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REPORT ON CARBON-1L GENERATION AND RELEASE
AT SOME OF THE HANFCRL REACTORS

lY
O

G. B. Barton

INTRODUCTION

The Hanford graphite-moderated reactors have an enclosed gas circulation
system to maintain control of the composition of gas atmosphere in the graphite
stack. This investigation was undertaken to answer several questicns concerning
the generation and release of Carbon-1L4 in the operation of these graphite mcderated
reactors. The principle question was: Will an increase in the nitrogen content of
the reactor atmcsphere increase the release of Carbon-~llh sufficiently to create a
health hazard? Cther questions were: 1) What are the main scurces and the main
release routes? 2) How much dces carbon-1ll build up in the graphite in the reactor
stack? and 3) Is the total release of carbon-1lL to the atmosphere sufficient to

1) . .
entance the C*7 levels in the vegetation surrounding the reactcrs?

The major precursors of carbcn-li are carbon-13 and nitrogen-i%. The res-
pective reactions are: carbon-13 (n,y) tc carbor-1lL, and nitrogen-1lL (n,p) to
carbon~1lk. The cross-section for the reacticn with nitrogen is about 2,000 times
larger than for the reaction with carbcn. This difference is mcrethan enough to
of £set the larger quantity of carbon in the reactor moderator (about 1500 times
more carbon). The first part of the investigation dealt with the.increase in
carvon-1L generation upon subs*itution of nitrogen for carbon dicxide as part _F
-.ug vile atmcsrhere.

For a number of years the Regional Monitoring group made routine measurements
of the carbon-lli release in the reactor building stack gas. These were reported
as quarterlv averages from 1951 to 1956. During this time there were four quarters
in which one or more of the reactors indicated an average release exceeding the re-
ported detection limit of 6 millicuries per day. Starting in 1957 the analytical

method and data handling were improved and the results reported as a monthly average
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given reactor showed wide variation. For example, in 1960 the results for the K&
reactor were reported as 51 x 1072 curies/day for June and 2400 x 1072 curies/day
for February. After introduction of nitrogen to the atmosphere of KE in July 1961
the range of monthly averages was 7390 to L4Looo x lO_Sc/d and for £ operating on the
standard helium-carbon dioxide mixture the range was 200 to 4300 x 105 c/d° The
average for KE for the remainder of the year (after intrcduction of nitrogen) was

2820 x 1077 c/day and for ¥+ 1565 x 10-5 c¢/day. This prcbably wculd be considered

1

a significant increase 1f the resuits for the first half of the year had not been
KE 2070 x 107> c/d and KW 9Lk x 107 ¢/d. Since the sampling method collected
only a few four-hour samples monthly, i% was cdeemed desirable to sample on a near
continuous basis.

To cover the varicus perts cf the problem, samples were collected from the
reactor atmesphere, the building exhaust gas, the reactcr atmosphere drier con-
densate. and the reactcr grathite. The twin reactcrs & and ¥W were most extenszi--el~
samrled but a few addaiticnal samples were obtained from other reactirs. The total
amount of carbon-lk was measured on all samples and the chemical form in which it
occurred was measured in the reactcr atmesphere samples. In addition, a few samples

of vegetation were analyzed -0 measure the amcunt of carbon-li enrichment near the

This inwvestiga*ica

e

r~-idei the answers t3 the questicns posed i
By measuring the carbon-1lL released in the reantor btuilding stack gas ard jrn tha
densate from the silica gel drvers it was determined that the release was insuffic-
ient to be a major health hazard. The maximum measured release was 0.25 curies per
day for the XE reactcr. Use cf a mixture of helium ard nitrogen for the reactor
atmosphere 1n place ¢ a mixwure <f helium ard carbon dicxide increases the average
release by about twe and one half times (trom 0.039 to 0,10 curies per day,. Greater
than 95 percent of the carbon-li released is released in the stack gas with the

balance going in the condensate from the silica gel drvers.
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T+ was determined that a substartial fraction 2f the carbon-1l 1n the condensate
was present as simple or comrlex cyanides

By separating the reactor gas constituents with a gas chromatograph it was
found that less than one percent of the carbon-l4 was in a chemical form other
than carbon dioxide or carbon moroxide.

Measurements made on a few graphite samples indica*ted the buildup of carbon-1lk
to be ten t5 twenty-five times *the daily release., This buildup is at a faster
rate than one wculd calculate for the usual nitrogen content of the reactor atmos-
phere. The maximum level of carbon-l4 measured was 1% 2/

Development of a large vciume cell (250 ml) for liquid scintillation counting
of the carben-ll4 in the carbon di1:xide produced by cxidation cf vegetable matter
permitted simplified measuremert ¢f *X%e ennancement ¢f the carbcn-il level in
vegetation surrounding ths react.r areas This ernan-ement varied widel-r with

lczatirn from unmezsurable ~ncrease to

(O]

rrroximately three t.mes rativral lovel

EXPERIMENTAL

A, Countixn

U

™e mec:22d used for measurement of C-1% was arn adaptaticn of a liquid

scintillation counting method, described by Jarfew and Alvarez o  The liquid
secintilla* > soliricn conzisted oFf a3 L T -10 mixture f ethavcliamine mehoxye~nos L,

and toluene with 6 g/l PPO (2,5 dirhenyl oxazole) and 0.1 g/1 POPOP (1, k-dif2-
(5-phenyicxazolivl )] benzene ) 1n the tcluene., The sample in the ferm of carbea
L1.X1d® Wa3 AC3Cried 1. o J21.TLI0 oY etpenl_ell.ie with arpproximartelv l.o Timeo
its volume of methoxyethannl added to dissclve the carhonate salt, This s2l-
ution was then diluted with the remainder of the methoxyethancl-+oluene mixture.

Tais gniutin would digeolve a tevmain am-unt 7 ag.ern arpls =0 it was se’.l

m
(I
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also for measuring condensate samples by direct introduction of them without the

K&

necessity of separating the carbon dioxide or other carbon-ll4 containing compounds
from the solution. The modifications of this general method that were made for

vegetation samples will be described separately under the general topic of vegetation.

B. Gas Chromatography

A Perkin~Elmer Vapor Fractometer was used to analyze the ccndensate and pile
gas sample for Carbon-lk in chemical species other than carbon dioxide and carben
monoxide. The presence of Carbon-14 in the outlet gas stream from the Vapor Fracto-
meter was detected by flowing the gas through an ion charber connected to a vib-
rating reed electrometer. The volume of the ion chamber was 275 ml. The sensitivity
of the ion chamber was such that had approximately 1 to 3% of the total Carbon-1lk
activity been in a chemical fcrm other than carbon dicxide cr carbon monoxide it
should have been detected. Columns were employed with packings of silica gel,

Linde molecular sieve, and Carbowax on Teflon. These substances were chosen as

the most likely ones to reveal the presence of such substances as methane, methanol,
HCIN, or other volatile Carbon-1lL ccntaining spezies. Silica gel provides a sep-
aratiocrn between carbon dicxide and carbon monoxide, cr other highly vclatile species
similar to it. A molecular sieve ~7lumn provides separation between carbon monoxide
and other highly volatile species, but retains carbon dioxide completely. The
Teflon-varbowax column will separate szuca things as methanol, formaldehyde, cyanide,
2v2., Irom ocaston dioxide, bet the caroon disxide and caroon 2incaide will o go
through together.

Response of the icn chamber to a known amount of Jarbon-ll was determined by

nea*= ramtles 272 A itur~e,  The Tz
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calibration was vrerared bv *aking an alique*t ~f zcdim hvdr~vide-carbonate sclution
containing the desired amount of carbon dioxide, transferring it into a bulb, and
then adding acid to liberat e the carbon dioxide. The solution and evaculated
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than atmospheric pressure with helium and allowed to stand for some time for mixing
to occur. Aliquots of gas from this bulb were then transferred with a transfer
bulb to the gas sampling system of the chromstograph. These aliquots were then
run through the chromatograph, using different carrier gas flow rates, and the
response of the ion chamber to this known amcunt of carbon-1ilt dioxide was deter-
mined. The response was measured as 2.8 nanocuries per square unit under the

curve on the chart paper of the recorder. Subsequent measurement of a few of the
very small peaks indicated that arproximestely .02 toc .05 of a square unit could

be measured. The total activity in the samples used would generate a peak with

an area of 2 to 9 square units. Therefore, it should have been possible 0o

detect 1% of the activity in other chemical forms.

c. Sample Ccllection

1. Stack Gas

Sampling cf the Reactcr building ventilaticn exhaust air was carried out
in a sampling train consisting of {a) three 250-ml gas washing bottles, each con-
taining approximately 200 mi of 2.4 M scdium hydrcxide to trap the carbon dioxide,
(r) a tube ccntaining cupric oxide, heated to approximsvely 38% C +tc cxidize the
carbon menoxide ve dioxide, and (¢, a seccnd set of 3 gas wash bottles to trap the
additional carbon dioxide formed. The volume of gas drawn through the s 'stem was
measured by a wet test meter. The flow rates ranged from 0.7 tz .0 cubic feet
rer nour. Gas was drawn through the system continuously, except for the time re-
quired to change the absorber solutions, which was dcone three times weekly (Mondav,
Wednesday, and Friday). The samples were drawn from the stack air sampler loop
that was installed when the reactors were originally built. To determine whether
there were oxidizable carbon compounds in addition to the carbon mcnoxide, a
parallel train was set up in which the gas stream was heated t0o £25 7 in ccntacs &
the cupric oxide bed before being passed through the gas wash bottles. This parallel

car=lin~ e ~aypriad an Prom June 27 to July 16 at the KE reactor.
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Sampling at the KE and KW reactors was started April 13, 1962 and carried
on until July 18. Each sample listed in Table I represents the sample collected
from the starting date or the immediately preceding date. During most of this
period the KW reactor was gperating with the standard helium-carbon dioxide atmos-
phere that contained 2 - 15% €Q. On July 8 the atmosphere was changed to helium-
nitrogen mixture. The KE reactor was operating with an atmosphere of helium-nitrogen.
The nitrogen content was varied over the range of 6 to 30% as operating conditions
dictated.

For comparison purposes, samples were collected from the B and C reactor
building exhaust systems starting on September 5, 1962 at C and September 6 at B.
During this period these reactors were operating with the normal helium-carbon
dioxide mixture that was contaminated with about 0.2% nitrogen from air in the C

reactor and about 0.6% in the B reactor.

2. Reactor Atmosphere

Samples of the gas being circulated through the reactor were collected
from the outlet sampling menifold cf the KE and KW reactors. The samples were
ccllected in evacuated two-liter flasks and allowed to stand until the short-lived
nuclides decayed before the samples were removed to the laboratory. These samples
(Listed in Table V1) were grab samples representing the gas flowing through the

sampling manif®cld at that par=icular time.

3. Condencsate
Regeneration of the silica gel driers is accomplished by circulating hot

gas thrcugh them and a condenser. The water from the condenser contains ammonium

caroonate and us.sally an exT=zs

in

of ammcrnia togetiier with smaller quantitisc oF
cther -rclatile ma*terials that had been adsorbed in *the silica gel. The K reactcrs
were tight so there was little water collected from them. The individual operating
periods were not recorded but in general the K reactor samples represent periods

of 2 %0 3 weeks whiie The otners were 10U Lo 24 hours. The aiircgen content 2 <he

V4 .
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circulating gases was not estimated since for the short periods there were no
coincident samples available and the long period required extensive integration.
Typical volumes of condensate for the K reactors are 3 to 10 gal. ver week while
for the others it is of the order of 100 gal. per week.

The analyzed samples were aliquots of the routine sample collected by the
operating department.

4, Graphite

The analyses discussed below were obtained from four samples. Three of

these (C, KW-1 and KW-2 ) represent powder collected from a broaching tool run
through the tube channels prior to new tubes being inserted. The other (D) was a
0.25 inch diameter core drilling taken from tube 3773 of D reactor in March 1958.
This was broken into 3 pieces. The first was 3-4 mm thick from the outer end; the
second, the middle (approx. 2 mm), and the third, the inner or tube end (4 mm) of the
piece.

5. Vegetation

Of the twenty-four vegetation samples listed in Table VIII the first

sixteen were collected personally on November 21, 1962 so they represented an
integrated sample over their growing season. Samples 17 through 21 were collected
by members of the Biology laboratory Operation in the vipinity (southwest ) of F
reactor area in the summer of 1962. Samples 23 and 24 were collected in the vicinity
of 200 E by the Environmental Survey people. Sample 23 was 1 mile SE of the 200 E
stack and 24 was 2 miles SE. Sample 22 was a background sample ccllected approximatel;”

20 miles NW of the reservation.

The location and approximate distance from the reactor stacks are indicated
in Table VIII.

D. Sample Processing.

1. Absorption - Train Samples

The contents of each wash bottle were treated individually so a correction

/ - 7- s
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could be applied for incomplete absorption of the carbon dioxide. The carbonate
content of each solution was determined by an acidimetric method tased on the
Winkler method (2) for assay of caustic. This depends on the removal of carbonate
as an acidimetrically titratable species by precipitation with barium chloride.
From the calculated carbonate concentration, a suitable aliquot was measured to
Yield approximately 5.5 millimoles of carbon dioxide when the solution was acidified.
The measured aliquot was placed in a 500 ml suction flask equipped with a dropping
funnel for the addition of sulfuric acid and a "T" tube to which was attached a
vial containing approximately a gram of potassium hydroxide in 3 to 5 ml of water.
To avoid pressurization of the system when the carbon dioxide was released, the
system was evacuated before addition of the acid. This evacuation also increased
the transfer rate somewhat. After acidification, the system was allowed to stand
overnight to complete the transfer of the carbon dioxide to the potassium hydroxide
solution. In a similar fashion, the carbon dioxide was again *rsnsferred from the
pctassium hydroxide solution to one of ethanolamine in methoxyethancl, the abscrber
solution previously described. For the stack gas samples, 2 ml of absorber solution
were used and these were later diluted with 13 ml of toluene-methoxyethanol-
scintillator. The solution was placed in a half-ounce polyethylene bottle and the
radiocactivity was measured in a Packard "Tri-Carb” 1liquid scintillation zcunter.
The capacity of this solution was approximately 6.6 millimoles of carbcn dioxide,
giving a margzin of about 20% for impurities or safety in case tke vyield of the
aliquot was greater tharn calculated. The methed was calibrated, using a standard
solution of sodium carbonate, supplied by the Bureau of Standards which contained
1250 d/s/g of solution. Weighed quantities of the standard were added to weighed
quantities of sodium carbonate, and the mixture carried through the procedure. The
average efficiency of recovery and ccunting was 56%° This figure was used in the
calculation of the concentration of C-1lk in the gas stream. An occasional sample
gave low results because of incomplete transfer or loss of some of the organic
sarbonate - tha anuipmant.

/ -8 - -
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From the ratio of activities in “he successive absorbers as ccmpared tc the
chemical determination of carbon dioxide, it was pcssible to spot the gross losses
and calculate a correction based on the specific activity of the carbon dioxide.
Most errors tend to be in the direction of loss of the activity before measurement,
but there were also random fluctuations in counting, pipetting, etc., that may be in
the order of 5%, The results on the standard sodium cartonate indicated that a
value is nearly always low if it is in error.

In addition to the diffusicn transfer method descrited above, another method
employing a carrier gas stream bubbled through the sample soclution was used. For
this, air was drawn through an Ascarite tube to remcve carbon dioxide, then through
the samrle solutlon, carrying the liberated carbon dioxide into the absorber solution
contained in a small gas bubbler tubte Two tubes in series were used to insure ccom-
plete cclliection OF the carbon dioxide. A study of the variables involved in this
method finally resulted in an adjustment of ccnditions such that 65% efficiency in
liberation, collection and counting of the carbon dioxide was achieved. as measured
on the National Bureau of Standards soluticn.

2. Drier Condensate Samples

Most of the condensate samrles were of a deep blue color which appeared to
te *he cCrper ammonia complex colcor The coprer 1s diszclved from the brass valves
and fittings by the ammonia which is formed by irradiation of the nitrogen and water
vapor in the reactor gas mixture. The samples from the K reactcre were particularly
rich 1n ammonia, since they represent an extended pericd of cperation. These react-
crs are qulite dry and tight s¢ the silica gel dryers require only infrequenct re-
generaticn. When an aliquot from samrle KE 3-28-62 was diluted and acidified a

s ~ . T . by m vt e me A e A
1. ferrcoyancis ec*rographic analycis

(i
b3

of the rrecipitate derected scprer, ron, and silicon). The farrocyanides area resis-
)

tant to oxidation by alkaline permanganate sc that little, if any, ot present in

this form would be included in the "CluOQ plus oxidizable" measurement. The C12+
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present as cyanide, ferrocyanide, and ferricyanide iorns was determined by precipi-
tation of silver-cyanide, ferrccyanide, and ferricyanide from ar aliquct of the
condensate after addition of carrier sodium cyanide. For counting, the precipitate
was suspended in the liquid scintillator solution gelled with Cab-0-Sil.

In addition to the Cl)'L measurements, chemical measurements were made of the
carbonate and ammcnium ion contents and the pH of the solutions. The carbcnate was
determined by literating CO with sulfuric acid. absorbing tae TO, in Ascarite, and
weighing. The ammonia was liberated with sodium hydroxide, distilled intc standard

HCl, and determined by back titration with sodium hydroxide solution.

3. Vegetation Samples

The carbon content of these samples was determined by burning a smali
aliquot in oxygen and determining the resulting carbon dioxide by the differential
titration method referred tc above. From these results, a weight was calculated
to yield 3.66 grams of carbcn dicxide (1 g carbon). This szize sarple was weighed out
and slowly oxidized with €0 ml of a chromic-phosphoric-sulphuric acid mixture reccm-
mended for wet ashing of vegetaticn. (340 g Cr03 in 400 ml H,0 diluted to 1 L with 85%
phosphoric acid. 60 ml of this mixture was slcwly added to the sample in 200 ml of
1:1 aéSOh-H3P04 mixture.) The carbcn dioxide was swept from “he oxidation flask
{nto the abscrbent (33 ml of the etheronlanine abscrbent mixture described above ).
Considerable heat was generated as the carbon dioxide was absorbed, and the first
sample develcped a vellow cclor, s¢ the abscrpticn hulbs were immersed in an 1:e

vatn for subsequent samples
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The mixture became very viscous as the carbon dioxide was absorbed, but did not

precipitate or solidify, even though at this stage it was about 2.5 molar in

&n

~zxhcnate., The £inal counting solution was 0.37 molar in rcarborate.

It was found that the analytical method applied to the stack gas samples could
be used to detect C-14 in vegetation at or near contemporary levels. A cell was
designed to contain 250 ml of a ligquid scintillation sample solution. This was

e L - ¢ - d ’q a

SalllClent T. o wiset. D, rans Sf caromm di-xide (1 oz

Whether ~r

- 10 -



e A fammr ;
SOSEREEL (1 81 i-8L56
- FRENEE Y] a‘ig e

not such a cell would have sufficient efficiency to give usable net counting rates
was a maJor question. As the separation of the twc phcto tubes used in the liquid
scintillation counter increaces, the efficiency falls off, particularly if ther

is a light absorbing substance between them.

A report of investigation of large cells(3)conta1ned a grarh from which it

was estimated that an efficiency of 30% might be achieved. This would be usable

if a low backgrcund could alsc ce achieved. With these considerations in mind,

a cell was designed in which the rhoto Hubes served as the windows of a spherical
chamber The design is shown in Figure 1, The overall inside diame*er was 8 centi-
meters, and the distance between windcws arproximately 7 centime’ers. Initially,
the seal petween the tubes and the cell was made with Viton C-rings. These swelled
s0 much in the sclvent the firallvy pcrred sut «f ylace. The zeal was then made
with room tempera~.re set*ing silicone rubber., This was s*ill satisfactory after

a pericd of S montrs. Thne backgrcund cf this cell, measured with a Packard Tri-Carb
counting system in its standard manual shield was about 135 counts rer minute. It

was found tha* repeated counts on the same background sciution, when alternated

with samples, increased by arrroximately 2 1/2 counts per change. This would nort

Hh

appear tc be contamination fr-m +the samples, since this is atcut 10% of the highest
sarries weasured, The =2l was -1r2¢d twice witl tcoluene Detween sanmple and baca~
ground soluticns. This increase in background count is cne of the unexplained
rhenomena whizh was <oservec

he efficiency 20 “i.r :avge ceir was determinez b7 adding meacsured volumes
of the NBS sodium carbcnste sclution lescrited above. The counting efficirency was
4L8% at the ccnditicrs selescted. Two sampies o° *+he NES -~xalit ar1d carken dating
standard creve meiz .o ol e Lo o« 20 3 Aand L Tlunls e HeuULe el gram oI
ccrtained rartos.

It has teen observed that the 23 containing sclutions turn brown cn standing

in the laboratory, but cnly slowiy acquired a yellew tinge when kept in the refri-

gESratur 81l ¢ J. seelue. LhLua waS & iight-inducea phenomencon Or an oxidation process
: / C e
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was not investigated.

RESULTS AND DISCUSSION

A. Results for Stack Gas Samples

The results of these measurements are summarized in Tables I, II and III. The

concentration of Clh was calculated from the measurements as follows:

i pc/ce of air = _T[(c/m - Bkg) x 250/sample volume] all absorbers

2.22 x 10° x Efficlency x Vol. of Air

where: c/m is the gross counting rate of the sample
Bkg is the background counting rate

Sample volume is the aliquot taken for liberation of CG

2.22 x lO6 is the disintegrations per minute per microcurie

Efficiency is the combined recovery and counting effiency. It was
obtained from measurements on an NBS sample of sodium
carbonate and averaged 56%

Volume of air is the sample size, obtained fram the wet test meter

readings and corrected to standard temperature and pressure.

The percentage of CO was calculated from the counting results on the individual ab-
sorbers from the equation:

TC), - (/2 : R/4) e

% CO = 3

Tcl_6

where : TC3, TCL is the total count in absorbers 3 and 4, respectively

R3/2, R5/4 1s the ratio of the total counts in the absorbers
indicated

TCy{_g 1s the total count in all absorbers.

The average concentration of Clh (Table T) in the gases from KE was about 2.6
times that in KW when the former was operating with a helium-nitrogen mixture while
the latter was operating with a carbon dioxide-helium atmosphers. If the flows used

for calculations of daily release are correct, the daily Clu release from KE was 2.8

e
-1z w——
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times that from KW.

Examination of scme of the operating data indicate the greatest correlation is
to be found with the daily gas loss. This seems to be true whether the reactor is
operating or not. Shutdown of the reactor seems to bring some reduction in Clh re-
lease but the correlation is not strong. This would be expected where only a fract-
ion of a reservoir that was recharged sporadically was being lost continually. Varia-
tions in the nitrogen content abour the average operating level, 4dc not appear to
result directly in variation in Clu release. Of course, change cof gas composition
ultimately changes release rates or there would be no difference between KE and XW.
However, the short term variation is lost in the fluctuating gas losses. Power
level variation is so small as to be completely swamped by the other variables.

A few measurements on the B and C reactcrs are presented in Teble II for com-
parison. It was expected the lower power level of these reactors and smaller
nitrogen content cf the gas, would resuit ir considerably lcwer release rates
than from KE. However, the higher tctal gas losses seem to compensate soO the
release rates are nearly comparable.

When the results in Table III are ccmpared with the mass spectrographic
analyses of gas samples taken during the gsame pericd it iz observed that the per-
centage of CO is much higher in the reactcr gzas than is the percentage of activity
present as CO. Thus, the Clh, as it is formed, must be oxidized up to CCb rather

than stopping at CC or reacning exchange equilibrium with the chemical species in
the gas mixture.

When the above release figures are compared with those previously reported by
Regional Monitoring for 1961(h)1t appears that the present results are about a
Factcr of three or four higher. Exzminatiom of the sampling methods indicates
this to be the likelv scurce cf the difference. In the 1961 work, a single scrubber

with a gas flow some ten to thirty times greater than in this study was used. The

measurements on the individual absorbers used in this study show the first absorber

=

traps abcas 7CH ¢ vhe ERY

S

(BN

-

>wozrat

(

2% 2,2 cf+/hr,  There is an inconsistency
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between the results obtained on KE and KW. A scatter plot of the results show
a trend towards decreasing abscorption with increasing flow rate for the measure-
ments from KW. Over a range of approximately l-4 cubic feet per hour the &b-
sorption in the first absorber decreased from 94% to 50%. On the other hand,
the results from KE do not show 2 trend over the flow range 2-6 cubic feet per
hour even though there is considerable scatter of points ranging from a low of
38% to a high of 70% in the first absorber. The absorption efficiency of the
particular apparatus used was apparently variable.

Specific activity was calculated for each absorber to see if the isotopic

(5)

enrichment effect reported by Jcnes was operating. (He found higher specific
activity in the end absorters.) It appears that the solubility of NaQCO3 in
50% NaOH (the starting material used in this work) was sufficient to dilute the
active an in the bubblers toward the end of the train so there was not an
observable enrichment.

From the highest observed specific activity and the gas loss reported for
that sample period it was calculated that the reactor atmosphere in KE contained
145 atoms of inactive CO, per atem cf £1*0Q, . For KW with its He-CQ, atmosphere
a similar calculatiocon gives 15C0.

The specific activity was observed to increase in a somewhat irregular
manner with time from mid-April to mid-July. This is possibly related to the
neteorological conditicns that would contedl the amcunt ¢f carbon dioxide from
the power plant that was introduced intc the building air supply.

The concentration of Clh in the stack gas was compared with that in the
In

atmosrhere arnd was frunt To P Vistor Tv or facior of from 1.7 x 10

in KW

(lowest sample in KW) tc 2.8 x 10° in KE (highest sample in KE).

- 1k - -



Q?nwa@awq

* a‘wbwam .L;wbﬂ -irzs ; Bi-81569
TABLE I
Measured Clh in Stack Gas from K Reactors **
KE
Concentration Daily Release Concentration Daily Relesse
CO+CO at 141,000 cfm CO+CO at 135,000 cfm
Date ue/ce curies/day ,e/ce curies/day
4/17  22.2 x 1079 .128 5.4 x 10-9 .030
4/18 2k.3 .1k0 5.4 ,030
L/20 22.9 132 2.1 .011
L/23 19.0 .109 9.3 .051
*y /25 5.7 .033 18.6 .102
L/27 23.7 136 8.1 .0L5
L/30 12.0 .069 1.9 .010
5/2 16.7 .096 5.1 .028
5/k 16.5 .095 3.2 .018
5/7 13.3 .076 3.9 .021
5/9 12.7 .073 5.3 .029
5/11 15.3 .088 3.1 .017
5/1k 15.3 .088 4.8 .026
5/16 13.6 .078 3.k .019
5/18 9.6 . 055 5,0 .027
5/21  13.5 .078 545 ,030
5/23 13.7 .079 13.3 073
5/25 28.5 164 6.5 .036
5/28 26.3 .151
6/1 16.6 .095 6.1 .033
6/L 16.2 .093 3.6 .020
6/6 18.9 .10k 9.2 .051
6/8 21.0 121 5.9 .032
6/11 11.7 067 8.5 Nolllg
6/13 20.7 L 119 10.5 .058
6/25 11 Total c* ~ 063 Total A4 7.7 .02
6/27  21.3 ye/ce 122 9.2 .050
§/29  21.2 2h.3 x 1077 22 .1ko 9.0 .050
7/3 20.9 27.1 120 .156 7.4 .0ul
7/6 35.5 43,1 204 248 9.2 .050
7/9 31.1 25.L 179 .1L6 10.9 .060
7/11 15.2 15.1 ,087 .087 8.8 .049
7/13 16.L 25.2 09k 145 10.5 .058
7/16 17.9 16.2 .103 093 13.4 Noyn
7/18 8.5 .0k9 10.7 .059
Average 17.97 103 .145 7.16 .0394
* Fartial sample was analyzed from this date.
*¥ Nominally ¥T overated with 12"' Ih- 887 We but M5 ranged from 7.5% to 22%.

KW operated with approx. 3%

- 97% He but CO, ranged from l 6 to 15%.

- 15 -
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TABLE II
Measured Clh in Stack Gas from B and C Reactors*
C B
Daily Release Daily Release
Concentration at 135,000 cfm Concentration at 100,000 cfm
Date uc/cc curied/day Date uc/ce curies/day
9/T 2.1 x 1079 .012 9/7 5.1 x 1072 017
9/10 6.0 .033 9/10 10.9 LOLlL
9/12 4.7 026 9/12 16.0 .065
9/1k 12.0 .04g
* Nominal gas compositions 32% co, - 68% He
N B 0.5
C 0.2
TABLE IIT
DISTRIBUTION OF CO AND CO, IN REACTOR ATMOSPHERE
Percentage of Activity Present as CO Mass Spectrometer Analyses
KE KW KE KW
pate % CO % co co ¢y Y
L/17 - % 1.1
4/18 - .48 < 0L 1.0k
L/23 1.85 .30 < .01 1.26 0.83 8.79
/a7 - .33
4/30 .76 1.6 < .01 .88 0.38 8.94
5/2 2.2 .20
5/ 5.3 .07
5/7 2.1 .06 2.87 0.59 0.30 3.k0
5/9 1.7 .10 < .01 0.97 < .01 2.35
5/11 .69 -
5/14 - .3
5/16 2.3 1.9
5/18 .9 .3
5/21 2.0 .0
5/23 1.9 g 0.53 0.78 0.24 3.23
5/25 2.1 -
5/28 2.9 -
6/1 2.2 - 0.50 0.85
6/4 1.5 .2 < .01 0.90 < .01 2.47
6/11 1.3 -
6/13 - .05
6/25 - o 0.3% L.66
6/27 .3 -
6,/22 i .19
/3 - .25
7/9 - .02
T/11 - .37
7/13 1.1 -
7/16 .39 .13
7/18 2.4 .10

*Dash (-) indicates no calculable CO.

- 16 -
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B. Condensate Samples

The results from the C1* analyses on the condensate samples are tabulated in
Table IV. The "Total" Clu column values are thé sums of the "Cluo2 plus oxidizable"
and the Cth- values. This probably includes all of the Clh compounds in the con-
densate, but the values could be high if some of the cyanide compounds are oxidi-
zable, or could be low if there are Clh-containing compounds present which are
not oxidizable by alkaline permanganate. Since the presence of unoxidizable
compounds other than the ferrocyanides seems unlikely and since the purpose of
these studies was met with the present measurements, no true clh measurement
was made.

Individual sample results vary widely, with an especially marked difference
between the K reactors and D, DR and F reactors. This is due in part to the much
lower moisture content of the K reactors. Also, because of the low moisture con-
tent of the K reactor cooling gas the dryers are used for long times before re-
generation. This allows the ammonium ion content of the silica gel to build up.
The direct adsorption of ammonia by silica gel is much greater than for CQé and
the adsorption of ammonia increases the retention of the CCb by formation of
ammonium carbonate or bicarbonate.

Typical vclumes of condensate produced during this period are 3-10 gal/wk
( 1500-5000 ml/day) for the K reactors and 100 gal/wk (~50,000 ml/day) for D
reactor. Thus, at the average level of 1.29 pc/ml, the K reactor dryers re-
tain from .002 to 0.006 curies of Clu per day. The D reactor dryers retain
approximately 800 pc/day. The Clu released via stack gases as reported ia
Table I were 0.15 c/day for the K reactors and 0.035 c/day for B and C reactors.
Thus for the X reactors, from 1.4 to 4.2% of the Clh from the reactor ccolant
gas is removed via the condensate. For the D reactor the value is about 2%.

Thus the release via the condensate is a significant but minor route of loss

of Clh from the reactor coolant gas.

s - 17 - ol
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The results of the chemical analyses of the condensate samples are presented
in Table V. In most of the samples there is an excess of ammonia over that required
to combine with the measured amount of carbon dioxide for the formation of ammonium
carbonate. The measured pH generally reflects the excess ammonia rather than the
total ammonia. The samples from D and F reactors show the effect of more rapid

water collection with consequent shorter time to accumulate ammcnia.

c. Analysis of Reactor Gas Samples

Samples of pile gas from the two "K" reactors were collected and analyzed
primarily for two reasons: the first, to compare the amount of carbon-ll present
in the pile gas with the amount in the reactor stack gas. This comparison should
allow us to estimate whether or not there was any appreciable fraction of the
carbon-1h being lost by routes other than the ventilatiocn air. Tre second, to
determine whether or not there are appreciable amounts of chemical species con-
taining carbon-14 other than carbon dioxide and carbon monoxide. This was
determined largely by gas chromatography. Two of the pile gas samples were
analyzed for total carbon-l4 content. By treating the gas with alkaline per-
manganate for a 16 hour period, it should be possible to convert nearly all
the carbon compounds to carbonate. The carbonate solution was then analyzed
for Clh in the same way as the stack gas absorber samples. The remaining
samples were analyzed by gas chromatography. The gas chromotcgraph was used
to separate tne carbon monoxide, from carbon dioxide, and to look
for other chemical species containing carbon-l4. The results for the measure-

ments on the gas chromatograph are summarized in Table VI.
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TABLE IV
CONDENSATE C-* ANALYSES

14 14 : " "y

C'0, pPlux ¢ 'O _ Total

xidizable 2 &y oLl
Sample  ue/ml pe/ml pc/ml % of total pc/ml
KE 3-28-62 3.95 3.24 0.78 16.5 L.73
KE 9-28-62 1.15 1.10 0.32 21.8 1.h47
KE 10-2L-62 0.59 0.57 0.36 k2.3 0.85
KE 11~-30-62 0.58 0.27 0.089 13.3 0.67
KE 12-3-62 0.49 0.30 0.15 27.8 0.5L
KW 6-23-61 0.025 0.0077 0.16 8L.2 0.19
KW 12-3-62 0.38 0.35 0.20 34.5 0.58
Average K Reactors 1.02 0.83 0.29 1.29
D 10-31-62 0.0003 1.9 x 1077  0.006L 0.0067
DR 6-5-59 0.00034 0.09 x 10-°
DR 6-9-59 0.00017  <g x 10
F 11-30-62 0.00063 14 x 1075  0.025 G.025
Avg. D,DR, F 0.00036 5.3 x 105 0.015 0.016
Reactors

*"Total” C1% column values are the sums of the Clu% plux oxidizable and the
clly columns. (See text).

TABLE V
CONDENSATE CHEMICAL ANALYSES

CQ NH,
Sample M M_ pH_
KE 3-28-62 1.73 3.19 9.32
KE 9-28-6f2 0.87 1.72 9.L7
KE 10-2L-42 0.41 1.59 9.90
KE 11-30-62 0.28 1.11 9.80
KE 12-3-62 0.28 1.03 9.77
KW 6-23-6A1 0.16 1.28 9.00
KW 12-3-62 0.40 0.91 9.60
D 10-31-62 0.002 < 0.001 6.58
F 11-3C-62 0.0035 0.015 7.72

- 1 - -



TABLE VI

GAS CHROMATOGRAPHIC ANALYSIS OF REACTCR GAS SAMPLES

Gas Chromatograph

Molecular Sieve Silica Gel
Sample % CO % CO
KWw-5-23 0.18 3,32
0.17 3.2k
KW-5-25 0.12 2.94
0.12 2.54
KW-5-28 0.08 (.25)* 2.59 (2.20)
2.61
KWw-6-4  0.0T4 (<.01) 2.64 (2.47)
0.082 2.8
Kw-6-6  0.071 2.51
0.072 2.61
KE-5-23 0.39 (.53) 0.75 (.78)
0.40
KE-5-28 0.52 (.15) 1.33 (1.20)
0.51 1.32
KE-6-4 0.26 (<.01) 0.62 (.90)
0.28 0.62

*Numbers in parsnthesis are mass spectrographic results for an independent

sample taken the same day.

Activity measured

by Top Chamber

Hw-84569

Silica Gel Column  Molecular Sieve Column W
EEL; cc . Eszz— ToZai
0.032 0.2k4 0.018 0.26
0.03k4 0.25 0.015 0.25
0.032 0.26 0.024 ‘ 0.25
0.027 0.25 0.012 0.25
0.029 0.32 0.015 0.29
0.039 0.29 0.00T7 0.31
0.0kLL 0.25 0.003 0.28
0.03k 0.27 0.00k 0.28
0.020 0.30 0.023 0.30
0.02k 0.30 0.022 0.29
0.30
0.4 0.67 0.35 0.91
0.39 0.37 0.93
0.90
0.39 0.81 0.43 1.14
0.39 0.94% 0.36 1.15
0.29 0.7k 0.30 1.05
0.30 0.73 0.29 1.08
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The gas chromatographic and mass spectrometric results are in reasonable
agreement for the days when both analyses were made. They were not on the same
samples or on samples taken at the same time so complete agreement shculd not
be expected.

The measured activity of CO when using a silica gel column for the sep-
aration is generally higher than for the Molecular Sieve column. This may
arise from tritium accompanying the CO through the silica gel column since
this column does not separate CO and Hé. There was resolution of an earlier
activity peak from CO on the Molecular Sieve column thus bolstering the above
agreement. When the results are converted to specific activity for CO and
CQ, they are found to be the same within the limits of the measurements. There
were no other chemical species detectable (detection limit 1% of the total
activity.)

The sum of activities reported as CO and CQO; are generally in good
agreement with the total nmeasured on column W. Since there were no other
activities detected this is what one would expect.

If we combine the figure of 1.14 pe/1l (Total KE-5-28 Table VI) with the
reported gas loss of U545 cubic feet for KE-5-28 we calculate 0.146 curies/day
as the loss. This can be compared with the measured stack loss of 0.151 curies/
day given in Table I for sample KE-5-28. One of the reactor gas samples (KW-6-1)
was analyzed by absorbing the CCb in alkaline permanganate (which alsc oxidized
the other carbon containing compcounds to CCé) and then carrying an aliquot of
this solution through as if it were one of the absorber samples of the stack
gas train. This analysis indicated the gas contained 5.4 “c/ft3. On this day
the gas loss was reported as 5389 ft3 making a calculated loss of 0.03k curies/
day. Table T gives 0.033 c/d for the stack gas content that day. Thus, the stack
loss accounts for the major part of the gas activity. This is in agreement with

the measurements on the dryer condensate indicating 1 to 4% loss by this path.
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D. Graphite Samples

A weighed amount of the graphite was oxidized in a stream of oxygen after
being mixed with cupric oxide. The resulting cﬁrbon dioxide was trapped in
sodium hydroxide and the solution subsequently analyzed as the previous samples
had been. The results of these analyses are summarized in Table VII. As can
be seen, the replicated results show some variation, and the averages chosen
t0 represent the sample are not strictly arithmetic averages, but are weighted
samevwhat according to sample size and other factors that were taken into account.
Tt is seen that the solid sample, (D 1, 2, 3) when broken into smaller pieces,
shows a definite variation in carbon-1l4 content along its length. At first this
was interpreted as being a definite indication of flux gradient. However, in
the light of more careful examination of the influence of nitrogen content on
carbon-14 generation, there is considerable uncertainty as to whether the grad-
ation represents a gradation in nitrogen content and availability to the graphite,
or whether it represents a flux gradation. The difference betw;en the K and C
reactors may be largely the result of lower average nitrogen content of the
atmosphere in K. The shorter operating period and somewhat higher flux for
the K reactor would not account for the whole difference.

An attempt was made to reconcile these graphite analyses with the measured
stack gas losses, and condensate losses reported above.

The steady state formation of Clu in & K reactor was estimated using the
following assumptions:

1. The in-reactor gas volume is about 10,000 ft3

2. The average gas temperature in the reactor is h50°

3. The perfect gas laws hold accurately enough

L, The average flux in the reactor volume is 7.2 x lO13 n/cm?sec

5. The nitrogen content of the gas is 10%

6. The n,p cross section of M 1s 1.75 x lO'thmg.

//’ -22 -
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7. The graphite volume in the active flux 36,000 ft3
8. The cross section of Cl3(n,y)Clu is 9 x 10'28cm?,

The basis of the assumptions:

)6 ve avout 10,000 £t3

}. In-reactor gas volume was estimated by J. P. Cook
or less. Ieo Iessor(7) and P. J. Zimmerman calculated volume at 10,000 ££3 from
argon dilution and activation measurements. Calculations of the open space in the
active part of the graphite stack were made for such things as gap around tube
(overbore)(S), gap around tube block, corner chamfer, vertical safety rod holes,
and test holes. These total approximately 1300 ft3. The graphite stack inside
the reflector has an over-all volume of approximately 36,500 ££3 with about
3000 ft3 removed for holes of various types. The initial density of graphite
has been given as 1.64. This corresponds to a void volume of 27.8 per cent or
about 10,000 ft3. How much of this void volume is open to the circulating gas
is a very difficult question to answer. One can calculate that approximately
2,000 ££3 of 10% nitrogen-90% helium mixture would suffice to give an average
gas generation rate of 0.145 curies/day of Clh(which was the measured average
loss over a period of approximately three weeks. )

2. The meximum temperature has been indicated to be 750-800°, With the
tube walls near 100 the upper of these temperatures leads to an arithemitic
average of 450°,

4. This figure was obtained from R. A. Chitwood.

S. The nitrogen content varies, but 10% is well within the operating range.

6. Chart of the Nuclides. Istitut fur Radiochemie

7« The graphite volume in the active flux may be larger than this because
this figure includes none of the reflector.

8. This figure is used and the nitrogen contribution calculated in the

void volume
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Sample
Cc-1

D-1
(outer)

D-2
(middle )

D-3
(Inner)

KW-1A

KW-1B

KW~1B

KW-2A

KW-2B

KWl-Al

Samples C, KW-1 and KW-2 were powder from broaching tool.
taken from a core mined from tube 3773 at D reactor.

TABLE VII

CARBON-14 CONTENT OF REACTOR GRAPHITE

Weight
_me

22.4

61.6

301.6

187.5

321.3

44,0

Li.7

58.2

91.7

LL.0

- 24

ue

Rty

393
Lok
.386

1.09
1.05
1.07

.T56
.650
682

.501
451
RITA

1.16
1.09
1.01

.0219
.0176

.022h4
.0122

.0285
.02%2

.0825
.0769

177
.169

.0330
<0277

HW-84569

2

o
N o3 ™
D oW O

3.15

.400

.538
291

.683
.70

1l.h2
1.32

1.93
1.8L

751

.530

D sample was
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Carbon1h from nitrogen 1li

Atoms of nitrogen in ome cc of gas at 450°.

0.10 x 273 x 2 x 6.023 x 10°3 18
N = 22,5400 x 723 = 2.03 x 10° atcm/cc

Neutron capture cross sectiocn

% =2.03 x 1088 x 1.75 x 1024 _ 3.55 x 1076 em

Formation rate

6 8

gL = T.2 X lO13 X 3.55 x 107~ = 2.56 x 10° atcms Clh/cc.sec
Daily formation in whole reactor

2.56 x 108 x 10,000 x 2.83 x 10% x 8.64 x 10% = 6.26 x 102> atoms Clu/day

6.26 x 1T _ 645 o/day
9.703 x 1021

Carbon-14 from Carbon-13

1.55 x 109g of graphite in 9.5 x 108cc

Concentration of C13 = 1.1%
Total C Atoms/cc
2
1.64 x 6.023 x 10°° = 8.22 x 1072

12.01
ci3 atoms/ce

N = 8.22 x 10°% x 0,011 = 9.10 x 10?0 atcms c13/-0

1

CAl

Carbhoa saepTire cross sectiom

[ _9:1 7 -
% :9.10x 172 £ 9 x .02 28,19 x 107 ep~L
Formation rare
l? .7 Lad ;
¢ = 7.2 x 1077 x 8,19 x 10 * = 5.9 x 10« atcms/sec.cc.
Daily formation rate

8

o1 1)
5.9 x lo7 x 26,400, x 9.5 x 10° = 4.B% x 10" asams ct*/day

4,84 x 1091 = 4G9 c/day
B ]
9.703 x 10~

These calculations give somewhat lower formation rates than those reported

y - 25- -



— e MMW%EQ
. ,";r!'P 5 ff.a,--. E T AT HW-8L
iﬂfxlgi.f%§;§%§ﬁ ‘ 569
; (9)(10) .
previously but are higher than the measured stack loss.

From the measurements made on a few graphite samples as reported in Table VII
one should be able to make some estimate of the retention (net increase) of the
carbon-l4 generated. From the two samples of KW graphite one estimates average
retention rates of 0.43 and 1.17 curies/day for the whole reactor. These bracket
the retention one would estimate from the generation and loss figures given above.
For the D sample an integrated flux figure was estimated(ll) of 6.5 x lOlevt. This
would result in the formation of 0.55 uc/cc from C13 compared with 3.6 to 5.4 pc/ce
measured. To have generated 5.4 uc/cc there would have to have been 0.083 cc (STP)
of nitrogen per cc of graphite. Since this is much beyond what would be expected
from physical adsorption and more than has been desorbed from graphite in high

temperature degassing measurements(l2)

it appears that there is still an area to
be explored before we understand the generation of carbon-ll in a graphite reactor.
Tne results on the sample for C reactor further emphasizes this last statement
since the 29 pc/cc measured would have required 1.28 cc N, (STP)/cc of graphite

cr a Cl3 enrichment of 15 fold (or some combination between these two effects).

=. Results on Vegetation Samples

There was some evolution of the counting methéd as these samples were
measured. At first, daytime background count was combined with over night sample
count. Since the background count was of the order of 135 counts per minute and
the sample count only about 10 counts more than this, any uncertainty in either
sample or backgrouna count would represent a large uncertainty in the net sample
count. Therefore, the backe-round counts were extended to over night counts as
well, and the samples were counted alternately with the background.

Since it was observed that a nearly constant background count was obtained
-ach time a fresh background solution was used and that a coal sample gave a
slightly lower counting rate than the background (the counts for the coal and
background sample were: new background solution 134.82 c¢/m (990 min.) coal

sample 134.29 c¢/m (2420 min.), recount on background 136.19 c/m (3860 min.) )
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the net counting rate listed in Table VIII is based on use of a constant back-
ground figure of 135.9 c/m. This was the average of six fresh background sol-
utions counted over night. One background solution was counted for ten days and
gave an average rate of 136.45 ¢/m with a maximum spread of 3.4 c¢/m (x 1.7 c¢/m).

The over-all reproducibility of the method may be indicated by comparing
results for the leaves and twigs of the bitterbrush samples listed in Table VIII.
It is seen that they check within the limits of counting statistics (standard
deviation) given.

The locations from which the samples were collected are listed in Table IX.
It can be seen that there is a relation of activity to proximity to a high source of
Clh. The prevailing air movement also influences the uptake., Most of the samples
were to the east of the sources and showed enhancement. Samples 17 through 22 were
to the west of the major nearby source and were at background level. Samples 1 and
2 were directly east of the B-C stacks and about 3/h mile away. They could be either
below the stack plume touchdown point or south of the prevailing plume direction.
The variability among the four samples (13-16) collected northeast of the D reactor
is unexplained. Differences in the growth pattern of the species of plants in-
volved might play a part since there appears a similar pattern in the group (8-

12) i.e.,the trees leaves are lowest and the Russian thistle is highest.

- 27 -



Sample No.

;Foow

O O 1 o W

10

11

13
1k

15

17
18
19
20
21
22
23
2k

COUNTING RATE FOR VEGETATION SAMPLES FROM THE

HANFORD RESERVATION AND ENVIRONS

Kind

Grass (Fall growth)

Russian thistle

1L L

" 1"

Chinese Elm (?) leaves

Sweet clover

Russian thistle

Sage brush

Grass (Fall growth)

Apricot leaves

Russian thistle

Grass (Summer growth)

Sweet clover

Rabbit brush twigs

Bitter brush #1 twigs
" " #1 leaves
" " 4 twigs
" " #2 leaves

Sage brush leaves

NBS Dating Standard Oxalic Acid

" " "

S/ - 28-

"

"

11.0
9.9
12.3
27.4
23.0
19.0
23.1
16.1
18.8
2k.6
22.7
25.5
12.3
25.4
11.3
77
8.9
9.2
8.8
8.9
9.2
9.1
29.7
19.1

10.3

HW-8L4569

Activity

i+

+ I+ I+ .

+

0.8 ¢/m g. carbon
0.8
0.8
1.1
1.1
1l.1
0.9
0.8
0.9
0.9
0.8
0.6
0.8
0.6

0.9

008
0.8

‘0.8

0.8
0.8
0.6
0.8
0.8
0.6




Semple No.
1&2

= w

8-12
13-16
17-21

23
22

23

HW-8L4569

TABLE IX

LOCATION OF VEGETATION SAMPLE COLLECTION

Location

Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Approx.

Approx.

3/ mile 90° from B-C reactor stacks

1.4 mile at 80° from B-C reactor stacks

0.5 miles
0.7 miles
1.0 miles
0.3 miles
1.0 miles
1.7 miles

1l mile at

at 60° from KE stack
at 700 from KE stack
at 115° from XE stack
at 90° from D stack
at 80° from D stack
at 30o from D stack

approx. 220-270° from F stack

20 miles northwest of reservation

1l mile southeast of 200 Fast

2 miles southeast of 200 Bast
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