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INTRODUCTION

This is a report of conclusions and recommendations gathered during a tech-
nical mission to central and eastern Sudan on the Blue Nile River. The
objectives of the mission were to:

- Examine present conditions causing shutdown of power units at Roseires
Dam.

+ Obtain information required for analysis.

- Make recommendations to the Government of Sudan for remedial action
prior to 1981 flood season.

- Make recommendations for long-term solutions to the problem.

The mission was undertaken through the OFDA (0ffice of U.S. Foreign Disaster
Assistance), U.S. State Department's Agency for International Development.
The request for assistance came from the Sudan Ministzr of Erergy and Mining,
Shayif Eltosami, via the U.S. Ambassador to Sudan, C. “illiam Kontos. The
mission memters were recruited by Water and Pcwer (Water and Power Resources
Service - formerly Bureas of Reclamation), U.S. Department of the Interior,
at the request of OFDA. The two engineers selected for the mission were
Philip Nelson, Mechanical Engineer, and James B8lanton, Hydraulic Engineer,
both of Water and Pawer.

The team of Nelson and Blanton arrived in Khartoum on September 5, 1980, and
spent 1 day examining available data and discussing the situation with the
PE&WC (Public Electricity and Water Corporation) staff mempers and with
members of the U.S. Embassy staff. They met with the Minister of Energy and
Mining, Mr. ETtosami, and with the Generation Manager of PE&WC, Babiker
Monamed Babiker, for a briefing on the critical conditions which exist at
Roseires Dam.

Or September 7 the team flew to Damizen on the Blue Niie River where Roseires
dam is located. They were accumpanied on the trip by the following:



B. M. Babiker, Generation Manager, PE&WC

Kamal E1. Din Hussein, Chief Design Engineer, PE&WC
Ibrahim Ali, Manager, Power III Project, PE&WC
Jgerry Weaver, AID Development Of ficer

The next 3 days were spent investigating the sediment and debris d2posits in
the reservoir area near the dam and assessing the equipment and methods used
to clear the powerpiant intake structures. The group was assisted in its
investigation by Abbis E1 Hassan, Generation Engineer at Damizen-PE&WC, and
by Isman E1 Tom, Resident Engineer, Ministry of Irrigation.

The emergency situation at the dam had improved by the time the group arrived
on the scene. At the height of the emergency in mid-August 1980 the intake
trash screens at the powerplant had become so blocked with trash and debris
that there was a severe loss of power generation caused by low efficiency and
some shutdown at the powerplant. The buildup of sediment and debris in front
of the intakes as the annual flood peak passed through the dam had exceeded
the capacity of available equipment to keep the screens clear. After passing
of tne flood crest, the volume of debris approaching the dam in time reduced
enough to permiv the cleaning of trash screens necessary to keep the units

operating.

After completing the field examination, the group returned to Khartoum on
September 10 where the mission team spent 2 days acquiring additional data
and preparing a preliminary report of the team's conclusions and reccmmenda-
tions for the Minister of Energy and Mining. The report was gresented to
the Minister and members of the PE&WC staff on September 13. A similar
repcrt was also made to the U.S. Ambassedor and members of his staff.

The team ieft Khartoum cn September 14 for the return to the United States.
Consultation was heid with staff engineers at the Engineering and Research
Center of the Water and Power Resources Service in Denver, Colcredo, U.S.A.,
and a final report was prepared presenting the team's conclusions and recom-
mendations. The report was completed and sent tc AID at the U.S. State
Department ir Cctober 1980.



DESCRIPTION OF THE DAM

Design and Construction

Roseires Dam is located on the Blue Nile River at the Damizen Rapids about

106 kilometers downstream from the Ethiopian border. The dam was constructed
principally to provide irrigation water to several projects lying within the
fertile delta created upstiream from the Blue and White Nile River confluence.

Designs and specifications for the dam were prepared for the Government of
Sudan by the designing and consulting engineers Sir Alexander Gibb and
Partners (London) and A. Coyne Et J. Bellier (Paris). The design was pre-
pared for a dam to be built in two stages, the first stage having a top of
conservation pool at ¢-.vation 480 meters ar4 a useful storage of 2.4 billion
cubic meters. The second stage to be built onto the first stage at a later
time would permit raising the conservaticn pool level to elevation 490 meters
and provide a useful storage of 6.9 billion cubic meters.

The main contract for construction of the first stage was awarded in 1961 to
the Italian firm of Impresit-Girola-Lodigiani. Work began on the dan in 1961
and was completed about 1 year ahead of scheduls by June 1966.

The reservoir was filled to elevation 480 meters for the first time by
October 31, 1966. A complete drawdown was made in April 1967 to permit &
cemplete detailed inspection of the structures.

installation of the first three (30-MW) generating units of the present
powerhouse was compieted in 1971. Power generation began in August i971. A
fourth (40-MW) unit was completed in lete 1979. The construction of the
fifth and sixth {40-MW) units and the imbedded parts of the seventh unit are
aue for completion in 1984. The annual record of power gensration for the
first three units at Roseires in GWh (gigawatt nhours) is as fcllows:

1971-72 1972-73 1973-74 1974-75 1975-76 1976-77 1977-78 197€-79

195 223 267 314 337 420 479 545
Source: The Worla Bank, Report No. 3051
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The amount of power generated at Roseires Dam is expected to increase from
about 600 GWh in 1980 to about 1100 GWh in 1985. The maximum capacity of the
Six units to be on-line by 1984 will be 1170 GWh at the reservoir level of
480 meters.

Structural Features

The main structural features of the dam are shown in pian view in figure 1.

The dam consists of a concrete buttress structure 986 meters long and

50 meters hign at the deepest section spanning the river and flanked on both
ends by earth embankment with a total length of 12.5 kilometers. The crest

elevation is 482 meters and maximum reservoir level is 480 meters.

The reservoir formed by the dam had an original live storage of 2.4 billion
cubic meters and a surface area of 290 square kilometers at elevation
480 meters.

Controlled releases are made through five deep sluice bays positioned at the
main river chaennel. Sluicing is controlled by five radiai gates which are

6 meters by 10.5 meterc with sills at elevation 435.5 meters. An emergency
caterpillar gate 38 meters by 14 meters is provided which is capable of
cutting of f flow to any one gate.

The spillway is located between the deep sluice bays and the power intake
structure. It has seven sluice bays with a crest elavation of 463.7 meters
and each controlled by a 10-meter by 13-meter raaial gate. The spillway
discharges via a f1ip bucket into a plunge bacin in the old diversion chan-
nel. There are no safety or log booms upstream from the spillway since the
spillway is used to pass floating debpris downstream.

The nowerplant was constructed with provisicn for seven Kaplan turbines, of
which four have already been installed and commissionea. The siil of the
intakes ar= set at elevation 447 meters on &1l but units 6 and 7 wnich are at

elevation 442 meters.



The total flow capacity of the three main discharge structures are as
follows:

Reservoir Deep Existing
level sluices Spillway powerplant
(m) (m3/s) (m3/s) (m3/s)
480 7500 - -
467 5208 694 462

The two canal headworks, one located east of the deep sluice section and one
west of the power intake structure, have not been commissianed. They are
both presently closed by angled bulkheads. The West Canal Headworks has five
intakes with sills at elevation 460.7 meters. It is designed for a maximum
flow of 360 m3/s. The East Canal Headworks will have three intakes with
sills at elevation 458 meters. It is also designed for a maximum flow of

360 m3/s.

Dam and Reservoir dperation ~(§{)bn
v

Under existing Regulation Rules, the dam and reservoir are operated primarily

to meet irrigation demands and to provide a stipulated flow at Khartoum.

Production of hydropower is considered secondary to these requirements.

The operation of the dam and reservoir is designed to pass the large annual
flood volume and mos®t of the accompanying sediment volume through the dam
during the annual flood period from June 15 to September 15. [t is estimated

T TP

those 3 months. The flcod period is followed by a filling period from
mid-September to early November. To mest downstream water supply demands and
pcwer demands, the reservoir is then drawn down through the following May tc
arrive at a low level near elevation 467 by mid-June. Figure 2 shows the
record of reservoir and tailwater levels &t Roseires from January 1966 to
Septemder 1980. An average year operation for the pericd from January 1971
to Decamber 1975 is shown in figure 3.



The passing of the flood through the dam is accomplished by opening the

deep sluice gates and spillway gates as is necessary to maintain the pool
level at or near 467 meters. The powerplant is also operated throughout this
period at a reduced capacity. If the floods are above normal, the level of
the reservoir will rise sufficiently to pass the outflow peak discharge. For
the maximum flood of record, the reservoir would rise to an elevation of
473.7.

The timing of the filling period is complicated by the need to delay filling
as long as possible to reduce sediment deposition and the need to ensure
filling every year. The rules that determine that timing are as follows:

The filling period begins on:
1. First of September at earliest.

2. The day after the day when the flow at Ed Diem falls to 350 million
cubic meters per day.

3. Twenty-sixth of September at the latest if the flow has still not
fallen sufficiently.

4. Filling continued for 45 days.

To accomplish filling, the spillway aates are closed and the deep sluice
gates adjusted, as requirad, to increase the storage volume a specified
amount per day.

EMERGENCY CONDITIONS

Reservoir Sedimentation

With the large sadiment load in the Elue Nile, it was inevitable that the
present method of operation of the reservcir would eventualiy resuit in the
loss of most available reservoir capacity to sediment deposition helow
elevation 467. The results of a 1976 survey report and the evidence gained
oy visual inspection anc depth sounding near the dam in September 1980
indicate that this has taken place.



Under the present operation pattern, as the flood volume passes through the
length of the reservoir, the sediment-laden water spreads out of the old
river channel and out across the mud flats carrying clay, silt, and some fine
sand, moving at a low enough velocity to deposit the coarser silt and fine
sand and forcing the sediment front to encroach more and more upon the dam.
The scouring action provided by the deep sluices extends a short distance up
the old river channel to some paint where the channel velocity becomes too
small to continue moving the bed material downstream. However, the scouring
action of the deep sluices does not reach into the wider parts of the reser-
voir since the downstream velocity in those areas is quite low. Once depos-
ited, it is practically impossible under the present operating plan to remove
these deposits by other than mechanical means.

A general survey of the reservoir was conducted in 1976 by the French firm
Compagnie Generale de Geophysique under contract to Sir Alexander Gibb and
Partners. The survey consisted of 38 reservoir cross sections profiled
along the bottom of the reservoir. Eight of the sections, spaced at 50 to
200 meters apart, were surveyed in the vicinity of the dam. Three longi-
tudinal sections were surveyed to determine conditions in the downstream end
of the reservoir. The 27 remaining sections were spaced over the whole
reservoir at 2- to 5-kilometer spacing and bounded by the 480-meter contour.

The results of the survey were presented in the report on the 10-year inspec-
tion dated July 1977. The survey report provides the best information
aveilable on what is happening in the reservoir with respect to sediment
deposition. These results indicated a total loss of stcrage at that time of
approximately 550 million cubic meters, of which 480 mi]]jqn“ggpigmmg§§:§_yas
‘below. the 467-meter level. This represented a 75 percent loss in capacity
below elevation 467 and a total reservoir storage loss of 18 percent in
i6“§é5r§; The 1976 storage capacity curve versus the criginal curve is shown
on figure 4. The soriion of the revised curve above elevation 480 has been
extrapolated by the team assuming no Tloss of storage capacity above that

elevation.

In the reservoir area extending about 500 meters upstream from the dam the
results showed a pattern of sediment deposition which is very dependent on



flow distribution through the dam. The depositional profile 25 meters out
front of the dam derived from the survey results is indicated on figure 5.
The underwater topography in front of the deep sluices (fig. 1) and extending
outward in the old river channel for 400 meters shows the bed sloping upward
on a 4 percent slope to elevation 450. There is evidence indicating minimal
deposition in that area. However, from the area west of the power intake and
east-west to a point in front of buttress No. 22, deposition has occurred
forming a submerged bar with a surface of about elevation 467 which creates a
narrow approach channel to the power intakes. An aerial photograph (photo-
graph 1} of the same area made in September 1980 provides evidence of this
depositional pattern.

Some effort has been made to determine type of material being deposited in
the reservoir. Fifty samples were taken of the deposited materials during
the 1976 survey. Laboratory analysis of those samples are not available at
this time. Three grab samples were obtained in May 1977 from the deposits in
front of the powerhouse by use of a crane mounted on the face of the dam.

The size gradation from one of those samples is shown on figure 6. The dry
density was estimated to be 1.05 tons per cubic meter. The validity of Eﬁg
size gradafion from such a grab sample depends on whether cr not there was
loss of water from the bucket as it was retrieved. The water would wash out
some of the fine material.

The measured sediment deposit in the reservoir through 1976 of 550 million
cubic meters is about 3.6 times greater than that estimatad in the original
design sadiment study completed in 1959. The average anaual suspended
sediment load estimated for design purposes by Sir Alexander Gibb and
Partners in 1959 was 133 million tons per year, of which 20.9 million cubic
meters woulc be deposited occupying a space of 15.2 million cubic meters per
year.

The original estimate of sediment deposition in the reservoir was made
assuming cemplete drawdown at some time during the high flow pericd to

induce flushing of sediment each vear. The installation of the first three
units of the powerplant in 1971 anead of schedule and the ircrease in minimum
pool to elevation 467 meters has increased tne retention time and counsequently



the reservoir trap efficiency. Taking this change into consideration and
assuming a dry density of 1.37 tons per cubic meter, the design firm revised
the estimate to 22.4 million cubic meters per year loss in storage, still off
the measured volume by a factor of 2.45.

Several possible reasons were given for the difference between the measured
deposition and calculated value. One source of possible errur was considered
to be in the computed density of deposited sediment. A density of 0.55 tons
per cubic meter would be reguired to match the measured volume. A second
source of possible error was in the calculation of trap efficiency. Assuming
tne estimated sediment inflow to be correct, the trap efficiency would have
to be 58 percent to account for the greater volume deposited. The third
source of possible error was in the estimate of sediment transport in the
river. That estimate was made based on very limited sampling of the sus-
pended load and almest no knowledge of the bedload moving on or near the
streambed.

A large miscalculation of the total annual sediment load (including bedload)
could account for much of the discrepancy between measured and calculated
volumes. Because of the rapid filling of the pool below elevation 467 even
with the large deep sluice and spillway capacities, it is reasonable to
attribute mucn of the error to a miscalculation of the bedload in the river,
ancd ccnsequently the total load. This could also cause error in computing
density since the size distribution of inflowing sediment may be quite
different frem the original estimate. It could also partialiy explain the
amount of fine sand found in the deposits in front of the dam and the abra-
sion of concrete occurring on the downstream apron of the deep sluice.

Nature of Seciment and Debris

Tnhe sediment and debris consist of sand, silt, clay, grasses, crass roots,
small limbs, logs, and scmetimes trees (photographs 2, 3, and 4). An approx-
imate size gradation of the deposited sediment iiear the intakes is plotted on
figure 6. The curface of the materials deposited about 25 metars out in
front of unit 1 is shown in phaotograph 2. MWhen this debris becomes impinged
on the trash si~eens and the sediment builds up behind the grasses and grass
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roots, it becomes an impenetrable mass which is very difficult to remove.
However, by modifying the rake on the trash rake, a large portion of this
material can be removed when it occurs in future years.

Existing Equipment for Handling Sediment and Debris

The present equipment for handling “he sediment and debris at Roseires
Dam consists of two cranes, dump trucks, a front-end loader, one gantry-
crane-type trash rake, and two boats of the beach-landing craft type.

One crane is a truck crane and the other a crawler track crane. The crawler
track crane was brought to the damsite on September 9, 198C. This crane will
require additional maintenance to place it into operational condition as the
clamshells were inoperable at the time. The operational crane is a 25-ton
Koehring truck crane with a boom length of 16 meters (photograph 5). That
boom length is too short to dredge or excavate a channel of sufficient width
through the sediment deposits in front of the bar screens to be of any
practical value. The narrow channel appears to fill in with sediment and
debris in a very short time. Photograph 6 shows a typical view of the
material removed by the crane.

The trash rake is used to remove the trash that impinges on the trash screens
and as much as pessible of the compécted sediment and debris (photographs 7
and 8). Because of the shallow design of the teeth on the rake, the rake is
not able to remove the compacted mixture of the sediment and debris on

the face and in front of the trash screens. These teeth are approximately

75 millimeters wide by 75 millimeters deep. If the debris has not been
compacted with sediment the rake as designed appears to remove the impinged
debris satisfactorily.

Operation of Equipment

The truck crane is used for removing sediment that has filled in immediately
in front of the trash screen and alsc for removing larce debris such as logs
and trees. The truck crane cannot be used for removing sediment and debris
that have collected directly agains*t the trash screans as the clamshell zan
cause extensive damage to the screens should it come in contact with the
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screens. For this reason, the clamshell on the truck crane is only used to
remove material beyond the face of the screens.

The trash rake has been used to remove material next to the bar screens.
Tne cause of the sudden blockage which occurred this past flood season is
attributed to erosion of the toe of the submerged sediment bar causing the
collapse of large blocks of sediment into the narrow channel and the mixing
and compaztion of this material with the debris already collected on the
trash screens. Tne trash rake is not effective in removing this material.
It appears that the trash rake successfully removed the debris against the
screens that have not been lodged in sediment.

Some of the blockage due to this process was still in place during the teams
visit in September 1980. The results of soundings macde in September are
depicted on figures 7 through 11. An electronic Raytheon 719 fathometer
was used for sounding.

Because the trash screens have become plugged over one-half of their open
area, the velocity of approach or fiow towards the trash screens has
increased over two times the normal velocity. In this condition it has
become impossible to clean the screens with either a mobile crane or the
trash rake without first shutting down the urits. The rake on the trash rake
will not traverse in front of the trash screens as the added velocities
increase the horizontal foices on the rake, which become greater than the
downward force of gravity, causing the rake to stop. The increase in veloc-
ity also can cause the clamsnell cn the mobile crane to swing into the trash
screens.

A11 cleaning operations are performed during low peak electricai loads, when
a unit can be shut down allowing both the mobile crane and trash rake to be
used.

Assurance was given by PE&WC that when the reservoir is filled to elevation

4€0 and the area in front of the bar screens is cleaned, the trash rake will
operate without hanging up. Tnerefore, it is highly desirable to excavate a
channe! of the necessary width. If that is dcne, wnen the reservoir ic

11



Towered to 11 elevation 467 during the flood season the channel will not
suddenly fill in with sediment and cause partial blockage of the powerplant
intakes.

By providing a sufficiently wide channel, cleaning off the full trash screen
area, and operating the trash rake continuously, it should be possible to
keep the trash screens relatively ciean during the flood season with the
reservoir drawn down.

RECOMMENDATIONS

Before 1981 Flood Season —

A good plan of approach to removing the sediment and debris is to acquire
the minimum equipment necessary to remove the materials before the next
flood season with some margin of safety without going too far in making
large monetary outlays. Careful records should be kept on how much material
is removed and how well the maintenance crew manages to stay ahead of any
debris buildup. Also, continuous records should be kept of reservoir level,
total outflow, powerplant aischarge, and tailwater level.

There is some risk of shutdown involved, but for the possible savi~gs it may
be worth the risk. If a channel 10 to 20 meters wide can be kept open down
to the intake ‘nverts, the approach velocities out front of the intakes may
be sufficient “o prevent further sediment encroachment. The log booms and
improved screen cleaning equioment should aid in avoiding excessive debris
buildup. The government should be prepared at the end of the season to
order dradging ecuipment in case these limited measures prove insufficient

to keep the intakes 100 percent opern.

Certain tasks to be accomplished before the 1981 flood season are discussed
oelow:

1. Log Boom. - A Tog boom should be constructed with one ena attached to
ne dam aad angling upstream to intercept large floating debris and

12



direct the debris toward the spillway. Figure 12 shows a typical con-
struction of a log boom constructed of drums and cable. It also shows the
construction of a log boom from timbers or logs. The other end of the
boom could be anchored out in the reservoir by the placement of large
concrete anchors or it could be anchored to a barge with the barge
anchored. If the log boom is attached to the barge, PE&WC can experiment
with different angies of intercepting large floating debris. With the
optimum length and configuration of the log booms determined by PE&WC, it
should be possible to prevent much of the floating debris from ever
reaching the area in front of the power intakes.

Figure 13 shows the installation of an additional log boom in front of
the deep sluices. This log boom would prevent the debris from collecting
in front of and to the right of the deep sluices, thus eliminating the
need to close the sluice gates to sweep out debris. The shutting of the
sluice gates directs all flow toward the spillway and this flow helps move
the debris from the sluice to the spillway. However, shutting of the
sluice gates should be avoided during the flood inflow as this will
decrease the velocity in the reservoir near the dam causing a larger
percentage of the sediment to settle out.

2. Trash Rake Modification. - The existing gantry trash rake should be

modified so that the existing rake can be replaced with a rake of differ-
ent design for use during flood seasons. PE&WC has entered into a con-
tract for the purchase c¢f & gantry crane fgésh rake of a larger capacity
than the existing trash rake. This new trash rake should have the capa-
bilities of the interchangeable rake. The rake should have long slender
teeth that will penetrate the grasses, rccts, and sediment. By pene-
trating and removing the grasses and roots, much of the sedimant will
become dislodged and go into suspensicn and flow on through the turbines.
A typical design of the rake is shown in figure 14 for the existing
gantry crane trash rake. Figure 15 shows a typical design for the new
gantry crane treash rake. Thes2 teeth should be spaced from 200 to

300 miliimeters apart.
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On the carriage portion of the existing trash rake the skin plate, or
cover plate, should have a series of 70-millimeter-diameter holes drilled
through it as shown in figure 14. This would eliminate some of the hori-
zontal forces created at high velocities when the intake structure becomes
partly blocked or clogged. During the mission visit, it was not certain
as to what type of construction the new trash-rake carriage would be. It
has since been determined that the open type of construction would be
advisable to eliminete the horizontal forces on the cover plate, or it
could also be drilled.

3. Air Lift Pump. - The Governiient of Sudan should initially consider

constructing an air 1ift pump for dredging of sediment in front of the
powerplant intakes before a hydraulic suction dredge can be obtained.

This equipment will consist of one barge, air 1ift, discharge pipe, hand
hoists, air compressor, and one of the two beach landing craft-type boats
located at the dam. The air compressor can also be used for further
experiments with underwater blasting with high-pressure air on the surface
of deposited materials near the powerplant to aid in their removal by
resuspension.

Figures 16, 17, and 18 show sketches of an air 1ift pump constructed of
8-inch schedule 10 pipe (0.148 wali thickness), with a discharge line of
12-inch schedule 10 pipe (0.180 wall thickness), and & small barge to
support the air lift. The barge should be attached to the existing beach
landing craft. The overall length of the air lift is shown as 125 feet
and is based on a water surface elevation at 480 meters and a dredging
depth at 446 meters. If a different dredging depth is anticipated, the
length of the air 1ift can be aijusted by removing S-foot sections of
pipe. Small variations in elevation can be adjusted by the hand hoists
supporting the air 1ift.

As shown, the air Tift would clean to an elevation of 446 meters and
discharge the sediment in front of the powernlant intakes and allow

the sediment to pass throuyh the turbines. If it is decided that the
é%éﬂaimdf sédiment is too great for the turbines, the sediment cculd be
discharged into a barge and a slurry pump installed for pumping the
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material through a floating discharge line to some point in front of the
spillway or deep sluices.

A11 piping used should have smooth interior surfaces. The elbow shown
should be of the long sweeping type. Fourteen 5-foot sections are pro-
vided at the top of the air 1ift. These sections may be removed as
required to adjust the dredging depth.

It is important that the air manifold, shown in figure 18, at the bottom
of the air 1ift be round and that the inside diameter of the manifold
match the inside diameter of the air lift pipe. The air manifold should
be securely welded to the lower end of the pipe so logs or rocks will not
break it off.

The discharge pipe should be smooth and lightweight. Means to raise or
lower this pipe should be provided on the boat to insure the free flow of
sediment.

The bottom end of the air 1ift can be swung in a short arc to clean a
wider path through the sediment. A hand winch can be added to the
barge for ease in swinging the end of the air 1lift.

A1l dimensions and sizes are given in feet and inches, but equivalent
metric dimensions and sizes may be used.

An air compressor having a capacity of about 200 ft3/pjg_§t 100 1b/in2

e e e g et Y

siould be used. The best air rate should be determined by experimentation.
The estimated cost of the air compresser is $20,000 (U.S.), the air 1lift
pump is $5,000 (U.S.), and the barge is $5,000 (U.S.).

4. Mobile Crane. - The Government of Sudan should investigate the possi-

bility of obtaining an additional mobile crane. The team has investigated
the capacities of different cranes and it appears that the minimum size

would be a 50 ton crawler crane with an 8C-foot boom. The 80-foot boom is
tﬁé méiimum boom length recommended by the manufacturer. This type of
crane would have a maximum reach of 15.47 meters from the face of the dam,
at elevation 482, to the clamshell pickup point; and would have approxi-

- mateiy 12 meters reach beyond the bottom edge of the bar screens at

15



elevation 445. The data listed are from a P&H 550-crawler crane data
sheet, as manufactured by Harnischfeger, Milwaukee, Wisconsin 53201.*
The Government of Sudan should investigate similar equipment of European
manufacturers for both cost and availability.

Clamshell rates load in kilograms

Operating
radius 12.19 m 15.25 m 18.29 m 21.34 m 24 .38 m
in meters boom hoom boom boom boom
6.10 6350
9.14 6350 6350
12.19 4400 4330 4254
15.24 3200 3130 3040
18.29 2425 2335
21.34 1835

The cost of the basic crane is approximately $200,000 (U.S.).

A P&H 5100, 100 ton crawler crane would have a clamshell rated load of
5220 kilograms, and a P&H 790, 125 ton truck crane would have a ratee
load of 2700 kilograms, and a P&H 9125, 125-ton truck crane would have a
raced load of 3680 kilograms, all three rated at an operating radius of
21.34 meters. The basic cost for the P&M 5100 crawler crane, P&H 790
truck crane, and the P&H 9125 truck crane are $275,000, $320,000 and
$410,000 (U.S.), respectively.

5. Barges. - The Government of Sudan should begin a search for obtaining
two barces. One barge shouid be of sufficient capacity for mounting the
25 ton Koehring truck crane. This crane should be used for additiona!
dredging cperations and debris remcval beyond the reach of the mobile
crane locéted on the dam. The seccnd barge would be used for transporting

NCTE: Neither the authors of this report nor the Water and Power Rescurces
Service endorse the manufacturers mentioned herein, but have listed sources
where similar equipment may be procured as a guide and reference only. It
is expected that the Government of Sudan will pursue information about
manufacturers of similar equipment in either Africa or Zurope.
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and dumping the sediment at the disposal area. The maximum dredging rate
would be approrimately 20 m3/h with this operation.

6. Modifications to the Trash Screens. - The upper two rows of the trash

screen panels should be modified by adding additional bolt holes with
holes on each side of the vertical legs for bolting the panels to the
guides. Al1 bolts should be equipped with lock washers and nuts.

7. Trash Screens Differential Head Indicators. - The differential head

indicating equipment for measuring the differential head across the trash
screens was inoperable at the time of the visit. This equipment should be
repaired or replaced as necessary.

8. Search for Hydraulic Suction Dredge. - It is the opinion of the team

that a dredge wiil be necessary based on current evidence. The sediment
encroachment toward the dam during the recent flood season was too rapid
to reasonably expect a maintenance crew working on top of the dam to keep
all units open and operating efficiently. Ry dredging an adequate channel
through the deposited sediments a margin of safety can be obtained in
advance of the flood season to relieve pressure on the trash cleaning
operaticns and support a more efficient powerplant operation. It will
also reduce wear on the turbines due to the sard loads.

In choosing an excavation scheme, the engineers should plan an approach
channel at low reservoir level that will keep the flow moving toward the
powerplant without excessive sand deposits in the channel. The channel
should be wide and deep enough to prevent the vortices from forming in
front of the intakes. Figure 19 shows one possible scheme which should
work. The 20-meter-wide channel in frort of the plant can be cleared and
kept clear by the large crane to be mounted on the dam crest. The remain-
aer of the channel could be removed annually oy the dredge. The initial
anount of excavation detarmined from what is estimated tc be in place in
1980 is 200,000 cubic meters, of which 160,200 would be removed by the
dredge. Seéti6n$m$howing the excavation along the centerline of units 1
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through 5 and extending out to the top of the sediment deposits are shown
on figures 7 through 11.

A more preferred scheme of excavation is shown on figure 20. The approach
veloc.ties would be reduced in this scheme, but it does offer an increased
margin of safety against the encroaching sediment deposit. The initial
amount of excavation in this case is 270,000 cubic meters of which 230,000
would be removed by dredge.

The team has made a limited investigation of hydraulic suction dredges.
One such dredge is from Ellicott Machine Corporation, Baltimore, Maryland
21230 (fig. 21). Figure 22 shows the general arrangement of the dredge,
floating pipeline, and discharge line. Following is a brief description
of the dredge:

This dredge is a non-self-propelled, transportable, hydraulic pipeline
cutterhead dredge and has a 36.6 meter dredging depth.” The dredge is
designed so that the operating cycle is controiled by one man from

the control center in the control room. The main dredging plant is
installed on the iadder structure. The main dredging plant would
include the hydraulic driven cutter, hydraulic driven dredging pump,
suction pipe, and discharge pipe. This dredge is electrically operated
and includes one single electric motcr that drives nydraulic pumps
which supply nvdraulic fluid through separate cirzuits to the respec-
tive hydraulic motors driving the cutter, the swing, mooring, and
ladder winches; ard tne ladder mount dredge pump. The estimated cost
cf the dredge is $1,400,000 (U.S.), the floating discnarge line is
$117,000 {U.S.), and the discharce line is $19,000 (U.S.). The
maximum credging capacity of solias is approximately 260 n3/h at a
20-m 1ift. , -

Before any decision on purchase is made, tne Government of Sudan shou:d
determine the cost of similar equipment ir Africa or Europe. Additional
cata was given to the Government of Sudan on a European manufacturer of a
pneumatic type cf dredge. A typicail arrangement for this type of dredge
is shown on figure 23.
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9. Program for Monitoring Sediment Deposition and Removal. - The rate of

deposition which is occurring now and the proposed plan to dredge sediment
from the reservoir will require frequent monitoring. It will be in the
interest of the GoVérnment of Sudan to determine at frequent ‘ntervals
what is happening regarding sediment deposition in the reservoir, especi-
ally in the area extending about 1000 meters upstream from the dam.

Also, with the introduction of sediment removal equipment in the resar-
voir, it will be beneficial to measure both the sediment levels prior to
dredging and the outline of the excavated area after dredging. This will
aid in determining the optimum dredging scheme and provide a measure of
its effectiveness.

The monitoring in the vicinity of the dam should be done along the lines
previously surveyed in 1976. Additional test sections upstream in the
reservoir should be surveyed periodically (every 2 to 3 years) to deter-
mine the pattern of deposition through the total length of the reservoir.
These also should be aiong lines surveyed in 1976. A complete resurvey of
all sections surveyed ir 1976 should be made in 1982 and every 5 to

6 years after that in order to update the available storage volume.

For monitoring the dredging proaram it will be necessary to establish a
series of lines in front of the dam which are always resurveyed. A1l

of the lines could extend out perpendicular to the dam for approximately
20C meters, similar tc that shown on figure 24. Fixing of distance along
the Tine could be obtained by turning angies by Theodolite from a base
line set along the crest of the dam. By use of radic signals the angle
measurements could be coordinated with electronic depth sounding to
provide necessary data fcr plotting the sections.

10. Aquisition of Acequate Workboat

Tc accomplish the monitoring nrogram and to service the log booms and
dredging equipmert, a versatile, maneuverable workboat will be required.
The large landing crafts now located at the dam are too difficult to
control in the flow conditions existing near the dam. A workboat should
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be chosen which will be stable in the water, rugged enough to :ake colli-
sions from floating logs, provide weather shelter for any electronic gear,
and be easily maintained. A photograph of a boat similar to that which is
needed is shown on figure 25 along with plan and profile plus specifica-
tions. This particular workboat was purchased recently from a manufac-~
turer in the United States (The Mon-Ark Boat Company), by Water and Power
for accomp!ishing reservoir resurveys. The cost of this workboat with
minimum equipment is about $20,00C (U.S.). Before any decision on pur-
chase is made, however the Government of Sudan should cetermine the cost
and availability of similar equipment in Africa or Europe. Replacement
parts may also be more easily obtained in Africa or Europe.

A floating dock for the boat and a paved loading ramp for occasional
removal of the boat from the reservoir for servicing would be desirable.

A trailer designed for the boat should also be purchased for this purpose.

11. Visit by Public Electricity and Water Corporation Engineers to Power

Projects in USA.

It would be of considerable benefit to PE&WC to have two or more of its
engineers visit in the United States for 2 to 4 weeks prior to the next
fleod season. The purpose for the visit would be to (1) meet with members
of Water and Power who are knowledgiable in both reservoir and power
operations and maintenance, (2) visit a deep water dredging operation to
become familier with equipment requirements and problem areas, (3) observe
a trash screen cleaning operation at a major structure, and (4) tour a
large hydro powerplant under construction. The overall purpose would he
to share information which will assist the<e engineers in planning and
carrying out the remedial measures necessarv at Roseires Dam. Other
subject areas of particular interest to PE&WC could be covered during the

visit.
Implementation of such a plan would first require a letter requesting the

visit addressed to the Commissicner, Water &nd Power Resources Service, in
Washington, D.C., U.S.A.
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Additional information regarding requirements for the visit will be made
available through the U.S. Embassy staff in Khartoum.

FUTURE CONSIDERATIONS

The solutions for removing sediment from the reservoir by mechanical means

involve the purchase, operation, and maintenance of expensive equipment

which in time would have to be replaced. In order to reduce total and

perpetual reliance on these mechanical means of removal several long-term

partial solutions are recommended for consideration by the Sudan Government.

1. Adding Deep Sluice Capacity. - The need exists for adding deep sluic-

ing capacity near the power station to aid in keeping a channel open to
the power intakas. The existing deep sluices, located in the dam at the
main river channel, are managing to keep a narrow channel area open
extending upstream for a considerable distance. However, the nearest
sluice gate is about 300 meters away from the unit 1 intake structure and
iargely ineffectual in preventing sediment deposition near the powerplant.
Some deep sluicing capacity near the powerplant would relieve some of the
pressure which will be placed on personnel and equipment during the
critical flood season. To provide this relief it is recommended that_ a
feasibi]ity study be conductec by the Government of Sudan for providing
Qdditional deep siuice capacity.

The addition of sluiceways to the nonoverflow buttresses southwest of the
powerciant would be the best location for aiding in the solution of the
seciment probiem. This Tocation would force the flow at low reservoir
leveis to flow past the powerplant intakes and work against tne island of
sediment formed in the reservoir just upstream of the intakes. This
sluiceway location should be studied. However, the modification of the
buttresses will be very difficult, if not impossible. The large openings
required tor effective siuices would cut away much of the buttress heads
and severely afrect the ability of the heads to transfer stress into the
web. Also the instailation would ba complicated by location on the joints
tetween the buttresses and the associatd differential stresses. The joint
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bevels will also greatly complicate the installation of bottom seals on
any gates constructed on the upstream faces of the buttresses. During
feasibility studies it will probably be found that partial or even com-
plete removal and replacement of the buttresses in which the sluices would
be located would be required. This could be accomplish by the construc-
tion of an earthen cofferdam upstream to dewater the buttress area and to
carry the roadway around the construction site.

A second location for sluiceways would be in the spillway section. This
Tocation would not be as effective in protecting the power intakes as a
location on the other side. However, it would still direct the flow
around the sediment island. From a review of the drawings in the report,
it would seem that the sluices could be added in the hollow portion
between the spillway piers, under the ogee crest. The control gate could
be mounted on the inside of the sloping upstream face and the sluice
conduit installed beneath the flip structure. A cofferdam would be
required to allow holing through the face. Also some modification to the
flip structure would be required to house the conduit. This may be more
econnomical than the other location but design studies must be performed to
confirm this. Timing may be critical regarding the flood season and

the temporary removal of the spillway bays from service.

(-"A third possible alternative would be to utilize one of the powerplant
unit bays as a sluiceway. This could be done prior to installation of the
reméining units. A sluiceway in this area may help to breakdown the
sediment island, although its capacity may be too small to have any great
impact on seciment deposition.

Some cost reduction can be achieved by constructing the deep sluice
additions in conjunction with raising the dam by 10 meters.

¢. Change ir Reservoir Operations. - Some changes in reservoir operations

may be possinie after further study which would serve to increase the flow
of sediment through the dam and consequently reduce the deposition rate.
Two possible improvements have been suggested for study by the design
firm, Sir Alexander Gibbs and Partners.
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One change in operation suggested for consideration was to delay the start
of filling until it is absolutely necessary to achieve complete filling.
It was pointed out that in the time period from 1966 to 1976 filling had
been easy to achieve under the 7illing procedures. The advantage of the
change would be that a delay in filling would also delay the trap effic-
iency increase which comes with higher reservoir levels. Since the larger
proportions of a river bedload occurs during the receding part of the
flood hydrograph, the delay in filling may allow proportionately more of
the coarse size materials to pass through the deep sluice bays, materials
which are difficult to scour once deposited. The disadvantages of such a
delay are the risk of not filling the reservoir and the possible loss in
power production due tc lower reservoir levels.

Another change suggested for consideration was to lower the reservoir

to elevation 467 whenever the inflow during the filling period exceeds a
given discharge. The advantage of this change would be to allow the deep
sluices to move as much of the accompanying sediment load as possible
through the dam during any off-season high flows. The disadvantages are
the same as thoce related to a delay in filling.

The team concurs with the design firms suggested improvements for further
study. One additional major operations change is suggested for sometime
in the future when the country has reduced its dependency on the Roseires
powerplant by having adequate backup power supply. The change wouid be to
plan an annual complete shutdown of the powerpiant during the high flow
period to permit a drawdown of the reservoir. The advantages of such a
change would come in the increase scouring potential of the river veloci-
ties and the reduction in sediment depcsition. The shutdown period wouid
aiso provide time to do maintenance inspection on the powerplant intake
and turbines.

Any reservoir operation changes intended only to increase the hesad af the
powerplant during the flcod s=ason would also serve to increase the
sediment depcsition in the reservoir. It is nessible that some smali
increase in reservoir elevation from 467 to 468 m would ease the pressure
on debris clearing operation and provide somewhat mere efficient power
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operation. The loss in storage in the reservoir due to the change would,
however, be permanent. The opinion of the team is that the minimum pool
level should stay at 467 m to avoid the loss in storage and that adequate
approach flow condition should be provided by means of a clear power
intake channel using proper sediment and debris removal equipment.

3. Turbine Inspection. - The Government of Sudan should implement an

annual or biennial dewatering of each turbine for inspection of the
internal portions of the turbine, including spiral ease, main shaft,
discharge and stay rings, penstock, and interior coatings for excessive
wear due to the amount of sediment that passes through the plant. By
establishing this inspection a history of the amount of wear or deteriora-
tion could be obtained. From this history a preventative maintenance
program could be established.

4. Inspection of Trash Screens. - A1l trash-screen panels should be

removed and inspected for bent bars and fractured welds and repaired or
replaced as necessary.

5. Opening of West Canal Headworks. - A preliminary recommendation was

made to exanine the feasibility of proceeding with the installation of the
control gates on the West Canal Headworks, construction of an approach
channel, an exit channel to the river, and downstream energy dissipator.
The purpose for opening the headworks prior to developed irrigation demand
would be (a) to aid in removal of sediment near the powerplant and (b) to
improve flow conditions near the powerplant.

This recommenaation is now considered to be of marginal value. As with
the deep sluice the canal headworks is too far away from the powerplant
intakes to give much assistance in moving the sediment depcsits in front
of the powerplant. The increased flow toward the west side of the dam
w11l cause a small increase in velocity and consequently help some in
keeping an approach channel open. At maximum reservoir elevation the
headworks would have an estimated discharge capacity of 360 m3/s. The
effect of that discherge on sediment deposits would extend outward 10 to
20 m in front of the headwcrks in the form of a partial cone eroded into
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the deposits. At the minimum pool elevation 467 the discharge capacity of
the headworks would be approximately 80 m3/s and the erosion potential

of the velocity in the reservoir would be reduced proportionately. A
probable adverse effect would be the attraction of more floating and
submerged debris due tn the increase in flow toward the west. The higher
discharge cut front of the powerplan: could result in a net increase in
debris loading against the trash screens.

6. Use of River Training Methods. - A preliminary recommendation that

some river training structures be investigated which could be deployed in
the reservoir area near the dam to force the river to scour the sediment
deposits out front of the powerplant is now considerd of marginal value.
Due to the fine nature of the inflowing sediment and the width of the
river channel approaching the dam any training groins extending out into
the flow would have to be quite massive to accomplish much induced scour-
ing. Even with the training structures the overall effect on the sediment
deposits immediately in front of the powerplant are estimated to be

small.

/. Continuous Chain Type of Trash Rake. - On the team's visit to the

site, manufacturer's data were presented to the PE&WC of Sudan cn a
continuous chain type of trash rake. This type of trash rake was of the
permanent tyne of installation requiring one trash rake for each unit.

The installation would reguire a permanently installed frame mounted on
the deck making it impossible to use either the existing gantry crane
trash rake or the mobile crane. This type of trash rake could be modified
to be mounted on a moveable carriage and moved along the face of the dam
using the existing crane rails.

A modified version of the moveable trash rake is shown in figure 26. This
is an example of the continuous chain-type trash rake mounted on a carri-
age using the exisitng crane rails for moving in either direction. This
concept evoived from the data presented to the PE&WC. Tnis scheme or
concept discussed with the PE&WC would have more of an application for
dredging a narrow channel in the sediment (approximately 5 meters) in
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front of the units. The conveying, or trash removal assembly, would be
able to move up or down approximately 10 meters by means of hydraulic
cylinders.

The conveying assembly woula be raised to its upper most position and
slowly lower into the sediment and the sediment being removed by the
bucket attached to the continuous chains at approximately 10-meter spac-
ings. The reason for using this type of trash rake is based on the
assumption that the powerplant intakes are going to become plugged with
sediment as was the case this past flood season.

The inspection team felt that this type of trash rake will not be required
if the existing trash rake is modified, log booms installed, and adequate
dredging is performed as outlined earlier. However, after several seasons
of operations, if it is found that the available equipment is unable to
keep up with sediment being deposit during the flocd stage, the above
machine would warrant being considered. The estimated cost of this trash
rake would be $645,000 (U.S.).
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MANUFACTURER'S

Mobile Cranes

Harnishfeger P&H, Milwaukee, Wisconsin, 53201 U.S.A.
Koehring Loran Division, Lorain, Ohio 44055 U.S.A.
Link-Belt Speeder, Division of FMC Corporation, Cedar Rapids,
Iowa 52406 1).S.A.
American Hoist and Derrick Company, St. Paul, Minnesota 55107 U.S.A.
Baldwin-L ima-Hamilton Corporation, Lima, Ohio U.S.A.

Continuous Chain-type of Trash Rakes

Dresser I[nduscries, Inc., Jeftrey Manufacturing Division, Worthington,
Ohio 43085 U.S.A.
Fairfield Service Company, Marion, Ohio 43302 U.S.A.

Dredges

Ellicott Machine Corporation, Baltimore, Maryland 21230 U.S.A.
Dixie Dredge Corporation, St. Louis, Missouri 63111 U.S.A.
Assemblers, Inc., West Liberty, Iowa 52776, U.S.A.

Epi Pneuma System, 50145 Firenze, Italy

Boats

Mon-Ark Boat Company, Workboat Division, Monticello, Arkansas 71655 U.S.A.

Depth Measuring Equipment

Raytheon Ocean Systems Company, 10 Risho Avenue, East Providence,
Rhode Island 02919 U.S.A.

Ross Laboratories, Inc., 3138 Fairview Avenue East, Seattle,
Washington 98102 U.S.A.

Sediment Sampling Equipment

Product Manufacturing Company, 327 York Avenue, St. Paul, Minnesota
55101, U.S.A.
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SPECIFICATIONS:
Center Line Length 230"
Beam {including Bumper) ... .. 80"
Molded Depth-(Midships) 4'0"

Desiyn Disptaceme

nt {Light) 4,300 Lbs

Design Draft (Hult) 15"
Freeboard Forward 2'6"
Freeboard At o 2'2"
Maamum Recommended Load
Capacify 1,700 Lbs

Standard Cahin Dimensions

t ength #'6"

Witth 56"

Headioom (A

Flooi Area 47 Sq Ft

NOIL Type 57 Cabin Available on thes Model
as Outionr Seatng Acconunadations 6 Passen-

Qs Plus (peiatos

EXAMPLE

1-72" Long Upholstered Bench-type Seat with
Upholsteted Back & Welded Alummnum
Storage Base (Port).

1-48" Long Upholstered Bench-type Seat with
Uphotstered Back & Welded Aluminum
Storage Base (Starboard)

POWER:
Twin 165 H P. Mercrurser inboard/Outboard.
Engine Compartment Exhaust Blower
w ‘Ventlaiars & Ducting
2 - 18 Gatlon Fuel Tanks w/Gauges
ENGINE INSTRUMENTS
Ammeter « Oil Piessure Gauge < Tachometer
Engine Temperature Gauge

WORKBOAT

FIGURE 25
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Photograph 1 - Aerial view of Roscires Dam
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Photograph 2 - Sediment and debris deposits
front of power station
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Photograph 3 - Typical view of debris consisting of prass
roots, and small limbs

Photograph 4 - Closc-up view of debris including prasses, prass
roots, and smill limbs
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Photograph 5 - 25 ton Koehring truck cranc

Photograph 6 - Typical view of the debris removed by the truck
crane. This material consists of sediment, grasses,
and small limbs
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Photograph 7 - Partial
view of trashrake
and the debris
removed

Photograph 8 - Close-up of the debris removed by the trashrake



