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May 13, 2003 
 
 
Mr. Doug Chitwood 
U.S. Army Corps of Engineers, Geotechnical Branch 
911 Wilshire Blvd., 13107 
Los Angeles, CA. 90017 
 
 
Mr. Chitwood: 
 
I would like to thank you and the Corps of Engineers for the opportunity to 
again provide assistance to the Matilija Dam Project. 
 
The following report relates to the observations made during the visit to your 
offices and the site on April 8 and 9, 2003. Furthermore, it reflects the current 
thinking with regards to the slurry option. It is based on a review of the 
documents provided by you and work performed by myself. 
 
This work was performed under U.S. Army Corps of Engineers Contract # 
DACW09-03-P-0042.  
 
I would like to express my personal appreciation for your hospitality during my 
recent visit.  
 
 
 
Respectfully submitted: 
 
 
 
 
A. R. Thabit, President 



 

EXECUTIVE SUMMARY: 
 
A visit to the Los Angeles branch and the Matilija dam was conducted during April 8 and 9, 
2003. The purpose of the visit was to review the proposed design with respect to current 
project alternatives, review the slurry option in an attempt to reduce water consumption and 
review constructability of the slurry option. 
 
The remaining slurry option has been refined to reflect current thinking and reflect changes 
associated with reducing water consumption. Additional costs have been added to reflect 
those items identified with constructability, items not originally covered and reduction of 
water consumption. 
 
The slurry scenario involves transporting roughly 2.1 MM cubic yards of sediment to a land 
based disposal facility, 4 miles distant from the dam. This scenario is still technically 
feasible. The capital cost estimate for the transport portion of this scenario is roughly $2.7 
million. It does not consider the costs of dredging, operating costs, power supply and 
development of the pipeline right of way to include any acquisition or remediation costs. 
Additionally, the costs of constructing a tailings storage facility are not included in this 
estimate. Furthermore, additional costs would be involved in removing the remaining 
sediments. No parameters were given as to how this would be accomplished and it is, 
therefore, not considered in this report. The Corps of Engineers will develop the complete 
cost estimate for this scenario. 
 
Several recommendations are made with respect to additional test work required to more 
fully develop the slurry transport scenario. Also, it is strongly recommended that a stringent 
review of the test work and design be conducted prior to construction of the slurry option. 
 
  



 

INTRODUCTION: 
 
At the request of Mr. Doug Chitwood, U.S. Army Corps of Engineers, Geotechnical Branch, I 
visited the offices of the Los Angeles branch, on April 8 and 9, 2003, for a series of 
meetings on the Matilija Dam Project. I also had the opportunity to visit the site to review 
constructability issues. The discussions centered around the current thinking with respect to 
the slurry option, and a desire to minimize the use of water in the event that the slurry option 
is utilized. These items are discussed in detail in the body of this report.  
 
DISCUSSION: 
 
I have been advised that the various options still under consideration include: 
 

Slurry transport of the fine fraction (approximately 2.1MM cubic yards) to a 
land based storage facility. 
 
Upstream storage of all or part of the material behind the dam. 
 
Notching the dam to permit natural removal of the sediments from behind the 
dam. 
 
Selling the coarse fraction material. 
 

The slurry transport option will be explored in greater detail in the following sections. I do, 
however, want to briefly discuss the next two options.  
 
Upstream storage of all or part of the material is an attractive option. There is a flat area on 
the north east side of the dam where material can be stored. The only concern would bank 
stability. I had suggested to Doug Chitwood that a soil-cement mixture might provide the 
necessary stability. The material would still have to be dried to a moisture content suitable 
for mixing with the cement. This would be a very economical method if sufficient stability can 
be achieved. 
 
Mr. Chitwood indicated that the current thinking with respect to notching the dam is to bring 
it down in two lifts. This would be accomplished by moving material presently against the 
upstream face further up stream to a sufficient depth to remove the upper half of the dam. 
My concern is that during a storm event this could send a large uncontrolled volume of 
slurry down the river channel. It had always been my impression that, in this scenario, the 
dam would be taken down in multiple lifts with sufficient time in between to allow the slurry 
to move downstream in a more or less controlled fashion. It is my understanding that others 
are in the process of studying this option so I will not comment further. 
 
SLURRY TRANSPORT: 
 
It is my understanding that there is only one slurry option still under consideration. It was 
described as Alternative #2 in my report dated November 27, 2002. It will be expanded on 
and discussed further in this report. The revised capital cost estimate for the slurry transport 
portion of this option is shown in Appendix A. 



 

The slurry option would utilize several dredges to slurry roughly 2.1 million cubic yards 
(ultra-fine fraction) of sediment in 9 months. Fresh water from Lake Casitas would be used 
as the slurrying media. The slurry would then pass through a stationary screen and enter a 
thickener. The thickener would be used to increase the solids concentration of the slurry 
and provide recycle water for the dredging operation. A make up water pump would be 
required to pump water to the dredges. A 60,000 gallon water storage tank would also be 
required for surge capacity.  
 
The slurry would then be transported via pipeline to a land based disposal facility 
approximately 4 miles away. An 8 mile long pipeline and pumping system from Lake Casitas 
will supply the fresh water. The fresh water pipeline will be carbon steel and the slurry 
pipeline will be HDPE. 
 
A tailings storage facility will be needed for this option. This facility can be an earthen 
embankment with an HDPE liner at the dam toe to catch the water that is liberated from the 
slurry and a sump pipe for transporting the clarified water into the canal that feeds Lake 
Casitas. The pipeline would be approximately 2000 feet long and could be 16” diameter 
CMP. It will probably take several years to drain the entrained water sufficiently to stabilize 
the sediments. 
 
TECHNICAL DISCUSSION: 
 
In the process of developing the parameters for this option numerous calculations, decisions 
and assumptions were made.  
 
The calculations included pipe wall thickness, friction losses, horsepower requirements and 
limiting velocity of the slurry. 
 
Decisions included such things as selection of a d50 particle size for the slurry. Also, line size 
selection was based on economic analysis using an assumed power cost of $0.15/kw. The 
decisions may not be completely correct but were based on experience and logic. In most 
cases they are believed to be conservative and would result in lower project costs once 
more data comes available and the design work proceeds. 
 
The assumptions were made, primarily, due to a lack of information. They are based on past 
practice but are considered less reliable than the decisions. For example it was assumed 
that the dredges would produce a slurry that was 15% solids by volume and 50% of the 
water volume could be removed by thickening. Also, the thickener vendor assumed a 
settling rate for the solids in the slurry. These, like the other assumptions made, are based 
on experience but will need to be proven for the design to go forward. 
 
The fresh water pipe line could follow the canal to Lake Casitas for much of the distance to 
the dam. However, some consideration must be given to the numerous road crossings. The 
slurry pipeline right of way should probably be 24 feet to accommodate movement of the 
HDPE pipeline. 
  
A concrete vault can be used to house the fresh water pump at Lake Casitas. It could be 
buried on shore with a suction pipe from the lake to the vault at a sufficient depth to bring 



 

the water to the pump. The fresh water would then be pumped 8 miles through a 16” 
diameter by 0.375” wall thickness, carbon steel (A 53 gr. B) pipe. The elevation from Lake 
Casitas to the base of the Matilija Dam is rising by 412 feet. The motor horsepower required 
to pump 3,000 gallons per minute is 800 horsepower and will require one pump at Lake 
Casitas. 
 
The slurry pipeline is designed to be 4 miles long with a 400 foot down gradient. This down 
gradient exceeds the friction loss in the pipeline by 57 feet. In order to maintain the pipeline 
at positive pressure and maintain the velocity above the limiting velocity a choke will have to 
be installed on the end of the line. As currently envisioned, the pipeline is 18” diameter, 
SDR 11, HDPE pipe with an inside diameter of 14.532 inches. The motor is 400 
horsepower, comprised of 1 pump. The assumed d50 for the solids in the slurry is 0.040 mm, 
that plus the specific gravity of 2.65 and a slurry of 30% solids by volume were used to 
determine the limiting velocity. The limiting velocity for the pipe diameter selected is 8.82 
fps. The calculated velocity at 4,500 gpm is 8.7 fps. The limiting velocity should always be 
10% lower than the line velocity. However, experience has shown that ultra-fine sediments 
will stay in suspension at velocities of 6 fps. In a subsequent discussion with Mr. Doug 
Chitwood he indicated that current test work has yielded a weighted average d 50 of 
0.015mm. The limiting velocity was calculated for this average size and is 6.579 fps. This is 
well within the operating parameters for the pipe and pump selected for slurrying the fine 
material. These values must be verified by test work as it may affect the current selection of 
pump, pipe diameter and horsepower. Also, an additional 20% friction head was added to 
the horsepower calculation to compensate for slurry viscosity and other unknowns. Testing 
must be conducted to determine the extent to which the viscosity of the slurry will increase 
friction losses in this pipeline. The literature suggests that friction losses due to viscosity of 
ultra-fine, homogenous slurries can be negligible. In fact, the calculation indicates only a 2% 
loss due to viscosity in the 4 mile long pipeline.  
 
During the site visit the location for the thickener was reviewed. The thickener is now 
proposed to be 115 feet in diameter. The size of the thickener has been increased from the 
105 feet in diameter in the original report due to the smaller d50 of 0.015mm. The finer 
particles will take longer to settle. There is not an acceptable location for this size of 
equipment below the dam. It has therefore, been relocated above the dam some 3,500 feet 
further away from the disposal site and 108 feet higher in elevation. The slurry is fed to the 
center well of the thickener from the dredges, the thickened slurry settles to the bottom 
center cone, into the slurry pump and pipeline. The semi-clear water flows into a channel on 
the outside perimeter of the thickener. The thickener overflow will be piped to the water 
storage tank located below the dam. The pipe will be 3,600 feet long and be a 14” diameter 
carbon steel pipe. A rake mechanism rotates in the thickener itself. Flocculant is a polymer 
that is added to the thickener to aid in settling. Test work will be required to determine the 
correct flocculant, injection rate and the solids settling rate to select the correct thickener 
size.  
 
A significant portion of the effort of this report is devoted to reducing the amount of water 
supplied from Lake Casitas. Mr. Chitwood indicated that the cost to purchase the water 
would be $1,000 per acre foot.  This cost combined with the ever present drought in the 
West and new restrictions on minimum water flows to be maintained in streams make 
recycling the water important. If there was no attempt to recycle the water, assuming the 



 

dredges discharge the slurry at 15% solids by volume the cost of purchasing the water 
would be $7,376,033. The addition of the thickener will reduce the cost of the water 
purchased to $3,688,016 at a capital cost of roughly $2.7MM. However, it must also be 
recognized that slurrying the less dense slurry (15% vs 30%) will require a higher line 
velocity and as such will consume more power, increase abrasion in the pipeline and require 
a larger impoundment. The added costs associated with pumping a less dense slurry are 
not reflected in the cost analysis. If half of the water can be recovered from the slurry at the 
tailings impoundment and returned to Lake Casitas an additional $1.5MM could be realized; 
assuming that they will credit the project for the water that is returned to them. Furthermore, 
water may be recovered from upstream of the dam or from the stream bypass. This water 
could, very economically be piped into the water storage tank; although its cost benefit is 
considered quite small. 
 
Other options were investigated to reduce water consumption. These included, providing 
additional tank storage capacity for the water coming from upstream and filter presses to 
squeeze all available water from the slurry at the tailings impoundment. These options were 
found to be uneconomic and are not deserving of consideration.  
 
Based on the analysis of reducing water consumption a fresh water storage tank is still 
warranted for surge capacity. The water storage tank and make up water pump are, 
therefore, still included in this design. The water storage tank has a 60,000 gallon capacity, 
is 22’ in diameter by 22’ tall and is carbon steel. It would receive water from Lake Casitas 
and from the thickener overflow. Water will be pumped from this tank to the dredges. For 
pricing purposes it was assumed that the pumps would be capable of 9,000 gpm and a 
head of 590 feet giving a discharge pressure of 150 psi at the dredges. The total distance to 
be pumped was assumed to be 1 mile at the farthest point with a vertical rise of 115 feet. It 
was assumed that a 20” diameter carbon steel pipeline would be used and the horsepower 
required would be 2700 hp. 
 
During the site visit, it was observed that there is three phase power available reasonably 
close at both Lake Casitas and the dam. The available voltage was not, however 
discernable. The cost of power is an extremely important component of the slurry transport 
alternative. At a cost of $0.15/kwh the power cost will exceed $3 million over the 9 months 
of operation. Capital cost to get the power supply to where it is needed and operating cost 
will have an impact on the viability of the slurry transport scenario. These costs are not 
included in the cost estimate; the estimated power cost of $0.15/kwh was only used in the 
economic analysis for pipe diameter selection. 
 
COST ANALYSIS: 
 
Present day pricing was obtained by reputable vendors for the pipe, pumps and thickener. 
The cost of the water storage tank was calculated in house. Competitive bidding was not 
used for this exercise as time was of the essence. Also, the carbon steel pipe is of foreign 
manufacture, which may be of some political concern. The vendor quotes may be found in 
Appendix C. 
 
For this aspect of the project (pipelines, pumping and tankage) it can be assumed that the 
installed cost will be on the order of 2-3 times the cost of the materials and equipment. As 



 

this is a short term operation, it is assumed that no significant infrastructure will be 
constructed to provide services to this operation. 
 
Equipment and pipe cost for this option is $2.678 MM. The capital cost estimate for the 
slurry transport portion of this scenario is shown in Appendix A. A comprehensive cost for 
this scenario will be developed by the Corps of Engineers. 
 
Operating and maintenance staffing was considered for this scenario. Some level of 
automation is considered a necessity to achieve reasonable system utilization. With this in 
mind it is felt that 4 crews of 3 operators and one electrical/instrumentation technician would 
be capable of the sustaining the continuous operation. Additionally, contract maintenance 
would be needed on a sporadic basis to replace wear components. The single slurry pump 
will probably require one set of wear components during the life of this project. 
 
 
RECOMMENDATIONS: 
 
If slurry transport is determined to be the preferred method of sediment removal additional 
test work must be performed. This test work should be performed prior to commencing the 
design phase. Solids settling rate, flocculant addition rate, limiting velocity and the effect of 
slurry viscosity on friction losses must all be determined. Statistically significant samples of 
the sediment, to be transported, will need to be prepared in order have a high level of 
confidence in the test results. 
 
A stringent review of the test work and design should be conducted by the Corps of 
Engineers prior to any construction activities. 
 
Most of the assumptions relating to the dredging operation are unsupported. It is very 
important that dredge requirements for water supply (pressure and flow) and dredge 
performance relating to percent solids by volume discharged be determined. 
 



 

APPENDIX  A: 
 

 CAPITAL COST ESTIMATE 
 

SLURRY TRANSPORT PORTION



 

 
      
 MATILIJA DAM COSTS   
      
 SLURRY OPTION    
      

DESCRIPTION NUMBER UNITS UNIT TOTAL  
      COST COST  
           
           
FRESH WATER PIPE LINE, 8 MILES LONG 42240 FEET 14.93 630643.20  
16"X.357" WALL, A53 C.S. PIPE          
           
SLURRY PIPE LINE, 4 MILES LONG 21120 FEET 18.65 393888.00  
18" SDR 11, HDPE PIPE, 14.532" I.D.          
           
MAKE UP WATER LINE, 1 MILE LONG 5280 FEET 20.93 110510.40  
20"X.357" WALL, A53 C.S. PIPE          
           
THICKENER OVERFLOW LINE, 3600LF LONG 3600 FEET 13.02 46872.00  
14" X.375" WALL C.S. PIPE          
           
FRESH WATER SUPPLY PUMP, 800HP 1 EACH 105875.00 105875.00  
GOULDS VERTICAL TURBINE           
           
CONCRETE VAULT FOR FRESH WATER  1 EACH 30000.00 30000.00  
SUPPLY PUMP          
           
SLURRY PUMP, 400HP  1 EACH 75000.00 75000.00  
WARMAN SLURRY PUMP          
           
MAKE UP WATER PUMPS, 900HP EACH 3 EACH 91903.00 275709.00  
GOULDS CENTRIFUGALS, IN SERIES          
           
THICKENER, 115' IN DIA., INCLUDES FLOC. 
PKG. 1 EACH 900000.00 900000.00  
40 HP RAKE MOTOR          
           
WATER STORAGE TANK, 60,000 GALLONS 1 EACH 110000.00 110000.00  
22'X22' CARBON STEEL          
           
TOTAL COST, SLURRY OPTION       $2,678,497.60  
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MATILIJA DAM COSTS

DESCRIPTION NUMBER UNITS UNIT TOTAL
COST COST

FRESH WATER PIPE LINE, 8 MILES LONG 42240 FEET 14.93 630643.20
16"X.357" WALL, A53 C.S. PIPE

SLURRY PIPE LINE, 4 MILES LONG 21120 FEET 18.65 393888.00
18" SDR 11, HDPE PIPE, 14.532" I.D.

MAKE UP WATER LINE, 1 MILE LONG 5280 FEET 20.93 110510.40
20"X.357" WALL, A53 C.S. PIPE

FRESH WATER SUPPLY PUMP, 800HP 1 EACH 105875.00 105875.00
GOULDS VERTICAL TURBINE 

SLURRY PUMP, 400HP 1 EACH 75000.00 75000.00
WARMAN SLURRY PUMP

MAKE UP WATER PUMPS, 900HP EACH 3 EACH 91903.00 275709.00
GOULDS CENTRIFUGALS, IN SERIES

THICKENER, 105' IN DIA., INCLUDES FLOC. PKG. 1 EACH 800000.00 800000.00
40 HP RAKE MOTOR

WATER STORAGE TANK, 60,000 GALLONS 1 EACH 110000.00 110000.00
22'X22' CARBON STEEL

TOTAL COST, ALTERNATIVE 2 $2,501,625.60
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MATILIJA DAM DATA ANALYSIS

ALTERNATIVE 1

WATER SUPPLY

DISTANCE FLOW RATE PIPE ID. NOMINAL DIA. VELOCITY TOTAL HEAD PRESSURE ELECT POWER COSTS PIPE PIPE PUMPS PUMPS PUMPS THICKENER TANK POWER ELECT.
MILES GPM INCHES TYPE/INCHES FT/SEC FEET PSI HORSEPOWER $/LFT TOTAL NUMBER EA. COST TOTAL COST COST $/KW TOTAL

8 6500 19.25 A53GRB/20" 7.165 972.51 421 2000 20.93 884083.20 2 125535 251070 0.07 578340.00
8 6500 23.25 A53GRB/24" 4.912 635.25 275 1600 25.19 1064025.60 2 106057 212114 0.07 462672.00

SLURRY DISCHARGE

DISTANCE FLOW RATE PIPE ID. NOMINAL DIA. VELOCITY TOTAL HEAD PRESSURE ELECT POWER
MILES GPM INCHES TYPE/INCHES FT/SEC FEET PSI HORSEPOWER

16 9500 16.146 SDR11/20" 14.89 2788.5 1207 15600 23.38 1975142.40 13 220000.00 2860000.00 900000.00 142000.00 0.15 9666540.00

MAKE UP WATER PUMPS
1 12000 23.25 A53GRB/24" 9.068 549 238 2700 25.19 133003.20 3 93751 281253.00 0.15 1673055.00

ALTERNATIVE 2

WATER SUPPLY

DISTANCE FLOW RATE PIPE ID. NOMINAL DIA. VELOCITY TOTAL HEAD PRESSURE ELECT POWER
MILES GPM INCHES TYPE/INCHES FT/SEC FEET PSI HORSEPOWER

8 3000 15.25 A53GRB/16" 5.27 829 359 800 14.93 630643.20 1 105875 105875 0.07 231336.00
8 3000 13.25 A53GRB/14" 6.98 1238 536 1302 13.02 549964.80 0 0.07 376499.34

SLURRY DISCHARGE

DISTANCE FLOW RATE PIPE ID. NOMINAL DIA. VELOCITY TOTAL HEAD PRESSURE ELECT POWER
MILES GPM INCHES TYPE/INCHES FT/SEC FEET PSI HORSEPOWER

4 4500 14.532 SDR11/18" 8.705 142.5 62 400 18.65 393888.00 1 75000.00 75000.00 800000.00 110000 0.15 247860.00

MAKE UP WATER PUMPS
1 9000 19.25 A53GRB/20" 9.92 590 255 2700 20.93 110510.40 3 91903 275709.00 0.15 1673055.00
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