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Chemical analysis of the fuel solution of JER-1

Hiroshi HASHITANI, Takuji KCMORI and Tadashi YAMAMOTO

Analytical Chemistry Laboratory,

Japan Atomic Energy Res. Inst,

Summary The Analytical Chemistry Laboratory participated in the
"comprephensive test" of JRR-1 (1957-1969) in July 1960 in order to solve
several problems which appeared to be essential for the reactor. The’
state of corrosion of the core tank wall, behesvior of the gzs-recombiner
water, and the state of fuel solufion were examined.

Following the above test, the second and the third tests were
carried out in November 1967 and January 1970, respectively.

The change in volume of the fuel solution was confirmed by measure-
ments of the density and the uranium cbncentration, and the cause was
clarified. The corrosion products and metals added to the fuel solution,
i.e., iron, nickél, chromium, and copper, were determined. In zddition,
the sulfuric acid concentration, plutonium and the burnup were also
measured in the second and third tests. The analytical results were
all compared with those at the initial criticality. In the third test,

a considerable amount of aluminum apparently atftributable tc the base
material of catalyst was detected in the gas-recombiner water. From
the burnup obtained by mass spectrometric measurement, the cumulative

power ocutput was estimated to be nearly 22 x 104 kWh,
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Tablel The fuel sotution distributed for

chemical analyses

Znd test . 3rd test

18t t t

(J'H1225 ?;60) {(Qct, 31, 1970) {Jan 14 1970)
e A, - - M

- \ ~ ¥ \

Quantity(#) Used for Quantity(¥) Used for Quantity(#) Used for

13098% ¢ 13546% U97Cs ate. 13478° U Burnup pu
£3070% Cr 1.3395%  (ou 13478F Cu
L0587 Ni 13318% ¢y 15467F Cu
10100 Cr 0.1280 Fe 02940 Fe
1.0 630 Cu 0.1485¢ Fe 0.29 63 Fe
10449 Cu 06325  Ni 1.3461F N i
66517 Fe 06341 Ni 1349 7F Ni
06028 Fe 0.6605  Cr 06513 Cr
0.6369 N i 66630  Cr 0.6789 Cr
0.6696 Cu 06643 Reserved 13408 Cu
07240 U 1.5318  Reserved 12864 Cu
05227 U 13222  Reserved 06190 Cr
1.3145% U 0.6747 H, S0, 0.6874 Cr
06520 H, S0, 07010 H, S0,
06512 H, S0,

12602 Reserved

% Density was measured.
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Tabl el Measurement of density of the fuel

sclution

T ¢ Start 1st test Z2nd test 3rd test

8
© (1957) (1960 (19675 (1970)
I(’e;;’tzzﬂom 13 57K 131, +0004 133,+0004 134, £0002
Fn (n=3) (n=3) (n=5)

b 3 Average + standard deviation,

3)
¥ Calculated
—b—
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Tableld Data for obtaining apnalytical result

at 2nd test

Sample” Spike™F Wt %
Run 4 taken added e A ~
(?) (#‘?) 235U ZSIU 235U 336U 233U
1 1008, 3682 1403 2110 1717 0.207 68459
2 1.0 12, 3838 1451 0.111 1708 0206 6840
Sample U ND 0128 1986 0.240 7977
Spike U 99.92, 0017, ND ND 0.0 62,

ND=Not detected.

% The fuel solution diluted to 1000 times with water (W ).

** 233U
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Tabled Data for obtaining analytical result

at 3rd test

Run Sampl eX Spike™K added 3
taken (ug> Ciyx
(#)
1 1018, 1044 0.04545
2z 1.0C8&, 1052 004492
Isotopic ratios f Sample(Air )2 U/2¥ U =0.25028

[_ Spike(Bix ) ** U U =000725

Isetopic composition J Sample(a,) *¥U =7949

Wt.%)
] Spike(by) P2**U =9927,

~

¥ The fuel solution diluted to 1000 times with water(w'w).

¥% Natural U

Tableb. Analytical result for uranium concentration

at 2nd and 3rd test

Test U found (&/g fuel)
0169,
2nd .
0.16 9,
01793
5rd
| 01794
e [




W e s —

cone, ( gg fuel)

8}

0180

0170

Fig.

TAERI-M44679

155

Denaity

130

1

isttest ?ndtest Ardtest

Relationship between density and uranium concentration

~——gg——— [Jranium cencentration

——%—— Density

Volume of the fuel solutiomn measured.

i jVﬁlume of the fuel solution presumed

—1q—
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Tableé Analytical result for determination
of iron at 2nd and 3rd tests
2nd test 3rd test
I ~ 4 A— A
Run # 1 Z2 1 2
Sample taken(#) 0.1288 01486 0.2 940 0.29653
Fe

ASBD 02340 0.265 05462 0.552
Fe found(p#) 6 6.0 762 162 159
Fe (##% fuel) 516 513 549 535

Table7 Analytical result for determination
of Ni at Znd and 3rd tests

2nd test 53rd test

s - ~. r - ——

Run #% 1 2 1 2
Sanple taken($) 06320 063440 1.346 1.349

Ni
A575 0.12G 0122 0349 0342
Ni found(g#) 407 414 118 116
Ni (pf4g fuel) 64.4 654 879 85.9
._16_.
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Table 8 Apalytical result for determination

of chromium &t 2nd and 3rd tests

Z2nd test _ 3rd test
i & et ht
Run 5. 1 2 1 2 z
Sample taken(g) C6605 06630 06513 06190 0.6874
04 88 0562 0504 0496 0554
A
A 0.100 0156 0105 0130 0137
53¢
AST Ao Als 0413 0388 430 0405 0.458
Cr found (n#) 549 515 57.7 54.4 615
Cr (p#g fuel) 830 780 8846 879 895
Table?9 Analytical result for determination
of Cu at 2nd and 3rd tests
Znd test A3rd test
; T ~ bs *
Bun #4 ] z2 1 2 3
Sample taken(g#) 0340 1832 1347 1341 1.286
A, 0762 0742 0584 0652 0.634
Asno 0315 0294 0040 0129 G121
A58 (Ao~ Ane ) 0446 0446 0546 0539 0520
Cu found {(p$) 932 932 114 113 109
Cu (pffx fuel) 696 69.9 847 559 844

— T
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Tablet( Comparison of concentration of
corrosive and added elements ocbtiined

at the three tests.

p%e fuel

At the starting 1st test 2nd test 3rd test
El ement ‘

time (1957) (1969) (1967) (1970)

Foe 9 98%F 615 515 542

*

N i 7 127 65 87
Cr 6% 74 83 89

* .

Cu 34 59 70 84

3 .
*From the report for the preparation of the fuel solution )and the

result for analysis of the reserved uranyl sulfate,

—18—
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Cold Arsa Hot Area(in Hood)

(1) Mix 20me of HOAc, NaF(50m§¢ of
F-per200m# of U), 15mg of 1% (9) Add 2m¢ of IMNaHSO, to the

oxine and 15mé of IM(NH), 8,0,. sample soln.
After adjusting the pH to 35~37
with ammonia, dilute to 200me.
Take 40m¢ of this solmn . in &
separatory funnel.Add 200m¢ of

N,

CHCI, .
(3 Transfer the sample soln,

jnto the separatory funmel.

l

(4) Shake for Tmin to extract Fe

compl ex.

(5) Draw the org layer into a

small bottle containing 1% of

Na, 8Q .

(6} Measure the absorbance at 580mu

(1em cell).

- Fe _

% Absorbanee of blank at

580mp : 0010

Fig, 2 Schematic diagram for determination of Fe by extraction-photo-

metrie method using oxine.

s Obtained prior toc the hot run,

-1 9



* Absorbance of blank at

Fig, 3

JARRI—M4449

Cold Area

(1) Mix 5m¢ of IMNaHSO,, 25m¢ of
20% citric acid and Smg of 1%
dimethylglyoxime, After adjusting
the pH to 95 with NH,, diiute to
200m¢. Take 40m¢ of this soln.
into a separatory funnel (200mg).

Add 200m¢g of CHCI,,

Hot Area(in Hood)

{2) Transfer sample soln into the

separatory funnel.

l

(3) Shake for 1 min to extract Nj

l

(4) Draw the org. layer into a

compl ex.

small bottle containing 1% of

Na, SO,,

Mea sure the absorbance at 375

mua(lem eell).

Ni
az5p = 000295

L 375 mg : 0000

Schematic diagram for determi

nation of Ni by extraction—photo-

metric method using dimethyl glyoxime.

K Obtained prior to the hot run.
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Cold Area

(' Mix 1m2 of 1MNaHSO,, Smf of
HOA ¢ and 3mé of 2% Z—methyl
oxine and dilute 70mf with

water in a beaker (100med

Hot Arean(in Hood)

Heat to B5%.

Separatory funncl (200mé)

containing 20.0mg of CHCly, -~ - - -1

Separatory funnel (1DUﬁ£)
containing a mixture (10m& of
1M (NH, ), CO,, 5mé of TMECN, 10m¢
of 1M NH, OH and 20méf of water). -

(7) Measure the absorbances at 410

o and 580 mp (iem cell)d

- Cr“
&9 = gog745

af;g / agge = 070

Absorbance of bilank at

410 mp @ 0.005

(9) Transfer sample seoln into the

separatory funnel

<&
i3 Adding a definite amount of
ammonia*to adjust the pH to 55 -

Cool to room temperature,

(4} Transfer the soln to the
separatory funnel. Shake for 1

min to extract Cr complex,

(s Transfer the org. layer to the
second separatory funnel. Shake
for few min, to remore accompan-

ying other metals,

s

() Draw the org. layer inte a sma-

11 bottle containing 1% Na B0,

Fig, 4 Schematic diagram for dete

rmination of Cr by extraction—phet-

ometric method using 2—methyl oxine.

% Obtained prior to

the hot rumn,

T J
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Cold Area

(1) Mix 15mé of 1% oxine,25m¢ of
HOAc and 5m¢ of 1M NaHS0,, After
adjusting the pH to 33 with NH,,
dilute to 100m¢, Take 40m¢ of

this soln. in a separatory funnel

Hot Area(in Hood)

(200mg) Add 200me of CHCI,.

Separatory funnel (100mg)cont-

aining 50m¢ of 20% NaOH, ~- ~--- -

(6) Measure the absorbances at 410

and 580 mp(lem cell).

(a,0% = 000479

Fe FPe _

(2) Transfer sample Boim into the

Separatory funnel.

|

(3) Shake for 1min, to extraect Cn
complex,
———————————— > J
(4) Transfer the org layer to the

Second sSeparatory funnel. Shake

for 1min to remove other metals

(5} Draw the org layer into a sma-

Il bottle containing 1¢ of Na,

s0,.
Absorbance of blank at
L 410 mpu oD20
Fig. &

metric method using oxine.

* Obtained prior to the

Schematic diagram for determinaztion of Cu by

extraction—phote-

hot run
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A
150 ~ - 4600
/A
X P {500
-
—
— Fe -
~ -
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=} o
Sl -
100 - - Jano
N - ~
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= -~ T
po 6/% -
i 4a
5 . / )
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5 13400 %
ey o= 3
= x o
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. o
B Q
° d200 "
- @
4 e
1100
|
Aug. July Oct, J am
1957 1960 19467 1970
{(Critical)
Fig 6 Varjation of concentration of Fe Ni Cr. and Cu in fuel solution

in the period of 19571970,

The sample was seemted to be contaminated by Fe Ni and Cr

at the lst test,
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Tablelt Analytical result for determindtion

of sulfuric aeid concentration

Sampl « NaOH Found
RBun 4 ' -
taken i sol Is ~
st. soln,
, A " Acidity Cone.of H,80,
# mg (mf.) (N) (mo L7 £)
. > ]
1 0.6747 BhG7 4.4, 0.3 &6, 0.28
2 nd
test >
Z 065249 0.490 4.2, 055, 0.28
[ 07010 0519 50,°F oss, 0.28
3rd J
tegt kol
[ 2 66512 0482 2.8, 0.5 é, 0.28
* 00638N NaOH. ok .09 583N NaOH.
TabiellZ Amounts of Fg Ni, Cr, and Cu dissonlved
into the.fuel . solution,
At the 2nd test At the 3rd test
(1967) (1970)
El ement , A \ r oh ~
& m mol ¥ m mol
Fe 102 183 112 200
Ni 2.06 35 2.84 49
Cr 2753 h3 2.95 57
Cu .29 20 .78 28
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Tabiel3 Analytical resylts for determination
of uranium and sulfuriec acid in the
reserved ura_nium sulfate
FoRek
Reserved fuel Produet of Y Co.
4 H- N I - —
. - mol. . ) . mol
% (wrw) mol /o ratin % (w'w) mel g . ratio
* -3 -3
4 5733 241%10 1 5479 230x10 1
H, 50, * G635 0045 0027 154 016x10-° 0.068
Uo, 80, 8823 241%10-32 1 8427 230x10-% 1
H, 0K 11.14 618x10°% 256 1419 788 342
P Average of three determinations.

skexk Sample — (U0, 80, +H,80,)

k> Values obtained by Mallinckredi Chemical Works are:
U=6057%, 80, =2574, H,30, /U<1.05
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a Counts, log A {(cpnm)

M

JAERI ~mwmse A449

47MeV 515MeV

(=) 8pent fuel {

(b} Reserved fuel

55MeV
(2)
(b)
! | : H
50 100 150 Channel

Pig.7 Alpha Zpectra of epent fuel and reserved fuels
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Tableld Brurnup results of JRR—1 by ry—spectrometry

of ¥ Qs

Integrating

Test % — Method pCi¥Cs/4 fuel
pPower
2nd tast {(x 10* kwh)
{(iY r — spectrometry without 4465
Chemiecal Separation
(i} K, C0 [Fe(CN),] co—bptn 469
(i Ionite C — Tetraphenyl boron pptn. 465
Average 464 147
3rd test
Coy; (Co(CN); 1, co—pptn. 468 14,9
Tablel5s Burnup results of JRR—1 (2nd. test)by

neodymium and molybdenum methods

Integrati
Method Nuclide % Burnup(100F, /N2 ) A N

Averagae {x10*kWh)

143N 4 D678, 0671 1675 2 0.1
AN L&7%, 0.67 3 0.676 201
Nd-U
48 Nd 0é676, 0.6 81 0679 202
HENg 06 8é, D683 0.685 204
Mo 0.716, 0712, 0.703 0.710 211
TMo 0681, 0669, 0728 0.693 206
Mo U
Mo 0699, 0713, 0753 0.722 2 1.5
L 1Mo 0.658, 0.672, 0683 0.671 200
34—
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Tableiléd A;comparisan of burnup restilts
by different methods

(Inteégrating power . x10*kWh)

Method ist, Znd. 3rd
28U growth ~6.1 205~213 21.3~219
(n=2) (n=3) (n=1)
¥ og —_— 147 (N=3)} 149 (n=1)
N4d./U —_ 203 (N=4) ——
Mo/ U _ 208 (n=4) —

J_nl Number of measurements

lN: Number of methods
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M hi, AeREFABEL BHLAT Y 2HEELAFCEbAL T B2 5O 5
T THD I,

Tablel7 Determipation of Fe Ni, U and Al

in gas recombiner water{(3rd test)

Bl etent §:€ZL%mL) ! Found
it g ppm’F
Fe 5 185 A
Ni 5 28.6 4
u 10 159 14
AI** 1 764 74

2K #?'/mﬁ- s%k3: Determined after dissolving white precipitate

with HC,
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