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Executive Summary

The US Army Corps of Engineers African Reponse Team was tasked by Joint Task Force Atlas Response to evaluate the structural integrity of dams in the Zambezi River Basin and possible impacts on humanitarian operations ongoing in the JTF area of responsibility.  At the time of tasking, the Zambezi was the only major river in Mozambique which had not flooded and press reports indicated that there were problems at the Zambezi River dams.  

The Corps assembled a team of experts and deployed them to southern Africa on March 7th, 2000.  Initial plans to deploy immediately to the dams were postponed due to delays in receiving necessary permission from the Governments involved.  The Team received assurances on March 15th and inspected Cahora Bassa, Kariba and Kafue Dams in the next week.  The Team began to redeploy home on March 24th.  The Team covered over 4800 kilometers on the ground in performance of this mission. 

The results of these inspections are included in this report.  Overall, the management of the dams was professional and competent and all were operating under normal conditions.  There were no structural problems identified that have short-term implications.  Indeed, the instrumentation at Cahora Bassa was impressive.  It is unlikely that operations this season will lead to large scale flooding in the Zambezi River basin.  Cahora Bassa does anticipate opening an additional gate in April as part of normal course, but this is not seen as threatening.  Kafue has structural deficiencies which should be addressed; however, these deficiencies are not threatening in the short term.


The Team did observe that each dam was lacking in some respects in terms of emergency management plans and formalized inspection programs and these are areas for improvement.  The management at Cahora Bassa and Kafue recognize these issues and intend to improve them.  The management at Kariba was unable to coordinate a response and, therefore, the Team cannot assess the status of these items there.


The Team gathered additional data for a flow model below Cahora Bassa Dam.  This data will be incorporated and will be included in the final edition of this report.


There are ongoing attempts to coordinate activities in the Zambezi River basin.  These efforts need to be refined.  With plans for further hydropower development along the Zambezi moving forward, a perfect opportunity for such coordination is at hand.


The entire basin is faces the problem of aquatic weed growth.  This is most severe at Kafue, where large mats of floating weeds have a hydrologic effect.  Aquatic weeds present an international problem and can influence the future operations in the basin.

The Team expresses its appreciation to JTF-Atlas Response and the US Embassies in Mozambique, Zimbabwe and Zambia for their support.  The management and staff at Cahora Bassa and Kafue were very professional, courteous and open during our visits.  The staff at Kariba were also very courteous though less open due to conditions beyond their control.  The US Army Corps of Engineers, particularly Engineering Research and Development Center, North Atlantic Division and Europe District, were tremendously helpful in providing technical and logistical support to the Team.

Factsheet

US Army Corps of Engineers African Response Team

17-22 March 2000


The mission of the US Army Corps of Engineers’ African Response Team was to evaluate current hydrological and hydraulic conditions, structural stability, and overall dam safety aspects of operations, for three major dams within the Zambezi River Basin.
Inspection of Cahora Bassa and Kafue Dams included detailed discussions with on-site personnel.  Inspection of Kariba Dam was much less detailed, as on-site personnel were not at the liberty to discuss any topics with regards to dam operations.  

Observations/conclusions from inspections 

· All three projects were found to be structurally sound at the time of inspections

· All three projects were being operated within their original designed criteria (pool elevations, outflow releases, hydropower generation)

· All three projects are operated as hydropower projects.  As such, high pools at this time (near the end of the rainy season) are desirable. 

· All projects are operated by a highly skilled and experienced staff.

· The instrumentation monitoring program at the Cahora Bassa is in keeping with high standards for performance monitoring of dams.

· Hydropower operations were well coordinated at all three projects.

· Discussion with personnel at Cahora Bassa and Kafue was very informative and open

· Current plans are to open an additional gate at Cahora Bassa in late April.   Site investigation at Tete indicates that channel capacity is sufficient to handle this release 

Items of concern/recommendations noted

· The failure of Zambezi River Authority to provide detailed information prevents informed analysis.

· Inadequate sharing of hydrological data between projects

· Inadequate communications/operations between projects

· Lack of concise water control manuals and emergency action plans at each project

· Aquatic weeds pose a basin wide threat.  Kafue particularly suffers from this problem

· Kafue has an inoperative floodgate which should be corrected as soon as possible.

· The instrumentation program at Kafue is inadequate for performance monitoring

· Major periodic inspections should be conducted at each dam and should be conducted in accordance with high standards by an appropriate multi discipline team

· The alkali aggregate reaction problem and performance of the left abutment at Kafue should be monitored and periodically evaluated.

Conclusions 

· The proposed development of additional dams along the Zambezi River presents an excellent opportunity for enhanced coordination of operations and data exchange between the countries which lie along the Zambezi River.
· As these dams age, inspection becomes more crucial.
· Recommend this report be forwarded to appropriate embassies for their use.
Cahora Bassa Dam

1.  Summary

The US Army Corps of Engineers African Response Team inspected the Cahora Bassa Dam on 17 March 2000 at the request of the JTF-Atlas Response.  Our mission was to evaluate the structural integrity of the dam and the possibility of modeling various operational aspects of the dam and their effects downstream.  The team visited three main hydroelectric dams within the Zambezi River Basin.

Located in Songo, Mozambique, Cahora Bassa is the sixth largest dam in the world.  At the time of our visit, the dam was operating under normal conditions.  One of nine floodgates was open.  A total discharge of 2000 m^3 was being released by the dam from both spillway and hydropower sources.  The pool is 8 meters below maximum and is being raised in preparation for the dry season. 

Cahora Bassa is professionally operated and is structurally sound.  It does not have a comprehensive emergency plan due to resource constraints, but plans to warn downstream inhabitants in case of emergency do exist.  The managers of the dam anticipate the possible opening of another gate in late April to handle upstream flows.  This is not likely to cause noticeable flooding downstream.

2.  General Statement of Inspection

The Cahora Bassa Dam is located on the Zambezi River, in the northwest portion of Mozambique, in the province of Tete near the town of Songo.  The geographical location of the center of the dam is S 17o46’86”  N 31o03’99”.  The dam is a double curvature arch concrete dam founded on a granite foundation and is approximately 160 meters high.  It contains eight spillway gates with a combined discharge capacity of 12,800 cubic meters per second.  A ninth floodgate exists at a higher elevation than the other eight.  Its discharge capacity is unknown.  The reservoir impounds 52 billion cubic meters at maximum retention level.        

The focus of the African Response Team was to complete a cursory inspection of the project evaluating the current hydrologic and hydraulic conditions, structural stability, and overall dam safety aspects of operations.  Topics discussed and evaluated during the inspection were as follows:


a.  The Team evaluated the following areas to assess structural integrity and emergency operations: 


(1)  Project documentation providing general plans and typical sections for all project features and primary physical characteristics of the project.


(2)  Periodic inspection program to assess the structural integrity and operational adequacy of the dam and powerplant.

(3) Instrumentation program to monitor project performance. 


(4) Emergency action plans to include notification, evacuation, dam failure inundation maps, available emergency resources, and reservoir dewatering procedures.


(5)  Other project issues.


b.  The Team evaluated the following topics to assess hydrologic operations:


(1)  Overview of existing/proposed upstream gauging network.


(2)  Brief description of gate configuration and hydropower plant.


(3)  Current methodologies used for reservoir regulation.


(4)  Downstream gauging network, overview of existing/proposed network.

(5) Environmental issues.

(6) Modeling inputs for varying releases and dambreak predictions.

3.  Description of Project Conditions at the Time of Inspection

The Cahora Bassa Reservoir was currently filling towards its dry season level, in accordance to its normal guide curve.  At the time of the inspection one floodgate (gate number three) was 85 percent open.  The combined discharge for the gate and the powerplant was approximately 1,600 cubic meters per second, with approximately 400 cubic meters per second passing through the hydropower plant.  The reservoir was approximately 8 meters below full capacity.  Estimated inflow, based on change in storage, was approximately 7,500 cubic meters per second.  Due to current load demands, only three of the five power units were in operation.  One unit was down for maintenance.  According to the Hydroelectric of Cahora Bassa (HCB) Head of Dam and Reservoir Division, Dr. Henrique Santos Silva, the project was being operated as normal for this time of year, currently filling towards its dry season operating level.  

4.  Summary of Observations

Based on conversations with Dr. Silva, HCB and observations of maintenance operations during a tour of the dam, the team did not observe any conditions that threaten the structural integrity of the dam.  

a.  The following geotechnical and dam safety conclusions were made:


(1) Project documentation is maintained near the dam at the local project office.  Information includes general plans and typical sections for project features and conditions during construction.


(2)  HCB has a periodic inspection program, the frequency of which has recently been modified.  Periodic inspections are conducted annually and documented in a formal report.  The HCB inspection team is composed of ten members consisting of technicians, a scientist, and a civil engineer.  Five of the team members have been with the dam since construction.  Currently HCB is having difficulty obtaining qualified personnel.  All impressions indicated project features and equipment do not have any operational problems.


(3)  The instrumentation program/system for the dam is within the high standards for dam monitoring.  According to Dr. Silva, the instrumentation program is in accordance with standards established by the International Committee on Large Dams.  The dam is monitored with over 1,000 instruments (14 instrument types).  These instruments monitor deformation, stress, strain, temperature, uplift pressures, and seepage.  Instruments are read and data are processed by a well-trained and experienced staff on a periodic basis.  Monthly or quarterly readings are made dependent on the instrument type.  Additional readings are made for critical instrumentation or during periods of high pool.  Data is processed using a program developed by Dr. Silva.  Readings are compared to historical data and predictions based on empirical methods.  These methods take into consideration temperature and reservoir level to predict the range of parameters monitored with the instrumentation.  According to Dr. Silva, none of the instrumentation has exceeded the range of predicted values. 


(4)  An emergency action plan has not been developed; however, operations require notification of authorities in advance of changes in discharge from the dam.  The HCB staff recognizes the need for such a plan.  However, resources to develop the plan are currently not available. 


(5) Investigative studies on the alkali-aggregate reaction are on going at the project office laboratory and at the National Laboratory of Civil Engineering, Lisbon, Portugal by Dr. Silva.  It does not appear that the alkali-aggregate reaction has had an impact on the structural stability or operational adequacy of the project.

The granite foundation appears to be of a high quality rock due to limited seepage noted at the time of the inspection and limited foundation preparation during construction according to Dr. Silva.  The seepage was last measured to be less than 40 liters per minute for all drainage collected within the dam.

According to Dr. Silva, siltation of the reservoir has not been an issue due to upstream dams and lack of upstream deforestation.

The stilling basin consists of large stilling blocks and could not be inspected.


b.  The following hydrologic and hydraulic conclusions were made:


(1)  The upstream gauging network utilizes little information from remote data collection platforms (DCP’s) for inflow estimates.  Approximately 15 years ago a network of approximately 70 DCP’s was destroyed as part of the Mozambique Civil War.  The intent of HCB is to rebuild this network during this year’s dry season, which begins in June-July.  Currently, only data from Kariba and Kafue Dams are available for determining future inflow values.  Current inflow computations are made by utilizing the change in storage and outflow computations.  

(2) The gate configuration that exists at the Cahora Bassa Dam consists of eight 

tainter gates, which are used for the evacuation of excess storage.   A ninth gate, located at a higher elevation, is used for additional flood releases when necessary.  The dam is not equipped with emergency gates.  Bulkheads exist and can be placed by a single gantry crane for all gates.  Flow is passed through an underground hydropower plant which houses five 450 MW turbines.  Each turbine is capable of passing approximately 450 cubic meters per second.  A power grid determines actual flow through the hydropower plant.


(3)  Although a “Water Control Manual” similar to those compiled and used at Corps’ reservoir projects doesn’t exist for the Cahora Bassa Dam, original design criteria and operations and planning documents exist on site.  These documents are written in Portuguese and were not reviewed by the inspection team.  

Due to the magnitude of the large drainage area, operations are planned days in advance of their actual occurrence.  Gate changes made upstream of Kariba Dam are known two weeks prior to their implementation.  “Empirical knowledge” of the reservoir operators is used to offset the lack of accurate gauged data.  In addition, in-house developed software is also used to assist in making operational decisions.  


(4) Although there are several population centers and numerous small communities downstream of the dam, there is not a comprehensive notification of gate operations.  Current procedure for the operating of the floodgates is to notify local authorities three days prior to any actual gate change.  The local authorities then disseminate this information as best they can.  Outside of the main population centers, the other low-lying communities are without electric and telephone, thus hampering any formal notification procedures.  Travel time for the Zambezi River from the dam to its mouth at the Indian Ocean is approximately seven days.


Dam personnel informed the team that during low flows along the Zambezi the opening of one-gate results in the rise in stage at Tete of one meter.

    
Current inundation mapping for this downstream reach does not exist.  Personnel from the Coastal and Hydraulics Laboratory at US Army Engineer Research and Development Center (ERDC) have developed a dam break flood inundation model that will be updated with current data of the project.  This inundation model will join the tactical dam analysis model and the watershed modeling system.   
  Limited downstream cross sectional data is available; therefore, the model assumptions can be updated and refined as more data becomes available.  The Team did visit the city of Tete which is located downstream of the Cahora Bassa.  Our observations indicate that the opening of an additional gate would not have adverse effects on this location.

(5)  There is currently no environmental regulation agency.  Project personnel acknowledge this will become an issue within the next five to ten years.  Currently the Cahora Bassa Dam does maintain a minimum flow at 600 cubic meters per second to maintain minimum hydrologic condition of the river downstream.

5.  Conclusion

Our evaluation of the current hydrologic and hydraulic conditions, structural stability, and the overall dam safety aspects of operations show the dam was stable and in good operating condition at the time of inspection. The need for emergency action plans and a detailed upstream gauging and downstream notification network were noted.  The HCB has plans to address these deficiencies as HCB resources become available and when interagency/international authorities for operations within the Zambezi River drainage system develop.

With the proposed development within the Zambezi River Basin in its infancy, opportunities to positively influence future development exist.  Flood control, including disaster preparedness, and environmental issues should be addressed in future projects and integrated into existing projects within the Zambezi River Basin.

Due to the time constraint, a detailed overview of operations was not feasible.  However, it was quite apparent that the knowledge of the project personnel was impressive, quite capable of operating the reservoir in a safe manner.

This report was prepared by the US Army Corps of Engineers African Response Team.  

Kariba Dam

1.  Summary

The US Army Corps of Engineers African Response Team visited the Kariba Dam on 21 March 2000 at the request of  JTF-Atlas Response.  Our mission was to evaluate the structural integrity of the dam and the possibility of modeling various operational aspects of the dam and their effects downstream.  The team visited three main hydroelectric dams within the Zambezi River Basin.

Located near Kariba, Zimbabwe, the Kariba Dam is a concrete hydroelectric structure operated by the Zambezi River Authority on behalf of Zimbabwe and Zambia.  Though our mission was to inspect the dam, this was not possible due to the reluctance of the Authority to share operational data with the Team.  We met with local representatives on the 21st of March in Kariba.  While amiable, these individuals did not have authority to share operational data.  The Team met with the Chief Engineer of the ZRA on the 23rd of March and met with the same results.  

The inability to obtain operational data seriously hampers informed consideration of the dam and raises serious questions concerning the operation of Kariba.  The report below must be considered in that light.

At the time of our visit, Kariba Dam had two gates of six gates open.  An undisclosed amount of water was flowing over the spillway.  As Cahora Bassa is receiving approximately 7500 m^3, a rough estimate of the Kariba spill can be worked out.  The pool was near maximum, though it has been higher in the past year.  Reports that Kariba plans to close one gate in the near future could not be confirmed.

Discussions with engineers at the dam left the impression that they were competent and fully capable of running the operations in a comprehensive manner.  The dam at Kariba is an impressive structure.  Given the nature of the information provided, it is not possible to confirm this impression. 

2.  General Statement of Inspection

On 21 March 2000 the US Army Corps of Engineers African Response Team inspected the Kariba Dam.   The Kariba Dam is located on the Zambezi River near the town of Kariba, Zimbabwe.  The northern portion of the dam lies in Zambia and the southern portion lies in Zimbabwe.  The dam is a double curvature concrete arch dam approximately 617 meters long and 128 meters high.  It contains six floodgates with a combined discharge capacity of approximately 9600 cubic meters per second.  The dam impounds 185 billion cubic meters at maximum retention level.  The project is operated solely for hydropower having a power generating capacity of approximately 1300 MW.  The south abutment powerplant is being upgraded to 750MW, which will increase the total capacity to approximately 1350 MW.  Construction of the dam was completed in 1959.

The focus of the Team was to complete a cursory inspection of the project evaluating the current hydrologic and hydraulic conditions, structural stability, and overall dam safety aspects of operations.  

The Team met with Mr. Gurukumba, Dam Safety Monitoring Officer and Mr. Mhlanga, Section Civil Engineer from the Zambezi River Authority (ZRA).  The ZRA operates, monitors, and maintains the Kariba Dam Complex, coordinating activities between the Zambia Electricity Supply Corporation (ZESCO) and the Zimbabwe Electricity Supply Authority (ZESA) on the south.  The representatives were not at liberty to discuss dam operations or any technical aspects of the dam.  However, they did provide a visitor’s guide of the dam, a brochure published by the ZRA titled “An Overview”, and a schematic showing the proposed development for hydropower along the Zambezi and Kafue rivers.  The Team was only allowed to view the dam from the crest and to take photographs.

As previously mentioned, the Kariba Dam is jointly operated by the ZESCO and ZESA.  A cooperative committee with members from the ZRA, ZESCO, ZESA, and Hydroelectric Cahora Bassa (HCB) are reportedly working together to share concerns and improve coordination and communications concerning resources within the Zambezi River Basin.   

3.  Description of Project Conditions at the Time of Inspection

The Kariba reservoir has fallen over the past several days.  The current pool elevation of 486.4 meters above sea level is believed to be near the maximum retention level.  At the time of the inspection two floodgates were (gate number two and five) were reportedly open 50 percent each.  According to ZRA literature this should equate to a total flow of approximately 1,600 cubic meters per second.  The south powerplant was reported to be passing 700 cubic meters per second.  Generation of the north powerplant was unknown.  The reservoir was approximately 1.4 meters below full capacity.  Examination of a pool elevation curve at the observation gift shop, revealed that during 1999 for the months of May through August, the pool elevation was higher.   Estimated inflow was not disclosed.

4. Summary of Observations/Discussions

· During a cursory walk on the crest of the dam, the team did not observe any conditions that threaten the structural integrity of the dam.  

· It was reported that there is an alkali-aggregate reaction, but the severity of this reaction was not disclosed.

· The stilling basin consists of a naturally formed pool 81 meters deep.

· There is an upstream gauging network utilizing information from remote data collection platforms (DCP’s) for inflow estimates.

· An assessment of the dam was completed in 1997 at the request of the World Bank.  This assessment was performed by consultants and was not made available for our review.  

· The ZRA reports that Kariba Dam is operated following U.S. Bureau of Reclamation guidelines.

· The minimum pool level is 475 meters, msl.  The maximum pool level is 487.8 meters, msl.

· Observation of some instruments at the crest of the dam indicates that instrumentation is used for performance monitoring.

· It was reported by ZRA that the total seepage into the dam is approximately 10 liters per minute.  There appeared to be seepage along the right downstream abutment; however, this observation was not conclusive.

· Radio broadcast and press announcements are made in advance of opening of spillway gates.

· Recent activities of ZRA include attempts to control water hyacinth in Lake Kariba and refurbishment spillway gates and hydro-electro-mechaniacl facilities in 1998. 

5.  Conclusions

With the limited information provided, no conclusive assessment can be made of the hydrologic and hydraulic conditions, structural stability, or the overall dam safety aspects.  However, no observations were made that indicated any serious structural stability or operational problems.

This report was prepared by the US Army Corps of Engineers African Response Team.  

Kafue Dam

1.  Summary

The US Army Corps of Engineers African Response Team inspected the Cahora Bassa Dam on 22 March 2000 at the request of  JTF-Atlas Response.  Our mission was to evaluate the structural integrity of the dam and the possibility of modeling various operational aspects of the dam and their effects downstream.  The team visited three main hydroelectric dams within the Zambezi River Basin.

Located near Kafue, Zambia, the Kafue Dam is an earth and concrete structure.  It is much smaller that either Kariba or Cahora Bassa.  At the time of our visit, the dam was operating under normal conditions for this time of year.  The pool was near maximum and two of four floodgates were open.  A total of 147 m^3 was flowing over the floodgates.  This is a small proportion to the possible 4250 m^3.

Kafue Dam has minor structural deficiencies to include slippage from the left abutment and alkali-aggregate reaction.  One of four gates has not worked since 1993.  These deficiencies are recognized by the operators of the Dam and plans to address them are being prepared.  These deficiencies do not create immediate operational problems.  

The major source to the Kafue Dam is the Itezhi-Tezhi Dam.  The operators at Kafue have adequate time to react to flows as it takes water 60 days to reach Kafue from Itezhi-Tezhi.  There is no comprehensive emergency management plan at Kafue, but the staff does have plans to warn downstream inhabitants in case of problems using military helicopters.

The management at Kafue is professional and well informed to handle issues arising at the dam. 

2.  General Statement of Inspection

On 22 March 2000 the US Army Corps of Engineers African Response Team inspected the Kafue Dam.   The Kafue Dam is located on the Kafue River in southeast Zambia near the town of Kafue, Zambia.  The Kafue Dam is a rockfill dam founded on a gneiss foundation with an inclined impervious core and a gated concrete spillway with four tainter gates.  The dam is approximately 375 meters long and approximately 50 meters high.  The Kafue project contains six hydropower units, each capable of producing 150 MW.  The project is operated solely for hydropower production.  An upstream regulation dam, Itezhi Tezhi provides 80 % of the inflow at Kafue Dam.  The Itezhi Tezhi Dam has a storage capacity seven times greater than the storage capacity at Kafue Dam.  Construction of the Itezhi Tezhi Dam was completed in 1971.

The focus of the Team was to complete a cursory inspection of the project evaluating the current hydrologic and hydraulic conditions, structural stability, and overall dam safety aspects of operations.  Topics discussed and evaluated during the inspection are as follows:


a.  The Team evaluated the following areas to assess structural integrity and emergency operations:


(1)  Project documentation providing general plans and typical sections for all project features and primary physical characteristics of the project.


(2)  Periodic inspection program to assess the structural integrity and operational adequacy of the dam and powerplant.


(3)  Instrumentation program to monitor project performance.


(4)  Emergency action plans to include notification, evacuation, dam failure inundation maps, available emergency resources, and reservoir dewatering procedures.


(5)  Other project issues.


b.  The Team evaluated the following topics to assess hydrologic operations:


(1)  Overview of existing/proposed upstream gauging network.


(2)  Brief description of gate configuration and hydropower plant.


(3)  Current methodologies used for reservoir regulation.


(4)  Downstream gauging network, overview of existing/proposed network.

(6) Environmental issues.

(6)  Modeling inputs for varying releases and dambreak predictions.

3.  Description of Project Conditions at the Time of Inspection

The Kafue reservoir was 0.12 meters below its maximum retention level and was releasing 150 cubic meters per second because reservoir storage capacity had been reached.  For this time of year, these releases and storage volumes are normal.  At the time of the inspection two floodgates (gate number two and four) were open 0.6 meters which contributed to a total flow, including the flow through the powerplant, of approximately 150 cubic meters per second.  The major upstream source to the Kafue Dam is the Itezhi-Tezhi Dam.  Travel time from Itezhi Tezhi is 60 days.  This long travel time is the result of a 6-meter fall over a 400-kilometer reach of the Kafue River and allows Kafue long term notice of future flows as well as the opportunity to adjust its operation accordingly.   Kafue Dam was being operated in accordance with normal operating procedures.  Operations for the dam are given from the Zambia Electric Supply Corporation (ZESCO) headquarters office located in Lusaka.    

4.  Summary of Observations

Based on conversations with ZESCO representatives and observations at the project, the following issues were noted.  

a.  The following geotechnical and dam safety conclusions were made:

(1) Typical sections and general as-built data are available at the dam site.  

However, current evaluations of the dams performance do not consider theoretical performance based on design.


(2)  ZESCO has an annual inspection performed by an on-site engineer and assistants.  The inspection is documented on standard forms, and sometimes photographs are used for historic documentation of changes and new developments.  The team reviewed performance and conditions of the intake structure, spillway, downstream toe, and rock abutments.


(3) The instrumentation program consists of survey monument points, which are used to measure the horizontal and vertical movements of the embankment, intake structure, and abutments.  Project has plans to install a monitoring well at the intake structure this year.


(4) There is no emergency action plan for the Kafue Dam.  The Kafue Dam staff recognizes this as shortcoming; however, in case of an emergency efforts would be made to warn downstream residents using military assistance.   


(5) It has been confirmed based on investigations by a consultant, an alkali-aggregate reaction are on going at the project.  There are also indications that the left abutment rock has moved based on results from investigations performed by others.  Gate number one has not operated since 1993 due to impacts from one or both of these conditions.  At this time there is not conclusive evidence to determine the cause of the gate malefaction.  However, at the recommendations of others, rock anchors are planned simultaneously with the repair of the gate with continued monitoring of the alkali-aggregate reaction effects.


The Gneiss foundation appears to be of high quality rock to due limited observed seepage by the project staff, and limited grouting during construction.  Siltation of the reservoir is not a problem according to project staff.  The pool has never experienced a rapid drawdown.


b.  The following hydrologic and hydraulic conclusions were made:


(1) The Kafue Basin includes 150,000 square kilometers.  Inflows to Itezhi Tezhi are gauged, and make up eighty percent of the inflow at Kafue. The Department of Water Affairs monitors these gages and makes hydrological forecast using computer models available at Lusaka, Zambia.  This information is utilized in the operation of Kafue Dam.  


(2) The gate configuration that exists at the Kafue Dam consists of four tainter gates across a flip bucket type overflow spillway.   These gates are 14 meters wide by 12 meters high.  Bulkheads, consisting of stop logs, exist for all gates.  Maximum flow through all four gates is 4250 cubic meters per second.  Currently gate number one is not operational.


An underground hydropower plant is comprised of six turbines, each capable of generating 150 MW.  Each turbine can discharge a maximum of 42 cubic meters per second.


(3) Although a “Water Control Manual” similar to those compiled and used at Corps’ reservoir projects doesn’t exist for the Kafue Dam, original design criteria and operations and planning documents are covered in documentation located at Itezhi Tezhi Dam.  No opportunity was made available to review these documents. Due to the magnitude of the large drainage area, operations are planned weeks in advance of their actual occurrence.    


(4) Currently no downstream gauging network exists.  However, releases from Kafue Dam are coordinated to Cahora Bassa Dam.  It was noted by on-site personnel that only displaced persons and non-permanent communities have developed downstream of the dam.


(5) Nuisance weeds pose a very serious threat to Kafue Dam and Reservoir as well as the entire Zambezi River system.  Waterweed, hippo grass, papyrus, and hyancith were observed in excessive quantities.  A weed harvester was observed in the upper reservoir; however, this harvester was inoperative at the time of this inspection.  Continued weed growth will adversely impact hydropower production and will contribution to the sedimentation of the reservoir.  

5.  Conclusion

Our evaluation of the current hydrologic and hydraulic conditions, structural stability, and the overall dam safety aspects of operations show the dam is stable and in good operating condition at the time of inspection. The need for a reservoir regulation manual, emergency action plans, and adequate project instrumentation to monitor project performance was noted.  

 
Project instrumentation should be sufficient to evaluate the overall structural integrity and performance of all major project features.  The dam does not currently contain the appropriate kinds and types of instrumentation needed to make such evaluations.  Instrumentation data should be compared with predicted data obtained from design analyses and computations for each major component of the project.  Other method such as geophysical investigations should also be explored to evaluate actual condition of the dam and abutments.  Seismic analysis should also be considered based on induced seismic activities from the impoundment.

The US Army Corps of Engineers has conducted research regarding control of noxious aquatic weeds and will forward information to ZESCO.  Additional assistance regarding computation of flows over a proposed gate design to counter the influence of these weeds was also provided during the visit.    

The inability to operate one of the spillway gates has existed since 1993 when it was first observed that the gate could not be raised.  This situation reduces the maximum release of the dam and could, under the right conditions, effect the structural integrity of the dam.  It should be corrected as soon as possible.  

Due to the time constraint, a detailed overview of operations was not feasible.  However, it was quite apparent that the knowledge of the project personnel was impressive, quite capable of operating the reservoir in a safe manner.

This report was prepared by the US Army Corps of Engineers African Response Team.  
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The Team expresses its appreciation to JTF-Atlas Response and the US Embassies in Mozambique, Zimbabwe and Zambia for their support.  Colonel Miller, JTF J4 was tremendously helpful in providing guidance and direction.  MAJ Allen Brannan, Foreign Area Officer at the US Embassy to Zimbabwe, was instrumental in guiding the Team though its travels through all three countries.  Ms. Lisa Peterson, Political Officer at the US Embassy to Zambia, provided valuable assistance in dealings concerning both Kafue and Kariba.

The management and staff at Cahora Bassa and Kafue were very professional, courteous and open during our visits.  The Team recognizes the effort necessary to support such a visit in addition to normal duties.  The efforts made reflect great credit to their organizations.  The staff at Kariba were also very courteous.

The US Army Corps of Engineers, particularly Engineering Research and Development Center, North Atlantic Division and Europe District, were tremendously helpful in providing technical and logistical support to the Team.  MAJ Fred Kropp at NAD and Greg Dietrich of Europe District were stalwart in their efforts.

This effort has provided the opportunity for the Corps to help the humanitarian relief efforts of the Joint Task Force with the additional benefit of gaining knowledge which can be brought back to the US and possibly help in dam operations in this country.  The Corps appreciates this opportunity and stands ready to assist in the future.

