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Abstract

In geodisposal of spent nuclear fuel, the bentonite barrier has an
important function in maintaining the integrity of the copper canisters
that isolate the spent fuel. The bentonite barrier the outward transport of
radionuclides and the inward transport of corrosive groundwater
components, while acting as a buffer against the movement of rock.
Sulphate-reducing bacteria (SRB) that are present in the surrounding
groundwater or reside naturally in the bentonite can damage the canister
by producing corrosive sulphide (S?°) by the reduction of sulphate
(SO4).

The project is a preliminary study that mainly follows the Swedish
model (SKB R-15-05) in establishing a system for evaluating of the
effects of microbes on the integrity of the aforementioned copper
canisters. Three species of SRB, Desulfovibrio aespoeensis (DSM
10631),  Desulfotomaculum  nigrificans (DSM  574) and
Desulfosporosinus orientis (DSM 765), and Wyoming MX-80 bentonite
clay powder were used in the experiment. SRB was cultured and
detected and SRB-bentonite clay slurries was prepared. The relevant
evaluations are part of the long-term safety assessment of an SR-Site in
support of an application for a license to build a final repository for spent
nuclear fuel.

Keywords: microbes, final repository, bentonite
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WRRE fadE T (4 97% Nofo 3% Hy g Bt ) » B~ 609 15
SER R 2 R R A A 1110 ml chE FRG kY R A w4
»Z 8 SRBmF & 30 ml 2 Fig » TEELI DGR E GRS
fed ok RE AP A AABR R Y e B 2 W
HVEIR TR o S PEME IR A e B URE L% A b AT R
bt R 2ECE e 2 SR ) g egk 2 ST 0 RIS s b BT
Faofs o RBB540 gWWIE Y e L R E 0 T E F- 3600 g
W 48 (5x10° SRB/gdw) © ¥ #H 300 g e bk AR % E
M Fp 110°C 2 A RIE- % 0 RBEIEZ R 2RF MG
¥R e o

FiER O~ SRB R W (52 FikE S 0 i MPN (most
probable number) 4 47/ (7 > Bk S B IIRE 7 B 19 RE
(GWW) ik &3 » 388 @ 4o » 40ml & Fiks 2 0.9% NaCl /3
RoBIRTRY RFALODES (~2 1) 2 38 5
{710 8 2 100 B4 - £ A 9484830 5 F 19 ml R SRB
% f& ¢ (Masuratetal., 2010) - MPN #£ 5> k¥ 44 ¢ 28°C T & %

Wi RHAR AL RS BB o

J~4

RO

W2k 7 R LGB LR i SRBUWRES 5§ i - 2

-\
LS

-~

T2 0 & WB 10tk EI 4R 105°C Se - fk oo 3 E Acdiw



\)_i,\‘_

(«4
piis

]

3
I
s
i

BoHISE WL PR 2 KGR o RS
2B AR S F AR R FE IR d B A KRBT T
WL o R MR e ,,9]‘ e SRBWEL 2R3 7 okt R
%A (1,750 kg m=~ 2,000 kg m™)
2o~ FRAFWEL Y SRB Hikaris ¥

P PR 2 2 WREA SR S RE T3

SRB Fthz "i# 2 > 12 MPN 4 45 iRl 2 353 B F T 2 SRB

Hf

o

R3S

Ly

- LRERARH
AERIEZ2MAPRAFEIHENARBBRFA B RS
F MR 23 E KR
- A PR
9 %% ¥ & * 2. SRB [A: Desulfovibrio aespoeensis (DSM 10631)
£.2”"DSMZ 193. DESULFOBACTER MEDIUM”2_ & = 3\ e 4]
HRRE 4% 2 30°C 42 - @ Desulfotomaculum nigrificans
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FAMESE ¥ - = 430838 ROKZ B L Uk hie (T4 2
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1. Solution A: & ¥ 5 #8 ™ (80% N,+20% CO,) # [f] & ¥g ¥
K2 B RA PSR A M TR AT L E R F R
IR BATZ AN g T P B o EARY R E R
F > pLpFE¥ 4~ Solution B ;R £ - Solution A ® z_ Selenite-
tungstate solution z 7 &k ¥ 4p 77 & Resazurin solution (&) -
e A e MR R F R d o RFIRREFEF L
£% FHWI L 30mn 23 EFFF S o o PP Mix Sol.
A+B 9.2 ml %3 3 Hungate tubes * ( % Hungate tubes £
F 4 1min) > ZELELF FI°10mints FL g F4
v 121°C15min R F (R A RYREF § ) o
2. Solution C & Solution F @ 4 %] »% | BAFHg P f=r £ 5> 4v T

Bt g A Bk B EF £ 30mine 4R E A S

%n
[
D
3

&= 121°C ~ 15 min; *;;;q‘ o F%
3. Solution D & Solution E: Z 4 #] % 3igp % 0.5 m RO -k »
B4 100%% F Smin- $HEREFE (S B R FA o TR FIE T
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filter #im » © ® B2 | % 3t#g? o £ 12 100%% 7 B # %5 F
30 min o 5 ' 5k h SRS B RGR G

4. &t Rt 2 Sol. A+B 2. Hungate tubes 2 Solution C~F
Ef o~ BAHEITSP B Sol. A+B 2 g B v L o g
§ 1424 FP>05mlSolution Cizixz »3#Eg @ » £ 4w
Z®EPSOLD~E~F4» £ 01ml> g ¥t

%}J 10 ml - Sol. F :‘::a- ﬁ},%'/p?'g,\ lf(i% % T}%]"f;\.’ﬂ" Sy~ o b A ;é‘

o
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% 1~ pe % DSMZ 193. DESULFOBACTER MEDIUM #7% &%

DSMZ 193. DESULFOBACTER MEDIUM

(Solution A: 920 ml + Solution B: 1 ml + Solution C: 50 ml + Solution D: 10
ml + Solution E: 10 ml) + Solution F: 10 ml

Solution A: Solution B:

Na,SO, 3.00 g | Trace element solution SL-10 Iml
KH,PO, 0.20 g | HCI (25%; 7.7 M) 10.00 ml
NH,CI 0.30g | FeCl, x4 H,0 150¢g
NaCl 7.00g | ZnCl, 70.00 mg
MgCl, x 6 H,O 1.30g | MnCI2 x 4 H,0O 100.00 mg
KCI 0.50g | H3BO;3 6.00 mg
CaCl, x 2 H,0O 0.15g | CoCl, x 6 H,0O 190.00 mg
Selenite-tungstate solution 1.00 ml | CuCl;x 2 H,O 2.00 mg
Resazurin solution (0.1% w/v) 0.50 ml | NiCI2 x 6 H,0 24.00 mg
yeast extract 1.0g | Na;MoO4 x 2 H,O 36.00 mg
Distilled water 920.0 ml | Distilled water 990.0 ml
Selenite-tungstate solution:

NaOH 05¢

Na,SeO3;x 5 H,O 3.0 mg

Na,WQO, x 2 H,0 4.0 mg
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Distilled water 1000.0 ml

Solution C: Solution D:

NaHCO; 4.00 g | Na-L-lactate 2.50¢
Distilled water 50.00 ml | Distilled water 10.00 ml
Solution E:  Vitamin solution 10.00 ml | Solution F:

Vitamin solution: Na,S x 9 H,0O 0.40¢g
Biotin 2.00 mg | Distilled water 10.0 ml
Folic acid 2.00 mg

Pyridoxine-HCI 10.00 mg

Thiamine-HCI x 2 H,0 5.00 mg

Riboflavin 5.00 mg

Nicotinic acid 5.00 mg

D-Ca-pantothenate 5.00 mg

Vitamin B12 0.10 mg

p-Aminobenzoic acid 5.00 mg

Lipoic acid 5.00 mg

Distilled water 1000.0 ml

Bl 177 5 0 RE B R RpEER £ 975 AT g
FARETER  RMELEAERI ZRY ET Ri3tan#§ (Hungate

tube) & B ItFgP o

Sol. A+B

Sol. C~F

]

Sol. A+B4BedF 4 B A L5 AR E 0 Sol. C~EXRE 5B & B yhae > WS P
A EE— a8 0 EE > Sol EARE B E A AAER AT BT A Ao o

@ 1~ DSMZ 193. DESULFOBACTER MEDIUM pe %l i 42
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% 2 5 DSMZ 63. Desulfovibrio (Postgate) Medium fie %l #7 % &

It

g

T ZRBRTFAERL RARBRARIDFT AT AT

(gt ) &% MIAWI2 ¥ - 2 &3k ed RO k2 2
FoMBGh R E R AR PIER I AR R 51

(100% Ny )> & -k 28 &4 Fris ik 5 40 » 7 £ §245 2. Solution A 2

E

EEES FE BB AR avR R A e P BRI i
fed FAFELE FREPFELY EF oV A umat RA e fravk e gl
Solution B %2 Solution C- ¥ Solution A % % %73 f%{s 4c ~ Solution
B&C> 12 NaOH # % pH 5 7.8 s % § 30min 4 » #H e %
7% 3 Hungate tubes ¥ (7 Hungatetubes £t % % 1min)> £ % §

#2510 min % F bR 440 o 2 121°C 15min i@ FiS E r e

ﬁbi%%%;‘?zv"ﬁ:‘?ltéc#;,ﬁééd’fﬁ‘ki“?éﬁé R F S D Fe T R R

# 2~ DSMZ 63. Desulfovibrio (Postgate) Medium fie % #1 7 % %

DSMZ 63. DESULFOVIBRIO (POSTGATE) MEDIUM

Solution A: 980 ml + Solution B: 10 ml + Solution C: 10 ml

Solution A: Solution B:

KoHPO, 0.59g | FeSO4 x 7 H,0O 05¢g
NH,CI 1.0 g | Distilled water 10.0 ml
Na,SO4 1.0 g

CaCl,; x 2 H,0O 01g

MgSQO,4 x 7 H,0 2.0 g | Solution C:

Na-DL-lactate 2.0 g | Na-thioglycolate 01g
Yeast extract 1.0 g | Ascorbic acid 01g
Resazurin solution 0.5 ml | Distilled water 10.0 ml
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(0.1% wi/v)
Distilled water 980.0 ml

d BhE M SRB G 8 51 £ TRBY R B
FG 0 AuPEZhSRB 2 B 0 v F

B2 > Desulfovibrio aespoeensis & s F L @2 0 7

3

## - Desulfotomaculum nigrificans & #tzx % K B L ﬁé PE L N

A 3% 4% 7] - Desulfosporosinus orientis % %zi 5 32 §d % > A 3%

R

7] ° Desulfotomaculum nigrificans # Desulfosporosinus orientis 3%
B AL TR FIES o P R e (100X 2 o

SEFAF AT RFERE A FFE F TR 30K
WEF TRARBRZETECAGES T P R AR AR B
A RIEY CRI2 A2 AR ARVRETVEERERA 3D

Ao T L RRE £

—ﬂi%%/&#ﬁ 2 ¢ /Lﬁ#?v‘\,ﬂ,%rﬁlq,%’ﬁ 5
}E’\Si r /E‘TLI f&@}%’pﬂj—"ﬁn ﬁ’x*r’ﬁ&ﬁ.—* (804 ) 7&% ‘F + %‘i;}%
(electron accepter) - 1 #* R#BHEAET F g (T* > B F

AT ER AT (S7) A A2 24 2k VR
fﬁﬁ*%{@ T#‘i‘éi;i»,]@] » 7R ; MPN ;* ¢ ]r,g,]vi}; f%ilﬁa% R i%%%‘:‘
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14



B2 W& SRB s %% (%) 2 46 SRB i

2 () sz pEd B RN

o v ik SRB kit #ic

Acridine orange direct count method (AODC) & - faf|* ¥ %

Z#L-# e e (acridine orange, AO) 2 x4 #~ 48 0 DNA 2 RNA %

L
(5

fg > 11 436 2 490nm ok Koo A 4 ¥k o B kA e
B PR S - AR BRI PP Y AR
ERNA Flp AOfr RNA R E ¢ A2 nd §kde i 2 L5l
A4 RN afict o P ODNA - AO R L A S B d ko

P~ SRB Fi% v » 10 mg/L »'ede (5 0.2 pm &ig) R ¢ 5~7
ks A F KR SR (YR 0.2 ume B /S 13 mme & Sudan-black
solution g % ¢ 2_ polycarbonate filters, Nuclepore i /g > i /g {4 %
R YRR R o RS BRI P g e d (B R E (7

Bk ehE R o s KRk B 5 450~490 nm vk fA Bk k Y

515 nm (Pedersen and Ekendahl, 1990) - # 2% ® rrinis % 2. = $&

15



SRB Fjz Fj#icsa™ 1 1x10% ml»> =3 &7 5 F 8% 5 % i) SRB 2 %
A

~ Bl #% F LRI SRB 2 % F w4

#-60 g SiF SR A 2B S ~ BIE B RS FZ & Fk 1110
m 2 % Az B IR T2 HY 0 S 3
O7%% # 2 3%& F R &5 4 Fprdiku? § 7 €7 M0 900
ppme 4o®) 3 7 P KR FHKE BB S E R A Y R E S B
FEphun B AEREIOM e B Ee Y  FEFH TR R
FLHLEH? RGRF ZFHR LRI KA A FE LT
LB 2 2FEE oL B Y B2 B AP I EHY

VU BTG R L B s (R o

ARFEH SRR LHIBMERAGAK - AASHH A58 RRIEHMN B AMKE -
BIREREFMERPRLY - WRAORBHEHELZHRY -

AR F 5 A P S Sl M L R E b i HER -

B3 <2 4? @# 5 2P SRB 2 Bl dyife s & 5
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o R g RRER T PSP o

pave R RV SRFES R A 024 3T R

7 ~%%9 % SRB 2 g4

WRE MY SRBSEY L r ORER T F ALY
BAIRES L UPFZEEHRTFRE 2 F 7 SRB Atk WiE
2o BE 2L e s AR A A WS 1750 2 2000 kg/m® - %
» EES 2R K05 AR R -
Ao~ FAAmERR R FPTA A EARY 25 RN

12 MPN »~ 47|32 2 3072 | PP T 20 SRB Ata s id 5w
Bl LR REEEERY & 103 AEie ¢ Iml 2ok
i% %217 MPN Pl SRB Fthz 3id4rBl 4 5 MPN A 477 = &
R = EREER A 2R E T AHE AwF 5/5-2/5-
5 3£ F2F bt WA EMRY 2 AHRAIT LS EHE S HT:
B 1 K G0 PR HRRIE EIRE £ 9 5 147~510 MPN/ ml -
RECRIS P R TRE o RE L Y FkE 5 1.05x10° MPN
g £ Es2 2 R F E#s 5 1.05x10° MPN /g - & 7+ SRB

FIRRA T R R P B Dl B B AR 30 o
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1 tubes positive

B4~ MPN & 479 = B R = 23 g 58 % 2

LHAwWG 55251558 FALEF e
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