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Design and Practice of Rock Plug Blasting in Cryogenic Environment

CHI Xiang ,YAO Chun-yu
(Jilin Dongdelai Blasting Demolition Co. ,Ltd. ,Jilin 132000, China)

Abstract; The Yinsong Water Diversion Project is a large-scale water diversion project aimed at solving the ur-
ban water supply problem in the central region of Jilin Province. The rock plug blasting at the intake is a key control
engineering aspect of the project. The rock plug has a trumpet-shaped opening with a top width of 28. 4 m, bottom
width of 7.0 m,and thickness of 15.76 m. The construction site is located in a cold zone with temperatures ranging
from - 10%C to —15°C during the freezing period ,resulting in an ice cover thickness of approximately 0.5 m. There

are limited reference cases for implementing rock plug blasting operations under such low-temperature frozen condi-
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tions. To address the technical challenges faced,both 1:1 scale rock plug blasting tests and low-temperature tests on
explosive materials were conducted. The results of the 1:1 scale rock plug blasting test were consistent with the origi-
nal design,as confirmed through post-blast inspections which showed that the shape and dimensions of the intake met
design requirements and achieved expected goals. This verified the feasibility of groove excavation hole layout, charge
structure ,amount of explosives used,and initiation network as planned in the design. The low-temperature test on ex-
plosive materials resolved issues related to phase separation and loss of sensitizing bubbles for ordinary emulsion ex-
plosives under low-temperature frozen environments. It also examined reliability by using physically treated solid par-
ticles for sensitized high-water-resistant emulsion explosives; experimental measurements met technical require-
ments. All communication , timing synchronization, and networking functions for high-precision digital electronic deto-
nators operated normally. The high-energy detonation of the explosive charge was effectively controlled by implemen-
ting protective measures such as setting end caps and using epoxy resin. The sensitivity to detonation did not show
any significant changes. Through a comparison with conventional blasting holes, it was observed that the equipment
subjected to low-temperature testing met the design requirements satisfactorily. Based on the results of these two ex-
periments , optimization of the blasting scheme was carried out. During actual operations,issues such as protruding ice
formations on the inner walls of boreholes and difficulties in loading explosive charges were successfully resolved. The
initiation network employed three main lines encircling the lining connection section, each distinguished by a different
color. Electronic detonators were grouped according to their corresponding color-coded main line connections. This
circular arrangement of blast initiation lines effectively prevented water leakage at low temperatures , ensuring water-
proof integrity within connecting components and facilitating subsequent drilling and charging operations. To alleviate
pressure build-up after blasting, relief holes were excavated in the upper ice layer above rock plugs for pressure re-
lease purposes. The resulting cross-section after blasting closely matched the design specifications without any notice-
able collapse at tunnel entrances or excessive vibration levels at critical monitoring points during blasting operations.
This study demonstrates that effective control over blast vibrations and environmental protection can be achieved
through well-executed rock plug blasting techniques.
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Fig. 1 Longitudinal profile of water intake( unit:m)
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Fig. 2 1:1 Longitudinal section of rock plug(unit;cm)
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Fig. 3 1:1 Effect diagram of rock plug blasting test
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Table 1 High water resistance emulsion explosive test results table
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Fig. 4 Blast hole layout( unit;cm)
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Table 2 Design results of rock plug blasting at water intake

AL 5 WALES  FLEUA A/mm EHFLE/m LR (kg - FL) B2 kg

ARG AL T, 1 90 6.55 20.0 18,2

S — AL T, ~ Ty 8 90 6. 60 20.3
BB 2 ~Zy 10 90 6.79 17.0 169. 7
EoEEEIL 2 ~Zn 12 90 6.93 17.3 207. 1
FER ML 2y ~Zy 18 90 7.06 17.7 319.0
EUE ML L2y ~Ze 22 90 7.08 17.9 394. 1
SeHEFL G, ~ Gy 40 75 7.08 9.0 360.9
YE2h MR/ ke 1633
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Table 3 Rock plug blasting procedure at water intake

i M 45 fL2k WHEl/ms  FEREFE/ms L% LB it/ kg
ML 5 25
1 55 1 1 HyL 1000 1000 T | 0.0
2 55 2 1 FaREfL 1100 100 T,.T, 2 39.9
3 5 3 FartAL 1109 T,.T, 2 41.6
4 5 4 1 AL, 1118 T, T, 2 41.6
5 55 5 it AL 1127 9 T, T, 2 40. 8
6 Fom SR ERAL 1200 100 7z, Z, 2 34.5
7 S 7w SRR 1209 YAVA 2 33.7
8 gem R FERAL 1218 Z 7, 2 3.4
9 559 M o — 8 F AL 1227 Z, 7y 2 33.3
10 B10mg 5P R 1236 9 Zy Zyy 2 34.5
11 Slm TR AL 1300 100 Zy ~Zy; 3 52.3
12 B12m RS 1309 Zoy~Z, 3 46. 8
13 13w R AL 1318 Zy~Z, 3 49.3
14 F1am BRI 1327 9 Zy ~ 7 3 52.2
15 S5y A =R L 1400 100 Ty ~ Zps 3 53.7
16 Semy 5 =R AL 1409 9 Zog ~Zng 3 52.8
17 BT m A =R AL 1418 9 Ty ~ 7Ly, 3 44.1
18 S8 mm =R 1427 9 Zyy ~ 2y 3 49.3
19 5519 ﬁ’%;%laz%% 1436 9 Zas ~ 2y 3 54.7
20 H520my A =R ERAL 1445 9 Zyg ~ 2y 3 56.0
21 S21m EEPYRE AL 1500 100 Zy ~Zy 3 61.9
22 Se22m A PURE AL 1509 9 Zo ~ 2o 3 49.1
23 F23m U AL 1518 9 Zy ~Zg 4 57.3
24 SE24m EEPURE AL 1527 9 Zyy ~Zss 3 42.6
25 525 my AU RE L 1536 9 oy ~Zgg 3 56. 8
26 526y DY RE L 1545 9 Zg ~Zs, 3 58. 1
27 HE27m A PURE AL 1554 0 Zg ~Zey 3 57.2
28 55 28 1 JerEfL 1579 25 G, ~ G, 5 53.5
29 55 29 MR FEARAL 1588 9 Gy ~ Gy 5 47.8
30 55 30 AL 1597 9 G, ~Gis 5 35.8
31 5 31 1y AL 1606 9 Gs ~ Gy 5 33.8
32 55 32 M) FEARAL 1615 0 Gy, ~ Gy 5 35.6
33 5 33 1 JEARFL 1624 9 Gy ~ Gy 5 46.7
34 5 34 1 JeHRAL 1633 9 Gy, ~ Gas 5 50. 6
35 5 35 1 JergAL 1642 9 Gy ~ Gy 5 48.7
Gt 1599. 1
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Fig. 6 Project area location diagram

Z1E V =0.00135 em/s, ¥6 /N T OB 22 440
Fe) GB6722—2014 s B A7 iy /K o i K & |
IS E A 1) W R R B3 B 0. 6 cm/s,
AR 5 50 70 e 0 A % 000 5 00, 3 A R ol
T iy BER 5 A5 0 (R Bl

8 (IR HE LAY Tk o) &

FES2 B it ok A ot B A R A T AR ik 2k
DINEE

(1) 3% ZE B T 1E ELAN B ok R 3, K 55
JEREZY S 0.5 m, S PR UEFE W5 TR 5 K i it e A 78
AR AIOK T, 55 2100 26 LR vk JZ T i itk
FLCIE 7 s ) .

7 oK s LA
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Table 4 Monitoring results of blasting vibration effect

e VLA B0
W FHEROER/m KF1 L
K] K frid/ WA/ P/ W71/ PR/ W45/
7 e (em-s') Hz (em-s') Hz (em-s') Hz
Vd)l JE RN 183D 134. 45 10. 6 1.63 23.4 1.24 27.3 2.17 27.3
Vo £/ 5] 187.74 10. 8 1.03 23.4 0.50 390.1 1. 17 35.1
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