC-48: Apportionment of Radiation Exposure
8§C-62: Conceptual Basis of Calculations of Dose Dnstnbutiom
B8C-63: Biological Effects and Exposure Criteria for Radiofrequency Electomag-
> netic Radistion
. 8C-54: Bioassay for Assessment of Control of Intake of Radionuclides
. BC-65: Experimental Verification of Internal Dosimetry Calculntnom
. SC-57: Internal Emitter Standards
, ‘Task Group 2 on Respiratory Tract Model
‘Task Group 3 on General Metabolic Models
‘Task Group 4 on Radon and Daughters
‘Task Group 6 on Bone Problems
Task Group 7 on Thyroid Cancer Risk
Taik Group 8 on Leukemia Risk
Task Group 8 on Lung Cancer Risk
Task Group 10 on Liver Cancer Risk
Task Group 12 on Strontium
Task Group 13 on Neptunium
S$C-59: Human Radiation Exposure Experience
§C-60: Dosimetry of Neutrons from Medical Accelerators
SC-61: Radon Measurements
§C-62: Priorities for Dose Reduction Efforts
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C.-63: Control of Exposure to lonizing Radiation from Accident or Attack
C-64: Radionuclides in the Enviroument
Tark Group § on Public Exposure to Nuclear Power
Task Group 6 on Screening Models
C-83:  Quality Assurance and Accuracy in Radiation Protection Measurements
-67:  Biological Effects of Magnetic Fields
L-8R:  Micrnprocessors in Dosimetry
(" 64  Efficacy Studies
C-T:  Quality Asgurance and Messurement in Diagnostic Radiology
4’-71-  Radiation Exposure and Potentially Related Injury
i-72.  Radiation Pratection in Mammography
‘C-74:  Radiation Received in the Decontamination of Nuclear Facilities
{: 75 Guidance on Radiation Raceived in Space Activities
{2-76:  Eilects of Radiation on the Embryo-Fetus
iC-77:  Guidance on Occupationa! Exposure Resulting from Diagnostic Nuclear

Medicine Procedures

i".78:  Practica! Guidance on the Evaluation of Human Exposures 1o Radiofre-
quency Hadiation

iC-79:  Fxtremely Low . Frequency Electric and Magnetic Fields

W-8ir Radiation Biology of the Skin (Beta-Ray Dosimetry)

WC-81:  Assessment of Exposure from Therapy

"ommittee on Public Educstion
\d Hoc Committee on Policy in Regard ta the International System of Units

Ad Huc Commitiee on Comparison of Radiation Exposures
study Group on Acceplable Risk (Nuclear Waste}

study firuup on Compurative Risk
Fesk Group or Comparative Carcinogenicity of Pollutant Chemicals

Fusk Force on Occupstional Exposure Levels

recognition of its responsibility to facilitate and stimulate coop-
on among organizations concerned with the scientific and related
cts of radiation protection and measurement, the Council has
ted a category of NCRP Collaborating Organizations. Organiza-
3 or groups of organizations that are national or international in
e and are concerned with scientific problems involving radiation
itities, units, measurements and effects, or radiation protection
be admitted to collaborat..-z status by the Council. The present
ahorating Organizations wich which the NCRP maintains liaison

1s follows:

wencan Academy of Dermatology

ierican Associatiou of Physicists in Medicine
rerican College of Nuclear Physicians

rerican College of Radiology

mlcam MNanial Anvanintinn
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American Medical Association

American Nuclear Society

American Occupationnl Medical Asgociation
American Podistry Assaciation

American Public Health Associstion
American Radium Society

American Roentgen Ray Society

American Society of Radiologic Technologists
American Society of Therapeutic Radiologists
Bioelectromagnetics Society

Association of University Radialogists

Atomic Industrial Forom

College of American Pathologists
. Federal Emesgency Management Agency

.. Genetics Sociely of America

Health Physics Society

Nations! Bureau of Standards .

National Electrical Manufacturers Association
Radiation Research Saciety

Radiological Society of North Americy

Society of Nuclear Medicine

United States Air Force

United States Army

United States Department of Energy

United States Department of Labor

United States Environmental Protection Agency
United States Navy

United States Nuclear Regulatory Commission
United Ststes Public Health Service

The NCRP has found its relationships with these organizations to
be extremely valuable to continued progress in its program.

Another aspect of the cooperative efforts of the NCRP relates to
the special liaison relationships established with various governmental
organizations that have an interest in radiation protection and meas-
uren?enta. This liaison relationship provides: (1) an opportunity fox
participating organizations to designate an individual to provide liai-
son between the organization and the NCRP; (2) that the individual
designated will receive copies of draft NCRP reports (at the time that
these are submitted to the members of the Council) with an invitation
tc3 comment, but not vote; and (3) that new NCRP efforts might be
discussed with liaison individuals as appropriate, so that they might
have an opportunity to make suggestions on new studies and related
matters. The following organizations participate in the special laison
program:
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Matwnal Bureau of Standards

lice nt Scicace and Technology Policy

Otfice 1of Yechnology Assessment

United States Air Force

Unned States Aemy

United States Coast Guard

United States Department of Energy

United States Departinent of Health and Human Services
United States Department of Labor

Uited States Department of T'ransportation
['nited States Eovironmeniat Protection Ageacy
{'nited Siates Navy

Uaited Stutes Nuclear Regulatary Commission

The NCRP values highly the participation of these organizations in
-he ligison program.

‘The Council's activities are made possible by the voluntary contri-
wtion of time and effort by its members and participants and the
senerous support of the following organizations:

Allred P. Sloan Foundation

Alhance of Amencan Insyrers

American Academy of Dental Radiology
American Academy of Dermatology

Amserican Association of Physicists in Medicine
American Cuollege of Radiolugy

American College of Radinlogy Foundation
American Dental Association

American Industrial Hygiene Associstion
American Insurance Association

American Medical Association

Amencan Nuclear Society

American Qccupational Medical Associgtion
American Qsteopathic College of Radiology
Amencan Podintry Association

Amenican J'ublic Health Association
Armerican Radium Society

American R-eatgen Ray Society

Ametican Society of Radiolugic Technologists
Aniencan Saciety of Therapeutic Radiologists
American Vetennary Medical Association
American Vetennary Radiology Society
Assoriation of Unisersity Radiologists
Atumic Industria! Forum

Rattelle Memorial Insliture

Bureau of Radinlogical Heaith

Ontlocisns f Amarionn Putholagists
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Edward Mallinckrodt, Jr. Foundation
Electric Power Reseazch Institute

Feders] Emergency Meanagement Agency
Flotida Institute of Phospihate Research

Genetics Society of America

Health Physics Society

Jamen Picker Foundation

Nutiona} Association of Photographic Manufacturers
National Bureau of Standards

Nations! Cancer Institute

National Electrical Manufecturers Associstion
Radiation Research Society

Radiological Society of North America

Society of Nuclear Medicine

United States Department of Energy

United States Department of Labor

United States Environmental Protection Agency
United States Navy )

United States Nuclear Regulatory Comzmission

To all these organizations the Council expresses its profound appre-
cistion for their support.

Initial funds for publication of NCRP reports were provided by a
grant from the James Picker Foundation and for this the Council
wishes to express its deep appreciation.

'The NCRP seeks Lo promulgate information and recommendations
based on leading scientific judgement on matters of radiation protec-
tion and measurement and to foster cooperation among organizations
concerned with these matters. These efforts are intended to serve the
public interest and the Council welcomes comments and suggestions
on its reports or activities from those interested in its work.
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CRP publications are distributed by the NCRP Publications’
e. Information on prices and how to order may be obtained by

:ting an inquiry to:

NCRP Publications
7910 Woodmont Ave, Suite 1016
Bethesda, Md. 20814

currently available publications are listed below.

Proceedings of the Annual Meeting
Title

Perceptions of Risk, Proceedings of the Fifteenth Annual
Meeting, Held on March 14-15, 1979 {(Including Taylor
Leo. ure No. 3) (1980)

Quantitative Risk in Standardy Setting, Proceedings of
the Sixteenth Annual Meeting Held on April 2-3, 1980
(Includitig Taylor Lecture No. 4) (1981}

Critical Issues in Setting Radiation Dose Limits, Pro-
ceedings of the Seventeenth Annual Meeting, Held on
Apri} 8-9, 1981 (Including Taylor Lecture No. 5) (1982)

Radiation Protection and New Medical Diagnostic Proce-
dures, Proceedings of the Eighteenth Annual Meeting,
Held on April 6-7, 1982 (Including Teylor Lecture No.
6) (1983)

Environmental Radioactivity, Proceedings of the Nine-
teenth Annual Meeting, Held on April 6-7, 1983 (In-
cluding Taylor Lecture No. 7) (1984)

Lauriston S. Taylor Lectures

Title and Author

The Squares of the Natural Numbers in Radiation Pro-
tection by Herbert M, Parker (1977)

Why be Quantitative About Radiation Risk Estimates?
by Sir Edward Pochin (1978)

Radiation Protection—Concepts and Trade Offs by Hy-

27

32

35
36
37
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From “Quantity of Radiation” and “Dose™to “Exposure”
and “Absorbed Duse”—An Historical Review by Har-
old O. Wyckoff (1986) [Available also in' Quantitative
Risks in Standards Setting, see above]

How Well Can We Assess Genetic Risk? Not Very by James
F. Crow (1981) [Available also in Critical Issues in
Setting Rodiation Dose Limits, see above]

Ethics, Trade-offs and Medical Radiation by Eugene L.
Saenger (1982) {Available also in Rediation Protection
and New Medical Diagnostic Approoches, see above.)

The Human Environment-Past, Present and Future by
Merril Eisenbud (1983) |Available also in Environmen-
tal Radioactivity, see above]

NCRP Reports
Tile
Control and Removal of Radioactive Contamination in
Laboratortes (1951)
Recommendations for Waste Dispasal of Phosphorus-32
and Iodine-131 for Medical Users {1851)
Recommendations for the Disposal of Carbon-14 Wastes
(1853)
Radioactive Waste Disposal in the Ocean (1954)
Maximum Permissible Body Burdens and Maximum
Permissible Concentrations of Radionuclides in Air
and in Water for Occupational Exposure (1959) [In-
cludes Addendum 1 issued in August 1963]
Measurement of Neutron Flux and Spectra for Physical
and Biological Applications (1960}
Measurement of Absorbed Dose of Neutrons and Mix-
tures of Neutrons and Gamma Rays (1961)
Stopping Powers for Use with Cavity Chambers (1861)
Safe Handling of Radioactive Materials (1964)
Radiation Protection in Educational Institutions (1966)
Medical X-Ray and Gamma-Ray Protection for Energies
Up to 10 MeV—Equipment Design and Use (1968)
Dental X-Ray Protection {1970)
Radiation Protection in Velerinary Medicine (1970)
Precautions in the Management of Patients Who Have
Roroined Thoranoutic Amnunts of Radionuclides
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41

42

43

44
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47
44

49
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Basie Radiation Protection Criteria (1971) )

Protection  Against Radiativn from Brachytherupy
Sources (1972)

Specificution of Gumma-Ray Brachytherapy Sources
(1974)

Radiolugical Factors Affecting Decision-Making in a
Nuciear Attack (1974

ftevwewe of the Current State of Radiation Protection
Philosaphy (1975)

Krpton-85 in the Atmosphere—Accumulation, Biologi-
cal Significance, and Control Technology (1975)

Nutural Buckground Radiation in the United States
$1950)

Alphka-Emithing Particles in Lungs (1975}

Trittum Measurement Techniques (197C)

Rudiution Protection for Medical and Allied Health Per-
sonnel (1976)

Structural Shielding Design and Evaluation for Medical
Use of X-Rays and Gamma-Rays of Energies Up to 10
MeV (1976)

Environmental Radiation Measurements (1976)

Radation Protection Design Guidelines for 0.1-100 MeV
Partule Aceelerator Facilities (1977)

Cesiun-137 From the Environment to Man; Metabolism
and! Dyse (1977) .

Review vf NCRP Radintion Dose Limit for Embryo and
Fetus in Ocruptionally Exposed Women (1877

Medical Radiation Exposure of Pregnant and Poten-
tially Pregnant Women (1977)

Protection of the Thyroid Gland in the Event of Releases
of Rudiviodine (1977)

Radiation Exposure From Consumer Products and Mis-
cellanevus Sources (1977)

Instrumentation and Monitoring Metkods for Radiation
Prolection (1978)

A Hundbook of Radivactivity Measuremenis Procedures
(1978)

Operational Radiation Sufety Program (1978)

Physical, Chemical, and Biological Properties of Radi-
acerium Relevant tv Radiation Pratection Guidelines

LR XAt
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62 Tritium in the Environment (1979)
63 Tritium and Other Radionuclide Labeled Organic Com-
pounds Incorporated in Genetic Material (1978)

64 Influence of Dose and Its Distribution in Time on Dose-
Response Relationships for Low-LET Rediations
(1980)

Management of Persons Accidentally Contaminated with
Radionuclides {1980)

Mammaography (1980)

Radiofrequency Electromagnetic Fields— Pruperties,
Quantities and Units, Biophystcal Interaction, and
Measurements (1981)

Radiation Pratection in Pediatric Radiology (1981)

Dosimetry of X-Ray and Gamma-Ray Beams for Radia-
tion Therapy in the Energy Range 10 keV to 50 McV
(1981)

70 Nuclear Medicine-Factors Influencing the Choice and Use
of Radienuclides in Diagnosis and Therapy (1982)

71 Operational Radiation Safety— Training (1983)

72 Radiation Protection and Measurement for Low Voltage
Neutron Generators (1983)

73 Protection in Nuclear Mcdicine and Ultrasound Diagnos-
tic Procedures in Children (1983)

74 Biological Effects of Ultrasound: Mechanisms and Clinical
Applications (1983) :

75 lodine-129: Evaluation of Releases from Nuclear Power
Generation (1983)

Binders for NCRP Reports are available. Two sizes make it possi-
ble to collect into small binders the “old series” of reports (NCRP
Reports Nos. 8-31) and into large binders the more recent publica-
tions (NCRP Reports Nos. 32-71). Each binder will accommodate
from five to seven reports. The binders carry the identification
“NCRP Reports” and come with label holders which permit the user
to attach labels showing the reports contained in each binder.

38 &

g8

The following bound sets of NCRP Reports are also available:

Volume I. NCRP Reports Nos. 8, 9, 12, 16, 22
Volume II. NCRP Reports Nos. 23, 25, 27, 30
Volume LII. NCRP Reports Nos. 32, 33, 35, 36, 37
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Volume VI. NCRP Reports Nos. 47, 48, 49, 50, 51
Volume VIi. NCRP Reports Nos. 52, 63, 54, 55, 66, 57
Volume ViII. NCRP Report No. 58

Volume IX. NCRP Reports Nos. 59, 60, 61, 62, 63
Volume X, NCRP Reports Nos. 64, 65, 66, 67

(Titles of the individual reports contained in each volume are

en above).
The following NCRP Reports are now superseded and/or out of

int;

Nuo.

|

2

10

11

13

Title
X-Ray Protection (1931). [Superseded by NCRP Report
No. 3]
Radium Protection (1934). [Superseded by NCRP Report

No. 4]

X-Ray Protection {(1936). [Superseded by NCRP Report
No. 6]

Radium Protection (1938). [Superseded by NCRP Report
No. 13}

Safe Handling of Radivactive Luminous Compounds
(1941). [Out of Print]

Medical X-Ray Protection Up to Two Million Volts
(1949). {Superseded by NCRP Report No. 18]

Safe Handling of Radioactive Isotopes (1949).
{Superseded by NCRP Report No. 30]

Radiological Monitoring Methods and Instruments (1952),
[Superseded by NCRP Report No. 57)

Maximum Permissible Amounts of Radioisotopes in the
Human Body and Maximum Permissible Concentra-
tions in Air and Water (1953). [Superseded by NCRP
Report No. 22}

Prutection Against Radiations from Radium, Cobalt-60
and Cesium-137 (1954). [Superseded by NCRP Report
No. 24]

Protection Against Betatron—Synchrotron Radiations Up
to 100 Miltion Electron Volts (1854). [Superseded by
NCRP Report No. 61)

Safe Handling of Cadavers Containing Radioactive Isotopes
(1953). [Superseded by NCRP Report No. 21]

Pormissible Dose from External Sources of Ionizing Radia-

-

18
19

21
24

26

8

a1
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Man, Addendum to Nationa! Bureau of Standards
;fgt}ndbook 59 (1858). [Buperseded by NCRP Heport No.
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uuncil on Radiation Protection and Measurements, Washington, 1973)
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