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Abstract

In TRU wastes, wastes containing nitrate ion as salt exist. In the disposal site environment,
this nitrate ion changes into nitrite ion, ammonia, etc., and possibly affects disposal site
environmental changes or nuclide migration parameters.

In the present research, evaluation was carried out on the chemical interaction between
nitrate ion and carbon steel, which is a primary reducing agent, under the low-oxygen conditions
simulating a disposal site.

(1)

(2)

3)

(4)

In the electrochemical test, test data were generated in order to supplement influence
parameters required for improvement of the accuracy of the nitrate reaction model (NEON).
As the results, it was found that the influence of potential and pH is remarkable, also that
of initial nitrate concentration is significant, while the temperature is not remarkable to the
nitrate and nitrite reaction themselves. Besides, it was found that the difference in the
surface condition of the electrodes is not remarkable.

Several long-term reaction tests were carried out to assume the effects of important
parameters on the nitrate behavior with carbon steel under low-oxygen high-alkaline type
simulated groundwater conditions using glass sealed apparatus(ampoule tests). As the
results, it was found that initial nitrate ion concentration and temperature causes the
increase of hydrogen generation as well as ammonia generation, while it was found that the
difference of carbon steel composition doesn't affect significantly.

The parameter fitting of NEON was reexamined to improve accuracy, gathering data of
electrochemical tests and ampoule tests conducted in 2003 and 2000 through 2002. In
addition, by comparing the calculation results with experimental results, applicability of
NEON was investigated.

Implementation of NEON to the mass transfer calculation code was carried out in order to
enable the calculation of the nitrate ion behavior including incomings and outgoings of
substance to and from the system, resulting in the quantitative evaluation of nitrate ion in
a simulated disposal site has been enabled.

This work was performed by Kobe Steel, Ltd. under contract with Japan Nuclear Cycle
Development Institute.
JNC Liaison: Materials Research Group, Waste Isolation Research Division,

*

Waste Management and Fuel Cycle Research Center, Tokai Works

: Kobe Steel, Ltd.

** - KOBELCO Research Institute, Inc.
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2.2.3
1.73x 105s 48
1.0x 103M 1.0M
NEON 1720mV
-1000mV
2.2-1 2.2-4
2.2-1 ( )
- *
Run NO,
No pH [NO, (M) o) (s) |1.1E+04(2.9E+04(8.6E+04|2.6E+05|4.3E+05|8.6E+05 | g gE+04(s)
205 12 .51 0E-01 _gso LN (D) - - - |1.6E-03|1.7E-03|1.6E-03 _
NH, (M) - - - |1.7E-04|1.7E-04|1.5E-04
a06 12.5|1.0E-01 _g50 | MO (M) |6.5E-05/1.56-04/4.6E-04] - - - 4.9E-03
NH,(M) |5.7E-06|1.1E-05(3.4E-05| - _ _
- - - - <2E- <2E-06 | <2E-06
al2 12.5|1.0E-02 _770 [-NOZ (D) 06 -
NH, (M) - - - |7.9E-06|1.4E-05|1.4E-05
- <DE-06 | <2E-06 | <2E-06 _ _ _
al3 12.5|1.0E-02 770 [N 7.1E-04
NH,(M) |4.3E-06|2.1E-06|7.1E-06| - _ _
ald 12 5l oE-01 770 N0 - - - |1.3E-05|1.5E-05|1.5E-05 )
NH, (M) - - - |1.3E-05|1.4E-05|1.3E-05
- <2E-06 | <2E-06 | 2E-06 _ _ _
als 12.5|1.0E-01 -770 NO,"(M) 9.6E-05
NH,(M) |7.1E-06|8.2E-06|9.6E-06| - - -
*1  NO, (8.64E4s NO,” 8.64E4s NH, ) NO,~
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2.2-2 ( )
NOZ_
Run *
No
PH | NO,~(M 1.1E+04|2.2E+04(8 .6E+04[1.7E+05|2.6E+05|4 . 3E+05(8 .6E+05| 8 . 6E+04
M v | (s
b03 12.5(1.0E-02 -850 [NHy(M)| - - - - |5.0E-04/5.1E-04/5.0E-04] -
b04 12.5(1.0E-02 -850 | NH,(M) [5.4E-05/9.8E-052. 9E-04/4 . 1E-04| - - - |2.9E-02
* NO,” 8.64E4s  NH, NO,”
2.2-3
Run - NO,™ *1 NH, *2
No H NO
: P 0 (nVvs.NHE) | 8.64E+04(s) |8.64E+04(s)
al5 12.5 | 1.0E-01 -770 1.5E-04 9.6E-05
al6 7 12.5 | 1.0E-01 -770 3.1E-04 3.1E-04
*1  NO; (8.64E04(5) NO,” 8.64E04(S) NH, Y NOy
*2  NH, =8.64E04(s) NH, /  NOy
2.2-4
NO;~
Run *
No NO,” } .
pH [NOs~ (M) |NO,~ (M) (s)|0.0E+00| 8.6E+04 | 1.7E+05 | 8.6E+04s
(mv) )
9 | H14 -850 [12.5|1.0E-02| 0 NO, (M) | <2E-06 | 1.1E-04 | 1.3E-04 | | . )
NHy(M) | <2E-06 | 2.5E-05 | 2.5E-05
c01| H15 -850 [12.5|1.0E-02 |1.0E-04 NO,"(M) |8.3E-05| 1.4E-04 | 1.5E-04 3.2E-02
NHy(M) | <2E-06 | 2.8E-04 | 2.6E-04
c02 | H15 -850 [12.5|1.0E-02 |1.0E-03 NO,"(M) |8.7E-04] 1.0E-03 | 1.1E-03 1.8E-02
NHy(M) | <2E-06 | 1.4E-04 | 1.6E-04
* N0, (8.64E04(s) NO,” 8.64E04(s) NH, NO,) NO;~
2.2.4
(1)
Os 1.08x 104s(3 ) 2.88x 10%s(8 )
8.64x 104%s (24 ) 4
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1.73x 105s(48 )

8.64x 1055(240 ) 2.59x
105s(72 ) 4.32x 105s(120 ) 8.64x 1055(240 )
2.2-1 2.2-2
2.2-3
2.2-3
1.5 2x 105s(50 )
Run a05&a06, pH12.5, NOs = OE-IM, ~ , -850mV Run a05&a06, H125 NO3-=10E-1M -850mV
2.0E+00 1005
* * _
oo | . 1000 [enos-1 |
- 995 .
S 1.0E+00 eNO2-@05)|| S
© NO2-(a06) 99.0
A NH3(a05) ||
5.0E-01 M A NH3(a06) 98.5
o A A A * *
0.0E+00 Ba—st ‘ 98.0 2
0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06 0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06
(s) (s)
) (b) ( - )
2.2-3 (Run a06) (Run a05)
(Run a05,a06 ) pH12.5, NO,=1.0E-1M, -850mV,
(2)
2.2-3
7
8.64x 10%s(24 )
7 (Run al16) (Run alb)



JNC TJ8400 2004-017

2
©))
H14 NOs (M) 1.0x 1072
1.0M
-850mV pH12.5
pH10.0
1.0M  1.0x 103M 0.5
2.2-5

3.0x 10*M 1.0x 1073M

pH13.5
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1.0E+00
1.0E-01
*
. ¢
*
. * M
1.0E-02
1.0E-03 . .
1.0E-3 1.0E-2 NO,™ M) 1.0E-1 1.0E+0
(a) pH12.5
1.0E+00
L 3 *
1.0E-01 |
* 2
[ J
1.0E-02 ° 9
)
¢ pH10.0
®pH13.5
1.0E-03 . .
1.0E-3 1.0E-2 NO,” M) 1.0E-1 1.0E+0
(b) pH10.0 13.5
2.2-4 *

-850mv pH 10.0,12.5,13.5
NO; (M) 1.0E-3 1.0
*  8.64E04(S)
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1.0E+00
1.0E-01 7
$ .
L 2
L 2
1.0E-02
1.0E-03 . .
1.0E-03 1.0E-02 1.0E-01 1.0E+00
NO, (M)
(a) pH12.5
1.0E+00
® H100
it @ pH135
10E-01 | ]
]
1.0E-02 ¢ ° @
1.0E-03 ‘ ‘
1.0E-03 1.0E-02 1.0E-01 1.0E+00
NO,” (M)
(b) pH10.0 13.5
2.2-5 :
-850mv pH 10.0,12.5,13.5
NO,” (M 1.0E-3 1.0E-1 ,50

*  8.64E04(s)
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®)
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1.8x 1072
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(pPH125 NO; )

1.0E+00
2
1.0E-01
[ ]
1.0E-02
u TS
1.0E-03 9 .
& pH12.5 NO3-=1.0E-2M ]
1.0E-04 m pH12.5, NO3-=1.0E-1M —
e H125, NO3-=1.0M
1.0E-05
-1100 -1000 -900 -800 -700
(mV)
2.2-6
pH 12.5 -720 -1000mV NOy (M) 1.0E-2 1.0 ,50
( H125 NO, )
1.0E+00
1.0E-01 ¢
[ ]
.
1.0E-02 S
A4 .
1.0E-03 u
1.0E-04 OpH12.5 NO2-=1.0E-2M
m pH125 NO2-=1.0E-1M *
1.0E-05
-1100 -1000 -900 -800 -700 -600
(mV vs. NHE)
2.2-7
pH 12.5 -650 -1000mV NO,” (M) 1.0E-2,1.0E-1 ,50

-12 -
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2.25
(1)
1.5 2x 10% 50

(2)
3)

1.0M 1.0x 103M
(4)

1/10 1/100
(5)

-1000mV -650mV
H14

100mvV 1
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231
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H14 oM 1.0M
2.3.2

H14 2.3-1
x 107tdm3
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2.3.3
H14
1.73x 105s(48 )
6.0x 10°s(168 )
2.3-1
2.3-1
() 50 75
pH pH pH
NO;™ (M) | NO,™ (M)
10.0(12.5(13.5/10.0{12.5|13.5|10.0(12.5(13.5
0 0 o) o
0 1.0E-04 ° Ecorr
0 1.0E-02
0 1.0E-01 o
1.0E-03 0 °
1.0E-02 0 ° H15
1.0E-02 | 1.0E-03
5.0E-04 | 5.0E-04 ° 1mM
1.0E-01 0 o o
1.0E-01 | 1.0E-02
1.0 0 o |o |e pH
H14
H15
2.34
7 2.3-2

2.3-2

-15-

30

30
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1 30mVv
2.3-2
Run N
U0 o an | Nos iy | pH ) Vs NHE
do1 0 1.0E-04 | 12.5 | 50 7 -761
doir 0 1.0E-04 | 12.5 | 50 30 ~764
d02 | 1.0E-03 0 12.5 | 50 7 -748
do2r | 1.0E-03 0 12.5 | 50 30 -744
d03 | 1.0E-02 0 12.5 | 50 7 -753
do3r | 1.0E-02 0 12.5 | 50 30 -706
d04 | 5.0E-04 | 5.0E-04 | 12.5 | 50 7 -613
do4r | 5.0E-04 | 5.0E-04 | 12.5 | 50 30 -661
do5 1.0 0 13.5 | 50 7 -607
dosr 1.0 0 13.5 | 50 30 -648
-500 —&31
o7
m ANO2- (31 )
I
= ANO2- (7
g 600 .
>
é ' /
700 0///////9//
o
-800
10E-04 10E-03 1.0E-02 10E-01 1.0E+00
NO3;™ M)
2.3-2
pH 12.5 50
2.4
2.4.1
H14 (pH12.5)
)
NEON

-16 -
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pH pH
pH
2.4.2
2.4-1
( ) 2.2-3
PY) Hg/HgO
2.4-1
2.4.3
pH
pH
2.4-1
2.4-1 ( )
( ) 50 80
PH 10.0(12.5(13.5|10.0|12.5|13.5(10.0(12.5|13.5
(@] [ ] (@] [ ] (@]
H13
H15 °

-17 -
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24.4
2.4-2
-990mvV pH -990mVv
pH
pH
1.0E+02
—pH10.0
—pH12.5
10E+01 |~ — pH135 ]
1.0E+00
“€1.0E-01
1.0E-02 ,\\
1.0E-03 “
1.0E-04 }
1.0E-05

-1600 -1400 -1200 -1000 -800 -600 -400
(mV vs.NHE)

2.4-2
0.1M NaCl (50 ) NO,=OM NO,=OM pH 10.0, 12.5, 13.5

-18 -
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2.5
251
H14 (50 pH10.0,12.5,13.5)
(
)
(48 )
(240 )
2.5.2
1 (2x 10dm3 )
( 2.4-1)
253
240
2.5-1
2.5-1
(mV) -300 0
() 50 75 50 75
pH 10.0|125]135]10.0{ 12.5 {13.5/10.0{12.5|13.5{10.0{12.5(13.5|10.0|12.5{13.5|10.0{12.5|13.5
NO; | 0| o ° o e |0 [0 |O |0 |O o |o |o |o |o |o |o
M) |1.0] o o o |loe|lo |o |o |o |o|o |o |o |o |o |o |o |o
H14 o 48h ( )
H15 e 240h (10 )

-19-




JNC TJ8400 2004-017

25.4
«( )
I=5.52x 1072[H*]0207 t 0:631 1)
2.5-1
pH12.5, NO; =0M, 50
1.00E+01 [
1.00E+00 — M0 —
' — 0OM

NE 1.00E-01 — NO3-=1M 50
S
<

1.00E-02 |

100E-03 |ror=hopmerctic

WM 0 IR T
FUA(I‘M% ‘W M‘N‘M“\[ "\1 { ”‘ﬁ fhit ) ‘\IH "'W b (Y LR y‘ [ I i M‘r ‘
\ | i A‘ | Nlia L a0 A 11 \‘w\ !
1.00E-04 \v I "D‘ ‘| | w’ ['.N MMH ||,mhlrlllh\ ;l “M
1.00E-05 |
0.0E+00 1.0E+04 2.0E+04 3.0E+04 4.0E+04 5.0E+04
(s)
2.5-1

2.6

-20 -
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pH
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3.
3.1
311
H14 180
30
NEON
NEON
TRU
SS400 TRU SS400
SS400 6
312
2000-9898Y
1ppm 400ppm
H2 N2 NH3 NO2 NOs Fe
pH

-22 -



JNC TJ8400 2004-017

3.1.3

@)

SS400 SWP 311

@ 1.0x 90mm SS400 @ 1.2x 90mm SWP

2x 3x 20mm,2
45 SS400 1.2x 102m?2
37 SWP 1.2x 102m?
#800
NOs” oM pH10.0 125 135
NOs” M 1.0x 103 1.0x 102 1.0x 10?1 1.0
pH10.0 125 135
pH
5.0x 102dm?3
6.0x 102dm?3
Ar
50 75
15 30 90 365 H14
32
3.1-1
witlh
C Si Mn P S
SS400 0.11 0.02 0.42 0.012 0.021
SWP 0.64 0.15 0.6 <0.025 <0.025

-23-
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@)

RBS

3)

3.14
1)

@

pH

NHz NO2 NOs N2

X

N2 NHz: NO2 NO3

3.11
1.0x 10°M 1.0x 10'™™M pH12.5

1.0x 10°M 1.0x 10M

Hi4

-24-
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SEM
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(b) 75  pH125

0 1.0x 10°M 1.0x 10°M 1.0x 10*M 1.0M

pH 50

© SwpP

SS400

No.1
pH12.5
[NOs]
1.0E-2M

50
30
No.4
pH12.5
[NO:]
1.0E-1IM
50

30 A g 388808 SN2 38. 5.8
No.29 SWP W= L
pH12.5
[NOs7]
1.0M
50
90

+NaOH

@)

-25 -
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pH12.5

pH12.5

pH12.5
SWP SS400

50

75
1.0x 10'™M 1.0M
75 50

03 05

-26-
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15
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3.1-2
©
No _
o,
H m/'
(O] m | P @ () © | @@ | ¢
1 30 22.2296 22.2338 22 .2265 0.0031 4 _0E-1
2 1.0E-2| 12.5 90 22.3013 | 22.3104 | 22.2943 0.0070 3.0E-1
3 180 22.2354 22.2470 22.2252 0.0102 2.2E-1
4 30 22.4621 22.4639 22 .4595 0.0026 3.4E-1
5 1.0E-1| 12.5 90 22.1039 | 22.1063 22.0980 0.0059 2.5E-1
6 180 22 .5685 22 5707 22 .5596 0.0089 1.9E-1
7 1.0E-3| 12.5 15 224460 22 .4515 22.4419 0.0041 1.1E+0
8 1.0 12.5 15 22.2305 22.2311 22.2278 0.0027 7.0E-1
9 50 0 10.0 365 23.0570 23.0819 23.0128 0.0442 4_7E-1
10 1.0E-3 | 10.0 365 23.0488 23.0854 22.9957 0.0531 5.6E-1
11 1.0 10.0 365 23.0803 23.0811 23.0625 0.0178 1.9E-1
12 0 12.5 365 23.0926 23.1118 23.0753 0.0173 1.8E-1
13 1.0E-3| 12.5 365 23.0431 23.0636 23.0252 0.0179 1.9E-1
14 (85400) Ar 1.0 12.5 365 23.1586 23.1605 23.1460 0.0126 1.3E-1
15 1.28-2m 0 13.5 365 23.1109 23.1208 23.0904 0.0205 2.2E-1
16 1.0E-3 | 13.5 365 23.1410 23.1501 23.1215 0.0195 2.1E-1
17 1.0 13.5 365 23.0560 23.0771 23.0336 0.0224 2_.4E-1
18 30 22.3304 22.3395 22.3220 0.0084 1.1E+0
0 12.5
19 90 224491 224637 22.4342 0.0149 6.4E-1
20 30 224286 224367 22.4207 0.0079 1.0E+0
1.0E-3| 12.5
21 90 22 .4682 22.4815 22.4523 0.0159 6.8E-1
22 30 22.3410 22 .3488 22.3337 0.0073 9.4E-1
75 |11.0E-2| 12.5
23 90 22 .3453 22 .3586 22.3314 0.0139 6.0E-1
24 30 22 .4968 22 .5001 22.4918 0.0050 6.4E-1
1.0E-1] 12.5
25 90 22.1953 22.2026 22.1825 0.0128 5_.5E-1
26 30 22.2836 22.2862 22.2782 0.0054 7.0E-1
1.0 12.5
27 90 22 4562 22 4592 22.4472 0.0090 3.9E-1
28 0 12.5 920 28.4211 28.4214 28.4168 0.0043 1.8E-1
G®) | ar 50
29 |4 2e-om 1.0 |12.5| 90 | 28.4381 | 28.4388 | 28.4340 | 0.0041 | 1.8E-1
*
)= { (@7 1.2x 10 7.86)}x (365( )/ )
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©)

pH
3.1-3
@) pH
pH 0.5
pH
(b)
pH12.5 50 30 0.8 1.5mg/dm3 90
1.6mg/dm3
pH12.5 75 30 1.0 1.7mg/dm3 90
2.2mg/dm3
OM 1.0x 10=°M 365

pH10.0 pH135 pH125
1.0M 365 pH
2.6 5.0mg/dm3
30 90 pH12.5
3.2 103 umly

1 pH12.5

©

30

-28-
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1.0x 102M 1.0x 10*M pH12.5

50 75
75 50
75 50 30 2
90
20ppm
(d
3Fe 4H0-Fes0s4 H2t
1.0x
10M 1.0x 102M pH12.5 1
50 75 30
90
75 50
2 5 30 90
OM 1.0x 103M pH
pH10.0 pH13.5 pH125 365
1.0M pH
365
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3.1-3 pH
Ne - - -
° DosT| oH Fe| I | IN0;] | IN0sT | [N] | [H]
()] ™ @gad)| on | [ oy | @) | @
1 30 (12.2] 0.9 |7.1E-5|1.8E-4|9.5E-3 | <2E-3 | 3.0E-1
2 1.0B-2|12.5| 90 [12.2| 1.6 |1.3E-4|2.6E-4|9.5E-3| <2E-3 |5.5E-1
3 180 |12.1| 1.8 |1.4E-4)2.2E-4|9.5E-3| <2E-3 |6.9E-1
4 30 (12.3| 0.8 |7.9E-5(3.0E-4 |1.0E-1| <2E-3 | 1.8E-2
5 1.0E-1{12.5| 90 |12.2| 1.3 |1.6E-4|3.3E-4(1.0E-1| <2E-3 |3.1E-2
6 180 |12.2| 1.7 |1.7E-4)3.3E-4|1.0E-1| <2E-3 |3.7E-2
7 1.0E-3|12.5| 15 [12.3| 0.6 |[4.6E-5|1.1E-4|7.7E-4| <2E-3 | 4.1E-1
8 1.0 |12.5| 15 |12.3( 0.4 |4.3E-5|1.3E-4 <2E-3 | 4.9E-3
9 50 0 10.0| 365 | 9.6 | 59.0 <2E-3 | 1.5E+1
10 1.0E-3|10.0| 365 | 9.7 | 57.0 [9.7E-4 | 1.1E-4 | 8.1E-5| <2E-3 | 8.4E+0
11 1.0 |10.0| 365 | 9.5 50 |[6.0E-4|1.7E-4 <2E-3 | 2.2E-2
12 0 12.5| 365 |12.2| 2.9 3.5E+0
13 1.0E-3|12.5| 365 [12.2| 2.8 |[4.1E-4|1.1E-4|3.5E-4| <2E-3 | 2.9E+0
14 (55400) Ar 1.0 |12.5| 365 |12.1| 2.6 |4.8E-4|1.1E-4 <2E-3 | 2.3E-2
15 | 1.28-2m 0 13.5| 365 [13.3| 3.6 2.8E+0
16 1.0E-3| 13.5( 365 | 13.3| 3.3 |3.9E-4|1.1E-4|3.4E-4 | <2E-3 | 2.6E+0
17 1.0 |13.5| 365 |13.2 3.1 |4.5E-4|1.1E-4 <2E-3 | 2.5E-2
18 30 |12.3]| 1.6 2.0E+0
0 12.5
19 90 (12.2] 2.1 3.0E+0
20 30 (12.2| 1.7 |7.1E-5(1.1E-4 |5.5E-4 | <2E-3 | 1.7E+0
1.0E-3| 12.5
21 90 (12.2| 2.2 |1.6E-4|8.5E-5|4.4E-4| <2E-3 | 2.8E+0
22 30 (12.3| 1.4 |1.1E-4|1.5E-4|9.4E-3| <2E-3 | 1.0E+0
75 |1.0E-2{ 12.5
23 90 (12.3| 1.7 |1.9E-4|1.5E-4|9.4E-3| <2E-3 | 2.0E+0
24 30 (12.3| 1.0 |1.5E-4(3.3E-4|9.8E-2| <2E-3 | 3.5E-2
1.0E-1| 12.5
25 90 (12.1| 1.6 |2.3E-4|3.7E-4|9.8E-2| <2E-3 | 6.8E-2
26 30 (12.2] 1.1 |1.6E-4|3.5E-4 <2E-3 | 1.6E-2
1.0 |12.5
27 90 (12.1]| 1.4 |1.9E-4|4.6E-4|1.0E+0| <2E-3 | 1.6E-2
28 0 12.5| 90 |12.2| 1.0 5.3E-1
GWP) | ar 50
29 | 1 o-om 1.0 |[12.5( 90 |12.2| 0.9 |[1.4E-4|1.3E-4 <2E-3 | 7.4E-3
30 0 12.5| 30 [12.3| <0.1 <5E-4
31 (olank) Ar 50 0 12.5| 9 |[12.3| <0.1 <5E-4
32 1.0 [12.5] 90 |12.2| <0.1 | <1E-5 | <1E-4 <2E-3 | <5E-4
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3.15
1) 15 365
15 365
H14 30 90 180 3.1-2
3.1-3
1.0E-3
— = H2
2 ® NO3-
- * NO2-
1.0E-4
2 ANH3
b}
(o
()]
S
£ 1.0E-5
>
o
S
<
1.0E-6
0 100 200 300 400
Time (d)
3.1-2
pH12.5 1.0x 10°M 50
1.0E-3
S B H2
£ 1.0E-4 + & NO2-
3 ANH3
(&)
=1
» 1.0E-5 |
'S
—
5
g 1.0E-6 ﬂ/g//&
< O
O
1.0E-7 | : !
0 100 200 300 400
Time (d)
3.1-3
pH12.5 1.0M 50
15 365
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15 30
30 90
365
(@)
1.0x 102M 1.0x 10M
30 90 180 H14
0 1.0x 103M 1.0M
30 180
30 180
3.14 3.1-5
1.0x 102M 1.0x 10IM
Ecorr
H13 14
LOE-=3 @50 -H2
30
£l ——50 -NO2
= 1.0E-4 A—50 -NH3
o
£
e ]
@ o
® @
& 1.0E-5 —oig,
S A A
5 A A
o
£
< 1.0E-6 B
o
1.0E-7 {( ] ] ]
0 1E-3 1E-2 1E-1 1E+0 1E+1
Initial Nitrate Concentration (M)
3.1-4

pH12.5 30 50

-32-



JNC TJ8400 2004-017

1.0E-3
= LOE-4 &
£
ks
o
& 1.0E-5
5
3
1S
< 1.0E-6
1.05-'((
0
3.1-5
3)
H14
x 1073 1.0M
30 90
75 50
75 50

1E-3 1E-2 1E-1 1.E+0 1E+1
Initial Nitrate Concentration (M)

pH12.5 180 50
50 pH12.5
30 90 3.1-6
15 2
2 5
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1.0E-3 @50 -H2
—e—50 -NO2
A—50 -NH3
§10E-4 1 B O - 75 -H2
= | — 9 -75 -NO2
3 = o — == ¢ A - 75 -NH3
& 10E-5 8
2 : :f_.,- < A A
- .
t g A A
£ |
< 1.0E-6 5 5
|
1.0E-7 { ‘
0 5 1E-3 1E-2 1E-1 1E+0 1E+1
Initial Nitrate Concentration (M)
3.1-6
pH12.5 30
1.0E-3 @50 -H2
——50 -NO2
A—50 -NH3
— 10E4 = o O - 75 -H2
) — 9 -75 -NO2
E @ o A - 75 -NH3
3 ,/_7\—“‘ O SWP-H2
& 1.0E-5 A= /F a «ﬁ & SWP-NO2
5 ‘/, .= A SWP-NH3
S |
>
= o
< 1.0E-6 .
O
1.0E-7 ({
0 5 1E-3 1E-2 1E-1 1E+0 LE+1
Initial Nitrate Concentration (M)
3.1-7
pH12.5 90
4)
H14
OM 1.0M 50 pH125 90
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3.1-8 SWP C 0.64%
SS400 C 0.11% 05 0.7
1.0E-3 @ SS400-H2
50 —o— SS400-NO2
90 A— SS400-NH3
= 10E-4 O SWP-H2
% E - O SWP-NO2
2 o A SWP-NH3
(]
3 1.0E-5 e S G
5 5 a a— %
< 1.06-6 =
]
]
1.0E-7 —((
1 9 1E-3 1E-2 1E-1 1.E+0 1E+1
Initial Nitrate Concentration (M)
3.1-8
pH12.5 90 50
3.2
3.2.1
0.02u m
2)
0.01 0.02u m
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RBS
322
@
365 50 pH12.5
50 oM
@
SEM
RBS
323
RBS
321
321
15 1.7 2.0glcm3
oM 16
3.2-1

-36-
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H13
365
oM 1.0M
pH13.5 365
Fe O
SEM
3.2-1
OM Run No.12
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3.2-1
0
Run No. (atonth) (atoms/cm?) W (@/cr)
oH [ os]| Fe | si 0 c Fe 0 H g
No-12 | o5 | o | 16.7 | 208 | 62.5 5.36417 | 5.8E417 | 0.32 2.0
(H14/M0.8) | 1% : . : - e . : .
No.14 1 o5 | 1.0 | 470 | 2.0 | 511 5.1E+417| 5.2E417 | 0.24 2.6
(H14/No.12) ) - - ) - - ) ) - )
No.15° 1 a5 | o | 23.1 | 22.0 | 54.6 | 0.3 |5.66+417| 5.26417 | 0.40 1.7
(H14/No.14) - - - - - - - - -
) sio, RBS
sio, 0
3.2-2
(u my)
Run
3
No. ) (g/cm’) N NH, NO,
No.12 5.0E-2
ey | pH12.5 3| 2.0 |L8E1| T 6TE2| - - 6.7E-2
No.14 1.0M 365 | 2.6 |1.361] % | 0.4e3 | 4.082 | 2.063 | 4.362
(H14/No.12) pH12.5 (6.26-2)
No.15 6.36-2
ctross|  pHISS B | 172281 (Tony 52| - - 5.5E-2
Fe304
3.2-2
365 3.2-3
1.8x10% 1y 3%
3
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3.2-3
Ne
/
@ | mysan g oy
No.12
(HL4/No.8) pH12.5 365 2.9 1.5E-4 1.5E-3
No.14
1.0M 365 2.6 1.3E-4 1.3E-3
(H14/No.12) oH12.5
No.15
(HL4/No. 14) PH13.5 365 3.6 1.8E-4 | 1.8E-3
1.24x 1072m® 5.0x 107%dm®
3.3
@) 15 365
365
15 30
30
%)
30
1.0x 102M 1.0x 10M
Ecorr
90 180

- 38 -
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©)

30 90
2 5 75 50
(4)
90 pH125 50 OM 1.0M
0.64wt%  SS400 C 0.11wt% SWP

SS400 05 0.7

)
pH

-39 -
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4.1

H15

4.2

4.2.1 NEON

4.2.2

NEON

H15 H14

4-1

4-1

NEON

NO,~

NO,”
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4.3
4.3.1
pH
| 1 exp(- 0.0370E)exp(- 5030/T)»{H *|* (1)
4.3.2

H15
pH H14

4-1
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4-1

(A/m?)
T ) |wTam| E-1v [ E-09V
T e I A
NO,” 5E-3 M ' — ——
80 0.00283 | 1.75E-04 | 2.06E-05
16 0.00346 | 9.86E-06 | 2.60E-07
50 0.00309 | 6.52E-05 | 3.92E-06
80 0.00283 | 1.69E-04 | 1.36E-05
) 16 0.00346 | 6.93E-05 | 7.30E-06
50 0.00309 | 1.03E-04 | 2.19E-05
80 0.00283 | 6.00E-06 | 7.00E-06
1.0E-02 .
®E=-10V
1.0E-03 | DOE=-09V
& 10604 | ¢ o o
o O
%1.05-05 - O
1.0E-06 |
1.0E-07
20E-03 25E-03 30E-03 35E-03 4.0E-03
1/T (1/K)
1.0E-02 ®E=-10V
10E-03 | OE=-09V
& | L g
2 10e-04 *
< 10605 | ] ®
- ]
1.0E-06 |
O
1.0E-07
20E-03 25E-03 30E-03 35E-03 4.0E-03
1/T (1/K)
1.0E-02 E=-10V
OE=-09V
10E-03 |
&
£ 1O0E-04 ¢ ®. ..o
S a
< 10E-05 | O |
1.0E-06 |
1.0E-07
20E-03 25E-03 3.0E-03 35E-03 4.0E-03

1/T (1/K)
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(4)
H14

4-2

r=k[NO21/(1+K[NHs])

4-3

| u |[NO; J/(1+10° §NO; |+4” 10* {NH, |)
| u|No; |/[L+4” 10° NH, |

NEON

50 pH 125

(5)

-43 -
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1.05 1

m|
—— 1st Order
——K : 2.0E04
—K : 4.0E04
=K . 6.0E04

1.00

0.95

C/Co

0.90

0.85

0.80
0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06

Time (S)

¢y

0.0E+00
-1.0E-02

m| 2
—— 1st Order
-2.0E-02 ——K : 2.0E04
-3.0E-02 —K : 4.0E04
-4,0E-02 —K . 6.0E04
-5.0E-02 | g
-6.0E-02 [
-7.0E-02
-8.0E-02 [
-9.0E-02 [
-1.0E-01 1

0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06
Time (s)

In (C/Co)

&)
4-2

= 1.04e-7x [NO," ]/ (1+K[NH,])

pH 12.5 (M) 1.0x 10
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1.0E+00 — Simulation 24h
= Simulation 48h
O Experiment 24h
1.0E-01 O~
]
m]
0 m]
1.0E-02 \
1.0E-03
1.0E-03 1.0E-02 1.0E-01 1.0E+00
Initial NO,” Concentration (M)
4-3
k:1.04E-7 s, K=4.0E4
(pH 12.5, -850 mv, 24
1.00E+00 — Simulation 24h
= Simulation 48h
1 00E-01 <& Experiment 24h

T ———
1.00E-02

1.00E-03
1.0E-03 1.0E-02 1.0E-01 1.0E+00

Initial NO3;~ Concentration (M)

4-4
, k=1.9E-7 s, K1=1.0E3,K2=4.0E4

(pH 12.5, -850 mV, 24h )
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1.0E-03
=
E
@ 10E-04 | 2
‘©
2 o ——NO3
o
& TS e o ———NO2
2 A NH3
S 10805 o -
€ < <
< R e NO3
o NO2
1.0E-06 A NH3
0 100 200 300 400
Time (d)
1) (M) 10° , pH 12.5, ( ):50
1.0E-03
= 1.0E-04
g
~ A
g 1.0E-05 [—2—4 > H2
g 4 jf,g~f””’“_rd_g_d_ NO3
& 1.0E-06
S [ [ NO2
€ 10e-07 [{— NH3
3 " H
: Lﬁ#;ff o NO3
< 1.0E-08 |
o NO2
1.0E-09 A NH3
0 100 200 300 400
Time (d)
0 M) 1, pH12.5,  ( ):50
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433
365 180 75
50
4.4
NEON
4-2
4-2 H15
| =153" 10° xexp(- 2200/ T) {H *]** »¢-0
- -4 + |0.40
| =307 10" »exp(- 5030/T)>exp(- 0.0370E){H *]
| =1.50" 10" »exp(- 0.0302E) ofH * |"** {NO; |11+ K, [NO; |+ K, [NH, ])
K, =10°,K, =4’ 10°
;a3 + Jozm .
| =455 10" >exp(- 0.0181E) ofH * " {NO; |/(1+ K, [NH,])
K, =4"10*

| [A/m2] (nFV/S d[NO;1/dt) , n (=2 6)
F (C/A)(=9.65x 10%), V (dn®)(=2.0x 10%),
S (m*)(=1.6% 107%)
t (), T K, k (1/s), E (mV vs NHE),
[H] (=10, [NO;7],[NO,7] ()
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5.
51
NEON
572
NEON
NEON
5.3
5.31
5-1
4
5.3.2
5-2 1.0x 103 1.0M
5-3 75
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5.4

H14 NEON

NEON

2.0E-04

1.5E-04¢7

1.0E-04(]

5.0E-05

Amount of Species (mol)

0.0E+00

0 1.0E-3 1.0E-2 1.0E-1 1.0

Initial Nitrate Concentration (M)

5-1
50 75

50 75 pH:Z12.5 30
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1.0E-03 H2 (0 )
NO2 (30 )
— 1.0E-04 NH3 (30 )
£ o H2 (30 )
@ & - NO2- (30 )
‘s 1.0E-05 ---A-- NH3 (30 )
3
()]
- 1.0E-06 o
c
>
2 o
< 1.0E-07
1.0E-08
1.0E-04 1.0E-03 1.0E-02 1.0E-01 10E+00 1.0E+01
Initial Nitrate Concentration (M)
5-2
50 pH 12.5 d 30
1.0E-03 H2 (30 75 )
NO2 (30 75 )
= 10E-04 o NH3 (30 ,75 )
= o O H2 30 75 )
}: ° o | © NO2- @0 75 )
‘5 1.0E-05 R AT ---A-- NH3 (80 75 )
2 g &
- O
S -
= 1.0E-06 -
>
o
g
< 1.0E-07
1.0E-08

10E-04 1.0E-03 10E-02 1.0E-01 1.0E+00 1.0E+01

5-3

pH 12.5

Initial Nitrate Concentration (M)

75
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6.1

TRU

6.2

6.2.1

PHREEQC Ver2.7

RATES
KINETICS RATES
3
3
6.2.2
A
6-1
0.25m

1

PHREEQC

BASIC

PHAST

2)

TRU

-51 -

TRANSPORT

KINETICS

PHREEQC

PHREEQC
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6.2.3
TRU
6-1 6-2 6
6-1
kg TRU Report™ p.4-113 32.1 100
kg/m? 7800 7800
me 4.12E-03 1.28E-02
m TRU Report p.4-113 1.60E-03 3.70E-02
m? ( 5.14E+00 6.93E-01
m2/kg 1.60E-01 6.93E-03
kg/kmol 55.8 55.8
kmol 0.575 1.792
A m/y 1.0E-07 1.0E-07
kmol/y 7.2E-05 9.7E-06
y 8.0E+03 1.9E+05
- TRU Report p.4-113 0.15 0.15
/ m?/m3- 34.29 4.62
" TRU ?
6-2
Aa
Ab 10n/s ( 4m)
Ba
18.7M 6-1
Bb 3x 1073m/y
Ca
Cb 10m/s ( 1m)
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6.3
6.3.1 A
6-2 6-3
6-3
1075
6.3.2 B
6-4 6-5
Ba Bb
A
A
6.3.3 C
C

Aa

2.5m

-B3 -

6-2

500

A 4dm
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6.4

TRU

50 10000

-54 -
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A
8.0
15m 1.005 1.0 1.0
0.2
(m
B C
8.0
1.5m 10
(m
6-1
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(1) NOy

(3) NO,”

(3) NH;

1.4E+401
1.2E+401
_ 1.0E+01
£ §.0E+00
[&]
S 6.0E+00
O
4.0E+00
2.0E+00

0.0E+00

1.0E-03

8.0E-04

(M)

6.0E-04

4.0E-04

Conc

2.0E-04

0.0E+00

1.0E-03
8.0E-04

S 6.0E-04

3

é 4.0E-04
2.0E-04

0.0E+00

6-2

Aa (

FAAAAAA

LX X X X X X

0 1

A A 444804
B33

2 3
Distance (m)

—— =0 (y)
—— =100
—=—t=1000
A t=10000
x— t=100000

Distance (m)

——t=0 (y)
—=— =100

A t=1000

x— t=10000
—%— t=100000

,AAA

,Xxxxxﬁk

KX

2 3
Distance (m)
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X
A TXx
X
A xxx

——t=0(y)
—=— =100

A t=1000

X t=10000
—*— t=100000
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@

3.0E-01 |

= ——NO3
EZ.OE—Ol - ——NO?2
§ —NH3

1.0E-01 — T-N

0.0E+00

10E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05
Time (y)
)

3.0E-05
‘2-_’2.OE—05 ——NO2
% — NH3
O

1.0E-05

0.0E+00

1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05
Time (y)
6-3
Aa (
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(1) NOy

(3) NO,”

(3) NH;

1.4E+01

1.2E+01
_ 1.0E+01
£ §.0E+00

(&)
S 6.0E+00
o

4.0E+00

2.0E+00
0.0E+00

1.0E-03
8.0E-04
S 6.0E-04
&)
§ 4.0E-04
2.0E-04

0.0E+00

1.0E-03
8.0E-04

S 6.0E-04
8}

g: 4.0E-04 |

2.0E-04

0.0E+00
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