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7-A/K, Main Boulevard, Gulberg-il, .
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Sapphire Hydro Limited

The Registrar

National Electric Power Regulatory Authority NEPRA), Date: September 30, 2020
NEPRA Tower Attaturk Avenue (East), Reference: SHL/NEPRA/ca&€
Sector G-5/1, Islamabad.

Subject: Application of Generation License for 152.12 MW Sharmai Hvdro
Power Project Located at Panjkora River, Upper Dir KPK.

Pakhtunkhwa Energy Development Organization (“PEDQO?”) issued the Letter of Intent vide letter
No. 595-603/PEDO/DPP/SECL dated 20/03/2017, for 152.12 MW Sharmai Hydro Power Project
(hereinafter referred to as the “Project”) to the Consortium of Sapphire Electric Company
Limited and Sino Hydro Corporation Limited (hereinafter referred to as the “Consortium”). As
per clause 1 of the Letter of Intent, the Consortium has completed the feasibility study for the
Project. PEDO’s Panel of Experts approved the feasibility study for the project vide letter 162- 68/
PEDO/DRE/FS, dated 25" January 2019. Pursuant to the Issuance of LOI, Sapphire Hydro
Limited was incorporated as a special purpose vehicle for the development of Sharmai Hydro
Power Project.

As above, application for grant of Generation License to Sapphire Hydro Limited for its 152.12
MW Gross (150.6 MW Net) Sharmai Hydropower Project is hereby submitted before NEPRA
pursuant to the Regulation of Generation, Transmission and Distribution of Electric Power Act,
1997. The application for grant of generation license has been prepared in accordance with
Schedule-1 of the Application and Modification Procedure Regulations, 1999.

It is certified that the documents-in-support attached with this application are prepared and
submitted in conformity with the provisions of the National Electric Power Regulatory Authority
Regulations.

Demand Drafts in the sum of Rs. 934,270/- (Rupees: Nine Hundred Thirty Four Thousand Two
Hundred Seventy Only) and Rs. 450/- (Rupees: Four Hundred Fifty Only) are being the non-
refundable license application fee calculated in accordance with Schedule II to the National
Electric Power Regulatory Authority Regulations.
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Skaldd Abdullah >
Chief Executive Officer
Sapphire Hydro Limited

.



THE COMPANIES ACT, 2017 (X1X 0of 2017)
(COMPANY LIMITED BY SHARES)
MEMORANDUM OF ASSOCIATION
OF
SAPPHIRE HYDRO LIMITED S

1. The name of the Company is SAPPHIRE HYDRO LIMITED. for
2. The registered office of the Company will be situated in Province of Punjab.
3. The objects for which the Company is established are the following,

() The principal business of'the comnpany shall be to construct, establish and setup Hydro Efectric power generation
project or projects and to enter into lease agreements with any party including public sector organizations and
.’.@ government departments and to sell and distibute the electricity so produced in accordance with prevalent

rules and policies and to perform all other acts which are necessary or incidental to the business of electricity
generation, transmission, distribution and supply, including in the term electricity all power that mnay be directly
or indirectly derived therefrom or may be incidentatly hereafter discovered in dealing with electricity subject
to permission required from NEPRA/other relevant authorities.

(ii) Except for the businesses mentioned in sub-clause (iii) hereunder, the company may engage in all the lawful
businesses and shall be authorized to take all necessary steps and actions in connection therewith and ancillary
thereto.

(i) Notwithstanding anything contained in the foregoing sub-clauses of this clause nothing contained herein shall
be construed as empowering the Company to undertake or indulge, directly or indirectly in the business of a
Banking Company, Non-banking Finance Company (Mutual Fund, Leasing, Investment Company, Investment
Advisor, Real Estate Investment Trust management company, Housing Finance Company, Venture Capital
Company, Discounting Services, Microfinance or Microcredit business), Insurance Business, Moduraba
management company, Stock Brokerage business, forex, real estate business, managing agency, business of
providing the services of security guards or any other business restricted under any law for the time being in
force or as may be specified by the Commission.

4. The liability of the inembers is limited.

‘ ) 5. The authorized share capital of the company is Rs. 500,000,000/ - (Rupees Five Hundred Million) divided into
50,000,000 ordinary shares of Rs. 10/ - each with powers to the company from time to time to increase and
reduce its capital subject to any permission required under the taw.




We, the several persons whose names and addresses are subscribed below are desirous of being formed into a Company in
pursuance of the Memorandum of Association and we respectively agree to take the number of shares in the capital of the Company

as set opposite {a our respective names:

, Nationality
Name a(ld surname (Present & Father's/ ' with any . Residential address Number of _
former} in full Husband's Occupation : shares taken by | Signatures
(in block letters) and CNIC # name {in full) former {in ful each subscriber
’ Nationality
1 Sapphire Electric Company Pakistani Company 318 - Cotton Exchange 1,998,970
Limited. Building, L. Chundrigar | .- -
Road, Karachi.
Authorized Sipnatory on
behalf of Subscriber Company
Mr. Shahid Abdullah Mr. Pakistani Business B - 31, KDA Scheme
. Muhammad No. 1, Karachi
i 5 " '
Q (42201-5225618-1) Apduliah
Nominees of Sapphire Electric
Company Limited
2 M. Shahid Abdullah Mr. Pakistani Business B - 31, KDA Scheme 10
) Muhammad No. 1, Karachi
{42201-5225618-1) Abdullah
3 Mr. Amer Abdullah Mr. Pakistani Business B~ 31 KDA Scheme 10
an- Muhammad No. 1, Karachi
#H{)1-2 - !
(42201-2089751-3) foduliah
4 M. Yousuf Abduliah Mr. Pakistani Business B~ 31, KDA Scheme . 10
2501 £9% ) Muhammad No. 1, Karachi
(42201.5234263-1) Abduliah
] Total Number of %‘00%12?0
@ shares faken (Two Million
ﬁ Only)

Dated this 18" Day of August, 2017

-

/\7 '

LAHORE.
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Artictes of Association

of
SAPPHIRE HYDRO LIMITED
PRELIMINARY
1. {1) in these regulations-
(a) “section” means section of the Act;
(k) “the Act” means the Companies Act, 2017; and
{c) “the seal” means the common seal or official seal of the company as the case may be.
{2) Unless the context otherwise requires, words or expressions contained in these
regulations shall have the same meaning as in the Act; and words importing the singular shall
include the plural, and vice versa, and words importing the masculine gender shall include
feminine, and words importing persons shall include bodies corporate.
PUBLIC LIMITED COMPANY
2. The Company is a Public Company within the meaning of Clause (52} of Section 2(1) of the

Companies Act, 2017.
BUSINESS

3. The directors shall have regard to the restrictions on the commencement of business
imnposed by section 19 if, and so far as, those restrictions are binding upon the company. The
minimum subscription upon which the Directors may proceed to make the first allotment has
been fixed as Rs. 5,000,000/- (Rupees Five Million only).

SHARES

4. In case of shares in the physical form, every person whose name is entered as a member in
the member shall, without payment, be entitled to receive, within thirty days after




allotment or within fifteen days of the application for registration of transfer, a certificate
under the seal specifying the share or shares held by him and the amount paid up

thereon:

Provided that if the shares are in book entry form or in case of conversion of physical shares
and other transferable securities into book-entry form, the company shall, within ten days
after an application is made for the registration of the transfer of any shares or other
securities to a central depository, register such transfer in the name of the central depository.

5. The company shall not be bound to issue more than one certificate in respect of a share or
shares in the physical form, held jointly by several persons and delivery- of 3 certif'gcate} for-a
share to one of several joint holders shall be sufficient delivery to all. )

6. If a share certificate in physical form is defaced, lost or destroyed, it may ‘be renewed “on
payment of such fee, if any, not exceeding one hundred rupees, and on such terms, if any, as
to evidence and indemnity and payment of expenses incurred by the company in investigating

title as the directors think fit.

7. Except to the extent and in the manner aliowed by section 86, no part of the funds of the
company shall be employed in the purchase of, or in loans upon the security of, the

company’s shares.
TRANSFER AND TRANSMISSION OF SHARES

8. The instrument of transfer of any share in physical form in the company shall be executed
both by the transferor and transferee, and the transferor shail be deemed to remain holder of
the share until the name of the transferee is entered in the register of members in respect
thereof.

9. Shares in physical form in the company shall be transferred in the foliowing form, or in any
usual or common form which the directors shall approve: -

Form for Transfer of Shares

{1st Schedule to the Companies Act, 2017)

D /O e [0, {(hereinafter called “the transferor”} in
consideration of the sum of rupees ... paid t0 me by...iein, s/o
........................ /0 . {hereinafter called “the transferee”), do hereby transfer to
the said transferee........oooe.. the share (or shares) with distinctive numbers from
................. t0.ccoooeeinclusive,  in the....ceeeeeee Limited,  to hold  unte  the  said

transferee, his executors, administrators and assigns, subject to the several conditions on
which | held the same at the time of the execution hereof, and I, the said transferee, do
hereby agree to take the said share (or shares) subject to the conditions aforesaid.




As witness our hands this.......... day of.............. s 220

SIBNATUre. o SIBNATUTE ... e
Transferor Transferee

Full Name, Full Name,

Father's / Husband’s Name, Father’'s / Husband's Name

CNIC Number (in case of foreigner, CNIC Number (in case of foreigner,
Passport Number) Passport Number}

Nationality Nationality

Occupation and usual Residential Address Occupation and usual Residential Address

Cell Number
Landline Number, if any
Email Address

Witness 1: Witness 2:

Signature Signature ' -
Date Date N
Name, CNIC and Full Address Name, CNIC and Eull Address

Bank Account Details of Transferee for Payment of Cash Dividend

it is requested that all my cash dividend amounts declared by the company, may be credited
into the following bank account:

Title of Bank Account
Bank Account #

Bank’s Name

Branch Name And Address

It is stated that the above mentioned information is correct and that | will intimate the
changes in the above-mentioned information to the company and the concerned Share
Registrar as soon as these occur.

Signature of the Transferee(s)

10. (1) Subject to the restrictions contained in regulation 10 and 11, the directors shall not
refuse to transfer any share uniess the transfer deed is defective or invalid. The directors may
also suspend the registration of transfers during the ten days immediately preceding a
general meeting or prior to the determination of entitlement or rights of the shareholders by
giving seven days’ previous notice in the manner provided in the Act. The directors may, in
case of shares in physicat form, decline to recognise any instrument of transfer uniess—

a) a fee not exceeding fifty rupees as may be determined by the directors is paid to the

company in respect thereof; and




b} the duly stamped instrumer of transfer is accompanied by the certificate of the
shares to which it relates, and such other evidence as the directaors may reasonably
require to show the right of the transferor to make the transfer.

(2) if the directors refuse to register a transfer of shares, they shall within fifieen days after
the date on which the transfer deed w.:s lodged with the company send to the transferee and
the transferor notice of the refusal indicating the defect or invalidity to the transferee, who
shall, after removal of such defect or invalidity be entitled to re-lodge the transfer deed with
the company.

Provided that the company shall, where the transferee is a central depasitory the refusal shall
be conveyed within five days from the date on which the instrument of transfer was lodged
with it notify the defect or invalidity to the transferee who shall, after the removal of such
defect or invalidity, be entitled to re-lodge the transfer deed with the company.

TRANSMISSION OF SHARES

11. The executors, adminisirators, heirs, or nominees, as the case may be, of a deceased sole
holder of a share shall be the only persons recognised by the company to deal with the share
in accordance with the law. In the case of a share registered in the names of two or more
holders, the survivors or survivor, or the executors or administrators of the deceased survivor,
shall be the only persons recognised by the company to deal with the share in accordance
with the law.

12. The shares or other securities of a deceased member shall be transferred on application
duly supported by succession certificate or by lawful award, as the case may be, in favour of
the successors to the extent of their interests and their names shall be entered to the register
of members.

13. A person may on acquiring intere:t in a company as member, represented by shares, at
any time after acquisition of such intcrest deposit with the company a nomination conferring
on a person, being the relatives of the member, namely, a2 spouse, father, mother, brother,
sister and son or daughter, the right to protect the interest of the lega! heirs in the shares of
the deceased in the event of his death, as a trustee and to facilitate the transfer of shares to
the legal heirs of the deceased subject to succession to be determined under the Islamic law
of inheritance and in case of non-Muslim members, as per their respective law.

14. The person nominated under regulation 12 shall, after the death of the member, be
deemed as a W company till the shares are transferred to the legal heirs and if the
deceased wa Sl director-of the company, not being a listed company, the nominee shall also

act as dlrec—gb’r of thefccmpany to protect the interest of the legal heirs.
s \

e 5’( 3
2 .; ed"g@i a member under regulation 11, 12 and 13 to a share by reason

the holder shall be entitled to the same dividends and other
de be enttled if he were the registered holder of the share and
mg?@ﬁed@y'membersh 2 inrelation to meetings of the company.

ALTERATION OF CAPITAL




b) the duly stamped instrument of transfer is accompanied by the certificate of the
shares to which it relates, and such other evidence as the directors may reasonably

require to show the right of the transferor to make the transfer.

(2) if the directors refuse to register a transfer of shares, they shall within fifteen days after
the date on which the transfer deed was lodged with the company send to the transferee and
the transferor notice of the refusal indicating the defect or invalidity to the transferee, who
shall, after removal of such defect or invalidity be entitled to re-lodge the transfer deed with
the company.

Provided that the company shall, where the transferee is a central depository the refusal shall
be conveyed within five days from the date on which the instrument of transfer was lodged
with it notify the defect or invalidity to the transferee who shall, after the removal of such
defect or invalidity, be entitled to re-lodge the transfer deed with the company.

TRANSMISSION OF SHARES

11. The executors, administrators, heirs, or nominees, as the case may be, of a deceased sole
holder of a share shall be the only persons recognised by the company to deal with the share
in accordance with the law. in the case of a share registered in the names of two or more
holders, the survivors or survivor, or the executors or administrators of the deceased survivor,
shall be the only persons recognised by the company to deal with the share in accordance
with the law.

12. The shares or other securities of a deceased member shall be transferred on application
duly supported by succession certificate or by lawful award, as the case may be, in favour of
the successors to the extent of their interests and their names shall be entered to the register
of members.

13. A person may on acquiring interest in a company as member, represented by shares, at
any time after acquisition of such interest deposit with the company a nomination conferring
on a person, being the relatives of the member, namely, a spouse, father, mother, brother,
sister and son or daughter, the right to protect the interest of the legal heirs in the shares of
the deceased in the event of his death, as a trustee and to facilitate the transfer of shares to
the legal heirs of the deceased subject to succession to be determined under the Islamic law
of inheritance and in case of non-Muslim members, as per their respective law.

14. The person nominated under regulation 12 shall, after the death of the member, be
deemed as a member of company till the shares are transferred to the legal heirs and if the
deceased was a director of the company, not being a listed company, the nominee shall also
act as director of the company to protect the interest of the legal heirs.

15. A person to be deemed as a member under regulation 11, 12 and 13 to a share by reason
of the death or insolvency of the holder shall be entitled to the same dividends and other
advantages to which he would be entitled if he were the registered holder of the share and
exercise any right conferred by membership in relation to meetings of the company.

ALTERATION OF CAPITAL
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16. The company may, by special resolution-
{e) increase its authorised capital by such amount as it thinks expedient;
(f) consolidate and divide the whole or any part of its share capital into shares of larger
amount than its existing shares;
(g) sub-divide its shares, or any of them, into shares of smaller amount than is fixed by
the memorandum;
{h) cancel shares which, at the date of the passing of the resolution in that behalf,
have not been taken or agreed to be taken by any person, and diminish the amount of
its share capital by the amount of the share so cancelled.

17. Subject to the provisions of the Act, ali new shares shall at the first instance be offered to
such persons as at the date of the offer are entitled to such issue in proportion, as nearly as
the circumstances admit, to the amount of the existing shares to which they are entitled. The
offer shall be made by letter of offer specifying the number of shares effered, and-limiting a
time within which the offer, if not accepted, will deem to be declined, and.after the expiration
of that time, or on the receipt of an intimation from the person to whom the offer is made
that he declines to accept the shares offered, the directors may dispose of the same in such
manner as they think most beneficial to the company. The directors may likewise so dispose
of any new shares which (by reason of the ratio which the new shares bear to shares held by
persons entitled to an offer of new shares}) cannot, in the opinion of the directors, be
conveniently offered under this regulation.

18. The new shares shall be subject to the same provisions with reference to transfer, transmission and
otherwise as the shares in the original share capital.

19. The company may, by special resolution-
(3} consolidate and divide its share capital into shares of larger amount than its
existing shares;
(b) sub-divide its existing shares or any of them into shares of smaller amount than is
fixed by the memorandum of association, subject, nevertheless, to the provisions of
section 85;
{c) cance! any shares which, at the date of the passing of the resolution, have not been
taken or agreed to be taken by any person.

20. The company may, by special resoiution, reduce its share capital in any manner and with,
and subject to confirmation by the Court and any incident authorised and consent required,
by law.

GENERAL MEETINGS

21. The statutory general meeting of the company shall be held within the period required by
section 131

22. A general meeting, to be cailed annual general meeting, shall be held, in accordance with
the provisions of section 132, within sixteen months from the date of incorporation of the
company and thereafter once at least in every year within a period of one hundred and
twenty days following the close of its financial year.
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23. All general meetings of a company other than the statutory meeting or an annual general
meeting mentioned in sections 131 and 132 respectively shall be called extraordinary general

meetings.

24. The directors may, whenever they think fit, cail an extraordinary general meeting, and
extraordinary general meetings shall also be called on such requisition, or in default, may be
called by such requisitionists, as provided by section 133. If at any time there are not within
Pakistan sufficient directors capable of acting to form a quorum, any director of the company
may call an extraordinary general meeting in the same manner as nearly as possible as that in
which meetings may be cailed by the directors.

25. The company may provide video-link facility to its members for attending general meeting
at places other than the town in which general meeting is taking place after considering the
geographical dispersal of its members:

Provided that in case of listed companies if the members holding ten percent of the
total paid up capital or such other percentage of the paid up capital as may be specified, are
resident in any other city, the company shall provide the facility of vi;:_{égj"fﬁnk to such
members for attending annual general meeting of the company, if so “required by. such
members in writing to the company at least seven days before the date of the meeting. - E L

NOTICE AND PROCEEDINGS OF GENERAL MEETINGS

26. Twenty-one days’ notice at the least (exclusive of the day on which the notice is served or
deemed to be served, but inclusive of the day for which notice is given) speciWing the place,
the day and the hour of meeting and, in case of special business, the general nature of that
business, shall be given in manner provided by the Act for the general meeting, to such
persons as are, under the Act or the regulations of the company, entitled to receive such
notice from the company, but the accidental omission to give notice to, or the non-receipt of
notice by, any member shall not invalidate the proceedings at any general meeting.

27. Ailt the business transacted at a general meeting shall be deemed special other than the
business stated in sub-section (2} of section 134 namely; the consideration of financial
statements and the reports of the board and auditors, the declaration of any dividend, the
election and appointment of directors in place of those retiring, and the appointment of the
auditors and fixing of their remuneration.

28. No business shall be transacted at any general meeting unless a guorum of members is
present at that time when the meeting proceeds to business. The quorum of the general
meeting shall be-
(3) in the case of a public listed company, not less than ten members present
personally, or through video-link who represent not less than twenty-five percent of
the total voting power, either of their own account or as proxies;
{b) in the case of any other company having share capital, two members present
personally, or through video-link who represent not less than twenty-five percent of
the total voting power, either of their own account or as proxies.

29. i within half an hour from the time appointed far the meeting a quorum is not present,
the meeting, if called upon the requisition of members, shall be dissolved; in any other cfise, it




shall stand adjourned to the same day in the next week at the same time and place, and, if at
the adjourned meeting a quorum is not present within half an hour from the time appointed
for the meeting, the members present, being not less than two, shall be a quorum.

30. The chairman of the board of directors, if any, shall preside as chairman at every general
meeting of the company, but if there is no such chairman, or if at any meeting he is not
present within fifteen minutes after the time appointed for the meeting, or is unwilling to act
as chairman, any one of the directors present may be elected to be chairman, and if none of
the directors is present, or willing to act as chairman, the members present shall choose one
of their number to be chairman.

31. The chairman may, with the consent of any meeting at which a quorum is present (and
shall if so directed by the meeting), adjourn the meeting from time to time but no business
shall be transacted at any adjourned meeting other than the business left unfinished at the
meeting from which the adjournment took place. When a meeting is adjourned for fifteen
days or more, notice of the adjourned meeting shall be given as in the case of an original
meeting. Save as aforesaid, it shall not be necessary to give any notice of an adjournment or
of the business to be transacted at an adjourned meeting. '

32, {1) At any general meeting a resolution put to the vote of the meeting shall be
decided on a show of hands unless a poli is {before or on the declaration of the resuit of the
show of hands) demanded. Unless a poll is so demanded, a declaration by the chairman that a
resolution has, on a show of hands, been carried, or carried unanimously, or by a particular
majority, or lost, and an entry to that effect in the book of the proceedings of the company
shall be conclusive evidence of the fact, without proof of the number or ‘proportion of the
votes recorded in favour of, or against, that resolution.

{2) At any general meeting, the company shall transact such businesses as may be
notified by the Commission, only through postal ballot.

33. A poll may be demanded only in accordance with the provisions of section 143.

34. if a poll is duly demanded, it shall be taken in accordance with the manner laid down in
sections 144 and 145 and the result of the poll shall be deemed to be the resolution of the
meeting at which the poli was demanded.

35. A poll demanded on the election of chairman or on a question of adjournment shall be
taken at once.

36. In the case of an equality of votes, whether on a show of hands or on a poll, the chairman
of the meeting at which the show of hands takes place, or at which the poll is demanded, shall
have and exercise a second or casting vote.

37. Except for the businesses specified under sub-section (2) of section 134 to be conducted
in the annual general meeting, the members of a private company or a public unlisted
company (having not more than fifty members), may pass a resolution {ordinary or special) by
circulation signed by all the members for the time being entitled to receive notice of a
meeting. The resolution by circulation shall be deemed to be passed on the date of signing by
the last of the signatory member to such resolution.




VOTES OF MEMBERS

38. Subject to any rights or restrictions for the time being attached to any class or classes of
shares, on a show of hands every member present in person shall have one vote except for
election of directors in which case the provisions of section 159 shall apply. On a poll every
member shall have voting rights as laid down in section 134.

39. In case of joint-holders, the vote of the senior who tenders a vote, whether in person or
by proxy or through video-link shall be accepted to the exclusion of the votes of the other
joint-holders; and for this purpose seniority shall be determined by the order in which the
names stand in the register of members.

40. A member of unsound mind, or in respect of whom an order has been made by any court
having jurisdiction in lunacy, may vote, whether on show of hands or on a poll or through
video link, by his committee or other legal guardian, and any such committee or guardian
may, on a poll, vote by proxy.

41. On a poll votes may be given either personally or through video-link, by proxy-or through
postal ballot:

Provided that no body corporate shall vote by proxy as long as a resolution of its dlrectors in
accordance with the provisions of section 138 is in force.

42. (1) The instrument appointing & proxy shall be in writing under the hand of the appointer
or of his attorney duly authorised in writing.

{2) The instrument appointing a proxy and the power-of-attorney or other authority (if any)
under which it is signed, or a notarially certified copy of that power or authority, shall be
deposited at the registered office of the company not less than forty-eight hours before the
time for holding the meeting at which the person named in the instrument proposes to vote
and in default the instrument of proxy shall not be treated as valid.

43. An instrument appointing a proxy may be in the following form, or a form as near thereto
as may be:

INSTRUMENT OF PROXY

................................................ Limited
R TR S/0 e [0 e, being a member
of  the . timited, hereby appoint ... s/o
................................. 1/0 et @S MY proxy to  attend and vote on my
behalf at the (statutory, annual, extraordinary, as the case may be) general meeting of the
company to be held on the ... day of ... , 20.... and at any adjournment

thereof”




44. A vote given in accordance with the terms of an instrument of proxy shall be valid
notwithstanding the previous death or insanity of the principal or revocation of the proxy or
of the authority under which the proxy was executed, or the transfer of the share in respect
of which the proxy is given, provided that no intimation in writing of such death, insanity,
revocation or transfer as aforesaid shail have been received by the company at the office
before the commencement of the meeting or adjourned meeting at which the proxy is used.

DIRECTORS

45. The following subscribers of the memorandum of association shall be the first directors of
the company, so, however, that the number of directors shall not in any case be less than that
specified in section 154 and they shall hold office until the election of directors in the first
annual general meeting. Following shall be the first directors of the company: s

oot

1. Mr. Shahid Abdullah
2. Mr. Amer Abduliah
3. Mr. Yousuf Abdullah

46. The remuneration of the directors shall from time to time be determined by the company
in general meeting subject to the provisions of the Act.

47. Save as provided in section 153, no person shall be appointed as a director unless he is a
member of the company.

POWERS AND DUTIES OF DIRECTORS

48, The business of the company shall be managed by the directors, who may pay all
expenses incurred in promoting and registering the company, and may exercise all such
powers of the company as are not by the Act or any statutory modification thereof for the
time being in force, or by these regulations, required to be exercised by the company in
general meeting, subject nevertheless to the provisions of the Act or to any of these
regulations, and such regulations being not inconsistent with the aforesaid provisions, as may
be prescribed by the company in general meeting but no regulation made by the company in
general meeting shall invalidate any prior act of the directors which would have been valid if
that regulation had not been made.

49. The directors shall appoint a chief executive in accordance with the provisions of sections
186 and 187.

50. The amount for the time being remaining undischarged of moneys borrowed or raised by
the directors for the purposes of the company {otherwise than by the issue of share capital)
shall not at any time, without the sanction of the company in general meeting, exceed the
issued share capital of the company.




51. The directors shalt duly comply with the provisions of the Act, or any statutory
modification thereof for the time being in force, and in particular with the provisions in regard
to the registration of the particulars of mortgages, charges and pledge affecting the property
of the company or created by it, to the keeping of a register of the directors, and to the
sending to the registrar of an annual list of members, and a summary of particulars relating
thereto and notice of any consolidation or increase of share capital, or sub-division of shares,
and copies of special resolutions and a copy of the register of directors and notifications of

any changes therein.

MINUTE BOOKS

52. The directors shall cause records to be kept and minutes to be made’ in book or books

with regard to-

{a) all resolutions and proceedings of general meeting{s) and the -meeting(s) of
directors and Committee(s) of directors, and every member present at any general
meeting and every director present at any meeting of directors or Committee of
directors shall put his signature in a book to be kept for that purpose;

{b) recording the names of the persons present at each meeting of the directors and of
any committee of the directors, and the general meeting; and

{c) all orders made by the directors and Committee(s) of directors:

Provided that all records related to proceedings through video-link shall be maintained in
accordance with the relevant regulations specified by the Commission which shall be
appropriately rendered into writing as part of the minute books according to the said

regulations.

THE SEAL

53. The directors shall provide for the safe custody of the seal and the seal shall not be affixed
to any instrument except by the authority of a resolution of the board of directors or by a
committee of directors authorized in that behalf by the directors and in the presence of at
least two directors and of the secretary or such other person as the directors may appoint for
the purpose; and those two directors and secretary or other person as aforesaid shall sign
every instrument to which the seal of the company is so affixed in their presence.

DISQUALIFICATION OF DIRECTORS

54. No person shall become the director of a company if he suffers from any of the disabilities
or disqualifications mentioned in section 153 or disqualified or debarred from holding such
office under any of the provisions of the Act as the case may be and, if already a director, shall
cease to hold such office from the date he so becomes disqualified or disabled:




Provided, however, that no director shall vacate his office by reason only of his being
a member of any company wi-ch has entered into contracts with, or done any work for, the
company of which he is director, but such director shall not vote in respect of any such
contract or work, and if he does so vote, his vote shall not be counted.

PROCEEDINGS OF DIRECTORS

55. The directors may meet together for the dispatch of business, adjourn and otherwise
regulate their meetings, as they think fit. A director may, and the secretary on the requisition
of a director shall, at any time, summon a meeting of directors. Notice sent to a director
through email whether such director is in Pakistan or outside Pakistan shall be a valid notice.

56, The directors may elect a chairman of their meetings and deterﬁ'f}_?hé t'hev' pe‘r‘iotyi for which
he is to hold office; but, if no such chairman is elected, or if at any meeting the. chairman is
not present within ten minutes after the time appointed for holding ‘the same or is unwilling
to act as chairman, the directors present may choose one of their number to be chairman of

the meeting,

57. At least one-third {1/3rd) of the total number of directors or two (2) directors whichever is
higher, for the time being of the company, present personally or through video-link, shall

constitute a quorum.

58. Save as otherwise expressly provided in the Act, every question at meetings of the board
shall be determined by a majority of votes of the directors present in person or through
video-link, each director having one vote. In case of an equality of votes or tie, the chairman
shall have a casting vote in addition to his original vote as a director.

59. The directors may delegate any of their powers not required to be exercised in their
meeting to committees consisting of such member or members of their body as they think fit;
any committee so formed shall, in the exercise of the powers so delegated, conform to any
restrictions that may be imposed on them by the directors.

60. {1) A committee may elect a chairman of its meetings; but, if no such chairman is
elected, or if at any meeting the chairman is not present within ten minutes after the time
appointed for holding the same or is unwilling to act as chairman, the members present may
choose one of their number to be chairman of the meeting.

(2) A committee may meet and adjourn as it thinks proper. Questions arising at any
meeting shall.be determined by a majority of votes of the members present. In case of an
equality of votes, the chairman shall have and exercise a second or casting vote.

61. All acts done by any meeting of the directors or of a committee of directors, or by any
person acting as a director, shall, notwithstanding that it be afterwards discovered that there
was some defect in the appointment of any such directors or persons acting as aforesaid, or




that they or any of them were disqualified, be as valid as if every such person had been duly
appointed and was qualified to be a director.

62. A copy of the draft minutes of meeting of the board of directors shall be furnished to
every director within seven working days of the date of meeting.

63. A resolution in writing signed by all the directors for the time being entitled to receive
notice of a meeting of the directors shall be as valid and effectual as if it had been passed at a
meeting of the directors duly convened and held.

FILLING OF VACANCIES

64. At the first annual general meeting of the company, all the directors shall stand retired -
from office, and directors shall be elected in their place in accordance with section 159 for a

term of three years.
65. A retiring director shall be eligible for re-election.

66. The directors shall comply with the provisions of sections 154 to 159 and sections 161,
162 and 167 relating to the election of directors and matters ancillary thereto.

67. Any casual vacancy occurring on the board of directors may be filled up by the directors,
but the person so chosen shall be subject to retirement at the same time as if he had become
a director on the day on which the director in whose place he is chosen was last elected as
director.

68. The company may remove a director but only in accordance with the provisions of the
Act.

DIVIDENDS AND RESERVE

69. The company in general meeting may declare dividends but no dividend shall exceed the
amount recommended by the directors.

70. The directors may from time to time pay to the members such interim dividends as
appear to the directors to be justified by the profits of the company.

71. Any dividend may be paid by a company either in cash or in kind only out of its profits. The
payment of dividend in kind shall only be in the shape of shares of listed company held by the
distributing company.

72. Dividend shall not be paid out of unrealized gain on investment property credited to profit
and loss account.

73. Subject to the rights of persons (if an'y) entitled to shares with special rights as to
dividends, all dividends shall be declared and paid according .to the amounts paid on the
shares.




74. {1) The directors may, before recommending any dividend, set aside out of the profits
of the company such sums as they think proper as a reserve or reserves which shail, at the
discretion of the directors, be applicable for meeting contingencies, or for equalizing
dividends, or for any other purpose to which the profits of the company may be properly
applied, and pending such application may, at the like discretion, either be employed in the
business of company or be invested in such investments (other than shares of the company]
as the directors may, subject to the provisions of the Act, from time to time think fit.

(2) The directors may carry forward any profits which they may think prudent not to
distribute, without setting them aside as a reserve.

75. If several persons are registered as joint-holders of any share, any one of them may give
effectual receipt for any dividend payable on the share. e e

76. (1} Notice of any dividend that may have been declared shall' be- given “in manner
hereinafter mentioned to the persons entitled to share therein but,»in‘ the case of a 'public
company, the company may give such notice by advertisement in a?\:n,ewspaper circulating in
the Province in which the registered office of the company is situate. ‘ ‘

(2} Any dividend declared by the company shall be paid to its registered«.‘s,_hareholde"rs or to
their order. The dividend payable in cash may be paid by cheque or warrant or in any
electronic mode to the shareholders entitled to the payment of the dividend, as per their

direction.

{3} In case of a listed company, any dividend payable in cash shall only be paid through
electronic mode directly into the bank account designated by the entitled shareholders.

77. The dividend shall be paid within the period laid down under the Act.
ACCOUNTS

78. The directors shall cause to be kept proper books of account as required under section
220.

79. The books of account shall be kept at the registered office of the company or at such
other place as the directors shall think fit and shall be open to inspection by the directors
during business hours,

80. The directors shall from time to time determine whether and to what extent and at what
time and places and under what conditions or regulations the accounts and books or papers
of the company or any of them shall be open to the inspection of members not being
directors, and no member (not being a director) shall have any right of inspecting any account
and book or papers of the company except as conferred by law or authorised by the directors
or by the company in general meeting.




81. The directors shall as required by sections 223 and 226 cause to be prepared and to be
laid before the company in general meeting the financial statements duly audited and reports

as are referred to in those sections.

82. The financial statements and other reports referred to in regulation 80 shall be made out
in every year and laid before the company in the annual general meeting in accordance with

sections 132 and 223.

83. A copy of the financial statements and reports of directors and auditors shail, at least
twenty-one days preceding the meeting, be sent to the persons entitled to receive notices of

general meetings in the manner in which notices are to be given hereunder.

84. The directors shall in all respect comply with the provisions of sections 220 to 227,

85. Auditors shall be appointed and their duties regulated in accordance with sections 246 to
249 .

NOTICES

86. (1) A notice may be given by the company to any member to his registerad address or
if he has no registered address in Pakistan to the address, if any, supplied by him to the
company for the giving of notices to him against an acknowledgement or by post or courier
service or through electronic means or in any other manner as may be specified by the

Commission,

{2) Where a notice is sent by post, service of the notice shali be deemed to be
effected by properly addressing, prepaying and posting a letter containing the notice and,
unless the contrary is proved, to have been effected at the time at which the letter will be
delivered in the ordinary course of post.

87. A notice may be given by the company to the joint-holders of a share by giving the notice
to the joint-holder named first in the register in respect of the share.

88. A notice may be given by the company to the person entitled to a share in consequence of
the death or insolvency of a member in the manner provided under regulation 85 addressed
to them by name, or by the title or representatives of the deceased, or assigne‘es of the
insolvent, or by any like description, at the address, supplied for the purpose by the person
claiming to be so entitled.

89. Notice of every general meeting shall be given in the manner hereinbefore authorised to
(a) every member of the company and alsc to (b) every person entitled to a share in
consequence of the death or insolvency of a member, who but for his death or insolvency
would be entitled to receive notice of the meeting, and (c) to the auditors of the company for
the time being and every person who is entitled to receive notice of general meetings.




WINDING UP

390. {1) In the case of members’ voluntary winding up, with the sanction of a special
resolution of the company, and, in the case of creditors’ voluntary winding up, of a meeting of
the creditors, the liquidator shall exercise any of the powers given by sub-section (1} of
section 337 of the Act to a liquidator in a winding up by the Court including inter-alio divide
amongst the members, in specie or kind, the whole or any part of the assets of the company,
whether they consist of property of the same kind or not.

{2) For the purpose aforesaid, the liquidator may set such value as he deems fair upon
any property to be divided as aforesaid and may determine how such division shall be carried
out as between the members or different classes of members.

{3) The liquidator may, with the like sanction, vest the whole or any. part of such
assets in trustees upon such trusts for the benefit of the contributories as the Iiduidator, with
the like sanction, thinks fit, but so that no member shall be compelled to accept any shares or
other securities wherecn there is any liability.

INDEMNITY

91. Every officer or agent for the time being of the company may be indemnified out of the
assets of the company against any liability incurred by him in defending any proceedings,
whether civil or criminal, arising out of his dealings in relation to the affairs of the company,
except those brought by the company against him, in which judgment is given in his favour or
in which he is acquitted, or in connection with any application under section 492 in which
relief is granted to him by the Court.




We, the several persons whose names and addresses are subscribed below are desirous of being formed into @ Company
in pursuance of the Articles of Association and we respectively agree to take the number of shares in the capital of the

Company as set opposite to our respective names:

" Nationality |
Name and surname (Present & Father's/ ; S Number of shafes i
former} in full Husband's \"Z':;:?y Occupation E:mjnha’ address taken by each Signatures
(in block letters} and CNIC # name {in ful} Nationality subscriber
1 Sapphire Electric Company Limited. Pakistani Company 316 - Cotton Exchange 1,999,870
Building, 1.1. Chundrigar
Road, Karachi.
Authorized Signatory on behalf of
Subscriber Company
" g™y Mr. Shahid Abdutiah Mr. Muhammad | Pakistani Business B~ 31, KDA Scheme - |
- Q Abdultah No. 1, Karachi . -
{42201-5225618-1) .
Nominees of Sapphire Electric .
Company Limited v
2 Mr. Shahid Abdullah Mr. Muhammad Pakistani Business B~ 31, KDA Scheme 10
Abdutlah No. 1, Karachi
(42201-5225618-1)
3 Mr. Amer Abdullah Mr. Muhammad Pakistani Business B - 31, KDA Scheme 10
Abdullah No. 1, Karachi
{42201-2085751-3)
4 Mr. Yousut Abdullah Mr. Muharemad Pakistani Business B - 31, KDA Scheme 10
Abduliah No. 1, Karachi
(42201-5234263-1) /
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152.12 MW Sapphire Hvdro Power Proiect Prospectus

Profile of the Sponsor

Sapphire is one of the largest conglomerates in the country with investment in textile, dairy and the
power

sector. Sapphire Group started its first production facility in Pakistan in 1971 in Textile Spinning. in
the

coming decades it continued to broaden its expanse in the value chain. A decade later Sapphire further
forayed intc Korne Textiles Sewing units (2002}, Finishing Plant (2003), Knit Stitching (2004) and Work

- Wear Apparel (2007). In 2007, Sapphire Group took the initiative of diversifying into “foods”. Its dairy

farm

was started in 2007. Sapphire plans to expand its production and eventually move into the value-added
products as weli. Sapphire successfully erected 234 MW combined-cycie power plant in 2010 which is now
assisting WAPDA. Recently, Sapphire has added 150 MW to wind power generation in addition to 50
MW

wind power plant already operational in 2015.

Salient Features of the Project

152.12 MW Gross Installed Capacity {(Net Capacity of 150.6 MW) Sapphire Hydro Power Limited is
a milestone project for Sapphire Group located on the Panjkora River in Upper Dir Valley. The Project
offers exiensive positive externalities apart from reducing the Energy Demand Supply gap. The
Salient Feztures of the Project are mentioned below:

Technical Informztion:

® Gross Capacity 152.12 MW

° Net Capacity 150.6 MW

© Gross Annual Generation 696.81 GWH

¢ Auxiliary Consumption 6.97 GWH

¢ Expected Annual Generation 689.84 GWH

° Design Discharge S0 Cumecs

* Plant Factor 52.29%

¢ Construction Period 4.5 years

° fnvestment Model: » Build, Own, Operate and Transfer (BOOT)

¢ Funding Sources: International DFI's Chinese CPEC Funding
Consortium of Commercial Banks’s

» Power Purchaser: Central Power Purchasing Authority

¢ Tariff approved by: National Electric Power Regulatory Authority

Proposed Investment:

The Total Cost of the Project is estimated at USD 400.778 miliion at 2.635 million USD per MW




Part B — Schedule 3A(C)1
1) Location

SHARMAI Hydropower Project is located on the Panjkora River near Dir with location coordinates 35°

11'18.30"N, 71°57'45.16"E.
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2) Plant Type {(Run of River, Storage, Weir etc)
Sharmai Hydro Power Project is a Run of the River Hydro Power Project.
3) Head: Minimum and Maximum
The gross head at maximum Discharge level is 200.8 while the minimum gross head is 195.8
4) Technology: Francis Pelton, size and no of units
3 x Vertical Francis Turbines of 50.7 MW each. = 152.12 MW (Gross Installed Capacity)
5) Tunnel if Proposed:
Length and Diameter: The tunnel is 8.5 Km Long and has an internal dia of 6.75m.
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6)

ESSA:

The Detailed environment and social impact assessment study has been conducted by a
renowned company “Hagler Bailey, Pakistan™.

8)

The study has been conducted in-line with the EPA — KPK IFC and ABD guidelines.

The environment report has been submitted to EPA-KPK on January 18,2019 ( Submitted
Letter Annexed as “Annexure - 17)

The Puvblic hearing has been conducted on September 04, 2019.

The Non-technical summary along with the Executive summary of Environmental report
1s Annexed as “Annexure 47

The report is at the final stages of approval with KPK-cPA.

Resettlernent issues: Lands in Sharmai Hydropower Projaect area comprise low cultivated
lands, and settlements and larger area is unoccupied. The project will consume 112
hectares of land, of which only 6.2 hectares are under cultivation whilst the remaining land
is barren or unoccupied. The Project will have an overall beneficial impact in the region
and the construction of the project will lead to a boost in regional economic activity through
creation of multiple direct/indirect opportunities. The resettlement is only 5 will lose
residence. No mosques, graves and sties of archaeological and historical importance will
be affectec due to implementation of proposed project.

Consanis: {Attached as “Annexure 2”

PESCO NGC
EPA-KPA MO <Mali be nrovided Shortiy



9} Infrastructure Development — SLD — Attached Below
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Dam:

Dam would be a concrete dam with integrated gated spillway with height of 45 m. The dam shall have
top width of 8m at the elevation 1265 masl and a vertical upstream face. Dam shall be founded on
sound rock. Dam width in the crest is about 150 m.

Peower house;

Powerhouse cavern shall accommodate 3 Francis vertical units. Main cavern shall have the
following dimensions: W x H x L =20 x 30 x 60 m, all subject to possible small scale adjustments
related to the fina! equipment size. The cavern will have the assembling bay and the control rooms.
There viil! Iiz a separate cavern for transformers. The caverns will be accessible by an access tunnel
from the main N-4% road. Besides access tunnel, there will be separate cable and aeration tunnels,
connecting the powerhouse cavern to the switchyard.

Tunnel:

Power tunnel shai! be 8.45 km long with 6.75 m inner diameter. It will be excavated by drill-and-
blast techniqus, from both sides. Possibly and subject to the contractor’s work plan, an intermediate
adit at the tunn=! chainage 7.800 km may need to be considered




10) Interconneciion with National grid — Length + SLD

As per the GIS attached as “Annexure 3.

11) Project Cost Information regarding sources and amount of Debt and Equity

The total cost of the project is 400.778 Million USD of which 80.156 Million USD (20%) will be
equity arranged by the Sponsors, while the remaining 320.622 Million USD (80%) will be in Debt

arranged througn multilateral lenders.
12) Project Schedule and Expected Live

The project being developed as an IPP under KPK power Policy, 2016 , Concession period is of 30
Years and groject expected life is more than 50 vyear. The project schedule is provided in

attachment as part of the feasibility study.

13} Operation Tvpe
Run of river project. it will be a baseload operation during high flow season and can by a peaking

dunrig iow fiow season.

14) Plant charactevistics: generation voltage, power factor, frequency, automatic generation

contral, raimning rate, control metering and instrumentation. The details is provided in Draft

GIS Study

Generation Voiage: 220kv

Power Facton 6.8 lagging

Frequency:_ o 50 hertz + 2%

Metering Sysiane Using fully static energy meters and energy recorders will be
orovided. For the metering and billing of each of the outgoing lin
ane main and one back-up energy meter with minimum accurac
0.5 will be foreseen.

Instrumentation: As per Feasibility Study

15} Svsigrr sturiss ioad flow, short circuit, stabiiity

Attachsed 25 “Annexure 3 “of Draft GIS.
PESCO consent is attached as Annexure.




16} Training ang Development:
The Training and development and will be provided to the employees, workers. Training has

been made part of the environmental report.
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Interconnection Study of
150 MW Sharmai Hydropower
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Executive Summary

2430\
“\gy

The Draft Report of 150 MW Sharmai Hydro Power Project by Sapphire Hydro Limited
at District Dir, Khyber Pakhtunkhwa, referred to as Sharmai HPP in the remainder of

the report, is submitted herewith.

The updated transmission plan and load forecast from PESCO has been used for the
study, vide data permission letter no. CE (Dev) 5100-04 dated 20/07/2020.

The study objective, approach and methodology have been described and the plant’s

data received from the Client is validated.

Two options were investigated for the interconnection of this project. ‘One possible
interconnection scheme is to connect the plant to 132 kV Chakdara-New Grid Station.
Another possible point of interconnection is to connect the said plant to 220. kv
Chakdara Grid Station.

In view of planned COD of Sharmai HPP in 2025, the proposed interconnection schemes
have been assessed for steady state conditions through detailed load flow studies for
summer 2025,

Steady state analysis by load flow reveals that the proposed scheme is adequate to
evacuate the maximum power-of 150 MW of the plant under normal conditions and no
constraints are caused by the interconnection of Sharmai HPP in the 132 kV network of

PESCO or 220 kV network of NTDC in the load flow scenarios of summer 2025.

The short circuit levels of the Sharmai HPP 132 kV are 6.92 kA and 2.61 kA for 3-phadse
and |-phase faults, respectively, in the year 2024-25. Similarly, the'shqrt_ circuit levels
of the Sharmai HPP 220 kV are 6.73 kA and 6.92 kA for 3-phase and |-phase faults,
respectively, in the yeai' 2024-25. Therefore, industry standard switchgear of a short
circuit rating of 40 kA would be sufficient for installation at switchyard of Sharmai HPP,
as the maximum short circuit levels for the year 2024-25 were also found to be well
wi'fhi>n this range, taking care of any future generation additions and system
reinforcements in its electrical vicinity and also fulfilling the NEPRA Grid Code
requirements speéiﬁed for 132 kV and 220 kV switchgears. There are no violations of
the power rating of the equipment in the vicinity of Sharmai HPP in the event of fault
conditions. '

The dynamic stability analysis of proposed schemes of interconnection has been carried

out. The stability has been tested for the worst cases, i.e. three phase fault right on

Power Planners International Cdii|[Paye
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the bus bar of Sharmai HPP substation followed by trip of a single circuit from Sharmai
HPP has been performed for fault clearing of 5 cycles (100 ms), as understood to be
the normal fault clearing time of protection systeni. Also the extreme worst case of stuck
breaker (breaker failure) has been studied where the fault clearing time is assumed 9
cycles i.e. 180 ms for single phase fault. The stability of the system for far end faults of
3-phase occurring at Sharmai bus bar has also been checked. The system is stable for all
the tested fault conditions.

+ The proposed scheme of interconnection have been subjected to Load Flow, Short Circuit

and Dynamic Stability Analysis and found to be feasible for interconnection of Sharmai
HPP with the PESCO network.
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1.Introduction
1.1. Background

Khyber Pakhtunkhwa has a rich potential of small and big hydropower projects in the province.
A lot of private investors are coming in to tap this huge natural resource. Sapphire Hydro
Limited is one such investor which plans to develop a 150 MW hydropower plant at Chakdara,
Upper Dir. The project site is located about 95 km from Chakdara 220/132 kV G/S. The net
output planned to be generated from the site is about 150 MW of electrical power. The
electricity generated from this project would be supplied to the grid system of NTDC through
220/132 kV Chakdara Grid Station. Sharmai HPP is expected to start commel‘ciaf operation by
2025. The app;‘o:{imate location of Sharmai HPP can be seen in the maplattached in Appendix

— B and the neighboring network is evident from Sketch-2 attached in Appendix - B.

A number of hydropower projects are present in the vicinity of the project such as 102

MW Shigokas HPP, 63 MW Autistic-l HPP, 56 MW Artistic-1I HPP, 81 MW Malakand HPP,
69 MW Lavi HPP along with several small HPPs such as Dargai, Koto and Jabban hydropower

projects.

1.2. Objectives

The overall objective of the Study is to evolve an interconnection scheme between
Sharmai HPP and PESCO network, for stable and reliable evacuation of 150 MW of
electrical power generated from this plant, fulfilling the N-1 reliability criteria. The specific

objectives of this report are:

. To develop.scheme of interconnections at 132 kV or 220 kV for which right of
way (ROW) and space at the terminal substations would be available,

. To determine the berformance of interconnection scheme during steady state
conditions of system, normal and N-1 contingency, through load-flow analysis.

. To check if the contribution of fault current-from the plant unit increases the fault
levels at the adjoining substations at 132 kV or 220 kV voltage leve|s to be within
the rating of equipment of these substations, and also determine the short circuit

- ratings of the proposed éq’uipment of the substation at Sharmai HPP.
. To check if the interconnection withstands dynamic stability criteria of post fault

.recovery with good damping.. .
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1.3. Planning Criteria

The planning criteria required to be fulfilled by the proposed interconnection is as follows:

Steady State:
Voltage 7 + 5 %, Normal Operating Condition
+ 10 %, Contingency Conditions:
Frequency : _ 350 Hz Nominal
49.8 Hz to 50.2 Hz variation in steady state
~ 49.4-50.5 Hz, Min/Max Contingency Freq. Band
. . Power Factor ) , 0.80 Lagging; 0.9 Leading
| Short Cireuit:

132 kV Substation Equipment Rating of 40 kA
" 220 kV Substation Equipment Rating of 40 kA
Dynamic/Transient:

" The system should revert to normal condition after transients die out with good damping,
without losing synchronism. The system is tested under the following fault conditions:

a) Permanent three-phase fault on any primary transmission element; including:
transmission circuit, substation bus section, transformer or circuit breaker. It is assumed
that such a fault shall be cleared by the associated circuit breaker action in 5 cycles.

by Failure of a circuit breaker to clear a tault {(“Stuck Breaker” condition} in 9 cycles after
fault initiation. «
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2. Assumptions of Data

As per the data provided by the client following data has been modeled: -

2.1. Sharmai HPP Data

No. of Units =3
Gross Capacity of Power Project =152.12 MW
Auxiliary Load = 1% (1.52 MW)

Net Capacity of the Power Project =150 MW
. Lump sum MVA éapacity =167 MVA
Generating Voltage =11kV

The detailed parameters, which have been used in this study, for all the machines are

attached in Appendix — B.

2.2. Network Data

The 132 kV network in the area near Sharmai HPP, is shown in Sketches in Appendix-
B. The l‘atest Generation Expansion Plan and Load Forecast of NTDC, as available, and
latest network data and load forecast of PESCO, vide data permission letter no. CE (Dev)
5100-04 dated 20/07/2020 has been used as shown in Appendix-A.
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3.Study Approach and Methodology

3.1. Understanding the Problem

Sapphire Hydro Limited is developing a hydropower project in the Upper Dir on River

Panjkora with the aim of exporting a maximum of 150 MW supply to the grid. The site of

proposed project is located at a distance of about 95 km from the 220/132 kV Chakdara

Grid Station. The proposed Sharmai Hydropower Project is going to be embedded in the

transmission network of PESCO through the most feasible network.

The adequacy of power system network in and around the proposed site of Sharmai HPP

. has been investigated in this study for absorbing and transmitting this power tulfilling the

reliability criteria.

3.2. Approach to the Problem

. The following approach has been applied to the problem:

L
4

The scenario of summer 2025 has been selected for the study of Sharmai HPP. Thus,
lines in the vicinity of this plant will be loaded to the maximum extent, allowing us

to judge the complete impact of the plaht onthe tl'h|15111issi011 system inits vicinity.

The scenario of summer 2025 has also been completely analyzed for the system,
considering maximum hydel dispatches and the maximum power demand in the

system.

An interconnection scheme without any physical constraints, such as right of way or

availability of space in the terminai substations, have been identified.

Technical system studies have been conducted for peak load conditions, to cu_nﬁl;m
technical feasibility of the interconnection. The schemes will be subjected to
standard analyses such as load flow, short circuit, and transient stability to gauge the
strength of  the machines and the proposed interconnection under disturbed
conditions. '
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4.Development of Interconnection Scheme

4.1. The Existing Network and the Proposed Scheme of
Interconnection

The existing 132 kV network available around the proposed location of Sharmai HPP is shown

in Sketch-1 in Appendix-B.

Two options were considered for interconnection of Sharmai HPP. First option is to connect
the HPP to 132 kV grid station of Chakdara. The other option is to connect Sharmai HPP to
220 kV Chakdara grid station. '

Sharmai HPP can be connected to 220/132 kV with a 95 km double circuit. The conductor for

the scheme is Rail, so that power can easily be evacuated even during N-1 contingency.

Hence, this scheme of interconnection has been studied for load flow analysis in this report.
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5. Detailed Load Flow Studies

The base cases have been developed for the peak conditions of summer 2025 using the
network data of NTDC available with PPl and the updated transmission plan and load
forecast of PESCO. Detailed load flow studies have been carried out for summer 2025, The
plant has been modelled in detail according to the client provided information mentioned in
Chapter- 2 and attached in Appendix - B. Option-1 is when Sharmai HPP is clonnected to
Chakadara 132 kV. Option-2 has Sharmai HPP connected to Chakdara 220 kV.

5.1. Peak Load Flow Case Summer 2025 (Option-1) .

5.1.1. Peak Load Flow Case Summer 2025 — Without Sharmai HPP

The results of load flow for this base case are plotted in Exhibit 0.0 of Appendix-C. The system
plotted in this Exhibit shows 132 kV network in the vicinity of Sharmai HPP including the 132
kV substations of Munda, Khar Bajawar, Chakdara, Timergara, etc.

The load flow results show that the power flows on all circuits are within their specified normal

current carrying rating. The voltages are also within the permissible limits.

N-1 contingency analysis has been carried out and the plotted results are attached in Appendix
. —C as follows:

Exhibit-0.1  Timergara to Chakdara New 132 kV Single Circuit Out
Exhibit-0.2  Chakdara New to Chakdara 132 kV Single Ciréuit Out
Exhibit-0.3  Kabal to Chakdara New 132 kV Single Circuit Out
Exhibit-0.4  Chakdara to Shergarh 132 kv Single Circuit Out
Exhibii-O.S Sher’gzirh to Mardan-11 132 kV Single Circuit Out
Exhibit-0.6  Chakdara to Jabban PH 132 kV Single Circuit Out
Exhibit-0.7  Jabban PH to Jalala 132 kV angle Cil;Cllit Out
Exhibit-()..S Chakdara New 220/132 kV Singie Transformer Out

5.1.2. Peak Load Flow Case Summer 2025 — With Sharmai HPP

The results of load flow for the base case with Sharmai HPP interconnected are shown in

Exhibit 1.0 of Appendix-C. The power flows on the circuits under normal conditions are seen

well within the rated capacities. Also, the voltages on the bus bars are within the permissible

operating range of = 5 % off the nominal

We find no capacity constraints on the 132 kV circuits under normal conditions i.e. without
any outages of circuits as shown in Exhibit 1.0 in Appendix - C
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N-1 contingency analysis has been carried out and the plotted results are attached in Appendix

— C as follows:

Exhibit-1.1  Sharmai HPP to Chakdara New 132 kV Single Circuit Out
Exhibit-1.2  Timergara to Chakdara New 132 kV Single Circuit OQut
Exhibit-1 .‘3 Chakdara New to Chakdara 132 kV Single Circuit Out
Exhibit-1.4  Kabal to Chakdara New 132 kV Single Circuit Out
Exhibit-1.

W

Chakdara to Shergarh 132 kV Single Circuit Out
Exhibit-1.6  Shergarh to Mardan-I1 132 kV Single Circuit Out
Exhibit-1.7  Chakdara to Jabban PH 132 kV Single Circuit Out
Exhibit-1.8  Jabban PH to Jalala 132 kV Single Circuit Out
Exhibit-1.9  Chakdara New 220/132 kV Single Transformer Out

We find that power flows on the circuits are seen well within the rated capacities and the
voltages on the bus bars are also within the permissible operating range of £ 10 % off the
nominal for contingency conditions’ criteria. We find no capacity constraints on- 132 kV

circuits under normal and contingency conditions.

5.2. Off- Peak Load Flow Case Summer 20235

An off-peak case has been developed from the peak 2025 case considering 80% loads and off-
peak hydel dispatches in the system. The normal case for this analysis is shown in Exhibit —
2.0 in Appendix — C. '

The power flows on the circuits are seen well within the rated capacities and the voltages on

the bus bars are also within the permissible operating range of + 5 % off the nominal.

~ We find no capacity constraints on 132 kV circuits under normal conditions i.e. without any

outages of circuits, as shown in Exhibit 2.0 in Appendix - C,

N-1 contingency analysis has been carried out and the plotted results are attached in Appendix
— C as tollows:

Exhibit-2.1  Sharmai HPP to Chakdara New 132 kV Single Circuit Out

Exhibit-2.2  Timergara to Chakdara New 132 kV Single Circuit Out

‘ Exhibit-2.3  Chakdara New to Chakdara 132 kV Single Circuit Out
‘Exhibit-2.4  Kabal to Chakdara New 132 kV Single Circuit Out

Exhibit-2.5  Chakdara to Shergarh 132 kV Single Circuit Out
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Exhibit-2.6  Shergarh to Mardan-11 132 kV Single Circuit Qut
Exhibit-2.7  Chakdara to Jabban PH 132 kV Single Circuit Out
Exhibit-2.8  Jabban PH to Jalala 132 kV Single Circuit Out
Exhibit-2.9  Chakdara New 220/132 kV Single Transformer Out

The power flows on the circuits are seen well within the rated capacities and the voltages on
bus bars are also within the permissible operating range of = 10 % off the nominal for

contingency conditions” criteria.

We find that there are no capacity constraints in the proposed connectivity scheme even in the
off-peak scenario. '

5.3. Peak Load Flow Case Summer 2025 (Option-2)

5.3.1. Peak Load Flow Case Summer 2025 — Without Sharmai HPP

The results of load flow for this base case are plotted in Exhibit 0.0 of the 220 kV connectivity
section of Appendix-C. The system plotted in this Exhibit shows 132 kV network in the vicinity
of Sharmai HPP including the 220 kV substations of Swabi, Nowshera, Peshawar, Mardan, etc.

The load flow results show that the power flows on all circuits are within their specified normal
current carrying rating. The voltages are also within the permissible limits.

N-1 contingency analysis has been carried out and the plotted results are attached in Appendix
— Cras follows:

Exhibit-0.  Chakdara to Nowshera 220 kV Single Circuit Out
Exhibit-0.2  Nowshera to Swabi 220 kV Single Circuit Out
Exhibit-0.3 ‘Nowshera to Shaibag-N 220 kV Single Circuit Out
Exhibit-0.4  Nowshera to Kohat 220 kV Single Circuit Out
Exhibit-0.5 Chakdara to Mardan 220 kV Single Circuit Out
Exhibit-0.6  Tarbela to Mardan 220 kV Single Circuit Out

Exhibit-0.7  Chakdara New 220/132 kV Single Transformer Out

5.3.2. Peak Load Flow Case Summer 2025 — With Sharmai HPP

The results of load tlow for this case with Sharmai HPP interconnected are shown in Exhibit
1.0 of the 220 kV connectivity section of Appendix-C. The system plotted in this Exhibit shows

220 kV network in the vicinity of Sharmai HPP including the 220 kV substations of Chakdara, .

Nowshera, Swabi, Peshawar, Mardan etc.
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The power flows on the circuits under normal conditions are seen well within the rated
capacities. Also, the voltages on the bus bars are within the permissible operating range of £
5 % off the nominal

We find no capacity constraints on the 220 kV circuits under normal conditions i.e. without
any outages of circuits as shown in Exhibit 1.0 in Appendix - C

N-1 contingency analysis has been carried out and the plotted results are attached in Appendix
—C as follows:

Exhibit-1.]1  Sharmai HPP to Chakdara 220 kV Single Circuit Out
Exhibit-1.2  Chakdara to Nowshera 220 kV Single Circuit Out
Exhibit-1.3  Nowshera to Swabi 220 kV Single Circuit Out -
Exhibit-1.4  Nowshera to Shaibag-N 220 kV Single Circuit Out
Exhibit-1.5  Nowshera to Kohat 220 kV Single Circuit Out
Exhibit-1.6  Chakdara to Mardan 220 kV Single Circuit Out
Exhibit-1.7  Tarbela to Mardan 220 kV Single Circuit Out
Exhibit-1.8  Chakdara New 220/132 >kV Single Transformer Out

We find that bower flows on the circuits are seen well within the rated capacities and the
voltages on the bus bars are also within the permissible operating range of & 10 % off the
nominal for contingency conditions® criteria. We find no capacity constraints on 220 kV
circuits under normal and contingency conditions.

5.4. Off- Peak Load Flow Case Summer 2025

An off-peak case has been developed from the peak 2025 case considering 80% loads and off-
peak hydel dispatches in the system. The normal case for this analysis is shown in Exhibit —
2.0in Appendix—-C.

The power flows on the circuits are seen well within the rated capacities and the voltages on

the bus bars are also within the permissible operating range of £ 5 % off the nominal.

We find no 6apacity constraints on 220 KV circuits under normal conditions i.e. without any

outages of circuits, as shown in Exhibit 2.0 in Appendix - C.

N-1 contingency analysis has been carried out and the plotted results are attached in Appendix
—C as tollows: .

- Exhibit-2.1  -Sharmai HPP to Chakdara 220 kV Single Circuit Out

Exhibit-2.2  Chakdara to Nowshera 220 kV Single Circuit Out

s . X . . . . .
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Exhibit-2.3
Exhibit-2.4
Exhibit-2.5
Exhibit-2.6
Exhibit-2.7

Exhibit-2.8

Nowshera to Swabi 220 kV Single Circuit Out
Nowshera to Shaibag-N 220 kV Single Circuit Out
Nowshera to Kohat 220 kV Single Circuit Out
Chakdara to Mardan 220 kV Single Circuit Out
Tarbela to Mardan 220 kV Single Circuit Out

Chakdara New 22(/132 kV Single Transtormer Out

The power flows on the circuits are seen well within the rated capacities and the voltages on

bus bars are also within the permissible operating range of £ 10 % off the nominal for

contingency conditions’ criteria.

We find that there are no capacity constraints in the proposed connectivity scheme even in the

off-peak scenario.

5.5. Conclusion of Load Flow Analysis

From the analysis discussed above. we conclude that the proposed connection of

Sharmai HPP with network according 10 proposed interconnection schemes is adequate to

evacuate its power under normal as well as contingency conditions. Hence, there are no

constraints in connecting Sharmai HPP to the 220/132 kV Chakdara Grid Station for the

evacuation of 150 MW power.

&
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6.Short Circuit Anaj :is
6.1.1. Methodology and Assumptions

The methodology of IEC 909 has been applied in all short circuit analyses in this report for

which provision is available in the PSS/I% software used for these studies.

The maximum fault currents have been calculated with the following assumptions under IEC
909: '

e Set tap ratios to unity
e Set line charging to zero
e Set shunts to zero in positive sequence

* Desired voltage magnitude at bus bars set equal to 1.10 P.U. i.e. 10 % higher than

neminal, which is the maximum permissible voltage under contingency condition.

For evaluation of maximum short circuir levels we have assumed contribution in the fault
currents from all the installed generation capacity of hydel, thermal and nuclear plants in the

. system in the years 2025 i.e. all the generating units have been assumed on-bar in fault

calculation’s simulations.

The assumptions about the generator and the transformers data are the same as mentioned in
Chapter.2 of this report. '

6.2. Fault Current Calculations Year 2025 (Option-1)

6.2.1. Fault Current Calculations Year 2025 - without Sharmai HPP

Inorder to assess the short circuit strength of the 132 kV network without Sharmai HPP; three-
phase and'single-phase tault currents have been calculated for PESCO in the vicinity of the site
of the Plant near Chakdara. The results arc attached in Appendix — D.

The short circuit levels have been calculated and plotted on the bus bars of 132 kV of
substations lying in the electrical vicinity of our area of interest and are shown plotted in the
Exhibit 3.0 attached in Appendix-D. Both 3-phase and 1-phase fault currents are indicated in
the Exhibit 3.0 which are given in polar coordinates i.e. the magnitude and the angle of the
current. The total fault currents are shown below the bus bar.

The tabular output of the short circuit calculations is also attached in Appendix-D for the 132

- kV and 11 kV bus bars of our interest. The total maximum fault currents for 3-phase and 1-

phase short circuit at these substations arc summarized in Table 6.1, We see that the maximum

~ fault currents do not exceed the short circuit ratings of the equipment at these 132 kV

substations which normally are 31.5 kA {or older substations and 40 kA for new substations.
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Table-6.1
Maximum Short Circuit Levels without Sharmai HPP — Year 2025

Substation 3-Phasc Mault curl'ent; kA | 1-Phase fault current, kA
Chakdara New 132 kV 20.82 | 5.38
Chakdara 132 kV 19.93 - 5.38
Timergara 132 kV 11.06 3.02
Salarzai 132 9.37 1.16
Barikot 132kV | 0.54 2.17
Shergarh 132 kV 9.20 | - 1.99
Lal Qila 132 kV 3.63 1.29
Koto HPP 132 kV 9.30 256

- 6.2.2. Fault Current Calculations Year 2025 - with Sharmai HPP-
Fault currents have been calculated for the electrical interconnection of proposed scheme.
Fault types applied are three phase and single-phase at the 132 kV bus bar of Sharmai HPP
itself and other bus bars of the 132 k\' and 11 kV substations in the electrical vicinity of

Sharmai HPP. The graphic results are shovn in Exhibit 3.1.

The tabulated results of short circuit analvsis showing all the fault current contributions with
short circuit impedances on 132 kV bus bars of the network in the electrical vicinity of Sharmai
HPP and the 132 kV bus bars of Sharmai FIPP itself are placed in Appendix-D. Brief summary

of fault currents at significant bus bars ol our-interest are tabulated in Table 6.2.’

Table-6.2
Maximum Short Circuit I .¢vels with Sharmai HPP — Year 2025
Substation 3-Phasc [ault current, kA | 1-Phase fault current, kA
Sharmai HPP 132 kV 6.92 2.61
Chakdara New 132 kV _ 22.64 5.92
Chakdara 132 kV 21.20 573
Timergara 132 kV 11.30 _ 3.07
Salarzai 132 ' 9.69 _ 1.18
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Barikot {32 kV 9.80 2.22

Shergarh 132 kV 9.24 2.00
Lal Qila 132 kV 5.68 1.30
Koto HPP 132 kV ' 9.45 2.59

Comparison of Tables 6.1 and 6.2 show < in increase in short circuit levels for three-phase and
single-phase faults due to connection of Sharmai HPP on the 132 kV bus bars in its vicinity.
We find that even after some increase. these Fault levels are much below the rated shott circuit

values of the equipment installed on these substations.

6.3. Fault Current Calculations Year 2025 (Option-2)
6.3.1. Fault Current Calculations Year 2025 - without Sharmai HPP

In order to assess the short circuit strengih o1 the 220 kV network without Sharmai HPP, three-
phase and single-phase fault currents have heen calculated for NTDC/PESCO in the vicinity
of the site of the Plant near Chakdara. TThe results are attached in Appendix ~ D.

The short circuit levels have been calculated and plotied on the bus bars of 220 kV of
substations lying in the electrical vicinily of our area of interest and are shown plotted in the
Exhibit 3.0 attached in Appendix-D. Both 3-phase and 1-phase fault currents are indicated in
the Exhibit 3.0 which are given in polar coordinates i.e. the magnitude and the angle of the
current. The total fault currents are shown below the bus bar.

The tabular output of the short circuit calculations is also attached in Appendix-D for the 220
kV bus bars of our interest. The total maximum fault currents for 3-phase and 1-phase short

" circuit at these substations are summariscd in Table 6.1. We see that the maximum fault

currents do not exceed the short circuit ratings of the equipment at these 220 kV substations. .

Table-6.3
Maximum Short Circuit Levels without Sharmai HPP — Year 2025

Substation 3-Phase lault current, kA | 1-Phase fault current, kA
‘Chakdara 220 kV 13.71 8.92
Nowshera 220 kV +47.76 32.12
Swabij 220 kV 7 22.28 11.55
Shaibag-N 220 kV 32.55 21.61
Kohat 220kV | 1540 1047
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Peshawar 220 kV 37.46 25.73

Noshera-1 220 kV 42.92 29.87

Mardan 220 kV 30.41 19.33

6.3.2. Fault Current Calculations Year 2025 - with Sharmai HPP
Fault currents have been calculated for the electrical interconnection of proposed scheme.
Fault types applied are three phase and single-phase at the 220 kV bus bar of Sharmai HPP
itself and other bus bars of the 220 kV substations in the electrical vicinity of Sharmai HPP.

The graphic results are shown in Exhibit 3.1,

The tabulated results of short circuit analvsis showing all the fault current contributions with
short circuit impedances on 220 kV bus biirs of the network in the electrical vicinity of Sharmai
HPP and the 220 kV bus bars of Sharmai [ 1PP itself are placed in Appendix-D. Brief summary
of fault currents at si.gniﬁcant bus bars of our interest are tabulated in Table 6.2.

Table-6.4 )
Maximum Short Circuit Levels with Sharmai HPP — Year 2025

Substation 3-Pll=l§c fault current, kA 1-Phase fault current, kA
Sharmai HPP 220 kV 6.73 6.92
Chakdara 220 kV 15.16 | 10,95
Nowshera 220 kV 48.26 3248 .
Swabi 220 kV L2240 11.59
Shaibag-N 220 kV R 7
Kohat 220 kV 1543 10.48
Peshawar 220 kV 37.62 25.84
Noshera-1 220 kV 4325 30.10 °
Mardgn 220kV ' 30.81 '19.67

Comparison of Tables 6.1 and 6.2 shows 1 increase in short circuit levels for three-phase and
single-phase faults due to connection of Sharmai HPP on the 220 kV bus bars in its vicinity.
We find that even after some increase, these fault levels are much below the rated short circuit

values of the equipment installed on thesc substations.
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6.3.3. Conclusion of Short Circuit Analysis
The short circuit analysis results show that for the proposed scheme of interconnection of
Sharmai HPP, we don’t find any violations of short cireuit ratings of the already installed
equipment on the 132 kV and 220 kV bus bars in the vicinity of the plant due to fault current
contributions from Sharmai HPP. Therefore industry standard switchgear of the short circuit
rating of 40 kA would serve the purpose as per NTDC requirement taking care of any future
generation additions and system reinforcements in its electrical vicinity. -
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7.Dynamic Stability Analysis
7.1. Assumptions and Methodology
7.1.1. Dynamic Models Assumptions

The assumptions about the generatorand its parameters are the same as mentioned in Chapter
2 of this report.

We have employed the generic dynamic models available in the PSS/E model library for

dynamic modeling of the generator, exciter and the governor as follows;

Generator GENSAL
Excitation System . EXSTI
Speed Governing System HYGOV

7.1.2. Dynamic Models Assumptions

The scenario of summer 2025 has been selected for the study because it represénts the peak
load season after the COD of Sharmai HPP and thus the loading on the lines in the vicinity of
Sharmai HPP will be maximum, allowing us to judge the full impact of the plant.

The proposed Sharmai HPP has been modeled in the dynamic simulation as per data provided
by client. All the power plants of WAPDA/NTDC from Tarbela to Hub have been dynamically
represented in the simulation model.

7.1.3. Presentation of Results

The plotted results of the simulations runs are placed in Appendix-E. Each simulation is run

for its tirst one second for the steady state conditions of the system prior te fault or disturbance. -

This is to establish the pre fault/disturbance conditions of the network under study were smooth

a'nd‘ﬂeady. Post fault recovery has been monitored for ten seconds. Usually all the transients

due to non-linearity die out within a few seconds after disturbance is cleared in the system,

7.2. Worst Fault Cases (Option-1) |

Three phase faults are considered as the worst disturbance in the system. We have considered
3-phase fault in the closest vicinity of Sharmai HPP ie. right at the 132 kV bus bar of Sharmai
HPP substation, cleared in 5 cycles, as normal clearing time for 132 kV i.e. 100 .ms, followed
by a permanent trip of a 132 kV single circuit from Sharmai HPP to Chakdara. Also to fulfil
the Grid Code criteria case of stuck breaker (breaker failure) single phase fault has also been
studied where the fault clearing time is assumed 9 cycles i.e. 180 ms. '

~7.2.1. Dynamic Stability Simulations Results

The detailed parameters used for the Stability Analysis have been tabulated in Appendix — E.
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a) Fault at 132 kV Sharmai HPP

Fault Type: 3-Phase

Fault Location: Sharmai 132 kV bus bar

Fault Duration: 5 cycles (100 ms)

Line Tripping: Sharmai HPP to Chakdara New 132 kV single circuit

Variable Bus/Line Response ;‘Eure
t. Sharmai HPP 11 kV '
2. Sharmai HPP 132 kV The voltages of
Voltage 3. Chakdara New 132 kV all the bus bars I
4. Kabal 132 kV recover after |
5. Barikot 132 kV fault clearance
6. ChiratInd 132 kV
Frequency Sharmai 132 kV ?ecovens. after .2
ault clearance
MW/MVAR Recovers after
Output of the | Sharmai unit-1 11 kV damping down | 1.3
Plant oscillations
Speed and Recovers after
Pumechaniceal of the | Sharmai unit-1 11 kV damping down | 1.4
Plant oscillations
Attains steady
Line Flows | Sharmai to Chakdara 132 kV intact state value 15
(MW/MVAR) | single circuit after damping | *°
~ of oscillations
. Sharmaj HPP 11 kV
2. Shigokas 132kV | Damps  down
7 3. Artistic-1 132 kV quickly  and
Rotor Angles 4, Koto HPP 132 kV attain a steady 1.6
5. Malakand 132 kV tate value '
6. G.Brotha 500 kV(reference state v
angle)
gg}' Power Planners International 17| Page



b) Fault at 132 kV Sharmai HPP (Stuck Breaker)

Fault Type: |-Phase

Fault Location: Sharmai 132 kV bus bar

Fault Duration: 9 cycles (180 ms)

Line Tripping: Sharmai to Chakdara New 132 kV single circuit

Variable Bus/Line Response g:ogul ¢
1. Sharmai HPP 1l kV
2. Sharmai HPP 132 kV The voltages of
Voltace 3. Chakdara New 132 kV all the bus bars o
e 4, Kabal 132 kV recover after [ ™
5.. Barikot 132 kV fault clearance
6. Chirat Ind 132 kV
Frequency Sharmai 132 kV ECCOVCIS' after 22
ault clearance
MW/MVAR Recovers after
Output of the | Sharmai Unit-1 11 kV damping down | 2.3
Plant oscillations
Speed and | Recovers after
Puechanicw of the | Sharmai Unit-1 11 kV damping down | 24
Plant oscillations
Attains steady ‘
Line  Flows | Sharmai to Chakdara 132 kV intact state  wvalue | , ¢
(MW/MVAR) | single circuit after damping [ ™
of oscillations
1. Sharmai HPP 11 kV
2. Shigokas 132 kV
| 3 Actistio] 132 KV Damps - dows
Rotor Angles 4. Koto HPP 132 kV quickly - and i, ¢
' 3.
6.

Malakand 132 kV
G.Brotha 500 kV(reference
angle) :

attain a steady
state value
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¢) Fault at 132 kV Chakdara New

Fault Type: 3-Phase
Fault Location: Chakdara New 132 kV bus bar
Fault Duration: 5 cycles (100 ms)
Line Tripping: Sharmai HPP to Chakdara New 132 kV single circuit
Variable Bus/Line Response glogm ¢
1. Chakdara New 132 kV
2. Sharmai HPP 132 kV The voltages of
Voltage 3. Kabal 132kV all the bus bars 3]
“e 4, Barikot 132 kV recover  after [ ™
5. ChiratInd 132 kV fault clearance
6. Timergara 132 kV
Frequency Sharmai 132 kV ECCOVCIS. after 3.2
ault clearance
MW/MVAR Recovers after |.
Output of the { Sharmai Unit-1 11 kV damping down | 3.3
Plant oscillations
Speed and Recovers after
Pumecanicss of the | Sharmai Unit-1 11 kV damping down | 3.4
Plant oscillations
‘ Attains steady
Line Flows | Sharmai to Chakdara 132 kV intact state value | , 5
(MW/MVAR) | single circuit after damping -
of oscillations .
I. Sharmai HPP 11 kV
2. Shigokas 132 kV Damps  down
3. Artistic-1 132 kV quickly  and
Rotor Angles 4. Koto HPP 132 kV attain a steady 3.6
: 5. Malakand 132 kV state value
6. G.Brotha 500 kV(reference
angle)
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7.3. Worst Fault Cases (Option-2)

Three phase faults are considered as the worst disturbance in the system. We have considered
3-phase fault in the closest vicinity of Sharmai HPP i.e. right at the 220 kV bus bar of Sharmai
HPP substation, cleared in 5 cycles, as normal clearing time for 220 kV i.e. 100 ms, followed
by a permanent trip of a 220 kV single circuit from Sharmai HPP to Chakdara. Also to fulfil
the Grid Code criteria case of stuck breaker (breaker failure) single phase fault has also been

studied where the fault clearing time is assumed 9 cycles i.e. 180 ms.

7.3.1. Dynamic Stability Simulations Results

The detailed parameters used for the Stability Analysis have been tabulated in Appendix — E.
a) Fault at 220 kV Sharmai HPP

=

Fault Type: 3-Phase
Fault Location: Sharmai 220 kV bus bar
Fault Duration: 5 cycles (100 ms)
Line Tripping: Sharmai to Chakdara 220 kV single circuit
Variable Bus/Line Response glogu' ¢

i. Sharmai 1 kV

2. Sharmai 220 kV The voltages of
Voltage 3. Chakdara_ 220 kV all the bus bars 11

¢ 4, Chakdara New 132 kV recover  after | -

5. Nowshera 220 kV fault clearance

6. Swabij 220 kV
Frequency Sharmai 220 kV ?a?ﬁ?zgzmit:l 12
MW/MVAR Recovers after
Output, of the | Sharmai unit-1 11 kV damping down | 1.3
Plant oscillations .

'| Speed and ' . Recovers after :
Puechanicat 0f the | Sharmai unit-1 11 kV damping down | 1.4
Plant oscillations
Attains steady
Line Flows | Sharmai to Chakdara 220 kV intact | state value 15
(MW/MVAR) | single circuit ' after damping |
. of oscillations

1. Sharmai HPP 11 kV

2. Mohmand HYD 220 kV Damps  down |-

3. Unit-1 Tarbela 13.8 kV ! lfl A
Rotor Angles 4. Artistic-1 11 kV quickly  ar 1.6

5. Koto HPP 132 kV attain a steady

6. G.Brotha 500 kV(reference state value

angle)
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b) Fﬁult at 220 kV Sharmai HPP (Stuck Breaker)

Fault Type: 1-Phase
Fault Location: Sharmai 220 kV bus bar
Fault Duration: 9 cycles (180 ms)
Line Tripping: Sharmai to Chakdara 220 kV single circuit
Variable Bus/Line Response :Ilogm ¢
1. Sharmai !l kV :
2. Sharmai 220 kV The voltages of
Voltaee 3. Chakdara 220 kV all the bus bars 5
s 4, Chakdara New 132 kV recover  after |~
5. Nowshera 220 kV fault clearance
6. Swabi 220 kV
Frequency Sharmai 220 kV ff‘{eCOVEIS.Bﬂ(‘H 2.2
ault clearance
MW/MVAR Recovers after
Output of the [ Sharmai unit-1 11 kV damping down | 2.3
Plant oscillations
Speed and Recovers after
Puectanical of the | Sharmai unit-1 11 kV damping down | 2.4
Plant oscillations
Attains steady
Line Flows | Sharmai to Chakdara 220 kV intact | state value 25
(MW/MVAR) | single circuit after damping | ™
of oscillations
1. Sharmai HPP 11 kV
2. Mohmand HYD 220 kV Damps  down
3. Unit-1 Tarbela 13.8 kV quickly and
Rotor Angles 4. Artistic-1 11 kV attain a steady 2.6
i 5. Koto HPP 132 kV state value
6. G.Brotha 500 kV(reference
angle) - '

(L]
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¢) Fault at 220 kV Chakdara

Fault Type: 3-Phase

Fault Location: Chakdara 220 kV bus bar

Fault Duration: 5 cycles (100 ms)

Line Tripping: Sharmai to Chakdara 220 kV single circuit

Variable Bus/Line Response g:(:g,ure

1. Sharmai 11 kV _ .

2. Sharmai 220 kV The voltages of

3. Chakdara 220 kV all the bus bars
Voltage 4. Chakdara New 132 kV recover after 3.1

5. Nowshera 220 kV fault clearance

6. Swabi 220 kV
Frequency Sharmai 220 kV :}ecovels' aftel 32

ault clearance
MW/MVAR Recovers after
Output of the | Sharmai unit-1 11 kV damping down | 3.3
Plant oscillations
Speed and ‘Recovers after
Pucenanical of the | Sharmai unit-1 11 kV damping down | 3.4
Plant oscillations
- Attains steady
Line Flows | Sharmai to Chakdara 220 KV intact | state value 35
(MW/MVAR) | single circuit after damping | 7
) of oscillations

1. Sharmai HPP |1 kV

2. Mohmand HYD 220 kV Damps  down

3. Unit-1 Tarbela 13.8 kV quickly and
Rotor Angles 4. Artistic-1 11 kV attain a steady 3.6

5. Koto HPP 132 kV tate value

6. G.Brotha 500 kV(reference state valu

angle)

7.4. Conclusion of Dynamic Stability Analysis

The results of dynamic stability carried out for summer 2025 show that the system is very
strong and stable for the proposed scheme for the severest possible faults of 132 kV and 220
kV systems near to and far from Sharmai HPP under all events of disturbances. Therefore there
is no problem of dynamic stability for interconnection of sharmai HPP; it fulfills all the criteria

of dynamic stability.
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8.Conclusions

The Final Report of 150 MW Sharmai Hydro Power Project by Sapphire Hydro Limited
in Upper Dir, Khyber Pakhtunkhwa, is submitted herewith. '

Two options were investigated for the interconnection of this project. One possible
interconnection scheme is to connect the plant to 132 kV Chakdara-New Grid Station.
Another possible point of interconnection is to connect the said plant to 220 kV
Chakdara Grid Station.

In view of planned COD of Sharmai HPP in 2025, the proposed interconnection schemes
have been assessed for steady state conditions through detailed load flow studies for

summer 2025,

Steady state analysis by load flow reveals that the proposed scheme is adequate to
evacuate the maximum power of 150 MW of the plant under normal conditions and no
constraints are caused by the interconnection of Sharmai HPP in the ]3_2 kV network of
PESCO or 220 kV network of NTDC in the load flow scenarios of summer 2025.

The short circuit levels of the Sharmai HPP 132 kV are 6.92 kA and 2.61 kA for 3-phase
and 1-phase faults, respectively, in the year 2024-25. Similarly, the short circuit levels
of the Sharmai HPP 220 kV are 6.73 kA and 6.92 kA for 3-phase and 1-phase faults,
respectively, in the year 2024-25. Therefore, industry standard switchgear of a short
circuit rating of 40 kA would be sufficient for installatidn at switchyard of Sharmai HPP,
as the maximum short circuit levels for the year 2024-25 were also found to be well
within this range, taking care of any future generation additions and system
reinforcements in its electrical vicinity and also fulfilling the NEPRA Grid Code
requiremehts specified for 132 kV arid 220 kV switchgears. There are no.violations of
the power rating of the equipment in the vicinity of Sharmai HPP in the event of fault

conditions.

The dynamic stability analysis of proposed schemes of interconnection has been carried
out. The stability has been tested for the worst cases, i.e. three phase fault right on
the bus bar of Sharmai HPP substation followed by trip of a single circuit from Sharmai
HPP has been performed for fault clearing of 5 cycles (100 ms), as understood to be
the normal fault clearing time of protection system. Also the extreme worst case of stuck
breaker (breaker failure) has been studied where the fault clearing time is assumed 9
cycles i.e. 180 ms for single phase fault. The stability of the system for far end faults of
3-phase occurring at Sharmai bus bar has also been checked. The system is stable for all

the tested fault conditions.
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* The proposed scheme of interconnection have been subjected to Load Flow, Short Circuit
and Dynamic Stability Analysis and found to be feasible for interconnection of Sharmai
HPP with the PESCO network.

[
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1.

1.1

1.2

Executive Summary

1.3

Authorization

Sapphire Electric Company Limited, Pakistan (The Client)
appointed
Fichtner GmbH and Co KG, Germany (The Consultant)

to perform the consulting services on preparation of Feasibility Study
Report for

Sharmai Hydropower Project in Pakistan.

The contract entered into force on 17 July 2017 for the period of 17 months.

Project Background

Sapphire Electric Company Limited appointed Fichtner GmbH & Co. KG to
carry out a bankable feasibility study for Sharmai hydropower project in
Pakistan. Upon conclusion of the feasibility stage, the project is envisioned
to be developed to the tender design level and implemented as an EPC”
contract.

The project is located on Panjkora River, in Upper Dir province. It is
envisioned as a 150 MW powerplant, able to operate as a daily storage /
peaking plant. Sharmai HPP was approved by COWP / ECNEL to be
developed through PPP mode].

Objective of the Feasibility Study Report

During the initial phase of the Feasibility Study, layout alternatives of the
Sharmai Hydropower Project were identitied and studied on comparative
basis. As the result the most promising project concept was selected from
several allernatives (o be developed to the full feasibility level.

The selected project concept of the Sharmai HPP was analyzed and adjusted
to the project-specific conditions, which are defined already during the
inception phase and fine tuned later, during field investigation works. As the
consequence, a new, optimized project layout was identified and developed
up to the full feasibility level whereas the program for geotechnical
investigation works is adjusted accordingly.

The key objectives of the Feasibility Study, among others, are:

* to undertake a feasibility study to international best practice acceptable to
the Client and international financial institutions
¢ to work effectively with the Client and other involved parties
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¢ to carry out, i.e. supervise execution of the required field investigations
including geological and geotechnical field mvestlgat]ons topographic
survey and analysis of data

¢ toreview and optimize from technical and financial aspects the
alternative project concepts and to select the most promising layout for
detailed studies

e tosupervise and govern the socio-environmental impact assessment
study performed by a different consultant

¢ to estimate duration of construction works and calculate the total
construction costs of the project based on detailed evaluations, designs
etc.; and

» to evaluate the financial and economic characteristics of the Project and
to define the resulting financial parameters.

1.4 Structure of the Feasibility Study Report

The Feasibility Study for Sharmai Hydropower Project was executed in 3
stages: Inception stage, Optimization stage and Finalization stage.
Following additional reports were submitted:

¢ Executive Summary

¢ Report on Hydrology and Sediments, submitted in January 2018

e Topographic Survey Report, submitted in March 2018

» Report on Site infrastructure, Transport and Accessibility, submitted in
March 2018

» Optimization analyses including conceptual drawings, submitted in
March 2018

s Geotechnical Baseline Report, submitted in November 2018

s Report on FS Design (including drawings), Energy Production, Costs and
Implementation, submitted in November 2018

» Financial and Economic Analyses and Financing Plan, mcludmg the
financial model, submitted in November 2018.

The present report represents a single, consolidated Feasibility study Report.
1.5 Performed Engineering Works

1.5.1 Design criteria

At the outset of the Feasibility Design Stage, the set of the Design Criteria
to be applied for all engineering works was established. It compiles various
operational, safety, stability and other world-wide recognized criteria and
standards for designing of the most relevant project structures.

1.6.2 Topographic and Bathymetric Survey

Preparation of the topographic data base for Sharmai HPP was performed
for the following areas:
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¢ Tunnel area
s Dam and powerhouse sites
» Particular sites of interest: roads, bridges, man-made structures.

Topographic data base for the tunnel area was based on the satellite data
with a resolution of 50 cm for the area of approx. 110 km?. The works
performed comprise:

e Processing of satellite imagery

o (Geo-referencing

e Ortho-rectification

* Mosaicking :

e Development of a Digital Elevation Model (DEM) for the area of approx.
250 km?

¢ Preparation of contour lines with an equidistance of 5 m and 25 m.

For the dam and powerhouse areas terrestrial investigation works were
performed by Geomatics and Engineering Services (Pvt.} Limited,
contracted by the Client. Based on the terrestrial data, more accurate
topographic data base was created, including the following:

» Densification of the terrain points

e Construction of break lines such as river shore lines and road edges

e Development of a Digital Terrain Model (DTM) for the Dam project area
of 0,56 km? and creation of contour lines with an equidistance of | m and
5m

e Development of a Digital Terrain Model (DTM) for the Powerhouse
project area of 1,43 km? and creation of contour lines with an
equidistance of 1 m and 5 m.

1.5.3 Hydrologicai and Sediment Analysis

The main purpose of the hydrological and sediment study was to analyze,
update and quantify:

« the water availability at the intake site

¢ the design floods required for the design of diversion works and other
different civil and hydraulic structures of the project

¢ the sediment inflow over the project-lifetime, the expected siltation of the
pond and the adequate design of the structures.

Results of the performed analyses were considered as the inputs to the
project design, sizing and energy production analysis.
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154 Geological and Geotechnical investigation Works

In the framework of the Feasibility Study, different geological, geotechnical
and geophysical investigation works and have been carried out by Decon
International (Pvt) Ltd, contracted by the Client. The field works were
supervised by the Consultant.

Main geolegical and geotechnical works carried out within the scope of the
feasibility «tudy are:

¢ Core-drillings in total length of about 1300 m (18 straight rotary drillings
in overburden and NQ size thin walled double tube core barrel in rock
varying between 22 m and 250 m)

e Test pits (14 pits - 0.8 m to 3 m deep)

» Permeability tests (58 Lugeon tests at different boreholes/ depths)

« Seismic refraction Survey (10 lines of 2,465 meters in total)

» Standard penetration test (SPTs) in boreholes (2 in total)

+ Plate load test (1 in total)

s Laboratory tests

» [nstallation of piezometers (6 in total)

e Geological mapping

» Incorporation of Campaign results in an updated geological map

o Seismic hazard assessiment study.

155 Optimization analyses

During the initial phase of the Feasibility Study, various layout alternatives
of Sharmai Hydropower Project were identified and studied on comparative
basis. As the result of such analysis the most promising project concept was
selected from several alternatives and developed to the full feasibility level.

The optimization analysis had as the main target definition of the key
technical parameters, such as dam site, dam type, number and type of
generating units, reservoir water level and installed discharge. These
parameters were defined based on the financial parameters different project
options offered.

Secondary optimization analyses of the components within the selected
project concept were carried out and resulted in further improvement of the
refevant techno-cconomical parameters. Optimum project layout comprises
the following main components:

e reservoir, capable to be operated as a daily storage, with the maximum
operating level at 1260 mas| and minimum operating level at 1255

s aconcrete dam with the integrated gated spillway and a stiiling basin

» adiversion tunnel at the right abutment

s an open air desander with 3 chambers designed to 50% installed
powerhouse flow each

o system of power waterways
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power intake

low pressure power tunnel

e surge tank

steel lined vertical pressure shaft

s cavern powerhouse, equipped with 3 vertical Francis units

s downstream surge tank

« pressurized tailrace tunnel

e transmission line to Chakdara Substation

» access roads

¢ construction camps, quarry and depo sites and other temporary facilities.

*

1.6.6 Design of Civil Structures, HM and EM Equipment and Hydraulic
Steel Structures, Connection to the Grid

Once the optimum technical project’s layout was defined, the design of the
civil structures and equipment fine-tuned the general project’s concept. It
resulted in definition of the technical design of all major project components
such as civil structures, access roads, hydro- and electro-mechanical
equipment and hydraulic steel structures on a feasibility level.

1.56.7  Energy production analysis

Power production analysis was performed for Sharmai HPP, assuming its
seasonal operation: the plant is envisioned to operate as a peaking plant
during the low flow periods, being in operation over 4 hrs/day as a general
rule; mare than 4 hrs/day the plant shall operate only in order to avoid loss
of flow over the spillway. During the high flow season, the plant shall
operate as a run-off river plant, preserving the normal operating level in the
reservoir.

The reservoir simulation model was based on the series of daily reservoir
inflow values at the project site for the period 1961-2017 and did consider
the following inputs:

s environmental minimum release (as per the ESIA)
¢ reservoir operating water levels (maximum, minimum and flood)
o tailwater curve
¢ actual gross head (in daily steps)
¢ hydraulic losses along the power waterways
* o calculated friction head losses along the power waterways
« estimated local head losses
¢ actual (daily) flow availability and the considered installed discharges
o efficiency of the generating equipment.

This analysis reveals that the annual energy generation at the plant amounts
to about 690 GWh per year, out of which 200 GWh can be regarded as peak
power. The plant is capable of supplying 146 to 150 MW 1o the system over
the peaking hours throughout the year.
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1.5.8 Environmental and Social Impact Assessment

Environmental and social impact assessment (ESIA) was carried out by
Hagler Bailly Pakistan. The study concluded on the E-flow, major ESIA-
related impacts and the corresponding mitigation measures and provided a
detailed land acquisition plan for the project features (Section 3.3 and
Exhibit 3.4 of ESIA Main report refers to land requirement).

1.5.9 Project costs

The cost estimate which is elaborated within the scope of the Feasibility
Design stage of the Sharmai HPP offers an overview to the calculated
volumes of materials and works and the estimated unit and total prices
which cover all relevant positions of the current technical design.

The direct project costs (without taxes, duties and financing costs) are
estimated at around 363 million USD (or about 2,385 USD/kW of the
installed power) excluding price escalation during the duration of

construction works/project implementation, i.e. on the reference date end
2018.

- 1.5.10  Construction and implementation schedule

S
Construction is foreseen in 54 months, mainly depending on the supply and
the installation of the equipment and the construction works on the
powerhouse cavern. Construction works on the headrace tunnel may easily
intrude on the critical path, due to the uncertainties the underground works

carry.

1.5.11 Economic and financial analyses

Economic and financial analyses, including sensitivity analyses have been
carried out. Given the framework, under which the project is developed, the
financial analysis demonstrates that the project is financially viable in all
considered scenarios. The NPVs are in all financing scenarios positive.

Consumer surplus tariff approach confirms economic feasibility of the
project under different sensitivities, with the positive NPV and an IRR of
close to 20%.

Econcmic feasibility on LRMC basis confirms project‘s feasibility,
concluding on the IRR of 17% even at the cost increase and benefits
decrease of 10%. Alternate equivalent thermal plant approach confirms
same.

Financial analysis gives the FIRR of 9.8% (WACC of 7.8%) and the

payback period of 7 years. The Levelized tarift for the term of the PPA has
been calculated as US cent 8.9555/kWh.
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1.5.12  Salient project features

The following table summarizes the salient project features.

Table 1-1:  Salient features

e A Y g o g T I e
et Names s e S AR NP B R

Position Dam: 769 775.25; 3 897 700.84
PH: 772 485.26; 3 889 680.94

Catchment Area approx. 1,874 km?

Total Volume 5.04 Mm?

Active Volume 1.3 Mm?
Flood Level (PMF flood event) 1264.8 masl
Maximum Operating Level 1260.0 masl
Minimum Operating Level 1255.0 masl
Reservoir Area at MWL 0.4 km?
Average Reservoir Inflow 71.4 mis
Spillway Design Flood 5040 m¥/s

"Dam, River Diversion and Spillway . | “ T
Dam Type Concrete gravity
Dam Crest Elevation 1265.00 masl! (with 1.2m parapet wall)
Dam Maximum Height 45 m (to foundation)
Dam Crest Length 150 m
Biversion Tunnel - Length 500 m
Diversion Tunnel - Inner Diameter 8.0m
Upstream Cofferdam Type Rockfill with diaphragm
Upstream Cofferdam Crest Elevation 1245.50 masl
Downstream Cofferdam Type Rockfill with clay carpet
Upstream Cofferdam Crest Elevation 1231.00 mas!
Spillway Type Gated, Radial Gates
Number of Gates, Dimensions {W:H) 3,10.5x155m
Spillway Elevation 1245.00 masl
Energy Dissipation Structure Stilfing basin
Dimensions of Energy Dissipation 150 x 37.5m; 1211.00 masl

Structure (L x W, bottom elevation)
Bottom'Outlet ; : ,
Number of Outlets 1, equipped with a radial gate

Gate Dimensions (W x H) 6.5%x 7.0m
‘Desander e

Number of Chambers 3

Chamber Dimensions (L x W x H) 245 x13.5x25m
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_Power Waterways

Number of Power Tunnels

1

Tunnel Length 8500 m

Tunnel Inner Diameter 6.75 m (circular)
Number of Surge Tanks 1

Surge Shaft Inner Diameter 20m

Length of the Surge Tank

Number of Pressure {hafts 1

Pressure Shaft Length 180m

Pressure Shaft Inner Diameter

Powerhouse .. .-

Powerhouse Type Cavern

Number of Units 3

Turbine Type Francis

Total Installed Turbine Discharge 90 m¥s

Installed Power 152.12 MW
Rated Head 192.9m
Powerhouse Dimensions (L x W x H) 54.5x20x27m
Transformer Cavern Dimensions (L x 50x11x93m

W x H)

‘ Downstream'Surge Tank

Number of Surge Tanks

1

Surge Tank Dimensions {L x H x W)

‘Tailrace Tunnel °

70x16.7x29m

Length

Inner Diameter

Transmission Line

approx. 83 km

Length
Voltage 220 kV
System

Double Circuit

- Gommercial Data.

200 GWhly

7004P02/FICHT-19037155-v2

Peak Power Generation
Off-peak Power Generation 489 GWhly
EPC Costs 363 million USD
Construction Time 54 months
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2. Introduction
21 Objectives of the Project

211 Excerpt from ToR
The key objectives of Sharmai HPP are outlined in the ToR:

“The main objective of the services is to undertake all possible investigations,
studies and reports required by PEDO and various authorities for feasibility
study approval, subsequent issuance of Letter of Support (LOS), tariff and for
grant of approvals & licenses and signing of various agreements with
respective authorities and Governmental agencies for the successful
implementation and development of Sharmai Hydro Electric Power Project.

The feasibility study shall be bankable having all necessary investigations,
reports, studies and Information that is required by local banks and
Jinancial institutions as well as International Financial Instructions (1FI’s)
Jfor the financing.

The key objectives for the Bankable Feasibility Study are as follows.

o Undertake the Bankable Feasibility Study according to international best
practice for similar Projecis and acceptable to the Client, financial
institutions (including multilateral lending agencies), PPIB and other
authorities.

o Work with the Client and the Owners Engineer effectively and efficiently
during the study. ’

o Carry oul detailed geological mapping and detailed ground
investigations by using specialist sub-contracted parties — these
investigations shall comprise seismic refraction, sub-surface drillings,
investigation pits, and field and laboratory tests. ’

o Review from a technical and economic basis the various alternative
layouts and select a preferred layout for detailed study.

o Assess the Project in the context of the cascade scheme.

s Carry out socio-environmental impact studies as detailed hereinafter.

o Carry out a detailed risk analysis

e Based on detuiled evaluations, designs and costing calculate the tatal
CORSIruction costs.

s FEvaluate the financial and economic characteristics, and determine the

tariff”.

2.2 Scope of Work and Project Phasing
The activities on the elaboration of the Feasibility Study for the Sharmai

HPP are grouped under 4 main stages. Each stage output has to be approved
by the Client/PEDO.
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Stage 1: Inception stage

site visit and project Kick-off

data collection

preliminary planning/conceptual design and data analysis
preparation of technical specifications for field investigations:
topographic survey, geological field and labaratory investigations,
technical specifications for full-scale ESIA.

Stage 2: Optimization stuge

L
.

outcomes of Inception stage

supervision over field works

obtaining of the results and deliverables of the topographlc survey
hydrological and sediment load analysis

geological investigations and factual reporting (if timely doable)
preliminary cost estimate for different options

preliminary energy production analysis for different options
preliminary financial analysis and comparison of options

conclusion on the optimum project layout and key technical parameters
discussion / approval of optimization stage outcome.

Stage 3: Feasibility Study stage

outcomes of the Optimization stage

development of feasibility design of project structures: civil works,
equipment, transmission line, etc.

detailed power generation analysis

summary of ESIA findings

cost estimate -

implementation time schedule

financial and economic analyses

risk analysis

submission of Feasibility Study Report.

2.3 Kick-off meeting and project commencement

The Project Kick-off / Wrap-up meeting was held on 17 and 19 July 2017 in
Islamabad, Pakistan in the premises of the Client. The main goal was to
introduce the representatives of the parties involved in the project, to give a
brief overview to the project activities and to discuss on important issues.
The following agenda was agreed:

presentation of the Consultant

background of the project and the main goals of the study
brief presentation of the methodology for the various tasks
overall time schedule

communication

key findings of the Site Visit

preliminary findings on the projects’ conceptual layouts as proposed in
the previous studies
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Site

* next steps in development of the project.

The commencement date of services was agreed to be that of the Kick-off
meeting, 17 July 2017. As per the Client’s request, all field works will'be
contracted directly by the Client and supervised by the Consultant, As such,
there are number of activities for which the Client’s action represents a
condition precedent to commencement of further works on the project:

s Delivery of topographic maps

* Commencement and completion of geological field investigations
e Commencement and completion of ES1A-related activities

» Provision of data: hydrological, grid-related, etc.

¢ Provision of Client’s comments to the deliverables,

The time schedule for the completion of works under the present project
was consequently updated and is enclosed in the Annex 2.

Visit and Inception Stage

Project Kick-off meeting was followed by a site visit. The site visit was
conducted on 18 and 19 July 2017, with the participants of the Client and
Consultant,

During the Inception stage, several important milestones and activities for
the further project development are accomplished. Primarily these are the
following;:

o Kick-off meeting on 17 July 2017

¢ Site Visit and the establishment of data base

o Collection of the available project-related documents and data and
identification of the outstanding data

» Definition of the most promising conceptual layouts for Sharmai HPP

e Preparation of the specification for the field investigation works:
geological, topographic and ESIA -related

¢ Identification of further steps in the project’s development.
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3. Hydrology and Sediment

3.1 Introduction

The main purpose of the hydrological study as a part of the feasibility study
for any hydropower project is to analyze, update and quantify:

¢ the water availability at the ‘ntake site

¢ the design floods required for the design of diversion works and other
different civil and hydraulic structures of the project

 the sediment inflow over the project-lifetime, the expected siltation of the
pond and the adequate design of the structures.

Accordingly, based on the available data, documents and information, the
hydrological and sedimentological investigations were carried out to
provide the key parameters for hydropower computations, project
components design and subsequent operation of the Sharmai HPP, as
described in following sections.

3.2 Physical Characteristics of Project Area

3.2.1 Project location

The project site, Sharmai HPP in Panjkora River, is located in Dir district at
the north of KPK or Khyber Pakhtunkhwa Province of the north-western
region of Pakistan. The Province is surrounded by Northern Areas of
Pakistan in the North, Kashmir in the East, Punjab Province of Pakistan in
the Southeast, Balochistan Province in the Southwest and Afghanistan in the
West.

The project site is accessible by the national road N-45. It is about 150 km
towards north from Peshawar, the capital city of the Province and it is about
10 km towards east from Dir city, the headquarter of the district.

The Project site is situated in the upstream reach of the Panjkora River
which confluences into the Swat River as its right tributary (the largest
tributary of Swat River). The Panjkora River originates from a mountainous

" region (> 4000 m) and flows down, in the beginning towards south -west for
about 80 km till it reaches the proposed damsite and then changes the
direction towards south-east till Darora town where the proposed
powerhouse site of the project is located.

The Panjkora River then flows down towards south receiving several small
tributaries on the way till it confluences into the Swat River. Hence, the
terrain of the Panjkora River Basin is in a northeast ~ southwest inclination.
The Swat River then joins Kabul River in Peshawar city which flows further
to finally confluence into the Indus River in Attock city.
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The location of the project site is depicted in the {igure below.
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Figure 3-1: Location of the project site

Climatic conditions

In general, the climate of the project area is governed by two wind systems.
One is the monsoon persisting during the summer months of June to
September- the Easterlies; and the second system is the Westerlies which
dominates in the winter months of November to March.

The climatic condition of the project area is mainly determined by the high
altitude of surrounding mountains. According to the Koppen-Geiger climate
clarification, one of the most widely used climate classification system, the
project area mainly belongs to the “Dsb climate zone” which is explained as
the area averaging below 0 °C, all months with average temperatures below
22 °C and at least four months averaging above 10 °C; at least three times as
much precipitation in the wettest month of winter as in the driest month of
summer, and driest month of summer receives less than 30 mm.

The main parameters describing the climatic conditions of the project area,
i.e. the precipitation and temperature, are presented below with respect to
the data measured at the “Dir station” which is the only meteorological
station existing at project catchment area.
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3.2.2.1

3.2.2.2

Precipitation

The distribution of precipitation during the year depends very largely on the
topography of the area and season. The precipitation regime in the project
area is dominated by the occurrence of eastward moving extra tropical zones
of low pressure, also known locally as Western Disturbances. The Western
Disturbances bring humidity to the project region from the Atlantic Ocean
and the Mediterranean Sea. The Western Disturbances are more frequently
and intense, during the Winter Season and they provoke the largest amount
of precipitation over the project catchment. During the summer season the
frequency and intensity of the Western Disturbances normally decrease, and
the precipitation on the region also decreases. The intensity of monsoon
summer rainfall is hence Jow.

The monthly average precipitation as observed at the existing Dir
meteorological station, located near the proposed damsite, is shown in
figure below. The annual average rainfail at the station shows 1,428 mm
according to the observation data for the period from 1981 to 2006.

‘ Mean Monthly Rainfall”
300
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150 -

Raintall [mm]

100
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g

Figure 3-2: Monthly average rainfail observed at the Dir station

Temperature

The temperature regime follows the temperature pattern in the northern -
hemisphere. The temperature during the winter months from December to
February falls below freezing point and during the summer months from
June to August rises up to over thirty degrees. Also the difference on the
temperature in a day seems comparatively large, and reaches around 15°%C in
January and June. Figure below shows the variation of the average
maximum, minimum and mean temperature during the year, as observed at
the existing Dir meteorological station, located near the proposed damsite.
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Figure 3-3: Monthly average maximum and minimum temperature observed at the
Dir station

3.2.3 Hydrologic conditions

The hydrologic conditions at the project area are basically governed by its
climatic conditions which are presented above in terms of the most
important climatic variables- precipitation and temperature. The rainfall and
temperature pattern at the project site (Panjkora River valley) are shown
with the data observed at the Dir station (station located at the Panjkora
River valley near damsite). Identical climatic patterns (precipitation and
temperature) are observed and reported at the stations in other river valleys
in the neighborhood of the project site like at Kalam in the adjacent Swat
River valley, at Chitral in the nearby Chitral River valley etc. This indicates
that the climatic conditions and hence the hydrologic conditions in the
project region is similar and hence the observed data are transferrable from
one to another.

Studies carried out for the Northern Areas of Pakistan, show that
precipitation increases with the elevation up to certain elevation. Beyond
this elevation the precipitation decreases or remains stable. The physical
explanation of these phenomena is that precipitation increases as long as
humidity is available to produce increasing amounts of precipitation.
However, once a balance between the increasing rate of production of
precipitation and availability of humidity is reached, the precipitation’
decreases or remains stable with the elevation, because the humidity does
not provide sufficient water to produce increasing amounts of precipitation.
The relative humidity observed in the project region is found to be
comparatively constant throughout a year except May and June when it has
comparatively low rainfall and high air temperature,

Distribution of precipitation with the elevation, in areas with important

snow accumulation, may not be suitable to predict run-off, because an
important process of mass transfer from higher to lower elevations takes
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place in the catchment. Large amounts of water in form of snow are
transferred from higher to lower elevations through avalanches and mass
movements. The run-off is produced at the place where the snow melts, and
therefore precipitation does not give a precise indication of run-off origin.
However, distribution of precipitation with the elevation accounts for the
overall water balance in the catchment.

As can be observed from the precipitation and temperature pattern presented
above, the period from September to November has low rainfall. The project
area comes under heavy snowfall during the winter, which gets deposited
and thus the flows are very nominal during winter. Snow starts falling at
upper elevation in November and remains until April. When the temperature
is at its maximum in July, flows are mostly snowmelt generated. It can be
expected that largest flows or floods occur during this month,

The river flow is largely influenced by the snowmelts in the region from
March to August along with effects by monsoon rains. High temperatures in
addition to high precipitation during the previous winter result in high base
flows.

This hydrologic condition or flow pattern as represented by mean monthly
flows at different station in and nearby the project area can be seen in the
figure below. The difference in magnitude is due to the difference in the
respective catchment area (three times difference), but the hydrologic
pattern is as explained above and are similar in both river valleys.

Flow Pattern
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Figure 3-4: Monthly flow pattern observed at Panjkora River and the adjacent Swat
River
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324 Catchment characteristics

From the hydrological point of view, the relevant catchment characteristics
includes catchment area, perimeter, maximum, minimum and average
catchment elevation, maximum flow length, mean river slope, time of
concentration etc. To delineate the catchment boundary and to estimate the
relevant catchment characteristics, a “Digital Elevation Model (DEM)”
which represents the continuous ground surface topography or terrain of the
area has been used in “Geographic Information Systems (GIS)”.

The Project site is located in the upstream reach of the Panjkora River which
originates from a mountainous region (> 4000 m) and flows down to
confluence into the Swat River which originates and flows almost parallel to
the Panjkora River with adjacent catchment area/boundary. The drainage
area or the catchment area of the project location, as well as that of the
relevant hydrometric stations in the Pnajkora River and Swat River, is one
of the most important parameter in carrying out the hydrological analysis for
the site. The location of the different hydrometric stations available at the
Panjkora River and the neighboring Swat River are shown in figure below.
The records from Swat River and its tributaries like Gulshanabad in Gabral
and Jildat in Ushu Rivers are also relevant and important for the
hydrological estimation of the project site because Swat River is quite well
investigated and has much longer records than at Panjkora River. The
hydrology of the Swat River can be safely transposed to the Panjkora River
as they share adjacent catchment area with identical climatic, topographic
and geomorphologic conditions.
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Figure 3-5: Location of the relevant hydrometric stations
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By knowing the locations of the project site (proposed damsite and
powerhouse site) and the relevant gauging stations, an estimation of the
respective catchment area were done by using a Digital Elevation Model
(DEM) of the area. The required DEM is obtained through CGIAR-CSI
GeoPortal produced originally by NASA. The NASA Shuttle Radar
Topographic Mission (SRTM) provides DEM in the spatial resolution of 1
arc second (about 30m x 30m).

The obtained version (SRTM plus v3) of the Jigital elevation data has been
processed to fill data voids to provide seamless continuous topography
surfaces using interpolation method described by Reuter et al. (2007) and
made ready for input in the hydrological analysis.

Through the hydrological and terrain analysis of the DEM using
Geographical Information System (GIS) capabilities, the catchment
boundary for the project site and the relevant hydrometric stations is
delineated, streams are extracted and other relevant catchment
characteristics are estimated as shown in the figure and [isted in the table
below.
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Figure 3-6:  SRTM DEM of project area and the delineated catchment area of the
project site and the relevant hydrometric stations

Table 3-1:  Catchment characteristics of the project site and the relevant hydrometric stations

Nameé: HiAred s | EleViax - | EleVmean |'EleVimin | Lmax | MRS |t
Ty , kA ml s g [ m). | km) | %] | (b
Sharmai HPP Damsite 1,874 5,708 3,137 | 1,226 | 99 | 452 | 75
Sharmai HPP Powerhouse site 2,706 5,708 2,852 1,067 | 117 | 3.98 9.0

Relevant Hydrometric Stations

Sharmai in Panjkora 1,878 5,708 3,133 1,212 100 | 4.49 7.6
Bibior in Panjkora 2,690 5,708 2,861 1,095 113 | 4.10 8.6
Koto in Panjkora 3,872 5,708 2,591 771 160 | 3.09 | 128
"Zulam Bridge in Panjkora 4,285 5,708 2,476 680 174 | 2.89 | 138
Shigo Kach in Panjkora 5,646 5,708 2,187 657 177 | 2.85 | 141
Gulshanabad in Gabral 714 5,831 3,985 | 2224 | 54 | 670 | 4.0
Jildat in Ushu )M 5,892 3,975 1,971 60 6.51 4.5
Kalam in Swat 2,041 5,892 3,881 1,948 70 5.64 53
Chakdara in Swat 5752 5,892 2,706 680 211 | 247 | 17.0
where,

Area 1 Catchment area

Eleviny : Maximum elevation in catchment Eleviem :  Mean elevation in the catchment

Elevyn  © Minimum elevation in the catchment Lo 1 Maximum flow length

MRS : Mean River Slope te 1 Time of concentration

As estimated using the SRTM 30m DEM and shown above, the catchment
area at the damsite is found to be 1,874 km? and that at powerhouse site to
be 2,706 km?, The elevation varies from 1,226 mas! at the damsite to a
maximum of about 5,708 masl at the highest point of the catchment, the
average elevation of the catchment being 3,137 masl. Topography of the
project catchment area at damsite is further shown in figure below
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indicating different elevation ranges in the catchment area. Within the
catchment area, the pattern of change in the drainage area with the change in
elevation has been analyzed which provides a “hypsometric curve” as
shown in figure below. This curve indicates that the drainage area of the
project site is regularly steep with no significant flat area in between and
therefore there are no slower flow-response locations within the catchment
area. It also shows that about 90% of the catchment area lies above 2,000
masl, about 56% above 3,000 masl and about 17% above 4,000 masl. This
indicates that there is considerable influence of snow-accumulation and
snow-melt in the catchment area.

Elevation Range (mas l)
{7] 1226 - 2000
l 2000 - 3000
3000 - 4000
4000 - 5000
B 5000 -5708

Figure 3-7: Catchment of project site indicating different elevation range
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Figure 3-8: Hypsometric curve for the catchment area of the project site

ilable Data and Information

Concerning the hydrological aspects of the project, the most important data
are the measured flows/discharges. In this regard, the measured flow data
series that are available for different hydrometric stations relevant to the
Sharmai HPP project and considered for the analysis are shown in the table
below. The location of these stations and their catchment characteristics are
already presented in the figure and table above.

The relevant hydrometric stations for which the measured flow data are available

S G e : Annual
Data Period | Résolution | Instantaneous
T R S S B R Peak
Sharmai Panjkora | Kabul | 16/1/2005 PEDO | 2005 - 2016 Daily not available
Bibior Panikora | Kabul | 17/1/1995 | SHYDO | 1995 - 1999 Daily available
Koto Panjkora | Indus | 17/01/2005 | SHYDO | 2005 - 2016 Daily not available
Zulam Bridge | Panjkora | Indus | 25/03/1998 | SWHP | 1989 - 2006 Daily available
Shigo Kach | Panjkora | Kabul | 19/11/2009 PEDO [2010-2016 Daily not available
Gulshanabad | Gabral | Swat 1996 SWHP | 2005 - 2015 Daily available
Jildat Ushu Swat 1996 SWHP | 2005 - 2015 Daily available
Kailam Swat indus 1961 SWHP | 1961 - 2009 Daity available
Chakdara Swat Indus 1860 SWHP | 1961 - 2015 Daily available

7004P02/FICHT-20378506-v4

In addition, the following relevant documents are available whose
information, in context to the hydrological aspects of the project, is also
considered for the analysis.

o Feasibility Study for Sharmai Hydropower Project: Final Report, June
2009
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* Sharmai Hydropower Project- Site Investigation Report; By Zhongnan
Engineering Corporation Limited, March 2017

» Feasibility Study for the Madian Hydropower Project: Vol. II- Main
Report and Vol. IV- Hydro-Meteorological Data base; By FICHTNER,
February 2009, :

s Gloen Gol Hydropower Project- Feasibility Study: Main Report and
Final Design Report; By Hydro Electric Planning Organization for
Pakistan Water & Power Development Authority in collaboration with
GTZ-German Agency for Technical Cooperation, July 1994 and 2007.

* Gabral-Kalam Hydropower Project- Hydrologic Study Report; By
FICHTNER, 2005.

Based on these available data, documents and information, the hydrological

analysis for the feasibility study of the Sharmai HPP project is carried out as
described below,

3.4 Assessment of Available Data

The fore-most important hydrological data required for the different aspects
of the hydrological analysis of a HPP site and to provide the results to be
used for other part of the study/design are the available/measured flow
series. In context to the Sharmai HPP project site, all the relevant
hydrometric stations are shown and listed in the figure and table above
along with the data available period at those stations. All the available
measured daily flow series observed at those different hydrometric stations
are shown in the figures below,
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: At Shigo Kach gauging station in Panjkora River
i Dally Now series {2010-2016)

g
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Figure 3-9: Available daily flow series observed at different hydrometric stations (1)
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Figure 3-10: Available daily flow series observed at different hydrometric stations (2)

The first figure shows the daily flow series measured at five different
hydrometric stations in the Panjkora River while the second figure shows
the daily flow series measured at two hydrometric stations in the Swat River
and two in its tributaries Gulshanabad and lildat. It can be observed that
there was extraordinary flood in July 2010 which is a very well reported
flood in the region with catastrophic consequences. Among the data
available, most of the stations have the record only from the year 2000
onwards and only the Kalam and Chakdara station in the Swat River has
records starting from the year 1961. Therefore, theses records are impaertant
to enable the estimation of long-term hydrology at the project site.

At first, the consistency among the available daily flow series measured at
the different hydrometric stations is assessed through the correlation ,
coefficient between those data series. The estimated correlation coetficients
are shown in the table below. The “n.a.” in the table means “not applicable”
because the data series from the two stations has no concurrent time period
and hence the correlation cannot be estimated.
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Table 3-3:  Correlation coefficient of daily flow series observed at different hydrometric stations
Sharmai Biblor ' Koto Zulam Bridge Shigo Kach Guishanabad" Jildat Kalam' Chﬁkdara‘
* Sharmai . 1 na. 078 0.72 0.80 0.66 063 073 079
. Bibiqr_ - n.a. 1 n.a. 0.95 n.a. n.a. na. 052 0.72
o Koto © | 078 na 1 0.92 0.99 0.54 051 060 072
Zuiam Bridge| 0.72  0.95 0.92 1 na 067 065 048  0.71
ShigiKach. | 080 na 099 na. 1 0.53 047 068 071
i pad| 066 na 054 067 0.53 1 084 097 083
063 na 051 0.65 0.47 0.84 1 098 084
. Kalam.“'| 073  0.52 060 0.48 0.68 0.97 008 1 0.89
Chakdara"| 079 072 072 0.7 0.71 083 084 089 1

7CU4P02/FICHT-20378506-v4

As can be seen, the observed flow series observed among the stations in the
Panjkora River and among the stations in Swat River are quite highly
correlated. Similarly the correlation between the flows observed in Panjkora
River (at Sharmai, Koto, Shigo Kach) and that in the Swat River (mainly at
Chakdara and also at Kalam) are also sufficiently high. The estimated
correlation coefficients indicate that the measured flow series are, in general
on average, consistent with each other.

Regarding the project Sharmai HPP in the Panjkora River, the most relevant
hydrometric station is the Sharmai station itself which is located very close
to the proposed damsite (about 100 m only). As already shown in the figure
and table above, the Sharmai station and the project damsite has almost the
same catchment area (only 4 km? difference, i.e. 0.2%) and hence the flow
data measured at this station can be directly considered as the flows
available at the project damsite. However, this station was installed on 16"
Jan 2005 and the observed daily flow series are available since then til}
2016. These 16 years of data series is not yet sufficiently long enough to
derive a reliable long-term hydrology at the project site.

The other stations in the Panjkora River downstream also have only the
short-term measured data series. For this, the measured data series from the
other two stations, Kalma and Chakdara, located in the nearby Swat River
(having adjacent catchment area with similar climatic, topographic and
geomorphologic conditions, hence having similar runoff characteristics)
which has relatively quite long daily flow series also becomes important to
derive a more reliable long-term hydrology at the project site.

In this regard, the assessment of the short-term available flow series
measured at the Sharmai station is carried out and the results are obtained as
presented and explained below.
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Feasibility Study Sharmai HPP | - .. L _ _ _ .. FS Report

450
200 — QSharmai
——QKole
350 QZubam Bridge
- ~—-QBibior
=300
_E_ =~ Q5higo Kach
% wod ‘ s
I
=
£ 200 4
£
$ i
2 150
100 1 ‘ o ‘\
N
0 » t 1 "
g & & 8 3
< < c € s
3 o k] 2 3
1200 . T
I ——q_Shocrmar
; —q_Koto
1000 ¢ | ——q ZulamBridpe
-'-'E' ——q_Bibios
:... —q_Shigo kach
= 80.0 1
2 -
o
e
> 600
=
€
S
2
& 40.0 A
]
&
v
00
00 , . ; " " ¥ + y r + T
: 2 & g 8§ 2 g 88 8 = 3 2
F ¢ ¢ < £ € z g 5 5 ] 5
] a5 3 A L} 3 =z 3 2 = 2 2
= = - = -1 =2 - - hal - - -
800
= 700 -
~
~
E 600 -
2
i 500 4
5
£ 400 -
14
Lo
o .
2 300
]
=
S 200 ’
E
3
© 100
0 T T T T T T T T v T T
g v ¥ K ® o o -4 N ®m g n v
& o & o o & o = = = = e b
S S S S o o o o o = < k<4 S
~ ~N ~ ~ ~ ~ ~ ~ ~ ~ ~ o~ ~

Figure 3-11: Tep: Monthly flow series observed in Panjkora River at difterent
stations; Middle: Specific monthly flow series observed in Panjkora
River at different stations; Bottom: Single mass curve of annual flow
series measured at Sharmai station
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From the figures above, some discrepancies or inconsistencies in the
available time series can be noticed as explained below:

¢ As shown by the plotted monthly flow series, the flow series measured
before the year 2008 is quite low in comparison to that after the year
2008. The concurrent flow series measured at Koto station in the same
River downstream does not show such miss-match.

s As shown by the plotted specific flow series, the higher specific flow at
the upstream-most Sharmai station is maintained only after the year 2008
and not before (2005-2007).

¢ As shown by the plot of cumulative annual flow measured at Sharmai
station, the flow series before the year 2008 is not consistent with that
after the year 2008.

As the Sharmai gauging station was installed in the year 2005, probably the
number of flow measurements is not sufficient enough and hence the rating
curve of the station may not be reliable enough during the initial years of the
installment. Large number of flow measurements in the year 2007 might
have improved the rating curve and hence provides more consistent and
reliable results since the year 2008. In this regard, the measured flow series
at Sharmai station only from the year 2008 onwards is considered to be
reliable enough to use in the hydrological analysis for the project.

Similarly, the assessment of the long-term available flow series measured at

the Chakdara station is carried out and the results are obtained as presented
and explained below.
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From the figures above, it is clear that there exist discrepancies or

inconsistencies in the available time series which hare further explained
below:

e As shown by the plotted monthly flow series, the flow series measured at
the Chakdara station from the year 2004 onwards is quite high with a
constant shift or jump in comparison to that before the year 2004. The
concurrent flow series measured at Kalam station in the same River
upstream does not show any such shift or jump.

e Specific discharge at higher elevation (Kalam) is higher than that at
lower elevation (Chakdara) because of the contribution of snow melt
concentrated in the area at higher elevation. As shown by the plotted
specific flow series, the lower specific flow at the downstream Chakdara
station is maintained only till the year 2003 and not from 2004 onwards.

¢ As shown by the plot of cumulative annual flow measured at Chakdara
station, the flow series after the year 2003 (2004-2015) is not consistent
with that before (1961-2003).

In this regard, the measured flow series at Chakdara station only till the year
2003 is considered to be reliable enough to use in the hydrological analysis
for the project.

Based on these assessments of the plausibility and the reliability of the
obtained flow series, the data available are used accordingly to estimate the
long-term flows available for the Sharmai HPP project as described in
following section.

3.5 Flows at the Project Site

As already stated above, the Sharmai station and the project damsite are
located very close to each other and has almost same catchment area (only 4
km? difference, i.e. 0.2%) and hence the flow data measured at this station
can be directly considered as the flows available at the project damsite.

The daily flow series are measured at this station only for the period of
2005-2016 from which the data for the period of 2005-2007 needs to be
discarded as resulted from its plausibility and reliability assessment. These
flow series directly measured at the project site are not sufficiently long
enough, from the hydrological aspects, to estimate the possible long-term
energy generation by the project with adequate reliability. However, the
Swat River is hydrologically quite well investigated and has much longer
records than at Panjkora River.

The Kalam and Chakdhara station in the Swat River has long term data
series. The more recent data records from the tributaries to Swat River
(Gulshanabad in Gabral and Jildat in Ushu) can further extend the data
series at Kalam to more recent period. The hydrology of the Swat River
represented by those stations can be safely transposed to the Panjkora River
as they share adjacent catchment area with identical climatic, topographic
and geomorphologic conditions.
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351 Extension of flow series

In this regard- based on the location of the relevant stations in the Panjkora
and Swat River, their data available period, the reliability and plausibility of
their data and the correlation of the data between the stations - all as
explained already- the daily flow series at the Sharmai station is extended to
determine the long-term flows available at the project site by accomplishing
the following steps sequentially.

Step I:

The data from Chakdara station (1961-2015) needs to be corrected for the
period from 2004 onwards for which its correlation/dependency with the
data from Kalam station located upstream in the same Swat River can be
utilized. But for Kalam station the data series is available only for the period
of 1961-2009, which means only six years can be corrected. But the two
other stations located at the tributaries just upstream of Kalam station,
namely Gulshanabad in Gabral and Jildat in Ushu, has recorded daily flow
series for the period of 2005-2015 which can be utilized first to extend the
data series of Kalam station beyond 2009.

From the estimated catchment areas it can be noticed that the catchment
area of these two stations constitute about 74% of the catchment area of the
Kalam station. Moreover, the concurrent daily flow series between that of
Kalam station and the combined flow series of Gulshanabad and Jildat
stations shows very high correlative dependency with correlation coefficient
as high as 0.98 and quite dispersion of data points as shown in the figure

below.
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Figure 3-13: Correlative dependency between dazily flow series of Kalam station and
that of Gulshanabad and Jildat stations combined (2005-2009)
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Using this correlative dependency the daily flow series at the Kalam station
is extended as shown in the figure below.

At Kalam gauging station in Swat River
Daily flow series (1961-2015)
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Figure 3-14: Observed and extended daily flow series at Kalam gauging station

Step 2:

The data from Chakdara station (1961-2015) needs to be corrected now for
the period from 2004 onwards for which the extended data series from the
Kalam station can be utilized. The 43 years long concurrent daily flow
series (1961-2003) between the two stations show quite good correlation
coefficient of 0,91 but their correlative dependency indicates quite. dispersed
data points as shown in the figure below. This dispersion is due to the fact

that the dependency between Chakdara and Kalam flows are different in
different period or flow regime.

The effect of snow melt runoff, which is in high flow period and comes
from concentrated area at higher elevation, is much more pronounced in the
higher Kalam station than at the lower Chakdara station, where as the low
flow period is more or less uniformly distributed in the entire catchmen
tarae of the Chakdara which encompasses that of the Kalam station as well.
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Figure 3-15: Correlative dependency between daily flow series of Kalam station and
Chakdara station (1961-2003)

Due to such excessive dispersion of the data points, the resulting regression
equation cannot be used to correct the Chakdara station data using Kalam
station data because with the regression line the dispersion/variation will be
averaged out and the higher values will be underestimated and the lower
values will be overestimated.

This is exactly adverse for the HPP project because energy will be
overestimated and the flood will be underestimated. This dispersion occurs
mainly because the dependency between the two flow series is different
during different period of the year like during low flows and during high
flows as can be seen in the following figure. '
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Figure 3-16: Specific monthly flow serics observed at Chakdara and Kalam stations
(1961-2003)

It can be observed that the difference in the specific flows between Kalam
and Chakdara is quite low during low flow period and quite high during
high flow period. To account for this variation, the average ratio of the
specific flows (or flows) between the two stations is calculated for each
month. These month-wise ratios are then used to extend/correct the daily
flow series of Chakdara for the period from 2004 onwards using the data
series of that period from the Kalam station.

The cross-check of the flow series estimated with such month-wise ratios
for the period of 1961-2003 with the observed series of that period at the
Chakdara station shows good matching which could not be obtained with
the regression equation due to over and under estimation in different period

of a year. The resulting daily flow series at the Chakdara station is shown in
the figure below.

At Chakdara gauging station in Swat River = [
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Figure 3-17: Observed and corrected daily flow series at Chakdara gauging station
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Step 3:

The corrected long-term flows from Chakdara station in Swat River are then
transposed to the Koto station in Panjkora River. The Koto station has more
recent and longer time series of daily flows of Panjkora River as in Sharmai
and is also closer to the Chakdara station in terms of location, altitude,
catchment area than Sharmai (as already shown in the respective tables
above). As for transposing flows between Kalam and Chakdara station,
transposing here is also done by estimating the average ratio of the specific

flows (or flows) between the two stations for each month from the
concurrent flow sertes of 2005-2015.

These month-wise ratios are then used to extend the daily flow series of
Koto for the period of 1961-2004 using the data series of that period from
the Chakdara station. The cross-check of the flow series estimated with such
month-wise ratios for the period of 2005-2015 with the observed series of
that period at the Koto station shows good matching. The resulting extended
daily flow series at the Koto station is shown in the figure below.

At Koto gauging station in Panjkora River
Daily flow series (1961-2016)
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Figure 3-18: Observed and extended daily flow series at Koto gauging station

Step 4:

The extended daily flow series at Koto gauging station in the Panjkora River
is then finally transposed to the Sharmai station based on the concurrent
daily flow series between the two in the period of 2008-2016. The two
stations in ditferent altitude (Koto at 771 mas] and Sharmai at 1212 masl)
here have quite different specific runoft (higher at Sharmai than at Koto)
and therefore the flows cannot be transposed simply by using their

catchment area ratio which assumes the constant specific runoff throughout
the catchment area.

The two concurrent flow series are quite good correlated (R=0.8) but the
data points are dispersed along the regression line and hence the transposing
using the regression equation will not capture the variability of flows.
Further, the difference of flows or specific Tows between the two stations is
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different in different seasons or months of the year. The difference is higher
during high flows and negligible during low flows. Therefore a constant
ratio of flows or specific flows also cannot be used for the transposing.

Hence, as used earlier, here also transposing the flows from Koto station to
Sharmai in the Panjkora River is done by estimating the average ratio of the
specific flows (or flows) between the two stations for each month from the
concurrent flow series of 2008-2016. These month-wise ratios are then used
to extend the daily flow series of Sharmai for the period of 1961 -2007 using
the data series of that period from the Koto station.

The cross-check of the flow series estimated with such month-wise ratios
for the period of 2008-2016 with the observed series of that period at the
Sharmai station shows good matching both during high and low flow

period. The resulting extended daily flow series at the Sharmai station is
shown in the figure below.

At Sharmai gauging station in Panjkora River
Daily flow series (1961-2016)
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Figure 3-19: Observed and extended daily flow series at Sharmai gauging station

This long-term daily flow series (1961-2016) estimated at the Sharmai
gauging station forms the hydrological data basis for the project.

3.52 Assessment of estimated flow series

The daily flow series (1961-2016) estimated at the Sharmai gauging station
shows that the long-term mean flow at the site is 71.4 m*/s corresponding to
the specific runoff of 38 I/s/km?. These flows are estimated using the flows
from Gulshanabad in Gabral River, Jildat in Ushu River, Kalam in Swat
River, Chakdara in Swat River, Koto in Panjkora River and the Sharmai in
Panjkora River.

As a cross-check, the estimation directly from the Kalam station (which has
similar catchment area as that of Sharmai) shows that the long-term average
flow at Sharmai is 75.5 m?/s if the catchment area ratio method is used and
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it will be 74.1 m¥/s if the month-wise ratios of specific flows are used. It
indicates that the estimated long-term flows seem to be plausitle on
average.

Further, the graphical check through the single mass curve, i.e. the plot of
cumulative annual flow, as shown in figure below, indicates that the long-
term flow records estimated at Sharmai station are consistent, homogenous
and steady and hence they are plausible for using it in the hydrological
analysis to determine different hydrological design parameter for the
Sharmai HPP project site.
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Figure 3-20: Plausibility check of the long-term flow records estimated at Sharmai
station

353 Flows available at site

As mentioned earlier, the flows at the Sharmai station can be directly
considered as the flows available at the project damsite due to its proximity
to the proposed damsite. The distance between the damsite and station is
only about 100 m with no tributaries in-between and the catchment area
differs only by 4 km? i.e. 0.2%- therefore, any increase of flow between the
damsite and the station is negligible. Hence the flows at the Sharmai station
estimated and assessed as explained above represents the flows available for
the project for the energy generation, which are presented below.

3.5.3.1 Daily flows

The daily flow series estimated at the project site is shown in figures below.
During the estimated period (1961-2016), the daily flows at the project site
vary from 5.9 m%s to 1109 m*/s with the average value of 71.4 m*/s. The
power and energy output of the project are calculated based on these daily
flow series.
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Sharmai HPP
. Daily flow series (1961-2016)
1200
1000
T 800 -
E
E 600
[T
2
S 400
200 !
!
AR AR AV A AMAAR
R EA AL AR AL EEL SR AR EELEEEEEE R
5823383833888 8383883R2888882323

Figure 3-21: Daily flow series at the project site
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Figure 3-22: Daily flows of different years at the project site

These daily flows are averaged over each 10 days and the mean of theses 10
days average daily flow series is also calculated as shown in table below.
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Table 3-4:  Mean of ten days average daily flows at project site

10days | 24 40dayst | - 3 10days
Jan 11.6 11.3 12.0
Feb 13.5 16.6 17.3
Mar 21.7 336 433
Apr 67.0 86.0 103.0
May 146.6 162.2 179.0
Jun 178.4 191.2 198.1
Jul 154.3 146.3 134.6
Aug 115.0 96.9 75.5
Sep 65.4 50.5 38.6
Oct 30.2 271 23.7
Nov 247 23.0 20.7
Dec 16.2 15.8 15.7

3.5.3.2 Monthly flows

The daily flow data series at the project site are aggregated month-wise to
analyze the monthly pattern. The resulting monthly flow series at the project
site is shown in the figure below. The series along with their simple
statistics are also listed in table below. The variation of monthly discharges
over 4 year on average can be seen in the figure below.

As shown, the monthly flow at the project site varies from 8 m*s to 311.7
m>/s during the period. The average of mean monthly flows at the site varies
from 11.6 m*/s on January to 189.2 m*/s on June.

Monthly pattern of the average flow shows that the wettest period or major
high flows occur during May to July while the period during November to
February is comparatively a low flow or drier period.

Sharmai HPP
Monthly flow series (1961-2016)
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Figure 3-23: Monthly flow series at the project site
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Table 3-5:  Monthly and annual flow series and their statistics at the project site

Year.| Jan | Feb | Mar | Apr | May | Jun | Jul:| Aug:| Sep'| Oct:|'Nov;|i

v ee. [ Anniat
1961 | 11.3 | 128 | 178 | 651 | 1544 |204.2|161.8]| 957 | 81.7 [ 31.1 [ 238 | 15.2 72.9

1962 | 10.1 [ 113 | 155 | 483 | 93.9 [ 133.3| 1293 84.0 | 483 [ 225|20.8 | 149 | 527

19631 89 | 89 | 278 | 77.0 | 182612129 |1425| 88.3 | 475|222 | 248 | 135 71.4

1964 | 1171147 | 26.2 | 71.9 [ 132.7|169.56[169.4|113.3 | 63.6 | 26.0 | 17.8 | 154 69.3

1965 | 11.2 [ 20.0 | 23.9 | 108.7 | 2006 | 275.1| 198.3| 104.5 | 51.7 | 28.6 | 23.9 | 14.4 | 89.0

1966 | 9.7 | 14.8 | 320 | 96.7 | 168.91246.2| 1526 (107.0]69.5]1316 [ 22.3 | 134 | 80.4

1967 | 9.3 116.3 | 254 | 724 (132725431973 (100.3|59.1 | 286 (21.2|176] 77.9

1968 | 11.7 [ 12.9 | 24.0 | 69.0 | 147.6(266.9 | 2065§123.8| 42.5 | 24.7 | 231 | 206 | 81.1
1969 | 118 17.8 | 41.5 | 81.8 | 159.7{231.7|213.91140.4| 56.6 { 36.5{ 28.1 | 153 | 86.3
1870 | 10.7  11.3 | 194 | 60.9 [ 143.871187.8(110.2| 94.1 [ 849314 | 20.0 | 126 | 656

1971 | 81 | 92 | 154 | 67.3 [ 163.2|187.3|120.8 | 949 | 425|192 | 162 | 10.7 | 62.9

1972 | 8.7 | 136|293 | 698 (1742 255.5(1706|106.0|62.2 | 267|256 17.0| 79.9

1873 (1271184 [ 326 | 87.3 (19282487 (1731|1425 72.0 | 28.3 | 186 | 13.9{ 86.7

1974 | 9.9 [ 13.0 [ 23.4 | 646 | 111.7| 1584|1264 776 | 36.5 | 21.7 | 16.4 | 129 | 56.1

975 8.3 | 114242 | 86,6 | 199.8| 22561653 |148.1(69.6 | 27.7 | 23.0 | 17.7| 83.9
1976 [ 13.6 | 18.7 | 26.1 | 966 | 1804|1827 (1700} 1196|616 | 28.1 | 209 | 13.8| 785
1977 | 129|132 | 17.8 | 696 [ 129.0| 187631574 B0O.4 1462|316 {249 159 | 65.5

1978 [ 1111118 1364 ] 80.1 1 181.2/2187]170.3)110.8| 458 255 | 269 | 15.1 77.8
1979 | 10.1 (132 [ 22,7 86.6 | 131.9| 183.8| 1607 1.8 | 55.7 | 23.2 | 216 | 14.0 | 679
1980 | 10.9 ( 16,0 ] 38.2 | 89.8 | 1746 (2151|1352 | 826 (474|280 (262|166 | 73.5
1981 [ 11.3 | 158 | 35.8 | 123.8 | 227.7 [ 164.0 | 153.5| 856 | 43.5| 251 | 205 | 116} 76.5

1982 | 94 | 11.0 | 206 | 59.6 |117.9|111.9| 846 | 88.9 | 306242345 |20.2| 511
1983 | 12.8 | 15.4 | 340 | 70.8 | 152.4(153.6|112.4|1122|67.1 | 268 [ 23.5| 176 | 66.5
1984 | 12.7 | 142 | 20.1 | 54.7 | 1413|2428 117511004 | 62.7 [ 23.0 | 245 | 171 69.3
1985 | 12,1 1127 | 16.0 | 48.1 { 104.6{1242({121.3| 77.6 | 384 | 245 | 146 | 142 | 507~

1986 | 9.5 [ 155 | 31.7 | 88.4 | 1654 146.0 | 162.3 | 113.6 | 37.7 | 23.7 [ 19.9 | 201 69.5

1987 | 8.3 | 116 [ 395 | 824 | 1407{177.8| 1589 92.8 | 55.0 | 59.4 | 31.6 | 18.1 73.0

1988 | 10.4 | 143 | 37.9 | 946 [ 189.8| 188.6179.8 | 953 | 43.8 | 224 | 17.1 | 13.3 | 756
1989 [ 127 1 11.7 } 17.6 | 44.5 | 159.4[ 191.5|130.9] 90.8 456 | 269|264 | 244 | 65.2
1990 | 13,5 | 23.3 | 63.7 [ 113.8]259.9|192.0;137.7(100.3|69.3 | 362 | 33.2 | 238 | 883
1991 [ 21.6 | 436 | 65.8 | 153.0(214.4|307.3|203.0 | 118.5| 80.2 | 33.4 | 249 | 17.1 | 107.0
1992 | 17.5 | 226 | 4.1 | 1015] 186.6 | 244.2| 221.8 | 148.2| 955 | 449 | 31.1 | 185 | 97.8

1993 | 13.9 | 147 | 4881 99.4 | i86.4 | 199.5|160.9| 79.4 | 74.4 | 353 | 33.3 | 17.9 80.3

1994 | 13.0 {181 { 36.6 [ 80.0 [ 200.4{240.6(216.7141.4]167.4 ) 31.2 1324 | 283 92.2

1995 | 14.3 | 17.4 | 53.7 1 110.8 | 148.6 | 206.5 | 228.0 | 143.2| 48.2 | 30.3 | 237 | 168 | B6.8

1996 | 11.7 {182 146.7 | 94.0 { 165012766 163.1|1225| 536|281 | 186 | 125| B84.2

1997 | 83 | 8.4 |18.1 | 93.0 | 1494|2359 |159.9| B9.4 | 504 (291214135 73.0

1998 | 10.5 | 25.4 | 42.2 | 110.4 | 204.4]|150.4 | 176.3 | 85.4 | 486 | 232 | 19.0 | 11.2| 758

1999 | 12.8 | 19.4 | 38.5 | 86.0 |204.9|189.9|113.3| 80.3 | 544 [ 269 26.9 | 140 723

2000 | i0.4 | 11,7 | 17.3 | 58.8 |161.5]1106| 935 | 686 | 525|285 | 221 | 136 | 54.2

2001 | 8.9 | 85 | 114 | 447 [137.8]118.1|111.3| 69.5 [ 450202 236|126 | 510

2002 | 8.7 [ 13.1 2531 67.6 |1543(175.7| 1008 91.2 | 41.56 (188 | 17.3 | 1.7 60.5

2003 | 83 7 96 133.2|110.2]177.21243.2(166.1| 76.6 | 48.8 | 239252} 140 78.1
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-Year, | Jan- Feb _ ' - dun {.Jul- | Aug $gp _Oct | Nov | Dec | Annual
2004 | 123 ] 16.7 295.0(123.5( 324 | 416 |272(263| 193 95.3
2005 [ 13.8118.1 | 63.8 | 94.8 | 133.0:187.7[137.5| 696 | 344 [ 256 | 19.7 | 166 67.9
2006 | 157121612311 578 | 1189 752 | 62.7 | 85.5 | 396 [ 21.3|27.2 | 29.5| 48.3

2007 (293 | 314|653 [1287(157.0(15441109.1| 71.3 [ 513|278 214|232 | 725

2008 1 86 | 151|314 | 706 |149.7 |163.7| 666 | 529 | 29.9| 198|136 | 126 ] S53.0
2009 | 8.7 | 186|375 | 91.3 | 191.1|176.3 1784 |103.1|31.0( 147 | 11.56| 9.7 72.7
2010 | 8.0 | 151 | 554 | 101.8| 1824 | 127.5|169.0} 137|528 [ 31.5[19.3 | 158 | 75.2
2011 [ 14.8 | 21.8 | 52.3 | 94.0 [137.1| 959 | 61.2 | 443 {357 | 20.0 | 19.5 | 12.1 50.7

2012 | 99 [ 11.2]257 | 101.2{ 94.1 | 140.8|123.7| 64.1 | 452|178 | 133|116 | 54.9
2013 | 95 [ 1321509 | 928 [150.7|163.5| 87.7 | 776 | 336] 214|161 103 | 60.6
2014 | 106 [ 14.0 | 35.0 | 77.0 {1359|154.0| 959 | 53.8 [ 33.2]237 (191|127 | 554

2015 | 86 (114 (302 | 936 [1095| 92.2 {1053 | 832 | 232245436 | 204 538

2016 14.9]16.9 33.8| 99.2 (150.2 (1227 77.0 | 39.0 | 326 | 193 | 136 | 11.4| 525

Statistics:
Mean | 116 | 157 | 332 | 853 |163.2|189.2(144.7| 95.2 | 59.5| 269 | 22.6 | 15.9 71.4
Min. | 8.0 84 | 114 445|939 | 752|612 | 39.0 232|147 |115] 97 48.3

Max. | 29.3 | 43.6 | 65.8 ) 153.0| 311.7 | 307.3|228.0 | 148.2 95.5 | 59.4 | 436 | 28.5 | 107.0

Sharmai HPP
325 Mean Monthly Flow {1961-2016)
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Figure 3-24: Mean monthly flow at the project site

3533 Annual flows

The monthly flow data series are aggregated to annual flows which are also
listed in table above. During the considered period (1961-2016) the mean
annual flow at the project site varies from minimum of 43.8 m*/s in the year
2006 to the maximum of 107 m?/s in the year 1991.

The mean annual inflow (MQ) at the project site is 71.4 m*s which
corresponds to the specific runotf of 38 I/s/km?. The annual flow series at
the project site is shown in figure below.
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Figure 3-25: Annual flow series at the project site

Maximum and minimum flows

The yearly analysis of maximum and minimum daily flows for the
considered period (1961-2016) at the project site is presented in table and
shown in figures below. It shows that the annual maximum daily flow (HQ)
varies from 175.9 m%s in the year 1982 to the maximum of 1,109 m?/s in
the year 2010 while the annual minimum daily flow (NQ) varies from 5.9
m?/s in the year 2001 to the maximum of 20.3 m%/s in the year 2007 during
the period. While there are several distinct floods like in the year 1975,
1988, 1995, 2004, the devastating flood occurred in July 2010 in the regicn
(including the Panjkora and Swat River valley) is one of the highest till now
and is well reported and documented with severe consequences.

On average, the mean annual maximum daily flow at the site is 332 m*/s
while the mean annual minimum daily flow is 9.2 m%/s. The summary of the
relevant statistics is shown as well in table below.

Table 3-6:  Average, maximum and minimum daily flows at the project site

Year Ma Ha N ‘NQ

- [m3fs] ™ —

Qrnax [M¥s] day. | Quie[m¥s] oo | s day,

1961 729 268.5 8-Jun 9.4 15-Jan
1962 52.7 3453 22-Jul 8.6 2-Mar
1963 | 71.4 3281 9-May 8.4 1-Mar
1964 §9.3 271.9 13-Jul 9.0 3-Jan
1965 89.0 346.4 14-Jun 8.5 15-Jan
1966 80.4 341.1 28-Jun 8.4 31-Jan
1967 77.9 3522 30-Jun 7.8 31-Jan
1968 81.1 313.5 26-Jun 9.6 17-Feb
1969 86.3 282.0 20-Jun 10.0 24-Jan
1970 656 271.4 4-Jun 9.3 20-Feb
1971 62.9 235.3 31-May 7.2 24-Feb
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[in%s] , , - -

_ [m¥s]. | - day . day

1972 79.9 293.2 26-Jun 7.5 11-Jan
1973 86.7 275.3 13-Jun 11.4 30-Jan
1974 56.1 2056 5-Jun 95 14-Jan
1975 83.9 488.8 16-May 7.6 26-Jan
1976 78.5 251.7 25-May 11.7 6-Jan
1977 65.5 290.3 30-Jun 8.8 8-Jan
1978 77.8 323.2 8-Jun 10.4 10-Jan
1979 67.9 273.8 29-Jun 9.2 12-Feb
1980 735 258.8 12-Jun 8.9 14-Jan
1981 76.5 302.7 5-May 8.9 30-Jan
1982 51.1 175.9 10-May 8.1 21-Jan
1983 66.5 239.9 19-May 10.4 25-Jan
1984 69.3 302.7 31-May 9.4 7-Mar
1985 50.7 2708 19-Jul 8.5 17-Jan
1986 69.5 248.2 18-Jul 7.9 21-Jan
1987 73.0 307.8 11-Oct 6.1 30-Jan
1988 75.6 603.2 15-Jul 82 17-Jan
1989 65.2 308.3 2-May 9.7 30-Jan
1990 88.3 378.4 16-May 11.5 10-Jan
1991 107.0 440.8 8-Jun 13.7 25-Jan
1992 97.8 461.8 10-Sep 10.5 2-Jan
1993 80.3 287.6 15-Apr 1.1 28-Jan
1994 92.2 336.7 24-Jun 11.1 26-Jan
1995 86.8 722.3 25-Jul 9.8 9-Feb
1996 84.2 384.9 14-Jun 10.2 8-Jan
1997 73.0 364.2 14-Apr 6.9 23-Feb
1998 75.6 338.6 1-May 8.8 31-Dec
1999 72.3 309.9 22-May 6.9 3-Jan
2000 54.2 228.2 11-May 8.1 10-Jan
2001 51.0 384.1 23-Jul 59 13-Feb
2002 60.5 308.9 24-Jun 7.4 14-Jan
2003 78.1 297.7 21-Jun 6.7 29-Jan
2004 95.3 583.2 22-May 11.1 25-Jan
2005 67.9 343.9 18-Mar 9.9 1-Feb
20086 48.3 327.3 5-Aug 13.1 1-Jan
2007 72.5 385.1 1-Apr 203 29-Nov
2008 53.0 2227 9-Jun 6.9 1-Jan
2009 727 295.9 20-May 7.4 7-Jan
2010 75.2 1109.0 29-Jul 7.2 20-Jan
2011 50.7 201.8 18-Apr 9.3 31-Dec
2012 54.9 180.6 3-Jul 9.6 27-Jan
2013 60.6 220.2 14-Aug 8.9 17-Jan
2014 55.4 192.0 16-Jun 9.8 26-Jan
2015 53.8 239.9 1-Aug 7.9 5-Feb
2016 52.5 258.2 3-Apr 10.5 30-Dec

Stalislics:
S Mean "’ ‘714 - 332.0 - - - - 9.2 -

© Maxi’ 107.0 1109.0 S 20.3 -

ooMing [ 483 [ 17689 RS 5.9 -

. SDv 13.67 14645 ) - 2.24 -

. CV 019 044007 S- 0.24 -
Skew . 0.19 C5 3290 - 229 -
Kur - -0.37 T 14517 Tl - 9.83° -

7004P02/FICHT-20378506-v4 FICHTNER . 330



Feasibility Study Sharmai HPP FS Report

Sharmai HPP
Annual maximum flow series (1961-2016)
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Figure 3-26: Annual maximum daily flow series at the project site
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Figure 3-27: Annual minimum daily flow series at the project site

Table 3-7:  Relevant statistics of daily flows at the project site

B Parameters ‘ ~ |2 Daily Flow Value;
Absolute minimum daily flow (NNQ) 59 m3s
Mean annual minimum daily flow (MNQ) 9.2 m¥s
Mean annual flow (MQ) 71.4mdfs
Mean annual maximum daily flow (MHQ) 332 m¥/s
Absolute maximum daily flow {(HHQ) 1,109 m¥s
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3.6 Flow Duration Curve

The flow availability at a site is generally expressed in terms of “Flow
duration curve (FDC)” which shows the percentage of time that flow is
likely to equal or exceed any specified value. It thus provides the discharge
value at the site that occurs or is exceeded some percent of the time (for e.g.,
95% of the time).

The flow duration curve is calculated using the daily flc ws available at the
project site continuously for the whole period {1961-2016). The resulting
curve is shown in figure below. The obtained daily flow duration curve
values are also presented in table below. For the purpose of more
information about the variability, flow duration curves for driest year (2006,
MQ=48.3 m?/s) and the wettest year {1991, MQ=107 m?/s) are also
calculated as shown in the figure and table below.

Flow Duration Curve

450
1 : _ , - — = - Wetlest vear (1991]
400 B L —— A e e e P
1 o Altyears {1961-2016)
350 " i e — . |===-Driest year {2006)
1
s

300 -
250

200 J- N4

Daily Flow [m?/s]
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100 4
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BO Bl 100
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Figure 3-28: Daily flow duration curve at the project site

Table 3-8:  Daily flow duration curve values at the project site

S Exce L " "Daily Flow Duration Curve values [m¥s]
Exceedance e . :
Probability [%] Ali years (1961- Wettest year Driest year
. 2016) (1991) (20086)
5 217.7 301.8 1201
10 178.8 243.5 ‘957
15 152.3 212.9 82.7
20 130.5 190.1 75.5
25 109.4 164.3 69.0
30 92.3 145.6 62.8
35 77.0 125.7 56.4
40 62.5 109.3 47.7
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Daily F
All years (1_96;11
B 2016) (199
45 49.7 92.6 41.2
50 39.3 76.8 341
55 31.2 62.4 30.2
60 26.4 455 27.0
65 23.1 36.2 254
70 20.1 321 231
75 17.5 271 21.8
80 15.3 24.8 20.2
85 13.3 19.5 19.0
80 1.7 17.2 17.3
95 9.9 15.9 15.2
100 5.9 13.7 13.1
MQ= 71.4 107.0 48.3

Further the flow duration curves for each month and each year are also
calculated as shown in figures below. Based on the flow duration curve of
daily inflows calculated for each month, the set of seasonal variation curves
with different occurrence probabilities are also generated for the project site
and shown below. :

10000 == e oo : - Legend
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Figure 3-29: Daily flow duration curve for each year at the project site
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Figure 3-30: Daily flow duration curve for each month at the project site
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Figure 3-31: Seasonal variation curves of daily inflows with different occurrence

probabilities at the project site

Design Flood

A design flood is a probabilistic or statistical estimate being generally based
on some form of probability analysis of flood or rainfall data. An average
recurrence interval or exceedance probability is attributed to the estimate.
Hence, a design flood indicates the magnitude of the flood peak associated

with different recurrence interval or return periods.

In a feasibility study of a hydropower project, estimation of the design flood
is required for the design of different hydraulic structures and diversion

7044PO2/FICHT-20378506-va FICHTNER
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works of the project. Method of ‘flood frequency analysis’ is commonly
used for estimating the ‘design flood” for a HPP project.

3.71 Data basis

The primary objective of the flood frequency analysis is to relate the
magnitude of extreme events to their frequencies of occurrence through the
use of probability distributions. Direct Measurements of extreme events or
peak flows are not available at the reference hydrometric station (Sharmai
hydrometric station).

However, annual series of maximum daily flow can be extracted from the
available/estimated daily flow series at the site, which forms the basis for
the design flood estimation. Such annual maximum daily flow series is
shown in the figure below. As can be distinctively observed, the recent
devastating flood of 29 July 2010 is also included in the considered
database. While there are several distinct floods like in the year 1975, 1988,
19935, 2004, the devastating flood occurred in July 2010 in the region
(including the Panjkora and Swat River valley) is one of the highest till now
and is well reported and documented with severe consequences.

Sharmai HPP
1200 Annual maximum daily flow series (1961-2016)
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Figure 3-32: Annual series of maximum daily flow at project site

Further, it is obvious that the flow observed in mean daily time scale does
not represent the actual flood peak which can be larger than the maximum
mean daily value. Therefore, to account for this possible difference between
the maximum daily flow value and the flood peak, the commonly used
“Fuller’s formula” is used to convert the maximum daily flow series into the
corresponding flood peak series. The “Fuller’s formula” is given as follows:

Qpeak = Qmax (1 + 2-6614_0'3)

where, Opeat = predicied peak flow or flood (m*/s), Quwar = maximum mean
daily flow (m?¥s); and A=drainage area (km?2). For the project site, this factor
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(ratio of peak flood to maximum daily flow) is estimated to be 1.28 which
matches well with other nearby gauging stations which has both the
maximum daily flow and recorded maximum flood peak.

This means the peak flood record series considered for the flood frequency
analysis is 28% more in magnitude than the estimated/cbserved annual
maximum daily flow series, as shown in the table below.

Table 3-9:  Annual series of maximum daily flow and corresponding peak flood
series at project site

PO S g;f' Flood
~Year | Date Flovz Peak
SR [mis) [m?/s]

a3
s

1989 | 2-May | 308 | 394
1990 | 16-May | 378 | 483
1991 | 8-Jun | 441 563
1992 | 10-Sep | 452 | 590
1965 | 14-Jun | 346 | 442 1993 | 15-Apr | 298 | 380
1966 | 28-Jun | 341 | 436 2| 1904 | 24-dun [ 337 | 430
1967 | 30-Jun | 352 | 450 | - | 1995 | 25-Jul | 722 | 923
1968 | 26-Jun | 314 | 400 [ .| 1996 | 14-Jun | 385 | 492
1969 | 20-Jun | 282 | 360 1997 | 14-Apr | 384 | 485

1961 8-Jun 269 343
1862 22-Jul 345 441
1963 9-May 328 419
1964 13-Jul 272 347

1970 | 4-dun | 271 | 347 1998 | 1-May | 339 | 432
1971 | 31-May | 235 | 301 1999 | 22-May | 310 | 396
1972 | 26-Jun | 293 | 374 2000 | 11-May | 228 | 291
1973 | 13Jun | 275 | 352 |5 | 2001 | 23Jul | 384 | 491
1974 | 5Jun | 206 | 263 |- - | 2002 | 24-dun | 309 | 395 |
1975 | 16-May | 489 | 624 | 2003 | 21-Jun | 208 | 380
1976 | 25-May | 252 | 321 | .- | 2004 |22-may| 583 | 745
1977 | 30-dun | 290 | 371 | | 2005 | 1&Mar| 344 | 439
1978 | 8Jun | 323 | 413 | | 2008 | 5-Aug | 327 | 418
1979 | 29-Jun | 274 | 350 |- 2007 | 1-Apr | 385 | 492
1980 | 12-Jun | 259 | 331 2008 | 9Jun | 223 | 284
1981 | 5-May | 303 | 387 | | 2000 | 20may | 296 | 378
1982 | 10-May | 176 | 225 | .. | 2010 | 20-qul | 1100 | 1416
1983 | 19-May | 240 | 306 | - | 2011 | 18-Apr | 202 | 258
1984 | 31-May | 303 | 387 | 2012 | 3-ul | 181 | 231
1985 | 19-0ul | 271 | 346 | - | 2013 | 14-Aug| 220 | 28
1986 | 18-Jul | 248 317 | . | 2014 | 16-dun | 192 245
1987 | 11-Oct | 308 | 393 |- 2015 | 1-Aug | 240 | 306
1988 | 15-Jul | 603 | 770 2016 | 3-Apr | 258 | 330

The occurrence of the peak flood is generally from May to July as shown in
the figure below. This can be also observed in the another figure below
showing daily flows of different years at the project site.
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Number of annual maximum flood event {1961-2016)
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Figure 3-33: Monthly number of occurrence of peak flood during 1961-2016 at
project site

1,200

1,000

8007 -1 - -

Flow {cms)

4001 -

2001

oE

Mar May Jul Sep Nov

Figure 3-34: Daily flows of different years at the project site

It can be observed that during the data period (1961-2016) the most floods
appear in month of June (21 times) followed by May (15 times) and then
July (9 times). These months of the year are associated with higher
temperature period (snow-melt). The preceding months of Feb-March-April
are the highest rainfall period while Jul-Aug also experiences relatively
higher rainfall (monsoon-rains).

Hence, the highest flood peaks at the éite (which determines its design

flood) are basically created by snow-melt phenomenon. However, some
. years when the maximum flood of the year is due to rainfall rather than
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snow-melt, then that maximum flood value appears accordingly in the
considered database - e.g. the well documented rainfall-generated flood of
Sep-1992. Hence, the prepared database of the highest flood peaks at the
site, upon which the design-flood estimates are based, consists of both
snow-melt generated and rainfall-runoff generated floods (monsoon-rains)
as they occurred at the site during the period 1961-2016.

3.7.2 Plausibility check of data basis

Betore using the prepared peak flood data series in the flood frequency
analysis for the design flood estimation, the plausibility of the data series
must be checked. Therefore, several statistical checks have been carried out
to assess the plausibility of the peak flood data series at the project site, as
summarized below. ‘

Based on the peak flood data series at the site, the average annual peak flow
(Ave.) is 424 m*/s. The minimum peak flow (Min.) is 225 m®/s dated 10"
May 1982 and the maximum peak flow (Max.) is 1,416 m?/s dated 29" July
2010. The other statistical parameters namely, standard deviation (SDV),
coefficient of variation (CV), coefficient of skewness (skew) and coefficient
of kurtosis (Kur.) are listed in the table below.

Table 3-10: Statistical parameters of the peak flows estimated at the project site

[m3/s]
.-"["f""AVé.{”g“:}: Mln ol Max | ‘::iSD\(-,J‘ < CV: | Skew Kur.
424 225 1,416 238 0.582 3.291 14.513

Ten different statistical tests, based on the “WMO/UNESCO Expert
Workshop on Trend/Change Detection and the CRC for Catchment
Hydrology publication Hydrological Recipes” have been carried out with
the peak flood data series estimated at the project site, whose results are
given below.

Table 3-11: Results of statistica! checks of peak flow series estimated at the project

site
e |U T Gritical values :
t::s:]_ — - ‘ " Result
. ; statistic a=0.01 | :
Not
Mann-Kendall -0.191 2.576 Significant
, Not
Trend Spearman's Rho -0.328 1.645 1.96 2.576 Significant
) . Not
Linear regression 0.915 1.676 | 2.006 | 2.672 Significant
. - Not
Step change in Cumulative deviation 1.011 1.144 1.272 1.524 Significant
mean/median o Not
Worsley likelihood 2127 287 3.16 3.79 Significant
Not
difference in Rank Sum -1.401 1.645 1.96 2.576 Significant
mean/median in two Not
different data periods | Student's t -1.514 1.676 2.005 2.67 Significant
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' : ‘Testr"l"‘ =iz Critical values.
Test for Name of Test PPN e - X
) no statistic' |
) . ) Not
Median Crossing 1.483 1.645 1.96 2.576 -
Significant
Randomness Turning Point -1.289 | 1645 | 196 | 2.576 _ Not
Significant
. Not
Auto Correlation 0.048 1.645 1.96 2.576 Significant

The results of these statistical checks show that: there exist no statistically
significant trend, no statistically significant step jump, no statistically
significant different mean/median between splitted data periods and the data
series come from a random process.

The results of the statistical checks presented above prove that the peak
flood data series estimated at the site are random, independent, homogenous
and steady. Hence, it is justified to use the complete peak flood data series,
estimated at the site, for the flood frequency analysis to estimate the design
flood for the project.

-3.7.3 Design flood estimation

For the flood frequency analysis with those flood peak series seven
probability distributions, three parameter estimation methods, and three
statistical tests are used (using HQ-EX software tool developed by WASY -
Germany) as listed below:

a) Probability distributions:

o Gumbel or extreme value distribution of Type | (E1)

« Generalized extreme value distribution (AE)

« Pearson Type III distribution (P3)

« Logarithmic Pearson Type III distribution (LP3)

« Wakeby distribution (WB3)

« Three-parameter logarithmic normal distribution (LN3)

« Two-component extreme value or Rossi distribution (TCEV or ME)

b) Parameter estimation methods:

« Moment method (MM)
« Maximum likelihood method (MLM)
+ Probability weighted method (PWM of WGM)

¢) Goodness-of-fit test:

« Kolgomorow-Smirnow KS-test
o Nw2-Test
« the probability plot correlation coefficient test PPCC-Test.

The different distributions estimated with different parameter estimation

methods fitted to the estimated peak flood series at the project site (1961 -
2016) is shown in the figure below and to read out the resulting design flood
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corresponding to each of these different distribution functions, the results

are presented in the table as well.
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Figure 3-35: Fitting of different probability distributions for the flood frequency
analysis at the project site (output of HQ-EX software)

Table 3-12: Design flood corresponding to different probability distribution functions

"BfObéb.ilitf Parameter |, - .t Return Period [yrs]

Distribution Em’:ﬁéﬁm 2 20| 25 | .50 |.100:| 200 | s00 |1,000]10,000
E1 MM 393 559|668 | 773 (805 | 908 [1.041]1.112] 1,246 | 1,347 | 1.683
E1 MLM  |395(510|587|660|684 | 755 | 826 | 897 | 991 |1,061| 1,296
E1 WGM | 399|532 (621|705|732| 815 | 897 | 979 | 1,087 1,168 1,430
AE MM 379 (520(632|756 | 799 | 945 | 1,110 4,299 1,590 | 1,847 | 2,997
AE MLM 375|492 (589|700 740 | 877 11,038)1,229}1,535| 1,815 3,174
AE WGM | 375|498 |605|733{780 | 945 |1,147{1.395|1.810|2,208 | 4,304
ME MLM  |380 (488|583 )726{791(1,036| 1300|1565 1914|2178 3,055
LN3 MM 371512632} 765|812 967 {1,142]1.337 | 1,629 | 1,878 2,904
LN3 MLM 383 (514 612j715] 749 860 | 978 | 1,103 | 1,282 | 1,427 | 1,981
LN3 WGM | 372505619748 | 794 | 946 [1,119(1,313| 1,607 | 1859 2,913
P3 MM 347|474 (6191788 | 845 1,033 | 1,230 1,434 | 1,712 | 1,926 | 2,658
P3 MLM 394 (515|593 | 665|687 | 754 | 819 | 882 | 963 | 1,024 | 1,218
P3 WGM | 368 | 519|639 761{801| 925 {1,051 (1,177 | 1,344 | 1,472 1,897
LP3 MM 377{520|634 | 759|803 | 947 |1,110|1,293|1,572|1,815] 2,873
LP3 MLM 383 |510|607 711} 746 861 | 987 |1,125|1,330| 1,503 | 2,219
WB3 MM 356 [ 498 | 632 | 783 | 834 | 1,004 | 1,187 | 1,380 | 1,652 | 1,869 | 2,850
WB3 MLM | 399567 |681 [ 788821 922 {1,020]1,114|1.236|1,325| 1.810
WB3 WGM . | 374|523 (636|750 786 | 900 |1.0t4 1,128 | 1.278 1,393 1.772
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The three statistical tests namely, KS-test, Nw2-Test and PPCC-Test were
carried out with all the fitted probability distribution functions for the flood
frequency analysis. The results of these tests as the output from the HQ-EX
software are presented in table below.

Table 3-13; Results of statistical checks of the fitting of different probability distribution functions in

the flood frequency analysis

l;::g?)?;t]:;yn _‘; E%n{i;r:%t:n Para'l  Para2 Para3 Pama4: -KS—_te:gt:‘ . Nw‘-TestPP‘CC-Tes
: " Method - : R i o
E1 MM 338.84  145.81 0.172 0.464 0.828 0.808
E1 MLM 357.59 101.91 0.122 0.135 0.828 0.429
E1 WGM 356.15 117.55 0.150 0.251 0.828 0.573
AE MM 338.76 103.73 -0.19 0.115 0.18% 0.924 0.380
AE MLM 343.16 82.02 -0.24 0.099 0.099 0.944 0.255
AE WGM 343.18 8193 -0.30 0.099 0.105 0.961 0.243
ME MLM 338.72 7529 45046 38059 0.075 0.054 0.990 0.140
LN3 MM 214.08 5.05 0.76 0.131 0.203 0.938 0.397
LN3 MLM 176.17 5.33 0.58 0.108 0.122 0.895 0.335
LN3 WGM 232.67 4.94 0.79 0.116 0.151 0.943 0.324
P3 MM 325.28 354.28 0.28 0.232 0.6831 0.944 1.119
P3 MLM 172.99 70.09 3.49 0.127 0.153 0.813 0.467
P3 WGM 275.00 189.26 0.79 0.145 0.257 0.906 0.496
LP3 MM 5.16 0.15 5.47 0.119 0.189 0.925 0.393
LP3 MLM 5.17 0.12 8.71 0.103 0.108 0.906 0,305
WB3 MM 293.08 105.44 0.71 0.176 0.404 0.948 0.632
WB3 MLM 74.24 234.20 1.25 0.182 0.364 0.851 0.685
WB3 WGM 261.69 161.92 0.99 0.128 0.219 0.897 0.451

The results of the statistical checks of the fitting of different probability
distribution functions in the flood frequency analysis indicates that the best
distribution for the project site is the “Two-component extreme value or
Rossi distribution (TCEV or ME)” with its parameters estimated through
“Maximum likelihood method (MLM)”.

The resulting best-fitting frequency curve is re-shown in the figure below.
The resulting design flood magnitudes for the project damsite are listed in
table below.

For the powerhouse site, the design flood estimated at the damsite is
increased according to the increase in catchment area from the damsite to
the powerhouse site (i.e. increased by the catchment area ratio of 44%)
hence assuming that the specific flood from the catchment between damsite
and the powerhouse site is same as that from the upstream of the damsite —a
slightly conservative assumption here. The resulting design flood estimates
for the powerhouse site are also presented in the table below.
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Figure 3-36: Best-fitting probability plot of design flood at the project site

Table 3-14: Estimated design floed with different return period at the project
damsite and the powerhouse site

- FSReport . .. ..

. Design.Flood at
: Powerhouse site.
[més]:
550
. 705
10 0.9 580 835
20 0.95 730 1,050
25 0.96 790 1,140
50 0.98 1,035 1,490
100 0.99 1,300 1,875
200 0.995 1,565 2,255
500 0.998 1,910 2,750
1,000 0.999 2,180 2,140
10,000 0.9999 3,055 4,400

The design floods calculated in the above analysis matches well and are at
stightly safer side when compared with the design flood estimated and

transposed from the flood peak series recorded at Chakdara station and also
when checked similarly with Kalam station.

Further, the design flood estimated at the project site is compared and
checked with that from the other stations and the hydropower projects in the
neighborhood. The comparison is shown in the following two tables
indicating the respective design flood and the corresponding specific flood
respectively as published/reported in the available studies.
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‘Return [~

.- Period. - Sharmal Mlilcillg n
Tyrsl |- ‘pa_m"isit_e (Area =
s (Area" 2403
ABTBEMY | kmy
380 445
5 490 530 210 1,384 94 253
10 580 587 243 1,541 122 284
20 730 656 274 1,692 148 -
25 790 - 284 - - -
50 1,035 712 314 1,888 182 365
100 1,300 860 384 2,035 208 404
200 1,565 . - - - -
500 1,910 - - - - 509
1,000 2,180 1,450 854 2,519 292 562
10,000 3,055 2,002 1,375 3,003 376 777

Table 3-16: Specific design flood at different locations for comparison

c Specific Dési ‘
‘Return T
Period | Sharmai | Madian *G(:::::f_ Stglttl':r: .
Bl PAmSt | vee= | HPP | (Area= | station -|. (area=-
1878 km?) | 2403 km?) | [Area= |~ 12485 | (Area =520:. 1036 .
962 km?) - km?) S kmEy ol kmd)s
2 202 185 167 92 102 204
5 261 221 218 111 182 244
10 309 244 2583 123 234 274
20 389 273 285 135 285 -
25 421 - 295 - - -
50 551 296 326 151 350 352
100 692 358 399 163 399 390
200 833 - - - - -
500 1,017 - - - - 491
1,000 1,161 603 388 202 561 542
10,000 1,626 833 1,429 240 722 750

It can be noted that the design flood estimated here for the project site fits

well and are at the safer side when compared with the design flood

estimated for the other stations and the hydropower projects as
published/reported in the available studies and shown in the table above.

The comparatively higher values estimated for the project site here can be
accounted for the extremely high devastating flood of July 2010 which is
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considered in the analysis here unlike the presented previous studies (except
for the Mastuj Bridge station where the flood of July 2010 is also
considered).

As a further check of the design flood estimation, the results from a regional
analysis approach developed by GTZ is compared. GTZ had collected
instantaneous maximum discharge data of various stream gauging statipns
of Northern areas of Pakistan including snowmelt runoff and glacier melt
runoff watersheds (which has hydro-metereological similarity with the
project area) and had developed correlations for the peak floods as a
function of watershed areas for various return periods. According to those
GTZ regression equations, the 1,000 and 10,000 years flood at the Sharami
damsite will be 2,200 m*/s and 3,150 m*/s respectively - which matches quite
well with the design flood estimations presented above.

All these different cross-checks conclude that the design flood estimated
here for the project site can be considered as plausible, reliable and
adequate.

Further, for the check flood, the “Probable Maximum Flood” (PMF) at the
project site cannot be estimated directly/deterministically with adequate
reliability given the required and available data conditions. However, the
PMF-equivalent check tlood for the Sharmai HPP is proposed considering
the 65% increase in the estimated 10,000 years flood which resuits to 5,040
m?*/s at the project damsite. This estimation is in line with or rather in the
safer side when compared to the some international guidelines for the design
flood for dams which suggest to consider the PMF or safety check flood to
be 1.5 times the design flood and the design flood as 1,000 years flood (for
e.g. Norwegiam guidelines).

Among the available previous studies, the estimation of PMF is shown oniy

- for the Naran HPP (through Storm maximization PMP-PMF approach)
which shows the PMF to be 2,300 m*/s that corresponds to the specific flood
of 2,542 lit/s/km? (catchment area = 905 km?), When compared to this, our
consideration of PMF-equivalent check flood of 5,040 m?/s corresponds to
the specific flood of 2,684 lit/s/lkm? matches well and is at slightly safer
side. Further, the estimated magnitude of the PMF -equivalent check flood
corresponds to “Francou Rodier” coefficient “K™ of more than five which
means the estimated value matches well with the regional maximum
possible flood in the region as proposed by the well known Francou-Roudier
method.

In this regard, the estimated design flood along with the considered safety
check flood (PMF equivalent) can be considered as plausible and adequate.

3.8 Impact of Climate Change

Changes in precipitation and temperature lead to changes in runoff and
water availability. Climate change impacts on the available river flows and
the incoming floods, which are relevant in context to the HPP projects, will
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occur through the changes in precipitation, temperature/evapotranspiration
of the area caused by the anthropogenic climate change.

The impact of climate change on a specific hydropower plant will depend
on the local change of these hydrological characteristics, as well as on the
type of hydropower plant and on the (seasonal) variation in energy demand,
which will itself be affected by climate change. Run-of-river projects are
more susceptible to increased flow variability than projects with large
storage capacity. Projections of future hydropower generation are subject to
the uncertainty of projected temperature, precipitation and streamflow.

Making a site-specific independent analysis and direct estimation of the
impact of climate change on the viability of the specific HPP proiects, is
very much data-intensive (both data quality & quantity) and also
computation-intensive. The constraint and the limitation in the quality and
quantity of available data relevant for the appraisal of the possible climate
change impacts to the project do not allow making such analysis in local
scale. Therefore, such site-specific independent analysis of climate change
is generally not within the scope of the HPP projects. Accordingly, none of
the available previous studies has considered or reported on the impact of
climate change for the hydropower projects in the region.

However, certain level of the assessment of the impact of climate change in
the project area can be done through several published/available relevant
research projects and studies, which is done here as well.

As one of such possibility, the impacts of the climate change in HPP
projects in a region can be fairly assessed through the published and .
accessible results of the several General Circulation Models {(GCMs) that
have been checked and accepted by the relevant communities (IPCC). One
of such reliable source is provided by the “World Bank Group” as a
“Climate Change Knowledge Portal”. The World Bank has recently
developed a concept for the assessment of the impact of climate change on
six hydrological indicators for more than 8,000 river basins across the
world. Strzepek et al (2011) provide a thorough description of the developed
basin scale indicator approach. Based on the future precipitation and
temperature changes, one of the assessed future hydrological indicators is
mean annual runoff along with flood and drought indicator which are
relevant for the HPP projects. The portal can be accessed through:
http://sdwebx.worldbank.org/climateportal/

This portal provides directly the expected future change in runoff for the
foltowing options:
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» Emission Scenarios (Future Climate Scenario) - i) Alb', ii) A2% and iii)
B1?

e Ground Circulation Models (GCM) - The portal utilizes results of 22
GCMs in order to perform an analysis that leads to the percentage
changes of runoff. .

¢ Time Period - i) 2030-2039 and ii) 2050-2059.

The retrieved results for the project site in Northern Pakistan are
summarized in the following figures.
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" The Al storyline and scenario family describes a future world of very rapid economic
growth, global population that peaks in mid-century and declines thereafter, and the rapid
introduction of new and more efficient technologies. Major underlying themes are
convergence among regions, capacity building and increased cultural and social
interactions, with a substantial reduction in regional differences in per capita income. The
Alb scenario is distinguished by its technological emphasis assuming a balance across al!
energy sources (where balanced is defined as not relying too heavily on one particular
energy source, on the assumption that similar improvement rates apply to all energy supply
and end-use technologies).

2 The A2 storyline and scenario family describes a very heterogeneous world. The
underlying theme is self-reliance and preservation of local identities. Fertility patterns
across regions converge very slowly, which results in continuousl y increasing population.
Economic development is primarily regionally oriented and per capita economic growth
and technological change more fragmented and slower than other storylines,

3 The B1 storyline and scenario family describes a convergent world wit h the same global
population, that peaks in mid-century and declines thereafter, as in the Al storyline, but
with rapid change in economic structures toward a service and information economy, with
reductions in material intensity and the introduction of clean and resource-efficient
technologies. The emphasis is on global solutions to economic, social and environmental
sustainability, including improved equity, but without additional climate initiatives.
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where,
A2, Alb, Bl : Future Chimate Scenarios
Runoff : Mean Annual Water Runoff
10% . Flood Indicator (Annual High Flow)
90% . Drought indicator {Annual Low Flow)
Gndwtr : Groundwater (Baseflow)
Stor 1 Water available to basin (Basin Yield)
Irr. Def . Irrigation Deficit (Crop water deficit for crops)
Precip ; Mean Annual Precipitation
PET . Annual Potential Evapotranspiration
Delta Temp . Average Change of Mean Temperature
Delta CMIX (x10) :  Climate Moisture Index for all

Figure 3-37: Box plot of climate change impact in the project area for future time
period of 2030-2039 and 2050-2059

The results of the 56 GCM models as retrieved by the World Bank Climate
Change Knowledge Portal with regards to the % change of mean annual
runoff, for example, are shown in the figure below.
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Figure 3-38: GCM results for three different CO2 emission scenarios regarding %
change of MAR in water basin of the project (2005-2059)

As indicated, the models results for the future time period varied within a
range from 42% increase of runoff to 30% decrease. Similarly the absolute
increase of mean annual temperature is expected to range between 1.19 and
4,13 °C, For different possible scenarios, following different results are
obtained.
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Scenario Alb

For this scenario, the in-house hydrological analysis of the World Bank
Climate Change Knowledge Portal indicates that the median value of the
percentage runoff change predictions of the individual GCMs is 5%
reduction of the mean annual runoff. The median value of the predictions of
absolute temperature change is 2.8°C

Scenario A2

For this scenario, the median value of the percentage runoff change
predictions of the individual GCMs is 0%. The median value of the
predictions of absolute temperature change is 2.6°C

Scenario Bl

For this scenario, the median value of the percentage runoff change
predictions of the individual GCMs is 0.5% increase of the mean annual
runoff. The median value of the predictions of absolute temperature change
is 2.1°C

There is however no consensus between the climate change experts/models
and therefore it is not possible to infer in a deterministic manner what exact
scenario is more likely to occur or which GCM is more reliable. However,
these results are overall in agreement with the forecast on future climate
change impacts in the project area as included in the most recent and
relevant report from a research project launched by the Ministry of Climate
Change (MoCC) and the United Nations Development Programme (UNDP)
in July 2015 - “The Vulnerability of Pakistan’s Water Sector to the Impacts
of Climate Change: Identification of gaps and recommendations for action”.

The project’s goal was to analyze how climate change could adversely
affect the availability of water resources in the Indus basin (to which the
Sharami project site also belongs), and therefore limit the country’s future
economic and social development. The relevant observations from this
report are as follows.

¢ There remains uncertainty regarding how changing climatic conditions
are or could adversely affect the country’s critical water resources. Large
knowledge gaps remain regarding the impact of climate change on the
area’s hydrological regime. The systematic review also made evident the
continuing lack of knowledge regarding the physical processes that shape
the hydrological regime of the area. There is no clear understanding of
the relationship between the glacial and nival (snow -melt) regimes, how
they respond to current climate conditions and how they might change in
the future.

« Climate projections suggest that temperatures in the area will continue to
rise in the coming decades—in both the summer and winter—and that
there remains significant uncertainty regarding changes in precipitation,
particularly with respect to winter precipitation, as available projections
are inconsistent with respect to changes on a seasonal and spatial basis.
How each of the glacial, nival and rainfall regimes respond to these
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climatic changes will determine the future hydrology of the area. As
runoff in the glacial regime is positively correlated to summer
temperatures, higher summer temperatures are expected to lead to higher
rates of runoff. However, it is difficult to predict the extent or timing of
this increase over the long-term given the uncertainties associated with
climate projections, the topographical complexity of the area, and the
absence of comprehensive inventory of glaciers within in the basin.

« Nival regime changes are of particular interest when trying to assess the
potential consequence: of climate change for future hydrological patterns
in the area as it comprises the greater portion of consistent downstream
water flow. A higher rate of winter precipitation, which would be
consistent with historical trends, could lead to higher levels of summer
runoff. However, as winter precipitation projections from different
models contradict one another and are associated with great uncertainty,
it is challenging to anticipate how runoff rates from this regime might
change in the future,

e Overall, significant uncertainty remains regarding not only how each of
the glacial, nival and rainfall regimes will be affected by climate change
but also with respect to the interplay between them and therefore the
collective outcome of these changes.

» The reviewed studies all concluded that the volume of water flow in the
area will not change significantly prior to 2050 as decreases in glacial
melt runoff will be compensated by runoff generated from increasing
monsoon rainfall, While no significant change in total flow volume is
projected, modeling results show that the main impact of climate change
prior to 2050 will be a shift in the timing of peak flow to slightly earlier
in the year. It is also projected that there will be a shift in the timing of
peak flows in the area, with modeling results suggesting that peak flow
will oceur three to four weeks earlier compared to a baseline of recorded
flows between 2001 and 2005 in which peak runoff occurred in weeks 26
and 27 of the calendar year (June/July).

» In the long-term, available models suggest that water flow in the area will
decline with the loss of glaciers. For example, a model found that a 50
percent decrease in glacial cover due to the temperature increases would
result in a decrease in glacier runoff of only 22 percent. However, the
total runoff in the area would be offset by increases (by 53 percent) in
rainfall concentrated in the period between June to August. In contrast,
the discharge drops significantly for the scenario in which there is
complete loss of glaciers in the area. Another model also found increases
in discharge for models that assume 50 to 100 percent glacier coverage,
but substantial reductions when there is a complete loss of glacier
coverage.

¢ Climate change impacts on water flows in the area will be limited in the
near term. The systematic review of existing but limited researches on
how climate change may affect the hydrological regime of the area shows
almost consistent agreement that the climate change will only have a
limited impact on total annual volumes of water flow stemming from the
glacial and nival regimes in the near and medium terms. The impact of
climate change in the period before 2050 is more likely to be refiected in
changes in the timing of peak flows and increased variability in flow
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levels, primarily due to greater unpredictability in the rainfall (monsoon)
regime.

e The run-of-the-river hydroelectric power installations may be affected by
greater variability in water flows, while large-scale hydropower plants
are unlikely to be significantly affected in the near to medium terms.

Hence, as shown by the different information, studies and analysis presented
above, increase in temperature is a common finding but the uncertainty and
regional scale of the analysis doesn’t allow to infer or quantify changes in
water availability at the Sharmai project site although it is demonstrated not
to be significantly high.

Further, the sensitivity analyses applied in design and sizing of the plant
(different water availability scenarios) and the variation in the appraisal of
the financial performance (i.e. different energy generation scenarios) of
Sharmai project assess the robustness of the technical and financial
performance of the project against the impacts attributable to climate
changes.

Therefore, it can be concluded that the climate change impact on the
viability of Sharmai project can be considered as a certain hydrological risk,
which shall be taken into account in the project risk analysis and in
conclusion on the financial viability of the project.

3.9 Sedimentation Study

3.91 Introduction

Sharmai HPP is located in northern Pakistan, in the upstream reach of
Panjkora River. The latter originates from a mountainous region (>4000 m)
and confluences into Swat River. The project is located on the western
border of one of the most prone to surface erosion regions in the world, with
specific sediment loads exceeding the value of 1000 tons/km?a, as indicated
in the global map of specific sediment yield which was published by
Walling & Webb (1996).
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Figure 3-39: Global map of specific sediment yield including the project location

The project area is strongly affected by the glacial processes and the
monsoon seasonal precipitation pattern. It is characterized by the high
energy potential stemming from the high terrain elevation and steep slopes,
the rocky terrain conditions with high content in quartz minerals as well as
the presence of snow and ice. The interrelation of the aforementioned
features has as result the realization of the highest sediment concentrations
worldwide, characterized by relatively high hardness.

The objective of the sedimentation study is to provide an assessment of:

s the sediment inflow into the Sharmai headpond, its intra-annual
variability and its grain size distribution

s the lifetime of the headpond if no sediment management is applied

o the risks associated with sedimentation of the headpond

e the necessary mitigation measures against sedimentation.

3.92 Morphology of Panjkora River

Panjkora River is a typical steep mountainous gravel bed river. The river
morphology and the alluvial deposits on the river banks in the proposed
reservoir area give an indication of the capability of Panjkora River to
transport sediments.

The topographical survey indicated that the mean annual river bed gradient
at the project site is approximately 1%. The river bed width varies between
25m and 50 m. The side slope of the river banks ranges between 1:1.5 and
1:2.5 (V:H). As expected, the river morphology is characterized by the
following two distinct morphological features.
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o A surface armor layer which is coarser than the underlying finer
subsurface material. Hence, morphological changes occur only after the
armor layer is broken during high flow events, since the sub-surface
material is protected against erosion.

« Riffle-pool sequences which have as result increased energy losses and
bed stability.

The aforementioned morphological features are shown in the following
picture which was taken during the site visit.

S aad T

Figure 3-40: River morphology of Punkjkora River at project site. Armor layer on
gravel bank (left side) and riffle-pool morphology in the main channel

Panjkora River is the natural drainage of glaciated areas in North-Pakistan,
which are the source of sediments of different gradation. Approximately
10% of the catchment area of Sharmai HPP extends at elevations higher
than 4200 masl. The morainic deposits in the project area are an indication
of presence of glaciers in ancient times that have retreated with time.

393 Bed material

The Panjkora River is characterized by a distinct armor layer which protects
the underlying subsurface material from erosion. The grain size distribution
of the bed material was determined by means of the line by number method.
The application of the latter was based on photos of the surface armor layer
taken by the Consultant during the site visit. The line-by-number analysis
was applied in three samples, each one of which comprised approximately
350 particles along the transect line, following the respective guidelines
given in the technical literature.

The grain size distribution of the subsurface bed material was derived on

basis of the line-by-number grain size distribution of surface material. The
analysis consisted of the steps given below, following Fehr (1987).
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o Identification of the gravel and cobble particles on the plan view photos
and measurement of the b-axis diameter of particles which were beneath
a transect line as presented in the figure below. Particles with a b-axis of
less than 5 mm are neglected in the field because it is difficult to include
them all and measure them correctly.

¢ Numerical sieving for classification of the measured particle diameters
into grain classes and determination of the respective frequency of
occurrence distribution,

* Conversion of the derived line-by-number grain size distribution to the
equivalent volume-by-weight grain size distribution. The conversion is
done as follows.

Aq; do;
8pi = =55
Y14q; dpd
Where:
Api Volume by weight fractional content of the bed material
* (Weight of the grain class / weight of the hole sample)
Aqi Grain size occurrence frequency
Count of the particles of grain class i / total count of sampled
particles (Line by number analysis of the armor layer)
dmi mean diameter of the grain class
n total count of the grain classes
0.80 Exponent for the conversion of a line by number grain size

distribution of surface bed material into a volume by weight
grain size distribution of the subsurface bed material.

The calculated volume-by-weight grain size distribution is further
corrected with the following relationship

Pic = 0.25+ 0.75 Z AP:

« Fitting of a Fuller grain size distribution for the representation of the sand
and silt grain classes existing in the bed material.
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Figure 3-41: Line-by-Number analysis for determination of armor layer com position
{(Sample extract)

The derived bed material grain size distribution for the three samples
together with the mean gradation curve is shown in the figure below. The
same figure contains the characteristic grain sizes that are used for
determination of the skin and total friction losses coefficients as well as for
the assessment of the bedload transport rates.
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Figure 3-42: Grain Size Distribution of surface armor layer of Panjkora River at
project site
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3.9.4

3941

Bedload

The bedioad annual yield at the project site is computed with application of
appropriate empirical predictors on basis of the site specific composition of
bed material and flow conditions.

Flow conditions

The finally observed total energy losses depend on the grain size
distribution of the surface material, the river slope and the relative
submergence of the coarser particles of the armor layer. The aforementioned
relationship is given by the following equation, which has been developed
from measurements in mountainous rivers in northern Pakistan (Palt 2001).

0.21
E =(0.13/79-%8 (—h—)
ky dgo
Where:
Kst Strickler’s coefficient for total losses including both skin friction and
~ bedform losses

K¢ Strickler’s coefficient for skin (particle) losses (calculated with
Meyer-Peter Miiller (1949) equation.
I Average longitudinal river gradient at the project site

h Water depth .
deo  90% by weight of surface bed material is finer than this grain size

Under consideration of the aforementioned representative geometrical and
morphological features of Panjkora River at the project site, the following
water depth -discharge rating curve is calculated for a representative cross-
section with application of the Manning-Strickler equation.

10 - 1000
[ Input for assessmant of
9 7 L 200 water depth - discharge
5 P 800 F rating curve
] b~ River slope| 1%
T ’ L4 I 00z Bed widih| 40 |m
T 6 ” 5 T : I 600 & Side Slope| 1:1.5}(V:H)
Z s « ‘! ‘, son 2 dsof 240 |mm
-3 | ] ] 7
a [, 1 . o
3 4 " ‘ " 400 9 k, 013 | %" l h ]
2 / R i L ds
3 — ; 300 @ 26
[ i 5 L
2 = . 200 X §idyg
IR i
1 — ) 100 - 273,12
” | ol “ Q—Aknrh,, I
0 - 0
o] 500 1000 1500 2000 2500 3000
Discharge Q {m?/s]
I e Ffow Depth = Average Bed Shear Stress

Figure 3-43: Flow depth - discharge rating curve for representative cross-section of
Panjkora River at project site

The figure above includes also the calculated tractive shear stress exerted by
the flow on the river bed as a function of the flow discharge. The calculated
shear stresses are used for the assessment of the bedload transport rates
which are presented in the subsequent section below.
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Bedload computation

. FS Régoﬁ_ .

The assessment of bedload is performed with application of the following
empirical predictors:

Meyer-
Peter

Miiller
(1948)

Application range
Bed material: sediment mixtures (6.4 mm - 30 mm)
Slope: 0.04% - 2.3%.

Equation
1.5

B

_8/9p:B (Ez
T os—1

15
) RI= tp(s— 1)dy
kr

Ter = 0.049

St

0.5 for step — pool morpology

r 0.7 selected value for Panjkora River

{1.0 for flat river beds (no bed forms)

Smart

Jaggi
{1983)

Application range
Bed material: gravel {uniform material and sediment mixtures)
Slope: 3% - 20%

Equation

d
4 90)
___Ps (a; Ry, I*© (1 -
s—1 "

0p =B Tuer(5 — l)dm)

R!
T-or = 0.049

Palt
(2001)

Application range

Based on bedload field measurements in northern Pakistan
Bed material: gravel-boulders (sediment mixtures)

Rivers with developed step-pool and riffle/pool morphology
Slope: 0.6% - 12%

Equation
s.23 2

kesr\* kst
9067 [(kr) r.] for (k_r) r. < 0.22and q > q,
kon? M ko2
30.34 [(—St) r.] for (—SE) 1.>022and g > q
k. k, c
9
g = ————=0.039 /7116
Va(s— 1dis
S | S
V(s = 1)gdd,

0.21

40:

Exe _ 1377028 (—’L)
kr d90
RI

T.=————+—
(s — 1)dsg
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Annotation

Qs bedioad transport rate [kg/s}

qe Volumetric bedload transport rate per river bed width unit [m3/s/m]

B Average width of morphologically active river bed [m]

R Hydraulic radius [m]

Vm Average flow velocity [m/s]

h Average flow depth [m]

I Average longitudinal river bed gradient

Ps Sediment density [kg/m?] (ps = 2650 kg/m*)

s Ratio of sediment to water density [-] (s = 2.65)

Kt Strickler's coefficient for total losses including both skin friction and
bedform losses

ke Strickler's coefficient for skin (particle) losses

kst/Kr Correction factor for increased energy losses due to bed forms [-]

Tar Crit_ical_Shie[ds parameper for entrainment into motion referring to dm
grain size of bed material [-]

o 28 Median grain size of bed material

dso, dso, 30%, 50%, 65%, 95% by weight of bed materiai is finer than the dao,

des, deo dso, dss. deo grain size respectively

0] Dimensionless Einstein’s parameter for bedload transport rate

T Shields’s parameters refering to dm of bed material

e Criti_cal specific discharge for entrainment of fine gravel particles into
motion [m*/s/m]

The aforementioned equations are selected among a plethora of available
bedload predictors because they have been developed especially for gravel -
bed rivers in mountainous regions.

¢ Meyer-Peter & Miiller (MPM) (1948) formula is selected -because it is

the classical approach for gravel bed rivers with mild slopes. Its
derivation was based on laboratory experiments. Panjkora River’s slope
at the project site (1%) is within the range of the tested river bed slopes
(0.04% - 2.3%). The bed material of Panjkora River at the project site is
however substantially coarser than the sand-gravel sediment mixtures
used in the laboratory experiments.

Smart & Jaggi (1983) formula is selected because it is the development.
of MPM equation for steep mountainous rivers. Its derivation was based
on laboratory experiments. Panjkora River’s slope at the project site (1%)
is slightly out of the tange of the tested river bed slopes (3% - 20%). The
bed material of Panjkora River at the project site is substantially coarser
than the sand-gravel sediment mixtures used in the laboratory
experiments. '
Palt (2001) formula has been selected because it was developed for
mountainous rivers v;rith step pool and riffle pool morphological features.
Its derivation was based on extensive field bedload measurements on 16
rivers in the mountainous Karakoroum region in Northern Pakistan. This
region is characterized by similar geomorphological and climatic
conditions as the project area. Panjkora River’s slope at the project site
(1%) is within the range of the river slopes {0.6% - 12%), where
measurements were |f::rform ed.
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The long term mean annual bedload yield as calculated with application of
the three aforementioned empirical predictors on the project site flow time
series (1961-2016) is shown in the table below. The same table includes the
corresponding bedload yields expressed as percent of the calculated mean
annul suspended load. The latter is estimated to be 7.5 million tons/a,
corresponding to a mean annual suspended concentration of 3300 ppm. Its
computation is presented in the subsequent section below.

Table 3-17: Mean annual bedload yield as calculated with three different predictors

* Woan annual. | Wear annual bedload as
'bedload yield: |- :Pereent of mean annual
i TN o e s suspended load
Meyer-Peter & Miller (1948) 1.8 million tons/a 24%
Smart & Jaggi (1983) 25 million tons/a 330%
Pait (2001) 0.85 million tons/a 11%

Smart & Jaggi (1983) delivers an unrealistically high bedload yield (3 times
the mean annual suspended load} even though it is one of the most recent
developments of the classical MPM (1948) equation. For this reason is
excluded from any further considerations. MPM (1948) and Palt (2001)
result in comparable bedload yields. MPM (1948) however delivers
practically double so much compared to Palt (2001). A practical method for
evaluating the feasibility of calculated bedload transport rates has been
presented by Lane & Borland (1951) in terms of guidelines which are
shown below.

Table 3-18: Partitioning between bedload and suspended load according to Lane &
Borland (1951) [Retrieved from Turowski et al. (2010)

BT e R : RN N % bedload in
Speeion | metmatorat | Jesturnet | " oms
- BRI L B suspended load
Sand Similar to bed 25% - 150%
Low material
<1000 ppm Gravgl, rock or Small amount of 5% - 12%
consolidated clay sand
Similar to bed o 0
Medium Sand material 10% - 35%
1000-7500 ppm Gravel, rock or 25% sand or less 5% - 12%
consolidated clay
: Sand Similar o bed 5% - 12%
High material
> 7500 ppm Gravel, rock or o P o
consolidated clay 25% sand or less 2% - 8%

The above guidelines indicate that the bedload yield at the project site shall
range between 5% and 12% of the mean annual suspended load, since the
suspended concentration is 3300 ppm which can be classitied as medium
and the bed material consist predominantly from gravel, cobbles and
boulders. On these grounds it is concluded that the most reliable progosis
of the bedload is delivered by the Palt (2001) empirical predictor which
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calculates a mean annual bedload yield equal to (.85 million tons/a
corresponding approximately to 10% of the mean annual suspended load.
The calculated annual bedload yields for the time period 1961 - 2016 ranged

from 0.07 million tons/a during dry years up to 6 million tons/a during
extreme wet years.

The comparison of the daily flow values at the project site and the critical
discharge for entrainment of fine gravel particles indicate that the bedload
transport will occur during a time window of approximately 4 months
extending from May until September. The bulk of bedload transport will
take place however during a substantially shorter time period comprising
sporadic days during which the armor layer is broken and the finer
underlying material is exposed to the flow.
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Figure 3-44: Comparison of mean annual hydrograph with critical discharge for
entrainment of fine gravel and breaking of the armor layer

The calculated intra-annual distribution of bedload with application of the
Palt (2001) predictor is shown in the figure below.
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Figure 3-45: Mean monthly bedload yield at the project site
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3.95 Suspended load

3.8.51 Data basis

The assessment of suspended sediment yield at the project site is based on
an exceptionally sound data basis of suspended sediment field
measurements. The measurements were conducted by WAPDA, close to the
project site during a time period of 7.5 years.

Table 3-19:  Key parameters of suspended sediment measuring station

| Zulam bridge on Panjkora River

65 km downstream of Sharmai proposed dam site
34°47'24.78"N

71°47'48.46"E

4285 km?

March 1999 till September 2006

Once every 10 days (with intermediate measurements
at pronounced flood events)

« Concentration of suspended solids
= Discharge at Zulam Bridge station
R T e + Grain size distribution of suspended sediment
Numberof ~=x - 397 (suspended concentration)

‘measurements | 80 (Grain size distribution of suspended load)

: L'dc;itioﬁ.

Catchment area
“Tine span of récord

During pronounced flood events WAPDA measured also the gradation of
the suspended matter. The grain size distribution of the suspended samples
was determined whenever the measured sediment concentration was higher
than 1000 ppm.

The sediment discharge data are presented in Annex. The location of the
measuring station and the project site are shown below.

2ulam bridge station
Catchment area; 4285 km?

I > | -

Figure 3-46: Project site and location of Zulam bridge suspended measurement
station
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3.952 Suspended load computation

3.9.56.2.1 Empirical regional assessment

In a first approach, the sediment yield of Panjkora river at the project site of
Sharmai HPP is estimated with application of the empirical regional
equation BQART, Syvitski and Milliman (2007), which is incorporated in
the software RESCON 2. This equation was selected among a plethora of
available empirical regional equations for the following reasons:

¢ To the knowledge of the Consultant it was developed from the most
extensive river data base available. The derivation of the equation was
based on measured sediment yields of 488 rivers, the catchment area of
which covers 63% of the global land surface and is highly representative
of global geology, climate and socioeconomic conditions.

e The sediment yield estimate is based on a large number of parameters
including basin area, relief, lithology, precipitation, temperature and
anthropogenic factors such as reservoir trapping in the catchment area,
population density and gross domestic product. Finally, and most
important it takes into:account the effect of the ice cover,

The data used for estimation of the sediment yield of Panjkora river at the
location of Sharmai HPP with the BQART equation are shown below.

Table 3-20: Data input for calculation of suspended load with BQART equation

Parameter | - Unit o Valuet o
Drainage Area A [km?] 1874
Mean Annual Discharge Q [km3/a] 2.25
Maximum Basin Relief R [masl] 5700
Average Basin Temperature T [°C] 11
:jcrzigg\;eer:rsegercentage of total Ay [%] 10%
Basin Trap Efficiency Te [%] 0%
Basin human-influenced scil erosion Low human footprint {Density
class population (PD)<50/km?)

The resulted sediment y!‘ie!d expressed in different units is shown below:

Table 3-21: Suspended yield according to BQART empirical regional approach

" Parameter SUnit | Value'
Long term mean annual Q. [kg/s] 265
suspended sediment load [Mva] 8.0
\ngjjiﬁc suspended sediment 3 [Harkm?] 4245
Suspended Sclids Concentration |  Cs {ppm] 3550
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3.95.2.2

Sediment rating curve based computation

As a second approach, the suspended sediment yield at the project site is
estimated by developing a sediment rating curve which correlates the
available daily flow to the daily suspended sediment load expressed in
tons/day. The rating curve is developed as follows:

¢ (Calculation of daily loads at the project site based on the measured
suspended concentrations at Zulam bridge and the calculated daily flows
at Sharmai intake location.

e Plot of calculated daily sediment loads against corresponding water flows
at the project site in log-log diagram and least square regression analysis
for fitting a power function.

The derived sediment rating curve is shown in the figure below:
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Figure 3-47: Suspended sediment rating curve at Sharmai intake (based on
measurements taken at Zulam bridge the time period 1999-2006)

By applying the above presented sediment rating curve on the time series of
daily flows at the Sharmai intake location it is calculated that the long term
(time period 1961-2016) mean annual suspended sediment inflow at the
project site will be 1.75 million tons/a.

The mean annual suspended load in the time period 1999-2006, i.e. the time
period of the sediment measurement at Zulam bridge is calculated 1.6
million tons/a. That means that the long term mean annual suspended yield
is approximately 10% higher than the mean annual yield of the
measurement time period. This difference is justified by the fact that the
time period of sediment measurement (1999-2006) was slightly drier than
the long term (1961-2016) average hydrological year.
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Temporal integration of sediment discharge records

As a third approach, the mean annual sediment load at Sharmai was

determined as follows:

s Calculation of the daily sediment load at Sharmai as the product of the
daily flow at the intake and the daily measured concentration at Zulam.

¢ Integration of the calculated daily sediment loads over time with the
trapezoidal rule in order to determine the total suspended sediment yield
during the time period of sediment measurements (03.1999 - 09.2006).

o Determination of the mean annual suspended yield by dividing the total
sediment yield with the duration of the observation period (7.5 years).

Correction of the calculated mean annual suspended yield by 10% in

order to account for the fact that the measurement time period was
slightly drier than the long term average hydrological year.

|
Figure 3-48: Assessment of |
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ean annual suspended yield at Sharmai project site

Based on the above des:c:i'fibed methodology it has been calculated that the
mean annual suspended yield at the Sharmai project site during the
observation time period April 1999 - September 20006 was 6.8 million
tons/a. In order to account for the fact that this time period was slightly drier
than the average hydrolojgical year, the aforementioned value of 6.8 million
tons/a shall be increased by 10%. Hence, the long term mean annual
suspended sediment inflow at the project site is 7.5 million tons/a.
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39524 Conclusion on mean annual suspended sediment load

The mean annual suspended sediment load at the project site has been
calculated with three different approaches, the results of which are
summarized below.

Table 3-22: Summary of suspended sediment computations at Sharmai with
empirical regional, sediment rating curve and pragmatic approach

- Mean annual | 2 Speécific . | Mean annual
sediment load | sedimentyield | concentration
- 4250
8.0 million tons/a tonskkm?/a 3550 ppm
1.8 million tons/a | 950 tons/km¥a 780 ppm
- 4000
7.5 million tons/a tons/km?/a 3300 ppm

The above presented results indicate that the empirical regional approach
and the temporal integration approach deliver comparable results. Contrary,
the sediment rating curve approach delivers a substantially lower
(approximately 4 times lower) mean annual sediment load. According to
Ferguson (1986), statistical considerations have shown that the sediment
load of a river is likely to be underestimated by methods in which
unmeasured concentrations are estimated from discharge using a least
squares regression for the logarithm of concentration.

On these grounds it is considered that the 3" approach delivers the most
reliable assessment, since it is based solely on the available site specific
field measurements without introducing any over- or under-prediction bias.
Therefore it is concluded that the mean annual suspended sediment load
at the project site will be 7.5 million tons/a, corresponding to a specific
sediment yield of 4000 tons/km?/a. The calculated annual suspended
sediment yields for the time period 1999 - 2006 ranged from 2 million
tons/a to 14 million tons/a.

The bulk of suspended load transport is observed in the time period March
till September. Contrary during the winter months October till February
practically no sediment transport takes place. The plot of the calculated
mean monthly bedload and suspended sediment loads indicates that during
this time period will occur approximately 90% of the mean annual
suspended sediment inflow.
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Figure 3-49: Mean monthly bedload yield at the project site

3.9.5.3 Grain size distribution of suspended load

During pronounced flood events, WAPDA measured also the sand, silt and
clay fractional content in the suspended sediment samples. The grain size
distribution of the suspended samples was determined whenever the
measured sediment concentration was higher than 1000 ppm.

The variation of the sand content as well as the variation of the content of

silt and clay in suspended load with the flow discharge is shown in the
following figure.
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Figure 3-50:  Variation of sand content and silt and clay content in suspended load
with discharge

The plot above indicates that as expected there is a tendency of increase of
sand and reduction of silt and clay in the suspended load as the discharge is
increased. The correlation however is very week and therefore it is not
possible to define the relationship between sand content and flow intensity.
Following a conservative approach it is considered that the sand content in
the suspended load will be constantly 25%. This is in agreement with the
rule of thumb guidelines of Lane & Borland (1951), presented in chapter
9.4.2.

396 Total sediment load and its intra-annual distribution

The results of the above presented computations are herein summarized in
order to conclude on the total sediment load expected at the project site. The

following table presents the calculated mean monthly suspended, bedload
and total sediment loads.
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Table 3-23: Mean monthly and annual sediment loads at the project site

Capls .| Bedload | Suspends al:sedimentiload:
Month. " | frons] | " .ifeons)is ey
January 7 5,906 5,912
February 24 18,288 18,312
March 4,059 606,008 610,066
April 23,992 1,018,428 1,042,420
May 220,085 270,822 490,907
June 319,612 1,113,515 1,433,127
July 250,470 2,123,515 2,373,986
August 24,218 1,779,997 1,804,215
September 6,371 422,027 428,399
October 1,503 104,867 106,370
November 41 21,069 21,111
December 16 6,788 6,805
Mean annual 850,400 7,491,231 8,341,631
Min (calculated) 71,729 1,937,898 2,009,627
Max (calculated) 5,984 924 15,316,730 21,301,654

The mean annual total sediment (including both bedload and suspended
load) is expected to be approximately 8.3 million tons/a. According to the
historic flow records the total sediment lcad might range between 2 million

tons/a during dry years and 21 million tons/a during wet years.

The bulk of sediment transport is observed in the time period March till
September, Contrary during the winter months October till February
practically no sediment transport takes place. The plot of the calculated
sediment loads indicates that during this time period will occur

approximately 90% of the total mean annual sediment inflow.
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Figure 3-51: Intra-annual distribution of sediment load
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3.9.7

3.9.7.1
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Lifetime of reservoir

No sediment management

FS Report

In this report section, the reservoir service lifetime for the case of no
sediment management is assessed. The trap efficiency is calculated with the
Churchil (1948) equation. This method is selected because according to
Morris & Fan (1998} it is more appropriate for regularly sluiced reservoirs
of relatively small size than the Brune (1950) method. The service lifetime
is assessed for two dam site alternatives with different dam heights. The key
geometrical features of the two reservoir alternatives as well as the involved
hydrological and sedimentological parameters are summarized in the
following table. The storage-elevation curves of the two reservoir
alternatives are plotted in Figure 3-52.

Table 3-24: Reservoir geometries and hydrological key parameters

Alternative 1-:|". Alternative 2
BRI oUS CDIS
Dam height m 45 m 65m
Normal operation water level ELnw 1260 masl
Minimum operation water fevel ELmwt 1255 masl
River bed elevation at dam site E Lbmin 1235 mas! 1220 masl
Reservoir gross storage capacity So_gr 3,200,000 m? 11,300,000 m?
Reservoir active storage capacity So_a 1,300,000 m? 3,100,000 m?
Reservoir inactive storage capacity So_d 1,900,000 m® 8,200,000 m?
Reservoir length Lres 3675 m 5200 m
Mean annual water inflow MAR 2,250 million m*a
Mean annual suspended load MASs 7.5 miilion tonnes/a
Mean annual bedload p_b 0.85 million tons/a
In situ density of sediment deposits Da 1.1 tons/m?
Reservoir Volume Curves
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Figure 3-52: Storage - Elevation curves of two alternative reservoirs
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The mean annual total sediment inflow amounts 8.3 million tons/a, which
corresponds to 7.5 million m3/a assuming the above mentioned in situ

- density of sediment deposits of 1.1 tons/m>. The calculation of the trap
efficiency with the Churchill (1948) method is shown in the figure below.
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Figure 3-53:  Assessment of suspended load trap efficiency for two reservoir
alternatives

For the first alternative with the small reservoir, the release efficiency of
suspended sediment is calculated to be 60%. Hence the trap efficiency is
40%. Similarly for the second alternative, the release efficiency is calculated
35% corresponding to a trap efficiency of 65%. For both alternatives it is
considered that the bedload trap efficiency will be 100%. Based on these
trap efficiencies, the mean annual deposits are calculated as follows:

» 1% alternative (Reservoir gross storage capacity = 3.2 million m*)
Mean annual deposits = {100% x 0.85 +40% x 7.5) /1.1
Mean annual deposits = 3.5 million m*/a

¢ 2nd alternative (Reservoir gross storage capacity = 8 million m?)
Mean annual deposits = (100% x 0.85 +65% x 7.5) /1.1
Mean annual deposits = 5.2 million m*/a.

It is deducted that if no sediment management is performed, the reservoir of
the first alternative will be presumably fully sedimentated within the first
year, while the reservoir of the second alternative after less than 2.5 years
operation. In that case, the Sharmai HPP will become a mere Run-of-River
scheme without the possibility of daily power peaking during the winter
S€asor.

The above presented argues that the second alternative will impound an
unnecessary large reservoir, when compared to the first option. Therefore
from the reservoir sedimentation point of view, the first alternative is clearly
preferable since it requires the same sedimentation countermeasures as the
second, with the possibility of cost savings because of the smaller dam
height.
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3.9.7.2

3.9.7.2.1

Sediment management

Selection of sediment management technique

In order to manage the extremely high sediment loads and protect the
reservoir’s active storage for to allow for the possibility to produce peak
power during the winter months in a sustainable manner, sediment
management has to be applied. Different approaches can be applied for the
management of sedimentation (Annandale et al. 2016, Morris & Fan 1998).

The technical feasibility, economic performance and environmental impact
of the state-of-the-art sediment management alternatives were evaluated
with purpose the determination of the optimum method that can extend the
lifetime of Sharmai reservoir active storage. The evaluation of the different
sediment management techniques is summarized in the table below.

The assessment was performed with the RESCON 2 software which was
developed by the Consuitant for the World Bank Group (Efthymiou et al.
2017). The assessment is presented in detail in Annex.

Table 3-25: Evaluation of the state-of-the-art sediment management techniques

-Sed. Mgmt FIEE E'\"rél'uétion and réés'onirig -
.Technique ;.| . il iy e
EXCLUDED
+ Technically feasible with mechanical dredger
Dredging . EJOC;:'SECONOMIC VIABLE: Very high installation and annual operaticn
» Adverse environmental impact associated with disposal of removed
deposits
Hydrosuction | EXCLUDED
Removal NQOT TECHNICALLY FEASIBLE: Small head, long reservoir
EXCLUDED :
« The flushing efficiency is questionable because of the coarse sediment
deposits.
Flushing + high water and energy generation losses due to water level drawdown,
+« IMPORTANT ADVERSE ENVIRONMENTAL IMPACTS: unnatural increase
of sediment concentrations downstream of the reservoir during flushing
_operation
SELECTED.
+ As soon as the reservoir is filled up to the spillway crest level (within the
Sluicing first year of operation) this technique will become technically feasible.
» Positive envircnmental impact since it restores the sediment transport
continuity '
EXCLUDED
« The implementation of this method requires the construction of a 4 km long
By-Pass by-pass tunnel and a d[vqrsion weir. The technical feasibility depends on
the geological conditions in the project area.
« NOT ECONOMIC VIABLE: Very high implementation and maintenance
cost
Density EXCLUDED.
Current NOT TECHNICALLY FEASIBLE: The geometry of the reservoir does not
Venting favour the formation of density currents.
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Sed. Mgmt.-
Technique:-

Evaluation and reasoning;

Reduction of
sediment
inflow

SELECTED
¢ Catchment management would require the implementation of a very large
number of check dams upstream of the reservoir in very unfavourable

terrain conditions and difficuit to access. Annual maintenance under such
difficult conditicns would not be possible limiting thus the efficiency.
Therefore, EXCLUDED

+ It is suggested however the implementation of a boulder trap with purpose
the retention of cobbles and boulders before they enter the reservoir.

Flushing is considered as less reliable than sluicing with regards to
protection of reservoir of active storage because of the high bedload
transport rates. Generally, it is more difficult to remobilize a coarse particle
that has already settled down (flushing) than to maintain the same particle in
transport in order to route it through the reservoir (sluicing). A big part of
the annual sediment deposits are expected to be gravel and cobbles and
therefore the efficiency of flushing might be limited only in the vicinity of
the outlet structure.

Experiences in HPPs of similar type in mountainous regions (e.g. Kali
Gandaki, Nepal) indicate that sluicing was able to maintain in a sustainable
manner the required active storage. Furthermore flushing will be associated
with adverse environmental impacts downstream of the reservoir, contrary
to sluicing. In any case a bottom outlet should be foreseen in the weir
structure close to the intake in order to allow the removal of any deposits
might accumulate there and prevent thus the entrance of coarse particles to
the waterway. '

During high flood events the river might transport boulders which will be
retained in the reservoir even during sluicing. For this reason a boulder trap
should be implemented upstream of the reservoir headwaters and should be
regularly cleared by mechanical means in order to maintain its functionality
for the case of extreme flocd events. It is assumed that the boulder trap will
retain approximately 400,000 m? of the incoming bedload (approximately
the coarsest 50%). For the removal of the retained material, an additional
yearly maintenance cost has to be foreseen, to be estimated depending on
the specific cost in USD/m?®. The annual cost may range between 0.5 - 1.0
USD/a as a first rough indication. This needs to be further evaluated and
confirmed.

Finally during high flow events in the time period June tili August the
suspended sand concentration in the river and on the flow diverted into the
turbines will spike. For this reason when the sand concentration exceeds a
critical value, the energy generation shall be ceased in order to protect the
turbines from hydro-abrasive wear. It might be considered to shut down the
power production when the flow discharge exceeds the value of 220 m*/s
which, according to the presented Flow Duration Curve (FDC) corresponds
to approximately 5% exceedance probability. This should be tested in a
physical model, if deemed appropriate.
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Based on the above presented evaluation of the available sediment
management techniques it is suggested to apply the combination of the
following sedimentation countermeasures:

¢ seasonal reservoir drawdown and sluicing during the summer period

¢ implementation of a boulder trap upstream of the reservoir

¢ shut down of power production during extreme flood events

e preventive coating of parts of generating equipment exposed to abrasion.

39722 Seasonal sluicing

The time path of the reservoir storage development for the scenario of
implementation of seasonal sluicing is shown in the following figure. The
calculation is performed with RESCON 2 software. The calculation is based
on the geometrical and hydrological key parameters included in Table 3-24
for the first reservoir alternative (U/S) as well as the intra-annual
distribution of sediment load presented in section 3.9.6. As a first
approximation, the following seasonal operational mode for sluicing has
been specified. .

Table 3-26: Sharmai HPP operational mode incorporating sediment management by
means of seasonal sluicing

» -3 Time'season - - | “ Operational mode- |-~ Reéservoir Water level:
Monsoon Sluicing mode Minime cl)_it:;\:‘:'realtmg water
April - September 1255 masi
Winter . Full Supply Water Level
October - March Impounding mode 1260 masl
Flood Cease power
Q>220 m¥s production
40 4 -
35 4 Sluicin;fS!arl -
% 30
E: 25
%20 1
5
=
v w40 s & 1w s s 10
Years of operation
" Gross ' —Active — inactive —‘

Figure 3-54: Time path of reservoir storage if drawdown sluicing is performed

The calculation indicates the aforementioned sluicing procedure will
stabilize sustainably the reservoir active storage to approximately 650,000
m*. A preliminary power production analysis presented in the Inception
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Report indicated that the minimum required active volume to allow the
utilization of Q90 (net turbine flow with the availability of 90% amounts to
about 635,000 m*. A further water level drawdown would improve the
performance of sluicing and a larger active storage would be sustained.

3.9.8 Numerical modeling of flow conditions in reservoir

The mean annual inflow hydrograph, which is plotted in Figure 3-44 with
black solid line, indicates that the bulk of sediment transport during the
average hydrological year is expected to occur when the water inflow ranges
between 25 m?/s and 200 m?/s.

The flow velocity in Sharmai reservoir has been calculated with the widely
used one-dimensional numerical model HEC-RAS v. 5.03. The simulation
was based on the recently measured topography of the reservoir (pre-
impoundment conditions). As downstream boundary condition, the water
level was fixed at 1260 mas), i.e. the normatl operating water level. The
simulated flow velocities are plotted in the following figure.
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Flgure 3-55 Longltudmal profile of flow velocnty in Sharmal reservoir (HEC-RAS
simulation)

The numerical simulation shows that the flow velocity drops as the dam axis
and accordingly the deeper reservoir section is approached.

e In the upper part of the reservoir, which extends 2 km downstream of the
bridge, the velocity rahges between 0.1 m/s for the low water inflow of
25 m*/s and 2 m/s for the water inflow of 200 m?/s.

o In the lower and deeper part of the reservoir extending 1 km upstream of
the dam, where the bulk of sediment accumulation is expected to occur,
the flow velocity ranges between 0.01 m/s for the flow water inflow of
25 m3/s and 0.1 m/s for the water inflow of 200 m3/s.
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The application of the classical Hjulstrom diagram for the above presented
range of reservoir flow velocities allows a preliminary assessment of the
grain sizes that will be deposited in the reservoir or entrained into motion
(re-suspension). lts application is presented in the figure below.
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Figure 3-56: Application of Hjulstrom diagram for the Sharmai project specific flow
velocities {(pre-impoundment geometry and nermal operation)

The major conclusions of the application of Hjulstrom diagram for the
calculated flow velocities in the lower part of the Sharmai reservoir
(extending one km upstream of the dam) are summarized below.

¢ The grain size of the particles that will be deposited will depend on the
flow discharge. For low flow conditions (25 m?/s) the particles coarser
than 0.15 mm will be deposited. For high flows of 200 m*/s, the particles
coarser than 2 mm will be deposited. it is pointed out that the Hjulstrom
diagram was developed for normal flow conditions that are usually
attained in long open channel and not for gradually varied flow
conditions imposed by man made barriers that slow down the flow.
Therefore, the threshold between transport and deposition conditions as
indicated by this nomograph is not realistic for the case of reservoir
sedimentation conditions and in the reality the amount that will be
retained in the reservoir will be substantially higher.

s bedload, i.e. gravel material will be fully retained in the reservoir.

e Sand will be either retained in the reservoir or will enter the waterway

¢ One part of the silt will be retained in the reservoir or will enter the
waterway and one part will be routed out of the reservoir through the
spillway.

Based on the aforementioned theoretical considerations it is concluded that
the assessment of the trap efficiency with the empirical method of Churchill
is realistic. Therefore, the lifetime of the reservoir if no sediment
management is applied will be less than one year. It appears that the water
level drawdown can provide a valuable means for manipulating the
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deposition spatial pattern since it will have as result an increase of the flow
velocities in the reservoir. This sediment management activity can protect
the active storage and consequently allow the daily peaking operation in a
sustainable manner. Thé water level drawdown can be achieved through the
bottom outlet and the spillway crest.

3.9.9 Necessity for desander

If no sediment management is applied. the Sharmai headpond will be fully
sedimentated within the first year of its operation and its trap efficiency will
drop to zero. In that case, the mean annual concentration of sand material
entering the waterway will be approximately 0.83 kg/m?, considering that
25% of the suspended load will consist of sand. This assessment is based on
the measured sand concentrations at Zulan bridge. The petrographic analysis
of suspended sediment samples indicated that the content of highly abrasive
quartz minerals in the transported sand exceeds 30%. The results of the
petrographic analysis are included in Annex.

If sluicing is performed, the concentration of suspended sand on the water
diverted into the power waterway will be reduced because the reservoir
storage will not be eliminated rather it will be stabilized sustainably to
approximately 0.65 million m®. Therefore, the biggest part of suspended
sand will be sluiced out of the reservoir. Assuming that the reservoir will act
as a desilting facility with trap efficiency of 95%, the mean annual
concentration of suspended sand in the diverted water will drop to 0.04
kg/m?.

In both cases, the calculated concentrations of abrasive sand in the turbined
water together with the head of approximately 200 m pose a high risk of
hydro-abrasive wear of the generating equipment. This assessment is based
on the empirical criterion of Zu-Yan (1996) which is illustrated in the
following figure. Therefore, the construction of a desander is of uppermost
importance in order to reduce the downtimes and the costs for overhaul of
the generating equipment and to protect its efficiency.
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Figure 3-57: Assessment of risk of hydro-abrasive wear of equipment for the case of
no sediment management and eliminated reservoir trap efficiency

3.9.10 Conclusions

Panjkora River is a steep mountainous river. Its river morphology is
characterized by the distinct surface armor layer and the riffle-pool
sequences. The latter have an important impact on the energy losses and the
river bed stability. This has been considered in the herein presented
assessment through application of carefully selected equations that were
developed on basis of field measurements on river of comparable character
in northern Pakistan.

The mean annual suspended sediment yield has been calculated to be 7.5
million tons/year. The assessment was based on regular suspended load
measurements at Zulan bridge during the time period 1999 - 2006.

The mean annual bedload yield has been calculated to be 0.85 million
tons/year. The assessment was based on the application of an empirical
predictor that was derived from bedload field measurements in the region of
Karakorum, north Pakistan. Bedload corresponds to 11% of the mean
annual suspended sediment inflow in the project site. 90% of sediment
Lransport occurs in the time window end March - mid September.

[f no sediment management is applied, the headpond of Sharmai HPP will
be fully silted within the tirst year of operation, since the sediment inflow
exceeds by far the available storage capacity. In that case Sharmai HPP will
be a pure Run-of-River scheme without the possibility of daily power
peaking during the winter time.

In order to prevent the active storage loss due to sedimentation and sustain
thus the daily power peaking operation it is recommended to apply seasonal
sluicing with water level drawdown to the leve! of the minimum operating
water level during the high flow season. Preliminary calculations performed
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with the software RESCON 2 indicate that the active storage can be
stabilized to approximately 0.65 million m?. It is our strong recommendation
to confirm the results presented in this sense by means of physical model.

It is also recommended to implement a boulder trap upstream of the
reservoir headwaters in order to retain boulders that might enter the
reservoir during extreme flood events. The functionality of the boulder trap
shall be regularly maintained through mechanical excavation. It is roughly
estimated that the maintenance of the boulder trap will cost approximately 1
million US$/a.

In order to protect the geherating equipment against abrasion it is
recommended to install a desander at the beginning of the headworks.
Furthermore, it could be beneficial to apply protective coating on the
exposed parts of the turbine. Finally, it is recommended to cease the energy
generation during high flood events when the suspended concentration
spikes. As a preliminary assessment it is suggested to shutdown the HPP
operation when the discharge exceeds the threshold of 220 m*/s, which
corresponds in an exceedance probability of 5%.

7004P02/FICHT-20378506-v4 FICHTNER 3-77



Feasibility Study Sharmai HPP . ‘ . FS R,epo;t

4. Topography and Site Accessibility
4.1 Topographic and Bathymetric Survey

411 Introduction

Topographic planning data are fundamental geographic components for the
execution of various planning projects.

Based on the scope of work and the terms of reference concerning the tunnel
project area for the Sharmai hydropower project in Pakistan, the Consultant
decided to create the topographic planning data for the subject project on the
basis of satellite data and the remote sensing technology.

Technological progress concerning remote sensing techniques made it
possible to extract reliable topographic data for planning purposes with
sufficient accuracy within a short period of time. Therefore, the use of
satellite data for topographic information has become a major and popular
factor for extensive project areas.

The satellite data was used to meet the accuracy requirements of the project
and are suited for the creation of topographic planning data for this project.

4.1.2 Scope of Work

The main activity related to this project area is to create topographic
planning data on the basis of satellite data and the remote sensing
technology. Preparation of the topographic data base for Sharmai HPP was
performed for the following areas of interests:

s tunnel area
s dam and powerhouse sites
» particular sites of interest: roads, bridges, man-made structures.

Topographic data base for the tunnel area was based on the following scope
of work:

e acquisition of Pleiades satellite data with a resolution of 50 c¢m for the
area of approx. 110 km?

* processing of satellite imagery

e geo-referencing

s ortho-rectification

¢ mosaicking

* development of a Digital Elevation Model (DEM) for the area of approx.
250 km?

e preparation of contour lines with an equidistance of 5 m and 25 m

¢ ArcReader GIS by ESRI.
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For the dam and powerhouse areas, more accurate topographic data base
was created, including the following tasks:

¢ densification of the terrain points

¢ construction of break lines such as river shore lines and road edges

¢ development of a Digital Terrain Model (DTM) for the DAM project
area of 0,56 km? and creation of contour lines with an equidistance of 1
mand 5m

e development of a Digital Terrain Model (DTM) for the PH project area
of 1,43 km? and creation of contour lines with an equidistance of 1 m and
5m

o ArcReader GIS, Digital topographic map with layout.

The completion of the topographic planning data takes place on the basis of
satellite data and the remote sensing technology.

The stereoscopic satellite data of the sensor WorldView-2 (Digital Globe,
USA) with a resolution of 50 ¢cm is used for the photogrammetric processing
and development of the DTM. The geo-referencing of the satellite data is
based on the terrestrially measured points of Geomatics and Engineering
Services (Pvt.) Limited.

41.3 Reference System and Map Projection

A consistent, clearly defined geodetic reference system is a decisive and
essential issue concerning the creation of topographic planning data. The
following reference system was specified to create the topographic planning
data and implement the project: .

Horizontal:

s UNIVERSAL TRANSVERSE MERCARTOR (UTM)
s ZONE 42 NORTH

« GCS WGS 1984/ DATUM WGS 1984

e SPHEROID WGS 1984

o FALSE EASTING 500000

o FALSE NORTHING 0

e CENTRAL MERIDIAN -69 / SCALE 0,9996

e Authority: 32642 (EPSG)

e The reference system for elevation: EGM 96.

Vertical: , .
e Orthometric height (EGM 2008 /WGS84).

The use of this geodetic reference system, which is used all over the world,
simplifies the process of merging. Further processing of the various spatial
data from that can be required during the course of the project from different
sources.
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4.1.4

4141

4.1.4.2

Tunnel area

Satellite data

For this project satellite data of the sensor Pleiades was acquired. Pleiades
belongs to AIRBUS Defense and Space (France). It is currently one of the
best commercial satellites. The satellite data was processed with a resolution
of 50 cm and is suitable up to a scale 1:2,000. The satellite image data was
recorded in September 2016. The multi-spectral, radiometric resolutinn
enables a detailed interpretation of topographic elements and land use.

To transform a satellite image into a map-like projection ortho-rectification
must be applied. Ortho-rectification is the process of correcting imagery for
distortion using elevation data and camera model information.

The following ortho-photo was created for the project area:

e ortho-photo from sensor Pleiades
¢ resolution 50 cm, RGB

s area approx. 110 km?

s formats ECW, TIF.

Relief Data Digital Elevation Model (DEM)

The free-to-reach digital elevation model (DEM)} ALOS World 3D
(AW3D30) was used to create the relief data. The AW3D30 was released in
2015 by the Japan Aerospace Exploration.

Agency (JAXA). AW3D30 with 30m grid size was generated using the
traditional optical stereo matching technique as applied to images acquired
by the Panchromatic Remote-sensing Instrument for Stereo Mapping
{PRISM) sensor onboard the Advanced Land Observing Satellite (ALOS).
The actuality of the ALOS PRISM output satellite image data lies between
years 2001 and 2006.

The accuracy analysis of an independent institution using 274 GCPs has
determined a statistical error value of -4.04 m to +16.80 m. The accuracy
depends on different vegetation, terrain, building and terrain characteristics.
AW3D30 is used to derive contour lines with an equidistance of 5 m and 25
m.

The relief data was processed for an area of approx.250 km?.
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i

Figure 4-1: Example of DEM

415 Dam and powerhouse areas
4.1.51 Terrestrial survey on the site

The terrestrial and bathymetric survey work was carried out by Geomatics
and Engineering Services (Pvt.) Limited, who delivered the raw results for
further processing.

Surveying results were used for the completion of the topography using the
stereoscopic satellite data. Satellite data.orientation was performed based on
survey data. Using this process, it was ascertained that the survey data for
Dam and PH were not measured in a uniform reference system and showed
a positional offset (X = approx. 20m, Y = approx. 2m).

The survey data seem to be consistent for each location, but the horizontal
location of the sites is not consistent. The vertical readings seem to be
plausible and no height offset could be detected.

Thus, it was necessary to orientate the stereoscopic satellite data for the
Dam project area and the PH project area separately with respective survey
peints.

During the photogrammietric processing of the stereoscopic satellite data the
survey points, which indicated a gross deviation or were not DTM conform,
were excluded. These points were marked as "not used" in the final
database.
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4152

4153

Satellite data

The stereoscopic satellite data of the sensor WorldView -2 (Digital Globe,
USA) was used for the photogrammetric processing. The satellite data for
the dam and powerhouse areas was processed with a resolution of 50'cm
and recorded in October 2017. This data is suited for the creation of a high-
accuracy digital terrain model and topographic planning data.

Digital Terrain Model (DTM)

During the processing of the Digital Terrain Model (DTM) the obtained
sterec images were analyzed using manual photogrammetric methods.
Additional terrain points and break lines were measured during
photogrammetric 3D processing, which are necessary for the creation of the
DTM.

The project areas, which were not included in the surveying campaign on
site, are measured photogrammetrically.

The resulting DTM has a pixel spacing of I m. DTM is used to derive
contour lines describing the terrain with an equidistance of 1 m and 5 m.

N R s e a1 e
Figure 4-2:

Example of DEM at Dam area
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Figure 4-3; Example of DEM at Powerhouse area

416 ArcReader GIS

The topographic planning data is provided to the project team in ArcReader
GIS by ESRI. ArcReader is a free, easy to use desktop mapping application
that allows users to display, analyze, graphically draw and plot maps in
different scales and with selected content. The layout has been adjusted in
accordance with the Client’s requirements.

This GIS offline solution includes the spatial data that are generated during

the course of the project. The GIS is & professional planning platform for all
people involved in this project.
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Figure 4-5: Example of ArcReader (2)

4.2 Site Communication, Transportation and Access

421 Introduction

Sapphire Electric Power Company Limited (SEPCL) is planning to
implement a hydropower project Sharmai near Darora. SEPCL intends to
use the existing berths of Port Qasim to unload the heavy equipment for its

7C54P02IFICHT-20378506-v4 FICHTNER
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power plant. After unloading, the equipment will be transported using
existing PQA road — National Highway — Motorway — Mardan to Buttkhela
road — Buttkhela to Chakdara road — Chakdara to Dir, Chitral road — SEPCL
Hydropower Plant Site at Darora. Total length of the roads from the Port
Qasim to the project site amounts to about 1,700 km,

Sites have been visited and tentative routes have been physically surveyed
to identify the most feasible route for transportation of heavy equipment.
This report presents the capability of existing road and structures on which
the trailers will move for transportation of heavy equipment.

General data

Details of equipment to be transported

The following information regarding equipment dimension and loads were
assumed based on the preliminary analysis for confirming the route for
transportation of heavy equipment of Hydropower Project.

Table 4-1:  Details of Equipment

TR Weight

- Description: [ i * Approx.
CULLiEL e (tons)
Generator 80 (rotor) 3,5 3,5 3
Runner 2,75 3.5 3.5 2.5
Gantry 35 10 2 2
Crane

Port Qasim Berths for Unloading Equipment from Ships

Port Qasim Authority (PQA) has four (04) Marginal Wharf Berths as shown
on Figure 4-6. Each berth is 200 meter in length and having a draught of 9.5
meters. The area available behind quay wall is (200 x 222) Square meters.

Heavy equipment can be unloaded at Marginal Wharf Berth # 1 & 3. Cranes
of required capacity are to be arranged and deployed for unloading the
heavy equipment at berths because no such arrangement for unloading the
heavy equipment is available at the berths.

Proposed route for transportation of heavy equipment

Equipment will be transported from Marginal Wharf Berths to the proposed
Sapphire Hydro Power Project Site through existing Port Qasim road
network. The proposed route is shown in various Figures. For the
description of the proposed route, it has been divided in the following
sections.

FICHTNER 4-8
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4231 SECTION 1: From Port Qasim to National Highway N5

42311 Segment |: Marginal Wharf Berths to Fire Station

This section is dual carriageway having three (03) lanes in each direction.
The width of each lane is 3.5 meters. There is one right turn in this section.
The equipment will be easily transported through this section.

42.31.2 Segment |l: Fire Station to PQA Custom Gate House

This section of route is single carriage way having two (02} lanes. Each lane
is 3.5 meters. There are three (03) turnings on this section. The trailer
carrying heavy equipment can maneuver easily along these turnings by
doing minor earthwork to be assessed keeping in view the trailer.

Figure 4-7: Carriage way from Fire Station to PQA Custom Gate House
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42313

42314

Segment lll: PQA Custom Gate to Pakistan Steel Mill
Intersection

This section of route is a dual carriage way having three (03) lanes in each
direction, Each lane is 3.75 meters wide. Along this section Pakistan Steel
Mill conveyor is crossing the existing PQA road. The height of the conveyor
is about 7.0 meters from the top of the road.

Figure 4-8: PQA CustomiGatc to Pakistan Steel Mill Intersection

Segment IV: Pakistan Steel Mill intersection to FOTCO
Installations

This section of route is a single carriage way having two (02) lanes of 3.75
meters wide and 3.0 meters paved shoulders on either side of carriage way.
The High Tension (HT) lines are crossing near FOTCO installations. The
H.T lines are significantly high. This section of route is dual carriage way
having two (2) lanes of 3.75 meters wide in each direction. There is a RCC
Culvert over the storm water drain.

i , T,

Figure 4-9; Culvert and H.T Lines crossing
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42315

42316

Segment V: PQA North Western Industrial Zone Boundary to
the Intersection of PQA road and National Highway

This section of route has single carriage way having two (02) lanes of 3.5
meters wide in each direction.

%, Py .
130 MW SHARMAT HYDRO POWER PROJECT

f| SAPPIORE ELECTRIC COMPANY LTD.
PITCO PRIVATE LTD.
200 Tloor, Al - Maalik,
18-Davis Road,

Labore, PAKISTAN

Phr -#42 36303135 & 36
a1 +924136311959

PROPOSED ROUTE FOR HEAVY
EQUIPMENT TRANSFORTATION

g ALY
ection of PQA road and National Highway

f 7
Ta W 3 4

Figure 4-10: Inters

Segment VI: Obstructions & Clearances

There are two (02) major obstructions along the proposed route up to
Intersection of PQA road and National Highway.

Pakistan Steel Mill Conveyor Belt

Pakistan Steel Mill conveyor crosses the proposed route for the
transportation of heavy equipment. The clearance available under the
conveyor is about 7.0 meters and equipment proposed by M/s Fichtner can
safely cross underneath the Pakistan Steel Mill conveyor belt structure
considering the trailer bed height 1.2 meters and equipment height 5.0
meters. '

Figure 4-11: Pakistan steel mill conveyor belt crosses existing PQA road
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4233

Existing Culverts

The culverts and bridges are designed for class “A”, loading as per West
Pakistan code of practice for highway bridges 1967.

Figure 4-12: Culvert over existing nullah

SECTION 2: National Highway to Motorway up to Nowshehra
(Rashkai) .

National Highway and Motorways are commonly used by dumper trucks,
gas bowser multiple-axels trailers without any problem for transportation of
various equipment, materials, containers, etc. to and from the ports and oil
tankers from various refineries in Pakistan.

As such, the requisite rout survey will be focused on the Section -3, i.e.
following the route from Mardan Bypass to Dir-Chitral Road intended to be
used for transportation of Sharmai Hydropower Project equipment to Power
House Site at Darora and material transportation to Dam Site at Sharmai.

SECTION 3: Motonﬁvay Rashkai Interchange to Mardan‘Bypass
to Dir Chitral Road B

Along this section of the route 3 meter wide unpaved access is available.
The topography of this section is undulated and natural nullah also exists in
this section of route (Refer Figure 4-14).
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Figure 4-13: Off-Motorway equipment transportation route

42331 Segment I

Figure 4-14: Part of section 3 transportation route
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ID. . { Road .| Typeof. b Spane g s ]
No. | Width Structure | g[PRIL (mtftefs) Remarks:.
1 Two Lanes | Single Span | Pre-Stress 15 Very
(25 Feet) Bridge Girder Good
Condition
2 Two Lanes | Two Spans Pre-Stress 30 Very
(25 Feet) Bridge Girder Good
Condition
3 Two Lanes | Single Span | Deck Slab 15 Very
(25 Feet) Bridge supported on Good
Abutments Condition
4 Two Lanes | Two Spans Pre-Stress 20 Very
(25 Feet) Bridge Girder Good
Condition
5 Two Lanes | Three Spans | Pre-Stress 30 Very
(25 Feet) Bridge Girder Good
: : Condition
Table 4-2:  Structure attributes of Segment |

Observations Summary:
The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of

_ plant equipment for Sharmai Hydro Power Project.

7004P02/FICHT-20378506-v4
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Figure 4-18: Part of section 3 transportation route

asonry

v FS Report =~ -~

ID. . ladtome 0| Type'of Span .
:No.:: [Road W'dth f Struture Structure (meters) Remarks . -
2+2 Two | Three

6 | Lanes (one Spans Zri:ac;srtress 25 \ég;y di?iggd
way) :Bridge
2+2 Two Single -

7 Lanes (one Span _ _ Traffic .
way) Bridge Congestion
2+2 Two '

8 Lanes (one Leveled ~ _ Check_ Post
way) Road Dargai

R.C. Slab
2+2 Two .
9 Lanes (one Culvert supported on 3 Very Good
way) Stones Condition
y Masonry Wall
, Bypass of Very Good
L1 o 20'(Approx.) Tunnei - - Condition
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ID:

No.~ Bgade:dth Qructui’e Structure:.: . | {meters)" Remarks
' . i R.C. Slab )
11 Two Lanes | g;‘agr:e ‘ supported on 25 Very Good
(25 Feet) . Stones ) Condition
Culvert
Masonry Wall

Figure 4-19: ID 9 ButtKhela Road

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very geod condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.
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42333 Segment |lI:

)
o eth o s PR

Figure 4-21: Part of section 3 transportation route

Table 4-3:  Structure attributes of Segment I1I

. Réméfl_;&'
Twao Lanes Two Pipe . Very Goed
12 Covered with _ o
(25 Feet) Culverts concrete slab Condition
15 Two Lanes Two Spans | Pre-Stress o8 Very Good
(25 Feet) Bridge Girder Condition
' Seven
16 2x25'(Two Spans Pre-Stress 28 Very Good
way) B?idge Girder Condition
T Four
17 wo Lanes Spans Pre-Stress a0 Very Good
(25 Feet) Bri Girder Condition
ridge
Four
18 Two Lanes Spans Pre-Stress 30 Very G_ood
(25 Feet) Bridge _ Girder Condition

Figure 4-22: 1D 12 ButtKhela Road
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Figure 4-23: ID 15 ButtKhela Road

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very goqd condition. There are no bottle necks to
cause hindrance in smooth traff‘ ic of trailers to be used for transportation of
plant eqmpment for Sharmal Hydro Power Project.

Segment IV:

P

g _éridge Cost-in-Situ Bridge

Figure 4-24; Part of section 3 transportation route

Table 4-4:  Structure attributes of Segment v
ID. . Type of .
No. Road Width | Structure Structuire
R.C. Stab
Two Lanes supported on Very Good
20 (25 Feetl) Culvert Stones 2.5 Condition
Masonry Wall
Single Steel girder +
Two Lanes Very Good
21 Span Deck Slab _ o
(25 Feet) Bridge Bridge Condition
Three Pre-Stress
Two Lanes - . Very Good
22 | (25 Feet) gpans Girder cast-in- - Condition
ridge situ

FICHTNER 4-18
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| Remarks
, Two Cast-in-Situ
23 (Tz";"Ffert‘)es Spans RC Deck Slab 15 gerydiel.‘"’d
Bridge with Girder ondition
24 Two Lanes gg;enes Pre-Stress 30 Very Good
(25 Feet) Bridge Girder Condition
Four Cast-in-Situ
25 ;";"F'-e":‘;t‘)es Spans RCDeckSlab | 15 | S2%0.
Bridge with Girder

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.

Figure 4-26: 1D 23 Dir Chitral Road
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42.3.3.5

7

o

PN, -

Figure 4-28: Part of section 3 transportation route

Table 4-5:  Structure attributes of Segment V
ID. . . | Type of Span . e -
No. Road Width Structu,r_ei Structure (meters) “Re‘m,ar‘ks .
A i ; |
26 Two Lanes gln;;lie [ | Pre-Stress 50 Very Good
(25 Feet) p ! | Girder Condition
. Bridge ! :
27 Two Lanes Two Span‘s Pre-Stress 15 Very Good
(25 Feet) Bridge . | Girder Condition
q : i :
7004P02/FICHT-20378506-v4 FICHTNER
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Figure 4-30: ID 27 Dir Chitral Road

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.
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B i1 ﬁﬁ LA

Segment Vi

Figure 4-31: Part of section-3 trahsportation route

Table 4-6:  Structure attributes of Segment VI

Stfucturé
o8 Two Lanes -Sr:)vgns Pre-Stress 20 Very Good
(25 Feet) Bridge Girder Condition
R.C. Slab
Two
29 Two Lanes Spans supported on 3 Good
{25 Feet) Cﬁlve t Stones Condition
: Masonry Wall
30 Two Lanes g'n_ﬂe Pre-Stress 30 Good
(25 Feet) Bz o Girder Condition

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.

Figure 4-32: ID 28 Dir‘Chiti'al Road
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Figure 4-33: ID 30 Dir Chitral Road

42337 Segment VII.

. : ; ) ;
g S s o i Mol

Figure 4-34: Part of section-3 transportation route

Table 4-7:  Structure attributes of Segment VII

1D, : R TR R I Typeof :‘:.,‘ ‘Span
No. | R°a..d Y‘""th St'}' F}Ufe_ | Structure | “{meters) Remarks
Cast-in-Situ
o1 | g | DuosSes | RCDe Sy | 13| S0
with Girder
Single Cast-in-Situ
| 32 (TZ";"F';Z?fS Span RC Deck Slab 15 ggsgmon
Bridge with Girder
Two Lanes Two Spans Cast-in-Sit Very Good
33 | 25Feety | Bridge | o DeckSiab |15 o diion
( 199 with Girder
a4 Two Lanes One Span Pre-Stress 15 Very Good
(25 Feet) Bridge Girder Condition
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AD.. . : o | Typeof Lol Spancofon o
‘No. . Roaq Width | Structure Structure-.. | (meters)’ Remarks
35 Two Lanes Two Spans | Pre-Stress 15 Very Good

(25 Feet) Bridge Girder Condition

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and arein veby 'gobd coridition. There are no bottle necks to
cause hindrance in smooth tratfic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.

2o
AN
R

Figure 4-37: 1D 34 Dir Chitral Road

e
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42338 Segment VIII:

Figure 4-38: Part of section-3 transportation route

Table 4-8:  Structure attributes of Segment VIII

(D, e s |- Type of Span e
No. - Road W|dth Stricture (Meters) ‘__Bemgg"_ks.c,.
R.C. Slab
36 Two Lanes supported on 6 Very Good
(25 Feet) Stones Condition
Masonry Wall
38 Two Lanes Two Spans ggsgi;;f“gl:ab 13 Very _G_ood
(25 Feet) Bridge with Girder Condition
Single Cast-in-Situ
39 (Tz"‘é"F‘fe't‘)eS Span RC Deck Slab 13 \éig dffigfld
Bridge with Girder

F|gure 4-39: 1D 38 Dlr Chitral Road

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.
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42.3.3.9 Segment IX:

PR - i I --'; b
Figure 4-40: Part of section-3 transportation route

Table 4-9:  Structure attributes of Segment 1X

:\? ‘ ‘Road Width | Structure
i 0. . . ' | ot ;
Power : Power
T
o ’ | 'Site Location
" | Single Very
Two L -
| gt | s | eS| g0 | ol
"1 Bridge Condition
. : Cast-in-Situ
65 Two Lanes gmagr]\e RC Deck 10 \éeryd
(25 Feet) P Slab with ood
Bridge Girder Condition
. Cast-in-Situ
66 Two Lanes gmfrl,e RC Deck 10 \éiry d
(25 Feet) P Slab with ed
Bridge Girder Condition

Figure 4-41: 1D 63 Powerhouse Location

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.
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4.2.3.3.10 Segment X:

" 3 4 - .
k 3 . i b
i&‘ L = 5% 3 ~\m | 2 _

Figure 4-42: Part of section-3 transportation route

Table 4-10: Structure attributes of Segment X

-:Structure! Rerﬁ.arks ‘
Singlé Cast-in-Situ
59 Two Lanes Span RC Deck Slab 10 very .G.OOd
(25 Feet) Bridge with Girder Condition
Single Cast-in-Situ
60 (Tz‘?F'-eirt‘;’s Span RC Deck Slab 13|l di‘figﬁd
Bridge with Girder
Single Cast-in-Situ
g1 | wolanes | o RC Deck Slab 13 | Very Gnod
(25 Feet) Bridge with Girder Condition
Two Cast-in-Situ
g2 | Twolanes | o ons RC Deck Slab | 15 | Very Good
{25 Feet) Bridge with Girder Condition

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.
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Figure 4-45: ID 62 Dir Chitral Road’
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4.2.3.3.11

Segment XI:

Figure 4-46: Part of section-3 transportation route

, ‘.h,.

‘455 e

Table 4-11: Structure attributes of Segment X1

FS Report

[To T BS Sl i i Type-of. i Span -
‘No. - R;Q?q: w'dth;‘ Structu '€ | Structure’: -(meters) Remarks
Single R.C. Slab
57 Two Lanes S agn supported on 2 Very Good
(25 Feet) Cﬂlvert Stones Condition
Masonry Wall
Single Cast-in-Situ
58 T2"2’5°FLeae';)es Span RCDeck Slab | 13 | pom Bood
( Bridge with Girder
Single .
a7 Two Lanes Span Cfast-lr_l-Sltu 13 Very Qood
(25 Feet) Bridge with Girder Condition

Figure 4-47 1D 57 Dir Chitral Road

Observations Summary:
The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to

cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.
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423312 Segment XlI;

J.;' had -y

Figure 4-48: Part of section-3 transportation route

Table 4-12: Structure attributes of Segment X1

h. | Structure Structir
54 Two Lanes g;‘zﬂe Pre-Stress 35 Very Good
{25 Feet) Bridge Girder Condition
Single R.C. Slab
55 Two Lanes Span supported on 2 Very Good
{25 Feet) Bridae Stones Condition
9 Masonry Wall
Single R.C. Siab
56 Two Lanes Span supported on 2 Very Good
(25 Feet) Culvert Stones Condition
Masonry Wall

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.
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423313 Segment XlII:

WY
) > o By TR,
Figure 4-49: Part of section-3 transportation route

v BRI R

Table 4-13:  Structure attributes of Segment XIII

.-_Span Remarks °
- (meters) N
40 Two Lanes Pre-Stress 20 Very Good
(25 Feet). Girder Condition
R.C. Slab
41 Two Lanes supported on 3 Very Good
(25 Feet) Stones Condition
Masecnry Wall
R.C. Slab )
42 Two Lanes supported on 2 Very Good
(25 Feet) Stones Condition
Masonry Wall
43 Two Lanes Pre-Stress 10 Very Good
(25 Feet) Girder Condition
Cast-in-Situ
44 (Tz“é%fe't‘)es RC DeckSlab | 20 | (o1 8ood
Cuivert with Girder

Observations Summary:

The road.is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smoacth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.

7004P02/FICHT-20378506-v4 FICHTNER 4-31



Feasibility Study Sharmai HPP FS Report

g

armai Road

Figure 4-50: ID 40 Dir to Sh
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423314

Segment XIV:

45 Two §pan cmve

(\\.. - -

. FS Report

., | Remarks -
Two R.C. Slab
45 Two Lanes Spans supported on 3 Very Good
(25 Feet) Culvert Stones Condition
Masonry Wall
46 Two Lanes ggg:e Pre-Stress G Very Good
(25 Feet) Bridge Girder Condition
Single R.C. Slab
47 Two Lanes Span supported on 2 Very Qood
(25 Feet) Culvert Stones Condition
Masonry Wall
Single R.C. Slab
48 Two Lanes Span supported on 2 Very Good
(25 Feet) Culvert Stones Condition
Masonry Wall
. Single R.C. Slab
49 Two Lanes Span supported on 3 Very Good
(25 Feet) Culvert Stones Condition
Masonry Wall

Table 4-14: Structure attributes of Segment XIV

Observations Summary:
The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of

plant equipment for Sharmai Hydro Power Project.

Flgure 4-54: lD 48 Dir To Sharmai Road
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4.2.3.3.15

‘o

Figure 4-55: Part of section-3 transportation route

Segment XV:

Table 4-15: S’tructure att{ibu

A

1

&fee~ 51 Two Span Culver! R.C, Slab with Concrete wall Span

tes of Segment XV

FS Report

ID. “ e | Typeiof.:
No:. | RoadWidth | Structure. | structure- it
Two Lanes Two Spans R.C. Slab Very Good
50 (25 Feet) Culvert supported on Condition
: Concrete Wall
Two Lanes Two Spans R.C. Slab Very Good
51 | (25 Feet) Culvert supported on Condition
Concrete Wall
Two Lanes . Asphalted
52 (25 Feet) Dam Site-2 - Road.
Road yet
53 IZVEOFEZ?)G S Dam Site-1 _ to be
asphalted

Figure 4-56: 1D 50 Dir to Sharmai Road
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At i £

Figure 4-57: ID 51 Dir To Sharmai Road

Observations Summary:

The road is carpeted and its width is uniform. Most of the bridges are newly
constructed and are in very good condition. There are no bottle necks to
cause hindrance in smooth traffic of trailers to be used for transportation of
plant equipment for Sharmai Hydro Power Project.

4.2.4 Physical limitations and boundaries

4241 Obstructions and clearances

The route is a dual carriage way having three {03) lanes in each direction.
Each lane is 3.75 meters wide. Along this section Pakistan Steel Mill’s
conveyor is crossing the existing PQA road. The height of the conveyor is
about 7.0 meters from the top of the road.

There are three (03) culverts located along the proposed route. The

structural capacity of the culvert is 12 tons per axle 2.5 meters apart. The
distribution of axle load will be required to cross the existing culverts.
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Figure 4-39: Culvert and H.T Lines crossing

Traffic Congestion at Tamergarah and Wari Main Bazar is obvious during
day time rush hours that may be avoided by proper scheduling for smooth
movement of trailers loaded witb heavy equipment.

Figure 4-60: Traffic Congestion at Wari Main Bazar
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Figure 4-61: Traffic Congestion at Chakdara

4242 Loading capability of existing culverts

The culverts and bridges are designed for class “A”, loading as per West
Pakistan code of practice for highway bridges 1967. The distribution of
axle load will be required to cross the existing culverts.

42.4.3 Loading capability of existing road network

Road structure generally consists of 300 mm sub-base course, 200 mm base
course and 100 mm bituminous concrete. Loading Capability of existing
PQA main access road is adequate for one time movement of equipment
load as provided by M/s Fichtner.

4.2.5 Site infrastructure

4,251 Telecommunication options

The Project site is remote and therefore telecommunication signals are weak
especially at DAM, reservoir and surge tank sites. Since the road is under
construction at these sites it is anticipated that once the road is fully
operational the different Mobile communication service providers might
consider the network augmentation along the major road which could result
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4252

4253

4254

in more reliable voice communication. The telecommunication signals at
Powerhouse sites are slightly better.

The nearest telephone exchange from the project site at Dir City which is
approx. 8 km from project site. The voice and data line from exchange to
project site would require some cost to either deploy microwave link or
optical fibre to enhance the telecommunication services at project site. For
better telecommunication a booster tower may be arranged by coordinating
with some Telecom. Enterprise.

Water resources

There are water sources with favorable quality in all construction sites
which can be directly utilized after appropriate treatment.

Railway transpoftation option '

For power plant equipment transportation, railway option is neither efficient
nor commonly used in Pakistan as it involves multiple equipment handling
efforts viz. loading on trailer at the port, off-loading from trailer and loading
on railway wagon at railway station nearest to the port, then off-loading
from railway wagon at railway station nearest to the Project Site and loading
on trailer for highway transportation and finally off-loading at the Project
Site. Whereas power plant equipment transportation by highways / road
option involves once loading on trailer at the port and off-loading at the
Project Site which is more convenient, requires less time & efforts and
commonly used practice in Pakistan.

Conclusively, option for power plant equipment transportation by railway is
not recommended. o

Site visit photographs
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426 Conclusion

Having ‘Heavy Equipment Transportation Route’ physically surveyed, it is
concluded that by avoiding timing of traffic congestion at Chakdara,
Tamergarah and Wari Main Bazar; there will be no ditficulty for loaded
trailers for transportation of heavy equipment from Bin Qasim Port to
Sharmai Hydropower Project Site at Darora.
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5. Geological Interpretive Report
5.1 -Introduction ‘

511 General

SAPPHIRE Electric Company Ltd. plans to construct SHARMAI Hydro
Power Plant in northern Pakistan, Khyber Pakhtunkhwa Province about 248
km from the city of Peshawar. The Project site is located upstream in the
Panjkora River, one of the tributaries of the Indus River in Khyber
Pakhtunkhwa. Moreover, the Panjkora River is one of the largest rivers in
the province and drains an area of about 1,900km2, which is slightly more
than 40% of the whole Dir district.

The geographical coordinates of the intake and powerhouse are as follows in
Table 5-1:

Table 5-1:  Coordinates of the site

Longitude’ Latitude

Intake (Dam site) 71°56'33.37" 35°10'26.28"
Powerhouse 71°59°13.21". 35°6'23.10"
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Figure 5-1: Location of SHPP

The general location of the SHPP site is shown in the figure above.

Within the scope of the feasibility study, geological, geotechnical and
geophysical investigations were carried out, which are reflected in the
present “Geotechnical Interpretative Report”.

This report presents the interpretation of the findings of the Geological,
Geotechnical and Geophysical investigations that were conducted between

12.2017 and 06.2018.

Following Annexes forms the integral part of this report:

Annex 01 Geological Surface mapping
Annex 02 Factual report

Annex 03 Seismic refraction report
Annex 04 - Lab report on quarry sites
Annex 05 Seismic Hazard analysis

51.2 Salient features of the Project

The total capacity of the proposed Sharmai Hydro Power Plant (SHPP) is
150 MW. The SHPP comprises of an Intake (Dam site), which is laocated
about 2 km upstream from Chutiyatan along Dir- Sheringal Road on
Panjkora river. The power house is located on the main GT road N-45 near
Darora village on the confluence of Usherai Khwar and Panjkora River.

The followings are the salient features of the project

» Sharmai reservoir with a capacity of about 32.2 million m?, formed by a
45m high retention concrete dam

s adiversion tunne! at the right abutment

» a gated spillway at the right abuiment

« stilling basin structure at the Panjkora riverbed _

e 7.8 km - Pressure headrace tunnel with a surge shaft, pressure shaft and
an underground powerhouse cavern

o underground powerhouse, housing 3 vertical Francis turbines

» underground Tailrace tunnel

» outdoor switchyard

7004P02/FICHT-20378506-v4 FICHTNER 5-2
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i

!
s 220 kV double circuit transmission line, connecting the power plant to
the Chakdara Substation; :
" & access roads to the plant and the site infrastructure.

513 Reference system and map projection

The following reference system was specified to create the topographic
planning data and implement the project:

s UNIVERSAL TRANSVERSE MERCARTOR (UTM)
e ZONE 42 NORTH ‘

s GCS WGS 1984/ DATUM WGS 1984

e SPHERQID WGS 1984

* FALSE EASTING 500000

¢ FALSE NORTHING 0

« CENTRAL MERIDIAN -69/SCALE 0,9996

¢ Authority: 32642 (EPSG)

e The reference system for elevation: EGM 96.

Vertical: .
o Orthometric height (EGM 2008/ WGS84).

514 Objective

The objective of the Geotechnical Interpretative Report is to provide basic
information about

e Regional/ Local Geological Situation

s Regional/ Local tectonics and Seismicity
¢ Geological Mapping

¢ Geotechnical Characteristics of the Sites
¢ Construction Materials and Quarries.

Based on the information on the studies carried out prior to this, several
potential sites for dam and power stations were investigated and the present
location of the SHPP was considered to be the most favorable site in terms
of topographical and geological conditions.

Nevertheless, some uncenainties:/constraints exist, and general potential risk
issues shall be taken into account during detailed design, scheduling and
construction as summarized below.

» presence of unknown associated faults or shear zones that will affect
excavations or have influence on groundwater flow and support of th
tunnels .

¢ zones with extraordinary deep weathering being weak zones in the
foundation and tunnels and requiring special measures
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o presence of large boulders as overburden that affect the excavation of
superficial materials like e.g. alluvium, colluvium etc.

e due to presence of faults, sheared zones or crushed zones, the quality of
the rock will be worse than actually assumed

s crushed or sheared zones are expected to be associated to high rock mass
permeability

s irregular surface of the riverbed with boulders and other coarse material
can create seepage uncler the cofferdams.

The said risks related to the geological conditions at site are considered
manageable, with the possible cost implications deemed accounted for in the
contingency amount.

5.2 Site Investigations

52.1 Geological data

The following information were obtained from the Geological department of

Pakistan and was used for the study purpose

[1] Geological map of the NW Himalaya, Scale 1:1000000

[2] Geological map of Pakistan, Scale 1:10000000

[3] Geological map of DIR Quadrangle, Scale 1:50,000 Ministry of
Petroleum and Natural resources

522 Field investigations

In the framework of the Feasibility Study, several geological, geotechnical
and geophysical investigation works and studies.have been carried out.
These are, amongst other:

e Core-drillings (18 straight rotary drillings in overburden and NQ size thin
walled double tube core barrel in rock varying between 22 m and 250 m)

e Test pits (14 pits - 0.8 m to 3 m deep)

o Permeability tests (58 Lugeon tests at different boreholes/ depths)

e Seismic refraction Survey (10 lines of 2,465 meters in total)

o Standard penetration test (SPTs) in boreholes (2 in total)

o Plate load test (1 in total)

» Installation of piezometers (6 in total)

e Geological mapping:

e Incorporation of Campaign results in an updated geological map

e Seismic hazard assessment study.

In Figure 5-2 the location of the drill holes and test pits has been shown:
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Figure 5-2: Location of drill locations and test pits

523 Laboratory investigations

The samples obtained from geological surface mapping task, geological
drilling works, test pit excavations and from quarry sites were sent to the
geotechnical laboratory for further investigation. Different mechanical,

physical and chemical tests were undertaken to determine the properties of
encountered rock and soil at site.
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The investigation works were carried out as per existing international
norms. The details to the investigation and the results has been include in
the factual report.

The physical and mechanical investigation include sieve analysis, moisture
content, density, peint load test, unconfined compression tests, hook triaxial
tests, slake durability tests, point load tests and Los Angeles abrasion value
test. Likewise, the chemical tests included qualitative petrographic tests and
quantitative potential alkali reactivity tests on the samples from quarry site.

524 Geological mapping

The scope of the geological surface mapping comprises

geological surface mapping

description of the regional geology / hydrogeology setting

description of the local tectonic setting

description of the different geological units by determining the type,
nature, extent and general characteristics of rock and soil material which
are present

with

Detailed geological maps of the site at scale 1:2,000 and 1:2500 «
Geological cross-sections at the dam axis and perpendicular to it, along
the diversion/headrace tunnel and the surge shaft alignment, at the
powerhouse and the tailrace,

« Stereonet diagrams of joint measurements

« Mapping records

« Photo documents.

The geological surface mapping fieldwork for the investigation was
carried out over the period December 2017 to April 2018.

525 Geotechnical field investigations

The geotechnical investigation carried out in early 2018 has been pérformed
to assess the composition, properties and condition of the rock masses and
terrain for the feasibility level design of the project structures.

The scope of the geotechnical investigation to fulfill the tasks comprises

s geomorphologic features of the area

e geological composition of the area

e tectonic-structural properties of the area

+ hydrogeological properties of the area

» engineering-geological properties of the area

o geotechnical properties of soils and rocks

s presentation of the executed investigation works and previous document
e presentation of geological composition of the wider project area
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e presentation of engineering-geological and hydrogeological conditions at

o the location of the project

« cross sections and longitudinal prognostic profiles which include all

¢ indications of investigation works of engineering geological,
hydrogeological and other works, including measurement of physical -
mechanical parameters

» results of laboratory tests

The fieldwork for the geotechnical investigation was carried out over the
period February to July 2018 and comprised the following:
o Core-drillings

+ Test Pits

= Permeability tests
« Standard penetration tests
« Installation of Piezometers
+ Laboratory tests on rock/soil sampies
« Plate load tests
» Geodetic Survey of all test pit and borehole positions.

the borehole details and the test pits details with general lithology
description are shown in the following

Table 5-2 and Table 5-3:

Table 5-2:  Borehole details
Borehole | Coordinates Depth - | General Lithology -
— Cm) e T

BH1 N 769601 55 Slightly/Moderately/Highly weathered
E 3897788 ' Quartz Mica Gneiss

BH2 N 769658 27 Slightly/Mederately/Highly weathered
E 3897760 Quartz Mica Gneiss

BH3 N 769690 30 Slightly/Mederately/Highly weathered
E3897743 Quariz Mica Gneiss

BH4 N 769757 48 Slightly/Moderately/Highly weathered
£3897710 Quartz Mica Gneiss

BH5 N 769685 40 Slightly/Moderately/Highly weathered
E3897645 Quartz Mica Gneiss

BH6 N 769672 35 Slightly/Moderately/Highly weathered
E 3897593 Quartz Mica Gneiss

BH7 N 769652 30 Slightly/Moderately/Highly weathered
E 3897684 3 Quartz Mica Gneiss

BH8 N 769593 22 Slightly/Moderately/Highly weathered
E 3897615 ‘ Quartz Mica Gneiss

BH9 N 769484 55 Slightly/Moderately/Highly weathered
E 3897548 Quartz Mica Gneiss

BH10 N 769716 30 | Slightly/Moderately/Highly weathered
E 3897854 ‘ Quartz Mica Gneiss :

BH11 E 772028 60 Slightly/Moderately/Highly weathered
N 3889202 Tonalite

BH12 N 771985 40 Slightly/Moderately/Highly weathered
E 3889166 Tonalite

BH13 N 772242 170 Slightly/Moderately/Highly weathered
E 3889436 " Tonalite

BH14 N 772515 250 Slightly/Moderately/Highly weathered
£ 3889733 Tonalite

FICHTNER 5-7
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‘| Depth
N 772532 70

General Lithology

Slightly/.Modérately/Hig‘hly weathered

E 3889757 Tonalite

BH16 N 772516 54 Slightly/Moderately/Highly weathered
E 3880091 Tonalite

BH19 N 772401 55 Slightly/Moderately/Highly weathered
E 3890428 Tonalite .

A total length of 1300 m core drilling was carried out. All the boreholes
were drilled using the conventional straight rotary drillings in overburden
and NQ size thin walled double tube core barrel in rock. The drill machines
formed holes of 76 mm diameter to recover core of 47.6 mm diameter. For
drilling with casing the casing used had an outer diameter of 96 mm and
inner diameter of 82 mm.

Table 5-3:  Test pit details
.TestPitNo." .~ | Coordinates ‘Depth |- General Lithology,
R R Description -
TP1
TP2
TP3
TP4
TP5 E 769684 Silty, sandy gravely boulders
N 3897711
TP6
TP7 E 769674 1.5 Silty, sandy, clayey and
N 3897620 - boulders
TPS E 769667 3 Silty, sandy and gravely
N 3897655 boulders
TP10 E 769665 0.8 Sitty, sandy clayey with few
N 3897698 gravel and boulders
TP11 E 7659651 3 Silty, sandy, clayey with few
N 3897654 gravel and boulders

The results of the investigation are attached in Appendix 03 and are used as
information source for the geological and geotechnical description in
following chapters. For more detailed information about the geological and
geotechnical situation, it is recommended to consider the results of the
investigation campaign attached in the Appendix | together with the
summary and description as represented in the following sections for tis

report.

526

Results and recommendations

The results of the surface mapping and geotechnical/ geological
investigation confirmed that the SHPP site located in a hilly rugged terrain
has a geology comprising the geological rock formations of both
metamorphic and igneous origin.
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It is important to note that the information given in this report relates
specifically to the positions at which outcrops were inspected and that the
geology between these positions has been interpolated. It is possible that
variations in geology may be encountered elsewhere on site on further
inspection and/or during construction. These variations must be taken into
consideration during detail design and site supervision during construction.

For details see also Annex 01 - Geological Surface Mapping Report.
5.3 Geological Situation

5.3.1 Regional geclogy

The geological framework of the area surrounding Pakistan has two broad
geological partitions namely the Gondwana and Tethyan domain. The
southeastern portion of Pakistan fits in to Gondwana domain and is uphold
by the Indo-Pakistan crustal plate. The northern most and western parts of
Pakistan belong to Tethyan domain and present a composite geology and
crustal formations.

The Gondwanian domain is characterized by a continental crust and
crystalline basement consolidated in the Precambrian and a platform type
development in the Paleozoic, In Asia it is represented largely by the
Arabian and Indian shields (kazmi and Jain 1982). The latter forms the
Indo-Pakistan subcontinent. Traditionally the Indo. Pakistan subcontinent
has been divided into three principal physiographic and geologic divisions
a) Peninsular Region b) Himalayan Foredeep and c) the Himalayas (Wadia
1957) as shown in Figure 5-3.

The Tethyan domain covers India and the northern range of Arabia and
Africa. This domain stretches from the pacific to the Mediterranean. This
evolved through the unique process of rifting, successive fragmentation and
calving of several continental blocks of Gondwanaiand and their northerly
migration across the vast oceanic spaces to unite with Laurasia (Kazmi and
Jain 1982). The Tethyan Domain is comprised of an enormous orogenic
collage consisting of several continental blocks, stitched together as it were
by a amifying network of sutun‘e:fs. '

|

Pt
H
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Figure 5-3;: Geological sketch map of Pakistan and surrounding regions (compiled
from Kazmi and Rana 1982, Stocklin 1977, Gansser 1980, CGMW 1990,
GSI 1977, Drury et al. 1984, Radhakrishna et. al. 1986, Sugden et al.
1990, Ramakrishnan 1986, Kravchenko 1979)

Pakistan may be divided in to large tectonic zones on the basis of plate
tectonic settings (geological structures, organic history i.e. age and nature of
the deformation, magmatism and metamorphism and lithology) of the area.
These major litho-tectonic units from north to south are as shown in Figure

5-4.
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Figure 5-4: Generalized reconstruction of the continents showing evolution of
Tethyan Domain (modified from Sengor et. al. 1988)
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Figure 5-5: Geological map of Pakistan -the NW Himalaya (modified after Bossart
and Ottiger [1989], Burbank et al. [1986], Greco et al. |1989], Burg et al.
|2005a], DiPietro et al. [2000], DiPietro and Pogue [2004], Edwards et al.
[2000], Fontan et al. [2000], Gaetani |1997], Greco |1991], Kasmiand
Jan [1997], Le Fort and Pe“cher {2002], Lombardo and Relfo |2000],
Reuber [1989] Rolland et al. [2000, 2002], Schneider et al. [2001], Steck
|2003], Tahirkheli {1996], Valdiya {1998], Wadia [1975|, and Zanchi and
Gaetani |1994)).
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The tectonic setting of Pakistan is shown in figure 4 along with the
geological formations of NW-Pakistan. Pakistan is located along the
western plate boundary of the Asian plate with Afghanistan belonging to the
west, Tadjik Basin, Tarim Basin and Qiantang to the north and the Indian
plate belonging to the east. The western boundary with Afghanistan is fault
bounded by the Charman fault. :

At the northern boundary of Pakistan the Kohistan Magmatic Arc was
formed between the Asian plate and the Indian plate in late cretaceous as
shown in Figure 5-5. The magmatic arc is bounded by Main Karakoram
Thrust (MKT or Shyok suture zone) in the north which is subducted below
Asian plate and Main Mantle Thrust (MMT) to the south where the Indian
plate is subducted. These faults in the region are still active and presents
northern Pakistan as one of the seismically active zone in the world.

53.2 Geology of Pakistan

Pakistan can be divided into nine tectonic zones (Kazmi Jain 1997) as
shown in Figure 5-6: '
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Figure 5-6: Map showing tectonic zones of Pakistan (Kazmi Jain 1997)

These 9 zones are as follows:
1) Indus platform and foredeep, 2) Balochistan Ophiolite and fold and thrust
belt, 3) Sulaiman-Kirthar fold belt, 4) Northewest Himalayan fold and thrust
belt, 5) Kohistan magmatic arc, 6) Karokaram fold and thrust belt,

7) Karakoram fold and thrust belt, 8)Kakar Khorasan flysh basin and

9) Makran accretionary zone, Kharan basin and Chagai magmati arc.

The details to the general geology is covered in depth in the geological
surface mapping included as Annex Lo this report.

53.3

Geology of Northern Pakistan

The proposed SHPP site is located in the western part of the Kohistan
magmatic arc, which is an intraoceanic arc bounded by MMT and MKT (see

Figure 5-7).
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Figure 5-7: Tectonic Map of the NW Himalayas (DiPietro and Mouase 2004) The
Kohistan Arc Complex is developed on the Hazara Massif (Arsentyev et
al.,, 1978). HKT TFrough — Hazara-Kashmir Transverse Trough

The dominant rocks of the region are plutonic (intrusive) igneous rocks of
granitoid as the Kohistan,Batholith and Chilas complex, Kamila
Ampbhibolites, and minor vdlcanic rocks and metamorphosed sedimentary
rocks. The principal rock types of Kohistan Arc from top to base are shown
in Figure 5-8: '
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534 Project Site Geology

Tertiary and Cretaceous formations dominate the geology around the project
site. The outline of geological units based on the geological map of scale
1:50,000 obtained from Ministry of Petroleum and natural resources,
Pakistan 2018 are shown in Figure 5-9.

Source: Minisiry of Petroleum and natural resources, Pakistan 2018
Figure 5-9: Geological map of project area

As per the geological map of project area:

1. The tertiary formations are

o Ultrar (Tuv)- Dir Group: Light gray, maroom red color tuff and
agglomerate (andacite and dacite) of Late Eocene

« Baraul Banda SlatesPhyllites (TbP)- Dir Group: Gray, green maroon
color thinly bedded fine texture with occasional thin beds of limestone
from Paleocene to Early Eocene

« Baraul Banda Quartzite (Tbq)- Dir Group: Light to dark gray and
brownish gray, thin to thick bedded fine grained and cherty at places

« Shandur Granodiorite (Ksg): Light gray to brownish in color medium
grained hard and massive from Early Cenozoic.

2. The Cretaceous formations are

o Baraul Banda Meta volcanics (Kbm): Brownisch and dark brown in
color metamorphosed basaltic quartz.From middle to late Cretaceous

« Deshai Diorite (Kdd): Gray greenish gray medium grained composed
of hornblended biotite with subordinate quartz

« Banded Amphibolite (Mzb): Light to dark green fine to medium
grained, foliated and composed of plagioclase hornblende and quartz.
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5.3.5

5.3.6

Litho-Stratigraphy and Minerology

Rock types of the project area are broadly classified into different units.
They are quartz mica gneiss, impure marble, sub Phyllite/Slate, meta
Sandstone, Tonalite, Epidosite, Parama Amphibolite and Granite.
Lithological descriptions of rock units exposed on the area at respective
locations are given in details in the geological surface mapping which forms
the Annex of this report.

During the course of geological surface mapping survey, sampling were
done from most of the rock units encountered at the project site and were
sent to lab for the petrographic analysis. Petrographic analysis is carried out
to identify the mineral and its quantification comprising the rock. In Table
5-4, the result of the petrographic analysis has been summarized:

Table 5-4:  Summary of petrographic analysis on rock samples from project site

Arsa Intake {Reservoir and Dam site} and Tunnel Tunnel, Surgetank, Powerhouse and Tailrace
tow Quartz
. [Cakareaus N Pora
Rock Type Sub Phyliite / | Grade Meta Quanz mica Granite Tonalite Amphibol Mica Epidosite | Gronlte |Granlte
Slate impure N Grelss [ epidote
Marble Gnelss
medium medium
::h'd'a] Graingd Grained
testure and fine ta very " fine.lo hypidiom n!edi\{m Grained | fineto fineto fineto |hypidiom |fine to
Stucture fine graioed calcite tic. medium arphic hypidiomorphic | medium | mediom | medium | orphic L
\dioblastic grained and | and subporphyritic | grained | grained | grained and  Jgrained
crystals subporph subparph
yritic - yritic
Minerology
Albite/Oligociase] 0.5 - 1.5 05 - 15 235 2 15 28.5
2 - 25 1.5 14 -7 14 35.5 9.5 3 45
Blotite{ 2 - 145 4.5 135 11 - 365 5.5 25 -0 15 3 115 0.5 9.5 10.5
Cakite] 65 - 20.5 3.5 2 - 17 3 1
Carbonate 51 25 15 .7 18 0.2 2 15
Cherty 2 - 3
Chiorite] 2 - 9.5 2 8 25 -'85 1 15 - 1§ [ 2 45 3.5 25
Epidote] 6.5 3 2 -2 4.5 45 15
Haematlte/Limonitel 1 - 15 1 1 0.2 -' 15 93 - 03 0.3 0.3 0.5 0.5
K-Feidspar 02 - 1 15.5 35 - 3s 4 1 1 17 16
15 2 25 [1s -7 3 15 1 -7 3.5 i 1 2 2
Microcrystaliing| 20 12
Quartz|
Muscovite/Sericite) 4 - 55 . 25 - 205 6.5 15 - 15 2 12.5 1 2.5 .5
Plagioclase o - 0 225 0 -0 25.5
Quartz] 12 - 2.5 15.5 0.5 265 - 525 395 ) 0.5 305 45.5 7.5 285
Sericite/ILLite} 27.5 - S7 2.5 ]
Slate/Argillite] 15 - 15
Sphene 0.2 01 - 031 0.3 0.3
Sphene]  traces traces traces traces | traces | traces
Tourmaline] 0.3 03 -~ 03 2
Tourmallne traces traces traces traces traces
Valcanic Rock: . . 2
Fragments ”
Zrcon traces traces 01 - 03 0.2 02 - 02 0.3 0.2 0.3 0.2 0.2

Geological structures |

The project area lies between two tectonic features described as Main
Karakorum fault and main Karakorum thrust and is presented in Figure
5-10:
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5.3.6.1

5.3.6.2

= AN Pioiaety .
Source Google earth
Figure 5-10: Geological structures (Project area Sharmai HPP)

Main Karakoram Thrust (MKT)

The Main Karakoram Thrust follows roughly the course of the Shyok suture
zone and defines the southern margin of the Karakoram plate. It is a north of
north-northeast dipping thrust fault that offsets regional metamorphic
isograds of the M2 stage on the hanging-wall, and also isograds in the
Ladakh Terrain in the foot-wall, The Main Karakoram Thrust places
Karakoram metamorphic rocks over low-grade rocks of the Shyok suture
zone and the northern margin of the Kohistan-Ladakh Terrain. The latest
phase of metamorphism in the Karakoram (M4) in the Thalle and Braldu
Valleys, is a retrogressive event and is inferred to be related to late-stage
motion on the Main Karakoram Thrust. Although no neo-tectonic motion
has been reported for the MKT there appears to be a considerable difference
in topography either side of the fault and it is inferred that recent rapid uplift
and exhumation of the entire southern part of the Karakoram Terrain has
occurred by thrust culmination on the hanging wall of the Main Karakoram
Thrust.

Main Mantle Thrust (MMT)

The Main Mantle Thrust refers to the part of the Indus Suture Zone exposed
in Pakistan, marking the suture zone between the Kohistan island arc terrane
and the Indian Plate. The MMT, for its most parts in Northern Pakistan is
oriented more or less in an east-west trend, but in the Nanga Parbat region,
it forms a north trending loop surrounding the Nanga Parbat Syntaxis. Also,
whereas elsewhere it dips to the north, in the Nanga Parbat region it is
virtually vertical, or at places, even overturned.

The MMT in the Nanga Parbat Syntaxis marks the contact between the
Cretaceous Kohistan rocks and the metasediments of the Nanga Parbat
Group. In much of the region the contact is sharp between the two groups of
lithologies, although there is evidence that locally the MMT comprised
more than one fault, which involved tectonic slivers from both the Kohistan
and Indian Plate rocks. This is particularly true for part of the MMT
exposed at the eastern margin of the Syntaxis at Stak.
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5.3.6.3

5.3.6.4

5.3.6.5

5.3.7

5.3.7.1

Bedding and foliation

Bedding and foliation is well observed in all litho-stratigraphic units. Since
the area mainly comprises metamorphic rocks and igneous, foliation is
common compared to bedding. The details on the foliation and the rock
properties has been discussed in the following chapters 3.7.

Joints

Joints are well observed on sub-phyllite, mica gneiss, tonalite and granite.
Details of joint measurement and its statistical analysis are presented in
surface geological study of the project area and are summarized in following
chapter 3.7.

Shear zone

Shear zones if present are usually characterized by shear/crushed rock with
bands different rock soil units with certain trend of foliation plane. These
shear zones are usually the result of the tectonic activity.

Although, the project region lies in the vicinity between the two-major
tectonic thrust zones namely MKT and MMT, no such marked shear zones
were identified during the course of geological and geotechnical
investigation of SHPP.

Engineering Geology of Project Area

This chapter includes the findings of the geological surface mapping and
geotechnical investigation and geophysical seismic refraction survey
carried out at the site. The geological surface mapping is included as
Annex 0l and geotechnical investigation as Factual Report, Annex 02 and
geophysical seismic refraction survey as Annex 03.

This chapter includes engineering geological mapping of major engineering
structures of the project, rock mass classification of the area with stability
analysis, detail geotechnical, geological and geophysical investigation, rock
quality designation and preliminary support design. Statistical joint analysis
of the area has been done based on detail measurement of all discontinuities.
Rock mass rating (RMR) and rock tunneling quality index (Q) are used for
rock mass classification which helps to study characteristics and quality of
rock mass of the proposed underground structures i.e. headrace tunnel, surge
tank power cavern and tailrace tunnel.

Engineering geological conditions at the reservoir

The surface map based on the geological mapping at the intake and
reservoir is shown in Figure 5-11. The extent of reservoir at SHPP
comprises of rock of metamorphic and igneous origin. The proposed dam
site is mostly dominated by quartz mica gneiss.
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At the upstream part and the downstream site, sub phyllite is abundant.
Apart from these rocks, the metasandstones, impure marble have also been
traced at the upstream side of the proposed dam site. At the downstream
side quartz mica gneiss along with sub phyllite and granite outcrop are
visible. In addition to these rock units, the area is overlain by overburden
soil in the form of coarse- and fine-grained soil in different composition
and/or in the form of boulders.

The rock/soil types, their essential characteristic features and the measured
structural units are shown in Table 5-5 and some of the site outcrops
pictures are shown in Figure 5-12:

L-iil'!::ii:T-;:':::

W | amen

(= Lot Stamui Hydropuer Projoct
e P GLOLIKA
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o Tenrn = :;hd “—.:D.;.lsul I-—‘
Figure 5-11: Surface geology at the intake and reservoir
Table 5-5:  Rock/soil units measured at reservoir and intake
Reck rypef Suib unles [Charecterlstic Foliativn Jobnt Nei
Sul-Phylliies Staes  [pusenish teown 10 grecnish ey, moderntely weathered, Strike. NAUE 16 NSUE J1: NTOL:SSNW
livints are moderate 1o sparscly jointed. [illed with clay, Dip. $0SE 10 NBUSE and JUNW 10 |12: NZOW60SW
~urfpce staimng v wlao secn ol sume places, with sinoalh TINW
clance sur foces and 3 mediumn 10 high
Low Grude Imipuie Jinc graincd, moderately strong 10 strang. majutly sparsely  |Sirike: N73E to N§SE M NISE'TOSE
Marble jointed. gencrally filled with, cimey matrix, partially filled [ Dip. SUNW 10 SSNW 12 NTOW 455w
wilh quartz, the joinl surfmes are smooth Lo plme smootl:
L wndulaling Joints arc ol medium 1o bioh in
[(Caduar camss Muta wravish black. fine prasocd, ciosly fulisted. light o Stzike: NASW und NAUE 1o N3OE J1 NTOW 1o NBUW! TSNE & JUSW
Soedaiong L madctalely opem joinl sets, the sutlaces uf (rnls are Lip 20NE and JONW 10 N70W J2 N2OE 1o N3OW to N7UW 7 JUSE. SUSW & $5KE
[undulsting pascr and having wo joint xeg pepes, alsu having
{1he quurtz in the ililimg materials.
Cuarlz Mics Gikise sk prey tu greemsh prey on lrezh wrlove, weathers 10 rusty | Suike. R3OE w N7UE J) N35SW o NAOW & NJUE 1o NTUE/ 25NE 1o SUNE, JUSW 1o
[bronn 1o yellowish [rown w colar, Nne 1o medinn wrasned, Dip HINW o MUNW A55W
eong 1o sery abrong shyhily 1o nedcsicly weathered, T 32 NBOW e NESW & NISE w NORE  433W 10 S08W, JusL e
Modutn o wade ]y poinied and also clusely 1o medum joimted 3381
o pluces 43 NUSW 10 NIOW ¢ FONE e KON
Ciranie ampky light in color, medn 1o coane graincd, sirung to ) KISE 1o NSUE Sinke with JUNW 10 KINW
sery sizong. slightly i tnoderelely weatliersd. Mediam 10 J2 NTOW 10 NBOW sirikic wath JUSW 10 bUSW
el puinted and 8l o closl) 10 mediuim juinied of e, 23 N30F 1o NAL sinhe with RUSE 10 TUSE
moking a sharp contoct with Cuarty mi i
Angul ol bs)s, ok d 10 3l rouskied @ with warics mires and shapea
Chuavel with Finex Iswer depontia are Fine 1o medium 1o course giained wish
(AL M boulders are yvanous nacs & shapes rounded 50 sub runded,
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Figure 5-12: An outcrop of a) Quartz mica gneiss b) Sub-Phyllite/Slates c) low grade
impure marble and d) calcareaus meta sand stone e) Granite and
f)Angular Bouiders, Gravel with fines (ABGM)

Figure 5-13 shows the geophysical seismic refraction profiles on the
upstream and downstream from center to left and right abutments. The
thickness of the overburden on the left abutment decreases towards hiliside
from around 20m at the center to around 6m. On the right abutment, the
thickness of the overburden material remains almost constant by 15-20 m
from river towards the hill side.
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5.3.7.2
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a) left abutment towards river center b) river towards right abutment
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c) left abutment towards river center d) river towards right abutment
(d/s) (d/s)
Figure 5-13; Geophysical seismic refraction result, a) and b) section upstream and )
and d) section downstream of reservoir

Engineering geological conditions at Dam site

The proposed concrete dam is on a wide flat alluvium overburden terrace.
The terrace consists of a thick accumulation of alluvial/colluvium deposit
comprising of light- to dark grey, rounded to sub-rounded, fine to coarse-
grained boulders/ rock pieces of metamorphic origin.

The depth of this overburden as per borelogs varies from 6 m along the left
bank up to 20 m in the middle of the river and 15 m-20 m on the right bank
(Figure 5-14). The overburden is underlain by light gray, slightly to highly

weathered quartz mica gneiss.
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Along the right and left abutment, hill slope ranges between 30° and 70°.
The visible surface rock-outcrop consists of quartz mica gneiss. These are
dark grey to greenish grey on fresh surface and weathers to rusty brown to
yellowish. Moreover, these are fine to medium grained, strong to very
strong, slightly to moderately weathered, medium to widely jointed and
closely to medium jointed at places '

During the geotechnical investigation work, along the dam axis 4 boreholes
(BH1 to BH4) with depth varying between 27 m and 55 m were drilled.

The Field permeability tests in the form of Lugeon tests were carried out in
these bore holes at the depth of rock with varying weathering categories ash
shown in Table 5-6.

HY!

Table 5-6: Lugean tests in boreholes at dam site BH1, BH2, BH3 and BH4

Bore Hole Tiefe Lugeon |’ hydraulic Interpretation |Classification  |Rock
(m) conductivitiy | (T. Houlsby 1976) discontinuity
{Fell et. al,, 2005) condition
{m/s)
BH1
S - 10} 0.02 < 1E-07 Turbulent Fiow very low very tight
10 - 15( 001 < 1E-07 Turbulent Flow very low very tight
15 - 20| 0.00 < 1€-07 Turbulent Flow very low very tight
20 - 25| Q.00 < 1E-07 Vaid Filling very low very tight
25 - 30| 0.00 < 1E-07 Turbulent Flow very low very tight
30 - 35 0.00 < 1E-07 Turbulent Flow very low very tight
3’ - 40| 0.00 < 1E-07 Turbulent Flow very low very tight
40 - 45| 0.00 < 1E-07 Turbulent Flow very low very tight
45 - 50} 0.00 < 1E-07 Void Filling very low very tight
50 551 0.00 < 1E-07 Void Filling very low very tight
BH2
17 - 22| 0.00 < 1E-07 Dilation very low very tight
2 - 27| 000 < 1E-07 Turbulent Flow very low very tight
BH3
20 - 25| 0863 < 1E-07 Turbulent Flow very low very tight
25 - 30| 313 < BE-07 Dilation low tight
BH4
23 - 28| 001 < 1E-07 Void Filling very low very tight
28 - 33| 0.00 < 1E-07 Turbulent Flow very low very tight
40 - 45| 0.00 < 1E-Q7 Void Filling very low very tight

The Lugeon value for all the BHs at different depths except for 1 test at

BH 3;25-30 m showed values less than 3. As per the results the rock can be
classified as having very low permeability and the corresponding rock
discontinuity to be very tight. Apart from this, the pressure flow (p-q)
diagram indicated most of the tests to lie in the range of turbulent flow
region. As per Houlsby’s (1976) interpretation, this indicates that the
hydraulic conductivity of the rock mass decreases as the water pressure
increases, which characterize the behavior of rock masses exhibiting partly
open to moderately wide cracks.

The Borelogs at these locations indicate the general trend of rock joints
showing partly open to very tight aperture (between 0.5 mm-<0.1mm) with
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mostly quartz or clayey matrix infilling and having roughness varying
between undulating rough to planar smooth.

The Laboratory investigation results on the samples obtained from BH1, BH2, BHJ}
and BH4 are presented in Table 5-7Table 5-7; Laboratory results
BHI1, BH2, BH3 and BH4

Shake
Shear Brashlan Test . water Water »
ucs Stwngth | Yenabie strenguny | PO IndEx | Densiy | % E [parosey absporpon | FUREHY
Barehole Samples Depth (m] index
Mumbar
o, [4 v Ceformaton | ¢ | ¢ a, [N S . n w, s
[mPa) | [GPa) 5] (GPa} ) [tmea) (mPa) Mpa) terem® | i %) (%) )]
BH-1 1676 - 11.00 270 Q.15 138 0.51 9.5
13.00 - 1136 967 | Dum.
1380 - 1410 8.22 | oum.
1436 . 1450 [ 1504 [ 492 2.6
16.67 - 1687 2.40 | Diam. 7 921 115 0.4 98.2
1856 . 1927 395 | Dlam.
19.50 - 1375 .73 Q.10 164 0.60 98.7
2376 - 2413 198 | Dam
MM - MR 154 | Diam.
359 - 2637 i119 | Dam
617 - 2650 118 | oem | 269 | oos | 112 0.42 95.6
2760 - 2291 | 473 [Ih) 3.2 593
A543 - 4547 658 | Oam
4718 . 47.aa | 1504 | 621 1.1
4800 - 4ns50 263 | ooa | 157 053 90.6
4961 - 4991 | 1261 917 46.3
5112 - s 4.17 | Dam.
$260 - 5384 | 928 838 244
3160 - 5184 17 008 14 951 9.3
$4.64 - 5485
e [ 1190 - 1800 B 571 | Dam
1668 - 1893 [ 1098 w12 416 94.9
$0.35 - 7050 W09 | Dam
.50 - 2080 | 196.5 17 45.8 173 0.1 0.92 034 95.6
147 - 1137 a2
1140 - 2157 $.34 | Dum
2169 - 2287 (1988 | 103 516 1% | o | o 018 945
168 - 2382 | 80 | 009 [ 076 016 996
1506 - 2524 [ 1534 ] 81 39.1 -
1550 - 7564 549 [ oam | 277 | a1s [1 a3 04l 99.5
(L] 10.57 - 20.69 B.i2 | Duam
131 - 178 180 0.10 08« 0.30 9495
3239 . 2235 483 | Diam.
1182 - 719 1% | 030 | 084 0.1 59.5
1355 - 17 234 | Dam
2410 - 2435 966 | Diam.
1500 - 7528 170 | oos | oy €10 99.5
578 - 2600 412 ) a2
2620 - 26.43 22,46 154 | 014 | 040 0.4 995
685 - 27.00 $.05 | Diam
a7.13 - 277 273 | 008 | 054 0.23 99.4
2164 - 3780 20.75 | Dam.
97 - 2991 1281 518 257
BKe | 7959 - 2973 ] 29 18 15.9 195 | 054 | a7 3.62
000 - 3071 833 | pam | 273 [ 035 | 120 0.44
3800 - 38327
3835 - 38.60 1% | 006 | 063 823
387 - 3900 | 585 30.1 15.0 401 | Dam
3974 - 4000 7.90 | Diam.
4000 - 4030 175 0.34 140 .51
4035 - 40.50 17.13
4217 . 4147 6.78 | Diam.
4269 - 43.00 | 522 S16 5.8
451 . M7 9.38 | Dam.
4475 - 45.00 | 69.7 28.2 14.1
4557 - 4580
4759 - 4789 | 9728 549 27.4 BET 30.25 | Diam.

In general the Laboratory test results shows the range of rock parameters
with unit weight: 27-29 kN/m?, internal angle of friction: 41-44°, cohesion:
2.2-4.2 MPa, unconfined compressive strength:38-209 MPa, tensile
strength: 4 - 22 MPa, point load strength: 2-11 MPa, young’s modulus: 40
GPa to 80 GPa, siake durability > 99% (very high durability, Gamble chart)
and water absorption: 0.5- 1.6%.

Table 5-7:  Laboratory results BH1, BH2, BH3 and BH4
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Shear Braslisn Test Water watee | Sk
sorehole ues Strength | {Tensble swengn) | POEOr Inden | Demiby | [ [Porosky)  eporption o
Number Samples Depth {m}
s, 3 v |Oetormaton| o | ¢ a [ S . n w, s
(MPa) | {GPa} (-} {GPa} ) |imea) mPa) (Mpaj |- fe/em® | (%) %) (%} {5}
BR-L | 1076 11.00 270 | oas | 138 051 9.5
1.00_- 1136 9.67 | Dlam.
1380 1410 9.22 | Dam.
1416 . 1450 | 1504 ] 437 746
1667 - 16.87 740 | Dam. | 279 | 021 | 135 0.4 8.2
129 - _18.37 595 | Dam.
1950 . 1975 273 | 610 | e 0.60 5.7
076 7413 3.98 | Dlam.
2424 - z438 1.54 | Dlam.
2596 . 7617 13,15 | Dam.
2617 - 7650 1019 | Olam. | 2.69 | 0.08 | 11 041 99.6
.60 - 3792 | 4%3 | 62s 37 393
4503 - 4542 658 | Gom
a8 47.44 1504 | 621 1
aE00 . 4850 269 | oos | 1Sy 0.58 9.6
4561 . 4991 | 1963 | 917 463
S1a2 . si3t 417 | pom.
52.60 - $2.84 | 92.8 438 144
52.60 . 5184 27 | o8 | T4y 0.51 993
5066 - $4.85
aw? | 17.90 . 1800 571 | Dam.
1868 1893 | 098 | 812 Ok 589
2035 _-_20.50 10.09 | Dlam.
050 - 70.80 | 1965 91.7 45.8 73 011 0.92 034 93.6
N7 - na a0 31
N4 . Nt 834 | Dam
1269 - 72.87 | 1684 | 103 51.6 276 | 003 | 078 0.28 535
Y T 7880 | 003 | 076 0.26 595
506 - 7524 [ 1574 | 781 391
2550 - 7564 $43 | Dam | 2.7 | 015 | 123 045 933
BH3 2057 .- 2089 413 | phm,
133 . 1198 280 | 030 | oma 0.30 %55
219+ 22.35 4.83 | Olam.
1182 - 2196 .76 0.20 0.84 0.31 99.5
FEXT RN TTY 534 | Dam. .
2410 - 3435 5.66_| Diam.
25.00 - 25.28 27 | 005 | 027 .10 9.5
1578 - 26.00 PEF) KX
620 - 2643 2246 294 a.14 0.40 0.14 99.5
2685 27.00 503 | Dam
2103 - 2137 273 | 008 | 084 0.23 994
768~ #1780 . 10.75 | Dlam.
3930 . 7991 | 1728 815 153
BA4 | 5.59 - 2993 | 349 | 1@ 159 295 | os4 | a8 .62
3000 - 30.71 831 | Oam. | 273 | 035 | 120 044
3800 - 3627
3835 - 3860 276 | 006 | 063 033
3879 - 39.00 | 565 | 301 150 401 | _Diam.
39.74_-_ 40.00 7.90 | Diam.
000 - 4030 215 | om | Len 651
4035 - 4060 17.13
27 a4 678 | Dlam
4269 - 43.00 | 522 | 516 58
ITRETED 538 | Dam.
4475 - 4500 | 697 | waq [rE)
4557 - 45.80
4159 . 4789 | 578 | was 174 8.67 10.75 | Olam.

Owing to the heterogenous composition of the overburden, it is presumed
that the permeability of the overburden is relatively high. To capsule these
permeable openings, grout curtain is recommended as shown in Figure 5-15.
The minimum depth of the grout curtain should not be less than 2/3 of the
height of the dam (2/3 x45 =30 m) or the thickness of the overburden. This

i however needs to be verified during the time of construction based on the
test grouting and permeability tests at these sections. In case of high
permeability of the rock, second row of grout curtain should be applied on
the same plane as the first one.
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Figure 5-15: Recommended grout curtain pattern (3 rows) .

Engineering conditions of Diversion Tunnel

Proposed portal lies on rocky slope facing toward North-east. Hill slcpe
ranges 30°-70°. The portal and diversion tunnel consist of mostly the rock
type quartz mica gneiss. The rock is light gray to dark gray, medium-banded
to massive, strong and moderately weathered. The quartz gneiss is slightly
weathered and massive with random joints and fractures (Figure 5-16). The
quartz mica gneiss measured shows a foliation and in general three joint
sets. The general trend of these sets is given in the following Table 5-8.

Figure 5-16: A view joint pattern and foliation trend of Quartz Mica Gneiss

Table 5-8: General trend of attitude measured at different sections along the
diversion tunnel are tabulated as follows

.Strike - - - | Dip
Foliation NS0E to N70E 30NW to 80 NW
Joint J1 N45W to N8OW 25NE to 50NE
N40E to N70E 30SW to 455W
Joint J2 : N5S0W to N75W 458W to 50SW
N35E to NGOE 40SE to 55SE
Joint J3 N50OW to N30wW 70NE to 8ONE

Stereographic projection of major joint sets measured in the inlet portal/
diversion tunnel is shown in Figure 5-17. Orientation of major joint 1.e.
foliation is nearly parailel to the tunnel axis and dips more than 45° which is
an unfavorable condition on excavation. Assuming friction angle of 40° for
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rock, the stereographic projection shows 6 day-light wedges w1 to w6 with
only one: wedge wd between foliation F and Joint J3 falling within the
failure envelop. This wedge may trigger failure during excavation.

N
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Figure 5-17: Stereographic projection of discontinuities measured at the headrace
tunnel inlet portal

During geotechnical investigation along the diversion tunnel 3 boreholes
(BH1, BH9 and BH10) with varying between 55 m and 27 m were drilled.

In total 15 Lugeon tests were carried out in BH1 and BH11 at the different
depths. The result of the tests is summarized in the following

Table 5-9. The computed Lugeon values were all less than 1 and the flow
regime as turbulent. this as per Houbsley indicate the hydraulic conductivity
of the rock mass decreases as the water pressure increases. This behavior is -
characteristic of rock masses exhibiting partly open to moderately wide
cracks. :

The discontinuity information recorded at site and in the boreholes 1 and 10
showed in general joints having partty open to very tight aperture (between
0.5 mm-<0.1mm) with quartz or clayey matrix and roughness varying
between undulating rough to plandr smooth.

The Laboratory investig'a;tion results on the samples obtained from BH 1 and
BH10 are presented in i ; '
b |
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Table 5-9

FS Re_-_p_ort

Shear Brashian Test Water Water Stake
- ues strangin | (renale Strangth) Pointosd ndex [ Denury | T porasty absporption | VB
ishole Sampies Depth (m) - ndex
Mumber
o £ v Deformation | o € LY by fo " P -, Ll w, L]
iMPa) | (GPa) 4] (GPa) ) Jimea) (MPs) {Mpa) fefem® [ 1) 0} ] )
(13} 10.7% - 11.00 .70 015 138 0.5 99.5
11.00 - 3136 2.67 Diam.
1380 - 14310 332 Dam.
- 146 - 1450 | 150.4 492 a6
16.67 - 16.87 24 | Dam | 279 | o | 51s o4 982
18.96 - 19.22 395 [ Diam.
19.50 - 19.75 2.73 830 164 0.60 98.7
237% - 2413 1.98 | Diam.
24.24 - 2428 1.54 Dram.
1596 . 26.17 1119 | Dam.
1612 - 2850 11.19§ Dam. 269 0.08 112 042 99.6
1760 - 27.92 | 473 [35] 312 891
A5.13 - 4542 £.58 | Dlam.
4718 - 47.44 1504 £2.1 a1
43.00 - 4850 .69 0.08 1.57 0.58 98.6
49.61 - 4331 | 136.2 92.7 45,3
5111 - 5101 4.17 F Dum.
52.60 - 52.84 | 928 43.8 144
5260 . 52.84 27 0.08 141 0.51 99.3
5464 - 54.85
BHe 1000 - 10.25 10,97 | Diam.
2041 - 2062 176 637 158 D.94 99.5
24.27 - 2450 | 216 61.1 316
%70 - 2591 271 0.23 .67 0.6 99.6
3160 - 3183
3206 - 3130 . 12.51 [ Dam.
3333 - 3348 501 2.4 17.80
36,39 < 3659 11.85 | Diam.
19.00 - 39.19 2172 012 170 0.63 99.4
4132 - a4 B.12 Dam
4263 - 43.00 495 ¢1 2044
4400 - 4420 272 019 .02 0.74 99.3
4214 - 4.2 412 | Dam
4269 - 48.90 2.46 | Diam.
3000 - 5027 ] 730 510 155
51.81 52.00 169 0.16 1.62 0.98 99.4
52.85 53.00 593 | Dam
53.68 5400 | 119.0 A63 23.2
54.80 55.00 2.30 0.15 3.12 112 99.4
BM10 {445 . 459 11.41 | Dam
611 - 625 176 Diarn.
631 - &S0 177 0.47 1.65 060 286
688 - 7.00 197 049 0396 0.33 98.2
1040 - 1060 [ 340 16.1 80.6
11.78 - 1185 | 320 6.8 13.4
1350 - 1362 1.76 | Dam.
0.3 - 20.44 5.27 | Diam. L7 0.44 3.13 1.15 38,5
044 - 20.53 9.66 | Diam.
21,77 - 1200 | 282 435 2.8
2222 - N 7.24 Dam 182 036 1.7% 0.63 99.4
2300 - 2322 18.5 94.7 43.8 68.00 | Diam
430 - 482 322 ) 44 11.23
29.65 - 29.70 b ] Q.76 0.85 2.3 59.0
2970 - 30.00 4311 14 13.53

Table 5-10.
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Table 5-9:  Lugeon test results BH1 and BH10
Bore Hole Tiefe Lugeon hydraulic Interpretation |Classification  {Rock
{m) conductivitiy (T. Houlsby 1976} discontinuity
{Fell et. al., 2005} condition
{m/s)
BH1 1
5 - 10| 0.02 < 1E-07 Turbulent Flow very low very tight
16 - 15} 0.01 < 1E-07 Turbulent Flow very low very tight
15 - 261} 0.00 < 1E-07 Turbulent Flow very low very tight
2 - 25| 0.00 < 1E-07 Void Filling very low very tight
25 - 30| 0.00 < 1E-07 Turbulent Flow very low very tight
30 - 35| 0.00 < 1E-07 Turbulent Flow very low very tight
35 - 40| 0.00 < 1E:07 Turbulent Flow very low very tight
40 - 45| 0.00 < 1E-07 Turbulent Flow very low very tight
45 - 50} 0.00 < 1E-07 Void Filling very low very tight
50 55 | 0.00 < 1E-07 Vaid Filling very low " very tight
BH10 ‘
5 - 10| 003 < 1E-07 Turbulent Flow very low very tight
10 - 15| 0.01 < 1E-07 Turbulent Flow very low very tight
15 - 20| 0.00 < 1E-07 Turbulent Flow very low very tight
20 - 25| 0.00 < 1E-07 Turbulent Flow very low very tight
25 - 30| 0.01 < 1E-07 Turbulent Flow very low very tight

In general, the laboratory test of the rock showed the physical and
mechanical parameters with unit weight: 27-29 kN/m?, internal angle of
friction: 32-50°, cohesion: 0.1-4.4 MPa, unconfined compressive
strength:12-73 MPa, tensile strength: 11 - 20 Mpa, point load strength: 1.7-
12.5 MPa, young's modulus: 30 GPa to 60 GPa, slake durability > 99%.
(very high durability, Gamble chart) and water absorption: 0.5- 1.6%.
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Shake
Shear Srasthan Test water water
socehole ves strengun | (ensbe Suengeny | "0 NI | OeRy [ ot "M absporpion "‘::'“_"'
Number Samples Depth {m)
-8 E v Deformation | @ < o, W | " L o L] w, )
by | (GPa) (0] (Gra} ) [impay (MPa} {Mpa) (pfem® | %t ) (%) %)
BH-1 10.76 - 11.00 ) 0.15 138 0.51 59.5
11.00 - 1136 9.67 Diam.
1380 - 141D 9252 Diam.
M6 - 1450 [ 1504 43.1 24.6
16.67 - 1687 140 Duam. 7 0.21 115 Q.41 98.2
1896 . o0 395 | Dam
1550 . 1875 271 o0 [ 16 060 98.7
213.7% - M1 1.98 Diam.
2424 - 438 154 Diam.
35.96 - 2617 112 | bam
2617 - 2650 1119 | Oam | 269 | 068 | 112 042 99.6
3760 - 3751 | 413 | €28 312 a3
4533 - 4502 €58 | Oam.
47.38 - 47.44 | 1504 | 621 311
4800 . 4550 269 | oos | 157 058 99.6
4961 - 4591 } 1262 92.7 463
5112 - 5131 417 Oa
$160 - 52.84 | 928 | 488 244
5260 . 5284 278 | oca | 141 051 5.3
S4.64_ - 54.85
ane 10.97 | Oum.
226 | 037 | 258 094 %5
216 63.1 ns
2.73 413 067 0.26 96
12.61 | Dum.
501 24 17.80
1185 | Duam.
2,72 0.12 190 0.6 59.4
8.12 Dad .
435 | 0.1 10.44
2.1 Q.19 2.02 0.74 933
812 | Dum.
246 | Dam.
730 | 510 58S
2.69 0.16 162 093 924
5.93 | Dam
19.0 46.3 23.7
280 | 019 | 322 132 954
8H10 YT 13.41] Diam
s 615 1.76 | Dam.
T &5 272 | 047 | 165 0,60 96.6
7.00 1.97 0.49 056 033 96.2
10.60 HO 161 .6
11.95 30.0 26.8 13.4
13.67 176 | Dam
. 044 527 [ Oum. | 275 | oas | 313 115 96.5
- 1053 $.66 | Diam
- noo| w2 | a5 218
. 22.44 5 7.24 Diarn. 2.82 0.36 175 0.63 994
2300 . 2322 [ a5 | 997 9.8 63.00 | Diam
24.30 - 2462 322 | 44 11.23
2965 - 2970 .79 0.76 D85 a3l 9.0
2070 - 30.00 FTIET 1353

Table 5-10: Laboratory results on samples of BH 1 and BH10

calculated RQD, RMR, Q and GSI values of the rocks encountered at BH 1,
BH9 and BHI10 are presented in
Table 5-11.

Table 5-11: RQD and Q-value computation BHI1, BHY and BH10

oul A | X f f skt |RoDemn]| seess |mwesre| o a wr | S| o

Depth (m) L . 4 w n rela W+ SAMRS sed on

Q-values

355 7.86 6 1 4 1 2 131 0.25 0s 031 016 1] 23 very Poot

5515 45,54 L] 1 4 0.6 3 759 025 0.3 1.90 057 19 34 very Poar

15188 [ 1542 5 18 15 0.33 1 257 % 033 257 085 4 k'] wary Poot
135 - 305 an.ar 4 15 1 0.3 1 012 (B8] 0.33 1518 5.01 £t ] 53 Good
ws - 37 1483 4 1 1 033 ] in 3 0.33 112 167 56 51 Gnod
1745 21.7% 4 3 075 0.3 13 5.42 4 0.3 H R 218 62 57 Good
45 - 55 37.6 6 3 0.7% 0.32 1 827 4 0.13 25.07 827 (2] 58 Good
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53.7.4

fiock Quallty
by RQD In I la Iw SAF RQD+In] Jr+la | Iw+5RF Q* q RMR oS! based on
Tiefe {m} wRMR.5
Galues
10 - 0 8 3 1 H 0.66 15 133 o5 .44 0.67 0.29 n | = very Poor
0. % 146 6 1 1 €1 1.5 243 1 022 243 0.54 8 33 very Poor
5 - 30 - L] 1 1 0.33 5 13 H 012 133 0.9 33 8 wery Poor
30 - 35 37.6 6 1 1 0 15 6.27 1 022 6.27 13 47 4 Poar
3/ - 4 355 6 1 1 033 15 5.92 2 022 11.83 60 53 48 Paor
40 - 45 2 1] 2 1 033 15 1.83 2 0.22 15.67 3.45 55 50 Poor
45 - S0 19 [ 2 1 0.33 15 117 2 0.22 (%1 139 & 2 Poar
50 - 55 20 4 2 1 033 1 5.00 2 633 10.00 330 55 50 Gaod
s
K1 I 68l ock Quality
RQD In " Ja- Iw SRF [RQD+Jn| JreJa | IweSRF | Q* Q AMR based on
Depth {m} ! =RMR-5
; Q-values
410 0 6 1 1 0.66 15 113 1 0.44 33 1.47 47 42 Paor
10 - 15 27 [ 1 1 0.66 1.5 4,50 1 0.44 4.50 1.98 50 .45 Poaor
15 - 20 10 [ 1 1 0.33 1.5 1.67 1 0.22 167 0.37 35 30 very Paor
20- 25 53 4 1 1 0.32 1 13.25 1 033 13.25 | 437 57 52 Paor
25+ 30 10 6 1 1 0.33 1 1.67 1 © 033 1.67 0.55 33 34 very Poor

RQD value calculated based on boreholes core recovery at site at the depth
of planned tunnel vary between '10% and 37%.

Engineering conditions of Headrace Tunnel

The proposed intake tunnel alignment passes through the rocky hills as
shown in the Figure 5-19. The total length of the intake tunnel is about 8 km
and passes through several geological formations. Based on the field
investigation and literature review, the tunnel section comprises of the
different lithological units namely Tonalite, granite and quartz mica gneiss.
The brief summary of the characteristic of these rock formations measured
and recorded are shown in Table 5-12 and some of the outcrops photos are
shown in Figure 5-18.

Table 5-12: Characteristic features of rock at tunnel alignment

Rock type/ Soil |Characteristic Faliation Joint Set
units )

Tunnel Alignment

Granite half white in color, medivm to cearse grained, strong lo very strong. 11 NAOE 10 N7OE / 40 10 75NW
slightly to modera: ety weathered, Medium to widely jointed and also NIOW / SONE
closely to mediwr jointed al places, nuaking a sharp contact with 12 N6OW to N70W/ 60 10 855W
Quartz mica Gaeiss. Granite is exposed in the form of patches J3 NIOE to N3OE/ 60 fo 8CSE

mostly from Sino hydro.dam towards tunnel ali
Quartz Mica Greiss {light grey to dark ey on fresh surface, weathers to nusty brown to [N40E to NGOE/ |11 N20E to N8OE/ 30 10 75 SE dip,

yellowish 2510 60 NW NSOW/ 25 to 40SW
Brown i color, fine 10 medium grained, strong to very strong, NSOE to N6OE/ 25 to SSNE
stightly to moderztely weathered, 12 N3OW to N8OW / 60SW, N OE, lo
Medium to widely jointed and also closely (o medium jointed af NGOE. 20 SE 1o 60 SE and
places. N20W 10 N8OW / 30 10 60 NE
13 NOSW / 8ONE dip and
N30W to 80SW
Tonalite grayish brown to light grey, stightly to moderately weathered, joints 11 N4OE to N6OE/ 40SE to 75SE
aperture is moderate wide 1o open filled with clayey matrix, weak to 12 N30W to NSOW/ 30SW to 60SW
medium weak swface siaining is also seen at some places, with 13 N20W 10 N70W/ 3ONEto 70NE

smooth planer surfaces and persistence is low to medium.
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Figure 5-18: Rock outcrops along the Tunnel a) Granite b) Quartz mica gneiss and ¢)
Tonalite

Furthermore, about 3 km of the tunnel passes through the rock portion
which comprises of metamorphic origin namely quartz mica gneiss. The rest
of the alignment up to the tailrace passes through igneous formation
Tonalite (see Figure 5-19).

TR TREE

T

"
I
I

4 N [ B N 5 i
A 2 z 3 i

Figure 5-19: Section through the intake tunnel, surge tank, PH and tailrace

The Hill slope range of the tunnel area lie between 15°-37°. Qwing to the
security reason and difficult terrain with thick forests, the portion of the
tunnel part from end of intake diversion tunnel up to about 7.8 km, no any
geological or geotechnical/geophysical ground investigation could be
carried out in this part. The details presented herein are solely based on the
extrapolation of the available data from geological/geotechnical and
geophysical investigation at intake, surge tank and tailrace including the
available geological literature and geological measurements on the outcrops
of the foothills. Therefore, for better and precise understanding of the
geology at this part, detail investigation during the construction or detail
design phase needs 1o be foreseen.
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Feasibility Study Sharmai HPP FS Report

It is presumed that the overburden thickness for this part of the tunnel is
about 8 m-10m and is underlain by quartz mica Gneiss. The total depth of
the tunnel in this part measured from the surface of the hill vary between 35
m and 975 m.

The quartz mica Gneiss along the tunnel alignment is light grey to dark grey
on fresh surface, weathers to rusty brown to yellowish brown in color, fine
to medium grained, streng to very strong, slightly to moderately weathered
medium to widely jointzd and closely to medium jointed at places.

The general attitude information taken from available data and measured at
different accessible locations in the vicinity of the tunnel alignment are

tabulated as follows:

Table 5-13: General attitude data of quartz mica Gneiss at tunnel section

Strike - ; ok
Foliation N40E to N60OE 25NW to 60 NW
Joint J1 N20E to NSOE 30SE to 75 SE
N5S0OE to N6OE 25SE to 555E
Joint J2 N30W to NSOW 20SW to 60SW
N30E to N6OE 20NE to BONE
Joint J3 NSW to N30W 30NE to 80SW

Stereographic projection of major joint sets measured along the tunnel
alignment is shown in Figure 5-20.

The Orientation of major joint i.e. foliation is nearly parallel to the tunnel
axis and dips more than 45° which is a very unfavorable condition on
excavation. Assuming friction angle of 40° for the quartz mica Gneiss, the
stereographic projection shows 4 day-light wedges wl to w4, with 2 wedges
(w1 and w2) lying within the failure envelop. These wedges may trigger
failure during excavation. :
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Figure 5-20: Stercographic projection of Tonalite discontinuities measured at the
headrace tunnel inlet portal.

From mid of tunnel alignment area towards the surge tank area Tonalite is
exposed. Tonalite is grayish brown to light grey, slightly to moderately
weathered, joints aperture is moderate wide to open filled with clayey
matrix, weak to medium weak surface staining is also seen at some places,
with smooth planer surfaces and persistence is low to medium. The general
trend of joints measured on exposed outcrop are presented in the following
Table 5-14;

Table 5-14: General attitude data of Tonalite at tunnel section

Strike . . . | Dip
Joint J1 N4OE to NGOE 40SE to 75SE
Joint J2 N30W to N50W 30SW to 60SW
Joint J3 N20W to N70W 30NE 1o 7ONE

Stereographic projection of major joint sets measured along the tunnel
alignment is shown in Figure 5-21,

Assuming friction angle of 40° for the Tonalite rock, the stereographic
projection shows 3 day-light wedges w1, w2 to w3. All these wedges fall
outside the failure envelop although wedges w1 and w2 lie close to the
failure envelop.

7004P02/FICHT-20378506-v4 FICHTNER 5-34



* Feasibility Study Sharmai HPP FS Report

AR N 1

S

Figure 5-21: Stereographic projection of discontinuities measured at the headrace
tunnel inlet portal

Along the intake tunnel close to surge tank area, during the course of
geotechnical/geological investigation, 2 boreholes (BH16 and BH19) with
depth up to 55 m and 27 m were drilled. In these boreholes, altogether 7
Lugeon tests were carried out in BH16 and BH19 at the different depths as
shown in Table 5-15.

Table 5-15: Summary of Lugeon test at BH16 and BH19

Bore Hole Tiefe Lugeon hydraulic interpretation |Classification Rock
{m) |, conductivitiy | (T. Houlsby 1976) discontinuity
<|{Fell et, al., 2005} condition
e (mfs)
BH16 » . :
40 - 45| 000 | <1E-07 Turbulent Flow very low very tight
45 - 50| 000} < 1E-07“ Turbulent Flow very low very tight
50 - 55| 000.; <1E-07, Turbulent Flow very low very tight
BH19 o i ‘
32 - 35| o001 < 1E-07 Turbulent Flow very low very tight
40 - 451 000 | . <1E-Q7 Turbulent Flow very low -very tight
45 - 50| 0.00 < 1E-07 Turbulent Flow very low very tight
50 - 55| G.00 < 1£-07 Turbulent Flow very low very tight

The computed Lugeon were all less than 1, which indicates very low
permeability of the rock and the corresponding rock discontinuity to be very
tight. Apart from this, the pressure flow (p-q) diagram indicated most of the
tests to lie in the range of turbulent flow region. As per Houlsby’s (1976)
interpretation, this indicates that the hydraulic conducti vity of the rock mass
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decreases as the water pressure increases, which characterize the behavior of
rock masses exhibiting partly open to moderately wide cracks.

The discontinuity information recorded at site showed in general joints
having partly open to very tight aperture (between 0.5 mm-<0.1mm) with
quartz or clayey matrix and roughness varying between undulating rough to
planar smooth.

On the samples obtained from BH16 and BH19 several laboratory tests were
carried out. The summary of the tests are shown in
Table 5-16. :

Table 5-16: Summary of Lab tests at BH16 and BH19

Slake

Shear Beasian Test water Walcr
S - Swengtn | (Tende Strangn) Peintiand indes | bensiy | - LPososiy| absmarption | N
Barghole Sumples Depth (m) indes
Numbar
@, € v Deformation | e o, memarss|  * - n - s
s} [ {GPa) B} GPa) C} {(mra) (wra) [Mpa) trem™ | (%) %} 3] %]
BHl6 | 1523 - 1547 265 | 029 | 3179 T3
1A - 168 272 0.60 147 1)
Mm% - X0 267 | 032 | 149 [
300_- 3417 260 | 209 | 616 23%
W00 - 0.0 293 | 040 | 130 o.48
45.15 . 4339 272 1 043 | 18 059
S$a% - simo 2.69 085 247 0.92
S4M% - 55.00 . X 093 339 14
1228 - 13%3 11.67 ] Dam
1863 - 1892 9.03 | Diam
2646 - 26.63 5.94 | Diam.
t49 - 3169 A40 | Dam
314s - 3068 7.47 | Dam
4634 - 4655 10,75 § Dam
517 - Spoo 5.88 | Dam.
5400 - S4M4 10.21{ Dwm.
1176 - 12.00 | 154.0 65.1 are
1248 - 1176 | 34D 60.0 30.0
33119 - 143 | %0 i 19
3352 - 31as [ 950 | oo 501
3819 - 3844 | 970 510 6.5
ALas - 4180 | 1060 | 521 263
306 - 4539 1152
$146 - 83 43| a2 2.3
sy {134 - M 7% | Dam.
3519 . 3548 | 680 70 185
363 - 36.43 | 860 54 7.7 i 0.62 207 [}
64 - M 9.22 | Dam
4:87 . 4300 | 1060 53.3 “l 284 857 3.2% 118
200 - 4240 | 430 501 25.1
MO0 - 4425 48] 13 3.06
25.00 - 4519 5.66 | Duam
aros - o |10 | 40 2.5 224 | 0w | 137 0.50
11 - 4932 43 | Dum,
50.04 5019 | 10eo | 315 257 266 | oes | 216 0.81
S51.70 . 5200 474 | 35 1756
5146 - 5363 J 1260 | sea 7]
5163 . %3930 s8] o 1460 27 | oes | 2 07
5407 - S429 12550 | 631 N6

Laboratory test of the rock showed the physical and mechanical parameters
with unit weight: 27-28 kN/m?, internal angle of friction: 44.8°-47.8°,
cohesion: 0.7-4.2 MPa, unconfined compressive strength:49-158 MPa,
tensile strength: 8 — 17.5 MPa, point load strength: 4.4-9.3 MPa, young’s
modulus: 10000 MPa to 80000 Mpa, slake durability > 99% (very high
durability, Gamble chart) and water absorption: 0.5- 2.35%

Based on the drilling and borelogs, RQD, RMR, Q and GSI values were

measured/ calculated on these boreholes, the summary of these computation
is presented in the following Table 5-17:
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Table 5-17: RQD, RMR, Q-value and GSI calculation, BH16 and BH19
Rock Quality
BH1E . RMR &8l
Bepth {m} ROO in I 12 b SRF RQD ¢ In rela Iw ¢ SRAF Q' Q AMRS based on
Q-valves

75 11 628 & 1.5 1 066 15 105 .5 Qe 1.57 0.69 41 k') very Poar
1n- 20 §8.33 3 15 1 066 15 an 15 oaa | 1ese | a2 6 56 Fak

0 -3 19.4 + 1 1 033 1 9.8 1 0.13 9.35 EBL 55 Ey Poor

30 - a0 73 4 1 1 0.33 1 1183 1 033 11.m 150 56 51 Poor

40 . 50 136 4 1 0.7% 0.3 1 10 13 0.33 4.53 150 48 a3 Poor

50 - 5% 61.2 4 15 Q.75 [k E] 1 15.30 2 0.33 30.60 10.10 65 B0 Good

I
Deoth (m) RQD In I 1a lw SRF RQD+In| Jr+Ja | sw+SRF a* q RMA AR5 based on
C-values

2.3 ” 5 1 2 033 15 657 05 022 1.08 0.68 o £ very Poor
5. 4 &0 4 1 1 B} 3 15.00 1 [EE] 15.00 455 SA 53 Paor
- 45 9 3 L5 1 LS 1 3067 15 033 | asoe | 158 & [ Goad
4556 ] 3 18 1 031 1 26.90 15 033 | 3900 | 1247 3] 62 Goad
50 55 86 3 s 1 0.33 1 867 L5 033 | 4300 | 1419 68 63 Good

The measured RQD values lie between 82%-88% and Q-values between 10
and 14 respectively. Value of RQD sand Q values suggests good rock

quality.

53.7.5 Engineering geological conditions of surge tank and vertical
pressure shaft

The characteristics of the rock with measured structural attitude at the surge
tank, powerhouse and outlet area are given in the following Table 5-18 and

the photos

in Figure 5-22 :

Table 5-18: Characteristics of rocks at surge tank, powerhouse and outlet area

Rock type/ Soil
units

Characteristic

Foliation

Joint Set

Surpe Tank

Tonalite

grayish brown to light grey. moderately 1o highly weathered, joints
aperture is moderate wide to open filled with clayey matrix, weak to
medium weak surface s1aming is also seen at some places, with
smooth planer surfaces and persistence is low 1o medium

J1 N1GE 10 NTOE, N30W te NASW//
1ONW 1o 35NW and NSOE to NGOE
J2 N3CE to NSOE / 40SE to 60SE

J3 N4OW 1o N7OW / 355W to 555W

Epidosite

+

greyish brown 1o brownish grey, moderately d, joints are

moderately to widely open , filled with clay, surface staining is also

seen al some places, with smooth planer surfaces and persistence is
dium o high.

NSOW/ 208W

J1 NTOE/ 70NW
J2 NGOE/ 70 NW
J3 N40W/ SONE

with Quartz mica Gneiss. Granite making a (ransitional contact with

Quartz Mica Epidote [is greenish grey to browmish ey, stightly to moderarely weathered, |N60E to N7OE/  |J1 N10W/ BONE

Gneiss ljoints are moderately open to, filled with clayey matrix, surface 1ONW ro BONW |12 N1OW/508W
staining is also seen at some places, with smooth planer sufaces
and persisience is medium to high.

Powerhouse and outlet area

Para Amphibolile  |greyish brown to b ish grey, modh 1 hered, joints are  |N70E/ 80SE to |11 N3OW to NBOW/ 70SW to 80SW
moderately to widely open , filled with clay, surface staining is also | 70SE J2 N10E 10 N30E/ 70NW to 80NW
seen at some places, with smooth planer surfaces and persistence is
fmedium to high.

Tonalite grayish brown 1o light grey, slightly to moderately weathered, joints J1 N4OE to N6OE/ 40SE to 75SE
aperture is maderate wide 10 open filled with clayey matrix, weak to J2 NIOW 10 N5OW/ 30SW to 60SW
medium weak surface staining is also seen at some places, with 13 N20W to N70W/ 30NE to 70NE
smooth planer surfaces and persistepce is low 1o medium

Granite smoky light in calor, medium to coarse grained, strong 1o very )1 NIOE/ 60SE
strong, shightly 1o modetately weathered. Medium 1o widely jointed J2 N70W/ 30NE
and also closely to medium jointed at places, making a sharp contact J3 N3OW/ 80SW
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Figure 5-22: Rock outcrops at Surge tank Area a) Tonalite b) Epidosite and ¢) Quartz
Mica Epidote Gneiss

The surge tank is a simple cylindrical type with' 1.9 m diameter and the
vertical shaft with 3 m diameter. Surface mapping and drilling revealed
thick overburden 12 m to 13 m thick on hill slope in the area. The hill slope
ranges 10°-15° The total vertical length of the surge tank from the surface/
crown is 70 m. The total length of the vertical shaft is around 150 m with
the total overburden varying between 90m and 250m.

The surface mapping showed presence of light gray Tonalite, small patches
of greyish brown Epidosite, greenish grey Epidote and Quartz Mica Epidote
Gneiss in the vicinity of the surge tank. These rock masses are slightly to
moderately weathered having moderately open to tight joint with clayey
matrix infilling, smooth planer surface and medium to high persistence. The
details are given in the geological surface mapping. The major rock type
encountered at the Surge tank area is Tonalite. The general trend of the
attitude for Tonalite is given in the following Table 5-19 and the
stereographic projection is shown in Figure 5-23.

Table 5-19: General attitude of Tonalite in Surge tank area

Strike

Dip

Joint 41

N10E to N70E
N30W to N45W

10NW to 35NW
50NE to BONE

Joint J2

N30E to NSOE

40SE to 60 SE

Joint J3

N40W to N70W

355W to 555W
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Figure 5-23: Stereographic projection and kinematic analysis of discontinuities
measured in the surge tank

Stereographic projection of major joint sets obtained from statistical
analysis of joints is shown in Figure 5-23. Stereographic diagram shows
distinct three discontinuity wedges wi, w2 and w3, Assuming friction angle
of 40° for rock, all the wedges fall outside the failure envelop.

During geotechnical investigation phase two borehole (BH14 and BH15)
with depth from 55 m and 250 m was drilled at the location of surge tank,
power house and vertical shaft. The major rock type encountered in these
boreholes was Tonalite.

In total 12 Lugeon tests were carried out in these boreholes at different
depths from 305m up to 245m. The summary of the test is presented in
Figure 5-22. The computed Lugeon were all less than 1, which indicates
very low permeability of the rock mass. The computed Lugeon values were
all less than 1 and the flow regime as turbulent. this as per Houbsley
indicate the hydraulic conductivity of the rock mass decreases as the water
pressure increases. This behavior is characteristic of rock masses exhibiting
partly open to moderately wide cracks.
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Table 5-20: Summary of Lugeon’s test at BH 14 and BH15

FS Report

Bore Hole Tiefe Lugeon hydraulic Interpretation |Classification Rock
{m) conductivitiy | (T, Houlsby 1976) discontinuity
{Fell et. al., 2005} condition
{m/s}

BH14
87 - 92 0.00 < 1E-07 Turbulent Flow very low very tight
102 - 107 0.00 < 1E-07 Void Filling very low very tight
120 - 125 0.00 < 1E-07 Turbulent Flow very low very tight
220 - 225 0.00 < 1E-07 Turbulent Flow very low very tight
230 - 235 0.00 < 1E-07 Void Filling very low very tight
235 - 240 0.00 < 1E-07 Dilation very low very tight
240 - 245 0.00 < 1E-07 Turbulent Flow very low very tight

BH15
30 - 35 0.00 < 1£-07 Turbulent Flow very low very tight
35 - 40 0.00 < 1E-07 Turbulent Flow very low very tight
40 - 45 0.00 < 1E-07 Turbulent Flow very low very tight
45 - S0 0.00 < 1E-07 Turbulent Flow very low very tight
60 - 65 0.00 < 1E-07 Turbulent Flow very low very tight

The discontinuity information recorded at site showed in general joints
having partly open to very tight aperture (between 0.5 mm-<0.1mm) with
quartz or clayey matrix and roughness varying between undulating rough to
planar smooth.

[n addition to the drilling works, several laboratory tests were carried out on
the samples obtained from drilling works. The summary of the lab tests are
presented in Table 5-21.
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Table 5-21:

Summary of Lab tests on BH 14 and BH15

FS Report

Shear Brasian Test water water Shate
Borehole ves Strangth | (Tomate strangin) | "0 10X | By | {720 sbsparpiion | PRV
Mumbey |53meies Desth m) Index
a9, E v Deformation ® < o ha E] "y, L] w, 5
MPa) | (GPa) - (GPa) 1) [{mea} (MPg} Mps) tejem®™ | () ) (1] 1.0
B4 | 1760 . 1783 630 | Dam.
1800 . 18.25 286 | 060 | 226 0.79 9.4
2936 - 19.58 280 | 058 | 2.4 [Xz) 99.0
3L60 - 3150 | 920 45.3 22.7
13 - 3700 269 | 038 | 19 | 04y 954
5162 - §1.80 a1 | Dam §
5671 . §7.00 [ 1080 | s3e 26.8
5139 - $7.56 1 15 [ 028 | o097 0.35 99.4
§5.47 . 6561 1 10.19 | Diam.
9.11 - 71937 | 660 43.0 : 213
9302 . 9378 1 a5 67 10.94
9479 . 94.96 ! 878 | Diam,
5660 - 9664
11852 - 11875
13007 - 13030 1470 | 83.9 .0
13132 - 132.00
14300 . A1
14513 - 14543 | 79.0 95.1 7.6
14850 - 146.60 9.80 | Dam.
149.17 - t49.36 266 | 040 | 244 0.52 99.3
157.20_-_157.40 1636 | Diarm,
158,03 - 1527 . 166 | 083 | 233 0.88. 99.2
170.00 - 170.33] 660 | M3 114
19500 - 19528} 1380 | 286 143
197.07 . _197.26 7.5¢ | Gl
198.02 - 198.25 2.58 0.54 2.10 0.82 9.5
199.56 - 199.79 3581 45
0002 - 10017 6.90 | Diam.
204.82_-_205.00 2.65 | 051 | 2.0 076 95.4
21542 - 11863 10.31 | Diam.
32006 - 310381 1230 | 489 .5
21.72 - 12200 269 | o | 10 039 954
a0 - el ] Iso 8.0 !
23004 - 130.32 129 | olam.
73471 - 13500 2.69 | 047 | 091 0.3¢ 995
241,66 - 141.90( 140.0 61.4 307
248.00 - 248.10 .73 0.34 117 o043
249.76 - 250.00 469 ) 4.7 13.53
BH1S 18,74 - 1593 2.73 0.55 1.26 0.43 99.4
16.09 - 1629 2.1% | Dlam.
1723 - 1945 | 8 | 884 a2
741161 219 |_oam.
J4.70 - 1451 944 Dlam.
2535 - 1541 181 0133 1.41 0.50 59.1
2658 - 27.00 | 1265 283 14,1
0 - 2836 10,23 | Dlam,
3084 - 30D EXEN INETH ST 1.33 99,1
3063 . 3447 1za] aa
3582 . 3600 276 | o064 [ 208 115 | 986
3768 - 3190 ST | Olam.
19.28 - 3550 3t.1 58.6 %]
4176 - )M 9.74 Dlam,
41,67 - 43195 2.89 0.8 1.63 0.56 9%.1
443 - 44as | 33 | 159 793
47,75 - 4%.49 9.00 Diam.
4901 - 4519 2.81 0.18 1.02 0.36 99.3
S51.4d - 51.62 7.4 420 1.0
5330 - $3.30 17.60 0.25 0.69 Q.35 9.3
5501 - 5528 10.97 | Dlam.
5233 - 57.52 9.7 467 134
59.31 - 53.50 B.78 Diam,
6177 . 61.00 177 | 060 | 249 0.50 996
6100 . _62.19 7.50 | Olam.
6300 . 6324 513 | 131 09
6768 - 67.86 2.7% 0.17 1.20 0.45 99.70
6R0) - BA21 349 3.7 17.56
8902 . 69.27 2.79 0.31 in 0.62 994
69,27 - 69.50 10.36 | Diam.

In summary, the laboratory test of the rock showed the physical and
mechanical parameters with unit weight: 27-28 kN/m’, internal angle of

friction: 38.9°-48.8°, cohesion: 0.01-4.5 MPa, unconfined compressive

strength:40-161 MPa, tensile strength: 10.9 — 17.5 MPa, point load strength:
5.5- 12 MPa, young’s modulus: 15900 MPa to 95000 Mpa, slake durability
> 99% (very high durability, Gamble chart) and water absorption: 0.3 1.38%

Groundwater measured in the area is between 18 and 23.5 m.

Based on the drilling and borelogs, RQD, RMR, Q and GSI values were
measured/ calculated on these boreholes, the summary of these computation
is presented in the following Table 5-22:
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Table 5-22: RQD, RMR, Q-value and GSI calcutation, BH14 and BH15

FS Report

Rack Quality
Eld RQD In ir la Jw SRF RQD + ).rl Jr+ja | Jw+SRF a* Q RMR N R(:::‘-S based on Q-
Depeh{mj values
13 - 18 17 & 1 2 0.66 2 283 os 0313 1.42 0.47 7 32 very Poor
18 - 25 72 ] 1 2 0.23 1.5 12.00 a.s 0.2 .00 132 L1 4] Pac:
25 - 30 47 ] 1 b3 0.33 15 1.83 1 0.22 7.83 17 43 4“4 Poor
30 - 35 73 ] H 1 033 15 12.17 2 0.22 2433 5.35 59 54 Fair
B - a5 &1 & 1 1 0.33 15 10.17 1 on 10,17 224 51 46 Poor
45 - 50 85 a4 1 2 033 15 21.15 0.5 022 10.63 .34 52 47 Poor
50 - 65 72 4 1 ) 033 15 18.00 0.5 0.22 9.00 1.98 %0 45 Poor
65 - 75 62 [ 2 2 033 1.5 10.33 1 0.22 10.33 227 51 46 Good
75 - 85 7% 4 1 H 0.33 15 19.0¢ 6.5 0.22 9.50 209 51 46 Farr
a5 - 90 42 6 ? 1 033 H 7.00 2 0.165 14.00 231 52 47 Goed
90 - 95 67 & 2 H 033 15 1117 1 0.22 11.17 2.46 57 47 Good
95 -« 100 25 6 1 2 0.33 2 17 0.5 0.165 2.08 0.3a 34 29 Poor
100 - 105 28 & 1 1 033 2 4.67 1 0.165 467 .77 42 37 Fair
105 - 118 43 [ 1 1 03 2 117 1 G.165 .17 118 46 a1 Fair
18 - 130 62 4 2 1 .33 2 15.50 2 0.165 31.00 512 59 54 Fair
130 - 150 88 3 1 1 033 L5 29.33 1 0.22 29.33 6.45 (3% S6 Eair
150 - 160 ” 3 1 1 0.23 15 25.67 1 021 25.67 5.65 60 S5 Far
160 - 170 80 3 1 1 0.33 1 26.67 1 033 .67 8.80 64 S9 Fair
170 - 190 93 2 2 1 033 1 46,50 1 0.33 46.50 15.3% b3 o4 - Good
199 - 210 94 2 2 2 0.33 1 47.00 1 0.33 47.00 15.51 69 o4 Gaod
210 - 220 86 2 H 1 0.33 1 43.0¢ 1 0.33 43,00 | 1229 68 63 Goud
220 - 240 80 2 2 2 0.33 1 45.00 1! 0.33 45.00 | 1485 68 63 Good
240 - 250 88 2 2 2 0.33 1 44.00 1 0.33 .| 4400 | 1452 68 63 Good
D(i.lu:?m) RQD in 13 12 Iw SRF RAD+In| JdrtJa | tw+SRF a Q RMA xnfﬁs;d i:%{d::urzlé:v
12-20 43,37 6 L5 1 066 15 823 15 0.44 1234 5.43 $9.23 54.23 Fair
- 30 4.5 L 15 1 0.66 15 9.08 15 0.4 13.63 &.00 &0.12 5512 Faur
30 - 40 611 “ 1 1 0.3 1 1528 1 0.33 15.28 S04 58 56 5386 Fair
40 - 50 518 4 1 1 0133 1 1445 1 on 14.45 .77 58.06 51.06 Fawr
0. 60 701 & 15 Q.75 Q.33 ¥ 1753 2 033 3505 1157 66.03 61.03 Good
60 - 70 454 4 15 0.5 0.33 1 1135 2 0.33 2.7 749 6212 $7.12 Far

RQD and Q value are between 25%-90% and 0.34-15.5 at vertical shaft/
power house area and 45% to 70% and 4.7 to 11.6 at surge tank area
respectively. Value of RQD and Q suggests very Poor to good quality rock.

5.3.7.6

Engineering geological conditions of powerhouse and tail race

The underground power cavern has an approximate dimension of 50m x 60
m. Furthermore, the depth from the crown of the hill up to powerhouse
varies between 193 m and 260 m. Likewise, the tail race tunnel has a length
of about 670 m and has the overburden height from hill surface between

37 m and 240 m. The characteristic of the rock types are shown in Table
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5-18. The geology of the area comprises mainly tonalite with an exposure of

para amphibolite and granite at the outlet area as shown below and further in
Figure 5-25. :

INNNNNEE NEC
3

Figure 5-24: Geological conditions at Power house and outlet Area

These rock masses are slightly to moderately weathered having moderately
open to tight joint (<0.5 mm), with clayey matrix infilling smooth planer
surface and medium to high persistence. The details are covered in the
geological mapping report.
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Figure 5-25: Rock outcrops at Power house and outlet Area a) Para Amphibolite b)

Tonalite and ¢) Granite

The major rock type encountered in these boreholes was Tonalite. The
discontinuity information recorded at site showed in general joints having
partly open to very tight aperture (between (.5 mm-<0.1mm) with quartz or
clayey matrix and roughness varying between undulating rough to planar
smooth. The general trend of the discontinuity in this area are given in the

following Table 5-23.

Table 5-23: The structural features of the Tonalite at the powerhouse and outlet area

Joint J1 N40E to N7GE 40SE to 755E
Joint J2 N30W to N5OW 30SW to 60SW
Joint J3 N20W to N70W 30NE to 70NE
N
1 w2

1

]

Figure 5-26: Stereographic projection and kinematic analysis of discontinuities
measured in the Powerhouse and outlet area
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Stereographic projection of major joint sets obtained from statistical
analysis of joints is shown in Figure 5-26. Stereographic diagram shows
distinct three discontinuity wedges wl, w2 and w3. Assuming friction angle
of 40° for rock, the wedges w1 and w3 fall within the failure envelop. These
wedges may trigger problem during excavation.

During geotechnical investigation phase three boreholes (BH11, BH12 and
BH13) with depth from 40 m to 250 m were drilled at the locat1on between
powerhouse and tailrace tunnel.

In total 20 Lugeon tests were carried out in these boreholes (BHI11 and
BH13) at different depths from 30 m up to 170 m. The summary of these
tests are presented in Table 5-24.

The computed Lugeon were all less than 1, which indicates very low
permeability of the rock mass. As per the results the rock can be classified
as having very low permeability and the corresponding rock discontinuity to
be very tight. Apart from this, the pressure flow (p-q) diagram indicated
most of the tests to lie in the range of turbulent flow region. As per

Houlsby’s (1976) interpretation, this indicates that the hydraulic

conductivity of the rock mass decreases as the water pressure increases,
which characterize the behavior of rock masses exhibiting partly open to

moderately wide cracks.

Table 5-24: Summary of Lugeon testin BH11, BH12 and BHI3

Bore Hole Tiefe Lugeon hydraulic Interpretation |Classification Rock
{m] conductivitiy | {T. Houlsby 1976) discantinuity
(Fell et. al., 2005) condition
(m/s}
BH11 < 1E-07
33 - 38| 000 < 1E-07 Turbulent Flow very low very tight
43 - 48| 0.00 < 1E-07 Turbulent Flow very low very tight
BH13
27 - 32 0.02 < 1E-07 Turbulent Flow very low very tight
32 - 37| 000 < 1E-07 Turbulent Flow very low very tight
37 - 42| 0.00: < 1E-07 Turbulent Flow very low very tight
42 - 47| 0.00 <1E-07 Turbulent Flow very low very tight
47 - 52| 0.00 < 1E-07 Void Filling very low very tight
52 - 57| 000 < 1E-07 Void Filling very low very tight
57 - 62| 0.00 < 1E-07 Turbulent Flow very low very tight
62 - 67| 000 < 1E-07 Turbulent Flow very low very tight
120 1251 0.00 < 1E-107 Turbulent Flow very low very tight
125 130( 0.00 ¢ < 1E-07 Turbulent Flow very low very tight
130 - 135 0.00 < 1E-07 Turbulent Flow very low very tight
135 - 140| 0.00 < 1E-07 Turbulent Flow very low very tight
140 - 145| 0.00 < 1E-07 Turbulent Flow very low very tight
145 - 150| 0.00 < 1E-07 Turbulent Flow very low very tight
150 - 155| 0.00 < 1E-07 Turbulent Flow very low very tight
155 160| 0.0 < 1E-07 Turbulent Fiow very low - very tight
160 - 165| 0.00 < 1E-07 Turbulent Flow very low very tight
165 - 170} 0.00 < 1E-07 Turbulent Flow very low very tight
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Apart from driliing works, several laboratory tests were carried out on the
samples taken from these boreholes. The summary of the laboratory tests
are presented in Table 5-24.

Table 5-25: Summary of lab tests on samples taken from BH11, BH12 and BH13

Slake
Shear Bragilan Test . Water Water
ucs Strength | (Tenste Smengtny Pointload Indes | Dansity contant Porasity absporption durability
Boiehoke indes
Nymber Samples Depth {m)
o [ 3 v Oeformation | @ 3 a, L | . 8 w n -, »
tMpa) | (GPa} (3] [GPa) {} [(mPa} (MPa) (Mpa) (gfem™ [ (%) =} %) (]
BT ESTER T 279 | 039 | oes 0.23 %0
1621 - 1644 7.0? | Dam.
008 - 203 73 0.89 172 0.63 %0
100 - 2417 7.24 | Dam.
1508 - 2537 280 | 043 | 0ag 0.32 991
8.56 - 2881 10.53 | Diam.
19.40 - 2968 279 | 045 | 099 0.36 83.2
3607 - 36.28 2.7 [ %] 230 0.84 994
37.87 - 3800 746 | Diam.
33.00 - 39.20 271 0.54 2.62 0.97 99.6
4368 - 4392 10.09 | Diam.
45.00 - 454 176 013 142 0.54 95
46.77 - 4300 222 ] Owmn,
5162 - 51,93 a31] 11 13.24
521 . 5297 | 1758 7.0 85.1 273 0.61 6.74 2.44 4
59.00 - 5220 6.80 ] Diam.
BH12
40 - 442 287 | 016 | 142 049 9.1
481 . 900 8.22 | Diam.
1106 - 1137 278 8.3 146 .89 93
481 - 15.00 AW | Cham.
1551 - 15.74 2.79 0.27 1.52 Q.54 99.2
2023 - 0.8 243 | Giam.
200 - 2123 .78 951 1.12 0.41 93.2
2535 - 2558 .07 | Diam.
1709 . 2.3 2.80 028 117 0.42 9931
2900 - 2932 922 | Diam. | 27 { 012 | 104 0.37 393
31 - 3300 8.60 | Dam.
3437 - 438 2.57 023 173 0.70 934
3438 - 3440 6] 11 16.99
3762 . 3783 6.8 | Dam
37.43 - 38.00 288 | o4y | 185 0.57 %93
39.00 - 39.23 ) 611 8.4 147 7]
BM1Y 860 - B8 810 | Dam.
1132 - 1es | 950 469 25
34 - 1372 278 | 031 |1 re ¥96
1666 - 1692 1363 | Diam.
117 - 2137 168 | Dam
1 -_n7 283 0.06 106 037 99.5
2660 - 7681 12.96 | Diam
29.5) - 1974 292 | on | 218 0.75 395
36.00 - 3626 1.9 | Diam.
3800 - 38.70 283 f 019 | 110 0.33 994
5061 - S0.BS 6.6 | Oiam.
53.09 - 5130
5482 - san 268 | 122 | a9 132 906
$6.05 - 5638 ] 1800 121 60.4
59.81 - S4.% 680 | Diamn.
6044 - 6971 13 0.32 14 0.52 99.2
7035 - %9 1m0 | a72 236
205 - N 548 | Diam,
8104 - 8127 [ 1930 618 0.9
8430 - 8453 10.75 | Diamn.
9003 - 90.22 9.00 | Diam.
5102 - 91.25% .74 Q.66 110 Q377 9.3
5444 - 9475 | 167.0 16.8 83.9
%653 - %73 5.05 | Diam.
10403 - 10425 288 | 117 [ 667 2.34 99.3
11226 - 132.52] 243.0 5.0 325
11400 - 13420 1w | 042 | 132 0.4y 994
127234 - 12763 | 490 87 13.3
12933 - 129.42] 1340 543 271
130.00 - 130.37 165 1.05 413 158 9.1
14660 - 14683 | 1040 |  86.0 43.0 324 | 027 | 200 062 99.4
149.65 - 149.92 4697 18 12
15036 - 15099 | 202.0 1550
16420 - 16+53[ 2580 | a9 43.0
166.00 - 166.35 459 | 24 10.65
169.16 - 169.45 IV FY) 960 | Dwm. | 261 [ 130 [ 373 1.45 994

In summary, the laboratory test of the rock showed the physical and
mechanical parameters with unit weight: 25-29 KN/m?, internal angle of
friction: 43°-47°, cohesion: 1.1-2.9 MPa, unconfined compressive
strength:40-161 MPa, tensile strength: 49 — 258 MPa, point load strength:
3.7-12.9 MPa, young’s modulus: 17000 MPa to 86900 Mpa, siake
durability > 99% (very high durability, Gamble chart) and water absorption:
0.3 2.4%
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Groundwater levels measured in the area is between 15 m and 23 m.
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RQD, Q, RMR and GSI values computed for the boreholes BH11, BH12
and BH13 are given in the following

Table 5-26. Value of RQD and Q suggests poor to good quality ro‘ck.

Table 5-26: RQD, RMR, Q-value and GSI calculation, BH11, BH12 and BH13

D:’T:‘:'N RQD In » L w SAF RGD#)n| Irela |w+5AF ot Lt RMR -R‘::I:-S l:’::ﬂ“;‘rl\w
Covalues
1., LER & 1 1 1 1.5 B.29 1 0.666667 829 5.5 59 54 Falr
0 . 514 4 1 1 ] 15 13.20 1 0.666667 | 13.20 8.80 (2] 59 Falr
0 - 542 4 15 1 0.3 1 1355 1.5 033 2033 6.71 61 55 Falr
40 - 629 4 15 1 033 1 15.73 15 033 13.59 178 62 7 Falr.
50 - 7.9 4 1 1 0.33 H 18.48 1 031 18.44 6.10 50 55 Falr
60 - 391 4 1 1 0.33 1 9.78 1 03 9.78 n 55 50 Poor
Dggmih‘fm) RQO n Ir Ja Jw SRF ROO+In | Jrala Jw & SRF Q* qQ RMR =R(:ﬂsl:-5 R::;:::'":
4 10 ] 4 1 2 0.66 1 15.00 0.5 0.66 7.58 495 58 53 Falr
-0 ] 4 15 1 033 1 12.25 15 033 | 588 | 854 83 E Faic
0 - 30 85 4 L5 1 c.a3 1 2128 15 033 | 3188 | 1052 23 €0 Good
k) 0 B4 4 L5 1 033 1 21.00 15 033 3150 10.40 65 60 Good
Dfp_’:,}fm] RAOD mn Ir 1a w SRF AAD +In | Ir+Ja | s SAF a* [+ RMR _Rf:;_s R;:;g::"g
4 - 1 15 [ 1 2 | oss | 15 475 a5 0.44 238 | 105 a“ 3@ .| Poor
1 - 18 7 4 1 2 {o33f 15 6.75 a5 032 238 | 04 a 36 Very poor
1 - 30 75 ¢ z 2 {033 15 18.%5 1 022 | 1895 | 413 5?7 52 Fair
v - 40 72 1 z 2 o33 15 18.00 1 02: | 1800 [ 39 56 51 Poor
40 - 55 65 4 1 2 0.33 1.5 16.25 0.s 022 8.13 1.79 43 “ Poor
55 - 65 a2 4 2 1 [om | s 10,50 2 02 | noo | 48 58 53 Falr
B - N 0 E 1 1 033 1.5 23.33 1 0.22 2333 5.13 53 S.l Fair
0 -7 85 3 1 1 | o0 1 28.33 1 033 | 833 | 8.3% 64 59 Fair
7S - 95 90 3 1 1 033 1 30.00 1 0.33 30.00 9.50 65 50 Fair
95 - 100 38 4 1 1 | 033 1 9.50 1 0.33 950 | 334 54 4 Poor
00 - 110 8 2 1 1 | on 1 a1.00 1 031 | ©100 | 1353 (1 62 Good
10 130 92 2 i 1 | 03 1 46.00 1 033 | 4500 | 15.18 ] 63 Gouod
130 - M0 37 3 1 1 1033 ) 15 | 1233 1 en | 1233 | an 53 a8 Poor
140 - 150 a2 2 1 1 | 033 1 41.00 1 033 | 4200 | 1353 67 62 Gaod
150 - 165 L] 1 1 1| 03 1 36.50 1 0.3 | 3650 | 1205 61 Good
1685 - 170 86 2 1 [ B ¥ 1 43.00 1 033 | 43.00 | 1419 63 Good

No any weak zone is seen or traced in the area although the project site lies
in the region of active seismicity. Although no any shear and crossed rock
masses is seen on the surface mapping and detail geotechnical/geological
and geophysical investigation works, it may encounter weak rock masses
that is sheared and crushed during excavation which needs to be considered.
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5.3.8

5.3.8.1

5.3.8.1.1

Geotechnical studies of underground structures

Geotechnical studies of proposed underground structures i.c. headrace
tunnel, pressure tunnel, vertical shaft, power cavern and tailrace include
estabhishment of geotechnical parameters to know an interaction between
existing ground condition and structure that will be built on it. Data required
for geotechnical studies of underground structures are acquired from
geological and engineering geological mapping, field test, laboratory test
and emnpirical techniques. Since all necessary parameters for geotechnical
studies are not available at present level of study, those parameters which
are most essence for geotechnical studies are determined using empirical
relationships. Geotechnical studies include preliminary stress analysis and
rock excavation support design along underground structures.

Stress analysis along the tunnel

An attempt is made for analysis of stress condition produced by overburden
rock body along underground structures using RMR, GSI and Q which are
extracted from surface mapping and other values obtained from different
empirical methods. This includes determination of rock cover analysis, in-
situ stress deformation modulus (Em), in-situ stress condition, elastic and
plastic behaviour and failure criteria. However, at this stage of study all data
like in-situ stress and elastic and plastic parameters are difficult to acquire,
therefore some assumptions are made for stress parameters, They are as
follows.

e Itis assumed that major principal stress (cl) is oriented along vertical
direction zixd minor principal stress (63) is oriented along horizontal
direction and intermediate principal stress axis (¢2) is oriented in longer
axis of an underground opening.

¢ Elastic and plastic parameters are obtained from empirical relation
proposed by Hoek et al. (1993),

Rock cover analysis

At an initial stage of analysis, a minimum depth of rock cover above the
tunne] is taken from the thumb rule as per Norwegian criteria (see Figure
3-27), where rock cover is selected to hydrostatic head of water flow within
the tunnel. A minimum safety factor of required and computed are put
together in Table 5-27. For the computation, the location of the boreholes
from respective sections of diversion tunnel, headrace tunnel, vertical shaft
and tailrace tunnel are selected and required parameters for computation are
measured. Water head within these underground structures gives maximum
internal hydrostatic pressure is low compared to pressure applied by rock
cover. Thus, governing parameter for stability of rock mass around these
structures 1s the rock cover.
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5.3.8.1.2

T nsoma
T (Broch 1882]
o : H
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Figure 5-27: Topographic requirement in Norwegian Rule of thumbs

Table 5-27: Minimum Rock cover analysis as per Norwegian criteria

Location Location H pr b L [ v L'H h L FnSL FaS2 Remaria

m Hm* m ° ® m - m " (h'/n) (LYL}
Diversion wnnel BHIO 217 26 m9 [ 19.5 26,32 1.21 8.35 8.85 158 297 >1.3-1.5
BH1 15.48 16 43 o 2548 16.59 131 13.65 1507 145 107 >1.3-1.5
BHY 7 26 17 ] 2067 25.27 0.94 10,34 11.10 2.60 2.28 >1.3-1.5
[ntoke 1unnel BHI9 40,6 16 5086 Q 0 55.30 1.36 15.62 15.86 126 349 >1.3-1.5
A6 123 26 51356 0 10 6132 5% 16,27 16,52 .23 407 >).3-1.5
BHIS 43.95 16 K453 0 15.24 £0.26 .83 16.%) 17.52 500 458 >1.3-1.5
vertienl Shal (BH14} | Top 81.015 26 | 2% 0 20,55 90.41 112 LG 3328 .90 2712 >2.0-2.2
Midde | 193,575 16 1641283 o 1209 164,13 Q.85 T74.45 76.14 2.20 .16 »2.0:2.2
Ratlom 306 26 028 o 20.55 237.06 077 117.69 | 125.69 2,04 1.89 >2,0-2.2
Tail race BHI1 45.03 16 552 0 1145 513 114 17.32 20.30 19 253 >1.3-15
B2 50 6 LR [ 2269 39.13 0.78 19.23 2084 183 1.88 >).3-1.5
BHI 144.55 26 1488 0 20.83 145.8 L0 $5.60 59.48 2.68 2.52 »>1.3-15

The rock cover criterion shows that these structures are deemed safe
throughout its whole length.

Estimation of in-situ deformation modulus

In-situ deformation modulus (Em) of a rock mass is a significant parameter
in any form of numerical analysis related to stability of rock masses, but this
parameter is difficult and expensive to determine in field and are not
generally determined at this study level. However, this parameter can be
determined empirically using rock mass classification RMR and Q. In-situ
deformation modulus (Em) obtained along underground structures is
presented in Table x. Its distribution along the tunnel alignment from the
headrace inlet portal to the tailrace construction is shown in Table 5-28.
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5.3.8.1.3

Table 5-28: Estimation of in-situ deformation modulus {Em) along underground

structures
M Erm Em
- peonel o 2Slog,Q
Structure Location Rock type Q RMR [c41]
{m) {Gpa} {Gpa)
. quartz mica
Diversion tunnel BHI0 N 2892 | 0.55 386 34 5.19
Gueiss
o
BHI quate e | 4a00| 827 | 630 | 58 2115 22.94
Gneiss
BH9 quantz mica 27.00 329 28 3.73
Gneiss i 0.29 ) i
Intake tunnel BHI19 Tonalite 50.86 14.19 87.9 63 27.98 28.80
BHI6 Tonalite 52.56 101 64.8 80 23.46 2511
BHIS Tonalite 84.53 2.49 62.1 57 2009 21.86
vertical Shaft (BH14) Top Tonalite 0.6 | 5,0 | 521 | 47 11.29 9.77
Middle Tonalite 164.13 8.8 63.6 S9 21.84 23.61
Bottom Tonalite 240.25 1452 68.1 63 28.31 29.05
Tail race BHII Tonalite 55.20 61 60.3 55 18.07 19.63
BHI12 Tonalite 34.75 10.4 65.1 60 23.82 25.43
Bi13 Tonalite 148.80 13.53 67.4 62 27.30 28.28

Insitu stress analysis

LAV :
Basically, governing pafam®férs for stability of rock inside the tunnel gre
orientation of joints, their separation and pressure caused by overburden
rock. To avoid hydraulic fracturing of rock with consequent opening of
existing joints, a minor principal compeonent of in-situ stresses should be
higher than an internal hydrostatic pressure in the tunnel. The ]
hydrofracturing and hydraulic jacking onsite tests were proposed and ”
included in the contractor’s TOR for computing the minimum stress values
in situ. However, these tests were not available in Pakistan and could not be
performed.

Therefore, an empirical method is used here for an evaluation of in-situ
stress along the tunnel. Analysis using rock cover is a very simplified
approximation and a more elaborate method to analyze in-situ stresses.
Vertical and horizontal stress as well as horizontal to vertical stress ratio (k)
along the tunnel is calculated and presented in Table 53-29. The depth from
the crown of the tunnel to the surface level is used as maximum rock cover
ignoring depth of overburden cover above the bed. Unit weight of overlying
rock (y) is assumed as 0.026 MN/m? and in-situ deformation modulus (Em)
is taken from Table 5-28.
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Table 5-29: Estimation of in-situ vertical and horizontal stress along underground

structures
Unit In-situ Ratlo of
Rock cover| weight of 4 'I""""lo vertieal [horizontalta| -tV
Strrcture Location Rock type rock elormation | -, ecs [vertica'stress horizontal
modulus () stress (aH)
L}
{m}  [(MN/m’) Em (Gpa} {Mpa) (Gpa) {Mpa)
L quanz mica
Diversion tunnel BH10 . 28.92 0.026 5.2 0.78 384 299
Gneiss
BHI ganemiea | o0 | o 21.2 '
Gneiss A X 1. 112 233 3.16
BHS quanzmed | yzo0 | 002 37 0.70 a0 295
Gneiss
Intake tunnel BHI19 N ! 50.86 0.026 28.0 1.32 2.47 3.26
Tonalie
BHI16 52.56 0.026 235 1.37 2.40 328
Tonalile
BHI1S 84.53 0.026 0.1 .20 1.68 3.70
Tonalite
vertical Shaft (BH14) Top Tonalite 90.26 0.026 11.3 235 1.61 ER Y
Middle T 164.13 0.026 218 .27 111 4.73
onalile
Bottom . 240.25 0.026 283 6.25 0.92 572 -
Tonalite
Tail race BHI11 ) . 55.20 0.026 18.1 1.44 231 332
Tonalile
BHI12 . 34,75 0.026 238 0.90 3.38 3.05
Tonalite
BHI3 . 148.80 0.026 27.3 3.87 1.17 453
Tonalite
538.1.4 Determination of elastic and/or plastic behaviour of rock

Different stress parameters like vertical stress, maximum tangential
boundary stress, in-situ deformation modulus and ratio of horizontal to
vertical stress are used here to find out elastic and/ or plastic behaviour of
rock along the tunnel. Ratio of maximum tangential boundary stress to
unconfined compressive strength of rock mass is referred as damage index
(Di). If Di<0.4, rock behaves as elastic and if Di >0.4 rock behaves as
plastic. Damage index for the tunnel is estimated and presented in Table
5-30. Vertical stress and horizontal to vertical stress ratio is taken from
Table 5-29 and unconfined compressive strength (UCS) obtained from
laboratory is used for determination of damage index.
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5.3.81.5

Table 5-30: Damage index of rock mass aleng underground structures

. . Ratio of unconfined Maximum
In-situ vertical )
. R horizontalto | compressi gential o ge index
Structure Location stress {av) .
(Mpa) verticalstress strength {ac) boundary (D)
i (k) [Mpa) stress
Diversion tunncl BHIO 0.78 3.84 18.45 11.18 0.61
BHI 112 2.83 47.3 11.52 0.24
BHO 0.70 420 216 1110 0.51
Intake tunnel BHI9 1.32 2.47 108 11.72 0.11
BHI6 1.37 2.40 106 11.77 0.11
BHI35 2,20 1.68 51.3 12.60 2 0.25
vertical Shaft (BH14) Top 2.35 1.61 66 12.75 0.19
Muddle 4.27 111 66 14.67 0.22
Bottom 6.25 092 140 16.65 0.12
Tail race BHIL 1.44 231 1758 11.84 Q.07
BHI12 0.90 338 61.1 11.30 0.19
BHI3 3.87 1.17 202 14.27 0.07

As mentioned earlier, for damage index Di 0.4, rock mass behaves as an
elastic condition and no visible damage occurs. Some of calculated value of
Di along the tunnel is more than 0.4. Although rock masses may not show
plastic behaves but the value suggests plastic behaviour due to some
anomalous results and data. The anomalous result is seen on topography
having least overburden on the tunnel.

Determination of rock mass strength

Rock mass properties are assumed to be adequately characterized by the
biaxial failure criteria developed by Hoek and Brown (1980). In order to
determine rock mass strength parameters, mb and s, GSI calculated and
tabulated in Table 5-28 is taken. Determined strength parameter is tabulated
in Table 5-31.
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Table 5-31: Strength parameters of rock

Rock cover
Siructure Locatlon Ruck (ype GSI m, m, s
(m}

Diversion tunnct BHI1O quartz mica Gneiss 29.92 34 28 2.616 0.0006
BH1 quariz mica Gneiss 43,00 58 28 6.25 0.0094
BHY quanz mica Gieiss 27.00 P 8 2.129 0.0003
Fntake tunncl BH19 Tonalite 50.86 63 8 17 0.0182
BRH16 Tonalic 52.56 &0 8 6.803 0.0115
BH15 Tonalae 84,53 37 9 & 0.0085
vertical Shaft (BH14) Top Tonalic 90.26 47 9 4,384 0.0028

Middie Tonaliic 164.13 59 29 6.604 0.01
Bottem Tonaliie 240,25 63 29 7.758 0.0165
Tail race BHIL Tonalic 55.20 S5 ’ 29 587 0.0063
BH12 Tonalike 34.75 60 28 6.97 u.u;u
BHI Tonalisc 148.80 62 3 7.583 0.0154

By using rock mass strength parameters tabulated in Table 5-31 and
standards set up on software itself, Hoek-Brown classification, Hoek-Brown
criterion, failure envelope range, Mohr-Coulomb fit and rock mass
parameters are obtained using the RocLab software developed by
Rocscience. Input parameters used for stress analysis on the software are
intact uniaxial compressive strength (oc), mi geological strength index
{GSI) and disturbance factor (D), modulus ratio (mr) unit weight of rock ()
and tunnel depth (z).

Among these parameters, oc, mi GSI and z are taken from Table 5-31.
Disturbance factor is considered as zero considering blasting results
minimal disturbance to surrounding rock mass. mr for different rocks is
used {from a table given in the software. mr is used to calculate intact
modulus (Er = mroc). vy is considered as 0.026 MN/m>.
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Table 5-32:  Analysis of rock strength by using RocLab software along underground

structures
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5.3.8.2.1 General

Proposed rock excavation support design is based on today's common
practice on tunnel construction. Rock support design is mainly based on
classification of rock mass quality along the tunnel. Input parameters are
provided by engineering geological surface mapping, field investigations
and laboratory testing of rock samples. RMR and Q rules are adopted for
present design.

Combinations of rock bolts, fibre-reinforced and steel mesh-reinforced
shotcrete and cast concrete lining can be used as dictated by rock mass
quality encountered under excavation. A recommended principle for rock
support is to require equal quality for an initial support as for permanent
support. This requirement intends to incorporate an initial support as part of
a total requirement for the permanent support. Experience indicates that
50%-80% of total required support is performed successively during
excavation and remaining 20%-50% later, thus leaving a relatively small
volume of work to be executed after excavation is finished. Adequate
support is assessed based on relevant properties of rock mass and support
materials (shotcrete, rock bolts etc.). The support is installed and monitored
as required and if necessary strengthened by an additional support.

During tunnel excavation, types and quantities of rock support defined in
the present design can used as a menu for detailed design on construction
phase. Detailed design is adapted to in-situ geological conditions either as
registered at excavation front or as indicated by investigations ahead of face
on logging of geological conditions. Additional information for the design is

obtained by testing of materials sampled from the tunnel and from direct
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registration of in-situ stress conditions and behaviour of proposed support;
i.e. by measuring deformation (convergence) of the tunnel cross section.

- Thus, type and extent of support needed is finalized only during excavation.
Study concludes that support system based on either of system i.e. RMR and
Q system can be adopted for rock support patterns.

The preliminary support design based on the geotechnical investigation has
been dealt in detail in the following headings which is based on the
computed RQD, RMR and Q-values at each site.

5.3.8.2.2 Diversion tunnel

The excavation of the diversion tunnel mainly takes place in quartz mica
gneiss with different grads of weathering and. Rock bolting, and support
with reinforced shortcrete and steel ribs might be expected to be required in
the tunnel. The final applicaticn of the support measures should follow the
NATM approach and should finally be defined in the detailed design.
Partially also a pipe roof/ umbrella might be required; this circumstance
should also be considered for the detailed design of tunnel pertals.

Here as an initial approach for preliminary stage design based on the Q-
value and NGI (Norwegian geotechnical institute) method has been used.
For the Diversion tunnel based on the borelogs from BH1, BH9 and BH10
RQD and Q values were computed. RQD value calculated based on
boreholes core recovery at site at the depth of planned tunnel vary between
10% and 37%. This value suggests very poor to fair rock quality.
Furthermore, the computed Q-value for these boreholes vary between 0.55
and 7, which represents very poor to fair rock class (class E and C).

The diversion tunnel is presumed to be D-shaped with 7.5 m diameter half
circle on top of 7.5m width and 3.75 m height rectangular opening. As per
the chart Figure 5-28 from the Norwegian geotechnical institute (NGI),
considering the total height of planned tunnel (H) as 7.5 m and Excavation
support ratio (ESR) for water tunnels as 1.6, the tunnel support design for
the tunnel roof considering the Q values of 0.55 and 7 and the tunnel side as
shown in Table 5-33.

ROCK MASS QUALITY AND ROCK SUPPORT
G F E D[C[B A
Excopionaly | Extemedy ey aor 1"“

1% 453 04 W W BUN Og

Spran o bl iy m
3R

ook o RQD J. 4,
iRy
05k maws quoiity — e

Figure 5-28: Q-System chart for Rock support estimate, Norwegian Geotechnical
Institute (NGT, 2014)
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Table 5-33: Tunnel support design diversion tunnel

. | Description
Roof design
0.55 16 7.5 4.86 E/4 Syst. bolting 1.0 m x
1.0m
8 cm fibercrete
7.0 16 7.5 4.86 ci1 Unsupported or spot

bolting2.0 mx2.0m

Wall, for 0.1<Q<10, Qwai= 2.5Qroot

1.375 1.6 7.5 4.86 D/3 Syst. bolting 1.4 m x
1.4m
6 cm fibercrete

17.5 1.6 7.5 4.86 B/ 1 Unsupported or spot

bolting2.5mx25m

ESR = excavation support ratio

Typical sections for support at the diversion tunnel are presented in Figure
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Figure 5-29: Typical support sections for the diversion tunnel

Groundwater was observed in BH10, BHI and BH9, therefore during -
exaction and construction of the tunnel and associated structures {inlet and
bottom outlet), groundwater management/ control must be considered.

53823 Head race tunnel

The excavation of the diversion tunnel mainly takes place starting with
quartz mica gneiss of metamorphic origin and then around half a way it will
make a transition to the tonalite rock of igneous origin. Thus for the
advancement of the tunnels, different tunnel rock qualities will be found
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along the alignment. Adapted to the site conditions, following the NATM
approach, different support measures should be considered during the
detailed design; amongst others rock bolting, support with reinforced
shotcrete, steel ribs or partially also the use of an pipe roof/umbrella. Care
shall be taken during the excavation with respect to rock burst.

Here in this report as a preliminary approach, the support calculation has
been calculated based on calculated RQD and Q values and NGI chart. The
measured RQD values lie between 82%-88% and Q-values between 10 and
14 respectively. Value of RQD sand Q values suggests good rock quality.

As per the chart Figure 5-28 from the Norwegian geotechnical institute
(NGI), considering the total height of planned tunnel (H) as 7.5 m and
Excavation support ratio (ESR) for water tunnels as 1.6, the tunnel support
design for the tunnel roof considering the Q values of 10 and 14 and the
tunnel side as shown in Table 5-34.

Table 5-34: Tunnel support design headrace tunnel

Q .| ESR .| Span | Span/ESR

5 LT (m) .

Roof design

10 1.6 7.5 4.86 B/1 Unsupported or
spot bolting 2.0 m
x20m

14 1.6 7.5 4.86 B/ 1 Unsupported or

' spot boiting 2.1 m

x2.1m

Wall, for 0.1<Q<10, Quar= 2.5Qroo

1.375 1.6 7.5 4.86 D/1 -~ Unsupported or
spot bolting 2.5 m
x25m

17.5 1.6 7.5 4.86 B/ 1 Unsupported or
spot bolting 3.0 m
x3.0m

Typical sections for support at the headrace tunnel are presented in Figure
5-30.
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Figure 5-30: Typical support sections for the headrace tunnel

Groundwater was observed in BH16 and BH19, therefore during exaction
and construction of the tunnel and associated structures, groundwater
management/ control must be considered.

5.3.8.24 Surge tank and vertical shaft

The surge tank is located at the end of the headrace tunnel. For the
excavation of the surge tank, most part will be in competent tonalite rock
which is overed by thick overburden boulders of varying size. The
excavation in rock requires blasting. For temporary support of the shaft
walls rock support should be foreseen as the quality of the rock varies with
depth. Rock bolting, anchoring and support with reinforced shotcreteé might
be required which must be defined in the detailed design. Groundwater and
rainwater management must be considered i.e. an adequate drainage or
pumping system to evacuate water from the excavation.

A comparable geotechnical situation is observed in the pressure shaft
located in a short distance, approximately half way to the powerhouse.

Here as a preliminary approach, based on borehole datas, computed RQD
and Q-values along with NGI chart have been used for the design of the
support. The computed RQD and Q value are between 25%-90% and 0.34-
15.5 at vertical shaft/ power house area and 45% to 70% and 4.7 to 11.6 at
surge tank area respectively. Value of RQD and Q suggests very Poor to
good quality rock.

As per the chart Figure 5-28 from the Norwegian geotechnical institute
(NGI), considering the total height of planned tunnel (H) as 7.5 m and
Excavation support ratio (ESR) for water tunnels as 1.6, the tunnel support
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design for the tunnel roof considering the Q values at surge tank area and
vertical shaft area are as shown in Table 5-35.

Table 5-35: Tunnel support design Surge tank area and vertical shaft

0.34 1.6 75 . 4.86 E/5 Bolting 1.0 mx 1.0
S m and fibrecrete 9-

12 cm thick

15.5 186 7.5 4.86 B/ 1 Unsupported or
spot bolting 2.0 m
x20m

Vertical shaft

4.7 16 7.5 4.86 C/3 Syst. bolting 1.6 m
x1.6m
Fibrecrete 5-6 cm
thick

11.6 1.6 7.5 486 - B/ 1 Unsupported or
spot bolting 3.0 m
x3.0m

2-2 3-3

Figure 5-31: Planned Surge tank and vertical shaft dimension

Groundwater was observed in BH 14, therefore during exaction and
construction of the tunnel and associated structures, groundwater
management/ control must be.considered.

Powerhouse and tail race tunnel

The geological information about the powerhouse location are based on the
BH13 and BH 14 and tail race on BH 11 and 12, which is drilled at vertical
shaft location. The excavation of the powerhouse and tailrace is mostly in
tonalite type rock of igneous origin. Temporary rock support should be
foreseen as the quality of the rock varies with depth and zones of weathering
during excavation. Rock bolting, anchoring and support with reinforced
shotcrete might be required- this must be defined in the detailed design.
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Here as a preliminary approach, calculated RQD, Q-values in Boreholes at
different depth along with NGI has been used for the computation of the
required support.

As per the chart Figure 5-28 from the Norwegian geotechnical institute
(NGI), considering the total height of planned tunnel (H) as 10 m and
Excavation support ratio (ESR) for water tunnels as 1.6, the tunnel support
design for the tunnel roof considering the Q values of 6 and 14 and the
tunnel side as shown in Table 5-37. Similarly, for powerhouse cavern with
planned height of around 70 m with Q value as 10, the results are shown in
Table 5-36.

Table 5-36: Tunnel support design powerhouse

. Support

1 Qle*s'c"r_iption L _

Powerhouse, roof

10 1.6 70 43.75 B/5 bolting 2.0 mx 2.0 m
fibrecrete 9-12 cm
thick (E700)

Wall,_for 0.1<Q<10, Quar= 2.5QRoo!

25 1.6 70 43.75 B/5 bolting2.5mx2.5m
fibrecrete 9-12 cm
thick (E700)

Table 5-37: Tunnel support design tail race
Q U [ESR Span/ESR | . Support
it ‘.. .| Classl+: | Description
, -| Category |
tailrace, roof
6 1.6 10 6.25 C/3 bolting1.7mx1.7m

fibrecrete 5-6 cm thick

Tailrace, side wall, for 0.1<Q<10, Qwar= 2.5QRoot

16

16

10

6.25

B/ 3

Unsupported or spot
bolting2.0 mx 2.0 m

Typical sections for support at the diversion tunnel are presented in Figure

5-32.
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Figure 5-32: Typical tailrace tunnel support

Groundwater was observed in BH11 and BH13, therefore during exaction
and construction of the tunnel, Powerhouse and associated structures,
groundwater management/ control must be considered.

In order to get more detailed geological information and to reduce

uncertainties at the powerhouse area, further core drilling is recommendable
for the detailed design and construction.

5.3.9 Rock mass classification

5.3.9.1 Diversion tunnel

Table 5-38: Percentage distribution of Rock classes in Diversion tunnel

HYA
0-5
16-25
60-70
10-20
5-10

5392 Portal structures of funnels

Table 5-39: Percentage distribution of Rock classes in Portal of Diversion tunnel

GREALInlet " - Rl ROUHEEE N
0-5 0-5
? 15-20 45-60
50-60 30-40
20-25 10-15
5-15 5-10
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Table 5-40: Percentage distribution of Rock classes in Portal of Headrace tunnel

5383 Headrace tunnel

Table 5-41: Percentage distribution of Rock classes in Headrace tunnel

5394 Surge shaft

Table 5-42; Percentage distribution of Rock classes in Diversion tunnel

m|o|o|o| [
(%3]
e
(o))
o

5395 Vertical shaft

Table 5-43: Percentage distribution of Rock classes in Headrace tunnel

A 0-5
B 10-20
C 50-60
D 10-20
E 10-20
5.3.96 Powerhouse, transformer cavern and downstream surge tank

Table 5-44: Percentage distribution of Rock classes in Powerhouse
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5.3.9.7

54

Tailrace tunnel
Table 5-45: Percentage distribution of Rock classes in Tailrace
ClassyfgaRBie) - . - i

A 0-5

B 40-50

c 40-50

D 5-10

E 5-10

Seismicity

The Seismicity of the project site is covered in detail in the Seismic Hazard
analysis report attached as an Annex 06 to this report.

As an excerpt to the seismic hazard analysis of the project site following
summary can be drawn:

The level for MCE and OBE for the dam site cannot be determined by
scientific criteria only, but rather by socio-political decisions. The higher the
selected level, the lower will be the accepted residual risk.

The recommended annual probability of exceedance for Maximum credible
earthquake (MCE) is 1 / 10,000, This value is compatible with the
recommendations of ICOLD and is commonly used in civil engineering
practice. Lower values are only recommended if a risk assessment for the
downstream area shows only marginal risks in case of a dam failure.

For Operating basis earthquake (OBE), considerably lower values for the
annual probability of exceedance are recommended in the ICOLD Bulletin
148 (2016) and 72 (ICOLD 1989), in the order of 1 / 145 years.

The selection of an annual probability of exceedance for the OBE level
depends on the residual risk that the client is willing to take. The OBE level
is not safety-related as it is in the MCE case, but determines the
functionality of the structure after an earthquake event. So the selection of
the OBE level is 2 management decision which can be taken by the utility.
In this report, two possibilities are shown:

s "OBE 1" level corresponding to an annual probability of exceedance of
1/ 475, thus corresponding to the earthquake action on structures of in
modern building codes

s "OBE 2" level corresponding to an annual probability of exceedance of
1 / 145, thus accepting a higher residual risk compared to the OBE 1
level.

It is recommended in taking the "OBE 1" level as the relevant level. It must
be pointed out that the earthquake actions on structures in modern building
codes are based on an annual probability of 1 /475. At this level, substantial
damage is allowed for structures of low importance (e.g. importance class
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I and 1V in Eurocode 8, Part 1). In contrast, important or hazardous
structures have to remain functional, that means only minor damage is
allowed.

Design spectra derived from attenuation laws for different spectral periods
Given the annual probabilities of exceedance for MCE (1 / 10,000) and
OBE 1 /0OBE 2 (1 /475 or 1/ 145), the relevant spectral accelerations
obtained from this study are the weighted values corresponding to Figure
5-33 (for MCE) and Figure 5-34 (for OBE).

Vertical spectra
Vertical spectral values are selected as 2/3 of the horizontal values, as is
common international practice if not determined otherwise.

Final horizontal and vertical spectra
The final spectra for MCE, OBE | and OBE 2 are given in Figure 5-33 to
Figure 5-36, as well as in Table 5-46 and Table 5-47.
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Figure 5-33: Acceleration response spectra for horizontal and vertical com ponents of
MCE (with 1/ 10,000 annual probability of exceedance) for SHPP (5%
damping)
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Figure 5-34: Acceleration response spectra for horizontal and vertical components of
OBE 1 (with I /475 annual probability of exceedance) for SHPP (5%
damping)

Additionally, design spectra is given for 975 and 2474.9 years return periods

in the following Figure 5-35 and Figure 5-36 and Table 5-46 and Table
5-47.
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Figure 5-35: Acceleration response spectra for horizontal and vertical components
with 1/975 annuali probability of exceedance for SHPP (5% damping)
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Figure 5-36: Acceleration response spectra for horizontal and vertical components
with 1 /2475 annual probability of exceedance for SHPP (5% damping)

The final spectra are given in Table 5-46 and Table 5-47, as fraction of the

gravitational acceleration g for different spectral periods.

Table 5-46: Design Spectra for MCE

an: prot xceedance:1/.10,000)::
Period [s] horizontal [g] vertical [g]
0.01 (PGA) 0.795 0.530
0.05 1.301 0.867
0.10 2.012 1.341
0.20 1.842 1.228
0.30 1.392 0.928
0.40 1.105 0.737
0.50 0.925 0.617
0.75 0.630 0.420
1.00 0.457 0.305
2.00 0.191 0.127
3.00 0.115 0.076
4.00 0.078 0.052
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Table 5-47: Design Spectra for OBE

5 OBE 1 spectrum
..+ (annual probability
T exceedance 1/ 475) ed )
Pericd harizontal vertical horizontal vertical
[s] [a] [g] ] gl
0.01 (PGA) 0.311 0.207 0.191 0.127
0.05 0.506 0.337 0.308 0.205
0.10 0.740 0.493 0.444 0.296
0.20 0.681 0.454 0.405 . 0.270
0.30 0.511 0.340 0.302 0.201
0.40 0.390 0.260 0.228 0.152
0.50 0.316 0.211 0.184 0.123
0.75 0.206 0.137 0.118 0.079
1.00 0.143 0.096 0.083 0.055
2.00 0.059 0.039 0.034 0.022
3.00 0.034 - 0.023 0.020 0.013
4.00 0.023 0.015 0.013 0.009
The PGA values for design are summarized as follows in
Table 5-48:
Table 5-48: PGA values for different return period
. Return Period Horizontal acceleration.. .\{ertiga[:_;qgig!qr:ation
, (@ @
145 years (OBE) 0.191 0.127
475 years {(OBE) 0.31 0.207
2475 years (SEE) 0.275 0.183
10000 years (MCE) 0.795 0.530

5.5 Construction Material Survey

Construction material survey encompasses identification of borrow areas by
visual estimation and sampling for lab tests. Different construction
materials, their description and calculation of tentative volume were carried
out. The detail results of the lab tests are attached as Annex 04.

551 Construction Material Study

The construction material study was carried out for following purposes.

s Potential site identification and estimation of fine aggregates quantity and
its quality in vicinity of construction sites.

e Site identification and determination of relevant properties of materials
available along river beds that can be used as concrete aggregates.
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« Identification of quarry sites as an alternate source of concrete
aggregates.

« Field investigations include test pitting and sampling in the borrow area
and collection of quarry materials to determine their suitability as
concrete aggregates.

+ Sample collection and test in laboratory to determine their properties.

5.5.2

Field investigations

Field investigations were carried out to locate borrow and quarry sites for
construction materials. Quarry areas are primarily identified for sand
material and coarse aggregates. A short description of borrow area and

quarry site is given following sections.

5.5.2.1

Rock quarry site

For the rock quarry, different locations were identified and samples were
extracted. The extracted samples were sent to the Lab for the chemical,
physical and mechanical suitabifity tests. The coordinates and other details
of the rock quarry sites are tabulated as follows:

Table 5-49: Location of Quarry

Sa':lr:)ple ‘site Easting. . !‘{orthing | Lét:at‘ia‘rf;. Sample type
Toormang (Lower Silty Sandy
1 1a 228330 | 3867735 Dir) River gravely Cobbles,
Panjkora boulders
Toormang (Lower .
2 1b | 226632 | 3867812 Dir) River Silty Sandy
Panjkora gravely Cobbles
Khakgram (Upper .
3 2a | 227438 | 3869529 Dir) River Silty Sandy
Panjkora gravely Cobbles
Khakgram(Upper .
4 | 20 | 227474 | 3889791 Dir) River Silty Sandy
Panjkora gravely Cobbles
Sahib Abad Silty Sand
5 3a | 772450 | 3884100 | (Upper Dir) River Y sandy
Panjkora gravely Cobbles
Sahib Abad Silty Sand
6 3b | 773231 | 3883583 i (Upper Dir) River My sandy
Panjkora gravely Cobbles
Darora (Dir .
7 4a | 772067 | 3888285 | Upper) River Silty Sandy
Panjkora gravely Cobbles
Darora (Upper .
8 | 4b | 771042 | 3887385 Dir) River Silty Sandy
Panjkora gravely Cobbles
9 769730 | 3897711 Intake Area Quartz Mica
Gneiss
10 772450 | 3889669 S“’gelfe“ak&p'* Tonaiite
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Northing

11

771743

3889183

rivers

Granite

Following tests were carried out on the collected samples at the CMTL lab:

Table 5-50; Lab test performed on the quarry samples

“Item; [:Works Description s

1 Definitions of constituents and Aggregate ASTM C294/C125/
constituents (Petrographic examination)- ASTM C40/ C87/ C117/
qualitative test C123/ C142/ C295

2 | Potential Alkali Aggregate Reactivity- quantitative | ASTM C1260
test :

3 Grading ASTM C136

4 | Los Angeles abrasion test ASTM C131

5 | Soundness fest ASTM C88-05

6 | Specific gravity, Water absorption and surface ASTM C128
moisture

7 Bulk density ASTM C29

As per petrographic analysis, which is qualitative analysis for the aggregate,
apart from samples from site 3a, 3b and 4a, other samples are prone to
potential alkali aggregate reactivity. Therefore, the other samples cannot be
used directly for construction purpose without any additional measures for
e.g.: using low alkali cement, slag cement or using additives with prior
testing. However, the 16 days quantitative alkali reactivity test carried out
on these samples based on ASTM C136, all of these samples were within
the specified limit.

Table 5-51: Summary of laboratory test results on samples for quarry

Sample S; | Sp. Absorption Bulk ‘LA : gramsnz?distrlbutlon
No. ite Gravity | % density. | ‘o, - Faand 'Eires
. _ me L .Gravel: | . |- Fines:
1 1a 2,79 0.64 3.01 100 0 0
2 ib [ 285 0.51 2.78 100 0 0
3 2a 2.80 0.56 2.79 100 0] 0
4 2b 2.74 100 0 0
5 3a | 278 0.64 277 25
6 3 | 280 0.65 304 |25
7 4a 2.85 0.52 2.79 26
8 4 | 277 0.51 293 31
9 2.74 25
10 2.74 36
11 1.89 24
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The results show that the samples from site 3a, 3b and 4a are chemically,
mechanically and physically suitable for the construction purpose. However,
the samples from the other sites do not fulfil] the petrographic criteria
related to the potential aggregate reactivity.

55.2.2 Disposal sites

There are many possible areas along the river terraces of thz Panjkhora River
to be used as muck disposal sites. However, final arrangenients and location
of disposal site needs to be finalized during construction.

56 Conclusions

Based on geological, engineering geological and geotechnical studies, their
analysis and interpretation following conclusions are made.

e The project area lies in the Kohistan magmatic arc of northern Pakistan

¢ Surface geological mapping, Geotechnical investigation in the form of
core drillings (17 drill holes), Lugeon tests and laboratory tests and
geophysical seismic refraction study were performed for this feasibility
study.

e Rock types of the project area are broadly classified into Sub-
Phyllites/Slates, Quartz mica Gneiss, Impure marble, Granite, Tonalite,
Epidosite, greenish grey Epidote, Quartz Mica Epidote Gneiss and Para-
Amphibilite

¢ Quartz mica Gneiss is abundant at Dam site, Diversion tunnel and about
half of the head race tunnel alignment.

¢ The quartz mica Gneiss rock is light gray to dark gray, medium-banded
to massive, strong and moderately weathered with random joints and
fractures. The quartz mica gneiss measured shows a foliation and in
general three joint sets.

e The rocks encountered in bore holes shows in general joints having partly
open to very tight aperture (between 0.5 mm-<0.1 mm) with quartz or
clayey matrix and roughness varying between undulating rough to planar
smooth.

e From half of the tunnel alignment till the surge tank, vertical shaft, power
house and tail race, the surface mapping showed majority of presence of
light gray Tonalite. The discontinuity information recorded at site
showed in general 3 joint sets having partly open to very tight aperture
(between 0.5 mm-<0.1 mm) with quartz or clayey matrix and roughness
varying between undulating rough to planar smooth.

* No major structural disturbances such as fault and major shear zones
were observed in and around the vicinity of major structures

¢ Assessment of stability of an existing slope reveals no evidence of slope
failure or fault identification in vicinity. However, in due course of
construction planning and detail design works the area needs to be
investigated thoroughly and Precaution measures should be adopte d on
civil works. Due to the location of the site in tectonic region, shear zones
may encounter in the area although they are not exposed in the surface.
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e The planned concrete dam has its foundation in overburden. The
thickness of the overburden as per borelogs and geophysical studies
varies from 6 m-10 m along the left bank up to 20 m-25 m in the middle
of the river and 15 m-20 m to the right bank

* To capsule the permeable openings of overburden at dam site foundation,
grout curtain is recommended. This however needs to be verified during
the time of construction based on the test grouting and permeability tests
at these sections. In case of high permeability of the rock, second row of
grout curtain should be applied on the same plane as the first one.

« Intotal 57 Lugeon tests were carried out in the drill holes BH1 to BH19
to determine the permeability of the rock mass in situ. The majority of
the Lugeon value carried out at different depths except showed values
less than 3. As per the results the rock can be classified as having very
low permeability and the corresponding rock discontinuity to be very
tight. Apart from this, the pressure flow (p-q) diagram indicated most of
the tests to lie in the range of turbulent flow region. As per Houlsby’s
(1976) interpretation, this indicates that the hydraulic conductivity of the
rock mass decreases as the water pressure increases, which characterize
the behavior of rock masses exhibiting partly open to moderately wide
cracks.

e The rock cover analysis shows that for all tunnel sections, the factor of
safety greater than required.

s As per the computed RQD, Q-value, RMR and GSI values, all of the
rocks in general as NGI (Norwegian geotechnical institute) can be
categorized in the range from very poor to good quality.

o Preliminary support design for tunnel has been done based on the RQD,
RMR and Q-values and the recommendation chart as per NGI.

¢ Shear zones if present are usually characterized by shear/crushed rock
with bands different rock soil units with certain trend of foliation plane.
These shear zones are usually the result of the tectonic activity,
Although, the project region lies in the vicinity between the two-major
tectonic thrust zones namely MKT and MMT, no such marked shear
zones were identified during the course of geological and geotechnical
investigation of SHPP. However, the presence of shear zones might be
possible.

o Due to difficuit terrain and security situation, the tunnel portion between
the intake and the surge tank (about 5-6 km) could not be investigated in
detail. Therefore, for this section the study is based mostly on the
available investigation in the vicinity and the available literature. In due
course of construction or further investigations, the geology of this area
needs to be investigated in detail.

e In order to obtain rock parameters like minimum principal stress values
which are very important for the design and analysis of tunnel, in situ
hydro fracturing/ hydro jacking/ 3D-overcoring tests were recommended
from the very beginning. However, the tests could - not be performed
owing to its unavailability in Pakistan. Therefore, simple assumptions
were made for the computation of the stresses needed to acquire the rock
mass stress and strength values.
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e For the seismic studies, both deterministic and probabilistic studies were
carried out and horizontal and vertical seismic parameters for the OBE
and MCE were recommended together with the spectral curves.

¢ The petrographic studies (qualitative studies) carried out on the quarry
material obtained from the existing SHPP site revealed that that the
samples are not suitable for the construction based on potential
alkali/silica aggresivity. However, the quantitative 16 day ASTM 1260
tests showed that these samples have no alkali aggresivity potential.

e As per CMTL lab, Pakistan based on their petrographic study only the
samples from obtained from Sahib Abad {(Upper Dir) River Panjkora and
a par of Darora (Dir Upper) River Panjkora are suitable as quarry for the
concreting works.
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6. Layout Optimization

6.1

6.2

6.2.1

6.2.2

6.2.2.1

Objective

This section summarizes the findings of the analyses performed in order to
identify the optimum project configuration under the prevailing boundary
conditions.

The discussion on the general layout for Sharmai project was partially
presented in the Inception stage, The present section provides results of the
additional and more accurate analyses, based on the detailed topographic
maps, geological, hydrological and sediment studies and preliminary design
considerations. The analyses reported under this chapter are accorded to the
conclusions and constraints as per the Phase 1 ESIA Report, prepared by
Hagler Bailly, the ESIA consultant.

The Optimization analyses are intended to identify the comparatively best
project configuration, whereas the optimization of the design of the
individual project components will be performed for the selected conceptual
layout.

Design Criteria

General

The purpose of this chapter is to define the basis for feasibility-level design
of all major project components:

¢ Dam

s Spillway and energy dissipater
e Power waterways

» Powerhouse

o River diversion works

¢ Miscellaneous other works.

Codes, Standards and References

The following codes, standards and references were applied during
elaboration of design. ’

USACE Engineering Manuals

Hydrology

e EM 1110-2-1415 Hydrologic Frequency Analysis

s EM 1110-2-1417 Flood Run-off Analysis

s EM 1110-2-1419 Hydrologic Engineering Requirements for Flood
* Damage Reduction Studies
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e EM 1110-2-1420 Hydrologic Engineering Requirements for Reservoirs
e ER 1110-8-2(FR) Inflow Design Floods for Dams and Reservoirs

Dam, Spillway and Energy Dissipation

e EM 1110-2-1603 Hydraulic Design of Spillways

e« EM 1110-2-2000 Standard Practice for Concrete for Civil Works
Structures

¢ EM 1110-2-2100 Stability Analysis of Concrete Structures

e EM 1110-2-2104 Strength Design for Reinforced Concrete Hydraulic
Structures

e EM 1110-2-2300 Engineering and Design — General Design and
Construction Considerations for Earth & Rock-Fill Dams.

o EM 1110-2-1902 Slope Stability.

» DIN 19700-11:2004-07 Dam plants - part 11: Dams

¢ USACE Engineering Manual EM 1110-2-1902 Slope Stability.

o USACE Engineering Manual EM 1110-1-2908 Rock Foundations

s« USACE Engineering Manual EM 1110-2-2300 Engineering and Design
— General Design and Construction Considerations for Earth & Rock-Fill
Dams.

Outlets and Ancillary Structures

e EM 1110-1-1905 Bearing Capacity of Soils

e EM 1110-1-2908 Rock Foundations

o EM 1110-2-1601 Hydraulic Design of Flood Control Channels

e EM 1110-2-1602 Hydraulic Design of Reservoir Outlet Works

o EM 1110-2-2000 Standard Practice for Concrete for Civil Works
Structures

o EM 1110-2-2100 Stability Analysis of Concrete Structures

o EM 1110-2-2104 Strength Design for Reinforced Concrete Hydraulic
Structures

e EM 1110-2-2400 Structural Design and Evaluation of Qutiet Works.

6.2.2.2 [COLD Bulletins

¢ No. 46 — Seismicity and Dam Design

e No. 49 — Operations of Hydraulic Structures of Dams

« No. 58 — Spillways for Dams

s No. 67 — Sedimentation Control of Reservoirs

e No. 72 — Selecting Seismic Parameters for Large Dams

e No. 8] — Spillways — Shockwaves and Air-Entrainment: Review and
Recommendations

o No. 82 — Selection of Design Flood

s No. 88 — Rock Foundations for Dams

s No. 92 - Rock Materials for Rockfill Dams - Review and
recommendations, 1993,

* No.141 - Concrete Face Rockfili Dams: Concepts for design and
construction, 2010,

7004P02/FICH; -20378508-v4 FICHTNER 6-2



Feasibility Study Sharmai HPP FS Report

6.2.2.3

6.2.3

6.2.3.1

6.2.3.2

Other references

» Smoltczyk et al. (Editors). Geotechnical Engineering Handbook. Volume
1-3. Emnst & Sohn, 1990.

¢ Fell, Robin; Macgregor, Patrick; Stapledon, David & Graeme Bell
(2005): “Geotechnical Engineering of Dams”.A. A Balkema Publishers.

¢ Fell, Robin; Macgregor, Patrick; Stapledon, David; Graeme, Bell and
Foster, Mark (2015): “Geotechnical Engineering of Dams - Second
Edition”.A. A Balkema Publishers.

e Hynes-Griffin, M.E. & Franklin, A.G. (1984): Rationalizing the Seismic
Coefficient Method. Department of the Army. Waterways Experiment
Station, Corps of Engineers. Prepared for the USACE.

Design criteria

For the feasibility design the following hydraulic and civil design criteria
have been established: :

Design floods

ICOLD Bulletin 82 “Selection of Design Flood” discusses methods used in
the calculation of floods, and discusses factors in the selection of an
appropriate “design flood”. It also describes the methods and criteria used in
different countries. It is currently accepted practice in many countries
(including USA, Australia, India, UK), that large dams classified as “high-
hazard” i.e. where human life would be lost as a result of dam failure,
should be designed on the basis of a flood with a high return period (1,000
year flood, 10,000 year flood, or even the Probable Maximum Flood
(PME)).

Design floods are defined for the following purposes and structures:

Weir — Spillway: Design Fiood (according to ICOLD)
Safety Check Flood (according to ICOLD)

Powerhouse: Design Flood
Design Discharge at Rated Operation Conditions

Diversion Floods:  Design Flood

Spillway capacity

In view of the size of the weir structure and consequences of potential
failure the following design floods are considered adequate as a
conservative approach in accordance with the recommendations of ICOLD-
Bulletin 82: “Selection of Design Flood — Current Methods®.

For details regarding the methodology applied to the calculation of the
design floods reference is given to the report on hydrology:
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6.2.3.3

6.2.3.4

Design Flood: HQ 10,000, with all gates open and provision cf
floed freeboard
or
HQ 1000, with 11-7 gates open and provision of
flood freeboard
Safety Check Flood: HQemr, with all gates open and without

provision of flood freeboard

The Design Flood represents the inflow which must be discharged under
regular operating conditions with a safety margin provided by freeboard. In
the event of the design flood the reservoir is assumed to be at normal
operation water level (full reservoir) with the stipulation for conserving
freeboard. Also, it is assumed that one spillway gate is jammed in closed
position(n-1 condition} during routing of the design flood.

The Safety Check Flood is the flow for which the crest structure, waterway
and the energy dissipater may be on verge of failure, but exhibit marginally
safe performance characteristics for such flood condition.

The ratio of maximum head to spillway design head shall not exceed I.3 in
order to limit negative pressure on the ogee according to ASCE Design
Guidelines.

Powerhouse operation design flood

Design of the powerhouse structure shall ensure the operational ability of
the equipment and structures up to the 1,000-year flood event. Erection bay
will be elevated above the tailwater level which corresponds to the 1,000y
flood, augmented by a necessary freeboard margin (provisionally set to 1
m).

In the event of higher floods the gates at the power intake shall be closed.
Powerhouse discharge shall not be considered as separately released through
the units during the occurrence of a flood event, i.e. the flood control
structures will be designed as if the powerhouse is out of operation at the
time of a flood event.

Construction period flood

During the construction period, safe evacuation of floods up to the river
diversion design flood shall be guaranteed and the diversion waterways
shall be designed accordingly. Selection of the diversion design flood is to
be made in conjunction with the principle of river diversion applicable to
the prevailing topographic, hydrological, geological and other related
conditions. The magnitude of the diversion design flood shall consider
adequately potential risks and damages for life and goods which may result
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6.2.3.5

6.2.3.6

in the event of a flood of a greater magnitude than the diversion design
flood.

The UK Institution of Civil Engineers (ICE) publication “Floods and
Reservoir Safety” (3" Edition, 1996) gives guidance on flood risk during
dam construction: “Where an arbitrary criterion is appropriate, it should be
acceptable to design for the flood that has only a 10% chance of being
exceeded during the critical period of diversion work. The percentage
probebility of risk (Pr ) that a flood peak with a return period of T years
would occur within the period of risk (r), i.e. the construction period in

- years, is given as:

Pr/100=1-[1-(1/T)]r

For Sharmai HPP dam/headworks, envisioned to be constructed within the
period of about 2 years, the design of diversion works shall be such to cope
with, not less than:

e a 20-year return period flood.

Freeboard

As defined by ICOLD, freeboard is “the vertical distance between a stated
water level and the top of a dam”. Flood freeboard is the vertical distance
between the maximum flood level and the top of the dam. Freeboard is a
safety provision, in order to avoid overtopping of the dam by waves. There
can be other reasons for providing freeboard, but it is normally only
provided as grotection against wind-generated waves.

For calculation of freeboard we adopt criteria given in the ’Hydraulic
Structures”’, Smith, 1995. This publication also includes guidance on
determination of wave surcharge. Wave surcharge shall be determined as
follows:
h, = 0.00513V,, %5 (KLy)**
L, = 0.187V, %88 (K Ly)056
Ryave = 2.5 X Iy
where '
ht - wave height
Vw - referent wind velocity
K - coefficient, in function of fetch length and width of the reservoir
Lo - maximum fetch length
Hwave - wave upsurge

Spillway design

As described in ICOLD Bulletin 58 “Spillways for Dams”, there are two
broad classes of spillways: surface spillways and submerged spillways. The
main factors in the choice of spillway type, for a given project, include:
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(a) Reliability and accuracy of flood prediction;
(b)  Topography and geology; and
(c) Dam type.

According to ASCE design guidelines the shape of the spillway ogee can be
defined for a design head less than the maximum head Ho. Selection of the
design head shall account for a possible additional head of up to 30% in
case of the Safety Check Flood, however, sub-atmospheric pressure on the
ogee shall not fall below -4 m water column.

The design of the spillway downstream of the crest shall comply with
international standards such as e.g. ASCE. The thickness of piers shall be
selected to safely transfer forces (e.g. gate trunnion forces) into the main
dam body. ’

The pier shape shall be selected in a way to avoid separation of flow and to
guarantee minimum head losses.

2 I.l‘nhr surfgce upsiregm trom weir drowdomn

a - e

R i
M 901kl :

Upstream tace--

Figure 6-1: Design Chart for Spillway Ogee

The ogee crest structure is designed applying WES standard profile as
defined by the Hydraulic Design Charts by USACE for the equation
downstream of the crest axis.

AN K(i]
H, H,
Where,
X = horizontal distance in downstream direction
Y = vertical distance from crest level
Hq = Spillway Design Head
Kn = Factors defining the nappe-shape of crest

K = Variable depending upon upstream slope, 0.5
n Variable depending upon upstream slope,
1.835 in this case

By putting the variables in above equation: X' =20x H3* xy

The shape of the spillway pier upstream and downstream faces is to be

selected to guarantee a high discharge capacity and limitation of the height
of downstream rooster (shock) waves. For the design of the spillway crest

7004P02/FICHT-20378506-.4 FICHTNER 6-6



Feasibility Study Sharmai HPP FS Report

6.2.3.7

structure and calculation of the discharge capacity the following effect shall
be taken adequately into account:

¢ effect of head on overfall coefficient and hydraulic effective width
» effect of abutment and pier shape on hydraulic effective width.

The spillway discharge capacity is calculated applying the following

standard formula:
0=CB\2gH

Where, C = Discharge coefficient (0.48)
. B = Effective width
H. = Head over the crest

The effect of piers and abutments on the hydraulically effective crest width
and thus on the spiliway discharge capacity is estimated using the following
relationship:

B=B-2nxk, +k, JxH,

Where, B/ = Effective width
B = Clear waterway width
n = Number of piers
ke = Pier contraction coefficient
ka = Abutment contraction coefficient
H. = Head above crest level

The piers and abutments cause side contraction of the overflow, thus
reducing the effective width of the spillway bay, also depending on the head
over the crest. The contraction coefficients K and K, are affected by the
shape of the pier nose and abutment shape respectively. Rounded pier nose
shape is recommended at this stage of design, whereas the radius of the
upstream pier curve equals to 50% of the pier’s width. The coefficients
Kp=0.01 and K.=0.1 apply.

Design of energy diésipation structure

The riverbed of Panjkora River consists of large scale boulders and rock
outcrops, not prone to erosioni Nevertheless, a stilling basin is envisioned as
the structure to dissipate the energy and limit the extents of the possibly
excessive riverbed and bank erosion.

Energy dissipation at the toe of the concrete ogee shall be effected by means
of hydraulic jump basins. Standard USBR design for dimensioning is
adopted, as summarized in the table below:
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6.2.3.8

Table 6-1:  Standard USBR stilling basin types

‘Froude number, F | Velocity (m/s) . | Stilling Basin Type
F<17 - No basin required
1.7<F<25 - USBR Type |
25<F <45 - USBR Type IV
F>45 V<15 m/s USBR Type ill
F=>45 15 mis <V <46 m/s | USBR Type I|
F=vghl
Where,
F Froude number

o

v

hl

velocity at the entrance, m/s
first conjugated depth, m

To ensure that the hydraulic jump is maintained within the stilling basin for
the entire range of river discharges the elevation of the end sill is selected
with an additional submergence safety factor of 1.05.

The length of the stilling basin shall be designed according to common
design approaches such as that reported by USBR. Accordingly the
minimum length of the stilling basin is to be calculated as a linear function
of the second conjugated depth:

Lse=Lcxh2
Where,
Lsa = Length of stilling basin, m
Le = coefficient; depending on the selected basin type
and the Froude number at the entrance
ha = Conjugated depth at end of hydraulic jump, m

Alternatively, for the conventional stilling basin without baffles, Lc = 5.5
shall be considered. The friction losses along the chute will not be
considered for design.

Reservoir flushing and drawdown

Provisions shall be made that the reservoir flushing can be conducted to
remaove:

a) floating debris from the top reservoir layers and
b) large depositions of silt and sand fractions during the high flow season, if
required.

Reservoir flushing shall be conducted through the operation of the spillway
gates and the bottom outlet facility, without the necessity to drawdown the
reservoir.
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6.2.3.9

6.2.3.10

Reservoir flushing facilities will be designed to enable the drawdown of the
water level in the reservoir under the average inflow conditions within 5
days if required (e.g. due to safety- or inspection-related reasons).

Vortex prevention at the power intake

In order to avoid vortex formation at intakes the submergence must be
sufficient. Gorden [Water Power, April 1970] has assembled comprehensive
field data and prepared an empirical formula according to the definition
given in the figure below for the required minimum submergence.

J__;*;sr.s;..ﬁ:‘;:"ﬂ‘ﬂ‘;?:-:s’f»-f.‘?:t-‘.'v‘-'?-ﬁ'wm

Figure 6-2: General configuration of power intake
Gordon’s formuia defines: s=c+vVvd

Where:
5 = submergence, (m)
coefficient; 0.72 for non-symmetrical and 0.54 for
symmetrical approach
d = diameter of intake section, (m)
v = intake flow velocity, (m/s)

The adopted submergence shall be at least | m below the [evel calculated by the
Gordon’s formula. ‘

Desander

To avoid wear and ﬁ'eqlﬁent maintenance of the hydraulic steel structures
and turbines due to sediment in discharge it is necessary to implement a
desander. From the Intake the water is conveyed to the desander. Within the
desander the reduction of the flow velocity by increasing the cross-section
leads to the settling of gravel and sand.
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6.2.3.11

6.2.3.11.1

— decantation
channel

¥z 4 wer
Sediment deposit ™ —— i
) ._Q’ 'I:\Iiy X —
Flushing elerment [, .
Flushing channel Vo 1

PR E AN //i'//l
sediment deposit I’ITshmg—

Figure 6-3: Design of Desander, Source: Layman’s Guidebook

For the'design of a desander the following criteria was applied:
Design Grain Diameter: Critical Sediment Grain Size

Head 20- 50m D=0.30mm
Head 50-100m D=0.25mm
Head 100-300m D=0.20 mm

The number of desander chambers shall allow a continuous operation of the
plant at the rated discharge, assuming one chamber being flushed.

Head losses in waterways

Along the waterways the flow passes conduits of different size and shape
and stream lines are deflected by bends, dividing or combining flow, such as
at trash racks, branches, bends, enlargements and contractions. These local
changes of the stream line direction cause an addition head loss to that
resulting from frictional resistance. All head losses involved in each conduit
system are individually evaluated according to methods and formulas
described subsequently.

Friction caused head losses

The equation used for the calculation of friction losses in the conduit is the
Darcy-Weisbach formula:

L v?

Hf =f AT
Where:

Hr = Head loss due to friction, (m)

f = Friction factor

L = Length of conduit or section (in)

D = Diameter of conduit (m)

v = Velocity of flow, (m/s)

g = Gravity acceleration constant, (m/s?)
L= 2 (ﬂ+ e/—D)Thef’ tion factor fis determined b f
77 og ref7 ¥ 371 riction tactor f'is determined by means o
the Prandti-Colebrook formula
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6.2.3.11.2

t o

Where: Re = —v Reynolds number

e = Equivalent sand roughness , (m)
v Kinematic viscosity, (m?s)

The equivalent wall roughness varies from one type of concrete lining to the.
other within the given limits. For design purposes the value (within the
given range) that results in the more critical condition shall be applied.
Energy calculation shall be based on mean roughness coefficients.

Local hydraulic head losses

Intake Loss

The entrance loss for a pipe or tunnel is defined

=k
L — E zg
Where:
Ke = entrance loss coefficient
v = velocity in tunnel or pipe, (m/s)

For the level of feasibility design a single head loss coefficients is applied to
the entire intake structure taking into account the combined effect of
entrance, trashrack, gate slots, gradual constriction and expansion of flow as
given by the design charts according to ASCE.

In order to reduce the friction losses at the trashrack, the flow velocity at
this section shall be 0.8 m/s.

Expansion Loss
The sudden expansion loss is described by Borda’s Formula

A p2
H, (1 __2) g
Ag 2.9

Where:
Ay = area of cross section flow i mcomlng from, (m?)
A = area of cross section flow is going to, (m?)
7] = velocnty in cross section 2, (m/s)

Bend Losses

The head loss produced by a bend with circular cross section is
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6.2.3.12

The head loss coefficient Kb shall be determined based on well established
references. In case of subsequent bends, an adequate reduction of head loss
coefficients shall be made to account for bend-bend interaction.

Surge tank design

Surge tank structure is required in order to facilitate governing and fast start
up of turbines fed by tunnels or penstocks. The acceleration time of water
within the relevant water conduit can be used as a first indication whether a
surge tank is required or not for stable operation of the plant. The
acceleration time should not exceed a value of 3 seconds. If the acceleration
time exceeds 3 seconds, the requirement for a surge tank is rather high and
needs to be investigated in further detail.

The acceleration time is determined as follows:

_ I vy)
ts = /(H -g)

where

ts = acceleration time (s)

Li = length of individual conduit reach (m)

v; = flow velocity in the individual conduit reach (m/s)
H = head (m)

g = gravity acceleration (m/s?)

For stability of governing a minimum cross section area (THOMA -
Criterion) of the surge tank is required. The Thoma-Criterion calculates as
follows:

p LA, x vk

Thoma — 7 % g* hO * (Hg,o _ ho)
Where:
AThoma = Cross section area surge tank according to Thoma (m)
L = Length of headrace tunnel (m)
Ay = Cross section area headrace tunnel (m?)
vol = Stationary velocity in headrace tunnel (m)
g = Gravitational acceleration (m?%/s)
ho = Losses in headrace tunnel (m)
Heo = Minimum gross head at stationary conditions (m)

In order to provide a sufficient safety margin, the actual cross sectional area
of the surge tank shall be between 1.5 and 1.8 times larger than the cross
sectional area according to Thoma. The surge tank may be provided with an
orifice at its bottom. The most common type is a cylindrical surge tank.
Lower or upper expansion chambers may be applied. In the event that an
orifice is applied its area shall not be less 50 per cent of the pressure shaft or
penstock in order to facilitate total pressure wave reflection
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In addition, the volume of the surge tank would need to assure the supply of
the required volume in case of the startup of the units, whereas the
corresponding downsurge in water level oscillations will define the required
elevations and geometry of the structure. Numerical simulation of the
transient should be performed as soon as the final characteristics of the
turbine are fixed.

6.3 Initial considerations on the conceptual layout

6.3.1 Introduction

There are several promising sites identified during the Inception stage of the
project, which satisfy the technical requirements (such as topographical,
geological, sediment and flow conditions) and the envisioned peaking
operating mode of Sharmai HPP and which are not expected to raise
meaningful environmental and social concerns.

The following chapters summarize the initial findings; the technically
feasible project concepts are further developed, evaluated and compared, as
reported in the following sections.

6.3.2 Description of layout alternatives

Sharmai HPP is envisioned to operate as a run-off river plant, with the
possibility to act as a daily peaking plant over the low flow period/winter
months. Due to the relevance to the national power system, particular
attention in design consideratiors will be given to the maximization of the
installed and guaranteed power under the commercially justifiable
conditions.

For the purpose of design and considerations on the installed capacity, the
90% guaranteed availability of the capacity shall be regarded as the
minimum requirement from the perspective of the national power system.
As per the existing project design documents, the project is envisioned as a
(daily) storage plant, with a long low-pressure headrace tunnel and a
powerhouse.

As concluded during the site visit, due to the sensitive environmental and
social issues at the project area, the design of the project components shall
be such to minimize the impact to the existing households and arable lands
in vicinity of the structures. The areas particularly affected by the project are
the reservoir area and the area.envisioned for the powerhouse location.

Conceptual layout of Sharmai HPP has been the subject to various analyses
since 1992. The general layout of the project was preliminarily elaborated
by GTZ (German Agency of Technical Cooperation) in 1992. Further
information on design and salient features is available in the Sharmai HPP
Project Profile (prepared by PEDQ, 2016). Finally, the Site Investigation
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Report, Sinohydro, 2017, provides further information and considerations
on the project.

The following sections will summarize and compare the available
information on the Sharmai HPP.

6.3.2.1 GTZ Report, 1992

The project concept was presented in the report prepared by GTZ in 1992,
which considered different alternative options for the utilization of the
hydropower potential of Panjkora River over the considered river stretch.

Figure 6-4: Project canceptual layout, source: GTZ Report, 1992

The preliminary design was based on the at the time available topographic
maps.
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The longitudinal river profile with the considered technical alternatives is
shown in the following figure.
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Figure 6-5: Panjkora River longitudinal profile, source: GTZ Report, 1992

A summary table with the project salient features from the GTZ report is
given in the table below.
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Table 6-2:  Project salient features, source: GTZ Report, 1992

Ttare - Ui Shatinenl-Daon Shamai-Sibwor Shaacmai-Darora
Emergy Generation
Dasizn Discharge [ 56 134 69
Minimmn Discharge m'3 373 39.1 At
Gross Head @ 35 190 223
Minimmen Haad m 105 170 piee}
Net Head w 100 176 plex]
Dasizn Capaciy MW 157 102 13
Minimrm Axailabiliny Capacity MW 7 $148 51.6
Mean Ereryy GWa T+ 473 547
Storaze Reserveir
Cazchmsrr Area kn’ 1,786 1.9i5 1218
Grots Starage Volins Mil 318 3 £3
Effective Storage Vobara ML 120 0 30
Full Sapply Level ELm 1.375 1.285 1.280
Migiren Oparsaen Laval Zlm 1,355 L2620 L.260
Available Wazes Depxh ’ [ 20 20 0
Surface Ares atF3L ha 9 82 62
Main Dam
Damnype . Rockfll Rockfi] Pockfi]
Cresz Lenzth m 170 113 ils
Heighz of Dam [+ 50 + 0
Headrace Tunnel
Type - Concrete Linsed Concye Lined Concra= Linad
Number . 1 1 1
Intermal Diagnerer m 43 19 4.9
Length km 141 3.6 6.9
Penstock
Type - Tunnel Cpea Timnel
Mazuber - 1 3
Igecpal Diamatar m 42 25 2
Lengzh ke 20 28 20
Powerstation
Nmaber of Usizs . 3 3 ‘ 3
Type of Tuzbine - Frandis Francis Francis
Estimated Cost and Economic Indices
Tozal Project Cost AMit TSS 256,0 1314 1614
Project Cos per kW . Los W 1,631 L5 1.403
Project Cos: per k'Wh UsiEWa 033 0.32 0.30
EIRR for Alrermydve Thermm) Power % 13.18 14.05 15,08
Benefit z0 Cost Rada - 1.2¢ 137 1.48

The report concluded on the project configuration Sharmai - Darora with the
installed capacity of about 115 MW, installed turbine flow of 69 m*/s and
the MWL of 1280 masl as the comparatively most promising project layout.

6.3.2.2 PEDO Report, 2016
Sharmai HPP Project Profile (PEDO, 2016) further elaborated the concept

as defined in the GTZ report, 1992 and reported on the following project
concept and the salient project features:
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Table 6-3:
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Figure I: Lacation Google Map
Source: PEDO Report, 2016
Figure 6-6: Sharmai HPP concept

Project salient features

Salient Features of the Project

The tentative salient features of the Project are a; under: -

General:

Project Name:
River Name:
Distance:

Status:

Technical:

o

o

-

Capacity:
Design Discharge:

Net Head

Annual Energy Gereration:

Rezervoir Capacity:
Length of Power Tunnel:

Catchment Area:

Source: PEDO Report, 2016
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6.3.2.3

PEDO report concluded on the Sharmai project configuration of about 150
MW as the most viable project layout.

Sinohydro Report, 2017

Based on the information available in the Site Investigation Report,
Sinohydro, 2017, Sharmai HPP is envisioned with the following general
characteristics:

o reservoir with the maximum WL at 1290 masl
e approximately 50 m high dam

e 3 km long headrace tunnel

» surface powerhouse at the confluence.

As a general comment and based on the available topographic data, the
elevation of the riverbed at the proposed dam site is about 1220;
consequently, the required dam height would be about 75 m from the terrain
surface.

Sharmai HPP upper '
powerhouse sile

- .

4 e
, S# 5

LB ) -
4

o

Sharmai HPP lower
: powerhouse site

X 2 d")
Report, 2017
Figure 6-7: Project conceptual layout
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Source: Sinohydro Report, 2017
Figure 6-8: Project conceptual layout - cascade alternative

The report summarizes the key features of Sharmai HPP, as presented in the
following table.

Tabie 6-4:  Project salient features, source: Sinohydro Report, 2017

Table 54 Estimation of installed capacity and energy indexes of the options

Cne-cascade Tw de devel t
_ development o-cascade developmen
ftem Unit Sharmai-1
Sharmai HPP HPP i Sharmai-2 HPP
Discharge at the dam més 595 59.5 82
site
Normal pool level m 1250 1290 1117
Minimum operating m 1285 1265 117
level
Reservoir capacity at 10° m? 18.43 18.43 }
normal pool level
Reservoir capacity at
minimum operating 10% m? 29.74 29.74 - -
level
Nomal water level at m 1060 117 1060
plant house
Effective storage 10°m’ 8.69 8.69 -
capacity
Available head m 230 173 57
Installed capacity MW 203 150 70
Number of units Set 4 4 4
Annual energy ocutput GWh 801 594 263
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6.3.24 Summary of existing options

The following table summarizes the key parameters of Sharmai project,
referring to the previous studies and analyses.

Table 6-5: Summary of existing project options

Iitem Unit GTZ PEDC :Sinohydro
Average inflow fm?*/s] - - 59.5
Ecological flow [%] - - -
P90 flow fm3/s] - 14.7 -
Installed flow {m?/s] 69 88 ~110
Dam height [m] 40 53 ~50
Reservoir WL [masl] 1280 1290 1290
Tailwater level [masl] 1060 1080 1060
Gross head [m] 220 210 230
Net head [m] 203 193.6 -
Installed capacity (MW] 115 150 203
Efficiency™® [-] 0.84 0.90 -
Guaranteed capacity {[MW)] 61.6 143 -
Energy production  i[GWh/y] 547 682 801
Plant factor [-1 0.54 0.52 0.45

Although elaborated to a relatively high level of detail, the analyses of the
options described above were based on insufficiently accurate topographic
data and on general, regional geological information.

A detailed topographic and bathymetric survey mission, followed by the
geological field and laboratory investigation campaign was carried out
within the scope of the present analyses, in order to bring accuracy and
reliability in findings. The key outcomes are summarized in the following
chapters.

6.4 Alternatives to the existing project concept

In order to identify the most promising conceptual layout to be further
developed, the following key project components of Sharmai HPP were
analyzed and compared based on their technical and ESIA performance:

¢ Dam site

s Dam type

¢ Powerhouse site
e Powerhouse type.

As the starting point, the dam and powerhouse sites as proposed in the
previous project documents were assessed.
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Based on the impressions from the site visit and on the conclusions of the
Inception stage of the'project, fine tuned with the newly obtained
topographic data and the conclusions of the Phase 1 ESIA report, the
following sites of the individual components and the corresponding
conceptual arrangements were identified and further studied and compared:

* 5 dam sites ,
e 2powerhousesites - i |
e 2 powerhouse concepts - surface and cavern.

The following figure itlustrates the pfeliminarily identified options for
Sharmai HPP. ‘ =
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6.4.1 Dam site selection

The following dam locations for the dam site were visited and identified
during the site visit (in the order from downstrearn to upstream):

6.4.1.1 Dam site as proposed in the Sharmai HPP Project Profite
(PEDO, 2016, TOR Coordinates)

This site is located about 250 m downstream from the existing suspension
bridge across Panjkora River. As per the cited document, the coordinates of
the dam site are: 35°10'16.28"N, 71°56'33.37"E.

The site is characterized by a wide valley shape with gullies at both river
banks and the significant layer of river deposits at the bottom. Neither by
terrain morphology nor by the geological features this site may represent a
suitable option for further design considerations.

The following figures illustrate the dam site location as proposed in the
document referred to above.

Figure 6-10: Dam site as per the coordinates from the Sharmai HPP Project Profile
(PEDO, 2016)
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Sharmim Hydropows Project
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Figure 6-1 1: Dam site as per the coordinates from the Sharmai HPP Project Profile
(PEDQ, 2016) (layout and section)

6.4.1.2

Downstream located dam site proposed in the Site Investigation
Report (Sinohydro, 2017, Dam Site 1)

This site is located in a narrow part of the river, about 650 m downstream
from the suspension bridge.

Figure 6-12; Sinohydro dam site |

7004P02/FICHT-20378506-v4 FICHTNER

6-24



Feasibility Study Sharmai HPP FS Report

6.4.1.3
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Figure 6-13: Sinohydro dam site 1 (layout and section)

Although that the site conditions seem suitable for construction of the dam,
the deposits and the unstable formations at the left bank upstream from the
dam site bring in question the suitability of this site for a reservoir with the
envisioned prominent daily oscillations in water level. Same conclusion in

terms of the suitability of this dam site is arrived to in the cited report,

Upstream located dam site proposed in the Site Investigation
Report (Sinohydro, 2017, Dam Site 2)

This dam site is located in a narrow part of the river valley, about 750 m
upstream from the bridge. This site is at the location of the Sharmai dam site
as proposed in GTZ Report, 1992. This site is characterized by a V-shaped
valley profile and visible outcrops of competent rock formations at both
abutments.
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Shamu Hydieponer Project
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Figure 6-14: Sinohydro dam site 2/ GTZ dam site

'This dam site offers suitable conditions in terms of river diversion, spillway
and energy dissipation structures and the position of the intake to the power
tunnel.

Dam formed at this profile, with the reservoir NOL at 1290, as suggested in
the report referred to, would need to be about 100 m high. The accurate
topographic and bathy metric measurements carried out at this site show the
terrain elevation at about 1200 masl.
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Bathymetric profile, PEDO dam site -
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Figure 6-15: Bathymetric profile, PEDO dam site

Alternatively, the reservoir NOL at 1260 would imply the need for a dam
approximately 70m high,

6.4.1.4 New dam site - FI 2

This site is located about 1.55 km upstream of the site above. The site is
deemed suitable for a daily storage with an approximately 45 m high dam.
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Figure 6-17: FI 2 dam site (2)

This site, however, implies somewhat longer power tunnel and the related

friction caused head losses.

Bathymetric profile, FI2 dam site
1290.00
1280.00 1N V andil
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Figure 6-18: Bathymetric profile, F12 dam site

Dam formed at this profile, with the reservoir NOL at 1260, would be about
45 to 50 m high. The accurate topographic and bathymetric measurements
carried out at this site show the terrain elevation at about 1220 mas].
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6415  Newdamsite-FI11 '

This site is located at the profile of a suspension bridge, some 1.25 km
upstream from the site FI 2. This site is suitable for a run-off river type
plant, with the possibility to construct a 15m high weir.

o

Figure 6-19: Suspension bridge at FI 1 dam site

Furthermore, the location of this site would imply the power tunnel length
of more than 10 km.

A —
Y
— Lt Oam
| ==

This dam site brings concerns in terms of reservoir sustainability. Being
exposed to heavy sediment intrusion, frequent outages in operation and
additional O&M costs due to the intensive sediment management are
deemed likely for this dam site. According to the results of the performed
reservoir volume analysis, F1 1 dam site could offer the possibility to be
operated as a daily peaking plant only with the reservoir water level of 1270
masl and more. This elevation is deemed to raise significant ESIA concerns,

as elaborated in the following chapter. Therefore, this dam site is abandoned
from further analyses.

1

Figure 6-20: FI I dam site
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6.4.1.6

6.4.2
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Figpure 6-21: Bathymetric profile, F11 dam site

Dam formed at this profile, with the reservoir NOL at 1260, would be about
25 m high. The accurate topographic and bathymetric measurements carried
out at this site show the terrain elevation at about 1240 masl.

Conclusion on the dam sites to be further studied

There are 2 main alternatives for the dam site location:

¢ PEDO Site, the dam site proposed in the Site Investigation Report
(Sinohydro, 2017} as the upstream dam site (Dam site 2) and in the GTZ
Report (1992); in the following text this site will be referred as D/S
(downstream) site, and

e FI2site, located 1.55 ki upstream; in the following text this site w1|1 be
referred as U/S (upstream) site. :

Both dam sites provide conditions suitable for a plant with a daily reservoir.
The key advantage of the downstream site is somewhat shorter power tunnel
and the larger size of the active storage. The key advantage of the upstream
site is approximately 20 m lower dam. The benefit/cost comparison in terms
of project layout and the position of the individual structures is provided in
the subsequent sections.

The other inspected sites are not deemed competitive. The two most
promising dam sites will be further analyzed and compared within the
optimization analyses as reported in the following chapters.

Reservoir water level

As concluded duripg the site visit, the area close to the reservoir root,
presently used as arable land and source of incomes for the local population,
would be inundated by the water level (WL) in the reservoir above
approximately 1260 masl. The option to raise the reservoir WL above this
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elevation, although technically doable, is expected to born severe ESIA -
related impacts due to the project.

It is expected that the inundation of the areas above this elevation would
create resistance at the local inhabitants and possibly affect the
implementation of the project, ‘

[

Figure 6-22 Arable land photo taken from the elevatlon 1275 masl

According to the findings of the mmal site visit, the main source of income
for the local residents is agriculture, the cultivation of fruit trees, and stock -
breeding. Agriculture is very difficultin an environment which is
characterized by deep indented valleys with steep hillsides. Therefore
terraces have been built at the steep hillsides over many centuries, which
now allow the local population to grow staple food.

Wide parts of the steep hillsides, which are not used for agriculture, are
covered by trees, which are used by the local people as firewood or as fruit
trees (mainly walnut).

Inundation of productive land within the reservoir would lead to a
permanent loss of livelihood for the local population and therefore
opposition of the local inhabitants against the planned project is expected to
be directly connected to the loss of productive land.

In order to conclude on the reservoir WLs, the various possible alternatives
were quantified. The water levels between 1,160 and 1,300 mas] have been
investigated for the two dam site locations “U/S* and ,,D/S*.

For these two dam sites an initial comparison between the various reservoir
water levels has been conducted, based on a GIS evaluation of high
resolution satetite imagery, and considering the main means of livelihood,
agricultural terraces and areas covered by trees.

The following two figures shows the locations of the dam site options and
the different water levels investigated.

7004P02/FiCHT-20378506-v4 FICHTNER 6-31



Feasibility Study Sharmai HPP FS Report

& ke as
Lawie Arsrrvoe
Agmens: etz s

FICHTNER

rp P P i € PR L gy NP () =2 PR (o S T & S 8L 7Y OV bk 1mmh it gt Laras

Figure 6-23: Locations of the dam site option “U/S” investigated and the resulting
reservoir areas at reservoir levels between 1,260 mas! and 1,300 masl
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Figure 6-24: Locations of the dam site option “D/S” investigated and the resulting
reservoir areas at reservoir levels between 1,260 masl and 1,300 mast.

The following table shows the results of the GIS evaluations of the 2 dam
with various full supply water levels.
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Table 6-6:  Results from GIS evaluations of high resolution satellite scenes
regarding lass of agricultural land and tree areas within the various
reservoir options

-1.260 masl
u/s -~ 1.270 mas|
1.280 masl
1.290 masl
1.300 masl|
Dam site 1.260 masl

D/s 1.270 masl

1.280 masl
. "1.290 mas|
74:300 masl

Only the Dam site “U/S” at 1,260 masl and 1,270 masl, and dam site
“PEDO” do not require physical destruction and relocation of residential
houses. These solutions are therefore regarded as the most favourable or
preferable options from an environmental and social point of view.

The dam site option “U/S” at 1,280 m would cause a loss of 3
houses/compounds and a high loss of agricultural terraces (ca. 20 ha). Three
houses and ca, 13 ha agricultural terraces would also be lost with dam
option “D/S™ at 1.270 masl and 6 houses and ca. 24 ha agricultural terraces
at 1,280 masl. These options are regarded as “medium” or “tolerable” from
an environmental and social point of view. However there is still a medium
risk that affected property owners may cause problems.

All other options would cause a loss of numerous houses and a significant
loss of agricultural areas. These options are therefore regarded as “worst
cases” from an environmental and social point of view. In these cases there
is a high risk of public opposition against the planned project.

In terms of the impact of the project to the existing infrastructure, the
elevation of the deck of the steel bridge in vicinity of the reservoir root,
capable to withstand heavy duty traffic is at 1265 masl. It is considered as a
minimum to allow 3 m clearance freeboard between the reservoir water /
flood level and the bottom of the bridge’s deck, in order to ensure passage
of floating debris during flood events.

. D8 i
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Figure 6-26: Elevation of the steel bridge at the reservoir’s root

Therefore, the maximum reservoir level was limited to 1,260 masl, deemed
acceptable both from ESIA and infrastructure aspects.

It has to be noted that a higher reservoir WL (e.g. of 1290 masl, as proposed
in the previous studies) would cause the inundation of up to 5 km of the
regional road to Citral and Dir valleys and require reconstruction of another,
newly constructed bridge, which again could lead to resistance at the local
population.
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Figure 6-27: New b

According to the preliminary analysis, based on the water availability as
presented in the hydrological report and the statement on the environmental
minimum release, as per the Phase 1 ESIA report, prepared by Hagler
Bailly, the reservoir’s active volume of about 650’000 m* would allow daily
peak operation at Sharmai powerplant.

FDC Sharmai HPP
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Figure 6-28: Sharmai HPP - FDC

The following figure shows the reservoir volume curves at the two
promising sites, as discussed in the previous chapter.
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Reservoir Volume Curves
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Figure 6-29: Sharmai HPP - reservoir volume curves for the preselected dam sites

6.4.3 Dam type selection

Considerations on the dam sites and the reservoir levels imply the dam
heights of 45 m (U/S site) and 65 m (D/S site), roughly. The reservoir size /
volume is relatively modest, due to the terrain morphology. In order to cope
with the heavy sediment load, as per the results of the sediment analysis,
flushing of the reservoir seems as one of few options which could guarantee
sustainability of the reservoir active storage over its envisioned lifetime. As
concluded in the Report on Hydrology and Sediments, the design of the
Sharmai headworks would need to accommodate for a sediment tank as
well.

According to the results of the hydrofogical analysis, the order of magnitude
of flows during exceptional / design flood conditions is several thousands
m?/s, which implies the need for a spillway structure of considerable size.
Assuming a high unit discharge of 120 m?/s/m (ref. chapter 2), the required
width of the spillway structure could be more than 70m, including piers.
This width corresponds to more than 50% of the dam crest lengths at the
considered dam sites.

The prevailing site conditions imply the necessity for a reservoir flushing
device / bottom outlet, required to remove the deposits accumulated below
the spillway crest elevation. As such, the sedimentation of the reservoir
would be prevented by sluicing over the spillway gates and by flushing
through the bottom outlet. The following figure shows the size and layout of
the openings deemed necessary at the dam. “
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Figure 6-30: Required openings at Sharmai dam

Such site conditions and the particulars related to the design qualify a
concrete gravity dam structure, equipped with openings for sediment tank,
reservoir flushing and release of high flows as a promising dam type option.
A concrete dam offers the possibility for a two-stage river diversion during
construction, which could further reduce the efforts and costs related to dam
and is deemed less sensitive to overtopping.

An RCC dam is deemed less attractive, due to the relatively low total
volume of dam material and the configuration of the dam, which assumes
numerous openings and thus, application of conventional, structural
concrete.

Although that a rockfill dam option may be more suitable in terms of
foundation conditions and the locally available construction material, the
necessity for an integrated facility for reservoir flushing, the uncertainty in
terms of hydrological/flood data and the inevitable existence of the large
spillway and sediment tank blocks disqualify the rockfill dam type as a
competitive option, as the said concrete blocks would need to be of the same
size as for the cenerete dam option.

Powerhouse site selection

The two powerhouse sites proposed in the available documents were
generally confirmed during the site visit, with certain adjustments to reflect
the conditions as encountered on site. There are two powerhouse sites:

» Downstream PH site, close to Darora and
» Upstream PH site, close to Bibyawor.

Downstream PH site

Powerhouse site 1, as referred to in the Site Investigation Report,
Sinohydro, 2017 is shifted to Panjkora River (in some of the available
project documents it was positioned at the left tributary, which has a much
steeper gradient). This powerhouse site is located in a densely populated
area.
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Surface powerhouse concept is deemed to cause considerable social
impacts, due to extensive excavation required to place the powerhouse
building as a surface structure. Same applies for the alignment of the
penstocks, envisioned as surface structures as well.

B L FPR

LRSI

Figure 6-31: Area affected by surge tank, surface penstock and surface power house

Besides the obvious disadvantages in terms of ESIA, a surface powerhouse
concept would negatively affect the existing regional road, which would
need to be locally relocated.

Instead, the option with a cavern powerhouse with the outlet of the tailrace
tunnel placed at the visible rock formations located somewhat upstream
from the confluence is seen as a promising option. .

S : b L A

Figure 6-32: Downstream located powerhouse site/site of the outlet from tailrace
tunnel
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Figure 6-33: Downstream located powerhouse site - conceptual layout

6.4.4.2 Upstream PH site

Powerhouse site 2, as referred to in the Site Investigation Report,
Sinchydro, 2017 is located close to Bibyawor at a narrow section of
Panjkora River, upstream of the confluence with the right tributary. A
surface powerhouse would imply considerable excavation works, due to the
relatively steep terrain. The possible layout with the surface penstock would
further affect the N-45 road and imply the need for its partial relocation.

Figure 6-34: Upstream located powerhouse site, view from the road above
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Figure 6-35: Upstream located powerhouse site, view to downstream

Again, a cavern type powerhouse is regarded as a promising alternative to
the surface option concept. .
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Figure 6-36: Upstream located powerhouse site - conceptual layout

The difference in head between the two powerhouse sites is roughly 50 m
(i.e. about 30% of the available head / installed capacity). The key
advantage of the upstream located powerhouse is somewhat shorter power
tunnel. These facts disqualify the upstream powerhouse location as a not-
competitive for further development.
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Figure 6-37: Section through the riverbed - conceptual layout

The downstream powerhouse location utilizes the maximum hydropower
potential of Panjkora River over the considered stretch, which is deemed
optimum under the given enerdy and peak power supply conditions in
Pakistan. ' :

The option to develop the Sharmai HPP as a concept of two cascade
projects, as discussed in the Site Investigation Report, Sinohydro, 2017 is
not found suitable. : ‘

Layout of power waterways and Powerhouse arrangement

Route of the headrace tunnel

After the dam and powerhouse sites were defined, the layout of the
waterways was adjusted accordingly. Depending on the particular
combination of the individual components, the length and the layout of the
power tunnel changes: U/S dam site requires a tunnel almost 1km longer
than if the dam would be placed at D/S site.
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Figure 6-38: Alternative routes of the headrace tunnel
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Figure 6-39: Sections through the alternative headrace tunnel routes

6.4.5.2 Headrace tunnel diameter

In course of the elaboration of the Feasibility Study, least-cost optimization
analysis focusing on the diameter of the power tunnel was performed. It
considered the direct, construction costs and the losses in energy generation

over a time horizon of 30 years, assuming different design discharges,
ranging from 60 to 100 m?/s.

The following figure shows the suminary of the results obtained through the

analysis.
Tunnel Diameter Optimization
450 .
400
g 350
i G0 m 5
2300 w———eB0 m'/s
3 —100 m'fs "
250
200 — . _— . : T .
1 Yo1s 2 25 ¢ 5 3.5 4 a5 H
V,el‘ocitv in Tunnel {m/s]
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Figure 6-40: Tunnel diaméter opﬁir}li]:ﬂti‘oﬁ

‘ . b
As per the results of thej analysis, the optimum tunnel design is achieved
with the flow velocities ranging from 3.25 to 3.75 m/s. For the subsequent
optimization analyses fo;us‘ingfonrs lection of the installed discharge, the
design flow velocity in the power tunnel of 3.5 m/s was adopted.
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6.4.53

Surge tank

Another criterion for the layout of the power tunnels is the necessity for and
the position of the surge tank. Although relatively obvious, the necessity for
the surge tank is confirmed on account of the regulation capability of the
plant.

One method to verify the regulation capability of a hydropower scheme is
the comparison between the expected machire starting time T, and the
acceleration time of the closed water column {between free water surfaces)
in the waterways T,,,. This method is applied for the Sharmai HPP.

The machine starting time T}, is a characteristic of the generating units, used
in the hydropower plant. The water acceleration time T, defines the time for
accelerating the water column in the waterways from standstill until steady
state conditions and therefore depends on the waterway layout.

An indication for an acceptable regulation capability is a ratio between the
machine starting time T}, and the water acceleration time T, of minimum
3.5:

T
= >35
w

The machine starting time T}, can be estimated based on the output of the
generating unit, the rotational speed and the moment of inertia of the
rotating mass (which is mainly determined by the generator). For
determination of these input values, required to estimate the machine
starting time, a preliminary layout of the generating equipment for the given
conditions and the plant discharges is necessary. For definition of the
overall power plant scheme a plant discharge between 60 m?/s and 100 m*/s
is considered. The results and the related machine starting time depending
on the plant discharge are shown in the table hereunder. For al! considered
plant discharges, a two-unit-arrangement is considered at this stage.

Applying the minimum ratio between the machine starting time and the
water acceleration time of 3.5, with the received machine starting times, the
related maximum water acceleration times can be calculated as:

|7

T, <

W
tn

Based on this criterion and the preliminary machine starting times, the
maximum permissible water acceleration times to ensure sufficient
regulation capability are derived as given below. These values shall be used
to define and verify the design of the waterway layout of Sharmai HPP.
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Table 6-7:  Machine starting time Tm, Maximum permissible water starting time

Tw,max
Plant Discharge .- Q 60 60
Unit # - - 2 2 2
Approx. Unit Capacity Pu MW 51 67 84
Prelim. Synchr. Speed n rpm | 428.6| 375.0| 333.3
Machine Starting Time Tm s 6.0 6.3 6.6
Maximum Water Starting Time | Tw,max | s 1.7 1.8 1.9

The water acceleration time is further defined as:

o _Zirw)
YOH*g)

L;  Length of waterway section i [m]

v Velocity in waterway section i [m/s]

H Available head [m]

g Gravitational constant {m/s?]

The actual water acceleration time Ty, 4., for the headrace tunnel options
(7500 and 8500 m long) amount to about 14 to 16 s.

Table 6-8:  Actual water starting time Tw,act

Length L - :
[m] m/s [ sk
Headrace Tunnel - 7,500 3.5 185 145
Headrace Tunnel 8,500 35 185 16.4

Although based on the preliminary values for the velocities in the power
waterways, it is evident that an upstream surge tank is required.

The site for the surge tank for the option with the downstream located

powerhouse is relatively challenging, due to the unfavorable terrain

morphology.

For the option with the downstream located powerhouse, the surge tank site
identified in the previous. project studies seems as the only feasible location.
The surge tank shal! be located at the existing ridge, as close as possible to

the riverbed.
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Figure 6-41: Photo from the surge tank site

The position of the surge tank implies relatively long waterways to reach
Panjkora River. Horizontal distance to the tailrace outlet is about 800 m.

Due to the terrain morphology, the power tunnel in the option with the
downstream located powerhouse will have a curvature on its downstream
end. The {ocation of the surge tank was selected with respect to the
hydraulic transient calculations and fine tuned with respect to the existing
infrastructure and settlements, as illustrated in the figure below.

Figure 6-42: Power waterways - location of the surge tank

6454 Alignment of pressure waterways

As concluded in chapter 6.4.4, layout of the pressure waterways is
predominantly governed by the ESIA impact the different possible
configurations cause. The settlement structures in the project affected area
are generally farm compounds, which are usually inhabited by one family.
Beside the residential house these compounds also comprise other buildings

like storage houses and stables. These compounds are surrounded by
agricultural terraces.
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The options with surface and underground pressure waterways are
compared. The results based on an evaluation of satellite maps (subject to
confirmation in the further ESIA process) are presented in the following
table.

Table 6-9: Pressure waterways: resettlement and loss of arable land

—— T TR
‘Loss’o co’%f’%ﬁ%sgﬁ Lo
housts (ten i hert
i g bl ierha)
1. Underground penstock 0 1 ha
2. Surface penstock ) 8 7.8 ha

For a surface penstock solution a 100 m wide and ca 800 m long open
construction strip between surge tank and power house over the whole
hillside would be required. Ca. 7,8 ha of agricultural & horticultural terraces
would be lost. In this area all structures like houses, agricultural terraces,
roads, irrigation channels, etc. would need to be removed.

Considering the population growth and the scarce availability of farm land
in the area the loss of farms and farm land, together with the interruption of
irrigation channels and the road and path network may not only cause
problems regarding compensation issues but may also constitute a strong
reason for the local population to oppose the planned project.

Therefore, the option with underground pressure waterways is selected for
further design optimization analyses.

5.4.5.5 Powerhouse concept: Surface vs. underground (Cavern)

Two concepts for the powerhouse general arrangement were considered:
surface and underground/cavern. The selection of the concept to be further
developed is based on technical and financial analyses, as described in the
following sections.

Additionally to the ESIA-related considerations on the powerhouse
arrangement, as discussed in Chapter 6.4.4, an analysis of the hydraulic
transients was performed for both powerhouse concepts: surface and
underground, with the target to investigate the technical feasibility for the
different options.

Preliminary transient calculations showed that an arrangement with a cavern
powerhouse, will either require a tailrace surge tank downstream of the
powerhouse cavern or a free flow tailrace tunnel to avoid negative pressures
in the turbine draft tubes and tailrace tunnel during sudden load rejections or
rapid load changes.
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Therefore, the following arrangements were evaluated with regards to the
regulation capability:

1. Alternative 1: Surface powerhouse, located at the tailwater at the
downstream end of a high-pressure tunnel of approx. 980 m length

2. Alternative 2: Cavern powerhouse with free flow tunnel (cavern
powerhouse at the end of the pressure shaft)

3. Alternative 3: Cavern powerhouse with tailrace surge tank (cavern
powerhouse at the foot of the pressure shaft), the surge tank is located
downstream of the powerhouse cavern.

Table 6-10: Machine Starting Time Tm, actual Water Acceleration Time Tw,act
depending on the plant discharge

Plant Discharge Q m¥/s 60 80 100
No. Generating Units - - 2 2 2
Approx. Unit Capacity Pu Mw 51 67 84
Prelim. Synchr. Speed n rpm 4286 3750 333.3

Machine Starting Time Tm $ 6.0 6.3] ° 6.6
Alternative 1: Surface Powerhouse o

Actual Water Acceleration

Time Tw,act s 3.0 30 3.0
Ratio Tm/Tw Tm/Tw,act |- 2.0 2.1 . 2.2
Acceptable Regulaticn

Capability Tm/Tw>3.5 |-

Alternative 2: Cavern Powerhouse with Free Flow Tunnel

Actual Water Acceleration

Time Tw,act s 0.6 0.6 0.6
Ratio Tm/Tw Tm/Tw,act |- 10.0 10.5 11.0
Acceptable Regulation )

Capability Tm/Tw>3.5 | - " Yes| Yes Yes

Alternative 3: Cavern Powerhouse with Tailrace Surge Tank

Actual Water Acceleration

Time Tw,act s 06 0.6 0.6
Ratio Tm/Tw Tm/Tw,act |- 100 10.5 11.0
Acceptable Reguiation :

Capability TmTw>3.5 |- Yes Yes Yes

The comparison between the machine starting times and the water
acceleration times shows, that only an arrangement with a cavern
powerhouse (with free flow tunnel or tailrace surge tank) will ensure
sufficient regulation capability of the power plant. The long waterways for a
layout with a surface powerhouse will not allow for proper regulation of the
- plant and generating units without particular additional measures (such as
increase of the rotating mass/inertia at the units, increase in size of the
pressure tunnel and/or application of pressure-release valves at the units),
which could possibly make the surface powerhouse concept technically

feasible.
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According to the results of the analyses performed in this respect, the inertia
of the rotating shaft would need to be'increased by approx. 40%-50%
compared to the standard values, resulting in a GD?*of around 1700tm? to
1800tm?2, This can be achieved by a larger rotor and thus masses, resulting
in a larger diameter to height ratio for the generator.

The cost-implication of the increase in the rotating mass is estimated with
25% increase as compared with the standard equipment/generator
configuration. The quotation provided by one of the best world -wide
equipment suppliers confirms this statement.

The possible additional measures would turn the solution with the open air
powerhouse into a custom, non-standard design and add further costs to this
option. Following the approach described in detail in Chapter 6, a
preliminary cost comparison is performed for the variety of the installed
discharges, assuming open air and cavern powerhouse concepts. The
following table summarizes the direct costs reiated to the two alternatives.

Table 6-11: Preliminary cost comparison: open-gir vs. cavern type powerhouse
K (Francis configuration) '

|
' Gesign discharge
IEI_Y.I_[!'_I.!EWH i[nMwg 9.2 .0 1083 ne? 1240 1333 HLe -150.7 1389 157.1 ir54 |
intahed power (at bushars] Mwi T ses 3 981 | 031 | 1d3 | w63 { 183 | w7 | el | 1542 | e | 1ma
‘Pressure shoft Jmusol .95 1 01 1 107 | n4 | 21 | 128 | 133 | we | M5 | 150 | 155
Paweriouse - VA Works B T T 35 | 36 | 43 | a4 ok a7 54 3t 56
Powerhouie - HSS o T ui U3t T oa o4 25 [ 0.g [ 0 Y 06

127 5 U1 143 150 %1 154 16.6 16.7 186 1.1 183
TS TTwee (w3 [ wa | 2 1 w89 | o6 | ;13 | za | @ | me
0z oz v 03 03 [3] [X] 03 03 0. 03
T 10 10 19 1.0 10 1.0 1.0 1.0 19
T a2 | asa i a0 | 497 | s24 | se3 | ses | sy [ 617 | eas | eso

Powerhouse - HM

-EM”
Tokrace channel
ESrA costs, rood relocotion
Sub Total Direct Conts
- 2 inere
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Powrrhouse - HM _ a 153 1 954 ] 66 | V67 | 86 | 191 | 193
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Downstreom Surge Tank LA
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sub Yotal Dirext Conts

e

Tt can be concluded that the costs for the two options are similar, though
slightly in favor of the cavern-type powerhouse type option.

] The following figures illustrate the impact an open-air powerhouse would
' cause to the existing terraces, road and infrastructure. It is to be expected
that an open-air powerhouse option may trigger resistance with the local
population.
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open-air powerhouse location

Figure 6-44: Arable land at the

The two alternatives are compared using the SWOT analysis approach:

Complex construction pit prone to flooding

No standard techno!
Accessibilty o8 ancare lacnineogy
Independent construction sequenc No costadvantage cempared to Cavemn
P . 9 A Low costcertainty for E&M

Limited options for Switchyard location

- Open-air

Technical challengesin design and operation
Limitad number of suppliers

Ut T Highercosts forequipment (25+%)
Impacton traffic for Dir and Citral valleys

Highercostcertainty for civil works, Resettlement required )
. Higher risk of interruption during canstruction

due to local population
Risk of flooding during construction

Figure 6-43: SWOT analysis: Open-air powerhouse
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6.4.5.6

““Limited enviranmental and socialimpact of
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estand East L

‘Lowrisk of lnterruphondunng construction due
"to local populatlon i

‘cohstruction
F|gure 6-46: SWOT analysis: Cavern powerhouse

Due to the advantages in terms of operation of the units and due to the
obvious ESIA- and infrastructure-related downsides the option with the
open-air powerhouse option born, the option with the cavern-type
powerhouse is adopted to be further developed. The open-air powerhouse
option cannot be regarded advantageous from the cost-perspective either.

Position of the powerhouse cavern

In order to conclude on the most promising position for the PH cavern, a
preliminary analysis was performed, giving focus to the investment costs of
the pressure and tailrace tunnels and the hydraulic losses in function of the
distance of the powerhouse cavern from the position of the vertical shaft.
The results for the range of the installed flows between 60 and 100 m*/s are
presented in the graph below.,

Costs & Losses
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Distance from vertical shaft [m]

Figure 6-47: Position of the PH cavern - costs and losses

It can be concluded that both costs and friction losses rise with the shifting
of the powerhouse cavern towards downstream. Therefore, the powerhouse
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cavern shall be positioned as close as possible to the vertical shaft, taking
into consideration the geological and construction-related constraints.

6.457 Type and number of units

The project configuration offers the net head of about 170 m, whereas the
installed flows range from 60 to 100 m*/s. Such a layout promotes Francis
units as the most suitable turbine type. A typical turbine type application
chart is given in figure below.
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Figure 6-48: Standard range for application of different unit type

As per the developer’s express request, the possibility for application of
Pelton turbines was assessed. It can be concluded that the Pelton units could
possibly be applied with the relatively low installed flow per unit, but that
the available head is not within the range for which this type of units is
typically considered as a competitive option. A configuration with Pelton
turbines would therefore require either a greater number of units in Sharmai

powerhouse, or a solution with the vertical arrangement and a large number
of nozzles.

As per the quotation received from one of the worldwide leading turbine
suppliers, the design of vertical Pelton units for the given range of heads and
flows would require a 6 nozzle configuration and is on the verge of
applicability in terms of standard solutions. As such, the Peiton option is
deemed to trigger cost-related repercussions, as the number of possible
suppliers with the respective references is limited.

Therefore, although deemed technically possible, the configuration with
Pelton units is not deemed optimal, particularly considering the expected

high sediment content, which could cause extensive wear and tear at the
nozzles.
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It can be concluded that Pelton opticn can be regarded as competitive to
Francis only on account of substantially |

energy generation.

In order to quantify the difference between the alternative turbine
configurations, a cost and energy production analyses for the two options

(Francis vs. Pelton) were performed in line with the procedure described in
the chapter 7 below. The results are presented in the following table.

Table'6-12:  Preliminary cost comparison: Francis vs. Pelton powerhouse
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Comparison of direct costs shows marginal to substantial cost-advantage for
the option with Francis units.

Direct Costs Comparison Chart

80.0
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Figure 6-49: Francis vs. Pelton Powerhouse - comparison of direct costs

Nevertheless, the key advantage of Francis turbines lies in somewhat higher
efficiency and in the lower head losses due to negative submergence (as
opposed to Pelton), as shown in the table below.
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Table 6-13: Preliminary energy production comparison: Francis vs. Pelton

powerhouse
Dwcription Alternative [ 1 2 F ) 5 ] 7 1 8 [ 1] 1o_ [ _n ]
Desgndischage sl 55 0 | e B, CONEE YO VY BN U T
Instalied powsr :FL‘M 885 881 031§ M13 | 1203 ) 1293 | 1377 ; 1462 1842, a2l 171
Epeat [Gwn/y] 1266 | 1372 | WIS | 1574 | 670 | 1763 | 1854 | 1542 | 2028 | 2112 | 2183
Ebase [Gwhsy] W69 | TN | W2 | 4023 | ANSS i 40T | 4300 | M4 | 4580 | 4679 | 4760
Etotal lowniyl | 4835 | 5103 | 5357 | 6597 | 5825 | G040 | 6244 i B4I6 [ 6618 | 679t | 6%
et L T T el HPP A2 Sie Biptisnlcation snd farking: Prefiminery Energy Prodection (Petton)
Ouscription hamatve| 1 2 1 ] s 1 s 7 | s [] 1w I n
Design discharge [m*/s) 55 60 §5 n s 1 w0 s ! s 55
1nst18lhed powrer [Mw] 822 EH 972 M6 | 1120 ! 1192 | 1268 | 1337 140 9 30
Epeat [Gwh/y) M92 | 1292 | 1388 | 1482 | 572 ! 1659 | wa4 C e28 | e | 3 :
Ebase [owh/yl | 3359 ; 3512 | 3654 § 3707 | 3911 | AG2E | 4133 | 4230 | 41 G 4404 | 89 |
Etotal tawhsyl | 4561 | 4803 | 5042 | 5269 | 5462 | 5685 | SB77 | G058 | 6229 | K391 ; G544

It can be concluded that the Pelton configuration results in 5-10% lower
installed capacity for the same discharge and in about 6% lower total energy
generation when compared to Francis option. Based on the presented
figures, it can be concluded that the configuration with Francis units
represents a comparatively better option in terms of financial performance
and is deemed to allow greater variety of suppliers capable to offer a
competitive bid. Therefore, the configuration with Francis type units is
adopted to be further developed.

Finally, a preliminary comparison of costs for the configurations with 2 and
3 Francis units in Sharmai cavern-type powerhouse was performed,
following the procedure elaborated in the next chapter. The results are
presented in the table below.

Table 6-14; Preliminary cost comparison: 2 vs. 3 Francis units (cavern)
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It can be coricluded that the configuration with 3 units would trigger the
increase of direct costs for the cavern powerhouse of about 10% as
compared with the 2 unit configuration. However, higher number of units
would allow flexibility in operation during low inflows, provided that the
plant is to be operated in a run-off river mode. This operating mode is
deemed applicable during off-peak hours. Additionally, as Sharmai HPP
will be connected to the national grid at a remote dead-end, higher number
of units is deemed appropriate, in order to comply with the deemed
challenges at the grid side.

The following figure illustrates the capacity duration curve for off-peak
operation of the plant.
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6.4.5.8

6.4.5.8.1
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Figure 6-50: Available capacity duration curve during off-peak

It is obvious that the configuration with 3 units would allow for
substantially higher flexibility in operation during partial load.

Considering the range of the installed capacities of 80 to 170 MW and the
envisioned peaking role of the plant in the national grid/system, the deemed
flexibility in operation provided by higher number of units is considered
relevant. Therefore, the configuration with 3 vertical Francis units is
adopted.

Design of Tailrace tunnel

Preliminary calculations for the regulation capability of the plant concluded
that the Sharmai powerplant arranged as a cavern requires either a free flow
tunnel or a tailrace surge tank in combination with the pressurized tailrace
tunnel to avoid critical negative pressures in the turbine draft tubes and
tailrace tunnel during sudden load rejections or rapid load changes.

Free-flow tailrace tunnel

The free-flow tunnel by default implies somewhat higher head losses, as it
would need to be designed with a longitudinal slope towards the riverbed.
Due to the expected high oscillations in the tailwater levels of about 5 to 10
m due to flood character of flows at Panjkora River with prominent
seasonality, the free flow tunnel would need to be positioned at an outlet
elevation which would allow the free-flow conditions under any flow
regime at Panjkora River.

Tunnel outlets below the maximum tailwater level would lead to undefined
flow conditions when the water level at the tailwater is in the range of the
tunnel outlet. At such conditions, load changes could lead to high
fluctuations between pressure and free flow conditions in the tunnel what
results in high loads on the tunnel lining and can lead to severe damages.
Consequently, positioning of free-flow tailrace tunnel would need to accept
the head losses of at least 10 meters attributable to the tailwater level
fluctuations, tunnel slope, necessity for an overflow crest at draft tube
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6.4.5.8.2

6.4.5.8.3
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outlets to ensure sufficient submergence depth and friction caused head

losses,

Pressurized tailrace tunne!

On the costs side, free-flow tunnel implies larger diameter than a
pressurized tunnel and, thus higher construction costs, Pressurized tunnel
requires a surge tank at its upstream end, as shown in the Table 6-10.

The arrangement with an underground powerhouse has an approx. 780m
long tailrace tunnel to the outlet. During fast closure of the guide vanes
after a shutdown the pressure in the draft tube will drop significantly and the
scheme needs to be safeguarded against undesired water column rupture.
The initial analysis has shown that even for relatlvely moderate, slow guide
vane closing times the draft tube pressure drops to absolute vacuum, where
water column rupture can occur. :

The analyses thus show the necessity for a surge shaft downstream of the
turbine draft tubes, either as part of the draft tube gate chambers, or as
common shaft after the confluence of the turbines.

By installation of a tailrace surge tank downstream of the powerhouse
cavern, the low pressure tailwater tunnel would be decoupled from the
waterways and therefore will ensure the regulation capability of the plant
and further that the pressure values in the tailrace tunnel and draft tube stay
within acceptabie ranges. With regards to the regulation capability of the
power plant and the construction costs for the underground structures, the
tailrace surge tank should be located as close as possible to the powerhouse
cavern. :

Conclusion on taifrace tunnel arrangement

An analysis giving focus to the investment costs and the hydraulic losses
was performed for the decision on the arrangement of the tailrace tunnel.

Costs & Losses
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Figure 6-51: Arrangement of the tailrace tunnel - pressurized vs. free-flow
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It can be concluded that both investment costs and the head losses rise with
the free-flow tailrace tunnel option. Based on the results of these analyses,
the tailrace tunnel shall be designed as a pressure tunnel, with a surge
chamber at its upstream end.

6.4.6 Definition of the conceptual designs to be further analyzed

Based on the considerations described in the previous sections, the
following conceptual layouts were defined. Sharmai HPP comprises the
following key components:

» Reservoir, capable to be operated as a daily storage, with the maximum
.- .operating level at 1260 masl
¢ A concrete dam with the inegrated gated spillway and a stilling basin at
the two sites: U/S and D/S o
» A diversion tunnel at the right abutment
e An open air desander
¢ System of power waterways
« power intake
o low pressure power tunnel
» surge tank
« steel lined vertical pressure shaft
¢ Cavern powerhouse, positioned at the downstream location and equipped
with 3 vertical Francis units
o Downstream surge tank
o Pressurized tailrace tunnel
e Access roads.

The following preliminary drawings illustrate the concepts for Sharmai
HPP, subject to further optimization analyses.

_Figure 6-32: Adopted conceptual layout

7004P02/FICHT-20378506-v4 FICHTNER ) 6-57



Feasibility Study Sharmai HPP FS Report .

-
. "‘M"_T“T"'u’ﬁ'"‘ﬁ"u"fuf—"_T““' =g

et
4 7 A i B

A
|4

—
1
o Tt e
i ST B R B T T 44
Figure 6-53: Adopted conceptual layout - section through power waterways
6-58

7004P02/FICHT-20378506-v+ FICHTNER



Feasibility Study Sharmai HPP FS Report

6.5

6.5.1

6.52

Methodology
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Figure 6-56: Adopted conceptual layout - surge tank, PH cavern and outlet tunnel

The results of the analyses are presented in the following chapter,

Preliminary Cost Estimate

Introduction

Optimization analysis with the goal to identify the most promising project
configuration was performed within the scope of the Feasibility Study.
Based on the discussions with PEDO and Sapphire, selection of the installed
discharge was based on the maximum technically and financially justifiable
capacity of the plant.

As a tool for ranking of the options, the levelized energy cost approach was
applied for the comparison between the alternative configurations and
compared to the long run marginal cost of Pakistan (LRMC), as discussed in
the following chapter.

It has to be emphasized that the purpose of the present analysis was to
identify the optimum sizing of Sharmai project / plant, according to the
applicable approach and criteria; the optimization analyses of the individual
project components are performed for the selected project configuration and
presented in a separate report. ’

The methodology for the cost'estimate and the preliminary e'nergy
production analysis are summarized below.

i

The preliminary cost estimatel is performed for the project layout, optimized
and defined as described in the previous chapters. The dimensions (and
costs) of various project components such as powerhouse, power waterway
system and the generating equipment vary with the installed plant capacity,
whereas others, such as the costs of the dam, spillway, river diversion,
transmission lines, access roads, for example, have less variation.
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The cost function, consequently, might show either a continuous trend, or
define the breaking point after which the increment in costs is of a greater
order of magnitude than the increment in installed power/energy generation.

In order to provide the basis for the assessment of the project’s financial
performance, the costs for the adopted project concept were preliminarily
estimated. After the most promising conceptual layout is defined, the cost
estimate was performed for the variety of the installed discharges, in order
to assess the sensitivity of the cost function against the variation in design
discharge.

By means of the Consultant’s hydropower optimization program HPC
(Hydro Power Costing) the design of the project components and the
corresponding cost estimate was performed. In order to allow for the
comparison between the different considered project configurations, the
different dam sites and the operating regimes were considered.

This procedure was applied to powerhouse design discharges in the range
from 55 to 105 m*/s, with 10 m*/s increments.

For each considered installed discharge at the HPP Sharmai, the design of
the project components was adjusted and a bill of quantities was established
to estimate the total costs for each alternative. Estimation of costs was
performed for the given set of site specific conditions such as topography,
hydrology and at the present stage available geological information. The
main design parameters, defined in the previous chapters represented the
most relevant input to the preliminary cost estimate. These are:

e Water levels (reservoir levels and tailwater curve)

e Reservoir’s area and volume curve

e Discharges (powerhouse, diversion flood, spillway design flood)

‘s Access to the power plant components

e Dam: type, height, inclination of abutments, side slopes, sealing measure,
assumed depth of foundation, etc.

e River diversion concept: tunnel geometry, cofferdam heights and types

o Spillway: type, number of gates, discharge capacity, length of chute, etc.

¢ Energy dissipation structure and the related geometry

‘o Power intake structure

» Pressurized waterways (tunnels, surge shafts and pressure shafts): length,
geometry, design particulars :

e Powerhouse (civil works, number and type of units, hydro- and electro-
mechanical equipment, hydraulic steel structures)

s Tail race ' :

s Transmission line (25 km, preliminarily estimated)

¢ Costs for the implementation of mitigation measures for environmental
and social impacts

¢ Indirect costs.
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For all components listed above, data collected during field visits and the
conclusions derived during the previous project stage were applied; design
parameters optimized in the present stage, were considered; accurate
topographic maps and the high resolution satellite photos were used; results
of the performed hydrological analysis and the geological assessment were
applied for the modeling.

For the purpose of the evaluation of the considered conceptual layouts,
certain design parameters were taken over from the performed optimization
analyses, as presented in the previous chapters and applied for all options, in
order to rationalize the number of variables and still to retain a high level of
confidence in the results. The following input parameters were considered
for the various installed discharges:

» power tunnel was designed with concrete lining and for the flow velocity
of 3.5 m/s

o geological conditions along the pressure tunnel assumed as: 10% vary
bad, 20% bad, 40% average, 20% good, 10% very good

e velocity in the steel-lined pressure shaft of 5 to 6 m/s

e 210 3 units in the powerhouse

o velocity in the tailrace tunnel of 3.5 m/s

e constant, preliminarily estimated ESIA-related costs for all alternatives.

The following table summarizes the key technical inputs to the assessment
of the construction costs for the considered alternatives.

Table 6-15: Cost estimate - key inputs; U/S site

Deslgn discherge [1m*/s) s | s | & 1 7 1 7 1 s | e | 9 | 9 | wa | 1ws
Oam height Itm 15

Dam type [, Concrete Gravity

Reservalr MWL [masl] 1260

Tallwater level fmasi] 1065

Gross head [mj, R 195

Spilway cupacity (10°000y / PMF) [mt/s) 5000

Oiversion flood Im' /2] 650

Length of access roads - new constructionfupgrade |(m) - 3000

Length of diversion tunnel tm] 310

innar diameter of diversion tunnel [m) . 9

Number of desander chambers [ 3

Design g for desander {n-1; 150% of Q} (/) Ws | o0 | 975 | w50} m2s | oo ]| 1333 | 1ase | s | 1800 [ 1525
+ Length of power tunnel 3 im] N B500

Power tunnel Inner digmater - [m) 450 | 470 | 48 | 500 | s | ses 1 sss | smw | sa0 [ 5w | 6w
Surge tank inner dismeter [ra] ‘ 15

Aength of pressure shaft {m] . . 244

Pressure fhatt inner dismeter ) 540 | 345 ] 370 1 385 | ao0 ] 15 [ axs | 440 [ 2% | aw | am
Nurmber of umits {1 3

Type of unils -] s Francis, vertical

Oownstream sufge tank Inner diameter [m}) . N 10

Length of the tallrece chaanel tm] . 50

Talirace tunnel Inner dismeter Im] w50 | 4 | ags i se0 | s | sa0 | sss | sm | s [ 5w | 600
T ion Hine [ 5

nstatled power [MW] 892 | 988 | 1063 | 47 | 13a0 | 1333 | a1s ] 107 | 188 [ 1671 T ama
Installed power {at busbars) [Mw] 865 | 951 L 1031 | wuid | 103 | 1283 | 13r7 [ w62 | a2 | wea | 7w
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Table 6-16: Cost estimate - key inputs; D/S site

LT e Sharmai Tipp D/$ $ite < Optimization and Ranking; input data table =~ . :
Dascription : Alternative: 1 2 3 4 5
Design discharge [m'/s] 60 J0 20 30 100
Dam height {m] 65

Dam type [-] Concrete Gravity

Reservoir MwL [masl] 1260

Tailwater level [masl] 1065 _
Gross head {m] 195

Spillway capacity (10'000y / PMF] {m'/s] 5000

Diversion flood [m?*/s] ) 650

Length of access roads - new-conslructlon/upgrade [m] 3000

tength of diversion tunnel {m] 360

inner diameter of diversion tunnel ' [m} 8

Numpber of desander chambers [-] 3

Design discharge for desander {n-1; 150% of Q) [m'/s| 900 | 1050 | 1200 | 1350 | 1500
Length of power tunnel [m] 7500

Power tunnel inner diameter {m) 460 | 5.00 E 5.30 f 5.65 E 6.00
Surge tank inner diameter [m)] 15

Length of pressure shaft {m) 244

Pressure shaft inner diameter ) [m] 3.40 3.8 | 370 ! 3.85 ; 4.00
Number of units -1 3 _
Type of units [-] Francis, vertical ’

Downstream surge tank inner dlameter [m) 10

Length of the tailrace channel [m] ) 750

Tailrace tunnel inner diameter [m] 460 | 500 | 530 | 565 | 600
Transmission line [km] - 25

Installed power {w] 95.1 111.3 129.4 147.0 162.1
Guaranteed capacity (P30) [Mw] 94.8 107.2 114.3 114.3 114.3

The present analysis had as the main target the assessment of the robustness
of the project’s costs against the variation in the design discharge for the
variety of options.

6.5.3 Results

The direct costs were estimated by multiplying the calculated quantities
with the assumed unit rates for the major construction activities for each
component of the project. The unit rates for civil works were derived from
tender documents and feasibility studies from similar projects in the region.
The corresponding rates were analyzed and escalated from the cost
reference dates to the current date.

The costs for hydro- and electro-mechanical equipment and hydraulic steel
structures were estimated on the basis of the extensive data from the recent
bids for similar size projects. The ESIA-related costs were preliminarily
estimated, The final budget for the implementation of the ESIA mitigation
measures will be defined at a later stage of project development. Constant
ESIA related costs were applied for all options, due to negligible influence
of the variation in installed discharge.

Besides the direct cost of the project, indirect costs (mobilization,
contingencies - physical and price and engineering and administration costs)
were estimated and added as the percentage to the direct costs of the items,
due to uncertainties attributable to the preliminary design considerations
applied in costing.
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The obtained results are intended to enable comparison of the considered
project alternatives on equal basis and to support the design optimization
process. For the finally selected design discharge, the design will be
developed to a full feasibility level and the investment cost will be
determined based on actual quantities, derived from the drawings, updated
unit rates and costs.

Detailed output tables of the HPC software for all considered prOJect
alternatives are available in Annex 1.

The following table summarizes the results obtained through the HPC
program.

Table 6-17: Optimization analysis - summary of costs (HPC, U/S site)
e SEU SOEE Shrrua) HPP 115 Slte - ston snd Racking. #11 i A
Dewcr terriativg 1 2 3 ) s [ ? [ ] [T 2
Dasigo diseharge [m*] 53 [ 65 ’ L] Ery »0 L] 90 " 100 105
Installed power Law] 89.2 98.0 1063 v a7 L0 ma LY ) 180.7 1549 1871 1A
sastalled powar {1 busbars) law) | . 863 0.3 129.3 073 1482 oM 1821 1.1
Arcess roads (musD) 12 12 12 12 12 12 12 12
ES0A measures; nification: Expropriation imusD} L. - 28 28 28 28 23 28 28 28
Dom end Splway; Power [nioke; Aiver Oversion | |musD) L1k L}1] 95 421 429 420 431 3
Sediment ok {muso) 13.4 62 22 b3 R4 us £ no
Headroce tunnel [muso) 3. 556 3 Thd 3 209 [+E] 2]
Surge tonkupirream_ [muso) 16 16 18 [X] o 17 17 14
Pressure shoft {musD] 24 31 11 14 4 37 39 40
+ ChAl Works {mus0] a0 95 ns 1ne s 120 125 12.6
Powerhoute - HES {muspy 04 05 05 [13) s 46 46 056
Powerhouse . WM 1muse) w1 s 185 03 EIE) HE] 218 23
Powerhoute . €M o Imirso) 50 ed 0y [H 3 7Y 2% 20
Tronsmasion e [musD] [13 (1) 11} 68 [1] [1) (1] [1)
~Tolrace tunnel (mush) 47 62 &6 2] 1A Té 79 [X]
Surge tonk downstream {musol 05 ] [ [ us Y 06 [ 06
.Suh Total Direct Conty imUsD| [ s 2 [ ame 1918 n15 122 21 ma any Frves 3N
Indhect Costs
Mabikz sivn (7%}, [muso) % ] s __1 123 136 2 w9 137 16.3 148 ey 17e
Minot 1Lemi sad unforesean (20%) |must) 07 P T 388 0.3 azs a“n 463 ars 4y 0.3
Engineering & Administration [5%) [muso] 138 il 144 15.3 16,2 17.0 113 ws 15.0 pLX ] 0.1
TOTAL PROJECT COST (HAT) [mysD] nry FE] 9.7 .7 ma WS 2.8 n21 e nay 2
TOTAL PROJECT COST (HPE, linewr repression) musp] 206 240.1 L8 %10 FY] 5.9 B3 we.s m2 1Ly M1
CosTperw L L LUSDAW]  28m ) 2530 2422 st | ) anme ] awr | p8 | zom | 2mE | 1

It can be seen that the project specific investments are in the range of 2,000
to 2,650 USD/kW.

For the powerhouse and waterway configurations considered, the key
equipment parameters, such as turbine and generator dimensions (runner
speed), setting, etc. are subject to variation. In practice and similarly in the
Consultant’s HPC software, these variations occur stepwise and not
continuously. Starting from a certain threshold value certain equipment
parameters remain constant unless the subsequent threshold value is reached
and the parameter increases.

This is the case, e.g. for the turbine runner speed and thus the turbine
dimensions and costs (and, subsequently, the dimensions and costs of the
powerhouse civil works and lifting equipment, for example). In particular,
the threshold value for changes in the turbine runner Speed may vary from
one turbine manufacturer to the other.

For the purpose of optimizing the installed discharge, instead of these
stepped cost characteristics, the function of cost was established by best fit
regression analysis. This approach avoids the effect of such, to a certain
extent, arbitrary definition of threshold values on the resulting optimum
installed capacity.
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Finally, the function which gives the relation between the installed
discharge and the investment costs for Sharmai HPP is established, as given
in the figure below:

Project Cost Curve
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Figure 6-57: Project cost function (U/S site)

The same analysis was performed for the D/S site,

Table 6-18: Optimization analysis - summary of costs (HPC, D/S site}

wm‘ﬁi’P?BESrﬁe e C G e T -

Optiinization and Ranking: Priiiminary Cost Estimate & ©

Descrigtion hitemativd 1 2 3 4 5
Design discharge [m¥/s) 60 20 80 90 108
Installed power Mw} 98.0 114.7 1334 1515 162.1
installed power (at busbars) [Mw] 95.1 111.3 129.4 147.0 621
Access roads {musD) t.2 12 12 1.2 1.2
ESIA measures; Indemnificotion, Expropriotion | (mUsD] 4.1 4.1 4.1 41 4.1
Do and Splitway; Pawer Intake; River Diversio] [musD] 855 85.9 86.1 86.5 86.8
Sediment tank [musD) 201 239 282 324 68
Headroce tunnel {musD) 453 539 599 678 74.5
Surge tonk upstreom [musD) 16 14 1.6 1.6 16 |
Pressure shaft [musD] 26 3.0 33 36 39
Powerhouse - CIvil Weorks [musD] 9.0 94 105 1.9 12.5
Powerhouse - HSS [muUsD] 04 04 0.5 0.5 06
Powerhouse - KM {musD) 17.2 17.5 18.5 211 218
Powerhouse - EM (musb] 16.0 173 18.7 203 =215
Tronsmission line [musD] 64 68 6.8 68 [X:]
Tailroce tunnel [musD) 4.8 5.8 64 73 8.2
Surge tank downstream {musD] 0.5 05 06 0.6 0.6
Sub Total Direct Costs [musD] 214.7 231.2 246.5 265.7 280.7
Indlrect Costs
+ Mobilization (7%} o {musD) 15.0 16.2 12.3 18.6 196
Minor items and unforeseen {20%) [musD} 42.9 46,2 49.3 53.1 56.1
Engineering & Administration (8%) [mUSD} 17.2 18.5 19.7 213 25
TOTAL PROJECT COST {HPC) [musD) 289.8 312.1 3327 358.7 3789
TOTAL PROJECT COST {HPC, linear regression) | [musD] 289.5 3120 334.5 356.9 794 |
COST per Mw i USD/kW 3.048 i 2.804 2.571 | 2440 2.338
Project Cost Curve
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Figure 6-58; Project cost function (PEDQ site)
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6.6 Preliminary Power Production Analysis

6.6.1 Methodology

In order to quantify the direct benefits attributable to the project, power
production at Sharmai HPP was preliminarily analyzed. Similarly to the
approach presented in the previous chapter, the power production estimate
was performed for the variety of installed flows, from 55 to 105 m3/s with
10 m*/s increment. !

Results of the bathymetric survey were used for the generation of the
. tailwater curve (TWC) at Sharmai plant. The TWC was simulated by means
of Hec-RAS and is presented in the figure below.

TWC Sharmai HPP
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Figure 6-59: Tailwater curve

The reservoir simulation model was based on the series of daily.reservoir
inflow values at the project site for the period 1961-2017 and did consider
the following inputs:

e Environmental minimum release

e reservoir operating water levels (maximum, minimum and flood)

e tailwater curve

e actual gross head (in daily steps)

o hydraulic losses along the power waterways

e actual (daily) flow availability and the considered installed discharges
s efficiency of the generating equipment.

As previously concluded, Sharmai HPP will operate in peaking mode, over
4 hrs/day. Due to the existence of a reservoir with daily storage capacity,
during the periods of high inflow, Sharmai HPP will be able to generate
power outside the peaking hours. However and from the perspective of the
power system, the major value the plant brings to the system is the
reliability in provision of additional capacity and energy to it.
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Therefore, Sharmai HPP shall be sized according to its envisioned peaking
role in the system and with respect to the capacity and energy it can produce
with the high guaranteed availability of 90%. For the purpose of the
subsequent optimization of the sizing of the plant, the energy generated at
Sharmai HPP is divided into groups with different characteristics:

s Peak energy, produced during the peaking time and with the capacity
guaranteed with 90% of time

e Off-peak energy, generated outside of the peaking hours and with the
lower guaranteed availability,

Results

The results of the power production analysis are visualized in the graphs
below. Same analysis was performed for both U/S and D/S sites for the
variety of the installed flows, ranging from 55 to 105 m?/s.

Reservoir water level
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Figure 6-60: Sharmai HPP - reservoir water levels oscillation, U/S site
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Figure 6-61: Sharmai HPP - capacity/operating time duration curves, U/S site

Strong seasonality in energy generation can be observed in the following

graph.
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Energy production

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

GWh

Figure 6-62: Sharmai HPP - total energy production graph, U/S site
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Figure 6-63: Sharmai HPP - peak capacity graph, U/S site

The results for the U/S and D/S site are given in the following tables.

Table 6-19; Sharmai HPP, U/S site - sumimary of energy production figures

o [ ) 4 [ T T
instatied e 1 1418 1507 1588 181 134
Installed poes fa1 bushany O DO - S 2 IR . O . T - S B ..
Guaraateed capaity{P30) o loar b owed | 1082 w2 | o2 1062
Energy production - Peak 1763 4 142 Y (Y m3
Entrgy production - bue any ang [ 30 %79 %o
Towpyp - total L0 ) o1 L . 695
Plant factor 053 oS 0.50 an [ o047

Table 6-20: Sharmai HPP, D/S site - summary of energy production figures

Optimbzation a0 RANKIAE:

Description Alternative 1 ) - . 5.

Installed power ) [MwW]) " 98.0 114.7 1334 151.5 167.1
Installed power (at busbars} [Mw] ' 95.1 111.3 129.4 147.0 162.1
Guaranteed capacity (P90} [Mw] 94.8 107.2 114.3 114.3 114.3
Energy production - Paak [GWh/y] 137.8 158.2 177.2 195.3 212.3
Energy production - Base [GwWh/y] 372.6 401.6 426.8 448.3 465.6
Energy production - Total [GWh/y] 510.4 559.8 604.0 543.6 678.9
Plant factor [-] 0.61 0.57 0.53 0.50 0.48
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The following table offers the overview to the guaranteed capacity Sharmai
project is capable to deliver, being operated over 4 hrs per day. [t is
interesting to see that, regardless to the total installed capacity at the plant,
the distribution of inflows and the daily storage character of the reservoir
limit the guaranteed capacity P90 to about 108 MW for the U/S and about
115 MW for the [)/S site..

Table 6-21: Sharmai HPP U/S dam site, guaranteed capacity P90

Installed :Production i Production | Guaranteed
Discharge
Power Peak Off-Peak iCapacity P90
[m?/s] (Mw] [Gwh/y] | [GWh/y] (MW]
55 89.2 126.6 356.9 86.5
60 ' 98.0 137.2 3731 94.5
65 106.3 147.5 388.2 100.5
70 114.7 1574 402.3 - 106.0
75 124.0 167.0 415.5 108.3
80 133.3 176.3 427.7 108.3
85 141.9 1854 439.0 108.3
S0 150.7 194.2 449.4 108.3
P90 Chart
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Figure 6-64: Sharmai HPP U/S dam site - guaranteed capacity chart (P90)

Table 6-22: Sharmai HPP D/S dam site, guaranteed capacity P90

Installed {Production:Production: Guaranteed
Discharge ,
Power Peak Off-Peak Capacity P90
[m?/s] [MW] | [GWh/y] | [GWh/y] | [Mw]
60 98.0 137.8 372.6 94.8
70 114,7 158.2 401.6 107.2
30 133.4 177.2 426.8 114.3
90 151.5 195.3 448.3 114.3
100 167.1 212.3 466.6 114.3
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6.7

6.7.1

Figure 6-65: Sharmai HPP D/S dam site - guaranteed capacity chart (P90)
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Conclusion on Sharmai hydropower project sizing

Introduction

The performed optimization analyses resulted in the definition of the most
promising technical layout for Sharmai HPP. Comparative analyses
elaborated in the previous chapters (first focusing on technical and later on
financial and economic performance of the project) served to:

¢ identify the optimum conceptual layout of the project

* define the optimum layout of the key project components

» give estimate on the expected construction costs for the variety of
installed discharges / capacities _

» estimate the revenues under various operating scenarios and

» assess the project’s resulting financial and economic performance

« perform sensitivity analyses, i.e. assess the robustness of the project’s
resulting financial and economic performance against the variation in the
main design input parameters.

The financial and economic analyses performed for all considered project
configurations in terms of installed capacity confirmed the project’s
robustness 'and the viable financial and economic performance.

Due to the limited storage capacity, which allows for a daily regulation, the
selection of the installed capacity at the plant is in function of the considered
operating time of the plarnt in the system.

Environmental and social constraints related to the envisioned project
configuration confirm the adopted water level in Sharmai reservoir of 1260
masl as the upper boundary in terms of impacts deemed acceptable and
manageable. '

The different project configurations were compared on the basis of:

e Plant factor
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¢ Economic performance
» Levelized Tariff according to NEPRA guidelines.

The following sections give summary of the results of the optimization
analyses, focusing on the dam site selection and sizing of Sharmai HPP.

6.7.2 Dam site selection

Following the conclusions elaborated in the previous chapters, the selection
of the project dam site was carried out. As concluded in the chapters 5 and
6, the D/S offers slightly higher guaranteed capacity and the overall energy
production compared to the U/S site; however, D/S site offers it under
substantially higher investment costs. The plant factors at the two sites are
almost identical.

Following the procedure elaborated in chapter 8, the financial performance
of the two sites was compared based on the levelized tariff and NPV
approach. The results are summarized in the graphs below.

Levelized Tariff Chart
11.00

10.50

16,00 .\\l-\'/‘r'—-

' == D/S site
8.50 w ——u/Ssite

Usct/kWh
o
I
=)

80.0 100.0 120.0 140.0 1600 180.0
Installed Capacity [MW)]

Figure 6-66: Sharmai HPP - dam site comparison (levelized tariff based)
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6.7.3

6.7.3.1
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NPV Chart
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Figure 6-67; Sharmai HPP - dam site comparison (NPV based)

It can be concluded that the U/S site offers comparatively better financial
performance for Sharmai HPP. Therefore, U/S site was selected as the dam
site for Sharmai HPP. The subsequent plant sizing analyses consider the
project configuration with U/S dam site.

Sizing of Sharmai HPP

Plant factor approach

The following figure shows development of plant factor with the change of
installed capacity.

Plant Factor Chart
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Figure 6-68: Plant factor chart

It can be concluded that the Plant factor analysis indicates the range of 125
to 150 MW as appropriate sizing for Sharmai HPP. Plant factor, compared
to other recent IPPs in Northern Pakistan rivers indicates a reasonable piant
factor between 0.50 and 0.55. Therefore and based solely on the plant factor
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approach, it can be concluded that the installed capacity at Sharmai HPP
shall not exceed 150 MW.

Similarly, the installed capacity at Sharmai HPP shall not be less than 125
MW — this value gives the maximum guaranteed capacity for Sharmai HPP.
Above 125 MW no additional guaranteed capacity can be achieved, but only
additional energy, as shown on the graph below.

P90 Chart
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Discharge [mfs)

Figure 6-69: Sharmai HPP - guaranteed capacity chart (P90)

6.7.3.2 NPV approach

NPV chart shows an increasing trend within the considered range of
installed capacities. NPV chart shows that no distinct optimum is reached on
NPV basis due to additional costs and additional energy. However, NPV has
a steeper increasing trend up to the installed capacities of about 125 MW;
after this point, the increment in NPV slightly reduces.

NPV Chart
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Figure 6-70: NPV chart

The observed increasing trend of NPV can be explained by the continuous
increase of both costs and energy production values over the considered
range of installed capacities.
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6.7.3.3

6.8

Project Cost/Energy Curve
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Figure 6-71: Project cost / energy curve

Levelized tariff approach
Finally, the results of the financial and economic analyses conclude on the
Levelized tariff (according to NEPRA guidelines) for the different
considered project configurations.
tevelized Tariff Chart I
9.00 :
? i
3 i
8.00
1.7% '
v }
1.50 . o - R . R 1
80.0 90.0 100.0 1100 12040 1300 140.0 150.0 1600 1700 18040 !
Installed Capacity [MW]
Figure 6-72: Levelized tariff chart
Project Levelized tariff over the range of the installed capacities between
125 MW and 150 MW lies between 8.5 and 8.7 Usc/kWh. The maximum
installed capacity at the plant, which maximizes utilization of hydropower
potential of the site under financially competitive conditions and with the
acceptable plant factor should be considered.
Conclusion

According to the information made available, Sharmai HPP is to be
regarded as a part of a wider plan for utilization of hydropower potential of
Panjkora River. There are 2 planned run-off river hydropower projects
located upstream of Sharmai and 4 located downstream of it.

There are two upstream located projects, namely:
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Patrak Shringal HPP, 22 MW
Kalkot Barikot Patrak HPP, 47 MW.

There are four downstream located plants, namely:

Saidabad HPP, 49 MW

Wari HPP, 35 MW

Shalfalam HPP, 60 MW

Khal Barun HPP, 65 MW

Koto HPP, 41 MW, 126 m*/s installed flow (Public Sector Under
construction project).

Based on the results of the performed analyses, the alternative with the
design discharge of 90 m*/s was selected, giving an output in the range of
150 MW at Sharmai HPP. Such sizing is recommended from technical and
financial aspects, due to following reasons:

maximization of energy generation, installed and guaranteed plant
capacity

maximize utilization of natural hydropower potential the project site
offers

reasonable levelized tariff

appropriate plant factor,

The proposed sizing of Sharmai HPP confirms the results of the previous
studies, which concluded on 150 MW as of the optimum capacity at the
plant.

The adopted conceptual layout and the recommended sizing for Sharmai
HPP represent the subjects to development to full feasibility study level
design.
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7. Feasibility Design -

7.1

7.2

7.2.1

722

Introduction

The following chapter describes the adopted feasibility level design of civil
works and equipment and summarizes the findings of the energy production

analyses, cost estimate and implementation plan for Sharmai hydropower
project.

The present document provides results of the additional and more accurate
analyses, based on the detailed topographic maps, geological investigations,
hydrological and sediment studies and design drawings. The analyses
reported under this chapter are accorded to the conclusions and constraints
as per the ESIA Report, prepared by Hagler Bailly, the ESIA consultant.

Design of Civil Works

General

Sharmai HPP will have the following general configuration:

Dam

reservoir, capable to be operated as a daily storage, with the maximum
operating level at 1260 mas! and minimum operating level at 1255

a concrete dam with the integrated gated spillway and a stilling basin
a diversion tunnel at the right abutment

an open air desander with 3 chambers designed to 50% installed
powerhouse flow each '

system of power waterways

1. power intake

2. low pressure power tunnel

3. surge tank

4. steel lined vertical pressure shaft

cavern powerhouse, equipped with 3 vertical Francis units
downstream surge tank

pressurized tailrace tunnel

transmission line to Chakdara Substation

access roads

construction camps, quarry and depo sites and other temporary facilities.

Sharmai dam is a concrete gravity structure, which shall accommodate gated
spillway block, bottom outlet block and the block with the inlets to sediment
tanks. The dam shali have top width of 8m at the elevation 1265 masl and a
vertical upstream face. Dam shall be founded on sound rock. Due to
weathering, grout curtain performed from a grouting gallery placed
throughout the length of the contact with the base rock will be provided.
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The bottom outlet block is placed in between the spillway and the sediment
tank blocks, allowing flushing of the sediments deposited in front of the
power intake and draw down of the reservoir in case needed.

Dam width in the crest is about 150 m.

|

Figure 7-1: Dam section

7.2.3 Spillway and Stilling Basin

Sharmai Spillway shall provide enough discharge capacity to allow release
and dissipation of energy of flows up to PMF. The spillway will be
equipped with 3 radial gates, each with a flap gate on top, capable of release
of floating debris. The spillway sill is placed at the elevation 1245 masl, i.e.
10 m below the minimum OWL in the reservoir. Such configuration allows
for flushing of the sediments accumulated in the reservoir and ensures that
the reser.oir active storage stays available throughout the project’s lifetime.

Spillway will be equipped with 3 radial gates (WxH = 10.5 x 15.5 m).
Sizing of the spillway was performed in line with the adopted design criteria
provided. The following figure shows the results of the hydraulic analysis

for Sharmai Spillway.

The following figure shows the discharge capacity of Sharmai Spillway.
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Figure 7-2: Spillway capacity curve

Due to the expected role in reservoir flushing, top layer of the spillway crest
and of the chute shall be covered with abrasion resistant concrete.

Spillway design

n= number of fields
bp= Im pier width
cq= 0.48 creager discharge coeff.
Hus= 1260 masl! max water level
Hsp= 1245 masl spillway sill lavel
H= 15 m
B= 8§82 m required net spillway field width
Bfin= Sm adopted value
Q= 2180 mY's discharge (n-1)
Her= 6.05 m critical depth on the spiltway
Acr= 163.37 m? critical flow area
Fr= 1.00 froude nr
ver= 13.34 m/s critical velocity
Piers effect
wes= 440 m/s velocity in the reservoir
"He= 15.99 m energy laval in the reservoir
kp= 0.01 shape coeff. (USBR, 1987)
kb= 0.1 contraction coeff
Btot= 1028 m required field width (Creager 1961)
Bfin= 0.5 m adopted field width
HQ1.000= 2223 m¥/s total spillway discharge (n-1) + freeboard Q1000= 2180
HQ10.000: 3335 m¥s total spillway discharge {n) + freeboard Q10.000= 3055
PMF = 5040 m*/s check flood n gates, no freeboard Qpmf= 5040
PMF water level = 1264 .8 masi
max pressure during prf. 19.75 m
spillway design pressure: 15 m
head ratio on spillway sill: 13
constr. Width unit flow
435 123.5

Figure 7-3: Spillway design

mYs
ms
mtis

A conventional stilling basin is selected at the most suitable type for energy
dissipation. A configuration with USBR stilling basin type IV with baffles is
considered sensitive against abrasion, due to the high bedload content.
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Hydraulic calculation for the Stilling Basin is provided in the following

figure.
.
Stising Basin Design
Q= 30550 mys CisChange
Etops 1260 mast KW, usBrR [ Jrype of USBR stkng basn typs
Boegin= 2'm stkng Dasin active width at he beqirmng Wl Row 131 myym
Beng= 27Tm  shng Dasin AcEve widih i the end Fr= 484 Frovoe nr.
n= 0014 Manning's roughness coefficient Le= 8 sliling besn kength coetficiant
Tw= 1237 masi tasdwaler lovel lor the design Jischarge
Znverbed= 1228 mas! rrverbed elovanon
Spiiway Crest Section Stifiing Basin - Upsiream Section Stifling Sasin - Dowristream Section
Z8p= 1245 Masl Spiway SN elevabon Zhatt= 4211.49 masl 5.0, DOTOM elev. {Iterdtive ) her= 1093 m cnbical aepin
Fr= 100 Froude nr 1= first congated depth n2= 2429 m second conpugaled dapin
her= 10 93}m cnCal depth vi= m the stkng basin V3= 466 m's  wvelocily in s sechon
vers 1035 Vs CILCs) vaiocdy Vigors 2961 mis  COTech mé‘:cm; SQma= 105 submergence
Fr= 433 Froude ne In the N\\
* Zhazd= 1211.49 masl s b bollom elavatron
2vazd, ad__ 121100 mast adoeptet boliom elevadon
Bhuz= 27 00[m 3hANY Basn ¢ v widly

War= [ 14577|m  sulny busu kg
dbaz= [ 1500)m  vacavabon deptn
freeboard 164  m  freeboard al stiing basm
Hwal= 123700

Figure 7-4: Stilling basin design

Stilling basin is envisioned as reinforced concrete structure. Depending on
the rock conditions encountered during execution of construction works, the
option to leave stilling basin in open cut, i.e. without concrete lining shall be
investigated, as it offers certain to considerable cost saving potential.

The following figure shows the adopted design for the spillway and stilling

basin.
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Figure 7-5: Spillway and stilling basin

Due to the magnitude of flows released, it is highly recommended to carry
out physical model tests intended to confirm the proposed sizing.
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7.2.4 Sediment Tank

Sediment tank block is located close to the left dam abutment. It consists of
3 bays, each designed for 50% flow, in order to allow continuous operation
of the plant even during the periods with heavy sediment load. The design
head at Sharmai HPP of close to 200m requires the particle size of d=0.2
mm to be removed from the flow entering power waterways.

Besides flow and particle size, design of sediment tanks considered
fluctuations in the reservoir water level. Sediment tank chambers will be
equipped with gates at both ends and a flushing gate. 1t is recommended to
implement an automatic system for measuring the sediment level in the
tanks and operating the gates.

The figure below illustrates the design of sediment tank.
3-3

b

Figure 7-6;: Desander section

The following figure shows the results of hydraulic design for sediment

tanks.
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Figure 7-7: Desander design
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Due to relevance of a sediment tank to safe and reliable operation over the
project’s lifetime, it is strongly recommended to confirm the efficiency of
the sediment tank by means of physical model tests. The tests can further
conclude on the necessity to install intermediate gates for flushing of the
chambers.

7.2.5

River Diversion

River diversion is envisioned by means of a diversion tunnel, placed in the
right abutment. The design of the diversion works was governed by the
magnitude of flow to be released during construction. As concluded in the
design criteria chapter, the 10-year flood was considered as the flood

relevant for dimensioning.

An optimization analysis in respect of diameter of the diversion tunnel vs.
investment in cofferdams was performed; the results are shown in the figure

below.
Diversion Works - Design Optimization
25.00
20.00 \
a 15.00
2 \
2 10.00 AN e
- ~
—--"""_-
5.00
0.00
55 6 65 7 15 8 85 9 95 10 105 11 1i5 12 125
Tunne! Diameter [m]
Figure 7-8: Diversion works - optimization chart
Table 7-1:  River diversion works design
Optimum Costs | 7.2 Mill. EUR
Design discharge 730 m?/s
Numbaer of tunnels 1
- {Tunnel diameter 8 m

7004P02/FICHT-20378506-v4

£ " |us water leval 1244.43 ma.s.l.
o Us coffer dam - crest lavel 1245.49 m a.s.l.
E Height of US coffer dam 13.49 m
g Length of Us coffer dam 126.98 m
¥ |Volume of Us coffer dam 0.04 Million nf
1D watear level 1230 m a.s.h
Ds coffer dam - crast lavel 1231 ma.s.l
‘ Halght of Ds coffer dam 9 m
Length of Ds coffer dam 136 m
Volume of Ds coffer dam 0.021 Million
FICHTNER
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A B
i
Diversion tunnel will b%: 1bout 500 m long. After construction, it can be
either plugged or conve Ed to a sediment bypass.

Conversion of the diversion tunnel into a sediment bypass would imply
somewhat higher costs involved in a gated structure (gate and stoplogs,
access and platform/tower), which would allow the utilization of the
diversion tunnel as a flushing facility. However and as per the results of the
analysis performed in the said respect and presented in the Hydrological
Report, the option to utilize the diversion tunnel as a flushing facility is not
regarded efficient or sustainable, due to limited efficiency, abrasion and

clogging.

The following figure shows the diversion tunnel design.

.
MJ\/ '
/ im g
/ ¢ | b _
N o jl_:,'l,l g_
 S——

Figure 7-9: Diversion tunnel

It is envisioned as an unlined tunnel with the inner diameter of 8m.

7.26 Power tunnel

Power tunnel shall be 8.45 km tong. It will be excavated by drill-and-blast
technique, from both sides. Possibly and subject to the contractor’s work
plan, an intermediate adit at the tunnel chainage 7.800 m may need to be
considered.

Optimization of the Power tunnel diameter was performed for the rated

installed flow and with consideration to the lifetime costs and benefits. The
results are presented in the following table and figure.
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Table 7-2:  Headrace tunnel optimization
Energy Loss Costs (30 year horizon)
Dinntun | v, tun losses losses £nergy C, civil C, losses C,total C,30y
[m} [m/s) [m] [%%) [Gwh/y] | [mio. USD} | [mio. USD/y] | [mic. USD] ! [mio, USD)
8 1.79 2.29 1.1% 7.90 91.85 0.55 92.40 163.56
7.75 1,91 2.72 1.4% 9.36 86.20 0.66 86.85 157.58
7.5 2.04 3.24 1.6% 11.1% 80.73 0.78 81.51 152.58
7.25 2.18 3.88 1.9% 13.36 75.43 0.94 76.37 148.75
7 2.34 4.68 2.3% 16.11 70.32 1.13 71.45 146.35
6.75 2.52 5.68 2.8% 19.56 65.39 1.37 66.76 145.70
6.5 2.71 6.94 3.5% 23.92 60.63 1.67 62.31 147.25
6.25 2.93 8.56 4.3% 29.49 56.06 2.06 58.12 151.62
6 3.18 10.64 5.3% 36,66 51.66 2.57 54.23 159.65
5.75 3.47 13.35 B8.7% 46.00 47.45 3.22 50.67 172.53
5.5 3.79 16,93 8.5% 58.31 43.41 4.08 47.4% 191.91
5.25 4.16 21.69 10.8% 74.73 39.56 5.23 44.79 220.23
Tunnel Diameter Optimization {Q = 90 m?¥s)
250 H
200 — -
5 NIRRT
g 150 — : "
'E . . I ' : —Total over 30 yaary
£ 100 — Conts
I§ . P —LOSSES
: 50 : :
: 0 : r . . ‘
5 5.5 6 6.5 7 7.5 8
Tunnel Diameter {m]

Figure 7-10: Headrace tunnel optimization chart

Power tunnel shall have the following layout, whereas the particular cross-
section design details will depend on the rock class encountered, as
discussed in the Geological Report.

= . P 1 P ! E| n F| n E| 1 P 1 E| | E|

Figure 7-11: Headrace tunnel

The power inlet to the headrace tunnel was designed to assure avoidance of
air intrusion in power waterways.

FICHTNER
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Gordon's formula

= 675 m tunnel diameter
= 358 m tunnel area
v= 252 mis velocity in transition section
= 90 m?/s discharge
c= 072 coefficient for symmethric approach
= 470 m submergence
Sad= 6 m :  adopted submergence
MWL= 1260 masl maximum water leve! in-the res.
mWL= 1255 masl * minimum operating level in the res
hint= 124225 masl adopted intake inverted silt elevation

Figure 7-12: Air intrusion analysis

127 Surge tanks ';

Sharmai layout requires, two surge tanks: upstream and downstream. The
surge tanks shall accommodate for the pressure fluctuations during
hydraulic transients and assure safe and reliable operation of the plant
during sudden changes in the operating regime. The proposed design of the
surge tanks is based on the performed hydraulic transient analysis, assuming
sizing and performance characteristics of the main equipment. The costs are
calculated accordingly. ‘

The following figures illustrate the design of the surge tank.

- o /l .
e T — e
: A [ e e
. ==
1
! |
] = g
L]
] e m
i ﬂ-——“—..m T
i 1 1 1 T "
s A o
i b Tl 3
E TR — - — o — - — A
== :
— G
! i — - T
i
N
l 1-1
i
i
P : un ‘uil
= mesme
: - - [ | St Fiydropows et
L ] — :‘-‘ SURGE VARR
O — —3 Lengimdianl Sechen
- o o e T I

Figure 7-13: Surge tank design

7.2.8 Vertical shaft

Vertical shaft is envisioned as a circular vertical structure of 6.00 m inner
diameter, lined with concrete throughout the length and with steel liner.
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As hydro'-ﬂfracturing tests were not performed, steel lining throughout the
length of the vertical shaft is considered for the present level of design.

An optimization analysis with the estimated unit rates was performed in
order to define the inner diameter of the shaft. The results are presented in
the following graph.

Vertical Shaft Diameter Optimization

Q=90 m?%s
j g — Total over 30y I
| 2300 fo—om T Costa
: ; -~ Losses :
‘ 3 200 i
| jep e - S
!
000 +— e : - e T . -
45 5 55 & &5 7 75 8
Shaft Diameter [m]
Figure 7-14: Optimization of the diameter of the verticat shaft
Table 7-3:  Vertical shaft - diameter optimization
Eriemx Loss Costs (30 vear horizon)

Dinntun| v, tun losses losses Energy C, civil C. losses C.lotai C,30y
[m] _[mvs] {m] %] [GWivy] | [mio. USD] | [mio. USDty]  [mio. USD] |[mio. USD]
7.75 1.91 0,03 00% | 010 297 0.01 2.98 5.00

_I5 2.04 0.03 0.0% 0.12 2.84 0.01 285 | 484
7.25 218 004 | 00% 0.14 271 001 273 3 470

7 2.34 005 0.0% 07 259 0.01 2.60 ' 457
___6.75 252 0.06 0.0% 0.20 2.47 0.02 2.49 4.47
6.5 271 0.07 0.0% 0.25 2.35 0.02 2.7 4.40
6.25 2.93 0.09 0.0% 0.31 223 0.03 2.26 : 436

6 3.18 0.1 0.1% 0.38 212 0.03 - 2.15 4.36
575 3.47 0.13 0.1% 0.48 2.00 0.04 2.04 443
55 379 0.17 0.1% 0.61 1.89 0.05 1.94 4.58
5.25 4.16 0.22 0.1% 0.78 1.78 0.07 1.85 4.85

5 4.58 0.28 0.1% 1.01 1.68 0.09 1.76 527

The shaft will end in a manifold to the powerhouse cavern. Size of the
manifold and the distance to the other structures predominantly govern the
position of the powerhouse cavern.

7.2.9 Powerhouse cavern

Powerhouse cavern shall accommodate 3 Francis vertical units. Main cavern
shall have the following dimensions: W x H x L = 20 x 30 x 60 m, all
subject to possible small scale adjustments related to the final equipment
size. The cavern will have the assembling bay and the control rooms.

There will be a separate cavern for transformers. The caverns will be
accessible by an access tunnel from the main N-45 road. Besides access

7004P02/FICHT-20378506-v4 FICHTNER 7-10
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tunnel, there will be separate cable and aeration tunnels, connecting the
powerhouse cavern to the switchyard.

Key dimensions and the layout of the caverns and the appurtenant structures
is given in the following figures.
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Figure 7-15: Powerhouse and transformer caverns

7.2.10  Outlet tunnel

Power outlet tunnel is designed as a pressure tunnel of the same diameter as
the power tunnel. Outlet tunnel is 870 m long and assures pressure flow
under all tailwater conditions at the outlet to Panjkora river. The following
figure shows the layout and the tongitudinal section of the outlet tunnel.

cavern ’ cavern tailrace tunnel
power hoiuse surge tank xisting raad outlet structure
'l 47.99 L 10.00
‘ID.'TSM\
o iwer
- toilrace  — 4 :
105400 tunnel N\y057 50
' i
al ~ 104600 f
s \tuilmce
104135} 5755 tunnet ‘L 545.05 -l. 2617 J. 1540 -|. 10.00 _||_

Figure 7-16: Tailrace tunnet

7.2.11  Switchyard

Switchyard is designed as an open air structure, located at a plateau above
the powerhouse cavern, close to the surge tank. This option is considered as
a cost-effective solution.

Should the size of the switchyard area become critical in terms of ESIA-
related impacts (which is not indicated by the results of the ESIA study), the
switchyard concept can be changed to SF6. As such, its dimensions could be
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reduced, since the space requirements of a SF6 switchyard arrangement are
lower compared to an air insulated outdoor arrangement.

An SF6 switchgear could then either be located in the extension of the
transformer cavern or at the location envisioned for the outdoor module.

There is an access road, connecting the switchyard with the existing road N-
45. The following figure illustrates the switchyard plateau.

E

=
—

1
|
1

ARTICHYARD
Tyt

=~

Figure 7-17: Switchyard

7.2.12 Roads

The existing roads may need to be locally improved for the required heavy
duty transport during construction and installation of equipment. Where
required, new temporary and permanent roads would need to be constructed.
The new roads will be connected to the existing road infrastructure. The
construction works on the roads can be performed without affecting the
traffic on the N-45 road.

The new roads will be paved (:per;manent roads) or unpaved (temporary and
site roads). There will be'about 2.5 km of the new roads required and about
6 km of the roads would need to be upgraded. The following figure
illustrates the envisioned design of the roads.
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Figure 7-18: Roads - headworks
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Figure 7-19: Roads - powerhouse area
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Figure 7-20: Roads - typical design in fill

7.2.13  Temporary structures

Temporary structures, such as construction camps, batching plants, quarry
and landfill areas are tentatively positioned; their locations are concluded
acceptable in terms of ESIA and are located in vicinity of the existing roads.

Due to the remoteness between the headworks from other sites, the
proposed layout envisions two separate batching plants and landfills.

It is finally the contractor’s responsibility to adopt or modify the proposed
concept. The locations for the temporary structures are given in the
following figure.

* |HEADRACE TUNNEL 3 t
-EXCAVATION &
REVISION -
v

Figure 7-21: Temporary structures

The costs of all temporary site facilities are deemed covered by the
Mobilization item in BoQ. The price is in function of the contractor’s

7004P02/FICHT-20378506-v4 FICHTNER 7-15
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method statement, equipment and manpower, which may largely vary from
one contractor to another.

7.3 Design of Mechanical Equipment

7.3.1

7.3.2

7.3.2.1

7.3.2.1.1

7.3.2.1.2

General

The mechanical equipment and main mechanical auxiliaries within the
powerplant consist of following major items:

three vertical shaft Francis type turbines including hydraulic/el ectronic
turbine governors

main inlet valve in front of each turbine with auxiliaries
auxiliary mechanical systems such as

e cooling water system

¢ drainage and dewatering system

¢ heating, ventilation and air conditioning system

¢ oil treatment unit

e compressed air system

» mechanical workshop

o powerhouse overhead travelling crane

s fire fighting and detection system.

Design criteria

Hydrological and hydraulic conditions

Design discharge

Based on performed optimization analyses a plant design discharge of
90 m3/s has been determined.

Number and type of generating units

The choice for the number of generating units is driven by the following
considerations:

relation between the unit capacity and the capacity of the grid
anticipated load range of regulation between minimum and maximum
load / discharge

capacity loss during maintenance and unplanned unit outages
maintenance, spare parts, standardization of components
transportation limits (size and weight of components)

cost of the electromechanical equipment, the power waterways and the
related civil structures,

7004P02/FICHT-20378506-v4 FICHTNER 7-16
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7.3.2.2

7.3.2.2.1

7.3.2.2.2

Considering the above, a three unit arrangement is considered to be the most
appropriate and technically and economically optimized solution for a plant
discharge of 90 m?/s.

Power plant characteristics

Water levels !

The water levels shown below summarize the key hydraulic data of the
power scheme used for the layout and dimensioning of the equipment.

Reservoir

o Maximum Flood Level (MFL) el 1263.8 masl
¢ Maximum Operaiing Level (MOL) el 1260.0 masl
¢ Minimum Draw bown Level (MDDL) el 1255.0 masl
Tailwater | l

e Normal Level (3 units running at rated load) ¢l 1059.2 masl
¢ Minimum Level tl unit'running at rated load) el 1058.9 masl

o Minimum Operafing Level (1 unit running at 40%  ¢] 1058.8 masl
of rated load)

Gross and net heads

The following values are used for the design, layout and specification of the
turbines: :

Gross heads

e Maximum gross head at MOL, one unit in operation at 201.2 m
40% rated load ‘

s Maximum gross head at MOL, one unit in operation 201.1 m
¢ Maximum gross head at MOL, three units in operation 200.8 m

¢ Minimum gross head at MDDL, three units in operation  195.8 m

T o . .
The waterways of Sharmai HPP basically consist of intake, sand trap,
headrace tunnel, headrace surge tank, pressure shaft, manifold, draft tube,
tailrace surge tank, tailrace tunnel.

The results of the loss calculations led to the following values for head

losses at different discharges:
|

Head losses ‘
* One unit in operétion at 40% of rated discharge 22m
* One unit in operation at rated discharge 3.9m
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e Three units in operation at rated discharge

FS Report

7.9m

These results have been used for the determination of the net heads as

follows.

Net heads

¢ Normal maximum net head with one unit operating at

MOL and 40% of rated discharge

e Normal maximum net head with one unit operating at

MOL

199.0 m

197.2 m

e Normal maximum net head with three units operating at 1929 m

MOL

¢ Minimum net head with three units operating at MDDL

187.9 m

The rated net head for the hydraulic layout of the turbines has been set at
192.9 m. The rated net head is derived from the consideration of a three unit

operation at the normal headwater level of 1260 m a.s.l.

All main hydraulic data is summarized in the following table:

Table 7-4;  Main hydraulic data of turbine design

Characteristics = ' & % . Unit .
MFL (Maximum Flood Level) ma.s.l. 1263.8
MOL (Maximum Operating Level) m a.s.k 1260.0
MDDL (Minimum Draw Down Level) m a.s.). 1255.0
TWLmin (Tailwater Level Minimum at 40% of m a.s.l. 1058.8
rated discharge)

TWL1w (Tailwater Level at single unit ma.s.l 1058.9
operation) :
TWLsu (Tailwater Level at three unit ma.s.l 1059.2
operation)

Hgeoss (normal range) m 195.8-201.2
himin (head losses one unit operating at 40% m 22
of rated discharge)

hi1u (head losses one unit operation) m 39
hiau (head losses three units operation) m 7.9
Hrevmint {at MOL and 40% of rated discharge) m 199.0
Hret.max (at MOL and single unit operation) m 197.2
Hretrated (2t MOL and three unit operation) m 192.9
Hretminz (@t MDDL and three unit operation) m 187.9
Qplant md/s 90
Qrates (Maximum design discharge per unit) m3/s 30

7.3.3 Hydraulic design of power waterways - transient analysis

The layout of Sharmai HPP, implying the existence of relatively long
pressurized power waterways was analyzed in respect to the envisioned

7004P02/FICHT-20378506-v4 FICHTNER
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peaking role of the plant in Pakistan’s system, which requires safe and
prompt response of the units to the instantaneous changes in the operating
regime (e.g. standstill to full power, sudden shutdown or load ramping).

7.3.3.1 Waterway acceleration times (Surge Tank criteria)

The effective length of hydraulic waterways being relevant for hydraulic
transient operation is the distance from the free surface water level upstream
of the turbine to the nearest downstream free water surface, which is usually
the river.

For a project layout without surge tanks the effective length is the distance
between the power intake and the end of the tailrace tunnel, whereas for
power plant schemes with a headrace and tailrace surge tank, the effective
length is derived from the distance between the two surge tanks.

The acceleration time of water within the relevant water conduit can be used
as a first indication whether a surge tank is required or not for stable
operation of the plant. The acceleration time should not exceed a value of
2.5 seconds. If the acceleration time exceeds 2.5 seconds, the requirement
for a surge tank is rather high and needs to be investigated in further detail.

The acceleration time is determined as follows:

_ S v)
bs = / (H-g)

where

ts = acceleration time'(s)

L; = length of individual conduit reach (m)

vi = flow velocity in the individual conduit reach (m/s)
H = head (m)

g = gravity acceleration (m/s%)

Applying this formula to Sharmai HPP results in the acceleration times
presented in the tables below (without and with surge tanks).

Table 7-5:  Characteristics of Sharmai waterway without surge tanks

Length L - |- Velodityv Lxv, - | Hea
: tm] e gmgs) ] - [ms)
Headrace Tunnel ) 8500 2,5 21250,0
Pressure Shaft 200 3,2 640,0

Pressure Tunnel 870 2,5 2175,0
Water Acceleration without surge tanks

Wate :vnéy Seﬁlpn ’
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7.3.3.2

Table 7-6:  Characteristics of Sharmai waterway with headrace surge tank

Length L [-Velacityv [:% Lxv. [~ HeadH |Lxv/gx

Wa‘ter'\n!ayilsf(e e |

RS TR : ceidml -4 [mfs] b cImfs) | - [m] Is] -
Pressure Shaft 200 3,2 640,0 195,9 0,3
Pressure Tunnef 870 2,5 2175,0 195,8 1,1
Water Acceleration Time with Headrace Surge Tank 1,5

Table 7-7:  Characteristics of Sharmai waterway with headrace and tailrace surge
tank

xLengthl. ;Velodtyv: - Lxw 7 HeadH" | Lxv/gxH
ety . o S dm) s fmfsE [ Imds) c dm] sl -
Pressure Shaft 200 3,2 640,0 185,8 0,3
Water Acceleration Time with Headrace and Tailrace Surge Tank 0,3

Waterway Section

The hydraulic starting time without a surge tank would be 12.5s. When
having a headrace surge tank installed close to the downstream end of the
headrace tunnel, it reaches a value of 1.5 s being already below the
requirement of 2.5 s. Even with the headrace surge tank, the general criteria
for operability of the plant is fulfilled, preliminary transient calculation
revealed that a tailrace surge tank is required to avoid harmful negativa
pressures in the long tailrace tunnel during shutdowns, Therefore, the
tailrace surge tank is not required due to stability reasons but due to the
transient behavior of the system and resulting pressures.

With a tailrace surge tank, the water acceleration time reaches very low
values of less than 1 s.

It shall be noted that the applied head of 193. 8§ m reflects the minimum
possible gross head. This is the worst case operation with regards to
calculation of the acceleration times.

Type of surge tanks

For head race surge tank, a restricted orifice type surge shaft was selected
with a diameter of 19.0 m in order to keep the water |level fluctuations in the
surge tank as well as the pressure values at the turbine inlet within
acceptable limits. The orifice at the surge tank inlet acts as a throttle to
damp pressure fluctuations and is arranged in accordance with common
design practice.

With regards to the comparably high flow velocities at the throttle, this
section shall be steel lined to avoid damages to the concrete structure.

The tailrace surge tank will be designed as an unthrottled surge chamber. the
three tailrace tunnels leading from the generating units, will be connected
directly to the surge chamber from which the tailrace tunnel starts.
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Stability criterion

In accordance with commonly accepted international design practice, the
cross-sectional area of the surge tank has to be checked by the Thoma-
Criterion in order to ensure adequate stability of plant operation. Based on
this criterion a cross sectional area is being calculated, with which a stable
operation of the system is possible.

The Thoma-Criterion calculates the critical surge tank cross-section as
follows:

L*A,+v
Arnoma = 2 % h _
g * ho * (Hgo — ho)
Where:
AThoma = Cross section area surge tank according to Thoma (m)
L = Length of tunnel (m)
At = Cross section area tunnel (m?)
vl = Stationary velocity in tunnel (m)
g = Gravitational acceleration (m%s)
ho = Losses in tunnel (m)
Hgo = Minimum gross head at stationary conditions (m)

In order to provide a sufficient safety margin, the actual cross -sectional area
of the surge tank shall be minimum 1.5 times larger than the cross-sectional
area according to Thoma.

The stability calculations for the headrace surge tank in accordance with
Thoma are summarized in the table below.

Table 7-8:  Calcuiation results for Thoma stability eriteria

Lenght of tunnel Lt m 8500
Velocity in tunnel vt m/s 2,52
Diameter of tunnel Dt m 6,75
Cross-section area tunnel At m2 35,78
Head loss Tunnel ht m 3,90
Min head water level . 'WLHmin mas., 1255
Max tailwater level WLTmax ma.s.l 1059
Gross head . hg m 196
Athoma . Ath m2 131
Dthoma , Dth m 12,92
Dselected ) DSt m 19,00
Aproposed . ) Ast m2 283,53
saféty factorgr ittt : 3 [SERERR AR : 2516

As shown in the table abéve, with a surge tank diameter of 19.0 m, the
safety factor with regards to the Thoma stability criterion is 2.16 and
therefore adequate.

The size of the tailrace surge chamber was determined by a preliminary
transient analysis. After determination of the required size, a theoretical
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analysis of potential critical interaction and unstable operating condition
was carried out.

7.3.34 Transient calculation results

7.3.3.4.1 Main parameters

For all simulated load cases the following main p.yrameters were used:

Table 7-9:  Transient analysis - main input parameters

_Headrdde Surge Tank .~ [ i S .

e Diameter 19.0 m

* Crest level 1291.0 mas!
1207.0 masl

vertical Francis

¢ Turbine centerline 1050.5 masl

s Number of units per waterway 3

» Nominal speed 428.6 rpm

¢ Moment of inertia GD? {(generator) 675 tm?

e Rated plant discharge 90 m¥s

» Opening time (0-100% load) for one unit 25s

e Closing time {100-0% load) for one unit 8s
iT3ilrace S Urgé Tan b

e Cross-section 700 m?

s Crest level 1072.0 masl

e Bottom level 1052.0 masl

7.3.3.4.2 Load cases

For the design of the Sharmai headrace and tailrace surge tanks, different
load cases were simulated to determine the maximum up- and downsurge in
the surge tank.

Table 7-10: Transient analysis - Summary Load Cases

) Gross
HWL TWL
# L‘oad Case 1 |l Head

‘[masl] | [masl] [m]

1 | Sequential load acceptance {start-up) of 3 units
@ maximum head {maximum reservoir water 1260.0 | 1059.1 | 200.9
level and 3 units in operation)

2 | Simultaneous load rejection (emergency closing)
of 3 units @ maximum head (maximum reservoir | 1260.0 | 1059.1 | 200.9
water level and 3 units in operation)

3 | Sequential load acceptance (start-up) of 3 units
@ minimum head (minimum reservoir water leve!

1255.0 | 1060.5 | 1945
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; # ; Load Case

Ao ol \;‘Jij§

ﬁ’r’mﬁ&!

and 3 unlts in operatlon mc!udsng tallwater
impact)

4 | Simultaneous load rejection (emergency closing)
of 3 units @ minimum head (minimum reservoir
water level and 3 units in operation, including
tailwater impact)

5 | Sequential load acceptance (start-up) of 3 units
@ maximum head (maximum reservoir water
level and 3 units in operation), subsequent 1260.0 1 1059.1 | 200.9
simultaneous load rejection (emergency closing}
of all 3 units at max. tunnel velocity

6 | Sequential load acceptance (start-up) of 3 units
@ minimum head (minimum reservoir water level
and 3 units in operation, including tailwater
impact), subsequent simultaneous load rejection
{emergency closing) of all 3 units at max. tunnel
velocity

1255.0 | 1060.5 | 194.5

1255.0 | 1060.5 | 194.5

It shall be noted that for load case #3 and #4 the used tailwater level (TWL)
is 1060.5 masl. The crest level of the tailrace surge tank is defined by the
water level during unit start-ups. Since there is no unit discharge before
start-up, for this load cases, the mean annual maximum daily flow was
considered in the river (correlates to 1060.5 masl).

7.3.34.21 Headrace surge tank - maximum upsurge

To determine the maximum upsurge and the related maximum water level in
the headrace surge tank, load rejections at the maximum gross head with 3
units in operation are simulated. While load case-#2 considers the load
rejection of three units, load case #5 simulates the upsurge in the surge tank
during a sudden load rejection of all three units after a sequential start up of
all three units, at a time when the water velocity in the headrace tunnel is at .
its maximum.

The results of the transient calzculations of the headrace surge tank of load
case #2 and #5 are presented in the figures hereunder.
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Transient Calculstions Sharmai - Load Case #2
Emergency Closing 3 units @ max. head {3 unit operation)
HWL: 1260.0mas!; TWL: 1059.1masl, Closing Time: 8s; Opening Time: 25s
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Figure 7-22: Headrace Surge Tank Load Case #2 - Shut down of 3 unit @ max. head

Transient Calculations Sharmai - Load Case #5
Sequ. start-up of 3 units @ max. head (3 unit operation), Emergency Closing at max. Tunnel velocity
HWL: 1260.0masl; TWL: 1059.1masl|, Clasing Time: 8s; Opening Time: 253
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Figure 7-23: Headrace Surge Tank Load Case #5 - Start-up of 3 units @ max. head
and subsequent load rejection of 3 units @ max. headrace tunnel velocity

The maximum water level in the surge tank after a simultaneous load
rejection of all three units (load case #2) is 1282.5 m a.s.l. what corresponds
to an upsurge of 22.5 m. Under consideration of the surge tank crest
elevation of 1291.0 m a.s.l. an adequate freeboard of 8.5 m is remaining.

The maximum water level in the surge tank for load case #5 at the
maximum reservoir water level is 1289.6 m a.s.l. what corresponds to an
upsurge of 29.6 m. Under consideration of the surge tank crest elevation of
1291.0 m a.s.l. an adeguate freeboard of 1.4 m is remaining. This is the
highest upsurge of the considered load cases.
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733422 Headrace surge tank - maximum downsurge

To determine the maximum downsurge and the related minimum water
level in the headrace surge tank, subsequent load acceptance (start-up) of
the three generating units is simulated at minimum gross head in load case
#3. In load case #6, a simultaneous load rejection follows the subsequent
load acceptance and maximum tunnel velocity, what has however no impact
on the minimum headrace surge tank water level.

The results of the transient calculations of the headrace surge tank of load
case #3 are presented in the figures hereunder.

Transient Calculations Sharmai - Load Case #3
Sequ. start-up of 3 units @ min, head {3 unit operstion)
HWL: 1255.0masl; TWL: 1060.5masl, Clasing Time: 8s; Opening Time: 25s
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Figure 7-24: Headrace Surge Tank Load Case #3 - Start-up of 3 units @ min. head (3
unit operation with tailwater impact)

The minimum water level in the surge tank after a sequential load
acceptance of all three units (load case #3 and #6} is 1230.7 m a.s.l. what
corresponds to a downsurge of 24.3m. Under consideration of the surge tank
bottom elevation of 1207.0 m a.s.l. an adequate freeboard 0f 23.7 m is
remaining. This is the lowest downsurge at the considered load cases.

733423 Tailrace surge tank - maximum upsurge
To determine the maximum upsurge and the related maximum water level in
the tailrace surge tank, subsequent load acceptance (start-up) of the three

generating units is simulated at minimum gross head in load case #3.

The results of the transient calculations of the tailrace surge tank of load
case #3 are presented in the figures hereunder.
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Transient Calcutstions Sharmai - Load Case #3
Sequ. start-up of 3 units @ min. head (3 unit operation)
! HWL 1255,0masl; TWL: 1060.5mas), Closing Time: Bs; Opening Time: 255

! 1075

i 1070

5 E)

g i . T = s Tadtatt Surge Tank Frect

§ 1w 4 2 = == . S [Py rrryyw—" = = Taittace Surge Fann Boitom |
E i . . : o Vaitrate i gelan Leve) H
3 ] H . i Cpatang Unfts (it T}

Pl
15 T

Figure 7-25: Tailrace Surge Tank Load Case #3 - Start-up of 3 units @ min. head (3
unit operation with tailwater impact)

The maximum water level in the tailrace surge tank after a sequential load
acceptance of all three units (load case #3 and #6) is 1064.6 m a.s.l. what
corresponds to an upsurge of 4.1 m. Under consideration of the tailrace
surge tank crest elevation of 1072.0 m a.s.l. an adequate freeboard of 7.4 m
is remaining,.

This is the highest upsurge at the considered load cases.

7.3.34.24 Tailrace surge tank - maximum downsurge
To determine the maximum downsurge and the related minimum water
level in the tailrace surge tank, load rejections at the maximum gross head

with 3 units in operation are simulated.

The results of the transient calculations of tailrace surge tank of load case #2
are presented in the figures hereunder.
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7.3.3.4.3

Transient Calculations Sharmai - Load Case #2
Emergency Closing 3 units @ max, head {3 unit operation]

HWL: 1260.0mas!; TWL: 1059.1masl, Closing Time: 8s; Opening Time: 25s
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Figure 7-26: Tailrace Surge Tank Load Case #2 - Shut down of 3 unit @ max. head

The minimum water level in the surge tank after a simultaneous load
rejection of all three units (load case #2) is 1054.6 m a.s.l. what corresponds
to a downsurge of 4.5 m. Under consideration of the tailrace surge tank
bottom elevation of 1052.0 m a.s.l. an adequate freeboard of 2.6 m is
remaining.

This is the lowest downsurge at the considered load cases.

Water hammer analysis

For the water hammer analysis and the related maximum pressure rise at the
turbine inlet and the maximum rise of the turbine speed, the same load cases
as for the maximum up- and downsurge in the surge tanks are considered.
The speed rise was calculated for a moment of inertia for the generating
equipment GD? of 675 tm? and a closing time of 8 s was considered. The
opening time is 25 s from no-load to full-load.

The relevant load case with regards to maximum pressure rise and turbine
speed rise is load case #2 (and #5). The 1esu1ts of the calculations of this
load case are presented below.
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7.3.35

Transient Calculations Sharmal - Load Case #2
Emergency Closing 3 units @ max. head (3 unit operation)
HWL: 1260.0masl; TWL: 1059.1masl, Closing Time: 8s; Gpening Time: 25s; GD'=675tm’
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Figure 7-27: Load Case #2: Water hammer analysis
The maximum dynamic pressure at the turbine inlet level is 232.5 mWC
which corresponds to 11% pressure rise over the maximum static head at the
distributor center line of 209.5 mWC.

The maximum speed after load rejection (closing time Tc = 8 s) with a
machine having a total rotating inertia corresponding to GD? = 675 tm?
amounts to 600 rpm equivalent to 40 % speed rise over the synchronous
speed of 428.6 rpm.

Both the speed rise of 40% and the pressure rise of 11% during the
considered load cases are within acceptable and reasonable ranges for
Francis turbines (speed rise: 45%, pressure rise: 50%).

Summary and conclusions

For this preliminary and general transient analysis, basic load cases were
considered. A detailed analysis with regards to stability of the system, max.
pressure and speed rise values, maximum and minimum levels in the surge
tanks are to be done by the future contractor during a detailed design stage
under consideration of the actual operating conditions, generating unit
parameters, etc. Such a detailed analysis shall further include additional load
cases with various operations of the plane (sequenced shut downs and
restarts of different machines, etc.).

The main results of the transient analysis of the load cases considered in this
study are summarized in the table hereunder.
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Table 7-11: Summary transient calculation results
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Those results were used for the feasibility design of the related structures
and a design without special measures and restrictions in the plants
operation (fail-safe design) was considered.

The performed transient analyses confirm the technical feasibility of the
design adopted for the civil structures involved in the power waterways in
terms of the envisioned layout and role of the main generating equipment at
Sharmai HPP.

7.3.4 Turbine layout and design

7.3.4.1 Turbine discharge and power

The rated discharge of the turbine at rated net head of 192.9 m is 30.0 m¥s.
The corresponding turbine power output is:

Prratea = N7 X Qr X p X g X Hygt rated
3

m kg m
= 0.915 X 30.0—5— X 100053- X 9.8— X 192.9m
N
= 51.9 MW

Where: _
nr - turbine efficiency at rated head and max. discharge
Q, - rated discharge
p - density of water
g - gravity acceleration

The assumed turbine efficiency ny of 91.5% to 92% reflects an average
value for turbines of similar specific speed at rated net head and maximum
discharge. This value is subject to changes in connection to the final turbine
design and the related hydraulic layout and therefore may vary depending
on the final turbine supplier. .

According to the expected operational regime, the variation of head is
comparably low and therefore allows for an optimized hydraulic design of
the turbine, especially with regards to part-load operation. As a result, the
efficiency drop in part load can be minimized by the suppliers. Additionally,
the selected number of units (3 turbines) allows for an operation close to the
turbine’s best point for a large operating range respectively plant discharge.
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7.34.2

7.3.4.3

The maximum turbine power output is reached at the maximum available
net head and maximum discharge. The operation at the Maximum Flood
Level (MFL) is not considered as operational point, Therefore, the
maximum net head is reached with a single unit operating at the Maximum
Normal Operating Level of 1260.0 masl. Under consideration of the losses
of approx. 3.9 m for single unit operation, the maximum net head is 197.2 m
and therefore the maximum single unit output is:

PT,max =nr X Qr Xp X g X Huetmax
m’ kg m
=0.915 x30.0—x 1000—5x 9.8
S m )
=53.0 MW

x 197.2m

Plant installed capacity

The installed capacity of the hydropower plant is understood as the sellable
power and is measured at the high voltage site of the transformer terminals,
without deduction of the required auxiliary consumptions.

Assuming a generator efficiency of n; = 98% and a transformer efficiency
Of Nrpans= 99.5% the overall generating efficiency amounts to:

Nptant = M7 X e X Nrrans = 0.915 t0 0.92 x 0.98 x 0.995
= 89.2 % to 89.7%

The total installed capacity of the Sharmat HPP is:

Plnstaued = 3 X Npeiant X Qr X f2 X g X Hnet,3U
3

m
=3 x 0.894 x 30.0? x 1000
= 152.12 MW

kg

m
— x9.8= x 192.9m
m S

It shall be noted that the auxiliary consumption of approximately 1% of the
generating unit power (1. = 99 %) is not considered in the above plant
installed capacity. Net plant capacity amounts to 150.6 MW,

Turbine speed

The determination of the turbine layout and sizing is based on statistical
data compiled by the Consultant for similar hydraulic units to the Sharmai
HPP project. The main turbine characteristics have been established such
that all major suppliers generally can meet those criteria in order to ensure
competitive bidding.

Considering the number of generator poles and the AC current frequency of
50 Hz as well as the range of operational heads, the turbine speed has been
selected to 428.6 rpm. At this speed, the centerline of the turbine spiral
casing would have 1o be set approx. 3.0 m below the minimum tailwater
level to ensure cavitation-free operation (Submergence Hs=-3.0 m). As a
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7344

7.3.4.5

result, the maximum allowable turbine center elevation with regards to
cavitation is:

TWLiynie + Hs = 1058.9mas! — 3.0m = 1055.9masl

For the present powerplant layout, the maximum possible turbine setting
with regards to the location of powerhouse cavern, the tailrace surge tank
and the tailrace tunnel, is 1050.5 m a.s.l.. Since this level is lower than the
minimum level required with regards to cavitation the selected turbine
setting is 1050.5 m a.s.l.

Runaway speed

The runaway speed coefficient has been determined using an empirical
formula developed by BUREC which is based on the unit specific speed.
For the maximum normal static head of approx. 209.5 m, the following
applies:

» Runaway speed coefficient: fr=1.785
e Max. runaway speed: nr =n*f; = 765 rpm.

At present, the calculated maximum runaway speed has only an indicative
character. The final runaway speed will be determined during turbine model
tests, which have to be carried out by the selected turbine supplier. The
determined final runaway speed will be used for the final design and
correspondingly for stress calculations of the turbine and generator parts.

Turbine main dimensions

The size of the units is affected by the diameter of the turbine runner. This is
influenced in turn by the rotating speed of the runner. The selected speed of
428.6 rpm leads to a turbine runner diameter of approx. 1,730 mm and
determines the overall dimensions of the units as summarized hereunder:
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Runner
D3= 173 m
D1= 210 m
Hi= 0,186 m
H2= 0.58 m

Spiral case/ distributor
Agv= 185 m

B= 248 m
C= 291 m
D= 322 m
E= 251 m
= 340 m
= 27 m
W= 241 m
M= 03 m
Asv= 1,83 m

Figure 7-28: Summary main turbine dimensions
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The general design of the electro-mechanical equipment and especially of
the turbine, considers fast operating times to cope with the requirements
related to the plant’s planned peaking operation.

Within present feasibility design provisions are made for black-start and

isolated grid operation.

In the following table the main parameters are given.

Table 7-12: Main parameters of turbine layout

Sharacterisi oma
Type - Francis
Number of Units - 3
Hn,rated m 192.9
Q maximum design m3/s 3x30.0
Runner diameter mm approx. 1,730
Setting ma.s.l. 1050.5
Rated speed pm 428.6
Pr, max (1 unit operating) MW 52.8
Prratea (at rated net head and max. discharge) MW 519
Pinstailea MW 152.12
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7.3.4.6

Maintenance of turbine

The design of the turbine will consider operational aspects of inspection,
maintenance and repair. Therefore, the turbine runner will be accessible
from a manhole in the draft tube. The spiral casing, stay vanes and guide
vanes can be inspected by entering the spiral casing.

For repair works on the turbine runner, the turbine runner the turbine will be
equipped with a removable draft tube cone to enable removing the turbine
runner through the draft tube passages without dismantling the generator
rotor. A core drill in the generator and turbine shaft will allow for
installation of a rod to lower the turbine runner on a cart. The runner will be
transported on this cart through the turbine passage. On the upstream end of
the powerhouse cavern, it will be lifted by means of the powerhouse crane.

This allows for fast dismantling and replacement of the turbine runner. It
should be considered to have one spare turbine runner, allowing for iterative
repair works on the dismantled runner. This approach may also pro vide
advantages over a hard or soft-coating of the runner (to be re-considered
during detailed design phase) since repair works of coated runners are very
challenging and in general only possible in specialize workshops (or at the
manufacturers facilities).

Furthermore, the turbine auxiliaries as the guide vanes and guide vane
bearings, the shaft seal, etc. will be design for fast repilacement and
accessibility (e.g. the guide vanes will be adjustable and exchangeable
without the necessity for dismantling of the head cover or bottom ring).
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7.3.5

Regulating Mechanism

7.3.51

7.3.5.2

Design of Francis turbine

Turbine Shaft

Shaft Seal

Regulating Ring

2 g i Head Cover
Guide Vanes
Bottom Ring ;
niStay Vanes
Spiral Case
i
urbine R r
Turbine Runne Draft Tube Cone

Figure 7-29: Section of Francis Turbine with nomenclature (Source: J.W. Daily
“Hydraulic Machinery”, Engineering Hydraulics, New York, 1950)

Spiral case with stay vanes

The spiral case of welded construction serves as inlet structure to the radial
oriented stay and guide vanes, which convey the incoming water from axial
to rotational flow. The spiral case for Sharmai will be of the embedded steel
type, to bear the occurring loads and avoid any harmful vibrations.

The spiral case inlet is equipped with a manhole to permit access to the
guide vanes and turbine runner from the upstream side for maintenance
purposes.

The stay vanes provide the required strength of the structure to bear the
loads occurring from the regulation mechanism and guide bearing and
transfer the loads from the head cover to the foundations / concrete structure
below the spiral casing.

Set of hydraulically operated guide vanes

The guide vanes are made of stainless steel and are used for the regulation
of the incoming flow. The guide vane stems are supported by one lower and
two upper self-lubricating bearings, which can be adjusted, exchanged and
maintained without dismantling the head cover or bottom ring.
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7.35.3

7.3.5.4

7.3.565

A guide vane lever is clamped to each upper stem, connected to the
regulating ring with the aid of a safety link, which deflects if the closing
operation is obstructed by an obstacle in between of two neighboring guide
vanes. The regulating ring is running on a low resistance bronze or Teflon
ring with low friction. It is operated by two double acting hydraulic
servomotors.

Electronically and hydraulically operated turbine governor

The turbine is controlled by an electronic governor, which transforms each
electronic signal into a hydraulic action to be executed by the hydraulic
governor. For maintenance and commissioning purposes the governor can
be operated from the local control panel of the electronic governor, but
under normal operation it is remote controlied from the control room in the
powerhouse or from any other place to be designated.

The governor is able to start, run and stop the turbine under each operating
condition. It is able to provide at least output, speed or discharge control
functions if pre-selected by the plant operator. Furthermore, the governor is
capable of control of the reservoir water level, black start and regulation in
isolated grid/frequency. The automatic selection of the units in operation
and start/stop of the units depending on available discharge will be
performed by a joint controller function. ‘

The hydraulic governing system is equipped with a nitrogen system
consisting of an accumulator and a nitrogen bottle bank to keep the system
pressurized and ensure closing of the wicket gates in case there is no
electricity available for operation of the hydraulic pumps.

Turbine shaft

The turbine-shaft is made from high-alloy forged steel, conveying the
runner torque to the generator. The shaft shall allow for dismantling of the
head cover without dismantling the generator.

The turbine shaft (as well as the generator shaft) is hollow in the center, in -
order to permit easy quality check of the forging and the passage of a lifting
rod for dismantling of the turbine runner.

Turbine head cover

The turbine head cover is bolted to the stay ring. It encloses the fixed
labyrinths, supports the turbine shaft seal, the wicket gate mechanism
operating-ring and the upper guide vane bearings. The head cover can be
equipped with tapings for a later aeration of the runner if operation at
unfavorable operating points requires an air admission for dampening
cavitation or partial load effects. The facing plates between the guide vanes
and the head cover are made of stainless steel.
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7.3.5.6

7.3.5.7

7.3.5.8

7.3.5.9

Axial shaft seal

The axial shaft seal is supported by the turbine head cover, cooled and
sealed by clean, filtered water. During turbine operation it limits the water
exiting the turbine cover at the rotating shaft. At standstill, a pneumatic
standstill seal is inflated in order to avoid passage of water.

Guide bearing

The turbine-generator set is supported by one combined thrust and guide -
bearing on the top of the generator, one guide bearing at the bottom of the
generator and one guide bearing on the turbine head cover. The turbine
guide bearing is operated by built-up of a differential pressure, created from
the centrifugal forces acting in the oil-reservoir, clamped to the shaft.

Runner

The hydraulic profile of the runner and guide vanes has to be adapted to the
operational requirements as specified in previous sections. Particularly the
operating ranges (head and discharge) have to be duly considered and the
runner shall be designed to allow a continuous, fail-safe operation without
increased vibration, noise and draft tube pressure pulsations as well a
cavitation-free operation over the full operating range.

The runner is a welded construction of high alloy steel made of pre-
fabricated cast or forged blades and rings. Due to abrasive materials in the
water, a hard or soft-coating of the runner might be considered during the
detailed design phase. A cost analysis would need to be made if the
extension of the lifetime would justify and compensate for the additional
costs for the coating,

The runner is bolted to the turbine flange. Multi-stage labyrinth rings reduce
the losses of water and pressure. In the center of the runner a hub cover
supports the redirection of the water from radial to axial flow regime. Also
the air inlet for the optional air admission system is located inside the cover.

Bottom ring

The bottom ring directs the water from the turbine inlet to the runner cone
and houses the lower self-lubricating guide vane bearings. The bottom ring
is bolted to the runner cone at the outlet of the runner. Detachable multi-
stage labyrinth rings are bolted to the bottom ring with an appropriate
minimum difference of the hardness to those of the runner. The facing-
plates between guide vanes and bottom ring are made of high alloy stainless
steel.
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7.3.5.10 Draft tube cone and draft tube

The draft tube cone made of welded steel structure with steel-plates is bolted
on its upper side to the bottom ring and to the embedded draft tube on the
downstream side. The draft tube consists of two parts (vertically splitted)
and therefore allows for easy inspection, repair and also dismantling of
turbine runner without removal of the generator. After dismantling of the
draft tube cone, the turbine runner can be lowered on a transport cart for
removal throuzh the draft tube passage and subsequent lifting to the erection
bay if extended repair works and inspection are required.

Downstream of the draft tube cone, the embedded draft tube consisting of
the elbow and straight section. The draft tube cone is connected to the
embedded draft tube by bolted connection.

7.3.6 Main Inlet Valve

In front of each turbine one main inlet valve is installed as emergency
shutdown and repair valve of the turbine. The main inlet valves are of the
butterfly valve type, since with regard to the available head and discharge,
this type is the most cost-efficient solution. Spherical valves result in
significantly higher equipment costs and require larger dimensions for
access facilities and capacity of lifting equipment.

Opening of the valve is done by means of one or two hydraulic servomotors.
Closing is done by means of a counterweight, which closes the valve under
all flow conditions, even at blackout or runaway. The axial forces of each
butterfly valve are taken by the upstream flange of the inlet pipe. The
butterfly valve is equipped with a maintenance seal allowing for repair of
the main seal without dewatering the upstream waterways. A dismantling
piece, permitting an easy dismantling of the valve, is arranged at the
downstream side of the valve. The filling of the space between the pressure
pipe and spiral case is effectuatecl through a hydraulically operated bypass-
valve.

The inlet pipe upstream of the main inlet valves of one unit will be equipped
with a dewatering pipe with a nominal diameter of DN400 for high-pressure
dewatering, leading directly into the tailrace surge tank downstream of the
draft tube stop logs. High-pressure dewatering will allow emptylng of the
power waterways, starting from the full static head.

All three units will be equipped with a low-pressure dewatering pipe with a
nominal diameter of DN200 for emptying purposes. These dewatering lines
will be used to empty the lower headrace tunnel sections starting from a
water level corresponding to the level in the tailrace tunnel respectively the
river. The drain lines will be connected to the powerhouse drainage and
dewatering sump via the draft tube.
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Table 7-13: Main data of main inlet butterfly valves

Characteristic '~ “““/ " | Unit I
Number of Units - 3
Nominal diameter DN mm 1,950
Nominal pressure PN bar 24

7.3.7 Mechanical auxiliaries

7.3.7.1 ~Air admission system

The turbines should generally operate without aeration under all operating
conditions. However, to improve the operating conditions and to reduce
vibration at part-load conditions, aeration-taps are foreseen for a possible
later admission of air to the runner and the draft tube. The necessity is
finally depending on the supplier’s turbine design.

7.3.7.2 Lubrication oil supply system of bearings

Each turbine is equipped with one joint oil supply system for supply of
lubricating oil to all bearings. The oil will be pumped be means of one of
two redundant electrically driven oil supply pumps, which are backed up by
a high-pressure start-up pump to supply the generator axial bearing during
start-up. The heated lubrication oil will be cooled by the units’ cooling
water system.

7.3.73 Cooling water system

A cooling water system will be installed to supply sufficient cooling water
for the turbine-generator units, the hydraulic governors, lubrication oil
system, compressors, air conditioning system and any other equipment
installed that requires cooling capacity.

Each unit is equipped with a separate cooling water system and all cooling
water systems are identical. A dual cycle cooling water system is used with
a separate open raw water circuit (primary circuit) and a closed cooling
water circuit (secondary circuit) supplying cooling water to the various
equipment components. The primary and secondary cooling water circuits
are interconnected by an intermediate heat exchanger of the flat plate type.
This type of heat exchanger allows for easy dismantling and cleaning in
case of fouling, etc.

The raw water circuits receive their water from the tailrace tunnel / tailrace
surge tank by one of two centrifugal pumps (one operating and one standby)
through check valves, flow meters, maintenance valves, regulating orifices,
automatic self cleaning filters and intermediate heat exchanger and
delivered to the tailrace surge tank.
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7.3.7.4

7.3.75

The raw water is passed through two redundant self-cleaning automatic
back-flushing filters, allowing maintenance of one system in case the other
is operating. .

The closed cooling water circuit (secondary circuit) is filled with treated
water and is equipped with two redundant circulating pumps supplying the
different consumers with ccoling water and compensating the system losses.
Additional treated water for the closed circuit will only needed in case of
losses in the systerri. Therefore a make-up tank shall be instalied which will
be fed by the portable water system of the powerhouse cavern.

The cooling water systems of the three units are interconnected by one
common pipe to facilitate maintenance of the system and to allow the usage
of the primary cooling water circuit of one unit to be used for another unit.

The required cooling water amount of each cooling water system is
estimated to be approx. 0.15 m3/s.

Shaft seal water supply filter system

To reduce the leakages at the rotating shaft, each unit is equipped with a
shaft seal. This shaft seal is supplied with cooling and sealing water. Both
the cooling and sealing water will be taken from the raw water circuit of the
cooling water system on the downstream side of the back-flushing filters.
To further reduce the suspended particles and reduce wear of the sealing
elements, the sealing and cooling water for the shaft seal is passed through
an additional fine-filter prior it is lead to the shaft seal, Additional booster
pumps shall be installed if required by the used shaft seal system.

Drainage and dewatering system

One dewatering and one drainage systems will be installed in the
powerhouse cavern of Sharmai. :

The dewatering system will consist in general of the following two systems:

e High-Pressure Dewatering System: For dewatering of the waterways
upstream of the main inlet valve (down to a level corresponding to the
level in'the tailrace surge tank respectively river), a high-pressure
dewatering line will be installed at the inlet pipe of unit 1. This high-
pressure dewatering line (DN400) will directly lead into the tailrace
surge tank. i

o Low-Pressure Dewatering System: All three units will be equipped with
low pressure dewatering lines installed upstream of the main inlet valves
for emptying the lower tunnel sections / manifold starting from a water
level corresponding to the level in the tailrace tunnel respectively the
river. Additionally, each unit shall be equipped with pipes for dewatering
of the spiral cases. Both, the low-pressure dewatering lines from
upstream of the main inlet valves and from the spiral cases shall lead to
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the draft tube of the respective unit. Dewatering pipes from the draft
tubes will be connected to the powerhouse cavern dewatering sump.

The drainage system will cover the complete powerhouse cavern and all
seepage water / surface leakage at the different powerhouse cavern floors.
Additionally, all turbine shaft seal leakages and water collected on the head
cover will be collected and lead to the free level drainage sump. All
drainage water from the powerhouse as well as from the shaft seals
respectively the turbine head covers will pass through oil separators which
are expected to be located in the drainage sump. The capacity and as well as
the final location of the oil separator(s) will however be determined during a
detailed design phase.

The drainage and dewatering system will consist of two free surface sumps
sized to collect all leakage from the shaft seals and from the floor drains.

The drainage and dewatering sumps will be located between unit 1 and unit
2. Both sumps will be accessible from the drainage and dewatering floor at
el. 1047. 5 m a.s.l. by means of marine ladders. Each sump will be divided
into two chambers and both chambers will be interconnected through a pipe
and isolating valve in order to allow separation and dewatering of the
chambers for cleaning and maintenance.

In each chamber of the two sumps, two vertically aligned raw-water pumps
of the submersible type with water level switches for auto starting and
stopping will be installed. Both submersible pumps of one sump are
connected to one common discharge collector line leading to the tailrace
surge tank. The outlet of these collector lines will be located above the
maximum possible tailwater of approx. 1065 m a.s.l.

The transformer caver, located at the upstream end of the powerhouse, will
be equipped with a separate drainage system. All drainage water, including
water / oil from the transformer oil pits located below the three step-up
transformers will be lead through an oil separator for the transformer
cavern. The oil will be stored in a separate tank to cope with the amount of
oil in case of a transformer rupture and operation of the water sprinkler
system. The clean water from the transformer cavern oil separator will be
lead to the powerhouse cavern main drainage system.

Service air system (Low Pressure)

The service air system supplies pressurized air at a working pressure of

8 bar to various consumers in the powerhouse cavern, such as inflatable
standstill and maintenance seals on the turbine shaft, generator brakes and
service air take-off points located throughout the powerhouse and
transformer cavern for air supply to pneumatic tools and other equipment
used during maintenance.

The low pressure compressed air system mainly consists of two motor
driven screw type compressors, one as stand-by. The compressors will
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deliver the air to two main air receivers. From these main receivers the air
will be distributed to various consumption points in the powerhouse via
network of steel pipes. : ) :

Additionally, each unit will be equipped with a separate air accumulator for
the generator braking system. These air accumulators will also be supplied
by the main compressed air system.

The low pressure compressed air system is designed for automatic operation
with the possibility of local manual control of the individual compressors
from the local control panel.

The air receivers and the pressure accumulators are designed for normal
working pressure of 10 bar in compliance with ASME Boiler and Pressure
Vessel Code, Section VIII; Division 1 or equivalent.

Heating, Ventilation and Air-Conditioning System (HVAC)

For the powerhouse cavern complex including control room, transformer
cavern, access and power cable tunnels, a complete heating, ventilation and
air-conditioning system (HVAC) will be installed to provide sufficient flow
of air with the required conditions (temperature, humidity) to all areas so
that equipment can operate as reliably as possible and at the same time, a
safe working environment is provided for people working within those
areas. The heating, air conditioning and ventilation system must function as
an integral part of the overall fire protection and evacuation plan for the
underground complex.

In addition to the general applicable standards, the heating, ventilation and
air-conditioning system and related equipment will be designed,
constructed, erected and tested under consideration of the following
standards: '

o ASHRAE (American Society of Heating, Refrigerating and Air
Conditioning Engineers) '

¢ AMCA (Air Moving and Conditioning Association)

¢ ASRE (American Society of Refrigerating Engineers)

* NFPA (Naticnal Fire Protection Association).

The heating, ventilation and air-conditioning systemn will draw fresh air
through ducts installed in cable or access tunnels, leading to the surface. The
fresh air will be handled by two redundant air-handling units, installed in the
powerhouse cavern. After passing the air-handling units, the air will be
distributed to the different floors of the powerhouse cavern. The fresh are
will be in general supplied to the lower powerhouse levels and transferred to
higher floars through transfer grids.

From the machine hall, it will be discharged through the bus passages to the
transformer cavern and finally, via access or cable tunnels to the outside.
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The tunnel used for discharging used air will be different from the tunnel
used for drawing fresh air.

Alr circulation will be controlled by fans installed in the ventilation tunnel,
the entrance to the bus passage, the entrance to the transformer cavern and
at the exit from the transformer cavern.

The battery room in the powerhouse cavern will be equipped with two
separate exhaust fans for the exhaust of the ventilation air. The exhaust fans
will be located inside the battery room or draw the air from the battery
room. Each fan will be equipped with a self-closing non-return damper to
avoid ingress of dust and debris and to prevent backflow of air due to the
negative pressure in the battery room. The size and capacity of the
ventilation system of the battery room will be determined be in accordance
with EN 50272 Part 2. The exhaust air will not be mixed with other air
distributed in the powerhouse cavern.

The comfort levels are particularly important in those areas (the machine
hall floor and erection bay as well as the generator and turbine floor), where
men will be regularly working during plant operation or routine
maintenance.

The bus passages and transformer cavern are normally not classified as
working areas, and here the principal consideration will be to control
temperatures to meet equipment operating requirements.

The heat losses, generated by some equipment located in the cavern will be
transported by means of air flow rate which is warmed up to approx. 5 K
(degree). The outer protective sheet of the 220 kV XLPE cables will be fire-
resistant (state of the art).

Toilets, oil store / treatment, washrooms or similar rooms must be ventilated
by exhaust air ventilation systems to prevent bad smelling air.

Additionally, to the HVAC system for the powerhouse cavern, also the
switchyard building as well as the dam control building will be equipped
with a HVAC system to ensure that temperatures and humidity in those
building will stay in acceptable limits for the installed equipment and under
consideration of their use.

The heating, air conditioning and ventilation system is designed to keep the
internal temperatures in the different areas in the ranges stated in the table

hereunder:

Table 7-14: Internal temperature ranges for different areas

" A internal Air Temperature {(°C)
rea — -
Minimum Maximum
Machine Hall and Erection Bay 18 35
Lower Levels in Power House
18 35
Cavern
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Area
Control Room .
Offices ‘ ' ' 22 26
f Workshop and Stores . 18 38
Switchgear Rooms ' ) 12 35
Relay Room : L 12 30
Electronic Equipment Rooms i 18 30
Battery Rooms : 12 30
Mess Rooms ' 22 26
Toilets and Washroom 18 30
Switchyard Building 18 35
Dam Control Building - 18 35

The minimum air exchange rates for the different areas are defined in the
following table:

Table 7-15: Minimum number of air changes for different areas

Number of air
Machine Hall and Erection Bay
Lower Levels in Powerhouse 4
Cavern
Transformer Cavern and Bus 4
Passage
Electromechanical Rooms 8
Offices 6 but min. 10 Ifs per

person

Workshop 6
Battery Rooms 6
Mess Rooms 8
Toilets and Washroom 8
Switchyard Building 4
Dam Control Building 4

The HVAC system is designed in a way that no significant background
noise level is added to the area/room. The following table details the
maximum permissible noise ratings due to the air conditioning and
ventilation equipment under full load operation:

Table 7-16;: Maximum permissible noise levels for different areas

Machine Hall and Erection Bay
Lower Levels in Powerhouse

60
Cavern
Transformer Cavern and Bus 60
Passage
Electromechanical Room 60
Offices 45
Workshop and Stores 45
Mess Rooms ) 45
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7.3.7.8

7.3.79

e e [ Maxima

Tl Areal s ‘|- permissible noise -
e . e ' D level: .o
Toilets and Washroom 45

The major potential fire hazard and source of smoke and products of
combustion are the transformers and the ventilation system will minimize
the circulation of combustion products should a fire occur.

Therefore, the design of the powerhouse ventilation must be closely
coordinated with the need for the fire detection/annunciation system to react
properly in various modes of operation, depending on where the fire has
been observed or automatically detected, to ensure the safety of the
personnel and the equipment. The ventilation system must accomplish the
following:

e ensure a smoke-free route for personnel evacuation
« vent the smoke safely, efficiently and rapidly.

Fire fighting system

The power plant will be equipped with a state-of-the-art fire fighting,
detection and alarm system. This system will consist of smoke sensors,
temperature detectors, deluge valves, water sprinkler system, fire hose
cabinets, fire hoses, portable fire extinguishers, control panel.

The fire fighting equipment installed at the power plant will comprise the
following components and sub-systems:

« automatic fire fighting system based on deluge valves, water sprinkler
system, fire hoses as per NFPA

s microprocessor based fire detection and alarm system

e portable and mobile type chemical fire extinguishers.

The water for the fire fighting system will be drawn from the tailrace surge
tank and pumped by two feeder pumps of suitabie capacity into a reservoir
tank placed in or close to the powerhouse cavern, having capacity for at
least 2 hours supply of the single largest deluge in the powerhouse complex.
To build up the necessary pressure in the fire fighting water system (approx.
6 bar), two independent pumps, one electrically driven, one driven by a
diesel motor will be installed. The reservoir tank will have level switches for
automatic starting and stopping of the two feeding pumps.

In case of maintenance work in the tailrace tunnel, the tank/reservoir has to
be fed by temporary submergible pumps, installed in the river bed.

Qil treatment unit

The facilities will include a mobile oil filtration unit for purifying the
transformer oil system. The mobile high vacuum oil treatment unit is

7004P02/FICHT-20378506-v4 FICHTNER 7-44



Feasibility Study Sharmai HPP FS Report

7.3.7.10

equipped with evacuation pumps, vacuum pumps, degasifier, heaters, filters,
connecting rubber hoses etc. and any other items required for conditioning
of the oil to maintain its dielectric properties. Furthermore, one mobile
transformer oil tank of sufficient capacity is included to store oil of one
main transformer, with lifting Tugs for lifting the tank completely filled with
oil.

A separate bearing and governor oil purifying system is foreseen. Both oil
treatment units will be capable of the following functions:

o filtration, dehydration and degassing of oil supplied in drums or in a
tanker before filling into transformers, respectively into the bearing or
govemning systems

e processing of oil after long periods of use

 regeneration of oil after long periods of use to restore loss factor, surface
tension, saponification, acidity factor etc. to values approaching those of
new oil

« addition of inhibitor.

Powerhouse overhead travelling crane

The required total maximum lifting capacity of the electrical overhead
travelling (EOT) powerhouse crane is determined by the generator rotor
which will weigh around 150 tons. The weight of all other equipment to be
handled by the main hook will be much less than 100 tons. An auxiliary
hook of 10 tons capacity will be provided on the crane and will run along
the main bridge beam; this will be used for handling smaller equipment and
for normal maintenance. The present proposed capacity of the crane should
be reviewed during tender stage as soon as the suppliers confirm the actual
weight of the generator rotors.

Travelling crane rail beam elevation 1065.5 masl
Powerhouse machine hall floor elevation 1058.0 masl
Generator floor elevation ' 1052.3 masi
Turbine runner centerline elevation 1050.5 masl
Lowest powerhouse level 1046.5 masl
Span of travelling crane bridge beams Approx. 18 m
Length of travelling crane rails | Approx. 54 m
Main crane hoist capacity 150 tons
Auxiliary crane hoist capacity 10 tons
Speed of main hoist 0-12
Speed of auxiliary hoist 0-5

Speed of hoist trolley 0-10
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Speed of main travelling bridge 0-15

Power supply for hoist, trolley and, bridge 400

motors J

A list of all cranes can be found in Chapter 4.

7.3.7.11 Workshop

The power plant is located in a remote area with low infrastructure nearby.
Therefore, the maintenance and repair works to be performed will include
basic machinery like turning, milling, drilling, grinding, welding, etc.’

A suitable mechanical workshop shall be fully equipped with machine tools,
equipment and tools necessary for normal maintenance and small repair of
the turbines, generators and auxiliary equipment installed in the powerhouse
cavern, switchyard and at the power intake. The workshop shall either be
placed inside the powerhouse cavern or at a building located close to the
access tunnel at the surface.

74 Design of Hydraulic Steel Structures

741 General

The feasibility layout and design of Sharmai HPP comprises the following
main components that include hydraulic steel structures (HSS):

s gated spillway

e sand trap

* power intake

e bottom outlet

e tailrace surge tank / draft tube outlet
» tailrace tunnel outiet

e diversion tunnel.

The equipment for the gated spillway includes:

¢ three radial segment gates with hydraulic drives and hinged flap gates

¢ one set of stop logs for maintenance

e gantry crane with a capacity 25/5 t (also serving the sand trap inlet and
bottom outlet).

The equipment for the sand trap includes:

s three sets of trash rack screens

® one traversing trash rack cleaning machine

= three sand trap inlet gates of the roller type with hydraulic drives

* one set of inlet stop logs for maintenance of the inlet gates as well as for
the bottom outlet

e three sand trap outlet gates of the roller type with hydraulic drives
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e one set of outlet stop logs for maintenance of the outlet gates
¢ four flushing gates with hydraulic drives
= sand trap outlet gantry crane with a capacity 15/5 t.

The bottom outlet equipment includes:
e one submerged radial segment gate with hydraulic drive.

The power intake facilities include:
= one emergency roller gate with hydraulic drive.

The tailrace surge tank / draft tube outlet section will include these HSS
equipment:

o three sets of stop logs;

¢ one monorail hoist with a capacity of 10 t.

The tailrace tunnel outlet section will include these HSS equipment:
s two sets of stop logs.

The diversion tunne! will include the following equipment:
s one set of permanent stop logs for closing the diversion tunnel.

Hereunder all cranes which will be installed for the Sharmai HPP‘project are

listed:
- Table 7-17: Cranes and related capacities for Sharmai HPP
Expectedii e
S v *Approx: Capacitys
Powerhouse overhead travelling crane 150/10 tons
Dam ganiry ¢rane 25/5 tons
Sand trap outlet gantry crane 15/5 tons
Draft tube outlet monorail hoist 10 tons

7.4.2 Design criteria

The design of all gates, stop logs and other equipment with the appurtenant
drives has to fulfill the requirements according to the standards for hydraulic
steel structures DIN 19704 (Criteria for design and calculation) and DIN
19705 (Recommendations for the design, construction and erection of
hydraulic steel structural equipment) or equivalent British or American
standards.

Particular attention is given to the potential impact of bed load and the
expected rate of sediment and abrasive material transport in the river. An
appropriate and proven wear resistant corrosion protection system shall be
applied to all steel components exposed to water and not made of stainless
steel, This system has to comply with ISO 12 944 and ISO 4628.

7004P02/FICHT-20378506-v4 FICHTNER 7-47



Feasibility Study Sharmai HPP FS Report

The hydraulic steel structure equipment described below refers to state-of-
the-art design and international recognized standards are applied to the
design. :

7.4.3 Gated spillway

The spillway is equipped with three radial segment gates including hinged
flap gates. The radial gates are used for flood control and discharge of
excess water. Operation control of the gates is possible from a local control
building located close to the dam and remotely from the main control room
located in the power plant.

7.4.3.1 Radial segment gates

The radial segment gates are used for flood release respectively to allow
discharge of flood waters when inflows exceed the design of the power
station at full reservoir level.

The three radial gates are equipped with flap gates at the top. They are
provided to allow for periodic flushing of floating debris and trash arriving
in the reservoir and fine regulation of the reservoir water level without the
necessity of opening the main radial gate

Basic data and design criteria of the radial gates are:

Table 7-18: Basic data and design criteria of the spillway radial gates

Type Radiai gate with flap

Number of gates 3

Clear width of one spillway bay opening 10.6m

Gate height (approx.) i 15.6m

Freeboard 0.5m

Sill elevation 1245.0 masl

Maximum Operational Levet 1260.0 masl

Maximum Flood Level 1263.8 mas!

Crest elevation of the piers 1263.5 masl

Max. operation load: All hydraulic loads, dead
weights and friction loads

Hoist Qil-hydraulic

Gate normal operation speed 0.3 m/min

The gates are manufactured with class S355J0 structural steel according to
DIN EN 10025 and are designed according to DIN 19704.

Two servomotors connected to the gate arms operate each spillway radial
gate. The design and capacity of each servomoltor considers the exceptional
load case, to hold the complete radial gate, even with one failing
SErvomotor.
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7.43.2

Each radial gate is equipped with a separate hydraulic power unit, which is
located at the spiliway crest. The local control boards will be installed in the
dam control building close to the gated spillway.

In the event of main power failure, power supply to the hydraulic units will
be provided by a diesel-powered generator located at the switchyard. As an
additional backup system, each hydraulic unit is equipped with a hand pump
to move the gates. Those hand pumps are installed at the hydraulic power
unit,

The trunnion bearings for the gates are of spherical bronze bush type to
allow more flexibility of the structures. Both trunnion bearings are self-
lubricating.

The frames consist of a siil beam profiled to be tangential to the spillway
surface, and side frames consisting of a combined seal seat, and track for the
leaf side guide wheels. The seal seats/track surfaces are machined to the
tolerance permitted in DIN 19704. Side frames are extended to the top of
the spillway piers. All seal seats are of stainless steel, machined and
polished.

Spillway stop log gate

In order to enable in-situ maintenance works at the radial gates, one set of
maintenance stop logs for the spillway, to be installed upstream of the radial
gates, is provided. All stop log elements have the same shape and
dimensions and are interchangeable.

The stop logs will be installed and lifted with the dam gantry crane and a
lifting beam at balanced water level conditions between the stop logs and
the radial gate. For lifting of the stop logs, balanced water conditions are
achieved by slightly lifting the upper stop log element by means of the
gantry crane (crack opening).

The stop logs will be stored in the storage slot at the right side of the
spillway. .
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Table 7-19: Basic data and design criteria of the spillway stop logs

Type Sliding / Fixed Roller

Clear width of one spillway bay opening 10.5 m

Number of stop log sets 1

Number of stop log elements 4

Height of one stop log element approx. 3.9 m

Freeboard 0.50m

Sill elevation of stop logs 1245.0 masl

Maximum Operational Level 1260.0 masl

Maximum Flood Level 1263.8 masl

Crest elevation of the piers 1263.5 masl

Placing stoplogs Balanced water conditions

Max. operation load: All dead weights and friction loads
Sealing: At downstream side

Lifting device: Dam gantry crane and lifting beam

7.4.3.3 Dam gantry crane

One gantry crane with an approximate lifting capacity of 25/5 tons will be
installed to serve the spillway and dam. The final capacity of the crane is to
be coordinated with the design of the equipment to be handled at the dam.
The crane shall be able to travel the whole dam crest including the storage
slots and the left and right side of the dam.

The gantry crane will serve to install and lift the following equipment:

s sand trap inlet stop logs
* bottom outlet stop logs
« spillway stop logs.

Additionally, it will be used in case of repair works of the main gates at the
spillway, sand trap inlet and bottom outlet.

The basic framework and the various mechanisms comprising the crane are
designed and fabricated to permit various maneuvers, necessary during the
instaliation of the stop logs, smoothly and accurately. The motor
components producing the various movements are fitted with a .
progressively acting braking system which shall kick-in in case of any
accidental or intentional cutting off of the power supply.

The design capacity of the crane considers the dead load, which includes the
weight of all parts of the crane, except those parts specified as live load. The
maximum live load includes the lifted loads, lifting beams, lifting devices,
lower hoist block, hooks, ropes and trolley.

Lateral live loads caused by acceleration, wind, earthquake, collision forces

and braking operation have to be considered during design and
dimensioning.
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Main characteristics of the gantry crane are:

Table 7-20: Basic data and design criteria of the dam gantry crane

Rail track elevation 1263.8 masl -
Total rail track length approx. 160 m
Hoisting capacity main hoist approx. 25 tons

Hoisting speeds main hook:

normal speed 1.6 m/min
creeping speed 0.3 m/min
Hoisting capacity auxiliary hoist approx. 5 tons

Hoisting speeds auxiliary hook:

normal speed 4 m/min

creeping speed 0.5 m/min

Gantry travelling speed

normal speed 25 m/min

creeping speed 0.6 m/min

Trolley travelling speed

normal speed 15 m/min

creeping speed 0.6 m/min

Crane control

from an enclosed cabin fixed to the gantry crane frame

Design criteria

crane structure FEW# class A3
crane mechanism FEM class M2
Sand trap

Trash racks

Each of the three sand trap inlets is equipped with trash rack screens
covering the complete inlet area with a clear width of approximately 8.0 m
and a height of approximately 7.5 m each. The frames and screen segments
are fabricated from structural steel plates and sections which comply with
EN 10025 or other approved standards dealing with structural steelwork.

The design provides vibration-free performance and minimal head loss. A
clear spacing between screen bars of 60 mm is selected and will be re-
confirmed in the tender design in co-operation with the turbine
manufacturer, The screens have vertical screen bars. The edges of the bars
are designed to prevent or suppress flow induced vibration in flow direction.
The trash rack shall be designed to withstand a differential head of not less
than 18 m.

7004P02/FICHT-20378506-v4 FICHTNER 7-51



Feasibility Study Sharmai HPP : . v . FS Report

7.442

Suitable differential pressure sensors will be installed to register pressure
differentials across the screens. The sensors will trigger an alarm as soon as
the differential pressure reaches 0.05 m and will further initiate the
operation of the trash rack cleaning machine. If the differential pressure
continues to rise and reaches 0.1 m, the sensor shall initiate closing of the
sand trap inlet gate.

Trash rack cleaning machine

One common trash rack cleaning machine is used for the three sand trap
inlets. The cleaning machine is a traversing manual, semi- and automatically
operated raking machine to assure removal of debris and trash from the
fixed trash rack of the sand trap inlets. The rake is arranged to travel up and
down the screens and bring trash to the dam crest and discharge it into a
suitable trash skip trolley with the minimum of handling by the operator.

The down movement of the rake head is in the “open” position. Arriving at
the screen sill, the rake head automatically tilts to the “closed” position and
the collected trash is firmly held by the rake head when travelling upwards.
If necessary, special guide plates or bars above the top of the trash rack as
well as provisions for guiding the trash over the top of the intake and down
to the trash container are installed. The container is designed to enable
emptying easily by tilting and it travels on own rails on the inside of the
rails for the cleaning machine.

Lateral movement of the rake is ensured by the travel of the unit on the
runway rails.

The electrical controls for the raking machine allow the following modes of
operation:

« automatic operation
& semi-automatic operation
e manual operation.

A control cabinet shall be installed on the portal from where all operations
of raking can be controlled.

The rake head is of the heavy design and it needs to be ensured that the rake
can be lowered by gravitational force at least through a 0.5 m thick mat of
trash. Additionally, the cleaning machine is equipped with a hydraulic davit
for removal of oversized contamination (e.g. timber) arriving at the intake.

The main characteristics of the raking machine are as follows:
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Table 7-21: Basic data and design criteria of the trash rack cleaning machine

Mode of operation local and remote control (manual and
automatic operation)

Elevation of operation deck 1263.8 masl

Sill elevation of trash racks 12420 m a.s.l.

Height of trash rack (inclined) 124 m

Width of trash rack screens 1 10.0m

Width of rake approx. 3.5m

Rake net capacity 5tons

Sand trap inlet gate

Each of the three sand trap inlets will be equipped with a roller gate, located
downstream of the sand trap inlet stop logs. All three gates will be identical.

The sand trap inlet gates, together with the sand trap outlet gates and
headrace tunnel intake gate, will serve as emergency closing devices in case
of failures or damages in the waterways, extraordinary pressure difference at
the trash rack, etc. Additionally, the gates will control the discharge to the
three settling tanks and therefore control the operation of the sand trap.

The gates seal upstream and have ballast for gravity closure against full
flow with adequate factors of safety against hydraulic forces and friction.
The gates shall operate without failure or vibration under the most adverse
combination of hydraulic flow and mechanical resistance due to friction,
debris or other causes. Operation of the sand trap inlet gates is by hydraulic
servomotors served by three independent hydraulic power units to provide
complete independent systems and redundancy.

All gate controls and hydraulic units will be housed in the control building
at the dam. Control of the gates will be possible by remote control from the .
powerplant and by an emergency closure control button in the control
building at the dam. :

Gates will be designed, fabricated and erected in accordance with DIN
19704 as applicable. o
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Table 7-22: Basic data and design criteria of the sand trap inlet gates

Type Fixed Roller Gate
Number of gates 3 (one per settling tank)
Clear width of opening 70m

Clear height of opening 80m

Sill efevation 1242.0 masl

Max‘mum Operational Level 1260.0 masl

Maximum Flood Level 1263.8 masl

Operation

Open against max. differential
head

Close at max. flow

Max. operation load

All dead weights and friction loads

Seal position:

upstream

Operating mechanism:

Hydraulic Hoist

Sand trap outlet gate

identical.

- Each of the three sand trap outlets will be equipped with a roller gate,
* located upstream of the sand trap outlet stop logs. All three gates will be

The sand trap outlet gates, together with the sand trap inlet gates and
headrace tunnel intake gate, will serve as emergency closing devices in case
of Tatlures or dumayes 1 the watersan s, extriordiman pressure Jitterence

the trash rucks cres Additionadly | the pates will contrad the dischiage Bom

the three settling wanks to the intake chamber and theretore conurol the

operation ol the sand.

The gates scal upstream and have bailast for gravity closure against Lull

flow with adequate factors of safety against hydraulic torces and friction.

The gates shall operate without failure or vibration under the most adverse

combmution ol fndralic Tow and mechameal resistunce dee to tricton

debris or other causes. Operation of the sand trap vutlet gates 15 by hydraulic
servomotors served by three independent hvdraulic poswer units 1o provide

complete independent svstems and eedoundane

alihe dunn, Controf of the gules wiil e possible Dy reiole control trom the
powerplant and by an emergency closure control button in the control

building at the dam.

Gates will be designed, tabricated and erected inaccordance with DIN

L9704 as applicable.
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Table 7-23: Basic data and design criteria of the sand trap outlet gates

Type Fixed Roller Gate
Numher of qgates 3 {one per settling tark)
F Clear height of opnnlnq__ - 80m ]
Sill elevation ‘ 1242.0 masli
Maximum Operational Level 1260.0 mas!
Maximum Flood Level 1263.8 masl
Operation - ! Open against max. differential !
head
Close at max low
CoMAay speratien innd ’ Al dna ot and foehiea dends
Seal position : ‘ upsi{eém 7
Operating'mechanism: Hydraulic Hoist

7.44.5 Sand trap iniet and bottom outlet stop log gate

In order to dewater the sand trap inlet gates without the necessity of
lowering the reservoir for the purpose of inspection and maintenance, one
set {one for all three settling tanks) of sand trap inlet stop log gates is
provided to ?tbe installed upstream of the sand trap inlet gates. The same set
of stop logsis used as maintenance stop log gate for the bottom outlet radial
gate. Due to the higher water pressure on the bottom outlet gate, the sand
trap inlet stdp log gates are design for the pressure on the bottom outlet.

All three sand trap inlets are equipped with slots for installation of the inlet
stop log gate elements. All stop log elements are of the same type and

dimensions.
Phe siop does st be anstatiodand inted soith the dam samire crane and a
i . i e e . T RIS R F TR A
(AR TR SRR P fb e ep ! Sty of e

. - " ool 1 e
siob gl the et snde of ine dam

Rasic data and design criteria of the sand trap inlet stop logs are:

7 u04P02/FICHT-20378506-v4 FICHTNER 7-55



Feasibility Study Sharmai HPP FS Reponr

7446

Table 7-24: Basic data and design criteria for the sand trap inlet stop logs (and
bottom outlet)

Type Sliding / Fixed Roller

Clear widtn of the intake opening bays | 7.0m

Number of stop log sets 1 .
Number of stop log elements per set 3

Height of une stop log element approx. 2.7 m

Sill elevation of stop log intake 1242.0 masl

Sill elevation of stop log bottom outlet | 1232.5 masl

Maximum Operational Level 1260.0 masl

Maximum Flood Level 1263.8 masl

Crest of the piers 1265.0 m a.s.l.

Placing stoplogs Balanced water conditions

Max. operation load: - All dead weights and friction loads
Sealing: At downstream side

Lifting device: Gantry crane and lifting beam

Sand trap outlet stop log gate

In order to dewater the sand trap outlet gates without the necessity of
lowering the intake chamber for the purpose of inspection and maintenance,
one set (one for all three settling tanks) of sand trap outlet stop log gates is
provided to be installed downstream of the sand trap outlet gates.

All three sand trap outlets are equipped with slots for installation of the stop
log gate elements. All stop log elements are of the same type and
dimensions.

The stop logs will be installed and lifted with the sand trap outlet gantry
crane and a lifting beam at balanced water level conditions between the stop
logs and the sand trap outlet gate. For lifting of the stop logs, balanced water
conditions are achieved by slightly lifting the upper stop log element by
means of the ganiry crane (crack opening).

The stop logs will be stored in the storage slot at the left side of sand trap
outlet.

Basic data and design criteria of the sand trap outlet stop logs are:
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Table 7-25: Basic data and design criteria for the sand trap outlet stop logs

Type : Sliding / Fixed Roller

Clear width of the intake opening bays | 7.0m

Number of stop log sets 1

Number of stop log elements per set 3

Height of one stop log element approx. 2.7 m

Sill elevation of stop log 1242.0 masl

Maximum Operational Level 1260.0 masl

Maximum Flood Level 1263.8 masl

Crest of the piers 1265.0 m a.s.l.

Placing stoplogs Balanced water conditions
Max. operation load: All dead weights and friction loads
Sealing: At downstream side

Lifting device: Gantry crane and liting beam

Flushing gates

At the end of each settling tank a flushing gate will be provided.
Additionall)'?, a flushing gate will be instalied at the bottom of the intake
chamber to allow for dewatering.

The flushing gates shall be of the sliding type and shall be operated by
means of a hydraulic servomotor. The oil pressure for operation of the
servomotors will be from a common hydraulic power unit serving all four
flushing gates. ' ‘

Each channél in which the flushing gates are installed will be steel lined to
prevent erosion.

The flushing gates will regularly be opened for flushing of sediments from -
the sand trap. The flushing gates will be designed to allow for permanent
operation at all partial opening positions and will be capable of being
opened, closed or stopped in any intermediate position under full one side
pressure without vibration. '

The gate controls and hydraulic unit wiil be housed in the control building at
the dam. Control of the gates will be possible by remote control from the
powerplant and locally in the control building at the dam.
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Table 7-26: Basic data and design criteria of the flushing gates

Type

Sliding Gate

Number of gates

4 (one per settling tank and one for
dewatering of the intake chamber)

Clear width of opening

20m

Clear height of opening 40m

Silt elevation Approx. 1231.0 masl
Maximum Operational Level 1260.0 masl
Maximum Flood Level 1263.8 masl

Operation

At all position at maximum flow and
head

Max. operation load

All dead weights and friction loads

Seal position:

upstream

Operating mechanism:

Hydrautic Hoist

7448 Sand trap outlet gantry crane

One gantry crane with an approximate lifting capacity of 15/5 tons will be
installed to serve the sand trap outlet. The final capacity of the crane is to be
coordinated with the design of the equipment to be handled at the sand trap
outlet. The crane will be able to travel along all three sand trap outlets, the
storage slot and the handling platform on the left side of the outlet slots.

The basic framework and the various mechanisms comprising the crane are
designed and fabricated to permit various maneuvers, necessary during the
installation of the stop logs, smoothly and accurately. The motor
components producing the various movements are fitted with a
progressively acting braking system which shall kick-in in case of any
accidental or intentional cutting off of the power supply.

The design capacity of the crane considers the dead load, which includes the
weight of all parts of the crane, except those parts specified as live load. The
maximum live load includes the lifted loads, lifting beams, lifting devices,
lower hoist block, hooks, ropes and trolley.

Lateral live loads caused by acceleration, wind, earthquake, collision forces
and braking operation have to be considered during design and

dimensioning.

Main characteristics of the gantry crane are:
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Table 7-27: Basic data and design criteria of the sand trap outlet gantry crane

Rail track elevation

1263.8 masl

Total rail track length approx.

110m

Hoisting capacity main hoist

approx. 15 tons

Hoisting speeds main hook:

normal speed

1.6 m/min

creeping speed

0.3 m/min

Hoisting capacity auxiliary hoist

approx. 5 tons

Hoisting speeds auxiliary hook:

normal speed 4 m/min
creeping speed 0.5 m/min
Gantry travelling speed

normal speed 25 m/min
creeping speed 0.6 m/min
Trolley travelling speed

normal speed 15 m/min
creeping speed 0.6 m/min
Crane control

from an enclosed cabin fixed to the gantry crane frame

Design criteria

crane strudture FEM class A3
crane mechanism FEM class M2

Bottom outlet

Bottom ocutlet submerged radial segment gate

At the bottom outlet located between the sand trap inlets and the spillway, a
submerged radial segment gate wilt be installed. The radial segment gate
will be used for emptying the reservoir or as additional discharge capacity in
case of high floods. '

The gate is manufactured with class S355J0 structural steel according to
DIN EN 10025 and are designed according to DIN 19704,

Two servomotors connected to the gate arms operate the submerged radial
gate. The design and capacity of each servomotor considers the exceptional
load case, to hold the complete radial gate even with one failing servomotor.
Additionally, the gate and the hydraulic hoist will be designed to allow
permanent operation of the gate at all partial openings.

The hydraulic power unit will be located together with the local control
boards in the dam control building close to the gated spillway.
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In the event of main power failure, power supply to the hydraulic unit will
be provided by a dicsel-powered generator located at the switchyard. As an
additional backup system, the hydraulic unit is equipped with a hand pump
to move the gate. This hand pumps are installed at the hydraulic power unit.

The trunnion bearings for the gate are of spherical bronze bush type to allow
more flexibility of the structures. Both trunnion bearings are self-
lubricating,.

The frame consists of a sill and top beam profiled to be tangential to the
spillway surface, side frames consisting of a combined seal seat, and track
for the leaf side guide wheels. The seal seats/track surfaces are machined to
the tolerance permitted in DIN 19704. All seal seats are of stainless steel,
machined and polished.

Basic data and design criteria of the radial gate are:

Table 7-28: Basic data and design criteria of the bottom outlet radial gate

Type Submerged Radial Gate

Number of gates 1

Clear width of opening 65m

Clear height of opening 7.0m

Sill elevation 1232.5 mast

Maximum Operational Level 1260.0 masl

Maximum Flood Leve! 1263.8 masl

Crest elevation of the piers 1265.0 masl

Max. operation load: All hydraulic loads, dead
weights and friction loads

Hoist Oil-hydraulic

Gate normai operation speed 0.3 m/min

Power Intake

Emergency intake gate

The power intake will be equipped with a roller gate, located at the headrace
tunnel intake.

The intake gate will serve as emergency closing devices in case of failures
or damages in the waterways, extraordinary pressure difference at the trash
rack, etc.

The gate seals upstream and has ballast for gravity closure against full flow
with adequate factors of safety against hydraulic forces and friction. The

gate shall operate without failure or vibration under the most adverse
combination of hydraulic flow and mechanical resistance due to friction,
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debris or other causes. Operation of the emergency intake gate is by a
hydraulic servomotor served by an independent hydraulic power unit.

All gate controls and the hydraulic unit will be housed in the control
building at the dam. Control of the gates will be possible by remote control
from the powerplant and by an emergency closure control button in the
control building at the dam. '

Gates will be designed, fabricated and erected in accordance with DIN
19704 as applicable.

Table 7-29: Basic data and design criteria of the intake gate

Type Fixed Roller Gate
Number of gates 1
Clear width of opening 55m
Clear height of opening 6.75m
Sill elevation 1242.0 masl
Maximum Operational Level 1260.0 masl
Maximum Flood Level 1263.8 masl
Operation . Open against max. differential
‘ head
; Close at max. flow
Max. operation load All dead weights and friction loads
Seal position: upstream
Operating mechanism: Hydraulic Hoist

Tailrace Surge Tank / Draft Tube QOutlet

Draft tube stop logs gates

For maintenance and repair works on the turbines, the tailrace surge tank
and tailrace tunnel need to be sealed off by placing stop logs in the
corresponding slots located on the upstream side of the tailrace surge tank to
aliow dewatering of the spiral case and the draft tube itself.

The final dimensions of these stop logs need to be coordinated with the
hydraulic design of the draft tube and therefore with the turbine supplier.
The design pressure of the stop log gates will correspond to the maximum
water level in the tailrace surge tank. In total, three sets of stop logs will be
provided for the three generating units, to be able to dewater all units at the
same time.

The draft tube stop logs will be installed and removed under equalized
pressure conditions using an electrically driven traversing monorail hoist
with a capacity of 10t above the slots for the stop log gates at the top of the
tailrace surge tank.
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Table 7-30: Main data of draft tube stop logs

Type Sliding / Fixed Roller Type
Clear width of each gate 39m
Clear height 35m
Number of stop log sets 3
Number of elements per set | 2
Max water level in the 1064.6 masl
tafirace surge tank
Sill elevation (approx.) 1046.5 masi
Operation Open/Close under balanced no-flow condition
Lifting Device traversing monorail hoist
748 Tailrace tunnel outlet
7.4.8.1 Tailrace tunnel stop log gate
For maintenance, inspection and repair works on the tailrace tunnel and

tailrace surge tank, the tailrace tunnel needs to be sealed off by placing stop
logs in the corresponding slots at the tailrace tunnel outlet structure.

The tailrace tunnel stop logs will be installed and removed under equalized

pressure conditions using a mobile crane, running on the operating platform
level 1065.5 m a.s.l.

Table 7-31: Main data of tailrace tunnel stop logs

Type Sliding / Fixed Roller Type
Clear width of each gate 70m
Clear height 8.0m
Number of stop log sets 1
Number of elements per set | 3
Max Water Level ' 1065.0 masl (PMF)
Sill elevation (approx.) 1057.5 masl
Operation ' i Open/Close under balanced no-flow condition
Lifting Device Mobile crane
749 Diversion tunnel
7.49.1 Permanent diversion tunnel stop logs

7004P02/FICHT-20378506-v4

In order to close the diversion tunnel intake once the construction of the
dam is accomplished, oné set of permanent stop logs will be provided.
These stop logs will be installed after finalization of the construction works
at the dam and are not intended to be removed again, therefore, these stop
logs do not need to be made of steel structures providing the possibility for
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removal. As a cost-efficient alternative, simple concrete stop logs will be
used for this purpose.

Basic data and design criteria of the permanent diversion tunnel stop logs
are:

Table 7-32: Basic data and design criteria of the diversion tunnel stop logs

Clear width of diversion tunnel inlet approx. 80 m

Clear height of diversion tunne! inlet 80m

Number of stop log sets 1

Number of stop log elements per set 4

Height of one stop log element . approx. 2.0 m

Sill elevation of stop logs 1230.0 masl

Maximum Flood Level 1263.8 masl|

Placing gtob logs Balanced water head conditions
after dam construction

Max. operaftion load All dead weights and friction loads

Sealing: . At downstream side

Lifting device: : N/A

7.5 Design of Electrical Equipment

7.51 General

This chapter describes the feasibility design of the electrical equipment of
the Sharmai power station to be installed at the major project structures such
as powerhouse cavern, switchyard and dam area (intake, spillway, etc.). The
design concept is based on the assumption to interconnect the Sharmai
power station with its corresponding 220 kV switchyard to the 220 kV high
voltage grid of PESCO. A double-circuit 220 kV transmission line shall
interconnect the Sharmai switchyard with the 220 kV Chakdara substation.

The switchyard at the Sharmai power station will consist of a 220 kV
switchyard with three transformer bays for the connection of the three units
via their step-up transformers, two line bays for the connection of the
transmission line to Chakdara and ohe bus coupler bay.

The layout of the 220 kV switchyard will be based on a double-busbar
scheme, enabling the reliable operation of the power plant.

The required black-start capability of the power plant and the emergen