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SUBJESD:  Pounr Reactér Fued Reprocessing Pilob Iloats  Drouooed Accoustchildity
Procedures

1.0 IHRODUCTION

The peoigmont of goeni rescher fusls fyonm privils pony rﬂ**:.-*t:‘:
operators to Cok Ridge Natlicmnl Loborolory for ehomisal proo:
of fiosile end fertile mtordcls rogulires thet the p:m:z- ponioe fun rﬁf.cw“sm‘;
pllet plant have perocedures, moilods end equivmont muitedlo fUr gixict mozonmine
bty of Sowrce and Spocind uclome intopials (S:‘::::’.} Tonsd €a gueoestnhilily
meanmwenents, privalte power reacicr oporeters will e credilcd poyony Lo the
valuz of these patgriclds scid 4o the Atonie Incrgy Commlcozion. Alo dige]
repvorenssing pilot plant will roodre an cocwrate accounting rosran to ai
in exiblonlity and proocess coisol.

From tho obomdpodnd of S0 accountalility, e roooviay f walurlle
matericd booins with dicckorge of fusd e the reeslor eall cods wilth rahaen
of fuzl 1o the reastoe (Flg. 1). Tho pilob plout, hevowvow, is conommod with
soccuntosility of Sa mabteriels rocelved oo Wi roncloy oilc. 133y Clzeuosolon
of ST rcecountebility 1o the FATR pllot plontd Lo coosooucd poincipslly wilhs
{1) recent developmonts molo in Limroving ascowsi mility morswcnonta of Tiiod ‘
plant imu*’.:j and (2) kow those dovelepoents will Yo orlicd 4o fulure rlond
vroctlce. Specifiexlly, this dizcusslon includes wmomraringevescsld €02l
mﬁt:«m:%sm&ti&, exolyvicnl pooccdures, snd & sugsoctod oectwstdLility ruooin,
Avgurenis pro and con ere Included for teking weaoumsd ploxnt Lvoud oo nowosls
o contract poyment. .

The spoat reostor feels condomed 0 UL will in goosveld Yo G103
wita slolnless sicel, except for the Forelgn Roseorch Porstor Suol whileh will
be rode from e alusinum elley. Aftor ddschorgs and o suliodie Cozny rmovicd
thece fusl assenmblies mxy be roduced 40 sizes suileblc v chlroas by olissleg

sowriag o other moebining operations,” producing varlclle cuoslilitics of &oris
in o form of sawdust aod frogeegis.  uphured elom:nio will aloo ecnteiioin




to the debris. Similaely, when the bulk matoriel is rocclved eb the pilod

rlant, furtber storoge and ddsasconbly Wil predolly rosall in oiliticno)

chrin. Unless this debeils is scoountcd Zor by both the sihi-—wr ond recoiver,
dopending on where thr dehrls is generoiod, thovs sy Do o el lirdlle Glsogrete
meab betweea shdpper and recodver estiniics of 8117 comlents ia the Dods.

Tte pycical cocbinaticn and chondeal canposition f Lo fuels will
vory with the resctor. Oddng to the vorloty of fuels erpioicl, o muloy of
eed-gnd processes have beex doveloped 0 coavert the Mizls Lnlo couztuoenlisete
soluticns for solvent extrootlcn rrococsing and ewdsoouont rosovory. QLo Lonleen
procosses boing develoned ave of two fypeo: (1) o two-oliop zmocoos 4a whilal
the clad is rexoved Tlrst by elther mochondesl oo chovdend modw Lo2lsd by
en independont dlasolution of the fertfle«fissile cove wmlosinly (2) o cnveciop
cow-dissoluticon of the ¢ladding &l eore in equa resdn with subzeguont Gohloninge
ticn. Tho wouoous solubions from ofiihor procecs will Ivoor oo be odorillcd
to remevy polids whdch will Inlorfere with salwvent efoosti-o orsenllions. It
is eupocted that the precision of SXI! messurement dn dloosln o soluiions will
be affocted comsidorobly by the coopositicn of the fusls, the dlzsolving molia
and tho presonca of solids.,

The IR pllot plit koo begun & study of those rwellens coalorning
acccuntadbllity progran with a £oal of dovising ga scoountenility progren aveopbohla
to récedver and shipper alike.

2.0 RECERT DEVEILRINVTS LN IMPROVING ACCQUIRABILIZY FASUNTIIITS

Frior ¢ sty of 4be Fover Noochbor Puel Rerwconsoing Tilsd Flond
foollitics dn Mtldings 3505 ool 301G, & progrea was boom 1o ohisls sulllotonh
luforzotion o mike a gtebisticel sunlysia of food frput conomeormonts, Unhid
actusd pover roactoyr fucls ore processed fn 15623, eamveniinnd, elunliomesiol,
nabural wraniua fuels oo bolng peocessed for yecovery of wronlin aod pliionii,
Thesa facls soeve 10 eheck cub the yprocessing eguirment. S fmfosonbion ¢loind
urivg tids peeded will Harnich s basls for design of proeess voscela 40 covcn
83 scocuntobllity meammament veosels in the head-end fo0134ties o Lo omurirantnd




and will be helpful in developing plant procedures and methods for secountebility
of power reactor fuels.

In tke present process facilities housed in two scparate ’bziilaings
which are connected by underground piping for inter-transfer of process
solutions, fuel may be dissolved in either fecility (Fig. 2). Wkea the 3505
Bullding dissolver 1is used, the metal is dissolved contiruously. The dissolved
retal solution is pumped contiruocusly to the 3019 Buildirg dissolver where 1t
is collecied and Jetted batchwise to a feed measurement veszzl (S-2 tank).

When the 3019 Building dissolver is used for dissolution of fuel metsl, the
dissolvings are made batchwise and jetted to S-2 tank, Feed solution is
prepared, processed through one cycle of solvent extraction in 3019 Building
and transferred to the 3505 Building for further solvent extrszciion processing

-

and product recovery.

Since 21l dissolved metal solution must pass through S-2 tenk in the
3019 Bullding facility before belng pumped to solvent extraction, this tank
was selected as the feed input measurement vessel. This is a stainless-steel,
550=-gal, jacketed vessel having a reverse dish bovionm sud a standard dish top.

2.1 Preliminary Work

Before plant startup operations were begun, new instrumentetion was
installed for S-2 tank, the vessel was calibrated, and solution mixing and
saxpling tests were made in preparation for accountebility studies.

2. l . l g~2 Instrumentation

The instrumentation for measuring and recording liquid level and

" specific gravity of feed solution in S5-2 is shown in Fig. 3. fThis 1s a 550-zal
vessel with a reverse dish bottom and a straight dish top. The carscity of
the vessel is sbout 1600 liters to the top of the straight-well section.

einisinisinintRi




" Four air-purged probes extend into the vessel, two for specific:
gravity and two for liguid level measurement. The ends of the specific
gravity probes are separated vertically 10.2 inches st thc bottem of the
vessel. One liquid level probe extends to the bottom of the vessel while
the low pressure probe 13 Jjust insids the tank top. Purge alr is metered
at 0.2 scfh through air rotemeters end introduced into tke prcbes Just
gbove the tank top., The vessel is also equipped with a thermocouple aund
panelboard-mounted recorder for temperature measurement. All volume nmessures-
ments are corrected to 20°C,

Pressure differential across each set of probes is senced by dual
transmitters, Foxboro Model 13A. Two panslboard-mounted Foxboro M-53 miniature
recorders recelve the output signé.ls from the transmitters. Each recorder
receives liquid level and specific gravity measurement.

In the event the readings on the two recorders vary more than one
chart division, a mercury-filled mancometer mounted behind the panelbeard can
be plugged into the rear of each recorder to messure the output signal from
each trensmitter. Also, two manometers mounted adjacent to the transmitters
can be plugged into the transmitter input to take a direct reasurement ecross
either the liquid level or speciflc gravity probes. These menometers allow
comparison of the pressure differential measured ecross the probes with the
recorder values to determine which recorder ig in error.

2.1.2 Calibration

The feed~input vessel was calibrated with water and nonradiocsctive
uranyl nitrate solution of epproxdmate feed concentration before the Power
Reactor Fuel Reprocessing Program was begun. This was done by adding weighed
“amounts of these flulds to the vessel and recording liquid level end spacific
gravity after each increment, After the vessel was filled, the fluid was tten
withdrawn in weighed increments, |
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These calibration runs resulted in two calibration curves, one for
T111ing the tank and one for empiying the tank (Fig. 4). The cocfficicuts for
the curves were determined by a least sguares fit. The curves wore computed
from 46 calibration points, 20 with water and 26 with wreryl nitrate points.
At the top of the curves, at a true liquid level of 40%, both curves give
essentially the same volume. The f£111ing curve gives 1663 liters while the
emptylng curve gives 1660 liters. However, at 4% 1iquid level, the difference
in volume is 18.56 liters (150.32 for f1lling and 131.76 for empiying). When
solution is transferred to 5-2, the fi1ling curve 1s used. Vhen solution is
removed from 5-2, the emptying curve iz used.

More scatter was obtalnsd in the dota teken when calibrating by
erptying the vessel than when £illing the vessel., The limits of error curves
for both calibration curves (Fig. 5) show almost twice as much error for
emptying the vessel. At 400 liters the limit of error is 0.7% for £illing
and 1.3% for empbtying, while at 1400 liters the linit of error is 0.2% for
£illing and 0.3% for emptying. The linit of error for a typlcal tramsfer of
1000 liters is 0.5%.

The ¢perating procedure for feed measurement is to £ill S-2 to ebout
1400 liters volume. The solution 1s air epsrged for two hours, sarpled snd
the data ere recorded. About 1000 liters of solution is removed from the vessel,
leaving & measureable hesl of about 400 liters which is combined with the next
feed bateh.

2.1.3 Solution Mixing

Since the solution in the feed-input vessel is mixed by eir
sparging, & series of tests was made to establish the length of time reguired to
iasure a homogeneouc solution. To test under more severe conditicns than )
ordinerily expected during feed preperation, we asdded a uranyl nitrote solution
of two different concentrations to the feed-input vessel and added & top leyer
of water. Approximately 900 liters of uranyl nitrate solution containing about
200 grams uranium per liter was added to tbe vessel. To this, 250 liters of
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uranyl nitrate solution containing ebout 360 grams uranium per liter was added.
Finally, 20 liters of water was added.

The solution was spsrged for 1l5-minute intervals and sampled after esch
sparge period. After 45 minutesof sparging, one-fourth of the solution was
removed from the vessel and the remaining three-fourths of solution was sparged
and sarmpled as described for the full tank. These tests were repeated until
only one-fourth of the original volume of solution remsined in the vessel,

The tests were conducted this way because we felt that if stretification existed
in the vessel, a new surface would be presented to the sarpler and sparger at
the bottom of the tank each time solution was removed from the tenk, Therefore,
if stratification or inhomogeneity existed, they could be detected by changes

in specific gravity of the sazples.

o’

The specific gravity of the samples was measured in tiie avalytical
leboratory with a Westphal balance.  The specific grevities varied from 1.258
to 1.260 (corresponding to 1.5 grams U/liter) with holf of the values being
1.259. It is spparent that little, if eny, stratificatlcn or inhomogenecity
existed. During feed preparstion each batch of feed solution 1s sparged two
hours before sampling.

Also, samples were taken befm‘é and after transier of solution from S-2
1o continue to look for inhomogeneity. This will be discussed later.

2.1.% Ssmpling

Solution is sampled from S-2 tank by air 1lifting the solution to a
sample bottle in a sample blister cutside the cell. The solution pazses through
the bottle and retwrns to the vessel. About 5 ml of sample is retzined in the
bottle. A test was made to determine the sampler recirculetion time required
to produce samples of uniform composition.

The sampler ¥a8 recirculated for S-minute intervals for a totel
time of 30 minutes. At the end of each period the bottle was removed and a
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second bottle was placed on the sampler tips long enough to obtain 5 ml of
solution.

The ssmples were analyzed for uranium concentration by the aronium

thiocysnate colorimetric method. The range of the enslyses was from 304 to
300 grams uranium per liter over the 30-minute recirculation peried, indicating
no significant effects of recirculation period vs. concentration. Since there
is sufficient time dwring feed preparation, the sempler is recirculated 20

inutes for each set of samples teken. The recirculation sample bottle is
discarded to eliminate the chonce of submitting a sasple containing either
dilute or concentrated solution flughed from the sampler supply line.

| It is emphasized that the range of 304 to 300 grems/liter of ureaium
wes not obtained with run-of-the-mill somples, but rather with cleer, clean
nonradioactive solutions permitting benchetop snalysis. » .

2.2 Studles with Reactor Fuels

At the present time the process facllity is in its sixth reesctor fuel
campalgn: SCRUP, NRX booster rod, ERP-E, SNAP and BIL-1,-2. '"One hundred -baétches
of feed solution were prepared for processing in these six campairms.

Samples from the feed~input vessel (S-2) were analyzed by the analytical
control unit In Bullding 3019 by cconventlonal analytical procedures; wraniuwa by
the colorimetric thiocyanate method and plutonium by a TIA extraction procedure.
When the samples emitted less than L roentgen/hr , beach-top methods were used,
whereses for higher radiation levels, apalysis wes made by remote monipulstors
in a hot cell.,

. Both to decrease the radiation level. and to reduce the concentration
of weanium and plutonium to the range of the analytlicel procedurcs, a dilution
vas prepared for each sample. Then the uranium and plutonium content of each
dilution was determined twice., These two results for each consiitvent were
averaged and reported as a single analysis; one wslue for uranium, end ancther
for plutonium,

e
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The initinl plans for supling and forr analycis wore changed as the
mrogran doveloped to yleld infoarmation pertinent to the rorrclucibility, o
yrecision, of the snalyiical work. Howewer, the desire for this informotion
had to be counterbalaneed with cost of analyses, redistlon eipcsure to personnsl
and szxple load in the laborstoary. Those sarmpling end analysis plons wvere .
designed to yield the following statistical informmticn for the waaium and
plutontun anslysess

1. Serple varience )

2. Difference between analyses mode by the control unli ot different

times on the same somple

3. Difference between gnelyses rade on the pare gample by two different

CRIL analytical units
4, - Difference betwar_z am.lysest%ié ales talten before end aftoer
transfer of feed solution frem feed-input vessel (3—72).

>

This Information embers into the calculation of the limits of errcr for
the feed~input measurement. ‘ ' |

‘ The following is & brilel discussica of ezch item. Initielly four suweplos
of rée& solution were tskon price 10 troxsler of the feed solution Ircnm Se2
tank to the process. To eliminnte real "Ilicrs” Deda considsrabion, it wao
required that the range of the fowr wanium anzlyses boe lecs than or equal to
T+25% of the aversgs of the four arxalyses, If tho anolyoos sobisfizd this
requirercnt they were eccepted; if not, four more sasples wore Yolhon for enalysis.
Out of 20 sets of four sanples taken Srom 21 batehes of food caly two sois wore
rejected for exceeding the range crlterion witkout hovieg n Cefinile operoticnsd
reason for rejecting the samples. From the 2L cotg wecepied, 3t wos ectublishod
from these tests that the aversge range for the wanium saxplics is sbout &5 end
the limit of errar is zbout 2%. Slmilexly, for plutonivm the aversge ranze is
3% and the 1lindt of error 45 3%.

3ix sots of four samples each were re-submitied to the control unit for
re-ghalysis of wranium ond plutonium. From those dada it veo evidant ol tie
precision wes good; however, there wos a difference betwoom moons for the firast
gnzlysis and the second analysis. In other wor&s the rovze for four sarrles wos
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a satisfactory percentage of the aversge, but the avereges were shifting up
and down from the first to the second time that the samples wore analyzed,
This variability was larger than the ssxple variance.

Six sets of four samples each were submitted to other anslytical units
at ORNL to determine the bias between lsboratories for ureniunm and plutonium
analysca. At the present time there is insufficient information to deternine
1L & significeant difference exists. For wranium the aversge difference betwoeen
loboratories was 2.7 ¢ 6 grams/liter and for plutonium was 0.0006 % 0.0012
grams/liter.

, It wes previously mentioned (Sect. 2.1.3) that inhomogeneity of solution
in the feed-inpxt‘;\?w%?flja be studicd further. This was done by saupling before
and after transfer of solution from S-2 vessel &s follows: ‘ ‘

1. Before transfer of feed solution two serples were token, Cune saple
was analyzed for wranium and plutonium end one wes stored.

2. After transfer of feed solution two samples were taken. O(ne sample
vas analyzed and ons was stored.

3. If the range of both wranium and plutonium anslyses waes less than
5% of "bhazra;verage , the analyses were acccpicd and the stored samples
were discarded. If the range was too grect, the stored samples were
analyzed and the first set of anslyzed scriles were discarded.

L, The two samples accepted were re-smalyzed by the control unit and
then stored for anslysis by another leboratory.

Twenty-eight batches of feed sclution were prepared using this sampling
and anslysis plan. The results were not greatly different from those previously
given. The pooled varience for sets of two samples was 11.9 for waniua conjared
to 7.6 for sets of four. The variance for the difference between the filrst and
second time of uranium analysis for sets of two samples was 162 coxpared to 110 for
sets of four, o
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I:t: vas disturbing, however, to notice that there was a definite difference
in analyses of samples taken before transfer end after transfer. For uranium,
the aversge difference was 8 7.3 grams/liter and for plutonium wes 0.00k
% 0.004 grams/liter. In fact, in checking with the operations group it was
Tound that a slight leakage of either water or steam was diluting the feed
solution., With such a slight leakage it is aifficult for operations to
determine whether or not the leakage has been stopped within the time available.
Renewed efforts are belng msde to eliminate the source of dilutlon.

3.0 POWER REACTOR FUEL RECOVERY PROCESSES

All currently considered fuel recovery processes include a head-end
step for converting the spent fuel to an agueous-nitrate solution required as
feed for solvent extraction. Two general heade-end treatments have been developed.

l. The Darex Process in which the clad and core are digsolved together
vith 5 M BN*Q3 - 2 M EC1l. After the dissolution is completed, the chlorides are
removed by distillation.

2. The Sulfex Process in which the clad is dissolved with 6 M B,50, and

removed from the dissolver. The core is dissolved separately with 13 M E'HO3.

A flow dlagram of a scheme including either or both of these two spproaches
is shown schematically in Fig. 6; the zone where accountability measurements of
plant input are to be made 1s emphasized.

With p&uer reector fuels, undissolved solids will present a problem to
accountabllity measurement. These solids may be present in either the ¢lad solution
or in the core solution and must be removed before the solution is introduced to
the solvent extraction system because the mechanical opersbility of the system
will be poorer with solids present and the concentration of valushle materiel in
the solids will be markedly different from the solution. In any event for accounta-
bility purposes the solids mmst be separated, sampled and the valusble materisl
content determined.

Entrainment in the vapor evolved from boiling feed solutions resulis in
carryover of valusble material to the offgas scrubber bottoms end the waste acid
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fractions. It therefore becomes necessary to conduct accountability measurements
on these solutions.

Sumnsrizing, the plant input will consist of a summation of the valuable
material measured in core and clad solutions, neutralized waste acid, scrubber
~ bottoms and wvaste solids.

4.0 ACCOUNTABILITY MEASUREMENTS IN PROPOSED POWER REACTOR FUEL
REPROCESSIIG PLANT

™o approsches to an accountabllity progrem mey be tsken. One is to
determine plant input from volume measurements and chemical anaslyses of dissolver
solution, correcting for losses occurring during the decladding and core dissolu-
tion steps; the other is to determine the plant output from volume measurements
. and chemical snalyses of all product end waste streams leaving the plant, .In
all cases vblume measurements and chemicel analyses contribute to errors in
measuring materisl processed. )

4,1 vVolume Measurement

Two methods of making volume messurements have been considered: (1) from
solution weight and density and, (2) from solution liquid-level and density as
deternined with pneumatic-type instruments., In generszl the first method is not
“epplicsble where highly radioective solutions ere invclved owing to tke diffi-
cult remcte maintensnce and calibration of weligh tenks. The first method, however
1s capadble of greater accuracy, (limit of error ebout * 0.4 per cent) and it
is most frequently used in making accountebility measuremsnts of finished product:
The second method is better adapted for remote operation with redicactive solue
4icns but is less accurate; i.e., the limit of error is % 0.6 to 0.7 per cent.

It 1s felt that volume measurements based on liquid-lewvel density data
determined with pneumaticetype instruments will be satisfactory. However, a few
comments as to the accountability vessel. design, instrument arrsy and celibratic;
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measurement procedures seems pertinent.,
Vessel Design

1. Ilength to dizmeter ratio of the vessel should be as high as practical.

2. Equip the vessel with an effective sparging device and a recirculating
type sampler.

3. Equip the vessel for heating or cooling.

4, Design to drain the vessel completely.

5. Positively eliminate leakage both to and from the vessel.

6. Provide means for introducing and withdrawing calibrating solutions in
weighed amounts directly to or from the fessel. Ilocation of the vessel
will be an important item in this regard.

7. The vessel should be isolated from cther process equipment (unit shielded)
80 that it may be quickly decontaminated for meintensnce repalr, inspection,
and recalibration.

Instrumentation

The instrument array should include the following:

1. Temperature recorder.

2. Pneumatic-type liquid level and density instruments of highest practical
sensitivity and reliability. Dual installations supported with sensitive
manometers should be installed for detecting drift from zero and for repid
calibration. Transmitters of highest degree of linearity should be uszed.
Instrument output should be recorded using the lergest charts practical.
Chart drives should be positive, and the chert paper chosen to eliminate
error due to pen drag. Charts should be easily read. :

* 3, The instruments should be rugged and accurate.
Calibration-Measurement Procedure

1. Instruments should be calibrated and zerced frequently.

2. Vessel calibration should include calibration with water and with solution
baving the conposition and phc/gica.l characteristics of that expected in the
process. The effect of temerature should be determined. Any hysteresis

effects should be measured. r e
WG
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3. The procedure shouwld consist of mmduciani%wighed guantitles of sclution
10 the vessel and noting the liquid lsvelAdensity. Similor data shovld be
deternmined sterting with a full vessel end welghing guoantities withdram
from the vessel.

4. Tempersture effects should be reasured and the ccelficiznita detormined.

S+ The minirum sparging time necessary to0 insure solutica hosogenzity should
be determined. This consists of edding a quantity of conceatrated colution
%0 the vessel and then a quantity of water. Alr sporge thre mixture for
intervals, sampling afier each interval untll unifcerm solution corposition
is obtained,

6. Trte minimum sarple recirculation time necessary to insure representative
sorples should be dstermined by comparing serples of bz sclution withirom
from the sampler with those withdrawn simmltanecucly frca the voosel drectly

4,2 Chenienl Analysen

The accountable materilals ccoawrring in reactor fuels of cwrrent interest ore
uranium, plutonium, and thorium. In the future posoidbly neptunium, emcricium,
curium and other menbers of the heavy clements moy be included. The snalytical
oceduras for these elements of current interest are as follows:

Uranium

8., Potentiometric Method - currently is used to ssomy product solutions
decontaninated from fonic ifmpurities and fission products. The lirdt of errcr with
such solutions is % 0.5%. If the method is to be spplied to redfonciive dissolver.
solutions it muist be modified for remote operation end includs provisions to elinie
aste interfering fonic material. typical of such solutions; both modifications
will tend to increase the limit of errareil.on

b. Ammnium Thiocyanate Coloriretric Method « ocurrently used with redlozctiv
digsolver solutions. The limit of error is edout % 3%. In geoorsd this moilcd is
saticfactory for process control but 48 not as accurate as L4 desired oy eccountoe

w



bility messurements particularly wherée enriched fuels ars involved.

¢. Coulimetric Method - currently under developmont ard is reported to
compere favorably with the potentiometric mathod in accuracy; it is sdeoptedble
to remots operation with radicactive dissolver solutions and is not subjeot to
interferences by ionic materials typical of dissolwer solutions. If predicticas
as to the sccuracy of this method are dorne out in practice, 1t will be pre-
ferred over all others.

4. Fluorimetric Method = currently used to assey voste stroems where
the urenium concentration is very low. The accurscy is aboubt & 15% st wranium
concentrations < 0.01 g/liter.

Plutonium

a. Potentiometric Method - currently used with clean product solutions
decontaminated from fontc contaminants and fission products. The limit of error
iz 2 0.5%. If the method is to be adopted for use with radicactive dlssolver
solutions, the procedure will have to be modified to remocte opersition end
include & preparation step that incresses the plutonium conceatraticn and removes
interfering ionic material., Ths limita of error will ingrease as a result.

b. Thenoyltrifluoracetone Extraction Method - currently used with radicactive
~ solutlons. The limit of error is ebout 2 5% and requires that the spoeific
activity of the particular lot of plutcnlum be known. The specific ectivity is
caleulnted either (1) from en isotope assay of the porticulor lot of plutonium
or (£) from gross @ counting data end potenticmetric anclyszes of a ssuple of
the particular lot-of plutonium solutica. The method provides sufficiently
accurate results for process control but is not yrecaurended for accountability
neasurenents other thean for waste stream assgy.
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¢, Coulimetric Method « under development; adapteble to remote opera:tion
snd compares favorably with the potentiometric method in accuracy.
Currently, only mercury is known t0 interfere.
Thordum
Thorium is determined in all sclutions by the Spectrophotometric
Thoron method. The limit of error is 3%.

4.3 Isotopic Assay

The isotoplc composition of uranium snd plutonium is determined using
the thermal emission mass spectrometer. The limit of error is sbout t 0.5%.

5.0 SAMPLING

5.1 Solutions

Solutions must be thoroughly mixed prior to sampling to insure homogez;eity.
Afr sparging for ~ 1 hr is usually setisfactory, provided the depth of solution
in the vessel 1s sufficient. Samplers should be designed for relieble remote
operation with radicactive solutions and should not alter the chemical composition
of the concentration o the solution. In general, the sarpler will be of the
recirculating type and the generation of mists and serosols will be minimized.

5.2 Solids |

No clear-cut, relisble method of directly sampling radiocactive solids or
slurries is cwrently avallable, The best approach at present appears to be to
suspend the solids and sample the slurry. The analytical lsboratory would then
decant the supernate, rinse the solids on to a calibrated glass filter so that
the volume or solids could be estimated and then an analyses could be conducted
on a known (within t 10%) volume of solids. These measurcments are crude but
probably would be satisfactory. provided that. (1) all solids are exheustively
leached of woluable material prior to sarpling and. (2) the solids account for
such a small fraction of the totel valusble material that an errar of + 1003 in
the solids accountability measurements will not be significant.
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6.0 ACCOUNTABILITY MEASUREMENTS OF PIANT INPUT AS A BASIS FOR CONTRACT PAYMENTS

Contract payments will be made on the basis of accountabllity measurements.
The payments msy be based on the plant input measurements (more or less an
{nstantanecus basis) or on the other hand, may be based on the combined plent
output plus losses. Accountabilily measurement of plant input is coavenient
in that an early negotiation of contract payment can be made. However, this
consideration appears to be triviel in that any time saved here is small corpared
to that of decey requirements. Only a few additional analytical measurements
are required to determine limits of error in measuring plent input. The additional
costs are more likely to be reflected in the cost of extra tankage and the more
costly construction of the accountabillity vessels and their accessories than in
additional analytical gervice costs. In general the limit of error will be
larger, perhaps & factor of two based on current volume measurement end analytical
methods, thun that possible in using recovery measurements (product plus loss
method).

The limits of error for the first four PRFR spent reactor fuel programs
have been determined as ghown in Tablel. The results of two other programs have
been included for comparison; 1.e., Clementine and Thorex, in which no special
effort 10 ninimize feed input meeswrement errors was made. The calculations are
based on precision and bias datae obtalned experimentzlly for both volume measurce
went and Msis. In general the limit of error for uranium is 3~k and ghout
2-3% for plutonium. The * 9.4% obtained for the Pu-Al program is inordingtely
large and requires some explanation. This feed solution conteined 5-10 times
wore plutonium per unit volume than contained in the first program. There is
some evidence that the first analyses made may have been invalid. However, all
analyses reported were combined, resulting in a higher 1imit of error than would
have been obtained by using selected values. |




"

These meesurements agree numerically very well with product plus loss
measurements. Material balances for both uranium and plutonium bave been
about 99% for the first four programs. It, therefore, oppears that contract
poyment based on recovery measurements wlll be assoclated with units of
error of the order of 0.5 to 1 per cent a8 campared o about 3 to & per cent
(o perbapsg/f:g' tn?gre data are accumulated) based on the current methods of
volume and chemical measurement. :

Since instrumentation, measuring-vessel design and sempling procedure
have been optimized to reduce the contribution to the limit of error of these
to a practical minimum,future efforts should emphasize minimizing that of
the analytical procedures.

Shipper-receiver differences are observed to be small in those programs in
. which intact fuel elements were processed (Clementine, Thorex, SRP-E), the feed
input measurements spanning those of the reactor cperator's estimate based
on reactor loading and calculstions. The differences are larger in the BliL-l
and Pu-Al programs in which the fuel elements had been sheared and exposed 1o
storage cansl water.
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