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Radiachroniic dye dosimetry was used to nleasur'e kilogray doses absorbed by _/ '
various liquid sarHples during cjamnla-ray exposure in a spent nuclear fuel pool.
The source ,of nuclear fuel was the Advanced lest Reactor (ArR) at the Idallo
National Engineering Laboratory (INEL). Calibrations were perforiiled using a
a°Co source and were run on bare dosemeters, as well as on dosemeters which
were mocked to simulate the s<_mples, lhese dosemeters were prepared as a dye-
impregnated nylon filln and are coiillllerclally available. When exposed to gailmla-
ray doses of 0,5 to 200 kGy, a color change occurs which has an optical
density proportional to absorbed dose. lhe differellce in the calibration
curves demonstrates the imporr_ance oer irradiation oF dosemeters under
conditions as close to the actual samples as possible, Since these dosemeters

, could not be ililillersed directly in the organic solutions of interest, they were
sandwiched between 'layers of.. lucite and stainless steel, lhis simulated tlle
conditions inside an irradiated sample and provides a practical method oF
measuring absorbed doses, lhe reprodtlcibility of lileasurements using the

.I radiachromic dye doseineters is also shown.
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This study investigates tile use of tl_e I-at West Tecl_nology ([:WII'-60)

radiachromic detector as a measure uf absorbed close for samples wllich are

gamma irradiated with spent reactor fueI. Expe_'imei_tsat t)_eIdaIloNatioi_al

Engineering Laboratory (IHEI.) tlavT, :;l_ws_ tt_al, m;_lly o_'UaI_ocl_loril_e co,lp(_ul_l._

are suscel)tible to decoml)osiLiol} by exp_)su_"e t{) kilogray doses. (1) ll_ese

doses are easily aci_ievable il_ a cost.-eFfective Fashion at Llle spel_t fuel

canal oF the Advanced [est Reactor (AIR) aL the li'lEt.. Our research is aimed

at: developing a hazardous waste treat_,eI_L l)l'ucess for organociflorine wastes

such as polychlorinated bipllenyls, t)esLici(les alld so_vents. A reliable and

versaLile dosilnetry sysLem was re_.luil"ed t.o measure absorbed doses ill Lt_ese

anal ytes.

[lle I-WT-60 dosemeters are. ilyloll Films (50 l_i, x I cm_') impregilated with

tl_e colorless cyanide (CN) derival, ive of all amil_(_Lripl_enyl aceLonitrile

dye, (P-) Upon exposure to iollizil_cI t"aIdiaLioll (.tl(I._ CN- group is lost leRVill(I

behind the colored dye cation. lhc c:ol()r cllal;ue is measured wit.h a simt)le

optical density reader',

A number oF autllors I!ave il_vesLigaLed tl_(: ()l)Lical density resl)oI_se Lo

parameters other than dose in a_ eFFort to assess t:l_ereliability of

radiachromic dosimetry under variotts process colldil, iolls, Factors suct_ as close

rate,(_'4)radiation energy,(_'"'al}dstorage time berore readout (_'_''s)have been

shown to have little influence on the optical density measurement. file

dosimetl'y is sensitive to ultraviolet liul_tand sllou!dbe protecI:ed from



exposure to sunlight. <s) Far West. Tecl_ilology reports that the affect of

irradiation temperature on optical density is not significant over the range

of about I0 to 70°C, c2) iIowever some authors have disagreed, finding tIlat

temperature during irradiation should not exceed 35 to 40°C <5'7_ or 60°C. C4_

McLauglllin (6) suggests a teinl)erature correcLion of +0.3% (°C) "I. According to

Khan and Ahinad(°)humidity effects are i_egllgibleuiven an optical density

measurement within 24 ll_)urs of irradiatloll.

This st'ady presents tl}e results obtained when the FWT-60 dosemeters were

adapted to organochlorine irradiations at the AIR spent fuel canal.

Calibrations were performed using a _°Co source at_d were run oil bare

dosemeters, as well as on dosimeters mocked t.osimulate sa,il)'les,llle

diff:ereilcein the curves illuslrates Ll_e iml_ortailcc;of calibration of

dosimetry u:idc:rcoi_diLiov_sas close t.ot.l_at,of ac:tealSmUl_lesas l_OSsllJle.

ll_e rel)roduciL)iliLy of uleasurc:l_evlLs usi_g ra_liac:l_i'oullc dye dosemel.ers Is also

shown under our process condition,s.

EXt'ERII'IENIAl.

ltle FWI-60 rad iactirolliic Film was l_Ul'ctlased tl')m Far West lechrlology

(GoleLa, CA, USA) and is available comme,l'cially. !lie doselueLers were

irradiat, ed for catibre, t,ioi_ aL tile _'{;Cc)soul'ce (10,000 Ci) at tile Itadioluuical

arid Environniental Sciences Laboratory (RESI_)of tl_e INEL at a dose rate of

3.633 kGy/llr, The doselueters were irradi;.iL(;d bare (ii} (jlassine envelopes) ancl

also sandwiched bet,wean layers of st, aiilless steel and futiLe. lliis

conFiuuraLioll, st/owll iii Figur'e la ulituics t.lle act.u,:ll scuuples slic)wil
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schematically in Figure ib. file sLail_less sLeel r'(.;i)reselils Lhe s_!,ple capsule

and Llle lucite represenLs llle orgalilc suItiLlu_.

Tile optic._l..density o-f Lhc developed FiIm was read using the Fwr-IO0

reader system supplied by Far WesL lecllnolugy.

lt silould be holed LhaL tlle doselneLer's were l)roLected from the humidity

of the spent, fuel canal by tl_e sLai111ess st.eel sa,Jl)le containers and Lllat

although temperaLures are elevated in tile viciIlity of Lhe spent fuel they are

not in excess of 40°C.

RESUt.IS AHD DISCUSSION

llle close response of Llle fillll ol_Lic_1 d_,l_sity versus dose fuY bare

dosemeters at tile 6°Co source is sllowrl ill l:iuure 2 at 600 and 510 11,1

waveleilgLh for doses fru,l 0 Lo 150 kGy, llle _'eSllUi_se aL 510 llm besL soiLed

klle doses required for" our exl)e_'ime0bLs ail_l all fui't.l.er ol_Lical deilsiLies are

,leasu_'ed aL t.lle wavelellgLll.

Figure 3 compares til/is ca1 il)_'aLior_ c:u_'ve ful' [)are (tosemeLers !..o Ll_e cu_'ve

gel_erated w!len dosemeters Prel)al'ed to simulaLe Saml)les are irradiated. lt_e

dosemeLers were prepared t.o silllutat, e samples as sllown ill Figure lb. It call be

seen tllat rel ial_ce ol_ a calibratio_ c:ulve prepaYud by simply irradi_l,il;g bare

dosemeLers greatly underes;Li,lates tlle acl.ual d_su l'eceived by l.l_e samples; f:{Jr

example by as mucl_ as about 25°,_ aL an opLical deilsiLy oF 0,7. l hese ploLs

denlonstrate the imporLance of calibraLing dosimetry under conditions as close

as t)ossible to those of t,l_e act, ual mat.eri_._ls to I)e irradiated. ll_e errul' in

tile close llleasul'elllellt, be(:ollles great.u_' as tl_(: cluse i_cl'eas(:s.



For dosimetry to be included inside tlle actua1 sample containers shown in

'Figure ib the optimum situation would be Lo iI_sert the film inside the sample

vials containing the orgarlic solution to be irradiated. _lowever this is

impl'actical due to the possibility that the solutions would leach the

radiachromic dye from the film. lherefore, the film was sandwiched between

layers of' lucite arld then placed adjacent tu tl_e sample vials in the stainless

steel cylinders for irradiation. The lucite simulates the organic s_u111)le

solution, In this way the dosemeter is exposed to a gammafield as similar to

that oF the actual samples as possible. Tl_e exposure {.,f the calibration

dosemeters at the a°Co source is similar, as previously described.

o The reproducibility(:orreplicate simultaneousirradiationsin tllespent

fuel canal has been shown Irevary with absorbed(Josewith the more precise
_i

J

measureilleritsbeiilgmade al lliulldoses. AL dose.s<10 kGy a relaLive sLandard-i

deviation oF 7%was IIDeasured. llle relative stai_dard deviation showed gradual

: iml)rovementwitll<I.%being measured For doses greater tl_an100 kGy.

: While the (Joseabsorbed by a d(_semeteris easily iiDeasuredby Lhc optical

density of tiledosemeter, tlle(luestiorireIllaiilsas Lo wlletl_erthis accurately

r(:Fle(:L:{tl_edose absoYbed by material otI_e_'tI_a_t,l_edusel,eter. II_edose

absorbed by a dosen!etermay be used to estimate dose absorbed by a sample by
_

" correcting the illeasureddose witlltilemass energy absorptiollcoe(ficients

raLio of tilematerials, averaged over tl_eestimated plloLol_spectruill.(9'I°)

UnlortunaLely tilemass erlergyabsorl)tiollcueFficientsfor inanymaterials are

- UIlkI-lOWI/land must be.estimaLed based upon tlleirelemenLal coml)osition.Clearly

t:he l:)roblelll is complex in a study utilizing FiLlll}erot|s t.arget COml)oundsand ttle

consLantly challgill9 (jallima-ray sl)ect.rulll {ii" decayiI9 fuel. ll_ese t)rc_blems al"(;
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circumvented by surround-ing the very Llli_l dosemeLer with a very thick sample

'so t.llat, al_ el(:ct_'oll equilibriuul associaLed wiLll t,lle sample is seen by ttle

dosenleLer. (z> In our case, lucite (llaving silnilal" carbon/tlydrogen/oxygen

ratios and tl_us similar lllass e_e_'gy al)sorption c.oufficienLs) simulales organic

solutions.

COHCLUSIONS

A siml)le al_d corlvelliellL ineLllod t,u IJleasure doses absorbed by

organochlorine arialykes in alcol_olic soluLioIis Ilas l_eell demonstrated. lhc

importance ot: runnirlg dos inlet:ry ca libl'aLiul_s irl a maLt ix wllicl_ s imulat, es

ackual sa_nples as closely as possible was illustrated graphically, furl:l_er,

tt_e perfoYnlance atld l)recisio_l o1' t.l,11-60 I"a_liactl__lllic dosimeLry u_l<le_"i)_'ocess

irl'adlat, iol_ cc_ldlLio,:s was .,_t_wl_.
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Figure 1. Configuration of dosemeters to mimic actual samples,
la" Calibration dosimetry, I' I/8" slairlless steel, 2' I/8" lucile,3' 50 l_mdosemeter lilm.

Ib' Actual samples, a' I/8" stainless sample capsule, b' I cIll diametersample vial.



Figure 2. Radiachromic dye dosemeter calibration curves for bare dosemeters
exposed to &°Co.
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Figure 3. Radiachromic dye dosemetur calibration curves for bare dosemeters
and dosemeters which simulate sailll)les,
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OPTICAL DENSITY VS ABSORBED DOSE
CALIBRATION CURVES FOF:IBARE DOSIMEIRY AND SIMULATED SAMPLES
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