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SECTION I

INTRODUCTION

1.01  PURPOSE

The purpose of this Report on the Kajakai Dam, Arghandab Dam, and
the Boghra Canal Projects is to describe the design criteria, preliminary and

final designs and to present the "as constructed' drawings of the completed

structures.

1.02  AUTHORITY

a. Preliminary Investigations - Preliminary surveys and engineering

studies of Kajakai Dam, Arghandab Dam, and the Boghra Canal Projects were
made as per contract agreement, dated March 14, 1946, between the Kingdom of
Afghanistan and Morrison-Knudsen Afghanistan, Inc. Field surveys and field
investigations were made by Morrison-Knudsen Afghanistan, Inc., and engineer-
ing studies were conducted by International Engineering Company, Inc., under

a subcontract agreement. This preliminary phase of design occured between

1946 and 1949.

b. Final Design - The continuation of preliminary investigations and

final design of the three projects were made as per contract agreement, dated
April 19, 1950, between the Royal Government of Afghanistan and Morrison-
Knudsen ‘Afghanistan, Inc. As in the preliminary stage, the engineering

studies and preparation of construction drawings were subcontracted to

International Engineering Company, Inc.

A Board of Consultants, under a separate contract with the Royal
.Government of Afghanistan, collaborated with Morrison-Knudsen Afghanistan

Inc., and International Engineering Company, Inc., on the final design phase

of the subject projects.





SECTION II

DESCRIPTION OF PROJECTS

2.01 GENERAL
The design studies for the Kajakai Dam, Arghandab Dam, and Boghra
Canal Projects were divided into two major parts, i.e., preliminary and final.

a. Preliminary Design - As a basis for the preparation of contract

drawings and specifications; which were included in the preliminary design,
the following listed collection of field data and engineering studies were made:
(1) Topographic surveys of dam and reservoir sites, and canal
locations.
(2) Subsurface investigations of Kajakai and Arghandab damsites,
including_core drilling and geologic interpretation.
(3) Collection of streamflow records on the Helmand and Arghandab
Rivers.
(4) 1Investigations to determine sources and types of construction
materials.
(5) . Irrigation and power studies related to the Helmand and
Arghandab Valleys.
(6) Project planning and economic feasibility studies.
In this phase of the design, the economic and .engineering feasibility
of the projects was evaluated and the general location, size, and type of main
features were determined 1/. The preliminary design work was concluded in 1949.

.b. Final Design ~ The final design work included additional collection

of field data, revaluation of preliminary conclusions, and the preparation of

1/ " On Kargha, .Seraj, Kharwar, Kajakai, Arghandab, Surkhab, and Boghra Dams,
Afghanistan" by J. L. Savage, dated June 30, 1948 (Appendix A)

I1 -1
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construction drawings. The Board of Consultants, staffed‘by individually
prominent engineers, was actively engaged in problems involving major engineer-
ing decisions in connection with the subject projects.

In a number of instances, the final design of project Teatures
differs from the preliminary layouts shown on 1950 Contract Drawings 2/.
These differences were based upon additional information from the field, and
review of preliminary layouts by the design engineers and the Board of

Consultants. Considerations leading to the final designs and reasons for

changes, etc., in the preliminary layouts will be discussed as the Report

proceeds.
A list of special reports, consultants' reports containing specific
recommendations on design of project features, and specifications for construc-

tion of the various project features, appears in the Appendixes,

2.02 INDIVIDUAL DESCRIPTION

a. Kajakai Dam - The main features of this p;oject are an earth and
rockfill dam impounding a reservoir of 2.35 cubie kilometers (1,900,000 acre-ft)
gross storage, an ungated spillway, and a reservdir outlet works. Water
releases will be made mainly to satisfy irrigation requirements in the
Helmand Valley.

Future development of this project will involve the construction of

a gated spillway. This would result in an increase of the storage capacity
to 3.35 cubic kilometers (2,700,000 acre-ft). Construction of a hydréelectric

power plant and transmission facilities is also a future possibility.

b. Arghandab Dam - The main features of this project are an earthfill

dam impounding a reservoir of 0.492 cubic kilometers (398,000 acre-ft) of

2/ "Contract Drawings, Afghanistan" by International Engineering Company, Inc.,
dated 1948 and 1950 (Appendix C)

IT - 2
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gross storage, two (2) ungated spillways, and a reservoir outlet works. Water
releases will be made to satisfy irrigation requirements in the "Arghandab
Valley, including the Tarnak area.

Full development of this éroject will involve the future construction
of a hydroelectric power plant at the damsite, a switchyard and substation
at Kandahar, and transmission facilities.

c. Boghra Canal Project -~ This project was conceived and started before

Morrison-Knudsen Afghanistan, Inc. began operations in Afghanistan. The main
[
features are a diversion dam and a canal system with appurtenant structures.
The latter part consists of the Boghra, East Marja, and Shamalan Canals, serving

an irrigable land area of 447 square kilometers (108,950 acres).

I1 - 3
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SECTION III

KAJARKAT DAM PROJECT:

3.01 GENERAL FEATURES

a. Preliminary Design - The preliminary phase of design of the Kajakai

Dam had been completed in 1950, and the results of these earlier studies are
shown on .the Contract Drawings 3/. The following description by main features
pertains to the design as shown on these drawings and not necessarily to the
project . as subsequently constructed.

1, -Dam - The dam was designed as an earth and rockfill embank-
ment with a maximum height of 98 meters above original streambed. The top
at El 1,050 meters was 10 meters wide and 270 meters long. . The computed
slopes were 2.5;1 and 3:1 upstream, and 2:1 downstream. The section was
designed with a central impervious core of rolled earth flanked by semi-
pervious and pervious zones. Riprap protection was shown as dumped rockfill
on bofh-upstream and downstream faces., A cutoff trench under the Impervious
central core was shown to extend through sand and gravel to sound rock and
backfilled with impervious rolled earthfill.

2, Spillway - An open channel spillway was ioaated adjacent .to
the right abutment of the dam. It was toEiﬁclddea.lOl meter long uncontrol-
led concrete section with crest .at El 1,035.25 meters, a downstream apron,
and training walls., . It was designed with provisions for the future instal-

lation of crest gates to raise the maximum reservoir level to El 1,045 meters,

3/ "Contract Drawings, Afghanistan' by International Engineering Company, Inc.,

dated 1948 and 1950 (Appendix C)

I1II -1





3. Tunnels

(a) Diversion Use - Two (2) 10 meter diameter, horseshoe-

shaped tunnels were shown through the left abutment. The tunnels were
concrete-lined, spaced 60 meters apart, and were intended to serve as
diversion conduits during dam construction and as irrigation and power
tunnels after diversion. OQutlet works for release of irrigation waters
were located in the left or outer tunnel, or irrigation tunnel.

(b) Irrigation Use - The tunnel intake was shown to in-

clude a submerged trashrack with stoplog slots for emergency unwatering.

A concrete tunnel plug was to be located on an extension of the dam axis,
Release of irrigation water was to be made through three (3) steel conduits
passing through the plug. Regulating valves were located downstream from
the plug and would discharge into the tunnel.  Emergency gates were located
upstream from the valves. A concrete deflector was shown at.the downstream
portal, designed to prevent scour in the vicinity of the tunnel outlet.

(c) Power Use - A simple portal structure was shown at the
upstream end of the tunnel. Following diversion, the portal would be closed
by stoplogs. A concrete tunnel plug was located a short distance downstream.
A future high-level intake for power release was shown, connected by an
inclined shaft to the power tunnel below the plug. Provisions were made in
the design of the tunnel for the future installation of a 6.1 meter diameter
penstock. An emergency high-pressure gate was shown at the upstream end of
-the plug.

4. Power  Plant - A future power plant was planned as a con-
ventional installation of four (4) 40,560 metric horsepower (40,000 hp)

vertical-shaft reaction turbines, each direct-comnected to a 30,000 kw

III -~ 2





generator. The plant was located between the tunnel portals. The contract

drawings do not show the power plant.

b. Final Design - Final design of the Kajakai Dam project differed

from the preliminary design. These differences occurred partly because of
the revaluation of additional data received over several ensuing years, and
partially because of the Consultants' independent suggestions. The follow-
ing descriptions by main features are of the changes in design made between
the preliminary and final phases:

1. -Dam - Design changes included the following:

(a) Upstream mailn embankment slope was reduced to 2.5:1.

(b) Central impervious core thickness was reduced.

Require& depth of excavation for the cutoff trench was
accurately detérmined at elght (8) meters to sound rock.
2. - Spillyay ~ Design changes included the following:

(a) A 113 meter long unpaved rock-weir was selected.

(b) .Crest was reduced to El 1,033.5 meters.

{¢) 1Initial reservolr capacity was decreased but kept large
encough to satisfy irrigation requirements.

(d) Future gated spillway would be a separate concrete
structure located downstream from the initial rockfill
weir. This would require excavation at .the initial weir
site to El 1,030 meters.

S8pillway location was more accurately determined through a

saddle about 0.8 kilometers upstream from the dam axis.
3. . Tunnels

(a) Diversion Use - Design changes included the following:

IIT - 3
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1. Concrete lining was eliminated.
2. . Diameter of the tunnels was increased to 10.5 meters.
-Combined length of the diversion tunnels was established at

1,296 meters.

(b) Irrigation Use - Design of this feature was more ac-

curately determined and changed. .The irrigation tunnel length was es-
tablished at 720 meters. A combined trashrack and gate structure at the
upstream portal of the tunnel was equipped with a concrete bulkhead and a
fixed-wheel gate to permit closing. The gates were to be controlled from

;
El 1,050 meters.  An overhead traveling crane was provided for operating
the gate and bulkhead and for servicing the trashracks. Access to the ope-
rating deck was provided by a structural steel bridge.

Diameter of the three (3) steel conduits was established
at 2,12 meters (B4-in.). The entrances were located at the upstream faée of
the concrete plug, about 130 meters above the downstream portal. -Below the
plug the pipes were encased in concrete to discharge through regulating
valves at the downstream portal. An emergency shutoff yalve for each .conduit
was located at a concrete-lined valve chamber immediately downstream from

lthe plug.

{(c) Power Use - The length of the power tunnel was accurately
determined at 576 meters. The entrance to the future steel penstock was
located at a concrete-lined transition about 100 meters above the downstream
portal,

4. Power Plant -~ No changes were made during final design.

11T - &
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3.02 DESIGN CONSIDERATICNS

a, Dam

1. Description of the Damsite - The Kajakal damsite lies in

a narrow steep-walled gorge, which was cut by the Helmand River through a
deposit of stepped dolomitic limestone. The bedding planes of the limestone
are gently tilted. Short distances upstream and downstream from the site,
the gorge opens intc broad a¥}uvium-filled valleys. The streambed at the

damsite is composed of sand and gravel to a maximum depth of about eight

(8) meters.

2. Geology - A geologic investigation of the damsite was made
by Dr. F. A. Nickell, Consulting Geologist, June 1950 &/. His report con-
cluded that the site was suitable for the proposed dam. .The report also
suggested methods of treating the embankment foundation,

. The most 1lmportant geologic features of .the limestone are
two (2) main systems of vertical joints, gach at an angle.of .roughly 45
degrees with the dam axils, These jolnts are closely spaced near the intake
portals of the tunnel and more widely spaced elsewhere. Sealing of -these
joints to prevent excessive leakage from the reservoir presented a,major
construction problem (see paragraph 3.08, b). 1In addition, a five (5)
meter wide fault  zone below,the streambed had been uncovered by core-trench
excavation. Special treatment adopted for this condition is déscribed in
paragraph 3.08, c. o

. There 1s a seismically active area in Pakistan, nearly 320
kilometers (200 miles) from the damsite. -Dr. Nickellwconservatively recom-
mended that stru;tﬁres be_de#ignéd to resist inertia forces produced by a

ground-wave acceleration equivalent to 0.05 gravity.

4/ VGeology of the.Kajakai Damsite" by F. A. Nickell, dated August 1950
(Appendix A)

IIT - 5
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3. _Foundation Treatment - Foundation treatment included a

trench to be excavated through the sand and gravel overburden in the river.

It would extend to sound rock beneath the central foundation area. The

trench would be backfilled with impervious rolled earth. Férvious overburden

throughout the foundation area would be stripped and replaced with free-
draining material,

A grout curtain was considered along the longitudinal
centerline of the core trench, extending the cutoff into the underlying
rock., This curtain would extend 40 meters into rock at the bottom and
about half-way up on the abutments, from which peint the grout penetration
would decrease to a minimum depth of 16 meters until the top of the dam was
reached,

.Preliminary estimates were made of the number and spacing of

.the grout holes. .The required quantity of grout was estlmated from pre-

liminary data of core borings and geologlc studies. It was estimated that

primary holes extending to the bottom of the curtain would be spaced at 20

meters and grouted under a maximum pressure of 14.1 kg per sq cm (200 psi).

- Secondary holes would be drilled, in turn, midway between the primary holes

to a depth of 20 meters. Intermediate tertiary and quaternary holes would
be drilled in sequence as required. All holes were required to be approxi-
mately normal to the abutments.

Spacing of primary holes for upper part of the abutment was
estimated at 10 meters and minimum depth reduced to 12 meters. - Secondary
grout holes would extend to a maximum depth of 20 meters at the bottom and

12 meters at the abutments. :Detalls of the grout treatment are described in

IIT - 6





grouting specifications prepared by James B. Hays, Consultant on Grouting
Operations 5/. Treatment of fau1£ zones beneath the streambed and on the
right abutment.is discussed in Paragraph 3.08 c.

4. Hate;ials - During preliminary investigations, test pits
were excavated in alluvial deposits both upstream and downstream from the
damsite. The pits indicated that .abundant materlals were available for
the construction of an earth and rockfill dam embankment. . Field laboratory
tests, including grain-size analyses, compaction tests, and permeability
determinations established the suitability of available materials.

Borrow area materials were of two (2) general types: a silty
clay suitable for impervious fill and a pervious gravel containing a small
amount of silt. In addition to these materials, a considerable volume of
rockfill was available from required spillway and tunnel excavations. . The
above preliminary investigations were extended later to reveal additional
information required for final design.

Laboratory tests were required to establish the structural
properties of the earth materials. Since complete testing facilities were
not -available in Afghanistan at that time, three (3) representative samples
of impervious borrow area material were sent to a soils testing laboratory
in the United States. The following tests were perfbrmed:

(a) Compaction and penetration

(b) Specific gravity

(c) Atterberg limits

5/ "Grouting - Kajakai Dam" - Letter by James B. Hays, dated .September 22,
1950 (Appendix A)

IIL - 7
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(d) Mechanical analyses

(e) Triaxial shear

{f) Permeability

Results of these tests appear 1n a report prepared by
0. J. Porter & Company, Comsulting Engineers 6/.

Triaxial shear tests were performed on the impervious
materials. The values of the shearing resistance obtained by several
procedures were used in stability analyses for different loading conditions.
The quick shear value was used for analyzing the embankment immediately
after placement. The quick-consolidated value of the shearing resistance
was used for stability analyses under conditions applying during reservoir
drawdown. A more complete discussion of the significance of the various
shear values is presented in a report on earth dams and rockfill dams
prepared for the Govermment of Afghanistan by International . Engineering
Company, Inc. 7/.

Shear tests were performed on materials to be placed in the
gravel or rockfill zones of the embankment. Equipment for determination of
shear strengths of very coarse soils is being developed by 1éboratories of
the United States Corps of Engineers and the United States Bureau of
‘Reclamation, principal dam-building agencies of the United States Government.
Results oflthese tests to date by these agencies on materials similar to
those available in Afghanistan have indicated that an angle of internal
friction between 34 and 45 degrees may be expected. A conservative value of

35 degrees for the angle of internal friction was assumed In stability analyses.

6/ "Laboratory Tests on Soll Samples from the Borrow Area, Kajakai Dam,
Afhganistan™ by 0. J. Porter & Company, dated January 23, 1950 (Appendix A)

7/ "Report on Earth Dams and Rockfill Dams" by International Engineering
Company, Inc., dated May 1953 (Appendix A)

III - 8
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5. Fmbankment Design - At the time preliminary designs were

prepared for work under 1950 contract, test results of the structural
propertiés of borrow materials were not available. Consequently, for
estimating purposes a tentative embankment section with conservative slopes
was proposed pending completion of laboratory tests and embankment stability
studies. The preliminary section used was typical of numerous earth and

rockfill dams which have been successfully designed and bullt by the United

.States Bureau of Reclamation.

Results of subsequent laboratory tests indicated that borrow
area materials have exceptionally good structural properties. The volume
of rockfill available from required excavations was Increased when the spill-
way was enlarged to handie a greater flood. The embankment was, therefore,
redesigned to obtain a more economical section.

Seyeral cross-sections, incorporating recommendations of
members of the Board of Consultants, were studied. The development of the
final embankment section is described in the following paragraphs.

 After review of preliminary designs by the Board, Mr. J. P.
Growdon recommended that the embankment section be revised 8/. He proposed
that .two (2) cofferdams be constructed of -dumped rockfill to top El1 1,010
meters at the upstream and downstream toes of the dam. The rockfills were
to be dumped at the natural angle of repose. Since laboratory tests had
established that the permeability of the core material was low, he suggested
that a core thickness of 20 meters would be ample to prevent measurable
leakage. - The remainder of the dam was to be constructed of free-draining
sand and gravel with an upstream slope of 2.5:1 and a downstream slope of

2:1 above the cofferdams.

8/ '"Kajakai Project" - Letter by J, P, Growdon, dated March 11 and 13, 1950
(Appendix A).
IIT - 9
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1

The principalrpurpose of the cofferdams was to increase the
available head on the tunnels to compensate for increased friction losses
resulting from omission of tunnel lining (see Section 3.05). The cofferdams
would also minimize damage caused by the pccurrence of a flood exceeding
the diversion capacity of the tunnels, by creation of a quiescent pool over
the embankment area between the cofferdams.

The Board of Consultants considered the following factors:

(a) The volume of rockfill from required excavation was

insufficient and it is necessary to obtain additiomal rock-

fill material from a quarry.

(b) . Embankment construction would requireL a two (2) year

schedule. Therefore, excavation of the entire spillway

during the first season to provide rock for the cofferdams
would result in an unbalanced construction schedule and
would require additional rock-handling equipment and result
in higher costs.

It was proposed to incorporate in the design desirable
features of the preliminary section and the recommendations of the Board of
Consultants. To reduce the quantity of rockfill placement required during
the first construction season, the upstream.cofferdam, which would eventually
become a permanent part of the main dam, was eliminated and replaced by a
smaller temporary cofferdam.

. In addition, the top of the cofferdam was lowered tem (10)
meters to El 1,000 meters. Rockfill blankets, tapering in thickness toward
the top of the dam, were included on both slopes. The computed upstream

slope of the embankment was 2.25:1. - The downstream slope was 2:1 above top

III - 10





LA A A A2 A A A A A dd 44 4024423484 4 L& 2 4 & 4 Feigegegrpprgueguegs

To obtain materials meeting the grailn-~size distribution
requirements for graded filters, it would be necessary to crush, screen,
and wash materials obtalned from the borrow areas. This expensive procedure
was avoided by substituting unprocessed material for graded filters in the
transition zones. Within a horizontal distance of 20 meters from each
abutment, the transition zones were constructed entirely of impervious
material, thus increasing the length of the seepage path along the abutment
contact. The graded filter between the downstream gravel and“rqékfill
cofferdam section was eliminated. Seepage below the core was egtimated to
be negligible.

6. S;abilitz_Analy;is - The stability of the embankment slopes

was investigated by the.Swedish Method in which failure is assumed along a
circular arc.  For conservatlve analysis, the lowest values of the shearing
rFsistance obtained from triaxial shear tests were used for impervious
mpterials. A conservative angle of internal friction was assum%d for the
gfavel and rockfill =zones, based on large-scale tests of sim*lax materials
by U. 8. Government agencies. |

.The factors of safety of the slopes, as determingd by these
analyses, and for all conditions of loading, exceeded the minimym values
followed by standard American practice.

- A set of specifications and design criteria was prepared 9/.
The shearing resistance and coefficient of permeability of materials, and
the various zones assumed in design studies, are set .forth in these speci-

fications. Periodic tests on materials would be made during comstruction

9/ 'Design Criteria, Specifications, Laboratory Procedures” (for the Embank-
ment Foundaktion of the Kajakai bDam) by International Engingering Company,
Inc., dated October 1950, revised March 1952 (Appendix A).
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of the embankment to insure that these criteria were met.

1. Piezometer Installation - Design of the main dam included

details of a piezometer installation which would permit the measurement of
pore pressures in the completed embankmenf. This type of data will allow
a check to be made on the accuracy of stabilipy study assumptions.

Thirteen (13) plastic piezometer tips, embedded in tﬁe
embankment, were located at cross-section at Station 0 + 290 on the dam
axis. .The majority were located on the impervious core. Two (2) plastic
tubes from each tip were carried through the embankment to individual
compound~altitude, Bourdon-type pressure gages located in a terminal cabinet
on the left abutment at .the toe of the dam. .The tubes were to be filled
with water so that a closed hydraulic circuit would transmit water pressureg
at the tip to the gage in the cabinet. .Since air bubbles would not transmit
full pressure from the tip, means were provided to remove air from the
circuit. The plping and valve system in the cabinet would.aLlow,a‘comparg~
son of individual gage readings against a more .precise master gage. |

To facilitate shipment of the large number of small items in
the terminal well, such as gages and pipe fittings, the entire terminal well

unit is assembled in a permanent steel-insulated cabinet. . The installation

1s similar to that developed by the U. S. Bureau of Reclamatjon.

b. . Spillway

1. Preliminagy_Ipvespigatipns - Collection of streamflow records
on the Helmand River near Girishk was started by_Morrison—Knudsen Afghanistaen,
Inc., in July 1946. No previous long-term flow measurements were available.

. The 1939 flood, reported to be the largest in recent years, was investigated.

The peak discharge was estimated at 4,000 cubic meters per second (140,000 cfs)
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first construction.

The cost of additional excavation was outweighed by the

other factors and the alternate location was finally selected.

Based on the flood criteria previously mentioned, the

required maximum spillway capacity after routing was found to be approxi-
mately 12,200 cubic meters per second (430,000 cfs). Several layouts

providing this capacity were studied and are described below:

(1') With the crest elevation at about 1,035.5 meters,

the length of crest was found to be about 140 meters. The
required spillway excavation would be about 840,000 cubic
meters.

(2') Layouts were prepared for a main and an auxiliary
spillway. Final evaluvation showed the proposed layouts to
be comparatively unfavorable from both economic and con-
struction viewpoints.

(3') The spillway crest was lowered about two (2) meters,
thereby reducing the required length about thirty percent.
The reservoir capacity for the initial ungated spillway was
reduced but there still remained adequate storage to provide
regulation for many years.

The third alternative was adopted on the basis .of economy of

with a spillway crest elevation of 1,(33.5 meters and a crest length of 113.6
meters, it was found that a spillway with a capacity of 12,200 cubic meters

per second would carry the outflow safely.
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A tentative layout for the future gated structure was then
prepared. The future gated spillway would be regulated by eight (8) radial
gates, 12.19 meters (40-ft) wide by 11.22 meters (37-ft) high. Holsts
would be located on an operating deck at El 1,050 meters. The crest
structure would be located at the downstream end of the cut where minimum
additional rock excavation would be required.

This spillway should be re-examined in later years before
construction. By that time, additional hydrologic data will be available

for evaluation.

c. Tunnel Size and Alignment
1. General - The tunnels were designed for the following purposes:

(a) To divert streamflow around the damsite during con-
struction.

(b) To serve as an outlet for release of irrigation water.

{c) To provide a power conduit for use by the future power-
house,

2. Diversion Capacity - Streamflow records indicated that runoff

could be separated as follows:

(a) A period of low runoff from about July through January,
during which a maximum diversion capacity of about 140
cubic meters per second (5,000 cfs) would be required.

(b) A season of flood discharges from about February through
June. . The proposed construction schedule required two
(2) years for building the embankment. Thus, the
diversion tunnels would be required to pass the spring

floods. The determination of the diversion capacity
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The diversion capacity of the tunnels was lowered because of increased

friction losses,

However, a study of the productive capacity of the equip-

ment available for the first construction season indicated that the dam

could be brought up to El 990 meters during this period. The maximum

diversion capacity under these conditions was computed as 1,800 cubic

meters per second (63,500 cfs) without overtopping the embankment.

3. Tunnel Alipnment - In establishing the alignment of . the

tunnels the following requirements were considered:

(a)

(b)

(e)

(d)

(e)

(£)

The upstream and downstream tunnel portals must be
sufficiently removed from the dam construction area

to leave ample space for cofferdamming.

The tunnels must be carried sufficiently far into the
abutment to provide ample horizontal and vertical rock
cover. This cover must be adequate to restrain internal
water pressures,

The portal locations must result in a minimum length of
tunnel consistent with the other requirements., Portal
locations in poor rock requiring heavy timbering are to
be avoided.

Discharge from the tunnels must be directed to aveid
scour at the toe of the embankment.

The dqwnstream portal of the power tunnel should be
located at a site suitable for the future powerhouse.
The centerline distance between the two (2) tunnels
should be sufficient to avold excessive stresses in the

intervening rock.
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The final alignment differed in only minor respects from
the preliminary layout. Use of a steeper upstream slope on the dam (see
paragraph 3.03 ej permitted the upstream tunnel portals to be moved further
downstream, thereby reducing the tunnel lengths. At the recommendation of
the Board of Consultants, the tunnel alignment was moved further into the
cliff so that the inside (power) tunnel was approximately 50 meters from
the face 12/. Minor adjustments in the portal location were made by the
field engineering forces on the basis of geologlc and topographic conditions
not apparent on topographic sheets,

4, Permanent Qutlet Arrangement - A number of possible arrange-

ments for power and irrigation outlets were investigated. Basically, these
arrangements were classified as divided-purpose schemes or dual-purpose
schemes. In the divided-purpose schemes, irrigation outlets were placed in
one (1) of the two (2) tunnels and the other was reserved for future power
releases 1In the dual-purpose schemes, each tunnel was used as a combined
power and irrigation outlet. Economic comparison indicated a decided

advantage for the divided-purpose scheme, which was therefore adopted.

d. Irrigation Outlets
l.  General - The layout shown on the Contract Drawings 13/ has

been described previously (see subparagraph 3.01, 3 (b) ).

2. Intake - General - The preliminary design of the submerged

trashrack structure at the intake to the irrigation tunnel was made similar

12/ "Kajakai Project" - Letters by J. P. Growdon, dated March -1l and 13, 1950
(Appendix A)

13/ T"Contract Drawings, Afghanistan” by International Engineering Company, Inc.
dated 1948 and 1950 (Appendix <C)
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to numerous installations on U §S. Bureau of Reclamation projects. 1In
general, this type of installation has given satisfactory service. Removal
of debris from the trashracks, if necessary, would be performed by divers.
Divers would also be required for placing stoplogs at the portal opening
should it become necessary to unwater the tunnel upstream from .the plug.
Stoplog closure could be effected only if there were very little or no
flow through the tunnel.
Mr. Growdon of the Board of Consultants recommended the
following changes in design of the intake structure:
(a) Provide a means for closure of the upstream portal with
the reservoir at the maximum water surface El 1,045
ﬁeters, aﬁd with a flow of 100 cubic meters ber secoﬁd
(3.500 cfs) through the tunnel.
(b) Permit the removal of trashracks with the reservoir
at maximum elevation.

These recommendations were eventually adopted.

3. Intake Closure - Several methods for closure of the tunnel

at .the upstream portal were investigated. These methods included the use of:
(a) A steel or concrete stoplog installation.
(b) A steel hemispherical bulkhead to close .the entire portal.
{(c) A fixed-wheel gate to close the entire portal
(d) A stoplog installation for sealing .a portion of the.
opening and a fixed-wheel gate for complete closure.
To prevent excessive head losses at the portal, a sufficient
area must be maintained at the opening to limit -entrance velocities to about
6 to 7.5 meters per second (20 to 25 fps). This amounts to an .area .of about

40 square meters (430 sq ft) for maximum discharge conditions.
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In the first scheme, c¢losure of the portal by stoplogs was

not considered practicable. The high-velocity jet entering the tunnel
during placement would produce negative pressures on the underside of the
last and next-to-last sections, causing the last section to hang up. Even
a hoist or dashpots could not be expected to eliminate these balancing
difficulties with certainty.

The second scheme, a one-piece bulkhead would be likely to
hang up in the guides because éf frictional resistance due to unbalanced
hydrostatic forces on the upstream face.

In the third scheme, a fixed-wheel gate of sufficient size to
close the tumnel portal would have been about 4.27 meters (l4-ft) wide and
9.15 meters (30-ft) high. This method was found to be workable, but the
large gate and hoist would probably prove too expensive.

In the fourth scheme, the portal was divided into two (2)
openings by a concrete pier. One opening was 3.05 meters (l0-ft) wide by
9.15 meters (30-ft) high, and the other opening 1.98 meters (6.5-ft) wide
by 6.10 meters (20-ft) high, the height of the latter opening being reduced
by a sill. The larger area could be closed under a small unbalanced head by
a reinforced concrete bulkhead. The smaller opening would then be closed
under unbalanced head conditions by a fixed-wheel gate. This scheme proved
to be most economical and was ultimately adopted.

During diversion, it would be desirable to maintain the entire
cross-sectional area of the tunnel at the portal. The poftal was therefore
designed for two-stage construction. The pier and sill were omitted in the
first stage and were planned for construction following diversion. Keyways

would be provided for this purpose.
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4, Tower and Portal Structure Arrangement - Investigations were
made to determine the most economical arrangement for operating the intake
gates and removing the trashracks from an operating level above the maximum
reservoir surface. Among the plans investigated were:

{(a) An inclined structure supported on a uniform rock slope

excavated above the portal,

(b) A closed reinforced concrete tower.

(c) An open rigid-frame concrete tower.

The topography above the portal was not sutiable for an in-
clined intake structure. It would have been necessary to excavate a large
volume of rock in order to obtain a uniform slope. .In addition, closure of
the portal under flow condi}ions would be more difficult with an inclined
gate. Only the component of the weight of the gate in the direction of the
incline would exert a closing force. Also, at the same time, increased
frictional resistance would develop due to the component normal to the guides.

Since the geologist had recommended that all structures should
be designed to resist an earthquake acceleration of 0.05 gravity (see sub-
paragraph 3.02 a 2), the resulting inertia forces governed the design of the
high structure. These forces would be very large if the structure were sub-
merged since inertia forces of the water would also be resisted. A closed
structure would expose a large surface area to external hydraulic forces and
would be subject to very large forces in the event of an earthquake.

An open rigid-frame concrete structure proved to be the most
economical of the various schemes and was selected for fiﬁal design,

The elements of the tower and portal structure were as follows:
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{(a) Portal structure

(b) Tower

(c) Crane operating deck
{(d) Bridge

5. Portal Structure - The portal structure extended upstream

from the tunnel and would serve as a foundation for the tower. It also
extended approximately 30 meters downstream to support. the rock arch in the
vicinity of the portal. The upstream and downstream portions were designed
to act together as a rigid base for the tower.

The trashrack area at the upstream end was divided into three
(3) 3.5 meter wide sections by vertical beams which also served as guides
for rack sections. The vertical beams were supported by horizontal girders
which would carry reactions Into side walls. The portion of the portal
structure upstream from the gates was designed for an external hydrostatic
head of 3.05 meters (l0-ft). This allowed for head losses which might be
caused by clogging of the racks. The trashracks were designed to fail in
the event of excessive clogging, in order to protect the concrete structure
from damage.

. A transition from rectangular gate and stoplog openings to
the horseshoe tunnel section was formed by the pler and tunnel lining. The
lining was to be.exténded about 15 meters downstream from the transition
with a minimum concrete thickness of 0.3 meters. A high-pressure grout
curtain was to be included at the downstream end of the transition and the
surrounding rock for the entire length of the lining. The transition was
designed to resist .the full external hydrostatic pressure of the reservoir in

order to permit unwatering of the tunnel.
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6. Tower - The tower frame was supported on the roof of the

portal structure at.El 983.3 meters and extended upward to the operating
deck at El1 1,050 meters. The total height was 60.7 meters. The width
of the tower was 12.7 meters in both directions. This made the width-

to height ratio equal to 1:5.2. The tower was analyzed by the method of

moment distribution by treating it as pairs of two-dimensional frames in

both directions. The crane bents were analyzed separately since they
were not framed together at the top and would not act integrally with the
tower.

A study was made to determine the most economical story
height for the frame. Concrete volume and formwork for six (6) and eight
(8) story towers were estimated and it was found that the story height
had no significant effect on the cost. The six (6) story height was
selected as more conservative.

Torsional rigidity at the base was provided by the portal
structure and at the top by the slab and beams of the operating deck.
Additional rigidity was supplied by cross-bracing at the fifth (5th)
story level.

7. Crane QOperating Deck - The electrically operated lifting

hoist had a rated capacity of 75 tons with a 275 percent overload feature.
The crane could be moved to any position over the deck to operate the
intake gate and bulkhead or to handle trashrack sections. Lateral movement
of the hoist could be accomplished by use of a device for manual operation.
The lifting beams were provided with a semi-automatic engag-

ing block that would permit.them to engage and disengage the gate or
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bulkhead under 70 meters (230-ft) of water. Thus the single crane could
be used to handle the gate, bulkhead, and the trashracks.

8. Bridge - A structural steel bridge was designed to connect
the operating platform of the intake tower with the dam abutment. The
bridge would have an over-all length of 71.54 meters (234-ft 8-1/2 in.)
and a clear-width walkway of 1.52 meters {5-ft). It would consist of a
deck-truss span and a deck-plate girder span 25.68 meters (83-ft 10-1/2
in.) long. A 24,09 meter (8l-ft) high steel bent would serve as the inter-
mediate support.

9. Tunnel Plug - In the contract .drawings, the tunnel plug was
located approximately at the interse;tion of the extended dam axis and
tunnel centerline. The decision was subsequently made to locate the outlet
repulating valves at the downstream end of the tunnel and to carry irri-

gation releases from the plug to the regulating valves in steel penstocks.

. Therefore, the tunnel plug location was moved as far downstream as possible

to reduce the length of the steel penstocks. A minimum of 30 meters of
sound rock cover, vertically above the portion of the tunnel upstream plug,
was required l4/. This cover was analyzed by the theory of elasticity and
found to be sufficient to permit.tﬁe rock to withstand the full internal
hydrostatic pressure of the reservoir without causing joints in the rock to
open. In the final design, the tunnel plug was located at the beginning of
the tangent below the downstream curve in the tunnel alignment where the

sound rock cover is above minimum requirements.

14/ 1'"Kajakai Project™ - Letters by J. P. Growdon, dated March 11 and 13,
1950 {(Appendix A)
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The plug was designed in two (2) sections. Each section was
keyed into the surrounding rock and thoroughly grouted. Either of the two
(2) sections was capable of resisting the maximum headwater pressure with
low shearing stresses on the periphery. Conservative practice was used in
the design of the tunnel plugs, as they represent only a minor portion of
the project cost.

10. Conduits and Valves - The regulating valves were located

on the Contract Drawings 15/ in a chamber immediately downstream of the
tunnel plug and near the center of the tumnel. Velocities in the tunﬁel
downstream from the valves were found to be high. The continued resistance
to erosion under continuous velocities in this range could not be depended
upon. The decision was made finally to locate regulating valves at the
downstream portal of the tunnel. Steel conduits would carry flow from the
tunnel plug to the regulating valves.
The optimum number of irrigation conduits were determined
from a study of the following considerations:
(a) Number and size of conduits and valwves.
(b) Hollow-jet vs. fixed dispersion-cone valves for
normal operation.
(¢) ‘Ring-follower gates vs. plug valves (rotovalves)
for emergency shutoff.
Arrangements requiring more than three (3) conduits could not
be accommodated within the limiting dimensions of the tunnels. . Selection of

number and size of conduit was therefore restricted to arrangement of three

15/ ‘'"Contract Drawings, Afghanistan" by International Engineering Company,
Inc., dated 1948 and 1950 (Appendix C)
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(3) or fewer conduits. A scheduled or emergency closure of a single
conduit would shut off all irrigation releases if only one conduit were
used. The discharge capacity of the tunnel would be reduced by 50 percent
in a two (2) conduit arrangement. Project operation would not permit a
50 or 100 percent . temporary shutoff of water releases. The arrangement
was confined, therefore, to a three (3) conduit scheme.

Various combinations of conduit and valve diameters were
studied. The most. economic arrangement was reduced to the following two
(2) plans:

(a) Three (3) 84-in. steel conduits with three {3)

84-inch hellow-jet regulating valves.

(b) Three (3) 78-in. steel conduits with_thrée (3)

78-in. cone-type reguiating valves.

The coefficient of discharge of hollow-jet valves is about

0.7 compared with 0.85 for fixed-dispersion cone valves. Smaller conduits

and valves could therefore be used with cone-type valves. This advantage
would be offset by the requirement of a considerably larger outlet structure
for the cone valves. With either type of valve, the outlet structure would
contain concrete piers with stoplog slots. As a result of the wide angle

of spray of cone-type valves, the manufacturer established substantial
minimum clearances between valves and adjacent piers. This would neces-
Sitate a greater spacing between piers and also a greater length of pier
downstream from the valves. Since the jet from the cone valve would impinge
directly on the piers, the pier would also be structurally capable of with-

standing these forces. 1In the case of the cone valves, a hood would also be
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required downstream from the valves to confine the spray. This would

protect the future powerhouse area. An economic study of the alternate

arrangements revealed that the first scheme, using hollow-jet valves, was

more economical.

The steel conduits were to be encased in concrete for their
full length to prevent damage, should rock break off from the tunnel roof
arch. The surface of the concrete encasement would serve as a convenient
access road to the emergency valve chamber.

An emergency shutoff valve installed at the upstream end of
each penstock would allow the conduit to be quickly shut off in case of
damage to a penstock or regulating valve. it would also permit maintenance
work in a single conduit while continuing irrigation releases through the
other two (2) conduits. In the 1950 Contract Drawings 16/, a ring-follower
gate was indicated as the emergency shutoff valve. When specifications were
issued, manufacturers were permitted to submit alternate proposals for this
valve. The S. Morgan Smith Company of York, Pennsylvania, submitted a
lower bid for rotovalves than the bid submitted on the ring-follower gates
by another manufacturer. Since either type of valve would be equally
satisfactory, rotovalves were procured and necessary revisions made in the
design of the valve chaﬁber. .An overhead monorail crane with a capacity of
16 tons would be provided in the valve chamber for initial installation of
the valves and future servicing. The geared trolley chain hoist was to be
manually operated and of the rail-hugger (low headroom) type, which would
minimize the required height of the chamber. Three (3) tracks with a

manually-operated switching device were provided so that the hoist could

16/ '"Contract Drawings, Afghanistan" by International Engineering Company,
Inc., dated 1948 and 1950 (Appendix C)
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gervice any one of the three (3) valves. The crane was selected to have
sufficient capacity to handle the heaviest section of the valve for assembly
or maintenance. The interior of the chamber would be 12 meters by 7 meters
high and 14.5 meters long. It would be completely lined with reinforced
concrete one (1) meter thick. The roof was designed as a concrete arch.

11. Tunnel Ventilation - The ventilation system was provided

in the emergency valve chamber for general ventilation purposes, including
the relief of humidity conditions. A 0.508 by 0.914 meter (20 by 36 in.)
duct would extend from a fan room located in the valve house to the emergency
valve chamber. Air was to be'circulated through the duct by an electric-
driven centrifugal fan with a capacity of 142 cubic meters per minute
(5,000 cfm), which would permit seven (7) complete air changes per hour,

Another ventilation system was designed for the valve house
in which air would be circulated by an electrically-driven centrifugal fan
with a capacity of 47 cubic meters per minute (1,650 cfm).

12, Power Supply - A small water-wheel génerator located in the

outlet-valve house would serve as a source of power for operating the
emergency and regulating vélves and for lighting and ventilating the tunnel
and valve house.

The water-wheel generator, a horizontally mounted three (3)-
phase, 50-cycle unit, rated at 93 kva, would be direct-connected to a
Francis-type turbine rated at 91 metric hp (90 hp) at 1,500 rpm and 72,38
meter (208-ft) head. A power conduit would convey water from the tunnel
plug to the turbine in a 0,3048 meter (12-in.) diameter steel penstock

supplied with a 0.3048 meter (12-in.) and a 0.2032 meter (8-in.) gate valve
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for emergency and normal shutdown of the unit.

Power to operate the intake-tower crane would be supplied
by an emergency 3-phase, 50-cycle, diesel-generator set, rated at 104 kva.
It would serve as a source of power for illuminating the generator house
and the water-level recorder building. A 400-volt circuit from the
emergency generator to the valve house would supply power for operating
the outlet valves when the water-wheel generator was shut downm.

- Power Tunnel

1. Initial Installation - Final design of the initial instal-

lation of the power tunnel was essentially the same as shown on the
contract drawings, except for the omission of the tunnel lining which has
been previously discussed (see paragraph 3.02, ¢)}. The design of the
initial tunnel plug was based on the following considerations:
(a) The intake portal structure was designed to
withstand full reservoir head.
(b) The second plug will be installed when the
future power installation is made.
(¢) Downstream movement of the plug in the initial
stage would cause relatively less damage than
similar action in the irrigation tunnel plug.

2. Future Installation - A power plant will be installed in the

future when there is a sufficient demand in the Kandahar area for electriecal
energy. It was contemplated that the total plant capacity will be 120,000
kw. The initial construction placed no restrictions upon the future plant
capacity or the number and size of the units. These factors can be further

evaluated at the proper time.
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It was anticipated that the power intake will have its
invert at El 994 meters. A bench would be excavated at this level on the
abutment. It would be necessary to drawdown the reservoir from El 1,033
to 990 meters immediately after the end of the spring rumoff (about June
1) in order to permit construction of this intake. . Five (5) to seven (7)
months, depending on the inflow, would be required to lower the reservoir
with all outlets discharging. This would leave two (2) to four (4) months
for construction of the intake. Some work could be performed on the intake
structure during the reservoir drawdown period.

An inclined shaft would be excavated from the intake to the
power tunnel downstream of the initial plug.

The power plant was expected to be located between the two

(2) downstream tunnel portals.

f. Construction
1. General - Only those developments which occurred during

construction and which resulted in incorporation of special features, or in
design modificétions, are presented in this section. Such developments are
as follows:
(a) Special treatment of the dam foundation on
abutment areas and tunnel grouting.
(b) . Substitution of gravel for rock in the dam embankment.
(c) Temporary installations in the irrigation tunnel
resulting from a delay in the delivery qﬁ the
emergency valves,

(d) Low concrete weir in the spillway channel.
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2. Special Treatment of the Left Abutment Area

and Tunnel Grouting - As construction progressed, con-

ditions were exposed in the abutment rock by tunnelling and stripping oper-
ations, which indicated special treatment was necessary.

The site was visited in July 1951 by James B. Hays, Consult-
ing Engineer, who made a detailed inspection of the site and supervised
grouting tests. He prepared a set of instructions for treatment of the
conditions founa which served as the basis for the procedure followed.
These instructions, including a detailed description of the conditions en-
countered, appear in a report by Morrison-Knudsen Afghanistan, Inc., ll/.

The rock in the dam foundation and abutments is broken by
two (2) groups of vertical joints. These are at approximately right angles
and cross the axis of the dam at roughly 45 degrees in east-west and north-
south directions, the former group being the more numerous. .It would have
been possible to develop leakage from the reservolr, particularly at the
left abutment where water entering the east-west system from the reservoir
could issue from the north-south joints downstream from the axis. The
contact over a large portion of these joints was tight. There were numerous
pockets of clay of .varying size, indicating the presence of channels to
provide access for the water which acted as the weathering agent.

In order to minimize leakage, the grout curtain under the
dam was extended to tie into the curtain around the tunnels. Grouting was

also performed from deep holes drilled directly above the tunnels.

17/ "Treatment of Joints and Seams in Tumnels'" by Morrison-Knudsen
Afghanistan, Inc., (Gilbert Waddell and James B. Hays) dated September
24, 1952 (Appendix A) ,
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- Since the irrigation tumnel is plugged near the downstream
end, it will be subject to the full internal hydrostatic pressure of the
reservoir for almost its entire length., The power tunnel will be subject
to similar pressures when the future plug is installed. It was, therefore,
decided to seal all jodnts in both tunnels with gunite or concrete. The

power tunnel is expected to be dry for a number of years and the irrigation

‘tunnel will be unwatered occasionally for maintenance purposes.  The tunnels

upstream from the grout curtain will thus be subjected to unbalanced external
pressures. The joint seals upstream from the permanent plugs were there-
fore designed to resist either internal or egternal pressures. Clay, de-
composed rock, and/or loose rock was removed from each joint to a sufficient
depth so that the joint seal could resist the flow of water. Narrow joints
were chipped to form a vee or square notch to provide a satisfactory key

for the gunite. Dowels were installed as necessary. Large openings in the
floor were sealed with concrete, using adeguate dowels and reinforcement.
Gunite was used above the springline.

Holes were drilled into the tunnel walls for grouting the
joints. The holes were drilled to cross the joints at an angle that would
increase the area of intersection. Radial grout curtains were constructed
to tie into the grout‘curtain in the left abutment area, A grouting pres-
sure of .10.5 to 21 kg per sgq cm (150 to 300 psi) were used.

As a further precaution against excessive leakage between the
impervious core and the irrigation tunnel portal, the joints were cleaned

out and sealed with gunite to minimize leakage.
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wide, is on the abutment slope crossing the axis at El 985 meters at an -
angle of 28° - 30' (downstream toward the river channel). A shaft, 21
meters in depth, was excavated at a point where the fault intersects a
seam 16 meters downstream from the axis, and the shaft was backfilled with
concrete. . A third shaft was excavated to a depth of 8.5 meters into the
fault.at its intersection with the grout curtain and similarly backfilled
with concrete.

A gorge, 15 meters wide, was found beneath the streambed near
the center of the canyon and roughly parallel to it. The gorge could have
been formed by erosion along an ancient stream channel. The bottom of the
gorge was cut into deep relief and contained pinnacles, potholes, and

sinuous roughs up to 1.8 meters in depth, which were filled with densely-

packed big boulders, cobbles, sand, and gravel. After cleaning out the area,

the rock surface was covered with gunite and depressions were filled with
lean concrete tp bring the gurface to a general level which would permit
placing imﬁervious fill.

.Further details on treatment of fault zones may be found in
two reports, 18/ and 19/.

4. Dam Embankment - Specifications for Kajakai Dam established

a permissible range for the slope of the boundary between the gravel and

rockfill zones, both upstream and downstream from the impervious core.

18/ '"Quarterly Progress Report' by Morrison-Knudsen Afghanistan, Inc.,
October 1 to December 31, 1951 (Appendix A)

19/ "Quarterly Progress Report" by Morrison-Knudsen Afghanistan, Inc.,
January 1 to March 31, 1952 (Appendix A)
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These limits were egtablished to permit fullrutilizatiqn,of_the rock
excavated from the spillway. . The gpillway site contained a fault zone
comprised of fine-grained material. As a result, portions of the exca-
vated rock contalned excessive amounts of‘clay; Some of the excavated
material was, therefore, unsuitable fér use in the rockfill portions of the
dam. .The yield of .rockfill for the dam from the spillway excavation was
less than anticipated and the rockfill zones were reduced to the minimum
limits permitted by the specifications.  The slopes between the gravel and
rockfill zones were thus constructed as 1.6:1 upstream and 1:1 downstream.

. 5. Irrigation Qutlets - Delivexy of the emergency valves was

delayed for over a year as a result of concentration by the manufacturer
upon wartime prpduction. . Therefore, it was impossible to complete final
installation of the irrigation ocutlets in time for operation 6frthe.project
during the 1952-1953 irrigation season as had been planned. This led to
the development of a temporary installation which would e&hble the con-
tractor to complete all other project.features,-fill_the reservolr, and
release water for ?rrigatioq in the abﬂehce of the valves. It was further

necessary to permit future installation of the emergency valves without

-shutting off irrigation releases for a prolonged period.

.For the temporary installation, three (3) extra sections of
steel conduit were fabricated and installed in place of the valves. The
sections were provided with flanges at the downstream ends for bolting to
the conduit. At the upstream end, the sections were joined by expansion-
type couplings to short-conduit sections. Thepe were bolted tao the upstrean
section of the condu;t. . The regulating valves were operated only in the
wide-open positi&n during this period. This last was a precautionary

measure and not necessary otherwise.
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After delivery of the emergency valves, they were installed,

using the following procedure:

(a)

(b)

(c)

(d)
(e)

Regulating valves were shut, the upstream portal closed
with the gate and bulkhead, and the tunnel unwatered.
The temporary section and the short section upstream
from one conduit were removed. A bulkhead was bolted
to the upstream section of the conduit. The shutdown
required for this operation was of short durationm.

The gate and bulkhead were removed from the upstream
portal; permitting operation of the remaining valves
while the first plug valve was installed.

The valve was installed and tested dry.

.The regulating valves were shut off, The upstream

portal was closed and the tunnel unwatered. This
permitted removal of bulkhead and installation of the
closure nipple and expansion coupling.

The remaining two (2) valves were installed similarly.

6. Low Concrete Weir - A low concrete weir, with crest at El

1,033.5 meters, was placed across the spillway channel.  Additional concrete

was placed downstream of the weir to fill in low places in the rock surface.

g Service Behavior

Since completion of the Kajakai Dam, there has been oppor-

tunity to observe the behavior of certain parts of the installation. These

observations are as follows:
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(a)

(b)

(e)

(d)

Dam - Following the spring runpff in June 1953,

the reservoir filled to El 1,031.5 meters or 2.0
meters below the spillway crest.

No seepage through the embankment has been observed.
Spillway - The first spillway discharge over the
Kajakal ogcurred oﬁ April 18, 1954. The maximum
overflow occurred on May 3, when the reservoir rose
to E1 1,035.8 meters with a corresponding discharge
of 678 cubic meters per second (24,000 cfs),
Principal effect of this discharge was erosion of
overburden materials in the natural spillway channel.
Tunnels - From all indications, the grouting program
that was followed is proving to.be successful,

Irrigation Qutlets - Shortly after January 1953, when

the hollow-jet irrigation outlet valves had been in

operation for a short time, it was found that the rubber

. seals had been damaged. The manufacturer investigated

the cause of the damage. Model tests by others, of this
type of valve, have indicated that a differential
pressure between the upstream and downstream faces of
the valve seal might be sufficient to cause the seal to
stretch and vacate the groove. Several methods for the
correction of this condition .are under investigation.
The rotovalves were tested after installation for
performance under emergency operating conditions. The
valves were closed successfully under unbalanced head

conditions.
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SECTION IV

ARGHANDAB DAM PROJECT

4.01 GENERAL FEATURES

a. Preliminary Design - The preliminary phase of design of the Arghandab

Dam had been completed in 1950, and the results of these earlier studies are
shown on the Contract Drawings 20/. The following description by main features
pertains to the design as shown on these drawings and not necessarily to the

project as subsequently constructed.

1. Main Dam and Saddle Dikes - ‘The main dam was designed as an
earth embankment with a maximum height of 48 meters above the original stream-
bed. The crest of El 1,113 meters was to be 10 meters wide and 600 meters
long. Computed slopes were 3:1 upstream and 2:1 downstream. The section was
designed with a central impervious core of rolled earthfill flanked by ‘zones
of sand and gravel. The ﬁpstream slope and the base of the downstreaﬁ slope
were to be protected by riprap blankets. .Alluvial materials overlying bedrock
were to be removed from the foundation area.

Two (2) saddle dikes with an aggregate length of 650 meters
were located at low points in the reservoir perimeter, approximately two (2)
and three (3) kilometers from the main dam. The cross-section of the dikes
was similarly designed as the main dam, except that the downstream slope was
2.5:1, and the slopes of the impervious core were steeper.

2. Spillway - A low concrete gravity weir was planned at a saddle
about 1.3 kilometers from the dam. Spillway discharge would be controlled by

five (5) radial gates, 12.19 meters (40 ft) wide by 9.75 meters (32 ft) high,

gg/ ""Contract Drawings, Afghanistan'" by International Engineering Company,
Inc., dated 1948 and 1950 (Appendix C)
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separated by concrete piers. The top of the gates, shown at El 1,110 meters,
allowed three (3) meters—of freeboard on the dam,

3. Qutlets - A 220-meter long reinforced concrete conduit was
located in the right side of the dam embankment. The upstreamvsection of
the conduit was shown as 5.18 meters (17-ft) in diameter. A steel liner
with an inside diameter of 4.57 meters (15-ft) was located in the portion
of the conduit downstream of the impervious core.

A reinforced-concrete intake structure located at the upstream
end of the conduit would incorporate a semi-circular trashrack structure.
Emergency closure of the portal would be made by a high-pressure Broome gate.
The gate would be operated from above the maximum water surface by a hoist
located in a control room on top of the intake structure.

Two (2) branch conduits were shown as an extension from the
downstream end of the main conduit to an irrigation outlet structure.
Releases were to be regulated by two (2) 1.524-meter (60-in.) valves,‘each
with a 1.372-meter.(54;in.),emergency control valve upstream. .The downstream
end of the conduit was shown to be temporarily closed by a steel bulkhead. A
future power plant would incorporate a turbine manifold at this location.

b. Final Design - Final design of the Arghandab Dam project varied

from the preliminary design. These variations occurred partly because of the
revaluation of additional data received during later years, and partially
because of the Board of Consultants' independent evaluations. The following
descriptions by main features are of the changes in design made between the
preliminary and final phases.

1. Main Dam and Saddle Dikes - Design changes included the

following:
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(a)

(b)

(c)
(d)

(e)

(£)

The maximum height of the main dam was increased to 50
meters above the present streambed, thus the crest was
raised to El1 1,115 meters.

The crest width was reduced to 8 meters and its length
increased to 540 meters.

The upstream main embankment slope was reduced to 2,5:1.

A cutoff trench was provided through alluvial materials
below the core.

Only the silty top layer of these alluvial materials was
removed from the foundation area and the underlying clean
sand and gravel would remain in place.

The number of saddle dikes was increased to six (6), with
an aggregate length of 1,660 meters. Dikes No. 1 through 5
would have identical cross-sections and a maximum height of
five (5) meters. The crests at E1 1,115 meters wére to be
6.4 meters wide, and the embankment slopes would be 2:1
upstream. They were reduced to 1.75:1 downstream. The
sections were primarily gravel with an inclined impervious
core of rolled fill. A one (l)-meter thick riprap blanket
was to protect the upstream slope. Dike No. 6, with a
maximum height of 20 meters, was a rockfill section. The
1l45-meter long crest was 6.4 meters wide. Embankment

slopes were 2.25:1 upstream and 1.75:1 downstream..

2. Spillway - Design changes included the following:

(a)

Two (2) open-channel spillways were cut through saddles in

the reservoir perimeters, one located about 1.5 kilometers
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(b)
(c)

(d)

from the main dam between Dikes Nos. 5 and 6, the other

about 2.2 kilometers between Dikes Nos. 3 and 4.

.Both crests were raised to El 1,110 meters,

The crest structure representing Spillway No. 1 would be
a low ungated concrete weir with a riprap-paved apron on
downstream slope. Flood flows passing over the 240-meter
long crest would branch into two (2) channels, each 36
meters wide. The channels were designed to merge about
250 meters downstream from the crest.

Spillway No. 2, a 100-meter long ungated concrete cresf
structure, would be a small weir with a short downstream
apron. A hand-placed stone apron of variable length was
designed to extend a maximum of 15 meters further down-
stream. Stone masonry walls were provided to refain the

dike fills at both ends .of the weir.

Outlets - Design changes included the following:

(a)
(b)
(c)

(d)

(e)

The length of the circular tunnel was extended to 254 meters.
The unlined diameter was increased to 5.4 meters.

A 0.15-meter thick slab was placed over tunnel muck remain-
ing on the invert.

For 10 meters below the upstream portal and for 60 meters
above the downstream portal, the tunnel would be lined with
reinforced concrete to make the inside diameter 4.60 meters.
An inclined trashrack structure with guides extending

above the maximum reservoir surface, was provided at the

upstream portal.
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(f) Emergency gates were located upstream from the dam axis
near the extension of the cutoff grout curtain. Closure
was to be made by a 3.4-meter wide by 4.,6-meter high fixed
wheelgate.

(g) Transitions from the rectangular gate opening to the circu-
lar tunnel section were made in a'short section of concrete
lining which extended upstream and downstream from the gate
structure.

(h) Two (2) branch conduits at the downstream end of the tunnel
1ed to an irrigation valve house where releases were regu-
lated by two (2) 1.22-meter (48-in.) diameter valves. Two

(2) emergency 1l.22-meter (48-in.) gates were also provided.

4,02 DESIGN CONSIDERATIONS

a. Main Dam and Saddle Dikes

1. Description of the Site - The damsite is located in an -approxi-

mately 360-meter wide valley of the Arghandab River. The natural streambed
occupies the left side of the valley. The right abutment slopes upward at an
angle of about 40 degrees with the horizontal. The left abutment slopes .at
about 30 degrees. A number of low saddles exist in the range which forms the
southwest rim of the reservoir.

2. Geology ~ Dr. F. A, Nickell, Consulting Geologist, visited the
damsite in June 1950. His findings, based on site inspection and logs of

drill holes prepared by Morrison-Knudsen Afghanistan, Inc., are presented in

a report 21/, which concludes that the site is suiltable for the proposed

21/ " Geology of the Arghandab Damsite' by F. A. Nickell, dated August 1950
(Appendix A)
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type and size of dam. The report also recommends grout curtain treatment for
various minor foundation defects.

Subsurface explorations at the damsite showed the presence of a
ccarse-grained granite formation intruding into metamorphic rock beyond the
left abutment. The rock was friable and deeply weathered at the left abut-
ment, and blocky and irregularly decomposed on the right abutment. Field
investigations showed a gradual transition from completely weathered rock at
the surface to sound rock at a considerable depth. No well-defined contact
between the two (2) rock conditions was evident. The rock was found to be
jointed in many directions, the doﬁinant patterns, including shear zones, béing

in N-S, E-W, and NW-SE directions. The dips ranged from largely vertical to

around 45 degrees., Basaltic dikes which were found to be present on both sides

were also largely vertical and correlated with the NW-SE system of joints.

The presence was noted of a 1.22-meter (4-ft) to 6.1-meter
(20 -ft) wide curving shear zone behind the promontory which forms the left
abutment. This zone, unless sealed, would permit seepage in a direction
parallel to the river. At the geologist's recommendation the axis of the
dam was moved about 30 meters upstream so that the impervious core of the
dam would blanket the shear zone,

The valley floor was overlain by alluvium consisting generally
of a layer of silt, about one (1) meter thick, overlying sand, gravel, and
cobbles, and extending to bedrock at a maximum depth of about 12 meters.

The geologist also reported that the site is apparently net in
a region which had been exposed to recent seismic disturbances. The nearest
active area is at Quetta in Pakistan, 320 kiiometers (2090 miles) from the

damsite. He recommended that structures should be designed to resist inertia
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forces produced by a ground wave-acceleration equivalent te 0.05 gravity.

3. Foundation Treatment - Preliminary test pits were carried only

to shallow depths limited by the ground-water table. The material removed
from these pits was primarily silt and would have been unsuitable for the dam

unless embankment slopes were flattened appreciably. The depth of foundation

.deposits was found, by diamond drill holes, to average 10 to 12 meters. Pre-

liminary studies indicated that it would be more economical to strip the over-
burden from the entire foundation area than to flatten the embankment slopes
which would increase the embankment volume and the length of the outlets.

Subsequent foundation investigations revealed that the silty matérial
was a relatively shallow deposit overlying clean sand and gravel. Since sand
and gravel are structurally adequate for a dam of the proposed cross-section,
it was decided to leave this material in place, except under the impervious
core. A trench under the entire foundation area was excavated throuéh sand
and gravel to sound rock. It was backfilled with rolled earth., Instructions
for foundation excavation were incorporated in specifications issued to the
Chief Engineer of Morrison-Knudsen Afghanistan, Inc., dated September 1950. 22/

Instructions for grouting the rock were prepared by James B. Hays,
Consulting Engineer. 23/ He recommended grout curtain be placed along the
centerline of the cutoff trench, through primary grout holes at about twenty-
(20) meter centers and approximately 20 meters in depth near the base of the
dam.,

Secondary hbles, approximately midway between the primary holes,

would extend ten (10) to twenty (20) meters below the surface as required.

22/ "Design Criteria, Specifications, Laboratory Procedures" for the Embankment
Foundation of Arghandab Dam by International Engineering Company, Inc.,
dated September 1950 (Appendix A)

23/ "Arghandab - Foundation Grouting', Letter by James B. Hays, dated July 12,
1950 (Appendix A)
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Intermediate tertiary (between primary and secondary) and quaternary (between
secondary and tertiary) holes were to be grouted if necessary, to depths of
eight (8) to ten (10) meters and five (5) meters, respectively.

Grout holes were to be water-tested under a maximum of 150 percent
of the ultimate head of water above the area to insure the effectiveness of
the grout curtain,

4. Materials - Preliminary field investigations showed that mate-
rials suitable for construction of an earthfill dam, and in sufficient quanti-
ties, were available near ;he main damsite.

It was estimated that five (5) borrow areas would furnish ample
materials for embankment construction. These areas are listed as follows:

(a) Borrow Areas Nos. 1 .and 5, located upstream,
(b) Borrow Areas Nos. 2 and 3, located on the right bank.
(c) Borrow Area No. 4, located on the downstream right bank.

As the upstream borrow areas would be submerged during the second
stage of construction, it was planned that Borrow.Area No. 4 would furnish all
materials for this stage of operations. Later explorations in Area No, 4
revealed that sufficient quantities of satisfactory materials were not avail-
able from that source. Therefore, additional Borrow Areas Nos. 6 and 7, and
Borrow Area '"D'", about 1.5 and 2.5 kilometers respectively, on the downstream
right bank were explored and found to contain suitable materials. Another
Borrow Area "B" was found about 4 kilometers downstream from the main dam and
would furnish material for saddle dike construction. Rockfill for Dike No. 6
was to be obtained from spillway excavation.

The following tests were performed in field laboratories by Morrison-

Rnudsen Afghanistan, Inc., on samples obtained from preliminary test pits in
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the borrow areas:

(a) Mechanical analysis (including hydrometer analysis).

(b) .Specific gravity.

(c¢) Compaction.

(d) .Penetration resistance.

(e) Moisture content determination.

(f) Direct shear (box shear)

(g) Bearing ratio.

(h) Swelling.

The available materials were generally of two (2) types'whicﬁ
were suitable together for a zoned embankment:

(a) An impervious silty clay.

(b) An pervious sand and gravel.

To prepare the final design of the embankment,; detailed tests
were required. Triaxial shear tests were made to determine the shearing resist-
ance of the materials for stability analyses of the embankment slopes. -Since
facilities for triaxial testing were not available in Afghanistan when design
investigations were under way (though later installed),_three (3) samples of
typical borrow area materials were shipped to a laboratory in the United States.
Two (2) of these samples were impervious silty clay materials, and the third
was a somewhat coarser material classified as semi-pervious. The following
tests were performed on these samples:

(a) Mechanical analysis (including hydrometer analysis).

(b) .Specific gravity.

(c) Atterburg limits.

(d) Solubility.
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(e) Compaction.

(£) Consolidation.

(g) Permeability.

(h) Triaxial shear.

A description of the testing procedures and a summary of test
results appear in a report by Abbot ‘A. Hanks, Inc., 24/,

Consolidated quick triaxial shear tests were performed on
saturated specimens of compacted materials. A discussion of the various
types of triaxial testing procedures and their application appear in a
special report by International Engineering Company, Inc., 25/.

Riprap for slope protection was selected from spillway
excavation.

5, Embankment Design - A tentative cross-section for the main

embankment was prepared on the basis of preliminary data from borrow area
explorations, The section was ten (10) meters wide at the tope with con-
servative slopes of 3:1 upstream and 2,5:1 downstream. The section showed
a central impervious core of compacted silty clay and outer shells of sand
and gravel. Riprap protection was indicated.

Upon subsequent completion of laboratory testing high values
were obtained for the shearing resistance of impervious materials in triaxial
tests. Subsequeht stability analyses indicated that slopes of 2.5:1 upstream
and 2:1 downstream were adequate and the section was revised accordingly. An
access road to the top of the dam was provided by construction of an inclined

berm on the downstream face. Random zones were introduced on both sides of

24/ "Test of Soil Samples for Arghandab Dam, Afghanistan' by Abbot A. Hanks,
Inc., dated August 21, 1950 (Appendix A)

25/ "Report on Earth Dams and Rockfill Dams' by International Engineering
Company, Inc., dated May 1953 (Appendix A)
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the core in which materials were to be distributed so as to form gradual tran-
sitions between core and shell materials. The random zones would serve as
filters trapping fine particles which tend to migrate from the core into the
shell.

At the recommendation of J. P. Growdon of the Board of Con-
sultants, the design crest of the dam was raised two (2) meters to.El 1,115
meters. The increase in height was obtained without appreciably increasing
the total volume of the embankment, by steepening the slopes above El 1,105
meteré to a maximum gf 1.905:1 upstream and 1.524:1 downstream.

6. Stability Analysis - Studies of the stability of the embankment

slopes were made by the sliding-block or wedge-method of analysis in which
plane surfaces of failure are assumed. For purposes of analysis, the assumed
shearing resistances of impervious and semi-pervious materials were thevmini-
mum values obtained from triaxial shear tests. A conservative figure of 34
degrees was assumed for the angle of internal friction of shell material
based on large-scale tests on similar materials which have been performed in
laboratories of United States Government agencies. Internal pore pressures
in the impervious core were assumed as equal to 100 percent of the maximum
reservoir head. Since internal pore pressures of this magnitude are extremely
unlikely, computed factors of safety only slightly in excess of unity were
considered ample.

Specifications and design criteria for Arghandab Dam, dated
September 1950 26/, set limiting values for the shearing resistance and co-

efficient of permeability of material to be placed in the embankment. The

26/ '"Design Criteria, Specifications, Laboratory Procedures" (for the
Embankment Foundation of the Arghandab Dam) by International Engineering
Company, Inc., dated September 1950 (Appendix A)
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usual periodic control tests were also required.

b. Spillway

1. Preliminary Investigation ~ Collection of streamflow records at

the Arghandab damsite began in’November 1947. Since no prior records were
available, only two (2) years of flow records were available when final design
studies were started.

2. Design Flood - A design flood hydrograph was developed by ana-

lytical methods. Studies were made of flood records from snow-fed streams in
other parts of the world having comparable watersheds. From these investiga-
tions it was concluded that the spillway should be capable of handling the
outflow from a design flood with a peak inflow rate of 6,370 cubic meters per
second (225,000 cfs) and a volume of about 355,000,000 cubic meters (287,000
acre-ft) over a 48-hour period.

3. Earlier Layout Considerations - A site for an open-cut spillway

at a saddle in the southwest rim of the reservoir was selected for preliminary
studies. The economic maximum storage level had previously been established
by power and irrigation studies at El 1,110 meters. This storage level could
be maintained either by a gated spillway with top of gates at El 1,110 meters
or by an uncontrolled weir with its crest at the same elevation.

Estimated costs of the alternative schemes were compared. The
presence of low saddles, which must be diked in any case, favored the gated
scheme. After study of various gated arrangements, a spillway structure was
proposed with five (5) radial gates, 12.19 meters (40-ft) wide by 9.75 meters
(32-ft) high. Routing the design flood through the reservoir indicated that
the peak outflow would be 4,390 cubic meters per second (155,000 cfs), with

the maximum water surface at El 1,111.5 meters. It was also planned to
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locate a fuse-plug dike at one of the saddles with its crest elevation below
that of the main dam. Should the gates fail to operate or the design flood
be exceeded, the fuse plug would be washed out. After the flood, the dike
could be repaired.

Mr. Growdon approved the design flood, but recommended modi-
fications of the spillway layout. He proposed that the top of the fuse plug
be located 1.5 meters above the maximum nominal water surface (E1 1,111.5
meters) and that the crest of the dam be raised two (2) meters to provide
3.5 meters of freeboard above the top of the fuse plug. With this arrangement,
the design flood could be passed through open gates without washing out the |
fuse plug. Should the gates fail to operate, a very minor flood could be passed
over the gates without damage to the fuse plug. In case of a major flood,
sufficient freeboard is provided over the top of the fuse plug to ‘insure its
operation.

The fuse plug arrangement had some disadvantages. The plug
could be damaged by a moderate flood if the gates were not opened. This might
result in a sudden increase in discharge and create a downstream flood greater
than that which would have occured under natural conditions. Field investi-
gations had indicated questionable foundation conditions at all suitable and
economical fuse plug locations. Thus, removal of the fuse plug might result
in erosion of a channel to depths below El 1,110 meters, with resultant loss
of storage and increased cost for reconstruction.

The recommendation that the dam be raised two (2) meters was
adopted. This altered the comparative economics of gated and ungated spill-
ways, eliminating the advantages of the former. A compromise arrangement was
proposed, using a combined gated and uncontrolled overflow spillway at the

original site. It was desired to retain the advantages of gates, which would
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permit controlled releases to make space available for storage in advance of

a flood occurence. The proposed scheme included two (2) radial gates, 7.3
meters (24-ft) high and 9.75 meters (32-ft) wide, with top of gates at E1 1,110
meters, supplemented by an ﬁncontrolled overflow crest at El 1,110 consisting
of fifteen (15) 9.75-meter wide openings between bridge piers for .an overall
length of 146.25 meters. Routing the design flood through the reservoir
resulted in a peak outflow rate of 3,398 cubic meters per second (120,000 cfs)
corresponding to a maximum reservoir levei at E1 1,113.8 meters. It was
assumed for this routing study that the gates would be opened as required to
maintain the reservoir at El 1,110 meters.

4, Final Layout =~ Morrison-Knudsen Afghanistan, Inc., in Kandahar,

investigated a rock-cut spillway as an alternate to the proposed combined-type
spillway. Preliminary cost-comparisons indicated that appreciable savings
could be effected by adopting the rock-cut scheme, which was borne oﬁt upon
further review. ‘The combined spillway was abandoned.

The proposed cut was located adjacent to the saddle at the former
spillway site. It was in two (2) sections, each of which consisted of two (2)
overflow weirs at El 1,110 meters and would discharge into converging channels.
The two (2) sections carried flows into separate outlets. The east section,
with crests 60 and 62 meters long, discharged into the original spillway ravine.
The west section discharged into a ravine which intersects the river further
downstream;

It was subsequently proposed that a rock cut between Dikes Nos.
3 and 4, west of the above location, be substituted for the east section in
the previous,arréngement. Flow over this spillway section would enter a

ravine confluent with the outlet for the west section at the first site.
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Thus, all flood flows would eventually re-enter the river at the same location.
The proposed location was found to offer the following advantages:

(a) Reduction of rock excavation hy 110,000 cubic meters.

(b) Elimination of flood discharges in the vicinity of the

valve house and future powerhouse.

Savings resulting from the reduction in rock excavation were
partially offset by the cost of retaining walls required at each .end of the
crest. Estimated overall costs at the second site were lower. Consequently,
it was adopted and became a part of the final design. This is designated as
Spillway No. 2. The remaining west section at the original location is
referred to as.Spillway No. 1.

Granitic rock in the spillway ridge cut area is deeply weathered,
Although the cut for Spillway No. 1 is 15 to 25 meters deep, the rock is gene-
rally soft at the bottom. The cut for Spillway No. 2 is much shallower, and
that rock is also generally weathered and seamy. To prevent erosion, concrete
crest structures were therefore provided for both spillways. |

At Spillway .No. 1, the structUré consisted of a low concrete
overflow weir; 1.5 meters high at maximum section. A cutoff extended into
rock a minimum of 0.6 meter. The weir was reinforced with temperature steel
and secured to rock by two (2) lines of one (1) meter long steel dowels spaced
at two (2) meter centers along both lines. The grouted dowels extended about
0.5 meter pelow the bottom of the cutoff. A downstream apron of hand-placed
stone blocks was designed to have a minimum weight of 91 kilograms. The apron
had a variable length of from three (3) to six (6) meters and terminated at :
a concrete cutoff wall extending a minimum of one (1) meter into soft rock

and 0.6 meter into sound rock. When fresh hard rock was exposed, the stone
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paving would be omitted. The entire foundation was to be grouted under low
pressure through a linhe of holes downstream from the weir and spaced about
five (5) to six (6) meters apart.

The structure at Spillway No. 2 consisted of a 0.6 meter high
weir section with a concrete apron extending a minimum of seven (7) meters
downstream from the weir.. There was a 0.6 meter deep cutoff wall at the
upstream end of the structure, and a one (1) meter deep wall.at the down-
stream end. An underdrain of stone masonry was placed beneath the apron.

The structure was reinforced with temperature éteel and anchored to rock below
the upstream cuteff. Transverse joints were located at 9.3 meter intervals
along the crest. The entire foundation would be g;outed at low pressure

along a line of grout holes spaced at intervals of about five (5) meters.

A hand-laced stone apron would continue below the concrete apron for a maxi-
mum distance of 15 meters,

The dike fills on both sides of the spillway were to be sup-
ported by stone masonry walls. Stone masonry was selected on the basis of
economy since available labor is especially skilled at this type of construc~
tion.

c. Hydraulic Model Testing - Scale models of Spillways Nos. 1 .and 2

were constructed in the field laboratories of Morrison-Knudsen Afghanistan,
Inc. Both quantitative and qualitative tests were performed to determine

hydraulic characteristics of the crest structures and outlet channels. For

.Spillway No. 1, the discharges were compared for a curved and a straight

spillway alignment. TFlows were measured in this test by a sharp-edge,
V-notch weir. From the results obtained, the theoretical length of straight

crest having the same discharge capacity as the proposed curved crest was
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established. From tests of the flow pattern for both spillways, the configura-
tion of the crest and channel was modified to produce a streamlined flow.
Design changes which resulted from the tests decreased rock excavation by about
122,000 cubic meters, but also increased the volume of rock and concrete

masonry by about 1,400 cubic meters,

d. Qutlet Works and Diversion
1. General - Outlet works for an earthfill dam may be located either

in a tunnel through an abutment or in a conduit through the embankment. For
this project, the tunnel or conduit, in addition to serving permanently for
irrigation and power releases, was required for stream diversion during coﬁ-
struction.

2, Tunnel vs. Conduit - Preliminary studies were made of various

tunnel and conduit arrangements. Only limited information was then available
on the cﬁaracter of abutment rock which would affect tunneling costs and lining
requirements. Data on foundation conditions along potential conduit align-
ments were limited to logs of a few drill holes. From these earlier studies,
it appeared that a conduit scheme would be more economical. »Conduits with
3.96, 4.57, and 5.18 meter (13, 15, and 17-ft) diameter circular sections
were investigated from the standpoints of permanent use for outlet works and
power production, as well as temporary use for stream diversion during con-
struction. A 4,57 meter (15-ft) diameter liner at the base of the right abut-
ment was selected as best adapted for all purposes.

Additional topographic and drill-hole data were subsequently
obtained from the site, and a more detailed study was made. The following

schemes were investigated:





(a) A conduit at the base of the right abutment as

originally proposed.

(b) .A conduit at the base of the left abutment.

(¢) A tunnel through the right abutment.

The first scheme posed a number of problems. Before discuss-
ing these problems, it is desirable to briefly describe the proposed diversion
program.

A two (2) year program was planned for Arghandab Dam. This
considered diversion in two (2) stages. In the first stage, the tunnel or
conduit would be completed concurrently with a portion of the right embank-
ment. The original stream channel on the left side would remain open during
this stage. During the second stage, the river would be diverted through
the tunnel or conduit during completion of the embankment.

If a conduit were located at the right abutment, as in.Scheme
(a), placing of the fill on the right bank could not have been commenced until
the concrete conduit was completed. This might have delayed the construction
program for a year. -The time required for delivery of steel at the jobsite
was uncertain.

Unwatering at a left abutment location, as required by Scheme
(b), for construction of a conduit would be complicated by the close proximity
of the river channel. Because of the small working area, it would be neces-
sary to excavate well into the abutment to allow sufficient space for con-
struction of cofferdams. Consequently, this scheme required a considerably
larger volume of rock excavation than at the right abutment location. The

powerhouse site for this location did not appear suitable. The left bank
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location had the advantage of eliminating long-approach and tailrace channels
to the tunnel portals.

In Scheme (c¢), construction of a tunnel through the right abut-
ment would not interfere with fill placing on the right bank. This would serve
to cut down construction delays. An economical powerhouse site was available
at the right abutment. The right abutment tunnel scheme was also lower in
estimated cost than either of the other schemes, The preliminary conduit
scheme was therefore abandoned and the above tunnel scheme adopted.

Further investigations were then made to establish the economic
tunnel size, The following factors were considered:

(a) Excavation and lining costs.

(b) Height of cofferdam to provide necessary diversion capacity.

(¢) Surge tank requirements.

Lined tunnel diameters of 3.96, 4.57, and 5.18 meters (13, 15,
and 17-ft) were compared. The corresponding unlined diameters were 4,57,
5,18, and 5.79 meters (15, 17, and 19-ft).

For the three (3) tunnei sizes, two (2) general arrangements of
lined and unlined tunnel sections were considered.

Case I - A 50 meter concrete-lined section at the upstream end;
a 50 meter steel-lined section with concrete backfill at the downstream end,
with remainder of tunnel unlined.

Case II ~ The entire tunnel concrete-lined, except for a 50
meter section of steel lining with concrete backfill at the downstream end.

The estimated savings resulting from reduction in cofferdam
height due to increased capacity of the lined tunnel section did not compen-

sate for the cost of lining the entire tunnel., Case II was, therefore,
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eliminated for cost reasons. A 4.57 meter lined (5.18 meter unlined) dia-
meter proved to be the economic tunnel size, and the arrangement as described

in Case I was consequently adopted.

3. Intake and Control - The intake and control arrangement was

required for two (2) principal fungtions:

(a) To permit closure of the tunnel at some location upstream
from the axis of the embankment for unwatering and main-
tenance.

(b) To provide space for trashracks for removing debris,

It was required that the intake gate be capable of being.cloéed
in emergency situations under full unbalanced head conditions, and be operable
from a level above the maximum reservoir surface. To prevent excessive head
losses at the trashracks, it was necessary either to provide for removal of
the racks for maintenance, or to install mechanical raking facilities.

Two (2) alternative general arrangements were studied as follows:

(a) An intake tower at the upstream tunnel portal incorporat-
ing the intake gate and trashracks.

(b) An intake gate shaft and tower immediately upstream from
the axis of the embankment and a separate, inclined trash-
rack structure at the upstream portal.

A tower at the portal would have to be designed to resist forces
due to earthquakes (see Paragraph 5.03, b). The resulting moments would be
quite large for a tower 40 to 50 meters in height. The principal advantage
of this scheme was that it would permit emergency unwatering of the entire
tunnel, although the need for this would be very unlfikely. As this scheme

was found to be considerably more costly than the alternate shaft and tower,
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the latter was therefore selected.

Two (2) independent structures for intake and control were
provided in the adopted arrangement. The inclined trashrack at the intake
was supported on the rock slope at an angle of about 45 degrees. The portal
opening, which was designed for a maximum velocity of less than 0.92 meters
per second (3 fps) under maximum flow conditions, was divided by a center
pier into two (2) openings, 2.6 meters wide by 12.37 meters high, Guides for
the rack sections extended one (1) meter .above the normal high-water level to
El 1,111 meters. The concrete frame at the portal was designed to withstand
the full hydrostatic head of the reservoir, with water surface at the miniﬁum
operating level of El 1,083 meters. This would permit the frame to support
a bulkhead at the portal, to permit unwatering of the tunnel above the control
gate,

The trashrack bars were designed for stresses under an exter-
nally applied differential head of 6.1 meters (20-ft). To facilitate shipping
and handling, the bars for each opening were designed in two (2) units, 6.15
meters (20-ft) high, which would be bolted together before being lowered.

The rack sections were to be raised and lowered by a 10-ton (US) capacity
chain lifting device. No permanent hoist was installed. It was intended
that the lifting device would be operated by a truck.

The intake-gate structure would consist of a concrete-lined
shaft through rock above the tunnel, daylighting at E1 1,098 meters. Above
thistevel, the structure was extended through the reservoir as a closed, re-
inforced-concrete tower. The structure was located so that the above-ground
portion would be outside the embankment. This avoided the need for designing

the tower for -external soil pressure.
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The gate opening was designed with a width of 3.4 meters and a
height of 4.6 meters. The transition between circular and rectangular gate
opening sections in the tunnel was to be constructed with reinforced concrete.
The reinforced section would extend seven (7) meters from either side of the
opening. Grout curtains were to be constructed around the upstream transition
and tied into the main dam cutoff.

A 0.508 meter diameter vent was provided immediately below the
gate opening to admit air when the downstream portion of the tunnel was un-
watered under ordinary conditions, or when the gate was closed under emergency
conditions with the tunnel discharging. The intake to the vent was set above
the maximum water surface. Air was carried through the lower section in a
steel pipe, and through the shaft in a formed opening.

The minimum excavated diameter of the shaft was 5.2 meters.

It was to be lined with concrete having a minimum thickness of 0.30 meter.
Temperature reinforcement was provided.

The tower was designed to withstand the following independent
loads:

(a) .Wind and wave action,

(b) _Earthquake.

(c) External hydrostatic pressures.

The tower walls were 0.40 meters thick below El 1,111 meters and
0.30 metersthick above that level. A gate maintenance deck was located at
El 1,111 meters and a hoist deck at El 1,119 meters.

The selected gate was of the fixed-wheel type with a total
weight of 17,690 kilograms (39,000 1b). The hoist had a rated capacity of

64,397 kilograms (71 US tons) with a lifting speed of about 0.61 meters per
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second (2 fps) and a normal lift height of 47.85 meters (157 ft). It was to
be operable by a 15.2 metric hp 15-hp electric motor equipped with an air-fan
brake, to permit emergency lowering of the gate without power at a maximum
speed of 1.83 meters per minute (6 fpm). The hoist was operable from a control
panel on the tower operating deck.

A structural steel foot-bridge with a 16.307 meter (53 ft-6 in.)
span would provide access to the towern. The main structural members were
designed as two (2) side-flange beams, 0.45 meters (18 in.) deep. The 1.22
meter (3 ft-11 in.) wide deck was to be made of sectionalized steel grating.

4, Qutlet Structure - The reservoir outlet below the tunnel portal was

designed as a cut-and-cover conduit. The 4.6 meter diameter steel tunnel

liner extended 12,55 meters below the portal and was surrounded by heavily
reinforced concrete encasement. Two (2) 1.524 meter diameter conduits branched
from the main conduit to the outlet valve house. Immediately below these
branches, the conduit was to be closed temporarily by a steel bulkhead. When
the future power plant is installed, the bulkhead will be removed and the con-
duit extended to the turbine manifold.

Operation studies of the Arghandab Reservoir established the
acreage which could be irrigated and the required capacity of the outlets. The
monthly irrigation demands used in these studies were baséd on reconnaissance
investigations of soil characteristics in the Arghandab Valley, studies of the
types of crops which might be raised, and total water requirements. On the
basis of these preliminary studies, it was estimated that storage behind Arghan-
dab Dam would permit irrigation of 485 square kilometers (120,000 acres) of
arable land in a normal year. Later, more detailed studies of soils and crops

in relation to probable irrigation water requirements indicated that
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the construction of the Arghandab Dam would permit irrigation of 749 square
kilometers (185,000 acres) of arable land in a normal year 27/. It was found
that two (2) 1.22 meter (48-in.) fixed-dispersion cone (Howell-Bunger) valves
could satisfy the irrigation demand. At lgast two (2) valves were considered
necessary so that shut-down of a single valve for maintenance would not cut
off all irrigation releases. Either valve could meet the total irrigation
requirement about two-thirds of the time and satisfy approximately two-thirds
of the total requirement during the period of maximum demand. Each valve was
to be operable by a separate 7.6 metric hp (7-1/2 hp) electric motor.

After the future power plant has been installed, a large portion éf
the irrigation demand could be satisfied by turbine discharges.

A 1,22 meter (48-in.) ring-follower emergency gate was installed
upstream from each regulating valve. These emergency gates could be operated
under full unbalanced head conditions and allow either regulating valve to be
maintained independently.

The gates were furnished with integral hydraulic hoists which were
both operable by a single hydraulic power unit consisting of a rotary-type
pump, an electric motor, a pressure-relief valve, and a tank.

The operating mechanisms for the control gates and regulating valves
were to be installed in a reinforced concrete valve house located to the left
of the future powerhouse site. The mechanisms were operable from a single
electrical control panel in the valve house. An overhead chain hoist was
provided for servicing the installation. A doorway in the left wall of the
valve house would provide access to the future powerhouse. .

To confine the jet and protect the future powerhouse from the spray

27/ "Arghandab-Tarnak Area - A Study of Water Allocations and Use for Maximum
Irrigation and Power Benefits" by Morrison-Knudsen Afghanistan, Inc.,
Land Development Department, dated July 1956 (Dr. Fly).
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action of the Howell-Bunger valves, a rectangular reinforced concrete hood

was to be constructed around the valves and extended 1.55 meters downstream.
The hood was lined with 0.8 centimeter (5/16-in.) steel plate for a length of
5.89 meters, beginning a short distance downstream from the valves. This
plate would receive the impact of the emerging jet. A 0.6 meter high concrete
sill, placed around the interior periphery of the hood at the end of the steel
liner, would serve both as an energy dissipator and for liner anchorage.

5. Station Power Supply - Power to operate the regulating and

control valves would be supplied by a small hydroelectric unit installed in
the valve house. The turbine was a horizontal Francis unit rated at 90 hp;
designed for a net effective head of 32 meters (105-ft). A 0.46 meter (18-in.)
diameter steel penstock would branch from the main conduit downstream from the
tunnel. This penstock would be embedded in concrete. The turbine was direct-
ly connected to a 75-kva, 3-phase, 50-cycle generator. The unit would also
supply power for the valve house illumination.

A Diesel generator set would provide power for operation of the
intake gate hoist, and for emergency operation of control gates and regulating
valves if the hydro-unit was shut down. The set was housed in a rubble mason-

ry structure on the right abutment.

6. Developments Subsequent to the Completion of First-Stage Design

Since the first-stage design was completed, additional data

concerning the agricultural potentialities of the Arghandab Valley was made

available. Further studies were made of the types of crops that might be raised,
and their water requirements. The estimated maximum irrigation demand can be
met by the combined discharge through two (2) 1.22 meter (48-in.) regulating

valves presently in service and, later, also through discharges from the
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future power plant.
The future power plant will probably have a peak capacity of
around 6,400 kw, and could supply energy to the City of Kandahar and vicinity.

e, Service Behavior - Since the completion of construction and the

subsequent operation of Arghandab Dam, the following observations have been
made:

1. Dam - Performance has been generally satisfactory. As the re-
servoir was filled, minor seepage occurred at the downstream toe. The effluent
water was observed to be clear. This indicated that no piping was taking place.
It was decided to install a collector drain designed as an inverted filter ko
collect seepage. With the reservoir at El 1,110 meters. the observed quantity
of seepage was 0.0085 cubic meters per second (0.3 cfs).

2, Spillway - First discharge over the Arghandab spillway occurred
on ‘May 26, 1954, Discharge reached a peak of 269 cubic meters per second .
(9,500 cfs) on March 30, with the reservoir at El1 1,110.66 meters. Erosion
occurred in the disintegrated granite to depths from 1.83 to 2.44 meters
(6 to 8 ft) in the lower reaches of the channel and to depths up to 3.66 meters
(12 ft) in the upper reaches. Some erosion was anticipated, and its effect was
given consideration during the design. Rock riprap below the spillway weir
was relatively undisturbed. 1In a few spots ravelling took place.

3. Qutlet Works - The outlet regulating valves have been in con-

stant service since February 1952. They have been operated under varying

conditions of head and openings. 1In March and April of 1954, the valves were
discharging continously in a full-open position, with reservoir water service
above the spillway-crest level. The maximum discharge under these conditions

was 52,6 cubic meters per second (1,860 cfs). Performance of the valves has
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been satisfactory in all respects.
The fixed-wheel intake gate and ring-follower gates have been

tested periodically after installation and have functioned as expected.
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SECTION V

BOGHRA CANAL PROJECT

5.01 GENERAL

Design of the Boghra Canal, from its intake on the Helmand River to
Station 56 + 500, has been completed under another contract. Included in this
report are the remaining portions of the Boghra Canal from Station 56 + 500 to
Station 75 + 100 (Schedule 1V); the East Marja Branch (Schedule V); the west
Marja Branch (Schedule VI); to Shamalan Branch (Schedule VII); and certain

work already designed under the previous contract (Schedule III)}.

5.02 PRELIMINARY DESIGN

All Boghra canals were designed as unlined earth sections. A maximum
velocity of 1.27 meters (3.5-ft) per second was anticipated, based on a
Kutter's ''m'" of 0.025. Minimum design freebhard was one (1) meter. An
exception occurred at the lower ends of the canals where required capacities
were smaller. In these sections the minimum freeboard was 0.60 meters.

The general arrangement of features of the Boghra Canal Preject, as
shown on the 1950 Contract Drawings 28/, are described below.

a. Boghra Canal (Schedule IV) - Beginning slightly west of the Nad-i-

Ali Area at Station 56 + 500, with a design capacity of 23.75 cubic meters per
second (842 cfs), the Schedule IV portion of the Boghra Canal extended .approxi-
mately 19 kilometers in a westerly direction along the northern edge of the
Marja Tract. Along this route, the canal serviced numerous turnouts and main
canal flow. became prpgressively smaller toward the Marja Division. The Boghra

Canal terminated in a division structure at .Station 75 4+ 100.

28/ '"Contract Drawings, Afghanistan" by International Engineering Company, Inc.
dated 1948 to 1950 (Appendix C)
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Appurtenant structures of Schedule IV, as shown in Target Estimate,
Boghra Canal System of March 1950, included four (4) single-barrel siphons,
two (2) drainage inlets, five (5) turnouts, six (6) single-barrel culverts,
three (3) double-barrel culverts, six (6) four-barrel culverts, five (5)

seven-barrel culverts, one (l) wasteway, and one (1) division structure.

b, -East Marja-§ranch {Schedule ¥) - The East Marja Branch originated
at a division structure on the Boghra Canal. -The‘initial reach was designed
to convey a quantity of 12.38 cubic meters per second (436 cfs).  The Branch
extended approximately ten (10) kilometers along the western edge of the
irrigable area. The lower end of the Branch extended nine (9) kilometers in
an easterly direction.

-8tructures included ten (10) single-barrel culverts, three (3)
double-barrel culverts, four (4) four-barrel culverts, seven {(7) turnouts,
one (1) combination check and wasteway, and two (2) chute drops.

c. West Marja Branch-LSchedule VI) - The West Marja Branch originated

at the main Boghra Canal division structure. - The canal then proceeded in a
southernly direction along the western edge of the irrigable lands, |

Appurtenant structures included 15 turnouts, eight (8) single-barrel
culverts, five (5) double-barrel culverts, four (4) four-barrel culverts,
three (3) seven-barrel culverts, two (2) siphons, one (1) wvertical drop, and
one (1) chute drop.

d. - Shamalan Branch (Schedule VII) - The Shamalan Branch originated at

Station 31 + 680.4 on the Boghra Canal. - Capacity was 21,2 cubic meters per
second (748 cfs). The Branch extended 66 kilometers in a southernly direction
along the west edge of the irrigable land. Periodic changes in canal cross-

section were made as flow reductions occcurred at turnouts enroute.
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Terminél capacity was 2.1 ctubic meters pervsecond (74 cfs).

The branch had 35 turnouts, six (6) siphons, four (4) chute drops,
sixteen (16) vertical drops, nine (9) single-barrel culverts, five (5) double-
barrel culverts, ten (10) four-barrel culverts, four (4) seven-barrel culverts,

four (4) wasteways, and four (4) checks.

5.03 FINAL DESIGN
As previously described, all canals were originally designed with
unlined earth sectlions. It was later deemed desirable, aloné‘some reaches,
to include a 0.3Q geter thick compacted-earth lining to aid in seepage control,
The general arrangement of the final project is described in the
following paragraphs.

a. Boghra Canal (Schedule IV) - Basically, final design of the Boghra

Canal .was completed as shown on .the Contract Drawings 29/. There were minor

changes in alignment as well as In number and location of structures.

- Structures incorporated in final design included four (4) single-

-barrel siphons, three (3) drainage inlets, seven (7) turnouts, eleveh (11)

single-barrel culverts, four (4) double<barrel culverts, one (1) three-barrel

culvert, one (1) four-barrel culvert, one (1) combination check and wasteway,

and two (2) overchutes.

b. . East Marja Branch (Schedule V) - No substantial change was made in

the originally contemplated alignment of the East Marja Branch. Availability
of final design data brought minor changes in quantity and location of some

structures,

29/ "Contract Drawings, Afghanistan' by International Engineering Company, Inc..

dated 1948 to 1950 (Appendix C)
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- Structures on this Branch included thirteen (13) single-barrel
culverts, two (2) double-barrel box culverts, aine (9) turnouts, one (1)
wasteway, one {(l) underdrain, two (2) chute drops, and one (1} division
structure.

c. West Marja Branch (Schedule VI) - It was determipned, after investi-

gations had been made, that the West Marja Branch was economically unjustified.
Therefore, it was eliminated from the Project.

d. Shamalan Bramch (Schedule VII) - The choice of alignment and

structures for the Shamalan Branch was influenced by the fact that the canal
was to serve lands already under cultivation. Irrigation could not be inter-
rupted during the construction period. These lands were irrigated by an
existing, but inadequate, canal system composed of -several separate canals,
each with its individual diversion dam and intake.

When final data became available, it was found that a more economical
design could be achieved by enlarging the old canals and providing inter-
connections. This scheme produced a system comprising approximately 40 kile-
meters of olﬁ and rehabilitated canals and 26 kilometers of new canals.

The quantity of excavation was thus reduced from that originally
estimated. In order to reduce the number of structures, several existing
turnouts were combined. - Where practicable, drop structures were located just
dowmstream from turnouts. Drop structures were of two (2) types: vertical
and inclined. Provision was made in the drops for use of stoplogs.

-Checks and wasteways were located along the canal at -approximately
16 kilometer intervals. .All wasteway channels were extended to the river and
were designed for the same capacity as the canal section immediately upstream.
Both checks and wasteways were provided with radial gates operable by hand

hoists. - Some of these structures incorporated vehicular bridges.
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Bisecting the irrigable land it serves, the Shamalan Branch  Canal
included 36 turnouts, one (1) siphon, four (4) chute drops, thirteen (13)
~vertical drops, fourteen (l4) check-drops, five (5) combination checks and
wasteways, seven (7) inlet drains, five (5) underdrains, one (1) flume, four
(4) bridges, and one (1) division structure,

e. . Boghra Canal (S;hgdule I1I) - Revislons were made of the design of

the Boghra Canal as prepared under a previous contract., - A check structure
was included at Station 46 + 160 on the Boghra Canal. Schedule III drop

structures were revised to incorporate radial gates,

5.04  APPURTENANT STRUCTURES
a. Drops - A drop structure on an irrigation canal is a device for
absorbing excess head. There are two (2) main types of drop:
(1) . Direct vertical drop
{(2) Inclined chute drop

At -the downstream end of a.drop structure, a stilling pool; which
sometimes incorporates dentated sills in its design, is utilized for dis-
sipation of the energy created by the falling water.

-Bconomic and hydraulic studies usually indicate the type of drop
to be used. In this instance, when the required drop in the water surface
was less than 3.05 meters (10-ft), the vertical type was utilized,  For drops
greater than 3.05 meters, inclined chute drops were used. Model tests indi-
cated that both types of drop structure would operate satisfactorily. The
design standards for these structures were similar to thdse used by the

United States Bureau of Reclamation.





- In both types of structures, stoplogs or gates were provided to
maintain satisfactory water levels in the canals. 1In the case of inclined
drops, as determined by individual requirements, either gates or stoplogs
were utilized,

The principal physical parts of a chute drop are the inlet
transition, control section, inclined chute channel, stilling pool, and
outlet transition. To simplify construction, a "dog-leg'" transition was
utilized at both inlets and outlets. Economic considerations prescribed the
use of a rectangular-shaped chute channel and stilling pool. Dentated sills
were employed in stilling pools.

- b. Siphon - Under conditions at, or appreoaching full operating head,
a canal siphon barrel_becomgaé pressure conduit. Through the‘siﬁhon barrel,
the normal canal water surface is depressed. A siphon can be used to take
canals across depressions, such as natural drainage channels, rayines, and
valleys. 8Such a structure is also useful for crossing canals beneath railroad
or highway rights-of-way.

Hydraulic requirements and available head usually determine the
slze of a siphon barrel. -Barrels can be single or multiple, of either
circular or rectangular cross-section. - Other design requirements are pre-
scribed by external and internal loading conditions.

On a silt-carrying canal, suspended loads tend to be deposited in
siphon barrels. Therefore, siphon design should consider velocities suitable
for automatic flusing and ejection, as much as possible, of the silt tending
to be deposited. - On a long siphon barrel, an air-vent is sometimes included.
Maintenance on the .siphon barrel will require that the barrel occasionally

be pumped dry.





c. Checks - The function of a check is to maintain a proper operating
water surface. - Excess water may be passed downstream or.ﬁay be diverted
through a wasteway facility.

Design considerations for a canal check include selection of the
proper size openings and selection of a means for maintaining required water
surfaces. It is usually desirable that .the waterway should be large enough
so that, at capacity flow, velocity through the check structure will not be
materially different from that In the adjacent canal sections. Positive
control of flow through a check is usually accomplished by the use of radial
gates. In come instances, associated more with smaller canal checks, sto@logs
are more practical than radial gates, |

d. Wasteways - A wasteway is a facility through which excess canal flow
can be removed from the system, It also provides a means for quick de-
‘watering of the main system in case of a downstream bank failure. An oc-

casional full-capacity wasteway on a long canal is essential. An artificial

The spacing and location of Wasteways.is a function of canal ca-
pacity and other factors, including existence of natural channels for accept-
ance of wasted wafers. For ease of operation and economy of construction,
wasteways are usually located upstream from checks.

e. Turnouts - Turnout structures of various sizes are employed to
divert operational flows from main or lateral canals. Turnout designs vary.
Large-capacity turnouts are best if constructed with an inlet transition and
headwalls of reinforced concrete. Use of a commercially available slidegate
1s desirable. -Smaller capacity turnouts, as required for individual farms,

are sometimes constructed entirely of timber. Timber turnouts have a limited
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life and would be subject to periodic replacement. Turnout barrels can be
single or multiple, according to design capacity. The barrels can be of

precast concrete pipe, metal pipe, or poured-in-place rectangular boxes.

.Under the 1950 Contract, all turnout barrels were of precast .concrete pipe.

The Boghra turnouts were designed to operate with the main canal
at half capacity. Velocitles were kept around 1.53 meter per second (5-fps).

f. Dralnage Inlets - Drainage inlets are facilities constructed on

the upper sides of canals. They are used to accept flows into the canal
prism from small natural drainage channels that, under natural conditions,
would cross the canal right-of-way. Drainage water 18 directed dowm the
slde slope via an inclined chute to the canal invert. A stilling pool is
usually provided at the base of the chute when the main canal prism is
unlined.

In the design of drainage inlets, the main problem is determination
of discharge. - Estimates for drainage discharge at the canal .bank are based
on empirical formulae which include considerations for drainage basin area,
average slope of the basin, vegetative cover on the basin, and estimated
rainfall intensity over the basin. -Drainage inlets are usually constructeﬁ
for basins producing relatively small amounts of runoff. 1Inlets are used
for these smaller flows becayse of their relative low cost in comparison with
a structure; such as an overchute or culvert that would be required if runoff
were taken across or under the canal prism. Flood runoff usually occurs at
periods of the year when irrigation demands and canal flows are low. . Thus,
flood flows entering into the‘canal prism does not usually create an operat-

ional problem.
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g, Culverts (Underdrains) ~ The function of culverts is to convey
drainage water under the canal prism. Dralnage culverts may be single or
multiple barrel, pipe or box sections, depending upon depth of water,
imposed loading, and other factors. They are considered to be under no
internal pressures except thoge due to open-channel flow conditions.

The main problem involved in design of drainage culverts is the
determination of discharge capacities. .These are estimated as described
above for drainage inlets, Design usually follows the same general
principles used in the design of canal siphons, except that calculations
involve considerations of open-channel flows.

-Where natural drainage waters are to be conveyed .transversely
across the capal prism, a culvert is usually found to be more economical
than an overchute.

-h. Overchutes - An overchute is an overhead flume crosgsing the
candl transversely.

Overchutes are used where a culvert-type canal crossing is not
desirable because of topographic conditions and where heavy loads of silt
and debris, carried by flood flows, might be expected to plug under-canal
culverts.

An overchute flume cross-section is related to estimated dis-
charge. Drops and stilling pools are necessary at overchute oufiets to
retard velocity so that erosion will pot occur along .the outlet channel.
Usually, conditions at the overchute inlet involve some channelization
- and dike work.to direct runoff to the stfucture.

i, .Flumesr-‘When necessary to cross one candl over another, and if
operating water surfaces are suitable, the crossing can be made via a flume
structure. - Such a flume is similar in some respects to a drainage overchutg'

with the exception that a drop and stilling pool are mot usually necessary.
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APPENDIX A

REPORTS AND BACKGROUND DESIGN DATA

. REFERRED TO IN THIS REPORT

Comprehensive Reports

(1) "On Kargha, Seraj, Kharwar, Kajakal, Arghandab, Surkhab,
and Boghra Dams, Afghanistan' by J. L. Savage, dated
June 30, 1948 (pageII-1, 1/)

(2) ~ "Report on Earth Dams and Rockfill Dams' by International
Engineering Company, Inc., dated May 1953 (page I1II-8, 7/
and IV-10, 25/)

Kajakai Dam

(1) . "Laboratory Tests on Soill Samples from the Borrow Area,
Kajakai Dam, Afghanistan' by 0. J. Porter & Company, dated
January 23, 1950 (page III-8, 6/)

(2) "Rajakai Project', letters by J. P. Growdon, dated March
11, March 13, and April 1, 1950 (pages I1II-9, 8/, III-18,
11 /, III-20, 12/ and I1I1-26, 14/)

3) "Kajakai - Consultants', letter by D..J..Bleifuss, dated
May 26, 1950 (page III-14, 10/)

(4) "Geology of the Kajakai Damsite" by F. A. Nickell, dated
August .1950 (page IILI-5, 4/)

(5) "Grouting - Kajakai Dam'", letter by James B. Hays, dated
September 22, 1950 (page ILI-7, 5/)

(6) - "Design Criteria, Specifications, Laboratory Procedures
for the Embankment Foundation of the Kajakal Dam'', by
International Engineering Company, Inc., dated October
1950, revised March 1952 (page III-12, 9/)

) "Treatment of Joints and Seams in Tunnels" by Morrison-
Knudsen Afghanistan, Inc., (Gilbert Waddell and James B.
Hayes), dated September 24, 1952 (page 1I11-33, 17/)

(8) "Quarterly Progress Report' by Morrison-Knudsen Afghanistan,
Inc., October 1 to December 31, 1951 (page 111-36, 18/)
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APPENDIX A (Continued)

(9) ‘''Quarterly Progress Report" by Morrison-Knudsen Afghanistan,
Inc., January 1 to March 31, 1952 (page I1I-36,19/)

c. Arghandab Dam Project

(1) '"Arghandab - Foundation Grouting', letter by James B. Hays,
dated July 12, 1950 (page IV-7, 23/)

(2) "Geology of the Arghandab Damsite' by F. A. Nickell, dated
August 1950 (page IV-5, 21/)

(3) "Test of Soil Samples for Arghandab. Dam, Afghanistan' by
Abbot A. Hanks, Inc., dated August 21, 1950 (page IV-10,
24/) '

(4) - "Design Criteria, Specifications, Laboratory Procedures"
(for Embankment Foundation of the Arghandab Dam) by
International Engineering Company, Inc., dated September
1950 (pages IV-7, 22/ ahd IV-11, 26/)

(5) "Afghandab Tarnak Area - A Study of Water Allocation and
Use for Maximum Irrigation and Power Benefits'" by
Morrison-Knudsen Afghanistan, Inc., Land Development
Department, dated July 1956 (Dr. Fly) (page IV-24, 27/)
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APPENDIX B

REPORTS AND BACKGROUND DESIGN DATA

NOT REFERRED TO IN THIS REPORT

Comprehensive Report

1

(2)

"Preliminary Report on Kajakai, Arghandab, and Seraj

Damsites" by F. A. Nickell, dated July 5, 1950

"Documents and Consultants' Reports' (list) by Morrison-

Knudsen Afghanistan, Inc., dated Makch 6, 1952

Kajakai Dam Project

(1

(2)

(3)

(4)

(5)

(6)

)]

(8)

(9

"The Kajakai Project and its Relation to the Development
of the Helmand Valley" by International Engineering
Company, Inc., dated July 18, 1949

"Kajakai Dam - Closure Diversion Tunnels' by B. M. Johnson
(to Bleifuss), dated March 1, 1950

“Kajakai Dam - Stability of Proposed Dam -Section™ by
International Engineering Company, Inc., dated April 7, 1950

"Irrigation Tunnel - Valve House - -Sump Pump - Installation"
(and other design computations) by International Engineer-
ing Company,. Inc., dated 1950

"Spillway Design' (for the Kajakai Dam) by International
Engineering Company, Inc., dated May 22, 1950

"Supplement S" (to the main design report, Kajakai Design
Computations) by International Engineering Company, Inc.,
dated 1950 and 1951

"Kajakai Dam - Stability Analysis, Hydraulics, Spillway,
Crest, and Other Computations",by International Engineering
Company, Inc., dated 1950 and 1951

"Kajakai Dam - Irrigation Tunnel - Ventilation System"
(computations), dated August 1, 1952

""Kajakai Design Report' (correspondence and drawings) by
Morrison-Knudsen Afghanistan, Inc., dated 1954





APPENDIX B (Continued)

(10) "MAs-Built Drawings' - Kajakai (list) by Morrison-Knudsen
Afghanistan, Inc., dated April 1954

(11) "As-Built Drawings' - Kajakai (list) by Morrison-Knudsen
Afghanistan, Inc., dated June 1954

c. Arghandab Dam Project

(1) "Arghandab - Embankment' - Stability, Permeability, Intake
Gate, Hoist, and Other Design Computations - by Inter-
national Engineering Company, Inc., dated 1950

(2) "Arghandab Dam Design Computations' by International
Engineering Company, Inc., dated 1950

(3) '"Arghandab Design Computations' by International Engineer-
ing Company, Inc., dated 1951

(4) - "Spillway Design Computations'" (for the Arghandab Dam) by
Morrison-Knudsen Afghanistan, Inc., dated August 1953

(5) "Arghandab - As-Built - List of Drawings' by International
Engineering Company, Inc., dated February 24 and April
27, 1954

d. Boghra Canal Project

(1) '"Boghra Design Calculations" by International Engineering
Company, Inc., dated 1950 and 1951

(2) "Afghanistan, Boghra Canal Gates & Hoists Computations"
by International Engineering Company, Inc., dated August
to December 1951

(3) - "Design Calculations" by Morrison-Knudsen Afghanistan,
Inc., dated 1953 (with photographs)

(4) '"Boghra - Shamalan Canal - Turnouts" (and other design
computations) by Morrison-Knudsen Afghanistan, Inc.,
dated 1953

(5) - "Boghra Canal - Drawings' by Morrison-Knudsen Afghanistan,
Inc., dated 1954





APPENDIX B (Continued)

e. Consultants' Letters
(1) Walter R. Young, dated March 4, June 27 and July 8, 1950

(2) J. L. Savage, dated March 6 and June 22, 1950, August
24, 1951 and October 21, 1952

(3) J. P. Growdon, dated March 11%, 13%, and April 1%, 1950
and March 4, 1951 (3 letters with the same date)

(4) D. J. Bleifuss, dated June 29, 1950 and July 31, 1951

(5) James B. Hays, dated September 22, 1950% and July 12, 1951%

*Listed in Appendix A
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APPENDIX C
DRAWINGS

a. Contract Drawings (Drawing List not included in this Report)
“"Contract Drawings, Afghanistan" by International Engineering
Company, Inc., dated 1948 and 1950 (pages II-2, 2/; III-1, 3/;
111-20, 13/; 111-27, 15/; I11-29, 16/; IV-1, 20/; V-1, 28/ and
V-3, 29). :

b. "Ag-Built" Drawings
(1) Kajakal Dam Project, as referred to in Appendix B, b (10).
(2) Arghandab Dam Project, as referred to im Appendix B, ¢ (5).

(3) Boghra Canal Project - (Miscellaneous drawings for each
schedule).
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!' KAJAKAI DAM, ARGHANDAB DAM, AND BOGHRA CANAL PROJECTS
: A. "AS«BUILT" DRAWING LIST (IECO)
: 1. Kajakai Dam Project
. a. Qverall Project
: g Drawing No. ,ILEI_Q_
‘ (1) 10-F-4 R1 Area, Capacit;lr and Discharge Curves
. (2) 10-F-7 R3 General FPlan
: (3) 10-F-8 R2 General Sections
P
' (1) 11-F-1 R3 Plan and Sectilons
. (2) . 11-F-3 R1 Piezometer Installation (Sheet 1)
'. (3) 11-F-4 R1 Piegometer Installation (Sheet 2)
i c. Tunnels
: (1) 13-F-1 R10 Diversion Tunnels; Plan and Profile
. (2) 13-F-2 R1 Irrigation Tunnel; Upstream Portal;
’ General Arrangement
E (3) 13-F-3 R4 Irrigation Tunnel; Upstream Portal
, .Structure, Concrete Qutline
' (Sheet .1)
g (4) 13-F-4 R4 Irrigation Tunnel; Upstream Portal
Structure, Concrete . Qutline
(Sheet 2)
(5) 13-F-19 R2 Irrigation Tunnel; Upstream Portal

Structure; Second Stage Concrete

(6) 13-F-25 R4 Emergency Generator House
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Irrigatipn Tunnel; Res. W. 5..Recorder
House

Irrigation Tunnel; Intake Tower;
Concrete Outline (Sheet 1)

Irrigation Tunnel; Intake Tower;
Concrete Qutline (Sheet 2)

Irrigation Tunnel; Steel Conduit;
Concrete Encasement

Irrigation Tunnel; Valve House; General
Layout

Irrigation Tunnel; Valve House, Concrete
Qutline (Sheet 1)

Irrigatign Tunnel; Valve House; Concrete
Outline (Sheet 2)

Irrigation Tunnel; Valve House; Concrete
Outline (Sheet 3) )

Irrigation Tunnel; Valve House; Concrete
Outline (Sheet 4)

Irrigation Tunnel; Valve House;
_Architectural Detaills

Irrigation Tunnel; Upstream Portal;
Elevation

Power Tunnel; Upstream Portal; Excavation

Power Tunnel; Upstream Portal; Outline
and Reinforcement (Sheet 1)

Power Tunnel; Upstream Portal; Outline
and Reinforcement (Sheet 2)

Power Tunnel; Plug
Irrigation Tunnel; Plug

Irrigation Tunnel; Rotovalve Chamber;
Concrete Qutline

Irrigation Tunnel; Pipe Trenches and
Equipment Foundations

Power Tunnel; Intake Excavation
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(26) 13-F-70 Rl
Mechanical

(L 15-F-1 R1
(2) 15-F-2 R3
(3) 15-F-3 R3
(4) 15-F-4

(5) 15-F~5 R1
(6) 15-F-6

(N 15-F-7

(8) 15-F-8

(9) 15-F-9 R1
(10) 15-F-10 R1
(11 15-Fk11 R1
(12) 15-F-12 R1
(13) 15-F-13 R1
(14) 15-F-14
(15) 15-F-15 Rp
(16) 15-F=16
(17) 15-F-17. R4
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Irrigation Tunnel; Rotovalve Chamber;
Rotovalve Drains

Irrigation Tunnel; Stop Log Guides;
Details

Irrigation Tunnel; Stop Log Guildes;
Assembly and Anchor Bolts

Irrigation Tunnel; Stop Log Steel Frame;
Assembly and Details

Stop Log; Outline and Reinforcement

Irrigation Tunnel; Gate and Stop Log
Lifting Device; Assembly and Details

Irrigation Tunnel; Trashrack

Irrigation Tunnel; Trashrack Guides

Irrigation Tunnel; Crane; Clearance
Diagram

Irrigation Tunnel; Intake Tower; Miscel-
laneous Metalwork (Sheet 1)

. Irrigation Tunnel; Intake Tower; Milscel-

laneous Metalwork (Sheet 2)
Irrigation Tunnel; Wheel Gate; Assembly
Irrigation Tunnel; Wheel Gate; Leaf
Irrigation Tunnel; Wheel Gate;. Seals
Irrigation Tunnel; Wheel Gate; Wheels

Irrigation Tunnel; Wheel  Gate Guides;
Assembly and Anthor Bolts

Irrigation Tynnel; Wheel Gate Guides,

Detalls

Irrigation Tunnel; Intake Tower Access
Bridge; Assembly and Truss
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(18) 15-F-18 Irrigation Tunnel; Intake Tower; Miscel-
laneous Metalwork (Sheet 3)

(19) 15-F-52 Irrigation Tunnel; Rotovalve Chamber;
Hoist and Rail

(20) 15-F-53 R1 Irrigation Tunnel; Steel Conduit;
Assembly and Miscellaneous Detalls

(21) 15«F~54 R1 Irrigation Tunnel; Steel Conduit;
Details and Sections

(22) 15-F-55 R2 Irrigation Tunnel;. Steel Condult; Test-
ing, Temporary Installation and
Detalls

23 15-F-56 R5 Irrigation Tunnel; Valve House and
Tunnel; Miscellaneous Metalwork

(24) 15-F-57. Rl Irrigation Tunnel; Valve House and
Tunnel; Ladders and Railings

(25) 15-F-59 RO Irrigation Tunnel; Ventilating System;
Plans and Sections

(26) 15-F-60 R1 Irrigation Tunnel; Ventilating System;
Details

(27) 15-F-61 R1 Irrigation Tunnel; Valve House; Plumbing
and Drain Lines; Details

(28) 15-F-62 Irrigation Tunnel; Piping; Penstock and
Tunnel Conduit Dralns

(29) 15-F-64 R1 Irrigation Tunnel; Miscetlaneous Metal-
work -

(30) 15-F-65 R1 Irrigation Tunnel; Intake Tower Access
Bridge; Bent. and Girder

(31 15-F-66 R1 Irrigation Tunnel; Rotovalve Control
Piping; Plan and Section

(32) 15-F=67 .Irrigation Tunnel; Rotovalve Control
Piping; Details

(33) 15-F-101 Details for. Revised Hoist Trolley Frame

{(34) 15-F-102 Details for Revised Lower Sheave Block

(35) 15-F-103 Hoist Drum with Added Flange
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: e. -Electrical
. () 17-F-1L.Rl Irrigation Tunnel; Valve Chamber; Tunnel
and Valve House; Grounding Plan
z (2) 17-F-2. Rl Irrigation Tunnel; Valve Chamber and
Tunnel; Power and Lighting
E (3) 17-F-3 R2 Valve House; Power and Lighting Plans
(4) 17-F~4.R1 Valve House; Power and Lighting;
' Sections and Details
i’ (5) 17-F-5 R2 Valve House Switchboard; Elementary
. Wiring
{6) 17-F-6 R2 Electrical Aerial Distribution Line;
' Plan and Details
{7 17-F~7. Rl Emergency Generator House; Power and
Lighting
(8) 17-F-8 Electrical; Single Line Diagram
f. Spillway
(1) 21-F-1 R4 Spillway; Excavation; Plan, Profile

and Sections

g. ~Roads and Bridges

(1) 81-F-1 R1 Construction Bridge; Plane and Elevation
-(2) 81-F-2 R2 Construgction Bridge; Sections and
Details
h. Miscellaneous and Upnumbered
(1) 505-27-871 Rl Irrigation Tumnel; Elliptical Bulkhead
{2) 505-27-874 Irrigation Tunnel; Steel Conduit;

Conduit Coupling

2. Arghajn_dabr. Dam Project

a, General

10-F-18 R1 General Layout.and Typical .Sections
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Main Dam

(L

(2)
(3)

11-F-1 Rl

11-F-2.

11-F-3

Generator House

13-F-30 R1
Electrical

(1) 17-F-1 R2
(2) 17-F-2 R1
(3) 17-F-3 R1
(4) 17-F-4 R2
(5) 17-F-5 Rl
(6) 17-F-6 R1

(1)
(2)

(3)
(4)
(5)
(6)
(7)
(8)

-Valve House

21-F-1

21-F-2

21-F-3

21-F-4.

21-F-5

21-F-6.

21=F-7.

21-F-8

R2

R2

R2

R1

R2

R2

R1

R3

R2

R2
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Main Dam; Excavation Plan and Foundation
Treatment

Main Dam; Plan and Elevation

Main Dam; Typical .Sections

Emergency Generator House

Intake Gate Structure; Electrical
Power and Lighting System

Intake Gate Structure; Electrical
Grounding System

Electrical; One-Line Diagram and

Distribution System

Valve House; Electrical Power and
Lighting System

Valve House; Electrical Grounding System

Emergency Generator House; Power and
Lighting

Valve House; General Arrangememt

Valve House, Excavation, Flan and
Secticns

Valve House; Outline

Valve House; Reinforcement Below E1 1070
Valve House; Reinforcement Above El1 1070
Valve House; Miscellaneous Details

Valve House; Embedded Piping

Valve House; Handrails and Pipe Ladder
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(9)
(10)

21-F-9 Rl

21-F-13 RI1

"Sheet 7 of 19

Valve House; Miscellaneous Metal

‘Valve House; Ring Follower Gate Piping

and Operating Instructions

f. Intake Tunnel, Gate and Trashrack Structures

(1)

(2)

(3

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)
(16)
(17)

31-F-1 R2
31-F-2 R2
31-F-5 R1
31-F-6 R1
31-F-10 R2
31-F-11 R2
31-F-12. R2
31-F-13 R2
31-F-14 RI

31-F-20-R1

31-F-21 R1
31-F-22 R1

31-F-23 Rl
31-F-30 R2
31-F-31 Rl
31-F-32 R3

31-F-33 R1

Intake Tunnel; Plan, Profile and
Typical ‘Sections

Intake Tunnel; Rock Trap and Concrete
Lining; Outline and Reinforcement

Trashrack Structure; Reinforcement
(Sheet 1)

Trashrack Structure; Reinforcement
(Sheet 2)

Intake Gate Structure; General
Arrangement

Intake Gate Structure; Outline
Below. Elev., 1098 :

Intake Gate Structure; Reinforcement
Below Elev. 1098

Intake Gate Structure; Outline Above
Elev. 1098

Intake Gate Structure; Reinforcement
Above Elev. 1098

Intake; Trash Rack

Intake Gate Structure; Miscellaneous
Metal

Intake Gate Structure; Access Bridge,

Abutment and Ladders

Intake Piping

.Intdke Gate;Assembly

.Intake Gate} Structural Details

Intake Gate; Wheels

.Intake Gate; Seals
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3.

(18)

(19)
(20)

(21)

(22)

(23)

(24)

31-F-34 R2

31-F-35 R2
31-F~36 R1

31-F-40 R1

31-F-41 R2

31-F-42 R1

- 8715-D

Boghra Canal Project

a.

Schedules IV and V

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)
(9)
(10)

(11)

(12)

505-31P-1 R3
505-31P-2 R3
505-31P-3 R4
505-31P-4 R},
505-31P-5 R3

505~31P-10 R3

505-31p-11

505-31P-12 R2
505-31P-13 R1
505-31F-14 R1

505-31p-15

505-31P-16

Sheet 8 of 19

Intake Gate Guides; Assembly; Anchor
Bolt Details

Intake Gate Guides; Details
Intake Gate Hoist

Conduit and Manifcld Encasement & Tunnel
Lining at Qutlet Portal; Outline

Conduit; Steel Liner and Manifold; Re-
placed by Pacific Coast Engineering
Co., Drawing 8715-D

Conduit and Manifold Encasement & Tunnel
Lining at Outlet Portal,; Reinforce-

ment

Conduit and Penstock Manifold (Pacific
Coast Engineering Co., Dwg.)

Schedule IV; Plan and Profile (Sheet 1)
Schedule IV; Plan and Profile (Sheet 2)
Schedule IV; Plan and Profile (Sheet 3)
Schedﬁle,IV; Plan and Profile (Sheet &)
Sehedule V; Standard Turnout

Schedule IV; Siphon at Station 734962.5;
General Plan and Section

Schedule V; Plan and Profile (Sheet 1)

Schedule V; Plan and Profile {Sheet 2)

. 8chedule V; Plan and Profile {(Sheet 3)

Schedule V; Plan and Profile (Sheet 4)

Schedule V; Division at Station 75+100;
General Plan

Schedule V; Division at Station 75+100;
Check on East Marja Branch
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(13)

(14)

(15)

(16)
(17)

(18)

(19)

(20}

(21)

(22)

(23)

505-31P-17

505-31P-21

505-31P-22

505-31P-24

505-31P-26

505-31pP-27

505-31P-28

505-31p-29

505-31P-30

505-31pP-31

505-31p-32

Rl

Rl

R1

Sheet 9 of 19

Schedule V; Division at Station 75+100;
Check on West Marja Branch

General Layout of Canal System

Schedule IV; Wasteway and Checkworks,
Station 70+600

Schedule IV; Checkworks at Station 70+60D

Schedule IV; Overchute at Station 60+100;
General Plan and Section

Schedule IV; Overchute at Station 60+100;
Sections

~Schedule IV; Overchute at Station 66+000;

General Plan and Section

Schedule IV; Overchute at -Station 66+000;
Sections :

Schedule V; East Marja Branch; Drop at
Station 4+740; General Plan & Section

Schedule V; East Marja Branch; Drop at
Station 1(0+425; General Plan &
Section

Schedule V; East Marja Branch; Drop at
Station 10+425; Outline &
Reinforcement

Schedule VII {(Shamalan Branch)

(1)
(2)
(3)
(4)

(5)

(6)

505-31P-34
505-31P-35
505-31P-41

505-31P-57

505-31P-58

505-31p-61

Plan and Profile (Sheet 1)
Plan and Profile (Sheet 2)
Shamalan Branch; Siphon at Station 74896

Check Structure at Station 13+500;
General Plan and Sections

Check Structure at Station 13+4500;
Qutline & Reinforcement

.Drop at Station 174+750; General Plan &

Elevations





(7)

(8)

(9)

(10}

(11)

(12)

(13)

(14)

(15)

(16

(17}

(18)

(19)
(20)
(21)

(22)

505-31P-62

505-31P-64

505-31P-65

505-31P-67

505-31P-69

505-31P-70

505-31pP-73

505-31P-76

505-31P-78

505-31pP-80

505-31p-81

505-31P-82

505-31P-85
505-31F 86
505-31P-87

505-31pP-89

- Schedule III and VII

(1)
(2)

505-31P-90

Sheet 10 of 19

Drop at Station 174750; Outline &
Reinforcement

Drop at Station 16+132, 224610, 24+150;
General Plan and Elevations

Drop at Stations 164132, 224610; 24+150;
Qutline & Reinforcement

Drop at Station 24+400; Outline &
Reinforcement

Check & Wasteway Structures st Station
274150; General Plan

Check & Wasteway Structures at Station
274150; OQutline & Relnforcement

Drop at Station 304100; Qutline &
Reinforcement

Drop at Station 32+350; Outline &
Reinforcement

Drop at Station 65+767; Outline &
Reinforcement

Check & Wasteway Structures at Station
42+000; General Plan & Sections

Check at Station 424000; Outline &
Reinforcement

Wasteway at Station 42+4000; Outline &
Reinforcement

Radial Gates; 10' x 6' and 8' x 6'

Radial Gates; 10' x 7' and 8' x 7!

. Radial Gate; 8' x 4!

- 8lide Gate; 4' x 5'-6"

Schedules TII & VII; Radial Gate Hoists

505-31P-93 Rl Schedule III; Check at Station 46+160;

General Plan & Elevation





Sheet 11 of 19

(3) 505-31P-94 R1 Schedule III; Check at Station 46+16:0;
Qutline & Reinforcement

(&) 505-31P-99 Schedule VII; Wasteway at Station 65+767;
Qutline & Reinforcement

¢ (5) 505-31P-104 Schedule VII; Check and Wasteway

Structures at Station 524325;
General Plan & Sections

(6) 505-31P-105 Schedule VII; Check at Station 52+325;
Qutline and Reinforcement

(7) 505-31P-106 Schedule VII; Wasteway at Stationm 52+325;
Outline & Reinforcement

B. "AS BUILT" DRAWING LIST (MKA)

Kajakai Dam Project

a, General
27-81 Downstream Bridge; Site Topography
b, Tunnel Portal Structure & Intake Gate Tower

to Elev. 983.30

(1) 27-87 .Triangulation

(2) 27-90 Irrig. Tunnel; Intake Tower; Access
Bridge Layout

(3) 27-94 Topography of Damsite

(&) 27-101 R2 Foundation & Abutment; Treatment as
Constructed (Sheet 1)

A(5) 27-102 Irrig. Tunnel; Intake Tower; Bridge
Seat -Details
(6) 27-104 R1 Access Bridge; Plan of Bent; Footing
N & Abutment
() 27-105 R1 .Access Bridge Abutment & Bent Footing
. Details
(74) 27-110 Irrigation Tunnel; Gate and Stoplog

Lifting Device
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{8)

(9)

(10)

2. Arghandab

27-112 Rl

27-114 R1

27-131 R2

Daﬁ Project

(1)
(2)

(3)
(4)
(5)
(6)
(7)
(8)

(9}

(10)

(11)

(12}
(13)

(14)

(15)

(16}

(17)

29-80 R1

29-93 R1

29-94
29-98
29-101
29-102
29-108

29-110

29-116

29-118

29-134

29-135
29-136

29-138

29-140

29-142

29-143

R1

R2

Sheet 12 of 19

Rotovalve Chamber; Ventilating System;
Duct Support

Irrig. Tunnel; Rotovalve Chamber;
. Second Stage Concrete Outline

Dam Movement  Stations

Dike; Nominal Section

Valve House; Discharge Chamber Liner
Plate

Dike No. 6; Section

Diversion Bulkhead at Valve House

.Layout; Dike No., 6

Plan; Dikes Nos. 2, 3, 4, &5

Tunnel Lining End Section & Bulkhead

. Spillway No. 1, Weir; Outline &

Reinforcement

Valve House; Site Plan, As Built Plan
& Sections

Trashrack Structure; As Built Outline

—Mhin Dam; Downstream Toe Filter &

Outfall Drain
Spillway No. 1; As Excavated
Emergency Generator House

Valve House, Ring Follower Gates;
Piping Diagram

Spillway No. 2; As Built Plan &
Miscellaneous .

Conduit & Manifold Encasement & Tunnel
Lining &t Qutlet Portal; Outline

Spilllway Wo.. 1l; Concrete Weir;
Excavation & Grout Holes
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(18) 29-159
3. Boghra Canal Project
(1) 31-085
(2) 31-114
(3) 31-177.
(4) 31-117
(5) 31-184
(6) 31-187.
(M 31-194
(8) 31-200
(9) 31-200
(10) 31-201.
(11) 3l-201
(12) 31-201
(13) 31-202
(14) 31-202
(15) 31-210

R1

Rl

ARL

Rl

Rl

Rl

Rl

R1

Rl

R1

Rl

Rl

R1
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D/S Topography along River Channel

.Schedules III and IV; Typical Drainage

Inlet

.-Schedules III and IV; Siphon at -Sta.

46+767 & 734962.5; Inlet and Qutlet
Transition (Sheet 1 of 2)

Schedules III, IV, and V; Typical
Underdrain

Schedules III, IV, and V; Typlcal
Underdrain

Schedule VII; Division at Sta. 31+680.54
on Main Canal; General Plan

-8chadule VII; Check at Sta. (+047.40

Schedule VII; Vertical Drop Structures;
Sta. 04500 to 6+340

Schedule IV; Siphon at Sta. 57+100;

General Plan and Section (Sheet 1)

Schedule IV; Siphon at Sta.. 57+100; Inlet
& Outlet Transition Detalls (Sheet 2)

Schedule IV; Siphon at-Sta._57ﬁ725;uw
General Plan and Section (Sheet 1)

Schedule IV; Inlet and Gutlet Transition
Details (Sheet -2)

Schedule IV; Siphon at Sta. 57+725;
Barrel Reinforcement

. Schedule IV; Siphon at Sta. 58+35Q;

General Plan .and Section (Sbeet 1)

Schedule 1IV; Siphon at Sta. 58+350;
Inlet and Qutlet Tramsition Details
(Sheet 2)

Schedule VII; Siphon at Sta. 7+896; Inlet
& Qutlet Transitiom Structure





(154)
(16)
(17)

(18)

(19)
(20)
(21)
(22)

(23)

(24)
(25)

(26)
(27)
(28)
(29)
(30$)

(31)

(32)

31-214

- 31-216 R1

31-223 R1

31-224

31-229 R2
31-230 Ri
31-232 R1
31-236 R1

31-237

31-238
31-239

31-241
31-242
31-243
31-244
31-245

31-247 R2

31-248.R3
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Siphon at -Sta, 46+767; Air Vent
Location and . Detalls

-Schedulé VII; Drop at Sta. 9+850;

General Plan and Section

‘Schedule .IV; 70.6. Wasteway Channel;

Plan & Proflle

Schedule VII; Plan and Profile;. Sta.
13+500 to 17+500; Typlcal Canal
Section

.Schedule VII; Drop at-Sta. 114700;

General Plan and Section

Schedule VII; Drop at -Sta. 11+700;
Outline and Reinforcement

‘Schedule VII; Wasteway Structure at

Sta. 13500

Schedule III; Cheek at -5ta., 46+160;

Radial Gate 9'-0" x 9' -9

. Schedule III; Check at-Sta. 46+160;

Radial Gate 9'-0"'x-9'r9";‘Sttuctural
Steel. Detalls

Schedule VII; Plan & Profile;j Sta..l174750
to 25+360; Typical Canal Section

Schedule VII; Plan & Profile; Sta. 174750
to 25+360

‘Schedule VII; Radial Gates; 8'-Q" x 7'-Q"

-Bchedule VII; Radial Gate; 1Q'=0" x 7'-Q"

Schedule VII; Radial Gate; 8'-0" x 6*-00

Schedule VII;:Radial Gates; 10'-0" x 6'~-Q"

~8chedule-VII; Radial Gate; 8'~0%" x &'-Q"

- Schedule VII; Wasteway No, 3; Drop at-Sta.

-2+230; General Plan .and Elevations

Schedule VII; Wasteway No. 3; Drop at: Sta.
2+250 Outline 4nd Reinforcement
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out -Inlet- Structure

(49) 31-277 R1 -Schedule VII; Sta. 634215 R; Turnout
-Inlet  Structure

(50) 31-278 R1 Schedule VII; Flume Details at Sta.
10+4517; General Plan & Elevation

. (33) 31-249 R2 . 8chediule VII; Chute Drop at. Sta. 63+600;

. Generdal Plan and Section

b (34) 1 31-250 R2 ‘Schedule VII; Chute Drop at -Sta. 63+600;

. Outline and Reinforcement

] (35)  31-253 _Schedule VII; Slide Gatej &4'-0" x 5'-6"
' \

. (36) 31-254 R1 -§chedule VII; Sta. 27+138R; Turnout

. Details

: (37) 31-255 Schedule VII; Concrete-[_&prap

. (38) 31-256 R2 Schedule VII; Details of 36" Dia,Turnout

. (39) 31-257. R1 Schedule VII; Details of 24" Dia.‘Turnout

: (40) 31-258 R2 Schedule VII; Details of 18" Dia. Turnout

] (41) 31-259 R2 - Schedule VII; Wasteway No. 4; Drop at

. Sta. 14100; General Plan & Elevation

. (42) 31-260 R2 Schedule VII; Wasteway No. &4; Drop at

‘. Sta. 14100; Qutline & Reinforcement

] (43) 31-261 - Schedule VII; Slide Gate for Dwg. 31-254

. (44) 31-262 R1 Schedule VII; Q=25 to 50 cfs; Inlet

. -Drain Details ‘

I’ {45) 31-268 R1 Schedule VII; Details of 18" Diaj.

. Turnout Qutlet Headwall

. (46) 31-272 R2 - Sphedule VII; Drop at Layout- Sta. (H400;

. Wasteway No. 2; Outline and

. Reinforcement

] (47) 31-274 R1 Schedule VII; Sta. 48+480 R; Turnout

. Details

. (48) 31-275 R1 -Schedule VII; Details of 24" Dia. Turn-





(51)
(52)
(53)
(54)
(59)
(56)
(57)
(58)
(59)
(60)
(61)
(62)
(63)
(64)
(65)
(66)

(67)

31-279

31-280

31-280

31-282

.31-290

31-297

31-310

31-318

31-319

31-322

31-323

31-324

31-326

31-327

31-328

31-329

31-330

Rl

R2

R2

R1

R1

R1

R2

R2

Rl

R1

Rl
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Schedule VII; Flume Detail at Sta, 1(04517;
OQutlet and Reinforcement; Detalls

Schedule VII; Typical Details of Under-
drain (Sheet 1 of 2)

Schedule VII; Typical Details of Under-

_ Drain (Sheet2 of 2)

]

Skhedule VII; Q=50 to 100 c¢fs; Inlet
Drain Details

Schedule VII, Footbridge with Precast
-R. C. Beams

- 8chedule VII; Flume Details at Sta. 104

317; Barrel Superstructure; Outline
& Reinforcemeént Details

Schedule IV; Typical 36" Pipe Turnout

Additiong to Drop at Sta. 1+100; Waste-
way No. 4 and Chute Drop at Sta.
63+600

Check Drop at Sta. 584+800; Plan,
Elevations and .Sections

1.35 m & 1.10 m -Std, Check Drop; Plan,
-Elevations and Sections

1.35 m & 1,10 m Std, Check Drop;
.Reinforcement Details

2.00 m, 1.50 m & 1.40 m Std. Check Drops;
Plan, Elevations and Sections

Radial Gate; Addition for Check &
Wasteway, Sta. 27+150

-Radial Gate; Addition for Check &

Wasteway, Sta. 42+000

Addition to Wasteway & Check Structures;

Sta. 424000

Addition to Wastéway & Check Structures;
_Sta. 27+150

Wasteway No. 3; Addition to Drop; Sta.
2+250





(68)

(684)

(69)
(70)
(71)

(72)
(724)
(73)

(74)
(75)

(76)

77)

(78)
(79)
(80)
(81)
(82)

(83)

31-331

31-332

31-333
31-334
31-335

31-336
31-365
31-367

31-371

31-372

31-373

31-378

31-379
31-382
31-384
31-385
31-386

31-389

Rl

R1

Rl

Rl

Rl

R1

R1

Rl

Rl

R1
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Schedule VII; Turnout Data

*

Schedule_VII; Precast 8ills for
Vertical Drops

Schedule VII Gate Trunnion Detalls

Schedule II11; Gate Trunnion Details

-8chedule V; 36" Precast Underdrain

Schedule VII Check Drop at Sta. 55+878;
Plan, Elevations and Sections

Schedule IV; Precast Sills for Vertical
Dropse at 704600

-8chedule VII; Check st Sta. 0+047,40;

Bracket -Detail for Gate Hoist

Schedule VII; Highway Bridge at Sta.
194+060; General Plan, Elevations
and Sections

Schedule VII; Highway Bridge at Sta.
19+060; Concrete Reilnforcement &
Reinforcement Bar Details

Schedule VII; Drop at-Sta. 7+645;
_Outline & Reinforcement

Schedule IV; Wasteway at Sta., 704600

Base Slab; Wasteway at -Sta. 704600;
Reinforcing Details

. Drop at Sta. 4+740; Outline &

Reinforcement

.. Schedules III & IV; Turnout for 5 to

"10 cfs

Schedule V; Bridge at Sta. 10+788,80;
Concrete Qutline
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UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION
WASHINGTON 25, D. C.

N REFLY
rReFerT0: 220

MAY 8 - 1964

Mr, William B. Macomber, Jr.
Assistant Administrator, AA/NESA
Agency for International Development
Department of State

Washington, D. C., 20523

Dear Mr. Macomber:

In accordance with Department of State Airgram to AID/W TOAID A-480,
dated October 10, 1963, Subject: 306-AC-AE-1 (2) Helmand Valley
Irrigation Operations and Maintenance, the Bureau of Reclamation
selected E. E. Gonzales, Supervisory Mechanical Engineer, Office of
Chief Engineer, Denver, Colorado, to initiate a thorough investigation
of the mechanical equipment at Kajakai and Arghandab Dams, Girishk
Powerplant, and other appurtenant works on the Project, to advise on
correcting malfunctions of hollow-jet valves and to set up g con-
tinuing program of future periocdic inspections for the Project.

Mr. Gonzales departed from the United States January 16, 1964, and
returned April 8, 1964,

It is my pleasure to enclose Mr. Gonzales' report on his investigation,
It has my concutrence.

Sincerely yours,

Co ssidne

Enclosure
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INTRODUCTION

General Description

The entire Helmand Valley Development Project was designed by Internationz! Engineer-
ing Company and built- by Morrison- Knudsen Afghanistan, Inc. , for the Royal Govsrnment
of Afghanistan. The project was built under terms of an Export-Import Rznk loan and a
contract directly between the Helmand Valley Authority and Morrison-Xrudssen Afghanistan,
Inc., This multimillion dollar project has been in existence approximateiy 10 vears tut
has never been covered by a formal inspection.

The main features of the project are:
a. Kajakai Dam with a reservoir capacity of 1,485,000 acre-feszi.
b, Arghandab Dam with a reservoir capacity of 388,000 acre-ieet.

c. A small powerplant located near Girishk with a present namsaplate capzcity o
3, 000 kitovolt-amperes.

d. Anirrigation system with approximately 140 miles of main canals.

Authorization and Purpose

Thiz Inspection was requested by the Project Manager, Bureau of Reclamation, Helmand
Valley Development Project, Lashkar Gah, Afghanistan, by wire of Ociober 1G, 18€3,
signed by Ambassador John M. Steeves. The purpose was to inspect the mecranical eguip-
ment on the project and to advise the Helmand Valley Operation and hiainiensrce Division
on inspection procedures and practices.

This report covers a thorough investigation of the major mechanical eguipment insizlled
in the dams, powerplant, and canal structures and the establishment of a ¢
gram of future pericdic inspection to assure maximum protection to the invesirment of the
Royal Government of Afghanistan.

This report is based on 2 months of inspecting the many items of mechanical eguipment
on the entire project and discussing operation problems with persornel of Suresu of
Reclamation and Helmand Valley Authority and with operating personnel,

Acknowledgment

I wish to express my appreciation for the help and courtesiss exiended by officials of
the Bureau of Reclamation team in Afghanistan, by the Afghan Officials of the Eeimand
Valley Authority, and by the operators at the projects.

The findings and recommendations of this report are respactiully supritisg.
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GENERAL INFORMATION

Kajakai Dam is located on the Helmand River approximately 87 miles (140 kilometlers)
northeast of Lashkar Gah, The dam (Figure 1) is a rockfilled structure with an earth-
filled core, and a maximum height of 320 feet (87, 5 meters). The crest is zi elevation
10560. 00 M. An uncontrolled spillway in a rock cut is located one-half kilometer from
the right abutment. When gates are installed, the maximum waler surface will reach an
elevation of 1045, G0 M. Morrison-Knudson Afghanisian Ine. , construcied the dam for
the Royal Afghanistan Government, The irrigation cutlet works consists of 2 34-{coi-
diameter (10. 4-meter} modified horseshoe-shaped tunnel on the left side of the canyon,
an intake gate strocture (Figure 2) located one-icurth mile (382 meters) upsiream from the
axis of the dam, a rotovalve chamber located in the tunnel, approximately 2, GO0 fest (802
meters) downsiream from the intake gate structure, and a hollow-jet conirol valve house
(Figure 3) located at the discharge end of the outlets 450 feet (138 meters) downsiream
from the rotovalves, Another 34-foot-diameter (10. 4-meter) modified horseshoe-shaped
tunnel, which was used for diversion during construction is located 18, 3 feet (60 meters)
to the right of, and parallel to, the outlet works tunnel, This tunnel has been plugged
with concrete at the inlet end, and is intended for future power development., Mewimum
head with uncontrolled spillway is 226 feet (68, 5 meters). See Drawing No. 1.

The intake gate struciure is a reinforced-concrete framework tower 312 feet (95,
meters) high with a service deck at elevation 1050, 00 M, which is accessible irom the
bank by a steel walkway bridge. Vertical metal guides are embedded in the struchire
for one 7.0- by 20, O~foot (2. 13- by 6. 10-meter) wheel gate and one 12. 5- by 34.0-foot
(3.8- by 10. 4-meter) steel-covered concrete bulkhead gate. Three sliding trashracks
cover the entire intake portal. Behind the trashracks are two rectangular openings. Cne
is closed by the wheel gaie and the other by the bulkhead gate as shown on Dreawing Ng, 2,
An electrically operated, 200-ton capacity, bridge crane, located on top of the inizke
gate structure, is used to handle both gates and the trashracks, A weight acinaied, mech-
anism, which antomatically engages and releases, is connected to the ergne hook and is
used for lifting both gates, A separate guide beam is provided for each gaie to center
the lifting mechanism between gquides, A 8-inch {15.2-centimetier) air vent for the tunnel
is located in each downstiream leq of the intake structure. A reservoir water elevation
recorder is located on the deck of the intake structure,

The unlined but grouted lrrigation outlet tunnel runs through limestore, and is plugged
with a keyed concrete plug 75 feet (22 meters) long. A transition is formed from the
tunnel to the controlled cutlet works by three, 84-inch-diameter (213. 4-ceniimeier), oui-
let pipes embedded side by side near the bottom of the tunmel plug, Except for expansion
joints located immediately upstream from the rotovalves, the outlet pipes are emvedded
1:1ln 18 inches (45, 7 centimeters) of concrete from the tunnel plug to the hollow-jet valve

ouse,

Three, 84-inch (213, 4-centimeter) rotovalves, one on each ouflet pine, are locaied
near the downstream end of the tunnel-plug, and are used for normal shutoif service
under balanced head. The rotovalve bodies are embedded in concreie within 1 inch
(2. 54 centimeters) of the top of the upper body flange as shown in Figure 4. The roio-
valves are hydrauwlically operated, and have a2 working pressure oi 115 pounds per sgusre
inch. Control system for the rotovalves consiits of 2 sump tank, iwo elecirically driven
oil pumps rated for 30 gallons per minute at 500 pounds per souare inch, and a control
panel with pushbutions and hydraulic selector control valves, The rotovalves were rmam-
factured by the former S. Morgan Smith Company, York, Pennsylvania. (The 8. iorgan
Smith Company has been taken over by Allis-Chalmers Company, bMilwaukee, Wisconsin,)

Each of the three outlet pipes has a hollow-jet valve (Drawing No. 3) on the downsiream
end for regulating flow. FEach valve has a discharge capacity of approximaiely 2, 100 cubic
feet per second when operating fully open =t 100-foot head. The valves are hydrawlically
operated and mechanically positioned by an electrically driven, Cutler Hammer, Type
TN-3~Y Valve Operating Unit, Bulletin 817, Publication No. 8431, The vzlve operating
unit is located near the roadway, 26.5 feet (8. 1 meters), above the centerline of ine
hollow-jet valve, The operating unit (Figure 5) is protected by 2 galvanized sheet metal
cover. An internal pilot valve, conirolled by the positioning mechanism, regulaies the





Figure 1.--Kajakai Dam. The downstream
face of Kajakai Dam with the three 84-inch
hollow-jet valves discharging €0 percent
opern.

PXD44539 N

Fiqure 2.--Kajakai Dam. Open frame intake
structure showing the walkway bridge, hoist,
and intake gates in the storage position.
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PX-D-44538 NA

Figqure 3. ~-Kajakai Dam. Hollow-jet valve control house
and the gear unit control stands covered with ice from
gpray from the hollow-jet valves. January 28.

PX-D-44537 NA

Eighty-four-inch rotovalves

Fiqure 4. --Kajakai Dam.
at the downstream end

are shown embedded in concrete
of the tunnel-plug.
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PX-D- 44536 NA

Figure 5.--Kajakai Dam. A gear control unit
for hollow-jet Valve No. 1, under cover in
January.

£

Figure 6. --Kajakai Dam. Hydraulic control
units for the hollow-jet valves. Note the
four-man pump handles for manual opera-
tion, and the number of hand valves on the

piping system.





oil discharge from the pressure charnber to control the speed of the needle. Fach valve
has anr individual hydraulic control system located in the control room approximately
20 feet (4, 1 meters) below the roadway.

The control system consists of an electrically driven oil pump, a 800-gallon {2, 274~
liter) oil tank, a solenoid-controlled relief valve, a spring relief valve, a filter, and
10 handwheel control valves, as shown in Figure 6. The pushbution stations and position
indicator are located on the control panel at one end of the room and the hydraulic controls
are at the opposite end.

A 93 kilovolt-ampere turbine generator station-service unit is installed in the hollow-
jet valve control house and a diesel generator unit is located near the footbridge tothe
intake gate structure. Power for operating the ganiry c¢rane on the intake gate struciure
should always be furnished from the. diesel unit, as the hydroelectric unit and the diesel
unit cannot be run in parallel,

A plezometer cabinet iz located on the left bank of the river at the downstream toe of
the dam, iuet above the service road. The piggometer tubes are uged to measure pore
water in the embankment and foundation of the dam to determine the extent of saturation,
percolation flow lines, and uplift pressures that affect stability.

FACILITIES INSPECTED

Intake Structure

The concrete intake structure, access bridge, gantry crane, and all miscellansous
metalwork on the structure appeared to be in excellent condition. Equipment has been
kept painted and generally clean., The wheel gate and bulkhead gate are kept in storags
positien on the gate structure, ready for use. The bulkhead ig well painted and in good
operating condition. The upstream side of the wheel gate is of open consiruction and the
beam. flanges form pockets that do not have drain holes. Accumulation of dirt, hird nests,
and moisiure in these pockets accelerates paint deterioration and rusting, Roller bear-
ings are used on the wheel of the wheel gate, Indications are that grease has dried and
hardened through the years as the wheels could not be turned by hand., None of the equip~
ment on the gate intake structure has been used since the dam was constructed. - Neither
gate has ever been closed since initial installation, the trashracks have never been taken
out for inspection, and the hoist has never been used,

Mr, Assifi suggested that we close the gates and inspect the trashracks. Since it would
have been necessary to close all flow in the river and depend on the automatic lifting mech-
anism to close and open both gates, I advised against closing the gates for testing at this
time, Taking a chance of not being able to raise one of the gates from the closed positicn
was not justified, especially when the reservoir is being lowered for spring runoff. The
laiching mechanism was gummed up with dry grease and dirt which made it difficult to
operate even manually. The regervoir recording device does not operate when the water
surface is below a certain elevation. However, an ingenious device consisting of wire,

a float, and 2 steel tape is being vsed for gaging the reservoir water surface,

Qutlet Tunnel

The outlet tunnel was not examined because of my advising that the intake gates should
not be closed. However, the three roiovalves were closed one at a time and the three
84-inch (213, 4~centimeter) outlet pipes were pumped dry and examined, Evidence in
two of the pipes showed they had been coated with a very heavy application of paint similar
to CA-50. AL paint had disappesred on Outlet Mo, 1, except for one section which had
patches of paint on the full circumference for a distance of 1b feet (4, 6 meters), The
patches of paint were located hear the rotovalve, and varied in thickness from 1/18 to
1/8 inch, Outlet No. 3, has a similar section of paint adjacent to the hollow-jet valve,
about 6 feet (1. 8 meters) long., Outlet No. 3 had no evidence of paint.

B8





‘The inside surface of the outlets showed no evidence of rusting, caviiation or erosion.
A slight roughness of tiny pimples and small irreqular depressions no larger ihan one-
eighth inch across could be detected by sight, but roughness could not be ielt oy rond. The
roughness looked like concrete crosshatching on a drawing. By scraping the pipe suriace
with a sharp screwdriver, a slight amount of black substance could be collecied on the
point, This could have been the remains of the paint or perhaps a daposii of sems Kind,
The cutlet pipes are in excellent condition and it is guestionable if painting will be reguired
in the near future,

During the time the No. 1 hollow-jet valve was closed and the rotovalve was open,
leakage appeared from & hairline crack in the concrete floor of the roiovalve access tuninel.
The crack was located at the left side (looking downstrezm) of the conduii, starting shout
22 feet (6,7 meters) downstream from the rotovalve and exiending for 2tout 25 feet
(7.6 meters} parallel to the pipe. Water seeped out of the crack and wet the fcor for g
width of 2 to 3 inches in a period of one-half hour. Tt is not certain if there was 2 contin-
uing flow during the time the valve was closed; but, if so, it was very slow and was not
readily discernible, Two sources for the water seem possible: (1) leekage from & small
defect in the conduit, or (2) the squeezing of water from small clearances around the con-
duit, caused by expansion of the conduit under the pressure increase when the hollow-jet
valve was closed,

Rotovalves

The part of the rotovalve plugs which is in contact with water when the walve is closed,
apparently has been painted with the same paint used in the outlei pipes. The paint hes
peeled off in spots over the entire area in sizes from 1/4 inch to & inches in dizmeter and
the metal is rusting quite badly where the paint is missing. Operation of the rotovalves
is exceptionally smooth when opened or closed under balanced head. The No. 1 rotovalve
was opened and closed with the hollow-jet valve 25 percent open and considerable vibra-
tion, not necessarily objectionable, occurred during the first 20 percent of opening. The
remaining cycle was completed smoothly and quietly. The operator indicaied thet the
rotovalves have been operated with the hollow-jet valves opened as much as 50 percent.
While opening the rotovalves with the hollow-jet valves 25 percent open is not alarming
in the rotovalve chamber, the thundering noise and tremendous roar heard ouiside near
the hollow-jet valves is frightening, Filling and air vent lines were not provided for the
outlets between the rotovalves and hollow-jet valves; so the rotovalves must operate under
full pressure and the hollow-jet valves must be partially open to vent air, ZHolovalves
No. 1, and No, 2, were closed and opened with the hollow-jet valves & percent open with
no apparent vibration. The standard practice in the past has been to open and close the
rotovalves with the hollow~jet valves 15 percent open. 'When the flow is shui off during
normal operation, the outlet pipe between the rotovalve and hollow-jet valve remzins full
except for the incline up to the hollow-jet valve. The hollow-jet valves are insizlled
slightly over one pipe diameter above the rotovalves. The three roiovalves are apsolutely
droptight when in the closed position, A small amount of waier leaked vast the packing
on tne plug stem during opening of all three valves, but this is noi balieved to be serious.
All rotovalves and related equipment are well painted on exlerior suriaces, gressed,
clean, and are in excellent working condition,

Hollow-jet Valves

The hollow-jet valves operate very dquietly at any opening with precticzlly no vibration,
No vibration could be detected by standing on a valve while it was being operated irom
fully open to fully closed position. While the outer surface of all jets appeared somewhat
irregular as they left the periphery of the valve, the jets were uniform and made, what
would be considered a normal and orderly discharge into the river regardliess of ow many
or which valves were opened. The tailwater with two valves discharging was above ine
valve pit floor, but somewhat lower than the bottom of the hollow-jet valves., OUne was
able to work inside the valves without getting spitashed. The hollow-jet valves were closed
ane at a time, the rotovalve closed, and the outlet pipe purnped dry for inspection. An
examination was made of each valve from inside of the outlei pipes as well as from the
downstream side.





Seal replacements and cavitation repairs were made on the hollow-jet valves approxi~
mately 2 years age. The upstream edges of the splitter, which had been cavitated and
damaged by solid objects passing through the valves, and cavitated areas on the valve
bodies have heen repaired by stainless steel welding. The repaired area appeared satis-
factory except that most welding was not ground smooth. Some areas were ground smooth
but were not finished to the original contour of the fluidway. The original fluidway con-
tour of the valve body-has some very irregular proiruding areas which should be ground
to the intended contour as shown on the manufacturer's Drawing No, SV-1J-187, The
rubber seal that was installed in Valve No, 1, was still intact except for about a 2-foot
length, at the seal joint, located at 10:30 o'clock when looking downstream. This portion
had been torn out of the groove and was still hanging loose in'the fluidway. At the same
location where the rubber seal was missing, there is a moon-shaped opening 2 feet long
and 1-inch-maximum width between the needle and the valve with the valve in the closed
position. The rubber seal that was intact projected 3/18 inch above the needle surface.
Valves No. 2, and No. 3, had no rubber seals.

Yo cavitation was found on the needle of Valve No. 1; however, the body was cavitated
about haliway around. Pitting started 8 to 14 inches {20. 3 to 35. 6 centimeters) down-
stream from the seal seat and extended downstream 6 to 24 inches (15.2 to 61.0 centi-
meters). Splitter surfaces were cavitated in a similar manner, but not as extensively.
Pitting was more severs at the upstream end and tapered to a smooth surface toward the
downstream end. Severe pitting (up to 1/8-inch depth) was lecalized in small areas,

3 inches wide, 8 inches long, most of which were on the valve body and about 10 inches
(25 centimeters) downstream from the valve seat. The bodies of all three valves were
cavitated much the same way. While the needles of Valves No. 1, and No, 2, were in
good condition, the needle of Valve No. 3, wag cavitated severely upstream from the seal
groove for a distance of 10 inches (25 centimeters) around the entire needle. Cavitation
was most severe about an inch from the seal groove and tapered to a smooth surface

10 inches (25 centimeters) upstream.

All hollow-jet valves operate satisfactorily in either direction as long as there is a
hydrautic head on the needle. Valve No, 1 was opened with a dry outlet pipe once, but
the operator was not able to clese it until the rotovalve was opened and reservoir pressure
was applied on the needle. This rotovalve was opened with the hollow-jet 25 percent open.
Hollow-jet Valves No, 2 and No. 3 were closed to the 5 percent open position before closing
the rotovalves for inspection because of inability to operate them with no reservoir head.
Except for the Valve No, 1 that opered the one time without reservoir head, no other move-
ment could be obtained hydraulically from any valve no matter what combinations of con-
trol settings were used. However, once the reservoir head was applied on the needles
the operator could operate the valves in either direction. The cperator said they could
operate the valves manually when there was no reservoir head and they did move the needle
on one valve slightly., However, it is my bellef that the needle was moved by brute force
on the handwheel of the valve gear unit and not hydraulically as intended. The valve gear
unit is not designed to move the needle.

The hollow-jet valve controls will function satisfactorily with pressure in the outlet
pipes, but only when a skilled operator is at the edntrols, Synchronization of the needle
travel and speed of the pilot valve screw is dependent on the pilot valve which is a built-
ir: feature of the hollow-jet valve. The cil pump motor and the gear unit motor are started
by a common pushbutton, but the gear unit motor has a time delay relay to give the pump
motor time to get up to speed before the valve actually starts moving. Oil is bypassed
while the pump is getiing up to speed. The operator has to press the start button and run
across the room to close the bypass valve by the time the delay relay starts gear unit.

The operator has no indication as to when 1o close the bypass valve except by instinct
gained from experience, The gear unit is equipped with interlocked limit switches, which
stop both motors at the open and close limits of the hollow-~jet valve travel, and with a
ihrust switch that stops both motors if the pilot screw should bind when the needle travels
too fast or too slow. If the operator does not close the bypass valve {o start the needle
moving at the exact moment the gear unit motor starts, the thrust switch shuts off the
control system and the operator has to start the cycle over again. Once the hollow-jet
valve control has been properly set for the cpening or closing cycle, the valve will com~
plete the cycle without further adjustment, The operators are skilled and can always
operate the hollow-jet valves satisfactorily with the present control system providing there
is water pressure in the outlet pipes. .





Theoretically the valves showld open and close with dry ocuilet pipes, but the operaiion
is dependent on very delicately balanced oil pressures, including negative pressure, which
are practically impossible to obtain in this control system. The force regquired ic move
the needle under its own weight governs the oil pressures reguired. Since friciion factors
are indeterminate, any valve setting on this system will not remain workable for more
than one operation, and no operator is able to masier a system of valve setiings ihat is
dependable,

Since part of the hydraulic control system is designed into & major part of the hollow-~
jet valve mechanism, it is impossible to modify the control system for betier operaiion
without major changes being made io the valve.

Turbine Generator Unit

The governor motor had burned out, apparently from a "shori, " a day before my in-
spection of February 20, 1864, The turbine generator unit being shut down presenied zn
opportunity to inspect the turbine. Inspection covers were removed and except ior some
leakage around the wicket gate shafis and very minor cavitation and chipped edges on
gome of the runner vanes the unit was in good condition. After the burned-out motor is
repaired or replaced, the unit should he serviceable for many years.

Diesel Generator Unit

The dies#l generator unit was used to operate the equipment while the turbine generator
unit was out for repairs. Considerable irouble was experienced in starting the unit and
minor repairs had to be made before it could be started. The unit appeared o be In need
of general servicing and cleaning to bring it up to maintenance standards eguzl to other
equipment on the project. No atiempt was made to check for worn parts, compression
or efficiency. Tn gereral the motor appeared to operate satisfactorily.

SUMMARY AND COMMENTS

Equipment on the intake structure looks good and is well painted and clean, The bulk-
head and wheel gate, which are in the storage position, are in good condition except that
the wheel gate needs drain holes, cleaning, and the wheels reed servicing, Neither gate
has been used, nor have the trashracks been inspected since construction was combpleted.,
Gates were not closed because the latching mechanism was not considered dependable.

Outlet pipes appear to have been painted, but practically a1l paint has disappfared.

There is no evidence of deterioration in the outlet pipes and it is quesiionable if painting
will De required in the near future.

Paint on the surface of the rotovalve plug, which is in contaci with waier when the valve
is closed, is badly deteriorated and the plug is rusting. Rotovalves operaie exceptionally
smooth under balanced head and are droptight when closed. Roiovalves have teen opened
normally with the hollow-jet valves 1D percent open. No bypass lines or &ir venis are
provided for filling the oullet pipes for balancing the pressure ior opening the rotovalves.
There is some leakage on the rotovalve stem packings, Valves are clean and in excellent
operating condition,

Hollow-jet valves operate smoothly at all openings and cause very litile disturbarnce
in the river stilling basin, A1l valves are cavitated extensively in the hody and on the
splitters. One valve has severe cavitation damage on the needle. One valve still has the
rubber seal intact except for about 2 feet which has been torn loose, With the present
control system it is impossible to make adjustments or reasonable medification 1o improve
the operation of the valves when a hydraulic head is not acting on the valve needle; how-
ever, a skilled operator can satisfactorily operate the valves when the outlet pipes are
full and under pressure,





The station-service turbine generator unit was shut down because of a burned-out gov-~
ernor motor. Al inspection plates were removed, and except for minor repairs such
as gaskets and bushings in wicket gate linkage, the unit is in good condition, The gov~
ernor motor burned out apparently from a “short" which occurred from normal usage.
It will be repaired locally.

The diegel generator appeared to be the most neglected piece of equipment on the proj-
ect and is in need of servicing, cleaninc. and painting,

RECOMMENDATIONS

Category II (To prevent or reduce further damage)

1. One- to two-inch drain holeg should be drilled or burned on the centerline of
the web of the wheel gate crossbeams to prevent collection of water,

2. The bearings on the wheels of the wheel gate at the intake structure should be
examined for rust, cleaned, greased, and maintained in first-class condition for emer-
gency use. The gate may not close under emergency conditions if the wheel bearings
are not in good operating condition,

3. The automatic latching device which is used with the 200~ton crane for handling
the gates on the intake structure should be thoroughly cleaned and maintained in good
operating condition for emergency use at all times. The mechanism should not be lubri-
cated except prior to being used,

4, Further tests should be made to determine the source of leakage over the No. 1
outlet in the rotovalve tunnel. Close the No. 1 hollow-~jet valve for several hours. If the
leakage through the crack reaches a limit and the water stops flowing, it may be assumed
that the leakage is caused by squeezing of water from small clearances around the pipe,
The squeering would be caused by the pipe expansion when the hollow-jet valve is closed
and such leakage is not considered serious., Continued leakage afier the valve has been
closed for several hours will be an indication that the outlet pipe is leaking.

To search for leaks, drain the outlet pipe and sandblast all welded joints surround-
ing the leaking area to a clean and dry surface. Apply a dye penetrant, similar to Spot-
check {obtainable from Magnaflux Corporation, Chicago 31, Ilinois), to chéck for cracks
or gmall pinhcles in the welds on the pipe wall, A small crack or pinhole may be repaired
by welding: Provided, That the pipe is kept sufficiently cool to prevent steam pressure
between the concrete and the pipe wall, Small repairs may also be made by drilling,
tapping and plugging with a steel pipe plug and grinding flush,

If other than minor welding is required, a section of plate containg the fault should
be removed by air-arc or chipping. The concrete should be removed from underneath
the area to be repaired, to a depth of 2 inches. The new section of plate should be drilled
and tapped for grouting before welding in place. After welding has been completed, the
welding should be tested for cracks with dye penetrant.

After all testing has been completed, grout between the pipe and concrete, plug the
grouting hole with a steel pipe plug, and grind flush with the interior surface of the pipe.

5. The portion of the rotovaive plug which is exposed to water op the downstream
side should be cleaned and painted with a good grade of water resistant paint such as
CA-B50. The upstiream side should also be painted when the tunnel is dewatered.

8. Cavitated areas on the hollow-jet valves should be repaired by filling with stain-
less steel weld metal. The fluldway surfaces should be ground to the contour shown on
the manufacturer's drawings. Offsets or irregularities in the fluidway should be ground
smooth and should not have a slope greater than 1 to 20, Since it is not necessary to close
the hollow~jet valve tight, cavitation will be minimized if the rubber gaskets are elimina-
ted @_.fld metgafket grooves filled with weld metal and overlayed with one-fourth inch of
stainless steel,
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7. The diesel generator unit should be completely serviced, all packings, damaged
oil lines, fuel lines and fitlings should be replaced, and the motor should be cleanad and
painted.

Category III (Beneficial repairs)

1. Ordinarily trashracks on submerged intakes are not inspected; however, since
inspection facilities have been provided, the trashracks should be removed, inspected
and repaired when the tunnel gates are ¢losed for other purposes.

2. The packing glands on the rotovalve stems should be tightened. I leakage con-
tinues, packings shoutd be replaced when the tunnel is dewatered.

3. The electric control instruments (Figure 7} including the pushbutions, selector
switch, indicating lights and indicator for each hollow-jet valve should be moved irom
the present control board to a small panel located on the wall adjacent fo the hydrawlic
controls. This will give the operator a more convenient conirol system. The instzlla-
tion of an ammeter on the control panel for the gear unit motor would aid the operator
in the operation of the hollow-jet valves. To give the operator better access to the hollow-
jet valve controls, the valve operating unit should be moved into the control nouse. The
shaft could be passed through a packing gland in a sleeve through the wall of the conirol
house. Shaft connections between the hollow-jet valve and valve operating unit could be
made with two sets of miter gear as shown on Drawing No. 3.

4. Since the interior surfaces of the outlet pipes are in excellent condition after
10 years of service, painting is not recommended at this time; however, the interior
surface of the pipes should be examined at 6-month intervals for several years. Should
damage occur in the slightest degree, the pipes should be painted with a good grade of
coal-tar enamel.

5. When the hollow-jet valves are repaired, they should be painted all over with
vinyl-resin paint Type VR6,

Date of inspection

Tanuary 28, February 19 and 20, 1964
Structure completed

1953

Operation status at time of inspection

Reservoir water surface--Elevation 1008 M

Maximum water surface -~Elevation 1033.5 M

Reservoir releases--On Janvary 28, all three hollow-~jet valves were discharging at
90 percent open. The temperature was 30° F. and the entire area in iront of the valve
house including the valve operating unit, for the hollow-jet valves, was covered with ice,

On February 19, all three valves were discharging &t 100 percent open. Temperature
50° cloudy and showers.

Inspection party

Jamuary 28, 1984 M, H. Parwana--Assistant Director General, Operations and
Maintenance, Helmand Valley Authority, Aighanistan
Carroll Wilcomb--Chief, Operations and Maintenance Division,
Bureau of Reclamation
Dale Curtis~~Irrigation Operations Advisor, Bureau of Reclamation
Thomas Dewhurst--Construction Management Erngineer, Bureau
of Reclamation
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February 18, 1964 A. Tawab Assifi~-Director General, Cperation and Maintenance,

Helmand Valley Authority, Afghanistan

M. H. Parwana--Assistant Director General, Operations and
Maintenance, Helmand Valley Authority, Afghanistan

Carrcll Wilcomb-~Chief, Operations and Maintenance Divigion,
Bureau of Reclamation

Thomas Dewhurst--Construction Management Engineer, Bureau
of Reclamation
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Figure 7. --Kajakal Dam. Control
anel showing indicator, indicating
lights, and pushbutton station for one

hollow-jet valve.

A 2-hour
delay between Tashkar Geh and Kajakal
Dam. One of the hazards of auto travel

in Afghanistan.

Figure 8. --Stuck in the Mud.
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SECTION I

Inspection Report on

ARGHANDAB DAM

He!mand Valley Development Project
Afghonistan
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GENERAL INFORMATION

Arghandab Dam is located approximately 21 miles (34 kilometers) northeast of Kandahar
on the Arghandab River. The dam (Figure 9) is an earthfill structure riprapped on the
upstream side, and is 180 feet (49 meters) high with the crest at elevation 1115.00 M.
Morrison-Knudsen, Afghanistan, Inc., constructed the dam for the Royal Government
of Afghanistan. The outlet works consist of one 15-foot~diameter (4. 80-meter} tunnel
with the intake portal and trashrack structure located at the right abutment, an octegonal
concrete intake guard gate structure located 160 feet (43 meters) upstream irom the axds
of the dam, and an outlet control valve house which is located on the right abutment at
the downstream toe of the dam as shown on Drawing No. 4. The tunnel is concrete lined
except for 54 feet (16. 5 meters) at the downstream end which is steel lined, and from
which two 48-inch-diameter (122-centimeter) pipes branch into the valve house for the
outlet works. The 15-foot (4. 80-meter) steel penstock, which is intended for future
E)ower dﬁ\éeilopment, extends past the valve house and is closed off with a steel bulkhead

Figqure .

Two 9. 67- by 41-foot (2. O~ by 12. 5~-meter) steel trashrack panels with 8-inch bar
spacing are located on a 45° slope on the trashrack structure. No provisions have been
made for a trash rake; however, the trashrack panels may be hoisted to the upper portion
of the inclined structure for maintenance,

An 11.7- by 15. 43-foot {3~ by 4. T-meter) wheel gate with rubber seals is provided in
the intake structure for maintenance of the tunnel and ring-follower gates, and for erner-
gency closure. A service deck is provided at elevation 1111, 0 M for maintenance of the
wheel gate. The wheel gate is operated at 6 feet per minute by a 7T1-ton, elecirically
driven wire rope hoist which is located above the gate on an open deck at elevation
11156, 00 M. Approximately 1 hour and 15 minutes is required o open, or close the gate
from the storage position. The hoist has a travel of approximately 15 feet {£. § meters)
for normal operation of the wheel gate, and a maximum travel of 162 feet (49. 5 meters)
for maintenance. The present policy is to keep the gate in storage position unless it is
closed. A 24-inch-diameter (61-centimeter) air vent for the tunnel is located in the wheel
gate structure.

Two 48-inch (122-centimeter) ring-follower gates and two 48-inch (122-centimeter)
Howell-Bunger valves are located in the valve house. The ring-follower gates are hydrau-
lically operated and are closed under essentially no tow conditions to shui off the river
outlets when the Howell-Bunger valves are not in use. The gates may also be used for
emergency closure under full flow conditions if the Howell-Bunger valves should become
inoperable. The mechanically operated Howell-Eunger valves, located at the discharge
end of the outlet pipes, have a maximum discharge capacity of 920 cubic feet per second
at full reservoir head, and are used for requlation. The Howell-Bunger valves discharge
into a steel-lined concrete chamber, approximately 25 feet (8 meters) square, which
converges the water into the river (Figure 11). The ring-follower gates were manuiactured
by Pacific Coast Engineering Company, Alameda, California, and tne Howell-Bunger
valves were manufactured by the former 5. Morgan Smith Company, York, Pennsylvaniz.
{S. Morgan Smith Company has been taken over by the Allis-Chalmers Company,
Milwaukee, Wisconsin.)

A hydroelectric station-service unit, consisting of a Leffel Company turbink, belt-
driven Woodward governor and a 75-kilowatt, 50-cycle, 440-volt Fairbanks Maorse
generator, is located in the valve house. A diesel generator unit is housed in a small
concrete structure located at the top of the right abutment near the intake gate structure.
The hydroelectric unit and diesel generator unit cannot be operated.paraliel.

FACILITIES INSPECTED

With the ring-follower gate open and the tunnel intake gate closed, the Howell-Bunger
valves were opened to drain the tunnel., About half the tunnel drained through the Howell-
Bunger valves, and the remaining water was drained by removing a 18-inch-diameter
{41-centimeter) cover from the penstock bulkhead. The 48-inch-diameter (122-ceniimeter)
outiet pipes were in excellent condition; there was no evidence of caviiation, erosion or
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Figure 9, --Arghandab Dam, A view
of the downstream face of Arghandab
Dam,

Figure 10. --Arghandab Dam penstock
bulkhead. Draining the tunnel through
a ib-inch-diameter manhole cover.

Figure 11. -~Arghandab Dam, The valve
house with the Howell-Bunger valves
discharging at 30 percent -opening.

PX-D-44530 NA .
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rusting inside the pipes. The inside of the pipes was uniformly coated with what appeared
to be a white brittle deposit approximately 1/32 inch thick. The coating scraped off

easily with the point of a screwdriver to @ bright metal, The follower opening of ihe
ring-follower gate maiched almost perfectly with the diameier of the pipe. Facilities
were not available for entering the 15-foot-diameter (4. 6-meter) tunnel, so it was not
examined except for the part that could be seen from the junction of the 48-inch-diameter
(122-centimeter) outlet pipes. Leakage from the tunnel, with the intake wheel gaie closed,
wasg approximately one-half cubic foot per second. I was informed that most of this lesk-
age was from the walls of the unlined tunnel,

Tunnel Inlet Wheel Gate

The wheel gate is in excellent condition. The seals are all in good condition; holes
have been burned in all the beam webs so water will drain as the gate is raised above the
water. Wheels were well greased and could be turned easily by hand, and the gate had
a heavy coat of paint. The rope hoist is also in excellent working condition anc has been
kept well painted and greased. The wire rope was also well greased., Limit switches
are provided to stop the gate in the closed and storage positions. The Himit switch for
the open position, with the gate just above the tunnel opening, has been disconnecied as
the present policy of operation is to keep the gate in the storage position when it is not
closed. gSince there is no powerplant at present, this is good practice.

The hoist control mechanism is also equipped with a limit swiich and time delay relay
to stop the gate at a 6-inch (15-centimeter) opening during the opening eycle for flling
the tunnel. The time delay relay prevents the opening cycle from operating for 33 min-
utes., After 30 minutes the OPEN bution has teo be pressed to complete the opening cycle,
I was informed that on several occasions the gate stopped and went through the E0-minute
waiting period several times during the opening cycle. On my first visif, time did not
permit checking of this malfunction, but on my second trip Mr. Victor Terzariol, an
electrician, went along to check the wiring system. The gate was operaied through 2
complete closing and opening cycle and everything worked perfectly. His explanaiior of
the erratic operation was that the diesel generator unit was probaply not operating &t the
proper voliage when the time delay relay did not function properly. Mr. Terzaricl had
adjusted the diesel generator for proper voltage before testing the gate controls.

Ring-follower Gates

The ring-follower gates were not operated, as no trouble has ever been experienced
in their operation. The gates are hydraulically operated and the conirol sysiem consists
of an 0il tank, electrically driven oil pump rated for 6. 4 gallong per minuie at 750 pounds
per square inch, pushbutions and hydraulic control valves., A semiaviomaiic hanger
holds each gate in the open position. A number of break studs have been troken irom
time to time because of failure to unlatch the hanger before the closing cyele was iniiiated.
The bonnet cover on Gate No. 1 has cracked twice in different places since installation
but has been satisfactorily repaired by welding, Cracks were apparently caused irom
fanits or internal stresses in the castings that appeared after the gate had teen in opera-
tion for some time. Water was leaking from the packing gland of Gaie Mo, 2. o oil
leaks were found, and the gates are well painted and clean, There are no air venis in
the control system nor is a surge snubber provided on the pressure gageline. The gage
needle is badly bent {rom surges causing it {o sirike the peg at the end of {he scale,

Howell-Bunger Valves

A Howell-Bunger valve consists of a cylindrical body with radial ribs extending beyond
the cylindrical shell through the valve ports to a cone-shaped head, a cylindrical sleeve
which slides upstream over the body to open and downstream over the radial ribs to ciose,
and a gear and screw mechanism on the valve body to operate the valve, The exterior
of the valves and cperating mechanism, are in good condition. All moving parts were
well greased and exterior surfaces well painted, The interior surface of the discharge
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end of the eylindrical sleeves are cavifated around the circumierence from the edge of

the seal to approximately 4 inches (10 centimeters) upstream., Some of this surface has
been repaired by building up with stainless steel weld metal, but is still in serious need

of repair. The cones are severely cavitated with pits more then 1/8 inch deep, for an
area around the circumference at the discharge end and from edge of the seal to a distance
of 10 inches (25 centimeters) upstream (Figure 12).

The stainless sieel seal surfaces on the cones are in excellent condition. Neither
Howell-Bunger valve geals very tight, mainly because the closing limit switch stops
the valve approximately 1/16 inch before the seal seats. The gear reduction motor units
for both valves are well painted and are in excellent operating condition. One ¢il seal
in Unit 2 has a minor leak,

Turbine Generator Unit

The turbine generator unit was shut down for repairs. Linkage from the governor to
the wicket gates had jammed; and in an effort to release it, the hole in the linkage for a
handie to manually shift the wicket gates was ripped out, This part ¢f the linkage is of
cast iron and cannot e repaired, so it should be replaced with a new part. The wicket
gates have been painted with epoxy for over 18 months and are in excellent condition.
There is ne evidence of cavitation and the wicket gates are atill perfectly smooth, The
leading edges of the runner vanes are badly cavitated. The control cabinet for the turbine
generator unit (Figure 13) has the back cover removed and makeshift connections have
been made to install a disconnect switch for interchanging operation of the turbine unit
and diesel unit. The open connections are unsightly and are dangerous to an operafor.
The pointers on the ampere and voltage dials on the control panel are bent and are not
adjusted to read accurately. '

Diesel Generator Unit

The diesel generator unit is in fair condition; however, the oil and fuel lines leak
enough so that drip pans are used to keep the oil from running across the floor. Tuel
pump packings were also leaking badly. The diesel engine was started but no investiga-
tion was made for worn parts, compression or efficiency of the unit.

SUMMARY AND COMMENTS

The tunnel was drained and the outlef pipes were examined and found to be in excellent
condition. The tunnel wag not examined except for what could be seen from junction of
the 48-inch-diameter (122-centimeter) tranch, Leakage from the tunnel and the wheel
gate combined was approximately one-half cubic foot per second.

~"The tunnel intake wheel gate, hoist, and all appurtenant equipment is in excellent
working condition. Limit switches are provided at the closed position, 6 inches (15 cen-
timeters) from closed position with a 30-minute time delay relay for filling the tunnel,
and at the fully raised storage position. The gate is kept in the storage position except
when it is closed,

Ring-follower gates were not operated as no trouble has been experienced in their
operation except breaking of hanger studs because of failure to unlatch the hanger before
initiating the closing cycle. Two cracks have been repaired in the bonnet cover. There
are no air vents in the hydraulic control system or snubbers on the line to the oil pres-
sure gage,

The exterior surfaces of the Howell-Bunger valves and operating mechanisms are in
excellent condition, but the inside surfaces are severely cavitated at the discharge end
of the valves, Limit switches are not set so the valve will seal tight; therefore, leakage
is greater than ig desirable. The gear coperating unit is in good condition.
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Figure 12. --Arghandab Dam. The 48-inch Howell-
Bunger valves are in the fully open position for
inspection. Note that the stainless steel seat at
the downstrearn of the cones is in perfect condi-
tion, but the metal upstream from the seal seat is
severely cavitated.
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The turbine generator had been shut down for repairs, and wicket gate linkage adjust-
ments. Part of the linkage used for hand operation has heen damaged by too much force
applied on a manual operating handle. The runner vanes are cavitated and rieed to be
repaired, The back cover of the generator control cabinet is missing, and exposed
switches and wiring are dangerous. Panel gages are damaged and out of adjustment.

The diesel generator 18 In need of servicing and repairing of all the leaking lines,
packings and fittings,

The cracks that developed on the bonnet cover of the ring-follower gate appear to have
been satisfactorily repaired and in all probability no more cracks will develop. However,
if other cracks should develep in the future it is advisable to again repair them by weld-
ing, rather than replacing the bonnet cover.

RECOMMENDATIONS

Category 1 (Matter of great importance)

1. Arrangements should be made to remove the Howell-Bunger valves and repair
the cavitated areas to prevent progressively greater damage, The valves are severely
damaged and showld be removed so that first-class welding and finishing can be domne.

Category II {To prevent or reduce further damage)

1. The water packing on the stem of ring-follower Gate No. & should be tightened,
shimmed or replaced if necessary to stop the leakage.

2. 'The oil seal hetween the motor and gear unit for Howell-Bunger Valve No. 2
showld be repaired or replaced.

3. A standard switch box should be installed on the side of the control cabinet of
the turbirne generator unit, similar to, and above the one already there, to enclose the
switch that is now attached on the back of the cabinet with makeshift wiring.

4, After the switch and locse wiring has been removed from the back of the con-
trol cabinet of the turbine generator unit, the back cover should be replaced to enclose
the cabinet.

-6, The dials on the panel of the control cabinet, for the turbine generator unit,
should have the pointers straightened and adjusted to read correctly.

8, The vanes of the staflon-service turbine runner shouwld be repaired with a low
carbon stainless steel weld rod.

7. The broken turbine wicket gate link which holds the handle for manual operation
of the wicket gates should be replaced.

Category I {Beneficial repairs)

1. Adjust the limit switch, for the ¢losing cycle of the moter gear units of both
Howell-Bunger valves, so that the seals will seat as the gear unit stops.

2. Air vent valves should be installed at the high point on the oil lines of the hy-
draulic control system for the ring-follower gates. These valves are necessary to XKeep
the ajr bled cut of the hydraulic system. For convenience it would be desirable to con-
nect the bleed valves with a line back into the cil tank to prevent the spilling of oil.

3. An oil line snubber should be installed in the line to the pressure gage of the

hydraulic control system for the ring-follower gates, A snubber does not hamper ac-
curate gage reading and will prevent damage to the gage from oil pressure surges.
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4, Since the interior surface of the steel tunnel and outlet pipes is in excelleni
condition after 10 years of service, painting is not recommended at this time; however,
the interior surfaces of the pipes should be examined at 8-month intervals for several
years. Should darnage start to occur, the pipes should be painted with 2 good grade of
coal-tar enamel.

5. The diesel generator unit should be completely serviced, all damaged oil and
fuel tubing, fittings and packings should be replaced or repaired and the motor cleaned
and painted.

Date of inspection

Jamuary 23, 1964 and February 25, 1964
Structure completed

1952

Operation stalus at time of ingpection

Reserveir water surface--Elevation 1104.5 M

Maximum water suriace--Elevation 1110, 00 M

Reservoir releases--Both Howell-Bunger valves were closed, ring-icllower geies
were open and the wheel gate at the intake was closed. The temperature was 407 7.

Inspection party

January 23, 1964 M. H. Parwana--Assistant Director General, Operations and

Maintenance, Helmand Valley Authority, Aighanistan

Carroll Wilcomb--Chief, Operations and Maintenarnce Divisian,
Bureau of Reclamation, Lashkar Gah, Aighanisian

Dale Curtis~-Irrigation Operations Advisor, Bureau of Reclama-
tion, Kandahar, Afghanistan

Mohamid Nasim--Camp Manager and Operaior, Arghandabh Dam

February 25, 1964 A, Tawab Assifi--Director General, Operations and Maintenance,

Helmand Valley Authority, Afghanistan

Carroll Wilcomb--Chief, Operations and Maintenance Division,
Bureau of Reclamation, Lashkar Gah, Afghanisian

Thomas Dewhursi--Construction Management Engineer, Bureau
of Reclamation, Lashkar Gah, Afghanistan

Dale Curtis--JIrrigation Operations Advisor, Bureau of Reclama-~
tion, Kandahar, Afghanistan

Orville Mowery~--Operations and Mainienance Technician, Bureau
of Reclamation, Lashkar Gah, Aighanistan

Victor Terzariol-~Refrigeration/Auto Mechanic, Afghanisian
Construction Unit, Chah-i-Anjir, Aifghanistan

Mohamid Nasim--Camp Manager and Operator, Arghandad Dam
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Figure 13. --Arghandab Dam. The back cover of
the turbine generator unit control cabinet has been
removed for convenience of additional wiring.

Iigure 14, ~~Arghandab Dam, Superb hospitality
wag unavoidable at Arghandab. Left to right are
E. B. Gonzales, Dale Curtis, M, H. Parwana,
Carroll Wilcomb and Mohamid Nasim, the Camp
Manager, who was never too busy to extend his
courtesies and dine you on the best of Afghan
delicacies,
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Inspection Report on

GIRISHK POWERPLANT

Helmand Valley Development Project
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GENERAL INFORMATION

Powerplant

The Girishk Powerplant is the only source of power in the Helmand Vallay Ares, ang
the town of Lashkar Gah is completely dependent on this plant for power. The powerplent
is located near the town of Girishk approximately 37.5 miles (80 kilometers) northeast of
Lashkar Gah, The powerplant (Figure 15} is a three-unit, outdoor-tyrs instaliation with
open-flume turbines. The plant was designed by the International Engineering Compsany,
Inc., San Francisco, California, and constructed by Morrison-Knudsen Afghanistan,

Inc,, for the Royal Government of Afghanistan. Water for the powerplant is diverted

from the Helmand River by the Boghra Canal Diversion Dam which is located approximately
2.5 miles (4 kilometers) upstream from the powerplant. Two byrasses are provided, one
at each end of the powerplant, to bypass water past the powerplant when irrigation demends
are greater than what is being passed through the turbines. Flow through the bypasses is
requlated by manually operated tainter gates. Tailwater elevation is maintzined by a check
structure and automatically operated wasteway facilities which are located aporonimately
3.1 miles (5 kilometers) downstream. Excess water is diverted back inio the Heimend
River.

Only Units 1 and 2 are installed at present. There are provisions for fuiure installa-
tion of Unit 3. The generators are housed in individual steel casings while the remainder
of the plant equipment is housed in a concrete struciure (Drawing No. 5) below the surface
of the canal banks. ‘The structure provides approximately 2 1. 8-foot (8-meter) avdéraulic
drop in the canal bottom which supplies the head for power generaiion.

Generators

The generators (Figure 18) are of the outdoor-enclosed veartical type with 2 rated
capacity of 1, 500 kilovolt-amperes each, 80-percent power factor, 3 thase, B0 cycles at
187.5 revolutions per minute. The generators were furnished by Westinghcuse Eleciric
Corporation.

Turbines

The turbines (Figure 17) are Kaplan fixed-blade propeller type, vertical, and raied at
2, 200 horsepower when operating under a net head of 25 feet at 187, 5 revolutions per
minute, with an estimated discharge of 870 cubic feet per second. The turtines have &
conical steel plate draft tube, submerged gate operating mechanism, and submerged guide
bearing, runner, stay and discharge rings, and wicket gates. The wicket gate ring is
set on top of the turbine distributor housing and is attached to each of the 2C wicket gates
by individual safety links. Each turbine shaft is composed of two sections, 1l-inch
(0. 279-meter) minirmum diameter, {bearing journal is 11. 875-inch diameter) and is con-
nected to the generator rotor shaft by bolted flanges. The lower shafi sectior is 8.2 feet
(2. 50 meters) long, extends through the turbine bearing, and supporis the runner. The
upper shaft is 13. 45 feet (4. 10 meters) long and connects the lower section o the generator.
The turbines were furnished by James IL.effel and Company, Springfield, Chio.

Gantry Crane

A hand-propelied traveling gantry crane with a 16-ton chain hoist is provided on top of
the powerplant. The hoist has a 53-foot (16. 17-meter) lift and z 1lifting raie of less than
8 feet (2. 4 meters) per hour, which is extremely slow for powerplant use, (1, 400 meters
of hand chain travel required for 1 meter of hook travel), The crane is used o gpen and
close the bay headgates and tailgates, and to handle other powerplani equipment.

Diesel Generator Unit

A Z5-kilowatt, diesel engine generator set has been provided for emergency operation
of station-service only.
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Figure 15, --Girishk Powerplant. A downstream
view of the powerplant.

PX-D-44525 NA

Figure 16, --Girishk Powerplant Generators, OQut-
door enclosed-type 1, 500-kilovolt-ampere gen-
erators.
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FACILITIES INSPECTED - UNIT 2

Turbines

The Harza Engineering Company has a contract with U. S, Agency for International
Development to make a study of the Girishk Powerplant and to make recommendaiions
for restoring the powerplant io satisfactory service. Since there is no other source of
power in the area, efficient operation and dependability of this glant is extremely
important.

Mr. E. H. Richardson, Resident Engineer, the Harza representative, drove me to the
plant where we met Mr. Isenberg, Electrical Engineer for ACU (Afghanistan Construction
Unit). The No. 2 Unit had been out of service for sometime and the turbine bearing was
partically disassembled for examination and for checking alinement of the shaft. Mr,
Richardson explained where measurements had been taken and the method used in taking
them, Since 2ll alinement measurements had been very carefully taken with a microm-
eter, to within 0. 001 of an inch, from a vertical planc wire, 0.033 inch in diameter,
with & 20-pound vaned weight suspended in oil, I was confident that his measurements
could be accepied without question and remeasuring would not be necessary.

The generator shaft was found to be plumb. The turbine shaft had been partially re-
assembled and wonld have required disassembly to take accurate measurements. How-
ever, measurements were taken of the clearance between the turbine shaft and guide~
bearing housing (with the bearing out) with a 12-inch-long feeler gage. These measure-
ments disclose an offset of the bearing bracket In relation to the turbine shaft of approx-
imately 0.022 inch. Evidence shows that an effort had been made to &line the shaft by
machining the guide~bearing bracket and shifting it to correct for alinement. Measure-
ments that are possible to take without a complete disassembly show that the shaft still
remaing approximately . 008 inch out of alinement. As a result of the guide-bearing
bracket being shifted in the turbine housing, the runner blades (Figure 18) show evidence
of dragging on the lower crown ring.

Cutside edges of the rotor blades (Figure 19) have worn flat and the edges have curled
out beyond the thickness of the blades. The turbine shaft (Figure 20) and turbine shaft
bearing were found badly grooved and worn, The lower crown ring was found 0.4 inch
(1 centimeter) out of level. The shaft coupling had been shimmed with wedge-shaped
shims so that the bolts could be tightened without leaving a gap at the coupling joint. ‘The
two shaft flanges do not appear to be parallel., The space between the turbine wicket
gates, inthe closed position, varied from . 002 to . 110 inch from top to bottom on some
of the gates. Enough water leaked past the wicket gates to prevent the turbine from stop-
ping without heavy application of the brake. The governor shaft that extends below the
generator and operates the wicket gates was approximately 1.5 inches out of plumb and
a support bracket was found broken. A new bracket has been installed and alinement has
beer corrected. The turbine is designed for a wicket gate opening of 10.5 inches (26,7
centimeters). The maximum opening that can be obtained with the present linkage on the
governor shaft is 9. 125 inches {23, 2 centimeters),

As soon as temporary repairs can be made on Unit 2, it will be restored to service
while Unit 1 is taken off the line and examined to determine what repairs are required to
maintain dependable operation.

Headgates

The turbine bay inlet is closed off by two 14-foot, 4.75-inch by 23-foot, 4-inch struc-
fural steel headgates eguipped with music note rubber seal all around. The seals were
holding tight except at the bottem of the gate. With the bay drain cpen, the floor of the
bay would neot drain to less than 4 inches of water. Both gates were lsaking extensively
near the center, apparenily from damaged floor sealplates or damaged concrete around
the 5ealplates. Roughness could be felt on the concrete floor by sliding your foot along
the downstream edge of the gates. Further examination could not be made bacause of
the 4 inches of water on the floor.
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Figure 17. --Girishk Powerplant Unit 2.
Top view of turbine showing the speed
ring, turbine shait and lower shaft
coupling.

Figure 18. --Girishk Dowerplant Unit 2
turbine rummer. Edges of blades show
wear from dragging on the lower
erown ring.

Figure 19. --Girishx Powerplant Unit 2.
Turbine runner blade shows evidence
of severe dragging between the edge
of the blade and lower crown ring.
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Figure 20, --Girishk Powerplant Unit 2. An enlarged
view of the turbine shaft showing the bearing sur-
face bodily grooved and worn. Pencil points to
area that was in contact with oil packing. Lower
oil packing wore similar grooves, :

Figure 21, --Girishk Powerplant Unit 2.
Turbine shaft after machining undersize to
eliminate grooving. Shaft will be used tem-
porarily while Unit 1 is shut down for exam-
Ination,
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Trashracks

Trashracks on the power bay intakes collect a considerable amount of debris which has
to be removed frequently to keep from obstructing the inlet. Debris is removed manually
with a hand rake from the powerplant roadway parapet or by & man riding & small raft
which is propelled by two men on the bank pulling on guide ropes. This methed of clean-
ing the trashracks is dangerous, inefficient, and it is possible to clean only the top 1.73
meters. (Length of hand rake.)

SUMMARY AND COMMENTS

The Girishk Powerplant was visited to examine Unit 2, for malfunctioning and fo deter-
mine possible causes of vibration, and to examine other major mechanical isaiures.

The turbine had been partially disassembled and was being examined by Mr. Richardscn.
Observations were made and measurements for turbine shaft alinement faken by Mr,
Richardson were accepted.

Turbine shaft was found out of alinement and the lower crown ring cut of level. The
turbine bearings were found rough and scored. The bearing bracket has peen shifted
from the center of the turbine.

Turbine runner showed evidence of scraping the lower crown ring and wearing the
propeller edges flaf.

Wicket gates do not close tight enough to stop the turbine.

The governor shaft was out of plumb and a support bracket was broken. Repairs have
been made and the shaft realined.

The wicket gates are designed for a 10, b-inch (26.7-centimeter) opening and would |
open only 9.125 inches (23. 2 centimeters); apparently because of improper linkage on the
governor shaft.

Both headgates leak excessively under the bottom seal, Water stands about 4 inches
deep in the bay with the drain open.

Trashracks are cleaned by hand with small rakes from the powerplant roadway or
from a small barge which is dangercus and ineffective.

The gantry crane is hand operated and it requires considerable time to handle power-
plant equipment.

When suitable equipment is properly installed and maintained, a plent of this Gype
should serve for approximately 20 years with no more than minor revairs.

RECOMMENDATIONS

Category I (Matters of great importance)

1. Alinement of the turbine shaft is extremely critical for satisiactory operation
and long service of the unit. To be assured that 2 satisfactory installation will result, 21t
second-stage concrete should be removed and the turbine reset to corract alinement.

2. The damaged bearing area on the turbine shaft should be rapaired by suilding the
shaft up with weld metal and refinishing, or the shaft should be replaced.

3. The turbine bearing bracket should be replaced or built up with weid metal,
refinished to original dimensions and redoweled to the turbine case.
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4, Repalring the wicket gates so they will close tight is not absolutely necessary;
however, it would be desirable to build them up with weld metal and refinish by grinding
in the event releveling of turbine does not allow closure adjustment with eccentric shear
link pins.

Categery II (To prevent or reduce further damage)

1, The apparent reason for the wicket gates not opening to 10, 5 inches (26.7 centi-
meters) is that the lever on the governor shaft that operates the wicket gate ring on top
of the turbine is short or linkage is not in proper adjustment. Full opening of the wickets
can be obtained by linkage adjustment or supplying a governor shaft lever arm of proper
length. Maximum turbine efficiency cannot be obtained unless the wicket gates open fully.

2. Headgate lezkage shonld be repaired at the first cpportunity. It will be neces-
sary to dry the Boghra Canal upstream from the powerplant which will require shutting
down the plant.

3. A mechanically operated trash rake should be constructed, or procured commer-
cially, that can be guided on two or more of the present trashrack bars or by adding new
guldes to the trashracks. To be effective the rake should reach to within 8 inches of the
bottom of the trashrack. With the present method of hand cleaning, it is almost impos-
sible to prevent the lower portion of the trashracks from becoming obstructed with debris.
Clean trashracks are important to maintain maximum efficiency.

4, This plant is the only source of power at the present time, and will contimme to
be so for sometime in the future. When the plant is shut down for repairs it is urgent
that equipment be handled rapidly to get the plant back on the line as soon as possible,
The present chain hoist operates extremely slow; therefore, an electric motor should be
incorporated into the present 1&-ton gantry crane hoist or a new electric hoist should be
procured.

Date of ingpection

January 27, 1964

Structure completed

Unit 1--February 19568
Unit 2--March 1958

Operation status at time of inspection

Approximately 800 cubic fget passing through the plant and approximately 400 cubic
icet are being discharged through the left bypass., Unit 1 was in service and Unit 2 was
- shut down.

Authorization and purpose of inspection

This investigation was remested by the Project Manager of the Bureau of Reclamation,
Helmand Valley Development Project, Lashkar Gah, Afghanistan, by cablegram to the
Commissicner. Telephone conversation from the Commissioner’s Office to the Technical
and Foreign Services Branch, Denver, Jamary 2, 1964, requested that engineer detailed
1o Afghanistan be gualified to examine the 1, 500-kilovelt-ampere turbines at Girishk
Powerplant for misalinement and causes of vibration.

Inspection party

H. E. Richardson, Resident Engineer, Harza Engineering Company, nternational

R. B. Isenberq, Electrical Engineer, ACU (Afghanistan Construction Unit)

Excellent cooperation was received from the above-mentioned personnel, which was
appreciated very much.
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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
HELMAND VALLEY DEVELOPMENT PROJECT
LASHKAR GAH, AFGHARISTAN

Address Teply:

4 GAH
March 9, 1964 STATE DEPARTMENT MAIL ROOM
WASHINGTOH 23, D. C.

TO: Mr. F. Gordon Whitaker, Project Manager

FROM: E. E. Gonzales, Mechanical Engineer
Bureau of Reclamation, Denver, Colorado

SUBJECT: Report on Unit No. 1 - Appendix I to Section T of Report on Girishk
Powerplant

On March 4, 1964 I accompanied Mr, H. E, Richardson, representative of the Harza
Engineering Co. International, to examine the furbine shaft and bearing of Unit No. 1 of
the Girishk Powerplant, The turbine pit had been dried before our arrival and workmen
were disassembling the turbine bearing.

Findings:

1. The top bearing packing was badly worn and a section of approximately four inches
was missing. The lower bearing packing was missing completely with no evidence
whatsoever that packing had ever been installed; however, Iwas assured thet pack-
ing had been installed. The packing grooves are 3/4 inches wide and 1 1/2 inches
deep and receive three 3/4 inch X 3/4 inch packing rings each. The packing found
in the upper groove was a hard woven fabric, compression type gasket which ap-
peared to be very durable.

Shimming in sizes up to 3/8 inch was found under the legs of the turbine bearing
bracket (Figure 22} and the holes for the bolts that fasten the bearing otracket to
the turbine were ernlarged from 1 9/16 inch, as shown on the drawing, 10’2 1/8 inch
as shown in Fiqure 23. The space between the 1 1/2 inch bolt zrd the hole had
been filled with lead.

2. The upper packing gland and lower guide bushing showed evidence of severe wear.
The inside surfaces were grooved and wire edging curled over the flange a5 shown
on Drawing No. 6. This was caused from extreme eccentric pressure of the tur-
bine shait.

3. Feeler gauges were inserted between the turbine shaft and the vearing 2 180° apart.
One side had a clearance of . 0863 inch and the other side had more than . 083 inch
clearance.

4. The shaft bearing was fairly smooth and showed consideravle evidence of wear and
wire edging on the bottem flange. The most severe evidence of recent wear was on
the upper packing gland and lower guide bushing. At these two Gearing points, the
turbine shaft showed deep grooving that was plainly visible to the eye.

5. A visual inspection of the shaft showed severe wear over the entire bearing area.
Apparently, most of the wearing had been done before the présent dbearing wes
installed as the bearing showed little wear. The turbine shait measured 0. 120 inch
flat at Point A ~ (Drawing No. 6). From Point A, the shafi tapers at an angle to
the centerline 0.124 inch to Point B. This makes the shaft 2 total of 0. 244 inch
undersize at Point B,

6. The lower crown ring showed grooving all the way around where the tips of the
turbine runner have been scraping. Clearance between the rummer tips and the
lower crown ring varied from 1/8 to 1/2 inch with the turbine bearing out and the
shaft hanging free from the generator thrust bearing {shaft floating).
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Fiqure 22. --Girishk Powerplant Unit 1. The turbine
shaft bearing bracket assembled on the floor to meas-
ure the bearing diameter.

Figure 23. --Girishk Powerplant Unit 1. One leg of
bearing bracket showing boltholes drilled oversize
and filled with lead, and shimming to compensate
for turbine misalinement,
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Mr. F, G. Whitaker -2
Report cn Unit No, 1
March 8, 1964

7.

With the governor in the maximum closed position, all the wicket gates remained
approximately 1/4 to 3/8 inches open.

With the governor in the maximum opened position, the wicket gates opened a maxi-
mum of 8 3/4 inches instead of the intended design opening of 10 1/2 inches, (Leffel
Drawing 48642)

‘The governor shaft and wicket gate linkage does not appear o be set properly to
obtain the design cpening intended for the wicket gates. The crank arm on the
governor shaft, that actuates the long connecting linkage to the wicket gate shift
ring, is approximately perpendicular to the linkage centerline {Drawing No. 7).
When the wicket gates are opened, the governor shaft crank arm is turned to the
extreme right as shown by the dotted line - (Drawing No. 7). This condition, along
with loose fitting linkage connection bushings, account for the wicket gates not open-
ing the full 10 1/2 inches, Maximum wicket gate opening is cbtainable when the
governor shaft crank arm is set so that it is perpendicular to the linkage centerline
when the wicket gates are midpoint of opening,

The turbine shaft of Unit No. 1 is so badly worn that putting it back into service in
its present condition would be risking sericus damage of the generator and thrust
bearing, Extensive repairs are needed on the turbine shaft and bearing before the
unit can be used even for temporary service.

The Girishk Powerplant design is of such nature that redesigns or changes other
than minor improvements would, in all probability invclve major reconstruction of
the plant and excrbitant cost.

Recommendations

It is my opinion that the Girishk Powerplant can be satisfactorily rehabilitated for many
years of dependable service by aligning, repairing and adjusting the present equipment.

1,

The turbine shafts will have to be repaired by welding or replacing and accurately
aligning the shaft and bearing, and centerlines of turbine and generator of each
unit,

It will be necessary to properly fit, align and assemble the shaft bearing including
the packings, packing glands and lower guide ring.

The turbine runners should be balanced and centered in the lower crown ring of the
turbine.

To accurately align the turbine shaft with the generator shaft, the turbine should be
removed from the concrete and reembedded properly aligned and leveled so that the
rumer will be centered in the lower crown ring and the shaft will be accurately
aligned with the generator shaft and bearing.

Accurate alignment of the turbine and generator, and balancing of the runner is
essential for dependable operation and long service of any powerplant,

5, Al governor linkage should be checked for locse fitting and alignment, and repaired,

~ligned and adjusted as necessary to obtain tight closure and 10 1/2 inch opening of

the wicket gates.

In view of the fact that Mr. Richardson is well acquainted with the problems of the Girishi
Powerplant, and is well qualified to do a first-class job of restoring the plant to satis-
factory operating conditions and dependable service, I recommend that arrangements be
made for Mr. Richardson to supervise rehabilitation of the Girishk Powerplant to
completion.

Lpmyaten
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Drawing No. 7

s

>Turbine ¢'s

L““~0PEN position
—Governor shaff crank arm

GOVERNOR SHAFT LINKAGE

35





Figure 24, --Girishk Powerplant Unit 1.
Workmen raising the turbine shaft to
the surface deck of the powerplant.
Shaft is 8, 2 feet long and 12 inches
in diameter at the bearing area.

Figure 25.--Girishk Powerplant Unit 1. Turbine shaft
. bearing area showing severe worn surfaces. Area
between 2 and b is the main bearing area.

Fiqure 26, --Girishk Powerplant Unit 1. Turbine
shaft--Area 1 is upper packing gland surface. Area
between 1 and 2 isupper packing surface, Note
pitting in bearing Area 3. Note eccentric wearing
at points 2 and 4, This is likely cansed by shifting
of the shaft center as wear occurs on the shaft and
bearing.
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Fiqure 27. --Girishk Powerplant Unit 1. Turbine
s showing severe wear. Groove between 5
and 6 was caused by the lower packing which was
missing completely at time of disessembly. Arez
6 shows galling under the packing gland.

Figure 28. --Girishk Powerplant Unit 1. Turbine
shaft--Note eccentric grooving at Area 8, This was
caused by the shaft shifting irom & forced position
after the packing disappeared and wear {0ox place.
Double grooving was caused by the packing gland
being tightened after packing had disappeared.

Figure 29. --Girishk Powerplant Unit 1.
Turbine shait. Area 7 shows the
extent of wear at the lower guide ring.
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SECTION TW

Inspection Report on

BOGHRA, SHAMALAN AND
DARWESHAN CANAL SYSTEM

Helmand Volley Development Project
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GENERAL INFORMATION

Boghra, Shamalan and Darweshan (Drawing No. 8) are the main canals in the irrige-
tion system and are located along the Helmand River Valley., The Boghra Canal heaa-~
works is located at the Boghra Diversion Dam on the Helmand River 40 miles (64 kilo-
meters) northeast of Lashkar Gabh and extends 47 miles (75 kilometers) in a southwesterly
direction. The Boghra Canal has a capacity of 2, 600 cubic feet per second; supplies
water for the Girishk Powerplant, Shamalan Canal, and furnishes irrigation viater for
the Nad-i-=Alil and Marja dreas. The Shawalan Canal branches off the Boghra Canal .

10 miles {16 kilometers) north of Lashkar Gah and extends south a distance of 44 miles
(70 kilometers) parallel to the river.

The Darweshan Canal has a capacity of 1, 000 cubic feet per second, has headworks
at the Darweshan Diversion Dam on the Helmand River approximately 38 miles {8 kilo~
meters) south of Lashkar Gah, and extends south a distance of 47 miles (75 kiiometers)
parallel to the river. At the present time there is a total of approximately 68, 000 agres
of irrigated land served by the eniire canal system. Water is stabilized for power and
irri?ation by Kajakai Dam which is located on the Helmand River, 88 miles (147 kilome-
ters) northeast of Lashkar Gah.

Dimensions given in this report denote approximate sizes of structures and are not
intended to be exact., Distances are approximate,

FACILITIES INSPECTED

Boghra Piversion Dam

The Boghra Diversion Dam (Figure 30) consists of a concrete spillway, 380 feet
(180 meters} long and a maximuwm height of 8 feet (2. 40 meters) with the sluice gric
structure and diversion works located on the right bank of the river. The sluice gate
structure has three gate openings with three 20- by 10-foot sluice gates, thai regulaie
river flow adjacent to canal inlet. One extra gate has been provided for mainienance,
The sluice gates are controlled by a gantry crane that travels on top of the sluice gate
structure, and a semiautomatic lifting beam. The canal inlei structure is regulaisd by
four 22- by 7-foot manually operated top seal tainter gates, The operator reporied that
the lifting beam did not work. This is not an unusual complaint, as semiautomalic or
self-latching lfting beams frequently give trouble. In this particular case, z man is
able to reach the gates to latch and unlatch the hooks for handling, so ii does noti present
a serious problem.

Boghra Canal Wasteway and Checkworks {Sta. 10+917.00)

The Boghra Canal Wasteway and checkworks structure is lecated 3. 1 miles (3 Xilo-
meters) downstream from the Girishk Powerplant and consists of four 81- by 1l-foot
manually operated tainter gates across the Main Canal, and two 18- by 10-iopi tainter
gates that requiate the wasteway which is located on the left bank oi the canal, The
wasteway gates are equipped with both manual and automatic conirols. Aulomatic con-
trols are of the weir floatwell and counterweight type. The gates have individual counter-
welghts but are controlled by g common floatwell. The primary purpose of this struciure
is to maintain constant tailwater elevation for the Girishk Powerplant by aniomaticaily
checking, or diverting excess water back into the river,

On the first visit, one wasieway gate was being controlled automatically and the other
manually. I was reported that the downstream gate did not operate properly and that it
lagged approximately a foot behind the other. On the second visit toth gates had been
shifted to automatic controls and the downstream gate was not functioning. An examina-
tion disclosed that the float cables were completely slacked and the counterweight would
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nra Diversiob Dam.

Figure 30. --Bog
Sluice gate structure shown in fore-
ground 18 adjacent to the Boghra

Canal Intake.

py-D-4452

re 31.--Boghra Canal Wasteway.
d to change

teh~-type cluteh is use
from manual to automatic aontrol of

the wasteway gates.

a Canal Checkgate.

Fiqure 32. --Boghr
checkgate was

Wire rope on one
rusted through.
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not go down. After prying the weight loose from the guides and dislodging the rope drum
shaft from its bearings with a bar, the automatic mechanism began o work, bul very
sluggishly. The clutch {(Figure 31) on the end of the rope drum shaff which sheould siide
freely by hand could not be shifted even by forcing it with a bar. In examining the shaft
it was found that lack of greasing and accumulation of dirt, grit and hardened grsase had
bound the bearings to the shaft so tight that it required tremendous iorce o turn it.

It was reported that the Main Canal tainter gates vibrated violenily ai ceriain openings.
An examination of the gates disclosed that one hoist rope (Figure 32) was cormpletely
rusted through, others badly rusted and frayed, rope clamps were loose and some clamp
nuts missing, shaft bearings were dry, and grease fittings were missing. The hoist
rope anchors (Figure 33) on the drums are arranged so that the loose end of tne rope
lies across the botiom of the drum and the rope winds over it at random. In some cases
the rope has been purposely wound over the loose end to prevent it irom slipping. In
any case, these conditions are damaging fo the ropes, and will cause unequal iension,
which is likely to increase the tendency to vibrate. Grease that has been used on open
gears of the rope hoist has combined with sand and hardened, so that it becomes more
harmful to gears than no grease at all.

The concrete approaches at both ends of the concrete bridge over the gate siruciure
have separated 2 to 4 inches (Figure 34) at the joint of the first pier on both sides of the
canal. This appears to have occurred from settling of the canal bank as the main siruc-
ture dees not show any faults or cracks.

Although this structure is of major importance in supplying continuous service irom
the Girishk Powerplant, which is the only source of power in the area, no provisions
were made for stoplog quides or any other convenient means of repairing or servicing
the gates without shutting down the powerplant. However, it is possible 1o replace catlas
or service the gates, one at a time, by using a specially constructed A-irame on top of
the structure to 1ift the gates out of the water. Special scaffolding will be needed {o reach
the gates for servicing and painting,

Sheila Lui Manda Wasteway {Sta. 29+865-00)

The Sheila Lui Manda Wasteway structure consists of two 18~ by 11. 5-fooi tainter
check gates across the Main Canal, and one 28- by €. 5-foot manually operaied and one
8- by 7. B-foot antomatically operated fainter wasteway gate. It was reporied that the
automatic mechanism has never worked. The gate is small, constructed very light,
lifted by one rope and the inlet into the floatwell was found covered with mud. Due to
surrounding developments, future use of the automatically controlled gate will likely
never be required. However, if the gate is to remain on the structure, it should te
maintained; if not it should be removed and the opening permanently blocked with con-
crete. Gates in the Main Canal have been painted recently and are in excellent condition.

Darweshan Diversion Dam

The Darweshan Diversion Dam is one of the most recently constructed sitructures o=
the canal system and is decidediy one of the hest. It appears io te In excellent condition.

A secondary structure is provided about 1. 2 miles (2 kilometers)} downstream irom
the diversion dam. This structure is provided with three wooden gates ior the purpose
of shutting off flows which could overtop and damage the canal downstream. The canal
upstream irom the structure, however, is not protected, as no wasteway has been
provided to discharge flood water which would te intercepted irom the hiliside on which
the canal is located.

The wooden gates are controlled by a hand operated wire rone hoist but, the gales
are wedged so tight in the slots that none could be moved.
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Figure 33. --Boghra Canzl Waste-
way. Wire rope drum shows
type of anchorage and rope wind-
ing over icose end.

Figure 34. --Boghra Canal Waste-
way. Approach to gate structure
bridge has separated 2 to 4 inches
at the joint on the first pier.

Figure 35. --Canal checkgates. Water
flowing through a partially opened top-
seal tainter gate which has 2 corru-
gated skinplate,





Other Structures

Other similar small structures, such as canal checks, branch canal ouilets, and
wasteways were examined on the canal system. Many of the small tainter gaies (Fig-
ure 39) in check siructures were top-seal types with corrugated galvanized skinplate,
When these gates operate at any intermediate opening, extensive leakage occurs zai the
top seal because the seal is tight only in the closed position. The amount of leakage is
of no consequence, but the continuous flow of water over the back side of the gate is
causing considerable deterioration of paint and corrosion of the galvanized skinplates.
Many of the hoisting mechanisms have been damaged by heavy traffic passing on rarrow
bridges over the structures. Small parts of hoisting mechanisms such as nuis, bolts,
clamps, and grease fitlings are missing.

Canals

Canals in general are belng kept in satisiactory serviceable condition. Heavy eguip-
ment such as draglines and a Gradall (Figure 38) is being used in the cleaning and repair
work of canals. An objectionable feature of the cleaning operation of canals is that large,
tall and irregular piles of material are left on canal banks. This condition is not only
unsightly but leaves material where it can easily wash or blow back inio the canal. The
material also forms mudholes which are destructive to the canal banks and roadways
(Figure 37). Some canals have been lined with compacted earth and other portions are
being lined with compacted earth for more efficient irrigation operations. Riost canal
banks have fair roads on at least’one side and are used for public traffic (Figure 38).
Roads on the main canals are gravelled and in good condition.

SUMMARY AND COMMENTS

The Boghra, Shamalan and Darweshan Canals systems were visited to examine all
facilities and determine what repairs and maintenance are needed to sustain dependable
service in the fuiure, and to establish an inspection program.

Tainter gates, sluice gates, hoisting equipment, and ganiry crane were examined at
the Boghra Canal Diversion Dam. The operator commented on the unsatisfaciory service
of the lifting beam used to handle the sluice gates.

Concrete structure, tainter gates, hoisting equipment and auitomatic conircls were
examined at Station 10+917. 00 wasteway and check gate structure. Automatic controls
do not operate satisfactorily, the wire rope drum shait was binding in bearings, the
counterweight was sticking, and the clutch jaw was bound iight to the shaft and could
not be shified on the wasteway gates. It was reported that the check gaies vibrated vio-
lently. One hoisi rope was rusted through, other ropes are badly rusted, anchorage of
hoist ropes is unsatisfactory, and hoist gears are covered with hardened grease and
dirt which is harmiul to gears, The footbridge over the siructure has separaied ai the
joint on top of first pier on both sides of canal. Provisions were not made Ior convenient
maintenance of gates on this structure without shutting down the powerpiant.

Automatic wasteway facilities do not work at the Sheila Lui Manda Wasteway structure,
It is possible that it may never be used, but il should be serviced or salvaged ior another
location. Other facilities were in good condition.

The Darweshan Diversion Dam was in excellent condition. Tne secondary siructure,
downstream from the diversion dam, which is intended for flood proiection, has wooden
gates which are completely-inoperable, If the gates shouid be closed, no provisions
have been made for spilling floodwater on the upstream side of the struciure to prevent
overtopping the canal banks.
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Figure 36. --Canal cleaning. A Gradall
being used to clean a canal.

Figure 37, --Canal bank. Mudhole
formed on canal roadway by blocking
drainage with material removed from
canal when cleaning.

Figure 38. --Canal roadway. Narrow
road on the bank of a small canzl used
for a public highway.

44





Many other small structures such as canal checks, branch outlets and wasteway out-
lets of the same nature were examined. Small, top seal tainter gates with corrugated
galvanized skinplate were badly corroded and rusted. Hoisting facilities have been dam-
aged by heavy traffic on canal banks, and many small parts such as nuts, tolts and grease
fittings are missing.

In general all canals are in good condition. Heavy equipment such as draglines and
a Gradall is being used for cleaning and repairing canals.

RECOMMENDATIONS

Category I (Matters of great importance)

* 1. Remove all bearing covers from the wire rope drum shaits, clean bearings
and shaft bearing suriace with kerosene or sorne suitable sclvent that will remove the
dried grease and dirt. Smooth bearing surfaces, if necessary, and reassemble.

2. Check o see that all grease holes in bearings are open, replace missing grease
fittings, and grease all shaft bearings once & month during irrigation season.

3. Make sure that wire ropes on each gate have equal tension and are securely
anchored both ori the gate, and on the drum. :

4. Clean all open gears of holst mechanism and operate gears dry. Grease when
mixed with sand is more harmful to gear than no grease at all.

5. Al tainter gates and metalwork should be examined once a year for deteriorated
or damaged paint. Paint repairs or repainting, if needed, should be done immediately.

BOGHRA DIVERSION DAM

Category 1

1. Wheels on the stoplogs and bearings on the rope drum shafis on this structure
should be greased once a month the year around.

BOGHRA CANAL WASTEWAY AND CHECK GATES

Category I

1. The weir well, floatwell and counterweight wells should be cleaned of all silt
and debris, and all metalwork and weir well equipment should be painted once 2 year.

2. Replace all ropes on this structure with stainiess steel wire ropes.

3. A special design of A-frame should be madé that will rest on top of the check
gate structure to raise tainter gates one at a time, above water ior replacing wire ropes
or servicing the gates. The A-frame should be made so that it can te moved Zrom one
gate to the other.

Category II (To prevent or reduce further damage)
1., Modify the wire rope drums by drilling a heole through the drum flange so ihat
the loose end of the rope can be clamped from both sides with the U-bolt to prevent slip-

page. This provision will prevent the objectionable condition, which presenily exists,
of winding the wire rope over the projecting loose end beyond the U-bolt.
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2. Vibration of tainter gates results from fluctuating pressures under the bottom
seals and beams when the tailwater is above the lower beam. Fluctuating pressures can
result when music note seals or closed beams are used acress the bottom of the gate as
shown in Detail B2, Drawing No. g,

Vibration may be minimized or eliminated by replacing the music note seals with
a flat rubber seal, by cutting holes through the web of the lower beam, and by cutting
off the lower half of the downstream flange of the bottom beam. See Detail Bl, Draw-
ing No. 9, noting flange reinforcement.

3. The approaches on the footbridge across the structure should be broken lcose
at the canal bank and moved back into position at the joint of the first pier con both sides
of the canal, The space leff at each canal bank should be backfilled with concrete,

SHEILA LUI MANDA WASTEWAY

Category 11

1. The 6- by 7. b~-foot automatically operated wasteway gate should be completely
rehabilitated and maintained if it is to remain in service. It is believed that the gate
will operate satisfactorily if the operating mechanism is cleaned, painted and properly
balanced and adjusted. The gate is small and light; so care must be taken to be sure the
gate 1s accurately alined and operates freely without binding.

DARWESHAN CANAL

Category II

1. The wooden gates cn the secondary control structure, which is located down-
stream from the Darweshan Diversion Dam, should be repaired and maintained in an
operable condition for emergency use. It is believed that the present wooden gates can
be made serviceable by disledging the gates and properly fitting them in the slots. The
gates should be operated by the rope hoist the same as cther gates and the block methed
of suspension should be completely eliminated. )

2. The secondary structure, 1.2 miles {2 kilometers) downstream from the
Darweshan Diversicon Dam, is of an important nature and it should be restored to serv-
iceable condition. A wasteway weir should be consiructed to discharge excess flood-
water to prevent overflowing the canal banks,

Dates of inspection

January 30, February 4, b, and 6, 1964

Operation status at time of inspection

Approximately 1, 800 cubic feet of water were flowing in the Boghra Canal past the
Girishk Powerplant and was being diverted back to the river at the Boghra Canal Waste-
way, The rest of the canal system was dry except where small quantities of water were
reguired for domestic purposes.
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Figure 39---Ancient Canal, Type of irrigation canals used
prior to the Helmand Valley Development Project.

Figure 40, --Modern Canal. A view of a 2, 600~cubic~feet-
per-second canal now being used for agriculture develop-
ment in the Helmand Valley.
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Inspection party

Jamuary 30, 1964 M. H. Parwana--Assistant Director General, Operations and
Maintenance, Helmand Valley Authority, Afghanistan
Carroll Wilcomb--Chief, Operations and Maintenance Division,
Bureau of Reclamation
February 4, 1964 A, Tawab Assifi--Director General, Operations and Maintenance,
Helmand Valley Authority, Afghanistan
Abdul Shuja--Director of Irrigation, Helmand Valley Authority,
Afghanistan
Thomas Dewhurst--Construction Management Engineer, Bureau
of Reclamation
February 5, 6, 1964 Same as for February 4, except Mr. Shuja was not included.
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RECOMMENDATIONS FOR FIELD INSPECTIONS
OF
DAMS, POWERPLANTS
AND
IRRIGATION DISTRIBUTION SYSTEMS

Helmand Valley Authority

These recommendations require that field inspections be made of all irrigaiion facil-
ities in the Helmand Valley that are under the jurisdiction of the O&d Division., Tness
inspections are t¢ assure protection of the RGA {Royal Government of Afghanisizn) Invest-
ment in such facilities, and the responsibility for the supervision of these inspeciions is
assigned to the Division of Irrigation Operations. It is reqguired that major structures of
these irrigation facilities be inspected at 1-year intervals and other proiect fzcilities as
may be deemed necessary.

Major structures on the Main Canal Systems are {0 be inspected by representatives of
ihe Irrigation Operations Division Office. Project facilities outside of the kizin Canszl Sys-
tems are to be inspected by the corresponding Project Watermaster Cifices whe will in
turn submit their reports to the Director of Irrigation.

Objective

The cbjective of these recommendations is to strengthen the maintenance program by
developing procedures for and approaches to the inspections, bring avout greater uni-
formity and aveid unnecessary difficulties and duplication. Toward this end, representa-
tives of the Operation and Maintenance Division should consider these objeciives in fleld
inspections.

Preparation for Field Review

The Division of Irrigation Operations has on file copies of all inspeciion reporis pre-
pared by previous inspection teams. A summary of all recommendations made by previous
inspection teams is zlso maintained by the division. This information will pe supplied to
the representatives who will make the inspections, and should be reviewsd by them before
making inspections. If it is believed other features on & particular project should be
inspected during the scheduled field review, this should be called o ihe &liention of the
inspection team.

ith s Pres-
ident of the Operation and Maintenance Division to further discuss the fisld raview. This
meeting should be arranged about 3 weeks prior to the time the represeniatives are
proceed to the field so there will be time for additional preparations if necessary.

Field Inspection
The following are suggested as guides and requirements for the ingpeciion teams:
1. Review the reports made of previous inspections by Watermasters and Irrigation

Operations Division personnel and the recommendations made as a resuit of previous
inspections.
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3. Consider problems raised by other Divisions of the Helmand Valley Authority.

3. The O&M Division should arrange, where appropriate, for participation in the
inspections by responsible members of other divisions of the Helmand Valley Authority.

4, Discuss proposed recommendations with the General Director of Operations or
his representatives before submitting a report. Agreement should be reached with respon-
sible officials on 21l important recommendations béfore a report is submitted to the Pres-
ident of the O&M Division for approval.

5. In preparing reports on individual structures, remember that the report will be
carefully studied and may serve as a guide in treating future project problems.

Recommendations

The numerous vnusual and abnormal conditions encountered in the inspection of g proj-
ect necessitate considerable flexibility in the types of recommendzstions that should be
made by the inspection teams, It ig advisable to recognize, however, certain categories
of recommendations which take into consideration the importance of the problem in ques-
tion. Most situations, it is believed, can be covered by three categories outlined below
and inspection teams are requested to classify all recommendations by categories.

Category |

Recommendations in this category involve matters of great Iimportance and set forth
remedial action to be completed in a prescribed period, usually 3 months or less, to
insure structural safety or to avoid serious malfunctioning of & facility. When an inspec-
tion report, including such a recommendation 1s approved by the President of C&M, it
will constitute definite instructions to appropriate divisions to take action. The Division
of Irrigation Operations will follow up recommendations in this category, requesting
written reports from the responsible division at 3-month intervals on the status of the
work recommended.

Category 11

Recommendations in this category cover a wide range of important matters where
action ig needed to prevent or reduce further damage or preclude operational failure, The
remedial measures prescribed and the timing may be indefinite, depending on the circum-
stances involved, but are generally expected to be programed and completed as a part of
the project's normal maintenance program. Careful attention should be given to all such
recommendations, and the responsible division will he requested to follow up yearly to
assure reasonable progress.

Category III

Recommendations in this category will cover matters of less importance which the
inspection team believes to be scund and beneficial to the project or project feature. No
follow-up records will be kept, and mention of progress in future reports will not be
required a3 long as the recommendation remains in this category. Recommendations in
this category may, at some later date, be placed in a higher category to emphasize the
need for corrective work.

From the gzbove, it will be seen that Category I recommendations will be used very
infreguently. Few conditions calling for such rigorous measures are likely to be encoun-
tered by most inspection teams. More recommendations will fall in Category II, How-
ever, care should be taken to include only problems of considerable importance. Minor
matters can be placed in Category I, coverad by general comments in the report, or by
discussions in the field at the discretion of the field inspection team.
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The Inspection Report

Reports should be brief and to the point, with detail only given on those conditions
reguiring attention. Reports should include the date of the inspection, a list of thosse
participating in the inspections, features inspected, reference drawings, and conditions
under which the structure is being operated at the time of inspection, such as waier swr-
face elevations, amount of water being discharged, and so forth. Reaierence can be made
to previous reports or other documents for general descriptions of the structures and
facilities, and only those matiers essential to an understanding of conditions discussed
need be included in the report.

Review of the report will be greatly facilitated if the writers will comment on the prog-
ress made in acting on the recommendations of previous reports. All previous recom-
mengdations that have not been acted upon should be discussed. They should be repsated
in the new report if the action taken has not corrected the deficiency, if no achion has been
taken, or if they can be deleted because changing conditions so dictate. ¥ a condition has
worsened and earlier corrective action is needed, the recommendations can be changed io
a higher category.

The use of photographs to illustrate conditions will reduce the description necessary,
shortening the report. Photographs taken from the same position as those of previcus
reports will also add materially in showing the additional deterioration or progress in
maintenance. However, photographs should be limited to only those essential {o 2 batter
understanding of the problems encountered.

A reference to drawings can serve a similar purpose in the inspection repori, but
should only be included when the problem cannot be otherwise adequately described or
when instructions to the field forces are necessary, Major repairs, involving preparation
of detalled Instructions and drawings should be handled by a separate repori.

It has been suggested that uniform terms be used in describing the operability of egaip-
ment and the structural sufficiency of the facilities, Terms suggested are:

1. Excellent, no work required.

2. Satisfactory, only minor deficiencies (Category III).
3. Fair, maintenance needed (Category II).

4. Poor, major repairs needed {Category I}).

5

Inoperable, replacement needed (Category I).

SAMPLE FORMS

FOR
INSPECTION REPORTS

The following sample forms cover a list of items that should be inspected during 2
periodic inspection of the following features of irrigation and power projecis:

1. Dams and powerpiants.

2. Diversion dams and headworks.
3. Major wasteway structures.
4

Irrigation distribution system.





These forms are furnished only as guides and may be combined, simplified or revised
to suit any specific condition required. Forms of this type will provide the inspector
with a check list which will be helpful in preventing oversights during inspection and will
save considerable inspection time.
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NAME OF DAM
PROJECT
DATE OF INSPECTION
STRUCTURE COMPLETED..YEAR
OPERATIONAL STATUS AT TIME OF INSPECTION

RESERYOIR WATER SURFACE

INSPECTION
OF

DAMS AND POWERPLANTS

WATER N STORAGE ACRE FEET

RESERYOIR RELEASES

ELEVATION

(APPROX.}

INSPECTION PARTY

NAME TITLE
NAME TITLE
HAME TITLE
NAME TITLE
NAME TITLE

FACILITIES iNSPECTED

L
2.
3.
4.
5
6.
7.
8.
9.

DAM

SPILLWAY

GANTRY CRANE

OUTLET WORXS

POWERPLANT.

BUILDINGS

WORKSHOPS

ROADS

OTHER

REFERENCE DRAWINGS

NO.
NO,

RO,
NO.
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PREVIOUS INSPECTIONS

GENERAL
DAM

INFORMATION

LOCATION

KIND

HEIGHT STRUCTURAL

WIDTH TOP. BASE

HYDRAULIC

CREST LENGTH ELEYATION

SPILLWAY

LOCATION

SIZE

CREST LENGTH ELEYATION

CONTROL

MAX, CAPACITY

GANTRY CRANE

CAPACITY.

OUTLET WORKS

NUMBER OF QUTLETS

SIZE OF OUTLETS

EMERGENCY CONTROLS

SERVICE CONTROLS

CAPACITY OF OUTLET WORKS

POWERPLANT

NUMBER OF UNITS

CAPACITY OF UNITS

KIND OF UNITS

INSPECTION

DAM

. UPSTREAM FACE

1
2, DOWNSTREAM FACE
3. ABUTMENTS

4, EROSION

5. ROADWAY

€. PARAPETS

7. DETERIORATION OF CONCRETE

8. DRAINS
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9. GENERAL APPEARANCE

T0. COMMENTS MADE BY OPERATING PERSONNEL

SPILLWAY
1. APRON

2, CREST

. WALLS

. PIERS

3

4

5, STILLING BASIN
6. GATES

7. GATE HOISTS

8. BRIDGE

9. OPERATION OF CONTROLS; TYPE, CONDITION, ETC.

10. PAINT ON GATES, BRIDGE, AND METALWORK

i

—

. GENERAL APPEARANCE

}2. COMMENTS MADE BY OPERATING PERSONNEL

GANTRY CRANE
1. MOTORS

2. CONTROLS

3. BRAKES

4, CABLE
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5. PAINT
6. GENERAL APPEARANCE

OUTLET WORKS

1. UNWATERED ?
2, CONDUIT

3, EMERGENCY GATES:

b,
€

d

-

€.

f.

h.

-COMMENTS MADE BY OPERATING PERSONNEL

"OPERATING FREQUENCY

CONTROL

OPERATING CHARACTERISTICS.
SEALING EFEICIENCY '

‘CAVITATION

EROSION

PAINT

4, REGULATING YALVES

a,
b.
€
d

f.

5. INTAKE STRUCTURE

OPERATING FREQUENCY

CONTROLS

OPERATING CHARACTERISTICS

SEALING EFFICIENCY

CAYITATION

EROSION

PAINT

COMMENTS MADE BY OPERATING PERSONNEL
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Powerplant

1. Motor Generator

LOGATION e e e DATE OF INSPECTION o sarmaea e
PURPOSE OF UNIT e v ercmmdca—mac—s—em—e——rma— e ena—e e mmm—m————— URIT NG rmr e mme e
MFR. OF UMIT e am e mmmm e Em s mmameam——————————m——— e e i m e e m e mt e Emmam—ana e
RATING:

MAIH EXCITER:

PILOT EXCITER:

CONDITION OF UNIT AND AUXILIARY DEVIGES:
GOIL INSULATION. .o e e mmm—emmmmmmwm—m—— w———— e mamm—memam—mmmn s —
FIELD COIL RESISTANGE . .__ e e PO OHMS AT e G
MAIN EXGITER FIELD COIL RESISTANCE
PILOT EXCITER FIELD GOIL RESISTANCE
FRAME AND ROTOR__.__._. ... -
STATOR AND ROTOR LAMINATIONS. _

BEARINGS. .o __ .
ANT OIL LEAKS P a -
BEARING Olb oo PP
COLLEGTOR RINGS.
COMMUTATOR . oo oot a e mmmmme = PR e m e
BRUSHES oo oo cueeae e e e e —————————— e ee—m—ar o mem——m——Am— s a—

COMMUTATION . _a_. e em e m e mm e
1F TROUBLE (S EXPERIENGED GIVE:

BAUSH GRADE ... e SIZE e ——— NUMBER. _._ e ———

COLLECTOR-RING MATERIAL - [ e MAY, AMPS. s

SPRING PRESSURE ... m—m e .LB8s. RING OR COM. DIA,
MISALINEMENT OR VISRATION? ______ PR [, mm e
DOES END PLAY FLOAT FREELY? __._ .. .. —
BEARING THERMOMETERS OR THERMOSTATS __._.__ e e e e mtemoa— e ——— e ——heam——— - -
BEARING OIL GAGE QR SWITCH
BEARING COOLING~WATER PRESSURE GAGE OR SWITCH oo oo e m oo e -
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AIR GAP CLEARANCE (INGH) TOP NORTH AIGHT EAST  BOTTOM SOUTH LEFT WEST
MAIN UNIT
MAIN EXCITER
PILOT EXGITER

(REPORT DATA ON FORM O&M 109)

MAXIMUM LOADING AND TEMPERATURES OF UNIT (FROM LOG SHEETS OR TEST)

DATE

HOUR

A.C. AMPS.

A.C. KV,

KW.

KVAR. PF,

FIELD AMPS,

FIELD VOLTS

PILCT EXGITER AMPS,
PILOT EXGITER VOLTS T
TURBINE GATE OPENING
TURBINE NET READ
STATOR TEME °G.

INLET AIR TEMP, °G.

THRUST BRG. TEMP, °C.
UPPER GUIDE BRG.TEMP %,
LOWER GUIDE BRG, TEMR °C,
TURBINE GUIDE BRG.TEMR °C.
GOOLING WATER TEMP. °G.
AMBIENT TEMP °C.

NOTE: CROSS QUTALL ITEMS WHICH DO NOT APFLY TO THE UNIT COVERED BY TH(S INSPECTION,
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Turbine

[N POWERPLANT. | . ieeciiiccaaccaean.d WNIT ND . BRTEL ... e
CLEARANGCES BETWEEN CLEARANCES BETWEEN WiCKET GLEARZNEES BETWEEN CLEASIWEES BETHEIN WiLxEY
UPPER AMD LOWER GURE GATES, GLOSEQ POSITION WiTH UPPLA &80 LOWER CURB GATES, CLOSED POET.ON W

PLATES AND WICKET GATES PRESSUAE RELEASED PLATES AND WICKET GATES PRESSVAE AELELSIDHE

GATE UPPER LOWER ToP mippLe | sortrom | sarg UPPEA | LOWER T0P W:30LE § BOtTicw
L 13
2 14
3 15
4 %

5 i
3 L)
7 5
8 2
° 21

10 =
11} 23
2 26

£ CONSIDER GLEARANCE BETWEEN GATES MO.[ANO 2 AS NO.J, ETC
CLEARANCES
. PUSITHON
PART » a c o

UPPER_WEARING RING

LOWER WEARING RING

TURBINE GUIDE BEARING, LOWER END
TURBINE GUIDE BEARING, UPFER EXND
POSETLON FOF CROWN AND CURB PLATE
PoSITION™ ¥ OF BAND AKD GURB PLATE

**GH OR LOW WiTH RESPECT 70 GURB PLATE x 5
[ 1 i

b A 20N
c ¢

CONDITIONS OF :

PAINT AND KINO, OR IF BARE, METAL SURFACES OF, INCLUDING LOCATION OF PITTING AND EROSION AREAS
AND S51ZE AND DEPTH QF DAMAGED AREAS

SCROLL CASE:_






CONDITICN OF:

DIL BUMP L o o et e e e e e m e e = 7 2 ot ke 0 e = i ettt o T
GAGE S m e m e e e e e e e e s e J—

SHAFT PACKING:

CEAXAGE, .« »eeund GPM,  TYPE.. L NEED REPACKING?. oo ooooeoo . -
GATE STEM PACKING:

LEAKAGE, - .. GPM, TYPE ammemruan NEED REPAGKING? o mcmmmmmem e ———
HEAD GATE:

LEAKAGE cenean GPM, LOGATION oo oo cmemmmmmmcmmmmm mmmmme, TP e e e ae
GLANDS ARD LANTERN RING:_ __ e mmmmm mer e a——

SHAFT AT GLAND:

SHIFTLING MECHANISM:

THRUST COLLARS: ... mre—am e

PINS AND JOURNALS: - — e mm—m mmmm———————
GATE STEMS AND BUSHINGS: _______ .. . __ e mem——————————nn N ——— ——
LiST ALL BUSHINGS WITH EXCESSIVE CLEARANGE: —- RSP,
SHIFT RING:. e e e e e m e mmm s reee et etmee.m———————

TURBINE GUIDE BEARING:
BEARING: e caee e

JOURNAL: e e

OTHER JITEMS inn s snmn s runnn,

NAME, MANUFAGTURER AND VISCOSITY OF QIL USED: g U e emememmmmacdctmme—mmm—am
RAME, MANUFACTURER AND GRADE OF GREASES USED ... c——— et e
REMARKS AND RECOMMENDATIDNS wuwmrmremrrrmewmmm e mcep e e mmmm e e st e dm e mmm e m e Y e
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3. Transformer

LOCATEON. .o inccccemcmmmeccmmmmuss—————rmmmm—meem— DATE OF INSPECTION. oo irmmcccrme e -
PURPOSE OF BAMNK o ismecmermmm—esesemmmeaa——mm e BANK NO. oo es e mam i mm e —
MFR.OF TRANSFORMERS . e vanm e wrmmemeemme—m—amso——ma
RATING:
HEGH VOLTAGE e o e eam e mm—m AR m i mmmmA=mmee——————emmm= &= mee=tm= = ———eee———mesea— .o eTTE——— -
MEDIUM VOLTAGE oo ecec e m s ccummmmmmm-e-mmmmmmemecm—dESm A dimeem—eemmEocoeasssmLEEET—a

LOW YOLTAGE o o o o o oo am o cammm = oo cmmm e mm mm S mmm e e e mmmmmm e e aonn s ovsmm o e
{UNOERLINE TAP OR YOLTAGE USED)

KA PER TAMK ., oo oo e asmmc— s T oo —m—mmE—--a=—m———— e ————m A Ee e mmddemmmmm—ee N mmm—ma o ——— -

{VHDERLINE RATIO USED)

GONDITIDONS OF TRANSFORMERS AND AUXILEARY DEVIGES:
TANK AND RADIATOR S L oo dmccmmmmmmeeeaossemm———as -

BUSHINGS
GRDUND GONNEGTIONS___.
GROUND RESISTANGE.____
ARE TRANSFORMERS NQISY?
THERMOMETERS.
TEMPERATURE RELAYS
OIL-LEVEL GAGES____. e mm—mm e
OIL-LEVEL ALARM RELAYS__
COOLIRG WATER SIGHT FLOW ____evoooe o anrmmmoeen A m ek amfmmm A ecemeesssmmemeanan
TAP CHANGERS....._- e o e e = &8 T m M e e nn s M ————— e mm————mm—
AUTO-LOAD RATIO CONTROL oo unnnc e iecbnmmmmmna

ISPRESENT RANGE ADEQUATE 7... .

NITROGEN PURITY, % OXYGEN v aamc o ccceemacoccccccmcmmcacemenmmm————daemavssssammmcares
NITROGEN PRES. IN TRARSFORMER (oo aenocccisecraccccecrcmmccmemomma——as a—— [
NITROGEN TANK PRES
PRESSURE RELIEF._____
GONSERVATOR .ot octmeamaemmmm e e mmm e eamEfeeeddsssmme—eeesssneeese———ee -

COIL INSULATION.
GOOLING COILS._
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CONDITION OF INSULATING Ol oo o oot e oo et v em e e mmm e m mmabmmmm m —mwm s
WAS OIL TESTED P e e e m e me

WAS INSULATION RESISTANGE TESTED ?. e e e e et e
(RECQRD OIL AND INSULATION DATA ON FORM OSM 109)

MAXIHUM LOADING AND TEMPERATURES OF TRANSFORMERS {FROM LOG SHEETS OR TESTS)

DATE

HOUR

AMPS.

KY.

KW,

KVAR. RF.

KVA,

A CILTEMP. C.

¢ A RTD TEMP. °C.

$B OILTEMP °C.

8 RTD TEMP. °C.

&G OIL TEMP. °G.

4¢ RTC TEMR °C.

AMBIENT TEMP, °C,

GOOLING WATER H -~ TEMPR.%C.
GOOLING WATER OUT ~ TEMR °C.

INSPEGTION MADE BY:

NOTE: CROSS QUT ALL ITEMS WHIGH DONOT APPLY TO THE TRANSFORMERS GOVERED BY THEIS INSPECTION.
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4. Powerplant Crane

a. MOTORS

b. CONTROLS

¢. BRAKES

d. CABLE

e, PAINT.

f. GENERAL APPEARANCE

RECOMMENDATIONS CATEGORY DATE COMPLETED
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NAME OF DIVERSION DAM
DATE OF INSPECTION
STRUCTURE COMPLETED--YEAR

OPERATIONAL STATUS AT TIME OF INSPECTION

INSPECTION

OF

DIVERSION DAMS AND HEADWORKS

RIVER W.S. ELEVATION DISCHARGE
CANAL W.5. ELEVATION DISCHARGE
INSPECTION PARTY
NAME TITLE
NAME TITLE
NAME TITLE
NAME TITLE
NAME TITLE
REFERENCE DRAWINGS
NO.
NO.
NO.
NO.
NO.
PREVIOUS INSPECTIONS
GENERAL INFORMATION
DAM
LOCATION
KIND
HEIGHT
TOP WIDTH BASE WIDTH
CONCRETE CREST LENGTH ELEVATION
DIKE LENGTH ELEVATION
SLUICEWAY

NUMBER OF SLUICEWAYS

SIZE OF OUTLETS

TYPE OF GATES

TYPE OF CONTROLS

PREVIOUS PAGE BLANK ™
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HEADWORKS

NUMBER OF QUTLETS MAXIMUM CAPACITY

TYPE OF GATES NUMBER SIZE

TYPE OF HOISTS

INSPECTION

DAM

3.

5.
6.

8.
9.

UPSTREAM CONDITION

DOWNSTREAM CONDITION

EROQSION

ABUTMENTS

CREST

DIKES

DETERIORATION OF CONCRETE

GENERAL APPEARANCE

COMMENTS MADE BY OPERATING PERSONNEL

SLUICEWAY

o

~y

8.

WALLS

PIERS
GATES

GATE HOIST

OPERATION OF HOIST; TYPE, CONDITION, ETC.

PAINT ON GATES, HOIST, AND METALWORK

GENERAL APPEARANCE

COMMENTS MADE BY OPERATING PERSONNEL
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CANAL HEADWORKS

1. UNWATERED ? IF NOT; DISCHARGE
2. CONCRETE STRUCTURE
3. GATES
CABLES SEALS METALWORK

4. GATE HOISTS

5. OPERATION OF HOISTS; TYPE, CONDITION, ETC.

6. PAINT ON GATES, HOISTS, METALWORK

7. GENERAL APPEARANCE

8. COMMENTS MADE BY OPERATING PERSONNEL

RECOMMENDATIONS CATEGORY DATE COMPLETED
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INSPECTION
oF
MAJOR WASTEWAY STRUCTURES

NAME OF WASTEWAY

DATE OF INSPECTION

STRUCTURE COMPLETED

OPERATIONAL STATUS AT TIME OF INSPECTION

UNWATERED ?

IF NOT; CANAL W.5, ELEVATION

CANAL DISCHARGE

WAS TEWAY DISCHARGE

INSPECTION PARTY

NAME TITLE
NAME TITLE
NAME TITLE
NAME TITLE
NAME TITLE

REFERENCE DRAWINGS
NO.

NO.

NO.

PREVIOUS INSPECTIONS

GENERAL INFORMATION

CANAL CHECK STRUCTURE
LOCATION

KIND

TYPE OF GATES NUMBER SIZE

TYPE OF HOISTS

CAPACITY OF CANAL CFS

71
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WASTEWAY STRUCTURE
KIND.

TYPE OF GATES NUMBER

TYPE OF CONTROLS

SIZE

CAPACITY OF WASTEWAY

LCES

INSPECTION
CANAL CHECK STRUCTURE
1. UNWATERED ? IF NOT, DISCHARGE
2, CONCRETE STRUCTURE

3. GATES

CABLES

SEALS

METALWORK

4. GATE HOISTS

5. PAINT ON GATES, HOISTS, AND METALWORK

6. GENERAL APPEARANCE

7. COMMENTS MADE BY OPERATING PERSONNEL

+

WASTEWAY STRUCTURE
1. UNWATERED ? {F NOT,.DISCHARGE

2, CONCRETE STRUCTURE

3. GATES

CABLES.

SEALS.

METALWORK

4. OPERATION OF CONTROLS; TYPE, CONDITION, ETC.

T2





5. PAINT OM GATES, CONTROLS, AND METALWORK

6. GENERAL APPEARANCE

7. COMMENTS MADE BY OPERATING PERSONMEL

RECOMMENDATIONS CATEGORY DATE COMPLETED
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INSPECTION
OF
IRRIGATION DISTRIBUTION SYSTEMS

NAME OF SYSTEM

DATE OF INSPECTION

INSPECTION PARTY

NAME TITLE
NAME TITLE
NAME TITLE
NAME TITLE
NAME TITLE

GENERAL INFORMATION
1. ACRES IRRIGATED BY COMPLETED FACILITIES

2. KILOMETERS OF CANALS
3. KILOMETERS OF LATERALS

4. KILOMETERS OF DRAIN AND WASTEWAY CHANNELS

5. ACRE-FEET OF WATER DELIVERED PER ACRE LAST SEASON

STATUS OF PREVIOUS INSPECTION RECOMMENDATIONS
A.

C.

D,

FACILITIES INSPECTED

—

. CANALS

b.

C.

2. LATERALS

b.

Ca

3. SIPHONS

a.

b.

<.

. STRUCTURES

b

b.

€.

PREVIOUS PAGE BLANK ™





CONCLUSIONS:

RECOMMENDATIONS CATEGORY DATE COMPLETED
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APPENDIX I

Conversion factors--English to metric system of measurement:

To get
Quantity English unit Multiply by metric eguivelen
Length inches 2. ha* centimeters
feet 30. 48* centimeters
0. 3048* meters
0.0003048 | kilomeiers
yards 0.9144* meters
miles 1, 809, 3 meters
1. 6093 kilometers
Area square inches 8. 4016% sguare centimeiers
square feet 929.03 square centimeters
square yards 0.83613 sguare meiers
acres 0. 40469 hectares
4 046.9 square meters
0. 0040469 | square kilomeiers
square miles 2.5898 square kiiometers
Volume gallons 3,785.4 cuvic centimeters
0.0037854 | cubic meiers
3.785H4 liters
acre-feet 1,233.5 cubic meters
1, 233, 500. lifers
cubic inches 16. 387 cubic ceniimeters
cubic feet 0.028317 cubic meters
cubic yards 0. 76455 cuvic meiers
764.55 liters
Velocity feet/second 0. 3048* meters/second
miles/hour 1. 6093 kilometers/mour
Acceleration feet/second x second Q. 3048* meters/second X second
Discharge cubic feet/second 0.028317 cubic meiers/second
or
second-feet
Weight pounds 0. 45359 kilograms
tons (2, 000 pounds) 0.20718 tons (metric)

*Exact value.
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Description
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OPERATING INSTRUCTIONS
84" Hollow Jet Valves
for
Morrison-Knudsen Afghanistan, Inc,
Kajakai Project, Afghanistan

List of attached drawings:

Dwg., No.

SV-1J-171 General Arrangement
SV-1J-170 Velve Assembly
35=-F-142 Operator Assembly
SV-54-143 Pumping System
C-1010 Discharge Curves

List of attached accessory pamphlets:

Cutler-Haamer Publications No, oL89, 84313, 7473, 817

Cutler-Hammer Jrawings No. 84-704, 86-494, B93-51, B70-313

Repair Parts List. Roper (il Pump

Westinghouse Publication I. L. 41-366H, covering type TK
Timing Relay

CLA-Valve-Relief Valve

Winslow-Strainer Assembly~Magnetic Dwg, C-7282

Westinghouse Publication I, L. 43-2L9-A, Synchrotie Position
Indicator

Westinghouse Synch. Position Indicating Motor, Dwg. 64L-C-700

l. General

The equipment furnished for this order consists of three hydraul-
ically operated 84" Hollow Jet Valves controlled by internal
pilot valves. The pilot valve is positioned mechanically by
means of an electric driven geared operator,

The following accessories are provided with each valve:

8. Cutler-Hammer electric operator, type TN-3-Y,

b An 0il system consisting of a 25 HP electric-motor driven
pump, hand pump, 60C gal. oil tank, oil piping, magnetic
Strainer, and valves,

c. Electric controls for (a) and (b),

d Connecting penstock section,

The pilot valve (Item 19, Dwg. SV-1J-170) is provided with a
shoulder, A, (Fig. 1C) %o restrain the needle from moving up-
Sstream under the force of the static 0il head and conditions
Of an unwatered penstock. This feature is intended for this
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purpose only The arrangement is not designed to pull the
needle off its seat or through the opening stroke mechanically,
(THE EQUIPMENT LUST NOT BE OPERATED TO MOVE THE NEEDLE
MECHANICALLY.)

The pilot valve structure is not designed to withstand a
heavy internsl hydraulic force on the needle with no counter-
balencing water force upstream.

These instructions cover methods of operation under all con-
ditions of service and maintenance for both watered and un-
watered penstock.

With the penstock unwatered the meximun internal oil pressure
developed on the needle is 24 psi,. Greater pressure is not
necessary The vperator is ceutioned to not submit the neeale
to an internal unbalanced o0il pressure in excess of 60 psi.

Assembly (Dwg. SV-1J-170)
The weights of the principal parts are given in Table II.

Various parts of the body can be hzndled by using bolt holes
as lifting eyes, If the edges of the holes are crushed gur-
ing above operation, the fuaces of the joints should be filed
flush before bolting such joints,

The field assembly to proceed in following sequence:

8. Lody Inlet Section (Item 1). The bodv inlet section is
split longitudinally into two halves. These two halves
are shipped separately. One of the two halves has a seal-
ing groove machined in the face of the longitudinal joint.
Set this half with the longitudinal flange facing upward,
Using rubber cement install the 1/4" dia. rubber gasket 1in
the sealing groove so @s to have one end of the gasket in
2 ilig. 27, approximately 1/2" from the blind end of the
groove A, the other end to extend beyond the face of the
inlet flange C. Fill the end of the groove AB flush with
the face of the Tlange with plastic packing provided for
this purpose, By laying a straight edge across the face
of the flange, make sure that the rubber will be pre-
compressed, but will not fil}l the groove entirely and be
pinched between the faces of the joint (see section E-E,
Fig. 2) Use a different size rubber if necessary,

Place the other half of the inlet body section on top of o
the first one, using the two 3/4" taper dowels to locate. &
If necessary, use Jacks or clamps to bring the dowel holes

in line,

3
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Bolt the two halves together. Tighten the bolts so as to
stretch the two bolts F nearest to the inlet flange by
-010", the other bolts G by .006", Use 'slugging wrenches
provided for this purpose for tightening these bolts. Use
18"-19" micrometers or outside calipers and feelers to
measure the stretch. Pins will have to be set thru the
holes of the extension nuts in order to reach the ends of
the bolts.

Remove jacks and/or clamps used to bring the dowel holes
in line,

V-cut off the end of the rubber gasket extending beyond
the face of the inlet flange flush with the bottom of the
circumferential V-groove.

Body Outlet Section (Item 2). Details of the body outlet
section are shown on Dwg. SV-1J-168. It is shipped in
three parts: the lower half, the upper half, and the inner
cylinder assembly. The inner cylinder assembly consists
of the inner cylinder, needle skirt, and the mechanism for
moving the needle. To assemble these parts, first set the
lower half with the longitudinal flange facing upward.
Then 1lift the inner cylinder assembly by means of slings
around the end flanges. Place the inner cylinder assembly
into the lower half of the body outlet section and bolt
them together. Make sure that the packing gland receiving
the driving sharft is pointing upward. Next, lay the upper
half in place and bolt it to the inner cylinder and to the
lower half.

Finel Assembly. For the final assembly, set all the parts
previously assembled and the needle (Item 3) with their
axis vertical and inlet upward.

Lift the needle with two 3/4" eye bolts (Item 60) and set
it on top of the needle skirt. A man should go inside the
needle through the 16" dia. hole on top of it and bolt the
needle to the needle skirt. (The two are match marked.)

Install the rubber gasket (Item 63) in the groove of the
inlet flange of the outlet section.

Tha round gasket rubber is shipped in lengths to be sized
anc formed into rings in the field. The circumferential
gaskets should have their ends cemented together to form a
ring. The joint should be made at an angle as shown on
Fig. 3. 1In order to cut the ends of the rubber gasket at
the required angle a clamp block, shown on Fig. 4, is pro-
vided. 1Insert the end of the gasket thru the hole in the
block, then with a razor blade cut the gasket flush with
the face AB of the block.





W

Bolt the inlet section on top of the outlet section so
that the longitudinal Joints of the two are at right
@ngles. The 3/4" tapped hole for Item 5 should be on top
when the valve i1s in its normal position,

Place the valve into normal position on its foundation.
Remove the 3/L" set serews (Item 5) from the body inlet
Section (Item 1) 8nd needle cap (Item L). Set 3/4m eye
bolts (Itenm 60) in their place ang by use of these eye

bolts instalj the needle cap (Item 4),

d. Connecting Penstock Section (Item 7, Dwe. SV-1J-171).
Using rubber cement Install the gasket ?Item 17) in its
groove Lift the pPenstock section by means of g sling,
Bolt it to the inlet body.

© The Limit Switches ang the Positions Indicators both
mechanical ang electrical shall be adjusted before the
System is put into service, Ad justments to be made in
8ccordance with the instruetions in the Cutler-Hammer
publication,No, 8431-5

s Filling with Oil is €Xplained in Paragraph 7.

8. The Pilot Valve Ad justment, Ip order tc obtain 1/16"
clearance between the pilot valve (Item 19) ang the nuts
(Item 17), with the needle bearing against the shoulder
B of the screw (Item 24) (see Fig, 1B}, the nuts must
be adjusted so 88 to have the lip of the pilot valve 3/16"
from the face of the needle (Itenm 10) before the cover
Plate (Item 14) ig installeq, Since the cover Plate has a
1/4L" Shoulder, the pilot valve jg pushed 1/16" away from the
nuts when the cover plate (Item 14) is installed,

Installation (Dwg SV-1J-171)

The completely assembled valve with the attached benstock sec-
tion (Item 7) can be set on its Supports with g temporary fack
under the inlet flange. Then the penstock section (Item 7

can be fielqd welded to the rest of the penstock. After this,
the temporary Jack may be removed,

Controls
22lbvrols

A push button control station is provided with push buttons
"Open," "Stop, " "Close," and red and green indicating lights
which show whether the valve ig open (red light burning),
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closed (green light burning), or in an intermediate position
(both lights burning)., A remove position indicator is pro-
vided 4 mechanical position indicator is incorporated in
the operator. Both these indicators show the relative Open=-
ing of the velve.

A selector switch is provided with three positions: "Auto-
matic" (push button control), "Off" (a1} electric power turned
off), and "Manual®™ (controls the electric motor driven pump
only, operator to be manually operated),

Principle of Cil Operation

The principle of the oil operation of the needle is shown on
Fig. 1A. The oil is circulated by the main pump (electric
motor driven) from the compartment D through a series of holes
E and through the opening between the pilot valve (Item 19)
and cover plate (Item ln% into chamber F. The pressure in D
depends on the clearance C and is whatever it takes to force
the required flow of oil Tthe 100 GPM capacity of the main
Pump plus or minus the Tlow recuired to displace the piston at
the speed of the screw) through the clearance C between the
pilot valve (Item 19) and the cover plate (Item 14)., The
clearance $1is automatically ad justed to maintain a pressure
in the compartment D required to overcome the water pressure
on the needle ang friction. 1If the Pressure in D is higher
than is required to balance the above forces, the needle moves
upstream (to the left), the Clearance C increases until the
Pressure in D drops to its required value. The reverse hap-
bens if the pressure is lower than required. When the screw
(Item 24) with the pilot valve (Item 19), spring mounteq on
its end, move in the closing or opening direction the needle
will follow the motion of the SCrew so as to maintain the
Proper clearance C and pressure in compartment D. As long as
the main pump is running, the screw and the pilot valve are
free from the needle in the axial direction, Therefore, the
operator has to Mmove the screw only &and not the needle, which
is moved by the oil..

Direction for Operation under different conditions are given
below followed by explanations. il line valves positions for
the different cases are given in Table I. The piping diagram
is in the uUpper left corner of Dwg. SV-1J-171

The operation under normal conditions of water in the penstock
&nd electric power available isg described under Case 1, The
other five cases deal with the abnormal conditions of dry pen-
Stock and electric power fallure Uperation with a dry pen-
stock is necessary before the System is put into service.
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Case 1. Ncrmal Operation - Water in Penstock
Electric Operation

Direction

Open valve A, B, D, F and H; close valves C, E, G and 7.
Set selector switch on "Automatic". Open the valve J. Press
the "Open" button on the control station to move the valve

in the opening direction, press the "Close™ button to move
the valve in the closing direction. It is not necessary

to hold the button in as these are momentary contact push
buttons, As soon as the main pump comes up to speed, close
the valve J. When the position indicator indicates that

the valve reached the desired position, press the "Stop"
button.

To move the valve into completely closed or wide open position
it is not necessary to press the "Stop" button. The valve
will be stopped at the end of the travel by the thrust switch
or by the limit switeh.

Explanation

In the absence of oil pressure, when the main pump is not run-
ning (except for the static head of oil) the water pressure
forces the needle against the shoulder B of the screw. (See
Fig. 1B). The resulting friction greatly exceeds the capacity
of the operator. Therefore, the screw should be released from
the load of the needle before the screw can be moved. Press-
ing the "Close" or "Open" button starts the main pump., Open-
ing the valve J in the bypass of the main pump relieves the
load off this pump and permits starting the pump with reduced
voltage and, therefore, reduced starting current. Reduction
of starting current is required because of the limitation of
electric power supply. Closing the valve Jd after the pump
comes up to speed results in the build-up of pressure. As the
pilot valve (Item 19) is seated against the cover plate (Item
14) by the springs (Item 18), the oil has no where to go and
moves the needle 1/16" from the screw so as to take up the end
play between the pilot valve and the nuts (Item 17). After
this the cover plate moves away from the pilot valve to form a
proper clearance C. The parts assume the relative positions

_ shown on Fig. 1A and the screw can freely move in either di-
“rection. A time delay relay starts the operator several sec-
onds after the main pump in order tc allow sufficient time for
the main pump to come up to speed and for the valve J to be
closed. The purpose of the springs (Item 18) is to prevent
‘the pilot valve from taking the load of the needle in the ab-
sence of oil pressure and to allow the screw shoulder to take
this load. When the needle is forced against the seat and can
move no further, the screw continues to move until first the
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pilot valve comes in contact with the cover plate and next the
shoulder of the screw B comes in contaect with the needle, as
the screw can move no further the thrust switch stops the
operator and the pump. In the interval of time between the
moment the pilot valve touches the cover plate and the moment
the screw touches the needle, the oil pressure incresses to
the relief valve setting of 270 pslg. 265 psig. is required
to overcome the water pressure at the maximum head of 263 ft.

The o0il pressure required to release the screw prior to open-
ing the valve when the valve is completely closed will be
higher than the pressure used to close the valve, This dif-
ference is notable if the water head increases after the valve
is closed. Two relief valves are provi'ed to meet the above
requirement; one set at 270 psig., the other at 325 psig. The
270 psig., valve is solenoid controlled, to function when the
operator is energized in t he closing direction, but remains
closed otherwise, The setting of this valve siould be reduced
to 220 psig. when closing against a water head below SO0 P ,
in order to leave enough margin to open the valve with 25
psig. in case the head increased after the valve was closed.

/0
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Case 2, Water in Penstock
Manua] Operation

Direction
==1¢ttilion

Open valve A4, B, D, E and H; close valves C, F, G and J. Set
selector switch at "Off"., One man to apply a force on the
handwheel in the direction the valve is required to move,

Two other men to operate the hang pump until the screw is re-
leased ang the first man is able to turn the hand wheel, To
close the valve continue pumping with the handpump as long as
the hand whee] 1s being turned, To open the valve no pump-
ing is required after the hand whee] starts to turn
of hand wheel are renuired per inch of needle travel,

Explanation

As in Case l, in the absence of 0il pressure, the water pressure

forces the Needle against the shoulder B of the scraw (Fig,
1B) thus effectively locking it. By pumping the pil into com-
partment D the needle is moved away from the Screw, releasing
the latter. To close the valve it 1a lecessary to follow the
fiovement of the needle with the screw sp that the distance be-
tween the needle and the screw does not exceed 1/16" and the
pllot valve remains seated against the cover plate, Therefore
the pump is required to supply only the amount of oil to dis-
place the piston plus leakage, Npo 0il is circulated t hrough
the pilot valve. To open the valve it is only necessary to
bump enough o0il to release the screw, After the screw is re-
leased it can be moved in the opening direction. The water
pressure will force the needle to fyllow the motion of the
Sérew, A slight clearance will automatically form between the

pilot valve and the cover plate to release the oi] displaced
by the piston,

& 55 turns

]
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Case 3, Penstock Unwatered
lectric Operation

Ogening

Direction

g 8L
Open valves A, B, #, F and H; close valves £,Z E, G and J. Set
selector switch on "Automatic". Open the valve J. Press the
"Open" button on the control station to move the valve in the
opening direction, press the "Close™ button to move the valve
in the closing direction. It is not necessary to hold the
button in as these are momentary contact push buttons. As
soon as the main pump comes up to speed, close the valve J.
When the position indicator indicates that the valve reached
the desired position, press the "Stop" button.

To move the valve into completely closed or wide open posi-
tion it is not necessary to press the "Stop" button. The
valve will be stopped at the end of the travel by the thrust
switch or by the limit switch.

Explanation

In the absence of water pressure the static head of oil due to
the elevation of the oil tank above the valve is sufficient to
move the needle upstream away from the screw and against the
shoulder A of the pilot valve (Item 19) as shown on Fig, 1C.
To release the screw it is necessary to decrease the oil
pressure rather than increase it as in Case 1.

With the il line set as in Case 1, the main pump circulates
through the valve with the cil tank connected to the pump
suction. The minimum pressure that can oe obtained with

this setting in the compartment F is the static head plus the
pressure drop in the line from the valve to the pump suction.
The pressure in compartment D cen never be less than in
compartment F, therefore, will always be higher tha: the static
head. With the valves set as shown for Case 3, no .il is ad-
mitted to the compartment D. The pump moves the oil from the
valve into the oil tank, The needle moves downstream, away
from the shoulder A of the pilot valve and takes the position
shown on Fig. 1A, releasing the screw and following it when
the screw moves in the opening direction. The clearance Cc
automatically adjusts itself to the opening required to pass
the oil displaced by the piston from compartment D under
pressure required to overcome friction.

1






-
/0a
N

VaL VING
A OPEN

8 OrFEN (APPROX. !/g)

C OPEN
O OPEN
£ CLosSED
~ OPEN
G OPEN
H OPEN

» J CLOSED

x GBIH VALVE dm*

WCH. PUMP MOTOUR.

LEGENLD

ComMES VP

or’L
T ANK
}:s
i [
ot il T @%‘msﬂiﬁ : & o

¢ SoLEUOIO SPRING

F

I %Qdd—.g_o K& IEE VHLVE ;
fi 7 Lve
| VRLVE o3 |
‘ e ™ - |
. ks |
J P
2 < h r‘f
\ ? ftt |
{4 |
’ /vmsipau o]
l-‘.r .'4-
e 8
R LT { 1 [ |
L NN ITRAMER | lr:
UMD DUME "\ ( S AR Lz
& : oCE, .‘“_ '8
A ", i
R — o b4

EER Ore UNOER PRESSURE

LR Ol ~DERAIN OR ATNIQOSFPHERIC g '

. oo

QPLERLATING DIAGIAM

CARSE TT-CLOS/NG

e e s R 2 R L R S iﬁ-.u.-mu“

PENMSTOCK UMINWATERED- ELECTRIC OPERFTION o

Prée] ScrEW

|
|
Y\VEA/[ PLUG 1

«
BT e R S

. ORAIN PLUS |
e | f

A






! - . .‘_’r R !,.“J_,G’
. ¢ o " 2 S g
i / ¢ ; ‘ /.Jl"}/l..
7 oo ' - ..,’ ‘&‘ !{, /J __/
-~ i A o
s N J;/
Gl

Page 10

Cose L. Penstock Unwatered
Llectric Operation

Closing

Direction
Upen valves A, . S+ D F, G and H, Valve B is to be approxi-
mately 1/2 open.” Close valves E and J.

To close the valve tight against the seat bring it into con-
tact with the seat with above valve settings. After the
thrust switch stops the operator and pump, set the cil valve
as for Case 1.

Set the sclenoid controlled relief valve at_l30 psig. Turn
the hand wheel in the opening direction until the mark on the
Cross arm of the cperator comes down in line with the bottom
mark and the thrust switech closes, Press the "Clpse" button.,
After the dry operation is complete reset the relief valve to
270 psig., as discussed in Case 1 before the penstock is
filled with water,

Explanation

Ag in C,se 3 the needle has to be moved away from the shoulder
A of the pilot valve.

With valves C, D, F, G, H open, the main pump circulates the
cil through the valve with the 01l tank connected to the dis.-
charge of the pump., The pressure in the compartment D is the
static head minus the pressure drop in th~ line from the oil
tank to compartment D, This pressure drop depends on the oil
flow and therefore on the clearance C. With the needle a-
gainst the shoulder A of the pilot valve clearance C is maxi-
mum and pressure in compartment D is miuimum, causing the
needle to move downstream releasing the screw., The maximum
pressure avallable with above valve setting occurs when the
pilot valve is seated against the cover and the flcw is limit-
ed to the one required to displace the piston. This maximum
pressure is lower than the static head of oil. It was found
insufficient to overcome friction., To increase the pressure
valve B should be partly open, thus making a step towards the
cll valve setting of C.se 1. An ammeter should be connected
to the operator motor. The valve B can be set so as to obtain
minimum ampere reading. Increase in ampere reading indicates
that the o0il pressure is insurficient or excessive and the
needle is pressed against shoulder B or A,

Closing the valve tight against the seat as discussed in the
"Direction" will limit the seating oil pressure to 130 psig.
wiich will keep the valve tight at all water heads, yet leave
enough margin to open the valve with 325 psig. 0il pressure.
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Case 5, Penstock Unwatered
Manual Operation

Opening

Direction

Open valves A, C, E and H; Close valves B, D, F, G and J. Set
selector switch at "Off"., OUne man to apply a force on the
hand wheel in the onening direction, one or two other men to
operate the hand pump unt.l screw is released and the first
msn is able to turn the hand wheel. Continue to pump and
follow the movement of the needle with the hand wheel until
the valve reaches the desired position,

Explanation

Operation is same as in Case 3, except that the oil is pumped
out of the valve by the hand pump instead of the main pump and

the operator is manually operated.
L]
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Case 6, Penstock Unwatered
Manual Operation

Closing

Direction
==-€tCclion

Open 0il valves A, C, E, and H, Cloge valves B, F, G and J, Set
selector switch at "Off", One man to apply a force on the

hand wheel in the closing direction. One or two other men

o operate the hand pump until screw is released and the first
man is able to turn the hand whee], Turn the hand wiheel as far
as it will go (about 12 turns), Stop pumping. Open valve

D one turn. The needle will move in the closing direction by

ltself Follow its movement with the hand whee]l,

E){[)jmmtiinn

The static head e il 1s sufficient to move the valve in the
closing direction, Pumping the oi} out of the valve is neces.
Sary only to release the screw, After the screw is released
turning the hand wheel as far as it will go brings the should.
er B in contact with the heedle (totel motion of 3/16%).
Upening the valve D one turn admits the ofil to compartment D
at moderate rate, so that the motion of the needle could be
easily followed with the screw If the need!e moves faster
than the screw it will come against the shoulder A of the
pilot valve locking the Screw, then the operation has to be
started all over.
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Hydrostatic Test of the Penstock

Direction

Seat the needle with the solenoid controlled relief valve set
at 130:psig. as directed for Case 4. Fill the penstock with
water., Build up the water pressure to 100 psig. Set the
solenoid controlled relief valve at 270 psig. and reseat the
needle maintaining 100 psig. water pressure. Build up the
water pressure to 180 psig. and maintain it as long as re-
quired to test the penstock. Reduce the water pPressure to
100 psig. Unseat the valve as directed for Case 1 and drain
the water out of the penstock.,

Explanation

Seating of the needle on its seat to be done in two steps in
order to avoid excessive seat load which would occur if the
needle was seated with 270 psig. oil pressure and no water
pressure,

Reducing the water pressure to 100 psig. before opening the
valve is required because the available o0il pressure of 325
psig. is insufficient to release the screw with 180 psig.,
water pressure.

Filling the 011 System with 0i1
Di;egtigg

Fill the oil tank with all oll valves closed, Open valve B,
Open the vento cock (Item 36) until all air is vented. Open
valves C, D, G, and H. Wait until the movement of air bubbles
in the pipes and tank is no longer audible, Add more oil to
the tank, The total amount to be 15 barrels,

The 01l level to be approximately 6" from top of tank for
valve wide open,

E;plagatigg

The vent cock (Item 36) vents the air from the gear case space
only, not out of the compartment D, In the absence of pressure
in ocompartment D the needle may be against shoulder B of the
screw (Fig. 1B), The Silot valve may be closed and o1) may

not enter compartment L from the gear case Space., Thererore,
compartment D has to be filled from the top, the air traveling

in the opposite direction through the same pipe.

Priming the Hand ngp

The hand bump will not pump oil out of the valve as required
in Cases 5 and 6 unless it is free of air and vapor pockets.,
To eliminate such Povkets, circulate the oil by operating the

2/
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hand pump with valves B, E, and G open.

Operator and Pedestal Assembly (Dwg, 35-F-142)

The Cutler-Hammer operator is described in the attached

pamphlets Ng,

8431..3 and No, 817 prepared by its manufacturer.

If the resistance to rotation of the torque screw is low and

friction in the threads is high due to lack =f proper lubrica-
tion it may occur that the yoke nut will rotate with the screw
without coming down the threads, and therefore without closing

the thrust switeh.

In such cases, in order to enable the

valve to move in the closing direction it is necessary to
close the thrust switch by turning the hend wheel in the open-
ing direction unti! the mark on the cross ara: comes down in
line with the bottcm mark,

To avoid such cceurence,

grease the threads of the torcue

screw and its supgorting ball bearings by means of the Alemite
fittings (Item 11),

T4BLE I

—— s ——

OIL LINE VALVES POSITIONS

Penstock

Pump Operation

Water in

enstock

Electrin Cpening or A.B,

Cloaine

D
ﬂ(‘!.’luﬁl (JpeIllD}._', 5 3 i AuB.DquHo C,F.(}HJ.

Closing

Penstock
Unwatered

Liectric

Upeningz
— Electrr-

Ulosing

Manual Opening

Maninl Closing

*Open one turn after |
releasing screw. |

**Approximately 1/2 cpen
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APPROXIMATE FINI3HED WEIGHTS
i e e

Inner Cylinder Dwg., SV-1J-168
Needle Skirt Assembly Dwg., SV-5A-125
Cylinder Hdead Dwg. SV-.1J-166 6,79C
Uear Case Assembly Dwg. SV-24-913 1,300
1lot Screw, Dwg, SV-54A.128 4,00
Pilot Nut, Dwg. SV-5B-56 290
Spline Shaft, Dwg. SV-5B..53 60
Bevel Gear Set, - 220
Pilot Cover Plate, Dyg. SV-5D.87 5C

TOTAL WEIGHT . Inner Cylinder Assembly 33,66C

Body Inlet Section, Dwg. SV-1J-167 (2 halves) 2x6.850 13 06
Body Outlet Section, bwg, SV-1J-168 (2 halves) 2x9.460 18. 920
Needle, Dwg, SV..5A-126 3,610
leedie Cap, Dwg, SV-5C.59 360
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Three Rotovalve units with 84 inch openings like the one shown are installed at Kajaki
Dam in Afghanistan. These massive valves were designed and built so that, after final
assembly and shop testing, they could be broken down into quarter sections to permit
transportation to the dam site. Here they were reassembled and are today completely
imbedded in the concrete structure. [Pers.Comm Rodney Hunt, Feb 2011]
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Text Box

Three Rotovalve units with 84 inch openings like the one shown are installed at Kajaki Dam in Afghanistan. These massive valves were designed and built so that, after final assembly and shop testing, they could be broken down into quarter sections to permit transportation to the dam site.  Here they were reassembled and are today completely imbedded in the concrete structure. [Pers.Comm Rodney Hunt, Feb 2011]















































































































