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Geological Investigation and Evaluation of Radioactive Environmental in a Deep-Buried Water Transfer Tunnel
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Abstract : In order to explore the radioactive environmental quality of a deep-buried water transfer tunnel, the unfavorable factors
during tunnel construction are identified by in-situ testing and sample analysis. The content of radioactive elements along the
tunnel surface is within the range of background values, and no radioactive anomalies are found. In seven boreholes where the
tunnel crosses the results of y total amount and ground temperature logging show that the radioactivity level in the hole is low and
basically at the exemption level, but there are abnormal areas in the ground temperature, so attention must be paid during the
construction period. The activity concentration of radionuclides in the core at the target layer of the borehole is low, which falls
within the scope of exempted activity concentration, and the radioactivity level of groundwater in the hole is low, meet the
requirements of third types groundwater. The calculation results of radiation protection show that along the surface of the tunnel
section the effective dose equivalent of vy is 0. 15 mSv/a,accord with the national requirements. The internal exposure index and
radium equivalent activity in the tunnel section which conform to the constraint value, the external exposure index at the target
layer of borehole ZK16 is slightly higher than the standard value. Therefore, during the construction of the underground tunnel, it is
necessary to pay attention to the radioactive level in the tunnel,and strengthen the sampling and analysis of rock samples in the
section with abnormal radiation to ensure the construction safety.
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Fig.1 Geological profile of water diversion pipeline
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FLIEY (EJ/T 1162—2002) , ## B {5 5ok & 1 &
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1AL A& BT U 5 2 i 948 4 A 90 LA 2. 52
107°~4.53x10 °g/g, Th & & )4 {8 43 4 30 N
8.63x10°~16.62x10°g/g, K & & ) 4 {8 />
A%, N 1.83% ~2.88% , U, Th 70 5
SR B TE b A B SR 5k SO R BUR A (S, k) R
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Table 1 Gamma spectrum of surface radioactive in intake tunnel
HEAS - ,U/l()ib(g/g) - .Th/lo*ﬁ(g/y S - %

=R B {E T AH X 8] FHE W AF X 8] -1 {E

P, M 0.45~4.97 2.95 4.08~16.57 10. 84 1.35~3.30 2.83
S;k 1.35~7.73 4.53 10. 05 ~26. 69 16. 62 1.84~5.11 2.59
Px 1.16~5.15 3. 15 4.79~12.73 8.63 1.09~2.56 2.02

J 2.13~6.73 4.52 9.04~16.56 12.17 2.41~3.49 2.88

K 0.82~5.47 2.69 5.56~13.26 8. 68 1.02~2.30 1.96

§14 0.46~5.38 2.78 4.54~18.96 9.85 1.19~2.82 1.83

Q) 1.01~4.53 2.52 4.87~16.05 10. 01 1.25~3.38 2.03

Bk ) 5 b T 0 34 9 e B 19 8 Ak il £k 1B 2
JIE 7%, B ) JUT 5 sk 1) i J2 b 5% S A T S i R AR
AR, U &M EN 0.45%107° ~7.73x
10°g/g, Th £ 4 (9 53 4 3 Bl 9 4.08 x 10°° ~
26.69x10°g/g, K & 5 B 4 Ay Fl Ry 1. 02% ~
5.11%, BEi44g3 U Th K & &8 17 ¥{E 5
WA 3.60x107° 12.91x10 °g/g 1 2.32% , 4
W g Ak R (R R T R S B S
RN AR ARSI 4 °C ~ 13 °C AR R K
I 150~800 mm SR AT, BEBiH U Th K
MRS %N 2.61x107° 11.70x10 °g/g Fl
2.17% , FEUCEEAE I, 454 Calm™ s 8 A il 2R o
KA9Y) (EJ/T 1213—2018) 1) vt 56 T il 5 1 5
R AR R BN B R A 3 AR SR A AE R
JHCSHPE S 0 B AE R FR PRt B I B b R i 2k
9 U .Th K JTE & & ¥ 7685 5o N, ok
BRI E S H RS,

EHME2.32

Th/10%(g/g)
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Fig.2 Srength change of ground gamma

spectrum in intake tunnel
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WEFECN 7 ALY v SIS R Ak 2

Jis . A ALy &R JE D 4.0 ~
466. 8 nGy/h, ¥ {H K 87.5~184.3 nGy/h, H
HZK13 5 LY A ALy R AT R A R 2 IR
(87.5 nGy/h) ;ZK16 S FL v & 5t M KME N
466. 8 nGy/h,F-3J{H H 164. 8 nGy/h, R Al
TR S I A M 8 Rk T I P A R T B R )
(GB 27742—2011) "B 5% B. 1 #p ISR i 5 ok A%
RAEWEE N 1Bq/g (4 460 nGy/h) [ ER,
W& I B Al AL A Ay A ) AR AR B AR
97K, AN ZK 16 5 FL 1 I St {0 W =5 1 o vk
BRAEL .y b 0 A &5 SR 3 B . g ) B o 1y 7
ANl AL I A% B P A AR B AR AL T e T AR
SF B AP 1 T G 3 TR PN S 1 ) S A v T B R
B A SRS U & 5 A i 5 5 A s R Y
K2 B yRBWHER

Table 2 The result of y gross logging in drilling
S ALy TR R/ (nGy/h)

Fifl s e/ME wRME THIE
ZK12 4.0 386. 1 96.3
ZK13 7.8 193.0 87.5
ZK14 8.6 434.7 184.3
ZK16 12.2 466. 8 164.8
ZK18 16.2 346. 1 116.4
ZK20 8.1 217.2 87.6
ZK22 8.2 217.2 94.4

2.3 SHTLHRH

AR Al 1 30 0 25 SR (R 3) I B 4%l L AL
] 100 ~150 m L b A48 2,120 ~ 180 m M1
H)Z 150 m DL O8I )Z . Bl R BE 3G I, bl
Wt B ZK12 Ab A AL R AR S 1. 99 ~
3.16 C /100 m, J& 1E # Ho B BE . 7 B FL A FL
IS HbL 3L 8 FEL R 20. 59 °C ~33.53 °C ,ZK12 F1 ZK14
9 FL IS M B 3 31 ¢, 43 Bk 32.04 °C A
33.53 °C; ZK13 M1 ZK16 (1) fL Ji§ # 35 4> 91 N
28.25 °C \28.65 C . 4G (/KK 72 it 141
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Fig.3 The result of vy gross logging in drilling
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Shy 1k — 25 B B T B R B0 K
RO AR X 7 AL H A )2 R B A 0 R
MRS & #E TSN (B 4), A& D
AU P Th PRa K TG B WO VO 4y BN
63.5~149.3 44.1~131.5 .38.8~120.7 .580. 4~
1 398.0 Bq/kg, ZK13 “5HL 4 Bk 2 09 504 1 &
SRR, A A P R G, ZK 12 U
SRR, ZK14 F1 ZK16 5 LI A% 2 A 2R X
B, A A W PR R Xy B
TR EE R 80, ARl B R T B A S e G R
S IEARFEUEY (GB 18871—2002) ' 3 A1 ik 4f
PER R MR RGO SRS
3K ,PPU P Ra 1Y #8506 VR M 10 Bq/g,Th
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Fig.4 Core radionuclide content of

target horizon in drilling
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WEIE XN 1l 2 AR B 3E PE R 2 KK %0
MR R BUK , HAE B WS e ) A X R 2, ik
Wk ) BT 255 8 1 7 A L b TR ZKORE S A 3R A i 4
W 3 FioR, KEEH U Ra &0 & 250 A vl o
BA 0.78 ~ 10.19 wg/L.0.002 ~ 0.011 Bg/L.
17.02~33.05 Bq/L,Th & B K{EH M 0.33 pg/L,
HWBLAE ZK18 5 FL, 7 4~ M F 2K BE & A4 Bk 5 P
KRG, B o e KA A 0.365 Bq/L(ZK22),
BB EKIE N 0.614 Bq/L(ZKI18) ., #H ¥ (M F
K FEEAREY (GB/T 14848—2017) ' 32 1 i
K BT R R TS A A BRAE BR8N L ZK12  ZK16
ZK18 {1 F /K & «<0.1 Bq/L, & B<1.0 Bq/L,
R P i Y A b T K B A 2 M AR A by 1T 2
IKEESR OKBUIE T4 Fh A ) AR 4 ML
R KA «<0.5 Bq/L, & B<1.0 Bq/L, itk
SR AT A M 2K BEOR (3 FH 14 v AR 3% RO Kok
I8 K AN HIK ), 3% B 4 7K 5% 3R T 25 8 4 £L 1)
H R K TR P KPR

K3 KERESEHSESFT

Table 3 Analysis of nuclides and gross radioactivity of water in drilling

Hifl oS AR ‘ \
U/ (pg/L) Th/(pg/L) Ra/(Bq/L) %/ (Bq/L) o/ (Bg/L) B/ (Bg/L)
ZK12 1.72 <0.05 0. 009 18.00 0.020 0. 024
ZK13 10. 19 <0.05 0. 005 25.00 0.127 0.201
ZK14 0.78 <0.05 0. 008 28.00 0. 145 0.354
7K 16 7.30 0.05 0. 004 33.05 0.017 0. 604
ZK18 0.88 0.33 0.011 21.32 0.024 0.614
ZK20 1.39 0.05 0. 005 22.67 0.193 0. 492
7K22 1.98 <0.05 0. 002 17.02 0. 365 0.299
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3.1 BEREMSERERE
% TR 7K AR Ry oK B TR L — b R RUBE | 5
B PR K T B, AR PIRIR K B IR 25 R IR i X R
FHZK A 7 LR, 2B 35 W oE B, Bk IR B
T4 1Y U Th B K CF TE R 5 88 v ik Sf0s 4
(S,k) MRS 2 (1)) b )2 oA 6 88, Tt e =
18 5 A S 8 AR R, R R B S
Bl FLIN 25 SR ) SR, R AR A TE A b o AR 8
i, 5 0RO KO AR
T 2 B TR 5 B 4P R R e oK . B ZK12 (ZK13 |
ZK14 F1 ZK16 B FLJE #4528 ¢, 45 (K Al
K TR it T 20 2% 1 M ) (SL 303—2017) 1Y
FHOCEER it T 4o A% Hh b 250 fin a8 ik 1) 32 IR T R
BT AR, BEAN, 0 R M R K Y il S e A% &
PR B G R O O R R
WP B T8 % BBy, Ho R K g 98 1k 1) T 2%
KELR
3.2 MIMR yERFELH=HE
Sk ik — 25 WA s O B M 3y 4R O TR N B
ARV B 7 A= 8 A 0] > e AR A 22 0 A 3D
AT 4t 25 S, %o R BE b R B B 1 m b Y
v &SR AT, DR S = Ao
v BB K R = ar ik T A Bl g R4S
AR H U Th K B ML R & Ay )
Wi AT,
H, =D, xKxT (1)
D, =k, xA, +ky, XA, +k XA, (2)
K H, AR 1 m Ab ) y ARG Y
mSv; K A SO0 & 24 &R A AR IOR) B AR
FEAE B 0.7, T Ry fh k1) b, D, Ay B v 3
1 m bRy 28 SRR nGy/hs A Ay, A K
U Th K B85 1 3% B R ¥, Bq/kg; K WKy, Ky
S Z K (43 B 0. 427 0. 662 ,0. 043) 11
T AE 15 A 5K 2 SR 0 B0 g R AL
107°g/g 8% , 5 BH AR Tl Ba/kg, AW,
1 x 10™°U(g/t) = 12.35 Bg/kg (3)
1 x 10" °Th(g/t) = 4.06 Bq/kg (4)
1%(K) =313 Bq/kg (5)
HUAS M) U Th K3 25 587 3 (8 1) fe KAE
HEATIHHE  IRA TS
D =0.427 x (4.53 x 12.35) + 0. 662 x

(16.62 x 4.06) + 0.043 x
(2.88 x 313) = 106. 37 nGy/h

2 s 1) 4% B R 89K TAE 8 h, —4F 260
TAE HIFE, AT A5 Bk T I 2 00 2 S R 7 A
BIA SR YR H = 106. 37 x 0.7 x 8 x 260 x
10°° =0.15 mSv/a

g5 b BRI B b VT e M T 1 m ARy
BRGS0, 15 mSv/4E AR (L B R 5 B
P15 5 SR e 4 AR KR E) (GB 18871—2002) H
K 5] B A 42 ) K P 18 B (T A2 B 7 )
AR B B 1 mSv/4E ) AT AL, il T 5 K
Bk T BT 257 1 b U2 A b R 7R AR Yy B A OR R
%, P A R REK,
3.3 I HIRR N MM EZEIEN

T 3 i 7K B 9 HE S TR N B FE R
32 55 T 45 1 B2 rp 2 R T 3k B WA R
Shy 10— M B B B T A R R TR BT 5
J2 1TSS 1 T R R R T B P S HIOR A R S
i B8, A A R R o AR S A R AR
MIRFIZ W, %R EA A PR R i A
e e, ELSO M R I S R s BT 12 R T A
ORI (Ra, ) HEATPRAT, LT Ra, S A &t 4
KB B HE kR RO AR O 5 R, A
ELNN 1

CRa
I, = 6
= (6)
c. €, C
[ =2+ 24t (7)
S S S

Ra Th K

Ra, =C,, + 1.43C, +0.07C, (8)
K r, NN BRI R, T R AN B SR B, C
WA, ARG T KRG PEAZ R Ra 19 554
PR BE Ve B A R IR Oy 200, Ba/kg; €, TR
SRR BT B R, Ba/kg; S, M AN IR BT ik
SPPE A% 3R ST A TE I 9 AR E BR 5 (S, =370, 8, =
260,S, =4 200), Bq/kg; Ra,, A % &% 4 vk B
Bq/kg,

W 7 A B L N AR A O I A
RATHE G5 R AN 5 iR o BT A R i b Ah B G
TR A TE N 0,41 ~ 1. 01, P4 PR 545 %00 fi
HEFE N 0.22 ~ 0. 66, Ra,, 43 i #ti Bl 24 140 ~ 354
Bq/kg, AT H Y Ra, RIH — & 1< Pl HE"
ZK22 [ IR AT H8 405 Ra,, BN ERAK, 4300 O 0. 22
() .0.41(4M) F1 140 Bq/kg; ZK18 [N I8 5t 45 %
oK,k 8] 0. 66, T 8 SR MR, ZK16 Hh IR G
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FE T iR o BRBYBEE AT T A0 R AR
e A8 BN Ra,, BUEOFRE ORI D A
WFFL K Ra,, KA VFEE N 370 Baskg'™ .
255 CREBUM R S P R IR ) (GB 6566—
2010) X SRR 155 48 KO T R (R ARk
S A 3R TR S P LY R L I I R T, < 1.0
MI<1.0) , B% i B 2 8 A9 85 1L (BR ZK16 51)
IR S A BRI Ra,, 39 7E % 42 58 9530 B A, AR
ZK16 Y51 R 16 R0 o T B, DR, 7 a7k %
) B 4 2 5 R T AR N B 55 0 B A A B A A
TR T %4,
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Fig.5 The calculation results of exposure index

and radium equivalent activity
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B K B IR T g 7 A bR, Ko ZK16 5
BEALRTAE B )Z AR 2 2 (D) , %R T 3R
PEONED B8 1% K P i, U & Gk 4.52x10°° g/,
F UL )2 A A P T R S R, X
ZK16 [ S PRI 45 2 30, L y SR {E N
164.8 nGy/h, % JE %] ZK16 5 fL 4 ME 5 45 %0 A
LOVCKRT 1.0) , M4 580 b L 50 5 1 4% 2 B
) (GB 6566—2010) 1 3¢ F # 57 3= 1A b1 i 53
PEAZ R M EER 2K 16 55l FLAL ) X8R SRR A BE
TREE TR RS54, Ak, bR K 5 REAE
JASTR] (3 B 3k B AT B 2 5 B0 2 4 1 v S
TCE E AN R H S O T R Y
TKTE RS A AL 2 AR v, AS TR e ) 32 A O 485
BA AR RS T R — R iE 3, i R L R
KBS K ST i e 1 T X B 3 e T 300 1 i
PEIRBE 005 2E 4 M R . PR UL R T AR 2
ZK16 FIr 78 12 B, N 5 6 2 M B i R K A

A S SRS AT, i — 22 W U Th = {E X,
DI R SBCBTs 4 B 25 2 bt ) s X i S 2 v )
B AT IR A, DA S A R iR R
PEMTPEA IO P A% R AT RE 51 S 1y 15 YL TR B R e
it T2 42
4 HEip

3 3t TR i K % ) 3t % A T 0 0t A
FEMERE S A 5 AR W1 T T Ha oK B TR T
ST A o a R B o R A b )2 M R 4k
BRI S E W, R & B B
PR SR X, vy ARGIE 5N 0. 15 mSv/4F,
SRR RN A A B R EOR BRI A SRR Y 7
ML LN y B TR TR K, |
3L N ) SR B R AT MU S X R i 4
S e w0 B RS VAR ) L s S A S 19
T P R, BRI B AR 3 MR A B A B 4 SR R
A IO PR R R TR B VR B R T W SR LN, B
FL P H T 7K B S P R TS R K K,
B& i 28 B ZK16 &5 fLIT, 75 S B A A s AW
A B S R, 8 USULE e T30 ) s — B
KA A SAERE SR 5 A TAE
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