Fukushima Daiichi Nuclear Power Station <Reference Document>
. ) December 24, 2020
Results from secondary treatment performance confirmation tests on  Tokyo Electric Power Company Holdings, Inc.

water treated with multi-nuclide removal equipment (final report) Detommieeonme Eramcerng Campany

m  Since September 15, 2020, we have been treating approximately 1,000m3 of water from both the J1-C group (sum of ratios
of legally required concentrations for the primary seven nuclides: 3,791 (J1-C1)) and the J1-G group (sum of ratios of legally
required concentrations for the primary seven nuclides:153 (J1-G1)) (Total: Approx. 2,000m3) out of the tank groups for
which the sum of the ratios of legally required concentrations *!, excluding tritium, exceeds 100.
<Announced on September 10, 2020>

B Water sampled before and after secondary treatment from each tank group has been analyzed for nuclides targeted for
removal (60 nuclides) + carbon-14, excluding nickel-63/cadmium-113m, and we have confirmed that compared with prior to
secondary treatment, the concentration of radioactive substances after secondary treatment (sample tank) is lower.
<Announced on November 16, 2020 (J1-C group)> <Announced on November 26, 2020 (J1-G group) >

m  After that, water from both tank groups was analyzed for nickel-63/cadmium-113m thereby concluding analysis for all
nuclides to be analyzed during secondary treatment performance confirmation tests (64 nuclides (nuclides targeted for
removal (62 nuclides) + carbon-14 and tritium)). Test results showed that the sum of ratios of legally required
concentrations excluding tritium can be reduced to less than 1 through secondary treatment with ALPS.

Sum of ratios of legally required concentrations for nuclides targeted for removal (62 nuclides) + Carbon-14:
J1-C group: [before] 2,406 — [after] 0.35, J1-G group: [before] 387 — [after] 0.22

m It was confirmed through in-house analysis that the sum of ratios of legally required concentrations excluding tritium is
reduced to less than 1. Going forward, we will improve our nuclide analysis procedures and processes by identifying issues
with sample analysis performed by third party organizations following TEPCO analysis procedures.

%1 : The concentration ratios of concentrations required by law that have been stipulated for
each radioactive substance are calculated and totaled

. @Sample
OALPS inlet tank

Targeted tank Additionally Sample tank ALPS treated water receiving
group installed ALPS tank (New>) 1

% : These are new tanks. At current time receiving tanks are being used to store other ALPS-treated water




<Reference> Comparison of the concentrations of radioactive substances
before and after secondary treatment (J1-C group)
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<Reference> Comparison of the concentrations of radioactive substances
before and after secondary treatment (J1-G group)
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<Reference> Secondary Treatment Performance Confirmation Test Result (J1-C group)

Prior to secondary treatment (ALPS inlet)*? After secondary treatment (sample tank)*?
rce?qrsjcireen(;ltrs;t/klj:vsv Analysis results Ratigqo:il[z%ally Analysis results Ratio of legally required
(Bq/I] (Bg/1] %3 concentrations™ (Bg/1] %3 concentrations®#
. ND
Cesium-134 60 29.3 0.49 (0.0760) 0.0013
Cesium-137 90 599 6.7 0.185 0.0021
Cobalt-60 200 36.3 0.18 0.333 0.0017
Ruthenium- ND
N0 100 (5.00) 0.050 1.43 0.014
Antimony-125 800 83.0 0.10 0.226 0.00028
Strontium-90 30 64,600 2,155 0.0357 0.0012
Todine-129 9 29.9 3.3 1.16 0.13
Carbon-14 2,000 15.3 0.0076 17.6 0.0088
Tritium 60,000 851,000 14.2 822,000 13.7

Prior to secondary treatment
(additional ALPS inlet)*!

After secondary treatment (Sample tank)*?2

X4

Primary 7 nuclides 2,165 0.15
Sum of the ratio of legally required
concentrations for the nuclides targeted 2,406 0.35
for removal (62 nuclides) + carbon-14
%1 Specimens sampled on September 19, 20 and 21 were mixed/agitated analyzed
%2 Specimens sampled on September 27 were analyzed 4
%3 “ND” indicates that results were below detectable limits and the detectable limits are noted in parentheses

Detectable limits are used for calculation for nuclides for which the analysis results were below detectable limits




<Reference> Secondary Treatment Performance Confirmation Test Result (J1-G group)

%3
x4

Prior to secondary treatment (ALPS inlet)*! After secondary treatment (sample tank)*?
é%l?fggrs;cli?ar‘vs\l Analysis retc,ults Ratirgqojilr:%ally Analysis re§ults Ratio of IegaIIY reqxgired
(Ba/I] (Bg/1] %3 concentrations™ (Bg/I] %3 concentrations”
Cesium-134 60 5.94 0.099 (© 062'5[; 0.0011
Cesium-137 90 118 1.3 0.329 0.0037
Cobalt-60 200 13.1 0.065 0.233 0.0012
Ruthenium- ND
106 100 (2.27) 0.023 0.483 0.0048
Antimony-125 800 32.3 0.040 0.137 0.00017
. ND
Strontium-90 30 10,400 347 (0.0318) 0.0011
Todine-129 9 2.79 0.31 0.328 0.036
Carbon-14 2,000 12.6 0.0063 15.6 0.0078
Tritium 60,000 273,000 4.6 272,000 4.5
Pri(()gdtdoitsiir(-:mg?i?_gstirﬁl?ai%int After secondary treatment (Sample tank)*?
Primary 7 nuclides 349 0.048
Sum of the ratio of legally required
concentrations for the nuclides targeted 387 0.22
for removal (62 nuclides) + carbon-14
%1 Specimens sampled on October 5, 6 and 7 were mixed/agitated analyzed
%2 Specimens sampled on October 13 were analyzed 5

“ND” indicates that results were below detectable limits and the detectable limits are noted in parentheses
Detectable limits are used for calculation for nuclides for which the analysis results were below detectable limits




<Reference> Secondary treatment performance confirmation test result details (J1-C group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Ratio of legally

Ratio of legally

Notes

(6q/1 A conrceec.lg:ti;r:t(ijons e | reaured
1 R?:;?Jigong.-ig days) 300 (N4D-11) 0.014 ?0?497) 00017
2 SE;\%n;;gT-Sslgdays) 300 (N6?720) 22 I(\IOD.0537) 0.00018
3 Sf;%”;;gf'zggyears) 30 64,600 2,200 0.0357 0.0012
4 YEX[;LF')TC;EOM hours) 300 64,600 220 0.0357 0.00012 | Inradioactive equilibrium with
> YEX;)L;I)T&EIW days) 300 (Nsa.s) 0.28 '(\11%_5) 0.055
6 [\(approx. 35 days) 1,000 (0,350) 000035 (0.0a06) | 0000050
7 T(e,:ggfgi(u.ng_l%g,ooo years) 1,000 17.4 0.017 (N1D-23) 0.0012
8 Mapprox. 40 days) 1,000 0.721) 000072 (00s27) | 0000053
9 e e ays) 100 (N5D.00) 0.050 1.43 0.014
10 e utes) 200,000 (NO'?721) 0.0000036 (NO'?0527) 0.00000026| " radioactive equilibrium with
L1 e ceconds) 300,000 (N5D.00) 0.000017 1.43 0.0000048 | In radioactive equilibrium with
12 [ (approx. 250 days) 300 (NoD.541) 0.0018 (Nol?o 426) 0.00014
13 C?:l;?)irlj)r:._i?yn;ars) 40 (NZDO.S) 0.51 (N0D_0852) 0.0021

%1 To 2 significant figures 6




<Reference> Secondary treatment performance confirmation test result details (J1-C group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Analysis results

Ratio of legally
required

Analysis results

Ratio of legally
required

Notes

(Ba/1l (Bq/1] concentrations (Bg/I] concentrations
X1 X1

14 [Caprox. 45 days) 300 ('\'2132_6) 0.075 (N2D_70) 0.0090
15 [ Gppron. 250 gy 2000 | {500) 019 | B, | ooa | Aseeunvendae
16 Ti(r/:;}pzrix. 130 days) 400 (NGDO-6) 0.15 (N6D_59) 0.016
17 Ti(rﬁl:plpzrgx. 100,000 years) 200 (N2D_88) 0.014 (N0D_292) 0.0015
18 [Cappron. 60 days) 300 (|\10D.279) 0.00093 (N0D_0967) 0.00032
19 A{‘;g‘;‘r’g[ézysears) 800 83.0 0.10 0.226 0.00028
20 [[Capprox. 120 days) 600 (NOD.832) 0.0014 (No?oglg) 0.00015
21 T(e/ﬂ;;‘for‘;f{éfc?;ys) 900 83.0 0.092 0.226 0.00025 | " redioactive equilibum with
22 T?/!;Sfon;._;zr?ours) 5,000 ('\'7[)2_5) 0.015 (N4[?69) 0.00094
23 [ approx. 110 cave 59 (|\I7[25-3) 0.25 (N4[.)87) 0.016 | concentration of Tellrum-127
24 T(exgsfon;._%gminutes) 10,000 (N1D2.7) 0.0013 (No[_)615) 0.000061
25 T(ekggifon;._gigcrigys) 300 (N1D3_1) 0.044 (Nl[_)37) 0.0046
26 fodine-129 9 29.9 3.3 1.16 0.13

(Approx. 16,000,000 years)

%1 To 2 significant figures 7




<Reference> Secondary treatment performance confirmation test result details (J1-C group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Ratio of legally

Notes

(Ba/l T | concontrations | B/t | concentiationekl
X1
27 [Capprox. 2 years) 60 29.3 0.49 (N0D.0760) 0.0013
28 CF:‘F,UDT(;)}_335’OOOIOOO Jears) 600 0.00381 | 0.0000064 0.00000118| 0.0000000020 |  Assessed using the radiation
29 Cappro. 13 days) 300 (N0D.377) 0.0013 (N0D_0468) 0.00016
30 C(e:‘p”p”r“(;f;o Jears) 90 599 6.7 0.185 0.0021
31 Bf;?;;&f;”;“nutes) 800,000 599 0.00075 0.185 0.00000023 | [nradioactive equilibrium with
32 Piappro. 13 days) 300 (N2D_40) 0.0080 (NoD.zoz) 0.00067
33 C?X?QP&“ 2 days) 1,000 (N1D.51) 0.0015 (N0D.262) 0.00026
34 C?me gso days) 200 (N6D-8 2 0.034 (N0D_569) 0.0028
35 [ (approx. 17 minutes 20,000 6.64) 0.00034 10.569) 0.000028 | M radioactive equilirium with
36 ng\;eporgwunnqqihluﬁg 40,000 (N6D-8 2 0.00017 (N0D_569) 0.000014 | Inradioadtive equlibrium with
37 ng\?pert:;u?ylet?s) 900 (N1D_23) 0.0014 ('\'0'3.0666) 0.000074
38 [ oprox. 3 years so00 | W0 | ooo | WD | oo00zr | e e seter,
39 [Mapprox. 5 daye) 300 (N0D.649) 0.0022 (N0D_233) 0.00078

%1 To 2 significant figures 8




<Reference> Secondary treatment performance confirmation test result details (J1-C group)

Concentrations

Prior to secondary treatment

After secondary treatment

X1 ’
40 P rs) 500 (N0D_63 " 0.0013 (No?o 4gay | 0-000097
41 Piapprox. 87 years) 8,000 (0.0577) | 0:0000072 0.0114) | 0-0000014 | o o84
42 o ars) 600 2.70) 0.0045 0084y | 0-00047
43 Fapprox. © years) 400 (N0D.577) 0.0014 (Nol?lm) 0.00028
44 E?gggirl:)r:._ésysears) 3,000 (N3D.43) 0.0011 (N0D_336) 0.00011
45 T 1 days) 3,000 517) 0.0011 0264y | 0000088
46 [Capprox. 72 days) >00 (N1D.66) 0.0033 (N0?143) 0.00029
o7 ftomm 3% o om0 | one | Moo | oo [esimpmides
a1« [owo | oa | 10| oo e o
g o | 0 | om0 | oae | 0| oo [esinpda s
50 [(approx. 14 years) 200 207 0.10 L18) 0.0059 | cgnceiration of Putonium. 238
Py | 5 | 0w | on | 1o | oones et
52 [ aeoroe. 156 yoars) 5 00103 | 0.0021 | (Fluoesgy| 000012 | e

%1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-C group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Ratio of legally

Ratio of legally

Notes

(Ba/1 A concontratons | B |concentrations
X1 x1
N 011 | Wiy | oones [
54 [aporox. 160 days) 60 0.570 0.0095 | (o355 | 0.00054 (e bt R reatr
s e, o | osm [ oms | I | ooose i i s
6 Fm : 050 | oo | [0y | oo St e
57 [ Gapbrox. 310 days) 1,000 (No[?ssz) 0.00036 ?‘0[?0383) 0.000038
>8 Ir(%n:;psrgox. 45 days) 400 (N0?641) 0.0016 '(\'0[?0866) 0.00022
>9 C?:S;I)tr_osxs. 71 days) 1,000 ('\'0[?3 44) 0.00034 '(\'0[?0 411) 0.000041
60 (rmirac 5 years) 200 36.3 0.18 0.333 0.0017
61 [(aomron. 100 years) 6,000 51.9 0.0086 (N8?45) 0.0014
62 Zil‘;frix. 240 days) 200 (N0D.719) 0.0036 (N0?0941) 0.00047
63 C?,{ngil“sjoo Jears) 2,000 15.3 0.0076 17.6 0.0088
Total - 2,400 - 0.35

%1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-C group)

Concentrations

Prior to secondary treatment

After secondary treatment

Nuclide ; Ratio of legally Ratio of legally
(half-life) reqw[rgd/tl)]y law Analysis results required Analysis results required Notes
9 (Bg/1] concentrations [Bg/I] concentrations
1 *1
ND
Gross-a - 0.570 - (0.0325) -
Tritium 60,000 851,000 14 822,000 14

(Approx. 12 years)

%1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-G group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Analysis results

Ratio of legally
required

Analysis results

Ratio of legally

Notes

(Ba/1] (Bq/I] concentrations (Bq/I] conerquired

L Fanoron. 19 days) 300 (Nz?se) 0.0085 ?10D.467) 0.0016

2 Plampron. ot days) 300 (N7%7) 26 ?10?0452) 0.00015

3 S&%n;;gzggyears) 30 10,400 350 ?10D.0318) 0.0011

4 | Caooroe 64 hours) 300 10,400 35 ?10?03 18) 0.00011 | I R e
ey | w0 | B | we | 9, | ow

6 [(roprox. 35 days) 1,000 (No[?zse) 0.00026 ?10?0470) 0.000047

7 ngggre&n;i%?ooo years) 1,000 1.2 0.0012 l(\Il[.)29) 0.0013

8 oot 40 pys) 1,000 ?10?339) 0.00034 ?IO[.)OSOG) 0.000051

9 ey 100 ?‘2[?27) 0.023 0.483 0.0048

10 P o ‘56 minutes) 200,000 ?10?339) 0.0000017 ?IO[.)OSOG) 0.00000025 | I R e s
11 R{‘:S;L;Qj;lggseconds) 300,000 ?‘2[?27) 0.0000076 0.483 0.0000016 | I radicactive equilibrium with
12 Parron 550 days) 300 ?10?292) 0.00097 ?0[?0400) 0.00013

13 (A 15 years) 40 ?2%.4) 0.51 ?0?0855) 0.0021

%1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-G group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Analysis results

Ratio of legally
required

Analysis results

Ratio of legally
required

Notes

(Ba/1] (Bq/1] concentrations (Bq/1] concentrations
x1 %1

14 C?Er?:Dil%T.-iésgys) 300 ?llDl_@ 0.039 ?‘2'3_29) 0.0076
15 [ Gpproe. 290 cove) 2000 | (i) oar | Mo [ oo | sl terd
16 Ti(r,;\-plpzrix. 130 days) 400 ?3%_1) 0.083 ?‘6'3_26) 0.016
17 Ti(r/]A_plpzrgx. 100,000 years) 200 ?‘1'3_16) 0.0058 ?loD_l 47) 0.00073
18 A(r],ﬂt\gsgz-éé“days) 300 ?lol?zzo) 0.00073 ?‘0'?0842) 0.00028
19 A{‘;gfg){'ézfears) 800 32.3 0.040 0.137 0.00017
20 [[Caporox. 120 days) 600 ?10?383) 0.00064 ?‘0?0667) 0.00011
21 T?X;S;‘O”Q.'%Sd”;ys) 900 32.3 0.036 0.137 0.00015 | " redioactive equlibum with
22 T?/H;S;Jon: 192r?ours) 5,000 ?'3[)5_3) 0.0071 2\'4[_)33) 0.00087
23 [[Ggprox. 110 oy 0| (e7) 012 | Py | oois | Ameunierdan
24 T?X;S:Ion;._%)gminutes) 10,000 l(\|4[.)71) 0.00047 ?0?594) 0.000059
25 T?X;S:Jon;.-éigc?;ys) 300 l(\|6[_)61) 0.022 l(\ll[_)21) 0.0040
26 [lodine-129 (Approx. 9 2.79 0.31 0.328 0.036

16,000,000 years)

%1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-G group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Analysis results

Ratio of legally|
required

Analysis results

Ratio of legally

Notes

- Gl forenisions o0 | ot
27 fesumiss 60 5.94 0.099 ?'0[_)0665) 0.0011
28 [ 3 100,000 years) 600 0.000751 %099 0.00000210 |0.0000000035 Assessed using the radiation
29 C(e/i)upnrqc;.3163 days) 300 I(\IOD.196) 0.00065 '(\10?0363) 0.00012
30 C(e,fL“pTc;j?;O Jears) 90 118 1.3 0.329 0.0037
31 B?,{E;;&f;”;mutes) 800,000 118 0.00015 0.329 0.00000041 | [ radicactive equiibrium with
32 B?/KBJ;:;.‘K1)3 days) 300 ?11D.22) 0.0041 ?10'?173) 0.00058
33 [ s days 1,000 (0.639) 0.00094 0.119) 0.00012
34 C(e/iyp?rqc;i.“gso days) 200 ?13?02) 0.015 ?‘0'?553) 0.0028
35 [ Gapprox. 17 minutes 20,000 5.02) 0.00015| | Pecs 0.000028 | ™ radioactive equilibrium with
36 PEii%?‘if‘";“nTi?u‘liS 40,000 ?13?02) 0.000076 ?‘0'?553) 0.000014 | Inradioactive equifbrium with
37 P ) 900 (NOI?526) 0.00058 (N0D.0630) 0.000070
38 [ {orox. 3 years) 3,000 (253 | 000084 (%) 0.00024 | fesceses g e e
39 [ approx. 5 daye) 300 (No?519) 0.0017 (N0?452) 0.0015

X1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-G group)

Nuclide (half-life)

Concentrations
required by law

Prior to secondary treatment

After secondary treatment

Ratio of legally

Ratio of legally

Notes

(Bg/1] Analygz/rssults Conr;:eeqn;%'aet?ons Ana|)E§BiZ/r§SU|tS Concgig;"ai;eoisx )
40 e 500 00.276) 0.00055 (0.0409) | 0:000082
41 [ aporox. 87 years) 8OO0 | (ogssy) | 00000045 | (000 | 0.0000013 | e e s
42 o2 ars) 600 121) 0.0020 (0.150) 0.00032
43 o rs) 400 (0.357) 0.00089 0.102) 0.00025
44 Fom L ) 3,000 138) 0.00046 0.175) 0.000058
45 G?ﬁ;;ipgiwz_igzays) 3,000 (N1D.21) 0.00040 ?10?185) 0.000062
46 [t 100 save) 500 (N0D_688) 0.0014 ?‘0'?135) 0.00027
47 Fiapprox. 85 years 4 (0.0319) 0.0080 (0.0280) 0.0070 | Ao messurements
48 [ (approx. 24,000 years) 4 (0.0319) 0.0080 (0.0280) 0.0070 | " or messurements
49 Fapprox. 6,600 years 4 (0.0319) 0.0080 (0.0280) 0.0070 | Ao messurements
50 [iapprox. 14 years) 200 (1.16) 0.0058 | o 0.0051 | chvcemraton of uiomomm 338
51 [ Capprox. 430 years > (0.0319) 0.0064 (0.0280) 0.0056 | "o messurements
52 [(Approx. 150 years) 5 0.000577) | 000012 | {00055y | 0:00010 | e

%1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-G group)

Concentrations

Prior to secondary treatment

After secondary treatment

Nuclide (half-life) requi{rgg/tl)]y law Analysis resuls Ratigqo:ii%auy Anlysi resalts Rat;gqolfill’:%ally Notes
[Bq/1] conce;t;atlons [Ba/I] conce;t;atlons
53 [aparox. 7,400 years) > (N0D.0319) 0.0064 (N0D.0280) 0.0056 [*e*ee0 & T remente
54 [“Chmmrox. 160 days) 60 (No[?0319) 0.00053 ?lo[.)ozso) 0.00047 [ eee o e emente
5 [“Chmmroe. 29 years) 6 (N0D.0319) 0.0053 (No[?ozso) 0.0047 fesset o B remente
56 [“(hpmroe. 18 years) / (N0D.0319) 0.0046 (NoD.ozso) 0.0040 feese o B remente
57 [ Gapbrox. 310 days) 1,000 (NoD.zoz) 0.00020 (N0?0379) 0.000038
58 [ Amarox. 45 days) 400 (N0D.351) 0.00088 (No[?o717) 0.00018
59 (Capprox. 71 days) 1,000 0.211) 0.00021 00374y |0-000037
60 Cgf;')trfx? 5 years) 200 13.1 0.065 0.233 0.0012
61 N(Igﬁlrgf 100 years) 6,000 (N1%.4) 0.0031 (N8D.84) 0.0015
62 [ (poprox. 240 days) 200 (NoD.435) 0.0022 (NO'?0797) 0.00040
63 C?XESP&i.“s,mo Jears) 2,000 12.6 0.0063 15.6 0.0078
Total - 390 - 0.22

%1 To 2 significant figures
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<Reference> Secondary treatment performance confirmation test result details (J1-G group)

) Prior to secondary treatment After secondary treatment
Nuclide Concentrations i i
- required by law . Ratio of_IegaIIy ] Ratio of_legally Notes
(half-life) (Ba/I] Analysis results required Analysis results required
q (Bg/1] concentrations (Bg/1] concentrations|
X1 X1
Gross-a - ND - ND -
(0.0319) (0.0280)
( Apprg)['“fzmyears) 60,000 273,000 4.6 272,000 4.5

%1 To 2 significant figures
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