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A Tunnelling Experience in Himalia in Difficult Ground Conditions

Himalyalar'da Zor Arazi Şartlarında Tünelcilik Tecrübesi

Prof. Dr Nuh Bilgin

An invitation received fromNHPC  (National Hydroelectric Power Corporation) India

On the 14.07 2007 Narendra Kumar Executive Director (D&E) Design & Engineering wrote: 

NHPC Ltd.NHPC is in the process of constituting a Panel of Experts(POE) for resolving the 
Geo‐technical and engineering difficulties being faced in one of the tunnels of a hydro 
power project namely Parbati‐II and is desirous of utilizing your expertise in the field of 
tunneling in complex/adverse geological conditions as a member in a Panel of Experts 
(POE). NHPC has gone through critical geological conditions during excavation of HRT 
through TBM due to hard and abrasive nature of Manikaran Quartzite and other stress‐
induced instabilities.

Parbati HE Project, Stage‐II, located in Kullu District of Himachal Pradesh in India, is under 
construction by NHPC as a run of the river scheme on river Parbati.  The project mainly 
comprises construction of a 84m high Concrete Gravity Dam across river Parbati, 31.52 km 
long, 6.0m diameter Horse Shoe/circular shaped Head Race Tunnel, 3.5m diameter, 2 Nos. 
inclined Pressure Shafts and a Surface Power House. The Power House utilizes a gross head 
of 862.5m and shall have installed capacity of 800 MW (4 x 200 MW).
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TBM, Its Performance,  Geology and associated Problems

• Atlas Copco, MK 27 Jarva make of 1992, reconditioned full‐face hard rock, 
powerful, open style Main Beam TBM has been deployed for excavation.

• Out of 31.52 km long HRT, approx. 8.5 km length of HRT was to be 
excavated through TBM. At present 4.8 km length of HRT has been 
excavated through TBM and about 3.7 km is yet to be excavated. Out of 
4.8km length of HRT excavated till date through TBM, 3.47km length of 
tunneling has been negotiated through Bandal Granite and 1.33km has 
been negotiated through Manikaran Quartzite. From overall experience of 
tunneling in Manikaran Quartzite, it was found that the progress of boring 
in this rock by TBM is far from satisfactory. One of the reasons for the same 
is abrasivity of quartzite vis‐a‐vis cutter efficiency leading to poor 
penetration rate.  It is pertinent to mention here that during tunneling by 
TBM, even during the earlier phase, the average cutter consumption in 
quartzite was 0.88m/cutter whereas in case of Granitic gneiss the same 
was 4.85m/cutter, indicating higher cutter consumption in quartzite.
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Following Geological problems have been encountered during TBM excavation:

• During excavation of HRT, few weak/shear zones have been encountered in Manikaran Quartzite along with 
substantial ingress of groundwater (amounting to as high as 7000l/min encountered in one of the probe 
holes) hampering progress of excavation. The shear/ weak zones have been overcome by adopting suitable 
treatment measures in the form of forepoling, chemical grouting, pre grouting, erection of McNally plates, 
steel ribs with concrete backfill etc. Specialized treatment methodologies for tackling EGO (Extraordinary 
Geological Occurrences) conditions like construction of intersection chamber and side tunnel, drilling of long 
geognostic holes for interpreting the extent of shear zones ahead of face, carrying out chemical and 
consolidation grouting from side tunnel, sidra drains for drainage of groundwater, BOP (Blow out preventer) 
to control excessive flow of silt along with water have also been adopted in the past.

• Apart from above major problems, other stress induced incidences like moderate rock bursting have also 
been experienced in hard & brittle Manikaran Quartzite due to presence of high superincumbent cover 
ranging from approx. 900‐1600M above tunnel grade, leading to heavy overbreak.

•
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Suggested Scope of PoE

Suggested Scope of PoE

The panel of experts shall visit the site as and when required and suggest suitable measures to deal 
with the site conditions. The panel of experts to be engaged shall give suggestions on the 
followings:

(i) Evaluation of TBM comprising of operation and maintenance and modifications if any for 
achieving desired progress, working of TBM, deriving maximum output on given site condition 
and EGO treatment etc. to achieve proper/required progress.

(ii) Evaluation of tunneling conditions and suggestion of suitable treatment methodologies for 
tackling EGO conditions.

The period of assignment will be initially for Six months w.e.f. Sep, 2017 to Feb, 2018. The frequency 
of visit by experts shall be as per requirement but could be for a period of one week in every 
quarter or as and when required.
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Panel of Experts
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TBM Specifications and Limitationof TBM

7

8



12/4/2022

5

9

BrittleQuartzite and Tunnel Support Used 
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Expected Daily Advance Rate

• The expected daily advance rate may be calculated
from the Following Data of boring on the 5th of October
2017

• “Mean net advance rate 20.2 mm/min

• Mean rpm 3.92 rev/min

• Penetration = 20.2(mm/min)/3.92(rev/min)

• Penetration =5mm/rev”

• Daily advance rate formulae = penetration (mm/rev) x
revolution speed (rev/min) x daily working time x
machine utilization time

• Daily advance rate =
5(mm/rev)x3.92(rev/min)x24x60(min)x0.15

• i.e. equal to: 4.2 m/day

• Even with 15% of machine utilization time, daily
advance rate is expected to be 4.2 m/day
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The possibility of Using Thrust Index to Predict Weak Zones and Some Comments 
on Probe Drill Penetration Rates.

• Probe drilling is applied systematically in Parbati II Project and the penetration rates (PR) the color of the
return water and rock cutting are used to detect weak zones. The values between 85-100 cm/min are accepted
fast penetration rates and the values greater than 100 cm/min are accepted very fast penetration rates. Further
actions are taken based upon these values.

• A weak schist band was observed during November 2017 and shear zone with heavy water and silt was 
experienced in February 2018 resulting several weeks of delay. As indicated in PoE report II, December was 
one the best month in that respect. The probe drill data of these three months were analyzed to see the 
accuracy and reliability of probe drilling on detecting weak zones and the frequency of changing of 
penetration rates .

• As emphasized in the 2nd PoE report a thrust index was defined as an indicator of predicting weak zones and 
below the value of 1000 kN/(mm/rev) the probability of crossing with weak zones were high. To check the 
validity of this concept the variation of the thrust index values with number of strokes of TBM from 14th May 
to 13th June was plotted . This Figure shows that passing from competent rock (26th May‐39th stroke) to weak 
rock (30th May‐36th stroke) is gradual. In that weak zone 2200kg of micro fine cement was used. Again the 
same trend was observed between 66th stroke to 74th stroke and a schist band was encountered on the 12th

of June. In this area probe drill penetration rates were determined as fast and very fast
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Using Thrust Index as an indicator of weak zones
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Using Probe drill in Kargı  

Using Probe Drill in Istanbul Staight Cossing, Melen Project 
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Using Probe Drill in Istanbul Straight Crossing, Melen Project
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Data Acquisition System must be Used in Probe Drilling
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Welcome and Farewell Party
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A Female Italian Geologist Employed for Probe drill
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Daily Life in India
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farewell partyfarewell party

What we Learned From Parbatti II Project ?
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Never use Gripper/Open Type TBM in fractured with low RQD values like we did in 2015 in Baltalimanı Tunnel 
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What we Learned From Parbatti II Project ?

• Newer use an old TBM in difficult ground conditions

• The best choise in fractured rock with low RQD TBM is to use a 
shielded machine and precast segments

• Probe drilling does’nt mean just drilling ahead of a tunnel face, 
apart from the geology, drilling Thrust and rpm of drill affect drilling 
rate olso, so use a drilling data acqusiton system to be sure from 
interpretation of drilling rate.

• Double component polimers are the best choice for excess water
ingress and binding the loose rock.
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Teşekkür Ederiz.


