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ORGANIZATION AND PERSONNEL

The planned interchange of personnel between Research and Bugineering (CPD) and
Chemical Research and Development (HLO) was extended to include eleven additional
pairs through the bhalance of 1957.

Daisy C. Smith transferred into Analytical Laboratories Operation as a Laboratory
Assistant from Exposure Records and Evaluation.

Carolyn L. Leinberger transferred into Analytical Laboratories Operation as a
Counting Room Asgistant from Ewxpoeure Reccords and Control.

Jack L. Welch was reactivated as an Engineering Assistant in Chemical Development
Operation.

TECHNICAL ACTIVITIES

2000 PROGRAM - PRODUCTION OF FISSIONABLE MATERIAL

IRRADIATION PROCESSES

Reacteor Effluent Studies

It iz currently recommended that no reactor purges be made directly to the river
when its temperature is above 15 C. It tentatively appears that the control of
phosphorug-32 may be edequate if a limited number of purges are employed. The up-
take by whitefish is not expected to be significantly increased by such action.

Pinal recommenoxtions will require the concurrence of Biology and Radioprotection
Operatious.

Direct measurement of isotopic content of reactor cooling weter by gamma spectro-
metry was delayed by instrumentation problems. Arsenic-T76 is now determined direct-

ly. Determination of Scandium-46 and Copper~64 has been slowed for lack of a large
{3 inch) seintillation crystal

REACTOR EFFLUENT STUDIES

Process Assistance

Increases in amounts of radioisotopes discharged to the river have caused some
concern thet a production-limiting concentration may be approached in the not too
distant Cuture. Months of highest concentration are November through March., Low
river fiow during the ginter Beriod has contributed directly because of lowered
dilution fa.tors. As! , Np23 , Rare Earths ¢+ Y, and the fission products in reactor
effluent water have alsc increased during this period indicating that lowered dilu-
ica Pactors were not sclely responsible. OFf sigoificance is the higher river tur-
bidity reached during later 1956 and early 1957. This required increases in alum
and filter ald to maintain cooling water quality. Increases in reactor power level
during the interval also contributed to the observed increase. During this period
also cocling water pH was decreased. Some data are avallable which indicate in-
creases in effluent concentrations with decreasing pE. Although data are not
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avallable for quantitative determination of increases in reactor efflueat isotopes
from ~hanges in power, river flow, turbidity and pH. They may well be responsible.
Further study of this problem is underway.

Laboratcry experiuents with 107 Basin water and sludge were completed to investigate
the effect of variables such ss pH and concentration of Turco 4306-B, a decontamin-
ating agent, on the desorption of Csl37 and Sr89-90 from the sludge. Conclusions
from this study will be formulated soon.

Automatic Analyzing Monitor -

Widths of channels to be used for Mn56, As76, and Na2% appeared to be satisfactorily
stable, however, some drifting of the channel width for the Low energy Np239 peak -
caused some concern, since Compion comiribuiivn in this region from highsr cmergy
emitters could markedly influence the counting rate of the Np239 channel. Increas-

ing the channel width will improve the situation, but var.iations iu channel width

may well be the limiting factor on accuracy of the Np23% measurement.

improvements in electrizel end erectronic features were incorporated including pro-
vision for marually advancing stepping switches, more convenient calibration of the
count rate meter, minimizing sparking of the toothed-wheel digitizer, and the in-
corporation of a new interval timer to establish the length of time allowed for the
recorder to read data on the Streeter-Amet printer.

Necessary improvement in the continuous removal of interfering radioisotopes from
the P32 stream of the monitor was not realized. An analysis of decay curves from
previous runs showed that interference from As76, w187, and I133 nad been as low as
10 per ceat, indicating that under some conditions satisfactory performance in this
respecc snould be attainable. High Si3l initially in the sample will contribute
significantly to the P32 count made after 26 hours, and this was accounting for a
pertica of the esrlier onaogerved high values for P3é. The contribution from P32 can
be razduced through a longer decay period, or a compuied correction can be applied
to the P32 count. A detailed chemical study of the mode of removal of arsenic will
be necesszry to prescribe exact conditions to ipsure efficient removal of AsT

from the P32 stream. Invistigations on the separation procedure will be continued
ty toe Analytical Chemical Operation.

Apa’ ) %ical Chemical

De .ermination of plutonium in normal solid and I&E type fuel elements will be made
ty rowlometric titration. Some problems have developed in maintaining plutonium

valance state. The shielded equipment for gravimetric determination of Pu is
sc.eduled to be in place by August

Measurement of properties of orgaric coolant is undergoing improvements waich
shouid improve the flow of information. It was observed that about one-half of
the tare formed in MiPB have melting points above 240 C v.. the agsumed 220 C
on the assumption that tesphenvl would have the highest melting point.

DECLASSIFIED




 TELISSFED

SEPARATIONS PROCESSES
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PUREX

Phage 11 Flowsheet

The proposed Purex Phase I1 Flowsheet® for the HA Column was tested in a dual-purpose
glass puise column. The extraction section was 3-inch diameter by 9-foot high and
contained a nozzle plate cartridge. The scrud section was 4-inch diameter by 9-foot
high and contained a mixed plate cartridge (4 stainless steel - 2 plastic sieve

plate configuration). Except for the omission of louver plates and the use of
fluorothene rather thau polythene as the plastic plate material, the cartridge

were identical to those specified for the plant HA Column.

Extraction Section. PFlooding frequencies for the extraction section witih ‘he or-
ganic phase continuous were not determined since the scrub section contrclled
column flooding. With the agueous phase continuous, the extraction secvion con-
trolled column flooding, and flooding frequencies of 105 - S and 85 % 5 :ycles/min-
ute et capacity factors of 1.8 and 3.6, reepectively, were cbtained. Increasing
the column temperature to 45 t 5 C increased the aqueous phase continuous flooding
frequencies by about 15 per cent.

Uranium waste losses rapnged from O.u. tO U.U4 per cent, which is approximately the
same as obtained with Purex Plant Flowsheet IJA. The choice of continuous phase 8
did rvot appear o influence column efficiency. '

Scrub Section. Both flooding and efficiency runs were made under Phase II Flowsheet
conditions. Scrub section efficiency runs were also made with:

(e} The secondary organi: stream (HASO) off.
{v) The aqueous backcycle (3WB) off.

(¢) Both HASO and 3WB off {equivalent to Purex Plaat Flowsheet IIA
conditions).

Tha results are summarized below:

1. With the organic phase continuous the scrub section controlled columm flooding.
Flooding frequesncies of 105 ¥ S and 80 # 5 cycles/minute at capacity factors
of 2.4 and 3.5, respectively, were obtained. Increasing the tempersture to
45 £ 5 C increased the flooding frequencies 15 per cent. Scrub section flooding

frequencies were not determined for aqueous phase continuous operation since the
extraction section controlled column flooding.

* Nomer iature used in this report approximates that used in HW-47889, "Purex Phase
LI Proposed Flowsheet," W. H. Swift and E. R. Irish, 2/1/57. For example, WB re-
fers to the backcycled waste stream introduced below the feed point in the HA
Column  On the otherhand, the flowsheet callas for two organic streams to be in-
troduced above the feed point. These are the IBSU stream (the organic effluent
from the IBS Colvmn containing 0.065 M !INH) and the HAO stream (fresh c-gaaic
gsream from the ~rganic header). For the purposes of the study reported Lere,
these two organic streams were considered as one stream, of HAO composition (no
wanium), flow equivalent to the sum of the two streams, and called BASO iz this

T -
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2. A good “"z.bra” effect (alternate phase inversion) was obtained under Phase II
Plowsheet conditions. With the HASO stiream off, the 2ebra effect was apparent,
but the dispersion - especially, in the middle three-foct section - was con-
siderably coarser. With the 3WB stream off, only a slight and erratic tendency
tovard a zebra effect was noted. With both streams off (equivalent to Purex
Plant Flowsheet No. IIA conditions), the zebra effect was limited to the upper
two-thirds of the scrub section.

3. The scrubbing efficiencies (measured by chloride transfer) obtained under Phase
11 Prowsheet conditions were approximately the same as obtained under Purex
Plant Plowsheet No. IIA conditiong. The efficiency was reduced by approximately
25 per cent by eliminating the backcycle (3WB). No appreciable effect was

asted by slimonating only the HASQO stream.

Permanganate Addition %o Prase 11 Plowsheet

Since permangansat: oxidation has been considered as one potential scheme (0 achleve
neptunium recovery in the Purex Process, two runs verc made in the equipment de-
scrived above to obserre the effect of potassium permanganate addition to sa organic
phase continuous HA Column. Purex Phase II Flowsheet was used with the following
modiflcations:

(a) Tne HAS contained 0.02 M KMnO),.
(b) 0.02 M Fe** followed by 0.03 M KMnOl, was added to the WB.

Ro adverse effect on passe dispersion vas noted. The bulk of the manganese dioxide
formed remmined vith the aqueous phase and ves discharged from the bottom of the
colusn. Some entrainment in the HAP was noted, however, causing a light brown color
which disappeared after approximately 2-1/2 hours.

In the second run, the column was operated until steady state operation was reached.
The addition of the HAS containicg potassium permanganate was then stopped and
regular HAS wvai started to determine if the manganege dioxide would serudb out of

the organic and the length of convact time necessary. The organic phase in the :ar-
tridge section started clearing immediately, aud the organic phase in the disengaging
section vas essentially free of manganese dioxide in approximately 15 minutes.

Organophosphorus Complexing Agents

The compounds ethyl dibutyl phosphonoacetic acid, dibutyl phosphonoacetic acid,
butyl phosphonoacetic acid, and phosphonoacetic acid have been prepared and puri-
fied, and their properties as complexing agents for metal ioms are currently under
;;;?-Tat*‘;saticn . The physical properties of these compounds ar summarized in

ole I. '

L
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to TBP.

stely sat=rifisl compound, ), extracts uranyl nitrate in a manner similar
Compound 2, dibuvtyl phoaphonoacetiic acid forms salts which are orgaanic
soluble, the extraction 1eaction exhibiting the expected negative hydrogen ion de-
Its bebavior towarde uranium and zirconium has beer reported previocusly.
Qualitative tests indicate that it forms organic soluble comp.oxes with many ions,
While cobalt and copper require a pH of
about four for appreciable extractican (using 0.1 molar dibutyl phosphoncacetic acid
in carbon tetrachloride), uranium(IV) extrects at a pH as low es 1.

pendence.

including cobalt, copper and uranium{IV).

typlcai extraction data for uranium(IV).

TABLE I1

EXTRACTION OF 0.1 M UCly, WITH DIBUTYL PHOSFPHONOACEYIC ACID IN CCly

Table II shows

EQ U(Iv)

HW-49752 C
TABLE I
PHYSICAL PROPERTIES OF FHOSPHONCACETIC ACID AND ITS ESTERS
Boiling Point Solubil- Solubil-
or Refractive ity in itv in
Melting Point Density Ind >0 cCl
(deg C/um 5g)  (gloc) _(a22)  (g)  (eh}
. Ethyl dibutyl phosphono- 121/0.85 1.0321  1.43%0 - -
acetic acid
(Bu0),P(0)CH,C{0)(OEL)
{"EDBPA" }
. Dibutyl phoaphonoacetic dec. >50C 1.102 1. Lbki 17 -
ac1d (Bu0),P(C)CHCO0H
{"DBTA" )
. Butyl phosphonnacetic dec. >50 C 1.259 1.456 ca.250 0.2
acid (BuO){HO)P(0)CH,COOH
("BPA")
. Phosphonoacetic acid m.p. 143.4 C .- - 98l >0.01
(H0),P(0)CE,COCH
(“pk")

Conc. DBPA Aq. Phase
M PH = 1.0
0.05 0.082
0.1 0.23
0.25 0.46
0.5 0.85

The extraction increases as the hydrogsn

uranium(Vl).

Aq. Phase
pH = 1.3

h ion concentration decreases ac expected,
and the extraction of uranium(1V) appeurs to be greatar than that found for

However, the mos% interesting observation is that the uranium(IV)

-~ DECLASSIFIED
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polymer is the species that is most highly extracted. The spectra of the organic
phases obtained at high pE values (and high ES values) lack the peaks characteristic
of uranium(IV) and rcsembles that of the aqueous polymer. Further, the saturated
organic phase is found to contain approximately a two 10 one mle ratic of uranium(IV)
to DBPA.

The terminal hydrolysis roduct of the series, phosphonoacetic acid night be ex-
pected to form agueous sqluble complexes {or precipitates) as does phosphoric acid,
wvith the added factor of possible chelate formation. Complexing of zirconium by
this compound ves studied by following its effect on partition of zirconium into
M. A conceotration of 0.1 molar TTA in benzene was used to extract 10-3 molar
zirconium ypreviously prepared by TTA axtraction. The addition of phosphonoacetic
acid strongly complex:d the zirconiwa as the data in Table 1II sghov.

TABLE ITI

CO¥Y . 2.ING OF ZIFCOATUW(IV) BY FROSFRONUGACETIC ACID
frganic phsse 0.1 M TTA in benzene
A paecnp phage 5 M NO3, H® as indicated

EQ (2r)
MF’ No PA 0.1 N PA in Ag. Phase
3.5 1650 0.04
1.0 W50 0.04
2.5 50 0.05
5.0 8 0.01

¥> ¢ .mpiexing axperirents have been performed with the intermediate ester, butyl
phorpronoacetic acid..

¥/¥ _FROCE:IES

Cremics’. Dejacke’.ing of Zircaloy Clad Fuels

The effect of rajor variables, temperature concentrations, time, and pH as they
efZect the dir,ol .tion of zircaloy in NHLF solutions have been investigated. The
epplicability of the process to separations operations appears favorable. Ap
‘oteri’m report ras been issued summarizing the experimental studies, "Dejacketing
@f dircaloy Vigd Fuei Elements wWith Ammonium Fluoride Solutions,” BW-49633 by

J. L. Svansgc... Further studies will provide quantitative infcrmation on the dis-

tribution ¢ U and Pu into the cledding waste solution as well as possiblie steps
for holairy these cuantitier at desirsd levels.

Flucew

Duriag e moath & "trench-cathode"” Plurex cell was completed and tested. Zxposed
ca~icr 2ad anion exchange membrane surfaces are ll-inches high and 2-inches wide
w.tr. roe feed chamoer between about 1/2-inch thick. The anode is a platinum plate
parslilel to and abomt 1-1/4 inch from the anion membrane. The ca’node consists of
Jiree mercury-filled trenches situated one above the other and parallel to the
re%lor. membrane. Mercury level in the botiom trench 1s about flush with the bottos
of the cell. Al three trencb:s are provided with plexiglass stirrers. Thi:

CLASSFED
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particular cathode ~rrangement was used in order to obtain a more uniform current

dengity in the mem“ranes than is possible with a single mercury-pool cathode in the
bottom of the cell.

A special feed cell divided into five compartments was used in runs made to study
the membrane current density distribution vhen using a1l or oniy one of the ecathode
trenches. Using solution compositions approximating those anticlpated for a pro-
duction Flurex cell, current density through the top feed compartment was 42 per
ceat of that through the hottom ~omparitment vhen only the bottom trench was used

as ‘athode. When all three trenches were used varistion in the current density

th ugh the five feed compartments was generally less than 10 per cent. Membrane
current densities observed agree well with calculated values based on solution and
membrane conductivities reported previously. These observations lend confidence to
ralcularions of cell perfarmance ve. cell geometry based on measurad conductivity

of individual cell components.

Observed current effic’ .cy (based on dried KB, UF5 product) for the trench-cathode
cell was about 45 per «cnt when the mercury was not stirred compared to 93 per cent
vhen stirred. These resultis demonstrate again the need for renewal of the mercury
surface, PFuture :uns in the cell will determine the degree of agitation required
and will test -everal proposed methods of obtaining agitation.

Performance cf the trench-cathode cell has been highly satisfactory and it is anti-
cipated that some form of trench cathode will be included in design of the 321
Building pilot-plant-scale Flurex cell.

As part of a program aimed at determination of membrane useful life under operating
conditions, the effect of time temperature, and solution composition on pertinent
properties of the membranes ic¢ under study. Init‘al experiments involved exposure
of anion membranes (¥alfilm 2 and Permutit 3148) to nitric acid of various coacen-
trations simulating possible anc Lyte compositions (0.1. 0.5, and 1.0 M). Thre 8ol
tions vere maintained at 90 C and conductivity, physical dimensions, and peraselec-
tivity of the membranes were determined at various exposure times. Obser-ratiors
made after 80 bour: exposure may be surmarized as follows:

1. Resistarce of the Permutit membrane decreased with exposure time <o nll] three
solutions, becoming about half 1ts original value. Also the degree of perm-
selectivity under A g/ven set of conditions decreased with expcsure o all
three solutions, rcpping from 0.9 to about 0.75. (Permselect ivity is defined
es the fraction of tne current carried through the membrane by the amion, in
the casc of the anion membrane; and as the fraction of the current carried
through the membrane ty tbe cation, in the case of the cation membreae.)

Change ir area of the film was nil although an increase in thickaess of about
1¢ per rent cccurred.

2. Dimenelonel changes in the Nalfilm 2 membrane were sbsent. In 0.1 M BNQ,,
resistance decreased to about 25 per cent of original while in 0.5 and 1.0
M ERO3, resistance increazed 1o nearly 10 times the original. Permsele:tivity
dropped from 0.90 to about 0.55 in 0.1 M HNO; and to about 0.7 in 0.5 snd
1.0 M HNO3. Extended use of this film in 03 at elevated temperature app.ars
impractical due to increased resistance and/or decreased permselectivity.

_DECLASSIFIED
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Attempted vermselectivity studies with Ionics-CR-61 cation membrane revealed that
the resistance of this membrane ircreases rapidly in use to a value many times the
initial value under operating conditions approximating those for Flurex. Similar
difficulties occurred in attempts to obtain current efficiency data for Nalfilm
cation membrane. No explanation for this unexpected behavior of these membranes

has been found. Similar resistance variations have not been observed with Permtit
cation membrane.

EW-L9752 €

Transfer of water through the anion membrane of a Flurex cell is dependent on the
concentration of uranium in the feed compartment and ranges from 0.17 to 0.35 g

850 per 1000 coulombs of current passed aa uranium concentration is decreased from
l-l w o-l mlu’

AT 1 9T e
CONTINUOUS METAL DISSCOLUTISS

Several runs vere completed during the month in the two-inch-diameter coniinuous
countercurrent tower dissclver using 60 per ceet nitric acid as feed. Preliminary
results are summarized iz the following table.

Peed = 60% HNO: o 0.005 K Hz(503),

Product Compositioa
UNH, HNO3, mro-i? Type of Diss. Rate

n w UNE Sluge Ib. U/Day/Lb. Heel
2.3 k.o 1.7 UnJjacketec 1.6
3.0 1.7 0.6 Unjacketed 1.6
3.5 1.1 0.3 Unjacketed 1.2
2.3 3.6 1.6 Jacketed 1.8
2.k 2.5 1.1 Jacketed 1.1
2.5 2.0 0. Jacketed 0.8

Reducticn of the residual acidity in the product appears to have a larger adverse
effect cn the dissclving rate of jacketed slugs than of unjacketed slugs. The re-
sults are encouraging and indicate high dissolution rates if some acid can be tel-

erated in the dissolver product. Further tests at lower residual acidity are
planned. '

CAUSTIC SCRUSBER STUDIES

The six-inch-diamcter bubble cap caustic scrubber with six trays oa two-foot spacing
vas opertted tuo measure efficiencies of lodine removal. A concentration of 500 ppm
iodine in air was used as the feed vapcer. Efficiencies greater than 99.85 per cent
vere obtained consistently with 25, 15, and 5 per cent caustic scrub solutions. No

decrease in efficiency occurred when synthetic coating waste solution was substi-
tuted for sodium hydroxide solution.

ATter 168 hours of contipuous operation at nominal plant rates, no plugging of equip-
mert or lines was cetected. Analytical results, though incomplete, indicate aluwost
complete conversion of the sodium hydroxide to sodium bica-bonate and carnonate.
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Improved Reactivity - UO3

BW-49752 C

Among the various methods investigated for increasing the reactivity (in the fluor-
inatlon process) of UO3, the most effective treatment developed so far imvolves
fluidized-bed reduction of the trioxid: with hydrogen to produce UQp, which is then
reoxidized with air ir another fluidized-bed tc produce Uj0g. This material made
in tuis manner has satisfactory reactivity regardless of éhe quality of the starting
003 material. A study was initiated to establish the magnitvde of the economic
incentive for carrying out pllot-scale development work for such processing. Capi-
tal expenditure &t Hanford would amount to about $450,000 after being credited with
construction expenditures not required at Paducah. Annual operating cost savings
of $40,000 (Paducah savings less Hanford operating costs) were shown. In the re-
port of this study, HW-50081%, it was concluded that a full-scale process could not
e Justified at this time but that consideration shculd be given to pilot-scale
develapment without priority over present prcgrams.

Anion Exchange Frocess for Plutonium Recovery

An inforwal report, Hw-uyod4, e¢ntitled, “"Tentative Flowsheet for Recovery and Con-
centration of Flutonium by Continuous lon Exchange,”™ by J. L. Ryan, was issued to
gnide 231.5 Development Operaticn in demcusiraticn of this process im the laboratory-
scale coatiauous lon exchange unlt. The flowsheet uses a8 feed solution containing
7.2 mclar nitric acid and operating at a flow rate of 28 mg Pu/cn®/min. The elutant
13 0.35 molar nit::c acid at a flov rate designed to yleld a product concentration

of 50 g Pu/l. The operating temperature of both extraction and stripping columns

Dissolution of Uranium by Bismuth Bromide

Preliminary experiments - 2re coaducted to determine the reaction characteristics of
uranium and bismmth brom:de, a reaction proposed by R. H. Moore in EW-48503 for the
pyrochemsical dissolution of uranium. The details of this brief study may be found
in HW-49781, "The Reaction of Uraniua and Bismmuth Bromide - A Preliminary Investi-
gation” by H. T. Hahn. The following conclusions were drawn: (1) the reaction oc-
curse rapidly in the vicinity o 400 C with a dissolution rate greater than 0.32
grams per minute per square centimeter, (2) the product is a solid at the reaction
teamperature when the ratio of bismath bromide to uranium is 1.6 to 1 or less ; the
conditions for product solubility are unknown, (3) the reaction apparently pro-
duces uranium tetrabromide rather than the tribromide,and (4) the reaction proceeds
xfz?ooniuy'wzmc‘mt violience and could undoubtedly be adapted to the large scale
UltsouiubloD O uranlium metal,

WASTE TREATMENT AND BY-PROXXXCT RECOVERY

Reptunium Recovery

Data have been obtained on plant samples which define the path of neptunium in the
Purex plant. They show that the fraction of Np appearing in the uranium product

¥EW-50081; "Uranium Oxide Activaticn Cost Study” by R. W. McKee, April 23, 1957.
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since the first of the year is sensitive to solveat characteristics. Correlations
of plant operation with laboratcry experiments support a hypothesis that the extrac-
tibility of neptunium in the plant operation is due to degradation of the solvent to
form compounds which prefereantially extract neptunium.

Analyses made of the major Purex streams, and the results for samples taken on
three different dates are shown in Table ¥.

TABLE V

BISTRIBUTION OF NEPTUNIUM IN THE
HANFORD PUREX PLART

——e

Percent of Feed Neptunium

Stream March 22 April 5 April 12
1AF 6h 82 RAS
1AW il Lig h
2DF -- 98 39
2DW - L1 19
2BUC 19 1o ag
iBp - Begligible L7 )

® Data not' currently availatle

¥t ir noted that a major fraction gets past the HA-HC cycle. It then splits into
egssentially all of the aqueous streams. However, only negligible amounts are found
ie the 1BP or in the piutonium product, as would be expected based on the extracta-
piiity of neptunium(lV) and the high nitric acid concentration in the 1B column.

Variation of the concentration of neptunium in the uranium product with time is
shown in Table Vi. The dates given are equivalent Purex dates, i.e., in the case
of the car lot samples these are the date of oxide sampling less five days. Om

tue basis of an average exposure of 650 MWD/T and a value of 0.0036 for the Np/l?u
ratio, the calculated feed neptunium is equivalent to 1.5 grams per ton of UO3. The
percentages of feed neptunium in the product are based on this value and are only
approx:mate. The three samples of 2EUC are essentially "grab samples” and would

be expected to show more variation than the oxide samples.

TABLE VI

NEFTUNIUM IN PUREX URANTUM
PRODUCT AS A FUNCTION OF TIME

Date Car No. Np23T/m U043 Percent Feed Neptunium
1/ 16 0.18 12
2/4 17 0.05 3
2/21 509 0.51 34
2/28 510 0.84 56
3/5 511 0.82 55
3/11 512 0.70 47
3/17 22 0.87 58
3/18 513 0.75 50
3/22 2EUC 0.3 20
b/5 2BUC 0.2 13
b/2 2rUC 0.% 27
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It will be noted that the concentration of neptunium in the uranium product incressed
markedly about February 21, remained high until March 18, and then declined. This
behavior coincided with a change in the solvent wash procedure. During the period
Pebruary 7 to March 17, the "front end” (I00) solvent received a batch carbonate wash
followed by & two per ceut nitric acid scrudb in the IC column. Prior to this time, &
double carbonate wash was empioyed. This was reinstituted on March 18 and is still
being used. A trend toward higher plutonium losses and poorer ruthenium decontamina-
tion vas also noted during use of the nitric acid treatment, and was one reason for
its sabandonment. These results strongly suggest that some solvent degradation producé®
is reaponsible for all of these phenomenay, and the folloying laboratory experiments
support this view.

A 30 per cent TSP-Shell Spray Base sc.ven® was degraded ®y digestion for 48 hours with
6 M nitric acid containing 0.1 M nitrite, and the extraction coefficients of neptunium
. (IV), (V), and (V1) into this solvent from 2 M nitric acid were then determined both
at room temperature and ai %5 C, the approximate current temperature of Purex plant
operation. The results are shown in Table VII with the corresponding values for unws
treated sc.vent in parenthesis. The extractability of both the (IV) and (V) states ig
{increased by factore of € to 30, whereas the (VI) i{s not appreciadbly effected. In
other experiments, carbonate washed plant I0O0 solvent gave neptunium{V)} extractica cos
efficients from 2 M nitric acid of about 0.1 and 0.45 at room temperatur~ and 45 C,
respoctively, anml 200 plant solvent gave 0.1 and 0.3. These numbers can “e compared
to vuluea of atout 0.02 with laburatory soivent and are adequitely large to account
for the observed plant behavior o{ neptunium. Dibutyl phoaphate, ou the other hand,
vhen present to the extent of 10~" M did not appreciably effect the extraction of a&ither

neptunium(IV) or (V), suggesting that degradation of the diluent is responsible for the
obeerved effects.

TABLE VI
EFYECT OF DEGRADED SOLVENT ON NEPTUNIUM EXTRACTION

30% TBP-Shell Spray Base degraded by 48 hours digestion at 70 C with 6 M m03-0.1 M
nitrite. BExtraction coefficients from 2 M HNO3.

Neptunium ‘ Eg

Oxidation State R.T. LE C
v 13 (1.7 7 (1.1)
v 0.4 (0.02) 0.6 (0.02)
VI 8 (12) 6 (39)

* Paranthaeuic numbers Are contirois with untrsated solvent.

Workers at the Savannah River Flant have attributed the extraction of neptunium to &
nitrite catalyzed nitric acid oxidation of neptunium(V) to (VI). In an experiment to
check this idea, a 2 M nitric acid solution containing 0.1 M nitrite was agitated with
30 per cen{ TBP-Shell 2342 and the distribution coefficients of neptunium (initially V)
folloved as & function of time. At 45 C, the gross neptunium extraction coefficient
{ncrease’ {rom a value of 0.3k at ten minutes to 0.83 at one mur versus a constant
value of about 0.02 in the absence of nitrite. The effect at room temperature was less
marked. while these results taken by themselves, would seem to indicate oxidation to
the extractable (VI), an explanation more consistent with the other work would be that
the nitrite is bringing about a degradation of the organic phase.

Thus, increasing the temperature from 25 to 45 C was found to decrease the extraction
coefficients of neptunium(IV), (V) and (V1) by about one-third when employi:g labora-
tory solvent. The presence of sulfate in the aqueous was found to markedly decrease




the extractability of neptunium(IV) and would seriously interfere with amy riolveat ex-
traction process based ou extracting neptunium(I¥). The concentration of sulfate should
be kept as luw as possible.

Manganese dioxide, particularly co-formed, has been previously reported to be effective
for oxidizing neptunium to the (VI) state, and column evalustions are in progress. Ad-
ditional experiments have now shown that sodium bismithate and lead dioxide are equally
effective, as was sodium brouate (previously evaluated at ORNL and rejected for corro-

glon reasons). RMersulfate was ineffective due to -wfavorable kinetics.

aAppraisal of the situatlon leads to the view that the use of an oxidizing agent in the
first solvent extraction cycle 1s the most positive means for forcing the Np to accoms
peny the Pu and U at this point. It is relatively well established that conditions in
the partition zolumn (1B) will drive the Xp to the IV state and thet it will follow
uranium to the gecond solvent extraction cycle. Introduction of sulfate at this point

is expented to force the Np with secoud cycle waste. This waste can be processed through
ion exchange to separate Np. The balance of the waste #ill be back-cyclad to the first
solvent extraction cycle.

Ion exchange studies have shown that semicarbazide is a satisfactory reducing agent fo#
neptunium in high acid (8 M) solutions and Limt it gives almeost as high distridution
ratios outo Dowex-l as are obtained with ferrous sulfsmste. Column runs sre in progress
but are limited 45 3z very smail scale iresmick as only 100 miliigrams of neptunium-237
are available. Reasgonably good breakthrough and elution curves have been obtained ic

colums containing 0.1 ml of resin; however, there is evidence that channelliug and
kiretic factors in these amall columns may cause erroneously low apparent capacities.

An Interim status report on the neptunium recovery work is in preparation and will soon
be released as HW-49B825,

Concentration of Np-237 in Irradiated Uranium

Analyees of Purex feed (EAP) solution from 730 MWD/T metal ylelded a Np-237/Pu ratio
of 0.004. An uncertainty of as much as £ 20 per cent is inherent in the counting sta-~
tistics. Hovever, the value agrees well with 0.0036 computed from nuclear crosssec-
tions and a more iigorous calculation by the Theoretical Physics Operation.

WASTE TREATMENT STUDIES

Cesium Isolation ard Packaging Facility

The yirst engineering flowsheet defining a batch-type ecalcination precess 4c convert
an squeous slurry of zinc-cesium-ferrocyanide to a dry cesium chloride product was pre-
pared. Laboratory experience has shown that the presence of nitrate in the influent
slurry introduced a potential hazard to the calcination step. The flowsheet will be
modified to eliminate nitrate before calcination.

Semiworks Waste Self-Concentrator

During the month, 378 liters of condenmsate from the boili.ng waste concentrator ware
collected and cribbed, reducing the 1iquid level in the tank to approximately 9-1/2 feet.
‘his corresponds to 22 ger cent of the original volume charged to the tank. (I tank
contents were homogeneowus, sodium ion concentration w.uld be approximately 23 M).

No pressure "bumps" have been recorded since March 21. Howvever, the condensate rate
has evidenced a definite boiling cycle. Eveiy 12 to 18 hours, the condensate rate pesks
at about 24 ml/min. with the 1/2-inch vapor valve opsn and at sbout 50 ml/min. vith the

one-inch vapor valve open. Betveen peaks, the condensate rate ranges from O to 6 ml/min
Toe tank temperature protile also reflects the 12 to 18 hour cycle.
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During the last month, tank temperatures below the liquid surface have steadily
gained from 13 to 17 F, the largest gain occurring at the bottom. The actual temp-
erature range from 259 F one foot beneath the liguid surface tn 302 8 six inches
off the tank bottom.

An attempt was made to determine the liquid an8 sludge consistency by turaing the
manual rgitator paddles which were inssalled in the tank before filling. Normal
friction in the system made it impossible to detect any difference in the toryue
required to turn the top four paddies. Three of these paddles are immersed in
liquid while the upper one is "free" in air. Bvidence that the sludge has set up
l:ke "cement" was obtained when 2 fifth agitator in the sludge layer (approximately
one foot off tank bottom) was ":rozec” solid. The paddle did not break free when a
force great enough to break th: 9/16-inch stainless #teel rod wag applied. Celcue
iations indicate that a force of greater than 500 1t./2q.in. was exerted on the
sludge by the paddles. Alttcugh three of the agitator paddles were beneath the
liquid surface, no significan® changer in temperaiure, pressure, or boil-off rate
ware noted as a result of turning the paddles. Actual speed of the paddics was @
Jjerky one to twe revelutions ~er minyte for iwo ts five minutes.

Special Geological Studies

Drilling on the fixed-price portion of the CA-700 (FY-1957) Chemical Effiuents
Techuology drilliing program by the Hatch Drilling Company began April 8th. In
approximately two weeks of drilling three wells were completed and two more under
¥ay, about two weeks ahead of the sontract requirements. The Geological Survey
Arillers hettered their drilling progress and are curreatly less than 150 feet
behind schedule. Probable completion of the CA-T00 project for an estimated cost
25 per cent less than originally scheduled is attributed to competitive bidding,

to improvements in drilling techniques as employed by fixed-price contractors, end
to the successful elforts of the Geological Survey drillers to increase performance
and decrease costs.

Data receatly procured further indicate the desirability of testing the use of
rotary drilling equipment at Hanford. Savings up to one-half the pr-esent costs
appear poszible, moreover drilling rates up tc five-times the present speeds are
indicated. Negotiations between the Atomic 7nergy Commission and Geophysical Ser-
vice, Inc. of Dallas, Texas, for the proposed geophysical evaluation study continued.
Evaluation of the rotary drilling techniques as used by that company will further

determina the deeirability 2f naa of 1‘0“"‘"}’ equi**”t here.

Well 299-W.3-5, drilled to basalt at a depth of sbout 530 feet, encountered subn rmal,
non-artesian water beneath the two clay horizons of the uppermost part of the lower
Ringold formation for more than 100 feet of depth. The data, from the east side of
& deep structural basin in upper Cold Creek Valley, confirm similar data obtaired
in 1948 in a well toward the west side of that basin nesriy three miles avay. The
Tibnormal level indicates no appreciable recharge from deeper artesian aquifers in
the basalt and no appreciable hydraulic conctinuity with snallower ground waters

there. Storage of large volumes of wastes in this deep Ringold aquife~ m2y he
feasl le,

Disposal to Ground

An investigation of the possibility ¢. direct disposal of aluminum coatiqg wasts to
the ground was started concurreatly with the study of gelling of the material. The

DS
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Prelimiuasy iesusts 01 a 8411 column test with a semple of supernatant iiquid (alum-
{num coating waséz) from the 105 C wank were as follows: essentially none of the
7.5 pz/ml of RulO® wag adsorbﬁd by the so!ll, the coancent:atlon of Cs 37 was reduced
from %.1 mc/u. to £1.2 x 10°" ne/ml, end the concentration of Cof0 was reduced from
1.2 x 1072 pe/ml to 2.1 x 10°3 uc/ml at one ‘olumn volume of effluent. Plutonium
and uranium were adsorbed snfricientlgotc permit disposal to the ground, but the
pre iminery analytical results Jor Sr7Y were not sensitive encugh to avaluat- the
exteat of adsoprption of this :radioisotope by soil. This test represented the first
instance of Co®Y adsorption ¥y soil, however the adsorption was stil. insufficieat
to perait direct aisposel to Lhe ground based on present limite. Sansples of alume-
lnum coatirg waste from taaks 10A-T and 109-U vere obtained for additionsal experi-
nental wor:

A laboratory scil column test was beg u with A-8 waaste {Purex tank farm condensate)
to estimate the "crib life” of the A-U crib for the higher activity demnsity wastes,
vhich are being produced under present operating conditions. The activity deasity
of current A-0 waste 18 app-oximately 100 times greater than tt ' produced six wo» the
ago, however “h{3 {s podebly dae, at least in part, Lo 'k reduced volumes of
condenger coolin. uwrter,

Approximately cue million gallops of TBP scavenged wvaste supel iate having a 0060 cone
centration greale. than 4 x 107" ac/ce were discharged to ithe 216-BC trenchsite
during the month. This brings the total volume of scavenged aste dis:used on ¢
spec’ "¢ retention basls at this site to 11.5 million gallons. Remainir unused
trench space will accomodate 5 million gallons of non-cribbable supersate.

In-farz scavenging operations at C Farm vere started on Marzh 31. The first batch
of settled supernaie (9-112C-102C} was sampled and analyses should be available by
the end of the month. Analyticsl and soil column testing results will determine the
suitabllity of disposing of this wasle to the 216-BC cribeite on a test basis.
Chewical Processing Department was requested to daley disposals to the 216-BC crid-
site .ntil test wells can be Arilied and hydrological testing performed vefore the
wastes enter the regional ground water. An outline of proposeéd geological and hy-
drological tests and moritoring and anslytical requirements concerned with the test
disposal of high CoPQ scavenged wastc at the 216-BC cribsite wus under preparation.

Recommendat! ns were made to Chemical Processing Department for the disposal of
21,000 gul.uns of contaminated organic solveat stored at the Metal Recovery Plant.
Disposal  on 2 gpecific reteaiion hasis, 10 a treach to te located vest of U-Plant

and immedis .ely adjacent to a site which raceived organic waste several years agoe
was rezomms:nded.

Observation Wells

The aidition of nev monitoring wells ‘mn the vicinity of the BC cribs and trenches
permitted a more detailed analysis of the ground water elevations in this ares.
This enalysis revealed the presence of a small ground water mound beneath this
site. This wound can only be caused by recharge of the grow " water by liquids
disposed to these facilitiee., The mound c mplicates the selection of monitoring
well sites for the soecial disposal test p.oposed for these disposal structure .

Samples of ground water nbtained from wells adjacent to the 216-8-1 and 2 crits
contaiged detectable concentrations of Sr90., This is the first time Sr9° has teen
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detected in the ground water at Hanford. These cribs received large volumes of D-1
and D-2 wastes from the Redox plant until they were replaced by the 216-8-7 crib
over a year ago. The 216-8-1 and 2 cribs vere abandoned when soil column tests of
the wastes being discharged to the site demonstrated very poor strontium removal.
The wastes were discharged at a low pH (2-4), conditions not suitable for strontium
removal by 801ls; such waste streams are now neutralized before discharge to the
ground. The ground water samples were found to have pH 7.5-8.0, at which stroatium
removal should be readily achieved. I* is falt that the stront um contamination
cannot move far in the ground water wit. out being removed by the soil under these
conditions. The highest 8r90 concentration found in the ground wvater wag 1 x 10“6
ac/ce, or 2-1/2 times th. Handbook 52 MPC for drinking water. The occurrence of
radic strontium in the ground water at the measured pH indicates that the soil ve-
n2ath the crib 1s still draining although no liquida have been discharged o th=
site for many months.

5 HW-49752 C

Process Nevelopment

The investigation of the use >f ion exchange resin; for the disposal of condensate
vastes was continued. The extremely high affiaity of the resins and the relatively
low concentration (on a weight basis) of radioisotopes continued to interfere with
attainment of reliable breakthrough data. Although such efficient removal of
redioisotopes appeared at first glance to assure the successful application of ion
exchange resins, preliminary estimates indicated that an extremely high resin column
efficiency will be required to compete with disposal to the ground on an economic
tasis because of the deep s0il profiles of the Separations Areas plateau. Samples
of A-8 vaste urdiluted by condenser cooling water were obtaired and additional 8r9°
added. Experiments were begun to obtain breakthrough data for Sr90 using this
vaste. Preliminary attempts to elute Sr90 from Duolite C-3 resin indicated sulfuric
acid or sodium chloride solutions as possible eluting agents. The sodium salt would
be preferable since the resin then would be regenerated to the original sodium form

during the elution step. Elution data will be necessary to determine whether it is
more economical to discard or regeperate resin which has been loaded with radio-
isotopes from A-8 waste.

Gelling of Wastes - Pield Work

It vas demonstrated in the laboratory that e Vanton pump will provide sufficient
uixing of a sodium silicate synthetic coating waste solution to form an alamino-
eilicete gcl. The 1/3 gpie pusilive displacement pump provided suction on two
containers, one containing 20 per cent sodium silicate, the other synthetic-coating
waste. The solutions were blended at the pump inlet, mixed ia the pump chamber,
and discharged as a milky liquid which set to & gel in 2 - 3 minutes. Although
there was no evidence of plugging in the lines or pumps, scue difficulty was ex-
perienced in attempting to muintain flow control sc that the sclutions b.ended in
& 2:5 silicate to waste volume ration.

Preliminary planning for fleld tests indicated that the most satisfactory method

for mixing the streams and disposing of the gel will be realized by pumping each
elstma.m into a common wixing nozzle or chamber locatec. near the end of the discharge
ine.

A four foot long, 6-inch diameter lucite colusm pariially filled with soil and
topped with a one foot thick layer of aluninosilicate gel is being set up to evaluate
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moisture lo.,s to the soil due to compaction of the gel and to blotter effects exerted
by the soil. Data obtained from this evaluation will be used to determine the length
of column{s) necessary to evaluate loss of moisture from greater gel bed depths which
would be encountered in plant scale disposals.

The economics of gelling vs. other methods of obtaining tank space was studied.
Using actual costs of the wvaste scavenging process as a basis and applying the
necessary adjustments it wae estimated that coating waste may be gelled, discharged
intoc an excavation, and covered at a cost of eight to nine cents per gallon. While
being about three times as expensive as direct disposal to the ground, this process
will be about twc cents per gallon less expensive than evaporation and about eleven
cents per gallon less expensive than tank storage.

ANALYTICAT. AND INSTRUMENTAL DEVELOPMENT

Mass Spectrometry

Work was continued on the thermal emission mass spectrometer with most of the effort
concentrated on the scanning method instead «f th: pulse counting methud. Precision
of the U-235 to U-238 ratios obtained by the scanning method was improved nearly
ten-fold to about ¥ 1.5 per cent. The improved performance is attributed to the
careful repositioning of the beam deflecting magnet which resulted in a narrowver
bean width of 10.5 mils. Additional improvements in the scanning method were made
by modifying the magnet power supply to scan in both forward and reverse directions.
An averaging of the results from both the forward and reverse scans eliminates the
corrections for the gradual but noticeable change in the ion beam current with time.
Further improvements in results will be realized when modifications to the micro-
microammeter sare made to remove the transients between range changes which tend to
mask the peaks.

Controlled Potential Coulometry

T+ has besrn demonstrated that the plutonium concentration of a solution can be de-
termined by titration from the three to the four valence gstate with a controlled
otential coulometer. Preliainary precision messurements indicate that the method
111 be capable of obtaining the desired precision of % 0.2 per cent (95 per cent
onfiCence level). The range of 1 to 40 mg of plutonium has been investigated,
and atout four mg was chosen as the optimum sample size. Repeat titrations of a
four mg sample (re-oxidation coulometrically in situ between titrations) reaulted
in a precision of ¥ 0.1 per cent, but titrations of separate samples showed s pre-
cision of ¥ 0.4 per cent. The op*‘mum oxidation potential has been found tn to
1 0 1 to 0.08 V with respect to a etandard calomel electrode while the optimum
reduction potential is about - 0.2 voltse. These are the minimun poteantials which
“1ill completely and repro/ducibly oxidize and reduce the plutonium in the citrate
medium being used. Any rfubstance which will reversibly change valence state be-

tweer these two potenti<ls will act as an interference to the estimation of pluton-
ium by this technique.

Analysis by X-rayv Fluorescence

The x-ray flucreacence metbod is useful for quantitative analysis of individual
elements. The sample is irradiated by monochromatic 50-KV x-reys which are absorbed
by each element and re-emitted as fluorescent x-rays having wave lengths character-
istic of the atomic number. Tae wave length can be accurately measured with aid
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of a dif “racting crystal apd goniometer, and the inteneity, which is e function of
the con- it:ation of the element, can be readily determined. With the present de-
te .o., an argon-filled Geiger-Muel.er tube, and a three inch sodium chloride ana-
lyzing crystal, it wvas possible to determine elements in the range from iron (at.
No. 26) to silver (at. No. 47) at a concentration of 50 mg/l with a precision of
about # 5 per cent. The elements from Hg (at. No. 80) to the end of the periodic
tahle could be determined at & concentration of 100 mg/l with the same precision.
Ten milliiiter sampies were used in these direct measurements; however, by evapor-
ating the samples to dryness on a small disc of filter paper, & ten-fold increase
in sensitivity was obtained, thus lowering the minimum determinable amount to 5 and
10 mg/1, respectively, for the light and heavy groups.

HW-49752 C

Contact Alpha Counter

The iife test of a number of phosphors of different configuration is continuiag.
After five wveeks, no masjor attack appears to have taken place, although some very
small blisters have appeared on the Teflon surface of several of the phosphors.

The small blisters only appear ¢n the Teflon that is directly covering the zinc sul-
fide. The jig for making phosphors was modified to prevent the somewhat excessive
flov of fluorothene previously experienced and to give a somewhat better dimensional
stability to the phosphor material. Some 50 phosphors recently made with the modi-
fied equipment will be tested for uniformity of response to a fixed alpha source to
evaluate the prese.t method of phosphor production.

The proposed Purex Phase II Flowsheet calls for an 8 gram per liter plutonium con-
centration in the 2BP stream, which is higher than originally anticipated by a
factor of four. Additional testing with the alpha counter covering this concentra~
t:.n range will be made since completed tests only include concentrations up to 6
grams per liter.

Interface Detector

A liquid interface detector-controller using a float-driven armature in a station-
ary coil has been fabricated for Facilities Engineering for prototype testing in
the Purex 1A Column (Dwg. H-2-56729). The float and controller-transmitter unit
were calibrated in the Purex Instrument Shop. The float has a 5-1/2 inch travel
from zero to full scale and responds well to a 0.12 density difference between
phases. Consideration is being given to prototyping a second unit in the 10 colum.

Plutonium Resin Column Controls

Reservoir level Indicator. The resin level indicator has operated satisfactorily
during plant cold runs using a cation exchange resin. Tests are underway to de-
termine if the unit can be modified to operate using ean anion exchange resin in the
column. The conductivity difference between resin and solution with the two types
of resins requires conductivity measurements of different orders of magnitude.

The anicn res'n in the reservoir will probably be in equilibrium with 7 to 8 molar
nitric acid, whereas the cation resin is in equilibrium with demineralized water.

"C" Column Acid-Water Interface Detector. The acid-water interface detector oper-
ated satisfactorily during plant cold runs with cation exchange resin. This in-
strumentation will also bhave to be reevaluated for use vith an anion exchange resin.
With cation resin, the instrument detects the difference between water and dilute
acid, vhereas with an anion resin it must detect the difference between two levels
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Absorptome*  for Plutonium Loading on Resin. The absorptometer unit for detecting
the conce .tratica of plutonium on the resin was tested (with uranium) on the proto-
type column in the 321 Building. Preliminary tests revealed that the calibration
data based on equivalent lead absorbers were in error by as much as 200 to 300 per
cent. Thr unit was returned to the L.iboratory for recalibration using uranium-load-
ed resin. The apparent discrepancy '.8ing lead absorbers will also be studied !n
greater detail but will require more time.

Purex AAA (F-3) Sampler Mock-Up

A design proposed by Facilities Engineering for the F-3 gamma monitor at Purex was
tested for operability in the 321 Building. The design incorporstes an "in-cell™
degasser and jet. It does not reguire valves in the procegs linex and allows the
sample cell to draila by shutting off the air to the jet. The design, as prototyped,
vas not operable. However, by changing line sizes and minimizing sample holdup
volumes, the system could be made to operate satisfactorily. At the completion of
these tests, the changes incorporated in the design will be recommerded to FPaci .-
ities Enginecering. '

Redox JAPS (F-1) pH Prototype

As a result of piping changes, the buffer and rinse solutions now flow by gravity
through the pH cell. A problem stil) remains with sampling the process stream which
is thought to be due to restrictions in the valves in the sample manifold. Valves
are being modified to improve trelir flow characteristics and will be used if their
performance is acceptable for this service; otherwise, a valve-free manifold will
be installed.

During periods of satisfactory sampling, the monitor gives pH data which éoupares
favorably with the limited latoratory results.

EQUTPMENT DEVELOPMENT

Redox Spare Pump (Bingham Deepwell Turbine)

A spare deepwell {urbine pump equipped with glass bearings opersted about 200 hours
pumping dilute simulated Redox 1lAPS solution (Redox Flowsheet No. 5). The test
was discountinued vhen the motor shaft seized. The glass bearings were in pericet
condition. The ball bearings in the motor were frozen and the motor windings wexre
burned. Failure was apparently caused by lack of lubrication im the motor bearings
although grease was present in the housings above the bearings.

Valves

“Valvair” Solenmoid Valve. This valve has operated 207,000 times (16 operations

per minute) opening and closing against 83 psi air. This valve has given better
service than other soleno’d valves tested.

Hills-McCanna Saunders-type Valve. A spare Purex Plant Hills-McCanna Saunders-type
valye vas equipped with a Teflon coated neoprene diaphrags molded in the closed
position. The T:”Lon and neoprene were badly cut aand cracked after 230 forceful
closures. Also, the threads on the small (8-32 threads) screw molded into the dia-.

phrags were stripped. Super Dylan (Ziegler Folyethylene) diaphragms will be tested
when they are available.
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Jamesbury Ball Valve . A pneumatically operated plug-type valve has operated for

120 bours (115,000 cperations at 16 operations/minute). The valve vas closing
against 100 psig water requiring 20 psig alr for operation. After 2800 operatious
closing against wvater containing ion exchange resin, the valve started sticking.
The cylinder of ihe air cylinder was scored and neoprene “0"-ring” on the end of
the piston vas destroyed. The presence of ion exchange resin in the system did
not necessarily cause the valve failure.

Materials of Comnstruction

K-10L7 Silicone Rubber, miilied by Huntington Rubbver Company from & rav gum manu-
factured by Dov Corning, wus tested for chemical compatibility and the effects of
irradiation on chemical compatibility.

Tvtis elastomer fajiled in 50 per cent caustic soda by hardening and epalling < the
surface. It dissolved in Recuplex C£X and Purex HAX. Only minor shifts in these
tendenc ies were caused by irradfation. Dosages of 107r and over caused some hard-
ening. Irmersion in 10 per cent mnit.sic azid for 35 days seemed to make little
change but immersion in distilled water for the same time caused a noticeable soft-
ening. There was no change in linear dimension noted on either of these two samples.

Immersion for 35 days in 60 per cent nitric acid caused a marked increase in hardness
which decreased siightly with increaged irradiation. There was little change in
length noted, 12 per cent for the 1 sample, in 60 per cent nitric acid.

‘The ramples tested in hexone and in carbon tetrachloride both swelled markedly,
approximately 30 per cent in hexone and 40O per cent in carbon tetrachloride. %This
swelling was accompanied by a reduction in hardness. Both changes decreased upon
increasing radiation dose.

LS 53 Silicone Rubber, milled by Huntington Rubber Company from a raw gum manufac-
tured by Dow Corning, wvas tested for chemical compatibii.ty and for the effecta of
irradiation on chemical compatibility.

1S 53 rubber failed in 50 per cent caustic soda by surface deterioration. The
material dissolved in Purex HAX. It swelled severely and lost strength in Recuplex
CAX and Hexone but there was n¢ indication of dissolution. Changes in dimension
and hardness in 10 per cent and 60 per cent nitric acid, carbon tetrachloride and
distilled waler were negligible. Radiation dosage up to 10°r caused no noticeabie
changes in the chemical compatibility of this material but it did cause the material
to lose tensile strength.

Seilon DP and Seilon Glare-Ez, transparent vinyl-type plastic sheet material manu-
factured by Seiberling Rubher Company was tested by static immersion at room temper-
ature for 28 days. Both these materials successfully withstood immersion in 60 per
cent nitric acid, 50 per cent ceustic sodas, carbon tetrachloride, Recuplex CAX,

Purex RAX, and distilled water. The material delaminated af'ter less than 24 hours
in hexone.

Seilon DP is furnished in = standard green tint and Seilon Glare-Ex is a standard
biua-grey tint. Crystal clear sheet is not available since tinting is required
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Corrosion Studies
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Corrosion Rates by Activetion Analysis Techniques. Several stainless steel coupons
irradiated for use in corrosion studies are nov being exposed to various corroding
madia. Corrosion rates based on gross gamma determinations are two- to three-fold
lower than rates determined from weight loss under similar conditions. This dis-
crepancy 1s currently thought due to preferential dissolution of iron which bhas a
lower specific activity than chromium in the irradiated samples. Gemma scan de-
terminations now in progress may provide an explanation.

Redox Waste Storezc. The firsi set of samples from the 107-SX tank was removed
April 3, 1957. The operation went smoothly with the exception of the initial free-
ing of the lead radiation plugs. Apparently, corrosion products from the mild
steel pipe had flaksd off fTom above and deposited around the shoulder of the plug
making removal of the plugs somevhat difficult. It is quite possible that future
removals will be more difficult because of this. The samples were dzlivered to
Radlometallurgy for examination.

Effect of Dichromate and Sulfate on the Corrosion of AS55 Titanium in Nitric Acid.
The corrosion rate of A55 titanium in boiling b5 welght per cent nitric acid vas not
affected by dichromate in concentrations from 0.0l to 5 g Cr/l. Sulfuric acid in-
creased A55 titanium corrosion rates in boiling 65 weight per cent nitric acid by
factors of 3 to 5 at 0.01 M SO; and 10 to 20 at 1 M SOj.

Effect of Fe’3 on Corrosion of gth Stainless Steel in HNO3. Ferric ion had no ef-
fect or the rate of corrosion of 304L stainless steel in boiling 65 weight per cent
nitric acid at concentrations from 0.0l to 1 g/l. At 5 g/1, the corrosion rate was
increased by 2 factor of 7. The effect of ferric iom on corrosior of stainless

steels by ritric acid is apparently similar to that of Cr(VI), i.e., there is a
critical concentration below which corrosion acceleration is negligible.

Mock-up Heat Exchanger Studies. After 1.75 months exposure to boiling A0 weight
per cemt nitric acid ai a steam temperature of 175 C, a 3OLL bayonet suffered a 14
per cent weight loss while an A-TO titanium bayonet lost only 0.035 per cent of its
weight. Preferential attack near welds was very apparent on bayonets of 46, 310
Cb, and 16-2 manganese substitution stainless steels exposed to 60 weight per cent
nitric acid at steam temperature of 1k5 C.

MISCELLANEOUS

Hot Semiworks Maintenance Activities

The maintenance Drogram at the Semiworks is 85 to 90 per cent complete. Process
riping work is 85 per cent complete.

The feed centrifuge, G-65, was dismantled, cleaned, assembled, and tested. Flush
lines for improved dec.ntamination were added. New thick walled (3/h-inch pipe)
rings were placed in the No. 1 acid concentrator tower and revised packing supports
were installed. The corroded rings were removed from the No. 2 acid concentrator
tower and a layer of thick rings were added in the bottom mection of the tower.
Rew one-inch rings with a Huey test corrosion rate of 0.0015 ipm were used in the
remainder of the tower. The wall cover skirt (secondary seal on the wall) was com-
pleted. This conclud>s the work on the stainless steel floor in A Cell except for
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final leak testing. Revisions on the remote connector pan for the A Cell pumps
were completed. The unit was installed in the cell and repiped. The permanent
lighting system for A Cell was placed in service. Improved visibility and safety
has resulted.

Annular 2A Column. Fabrication of the annular column is proceeding on schedule.
The contacting section will be ready for tie-in upon completion of the following
items:

Fabrication and installation of feed distributors.

Pabhriscation arnd instelletion of sexplers.

Febrication and installation of "Plexiglas" windows for four observation
ports.

Welding end flanges on 1lA-inch ghell.

» ¥ipal assembly.

o
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Work is in progress on the first three of these items and all are expected to be
finished on or before May 17. Tie-in is scheduled for completion on May 3l.

Anion Exchange for 1WW Rework. The test unit is now complete and operation should
be underway in May.

Purex 2A Column Capacity Tests. Erection of a 6-inch-diameter, 10-foot-long glass
column is about 75 per cent complete. Processing capacities using the Purex Phase
II flowsheet and possibly a new "ultra-low-acid" flowsheet are 10 be determined.

Operation of the test unit i3 expected to commence during the week ending May 5.
3000 PROGRAM - WEAPONS

In support of Plutonium Meta lurgy studies, emission spectrographic methods are be-
ing adapted for measuring both zircomium (from crucibles) and titanium at the 1 per
cent level in plutoaium. Zirconium is being separated from plutonium by anion ex-
change while s=paration is unnecessary for titanium. Working curves are being
prepared.

4LOOO PROGRAM - REACTOR DEVELOPMENT

Impregnated Graphite Studies

Another experiment was performed to deteraine the uranium distribution in a impreg-
nated graphite cyclinder. Four equal-volume samples which were machined from a pilece
loadsd to an average concentration of 46.2 mg U/ml or graphite analyzed 79.4, hh,
33.5, and 28.0 mg/ml, respectively, from the periphery to the core. The average of
the four samples was 46.2 mg/ml vhich is in agreement with the over-all concentra-
tion and indicates the uniformity of distribution along the axis. .

Three test pleces of graphite, 0.h26-inch in diameter and 0.500-inch in length were
impregnated simultaneously in a nitrate solution containing 312 mg U/1l. An appar-
ent inverse linear relationship between density of graphite and extent of loading
vas observed when the dats were plotted. Thus, the possibility of predicting the
extent of loading from the solution concentration and the graphite density exists.
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A serles of tests was made to determine the effect of pre-oxidation of the graphite
on the volume uptake during the impregnation step. By oxidizing at 600 C in air
for 50 hours, the external dimensions of a piece were not measurably altered but
the apparent density fell from 1.65 grams/cm3 to 1.47 grams/cm3. The measured
uptake indicated about 85 per cent available pore volume compared to a previous 70
per cent. This technique may be useful if more uniformly impregnated pieces and
higher loadings are desirable.

-22 HW-k9752 C

Aluminum-Plutonium Alloy Preparation

Five 100 to 200 gram batchea of 1.65 weight per cent plutcnlum-aluminii were prepar-
ed by the reduction of plutonium dioxide with aluminum under cryolite He?AJJ‘6 as 8
fiux. Although analyses have not been made to determine the extent of plutonium
losses, the appearances of the metal reguli are indicative of the compieteness of
reaction.

In each of four runs, the entire charge was placed in the graphite crucible prior
to heating and the furnace cycle completed under an argon atmosphere. When a tem-
perature of 1100 C was reached and held for 20 minutes, & very clean metal button
was obtained. On the other hand, when a temperature of 1050 C was used with no
holéd period, the metal was somewhat contaminated and the flux showed evidence of
some unreacted plutonium dioxide. No mechanical stirring was used in these experi-
ments although some stirring by convection was apparent, especially in the 200 gram
batches. In a single run, the plutonium dioxide was added with the cryolite as an
aluminum foil wrapped mixture. In this procedure, the crucible had access to air,
and the flux appeared to have a greater oxide content » sticking so tightly that
its release could be effected only by breaking the crucible.

A much smaller scale experiment was successfully completed tv yield about 22 grams
of aluminum - 15 weight per cent plutonium alloy. The button and flux appeared very
clean, with very little evidence of unreacted plutonium oxide. This reduction meth-
od for prepering aluminum-plutoniur alloys proceeds smoothly with no vicience and is
simpls and direct.

Bismuth-Plutonium Dioxide Slurry Studies

An experimental study was started to investigate some of the chemical and physical
properties of the system bismuth-plutonium oxide slurry as a "fluid fuel” for the
FRP reactor. Seversl experiments were performed in which bismuth (or bismuth-lead
eutectic), uranium dioxide, and magnesium in mole ratios of 7.3:1:0.5 were con-
tacted in cold rolled steel capsules for three hours at 650-700 C. Uranium dioxide
is being used as a "stand-in" for plutonium oxide. In each case (except one when
the capsule failed), dispersion of the uranium dioxide in the bismith cccurred as
determined by microscopic examination and X-ray diffraction analysis. These results
&re in substantial sereement with findings at KAPL. The dispersion appeared uniform
except near the edges, a condition possibly brought about by the capsule materzal

which was wetted, in each experiment, by the slurry. Better dispersion occurred in
the bismuth-lead eutectic than in pure bismuth.

Plutonium Oxide Puels

A series of experiments bave been performed on the production of a UO. ~Puly fuel ma-
terial suitable for use in the PRP reactor. 1In agresment with the work, co-
Jrecipitation of an ammonium diuranste-plutonium hydroxide precipitate foilowed by
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nydrogen reduction results in mixed crystals provided that the material is heated
from room temperature to the 900 C reduction temperature in an atmosphere of hy-
drogen (actually a nitrogen-l to 2 per cent hydrogen mixture). When the reduction
was preceded by air calcination (900 C), it was not possible to reduce the resul-
tant nsterial to mixed crystals of uranium dioxide and plutonium dioxide. The
mixed crystals are desired because of their ease of dissolution for reprocessing.

A total of three reductions were carried out. In the first, the uranium/plutonium
ratio was five. Precipitation was with an ammonia-air mixture. The precipitate
filtered easily and was washed with ammonium hydroxide solution. It was air dried,
then dried overnight at 100 to 120 C, ground to & powder, and reduced in the ni-
trogen-hydrogen mixture at 900 C for one hour (the sample was introduced into the [
furrace at room temperature and the furnace brought up to temperature while sweeping
with the nitrogen-hydrogen mixture). The resulting powder was brownish-black in
color, and X-ray diffraction showed it to be the desired mixed crystal material.

An icentical sample of prec:pitate was calcined at 900 C before reduction and did
not yleld mixed crystals.

A similar preparation was made with a uranium/plutonium ratio of 1.25. The pre-
cipitate was not as crystalline as the above, was difficult to filter, and pep-
tized when washed with water but not when washed with ammonium hydroxide. Mixed
crystals w=re not obtained; however, the powder had been calcined prior to reduc-
tion. Similarly, denitration at 500 C of a mixture of uranium and plutonium ni-
trates folioved by caicination at 900 C and reduction did not yield mixed crystals.
Studies of the rates of dissolution of these various oxides are being made, but
results are not yet available,

In another approach, a scouting experiment indicated that uranium dioxide is one cf
the products of the thermal decomposition of ammonium diuranate in an inert atmos-

phere. If the diuranste can be decouposed so that the dioxide is the only product,
it may be possible tc eliminate the use of hydrogen in producing the mixed crystal

material. Elimination of hydrogen would be desirable from a safety standpoint.

Crucible Treatment

The possibility of filuorine iiberation from graphite crucibles treated with fluorine
was investigated and found to be improbable. No fluorine found by mass spectrometer
analysis upon heating sample of crucible to 1800 C in vacuum. It is concluded that

uge of these crucibles ir a hydrogen atmosphere furnace is safe from the viewpoint
of fluorine corrosion of the heating elements.

6000 PROGRAM - BIOLOGY AND MEDICINE

Geology and Hydroiogy

Discussions with Dr. Clifford Willis, chief geolcgist of the Harza Engineering
Company, engineer architects for the Grant County P.U.D. for the Priest Rapids
and Warnapum Dems, assured us of the desired geological data from the sgite.

Completion of several geclogical cross sections in the Wahluke Slope and Pasco
Slope areas and correlation of well logs with each other and with the results of
field vork by other; resolved numerous inconsistencies and anomalies and more
precisely defined the Pasco Basin to the east. It also permitted the determination
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of a detaiied Ringold formation stratigraphic sequence. The location of the main
course of the Columbia River at each stage of deposition, hence of the nature of the
sediments to be expected on the project, is & major result of the correlation; be-
havior of the ground waters can be more accurately predicted and monitoring wells
more reliably and advantageously located.

C-2h AW-49752 ¢

A new well was drilled to basalt in the 200 West Area near the Z-Plant Area. When
the biue clay zone of the Ringold formation was penetrated at a depth of 450 feet
it was found that the water bearing sediments below the blue clay were at a signi-
ficantly higher hydrostatic head than those above. These artesian conditions con-
firm the beiief that the blue clay zone is a good aquaclude and mist ha extaasive

ol N -
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Work wes initiated 10 evaluate the influence of dissolved solids and air in the
water used for conducting model studies. It was found that as much as one cc of
air per 1000 of water was removed from solution by a tension of 5 feet of water.
Tensions of this order are frequently encountered in model studies and much higher
tensions probably occur in the unsaturated flow zone beneath waste disposal sites.
This released air undoubtedly affects the water transmitting properties of the roil
and ic particularly importart in model studies where reproducible results are ce-

quired. A design study was initiated to provide equipment to deaerate water for
resear-l, models.

Jeochemical and Geophysice! Kesearch

The U.S. Bureau of Reclamation Hydraulic Laboratories and the U.S. Geological Sur-
vey Hydrological Laboratory, Denver, Colorado, were visited to obtain information
on laboratory soil permeability zquipment and methods. As a result, equipment was

chosen for a laboratory soil permeability apparatus to rermit routine permeability
tests on well drilling samples.

iise of shepei charges for well-perforating was discussed in & conference with
B. M. Caldwell, president of Jet Kesearch Center, a shaped charge application de-
velopment company. It was indicated that shaped charges could be appiied to the
anticipated work here, and that the company, which holds important licensing

rights, would cocperate fully. Only a modest investment would be needed for an
initial application.

The gamma scintillation spectrometer well prove and assoclated components were
Studied to improve field performance. Calculations were made of the anticipated
response to uniform cylindrical sources with the probe on the axis. It was deter-
mined that a uniform Csl37 source 12" in radius will give approximately 90 per
cent of the response of the infinite radius ig ce. A calibration source need not
exceed about 15" radius if it consists of Cs deposited uniformly in soil sur-
rounding a section of well-casing, or similar configuration.

The ground water flow direction indicator using conductance probes and gyro-compass
orientation indication was mad» svailable from Radiation Protection Instrument

Research and Development. First testing was unsuccessful because of corrosion in
the electrolyte delivery unit of the indicator.
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Suii Chemistry

Further research confirmei 1ne unusual soi. retention characteristics of Ce(1II)
previously cbserved. Ia the three variable system: per cent retention on soils,
pH, and Ce-ion concentration, a region was found where the reteantion on soilsswcs
essentiglly nil. This region accurs between cerium concentrations of 1 x 107" to
2 x 10°° M and in the pH range 9.5 to 11.5. Since the natural pH of the soil is
near this range, it is conceivable that solutions in th: criticel conceatration
range could be added to a crib with = ‘ery low removal of Ce. The adsgor*.d Ce can
be readily removed by BCl =zo0lutions .t i1 is Aifficult to remrove with soclutlions of
sal*s,

The Gelling of Wastes

Batch equilibrium experiments iu water with rreshly formed aluminosrlicate g2
containing 8r90 and €s+37 indicated that the latter wes removed from the gel rather
readily by the water leach but that the fcrmer was largely restiained by the .el.
Fquiilt-tym experiments in which dry gel residue was .outacted with water and with
synthetins aiuninmm coating wvaste containing these riiioilsoiopes verified the 8h-
servatisn _hat tha al osilicate gel had a relatively high «ffinity “or 3r9° vut
a low afrini.y or Ts=°0; for example, distribut’on coefficients for tne adsorption
Ly gel from d‘s.iai. water were >5C0 and €1, espectively. Alithouyh data from
the batch experiments w:th aluminum coating wes~e were pot ccmplete, the same gen-
eral {rend wvas =vi‘ant.

The experimental evidence suggested that liguid which is removeds from freshly
formed gel by compaction and the tension firces of adjscent dvy scil probably will
contain appreciable concentrations of ces.um. If however, tue appareut high affin-
ity of eoll fnr cesium in the original waste is e.so observed for cesium in liquid
extracted from the gel, the radioisotope should be raemoved. fror solution rather
effectively by the soil. Nevertheless, the apparert low affinity of the dried
alumonosilicate gel for €337 woulid ve a distinct disadvartage .f the gel were cal-
cined and an attempt made to use the calcined produet to "clean up" additional
radioactive waste.

Specisl Studies

The igotherms for the adscrption of ruthenium tetraoxide from carbon tetrachloride
solutions by activated aiumins were determineé at %0 C and 25 C. %The higher tem-
perature appeared to favor greater adsorption, hovever it was planned to determine
the isotherm at 15 C to ve.ify this trend.

Studies on the adsorption sed desorption of ruthenium tetraoxide vapor by activated
uiumine indicate a very appi-ciable hysteresis. This hysteresis effect suggested
that a swface reaction had cccurred resulting in a gr'ater retention of adsorbed
ruthenium tetraoxide molecules than would be predicted from capillary condensation
theories. A logical interpretation of the isotherms suggests that several layers
of ruthenium tetrauxide were adsorbed by & chemisorption mechanism followed by
physical adsorption of the buik of the tetraoxide molecules. The data bave applica-~

tion to any procedure designed to remcve or recovery rutheninm by adsorption
processes.
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Environmental and Radiation Chemistry

A two month's study was completed of the application of gaums spectrometric and
beta absorptiometric methods to the analysis of aquatic biology samples independ-
ently of chemi~al separations. The study included 143 samples representing nearly
all types of aquatic biology specimens. The results show that as many as 17 radio-
isotopes may be 1d°ntified and measured Iln certaln types of es without chemi-
ca% se tion ge isotgpes a.e: Na2l, P32, sc Cr51<,:8.g )(n56, Pe39,
Co®0, cub, zub%, un AeT , 2r95-Nb95, Cs137, Balb0, Lal¥d, ana’Wp239 wme pre-
ciaion with which each isotope can be measured in a pa.rticular sample depengg upon
ﬁ relative amount prcsenzl For the majority of samples in thia study, Nz 132
; P29, 0RO, Cut, wu”’, and AsT® can be measured with s precision of
about thr : per cent. =140 14140, and Np239 can usu.e.l.i.y be nea.aured vith & pre-
cision ol ten per cent, .‘xile the precision ¥ the M5 *y Zrl-Tu"%, and ORdsT
measur:cents may be only 25 per cent. Mn’® and Zn69 determinations were nJit -ade
on_th:se samples, but couid be if the samples are counted immediately after sampling.
P32 could not be measured in the muscle tissue of any fish withou: chemical separa-
tion, and some degree of chemical separaticn would be required to improve the pre-
cision of measurement of the other isotopes. The smell aquatic organisms such ss
algae, plankton, insects, and insect larvae contained a wide spectrum of the short-
lived radioisotopes and relatively small amounts of longer-lived isotopes whiclh
were measursd after some decay. Pish excegt for the juveniles contained mainly
the long-lived isotopes, P32, Zn65, and Csl The ratio of P32 and Zn65 in small

crganisms was about 10:1. Io suckers, squawfish, sculpine, whitefish, and carp,
the ratio varied from 1:1 to 1:10.

)

Gamma - gamme coigcidence counting of the 1.17 and 1.33 Mev gamma reys can be used
to determine Co®0 ;; reactor effluent water without chemical separation. Because
of the very small aus mnt present, the residue from a one liter Ralple must be
counted for an hour aiter a delay of one wwek (to allow the Na2* to decay) to ob-
tain the accuracy required.

¥e59 and Ga72 radiochemical analyses on reactor effluent water vere made over a

period of several weeks with the separated isotopes pluced on an automatic sample
changer for beta decay curve determination. In the cases of both isotopes some of
the decay curves showed the presencz of an impurity of from cne to four days half-

iife. PFurther studies are under way to identify and remove the interference from
this isotope or isotopes. :

The over-all concentration of gemm emitting radioisotopes on vegetation in the
plant environs has doubled since December, 1956. In addition %o thﬁoceri% iodine,
ruthenium, zirconium, and niobium isotopes previously measured, Bal?0.1a1%0 15 now
present in measurable quantities. The relative amounts of these isotopes suggest
that they are debris from atomic weapons %“ests. Measurements on off-site samples
wil) be made to verify this conclusion.

Dos imef.rx

A comparison was mede of the chemical protection afforded aqueous erioglaucine solu~
tions by urea and thiourea. The protective capacities differ by a factor of ome
thousand despite the similarity in structure. The protective action measured as
the ratio of the rate of the radical-protector reaction to the rate of the radical-
dye reaction was found to be linearly related to tha concentration for both ures
and thicures over a 50-fold change in concentration.
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Experimental determinations were repeated of the fraction of energy emitted by a
spherical, homogeneous, aqueous solution source of P32 which is absorbed ia the
source itself. Two licite-walled cavities, 2.222 ¢m diameter, were uaed and the
absorbed do : was measured by means of the ferrous sulfate dosimeter after knowm
periods of .ime. In each case 90-93 per cent of the energy libverated was absorbed

oy the source itself. A sglight but steady decrease in energy sbsorbed at longer
times was noted. This might be due to impurities in the PJ<, high background radi-
ation, or some chemical effect on the dosimeter. These factors will be investiga-
ted, and the experimentally determined zbsorbed duse values will be compared with
valuesg obtained using the various theoretical equations provosed for this calculation.

Kine orf-site samples of underground water were analyzed for natural tritium content.
CUSTOMFR WORK

Iodine-~131 Analysis

Analyeis of vegetation I-131 by chemical leaching-beta cointing was found to be re-
lated significantly to the time lapse between deposition of I-131 on the vegetation
and actual removal by leaching. Iodine w.s added by spiking wiih tracer solution,
admittedly different from deposition of plant releases. Jodine-131 recovery any
time after the day of deposition was about a factor of three low--the factor used
for several weeks to increase T-131 observed by leaching-beta counting.

Day Analyzed 0 1 2 3 4 5 7
% I-131 Recovered 178 36 31 28 27 30 25

To measure vegetation I-131 more accurately a four-channel gamma counter is being
assembled and tested. A< soon as the instrument functions, Regional Monitoring

anticipates reducing their requirements for 1I-i31 anslyses tenfold. One person with-
in the Analytical Laboratories can he reassigned.

The work of one-fourth of a measurements clerk will be eliminated by a completed pro-
&ram for machine calculation of activity densities of radioisotopes in the river at

Pagco. The Pasco densities are based upon measurements of rad oisotnpes in reactor
effluent cooling water.

Redving Program

The Redwing analytical program is 90 per cent complete on the basis of received and
scheduled samples. Marine "life" received has included one octopus fragment and
several sea snakes. The best moaitor of bumb debris radioisotopes seems to be the
clam. Recently Mn-54 was identif‘ed and is being measured for Lb selectedl specimens.

Manager :
Chemical Research & Develupment

VR Cooper:bp
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