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PRABT HAR 5 0 2 4 ) eRBOC R LR
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& D =-0.02W*+09W +3.7
E R*=0.89
S ¢
4 o
2 4
0 ; : : ; ; .
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Wikg
6 MRESTEAR TSI RER

D=-0.02W>+0.9W +3.7 (25)

Jo T AR R R RO, R VWA T Rk 2 R A vk VW, L V= rhd YAl KRS R W
MR VK SRR VW K, Ron Tkg KEZG B RE MR A K S5 AR FUR , B Y BBl R G o W R 1 AT AL,
M W=3 kghf, V/W=(12.1 ~19.1)m’/kg, ML EIESCREAF; 24 W=9 kglt, V/W=(11.6 ~ 14.1) m'/kg,
RO BESUR R Z s Y W=18kgif, V/W=(8.1 ~ 11.1)m'/kg; 4 W>18kghf, V/W<7.0 m'/kg, HEALHY
HEBEMCR K,

ZE BRIk, 25 BB S UK T BRI VK 55 2 B IR e, IR e VI KT R T BT K L B L KR 2
wAEAT 9 ke
33 BEBEKENEZMA 0PI E RO E R AE 2018454 1 7 HAERIE, B LUK T MR X
Rt 250 T PFHE 2018 4 4 JT SCBa 5 s KA, M bl g 34 B H SF- 29300 B %1 2018 4 4 J]
14 HARGERIE . T2 UL A2, BB e VTR VT B ) SR ot 3 LSRR, Z94h, BTz H
SRR R, RAT RS AR R R AR AR S 0 A

2018 4F 4 J1 % i VT B 1) vk I 722 A T 3 43 kg DU AN B B

BB THREI13HWIM, HFEYIRAE-2.5CH5.5C Z R, Y007 E L
I, RBGTK T A5 VK s R AR IR, UK 2 T AR K

BB 14 H 2 17 HWE, HEBHSIRMN 2.5 CHmE 11 Cc, B 17 HIFIREBIT B 1 X A2
DA A DXl pK o Rl AL T2 WK V8, BT 7 B H At AR Al X R A B B At ) oK
Ak — IR R ELEE . (D12 XA K G 5, A KR AE 0.3 ~ 1.1 m Z[H],  EAR AR AL
[ FREE R, 1540 ~ 50 m, (HJZ i T 0K T i K B a4 K 20 9 1 om, s, BRIt N 0 oK ) I 52
F K AL AR g ik, AN, R 2375450 LRI 2. MUK IE BT, Pk EE R R R i b ) R
VKT Ak 1 0 256 B B A B R i, P LA 1L 2 XOAR DT Al A B R s (2) I A AR X vk S AR, U
AN, R R

BB 18 HZE23HMWIM, 19 HEMTEB T, (B9 TR XA Rk, 401 20—23 HIW
ForE, B 23 H WA 12.5°C, F24 H, BRILPREaES, BT B s 2 mik, BmW
Wi, WS, {HEEBEIT B E A RAL Tk ERRAS

VAR B 25 H 2 28 FFILIAE], BN SRR, AR IR VL b v ] E 3 v T VI B RN I 3 L RS v
VLB i 0 38 KA I, V0 3E BRI, S EOKF S RN, A B R SR Ak, 7%
W REREI0Z AR, IS5 KIS BSHTLE R ZE Y H A MRRR , A 3 B 1§ Fa1

ZE B FTIR, AR UK BRI M AN, IR R R BT AR — N T 15 me (1) R N R
WeFLIRIEE 5 (2) 7 VL IR B8 FLVL A7 A B AR 09I B0 R, I3 48 A e o 0 1) 10 855 (3) 9 L 1 A
BEAE KA Ty, A4S R BV BOR R VR, TR BOIR BE S AR N, AR (T U B RV R 4R AR R,
FEVTad A v K A vk 2E B XU o
34 BEBHZR TmmAX17) . K(22) 0 K(24) 11535 7 48 8 X T BT S R 3 1 1 KR
Ty, WX WevK 35 T /K 052 K 8 L R vk s JEE B Bl A0 . RS He R B0, TR B S A i B AR A
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2 BIJpUrnEI B 201844 KRR

H 15 fix i IR/ C AR AR/C AR/ KA AT Ry Ui
2018/4/1 10 -5 2.5 [~ e =5 P9 X 5~6 2
2018/4/2 3 -10 -3.5 EAS PEIE R 4~5 2
2018/4/3 1 -12 -5.5 EAS PEIL R 4~5 2
2018/4/4 0 -8 -4 % &~ PaAL R 4~5 2%
2018/4/5 1 -10 -4.5 i PaAL R 4~5 2%
2018/4/6 4 -15 -5.5 ESN ZRALR 3~4 2%
2018/4/7 3 -5 -1 9%~ Jb X 3~4 2% ST A5 15
2018/4/8 6 -11 -25 EAS PEIL R 3~4 2
2018/4/9 13 -3 5 ESN PaAL IR 3~4 2%
2018/4/10 12 -1 5.5 [~ e 25 AL R 4~5 2%
2018/4/11 10 -9 0.5 EFSN Jb X 3~4 2%
2018/4/12 8 -11 -1.5 ESN LR 3~4 2%
2018/4/13 9 -10 -0.5 EAS PEIL R 3~4 2
2018/4/14 11 -6 2.5 EAS PEIL R 3~4 2
2018/4/15 13 -4 4.5 EAS PEIL R 3~4 2
2018/4/16 19 3 11 ESN PG X 3~4 2%
2018/4/17 13 -8 2.5 % 5~ PaALIR 3~4 2 LA
2018/4/18 14 -6 4 i PaAL R 3~4 2%
2018/4/19 20 2 11 Za~hmIs AR 3~4 2%
2018/4/20 12 -5 3.5 ESN ZRALR 4~5 2%
2018/4/21 9 -5 2 W~Z = PaAL R 4~5 2%
2018/4/22 17 -3 7 i PG XL 3~4 2%
2018/4/23 23 2 125 i PR 4~5 %%
2018/4/24 25 1 13 W~% = PG XL 3~4 2% T DTV 8
2018/4/25 16 -2 7 H~Z = PaAL R 4~5 2%

7 20184E4 H 17 H 11X 12 X TR 14 8 20184F 4 F 24 H IR0V BLvk 35 ik

LB BT AT, KRR W A8 4 R B Ry, =20 W/(m®-C), KA K 1 58 4 R 80
h,=20W/(m*-C); VKR 7=0.0 C, VKGRI T,=0.0 C, RS KR T,,=0.0 C; K% E
p=1000 kg/m’, VK%L p, =917 kg/m®, KL C =4217.7 J/kgC, VRHE L= 3.33 x 10°)/kg, W E
Sy CHR A X)) T 378 1) 19 4K 88 &, =2300 m o

F T 0 2 S0 1 0 AN L R P A LR 0 A T 3 T K IR G R

TEOL 1 Y95 R Fr, = U /JO.8H <0.06, W2 A vk MBS, UK FLAE Fr, = 0.06H 4 WL
Y SR IR, MU, =0.06/ [9.8H, .

WoL2: MFr,=U [NO8H >0.09, W88 % A VKIS, B S Fr | = 0.008 1 Wi 5 K % 5
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R, EHU1=0.09/JWHIC TE[RVRE KR AT T, T 00 2 A U B0 1R R .
341 hy Ao L5 Fe KR X A BT, RGO UKT KR A N 1T m FAE KRR 1
m, S O BK IR N 1.5 m RPE K R 1.5 mo HR 0% X 0K a6 A T8 BRI )5, ROk 1 vk sk
B oKk, MR, TR UK R AR R, 7R B R WK TR B AR AR AT,
PRGOS iSO VKR 1.5 m38 N E) 1.5+1.5p, / p=2.88 m, ik HE FKBE/NT 1.0+1.1p, / p=2.0m,
TR K TR YGOSR

5 R 3 3 R UK 36 TSR SE I R S IRE AR, RIULH, = U H I, TTA3 3 81 1 KR K # A2 i
FH Ry, 5 0 TR R UK R T A I 5 KB L AL

WLEE R 313 TR 4518

(D, Bl U, SN, Bilan: XHEGL L, 4 U,H0.13 m/sHEn%00.65 m/shf, hy,H326 W/(m®-C)
A F] 1218 W/(m®-C) 5 XHEB 2, 24 U, 0.19 m/s 15 0.98 m/s Bf, k. i 451 W/(m®-°C) 34 i 51
1685 W/(m*-C) .

() K hy>>hy, F b, B ARUN AR T S # 2 i ok w5 i as it . B Ay, f kg, 2920 20W/(m*-C)
XD L, hy>(16 ~ 60)hy, 5 XAELL2, hy,>(22 ~80)hy, .

(3) UL 3 %0 R 3 UK 55 T AR B 52 0 K I 7K R AR S %0 1 6, G5 e R R A R
THREGKE.

23 AL T T MR UK 3 O KR R X K R

i H\/m U\/(m/s) H>/m Ux/(m/s) il (W/(m’ - °C)) L/m
1 0.19 1.5 0.13 326 2229

1 2 0.27 1.5 0.35 749 2744

3 0.33 1.5 0.65 1218 3099

1 0.28 1.5 0.19 451 2417

2 2 0.40 1.5 0.53 1036 2976

3 0.49 1.5 0.98 1685 3361

342 BEHEORBEFRTHAEZNLAESABAREGXZ  EREHKE ,=2300m &4 T,
XFFAEBL LA 2, £ 1 REFR] T=24x3600=84400 s i), A5 [ 9 1 10 B2 3 th 1K T, o B liF oK 55 i
S UK JRE U R B IR AR IR A2 4L, R DRy SR B K 55 RIS B AR KL Ty F 32 KRIK A S8 485 1)
Ul /)N 1) R (AT 25 B K 5 30 /K T R AR RS20 ), Dby Ry TR 1 DK S T % T 52 0 AR K A 52 46 5 i i /)
(L, H=H,.

WLEEP O FN 10 AT A5 R IR 4518 (1) 37 11 /K T Rl /K R A 8 v s /1, =t A 36 0 i 496
W D L £ 1 0 T 90 5 (2) TR S R AR TR 9 K 5 IS TR B BE 1 Dby 5 O AR VK S5 TUER B4 B8 1 DRy AE T
[l — %t 2%, #lan: 7€ 7,,=0.1~05%C. T,=10 CHM H=H,=1 ~ 3 m i}, 7E 1 K] PR 0K 35 57208
PR RAL B DR =0.035 ~ 0.052 m, 10 7K 55 A Z& IR <l Al Ak i DR,=0.055 m; (3)7E 1 RZ N ¥ L
L ¥ 7K 5 =(0.5Dh,+Dh,) L.

0.60 o Felm 0.06 o im 0.06
0.50 { —#—H=2m /‘ 0.05 { —m H=2m 0.05
04D H=3m / /’ 0.04
SJ /‘/ £ o0
>, 030 vl 8%
& 0.02
0.20 A
0.01
0.10 e 5
000 R =T | | 0 2 4 6 8 10
0 2 4 6 8 10 T/
T/

PO A0 1 I 7 1 TR T U ok S B DI JRE B R AR TR 19 A2 Ak
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0.40 0.05 0.06

——H=1m - H=1m
035 1 @ H=om el 004 | —m—H=2m 0.05
0.30 1 H=3m / H=3m 0.04
0.25 0.03 £ g
4 g £
53_ 0.20 Va = §0.03
3
&~ 0.15 / Q0.02 0.02
0.10 ¥ 0.01 : 0.01
0.05 %5 ] s 0
0.00 P } | } 0.00 FF— 0 2 4 6 8 10
0 2 4 6 8 10 6 2 4 6 8 10 T /°C
TJC T,/C 2

P10 A5 00 LI ILBE 37 1 7RO T 90 DK 5 I % DK 5 B T K R B 72

4 ZEie

Tk oK. Bl ) B SR OCR A S, BEAT T OKEE T R R vk I e R R . AL T
R BGTRAL T RS AR L A L WO R B R R BT oK S R R AN BE vk R Ak A R
UL T )3 g O, DA K KRR A LAY A i A B T I DKL) e k) M TR AL B o KT AR
B UK AN A2 2% SR AR 0 B ROR, R oK K R Tr s AR B R ROR S i T ETRTAL
WA A0 3 A 160 AT 1 ~ 3 5 g B AL IR — WA I EE 3 9 D, A M) P S R o g Jo o AR R X U
i 3 0 R T e oK S A . SRS, FE BRI DK S RS K AR ok 5 5 A
R BB IE SRR RN s UK R TR K TR AN O, 3 KR X T i v T KR A R
Wi S BE AR 5 I Bt 1 oK PR RIS ) A2 AR B A A X R, I B SCR 45 5 E PR O V0K T 3 A T By
VRIS, S5 R T NS IEMTE, SRR TR ER SR CRNAR AN KRR
MR, AR KE 25 4™ 2R B MR ot B AR B KR Y AL R G, B R L 25 R BB 9 kg UKOK
A 28 B Ry, 18 2 SR K B DK P AR AZ e ARy, BB AR, BN IR KGR T e AT 23 i pR T 9 DK
A EAL I LI RE S R AR T i oK 5 IS A4 RE ) 5 A Rl K 55 TOURR B RE ) Ak T ] — B
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Theory exploration and practice of preventing ice dam by blasting under ice

YANG Kailin', GUO Xinlei', WANG Tao', GUO Yongxin', PENG Xumingz, WU Yunan’

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100038, China;
2. Support Center Flood Control and Drought Relief of Heilongjiang Province, Harbin 150001, China)

Abstract: Combining ice, water and thermal dynamics theory with blasting effect, the theory of forming
temperature field to prevent ice dam disaster is put forward by blasting under ice along thalweg line at the
prone point of ice dam, including the selection of blasting time, the arrangement of blasting holes, the esti-
mation of blasting effect, the calculation of the influence length of the temperature field water temperature
and the downstream ice cover water temperature and the ice cover melting rate. The practice of ice blasting
before ice cover breakup of Heilongjiang River shows that the diameter of the blasting pit increases with
the increase of explosive quantity, but when the explosive quantity exceeds 18kg, the diameter of the blast-
ing pit does not change much with the increase of explosive quantity. According to the measured volume of
ice cover broken per unit explosive amount, it is suggested that the explosive amount per hole should not
exceed 9kg for blasting under ice, including the case where the thickness of ice cover exceeds 1 m.

Keywords: blasting under ice; ice dam; blasting hole arrangement; temperature field; influence length

(STAE S AR )

— 139 —



