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INTERIM REPQET ON IQEAQIEA&(%”:N!\LEYSDIS

OF HANFORD REACTOR EFFIUENT WATER

INTRODUCTION:

The Biophys.:s Con‘sal Ladboratory, Fadiaelog:-al Stiense: Depariment, bhes
studied and analyzed -ea:tor efflusnt wa'er for the various betla particle emitting
isotopes on a ro;.xta.ne bagis since La‘'e 195C. The aobjertivez of this work were the
identification of the =adioastive r:otopes preien. and the rezognition and explan-
ation, if possible, of any *zends in the 1sotnpe spestrum throughout ithe year.

An earlier report (1) consalns the —ouving sampiing anil analytical procedures
with the presentation of earlier >esulis., The precent Teport gives a discussion
of new isotopes found, corze:tions made 1n counting fa:tors. and & detailed dis~
cussion of results obtained during *he pesricd frow January, 1951, to June, 1952.
SUMMARY :

Several fission products have Teen 1dentified sani quan*titatively determined
in reactor effluent vater. Prom the a*ivisy densi<ies de=%ermined, an estimation
of the uranium available for -eisaeing fi:z2ion produ-te Yo the cooling water has
beer made assuming instantansous -eslease 32 +~he fission produsts to the water.
The analytical data obtained indi:ace *ha‘ approximartely 85% of thé total beta par-
ticle emitting isotopes have now beerp prope-ly tdenvified. Certain variatiocs of
total beta particle activity and 13c%0pi1: épeitzum te*we=n reaztors and during d_f-
ferent seasons are noted, buf lazk of :uffi-:ient ista preventsz actual definitions
and correlations. Reviged procedures for sciium ani *be rare eaxth elementz ara
inciud.ed in the sppendix with those prorzdur«: adopted for the determivation of
{odine, strontium, and barium.

PROCEDURES ;
The isotopes of ztzon~ium 8nd haviur werie z-parsg'eq foom the efflaent wave-

initially by precipitavion of 'be arprnate- 1p ne preien.: of car=ier  Thi- pre-
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cipitate was digsolved and the strontium and barium separated from calcium by pre-
cipitation or strontium and barium nitrates in fuming nitric acid. The barium and
strontium were finally precipitated as the chromate and oxalate, respectively.
Decay curve analysis was used to identify the two isotoypes st and Bal3Y,
Separation of the total iodine isotopes was accomplished by a distillation
method in which the iodide was oxidized to free iodine with nitrous acid and (3)
collec*ted in carbon tetrachloride. The iodine was reduced with sodium bisulfite,
extracted into water and precipitated as palladous iodide. The decay curve of the
Il3l

total :.dine isotopes was then analyzed to determine the amount of present.

The analytical procedure for the rare earth isotopes (1) was revised to elim-
inate the 2irconium iodate step and tae consequent loss of part of the rare earth
fraction to the iodate precipitate. This change was possible because the zirconium
present was effectively removed in the fluoride precipitation and the low thorium
concentrations did not significantly affect the rare earth determinations. This
revision of procedure resulted in a significant increase in the rare earth con~
centrations reported.

The analytical procedure for sodium reported previously (1) has been shortened
by limiting scavenging steps to one sulfide precipitation from an ammoniacal, solu-
tion. A calcium oxalate precipitation could probably be made at the same time but
this step has been carried out separately as a qualitative check on the activity
from the alkaline earths.

Backscatter measurements were made by mounting the isotope on formvar film,
which had previously been found to give negligible backscatter (h), anu measuring
the counting rate with and without stainless steel backing. The ratio of the

counting rate with the stainless steel backing to that with formvar backing only,

gave the backscatter correction factor.

1OThb DECLASSIFIED
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The e¢ffluent anélys:s data were compiied for the period frum January, 1951, to
June, 1992, and a stati{siical study :arrted out. These data were analyzed for vare-
iation of “o*al beta a:tivi-y dinciry and of the fictopic spectrum with different
reactors and Jdifrerent :easons of the year. All data wera adjusted for variations
1n power level and fiow =ate of 00ling waver before rorrelations were attempted by
assuming illnea> r=la‘ionzhip between az°1lvi-y and power level and by comparing
activity pes aanit. time rather “han astivi%y density. The signifizance of the dif-
ferences existing in ~{flus¢n%s was determined by T--tesrt,

RESULTS:

Si1x individuval !sctopes, as well as the rave earth group, all of which can be
formed from fission, have besn iden%ified. The axtivity density of the effluent
zontributed by each of these 13ctore: 12 given in Table I along with similar fig-
wres for those isotope: formed by (n. ») Teaction. Measurements on individual sam-
ples are inecluded in Table 1II. The summa*tion of average contributions by the iso-
topes accounts for approximately eigh“y-five percent of the total beta activity.

TABLE 1
BETA PARTICLE EMITTERS IN REACTOR WASTE EFFLUENT

Isotopes Formed Average ~ lsotopes Average
B A_tivity De251uy Avs. From Astivity Density Ave.
B0

Reaction Units cf 107 /23 % Fission Units of 107 us/cec _%
Cu ~ 6b 537 2 R.E. =+ y(?; 159 6.5
Mn - 3% L50 22 R.E. + ¥{3 65 3.3
Na = 24 302 15 Ba ~ 139{1) 29 1.6
Sy - 32 175 7.3 Sr - 91 12 0.67
As = T ) 50 2.2 Mo - 39 3.3 0.20
1 {totai) 27 ©lu I -3 0.33 0.01k4
Cr - 52 9.4 G.51 Bz ~ 140 0.37 0.020
P - 32 9.0 .39 S -~ 69 0.12 0.0039
Fe - 59 0001

Ca - ul, ""i, u’f 4 lo; <0.0'5

(2} Th:s figure includes activaty from btoth fission ana (n, ) reacticn.
(2} Reeulzs of apalysis ¢
{3) PResults r: amalysis for rar

e,

e o )
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It was found that there were no significant differences between Areas in the

activity density mcasurements in 1951 but that the activity density of reactor ef-
fluent in 100-H Area was significantly lower than that in all other areas during
the period in 1952. With the exception of l00-H Area, the measurements made in
1952 were significantly higher in all ariws than they were during the same period
of 1952. The inc>ease could not be accounted for by increased power levels if the
linea> -elationship is assumed. Some evidence of higher concentrations of total
beta particle emitters in reactor effluent water during the spring season were
noted during 1951, but it was neither pronounced nor definite. The marked increase
of aurh measwremen*s in 1952 may well be due to more pronounced effect of the pos-
sible seasonal variation.

During the period from January, 1951, to October, 1951, when water treatments
in all areas were similar with use of ferric sulfate as coagulant, the only highly
significant difference for those isotopes measured occurred in the presence of
higher concentrations of Mn56 in the reactor effluent water at 100-DR than those
ir the effluent from other areas. This may possibly be explained by the limited
chlorination of the water in this area before the coagulation siep.

After October, 1951, when aluminum sulréte was substituted for ferric sulfate
as the coagulating agent at 100~F, significantly lower concentrations of Cusu were
observed in the reaztor effluené water from that area. These lower concentrations
were significnatiy different from previous values at 100-F and from concentrations
in other areas during the same period.

Two further changes, the addition of silica as a coagulating agent at 100-F
after January, 1952, and the omission of the sodium dichromate after Aprili, 1ly92,
at all aress cannot be fully evaluated from this data. Marked in~reases were noted
during the early months of 1952 in the Mn56 content of the water at 100-F. This

inzreased zoncentrazion, significantly different from that at all other areas, may

o o> AR

—

o e A P
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be idue to the presences of manganese in the lime which was added after the coagula=-

tion step 1n the water ireatment at 100-~F.

Concentrations of 8131 were higher in effiuents from all areas during 1952
than during ~he same period in 1951 and the concentrations of this isotope in
effiuent foom 100-B were significantly higher than in effluen® from all other areas
)

Juring 1352, Concentra%ione of As '~ were higher in the effluents from all areas

exsept 100-DR during 1952. Concentrations of Mn56 continued to be significantly
highe= at 10C~DR than €rom all o<ther areas except 100-F.
Counsing ~orrectimms for certain isotopes have been revised and are given in
(1)

Table IIl. All cther factors are those used in previous calculations o« These

factors app.y for measuremen%s using the conventional mica-window countor.

TABLE 111
REVISED COUNTER CORRECTIONS
. Window and Air Backscatter
Isotope Absorption Correction Factor Factor
Mngff 1.05 1.06 ¥
u 1.2 1.2
R.E. + Y 1.3 1.3
Cr)l
Shelf 1 1.5
2 1.9 .
3 2.0

* Mounted on filter paper. All other isotopes are mounted on stainless steel,
0.006" +hick.

. Rezent measurementss by the Radiochemical Standards forces g£ Radiological
Seiences have indicated that the backscatter factor for Cu”” may be as much as
1.k rezulting in more conservative figures for Cubh.

Earlier work has shown Baluo, a fission product, to be present in reactor
efflusnt water under normal operation conditions(l). However, concentrationa were
ne+ exnusavzly doeermined. Further work initlated in this group for the develap-
menst of reilable analysea for fission product in the reactor cooling water after a

1
ailug rupsure revealed tzat zoncentrazions of 113‘ in normal reasztor cooiing water

140 (Y)

wera of the same order of magnitude as thcse of Ba This led to an 1ntensti=

1107405 e
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search for fission products in the cooling water during normal operation.

Two other isotopes with possible fission source that have been identified and
determined quantitatively are Bal39 and Srgl. The latter is apparently in a mix-
ture of all the strontium isotopes which would be present four hours after release
from the reactor and is the predominant isotope measured by the counting methods
used. It should be noted that the Bal39 concentration may not all be produced by
fission since this isotope may Le formed from Bal36 by the neutron~-gamma reaction.
Indications ¢of tellurium and zirconium isotopes have alsc been found but quantitative
values await the development of specific and efficient separations.

The rare earth fraction 1s of special interest since it 1s possible that the
ralk of this activity could come from fission isotopes. A comparison of the decay
curve of this fractirn with the decay curve of the rare earths formed by fission
indicates that this is quite possinle.

Caléulations have beea made to determine the uranium in the reactor available
for release of fission products to the effluent water assuming immediate release of
fission producta to the water. The results of such calculutisns are shown in Table
IV and are based on the assumption that the flow rate of reactor effluent was
130,000 liters/minute with neutron flux equai to 1013 n/cm?/sec. These results
indicate that some or all of the fission products may be retained in the £film on
tubes and slugs for an undetermined length of time,

TABLE IV
URANIUM NECESSARY FOR FISSION PRCDUCTS IN REACTCR EFFLUENT

Isotope Used Isotopic Activity in Effluent Leaving Reactor Conc. U

Units of 10-5 ue/cc ézgeactor
Bal3? 240 19
BalkO 0.50 10
Srgg 0.077 6ol
sr? 9.9 3.6
1131 0.77 20
———
—r
Sempaear=tTE

110740b DECLASSIFIED



SSIFIED

~10= IW-24956

Possible sources of this uranium may e the natural uranium in the cooling
water, uranium present on the outside of the slugs when 'hey are inserted into the
reactor, and that uranium possibly left in the tubes from previously ruptured slugs.
Measurements in cooling water entering the reactor at 100-B indicate natural uranium
concentrations in the cooling water equal to 0.25 ug/liter. This wranium in the
cooling water may be a source of wranium in the film. Complete surface smears made
on slugs Just before they entered the reactor at 100-F on November 23, 1951, showed
an average amount of uranium per slug removed by this means to be 7 ug with as much
as 40 ug of uranium being removed from cne slug. The order of magnitude of that
nranium contributed by the third means has not been measured.

Further work will be carried out to determine the effect of seasonal changes
on the effiuent ags well as the effect of changes in water treatment prescribed by

the Water Quality Studies Group of the rechnical Section, Engineering Department.
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GROSS BETA ACTIVITY
IN REACTOR EFFLUENT WATER
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MANGANESES® AcTIVITY
IN REACTOR EFFLUENT WATER
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SODIUMZ4 ACTIVITY

IN REACTOR EFFLUENT WATER

FIGURE - 3

—— — O —— O JD ——a—
a —
@ 1+ o -1 o -] =T 1 uw =
1 . PS { —{o | —]o t —io ' —io
(@) O
g | S+ 8| G| +8| 8| T
— I — —la - . P —] —
I — . PN —l —_
— ( — —d — —_—
) . g
° —l= — o [ JE— e —I= ° —=
o —j« —« [ ] —1 —{ hd —a
PY ° [ ] [
o —{= —= e —{= —1= S —]3
— — | .. — “ —a o —
°
® I~ * —da o —i- PR P L} —_—l
)
- — ) *
® —z < ¢ _ 1z * _J> -r —z b —
® ) ° ¢
o —jo —O — O ® — ~—qO
e @
Py e L S PPN —n @ —n ——
Y [ ]
. —J« e —l« ™ —« * _l« [ S )
e, L]
..Ian [ ] — —_— Y ——t D o—— Y
. ° e ¢
PY ——— ————y =y L] ———i ® — — 3
® s —= L] —= L —i ——t2
L 4 ° < < L [ ]
— —] — . —
o * e * .
—i= R — PY * iz LI 39 —x
® e
e 'Y —_— — e —la
° |
— -y —t- —1 [ Y —r —r
- ol ® _
< ] o © < O ® < o o < O © < o)
920/9M0d H-01 40 SLINN=ALISN3IG ALIAILOYVY

g

DE CLASS/F IED

1107420



DECLASSIFIED

B,
o .
AN

RS
'__M‘ PAGE 30 HW - 24986
COPPER®4 ACTIVITY
IN REACTOR EFFLUENT WATER
FIGURE -4
0146 oy 020 sce
8 o —
. . . e . 100-8
04 ° o o | *
~
[
o-——
Bl N 0 I
Jd F M A B J A S O M J F M A M 4 J A S O N DO
<+ @ -
'0"—- o Py 0' * ..0 lOO-D
—4 . ¢ o . a e
w I
o
ollll|ll|lllll||lllllL|
BJFMANJ A § O J F M A M J J A S QN D
» [ ]
- - . el %, 100 - DR
; ¢ n.. . 1.'0'
4 —e
) ° .
' e ca—
o N N I I | O O T T
'_SJFMAHJ A § O N J F M A M J J A S O N O
- * e
) : ' 100 -H
z e .o..o ...o'... ] —_—
w 4 5 —=.
a bd ®
[ ] [ ]
s> ool L L L 1] 1] Lttt e
’-BJFMAMJ A S O N J F M A M J J A S N D
- [ J
> — . . 1QQ-F
—4 20 e, ° ° 7 -
:_— [ ] .~...“ .....
a .
I O I S O I O O B
J F M A B J A S O N d F M A M J J A S O N
! 9 I I 9 5 2

1107427




DECLASSIFIED

HW-249%6

PAGE 34

SILICON3!
IN REACTOR EFFLUENT WATER

ACTIVITY

FIGURE~5
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ARSENICT® ACTIVITY
IN REAGTOR EFFLUENT WATER

FIGURE -6
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DETERMINATION OF STRONTIUM AND BARIUM
Fuming Nitric Acid Method

1)

FRINCIPLES AND LIMITATIONS OF METHOD:

This procedure is based upon the solubility of caleium nitrate in concentra=-
ted pitric a:d while barium and strontium nitrates are not appreciably solubie.
This procedure giver an excellen%; separaticn if the calcium present is not more
than 0.1 gram. Chemizal yield is approximately 80%. The time required is about
two hours.,

REAGENTS .
1. Carriers (Ag, Cu, Fe, La, Sr, Ba, Ca, and Na), 10 mg/ml standardized.

2. Nitraic Acid, fuming.

3. Ammonium Hydroxide, c.p.

L. Hydrogen Sulfide, gas.

Sodium Carbonate, saturated solution.

\J
-

N 6. Ammonium Bichromate, 100 g/l =olution.

7. Amponium Oxalate, saturated solution.

8. Ammonium Acetate, 3 solution.
PROCEDURE :
1. Transfer 200 ml of reactor effluent water to a 250 ml beszker.
2. Add 2.00 ml of Sr and Ba and about 2 ml of Ag, Cu, Fe, La, Ca, and Na.
3. Make ammoniacal and precipitate with hydrogen sulfide.
L, Centrifuge and save supernate. Discard precipitate.
5. Bring soiuvion to boil and acidify. Boil until hydrogen sulfide is gone.
6. Add satwrated sodium carbonate solution unti) he~4~ and cool.

3 7. Filver through #42 fi{lter paper, wash with 1% sodium carbonate solution,

. and 1iscard filtarte. . g
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8.

9.

10. Add 30 ml of fuming nitric acid. Cocl and centrifuge.

11. Decant solution and discard.

12. Dissolve precipitate in 2 ml of water and add 15 ml of fuming nitric
acid. Cool and centrifuge.

13. Dissolve precipitate in 20 ml of water.

14, Add 5 ml of 3N ammonium acetate solution and bring to boil.

15 Add 5 ml of ammonium bichromate dropwise and cool.

16. Centrifuge. Save supernate and wash precipitate until washings are
colorless. Add washings to supernate.

17. Dissolve precipitate in 2N nitric acid and re-precipitate with ammonium
hydroxide.

18. Centrifuge. Discard supernmate and wash once with water.

19. Transfer the barium chromate precipitate to a stainless steel plate and
dry. Count at hourly intervais.

20. Add 10 ml of ammonium oxalate solution to the supernate in step (16).

21. Bring to boil and make ammoniacal.

22. Cool, centrifuge, and discard supernate.

23. Wash three times with water.

2h. Count at hourly intervals. Transfer the strontium oxalate precipitate
to a stainless steel plate and dry.

1107432 DECLASSIFIED

Cautiously dissolve precipitate through the paper with dilute nitric
acid and wash thoroughly with wvater.

Evaporate to 5 ml.
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DETERMINATION OF SODIUM
Group Separations Method

PRINCIPLE AND '".IMITATIONS OF METHOD:

Sodiumeh, which has a haif-life of 1hk.y hours, constitutes approximately
twenty percent of the total activity of reactor effluent water.

In this procedure, the analytical Groups I, II, and III are removed as sul-
fides from a basis solution and Group IV is removed as the oxalate. The solution
is then evaporated to drynees and ignited to remove ammonium salts. The residue
18 taken up with water, filtered, acidified and plated.

THIS PROCEDURE HAS BEEN TESTED ONLY ON REACTOR EFFLUENT WATER.

REAGENTS:

1. Ammonium Hydroxide, c.p. zoncentrated.

2. Ammonium Oxalate Solution, saturated aqueous.

3. Carriers (silver, copper, iron, lanthanum, calcium, and sodium), 10.

4, Hydrogen Sulfide, gas.

5. DNitric Acid, c.p. concentrated.
PROCEDURE :

1. Transfer 100 ml of reactor effluent water to a 250 ml beaker. Add
2.00 ml of sodium carrier and 2 ml of silver, copper, iron, lenthanum,
and calzium carriers. |

2, Add 1 ml of ammoni‘um hydroxide and pass in hydrogen sulfide for two
minutes.

3, Cent-ifuge and dezant the supernate through a #40 Whatman filter paper.

L, Add - ml of ammonium oxalate solution to the filtrate and heat to boiling.

5. fentrifuge, dezan* the supernate through a #40 Whatman filter paper, and
evaporate the filtrate to dryness.

4. Ignite the beaker and con“ents over a Meker burner until all of the

amponium saits are removed.

e M«/‘f'/ﬁ
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- Te Add 20 ml of distilled water and heat to boiling.

-37- HW~24956

8. Filter, wash the papexr with hot water and collect the filtrate and

I{]

washings in a 120 ml beaker.
9. Add 2 ml of nitric acid, evaporate to a volume of 3 to 4 ml, and
transfer to a one inch stainless steel plate.

10. Dry under an infras-red lamp. Count at hourly intervals.

ey .
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DETERMINATION CF TOTAL RARE EAR&HS AND YTTRIUM \

Ceric Fluoride Method

FRINCIPLE AND LIMITATIONS OF METHOD:

The rare earths are precipitated as fluoride using a cerium carrier. The

zirconium 1s removed by complexing with the hydrofluoric acid. Barium and stron-

tium are removed by precipitation of the rare earths as hydroxidcs in the presence

of a strontium holdback carrier.

counted.

primarily for the analysis of reactor effluent water.

The hydroxide precipitate is then plated and

This method was adapted from a fission product procedure and was not designed

REAGENTS:
l. Ammonium Bydroxide, concentrated.
2+ 3Boric Acid Solution, saturated, aqueous.
3. Carriers {cerium, strontim), 10 mg/ml standardized.
k. Bydrochlorie Acid, 6N.
5. Hydroflucrie Acid, 27N.
6. Nitric Acid, c.p. oncentrated.
7. Nitric Acid, UN.
8. Sodium Hydroxide, 24%
Dissolve 240 g c.p. sodium hydroxide in 1000 ml of water.
PROCEDURE :
1. Place a 50 ml sample of reactor effluent water (concentrate if necessary)
in a 100 m1 luateroid test tube.
2. Add 2.00 ml of cerium carrier. 4 ml of zirconium carrier and 15 ml of
concentrated nityric anid.
3. Add 2 ml concentrated hydrofluorie acid, stir and centrifuge.
4. Decant supernate and dissolve the precipitate in 2 ml saturated borie
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acid sclution and - ml of -oncuntrated nitric acid., Add 2 ml zirconium
carrier.

Dilute to 10 mi; sdd 2 ml concentrated hydrofluoric acid, stir and
centrifuge.

Decant supernate, dizsclve the precipitate in 2 ml of saturated boric
acid solurion and 1 ml of azentrated nifric acid.

Make the solution basiz with sodium hydroxide, centrifuge, and wash the
rreciritate twice with water.

Dissolve the precipitate in 1 to 2 wml 6N hydrochloric acid ard add 2 ml
strontiun carrier.

Dilute +c 15 ml, make the solution basis with ammonium hydroxide, snd
sentrifuge.

Decant the supernate, diseolve the precipitate in 1 %o 2 ml 6N bydro-
chloric acid. Dilute to 15 ml.

Make the solution basi- with ammonium hydroxide, centrifuge, wash the

precipitate twice wath water and mount on a stainless steel plate.

Ignite. Measurs the counting rate hcurly.
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