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  Mechanical Design Considerations 
  Of the Irrigation Tunnel 


Purpose 


The purpose of this document is to give a brief synopsis of the information gathered from various 


sources.  These sources are available in Appendix C.  The information below concerns a portion of the 


Irrigation tunnel works; primarily from the tunnel plug to the hollow‐jet valves.  Also included is 


information learn by speaking with a Rodney Hunt representative. 


Unlined tunnel  


A 1964, Bureau of Reclamation report by E. E. Gonzales gives a brief description of the tunnel, “The 


irrigation outlet works consist of a 34 foot diameter modified horseshoe‐shaped tunnel on the left side 


of the canyon… a Rotovalve chamber located in the tunnel, approximately 2,000 feet downstream from 


the intake gate structure, and a hollow‐jet control valve house located at the discharge end of the 


outlets 450ft downstream from the rotovalves…. The unlined but grouted irrigation outlet tunnel runs 


through limestone, and is plugged with a keyed concrete plug 75 feet long.  Except for expansion joints 


located immediately upstream from the rotovalves, the outlet pipes are embedded in 18 inches of 


concrete from the tunnel plug to the hollow‐jet valve house”    


The thickness of concrete in the tunnel arch in the rotovalve chamber is a nominal 1 meter.  Length of 


the valve chamber tunnel is approximately 450 feet. From photos taken it appears as though the 


equipment access to the tunnel is from the left side of the valve house.  See photos in Appendix A. 


Tunnel Plug 


As mentioned earlier the plug is 75 feet long, notched and poured in 2 pieces. The downstream end of 


the tunnel plug forms the back wall of the rotovalve chamber. 


The conduits 


Three 84 inch conduits are set into the tunnel plug. The flow is throttled by a hollow‐jet valve and a 


rotovalve provides emergency closer.   


The weekly Progress Report during construction for week ending Friday, October 30, 1953 indicates that 


conduit #2 was primed with Kooper’s Bitumastic No. 70‐B and that hot enamel would be applied once 


the primer had dried.  The week ending report for November 13, 1953, indicates however that 


enameling of conduit #2 was omitted due to application difficulties and that in conduit #3 “practically all 


of the previously applied enamel has been scowered off. By the January 1954, “It was decided to 


postpone enamel painting of the conduits indefinitely…” 


In May of 1964, Gonzales reports that the rotovalves were closed one at a time and the conduit 


inspected.  Evidence in two of the pipes showed signs of paint similar to CA‐50.  All paint in conduit #1 


was gone except for a patch near the rotovalve 15 ft long and full circumference.  Conduit #2 had a 


similar section of paint 6 ft long, but near the hollow‐jet valve. Conduit #3 had no signs of paint.  In 


regards to the condition of the conduits, Gonzales reports: 
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“The inside surface of the outlets showed no evidence of rusting, cavitation or erosion. A slight roughness of tiny 


pimples and small irregular depressions no larger than one‐eighth inch across could be detected by sight, but 


roughness could not be felt by hand. The roughness looked like concrete crosshatching on a drawing. By scraping the 


pipe surface with a sharp screwdriver, a slight amount of black substance could be collected on the point. This could 


have been the remains of the paint or perhaps a deposit of some kind.  The outlet pipes are in excellent condition and 


it is questionable if painting will be required in the near future.” 


Gonzales did not dewater the irrigation tunnel, and so was only able to inspect the downstream face of 


the plug.  Apparently the same paint was used as that in the conduits and was missing in areas up to 6” 


in diameter.  The areas with missing paint were described as “rusting quite badly”.  He recommended 


that the portion of the rotovalve plug exposed to water on the downstream side should be cleaned and 


painted with a water resistant paint such as CA‐50.  He also recommended the upstream side should be 


painted when the tunnel is dewatered.   


The Engineering Report from week ending February 19, 1954 mentions that the exposed sections of 


conduit in the dresser coupling pit were painted with #50 cold tar enamel. 


The RotoValves 


These three valves were manufactured by S. Morgan Smith Company, which is now owned by Rodney 


Hunt.  The valves were purchase by Morrison‐Knudsen Afghanistan Incorporated under purchase order 


number 11.5031. The Operations and Maintenance Instructions list the three (3) – 84” diameter 


Rotovalve of steel construction, 125# standard A.S.A flanges, 115 psi working pressure, for water 


service. Special assembly. No controls or special equipment. Serial nos. VB‐1844, VB‐1845, VB‐1846.    


Gonzales describes the control system for the rotovalves as consisting of a sump tank, two electrically 


driven oil pumps rated for 30 gallons per minute at 500 pounds per square inch, and a control panel 


with pushbuttons and hydraulic selector valves.  


The motive force for the mechanism to move the plug consists of two cylinders. The lift cylinder is 12 


inches in diameter. The rotation cylinder is 20 inches in diameter. See the Rotovalve Operation & 


Maintenance.pdf in Appendix C for further descriptions of the rotovalve operator and descriptions of 


the oil pressure system and controls. 


The valves were fabricated in pieces and assembled in place at the end of the tunnel.  The following 


descriptions and weight are taken from the Assembly Procedure & Clearance Dwg – 84” Dia ‐115 psi 


Hydraulically Operated Rotovalve: 


Component / Feature  Number of components  Approximate Weight (lbs) 


Lower Head  2 Halves  20,000 


Body  4 Quarters  40,000 


Plug  2 Halves of Plug, Top and Bottom Trunions  35,000 


Shaft  1   5,000 


Upper Head  2 Halves  25,000 


Mechanism Yoke  1   15,000 


Entire Valve  14  160,000 
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The installation order of the rotovalves in the conduits is: conduit #2—conduit #3—conduit #1.  


Rotovalve #3 was installed in conduit #1; it is noted in the Engineering reports that the rubber seal 


groove on the vertical face of the bottom head was omitted in fabrication. This groove was chipped out 


on‐site.  Engineering Report for week ending December 31, 1953 mentions that as soon as Rotovalve #3 


was put into service a small leak was noticed in the vertical joint of the top head.  This leak was sealed 


by drilling into the joint down as far as the rubber seal and injecting #50 bitumastic tar with a grease 


gun. 


An overhead 16 ton crane was used to set the valve components.   The inside stiffener plates of the 16 


ton Yale hoist were slightly trimmed to allow the trolley to travel around the curves of the monorail 


tracks. The plug must be disassembled in pieces, because it weighs too much for the hoist handle in a 


single pick.   


There is a single reference to the rotovalve fabrication being delayed a year and half because of the 


“war effort” contributions by the S. Morgan Smith Company.  The hollow‐jet valves had been installed 


for a couple of years before the rotovalve were fabricated and shipped.  Installation of the rotovalves 


was then complicated by the need to maintain water flow through the Irrigation tunnel, except for short 


outages.  During installation of the rotovalves the flow would be switched between the conduits as 


needed. The following is found in the Construction Progress Report for week ending Friday, November 


20, 1953,  gives a description of a 4 day process of transitioning the installation work from conduit # 2 to 


conduit #3.  


“With tunnel dewatered, bulkhead on #3 conduit was fastened in place in preparation for installation of second roto‐


valve in this line.  The first roto‐valve in closed position was tied into upstream #2 conduit by means of a single 


flanged section of 84 inch conduit and Dressler coupling.  This change over was completed at 2 AM Nov. 14th. With 


manholes fastened down, jetvalve No. 1 was closed and leaving jetvalve No. 2 open. Latching device was lowered to 


wheel gate and gate raised 9 inches.”…”With approx. 47 lbs/sq. in. water pressure against upstream end of Rotovalve 


the water leakage was nill around the plug on the downstream end.” 


The longest shut down of the river for the installation of the rotovalves found in the construction 


reports was for 7 days, during which the reservoir rose 1.80 meters. 


As a side note, there are several entries in the Construction Progress Reports which mention 


considerable delays due to broken wrenches for the Rotovalve assembly and the need for the machine 


shop to make more slugging wrenches.  


The construction progress reports mention that 129 cubic meters of structural concrete and 80 cubic 


meters of porous concrete were placed in the valve block.  The top slab around the rotovalves was 


placed with 21.6 cubic meters of concrete. The top slab grad is approximately 1 below the Upper head – 


Body joint of the rotovalves. 


I inquired with Rodney Hunt concerning the 84 inch Rotovalves that are currently installed at Kajaki. The 


RH representative was able to locate the original job order to provide a little more information on the 


valves, see Kajaki‐84‐inch‐RV.pdf in Appendix C.  A cast valve would weigh 80‐90 tons depending on the 
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actuator configuration chosen. Due to transportation issues the valves where designed and fabricated to 


be broken down into sections.  The sections where shipped to Kajaki where they were assembled in 


place and imbedded in the concrete.  This differs from the normal fabrication method of casting.    


It was indicated that the RH factory, in Orange Massachusetts, currently does not have the ability to 


refurbish the valve, even if it could be brought back to the factory.  The representative indicated that 


minor repairs to the valve seat may be possible in the field. Minor repairs would be small grooves or 


nicks in the seat.  This would require the in‐field welding of monel overlay and then hand grinding the 


seats.  A minor repair requires that the worker doing the hand grinding have reference points fairly close 


together in order to estimate the surface of the repair.  Example: A 1/8 inch groove is likely repairable, a 


1 inch groove might be repairable, larger than 1 inch grooves or general abrasions would prove too 


difficult to estimate the surface of the seat to repair.   Major repairs would consist of generalized 


abrasion or other large area defects.  Major repairs in the field would be difficult at best and may not be 


possible.  Work on the trunnion bushing should be possible in the field but does have its challenges. The 


trunnion bushings at the top and bottom of the valve are shrink fit and will require cooling with liquid 


Nitrogen or CO2 to remove.   


The cost estimates for new Rotovalve is $3‐4 million per valve.  Lead time would include the following: 


10 to 12 weeks for submittals, at least 20 weeks for engineering, and an unknown fabrication time of at 


least 52 weeks.  The time estimate is then at least 84 weeks.  The RH representative indicated that a 


more accurate estimate will require some preliminary engineering work.  The representative mentioned 


that typically a valve refurbishment (like new condition) cost between 60 ‐70 percent of a new valve. 


The following is a brief list of the major items from Rodney Hunt’s specification for remanufacturing 


smaller Rotovalves at the factory: 


The monel seating surfaces shall be removed (by machining) from the body and plug.  


The bushings and sleeves shall be removed from the head body and plug.  


The plug, head, mechanism housing, and body shall be blast cleaned to near white metal and 


inspected for cracks and other damage. 


The monel seat surfaces on the body and plug shall be replaced and machined to new valve 


tolerances.  


The plug sleeves, body, and head bushings shall be replaced.  


New bushings and sleeves shall have an interference fit and shall be staked with set screws. 


 (Note: this will require cooling with liquid Nitrogen or CO2 to remove and precautions to deal 


with the gases will be needed.)  


The operating shaft and lift nut shall be replaced.  


The new operating shaft shall be stainless steel with minimum yield strength of 125,000 psi.  


The operating mechanism components shall be inspected and any worn or damaged 


components shall be replaced with new components.  


The guide rods for the crosshead shall be replaced with new stainless steel rods.  


The hydraulic cylinder will be replaced with a new cylinder.  
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The interior of the valve will be painted with two coats of a high solids epoxy suitable for 


potable water. 


The valve exterior and interior of the valve mechanism and mechanism components will be 


painted with two coats of high solids epoxy. 


It is assumed that the refurbishment of the three rotovalves is the corrective maintenance required to 


extend the service life to period of 50 years. 


 


The Jet Valves 


Each hollow‐jet valve has an approximate discharge capacity of 2100 cubic feet per sec when operating 


fully open at 100 feet of head.  The current valves are hydraulically operated and mechanically 


positioned by an electrically driven, Cutler Hammer, Type TN‐3‐Y Valve Operating Unit, Bulletin 817, 


Publication No. 8431. 


The hollow‐jet valves have had trouble since installation.  During the installation of the rotovalves (Nov. 


1953) an inspection of hollow jet valve #3 showed that considerable damage had been done to the knife 


edges of the splitters; one edge had been flattened to a depth of about 1”.  Gonzales indicates that “All 


valves are cavitated extensively in the body and on the splitters.  One valve has severe cavitation 


damage on the needle.” It is mentioned that the cavitated area should be repaired by filling with 


stainless steel weld metal. In addition to the cavitation troubles the rubber seals would not stay in place.  


Mention is made that during the rotovalve installations the hollow‐jet valve seal were missing in two of 


the valves and partial gone in the third.  The seals were replaced but in 1964 when Gonzales inspected 


the valves the seals were all but missing again.  He recommended that, “Since it is not necessary to close 


the hollow‐jet valve tight, cavitation will be minimized if the rubber gaskets are eliminated and the 


gasket grooves filled with weld metal and overlayed with one‐fourth inch of stainless steel.”  


A drawing of the hollow‐jet valve installation can be found in Gonzales report; it is labeled as Drawing 


No. 3 and shows the Valve house with the valves and some pertinent elevations.  The centerline of the 


hollow‐jet valves is EL. 965.00 meters.  


The hollow jet valves have lost the ability to move without being under hydraulic head. Gonzales 


describes the operation of the hollow‐jet valves as follows. 


“The hollow‐jet valve controls will function satisfactorily with pressure in the outlet pipes, but only when a skilled 


operator is at the controls. Synchronization of the needle travel and speed of the pilot valve 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 by a common pushbutton, but the gear unit motor has a time delay relay to give the pump motor time to‐get 


up to speed before the valve actually starts moving. Oil is bypassed while the pump is getting up to speed. The 


operator has to press the start button and run across the room to close the bypass valve by the time the delay relay 


starts gear unit. 


The operator has no indication as to when 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 
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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 complete 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.” 


A Rodney Hunt representative gave an estimated cost for replacement of hollow‐jet valve at about 


$850K each.  Hollow‐jet valve of this size have separate hoods.  The hood would ship in four pieces while 


the valve could ship in one piece.  Valve seats are repairable in the field.  The lead times are estimated 


as follows: submittals (10‐12 weeks), manufacture (36‐40 weeks).  


Some care must be given in selecting the replacements for the hollow‐jet valves.  The size of the 


discharge chamber will limit the size of the hood that can be installed. 


The consensus of the PDT is to move away from a hollow‐jet valve that is hydraulically operated to one 


that is electro‐mechanical driven.  This will remove the potential for an oil leak into the water should the 


seals fail.  Also, it should be considered that the local water supply is a pipe stuck into the outlet of 


hollow‐jet valve #1. 


 


Decision formation 


The following is taken from an email dated 2/21/2012 from Jim Calnon in regards to the rotovalves. 


The real issue is what we don’t know.  These valves are relatively complicated machines.  The plug is conical, and 


might possibly have valve seats on the downstream side only, or it might have seats on both sides.  The plug has to lift 


vertically before it can rotate, and there are mechanical limit devices that regulate the vertical motion.  Once lifted, 


the plug is rotated by the hydraulic power system.  Both the vertical lift and the plug rotation are required in order for 


the valve to operate.  The valve seats are Monel, which is a fairly soft Nickel alloy.  They are likely to have some age‐


related wear.  We would be completely dependent on the contractor to determine if they need repair or not. We 


don't know the condition of the plug and valve bodies, and the degree of corrosion they have suffered.   Many 


unknowns.  Relatively large risk of finding an unforeseen problem that is a show‐stopper.   


 


We would have to agree that we are limiting scope, and accepting that the valves will be re‐assembled with known 


deficiencies, as long as those deficiencies do not stop the valves from adequately working.  We also recognize that as 


the valves are disassembled, we will be discovering a few unforeseen problems that must be repaired before the 


valves can be put back together again.  (We will likely be manufacturing sleeves for worn out bushings, performing 


weld‐repair on corrosion pits, re‐threading stripped out holes, drilling out studs and replacing with thru‐bolts, 


machining new actuator cams, and so on.) 


 


I agree that the valves do not need to seal drip tight; in fact new valves will not seal drip tight.  There is an acceptable 


leakage rate for new valves in the AWWA standard.  However, they need to seal well enough to permit normal 


maintenance activities in the pipeline downstream of these valves.   
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So in essence, we are talking about reducing the base scope to only replacing the hydraulic power unit, control valves, 


limit switches, mechanical limits and stops, hydraulic cylinders, trunnion bushings, trunnion greasing system, and 


repainting the interior of the rotovalves.  The seal repair would be optional, and would need to be as directed by the 


COR, unknown quantity.  I don’t know what contract mechanisms are available for dealing with unknown quantities, 


but you could potentially have CLINs for optional blocks of on‐site machining labor, and optional CLINs for 


miscellaneous materials. Exercise as many of the optional blocks as are required to complete the necessary seal 


repairs.   


Jim Calnon, PE 


Chief, Mechanical Design Section 


USACE Portland District 


 


The following is taken from an email date 2/17/2012 from Robert van der Borg in regards to the 


rotovalves. 


Team, 


During our conference call it was confirmed that 2 of the 3 roto valves work. It sounded like the third one may work 


but needs some attention. If this is the case then refurbish instead of replace. I got the impression during the call that 


the object of the irrigation system program is to bring the equipment to a sound operating condition (it should last 


another 20+ years). 


Now comes the approach to refurbish. We have to define "operating valves," the ability to significantly close off the 


flow of water. The reason I use significantly is because a minor amount of leakage is not detrimental any downstream 


equipment so the seats would need limited attention.  This would mean that, an inspection of the seats and to what 


level of scoring is seen, then we make repairs. The seat repairs could be an optional item. A plan is submitted.  


The only other point of observation would be the bearings the plug rides on/against, another option item. 


If we have operating valves (the plugs turn and close the water passage) the primary attention turns to the actuator 


and hydraulic system. From my experience in Afghanistan there has been very limited O&M of the hydraulic system. If 


we were to do a wholesale replacement of the hydraulic pumps and piping and refurb the actuator we would have a 


very satisfactory valve. My guess is that the problem with the valve that doesn't work properly is the hydraulic system 


not the seats. 


I am proposing we run calculated risks in our approach to get to sound operating equipment. 


Thanks,  


Robert van der Borg, PMP  


PM for FCRPS 


 


 


 


 


Conduit Inspections 


The safest way to inspect the conduits is with the tunnel dewatered.  Such an inspection would still 


require pumping out the conduit, and all other confined space entry requirements.  However, it is 
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possible to inspect that portion of the conduit downstream of the rotovalves with water in the tunnel if 


the requirements of ER 1110‐2‐8157 are met.  In summary, the regulations requires that a Structural 


Engineer of record perform the following 


(1) Take responsibility for the valve as a Hydraulic Steel Structure (HSS) AND determine through 


inspection that the inspection may be done safely.    Presumably, this would mean that the 


inspection determines the structural components are not in danger of fracture. 


(2) Deduce that the existing roto valve with conical valve plug goes not qualify as a HSS AND that it 


is still safe to perform the inspection.  The later is probably true, however it will be the 


responsibility of the engineer of record to decide. 


Publication Number: ER 1110‐2‐8157 


Title: Engineering and Design ‐ Responsibility for Hydraulic Steel Structures  


Proponent: CECW‐ED 


There is a historical precedence for an inspection of the conduit with water in the tunnel, i.e., USBR 


inspection circa 1964 for which documentation is available.  It is not known what regulations were in 


effect during that era, however it is absolutely clear that any inspections on the conduit with water in 


the tunnel in modern times shall meet ER 1110‐2‐8157.  A copy of this regulation should be attached to 


the RFP for this project. 


There is a manhole downstream of the rotovalves sump shown in photo 110317‐O‐61229S‐126.JPG.  


Once the conduits and tunnel are dewatered, then the conduit may be accessed via the manhole.  If the 


roto valve is opened, then there is access through the hole in the valve plug. There must be an air vent 


in the tunnel or at the intake structure, however none can be located on the available drawings.  Based 


on historical documentation it takes approximately 3 days to dewater the tunnel and a half day to 


dewater the tunnel. 


Alternate Means of Watering the Irrigation Tunnel 


The Hoist Load Curves shown on Drawing 15‐F‐B for lifting the roller gate off of the sill with unbalanced 


head to have a maximum load of 300kips.  The “Cracked” position for filling the tunnel is 6 inches.  Once 


the tunnel fills and the head differential across the gate equalizes the hoist load reduces to the weight of 


the gate for the remainder of the lift.  The dry weight of the roller gate is approximately 42 kips.  The 


maximum load of 300 kips would require a 150 ton crane or a 120 ton crane overloaded by 125% 


(maximum engineered lift).  Using an alternate means of watering up the irrigation tunnel avoids the 


possible need to do the 300 kip lift.  A possible means of watering the tunnel is to install lever operated 


globe valve(s) on the roller gate itself.  The size and number of these valves will need to be determined; 


the main determining factor is the space constraints of the roller gate.  The valve locations would likely 


be located in the central “compartments” of the gate. The Keckley Company is a manufacturer of such 


valves.  From the general catalog cuts it appears as though the 6” and 8” valves could fit and larger 


valves such as the 10” or 12” would require modifications or perhaps alternative configurations to be 


installed.  Obviously the larger the valve the faster the water will fill the tunnel.  
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Other possible alternative means of watering up the tunnel could include: using a pump/siphon system 


to feed water down through the air vents, or installing a crossover line between the power house pen 


stock and the station service unit penstock (or one of the 84” conduits if accessible). The crossover line 


has the added benefit of also providing a simple connection point for the local water supply design 


work.  








Assumed Tail Race Elevations for Work on the Jet Valves 


Date: March 13, 2012 


 


Excerpt from Figure 17-F-1R1 


 


Drawing No.3 from 1964 Bureau of Reclamation Report 


“Min Tailwater Elev.  962.5m” 


(Mr. Rasool Powerhouse 


Manager 2006 Geotech Report) 


Modified bulkhead height assumed 


to be 4.0 m for estimating purposes 


Most photos show 


water at mid line 


elevation 


Sump, Flap Gate 








KAJAKI DAM – IRRIGATION TUNNEL WORKS  
 


APPENDIX D 


Government Design Reviews 


 USACE Value Engineering Alternative for the Irrigation 


Intake Structure (2011) 


 Government Review of existing and historical conditions 


for mechanical features in downstream tunnel 


 Government Topographic Survey Report 


 Layout Drawings for Tunnel Access  


 Photos illustrated with access to the intake tower 


 Photos illustrated with access to the jet valves 


 Photos illustrated with access to the roto valves 


 Government review of tail water elevations 


 Concept for Modified Bulkhead 


 Kajaki Spillways Report Rev February 2012 


 Diving Inspection Report for Intake Tower and Apron at 


outlet works 


 








KAJAKI DAM – IRRIGATION INLET STRUCTURE REHABILITATION AND INSTRUMENTATION PROJECT 
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Kajaki Dam Package #1 


ENGINEERING ALTERNATIVE  
ALTERNATIVE NO:  MS1-2-5 PAGE NO: 1  OF 9   
TITLE:  USE SYSTEM AS DESIGN, EMERGENCY CLOSURE.  REPAIR RATHER 
THAN REPLACE BULCKHEAD, ADD SEPARATEWATERING ACCESS AND 
UPGRADE CRANE TO MEET LOAD REQUIREMENTS. 
 
 
ORIGINAL DESIGN:   
 
The original design calls for demolishing the existing concrete filled stoplog and 
replacing it with a new steel, multi section bulkhead.  It also calls for rehabilitating the 
existing bridge crane and installing an entirely new trolley and hoist system keeping the 
rating at the existing 75 tons.  It also calls for the rehabilitation of the existing wheeled 
gate.  No change is made to the existing method of watering up the irrigation tunnel 
which is to pull the wheeled gate against a fully unbalanced load to a height of 
approximately 6 inches and letting pool water fill through this small opening.   
 
ALTERNATIVE DESIGN: 
 
The design alternative recommended by the VE team keeps the original concrete filled 
bulkhead, rehabilitating it by cleaning and painting and furnishing new seals.  To handle 
the weight of this bulkhead, the design alternative calls for the contractor to evaluate the 
bridge crane and design and implement the changes necessary to increase the rating to 
100 tons.  This alternative also rehabilitates the wheeled gate the same as in the 
original design.  The final aspect of this alternative is to have the contractor design and 
install an alternative, safer method of watering up the irrigation tunnel. 
 
ADVANTAGES:   
 
1. Utilizes existing concrete filled stoplog instead of providing a new, multi section 


bulkhead. 
2. Eliminates the need to demolish and dispose of the existing concrete filled stoplog. 
3. Provides a safer method of watering up the irrigation tunnel.  The current method 


puts the highest loading on the bridge crane and is difficult to control. 
4. Eliminates the need to handle and store multiple bulkhead sections. 
5. Maintains the original design intent of using the concrete filled stoplog and wheeled 


gate as a backup emergency closure device in case one of the irrigation conduits 
cannot be closed. 


 
DISADVANTAGES:   
 
1. The bridge crane trolley and hoist must be designed to have a 100 ton rating rather 


than the existing 75 ton rating. 
2. The bridge of the crane must be analyzed and perhaps beefed up to be rerated at 


100 tons. 
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ENGINEERING ALTERNATIVE  
ALTERNATIVE NO:  MS1-2-5 PAGE NO: 2  OF 9   
TITLE:  USE SYSTEM AS DESIGN, EMERGENCY CLOSURE.  REPAIR RATHER 
THAN REPLACE BULCKHEAD, ADD SEPARATEWATERING ACCESS AND 
UPGRADE CRANE TO MEET LOAD REQUIREMENTS. 
 
 
JUSTIFICATION:  
 
The original design report states that the design was intended to be closed under partial 
flow conditions.  The following is taken from that report: 
 


 
 
This design report discussed four alternatives for the intake closure gates with 
alternative four being the one selected as follows: 
 


 
 
This shows the intent of being able to use the system for closure in the event that the 
flow through the irrigation tunnel could not be stopped using either the hollow jet valves 
or the rotovalves.  This is not a true “emergency” closure since the system is not 
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ENGINEERING ALTERNATIVE  
ALTERNATIVE NO:  MS1-2-5 PAGE NO: 3  OF 9   
TITLE:  USE SYSTEM AS DESIGN, EMERGENCY CLOSURE.  REPAIR RATHER 
THAN REPLACE BULCKHEAD, ADD SEPARATEWATERING ACCESS AND 
UPGRADE CRANE TO MEET LOAD REQUIREMENTS. 
 
 
 
 capable of stopping the full flow of the tunnel.  It is more of a redundancy to allow 
closure in case one of the conduits cannot be shut off by either the rotovalve or the 
hollow jet valve.  This appears to be the present situation as described below in a 2005 
report from the Combined Forces Command. 
 
“Because of the lack of maintenance, reservoir intake gates are inoperative and one of 
the outlet valves is currently jammed at 35% open and cannot be open further or closed. 
Maintenance personnel are unable gain access to the valves because they are unable 
to close the gates at the intake tower. The gates have not been operated in 50-years 
and require total rehabilitation. Weathering has dry rotted gate seals and damaged 
electrical motors. Looting of mechanical and power supply parts have occurred.”  
 
“The jammed valve is allowing approximately 10 m3/s of water to leave the reservoir 
unregulated.  In an arid region like southwestern Afghanistan every drop of water must 
be conserved. More importantly is the danger that the unmaintained outlet valves come 
become jammed completely open or shut with no access to repair. Should additional 
gates become jammed that could jeopardize 31% of the nation’s irrigated land and the 
primary power supply to Kandahar.” 
 
The operation and maintenance manual for the irrigation tunnel describes normal 
operation for closure of the intake gates as follows: 
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ENGINEERING ALTERNATIVE  
ALTERNATIVE NO:  MS1-2-5 PAGE NO: 4  OF 9   
TITLE:  USE SYSTEM AS DESIGN, EMERGENCY CLOSURE.  REPAIR RATHER 
THAN REPLACE BULCKHEAD, ADD SEPARATEWATERING ACCESS AND 
UPGRADE CRANE TO MEET LOAD REQUIREMENTS. 
 
 
This clearly shows the intent during normal operations to have the water flow in the 
tunnel stopped by use of the hollow-jet valves (or the rotovalves).  However, further 
information regarding the operation of the concrete stoplog (bulkhead) indicates that it 
can be operated as long as no more than one of the hollow-jet valves is being operated 
as follows:  
 


 
 
This correlates with the description of design intent provided in the design report.  The 
drawing for the intake gate hoist further confirms this design intent and operation on the 
hoist loading curves shown below.  The curve titled “Lowering Gate” shows a peak 
loading on the hoist of approximately 222 kips from the venturi effect under the gate as 
the opening approaches 2 ½ feet.  The table entitled “Handling Stoplog” shown below 
gives the weight of the concrete filled stoplog as 195,000 lbs when it is in air and 
122,000 lbs when it is submerged.  The 195,000 lbs loading is a normal operating load 
for the hoist and it exceeds the hoist rating of 75 tons.  The VE team feels that if the 
hoist trolley can be replaced with one capable of lifting 100 tons, the normal operation 
will be within the rating of the crane.  If emergency closure would be needed, the crane 
rating would be exceeded slightly upon lowering the wheeled gate, but we feel that this 
is an acceptable risk. 
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ALTERNATIVE NO:  MS1-2-5 PAGE NO: 5  OF 9   
TITLE:  USE SYSTEM AS DESIGN, EMERGENCY CLOSURE.  REPAIR RATHER 
THAN REPLACE BULCKHEAD, ADD SEPARATEWATERING ACCESS AND 
UPGRADE CRANE TO MEET LOAD REQUIREMENTS. 
 
 
 


 
 
The other curve shown above titled “Raising Gate”  shows a peak loading of 300 kips is 
required to lift the wheeled gate off the sill to allow the irrigation tunnel to be watered up.  
This is a normal operation as described below in excerpts from the O&M Manual.  This 
loading, although very short term is a normal operation that doubles the load on the 
existing hoist and would exceed the rating of the new hoist by 50%.  The VE team feels 
strongly that this is an unacceptable risk and that a safer, alternative method of filling 
the irrigation tunnel should be designed and installed by the contractor.  This can be as 
simple as installing a remotely operated valve in the skin plate of the wheeled gate.  A 
sketch of such a design is included in the drawings section. 
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ALTERNATIVE NO:  MS1-2-5 PAGE NO: 6 OF 9   
TITLE:  USE SYSTEM AS DESIGN, EMERGENCY CLOSURE.  REPAIR RATHER 
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DEPARTMENT OF THE ARMY 
7TH ENGINEER DETACHMENT  
BLDG 1507A STREAM ROAD 


FORT SHAFTER, HAWAII 96858-5200 


1 


 
 


APGP-EBP                                                                                                                   21 AUG 2011 
 
MEMORANDUM FOR RECORD 
 
SUBJECT:  7th Dive’s inspection findings of Kajaki Dam 
 
 
1. MISSION SUMMARY:  7th Engineer Detachment conducted ROV inspections on the Kajaki  Dam including: 
guide channels for steel and concrete gates to identify damaged sections, base of concrete and steel gates to identify 
the presence of sediment build up or obstructions that would prevent the gates from sealing, inspection of three trash 
racks to identify presence of obstructions or damage to structural integrity, the concrete basin below the jet valves 
for obstructions and structural integrity. Two DVDs were provided to project manager Nader Noori which provided 
complete and detailed video-graphic evidence of findings.    


 
2. CONCRETE AND STEEL GUIDE CHANNELS: No obvious damage to the structural integrity of the steel 
channels or the concrete recessed guides.  


 
3. BASE OF CONCRETE AND STEEL GATES: No obvious damage to concrete structure. Minimal sediment on 
base estimated less than 1/8 inch of loose sandy sediment. . 
 
4. TRASH RACKS: Trash racks and chains appeared to be structurally sound. Minimal obstructions including 


small trees and rocks at the base of the trash racks. Obstructions did not appear to be large enough to limit 
intake flow. 


 
5.  CONCRETE BASIN BELOW JET VALVES: Sides of basin appear to be structurally intact. Floor of basin 


appears to have moderate spalling with exposed rebar. Unidentified piping and metal appear below one of the 
jet valves. 
 


6. For further information please contact William Baumgartner at  william.baumgartner@us.army.mil      
 
 
        WILLIAM S. BAUMGARTNER 
       FIRST SERGEANT 
       USA 








kajaki survey report.txt
Subject:                 Kajakai Dam Survey Report
Date:                    3-12-05 to 3-14-05
Surveyors:               Jerry Holtz and William Matias 
Project Manager:         Al Bruns


Scope of Work:          
1.  Survey the crest of the dam including the edges and centerline. Determine crest 
elevations along the dam.      
2.  Survey the centerline and toe of walls in the emergency spillway.  
3.  Survey the service outlet works.  Take shots on major concrete and pictures of 
the condition.  Determine service gate structure elevations.
4.  Determine the water surface elevation during the survey.
5.  Set a reference benchmark on the bridge downstream of the powerhouse to be used 
for stage readings of the river.
6.  Recover the benchmark on the tower and use it's elevation as a basis for the 
survey.


Basis of Survey:   


Horizontal Control WGS84 GPS coordinates UTM 41N  Units Meters
The horizontal controls for the survey were established by GPS method using a 
handheld Trimble GeoXT Explorer. The accuracy for this equipment is +/- 2 meters 
with occasional accuracies less than 1 meter when satelite configurations are ideal.
For the purposes of this survey the accuracy horizontally was less critical than 
determining vertical elevations of particular features of the reservoir.  Several 
GPS shots were taken two seperate days on three control points, (CP) Ledge, 
Temporary Point (TP) 1 and CP Dam.  (CP's named by Surveyors).  Electronic Distance 
Measurements (EDM) shots were taken between the points and best fit methods were 
used to determine the tightest control network possible.  Coordinates for these 
control points were adjusted and should be accurate to +/- 2 feet. This is more than
adequate for the scale of the mapping available as base reference for the survey.  
Control points are referenced in this report to the nearest centimeter.  This is not
adequate for construction surveying.  This survey is not intended to establish 
survey quality control for the use of future survey work. Contractors should 
re-survey and establish a horizontal and vertical network from more accurate 
methods, EX.  survey grade GPS equipment and GPS static collection methods with 
differential corrections.


Vertical Control    Based on 1955 survey by L.J. Snell for USGS Gaging Station 
Kajakai.  The USGS gaging report references mean sea level elevations established by
Morrison-Knudsen-Afghanistan, INC  1953.  
Referenced benchmark on irrigation intake tower is a painted X on the curb of the 
upstream side of concrete gate control tower and the elevation recorded 1050.15 
meters.  This elevation was used to transfer elevations to the horizontal control 
for the purposes of the scope and is the basis of all elevations in the survey.   


Instrumentation:  Trimble GeoXT Explorer Handheld GPS, Sokkia Set 3 Total Station, 
and a single prism with prism pole were used to determine horizontal and vertical 
control.  NO DIFFERENTIAL LEVELING WAS PERFORMED.


Closures:  A traverse was run from TP-1 through TP-4 and tied back.  
Horizontal closure was within 2 cm. Vertical closure was 9 cms.  
This was acceptable for the purposes of the scope and the time constraints to 
perform the work.  If vertical accuracies of 3rd order or better are required in the
future than a mean sea level reference benchmark accurate to millimeters is required
and differential levels must be run.
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Survey Summary:
1.  Made an initial site recon and recovered survey control.  
2.  Established UTM 41N coordinates on CP LEDGE (rebar in concrete near catwalk of 
irrigation intake tower) and CP Dam (rebar in concrete u/s side of Dam).
2.  Used benchmark Tower as a backsight for Total Station setup on CP Ledge and set 
TP-1 on Dam.
3.  Performed topographic survey of top of Dam, including reference features such as
high banks, bldg walls, and a shot on NW corner of Intake Tower bldg.    
Elevation on concrete floor at Intake Building wall 1058.1. Elevations for top of 
dam range from 1050.2 to 1050.8.  
4.  Set  TP 2 to the middle of the emergency spillway on a rock on the east-west 
road.  From TP-2 performed topographic survey of the emergency spillway. 
Specific shots at right high bank of lake at Emergency Spillway entrance.  
Elevations range at high bank between 1047.5-1049 meters. 
Elevations of E-W road in the back of the spillway ranged in elevation from 1051.5 
to 1052.5.  Surveyed north of road in spillway to a low point of Elev. 1035. 
5.  Set TP 3 and TP 6 for survey of Service Spillway.  From TP-6 surveyed  limited 
shots on the gate structures, spillway floor, entrance concrete to spillway and 
water surface.  Water surface elevation 1031.2 at 1730 13-Mar-05.  Water running 
into the sinkhole.  Lake is rising. 
6.  Set TP 4.   Shot Benchmark on the u/s wooden rail of bridge entering the village
downstream of the outlet works. Elevation of Triangle on rail 968.57m
7.  The survey on all parts of the scope were completed the evening of the 13th  
March 2005. Quality check of the data was performed on the 14th.
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Note by Jeremy Appt March 12, 2012Photos suggest there is a gap between the rock and inside of the valve house.  See attached Photos
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October 13, 2010 


             Revised Feb 2, 2012 


 


Water Year 2010 Discharge Estimates at Kajakai Dam, Afghanistan  
 
1.0 Introduction 


 


Kajakai Dam is located on the Helmand River in southern Afghanistan (32.323N, 65.119E). The dam is an earth 


and rockfill embankment type dam 90 m high with a crest 10 m wide and 270 m long. The dam was completed in 


1953 with an uncontrolled, 113 m wide primary spillway cut into the adjacent bedrock. Excavation on the 


emergency spillway was left incomplete in 1979. The powerhouse was completed in 1975 with two 16.5 MW 


generating units (#1 & #3) and an open center bay for an additional unit (#2). Kajakai is the primary source of 


power for the Kandahar City region and supplies water to the heavily irrigated Helmand Valley. A June 2010 


satellite image of the dam is provided in Figure 1.  


 


Daily reports of discharge estimates from Kajakai Dam and this annual water budget report were prepared at the 


request of the U.S. Marine Corps. The U.S. Army Corps of Engineers Reachback Operations Center (UROC) 


facilitated the request. The purpose of this report was to estimate the amount of water discharged from Kajakai 


dam during Water Year 2010 (October 1, 2009 to September 30, 2010) and compare to previous years. No 


streamflow gages are currently operational at the dam or on the Helmand River. The only method to estimate 


flows on the Helmand River is to use Kajakai Dam as a control structure and calculate flows leaving the dam. It 


was not possible to calculate reservoir inflows because of the lack of accurate reservoir stage-storage curves. 


 


2.0 Methods 


 


There are three outlets for water to exit Kajakai reservoir. Water is able to pass through the powerhouse unit 


penstocks, the irrigation jet valves and over the primary spillway. As part of the USAID funded Afghanistan 


Infrastructure and Rehabilitation Program, daily reports are provided by personnel at Kajakai Dam. The reports 


include measured water levels at the irrigation tower, percent jet valve openings and powerhouse units on-line. 


Spreadsheets were developed to calculate daily average flow from the powerhouse units, jet valves and spillway 


based on available head in the reservoir. (turbine discharge revised with updated performance curves) 


 


All elevations used in this report are based on the irrigation tower benchmark of 1050.15 m. This benchmark is a 


local construction datum. Compared to the 5 m IfSAR digital elevation model (WGS84/EGM96), the construction 


datum is approximately 15 m higher. Reservoir levels are measured once daily at approximately 0900 local time 


by dropping a tape down from the irrigation tower benchmark. Water levels are also measured at the bridge 1 km 


downstream of the dam, the bridge elevation is unknown. The powerhouse pressure gage was not used because of 


inconsistencies and the whole meter increments of measurements. 


 


Depending on the available head, each powerhouse unit has a discharge capacity between 23 and 32.5 m
3
/s. The 


discharge rating curve for the units was obtained from the 2004 Voith-Siemens turbine performance curves and is 


summarized in Figure 2.  


 


Three 84 inch (213 cm) hollow jet valves are located west of the powerhouse. The valves are used to meet 


downstream irrigation demands. Depending on head, each jet valve has a capacity of 58 to 77 m
3
/s when open 


100%. Each jet valve can be regulated to open a defined percentage with normal operations between 20% and 


70% open. All valves are typically closed in late December and January for downstream irrigation canal 


maintenance. The discharge rating curve for a single jet valve is provided in Figure 3 and was obtained from the 


1971 International Engineering Company report “Kajakai Spillway Gate Study”. 
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When the reservoir level reaches an elevation of 1033.5 m, water begins to overflow the primary spillway and 


discharge back into the Helmand River via a 1,500 m by-pass channel. Flow over the spillway was estimated 


using the broad-crested weir equation with a spillway width of 113 m, see Figure 4. Flow calculations over the 


spillway are an approximation given the debris and uneven spillway configuration. WY2009 discharge estimates 


were updated using the 1033.5 m spillway elevation with a reduction in annual discharge volumes. 


 


3.0 Results 


 


From October 1, 2009 to September 30, 2010 total discharge from Kajakai Dam into the Helmand River was 


5,922 M-m
3
 (million cubic meters). Annual discharge volumes for the spillway, jet valves and powerhouse are 


provided in Table 1. Discharge from the powerhouse was greater in 2010 than 2009 because Unit #3 was off-line 


for most of 2009 for rehabilitation. Table 2 includes monthly discharge volumes at the Helmand River gage below 


Kajakai Dam for water years 1948 to 1979, note dam regulation began January 28, 1953 and the powerhouse was 


completed 1975. The amount of water released from Kajakai during WY2010 was below the 1953 to 1980 


average of 6,021 M-m
3
. The Excel spreadsheet “Kajakai Dam Discharge and Elevation WY2010 Revised 


2Feb2012” contains reported daily values from the dam and the calculated discharge rates and volumes. 


 


Figure 5 is a graph of daily reservoir level (blue line) and total discharge (red line) from the dam. The spillway 


crest and the 1999 to 2009 average reservoir level are provided for reference and illustrate the drought conditions 


of 1999 to 2004 when reservoir levels rarely reached the spillway crest.  


 


A graph of daily discharge from the jet valves, spillway and the powerhouse units is provided in Figure 6. 


Discharge from the powerhouse turbines provide a base flow between 50 to 60  m
3
/s year-round into the Helmand 


River. The large spikes in flow from February to June are discharge from the uncontrolled spillway. Total 


discharge peaked at 927.4 m
3
/s on May 7, 2010. A comparison of historic discharge from Kajakai to WY2010 is 


provided in Figure 7. The highest recorded flow (1953 to 1980) downstream of Kajakai was 1,760 m
3
/s on April 


29, 1967. The February 1991 flood is reported to be the flood of record but no gages were active. 


 


The noteworthy event of WY2010 was the early cresting of the spillway. Between February 6
th
 and 9


th
 the 


reservoir level increased 3.3 m with the spillway cresting on the 9
th
. Historic records indicate the spillway 


typically crest in April, see Table 3. One cause of the early filling was the above average temperatures in early 


February and precipitation in the form of rainfall in the lower elevations of the dam’s watershed (Robert Blevins, 


personal comm.). The warming trend also melted snow and decreased the snow water equivalent of the 


watershed’s snowpack by 1 billion cubic meters between January 31
st
 and February 14


th
 (ERDC/CRREL 


Afghanistan Snowpack Assessment Feb 18, 2010) creating early runoff. Kajakai also started the winter with a 


higher reservoir level in 2010 as compared to 2009. Lost reservoir storage volume since 1953 due to 


sedimentation may also be contributing to earlier spilling at Kajakai, see Figure 8. 


 


Another significant event was the rapid increase in discharge from Kajakai on May 7, 2010. Discharge into the 


Helmand increased from 414 to 927 m
3
/s within a 48 hour period. This increase was a combination of additional 


jet valve openings and a rainfall event in the upper Helmand watershed on May 4
th
. On August 9


th
 there was a 0.9 


m increase in the reservoir level associated with monsoon rainfall in the eastern half of the upper Helmand 


watershed. Runoff from this event was contained within the reservoir with no large increase in discharge. 


 


Recommendations include installing water level gages on the irrigation tower and bridge downstream of Kajakai 


Dam. Survey of the benchmarks at Kajakai with survey grade GPS equipment is recommended to relate the local 


construction datum to a known vertical datum. A new rating curve survey of the Helmand River at the bridge is 


also recommended. LIDAR survey of the reservoir up to Deh Rawod during low water levels is recommended for 


updating the stage-storage curve of the reservoir and estimating sedimentation rates. 
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Figure 1 – Kajakai Dam Layout 
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Figure 2 – Estimated Discharge Capacity of Kajakai Generating Unit (updated 2Feb2012) 


 


 


 


Figure 3 – Estimated Discharge Capacity of 84 inch Jet Valve 
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Figure 4 – Estimated Discharge Capacity Primary Spillway (invert 1033.5 m, 113 m wide, weir coeff 1.704) 
 


 


Figure 5 – Reservoir Level and Total Discharge from Kajakai Dam Water Year 2010 
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Figure 6 – Discharge from Kajakai Dam Water Year 2010 


 


 


Figure 7 – Comparison of Water Year 2010 Discharge from Kajakai Dam  
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Figure 8 – Stage-Storage Volumes for Kajakai Reservoir 


Figure 8 Stage-Storage Sources: 


1953 and 1968: 


Perkins, D.C., and J.K. Culbertson. 1970. Hydrographic and Sedimentation Survey of Kajakai Reservoir, Afghanistan. 


Geological Survey Water – Supply Paper 1608-M, U.S. Geological Survey. 


 


2006: 


Vining, K.C., and A.V. Vecchia. 2007. Water Balance Simulations of Runoff and Reservoir Storage for the Upper Helmand 


Watershed and Kajakai Reservoir, Central Afghanistan. Scientific Investigations Report 2007-5148, U.S. Geological Survey. 


 


 


 


 


 


Table 1 – 2010 and Historic Average Water Year Discharge Volumes from Kajakai Dam  


(million cubic meters) 
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Spillway


Ave 1953 to 1980 6,005 --- --- ---


2009 6,659 967 1,477 4,215


2010 5,922 1,890 1,132 2,901
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Table 2 – Helmand River below Kajakai Dam Discharge in million cubic meters (M-m
3
) 


Source: Data 1948 to 1980 U.S. Geological Survey,  http://waterdata.usgs.gov/nwis 


 
Water


Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total


1948 110 140 165 161 175 740 1,566 1,016 334 166 104 110 4,787


1949 149 177 192 193 276 882 2,258 1,260 461 240 167 149 6,404


1950 193 217 231 275 279 596 1,264 2,101 749 277 155 147 6,484


1951 187 198 203 211 219 830 1,649 2,464 940 352 190 170 7,613


1952 194 221 233 243 358 927 1,687 1,134 429 216 143 154 5,941


1953 198 217 224 217 172 382 510 579 562 525 518 349 4,453


1954 301 242 186 226 419 477 1,087 1,721 672 325 408 336 6,399


1955 303 303 366 503 433 362 401 523 464 336 380 350 4,724


1956 344 333 351 332 299 386 2,366 1,336 381 479 576 465 7,647


1957 289 345 358 463 384 516 2,554 3,173 1,389 636 470 542 11,118


1958 554 263 497 552 492 567 1,032 1,069 630 589 577 524 7,348


1959 502 355 316 316 284 379 961 1,006 606 574 540 424 6,262


1960 325 272 415 341 254 287 259 1,086 686 343 332 312 4,911


1961 311 534 529 495 402 285 471 1,674 601 354 349 276 6,281


1962 332 376 544 509 419 424 319 423 416 263 186 154 4,365


1963 146 213 223 342 414 433 305 347 452 407 379 291 3,953


1964 197 191 509 470 388 459 785 1,317 603 573 516 233 6,239


1965 284 276 276 354 457 543 1,662 2,672 1,200 614 336 318 8,993


1966 353 567 560 522 439 468 469 423 302 309 302 264 4,978


1967 266 294 291 207 198 234 1,056 2,094 852 569 542 305 6,908


1968 272 295 300 463 454 522 672 1,347 772 586 536 349 6,568


1969 287 273 286 299 494 538 1,844 1,667 784 423 375 375 7,645


1970 359 347 356 513 434 471 483 412 293 262 237 197 4,364


1971 172 209 256 151 103 227 301 300 197 189 181 168 2,454


1972 148 173 163 142 130 165 1,252 1,660 795 608 566 504 6,305


1973 466 376 280 270 257 359 577 1,034 523 561 524 456 5,684


1974 412 318 270 202 260 189 302 532 382 413 377 339 3,996


1975 258 235 309 227 256 314 841 1,667 664 442 396 368 5,976


1976 353 299 284 292 218 431 2,272 2,441 869 502 494 459 8,914


1977 465 428 348 199 318 457 662 696 490 403 356 317 5,138


1978 228 186 285 254 195 302 851 838 393 372 367 309 4,581


1979 297 251 252 217 162 301 1,058 1,072 587 383 350 309 5,238


1980 280 255 268 246 279 735 2,079


Average 289 284 313 315 313 460 1,087 1,284 609 415 373 313 6,021


2009 163 160 71 76 190 690 2,211 1,852 436 201 311 298 6,659


2010 194 197 183 160 509 1,293 657 1,361 522 303 300 243 5,922



http://waterdata.usgs.gov/nwis
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Table 3 – Duration of Spillway Flow at Kajakai Dam 


 


 


Water Year


Discharge Data


Year (M-m
3
) From To Source


1953 4,453  No Spill  No Spill (a)


1954 6,399 Apr 18 Jun 20 (a)


1955 4,724 May 28 Jul 15 (a)


1956 7,647 Apr 5 Aug 5 (b)


1957 11,118 Apr 5 Jul 18 (b)


1958 7,348 Apr 14 Jun 14 (b)


1959 6,262 Apr 15 Jun 12 (b)


1960 4,911 May 7 Jun 18 (b)


1961 6,281 Apr 27 Jun 19 (b)


1962 4,365 No Spill No Spill (b)


1963 3,953 Jun 4 Jun 26 (b)


1964 6,239 Apr 22 Jun 12 (b)


1965 8,993 Apr 12 Jul 11 (b)


1966 4,978  No Spill No Spill (b)


1967 6,908 Apr 19 Jul 1 (b)


1968 6,568 Apr 25 Jun 25 (b)


1969 7,645 Apr 3 Jun 28 (b)


1970 4,364 No Spill No Spill (b)


1971 2,454 No Spill No Spill (b)


1972 6,305 Apr 10 Jun 20 (b)


1973 5,684 Apr 24 Jun 17 (b)


1974 3,996 May 6 May 31 (b)


1975 5,976 Apr 17 Jun 28 (b)


1976 8,914 Apr 14 Jul 3 (b)


1977 5,138 Apr 18 Jun 4 (a)


1978 4,581 Apr 13 Jun 5 (a)


1979 5,238 Apr 11 Jun 16 (a)


1980 --- Mar 23 Jun 25 (a)


1998 --- No Spill No Spill (c)


1999 --- May May (c)


2000 --- No Spill No Spill (c)


2001 --- No Spill No Spill (c)


2002 --- No Spill No Spill (c)


2003 --- Apr Jul (c)


2004 --- No Spill No Spill (c)


2005 --- Apr Jul (c)


2006 --- May Jun (c)


2007 --- Mar Jul (c)


2008 --- Apr Jun (c)


2009 6,659 Mar 10 Jul 26 (d)


2010 5,922 Feb 9 Jul 5 (d)


Sources:


(a) estimated from daily reservoir storage records


(c) estimated from powerhouse gage records, insufficient data to define 


exact day of month, estimates require confirmation


(d) daily updates from dam provided by Afghanistan Infrastructure and 


Rehabilitation Program


Flow Over Spillway


1981 to 1997 Data Not Available


(b) "Kajaki Hydroelectric Project Condition Assessment, Dam Safety 


Assessment Report" Table 2.2, Acres International, Apr 2004.





