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Abgtract
This report describes the decontamination of Cak Ridge
National La’boratory Purex Pilot Plant facllities and presents
an appralsal of the deconta.minéting techniques and reagents

which were employed.




1.0 Introduction

Chemical decontamination of the Purex Pilot Plant facllities was under-
taken following the completion of & series of runs in which slugs irradisted
from 40 to 450 MWD/T were processed at the rate of 75 kg. of wuranium per
day. Decorbaminstion was necessary to provide maintenance persommel with
adequate working time to mske extensive equipment changes, and to give
operating persomnel adequate access to cells and unshielded areas of roof,
gallery and pipe tummel. In addition, information was sought concerning the
effectiveness of decontamimatlon reagents and technigues. These wers
evaluated on the basis bf radloactivity removed from esch item of equipment,

guantities of chemicals used and manpower required.

2.0 Summery
The Purex Pilot Plant (Pigure I) was shut down for clean-up and modi-

fication of facllities after 150 days of operetion. The decontaminetion,
which preceded couversion work in each ares, reguired approximately 6000 man-
hours of operator lebor and the expenditure of #5400 for resgents.

Wherever possible, equipment was deconbaminated in place. This palicy
wvas followed in the case of tanks and colums. However, flanged conmections,
valves, Jets, and pups proved difficult to deconteminate, and freguently
were disssgsembled for treatment.

During the decontamination program, Pilot Plant activity levels were

reduced to the values noted in Teble I.
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TABLE I

Summary Decoptamination Regults

Area Activity Level¥ 1
Area - (Meagured with "Cutie Pie")
Before Decontaminat ion After Decont.
Cell I 1000 R/hr (estimted) 50 nx. /hr.
Cell I-A 100 R/hr. (estimated) 35 mr /hr.
Cell IT ' 1000 mr. /hr. 35 mr./hr.
Cell III 350 mr./hr. 30 mr./hr.
Cell IV 5000 mr./hr. 20 mr./br.
Pipe Tunnel 100 mr. /hr. 5 mr./hr.
Roof (east) 200 my./hr. 5 wr. /or.
East Gallery 35 mr./hr. 5 mr./hr.
Solvent Room 100 mr. /hr. 5 mr./hr.

% (ell Readings were taken 4 feet sbove the floor and & feet
inside the cell doorway. The other area activities represent
the maximum levels encountered 4 feet above floor level by
personnel moving through the particuler area.

During the course of deconbtamination work, eight chemicals were avaluated
for relative effectiveness. Consumption was: 64,000 lbg. of 68 per cent
nitric acid; 2165 1bs. of citric acid; approximately 500 1lbs. each of hydro-
chloric acid, hydrofluorie acid, oxaiic acid, caustic and versene; 20 lbs.
of periodic acid.

A mixture of 3 per cent by weight hydrofluoric acid and 20 per cent °
by welght wddric acid (3-20 reagent) was found to be the best decontami-
nant for stainless steel {types 347 and 309 CB). It was approximmtely twice
as effective as 10 per cent nitric, citric or oxalic acid, and 10 times
superior to versens, caustic, or periocdic acid. This reagent further proved

valuable in attacking the last 5-10 per cent of activity on contaminated equip-

ment vhere the other chemicals were ineffective. ;
SECRET
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Although hydrochloric acid exhibited a decontaminating ability egqual to
hydrofluoric acid, it was used in limlted quantity becauge of intergrannlar
corrosion of stainless steel by the chloride ion. This objectionable characteri-
gtic wess partially controlled by the use of an organic corrosion Ivhibitor.

- Not enough was gpown about the reliebility of the inhibitor, however, to jusﬁi«
Ty more general use of hydrochloric acid.

The corrision rate of 3-20 reagent toward stainless steel 1s less than 0,06
mils/hr. at 25° ¢; however, it did attack weld flaws and pump parts (not 18-8
stainless steel or equivalent)which resisted other deconteminants. Columm treat-
ment techniques accordingly were modified to avoid reagent pumping and to
‘minimize the exposure of pipe lines to the solution.

Cell I tanks were decontaminated with one-half of the volume of solution
’required for the tanks in other cells. This was made possible by a gprey
system built into the Cell I tanks which provided an efficient means for
bringing decontaminating solutions into comtact with intermal surfaces.

Stainless steel liners which had been installea over concrete cell
floors and poitions of ¢ell wallg greatly facilitated decontamination work.

The liners prevented contact with and penetration into the conerete by radio-
active solutions.

The future use of 3-20 reagent wherever possible and application of the
besgt decontaminating techniques within the limits of the present equipment
should permit 2 reduction in time required for decontamination of this pilot
plent equipment from 75 to 38 days with commensurate labor sevings and & 20

percent savings of chemical cost.

SECRET
SECURITY INFCORMATION
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Electrédecontamimtion techniques were appraised and found to be im-
practical Tor use on the pilot plant tanks. Constmction did not permit
convenient cathode insertiom, and fixea dip pipes interfered with proper
current distribution.

Semples of discherged solutioms taken for determination of individual
Tigsion product activities showed that the A columm retained on internal sur-
faces 0.002 per cent of the total bete activity passed through it duving
process operation. This activity contained niobium-ruthenium beta in a 60-1
ratio compared to an average niobiuwm-ruthenium ratic in process gsolutions

of 1-10, indicating selective deposition of niobium during column operation.

3.0 Decontamimmtion Procedures

The decontaminstion work proceeded from Cell IV to Cell I, inm that order,
with clean-up of other areas accomplished as manpower availability permitted.
Work in several cells was carried oﬁ simultaneously, the final c¢lean-up in
each being coordinated with the conversion schedule. P&rticulax care was ¢b~
served when each cell ﬁas released to conversion crews that all lines and
tanks were free of corrosive chemicals and radivcactive solutions and that
asgoclated pumps, sieam-jelsz; etc. were itaken out of service.

Cell activity levels (Figures IT-V) and permissible working times¥® at

the time deconmtaminetion was started were:

Cell I 1000 R/hr. no access
Cell I-A - 100 R/nr. no access
Cell II 1000 mr. /hr. L minutes in areas not adjacent

to hot columms

* (Calculated cell working times were based on the permissible deily
exposure of 60 mr.) SECRET
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Cell IIT 350 mr./hr. 10 minutes general

Cell IV 5000 mr./hr. 45 geconds at the door dscreas-
ing as tanks at north well were
approached. {(Radioactive solution
wag accidentially discharged nfo
cell eguipment during evaporator
clean-up operation; thils reading
was taken after this occurence.)

The intitial cleen-up of Cells I, IA, and IV necessarily proceeded with-
out regard to the exact sources of radiastion since these cells could not be
entered for survey. Solutions were introduced inmto cell tanks, columns,” lines,
and Jets from the relatively uncontaminated roof and gallery sreas until
radiation levels were reduced to 2 general background of 500 mr. /hr. or less.
Surveys were then made to determine the specific area of each equipment item
which required further intensive treatmemt snd how the decontamimting
solution could best be brought into conbact with that area. The clean-up
of Cells IT and ITII, which were accessable for limited pericds from the in-
ception of the clean up program, was guided throughout by detailed radiation
BUrveys.

It became necesgsary during the course of cell decontamination work to
depart occasionally from the policy of removing activity without removal or
alteration of equipment. When amall pieces of equipmemt such as jets and valves
failed to respond to the normal chemical treatment, it became necessary to re-
move them from the cells by unbolting flanged comnection or cutting comnecting
lines, or to shield them in place with lead. When removed, efforts were made

to clean them for return to the cell if the particunler items were intended to

be parts of the convertea facility. In some instances, hot lives snd walves

SECRET
SECURITY TIFORMATION
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were cut out and discarded because the cost of clean-up appeared unjustifisble.
Spot shielding with lead was employed on two teanks where local areas of re-
tained activity resisted chemieal trestment. Removel of tanks from the cells
for" clean-up was not économically feagible exce:ét in one instance where &
change of tank location also was involved.

Ag adjuncts to the primery program of rapid Piloet Plapt clean-up, st;uaias
were made of the efficiency of various decontamineting reagents and technigquess.
The objectives were: (1) to find a decontaminent which caxnbined effectiveness
with low cést, low corrosion rate, and ready availebility, {2} %o develop
standard techniques for future decontamination work. Decontamination results
were followed by the analysis of discherged solutions for gross beta activity
and by the use of frequent H.P. Burvéys of equipment,

The different types of equipmerrt and their locstions precluded the use
of a single decontamination technique. For reference purpeses, each egquip-
ment categqry is discussed separately.

3.1 Tank Decontamination

Csll I tanks had become contaminated by contact with hot feeds or
wagte products from the A columm. Activity 1evelé of the empty tanks when
decontamination was started were estimsted to range from 5 R./ar. (A-9 dis-
placement fluid catch tank) to 500 R./hr. (A-1 dissolver).

Cell TI tanks were employed for lst and 2nd wranium cyzle catch
tanks (except the IAW catch tank) and 2nd wranium cycle feed adjustment. Radic-
activity levels had reached a maximom of 1000 mr./hr.

Cell ITXI tanks and associated Solvent Room tanks were contaminated
by activity carried in the process solvent. Contamimtion in Cell IITI averaged

SECRET
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700 mr./hr. except for D-14 (spent carbonate separator) which had activity
of 15 R./hr. at contact; Solvent Room tanks had éctivities up to 300 mr./hr.
at contact.

In Cell IV, the Acid Recovery Unit tanks were contaminated by acei-
dental discharge of hot decontaminaﬁing gsolution from the fission roduct
evaporator (E-1) into the distillation column and other temks in the cell.

A survey made immedistely after this occurrence showed activities to be 600
R/hr. in the evaporator, 65 R/hr. in E-k, the reboiler, and 30 R/hr. in E-8

catch tank. Prior to this discharge, Cell IV activity was confined to the

eveporator.

Tank decontemination was accomplished by washing imnternal surfaces
with chemical solutions to remove combtaminating ions. QGenerally these
solutions were introduced from the Operating Gallery through reguliar solution
addition lineg. ZEconomieg in the quantities of chemicals required were made
possible by pessing opne wash through several tanks in series. There wars
limitations to the econmomies that could be obtained by this means; all tanks
in any one cell were not inter-comnected. In Cell II for imstance, one group
of four tanks could be washed in series, all others were commected only to
the waste catch tank and had to be washed individuwally.

Heat was applied to the tanks conteining decombtaeminating solutions
by means of steam Jackefs or steam spargers. Where the solution contained
more than 1 per cent hyérofluoric acid, temperatures were not ralsed above 600

C in order to avoild excessive corrosion.

SECRET
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The Facilities provided for the decombtamination of most Cell I
tanks were particularly effective. A 300 gallon stainless steel tenk {C~17§
located on the roof end equipped with agltator, steam Joacket and pump per-
mitted the preparation of a quantity of decontamineting sclution which could
then be discharged through stalnless steel lines into Cell I tanks., Valving
permitted the solution to be directed to any tank exeept A-1 {dissolver) ani
A~11 (filter). At the end of the solution line inside each tank, a spray
nozzle was attached and directed upwsrd. By this means deconbaminamt could be
sprayed over the inside of the tanksf Contact time between one smell porition

of solution and & particular area on top or side of the tarnk was short. Sin

13

=X
during the period of spraying, the surfaces were being conbinually expossid o
fresh solution with presumably a moaximm decontaminating potential, the shord
exposure was not thougbht to be dissdvantageous. Tavks with sprays were
cleaned with the use of approximately one-half the total volume of wash re-
guired for comparable sized tanks not spray eguipped.

Generally, detailed radiation surveys showed tank activity levels
to be highest at the bottom. Where this held true, final texk clean-up was
accomplished with sufficient solubion to cover only the conbamineted ares.

Certain of the vessels in Cells I and IT served to catch decombaminat-
ing solutions which had been pumped through the extraction columms. Some
clean-up was accomplished by these solutions during their time of residence in
the tanks.

The A< dissolver in Cell I was more difficult than other tanks in
the cell to decontanminate because it was not eguipped with a2 spray line leading
from the solution meke-up tank (C-17) on the roof and was initielly mach more

SECRET
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highly conteminated. In addition, the dissolving operaticms carried out in
this vessel required the application of heat (up to 105° ¢) for extended
periods of time which msy have had the effeet of causing the contaminating ioms
to adhere more tenaciously. Decontaminants were run into the dissolver (A-1)
from the sélution make-up tank (C-17) through the dissolver off-gas pipe and
entraimment separator. Since A-1 did not have a spray, it was necessary to
f1ll the tank for each ﬁash to insuré clean-up at the top. Hot spots at welds
remained at the conclusion of the program despite intemsive efforts to eliminate
them. These localized hot areas contributed significantly to radiation back-
ground in the region of:the dissolver but were not shielded since they 4id not
interfere with cell conversion.

The outlet from A-1l, filter tank, a short length of 3-1/2 inch piipe,
did not reépond to any solution employed. Intense activity was apparently
held up in weld flaws at either end of this pipe. Lead shielding 1~1/2 inches
thick lowered apparent radiation from this source to a point which permitied
adequate working time for completioﬁ of the minor amount of pipefititing pro-
posed Tor this cell location. This shielding was plsmned for easy removal B0
that it would not provide a possible point for activity hold~up during sub-
sequent hot operstion of Cell I.

Because of leaking welds, it was necessary to cut off exterior piping
from the fission product evaparator:(E~1) Cell IV. Congiderable contaminstion
had seeped into and through weld fissures; it could not be removed either by
internsl or external wéshing of the tank. Since changes were plauned, this

piping and the essociated tank flenge conpections were removed and discarded.

SECRET
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The Cell IV reboiler (BE-4) was removed in order to retrieve corrosion
semples which had been exposed in it. Thig tank at the time of removal had a
10 R/hr. level of contaﬁinatian. It wes unbolted from the column and removed
from the cell. Corrosion samples were removed and the tank was then treated
separately and the activity brought down to 2 level which would not hamper re-
installation or give misleading results when used again in the acid recovery
procegs. For this partieular vessel, hydrochlorié acid inhibited with a
petroleum derivative (trade mame "Acryl") was used as the decontaminant.
Details are given in Section 4.h.

3.2 Column Decontamination

Citric, nitric and‘periodié acids were used for the preliminary treat-
ment of all columms in Cells I and Ii- The golutiors were fed from process
head tanks through head pumps to the columns.

Later in the program it became apparent that A, B and ¢ colum de-
contaminetion was not proceeding at a satisfactory rate. Solutions combtaining
from 0.3 per cent to 1.0 per cent hydrofluoric acid were then employed, but
difficulty wag experienced with pump check valve failures from ecorrosion aﬁd
weld leaks in pipe lines from pumps to colummns. This method of feeding the
columns wés abandoned in favor of delivering solutione through sempler suction
lines which originmted at the top of the columns and terminated at roof sam-
plers. A 3 per cent hydrofluoric ~ 20 per cent nitric acid mixture was used
as the availability of hydrofluoric permitted. Solutions were added to the
empty columms, held in the colummg for one hour, discharged completely, and

the columms were then ringed and again discharged.

SECRET
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Activity retention in column flanged connections proved troublesome
and it was necessary to use lead tokshield a column hot spot that did not yield
to chemical treatment. The box built onto the bottom of C columm continued to
emit radiation at & level of 10 R/hr. after the vertical extraction sections
were well cleaned. Heavy layers of lead were placed arocund this box as a
temporary protection. | |

The distillation column in Cell IV had become highly contamimated
(65 R/hr.) as the result of accidental discharge of activity from the
evaporator (E-1). Decontamination procedures initially involved floeding of
the columm with 10 per cent citric and 10 per cent nitric acid sclutions. rThese
reagentg proved ineffective; 5 per cent nitric - 0.3 per cent hydrofluariekacid
wag then employed. This opened a weld at the base of the column Toreing aband-
onment of column treatment. Activity lewsls had been reduced to an average of
200 mr./hr. This was adequate since no maintenance work was plarmed for this
part of the cell.

3.3 Pump Decontamination

Centrifugal prmps used to tranafer both solvent and displacement
Tluid had become contaminated. They were partially cleaned by clrculating
washes through the impeller cha;n‘oer. For & thorough job it wes necesgary to
dismantle and perform a piece-by-plece decontamiretion in order o get at
activity retained in packing and close-Pitting parts.

3.4 Sampler Decontamimatian

All semple~-taking assemblies associated with hot tanks or streams
required extensive decontamination. Table ITI gives radiation levels before
and after treatment.

SECRET
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TABLE 11

Sampler Decontamination Results

Internal Sampler
Activity Levels

Sampler Before After
Number Location Semple Origin Clean-up Clean-up
A-1 - Roof Dissolver 10 R/hr. 75 mr./hr.
A-4 " Feed Preparation tank 10 R/hre | 100 mr./hr.
A-12 , " Feed adjustment tank 1C R‘*‘/hr. 400 mr./hr.
A-13 " Filter wesh catch tenk 5 R/hr. 35 mr./hr»
A-17 ! Fission product catch tank 7 R/hr. 50 wr. /hr.
B-12 " Pigsion product flowing - '
- stream - A Columm 5 Rftre | 200 mre /e
B-13 " Uranium stream ~ A column 35 R/hr 75 wr./hr.
BE-1 Pipe tunnel Fission product eveporatorl 10 R/hr 200 mr./hr.

Tl_xe samplers were c?{.eamd by dismantling and swabbing all exposed surfaces
ﬁith éonééntrated nitrié acid. Three treatments using this techigue reducéd
internal sctivities to the levels noted.. These levels were considered
adequate since the contamination was within the sampler shields and would
permit the taking of samples without operator over-exposure. Sampler lines
from tanks to roof were effectivelyfdecont&minated in the course of btaking
the considerable number of samples required for ’the program of reagent |
evaluation. The E-1 sampler parts located in Cell IV bul accessible from ‘
the Pipe Tunnel had failed to operate during the latter period of the Cell.
Iv operation; circulation of solution from E-1 through this sampler was noi
possible. It was necessary to cut the sampler assembly loose and deconbami-
nate it piece by piece.

SECRET
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3.5 Decontamination of Pipe Lines

Most of the pipe lines were cleaned adequately in the process of
pumping solutions through the columms into catch tanks and.in jetting SRR
solutions from tank to tank Particular care was taken to flush all posggible
jet, pressure discharge, or overflow lines. Some lines needed more Intensive
treatment. This was done by £illing the lineg for a short time with 3 per
cent hydrofluoric - 20 per cent nitric acid decontaminant, discharging the
solution and rinsing with water. VWhere this technique was unsucceasful or
could not be applied, the line wag suitably shielded or removed.

3.6 Decontamination of Fittings (Jets, Valves, Flanges)

This type of equipment frequently proved difficult to decontamipate
in place. The narrow internsl clearances favored activity retention which
was particularly hard to remove with reegents. Several jets bad to be removed
from the cells and disassembled for clean-up. Wherever possible, hot flange
connectiong were urnbolted and the faces and gaskets swabbed with concentrated
nitric acid to obtain a guick, effective decontaminetion. Velves which could
not be decontaminated in place with several internal washes had to be re-
moved and disassembled for effective treatment

3.7 Decontamination of Conerete and Externsl Stainless Steel Surfaces

All cell floorg and lower parts of the walls were iinea at » previous
time with thin gauge stainless sheets to prevent absorption of activity spills
into porous concrete. The removal of contamination from these stainless steel
surfaces usually involved weshing with versene, citric acid, dilute nitric
acid or scrubbing with a2 detergent. Such treatment sufficed to remove con-

tamination which was not tenaciously held. Some hot spots were Tound which

SECRET
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did not readily wash off. Those spots not associated with welded Jjoints
were gwabbed with hydrochloric acid #nd then rinsed. Where hot spots were
agsociated with welded joints, it was considered undesirable to employ
hydrochloric or concentrated nitric acids at the risk of creating pinhole
leaks in the floor covering. Citric acid or versene wag used to give
partial decontamination.

Exterior tank surface contemimetion, when not concentrated at a
welded joint, was usually treated successfully with nitric acid swab and a
moderate amount of rubbing. No effective technique was found for chemically
removing contaminpation from very fine weld filssures.

Several areas of unprotected concrete floor had become badly con-
teminated. The worst instance involved the dissemination over the West |
Gallery floor of a radioactive citric acid solution. Chemical treatment with
caustic and intensive scrubbing with PAX detergent subsequently reduced
activity levels to a point that workmen could get at the floor to remove a
thin layer of comncrete with alr blaéted gteel shot¥*. This shot blasting did
not remove sufficient sctivity to Justify its use. Fimally, it proved
necessary 1o use alir hammers to remove the top 2-3 inches of concrete and im-
bedded activity. In another instance, a spill of slightly contaminated acid
solution was promptly cleaned up with only a trace of activity being re-
tained by the floor. Apparently the successful decontamination of concrete
which had been contacted by a penetrating {acidic) radicactive solution
depended upon promptness of action. After penetration had progressed the
only recourse was to surface shielding or removal of the contaminated concrete.

* The "Vacublaster" was used. This unit shot-blasts, draws back dust
and shot, exhausts filtered air and recycles shot.

SECRET
SECURITY INFORMATION



SECRET 25~
SECURITY INFORMATION

3.8 Entraimment Separator (A-5 and E-2) Decontemination

The entrainment separator (A-5) which functioned ag a part of the
dissolving equipment in Cell I became contaminated during use (500 mr/hr. at
the time the cell wasg qpened). Washes discharged from the roof tank, C-17,
through the off-gas system into the dissolver (A-1l) passed through the
separator and effected a partial decontamination. Final decontamination was
accomplished by closing the separator to A-l drain valve and flooding the
separator for one hour periods with 3 per cent hydrofluoric - 20 percent hitric
acid. This wash procedure was followed three times. During subsequent con-
version work the separator was disassembled and it was found that the interior
parts had‘been reduced to an activity level of about 25 mr./hr.

When it became possible to enter Cell IV for short periods of
time, the entrainment separator (E-e) positioned over and bolted to the
evaporator was found td emit activity of greater than 10 R/hr. intensity.
After partial decontamination, the unit wes unbolted by the use of long-
handled tools and removed from the cell. Upon removal the separator was found
to have a spot emitting 100 R/hr. radiation. Thies had been shielded when in
place by a heavy concrete beam. The presence of this high level radiation re-
guired that the unit be conveyed to a remolte area and disassembled with long-
handled tools. The parts were then cleaned individually. Contamination on
gome aresas was not removed by nitric~hydrofluorié acid mixtures; there |
appeared to be a covering £ilm vhich prevented attack of the éteel. A mixture
of nitrie-hydrochloric acid readily etched the metal and removed the con-
tamination. Such a powerfully corrogive reagent is not recommended for

general use. In this instance, the corrosion wes not objectionable since
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these parts were to be used in a way that was not adversely affected by a
slight logs of metal.

3.9 Off-Gas Condenser Deconbamination

The off-gas condenser system positioned on the roof ebove Cell I
had become contaminated with spols at valves and flanges reading in excess
of 10 R/hr. It was found possible to wash the internal piping and chambers
by cutting into a line which had delivered water to a spray ring located in
the top condensation chember. Connections were made so that chemical solutions
could be forced through the sprey ring into the condenser to flood the
assembly. Solutions were held in the system for one hour, then discharged
and replﬁced by water rinses. Since the area was partially shielded, com~
plete clean-up was not reguired. Radiation was reduced from 10 R/hr. at
various points to a maximm reading of 200 mr./hr.

4.0 Reagent Evaluation

The effectiveness of chemical resagents in the decontaminstion of stain-~
less steel equipment was evaluated during the Pilot Plant clean-up. These
studies had to be fitted into the program as the overall schedule permittéé.

Due to time limitations it was not possible to develop a broad range of
in formetion on optimum reagent concentrations, temperature, contact times,
pH and corrosion rates. To meet the requirements of the comversion schedule,
it was frequently necessary to abandon the evaluation of a particulasr compound.

In addition to schedule restrictions, availability and cost were also
determining factors in defining the scope of a reagent study. For instance,
the cost of periodic acid was #28.20/1b. and only smell amounts were available

at the times needed. Its use on a scale involving hundreds of pounds could have
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been Justified only by evidence of superior effectiveness. This evidence
was not immediately forthcoming from the study and only a smell quantity
(158 oz.) was used.

The progress of decontaminastion had to be followed closely in crder to
determine the results achleved by a particular resgent. Two techniques were
employed: sampling of waéhes prior to dlscharge for gross beba count and the
meintenance of equipment activity levei records as indicated by "cutie ple”
surveys. Both techniques were subject to shortcomings. At times tank and
column samplers were teaken out of service., In addition, no direct correlation
existed.betwéen the radiocactivity of a particular wash sample and the effective-
nesg of the reagent used.  The beta count of the sample was affected by the |
decontaminating effect of the washes used immediately prior to the one sampled.
Analytical resulis therefore showed only a general trend. Ingtrument measure-
ments were useful within limits; during the Initial periods of Cell I and IV
clean~-up the cells could not be entered to make surveys; as cell clean~up
progressed, activity readings of particular pieces of eguipment were obscured
frequently by background effects.

4.1 Reagents Studied

The following reagents were used In Pilot Plant studies:

1. Witric Acid

2+  Hydrochloric Acid

3.  Hydrofluoric Acid

L, Citric Acid

5.  Oxalic Acid

6. Periodic Acid

T+  Potassgium Periodate

8., Ammonium Bifluoride

9. Caustic
10. Versene
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These had been used previously in the Pilot Plant for decontamination work.
Ammonium bifluoride and potasgium pgriodate were used In acid solutlon as
sources of hydrofluoric and periodic acids respectively when the latter were
unsvailable.

k.2 Apnlysis of Results

Table V in the Appendix presents a summary of dats taken during de—
contamination of B~40O. This tank had been used as a boildown tank in the
concentration of product from the C columm; Its activity was approximately
500 mr./hr. initially. Decontamination from 500 mr./hr. to 50 mr./hr. was
accomplished by wasghing the tank 30 times. The general trend of beta activity
in solution samples showed a decrease as decontamination progressed. Activity
of the first 3 washes, all 10 per cent nitric acid, averaged 5.8 x 10 veta
counts/min/ml. A solution of 10 per cent nitric - 0.1 per cent hydrofluoric
which followed analyzed 1.8 x 10" bete counts/min/ml. This Increase of dis-
charge solutiocn activity presumably was due to the hydrofiuoriec acid content.
When tank activity had been reduced to 100 mm./hr.,threa washes, one of 10
per cent nitric acid, one of 10 per cent citric acld, and one of 8 per cent
nitric - 0.05 per cent pctassium‘periodate were put into B~40 in the order
noted. ¥ach wag heated to 100° ¢ and held in the tenk for 1 hour. Sample
beta activity decreased and then increased again. Tank activity remained
at 100 mr./hr. The succeeding solution, however, of 20 per cent nitric -~ 1.0
per cent hydrofluoric acid held in the tank for 1 hour at approximately 300 C
showed an increased sample beta séunm and a sharp lowering of tank activity
to 70 m:r /br. The final 3 washes comtaining 1.0 per cent hydrofluoric acid
brought tank activity from 100 mr./hr. to 50 mr./hr.
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The A-i decontamination summary is presented in Table VI, Appendix.
This tank had contained feed solutions of beta activities which exceeded
8 x 107 counts/min/ml. Preliminary feed adjustments were made in the tank
usgually without any application of hea‘t. At the time decontaminetion treat-
ments were started the activity level of A-I was estimated to be in the range
of 100-300 R/hr. After a series of 30 washes of’ various reageunts, activity
of the tank was reduced to 150 mr/hr The second wash used wasg one con-
taining O’.3 M citric acid - 0.5 M hydrochloric acid: it removed an unusual
amount of contamination as indicated by the solution sample analysis of
2.5 x 107 beta counts/min/wl. Except for the reboiler (E-4) no further use of
hydrochloriec acid was made for tank decontamination because of the risk of
corrogion damage. The’ last washes of 3 per cent hydrofluorie - 20 per cent
nitric originated in the dissolver (A-1l) and were passed through A-4 enroute
to the waste tank (A-8). Despite the short residence time (10 minutes) of
the washes in A-l, the tank was brought from an activity of 300 mr./hr. to
150 mr./hr.

It is imteresting to note that A-l and B-LO were cach washed 30
times. A-4 was decontaminsted from 100-300 R/hr. to 150 mr./hr., while B-4O
was brought from an activity of 500 mr./hr. to 50 mr./hr. in the same muber
of treatments. There are geveral factors which may explain this apparent
difference in amount of decontamimation per wash. Approximately 7O per cent
more hydrofluoric acid was used in the treatment of A-4 than B-40, A spray
was used :in decontaminating A-4%; B-4O had no such facility. Since B-hO had
been used as s boildown tank for acidic solu‘bions containing sctivity, con-
ceivably the contaminstion was more tenmciously held than in A-4 which had
been heated infrequently.
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Table VIIY in the Appendix presents the B column decontamination
history. Samples of the solutions were taken for 11 of the first 13 washes;
subsequently the sampler was dismentled and inoperative. During this initial
period covering 266 hours exposure, the column was washed with the following:
2-10 per cent nitric acid (210 hours), 2 per cent versene (8 hours), 5 per
cent nitric - 0.1 per cent hydroflucric acid (16 hours), 0.0% per cent pertod-
ate 32 howsje Solution beta counts showed = decrease from 3.7 x 10° counts/
min/ml.to 3.9 x 103 cowrts/min/ml.

A sudden ipcrease in B column activity occurred after 314 hours of
exposure to reagents. This resulted from an accidental spill-over of hot
decontaminating sclution from the A columm. Activity which had dropped from
an initial 700 mr./hr. to 345 mr./hr. rose to 6000 mr./hr. At this point, the
technique for washing ’the ¢olumn was changed Trom one which invelved the
constant flow of decontaminant through the column to one of static washing.
In the latter technigue solutions were poured imto the colump, held for one
hour, and discharged. Final column clesp-up from 6000 =mr./hr. to 160 mr. /br
was accomplished in a total exposure time of 11 hours with 11 washes, 4 of
which contained hydrofiuvoric acid. The reduction In apparent colum activity
from 1000 mr,/hr. to the final 160 mr./hr. resulted in part from shielding
placed on an adjacent wall and the removel of a hot pipe line from the srea.

4.3 Evaluation of Inhibited Hydrochloric Acid

A solution containing hydrochloric acid and inhibitor was evaluated
early in the program and appeare&effective. The reboiler (E-4) was used for
this test. The interior of the ftank had become excessively contaminated by

accidental discharge of hot sclution from the avapora‘cor {E~1). The tank was
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placed in an isolsted ares and filled with 2271, of 38 per cent hyfrochloric
acid and 500 ml. of "Acryl" inhibitor. BSamples of the solubion were taken
at frequent intervals for analyeis of iron content, gross beta and gross
gamma activities. Cur#es of beta and gamma count vs. exposure time (Figures
VII, VIII) indicate that all decontemination by the solution apparently
occurred within the first 15 miputes of treatmeni. Corrosion, as indicated
by iron content of the sampies, continued at a fairly constent rate during
the period of exposure (Figure VI). It may be concluded that meximum de-
conbamination with leagt corrosion can be obtained by limiting hydrochloric
acid-stainless steel (Type 347) contact time to 30 minutes. The inhibiteak
hydrochloric acid reduced tank activity internally from 500 mr./hr. to

200 mr./hr; the residwel activity was apparently buried in weld fissures which
could not be reached by the reagent.

No further use wag made of inhibited hydrochlorie acid for generalv
equipment clean-up because of inadequate knowledge concerning the long-renge
performance of the inhibitor. | |

4.4 Conclusions

The mixture of 3 per ceunt hydrofluoric acid (by weight) and 20 per
cent nitric acid (by weight) was found to be a promising reagent; it de-
contaminated rapidly without excessive corrosion of stainless steel equip-
ment. The limited supply of hydrofluoric acid prevented its more sxtensive
use. The quentities which could be obtained were largely respongible for fhe
successfui decontamination of the Pilot Plant to the reported low activity

levels.
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Nitric, citric and oxalic acids as used in these studies gave approximately
equal decontamination results. The conditions of application for each reagent
were not necessarily optimum. However, they proved generally satisfactory for
use during the early stages of this particular decontamination assignment. Nitric
acid was preferred since it was cheapest and most readily available.

As the activity level of a particular item of equipment was reduced by
repeated treatment, the contamination became more difficult to remove. As this
stege was reached, more aggressive decontaminants were requi%ed. Both hydro-
chloric acid énd hydrofluoric acid met this reguirement., Except for use in
spot decontamination of exposed stainless steel surfaces, hydrochloric acid
was not accepteble because of its corrosiveness.

Best decontamination results were obtained with the 3 per cent hydrofluoric
- 20 per cenﬁ nitric acid solution, although its corrosiveness required that
particular care be observed in its use. The corrosion of sound stainless steel
wag apparently not significant. However, faulty welds which had resisted
concentrated nitric acid failed quickly when exposed to hydrofluoric acid
concentrations of 0.3 per cent and greater. No tanks were thus affected but
several small diameter pipe lines had to be rewelded because of hydrofluoric
attack at welds. This reagent should be used at room temperature {approximately
25°C) not heated, to minimize corrosive attack.

Data indicated caustic and versene to be relatively ineffective. The latter
was used without attention to pH &djustment and may conseguently not have given
optimum results.

Potaseium iodate and periodic acid were used in very dilute solutipns less
than 0.5 per cent ~ and did not give results, in light of their high cost,
warranting further use for general decontamination.
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Ammonium bifluoride in nitric acid solution was used &s a source:
for hydrofluoric acid. There was no evidence that the ammonium radical con-
tributed toward decontamination.

PAX detergent found application in loosening superficial contamination
from stainless steel cell floors anﬁ concrete floors in operating galleries and
roof. It;was not used in tenk and column treatment.

Extensive investigation was not made of optimm contact time for
the various reagents. Results obtained with inhibited hydrochloric acid
indicated that a2ll decontamination occurred within the first 15 minutes of ex-
posure. Conceivably, the same would hold true for 3-20 reagent washes. if g0,
the total~t$me required per wash could be reduced substantially over that:

specified for the recent decontamination program (1 hour gxposure).

5.0 Decontamination Cosgts

Deconbamination involved the expenditure for chemicals . of an esgtimated
#5400, The costs and quentities of the various items used were:

TABLE IIX

Reagent Costs

Chemical Amount Used Cost {g)
Nitric acid (tech. and C.P.) 64,000 1bs. 3220
Hydrochloric acid 522 lbs. 78
Hydrofluoric acid 560 1bs. 690
Citriec acid ' ‘2165 1lbs. 610
Oxalic acid 100 1bs. 73
Periodic acid - 158 oz. 278
Potagsium periodate : 118 oz. 112
' SECRET
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Chemical Amount Used Cost | ;2_4 )

Ammonium bifluoride 58 1bs. | 32
Caustilc 1500 1bsg. 30
Versene 340 1bs. 238
PAX detergent 150 1bs. 39

Total chemical cost #5400

Approximately 6000 man hours of operator labor were reguired to handle
the decontamination work. In addition, charges for special maintemance work
such as cubting and removing lines,‘removing and replacing jets and valves,
looseningkfianges, and welding cost’an additional $25OO for labor and materials.

Total direct costs were:

Chemicals $ 5,400
Lebor, 6000 man hours at Sl.?O 10,200
HMaintenance

2,500

Total - #18,100
The use of 3 per cent hydrofluoric - 20 per cent nitric acid solution
wherever possible for a deconzaminafion program compareble to the one noted
above offers economies of lebor and chemical costs. Teable IV shows estimated
present and future (using 3-20 reagent) decontaminatiOn labor and chemical:

regqulirements.
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TABLE IV

Estimated Present and Fubture Decontaminstion Cost Elements

. "Relative Amowunts of Labor Relative Chemical
Type Req'd. for Decontamination Costs
Decont. Present '| Fubure Present Fubure
Tenks 50 15 75 €0
Columns 25 12 15 12
Samplers 10 10 5 >
Other 15 15 5 p)

Total 100 52 100 8o

The types of decontamiﬁation listed involve different clean-up techniques
and are not equally adapted to the use of 3-20 reagent. ZEstimates of future
labor and chemical requirements reflect considerations of safety, adaptability
of technique, and resistance of material 10 be treated to hydrofluoric acid.
Based on theé figurés'iﬁhTablerIV; direct cests of a future decontamination

using 3-20 reageint are thus estimated to be:

Chemicals - gh500
Labor oo 2300
Maintenance work 2500

$£12,300

This représents a reduction of 32 per cent from the cost ($18,100) previously
noted and & reduction from 75 to 38 days time required to accomplish the
decontemination. In addition, substantial indirect savings would accrue from
decreased Pilot Plant downtime during decontamination.
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The adventage of having a buili-in decontamination sprey system,
a8 in Cell I tanks, and the additional cost of treating a tank of high
activity vs. one of low activity became evident in an analysis of cost
data for the treatment of the feed adjustment tank (A-4) and the CU boil-
down tank (B-40). These tanks were of 300 gallon and 237 gallon capacities
respectively. Initial A-4 activity was 100 R/hr., B-40 was 500 mr./hr; A-b

was equipped with an internal deconteminetion spray. The average volume per

A-l treatment was 350 liters; for B-h¢, 450 liters.

TABLE V

A-b4, B-4O Actual Decontamination Cost Summary

ces Ak : -
Chemicals Used Wt. (Ib.)” Co Cost ($) Wt.(ILb.) Cost (g)
Witric Acid, tech., at $0.03/1b. 5000 150.00 5500 165.00
Hydrofluoric acid, tech., at £0.23/1b.% 100 23.00 60 13.80
Caustic, 50%, tank car, et $0.02/1b. 240 4.80 700 14.00
Periodic acid, C.P., at #1.76/0z. 12{o0z.) 21.00
Potassium periodate, C.P. at $0.93/o0z. 16(0z.) 15.00
Citric acid, C.P. at $0.28/1b. Lo 11.20 ko 11.20
Oxalic acid, C.P. at $0.73/1b. L5 33.00
Versene, at $0.70/1b. 28 20.00 20 14.00
Total Costs 263.00 233.00
Operator labor reguired:
A-4% - 1 man bour per tank at $1.70/ '
man hour 30 tank treatmgnts 51.00
B-40 ~2 man hour per tank at 21.70/
man hour (lack of spray system
doubled labor regquired over A-k
requirements)
30 tank treatments 102.00
Total Direct Costs %515 00 %335.00

* C.P. hydrofluoric acid cost is #l. 23/1b; the tech. grade
< cogt O.f ﬁo 23/1‘3., i8 more réalistic.” - " SFCRET SECURITY INFORMATION
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Pilot Plant decoutamination in the past had followed the practice of using
first one reagent and then another in an effort to remove activity. Thus,
the cost estimate,althcugh based on & list of chemicals reflecting more the
requirements of the reagent evaluation program than an expeditious de-
contemination,is felt to be reasonably representative of past Pilot Plant
practice.

The principal difference in A-4, B-40 decontamination costs was in
operating labor required; the A-4 decontaminatibn spray system permitted
each treatment to be carried out with one-half the labor needed for B-40 which
was not equipped with a spray. The A-b chemical cost was higher primarily
because of the greater amounts of hydrofluoric and oxalic acids used to re-
duce the higher level of activity in 4-4.

6.0 Fission Product Distribution in Column Decormtamination Solutions

During the time that deconmtaminating solutions were pumped from head
tanks to columms, samples of wash golutions were taken over a two day period
from A, B and C columns and submitted for determination of gross bete,
ruthenium beta, and niobium beta. The results are summarized in Teble I,
Appendix. Information was desired on the deposition of niobium on stainless
steel surfaces during Purex Process operation.

Decontamination of the A column removed niobium and ruthenium in a
ratio of approximately 60 to 1; the average niocbium - ruthenium ratio in
the A column during processing of hot feeds was 0.10 to 1. Decontamination
solutions from the B and C columms showed a somewhat lesser preponderance of
niocbiunm.

Sinée the data was taken after some decontamimation of colum surfaces

had been accomplished, the possibility existed that earlier treatment had
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removed ruthenium preferentially and that the niobium-ruthenium ratio changed,

as the decontamiretion progressed,toc the values noted. The chemicals used
initially were not known to be specific for ruthenium; evidence favors the
theory that niobium deposited on stainless steel during process operation.

Information was not developed concerning the eguilibrium concentrations
of nicbium in process solutions and thet on column walls. However, it was:
determined on the basis of known total beta curies fed to the A columm during
Purex Process operation and estimated bete curies removed during decontamination,
that deposited beta activity represented only 0.002 per cent of the total fed
(ealculations are in Appendix, Table X). Although the estimate of activity
stripped could be in error considerably, the range of values is such that k
the amounﬁ of deposited activity can be considered lusignificapt in so far as
Purex operation is concerned.

7.0 Electrodecontamination

A brief investigation was made of electrodecontamination ag a poseible
technique for Pilot Plant use. D-1k in Cell III, which had been used as an
agqueous décantation tank in the solvent recovery system, was selected for trial
because of its high activity level (15 R at the bottom) and aécessability for
meking the necessary electrical commections. Over a period of 24 hours of
continuous treatment at 2 current demsity of 0.04 amperes per square inch
of intermnal tank area and using a 1 inch x 4 Ffoot stainless pipe as the
cathode, tank activity was reduced to 700 mr./hr. This residual activity
wag lodged in flanged connections at the bottom of the tank and was not further
reduced by sdditional electrodecontamination effort.

Despite the successful removal of tank activity by this technique,
further use was abandoned for these reasons: (1) Since activities in lines,

flanges, and valves were not touched by electrost:ipping, it would have been
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necessary to use reagents for these items. (2) Pulse colums wvere not
adaptable to electrodecontamination because of their length and difficulty
of withdrawing pulse plates for electrode insertion. {3) Only a few tenks
in the Pilot Plant were equipped with properly located top openings for the
ingertion of the cathode. (4) The extension of numercus pipe lines into the
body of the tank interferred with efficient stripping. (5) Many tenks could

not be reached until a preliminary chemical decontamination had been completed.

8.0 Materials of Construction

Types 347 and 309 Cb stainlesgs steel had been employed in general equip-
ment Pabrication. Inspection of internsl tank and columm surfaces showed no
evidences of serious attack by the reageuts employed for deconbamination. All’
surfaces were bright and clean. Since hydrofluoric acid in the 0.5 ~ 4.0 per
cent range of concentrations was the moét corrosive chemlcal employed, its
Judicious usge for decontamination can be congidered feasible. The nitric
acid content of the 3-20 reagent is essehtial in minimizing corrosion. Expo-
sure times of stainless steel to hydrofluoric acid should not exceed one hour.

Hydrofluoric acid solutions attack faulty welds which had resisted
concentrated nitric acid. Every ingtance of weld failure occurred in small
diameter pipe lines which were difficult to weld without inclusion of flux.
Sound welded jJolnts were not attacked., Normally, welding of the best quality
has been required for fabricetion of stainless steel facillities intended for
the processing of hot solubtions. This becomes a doubly important consideration
if exposure to hydrofluoric’acid is contemplated. |

The Milton Roy positive displacement metering pumps used during a pari
of the decontemination program to pump reagents through the columms did not
show evidences of chemical attack on any of the stainless steel working paris.

v SECRET
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Solutions handled included 10 per cent nitric acid, 2 per cent versene, 10
per cent citric acid, 0.3 per cent hydrofluoric acid, 10 ver cent oxalic
acid, 10 per cent caustic, 0.05 per cent potassium periodate. Leakage of
hydrofluoric acid solutions from pump pistons resulted in some severe local
corrosion of cast pump bases. HNon-steinless gteel pump ball checks were
destroyed by 0.3 per cent hydrofluoric acid solution; stainless balls served

without evidence of corrosive attack.

9.0 Recommendations

1. The work of Pilot Plamt tank decomtemination would be greatly
faclilitated by the installatiom of spray lines from a centrally
located solution makeup tank to all tanks which are expected to
pitk vp radicactivity. Cells II, IITI and IV tanks are not now so
equipped.

2. New process equiprment for the Purex Pilot Plant should be installed
only after due consideration has been given to means of decontamination.

3. The reagent mixture of 3 per cent hydrofiuoric - 20 per cemt nitric
appears to be very promising as an effective,; economical decontaminant.
It is strongly recommended that further broad studies be made of its

properties.
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APFENDIX
DECONTAMINATION - PUREX PILOT PLANT
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APPEMDIX

TABLE VI

Decontamination Record

B-40, ICU Evaporator Tank, Cell II

Sample Amlysis *Tank
Gross Beta Aetivity
Date Decontaminating Solution Contact Time (counts/min/ml) | (mr./hr.)
8/28/51 10% HNOg 2 hr. at 100°%C 6.5 x 10° 500
8/29/51 10% HRO3 1 br. at 1009 9.0 x 103
8/30/51 10% HNO3 1 hr. at 100°C 2.0 x 102
8/31/51 10% ENO; - 0.1% EF 1 hr. at 100°C 1.8 x 10
10% HNO3 1 hr. at 100°C -
10% HNOS 1 hr. at 100°C -
9/1/51 105 ENO3 2 hr. st 100°C 8.0 x 103
9/3/51 10% HNOY 1 hr. at 100°C
10% HNO3 1 hr. at 100°%C
9/1/51 10% HNO3 1 hr. at 100°C
' 10% HNO3 1 hr. at 100% Sampler
o/8/51 135 ENO, 1 hr. at 1007 inoperative 345
10% HNO 1 hr. at 100°%C
9/9/51 % HNO§ - 0.05% KIOy 1 hr. at 100°C 305
9/10/51 2% cit¥ie 1 hr. at 100°C
9/10/51 2% versene 1 hr. at 100°%C
9/11/51 10% NaOH 1 br. at 100°C
9/11/51 T% HNO, - 0.5% HF 1 hr. at 100°%C 180
9/12/51 10% HNO3 1 hr. at 100°C
9/13/51 10% HNO; 1 hr. at 100°C 6 x 10° 130
9/14/51 10% HNO3 1 hr. at 100°C Sampler
inoperative
9/15/51 8% HNG; - 0.4% HF 2 hr. at 100°C Sampler
9/17/51 10% Nao 1 hr., at 100°C inoperative 100
9/18/51 10% HWO 1 hr. at 100°C 9.0 x 10°
0/19/51 10% citfic ‘1 hr. at 100°C 1.2 x 10°
9/20/51 8% HNO; - 0.05% KIO) 1 hr. at 100°C 5.0 x 102 100
o/2k /51 206 HNO3 - 1.0% HF 1 hr. at Rm.T. 2.0 x 10° 70
9/25/51 20% HNO3 - 1.0% HF 10 min. at Rm.T| - 60
9/27/51 20% HNO3 - 1.0% HF 10 min. at Bm.T| - 50
*"Cutie Ple" reading at tank bottom - 6" from tank surface.
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APPENDIX

Decontemination Record

A~k, Preliminary Feed Adjustment Tank, Cell T

Sample Analysis FTank
; Gross Beta Activity
Date Decontaminating Solution Contact Time (counts/min/ml) | (mx. hr.)
8/23/51 10% NaoH 7 hr. at Bm.T. 2.0 x 10° 100,000 (est. ]
(0. 3 M ecitric acid and '
0.5 M HC1 1 hr. at Rm.T. 2.5 x 100
8/27/51 5.0% HNO3 - 0.3% HF 1 hr. at 100°C 5.0 x 102
8/28/51 5.0% HNO3 - 0.3% HF 1 hr. at 100°C 2,3 x 107
k 5.0% HNO3 ~ 0.3% HF 1/2 hr. at 100°C 1.0 x 107
9/1/51 5.0% ENO3 - 0.3% HF 1 br. at 100°¢C -
9/2/51 10% NeCH 2 hrs. at 100°0
9/3/51 5.0% BF - 0.3% HF 1 hr. at 100°C Sampler
9/h/51 10% HNO3 1 hr. at 100°C inoperative
9/7/51 10% HNO3 2 hrs. at 100°C
9/8/51 10% HNO3 1 hr. at 100°C 2.0 x 102
9/9/51 10% HNO 1 hr. at 100°C 3.3 x 107
9/10/51 104 citdic acid 1 hr. at 100°C 2.6 x 103
9/11/51 10% HNO 1 hr. at 1009 - 2000
9/12/51 59 oxalic acid 1 hr. at 100°C 3.5 x 103
9/12/51 | 10% HNOg 1 hr. at 100°C - 1500
9/12/51 10% HNO3 1 hr. at 100° -
9/1k4 /51 5% HNOZ - .3% HF 1 hr. at 6o°g 3.4 x 10
9/15/51 10% ENO 1 hr. at 100°C 3.0 x 104
9/17/51 104 citfic acid 1 hr. at 100%C 1.8 x 10t
9/19/51 10% ENOg - 0.1% HF 1 hr. at 100°C -
9/22/51 10% HNO3 - .25% HsIOg 1 hr. at 100°C 1.1 x 10 1000
9/25/51 15% HNO3 - 1.5% Hgi 1 hr. at Rm.T. - 800
l9/26/51 10% HNO; - 0.025% HsI0g| 1 hr. at 100°C 9.0 x 10
9/27/51 15% ENO3 - 1.5% HF 1 hr. at Rm.T. - 500
10/1/51 20% HNO3 - 3.0% HF 1 hr. at Rm.T. - 300
10/8/51 |  20% ENO3 - 3.0% EF 10 min. (A-h no samples 200
; intermedizte in taken
10/9/51 20% HNO3 - 3.0% HF - trangfer of " 205
10/10/51 20% HNO3 - 3.0% HF | solution from " 200
10/11/51 20% HNOg - 3.0% HF \A-1 to waste) " 150

% "Cutie Pie. instrument determination - tank bottom at 6 inches.
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TABLE VIIT

Decontamination Record

" B Column, Cell II

Total Sample Anelysis Columm
Contact | Contact Gross Beta Activity*
Date Deconteminating Solution Time Time {counts/min/ml) (mx/hbx.)
8/28/51 5% HNO5 - 0.1% HF 16 hr. 3.7 % 107 700
8/29/51 5% HNOS - 0.05% KIOj 8 nr. 3.5 x 107
8/30/51 2% HINO3 12 hr, 1.3 x 10
8/30/51 L% HNO3 12 hr. 3.9 x 103
8/31/51 2 versene 8 hr. -y
9/1/51 10% HNO3 ok hr. 1.0 x 10
9/2/51 104 ENO, 24 hr. 6.5 ¥ 105
9/3/51 109 HNO 18 hr. 6.4 x 103
9/4/51 5% HNO3 - 0.05% KIOy 2k nr, -y
9/5/51 10% HNOZ 72 hr. 3.8 x 10
9/8/51 10% ENO3 ol hr. 8.6 x 103 345
9/10/51 104 HNO ok hr. 3.9 x 103 455
9/10/51 2% cit¥ic acid 48 nr. 100
9/12/51 3% HNO3 - 1% HF 18 nr. 1000
9/13/51 10% HNO3 2 nr. 6000
9/14 /51 5% HNO; - L% HF 1 hr. Sempler
inoperative
9/14 /51 5% HHO3 - L% HF 1 hr.
9/15/51 5% HNO3 - 4% HF 1 hr.
9/15/51 5% HNOZ - 4% HF 1 hr.
9/18/51 10% cifric ecid 1 hr. 1000
9/18/51. 10% oxalic acid 1 hr.
9/18/51 10% HNO 1 hr.
9/21/51 0.49% I&Oh 1 hr. 500
9/22/51 10% HNO 1 hr. :
9/22/51 10% cit¥ic acid 1 hr.
9/22/51 0.1% HsI0g 1 hr. 160

"Cutie Pie" reading - 6 inches from column 8 feet from floor.
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TABLE IX

Niobium/Ruthenium Distribution in Pulse Columms

Rutheniim Niobium
Column Stresm | counts/min/ml counts/min/ml Nb/Ru Remarks

A - 1.26 x 10° 8.13 x 10% 72,5 sampled et 8 hrs.

A - 1.65 x 103 9.07 x 10" 55,0 Sampled at & hrs.

A - 5.13 x 102 3.29 x 101‘ &4.0 Sampled at 2k hrs.
A - 3.06 x 107 1.71 x 10% 56.0 Sampled at 24 hrs.
A% AP 3.65 x 10° 1.91 x 10° 0.055 ,

A% AW 3.3 x 108 8.2 x 107 0.25 -

B - 2.19 x 102 1.88 z 10° 8.6 Sempled at 8 urs.

B - 3.55 x 10° 2.17 x 105 6.1 Sempled at 8 hrs.

B BU 1.4 x 107 1.2 x 10" 0.086 -

B BP 2.0 x 10° 1.28 x 10° 0.06k4 .

c - 2.77 x 10° 2.27 x 105 0.82 sampled at 8 hrs.

c - 6.53 x 103 5.3 x 105 1.ho Sempled at 8 hrs.

s - 2.07 x 102 5.28 x 102 2.55 Sempled st 24 hrs.
C - 6.92 x 102 5.62 x 10° 0.81 Sempled at 24 hrs.
c - 1.71 x 104 3.4 x 10% 2.0 Sempled at 30 hrs.
c - 2.11 = 10" 3.62 x 10% 1.7 Sempled at 30 hrs.
c - 9.69 x 102 3.0 x 10° 3.1 Sempled at L8 hrs.
c - 3.92 x 109 2.3 x 105 5.8 Sampled at 48 hrs.
o* oW 5.86 x 10" 5.9 x 10° 0.101 -

o cu 5.8 x 107 .15 x 105 0.071 -

#* Data from Pilot Plant Purex Run IHP-13 SECRET
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TABLE X

Calculation of A Column Beta Deposition

In the following calculation, total beta activity stripped from the A columm

during decontamination is estimated.

through #1h was calculated to be 7.85 x 10 curies.
stalled Pollowing Run #5, feeds for Runs #06~1k represent the total source of activity
removed during decontaminstion.

Since a

Beta, activity fed to the columa inm Runs #6

new A Colum was In~

- Vol. Anelysig of Dis-| Total B Activiiy
- Soltn. charged Decont. in Discharged
Date Solubion Pumped (L) | Sol'n 8 ¢/m/ml Sol'n o/min.
8/29/51 | 0.0015 M potassium periodate | 150 3.8 x 107 57.0 x 109
8/30/51 2.0 per cent nitric acid 300 8.0 x 10% 24.0 x 107
8/30/51 | 4.0 per cent nitric acid 150 5.2 x 1o§ 7.8 x 109
8/31/51 | 2.0 per cent versene 150 5.0 x 10% 7.5 x 107
8/31/51 | 10.0 per cent nitric acid 300 .0 x 1oﬁ 12.0 x 109
9/2/51 | 10.0 per cent nitric acid oo 7.0 x 10/ .0 x 107
9/3/51 10.0 per cemt nitric acid 150 5.5 x 10 8.2 x 107
9/3/51 10.0 per cent citric acid 200 1.5 x 103 30.0 x 109
9/h /51 0.0015 M potassium periodate 300 7.2 x 10 21.6 x 107
9/5/51 10.0 per cent nitric acid 150 1.0 x 10™* 6.0 x 107
9/5/51 10.0 per cent nitric acid 300 2.0 x 105% 60.0 x 107
0.25 per cent hydrofluoric acid
9/17/51 6.0 per cemt nitric acid 600 7.0 x 10% k2,0 x 107
9/10/51 | 2.0 per cent citric seid 150 2.5 x 107 37.5 x 107
9/12/51 | 3.5 per cemt nitric acid 120 5,0 x 10+% 6.5 x 107
1.0 per cent hydrofluoric acid L
9/13/51 | 10.0 per cent nitrie acid 800 1.0 x 10 8.0 x 107
9/15/51 | 6.0 per cemt nitric acid 27
3.0 per cent hydrofluoric acid
9/15/51 | 6.0 per cent nitrie acid v 27
8.0 per cent ammonium biflucride
9/15/51 6.0 per cent mitric aeid 27
3.0 per cent hydrofluoric acid 9
9/18/51 | 10.0 per cemt citric acid 27 5.0 x 107% 38.L x 10
9/18/51. 10.0 per cent mitric mcid 27
9/18/51 10.0 per cent oxalic acid 29
9/18/51 | 20.0 per cemt nitric acid 28
3.0 per cenmt hydrofluoric acid
Total 39k.5 x 109

39k.5 x 109 counts/min x 10 disint./count x

* ostimated - sample not availsble for analysis

‘= 1.77 beta

60 sec./min.

curies beta activity removed -

1.77

curies beta activity fed

7.5 x 10

1
3.7 x 104V disint./see./curie

curies

= (0.002 per cent
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