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APPENDIX C 


Historical Documents 


• Final Design Report on Kajaki Dam, Arghandab Dam, and 
Boghra Canal Projects. 


• Operating Instructions – 84” Hollow Jet Valves for Morrison 
Knudsen Afghanistan, Inc.  Kajaki Project, Afghanistan 


• Operation and Maintenance Instructions for S. Morgan Smith 
Company Orders (i) 84” diameter Roto Valves, and (ii) Oil 
Pressure Unit 


• Catalogue sheet for 84 inch diameter roto valves 
• Inspection of Mechanical Features – Helmand Valley 


Development Project – Afghanistan.  U.S. Bureau of 
Reclamation. (1964) 












INSPECTION OF MECHANICAL FEATURES 
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by 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 


BUREAU OF RECLAMATION 
WASHINGTON 25. D. C. 


IN REPLY 
REFERTO: 220 


MAY 8 - 1964 
Mr. William B. Macomber, Jr. 
Assistant Administrator, AAjNESA 
Agency for International Development 
Department of State 
Washington, D. C., 20523 


Dear Mr. Macomber: 


In accordance with Department of State Airgram to AIDfW 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 a con- 
tinuing program of future periodic 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 concurrence. 


Sincerely yours, 


Enclosure 
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INTRODUCTION 


General Description 


The entire Helmand Valley Development Project mas designed by Ln.terrztio?& ?.Engineer- 
ing Company and built-by Morrison-Knudsen Afghanistan, Inc. , for C?e 3oyal a!c@err.~~ent 
of Afghanistan. The project was built under terms of an Export-Import Sz-2 Icky and a 
contract directly betvieen the Helmand Valley Authority a?d Morrison-Xr.u:ser. 8fg?arrisZm, 
Inc. This multimillion dollar project has been in existence approri_mately 10 y e x s  'cat 
has never been covered by a formal inspection. 


The main features of the project are: 


a. Kajakai Dam with a reservoir capacity of 1,495,033 acre-ieet. 


b. Arghandab Dam with a reservoir capacity of 388,000 acre-feet. 


c. A small powerplant located near Girishk with a present namegate c~cac i iy  of 
3,000 kilovolt-amperes. 


d. An irrigation system with approximately 140 miles of main crnals. 


Authorization and Purpose 


This inspection was requested by the Project Manager, Bureau of ReclzmziicEn, Eelrnznd 
Valley Development Project, Lashkar Gah, Afghanistan, by wire of Cctokr  10, 1963, 
signed by Ambassador John M. Steeves. The purpose >)!as to its-wet t ie  meckz?iczl e z w -  
ment on the project and to advise the Helmand Valley Operation 2nd Xai?:tex?.ze Eivtsion 
on inspection procedures and practices. 


This report covers a thorough investigation of the major mechm2cd ec i>Eeni  - - i.-.sLded . . in the dams. uowerulant. and canal structures and the e s t a b l i s h e ~ t  of a eona r s rz  arc- - - 
7v orotectios to the im.wstrr.er.i of t?e gram of fu tge  peribdlc hspection to assure m a d m ~ - .  


Royal Government of Afghanistan. 


This report is based on 2 months of inspecting the many items of mech?icz! equipment 
on the entire project and discussing operation prob?ens with persomel a! 3xe2-c of 
Reclamation and Helmand Valley Authority and with operating persome?. 


Acknowledgment 


I ~ ~ i s h  to express my appreciation for the help 2nd courtesies extende6 by oZicizls of 
the b e a u  of Reclamation team in AfgharAst2n, by ttte Afghm O8icials of the Eeimm.6 
Valley Authority, and by the operators at  tine projects. 


The findings 2nd recommendations of this report a re  respec-my subri tkd.  
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SECTION I 


Inspection Report on 


KAJAKAI DAM 


Helmand Valley Development Proiect 


Afghanistan 







GENERAL INFORMATION 


Xaiakai Dam is located on the Helrnand River a~~roxirnatelv 87 miles (140 !dometers) ~. 
northeast of Lashkar Gah. The dam (Figure 1) is a roc.kfiUed~structure wit3 a earth- 
filled core, and a maximum height of 320 feet (97.5 meters). The crest is at  elevztion 
1050.00 M. An uncontrolled spillway in a rock cut is located one -ha  .kilometer f r o 2  
the right abutment. When gates are  installed, the m&mum water su-iace iviU reac3 ut 
elevation of 1045.00 M. Morrison-Knudson Afghanistan Inc. . constructed iine d u r  for 
the Royal Afghanistan Government. The irrigahon outlet wo&s consists of 2 34-fwt- 
diameter (10. $-meter) modified horseshoe-shaped tunnel on the left side oi Zqe myorr, 
an intake crate structure (Fi4ure 2) located one-fourth mile (382 meters) u ~ s t i - e e  irom tie 
axis of r h e  dam, 2 rotovzlv& chamber located in  the tunnel, approximate!:. 2, C E  feei (692 
meters) downstream from the int&e gate structure, and a hollow-jet control ::&:e !??ise 
(I.'iaure 3) located at the discharae end of the outlets 450 feet (138 me:ers) aorsiPezr?. 
fro& the rotovalves. Another 34-foot-diameter (10. &meter) modiiied horsesh3e-s@xd 
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 -el has been phqged 
with concrete at  the inlet end, and is intended for future pol!fer development. ?&xL~um 
head with uncontrolled spillway is 225 feet (68.5 meters). See Dravpkg No. 1. 


The intake gate structure is a reinforced-concrete framework tower 312 feet (95.1 
meters) high with a service deck at elevation 1050.00 M, w'hich is accessible ?rorr? rhe 
bank by a steel walkway bridge. Vertical metal guides are embedded in the structure 
for one 7.0- by 20.0-foot (2.13- by 6.10-meter) wheel gate and ore 12.5- by 34.0-COOL 
(3.8- bv 10. &meter) steel-covered concrete bulkhead aate. Three slidino Yaskzcks 
cover the entire intaie portal. Behind the-Gashracks &e two rectangular'ope?.iqs. One 
is closed by the wheel gate and the other by the bulkhead gate a s  sho~in on Drzwi?? KO. 2. 
An electrically operated, 200-ton capacity, bridge crane, located on top of the L?=L&e 
gate structure, is used to handle both gates and the trashracks. A weight act+&, zech- 
anism, which automatically engages and releases, is connected to t ~ e  crme h o o ~  m d  is 
used for lifting both gates. A separate guide beam is provided for each gate to center 
the lifting mechanism between guides. A 6-inch (15.2-centimeter) air vent for ike tunpel 
is located in each downstream leg of the intake structure. A reservoir rna+*r elev;itior! 
recorder is located on the deck of the intake structure. 


The unlined but grouted irrigation outlet tunnel runs through l i ae s to~e ,  =d is pluged 
with a keyed concrete plug 75 feet (22 meters) long. A transition is formed from t i e  
tunnel to the controlled outlet works by three, 84-inch-diameter (213. +-centimeter), out- 
let pipes embedded side by side near the bottom of the tunnel plug. Kxcept for e ~ ~ s i o n  
joints located immediately upstream from the rotovalves, the outlet qi?es =e embedded 
in 18 inches (45.7 centimeters) of concrete from the tunnel plug to tce hollo'o-jet vdve 
house. 


Three, 84-inch (213. &centimeter) rotovalves, one on each outlet pi-, 2-e 10czte3 
near the downstream end of the tunnel-plug, and are used for normal shuioif service 
under balanced head. The rotovalve bodies a re  embedded in. concre'e wiG:zin 1 inch 
(2.54 centimeters) of the top of the upper body flange a s  shown in Figure 4. Tke roto- 
valves a re  hydraulically operated, and have a working pressure of 115 pox??ds p2r sqme 
inch. Co~ t ro l  system for the rotovalves consits of a sump iark, Wo e?ec-LPic&y &-h-en 
oil pumps rated for 30 gallons per minute at  500 pounds per square b.ch7 a d  2 cor.Wo1 
panel with push'outtons and hydraulic selector control valves. The roto-mhes xe re  s z u -  
factured by the former S. Morgan Smith Company, York, Pewsylvar&. (The S. 1~;orgm 
Smith Company has been taken over by Allis-Chalmers Company, h~I.va&ee, :.7isco1is~.) 


Each of the three outlet pipes has a hollow-jet valve (Drawixg Xo. 3) on the dm;r;sWem 
end for regulating flow. Each valve has a discharge capacity of approxh2tely 2,100 cubic 
feet per second when operating fully open zt 100-foot head. The valves a re  hydraulic2Lly 
operated and mechanically positioned by an electrically driven, Cuiler Z z z ~ e r ,  T:rl~e 
TN-3-V Valve Operating Unit, Bulletin 817, Publication KO. 8431. The valve 3.3ezz*-7115 
unit is located near the roadway, 26.5 feet (8.1 meters), above Zle centerl3e of Lie 
hollow-jet valve. Tne operating unit (Figure 5) is protected by a galvanized sheet metal 
cover. An internal pilot valve, controlled by the positioning mechanism, regulztes fne 







Figure 1. --Kajakai Dam. The downstream 
face of Kajakai Dam with the three 84-inch 
hollow-jet valves discharging 90 percent 
open. 


Figure 2. --Kajakai Dam. Open frame intake 
structure showing the walkway bridge, hoist, 
and intake gates in the storage posltlon. 















Of the tunnel-plug. 











RWe 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 







oil discharge from the pressure chamber to control the speed of the needle. Each valve 
has an 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 600-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 pushbutton 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. 


"intake gate structure. Power for opkrating the gantry crane on ihe intake gat6 structure 
should always be furnished from the diesel unit, as  the hydroelectric unit and the diesel 
unit cannot be run in parallel. 


A piezometer cabinet is located on the left bank of the river at  the downstream toe of 
the dam. iust above the service road. The uiezometer tubes are used to measure uore 
water i i  the embankment and foundation of the dam to determine the extent of satuFation, 
percolation flow lines, and uplift pressures that affect stability. 


FACILITIES INSPECTED 


Intake Structure 


kept painted and generally el&. The wheel gate and bulkhead gate &&kept in storage 
position on the gate structure, ready for use. The bulkhead is well painted and in good 
operating condition. The upstream side of the wheel gate is of open construction and the 
beam flanges form pockets that do not have drain holes. Accumulation of dirt, bird nests, 
and moisture in these pockets accelerates paint deterioration and rustinq. Roller bear- 
ings are used on the wheel of the wheel gate. Indications are that greasi! 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 position 
was not justiiied, especially when the reservoir is being lowered for spring runoff. The 
latching mechanism was gummed up with dry grease and dirt which made it difficult to 
operate even manually. The reservoir recording device does not operate when the water 
surface is below a certain elevation. However, an ingenious device consisting of wire, 
a float, and a steel tape is being used for gaging the reservoir water surface, 


Outlet  Tunnel 


The outlet tunnel was not examined because of my advising that the intake gates should 
not be closed. However, the three rotovalves 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. All paint had disappeared on Outlet No. 1, except for one section which had 
patches of paint on the full circumference for a distance of 15 feet (4.6 meters). The 
patches of paint were located near the rotovalve, and varied in thickness from 1/16 to 
1/8 inch. Outlet No. 2, 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. 







'The inside surface of the outlets showed no evidence of rusting, ca-ViL&tiO~ or  erosion. 
A slight roughnessof tiny pimples and small irregular depressions no larger L ~ I  one- 
eighth inch across could be detected by sight, but roughness could not b felt by ;-.zm.d.. Tlne 
roughness looked like concrete crosshatching on a drawing. 5.j scraping tke pi-p? sscrrzce 
with a sharp screwdriver, a slight amount of black substance could be collecte2 o: tl-.e 
point. This could have been the remains of the paint or  perhaps a deposit of s o s e  !&~5. 
The outlet pipes are in excellent condition and it is questionable i£ p2inLi2g will ke reqaired 
in the near future. 


During the time the No. 1 hollow-jet valve was closed and the rotovahe w w  open, 
leakage appeared from a hairline crack in the concrete floor of the rotoiielve access tunnel. 
The crack was located at the left side (looking dotlinstream) of t l ~ e  cor~dui', S '~+&~LZ ebmt 
22 feet (6.7 meters) downstream from the rotovalve and extending for zSout 25 feet 
(7.6 meters) parallel to the pipe. Water seeped out of the crack and wet "e 30s ior a 
width of 2 to 3 inches in a period of one-half hour. It is not certain 5 <%ere was e conz&- 
uing flow during the time the valve was closed; but, if so, i t  mas very sloii~ ere v;zs not 
readiiy discernible. Two sources for 'he water seem possible: (1) lealizqe fro= a small 
defect in the conduit, o r  (2) the squeez~.g of water from small clearaces a r c a d  the con- 
duit, caused by expansion of the conduit under the pressure increase wken the hollo:r-jet 
valve was closed. 


Rotovalves 


The part of the rotovalve plugs which is in contact with water when the il21-e is clase4 
apparently has been painted with the same paint used in the outlet pipes. The pzb t  h u  
peeled off in spots over the entire area in sizes from 1/4 inch to 6 inches ~ & m e t e r  and 
the metal is rusting quite badly where the paint is missing. Operation of the rotovzlves 
is exceptionally smooth when opened or  closed under balaxed head. T?e KO. 1 rotovave 
was opened and closed with the hollow-jet valve 25 percent open m.d considerabIe \<ha- 
tion, not necessarily objectionable, occurred during the first  20 percent of ol~eri?~. 'Tne 
remaining cycle was completed smoothly and quietly. The operator kdiczted *at <ie 
rotovalves have been operated with the hollow-jet valves opened as rruc:? as 50 percent. 
While opening the rotovalves with the hollow-jet valves 25 percent open is not alazskg 
in the rotovalve chamber, the thundering noise and tremendous roar heard outside near 
the hollow-jet valves is frightening. Filling and air vent lizes were not pzobided for tne 
outlets between the rotovalves and hollow-jet valves; so the rotovalves must o3eraie mder 
full pressure and the hollow-jet valves must be partially open to vent &. 3otai~dves 
No. 1, and No. 2, were closed and opened with the hollow-jet valves 5 percert o y n  wit;? 
no apparent vibration. The standard practice in the past has been to opex =d close Kie 
rotovalves with the hollow-jet valves 15 percent open. Wiien the flow is s k t  05 &xi-i-g 
normal operation, the outlet pipe between the rotovzlve 2nd hollowjet v2lve reem2ins full 
except for the incline up to the hollow-jet valve. The hollow-jet vzdves =e i3s'&ed 
slightly over one pipe diameter above the rotovalves. The thsee rotovdves k-e 2Ssolutely 
droptight when in the closed position. A small amourt of water le&i(ed pzsi C2e ped;ing 
on tne plug stem during openiqg of all three valves, but this is not bslieved to be serious. 
A l l  rotovalves and related equipment are  well painted on exterior surizces, grease& 
clean, and are in excellent working condition. 


Hollow-jet Valves 


The hollow-jet valves operate very quiefly at  any opening with pract icdy m vibriltion. 
No vibration could be detected by standing on a valve while it w w  bekg operated Zrom 
fully open to f a y  cIosed position. While the outer surface of all jets ap?eaed somewhat 
irregular as they left the periphery of tne valve, the jets were urdorm rrzde, w22t 
would be considered a normal and orderly discharge into tiie river regardless of %E*i many 
or which valves were opened. The tailwater with ~ ? J O  valves dischu'gixg ~ 2 s  above the 
valve pit floor, but somewhat lower than the bottom of tbe hollnw-jet valves. Ofie was 
able to work inside the valves without getting splashed. The hollow-jet cdves  mere closed 
m e  at  a time, the rotovalve closed, and the outlet pipe pumped dry for inspection. An 
examination was made of eacn valve from inside of the outlet pipes as :well as from L5e 
downstream side. 







Seal replacements and cavltation repairs were made on the hollow-jet valves approxi- 
mately 2 years ago. 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 been 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 protruding areas which should be ground 
to the intended contour as  shown on the manufacturer's Drawing No. SV-1J-167. 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 sea3 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 3/16 inch above the needle surface. 
Valves No. 2, and No. 3, had no rubber seals. 


No cavitation was found on the needle of Valve No. 1; however, the body was cavitated 
about halfway 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 severe at  the upstream end and tapered to a smooth surface toward the 
downstream end. Severe vittina (u*, to 1/8-inch dewth) was localized in small areas. 
3 inches wide, 8 inches long, Gost'of which were dn 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 wav. While the needles of Valves No. 1, and No. 2, were in 
good condition, the needle 01 Valve No. 3, was 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 aroove and tawered to a smooth surface 
10 inches (25 centimeters) upstream. 


A l l  hollow-iet valves owerate satisfactorilv in either direction as  lona as  there is a 
hydraulic head on the neeale. Valve No. 1 was opened with a dry outlet"pipe once, but 
the operator was not able to close 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 opened the one time without reservoir head, no other move- 
ment could be obtained hydraulically from any valve no matter what combinations of con- 
trol settinus were used. However. once the reservoir head was awwlied on the needles 
the operator could operate the valves in either direction. The operator said they could 
operate the valves manually when there was no reservoir head and they did move the needle 
on one valve slightly. However, i t  is my belief 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 wi l l  function satisfactorily with pressure in the outlet 
wiwes, but only when a skilled overator is at  the c6ntrols. Svnchronization of the needle - - 
travei and speed of the pilot valje screw is  dependent on the pilot valve which is a built- 
in feature of the hollow-jet valve. The oil pump motor and the gear unit motor are  started 
bv a commoli pushbutton. but the aear unit motor has a time delav relav to aive the vumv 
motor time to-get up to speed befGe the valve actually starts mohng. "oil i"s bypassed ' 
while the pump is getting up to speed. The operator has to press the start  button and run 
across the room30 close the bypass valve by the time the delay relay starts gear unit. 


The operator has no indication a s  to when to 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 
thrust 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 to start the needle 
moving at the exact moment the gear unit motor starts, tile 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 opening 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 should open and close rrfith drjj outlet pipes, but tke ogeration 
is dependent on very delicately balanced oil pressures, including negaiive pressure, which 
are practically impossible to obtain in this control system. The force required do toove 
the needle under its own weiaht aoverns the oil oressures reouired. Sizce friction f a c b r s  
a re  mdeterm~nate, any v a l v  seiung on CNS system will not rernaq xorkable for mare 
than one oper&tlon, and no ouerator is able to master 2 system of vzlve seulr.Js <:z: 5 


Since part of the hydraulic control system is designed into a major part of t?e I-.ollovr'- 
jet valve mechanism, it is impossible to modify the control system for better operation 
without major changes being made to the valve. 


Turbine Generator Unit 


The governor motor had burned out, apparently from a "short, " a day -before m i ~ i  i?- 
suection of Februarv 20. 1964. The turbine aenerator unit beina shut dow?! orese?.ted u; 
ohportunity to ins?ecl tr;e turbine. ~nspectiori covers were remo"ved znd excep: isr s0rr.e 
le&aae around the wicket qate shafts and very minor cavitation a ~ d  chinned e%es or. 
some bf the runner vanes the unit was in good condition. After the hurried-out inotor is 
repaired or  replaced, the unit should be serviceable for many years. 


Diesel Generator Unit 


The diesel generator unit was used to operate the equipment while the w?&e g ~ r z i o r  
unit was out for repairs. Considerable trouble was experiexed in s tar tkg the unrt 
minor repairs had to be made before it could be started. The unit appeared to be in need 
of general servicing and cleaning to bring it up to maintenance standards e q d  to otner 
equipment on the project. No attempt was made to check for worn paris, compression 
or efficiency. In general the motor appeared to operate satisfactorily. 


SUMMARY AND COMMENTS 


Equipment on the intake structure looks good and is well painted aqd clean. The bulk- 
head and wheel gate, which are  in the storage position, are  in good condi'to~ except ihat 
the wheel gate needs drain holes, cleaning, and the wheels need servicing. Xeitker gzte 
has been used, nor have the trashracks been inspected since construction was completed. 
Gates were not closed because the latching mechanism was not considered dependable. 


Outlet pipes appear to have been painted, but practically all pairrt has &appeared. 
There is no evidence of deterioration in the outlet pipes and i t  is questio~able if pzintinq 
will be required in the near future. 


Paint on the surface of the rotovalve plug, srrhich is in contact with water when the valve 
is closed, is badly deteriorated and the plug is rusting. R o t o ~ v e s  operate exceptionally 
smooth under balanced head and are droptight when closed. Roiocalves ;.we oeen opened 
normally with the hollow-jet Valves 15 percent open. So bypass lbes or  zir vents are 
provided for fiLLing the outlet pipes for balancing the pressure for opexkg he  rotovalves. 
There is some leakage on the rotovalve stem packing. Valves a re  c l e n  in excellent 
operating condition. 


Hollow-jet valves operate smoothly at  all openings w.d cause very liMe distlrrbanee 
in the river stilling basin. All valves are cavitated extensively in Lbe M y  z?d on %e 
splitters. One valve has severe cavitation damage on the needle. One i&ve s;iLZ 3as the 
rubber seal intact except for about 2 feet which has been torn loose. ViLb the preseni 
control system i t  is impossible to make adjustments or  reasonable ~ o ~ i c z t i o n  to 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 a re  
full and under pressure. 
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The station-service turbine generator unit was shut down because of a burned-out gov- 
ernor motor. Al l  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 "shortt' which occurred from normal usage. 
It will be repaired locally. 


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


RECOMMENDATIONS 


Category 11 (To prevent or reduce further damage) 


1. One- to two-inch drain holes 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-iet valve for several hours. If the 
leakage through the crack reaches a limit and the wate? stops flowing, it may be assumed 
that the leakage is caused by squeezing of water from small clearances around the pipe. 
The squeezina would be caused bv the o i ~ e  exoansion when the hollow-iet valve is closed 
and such leahge is not considered se66us. continued leakage after 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, Illinois), to check for cracks 
or small pinholes in the welds on the pipe r~al l .  A small crack or pinhole may be repaired 
by welding: Provjded, That the pipe is keot sufficientlv cool to orevent steam messure 
between the concrete and the pipe wall. Shall repairsmay 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 th-e pipe. 


5, The portion of the rotovaive plug which is exposed to water on the downstream 
side should be cleaned and painted with a good grade of water resistant paint such as  
CA-50. The upstream side should also be painted when the tunnel is dewatered. 


6. Cavitated areas on the hollow-iet valves should be reoaired bv fillinu with stain- > .-.- 
less steel weld metal. The fluidway &faces should be ground to the cbntour 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 wi l l  be minimized if the rubber gaskets are  elimina- 
ted _and the gasket grooves filled with weld metal and overlayed with one-fourth inch of 
stainless steel. 







7. The diesel generator unit should be completely serviced, a l l  paclki2gs, d a q e d  
oil lines, fuel lines and fittings should he replaced, and the motor should 'se clezed z?d 
painted. 


Category III (Beneficial repairs) 


1. Ordinarfiy trashracks on submerged intakes are not irspected; however, since 
inspection facilities have been provided, the tras'nracks should be removed, inspected 
and repaired when the tunnel gates a re  closed for other purposes. 


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


3. The electric control instruments (Figure 7) including the PuShbuttons, selector 
switch, indicating lights and indicator for each hollow-jet valve should be moved from 
the present control board to a small panel located on the via l l  adjacent io the hy&au?ic 
controls. This will  give the operator a more convenient control system. Tce Lw'dz- 
tion of an ammeter on the control panel for the gear unit motor would aid ?he operator 
in the operation of the hollow-jet valves. To give the operator betier access to f i e  hollow- 
jet valve controls, the valve operating unit should be moved into -;he control house. T i e  
shaft could he passed through a packing gland in a sleeve through the wzll of the control 
house. Shaft connections between the hollow-jet valve and valve operatirq w i t  could be 
made with two sets of miter gear a s  shown on Drawing Ho. 3. 


4. Since the interior surfaces of the outlet pipes are in excellent cor?dition &er 
10 years of service, painting is not recommended at  this time; however, the &ier ior 
surface of the pipes should be examined at  6-month intervals for several yeus .  Sno-dd 
damage occur in the slightest degree, the pipes should be painted with a qood grade oi  
coal-tar enamel. 


5. When the hollow-jet valves are repaired, they should be paizted 2.U over VT& 
vinyl-resin paint Type VR6. 


Date of inspection 


January 28, February 19 and 20, 1964 


Structure completed 


1953 


Operation status at time of inspection 


Reservoir water surface--Elevation 1006 M 
Maximum water surface --Elevation 1033.5 M 
Reservoir releases--On January 28, three hollow-jet valves were discb~W@i?g 2t 


90 percent open. The temperature was 30 F. and the entire area in ~ 0 E i  of C?e bi;z2ve 
house including the valve operating unit, for the hollow-jet valves, was covered vritk ice. 


On February 19, all three valves were discharging at 100 percent open. 'I"eo?perabe 
50" cloudy and showers. 


Inspection party 


January 28, 1964 M. H. Parwana--Assistant Director General, Operations md 
1 iiln Maintenance, Helmand Valley Autlhority, -Mghulls  


Carroll LVilcomb--Chief, Operations and Nl.ter.mce Division, 
Bureau of Reclamation 


Dale Curtis--Irrigation Operations Advisor, Bureau of 3ec laz t ion  - 
Thomas Dewhurst--Construction Management Engineer, Cwezu 


of Reclamation 







February 19, 1964 A. Tawab Assifi--Director General, Operation and Maintenance, 
Helmand Valley Authority, Afghanistan 


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


Carrol l  Wilcomb--Chief, Operations and Maintenance Division, 
Bureau of Reclamation 


Thomas Dewhurst--Construction Management Engineer, Bureau 
of Reclamation 











SECTION I1 


Inspection Report on 


ARGHANDAB DAM 


Helmand Valley Development Proiect 


Afghanistan 







GENERAL INFORMATION 


Arghandab Dam is located approximately 21 miles (34 kilometers) northeast of Xzndabr 
on the Arghandab River. The dam (Figure 9) is an e a r W  structure riprapped on f ~ e  
upstream side, and is 160 feet (49 meters) high with the crest a t  elevation 1115.03 M. 
Morrison-Knudsen, Afghanistan, Inc., constructed the dam for the Royal Government 
of Afghanistan. The outlet works consist of one 15-foot-diameter (4. @J-meter) tm-rel 
with the intake portal and trashrack structure located at  the right abutment, an octaqonal 
concrete intake guard gate structure located 160 feet (49 meters) upstream from ';le uds 
of the dam, and an outlet control valve house which is located on the right abutment a t  
the downstream toe of the dam as shown on Drawing No. 4. The tunnel is concrete lined 
except for 54 feet (16.5 meters) a t  the downstream end which is steel lined, m a  from 
which two 48-inch-diameter (122-centimeter) pipes branch into the valve house for i&e 
outlet works. The 15-foot (4.60-meter) steel penstock, which is intended for future 
power development, extends past the valve house and is closed off vrith a steel buX&ezd 
(Figure 10). 


Two 9.67- by 41-foot (2.0- by 12.5-meter) steel trashrack panels vdth %inch bzr 
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 p3rtion 
of the inclined structure for maintenance. 


An 11.7- by 15.43-foot (3- by 4.7-meter) wheel gate with rubber seals is provided in 
the intake structure for maintenance of the tunnel and ring-follower gates, a?d for ener -  
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 71-ton, electrically 
driven wire rope hoist which is located above the gate on an open deck at  eleuation 
1119.00 M. Approximately 1 hour and 15 minutes is required to open, or close the gate 
from the storage position. The hoist has a travel of approximately 15 feet (4. E 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 a re  hydr.zu- 
IicaJly operated and are closed under essentially no flow conditions to shut 02 ttte river 
outlets when the Howell-Bunger valves are not in use. The gates may also be usee for 


cecome emergency closure under full flow conditions if the Howell-Bunger valves shoul; ' 
inoperable. The mechanically operated Howell-Bunger valves, located at W.e W n = q e  
end of the outlet pipes, have a maximum discharge capacity of 920 cubic feet pe~;seond 
at  full reservoir head, and are used for regulation. The Howell-Swger valves QmhZWe 
into a steel-lined concrete chamber, approximately 25 feet (8 meters) souwe, ralt~ch 
converges the water into the river (Figure 11). The ring-follower gates were mz~ntactured 
by Pacific Coast Engineering Company, Alameda, California, and the Eov:ell-Bnger 
valves were manufactured by the former S. Morgan Smith COIII~~XJJ, York, Perrxylvania. 
(S. Morgan Smith Company has been taken over by the AUis -Chber s  CompT_qy, 
Milwaukee, Wisconsin. ) 


A hydroelectric station-service unit, consisting of a Leffel Company t u r b i ~ k ,  'belt- 
driven Woodivard governor and a 75-kilowatt, 50-cycle, 440-volt Fakw~ks Morse 
generator, is located in the valve house. A diesel generator unit is housed, L? a small 
concrete structure located at  the top of the right abutment near the Wake g2k2 skuctwe. 
The hydroelectric unit and diesel generator unit cannot be operated.par;lliel. 


FACILITIES INSPECTED 


With the ring-follower gate open and the tunnel intake gate closed, the Eioivell-Bmger 
valves were opened to drain the tunnel. About half the tunnel drained t:nsough the Eowell- 
Bunger valves, and the remaining water was drained by removing a 16-+.ch-diaeler 
(41-centimeter) cover from the penstock bulkhead. The 48-inch-diameter (122-centimeter) 


ton or outlet pipes were in excellent condition; there was no evidence of cavitation, erosl 







Figure 9. --Arghandab Dam. A view 
of the downstream face of Arghandab 
Dam. 


Figure 10. --Arghandab Dam penstock 
bulkhead. Draining the tunnel through 
a 16-inch-diameter manhole cover. 


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











rusting inside the pipes. The inside of the pipes was  uniformly coated with what apgeared 
to be a white brittle deposit approximately 1/32 inch thick. The coa'hg scraped oE 
easily with the point of a screwdriver to a bright metal. The follower opering 0: t& 
ring-follower gate matched almost perfectly with tine diameter of the pipe. 3c iPiaes  
were not available for entering the 15-foot-diameter (4.6-meter) tumel, so it not 
examined except for the part that could be seen from the junction of the 48-inc$-&araeter. 
(122-centimeter) outlet pipes. Leakage from the tunnel, wiEq the innaie %%eel @e closea, 
was approximately one-half cubic foot per second. I wak informed that most of this leak- 
age was from the walls of the unlined tunnel. 


Tunnel Inlet Wheel Gate 


The wheel gate is in excellent condition. The seals a re  all in good condicioo.; holes 
have been burned in all the beam webs so water will drain as the gate is r83sed abve the 
water. Wheels were well greased and could be turned easily by ha~d ,  a?d h e  gate bad 
a heaw coat of paint. The roue hoist i s  also in excellent workha condition 2x5 ?.as been 
kept we l l  painteh and greased' The wire rope w a s  also well greased. i i r r i i  s;:it::?es 
are  provided to stop the gate in the closed and storaqe positions. Tee k n i t  s.?irz? far 
the ooen ~osition. with th-e aate iust above the tunnel-ouenina. has been discorzectei as 
the <res&t policy of opera60n <s to keep the gate in t6e storage position wheer. i t  is r o t  
closed. Since there is no powerplant at  present, this is good practice. 


The hoist control mechanism is also equipped with a limit switch and time delay relay 
to stop the gate at  a 6-inch (15-centimeter) opening during the opening cycle for W n g  
the tunnel. The time delay relay prevents the opening cycle from operathg for 3-?- 
utes. After 30 minutes the OPEN button has to be pressed to complete C?e o-+~i?q cycle. 
I was iniormed that on several occasions the gate stopped and went thou@ rhe %h~ixte 
waiting period several times during the opening cycle. On my first visit, tirae did rot 
permit checking of this malfunction, but on my second trip Mr. Victor Terz=iol, z? 
electrician. went alona to check the wirina svstem. The aate was o~era ted  thmc+: 2 
complete dosing and opening cycle and evbrhiling 'worked-perfectly: Iiis exp!z?.&r. 3: 
the erratic operation w a s  that the diesel generator unit w a s  probably no: aperaiir.? at ?.e . . .  . orooer voltaoe when the time delav relav did not function orooerlv. XY. ';e:-zc1$. rz2 
adjisted the *diesel generator for proper voltage beiore testirig th6 gate c o ~  -+o!s. 


Ring-follower Gates 


The ring-follower gates were not operated, as no trouble has ever 'been experienced 
in their operation. The gates a re  hydraulically operated and the control system comists 
of an oil tank, electrically driven oil pump rated for 6.4 gallons per minute at  7% w m d s  
per square inch, pushbuttons and hydraulic control valves. A semiautomaSc hznger 
holds each gate in the open position. A number of bre&< studs have been broken fro= 
time to time because of failure to unlatch the hanger before the closing cycle was initiated. 
The bonnet cover on Gate No. 1 has cracked twice in Weren t  places silce ks'b,llaiion 
but has been satisfactorily repaired by welding. Cracks mere apparenWj ca.sed *om 
faults or  internal stresses in the castings that appeared after t l e  gate had beer i i i  owra- 
tion for some time. Water was leaking from the pacachg qlmd of Gaie So. 2. X9 6il 
leaks were found, and the gates are  well painted ayd clean. Tnere are no zir wenL; iq 
the control system nor is a surge snubber provided on the pressure gagelie. .XQ~ %:e 
needle is badly bent from surges causing it to strike the peg at 72I.e end of ;;?e s c s e .  


Howell-Bunger Valves  


A Howell-Bunger valve consists of a cylindrical 'mdy with radial ribs extex5k-.c bepn6 
the cylindrical shell through the valve ports to a cone-shaped head, a cylindrical sleeve 
which slides uwstream over the bodv to open and downstream over the radial rihs to cclse. 
and a gear and screw mechanism 06 the d v e  body to operate the valve. ?e exzri3r  


' 


of the valves and operating mechanism, are in good condition. Al l  movinq par's .<:ere 
well greased and exterior surfaces well painted. The interior surface oi ihe C ? S C ~ ~ ? E .  







end of the cylindrical sleeves are cavitated around the circumference 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 steel seal surfaces on the cones are in excellent condition. Neither 
Howell-Bunger valve seals 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 oil 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 
handle to manually shift the wicket gates was ripped out. This part of the linkage is of 
cast iron and cannot be repaired, so i t  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 i s  no evidence of cavitation and the wicket gates are  still perfectly smooth. The 
leading edges of the runner vanes are badly cavitated. The control cabinet for the turbine 
generator unit (Figure 13) has We 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 operator. 
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 thathrip pans are used to keep the oii from r&ing across the floor. Fuel 
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 outlet pipes were examined and found to be in excellent 
condition. The tunnel was not examined except for what could be seen from junction of 
the 48-inch-diameter (122-centimeter) branch. 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 appurtFnant 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 i t  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 a re  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 is desirable. The gear operating unit is in good condition. 







Figure 12. --Arghandab Dam. The @-inch Howell- 
Bunger valves are in the fully open position for 
inspection Note that the stainless steel seat a t  
the downstream of the cones is in perfect condi- 
tion, but the metal upstream from the seal seat is 
severely cavitated. 







The turbine generator had been shut down for repairs, and wicket gate linkage adjust- 
ments. Part  of the linkage used for hand operation has been damaged by too much force 
applied on a manual operating handle. The runner vanes are cavitated and need 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 is 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 satisfactorilv r e ~ a i r e d  and in all wrobabilitv no more cracks will develow. However. 
i f  other cracks s6ould develop in the fiture i t  is "advisable to again repair them by weld- 
ing, rather than replacing the bonnet cover. 


RECOMMENDATIONS 


Category I (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 should be removed so that first-class welding and finishing can be done. 


Category II (To prevent or reduce further damage) 


1. The water packing on the stem of ring-follower Gate No. 2 should be tightened, 
shimmed or replaced if necessary to stop the leakage. 


2. The oil seal between the motor arid gear unit for Howell-Bunger Valve No. 2 
should be repaired or replaced. 


3. A standard switch box should be installed on the side of the control cabinet of 
the turbine 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 loose 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. 


5. The dials on the panel of the control cabinet, for the turbine generator unit, 
should have the pointers straightened and adjusted to read correctly. 


6. The vanes of the station-service turbine runner should 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 ID (Beneficial repairs) 


1. Adjust the limit switch, for the closing cycle of the motor 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 keep 
the air bled out of the hydraulic system. For convenience it would be desirable to con- 
nect the bleed valves with a line back into the oil 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. 







4. Since the interior surface of the steel tunnel a ~ d  outlet pipes is in excelleni 
condition after 10 years of service, painting is not recommended at this m e ;  hoccever, 
the interior surfaces of the pipes should be examined at  6-monte irtermls ior several 
years. Should damage start to occur, the pipes should be painted with a good ~ a d e  of 
coal-tar enamel. 


5. The diesel generatpr unit should be completely serviced, all dmaged oil axi 
fuel tubing, fittings and packings should be replaced or repaired and Lhe rr?otor cleared 
and painted. 


Date of inspection 


January 23, 1964 and February 25, 1964 


Structure completed 


1952 


O~eration status at time of inspection 


Reservoir water surface--Elevation 1104.5 M 
Maximum water surface--Elevation 1110.03 M 
Reservoir releases--Both Howell-Bunger valves were closed, ring-follower =fees 


7 were open and the wheel gate at the intake was closed. Th-e temperature x 7 . ~ z s  z - . 
Inspection party 


January 23, 1964 M. H. Parwana--Assistart Director General, @?rations and 
Maintenance, Helmand Valley Authority, -%ghan2stz? 


Carroll Wilcomb--Coief, Operations a?d Maintenaxe Dii.*sio?.: 
Bureau of Reclamation, Lashkar Gah, AZg::?a!s'a? 


Dale Curtis--Irrigation Operations Advisor, Bwean of R e c l a z -  
tion, Kandahar, Afghanistan 


Mohamid Nasim--Camp Manager ard Operator, Ar@a:dzb - 3  
February 25, 1964 A. Tawab Assifi-Director General, Operatiorxi ad >&i?tenarce, 


Helmand Valley Authority, Afghanistan 
Carroll Wilcomb--Chief, Operations aed Maintemme Division, 


Bureau of Reclamation, Lashkar Gah, Afghanis's 
Thomas Dewhurst--Construction Management Engheer, Bureau 


of Reclamation, Lasikar Gah, Afghmis'im 
Dale Curtis--Irrigation Operations Advisor, Bweaz of Reclama- 


tion, Kandahar, Afghanistan 
Orville Mowery--Operations and Maintenar-ce Tecb_"icim, Dzeau 


of Reclamation, Lashkar Gah, Afghanistax 
Victor Termriol--Refrigeration/Auto Mechmic, .k-@a-2sk 


Construction Unit, Ch&-i-hjis, Afghanis'a~ 
Mohamid Nasim--Cap Manager and Owrator, &@2?.&3 %ID 







Figure 13. --Arghandab Dam. The back cover of 
the turbine generator unit control cabinet has been 
removed for convenience of additional wiring. 


Figure 14. --Arghandab Dam. Superb hospitality 
was unavoidable at  Arghandab. Left to right are  
E. E. Gonzales, Dale Curtis, M. H. Parwana, 
Carroll Wilcomb and Mohamid Nasim, the Camp 
W a g e r ,  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 


Hklmand Valley Development Project 


Afghanistan 







GENERAL INFORMATION 
Powerplant 


The Girishk Powerplant is the only source of power in the Helmand V2Uey -41~2, 215 
the town of Lashkar Gah is completely dependent on this olani for pmer.  The pweryj!an: 
is located near the town of.Girishk approximately 37.5 miles (EO i~lometers) 20rC:east of 
Lashkar Gah. The powerplant (Figure 15) i s  a three-unit, outdoor-tyys L?stz2akior. with 
open-flume turbines. The plant was designed by the International Engmneerin$ Corn?arty, 
Inc., San Francisco, California, and constructed by Morrison-Knudsen Xgia?!istm, 
Inc., for the Royal Government of Afghanistan. Water for the pov~erplznt is diverted 
from the Helmand River by the Boghra Canal Diversion Dam which is locae5 a-,gro:iimately 
2.5 miles (4 kilometers) upstream from the powerplant. Two bypasses a re  prw."i,-:id?s, one 
at each end of the powerplant, to bypass water past the p ~ ~ e r p l m t  vlhen irri$2-;ian cemanis 
are  greater than what is being passed through the turbines. Flow Cx-ouch 2-2 bypsses  i s  
regulated by manually operated tainter gates. Tailwater elevation is mai?l&ixxi j:; a check 
structure and automatically operated wasteway facilities .which are  located apvosi~atel>- 
3.1 miles (5 kilometers) downstream. Excess water is diver:& back Lrto &e Ed.mzc5 
River. 


Only Units 1 and 2 are  installed at present. There a re  provisions for i~txl 'e  installa- 
tion of Unit 3. The generators are  housed in individual steel casirgs vhile -;?e re~.ainder 
of the plant equipment is housed in a concrete structure (Drawing So. 5) Selo:v C k  s~zface 
of the canal banks. The structure provides approximately a 19.8-foot ($-meter) hydraulic 
drop in the canal bottom which supplies the head for poiller generation. 


Generators 


The generators (Figure 16) are  of the outdoor-enclosed vertical type wiC? 2 raked 
capacity of 1, 500 kilovolt-amperes each, 80-percent pomer factor, 3 phase, 53 cydes  at  
187.5 revolutions per minute. The generators were furnished by WestL!qhouse Zlectric 
Corporation. 


Turbines 


The turbines (Figure 17) are  Kaplan fixed-blade propeller tjFIje, vertica?, a d  raked at 
2,200 horsepower when operating under a net head of 25 feet a t  187.5 re~mit~liczs per 
minute, with an estimated discharge of 870 cubic feet per second. Tifie tu:-bbes have a 
conical steel plate draft tube, submerged gate operating rnechanisrr?, z?d s u b ~ ~ e ~ $ e d  ~ i d e  
bearing, runner, stay and discharge rings, and wicket gates. The wicket gate rinq 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 tivo seciiozs, il-Lr.ch 
(0.279-meter) minimum diameter, (bearing journal is 11.875-inch diaxeter) z?d is car!- 
nected to the generator rotor shaft by bolted flanges. The loii~er shaft sectior. is 8.2 feet 
(2.50 meters) long, extends through the turbine bearing, and supFr is  Cie razcer. Tze 
upper shaft is 13.45 feet (4.10 meters) long and connects the lower sectior. -;c t3e generator. 
The turbines were furnished by James Leffel and Company, Sprinqfield, Ohio. 


Gantry Crane 


A hand-propelled traveling gantry crane with a 16-ton chain hoist i s  provided or. top of 
the powerplant. The hoist has a 53-foot (16.17-meter) lift and a lir;ii?g :.ate 05 less  ';?m 
8 feet (2.4 meters) per hour, which i s  extremely slow for pmerplzm use, (I, 4W meters 
of hand chain travel required for 1 meter of hook travel). Tne crz?e is use5 :c m e n  a15 
close the bay headgates and tailgates, and to handle other powerpluli e-@p-err. 


Dieael Generator Unit 


A 25-kilowatt, diesel engine generator set has been provided for emergemy aperation 
of station-service only. 







Figure 15. --Girishk Powerplant. A downstream 
view of the powerplant. 


Figure 16. --Girishk Powerplant Generators. Out- 
door enclosed-type 1,500-kilovolt-ampere gen- 
erators.  
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Drawing NO. 5 







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 recommendations 
for restoring the powerplant to satisfactory service. Since there is no other source of 
power in the area, efficient operation and dependability of this plant 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 (Mghanistan 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 all alinement measurements had been very carefully taken with a microm- 
eter, to within 0.001 of an inch, from a vertical piano wire, 0.033 inch in diameter, 
with a 20-pound vaned weight suspended in oil, I was confident that his measurements 
could be accepted 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 would have required disassembly to take accurate measureaents. How- 
ever, measurements were taken of the clearance between the turbine shaft and mido- ~ ~ .....-.-.......-.---3---- 


bear'ing 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 alinn the shaft h ~ i  ~. ~~ 


machininp the quide-bearing bracket and shiftinq it to col.re-r for dir.elr.ent. I '.?asu&- 
mints that are  possiole :i rake v:itL.out h 2omplere disasserr.b!y s l ~ c v ~  rlizr t:% shair sic: 
remaiqs avproximare!r .005 :nc> out of alinernent. AE a result oi .A& ou:rie-imvin.r ~- ~ - -  ~ > .~ -... . - ... -.. 
bracket b&g shifted &J the turbine housing, the runner blades (Figure 18) show evGence 
of dragging on the lower crown ring. 


Outside 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, in the closed position, varied from .002 to .I10 inch from top to bottom on some 
of the qates. Enouqh water leaked uast the wicket crates to urevent the turbine from stnn- . -. . -. 
ping wTthout heavy application of the brake. The gdvernor shaft that extends below the 
generator and operates the wicket qates was approximately 1.5 inches out of ulumb and 
a support bracket was found broken. A new bracket has been installed anrl alinpmmt ha.: 


~ - ~ 


been corrected. The turbine i s  designed for a wicket gate opening of 10.5 inches (26.7 
centimeters). The maximum opening that can be obtained with the uresent linkaan on t h e  
governor shaft is 9.125 inches (23. Zcentimeters). 


As soon as  temporary repairs can be made on Unit 2, it wi l l  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- 
tural steel headgates equipped with music note rubber seal all around. The seals were 
holding tight except at the bottom of the gate. With the bay drain open, the floor of the 
bay would not drain to less  than 4 inches of water. Both gates were leaking extensively 
near the cehter, apparently from damaged floor sealplates or damaged concrete around 
the Sealplates. 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 because of 
the 4 inches of water on the floor. 







it 2 
how 


crown riq. 







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 
a rea  that was in contact with oil packing. Lower 
oil packing wore similar  grooves. 


Figure 21. --Girishk 
Turbine shaft after  
eliminate grooving. 
porarily while Unit 
ination. 


Powerplant Unit 2. 
machining undersize to 


Shaft will be used tem- 
1 is shut down for exam- 







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 relr.oved mw%ally 
with a hand rake from the powerplant roadway parapet or by a man riding a srr-all rzit 
which is propelled by two men on the bank pulling on guide ropes. nis meW.& of clean- 
ing the trashracks i s  dangerous, inefficient, and it is possible to clea? only t3e top 1.75 
meters. (Length of hand rake. ) 


SUMMARY AND COMMENTS 


The Girishk Powerplant was visited to examine Unit 2, for malfunciioniag a??d to deter- 
~e&xres. mine possible causes of vibration, and to examine other major mechanical 


'me turbine had been partially disassembled and was being examined 0;' 2.::. ?+ic:zris:n. 
Observations were made and measurements for turbine shaft alinement :<<en 5:: Y r .  
&&hardson were accepted. 


Turbine shaft was found out of alinement and the lower crown ring out of level. Tne 
turbine bearings were found rough and scored. The bearing bracket has been shSted 
from the center of the turbine. 


Turbine runner showed evidence of scraping the lower crown ring and wearing 'the 
popeller edges flat. 


Wicket gates do not close tight enough to stop the turbine. 


The governor shaft was out of plumb and a support bracket was broken. Xepairs have 
been made and the shaft realined. 


The wicket gates are  designed for a 10.5-inch (26.7-centimet~r) opening and would . 
open only 9.125 inches (23.2 centimeters); apparently because O i  improper lixkage on &e 
governor shaft. 


Both headgates leak excessively under the bottom seal. Water s t a d s  about 4 inches 
deep in the bay with the drain open. 


Trashracks are cleaned by hand with small rakes from the powerplant ro&&%y or 
from a small barge which is dangerous and ineffective. 


The gantry crane is hand operated and it requires considerable time to hzndle wwer- 
plant equipment. 


When suitable equipment i s  properly installed and maintained, a pl2nt of 3 s  :;a 
should serve for approximately 20 years with no more than mino!, ~~~~~~s. 


RECOMMENDATIONS 


Category I (Matters of great importance) 


1. Alinement of the turbine shaft i s  extremely critical for  s2.Sisfacto1:~ oyrration 
and long service of the unit. To be assured that a satisfactory imtzllailon will resat, 
second-stage concrete should be removed and t\e turbine reset to correct &I?.ezel;,. 


2. The damaged bearing area on the turbine shaft should be r e p i r e i  3:: k l i i ? ?  L:e 
shaft up wirh weld metal and refinishing, or the shatt should 5e replace<. 


3. The turbine bearing bracket should be replaced or  built up wiC? weld roe2&, 
refinished to original dimensions and redoweled to the turbine case. 
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4. Repairing 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. 


Category I1 (To prevent cr 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 leakage should be repaired at the first opportunity. 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, o r  procured commer- 
cially, that can be guided on two or more of the present trashrack bars or by adding new 
guides to the trashracks. To be effective the rake should reach to within 6 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 wi l l  continue to 
be so for sometime in the future. When the plant i s  shut down for repairs it i s  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 16-ton gantry crane hoist or  a new electric hoist should be 
procured. 


Date of inspection 


January 27, 1964 


Structure completed 


Unit 1--February 1958 


Unit 2--March 1958 


Operation status at time of inspection 


Approximately 800 cubic-feet passing through the plant and approximately 400 cubic 
feet are  being discharged through the left bypass. Unit 1 was in service and Unit 2 was 
shut down. 


Authorization and purpose of inspection 


This investiaation was remested bv the Proiect Manaaer of the Bureau of Reclamation 
Helmand valley ~evelopmenf~roject ;  ~ a s h k a g  Gah, Afgbnistan, by cablegram to the 


' 


Commissioner. Telephone conversation from the Commissioner's Office to the Technical 
and Foreign Services Branch, Denver, January 2, 1964, requested that engineer detailed 
to Mghanistan be qualified to examine the 1,500-kilovolt-ampere turbines at Girishk 
Powerplant for misalinement and causes of vibration. 


Inspection party 


H. E. Richardson, Resident Engineer, Harm Engineering Company, International 


R. B. Isenberg, Electrical Engineer, ACU (Afghanistan Construction Unit) 


Excellent cooperation was received from the above-mentioned personnel, which was 
appreciated very much. 







U N m  STATES 
DEPARTMENT OF THE INTERIOR 


BUREAU OF RECLAMATION 
HELMAND VALLEY DEVELOPMENT PROJECl 


USHKAR GAH. AFGHANISTAN 


March 9, 1964 


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 IU of Report on Girish?~ 
Powerplant 


- a r a  On March 4, 1964 I accompanied Mr. H. E. Richardson, representative of fee I: 
Engineering Co. International, to examine the turbine shaft and bearing of Upit So. i of 
the Girishk Powerplant. The turbine pit had been dried before our arrival ad workmen 
were disassembling the turbine bearing. 


Findinqs: 


1. The top bearing packing was badly worn and a section of approximately faw inches 
was missing. The lower bearing packing was missing completely wit?? no ekidence 
whatsoever that packing had ever been installed; however, I was assured C92i p c k -  
ing had been installed. The packing grooves a re  3/4 inches wide a?d 1 1/2 inches 
deep and receive three 3/4 inch X 3/4 inch packing rings each. Tae pc!kinq fo*md 
in the upper groove was a hard woven fabric, compression type gasket v~hic&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 bracket to 
the turbine were enlarged from 1 9/16 inch, as  shovrn on the draw in^, i0'2 1/8 in& 
as shown in Figure 23. The space between the 1 1/2 inch bolt 2rd 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 Cle nacge as shovm 
on Drawing No. 6. This was caused from extreme eccentric pressure of Cne tur- 
bine shaft. 


3. Feeler gauges were inserted between the turbine shaft and the bearing 2 180' 2 p r t .  
One side had a clearance of .063 inch and the other side had more i h r ~  .OE3 icch 
clearance. 


4. The shaft bearing was fairly smooth and showed considerable evidence of wear 2nd 
wire edging on the bottom flange. The most severe evidence of recent wear vxas on 
the upper packing gland and lower guide bushing. At these buo bearing ..goi3k, ttte 
turbine shaft showed deep grooving that was plainly visible to.the eye. 


5. A visual inspection of the shaft showed severe wear over ihe entire heari-~ area. 
Apparently, most of the wearing had been done before the present b e a r i ~ g  mas 
installed as  the bearing showed little wear. The turbLne shtit measwsd 0. I20 
flat a t  Point A - (Drawing No. 6). From Point A, the shaii 'apers a? ~ r 3 l e  to 
the centerline 0.124 inch to Point B. This m&es the shaft a toz& 02 0.244 inch 
undersize at Point B. 


6. The lower crown ring showed grooving all the ivay around where the tips of the 
turbine runner have been scraping. Clearance between C?e ru--?eT tips a".Z the 
lower crown ring varied from 1/8 to 1/2 inch with the turbine bearhg w ~ t  and Eqe 
shaft hanging free from the generator thrust bearing (shaft fioaticg). 
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7. With the governor in the maximum closed psition, 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 d.esign opening of 10 1/2 inches. (Leffel 
Drawing 48642) 


8. The governor shaft and wicket gate linkage does not appear to be set properly to 
obtain the design opening 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 obtainable 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 serious 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 hvolve major reconstruction of 
the plant and exorbitant 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. 


2. It will be necessary to properly fit, align and assemble the shaft bearing including 
the packings, packing glands and lower guide ring. 


3. The turbine runners should be balanced and centered in the lower crown ring of the 
turbine. 


4. To accurately align the turbine shaft with the generator shaft, the turbine shouId be 
removed from the concrete and reembedded properly aligned and leveled so that the 
runner will be centered in the lower crown ring and the shaft wi l l  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. 


'g. 
5: All governor linkage should be checked for loose fitting and alignment, and repaired, 


a l i g n e d  and a6justed a s  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 Girishk 
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. 







GOVERNOR SHAFT L l  NKAGE 







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 
, bearing area showing severe worn surfaces. Ar 


between 2 and 5 is the main bearing area. 


shaft 
.ea 


Figure 26. --Girishk Powerplant Unit 1. Turbine 
shaft--Area 1 is upper packing gland surface. Area 
between 1 and 2 is'upper packing surface. Note 
pitting in bearing Area 3. Note eccentric wearing 
at points 2 and 4. This is likely caused by shifting 
of the shaft center as  wear occurs on the shaft and 
bearing. 
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Fi= 27. -TGirisb2< Powerplmi Unit 1. Ttrbine 
s shov~mg severe wear. Grcove between 5 
and 6 was caused by the lower pzc.kkg which was 
missing completely at  time oi disassembly. Area. 
6 shov~s qaXing under the packing glmd. 


Figure 28. --Girishk Powerplan: Unit 1. m b i n e  
shalt--Note ecce?ltric groo-*g at  Area 6. This v ra s  
caused by t i e  shaft shif t i~g from 2 force6 position 
alter the packing disagpeared ad wear took place. 
Double grooving was caused by t??e ?zc:&.g gland 
being tightened after pac!~".g izd d i ~ p p e ~ e d .  
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BOGHRA, SHAMALAN AND 
DARWESHAN CANAL SYSTEM 
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Afghanistan 







GENERAL INFORMATI074 


Bogha, Shama3aa and Daweshan (Drawing No, 8) are the main canals in the irrip- 
tion system and are located along the Helmand River Valley. The BogS=a C m d  k e a -  
works is located at the Boghra Diversion D m  on the Helmand River 40 miles (64 kilo- 
meters) northeast of Lashkar Gah and extends 47 miles (75 kilometers) a so~~f%ies&rly 
direction. The Boyhra Canal has a capacity of 2,W cubic feet per second; suppues 
water for the GirisNr Powerplant, Shmsilan Canal, and furnishes irrigation tQater for 
the Nad-i-Ali and Marja zireas. The Shamalan Canal branches off the Eogln-2 ( 3 d  
10 miles (16 kilometers) north of Lashkar Gah and extends south a distance ~f 44 4 e s  
(70 kilometers) parallel to the river. 


The Darweshan Canal has a capacity of 1,000 cubic feet per second, has hea$+mrks 
at the Darweshan Diversion Dam on the Helmand River approximately 36 nxiles 158 :a- 
meters) south of Lashkar Gab, and extends south a distance of 47 miles (75 kXkmeters) 
parallel to the river. At the present time there is a total of approximately 8Ei,WO acres 
of irrigated land served by the entire canai system. Water is stabiiized for pmeY 226 
irri tion by Kajakai Dam which is located on the Helmaid River, 88 miles (143 Idome- 
tersganOrtheast oi  LasMar G&. 


Dimensions given in this report denote approximate sizes of structures &rid =_re ~ ~ a r  
intended to be exact. Distances are approximate. 


FACILITIES INSPECTED 
Bogbra Diversion Dam 


The Boghra Diversion Dam (Figure 30) consists of a concrete spillway, 5 9  fee; 
(180 meters) long and a maximum height of 8 feet (2.40 meters) with the shice p t e  
structure and diversion works located on the riqht bank of t:!e river. The shice g2k 
structure has three gate openings with three 20- by 10-fooi sluice gates, &at regdate 
river flow adjacent to canal Met. One extra gate has been pro-ided for mai.r,te~~:ce. 
The  sluice gates are controlled by a gantry crane that travels on top oZ the sl2Ace p ie  
structure, and a semiautomatic ljfting beam. The canal inlet structl.ws is reqd2ted 555 
four 22- by 7-foot manually operated top seal tainter gates. The operator reportea 2rat 
the lifting beam did not v~ork. This is not an unusual complaint, as semiaut~uztic 02- 
self-latching lifting beams frequently give trouble. In t h i s  pa r t i cuk  czse, z. m z  is 
able to  reach the gates to latch and unlatch the hooks for  hm-dlirtg, so it does mt praserri 
a serious problem. 


Boghra Canal Wasteway and Checkworks (Sta. IO+9 27.00) 


The Bog-ha Cmd Wasteway and checkworks structure is lcczted3.1 miles (2 I ~ D -  
meters) downstream from the Girish! Powerplant ard consists of ?ow 21 - t 3 7  12-fmt 
manually operated tainter gates across the Main Canal, m a  two 18- b y  13-foot ;&~tsr 
gates that regulate the wasteway which is located on the left "L-! oi the @an.zl. Tee 
wasteway gates are equipped with both manual and automatic co~ i rd s .  A-&omziic em-  
trols are of the weir floatwell and counterweight type. Tine gates have i?@ji&al coztez-- 
weights but are controlled by a, common floatvrell. The primary p ~ r p s e  of this structwe 
is to maintain constant tailwater elevation for the Giriskk Poiverulant by a~~torna"ric.zlh 
checking, or diverting excess water back into the river. 


On the f i rs t  visit, one wasteway gate was being controlled autornaticdpy a?& L!? 3E?cr 
manually. It  was reported that the downstream gate did not operate properly &.id fiat it 
lagged approximately a foot behind the other. On the second visit both gates :lad 'csez 
shifted to automatic controls and the downstream gate was not functioning. An exzwka- 
tion disclosed that the float cables were completely slacked and t??e counteriveigM ~~muld  















not go down. After prying the weight loose from the guides and dislod@?gthe rope d r m  
shaft from its bearings with a bar, the automatic mechanism began to ivorz, bct verv 
sluggishly. The clutch (Figure 31) on the end of the rope drum shaft which sho'cld s l k e  
freely by hand could not be s'nifted even by forcing i t  with a bar. LC examirirrq t..e six%% 
it  was found that lack of greasing and accumulation of dirt, grit and hardened qrease ha6 
bound the bearings to the shaft so tight that i t  required tremendous force to t.L-r. it. 


It was reported that the Main Canal tainter gates vibrated violently at  cerL&r. o ~ e i n g s .  
An examination of the gates disclosed that one hoist rope (Figure 32) w a s  completely 
rusted through, others badly rusted and frayed, rope clamps were loose and s o z e  c l v l p  
nuts missing, shaft bearings were dry, and grease fittings were ~ s s i n g .  The hoist 
ro-oe anchors (Fiuure 33) on the drums are  arranaed so fnat t2?e loose end of the r o w  
ligs across the bottom of UIC drum and the rope i!;inds o - ~ e r  i t  at random. L? soma ~ E S ~ S  
the roue has been purposely wound over the loose end to prevent ii from slippin?. L? 
anv case. these c&ditionsBre damauina to the roues. a id will cause m e m i l  t<rsio?;. 
w6ch is'likcly to increase U.e tende;cy i o  vibrate: drease that has been csed 33 3 2  
oedrs of the roue hoist nds combirred with sand and hardened, so inai it ce-ornes rr.31.e 
Larmful to gears than no grease at  all. 


The concrete approaches at both ends of the concrete bridge over the gate stllictwe 
have separated 2 to 4 inches (Figure 34) at the joint of ECe f i rs t  pier on boCb ssiees of C?e 
canal. This appears to have occurred from settling of the canal bazk as t2qe mai? str-JC- 
ture does not show any faults or cracks. 


Although this structure i s  of major importance in supplying continuous service f?a1-3m 
the Girishk Powerulant. which is the onlv source of Dower in the area. no urob5sio3s .~~~ ~ 


were made for stoplog lpides or any other convenieit means oi rccai<incr or ser-,.ici?? 
tile crates without shuttinq down the powerplant. However, i r  i s  possible to rep!aze :~L!es 
or  skrvice the gates, one at  a time; by using a specially constructed A- i r~me  on t33 3f 
the structure to lift the gates out of the water. Special scaifolding w i l l  be needed to r e z c ~  
the gates for servicing and painting. 


Sheila Lui Manda Wasteway (Sta. 29+865.00) 


The Sheila Lui Manda Wasteway structure consists of tv~o 18- by 11.5-foot LaFqter 
check gates across the Main Canal, and one 25- bjj 9.5-foot marually operated a r r  one 
6- by 7.5-foot automatically operated tainter wasteway gate. i t  was r ep r t ed  :bat t!!e 
automatic mechanism has never worked. The gate is small, construc:ed very !i@, 
lifted bv one roue and the inlet into the floatwell was found covered wit?? mud. i h e  to - ~~- , ~ ~ .~ 
surrounding developments, f ~ t u r e  use of the automatica!lj. controlled F i e  xi!! &:el:: 
never be reoujred. However, if the aate i s  to remain on the strilctlwe, it s k x i $  
maintained; ;f not it should be removed and the opening permaCently blkked m&? cap- 
Crete. Gates in the Main Canal have been painted recently and are i? excellent conf3tior.. 


Darweshan Diversion Dam 


'The Darweshm Diversion Dam is one of the most recently constr~ctcc st: 'xLras 32 
the canal system and is decidedly one oi the best. It appears io be i n  excelle?.: co?.5i50?.. 


A secondary structure i s  provided about 1.2 miles (2 PAlometers) downstrezo iron 
the diversion dam. This structure is provided with three wooden gates for the pu-pse 
of shuttino off flows which could overt00 and damaoe the caml downstream. T?e cazal < 


upstream irom the srructure, however, is nor pro:ected, as no waS:es!!zy 32s beer: 
~mvided to discharoe flood water which would be intercepted from t e  hilisiee x ..;.-?.i-I: 
ihe canal i s  located: 


The wooden gates are controlled by a hand operated wire rope hoist but, t?e qales 
a re  wedged so tight in the slots that none could be moved. 







Figure 33. --Boghra Canal Waste- 
way. Wire rope drum shows 
type of anchorage and rope wind- 
ing over loose end. 


Figure 34. --Bocrhra 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 a corru- 
gated skinplate. 







Other Structures 


Other similar small structures. such a s  canal checks. branch canal outlets. 
wasteways were examined on the &a1 system. Many ofthe small 'W?.ter &s (Ti;- 
uye 35) Gi check structures were top-seal types with corrugated ml\,a?ize3 s.-:ir.oiate. 
When these gates operate at  any intermediate openiq, extensiveie&age omuzs at  the 
top seal because the seal is tight only in the closed position. The amowt of l eaka~e  is 
of no consequence, but the continuous flow of water over the back side of the qaie is 
causing considerable deterioration of paint and corrosion of the galvanized s?Lzpla'tes. 
Many of the hoisting mechanisms have been damaged by heavy traffic pzssiq or. zerav: 
bridges over the structures. Small parts of hoisting mechazsms such a s  mts, bolts, 
clamps, and grease fittings are missing. 


Canals 


Canals in general are  being kept in satisfactory serviceable condition. Xea; equip- 
ment such as  draglines and a Gradall (Figure 36) is being used LI Yne cleari-.g and repair 
work of canals. An obiectionable feature of the cleanina operation of camls is List larae. - ,  
tall and irregular of material are  left on canal barks: This condition is not or&y -. unsicrhtlv but leaves material where it can easily wash or blow back into the cmal. i ne 
materid also forms mudholes which are  destru5tive to the canal WG and rozdx~ays 
(Figure 37). Some canals have been lined with compacted earth and other Wrtions a re  
beina lined with com~acted earth for more efficient irriqation operations. Xost c z x l  
bank: have fair roads on at  least'one side and are  used for publ(ic t r G c  ( a i q r e  3%. 
Roads on the main canals a re  gravelled ard in good condition. 


SUMMARY AND COMMENTS 


The Boghra, Shamalan and Darweshan Canals systems were visited to examire all 
facilities and determine what repairs and maintenance are needed to s u s h i ? ?  depndable 
service in the future, and to establish an inspection program. 


Tainter gates, sluice gates, hoisting equipment, and gantry crane were exarnized at 
the Boghra Canal Diversion Dam. The operator commented on the unsaiisfact~r~: serbice 
of the lifting beam used to handle the sluice gates. 


Concrete structure, tainter gates, hoisting equipment and automatic contra?s were 
examined at Station 10+917.00 wasteway and check gate structure. Automaiic eo%i?oh 
do not operate satisfactorily, the wire rope drum shaft was binding in k a r h g s ,  Cne. 
counterweight was sticking, and the clutch jaw was huzd  tight to the sh2ft a?d coda  
not be shifted on the wasteway gates. It was  reported that the check gates i.i'~xated vio- 
lently. One hoist rope was rusted through, other ropes are badly rmted, z-.choraqe of 
hoist ropes is unsatisfactory, and hoist gears are  covered with hardened qrease 2nc 
dirt which is harmful to gears. The footbridge over the structure has sepmzted 2t the 
joint on top of first  pier on both sides of canal. Provisions were not made for convcient 
maintenance of gates on this structure without shutting dovi?. the powerplmi. 


Automatic wasteway facilities do not work at the Sheila Lui Manda Wasteway structure. 
It is possible that it may never be used, but it should be serviced or  salvaged for amEzer 
location. Other facilities were in good condition. 


The Darweshan Diversion Dam was in excellent condition. Tne secondzy sirxi-:ye, 
downstream from the diversion dam, whicp. i s  intended for flood protectio?, ?.as .:.1%5i:. 
aates which are com~letelv~inooerable. If the aates should ke closed.  lo z~rovisior.~ 
Lave been made for spilli<g floodwater on the &stream side of the structire 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. Narr 
road on the bank of a small Canal 
for a public highway. 
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Many other small structures such as  canal checks, branch outlets a d  wasiewq wot- 
lets of the same nature were examined. Small, top seal tainter gates with corrnlqated 
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, 'colts a?d qrezse 
fittings are missing. 


In general all canals are  in good condition. Heavy equipment such as &qIines md 
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 shafts, clean bearinqs 
and shaft bearing surface with kerosene or some suitable solvent that will remove the 
dried grease and dirt. Smooth bearing surfaces, if necessary, and reassemble. 


2. Check to see that all grease holes in bearings are open, replace missi".g q e u e  
fittings, and grease all shaft bearings once a month during irrigation season. 


3. Make sure that wire ropes on each gate have equal tension and are securely 
anchored both on the gate, and on the drum. 


4. Clean all open gears of hoist mechanism and operate gears dry. Grezse when 
mixed with sand is more harmful to gear than no grease at  all. 


5. All 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 stoploqs and bearings on the rope drum shaffs oz t h i s  shucture 
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 a year. 


2. Replace all ropes on this structure with stainless steel wire ropes. 


3. A special design of A-frame should be mad6 that w i l l  rest on top of ;;?e 2kec;E 
gate structure to raise tainter gates one at  a time, above water for replacinq i r k e  r o w s  
or servicing the gates. The A-frame should be made so that it cay be moved 1r3111 m e  
gate to the other. 


Category I1 (To prevent or  reduce further damage) 


1. Modify the wire rope drums by drilling a hole through the &urn f h g e  so *at 
the loose end of the rope can be clamped from both sides with the U-bolt to preveEi slip- 
page, This provision will prevent the objectionable condition, which presently exists, 
of winding the wire rope over the projecting loose end beyond the U-bolt. 







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 across the bottom of the gate as  
shown in Detail B2, Drawing No. 9. 


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 B1, Draw- 
ing No. 9, noting flange reinforcement. 


3. The approaches on the footbridge across the structure should be broken loose 
at the canal bank and moved back into position at the joint of the first pier on both sides 
of the canal. The space left at each canal bank should be backfilled with concrete. 


SHEILA LUI MANDA WASTEWAY 


Category I1 


1. The 6- bv 7.5-foot automaticallv owerated wastewav uate should be comwletelv 
rehabilitated and maintained if it is to remdin in service. 1t"is believed that the gate 
will operate satisfactorily if the operating mechanism is cleaned, painted and properly 
balanced and adjusted. The aate is small and liaht; so care must be taken to be sure the 
gate is accurately alined and%perates freely without binding. 


DARWESHAN CANAL 


Category I1 


1. The wooden gates on 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 dislodging the gates and properly fitting them in the slots. The 
gates should be operated by the rope hoist the same as  other gates and the block method 
of suspension should be completely eliminated. 


2. The secondary structure, 1.2 miles (2 kilometers) downstream from the 
Darweshan Diversion Dam. is of an imwortant nature and it should be restored to serv- 
iceable condition. A wasteway weir shbuld be constructed to discharge excess flood- 
water to prevent overflowing the canal banks. 


Dates of inspection 


January 30, February 4, 5, and 6, 1964 


Operation status at time of inspection 


Approximately 1,900 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 
required for domestic purposes. 
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Figure 39.---Ancient Canal. Type of irrigation canals used 
prior  to the Helmand VaUey Development Project.  







Inspection party 


January 30, 1964 M. H. Parwana--Assistant Director General, Operations a?d 
Maintenance, Helmand Valley Authority, Afghanista? 


Carroll Wilcomb--Chief, Operations and Maintenaxe Division, 
Bureau of Reclamation 


February 4, 1964 A. Tawab Assifi--Director General, Operations a?d M a i n t e ~ c ,  
Helmand Valley Authority, Afghanistan 


Abdul Shuia--Director of Irrioation. Eelmand Vallev Auihorib. ~ ~ " -, 
~ f ~ h a n i i t a n  


Thomas Dewhurst--Construction Management Engineer, Bureau 
of Reclamation 


February 5, 6, 1964 Same as for February 4, except Mr. Shuja was not M u d e d .  
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RECOMMENDATIONS FOR FIELD INSPECTIOKS 


O F  


DAMS, POWERPLANTS 


AND 


IRRIGATION DISTRIBUTION SYSTEMS 


Helmand Valley Authority 


These recommendations require that field inspections be made of al l  irriqstion facii- 
ities in the Helmand Valley that a r e  under the jurisdiction of the O&M 3-Lsior.  Pess 
inspections a r e  to assure protection of the RGA (Royal Government of &ghscists_l) invest- 
ment in such facilities, and the responsibility for  the supervision of these i?s-,ections is 
assigned to the Division of Irrigation Operations. Ii is requlred Zqat r?.ajor sir.;c2xes of 
these irrigation facilities be inspected at l-year intervals and other pro:ect faciiittes as 
may be deemed necessary. 


Major structures on the Main Canal Systems a r e  to be inspected by represertaiives ef 
the Irrigation Operations Division Office. Project facilities outside of ex? b:&n Can& S ~ S -  
tems a r e  to be inspected by the corresponding Project Watermasier O 3 c e s  w?.o v?iii!l in 
turn submit their reports to the Director of Irrigation. 


Objective 


The objective of these recommendations is to strengthen the maintenaxe proqam by 
developing procedures for  and approaches to the inspections, bring about q e a t e f  1;7i- 
formity and avoid unnecessary difficulties and duplication. Toward ';?is erS represen+k- 
tives of the Operation and Maintenance Division should consider these objectives ir field 
inspections. 


Preparation for Field Review 


The Division of Irrigation Operations has on file copies of al l  inspection reports pre- 
pared by previous inspection teams. A summary oi  al l  recommendaiions --ass by previo'ils 
inspection teams is also maintained by the division. Tnis information wiri!? be silxEeied - - to 
the representatives who will make the inspeciions, and should be reviexed by Zherr. before 
making inspections. If it is believed other features on a particular project s:lo-&ied he 
inspected during the scheduled field revilew, this should be called to the sttention of E?e 
inspection team. 


. . . Before proceeding to the field, b e  selected insciction tea!! shouie xee;  ?.xc 5~ P?:s- 
ident of rhe Operation and Xaintenance Division to furiber S s c u s s  ?..: I'ic!? rs:ie'x. T:.% 
meetina should be arranaed about 3 weeks orior to 3 i  t i r ? . ~  ik ?rr.3rzs?r-2::-:=s z c  t: 
proceei to the field so  &ere will be time f& additional preparatiok S reeesswy. 


Field Inapection 


The following a re  suggested as guides and requiremezts for t t e  :?spec<or. c e z s :  


1. Review the reports made of previous inspections by Watermasters m d  Ifrigation 
Operations Division personnel and the recommendations made as a result of prexfoas 
inspections. 







2. 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 o r  
his rewresentatives before submittina a rewort. Aareement should be reached with resuon- 
sible officials on all important recoGmendations bJfore a report  is submitted to the ~ r e s -  
ident of the O&M Division for approval. 


Recommendations 


The numerous unusual and abnormal conditions encountered in  the inspection of a proj- 
ect necessitate considerable flexibility in the types of recommendations that should be  
made by the inspection teams. It is 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 a r e  requested to classify all recommendations by categories. 


Category I 


Recommendations in  this category involve matters  of great  importance and se t  forth 
remedial action to be comoleted in  a orescribed oeriod. usuallv 3 months o r  less. to 
insure structural  safety o r  to avoid serious malf;nctio6ing of ;facility. When ai inspec- 
tion report,  including such a recommendation is approved by the President of O&M, i t  
will constitute definite instructions to appropriate divisions to take action. The Division 
of Irrigation Operations will follow up recommendations in this category, requesting 
written repor ts  from the resoonsible division at  3-month intervals on the status of the 
work recommended. 


Category I1 


Recommendations in  this category cover a wide range of important matters  where 
action is needed to prevent o r  reduce further  damage o r  preclude operational failure. The 
remedial measures prescribed and the timing may be indefinite, depending on the circum- 
stances involved, but a r e  generally expected to be programed and completed a s  a part  of 
the project 's normal maintenance program. Careful attention should be given to a l l  such 
recommendations, and the responsible division will be  requested to follow up yearly to 
a s su re  reasonable progress. 


Recommendations in  this category will cover matters  of l e s s  importance which the 
inspection team believes to be sound and beneficial to the project o r  project feature. No 
follow-up records will be kept, and mention of progress in future reports  will not be 
r e w i r e d  a s  lona a s  the recommendation remains in this cateaorv. Recommendations in 
this category may, a t  some later  date, be  placed in  a higher catkgory to emphasize the 
need fo r  corrective work. 


From the above, i t  will be seen that Category I recommendations will be used very 
infrequently. Few conditions calling fo r  such rigorous measures a r e  likely to be  encoun- 
tered by most inspection teams. More recommendations will fall in Category 11. How- 
ever, c a r e  should be  taken to include only problems of considerable importance. Minor 
mat ters  can be placed in  Category ID, covered by general comments in the report, o r  by 
discussions in the field a t  the discretion of the field inspection team. 
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The Inspection Report 


Reports shodd be brief and to the point, with detail only given on those corditiors 
requiring attention. Reports should include the date of the ispection, a list of Ckse 
participating in the inspections, features inspected, reference drawi~gs, a d  cor.&tiom 
under which the structure is being operated at  the time of inspection, stch a s  water sur- 
face elevations. amount of water beinu discharaed. and so forth. &ierence cm be made 
to previous reports or  other documenk for generai descriptions of tee structures 275 
facilities, and only those matters essential to an understandinq oi con&tiors 5 s c . x s t 5  
need be included in the report. 


Review of the report will be greatly facilitated if  the writers will comment on *e prog- 
ress  made in acting on the recommendations of previous reports. All pre-vious recorr- 
mendations that have not been acted upon should be discussed. They should be r e ~ a i e d  
in the new report if the action taken has not corrected the deficiency, if no actior. :-.as been 
taken, or  if they can be deleted because changing conditions so dictate. E a conditio~ h2s 
worsened and earlier corrective action is needed, the recommendations ca? be c:-.zqged to 
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 prec-ioils 
reports will also add materially in showing the additional deterioration or  progress in 
maintenance. However, photographs should be limited to only those essential to 2 better 
understanding of the problems encountered. 


A reference to drawings can serve a similar purpose in the i~spectior? reporf but 
should only be included when the problem cannot be otherwise adequately descrYce6 o r  
when instructions to the field forces are  necessary. Major repairs, invol-ving ,re-mation 
of detailed instructions and drawings should be handled by a separate report. 


It has been suggested that uniform terms be used in describing the operability of ecuip- 
ment and the structural sufficiency of the facilities. Terms suggested are: 


1. Excellent, no work required. 


2. Satisfactory; only minor deficiencies (Category IU). 


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 inspcte5 dl ir ic~ 2 
periodic inspection of the iolloiving features of irriqation and power projects: 


1. Dams and powerplants. 


2. Diversion dams and headworks. 


3. Major wasteway structures. 


4. Irrigation distribution system. 







These forms a r e  furnished only a s  guides and may be combined, simplified o r  revised 
to s u i t  any specific condition required. Forms of this type will provide the inspector 
with a check l ist  which will be helpful in preventing oversights during inspection and will 
save considerable inspection time. 







INSPECTION 


OF 


DAMS AND POWERPLANTS 


NAME OF DAM 


PROJECT 


DATE OF INSPECTION 


STRUCTURECOMPLETED-YEAR 


OPERATIONAL STATUS AT TIME OF INSPECTION 


RESERVOIR WATER SURFACE ELEVATION 


WATER IN  STORAGE ACRE FEET [APPROX.) 


RESERVOIR RELEASES 


INSPECTION PARTY 


NAME TITLE 


NAME TITLE 


NAME TITLE 


NAME TITLE 


FACILITIES INSPECTED 


1. DAM 


2. SPILLWAY 


3. GANTRY CRANE 


4. OUTLET WORKS 


5. POWERPLANT 


6. BUILDINGS 


7. WORKSHOPS 


8. ROADS 


9. OTHER 


REFERENCE DRAWINGS 


NO. 


NO. 







PREVIOUS INSPECTIONS 


GENERAL INFORMATION 


DAM 


LOCATION 


KIND 


HEIGHT STRUCTURAL HYDRAULIC 


WIDTH TOP BASE 


CREST LENGTH ELEVATION 


SPILLWAY 


LOCATION 


SIZE 


CREST LENGTH ELEVATION 


CONTROL 


MAX. CAPACITY 


GANTRYCRANE 


CAPACITY 


OUTLET WORKS 


NUMBEROFOUTLETS 


SIZE OF OUTLETS 


EMERGENCYCONTROLS 


SERVICE CONTROLS 


CAPACITY OF OUTLET WORKS 


POWERPLANT 


NUMBER OF UNITS 


CAPACITY OF UNITS 


KlND OF UNITS 


INSPECTION 


DAM 


1. UPSTREAM FACE 


2. DOWNSTREAM FACE 


3. ABUTMENTS 


4. EROSION 


5, ROADWAY 


6. PARAPETS 


7. DETERIORATION OF CONCRETE 


8. DRAINS 







9. GENERAL APPEARANCE 


10. COMMENTS MADE BY OPERATING PERSONNEL 


SPILLWAY 


1. APRON 


2. CREST 


3. WALLS 


4. PIERS 


5. STILLING BASIN 
6. GATES 


7. GATE HOISTS 


8. BRIDGE 


9. OPERATION OF CONTROLS; TYPE, CONDITION, ETC. 


10. PAINT ON GATES, BRIDGE, AND METALWORK 


11. GENERAL APPEARANCE 


12. COMMENTS MADE BY OPERATING PERSONNEL 


CANTRYCRANE 


1. MOTORS 


2. CONTROLS 


3. BRAKES 


4. CABLE 







5. PAINT 


6. GENERAL APPEARANCE 


OUTLET WORKS 


1. UNWATERED ? 


2. CONDUIT 


3. EMERGENCY GATES: 


a. OPERATING FREQUENCY 


b. CONTROL 


E .  OPERATING CHARACTERISTICS 


d. SEALING EFFICIENCY 


e. CAVITATION 


f. EROSION 


g. PAINT 


h. COMMENTS MADE BY OPERATING PERSONNEL 


4. REGULATING VALVES 


a. OPERATING FREQUENCY 


b. CONTROLS 


E. OPERATING CHARACTERISTICS 


d. SEALING EFFICIENCY 


e. CAVITATION 


f. EROSION 


g. PAINT 


- -- 


h. COMMENTS MADE BY OPERATING PERSONNEL 


5. INTAKE STRUCTURE 







Powerplont 


1. Motor Generator 


.............................. .................................................... LOCATION A T E  OF INSPECTION 
..................... ............................................................... p ~ R p O S ~  oFuN,~  N I T  N a  


MFR.OFUN1T . 
RATING: 


....................... ........................... ............... VOLTS #,UPS -. P H ~ \ S E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ F R E ~  


H.P. ....................... .-...- X W  ................... K V A  ......... 
R.P.M .............................. TYPE .................................................................. 


......................................... FRAME S1ZE S E A L  NL.. 


............................... .................................... F ~ E L O  OR SEC. AMPS VOLTS 


<IHO OF BEARlNGS ............................................................ ...-.- 
...................................................................................... .................. 


M A I N  EXCITER: K W  .................... VOLTS ............... AMP5 ....................... 
.................................... ................ TYPE E A L N a  


.................... ............... ....................... PlLOT EXCITER: K W  VOLTS AMPS 
................. .................................... TYPE A H  a 


CONOlTlOH O F U N l T  AN0 AUXIL IARY DEVICES: 


COlL INSULATION 


.................. .................................................... F~ELD C O ~ L  R ~ ~ I ~ ~ I I ~ C ~  U S  AT % 


................... ..................................... M A I N  EXCITER FIELD COIL RESISTANCE " U S  A k 


.................. ..................................... PILOT EXClTER FlELO COlL RESISTANCE O H  AT c 
FRAME AN0 ROTOR 


.................................................................. STLITOR &NO ROTOR LAI I INATIOHS. 


SHAFT ................................................................................................ 
.......................................................................................... COUPLING 


.......................................................................................... BEARINGS 


AMYOIL LEAKS? 


BEhRING OIL... 
................................. COLLECTOR RINGS '- 


..................................................................................... COMMUTATOR 


........................................................................................ BRUSHES 


COLLECTOR R ~ H G  OPERATION ...................................................................... 
COMMUTATIOH ....................................................................................... 


I F  TROUBLE IS EXPERlENCEO GIVE: 


.................... BRUSM GRADE 51ZEEEEEEEEEEEEEEEEEEEEEEEENUUSERRRRRRRRRRRRRR ........ 
...................... ............................... COLLECTOR-RING M ~ T E R I A L  - U .  AMPS 


SPRING PRESSURE ................. LBS. RING OR COY.DIA .................. IW- 


..................................................................... MISALINEWENT OR V t B R h T I O N ?  


DOES END PLAY FLOAT FREELY? ..................................................................... 
BEARING THERMOMETERS ORTHERMOSTATS ............................................... 


.................................................................... BEARlNb  OIL GAGE OR S I I ITCH 


BEARlNG CWLIHG-WATER PRESSURE G&GEORSWITCH ............................................. 
..................................................... STATOR TEMP. INOICATOR OR THERMOSTAT 


FIRE PROTECTIVE E a U l P Y E N T  ............................................................ 







AIR GAPCLEARANCE(INCH) TOP NORTH RIGHT EAST BOTTOM SOUTH L E F T  WEST 


MAIN UNIT  ............................................................ 
MAIN EXClTER ........................................................... 
PILOT EXCITER .......................................................... 


(MEASURE OPPOSITE SAME SPOT ON ROTOR FOR EACH POSITION I F  P R ~ C T I C A L )  


......................................................... WAS INSULATION RESISTANCE MEASURED? 


(REPORT DAT* ON FORM O & M  1 0 9 )  


MAXIMUM LOADING ANDTEMPERATURES O F U N I T  (FROM LOG S H E E T S  O R 7 E S T  


................................................... REPAIRS OR CHANGES MAOE A T T I M E  OFTHIS  INSPECTION 


............................................................................................................. 


~ -.--.. ~ 


.................................. INSPECTION MADE B Y :  


NOTE: CROSS OUT ALL  ITEMS WHICH DO NOTAPPLY TO THE UNlT  COVERED BY T H I S  INSPECTION. 







2.  Turbine 


CONOITIONS OF: 


P m N T  AND KIND. OR IF WARE. METAL S U R F U E S  OF. lNCLUDlNG LOCATION OF P I T 7 I N G  ,3110 EROSION &RE= 


&ND S I Z E  AND DEPTH OF DAMAGED AREAS 


SCROLL CI(SE: 


.................................................................................. 


................................................................................ 
PENSTOC<:. .......................................................................... 
................................................................................. 
................................................................................. 


.............................................. S P E E D  OING. W l C I E T  b & T E S , C U R W  P L a T E S  


................. .................................. .................................... V m E C  I w *D WTE 


s m m ~  UEIRIWCE BETIEEM C~TFI  M I AND 2 AS a,. rrc 


CLSLI I - I  


D R a F T  T U B E :  ......................................................................... 
............................................................................... 
............................................................................. 
................................................................................ 
............................................................................ 


RUNNER:  ....................................................................... 
................................................................................ 
............................................................................. 
........................................................................... 


?ART 


"-(I M l l X G  l l X T  


L M R  .WlNT RIUT 


NRBYlE C Y 8 E  W I W ,  MII END 


NRBINE CYlOE -1% "-I END 


P I S , I , ~ Y * c +  m* AXD CURB R l l S  


aa,nm*'w enm nso cuaa PLATE 


""HIUN 0. LOW WiTn %SECT TO CLmB N I E  + -- ? 


POSlTlOY . 1 1 c  I 
! 
I 
1 
1 
1 







CYI*l,ON 0 


OIL P" 


................ 
OMES ............................................... 
........................................................................................................................ 


U 6 T T  PACXINI  


LEAX6OE ......... SPY. TYPE ....................................... NEE0 OCP&CIINT* .......................................... 
- IF I T E M  PICKIN* 


LE&K&GE ........ OPY. I Y S L  ...................................... 0 WP&(.XINTV ......................................... 
H E I D  C A W  


LEAXaCE.......BRI. LQCIIIION ................ ____ ............. TYPE ................................................... 
@LANOS AN0 LWTElm IIINC; ..................................................................................................... 
......................................................................................................................... 


*APT AT CLIIN*............ ................................................................................................ 
............................................................................................................................. 


IHIFI INB MLCHANlbU; 


T*RUIT M I L I R I ;  ......................................................................................................... 
....................................................................................................................... 
@INS WO X)YRNILI..___ ....................................................................................................... 
........................................................................................................................... 
-TL STEWS AND BYWINCI;  ................................................................................................ 
............................................................................................................................... 
....................................................................................................................... 
US 111 BUSHINGS WIT* LXCLSIlVE CLEIRANCP......... .................................................................... 
........................................................................................................................ 
............................................................................................................................ 
W I ~  R I * ~  .............................................................................................................. 
............................................................................................................................ 


TURBINE G Y l M  iCAR1NO; 


BEAIINT- ............................................................................................................... 
............ -. ............................................................................................................... 


......................................................................................................... ........... X ) m A L :  ... 
............................................................................................................................. 


............................................................................................... OTX~I I . ITTYO_____________  


.......................................................................................................................... 


............................................................................................................................... 


........................................................................................................................ 


............................................................................................................................. 
WME. MIXUr°CTUOm M D  V l X O I l T "  or 011 "$LO: 


...................................................................................................................... 
NAME. MANUFACTURER AND GRADE OFORTI\IEJ VIED:..... ...................................................................... 


.................................................................................................................. 


................................................................................................................. 
R W D  M D  RIMYYENm,IOm__ .................................................................................................... 


........................................................................................................................... 


...................................................................................................................... 


................................................................................................................... 


............................................................................................................ 


.................................................................................................................. 


............................................................................................................. 


................................................................................................................. 


........................................................................................................... 


................................................................................................................ 







3. Transformer 


............................. LOCATION h T E  OF IHSPECTIOR 


PURPOSE OF B A N K  ...................................................... 0 H L  ........... 
LIFR.OF TRANSrORUERS 


RATIHB: 


"lGH V O L T A G h  


HEDlUU VOLTAGE 


LOW VOLTAGE ........................................................................................... 
(UNDERLINE T A P  OR VOLTAGE U S E ~ )  


W I  PER TANK ......................................................................................... 
PERCENT IMPEDANCE 


TYPE ...................................................... COOLONG ................................. 
? R E 0  .................. CYCLES. PHASE ...................... TEYPPPPPPPPPP .... ..................... 
SERI&L NUMBERS ........................................................................................ 


BUSHINGS: TYPE YFR. C.T. R I T 1 O S  PO. R 1 T t O S  


.......................................................................................... H.". 


......................................................................................... U.V. 


.................................................................................... L.V. 
( U N D E R L I M E  RATIO USED)  


COND4TIOHS O F  TRANSFORMERS & H D l U X l L l l R I  DEVICES: 


................................................................................... TANK A N 0  R A D I A T O R S  


a w  O ~ L  L E A K S ?  ....................................................................................... 
........................................................................................................ 
........................................................................................................ 


CDOLlNG PAM5 ............................................................................................ 
BUSHINOS ................................................................................................... 
GROUHO CONNECTIONS 


..................................................................................... GROUND RESISTANCE 


I R E  TRANSFORMERS NOISY? 


......................................................................................... THERMOMETERS 


TCUPERATURE R E L h I S  


........................................................................................ OIL-LEVEL GAGES 


OIL-LEVEL nLIRY RELI \ IS  .............................................................................. 
............................................................................... COOLlNG WATER SlGHT FLOW 


TAP CHANGERS ........................................................................................... 
............................................................................... AUTO-LOAD RATIO CONTROL 


............................ rSPRESENr Rl lHOC ADEOYATE ?___ ___ ................................ 
NITROGEN PURtTI .  %OXYGEN 


.................................................................... NlTROGEN PRES. 1" T R I H S F O R Y E R  


N I I R O C E N  TANK PRFS ............................... .. ........................................... 
....................................................................................... PRESSURE BELIEF 


COHSERVITOR ......................................................................................... 
CORE ...................................................................................................... 


&RE I L L  CLIYP lNG 8 0 L T S T 1 6 W T ?  


......................................................................................... COIL INSULAI IO" 


COOLtHB COILS ..................... -. 







...................................................................... CONDITION OF INSULATING OIL 


WAS OILTESTEO? ................................................................................. 
WAS INSULATION RESISTANCE TESTED? ................................................................ 


(RECQRO OIL ANDINSULATION DATAON FORM 0 6 ~  109) 


REPAIRS OR CHANGES MADE bTT lME OFTHIS INSPECTION ....................................................... 
.............................................................................................................. 
............................................................................................................. 
............................................................................................................... 
.............................................................................................................. 
.................................................................................................................. 


MAXIMUM LOAOlNG A N 0  TEMPERaTURES OFTRaNSFORMERS (FROM LOG SHEETS OR TESTS) 


OTHER REPAIRS ORCHANGES RECOMMENOEO .................................................................. 


COOLING WATER IN-TEMP.%. 


COOLlNG WATER OUT-TEMROC 


................................... INSPECTION MAOE BY :  


I I I I 


I I I I 


NOTE: CROSS OUT ALL  lTEMS WHICH OONOT hPPLY TO THE TRANSFORMERS COVERED BY THLS INSPECTlON 







4. Powerplant Crane 


a. MOTORS 


b. CONTROLS 


c. BRAKES 


d. CABLE 


e. PAINT 


f. GENERAL APPEARANCE 


RECOMMENDATIONS CATEGORY DATECOMPLETED 







INSPECTION 


DIVERSION DAMS AND HEADWORKS 


NAME OF DIVERSION DAM 


DATE OF INSPECTION 


STRUCTURE COMPLETELYEAR 


OPERATIONAL STATUS AT TIME OF INSPECTION 


RIVER W.S. ELEVATION DlSCHARGE 


CANAL W.S. ELEVATION DISCHARGE 


INSPECTION PARTY 


NAME TITLE 


NAME TITLE 


NAME TITLE 


NAME TITLE 


REFERENCE DRAWINGS 


NO. 


NO. 


PREVIOUS INSPECTIONS 


GENERAL INFORMATION 


DAM 


LOCATION 


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 ' 







HEADWORKS 


NUMBEROFOUTLETS MAXIMUM CAPACITY 


TYPE OF GATES NUMBER SIZE 


TYPE OF HOISTS 


INSPECTION 


DAM 


I. UPSTREAM CONDITION 


2. DOWNSTREAM CONDITION 


3. EROSION 


4 ABUTMENTS 


5. CREST 


6. DIKES 


7. DETERIORATION OF CONCRETE 


8. GENERAL APPEARANCE 


9. COMMENTS MADE BY OPERATING PERSONNEL 


SLUICEWAY 


WALLS 


PIERS 


GATE HOIST 


OPERATION OF HOIST; TYPE, CONDITION, ETC. 


PAINT ON GATES, HOIST, AND METALWORK 


GENERAL APPEARANCE 


COMMENTS MADE BY OPERATING PERSONNEL 







CANALHEADWORKS 


1. UNWATERED ? I F  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 


CATEGORY 







INSPECTION 


MAJOR WASTEWAY STRUCTURES 


NAME OF WASTEWAY 


DATE OF INSPECTION 


STRUCTURECOMPLETED 


OPERATIONAL STATUS AT TIME OF INSPECTION 


UNWATEREO ? 


IF  NOT; CANAL W.S. ELEVATION 


CANAL DISCHARGE 


WASTEWAY DISCHARGE 


INSPECTION PARTY 


NAME TITLE 


NAME TITLE 


NAME TITLE 


NAME TITLE 


NAME TITLE 


REFERENCE DRAWINGS 


NO. 


NO. 


NO. 


PREVIOUS INSPECTIONS 


GENERAL INFORMATION 


CANALCHECKSTRUCTURE 


LOCATION 


KIND 


TYPE OF GATES NUMBER SIZE 


TYPE OF HOISTS 


CAPACITY OF CANAL CFS 


PREVIOUS PAGE B U N K  







WASTEWAY STRUCTURE 


- - - -  - 


TYPE OF GATES NUMBER SIZE 


TYPE OF CONTROLS 


CAPACITY OF WASTEWAY CES 


INSPECTION 


CANAL CHECK STRUCTURE 


1. UNWATERED ? I F  NOT, DISCHARGE 


2. CONCRETE STRUCTURE 


- -  - 


3. GATES 


SEALS 


METALWORK 


4. GATE HOISTS 


5. PAINT ON GATES, HOISTS, AND METALWORK 


6. GENERAL APPEARANCE 


7, COMMENTSMADE BY OPERATING PERSONNEL 


WASTEWAY STRUCTURE 


1. UNWATERED ? IF NOT, DISCHARGE 


2. CONCRETE STRUCTURE 


METALWORK 


4. OPERATION OF CONTROLS; TYPE, CONDITION, ETC. 







5. PAINT ON GATES, CONTROLS, AND METALWORK 


6. GENERAL APPEARANCE 


7. COMMENTS MADE BY OPERATING PERSONNEL 


RECOMMENDATIONS CATEGORY DATECOMPLETED 







INSPECTION 


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 


FACILITIES INSPECTED 


1. CANALS 


0 . .  


b. 


C. 


2 L A T E R ~ L S  


0. 


b. 


C. 


3. SIPHONS 


-. - 


b. 
5. 


4. STRUCTURES 


0. 


PREVIOUS PAGE BLANK 







CONCLUSIONS: 


RECOMMENDATIONS CATEGORY DATECOMPLETED 







Conversion factors--English to metric system of measurement: 


1 '13 gez 
Multiply by metric en:>v&ai 


C 


Quantity 


Lenqth 


Area - 


Volume 


Velocity 


Acceleration 


Discharqe 


En lish unit r 
inches 
feet 


yards 
m I 
SI 
SI 
SI 
a1 


p a r e  inches 
p a r e  feet 
p a r e  yards 
x e s  


quare miles 


cre-feet 


ubic inches 
ubic feet 
ubic yards 


eet/second x second 


:ubic feet/second 
or  


second-feet 


jounds 
ions (2,000 pounds) 


en ihe ters  
entimeters 
leters 
ilomeiers 
leiers 
ieters 
ilometers 


quare cenL&eters 
quare cenLWeters 
.quare meters 
~ectares 
.quare loeters 
;quare i d o ~ e ~ e r . 5  
;quare M?or?ekrs 


:ubic cenerneters 
:ubic meters 
iters 
:ilbic meters 
i ters  
:ubic centime'ers 


cubic meters/secor,ci 


*Exact value. 
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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]



























































































