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Technical Due Diligence: Component 2 

Sediment Excluding Basin 

Executive Summary 

1. The sediment excluding basin (SEB) concept developed by the Project Preparatory 
Technical Assistance (PPTA) consultant during the feasibility study1 was reviewed and revised 
by the Project Implementation Consultant (PIC) during detailed design2. Figure ES.1 shows the 
SEB outline for the feasibility study (in red) and detailed design (in black) at the same scale.  

Figure ES.1: Plan showing both SEBs for comparison 

 

Source: PIC drawing, supplied 20/05/19 

2. The feasibility study SEB is approximately 100m wide by 500m long, excluding the 
transitions to and from the basin. The revised SEB is approximately 242m wide by 764m long, 
excluding the transitions. It is physically larger (e.g. a basin area of 18.5 ha compared to 5 ha) 
resulting in an increased construction cost estimate. 

3. Both concepts have been reviewed. There are some key differences which have 
contributed to the increase in size and therefore cost. The revised concept design incorporates 
different; (i) suspended sediment data characteristics, (ii) design criteria, (iii) flushing strategy, 
and (iv) bedload handling facilities, amongst other things, compared to the feasibility study 
concept design. 

4. Suspended sediment particle size distribution (PSD) data for the Pyanj River was not 
available to the PPTA. In the absence of any data the PPTA sampled bed material in the 
Chubek Irrigation System (CIS) canals and subsequently used it for dimensioning the SEB. New 
information3 was sourced by the PIC which confirmed that the suspended sediment particle 

 
1 EPTISA Servicios de Ingenieria S.L., Final Feasibility Report, prepared under TA 8647-TAJ: Water Resources 

Management in Pyanj River Basin, February 2016 
2 BETS Consulting Services Ltd, Design Report for Sediment Excluding Basin for Chubek Irrigation System, 

prepared under Grant-0498-TAJ Water Resources Management in Pyanj River Basin, January 2019 
3 Comprising historical data for No. 27 Khirmanjo monitoring station. 
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sizes are generally much smaller than previously assumed. PSD characteristics directly affect 
sediment basin performance. A larger basin is required to remove smaller material. 

5. The PPTA reportedly dimensioned the SEB to remove suspended sediment particles 
larger than 63 microns4. The PIC has reportedly dimensioned the SEB to remove suspended 
sediment particles larger than 10-50 microns. The PIC’s criterion is more stringent than what is 
typically adopted for protection of pumps5. Primarily the criterion was selected in recognition of 
the relatively small particle sizes that constitute the majority of the suspended sediment load 
and hence the sediment that settles in the canal system. If the limit is raised to say 50-100 
microns, the SEB would not make a significant reduction in the sediment load passed forward to 
the canals6. Additional factors that were taken into consideration when selecting the criterion 
include; (i) the relatively poor state of knowledge regarding Pyanj River hydrology and 
sedimentology, (ii) the need for some reserve to cater for natural variation, (iii) the need for 
some reserve to cater for the effects of climate change, (iv) the need to allow the very small 
material to pass into the canal to avoid unintended consequences7, and (v) a desire to clarify 
the water for household water supply purposes8. In any event the particle limit size should be 
considered as a nominal value because in practice there is always a small percentage of 
particles at, and even above, the limit size which are passed forward to the canal for various 
reasons. 

6. The PPTA envisaged flushing of the SEB would be undertaken on a continuous basis9 
during the irrigating season. In contrast the PIC envisages that the larger SEB would be flushed 
once during the non-irrigating season. The feasibility study concept would require changes to 
the general arrangement10 to enable continuous flushing. It would also need to be relocated 
downstream to develop sufficient elevation difference between the proposed water level in the 
basin and the water level in the river at the flushing outlet, to enable flushing during the irrigation 
season when the river level is higher. These changes would increase the construction cost. 

7. The PPTA did not make an allowance for the bedload material is passed from the 
Chubek Main Canal Head Regulator (CMCHR) into the canal. In contrast the PIC has allowed 
for 15% of the bedload11 to be passed into the canal and proposes measures to handle it 
including; (i) a submerged guide wall upstream of the CMCHR to help exclude bedload passage 
into the canal, (ii) a gravel extractor facility in the diversion canal to flush a portion of the 
bedload that does pass beyond the CMCHR, and (iii) a gravel trap to store bedload that makes 
it beyond the extractor until it can be removed by mechanical means during the non-irrigating 
season.  

 
4 That is the particle size mentioned in the Initial Environmental Examination (ADB, Initial Environmental 

Examination, February 2016). The PPTA feasibility study does not mention a limit particle size. It refers to removal 
of 85% of the coarser portion of the suspended sediments.  

5 For example, for protection of hydraulic machinery/pumps, it is common to adopt a limit size of 150-200 microns 
and to stipulate a percentage removal under nominated conditions (e.g. ‘95% of particles greater than 200 microns 
shall be excluded at the nominal design flow rate’). Frequently a nominated concentration (e.g. 2000 ppm) is also 
included in the design criteria. 

6 A sensitivity test was undertaken adopting the larger limit with a smaller basin (208m wide by 250m long, so 5 ha). 
Only 100,000 m3 would be removed on an average year, which is about 1/3 of what the larger basin would achieve.  

7 Including but not limited to canal deterioration due to sediment transport capacity exceeding supply, resulting in 
scour, and removal of sizes which may be beneficial to the crops. 

8 It is understood that approximately 500,000 people are served (pers comm. with the PIC).  
9 It isn’t clearly stated but can be inferred.  
10 For example, the number of gate structures would increase, and basin shape would change in plan, long section 

and cross section. The size of each basin depends on whether it is sized for 100% of the design flow, 50%, or 
another value. 

11 Bedload upstream of CMCHR has been assessed as 35% of the suspended sediment load. Hence it is 15% of the 
35%. 
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8. The hydrology and sedimentology of the Pyanj catchment is not well documented. A 
number of assumptions have been made at the feasibility and the detailed design stage to 
characterize and quantify the sediment12 that will enter the Chubek Main Canal (CMC) with and 
without the project. The most recent estimates have been prepared by the PIC. With the project, 
the estimated mean annual volume of sediment entering the CMC upstream of the SEB will be 
approximately13 695,000 m3. In terms of particle size, the SEB will remove close to 85% of the 
material larger than 0.01mm. In terms of volume, it is anticipated that ~273,000 m3 of 
suspended sediment will be settled in the SEB annually and subsequently flushed into the Pyanj 
in the non-irrigating season. The remaining ~382,000 m3 of suspended sediment will pass into 
the canal system downstream of the SEB 14 . The annual volume of suspended sediment 
entering the CMC at the CMCHR can be expected to vary15 by a considerable margin (circa 
+40% / -20%, but possibly much more or much less) year on year. The volume passed into the 
canal system downstream of the SEB each year will vary. The temporal variability across a 
given irrigation season will also be high. 

9. With the project, the estimated mean annual volume of bedload entering the CMC at the 
CMCHR is 39,700 m3. It is anticipated that ~ 4,500 m3 will being flushed into the Pyanj, and the 
rest of the bedload material will be settled in the gravel trap (requiring mechanical excavation). 
The volumes will vary substantially each year.  

10. It should be noted that the difference in construction cost estimates between the 
feasibility and detailed design includes; (i) USD1.76M for strengthening16 works for the river-side 
guide embankments upstream and downstream of the CMCHR and escape structure, and (ii) 
USD0.70M for rehabilitation of the escape channel. These works are to be added to make sure 
the sustainable and efficient operation of the SEB.  

11. In conclusion, the key review findings for the revised SEB design are; (i) from a 
functional perspective, the scheme components are arranged and proportioned such that they 
can reasonably be expected to operate in the manner intended, (ii) based on the information 
available, the engineering design generally conforms to accepted international practice17 and 
design principles commensurate with the size and value of the scheme, and (iii) the hydrological 
and geological risks have been identified / acknowledged and structures generally positioned to 
minimise the potential threat posed by the hazards.  

 

1 Introduction 

12. This report records technical due diligence findings related to the sediment excluding 
basin (SEB) component of the project, and the design changes that have occurred between the 
feasibility and detailed design stages. 

13. The purpose of the technical due diligence review was to confirm that planning and 
engineering of the SEB has been done in accordance with established practices and criteria, to 

 
12 Including suspended sediment and bedload. 
13 All values referred to here are Mission estimates which are based on the PIC’s estimates but have been rounded 

for ease of discussion. To assist the reader volumes are used rather than tons. There are differences in bulk dry 
density which are ignored.  

14 The volume is substantially higher than was assumed in the feasibility study (circa 110,000m3). 
15 Depending upon Pyanj River discharge, suspended sediment concentration and Chubek Main Canal discharge. 
16 The strengthening works are vital to ensure ongoing operation of the CMCHR and escape structure. Without those 

works, the security of water diversion would be in jeopardy. 
17 In terms of hydraulic design, there is limited precedent or guidelines for design of settling basins for fine materials 

on this scale, however the basin has been sized using an acceptable method with appropriate sensitivity testing. 
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allow final project evaluation and preparation of additional financing project documents to 
proceed.  

14. Technical due diligence has been undertaken based on the following two key reports, 
observations made during the site visit undertaken on 21 May 2019, and discussions and 
correspondence with the Project Implementation Group (PIG) and the Project Implementation 
Consultant (PIC), BETS Consulting Services Ltd.  

 EPTISA Servicios de Ingenieria S.L., Final Feasibility Report, prepared under TA 
8647-TAJ: Water Resources Management in Pyanj River Basin, February 2016 

 BETS Consulting Services Ltd, Design Report for Sediment Excluding Basin for 
Chubek Irrigation System, prepared under Grant-0498-TAJ Water Resources 
Management in Pyanj River Basin, January 2019.  

1.1 Background  

15. The SEB concept developed by the Project Preparatory Technical Assistance (PPTA) 
consultant during the feasibility study was reviewed and revised by the PIC during detailed 
design. Figure 1.1 shows the SEB outline for the feasibility study (in red) and detailed design (in 
black) at the same scale. 

Figure 1.1: Plan showing both SEBs for comparison 

 

Source: PIC drawing, supplied 20/05/19 

16. The design changes resulted in a significant increase in estimated construction cost, 
requiring additional financing. 

17. A Review Mission for the Water Resources Management in Pyanj River Basin (PRB) 
Project (the Project) visited the Republic of Tajikistan from 17 to 28 May 2019. This report was 
prepared following the Mission. 

1.2 Review Process  

18. Initial review of the available reports was undertaken in early May 2019 prior to the 
Mission. Questions and information requests were prepared in table format and submitted to 
PIG prior to and during the Mission. The PIG and PIC reviewed the tables and provided 
responses during the Mission and shortly thereafter.  
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Review comments are made in the following sections for both concepts. No discussions have 
been held with the PPTA members during preparation of this report. All comments made on the 
PPTA’s concept should be read with this context in mind. It is probable that some of the PPTA’s 
intent has been misinterpreted by the reviewer, as the PPTA has not had the opportunity to 
participate in the same question and information request process. The responsibility for all 
errors in this regard resides with the reviewer.  

 

2 Feasibility Design 

2.1 Information Available for Review 

19. The available information comprised: 

 ADB, Report and Recommendation of the President to the Board of Directors, 
Proposed Loan, Grant, and Administrative Grant and Technical Assistance Grant, 
Republic of Tajikistan: Water Resources Management in Pyanj River Basin Project, 
Project Number 47181-002, September 201618 

 ADB, Preliminary Asset Management and Operation and Maintenance Plan of 
Chubek Irrigation System, included as a Supplementary Document to RRP, 
September 201619 

 ALRI, Initial Environmental Examination, included as a Supplementary Document to 
RRP, September 201620 

 EPTISA Servicios de Ingenieria S.L., Final Feasibility Report, prepared under TA 
8647-TAJ: Water Resources Management in Pyanj River Basin, February 2016 

2.2 Scheme Description 

20. The main components of the feasibility study SEB are (EPTISA, 2016): 

 100m long feeder channel from existing Chubek Main Canal (CMC) to the SEB 

 SEB intake with gates 

 SEB (500m long by 100m wide) in two compartments which can be operated 
independently 

 gated flushing sluice with 160m long channel leading to Pyanj River 

 650m outlet channel from SEB to the CMC 

 fall structure at the junction of outlet channel from the SEB and the CMC 

 strengthening of the flood embankments between the SEB and Pyanj River 

21. Figures 2.1 to 2.3 show the concept. 

 
 
 
 
 
 

 
18 Accessed 25 April 2019, https://www.adb.org/sites/default/files/project-document/198866/47181-002-rrp.pdf   
19 Accessed 25 April 2019, https://www.adb.org/sites/default/files/linked-documents/47181-002-sd-05.pdf 
20 Accessed 25 April 2019, https://www.adb.org/sites/default/files/linked-documents/47181-002-ieeab.pdf  
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Figure 2.1: Plan view of feasibility study SEB 

 

Source: EPTISA (2016), Appendix 12, Figure 5 

 
 

Figure 2.2: Plan view of feasibility study SEB 

 

Source: EPTISA (2016), Appendix 12, Figure 5 
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Figure 2.3: Plan and section 

 

Source: EPTISA (2016), Appendix 12, Figure 12, annotation in red by ADB 

 

2.3 Key Findings 

2.3.1 Objectives and design criteria 

22. Pyanj River carries a large quantity of sediment. The PPTA estimated that approximately 
731,000 m3 of suspended sediment21 will enter the Chubek Irrigation System (CIS) every year 
under the ‘with project’ scenario22. It was assumed that all bedload23 is excluded by the Chubek 
Main Canal Head Regulator (CMCHR). The PPTA noted the suspended sediment is a huge 
burden on operation and maintenance (O&M) budget for cleaning the irrigation network, an 

 
21 Suspended load covers all particles that mainly are carried by the water flow in suspension and travel with more or 

less the same velocity as the water flow. These particles will hit the river/canal bed occasionally, but they will not 
tend to settle and rest on the bed. The most common units are kg/s and tonnes/day. 

22 EPTISA (2016), Appendix 12, Table 2. Rounded to the nearest thousand by ADB. 
23 Bedload covers all particles that mainly move close to the river/canal bed by sliding, rolling and jumping. These 

particles are in frequent contact with stable particles on the river/canal bed. The velocity of sediment motion is 
much less than the velocity of the water. The most common units are kg/s and tonnes/day. Total load is the sum of 
suspended load and bedload. 

Gate structure 

Flushing sluices 

Outlet canal 
Feeder canal 

Flow 
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environmental hazard, and a cause of accelerated deterioration of pumps. There is a pressing 
need for minimizing sediments entry to CIS to alleviate the situation24.  

23. A sediment excluding basin was proposed in the head reach of the CMC. Based on a 
review of the feasibility study, the objectives can be summarised as follows: 

 Remove the coarser portion of sediment to (i) reduce sediment deposition in the 
canals, and (ii) reduce wear and tear on the pumps. 

 Ensure the finer portion of sediment is passed to the canals to (i) provide enough 
sediment to avoid channel degradation in the unlined and/or earth-lined canals25, 
and (ii) provide beneficial material to the farms.  

24. Sediment related design criteria includes (italics are verbatim): 

 remove about 85% of the coarser portion of the suspended sediments, 70% through 
hydraulic flushing and 15%, that would settle in the bed of the basin, by mechanical 
equipment. The remaining 15% of the suspended sediment which would consist 
mainly of silt and clay will be passed on to the CIS about half of which would settle 
in the irrigation canal system and the remaining half would be deposited in the 
fields26 

 sediment particles sized over 63 microns will be removed partly through hydraulic 
flushing and partly through deposition in the bed of the basin27. 

25. There is some uncertainty regarding the criteria adopted. Some report sections28 refer to 
remove 85% of the coarser portion of the suspended sediments, other sections29  refer to 
remove 85% of the sediments. The former could be read as a removal efficiency but without 
defining the particle size range that constitutes the ‘coarser portion’, it is ambiguous. The latter 
is reasonably interpreted as removal of a portion of the sediment volume, not particle size. 
When calculating the volume that will be passed forward to the canals, it is clear that the 
assumption was 85% of the suspended sediment load would be removed and 15% would be 
passed forward30.  

26. The feasibility study doesn’t refer to a limit particle size of 63 microns (0.063mm)31. Only 
the IEE refers to it. The feasibility study notes that a d20 of 0.1 mm and d50 of 0.333 mm were 
used in the design but does not describe how the particle sizes were used32.  

27. In summary, the objectives are clear and appropriate, but the sediment related design 
criteria are ambiguous.  

2.3.2 Data 

28. Topographic and bathymetric data. No mention is made of the source or data collection 
methods used for capturing topographic and bathymetric data. It is assumed that ALRI provided 
the spot heights and linework shown in the figures in EPTISA’s drawings and figures. 

 
24 EPTISA (2016), Appendix 12, para 4. 
25 ADB (2016), Supplementary Document, Preliminary Asset Management and Operation and Maintenance Plan of 

Chubek Irrigation System, para 44. 
26 EPTISA (2016), Appendix 12, para 15. 
27 ALRI (2016) IEE, para 91. 
28 EPTISA (2016), Appendix 12, para 15. Appendix 15, para 51. Main report, para 160.  
29 EPTISA (2016), Appendix 12, paras 18 and 24 and Table 7. Appendix 15, paras 43 and 57 and Table 55. Main 

report, para 163. IEE, para 89. 
30 EPTISA (2016), Appendix 12, Table 7, item 10. Appendix 15, Table 55. 
31 A diameter of 62 microns is the generally accepted boundary between very fine sands and coarse silts. 
32 EPTISA (2016), Appendix 12, para 14. 
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Comparison of spot heights on EPTISA (2016), Appendix 12, Figure 5 with spot heights on 
BETS master plan CAD file33 shows they are generally in agreement for fixed structures such as 
the CMCHR. Values vary in-canal 34  and in-river, presumably due to sediment 
deposition/dredging between the two survey dates. It is not relevant to the SEB but a different 
vertical datum35 was used for EPTISA (2016), Appendix 11, Figures 3 and 4. 

29. Pyanj River water discharge. All historical Pyanj River discharge data is reportedly from 
the No. 27 Khirmanjo monitoring station, which is located on the Pyanj River approximately 
115km upstream of the CMCHR. The catchment area at the station (77,595 km2) is 
approximately 94% of the catchment area at the CMCHR (82,500 km2). Table 1 of Appendix 12 
(EPTISA, 2016) summarises the mean monthly values for the period 1970-199036, including the 
maximum and minimum mean monthly values.  No mention is made of the source of the data or 
the quality/continuity of the record between 1970 and 1990.  

30. Pyanj River suspended sediment. Table 2 of Appendix 12 (EPTISA, 2016), summarises 
the mean monthly suspended sediment concentration37 at Khirmanjo for the years 1967, 1970-
1972, 1977-1988 and 1990. ALRI reportedly supplied the data. No mention is made of the 
quality/continuity of the record38. No particle size distribution (PSD) data was available for Pyanj 
suspended sediment. No bedload data was available. 

31. Recorded CMC water discharge. Table 4 of the feasibility study (EPTISA, 2016), 
summarises the ‘recorded’ mean monthly canal discharge. Table 6 of the feasibility study 
(EPTISA, 2016), summarises the ‘recorded’ mean monthly diversion volumes for 2009-2014. If 
the obvious error39 for August 2010 is removed, the annual volume is between 0.82Mm3 and 
1.14Mm3, with an average of 1.04Mm3. A comparison of the recorded mean monthly discharge 
values in Table 4 with the recorded values in Table 6, converted from monthly volume to mean 
monthly discharge, shows that the values in Table 4 are not based on 2009-2014. No 
description is given as to how the discharge quoted is measured. It is assumed that it is either 
based on a stage-discharge relationship in the CMC at a specific point or based on stage-
discharge rating for the CMCHR. Either way, the accuracy of the stage-discharge relationship is 
unknown. If it is based on a stage-discharge relationship in the CMC at a specific point, the 
rating would be expected to be of poor quality due to sediment deposition and/or cross section 
profile changes due to periodic dredging works. 

32. Adjusted CMC water discharge. The PPTA notes that there are no gauging stations or 
other arrangements for measuring flows in the CMC. A current meter was used to conduct a 
single discharge measurement to check the flow recorded for 29/09/15. Recorded discharge 
was determined to exceed the measured discharge by 58% (i.e. actual water supply was 63% of 
the recorded). Table 4 of the feasibility study (EPTISA, 2016), summarises the mean monthly 
canal discharge based on data provided by ALRI with a uniform reduction factor applied to 
address the suspected ‘over-registering’ of discharge in the canal. Adoption of a uniform 

 
33 ENG- Master plan.dwg, supplied 23/05/19. 
34 For example, just downstream of CMCHR the bed level in the feasibility study is RL523.5m but in the detailed 

design it is closer to RL525.5m, indicating a change of 2m. 
35 EPTISA (2016), Appendix 11, Figures 3 and 4 show the CMCHR deck level as 556.20m RL. BETS (2019) show it 

as 530.60m RL, based on ENG- Master plan.dwg supplied 23/05/19. 
36 Values are given for1969 and 1991 so it would appear to be at least 1969-1991. 
37 Sediment concentration is the amount of sediments in the water flow. Concentration is a relative term by weight. 

The most common unit is ppm (parts per million), which is equivalent to 1mg sediment in 1kg of water and 
sediment mixture. In practical terms ppm is considered to be equivalent to mg/l and g/m3. 

38 For example, the values for March and April 1986 are the same which is unlikely. One of them is likely to be a 
‘data’ patch. 

39 The volume for August 2010 is given as 761,358m3, which is equivalent to a mean of 284m3/s. It is not feasible.  
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reduction factor across the flow range, based on a single discharge measurement, is not 
supported by the reviewer. The impact of this decision is limited to the ‘without project’ estimate 
of sediment entering the canal system. It is likely that the ‘without project’ estimate of 456,643 
m3 is an underestimate.   

33. Estimated future CMC water discharge. Table 2 of Appendix 12 (EPTISA, 2016) 
summarises the mean monthly canal discharge for the ‘with project’ scenario, based on 
modelling of crop water requirements for future cropping patterns and intensities (agro-climatic 
factors) using CropWat 8 software40. Table 2.1 below summarises the monthly series discussed 
above. Figures 2.4 and 2.5 show the series graphically. The required average discharge during 
the peak month of August was calculated to be 98.69 m3/s including climate proofing41. An 
allowance for water supply is not included in the ‘with project’ values. 

Table 2.1: Mean monthly series 

Month Pyanj River42 

m3/s 

Pyanj River sus. 

sed. conc.43 

ppm 

CMC 

Recorded44  

m3/s 

CMC Adjusted45 

m3/s 

CMC ‘with 

project’46 

m3/s 

Jan 239 12 9.0 5.69 0.00 

Feb 226 37 9.0 5.69 1.02 

Mar 247 153 10.0 6.32 5.19 

Apr 463 703 27.16 17.17 28.52 

May 927 848 56.52 35.72 41.76 

Jun 1,764 1,528 67.32 42.55 50.45 

Jul 2,210 2,061 82.82 52.34 88.88 

Aug 1,824 2,342 79.68 50.36 96.27 

Sept 914 260 53.83 34.02 36.02 

Oct 453 85 31.42 19.86 7.57 

Nov 333 32 13.5 8.53 1.27 

Dec 275 20 9.0 5.69 0.00 

Mean 823 674 37.44 23.66 29.75 

Source: EPTISA (2016). 

 
 
 

 
40 EPTISA (2016) para. 124. 
41 EPTISA (2016) Table 22. 
42 EPTISA (2016) Table 4.  
43 EPTISA (2016) Appendix 12, Table 2. Rounded by ADB.  
44 EPTISA (2016) Table 4. 
45 EPTISA (2016) Table 4. 
46 EPTISA (2016), Appendix 12, Table 2. Same as EPTISA (2016) Table 21. Excludes climate proofing. 
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Figure 2.4: Pyanj River at Khirmanjo, mean monthly discharge and suspended sediment 
concentration 

Source: Data extracted from EPTISA (2016). Figure plotted by ADB. 
 

Figure 2.5: CMC mean monthly discharge series 

Source: Data extracted from EPTISA (2016). Figure plotted by ADB. 
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34. CMC suspended sediment. No suspended sediment concentration data was available 
for the CMC. No suspended sediment PSD data was available. Bed material sampling was 
undertaken by the PPTA47 on 17/03/15. The third, fourth and fifth samples shown in the legend 
in Figure 2.6 were gathered from the first 3.5km of canal downstream of the CMCHR. 

Figure 2.6: PSD for bed material samples 

Source: Data from EPTISA (2016), Appendix 12, Table 3. Figure plotted by ADB. 

 

2.3.3 Design 
 
2.3.3.1 Location 

35. General. The proposed SEB is located close to the CMC, presumably to minimise the 
canal length upstream of the basin which will be subject to higher sediment loads, and adjacent 
to the escape channel and Pyanj River, presumably to minimise the length of flushing channel. 
Both objectives are generally appropriate, but as will be discussed in the following sections, the 
location would need to be moved west by 1-1.5km, and then north by 300m, to develop 
sufficient elevation difference between the proposed water level in the basin and the water level 
in the river at the flushing outlet, to enable flushing. 

2.3.3.2 Conveyance from CMCHR to SEB 

36. CMC. The feeder canal branch from the CMC is located approximately 250m 
downstream of CMCHR on the left side of the canal. Refer to Figure 2.7. Apart from the first 
35m, the CMC is unlined between the CMCHR and the feeder canal branch. It has an irregular 
trapezoidal section formed in coarse alluvium, with a base width of approximately 25-30m and 
side slopes 1V:1H. No changes are proposed in this reach.  

 
47 EPTISA (2016), Appendix 12, Table 3. 
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37. Distribution structures. A structure in the CMC is shown on the plan drawing just 
downstream of the feeder canal branch from the CMC. Refer to Figure 2.7. It is unclear whether 
this was envisaged to be a backfilled portion of the CMC or a gated structure. There appears to 
be no line item for either in the cost estimate. A gated structure is required to (i) allow the SEB 
to be bypassed in the future when out of service for maintenance48, (ii) supply two abstractions 
along the CMC reach that will be bypassed by the SEB, including  P-1 irrigation canal located 
500m downstream of the branch, on the right bank, and P-3 irrigation canal located 1250m 
downstream of the branch, on the left bank, and (iii) supply water for other household 
abstractions along the CMC reach that will be bypassed by the SEB. 

38. Feeder canal. The feeder canal is approximately 100m long, starting at the branch from 
the CMC and ending at the gate structure just upstream of the inlet transition section. It is 
reportedly a concrete lined trapezoidal cross section, with a base width of 22.5m and side 
slopes 1V:1.5H. No information is available regarding the proposed bed gradient, but the invert 
level is shown to be RL 524.64m at the downstream end49. No information is available regarding 
the proposed hydraulic gradient, but the water level is shown to be RL 527.02m at the 
downstream end50.   

Figure 2.7: Plan of inlet section 

Source: EPTISA (2016), Appendix 12, Figure 5 

39. Gate structure. EPTISA (2016), Appendix 12, Figure 12, shows the gate structure in plan 
and section. It appears that a total of 6 No. vertical lift gates were envisaged, each 2.5m wide, 
providing 3 No. gates either side of the proposed SEB dividing wall. Gate height isn’t noted but 
is assumed to be approximately 3.0m. EPTISA notes that the gates have been provided at the 
entrance of the basin to regulate flow through the SEB51. No other information is available. 

40. Hydraulics. No information is provided regarding the calculated or assumed stage-
discharge relationship for the CMCHR or the existing CMC. No backwater calculations are 

 
48 It is acknowledged that planned SEB maintenance can be undertaken in the non-irrigating season, as would normally 

be the case, but there may be instances when unplanned maintenance is required. 
49 EPTISA (2016), Appendix 12, Figure 12. 
50 EPTISA (2016), Appendix 12, Figure 12. 
51 EPTISA (2016), Appendix 12, para. 19. 
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provided for the reach starting at the SEB gate structure and ending at the CMCHR. 
Approximate calculations undertaken for this review, assuming the nominal discharge (130 m3/s, 
including the flushing flow) and the nominated water level at the SEB gates, indicate that in the 
concrete lined reach the mean cross section velocity would be 2.1 m/s, flow depth would be a 
little over 2.3 m, and Froude number would be 0.44. Similar calculations for the CMC result in 
slightly lower values, consistent with the wider base width. The tailwater level at CMCHR would 
be approximately RL527.3m but it is sensitive to the assumed bed level in the reach 
downstream of the structure. 

2.3.3.3 Bedload handling 

41. CMCHR. The PPTA noted that bed load is excluded at the CMCHR and diverted back to 
the Pyanj River through the escape channel which has a sill level 60cm lower than the sill level 
of the CMCHR52. The PPTA noted that the CMC currently suffers from deposition of coarse 
material that passes through CMCHR53. Excavated coarse alluvium was observed along both 
banks during the site visit which is consistent with the feasibility study. No changes were 
proposed in the channel upstream of the structure. 

42. CMC. No additional arrangements are proposed for handling bedload. Bedload that 
passes through the CMCHR to the CMC would therefore continue to settle as it currently does. 
It should be assumed that periodic dredging would continue but there is no mention of it in the 
operations and maintenance estimates. A portion of the bedload would pass into the feeder 
canal. Based on Shields’ criteria, to determine movement threshold conditions, the feeder 
channel would be capable of mobilising particle sizes up to 7-8mm. Bedload passage along the 
concrete lined channel will result in abrasion of the concrete surface over time.  

2.3.3.4 Basin  

43. Layout. The PPTA schematic reproduced in Figure 2.8 shows an SEB approximately 
100m wide by 500m long54, excluding the inlet transition and outlet transition. Figures 2.2 and 
2.3 of the present report provide a better appreciation of the length to width aspect ratio and 
general arrangement respectively.  

44. Classification. Basins can be classified in a number of ways including: 

 Type of flow: Free surface or pressure (open channel vs closed conduit) 

 Mode of construction: lined or unlined 

 Configuration: single or multiple channels 

 Flushing operation: continuous or intermittent 

 Method of sediment removal: hydraulic or mechanical 

45. It is clear that the proposal is for a free surface, lined, multiple channel basin. The 
flushing operation is unclear. 

 
52 EPTISA (2016), Appendix 12, para. 4 and para. 15. 
53 EPTISA (2016), para. 64. 
54 There is an inconsistency between the 500m length shown in the schematic and noted in the feasibility study text, 

and the 800m length shown on EPTISA (2016), Appendix 12, Figure 12. It is assumed that the intention was 500m. 
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Figure 2.8: Schematic diagram

 
Source: EPTISA (2016), Appendix 12, Figure 6 

46. Isolation facilities. The SEB is divided by a central wall into two 50m wide compartments. 
The PPTA noted that the two compartments can be operated independently55 but it is unclear 
how that would be achieved as there is no gate structure or weir provided at the downstream 
end of the basin56. Without a downstream isolation facility, the compartments would remain 
hydraulically connected. It would not be possible to undertake drawdown flushing of one half 
whilst the other remains in service. It would be possible to close the gates on one side at the 
upstream end to take a basin out of service, but the water level could not be managed to any 
useful effect. 

47. Nominal discharge. A maximum design discharge of 130 m3/s was selected. That would 
apply to the feeder canal and basin itself. Out of the 130 m3/s, 93.26 m3/s could be released to 
meet the peak irrigation water requirement with climate proofing57 while the remaining, a little 
less than 40 m3/s, could be used for hydraulic flushing of the basin58. It is unclear whether each 
half is sized for 50% or 100% of the nominal discharge. If it is 50%, either the irrigation water 
supply would need to be reduced during flushing to maintain the settling efficiency, or if full 
supply is maintained the settling efficiency of the in-service basin would decrease whilst the out-
of-service basin is being flushed. Assuming that disruption of irrigation water supplies is not 
permissible, it would be preferable to have four or more channels so that the reduction in 

 
55 EPTISA (2016), Appendix 12, para. 17. 
56 EPTISA (2016), Appendix 12, para. 34 refers to manipulation of gates at the exit but the only gates are the flushing 

gates which would not be used for regulating water levels in the basin under all flow conditions, as stated. 
57 This is inconsistent with the value of 98.69 m3/s given in EPTISA (2016) Table 22. 
58 EPTISA (2016), Appendix 12, para. 6. 
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settling efficiency is smaller when ‘n-1’ channels are in service, or divide the basin into five 
channels and size them assuming four are in service, leaving one out of service during 
flushing). The decision depends on the proposed flushing strategy and the importance of 
meeting the irrigation water supply demand at all times. 

48. Channels. Each channel has a nominal depth of 3.6m at the upstream end and 5m at 
the downstream end of the 500m length, excluding an allowance for settled material. The 
longitudinal invert gradient over the 500m length is 1 in 373 (0.268%)59. The size of the dead 
storage depends on the adopted flushing method. No shaping of the basin floor in cross section 
is shown (e.g. it doesn’t have a hopper shape to assist with mobilising material during flushing). 
No appurtenant structures are shown in the basin upstream of the flushing sluice gates. The 
invert slope in the downstream transition is 1 in 100, terminating at the flushing gates.  

49. Hydraulics. No information is provided regarding the hydraulic grade line (HGL) other 
than the water level upstream of the gate structure (RL527.02m) and the water level shown at 
the outlet (RL526.6m). Assuming a head loss through the gate structure of 0.30m, the hydraulic 
gradient is approximately 1 in 9,100 (0.021%)60. The HGL rises above existing ground level at 
the end of the transition section and remains so throughout the basin and outlet canal, requiring 
a drop structure at the connection with the CMC. It is unclear if the HGL is feasible throughout 
the irrigation season (i.e. if the water level upstream of CMCHR is higher than the basin 
operating level).  

50. Settling efficiency. Settling conditions are obtained by reducing the transit velocity of the 
water so the effect of gravity increases relative to the effect of the turbulence. The effective 
length for trapping will be less than the uniform length of 500m. As discussed in Section 2.3.1 
the sediment related design criteria are ambiguous, including the settling efficiency assumed by 
the PPTA. A detailed independent check has not been made due to the uncertainty regarding 
the proposed basin operation (e.g. Is each half sized for 50% or 100% of the nominal 
discharge? Is continuous or intermittent flushing envisaged?).  

2.3.3.5 Flushing 

51. Method proposed. The PPTA envisaged flushing of the SEB would be undertaken during 
the irrigating season when the sediment load is high, thus reducing the storage volume needed 
in the basin. The two compartments would be operated alternately to facilitate removal by 
machinery of heavy sediments that settle at the bottom61. A detailed description of the flushing 
procedure is not provided. It is unclear whether the flushing would be; (i) continuous or 
intermittent, (ii) undertaken with the basin water level maintained at ~RL526.7m or drawn down, 
and (iii) whether the mechanical excavation would be done with the basin water level 
maintained at ~RL526.7m or drawn down/emptied. There are a number of possible 
combinations that could be adopted, each with pros and cons, but none of them match what is 
described in the text or shown on the drawings. Whilst it isn’t clearly stated it can be inferred 
that the PPTA envisaged flushing of the SEB would be undertaken on a continuous basis during 
the irrigating season. 

52. Methods available. Lysne et al62 provides a succinct description of the available flushing 
technologies, which is provided here verbatim in italics. They are classified in two main 
categories as shown in Table 2.2. Some flushing systems require a closedown of the settling 

 
59 Based on (523.09-521.75)/500=0.00268 m/m. 
60 Based on (527.02-0.30-526.60)/780=0.000111 m/m. 
61 EPTISA (2016), Appendix 12, para. 19. 
62 Lysne D, Glover B, Stole H and Tesaker E (2003). Hydraulic Design, Volume 8 of Hydropower Development. 

Norwegian Institute of Technology, Division of Hydraulic Engineering. 
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basin63 during the removal process while others facilitate continuous operation of the basin 
during flushing (i.e. incoming sediments will be trapped continuously during the removal 
process). Examples are included in Annex A. 

Table 2.2: Settling basin flushing arrangements 

Close down during flushing In operation during flushing 

1 2 3 4 

Conventional gravity flow 

flushing 

Excavators and manual 

loading 

Continuous flushing Intermittent flushing 

Source: Lysne et al (2003). 

53. A swift current must be generated inside the basin during conventional gravity flow 
flushing in order to scour the deposits and transport them back to the river. The flushing process 
is normally involving operation of flushing gates in addition to the gates in both ends of the 
basins. The inlet gate shall adjust the flushing flow and the outlet gate must be closed to secure 
continued operation of neighbouring basins during flushing. The flushing gates in the 
downstream end of the basin must have sufficient capacity to secure an even withdrawal of 
water from the entire width of the basin to prevent islands of deposits, which are not removed 
efficiently. The main weakness with this system is that the operation of the settling basin affects 
the irrigation water supply function directly. If the sediments are not removed when needed, the 
basins will be overloaded and the trap efficiency will be drastically reduced.  

54. Continuous flushing systems in category 3 are designed to abstract water from the 
bottom of a settling basin continuously during operation to prevent any deposition to occur. The 
water consumption of these flushing systems is normally in the range of 20 to 30 percent of the 
flow supplied to the waterways downstream of the basins. The most common flushing system of 
this category has longitudinal hoppers with a flushing canal running along the bottom of the 
hopper. There are evenly spaced slits connecting the basin with the flushing canal below. These 
slits are oriented normal to the longitudinal axis of the basin. The flushing canal is increasing in 
size in the flow direction in order to obtain a constant velocity in the flushing canal. This will give 
a constant pressure difference between the basin and the canal and thus secure an even 
abstraction of water from the basin along the bottom of the hopper. A flushing gate is located in 
the downstream end of the flushing canal. It is important to keep the flushing gate open always 
when sediments may enter the basin, because it is impossible to remove deposits from the 
basin if they have deposited while the flushing gate has been closed. In addition to the high 
continuous water consumption, the main weakness with the continuous flushing system is that it 
cannot be reactivated by normal operation of the flushing gate after deposition has occurred. 
Sediments are removed from the basins while these basins remain in normal operation for both 
category 3 and category 4 flushing systems.  

55. In category 4, the flushing process is intermittent, and there is therefore no loss of water 
during the time between flushing operations. Several intermittent flushing systems are 
developed. The hopper system is the most common of these. The bottom of the basin is 
covered with hoppers furnished with a sediment ejection pipe in the bottom of each hopper. The 
slope of each of the four sides of the hopper is normally 1:1. A gallery of valves is located below 
or next to the basin for flushing. As the head often is a limiting factor, there will be many 
hoppers with a costly concrete structure as well as many pipes and valves to be operated. 
Some other category 4 systems are the Bieri system, the Serpent Sediment Sluicing System 

 
63 Continuous operation of the basin for irrigation water supply purposes can be maintained with a multi-channel SEB. 

The reference here to ‘close down’ is for an individual channel, not the SEB.  
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(S4) and the Slotted Pipe Sediment Excluder. Bieri and S4 are patented systems. Removal 
systems making use of dredgers and scrapers do also fall into this category. 

56. Flushing gates. 4No. 3m wide by 1.5m high sluice gates are provided for each channel, 
discharging to a common conduit beneath the structure which eventually discharges to the 
flushing channel. The operating conditions are not described.  

57. Flushing channel. A 20m wide concrete-lined channel is proposed to convey the flushed 
sediment back to the Pyanj. The reported64 length is 160m, which agrees with the plan view 
shown in Figure 2.3 of the present report65. A length of 350m is shown on the schematic that is 
reproduced in Figure 2.8. It is unclear which is correct. Based on Shields’ criteria, the channel 
invert slope of 1 in 1000 attributable to the 350m length is adequate to mobilise material up to 
8mm provided; (i) the nominal flushing flow of 40 m3/s is available, and (ii) there is no backwater 
effect from the Pyanj. 

58. Flushing channel outlet. Examination of EPTISA (2016), Appendix 12, Figure 5 shows a 
water level at the end of the flushing channel on 21/04/15 to be approximately66 RL 523.6m. It is 
possible that the 3m head referred to in the feasibility study67 is intended to be the difference 
between the SEB water level of ~RL526.6m and river level at this point, which would indicate 
that the intention was to flush with the basin in operation. Alternatively, it is possible that the 3m 
head referred to is intended to be the difference between the drawn down water level in the 
basin, say ~RL523m and the river level at an alternative location downstream, which would be 
consistent with the flushing length of 350m discussed previously. Either way, what is clear is 
that the outlet point needs to be selected to enable flushing during the high flow months when 
the Pyanj water level can be expected to be higher.   

2.3.3.6 Conveyance from SEB to CMC 

59. Outlet canal. The outlet canal is approximately 650m long68, starting just downstream of 
the outlet transition section of the SEB and ending at the confluence with the CMC. It is 
reportedly a concrete lined trapezoidal cross section, with a base width of 30-31m and side 
slopes 1V:1.5H. No information is available regarding the proposed bed gradient, but the invert 
level is shown to be RL 524.22m at the upstream end69 and RL 522.45 at the downstream 
end 70 . A drop structure is proposed at the downstream end as the HGL appears to be 
approximately 5.6m higher than the CMC water level at the confluence location, based on the 
drawings. Reference to EPTISA (2016), Appendix 12 indicates that the CMC levels shown on 
Figure 14 are wrong. Bed level is approximately RL 518.5m (1.6m higher than assumed). Water 
level at that point is closer to RL 520.6m. The HGL drop would therefore be approximately 3.6m.  

60. Hydraulics. No information is available regarding the proposed hydraulic gradient.  
Approximate calculations undertaken for this review, assuming the nominal maximum discharge 
(~100 m3/s) and bed gradient of 1 in 367, indicate that the flow would be supercritical in the 
concrete lined reach (mean cross section velocity would be 3.3 m/s, flow depth would be a little 
under 1 m, and Froude number would be 1.08). It is assumed that the channel invert level 
shown on Figure 14 has been superseded but not updated. If it is raised by 1.6m the gradient 
would be 1 in 3800, resulting in a more reasonable velocity of 1.65m/s, depth of 1.9m and 

 
64 EPTISA (2016), Appendix 12, para. 17. 
65 A length of 350m is shown on the schematic that is reproduced in Figure 2.8. It is unclear which is correct. 
66 By interpolating between surveyed water levels. 
67 EPTISA (2016), Appendix 12, para. 6. 
68 It is ~750m if measured on the plan.  
69 EPTISA (2016), Appendix 12, Figure 12. 
70 EPTISA (2016), Appendix 12, Figure 14. 
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Froude number of 0.38. Accordingly, the HGL drop at the structure is assumed to be 
3.6+1.6=~5.2m.  

Figure 2.9: Plan of outlet canal

 
Source: EPTISA (2016), Appendix 12, Figure 5 

 
Figure 2.10: Section through drop structure 

 
Source: EPTISA (2016), Appendix 12, Figure 14 
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2.3.3.7 Other 

61. Operational aspects. The PPTA recommended the following operational rules71: 

 The lead channel from Pyanj River to existing CMCHR should be kept clean before 
the start of irrigation season. It is required to let the coarser materials like gravel, 
pebbles, and boulders settle into this channel.   

 The heavy equipment should be used to clean the sediment from upstream of head 
regulator before the start of the irrigation season. 

 To get maximum benefit of sediment exclusion, it is recommended that the 
operational rules for CMCHR be modified during the three high flow months (June-
August) when about 84% of the annual sediment load enters the CIS.  

 It is recommended that during the high flow months, the one-meter high stop logs be 
inserted in the CMCHR to increase the difference in sill levels of main canal and 
sediment sluicing channel from 0.6 m to 1.6 m thus significantly reducing the 
sediment entry into the Chubek Main Canal.  

 To be effective throughout the year, the design water levels in the sediment 
excluding basin must be maintained under all flow conditions by manipulating the 
gates at the exit.  

 The exit of the sediment sluicing channel into Pyanj River must be kept clean of 
sediment deposits to keep the hydraulic flushing effective. Heavy equipment may be 
used if so required.  

62. The recommendations are generally endorsed by the reviewer but the hydraulic 
feasibility of the proposal in the fourth bullet point is questionable. As previously noted, the 
gates referred to in the second to last bullet point are not shown on the drawings or referred to 
elsewhere in the feasibility study, but a control of some type is required at the exit to the SEB 
(weir or gate structure). 

2.3.4 Sediment budget 

63. Suspended sediment. Table 2 of Appendix 12 (EPTISA, 2016) summarises the mean 
monthly canal discharge for the ‘with project’ scenario, Pyanj River mean monthly suspended 
sediment concentration at Khirmanjo, and the calculated mean monthly suspended sediment 
volume72 that will enter the CMC via the CMCHR. Table 2.3 below summarises the monthly 
series. Figure 2.11 shows the series graphically. The total annual suspended sediment volume 
excluding climate proofing is 731,353m3. Including climate proofing 73  it is reported to be 
750,000m3, a difference of only 2.5%. 

64. The volumes shown in Table 2.3 in m3 were calculated by the PPTA assuming a mean 
dry density for settled material of 2 t/m3. A value of 1.6 t/m3 is more reasonable74 for sand and 
sand-silt deposits and is the same as the PIC adopted. Using a value of 1.6 t/m3, the total 
annual suspended sediment volume excluding climate proofing would be closer to 918,000m3. 

 
71 EPTISA (2016), Appendix 12, para. 34. 

72Sediment estimates are usually reported in terms of mass as the density of deposits varies. Volumes have been 
reported here for consistency with the PPTA approach. In terms of mass, the annual total is therefore 1.47Mt. 

73 ALRI (2016) IEE, para 92. 
74 Morris GL and Fan J, (1988), Reservoir Sedimentation Handbook, Table 10.2. 
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65. No allowance for water supply is included in the ‘with project’ values. The PIC advised75 
that an average of 5 m3/s is conveyed throughout the year for water supply purposes, serving a 
population76 of 500,000. A sensitivity test has been undertaken as part of this review. Inclusion 
of the water supply increases the volume by 7%. 

66. Bedload. No allowance was made for the contribution of bedload to the estimate of 
sediment entering the CMC. It is unrealistic to assume no bedload enters the CMC. From a 
sediment budget perspective an allowance should be made and the means for removing should 
be included in the concept design and operations & maintenance budget. 

Table 2.3: Estimate of suspended sediment entering the canal 

Month CMC ‘with 

project’77 

m3/s 

Pyanj River sus. 

sed. conc.78 

ppm 

 CMC ‘with project’ 

sediment volume79 

m3 

Jan 0.00 12  0 

Feb 1.02 37  45 

Mar 5.19 153  1,062 

Apr 28.52 703  25,869 

May 41.76 848  47,212 

Jun 50.45 1,528  99,419 

Jul 88.88 2,061  244,211 

Aug 96.27 2,342  300,544 

Sept 36.02 260  12,078 

Oct 7.57 85  861 

Nov 1.27 32  52 

Dec 0.00 20  0 

Mean 29.75 673 Total 731,353 

Source: EPTISA (2016). 
 

 
75 Personal communication on 23/05/19. 
76 It is equivalent to 315 m3/person/year. 
77 EPTISA (2016), Appendix 12, Table 2. Same as EPTISA (2016) Table 21. Excludes climate proofing. 
78 EPTISA (2016) Appendix 12, Table 2. Rounded by ADB.  
79 EPTISA (2016), Appendix 12, Table 2. Same as EPTISA (2016) Table 21. Excludes climate proofing.  
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Figure 2.11: Mean monthly discharge and sediment volume 

 
Source: Data extracted from EPTISA (2016). Figure plotted by ADB. 

 

67. Annual budget. Table 2.4 summarises the annual budget derived by the PPTA. 

Table 2.4: Annual sediment budget 

 PPTA 

Item Volume 

m3 

Portion 

Location: Upstream end of CMC   

Suspended sediment inflow 731,353 100% 

Bedload inflow 0 0% 

Total sediment inflow to CMC 731,353 100% 

   

Bedload removed between CMCHR and SEB 0 0% 

   

Location: Upstream end of SEB   

Suspended sediment inflow 731,353 100% 

   

Location: Downstream end of SEB   

Settled in SEB 621,650 85% 

Passed forward to canals 109,703 15% 

Source: EPTISA (2016). 
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68. The PPTA assumed (i) 70% of the annual suspended sediment volume would be 
hydraulically flushed whilst 15% would require mechanical removal, and (ii) half of the 15% 
passed forward to the canals would settle in the canals with the other half settling on the farms. 
No calculations are provided or described to support either assumption. 

69. Uncertainty and variability. The hydrology and sedimentology of the Pyanj catchment is 
not well documented. A number of assumptions have been made at the feasibility stage to 
characterize and quantify the sediment that will enter the CMC with the project. The annual 
volume of suspended sediment entering the CMC at the CMCR can be expected to vary80 by a 
considerable margin (circa +40% / -20%, but possibly much more or much less) year on year. 
The volume passed into the canal system downstream of the SEB each year will vary. The 
temporal variability across a given irrigation season will also be high. 

2.3.5 Construction cost  

70. Estimate. Table 2.5 summarises the feasibility study construction cost estimate. The 
2015 estimates were derived by the PPTA81. They have been escalated82 to 2019 for ease of 
comparison with the detailed design construction cost estimate presented later in this report. 
Items 10 and 11 have been excluded as they are not construction related costs. They were 
included in other budget line items. Note that only USD4,783,000 was allocated for this item83 in 
EPTISA (2016) Appendix 16. The reason is unclear.  

Table 2.5: Feasibility study cost estimate 

No. Item Cost 

USD 

(2015) 

Cost 

USD 

(2019) 

Portion 

 

(2019) 

1 Bridge over feeder channel 717,000 797,458 7.7% 

2 Feeder channel from CMC to SEB 85,000 94,538 0.9% 

3 SEB head regulator 314,000 349,235 3.4% 

4 SEB (main structure) 6,271,000 6,974,698 67.6% 

5 Sediment flushing channel from SEB to Pyanj River 120,000 133,466 1.3% 

6 Outlet channel from SEB to CMC 587,000 652,870 6.3% 

7 Drop structure at junction of outlet channel and CMC 700,000 778,550 7.6% 

8 Strengthening works for existing flood embankments near 

sediment flushing channel 

286,000 318,093 3.1% 

9 Construction of service and maintenance facility 191,000 212,433 2.1% 

10 Surveys and geotechnical investigations Not included   

11 Equipment for removing sediment from SEB Not included   

 Total 9,271,000 10,311,341 100% 

Source: PPTA. Price escalation by ADB. 

71. Note that no works were included in the estimate for embankment strengthening works 
upstream or downstream of the CMCHR, only local protection of the basin and flushing channel 
(item 8). 

 
80 Depending upon Pyanj River discharge, suspended sediment concentration and Chubek Main Canal discharge. 
81 EPTISA (2016) Table 29. EPTISA (2016) Appendix 12, Table 5. Mid 2015 base date. 
82 Based on 11.2%, assuming the local/foreign split is 23%/77% and using the inflation rates from 2015-2019 set out 

in the Economic and Financial Analysis appendix.  
83 EPTISA (2016) Appendix 12, Table 4, item 2.2 is USD4.783M. It is possible that part of the SEB cost was 

inadvertently included in item 2.1 (Modernisation of Irrigation and Drainage Infrastructure) as the USD12.24M listed 
in Table 4 is much higher than the USD8.472M provide in Table 28 of EPTISA (2016).  
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2.3.6 Operations and maintenance 

72. The PPTA assumed 15% of the material settled in the SEB would need to be removed 
by mechanical means. The removal cost of USD60,336 was accounted for in the operations and 
maintenance (O&M) estimates84. The unit rate is only USD0.55/m3 based on removal using 
project supplied equipment. The breakdown of the rate is not provided, but it is low by 
inspection. Presumably it is only the marginal cost of fuel and other consumables. It does not 
appear adequate to cover personnel, plant capital recovery, plant maintenance, and sediment 
disposal costs. A cost of USD2.50/m3 is given for the ‘without project’ scenario, which is more 
reasonable. The cost of sediment removal is clearly influenced by many factors including the 
quantity, method of removal, haul distance for disposal, and costs associated with the disposal 
(e.g. clearing, spreading, compacting, drainage etc). 

73. An allowance for non-sediment related O&M costs associated with the structure does 
not appear to have been made. Typically an annual allowance (as a percentage of the capex) 
would be budgeted for to cover; (i) personnel costs associated with inspection and monitoring of 
the basin, (ii) ongoing suspended sediment sampling and laboratory testing by a third party,  (iii) 
maintenance of the gates and built-in parts for the gates, (iv) maintenance of the gate actuators 
including the electric motors if used, (v) periodic repairs to lined canal lengths and other 
concrete structures including the basin, (vi) periodic repairs to unlined canal lengths, and (vii) a 
sinking fund for periodic costs such as replacement of instrumentation, mechanical and 
electrical equipment.  

2.4 Conclusions 

74. Status quo. The feasibility study concept cannot achieve the sediment related design 
criteria as originally envisaged (i.e. remove 85% of the sediments). Suspended sediment PSD 
data for the Pyanj River was not available to the PPTA. As discussed in Section 3.3.2, historical 
Pyanj suspended sediment PSD data subsequently sourced by the PIC confirms that the 
suspended sediment particle sizes are generally much smaller than previously assumed. PSD 
characteristics directly affect sediment basin performance. A larger basin is required to remove 
smaller material if the sediment related design criteria are to be met. The absence of suspended 
sediment PSD data for both the Pyanj and the CMC, and/or reasonable working assumptions 
regarding the PSD, has had a material effect on the utility of the concept design.  

75. Revision. If the concept is pursued, in light of the new information sourced by the PIC; (i) 
the sediment related design criteria would need to be revised, and (ii) significant changes would 
be required to the location, general arrangement and details to meet the revised design criteria. 
The changes would increase the construction cost estimate beyond what can be met with the 
existing financing arrangements. Additional financing would be required. 

76. The changes depend on the flushing strategy, number of channels, available head for 
flushing, amongst other things. Based on the available information, the SEB location would 
need to be moved west by 1-1.5km, and then north by 300m, to develop sufficient elevation 
difference between the proposed water level in the basin and the water level in the river at the 
flushing outlet, to enable flushing during the irrigation season when the river level is higher. 

77. Other changes include; (i) provision of a distribution structure in the CMC downstream of 
the branch to the SEB, (ii) a revised basin outlet (e.g. provide a gate structure or a weir), (iii) a 
revised basin shape in plan, long section and cross section, and (iv) provision of appurtenant 
structures in the basin if continuous flushing is adopted. 

 
84 EPTISA (2016) Appendix 12, Table 7, item 13. 



           25 

 
Rev A, 14/06/19 

3 Detailed Design 

3.1 Information Available for Review 

78. The available information comprised: 

 BETS Consulting Services Ltd, Design Report for Sediment Excluding Basin for 
Chubek Irrigation System, prepared under Grant-0498-TAJ Water Resources 
Management in Pyanj River Basin, January 2019.  

 BETS Consulting Services Ltd, General Design Requirements for Irrigation 
Sediment Basins, prepared by Dr Mammadov, undated but understood to be early 
2019.  

 BETS Consulting Services Ltd, Hydrology, Sediment and Hydraulic Analysis of 
Chubek Canal and Pyanj River, prepared by Dr Binod, undated but understood to be 
2018 

 Excel files (3) prepared by Dr Binod in support of the above report 

 Drawings in pdf format 

 Powerpoint presentation titled Sediment Excluding Basin on Chubek Canal, 
prepared by Dr Mammadov, delivered to ADB in Dushanbe on 20/05/19 

 Cost estimate summary titled, ICB-W-1 Sediment Excluding Basin, and 
Modernisation and Rehabilitation of Pump Stations, Lot 1 Sediment Excluding 
Basin, provided by PIG in soft copy to ADB on 28/05/19 

3.2 Scheme Description 

79. The main components of the SEB are (BETS, 2019): 

 Distribution unit at Ch 3+6185 of Chubek Main Canal (CMC), comprising: 

 Control structure on CMC at Ch 3+61 

 Water intake structure on diversion canal at Ch 0+3286 

 Diversion canal from Ch 0+57 to Ch 8+24 

 Gravel trap from Ch 8+24 to Ch 11+76 

 Regulating structure from Ch 11+76 to Ch 11+83 

 SEB from Ch 11+83 to 19+59, approximately 764m long by 242.8m wide 

 Flushing canal at Ch 19+40, leading to a gated flushing sluice and a 40m long triple-
barrel culvert leading to Pyanj River 

 Collector channel at end of SEB from Ch 19+65.5 

 577m long outlet canal from SEB to the CMC 

 Rehabilitation of escape canal (Ch 0+00 to Ch16+73)87 

 Embankment strengthening works between the SEB and Pyanj River (Ch 0+00 to 
Ch 3+06)88 

 
85 CMC chainage starts Ch 0+00 at the CMCHR. 
86 Sediment basin chainage starts at Ch 0+00 at CMC chainage Ch 3+29. 
87 Drawing Album No. 8. HTS-6. Includes submerged guide wall in CMCHR headpond. 
88 Drawing Album No. 9. HTS-7. 
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 Rehabilitation of embankment protection structures from the inlet of the lead canal to 
the end of the escape canal (river side)89  

80. Figures 3.1 to 3.13 show the concept. 

 
Figure 3.1: Plan view of detailed design SEB 

 

Source: BETS (2019), Figure 4.1 
 

Figure 3.2: Plan view of distribution unit 

 

Source: BETS drawing supplied 20/05/19 
 

 
89 Drawing Album No. 9. HTS-8. 
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Figure 3.3: Cross section through diversion canal 

 

Source: BETS drawing supplied 20/05/19 
 

 

Figure 3.4: Cross section through diversion canal 

 

Source: BETS drawing supplied 20/05/19 

 
Figure 3.5: Plan view of gravel trap 

Source: BETS drawing supplied 20/05/19 
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Figure 3.6: Plan and upstream elevation for SEB regulating structure 

 

Source: BETS (2019) 
 

Figure 3.7: Plan and upstream elevation for SEB regulating structure 

 

Source: BETS drawing supplied 20/05/19 
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Figure 3.8: Plan view of detailed design SEB 

 

Source: BETS drawing supplied 20/05/19 
 

Figure 3.9: Cross section through SEB 

 

Source: BETS drawing supplied 20/05/19 

 
Figure 3.10: Plan and sections through collector channel 

 

Source: BETS drawing supplied 20/05/19 
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Figure 3.11: Plan view of outlet canal 

 

Source: BETS drawing supplied 20/05/19 
 

Figure 3.12: Cross section through outlet canal 

 

Source: BETS drawing supplied 20/05/19 

 
Figure 3.13: Plan showing embankment strengthening works locations 

 

Source: BETS drawing supplied 20/05/19, annotation in red by ADB 

 

3.3 Key Findings 

3.3.1 Objectives and design criteria 

81. SEB design considerations are set out in Section 2.1 of the PIC’s Design Report (BETS, 
2019). Based on a review of the report, the objectives can be summarised as: 

 Remove the coarser portion of sediment to (i) reduce sediment deposition in the 
canals, and (ii) reduce the wear and tear on the pumps. 

 Ensure the finer portion of sediment is passed to the canals to (i) provide enough 
sediment to avoid channel degradation in the unlined and/or earth-lined canals, and 
(ii) provide beneficial material to the farms.  

Rehabilitation of escape channel (Ch 0+00 to 16+73)  

Embankment 

strengthening 

works (Ch 0+00 

to 3+06) 

Rehabilitation of embankment protection 

structures from inlet of the lead canal to the 

end of the escape canal (river side) 
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82. SEB design criteria are set out in Section 2.2 of the PIC’s Design Report. The key 
sediment related design criteria includes: 

 Remove particles greater than 0.01-0.05mm. 

 Provide for annual flushing during the non-irrigation season.  

83. The objectives and design criteria are clear. The overall strategy is to; (i) improve 
sediment exclusion at the CMCHR, by constructing of a submerged guide wall upstream of the 
structure in the lead canal, (ii) introduce sediment extraction measures downstream of the 
CMCHR including a gravel extractor, gravel trap and settling basin, and (iii) allow the smaller 
particle sizes to pass forward to the canal system. The strategy is appropriate. 

84. The PIC’s particle size criterion is more stringent than what is typically adopted for 
protection of pumps90 and is at the smaller end of what might be considered for irrigation 
scheme settling basins. Primarily the criterion was selected in recognition of the relatively small 
particle sizes that constitute the majority of the suspended sediment load and hence the 
sediment that settles in the canal system. If the limit is raised to say 50-100 microns, the SEB 
would not make a significant reduction in the sediment load passed forward to the canals91. 
Additional factors that were taken into consideration when selecting the criterion include; (i) the 
relatively poor state of knowledge regarding Pyanj River hydrology and sedimentology, (ii) the 
need for some reserve to cater for natural variation, (iii) the need for some reserve to cater for 
the effects of climate change, (iv) the need to allow the very small material to pass into the canal 
to avoid unintended consequences92, and (v) a desire to clarify the water for household water 
supply purposes93. In any event the particle limit size should be considered as a nominal value 
because in practice there is always a small percentage of particles at, and even above, the limit 
size which are passed forward to the canal for various reasons. 

3.3.2 Data 

85. Topographic and bathymetric data. No mention is made of the source or data collection 
methods used for capturing topographic and bathymetric data. It is assumed that ALRI provided 
the spot heights and linework shown in the figures in BETS’s drawings and figures.  

86. Pyanj River water discharge. As with the feasibility study, all historical Pyanj River 
discharge data is from the No. 27 Khirmanjo monitoring station. Table 3.2 (BETS, 2019) 
summarises the mean monthly values, including the maximum and minimum mean monthly 
values.  The source is given as Waterstream Statistics94. No mention is made of the data or the 
quality/continuity of the record. The values are identical to Table 1 of EPTISA (2016) and are 
therefore based on the period 1969 to 1991. Figure 3.14 shows the series graphically. Annex B 
of the present report includes an additional figure showing mean monthly discharge for 1981, 
1983 and 1987. 

 
90 For example, for protection of hydraulic machinery/pumps, it is common to adopt a limit size of 150-200 microns 

and to stipulate a percentage removal under nominated conditions (e.g. ‘95% of particles greater than 200 microns 
shall be excluded at the nominal design flow rate’). Frequently a nominated concentration (e.g. 2000 ppm) is also 
included in the design criteria. 

91 A sensitivity test was undertaken adopting the larger limit with a smaller basin (208m wide by 250m long, so 5 ha). 
Only 100,000 m3 would be removed on an average year, which is about 1/3 of what the larger basin would achieve.  

92 Including but not limited to canal deterioration due to sediment transport capacity exceeding supply, resulting in 
scour, and removal of sizes which may be beneficial to the crops. 

93 It is understood that approximately 500,000 people are served (pers comm. with the PIC).  
94 It is assumed that this is a Soviet era annual publication that summarised hydrological data for operational 

hydrometric stations.  
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87. Pyanj River suspended sediment. New information was sourced by the PIC including 
suspended sediment concentration data. Table 3.4 (BETS, 2019) summarises the mean 
monthly suspended sediment concentration for 1967, 1983, 1984 and 1986. The source for the 
above is given as ‘Soyuzvodproekt 1988’ but no details of the reference are provided. No 
mention is made of the quality/continuity of the record. Section 3.4 notes that a factor of 1.5 was 
applied to the monitoring station data. It is understood95 that this was to account for the small 
incremental catchment area between the station and the CMCHR. Examination of the 
databook96  for 1983 shows that the 1.5 factor was only applied to the values for April to 
September. The reviewer does not support the application of a 1.5 factor as the incremental 
catchment area is only 6%. There will be differences in specific yield (i.e. suspended sediment 
yield per km2) in the lower catchment compared to the upper catchment, but it is minor and well 
within the accuracy of the exercise. In addition, note that the average values given are not the 
average of the values in each column above. Figure 3.15 shows the series graphically, without 
the 1.5 factor. Annex B of the present report includes additional figures showing mean monthly 
concentration for 1981, 1983 and 1987. 

88. Table 3.7 (BETS, 2019) summarises the mean monthly suspended sediment flux (kg/s) 
for 1977, 1978, 1979, 1980, 1983, and 1985. The source for the sediment flux data is given as 
‘Tajik Hydromet Service’ but no other details are provided. No mention is made of the 
quality/continuity of the record. The suspended sediment flux values provided for 1983 match 
the values in the databook for 1983, increasing confidence in the data for the other years. 
Without the corresponding discharge data for 1977, 1978, 1979, 1980 and 1985, the mean 
monthly concentration can’t be back-calculated, however the PIC used the mean monthly 
discharge for the period 1970-1990 to estimate average concentration values.  Figure 3.16 
shows the PIC series graphically with the values for 1983 and the values adopted by the PPTA 
for comparison purposes. 

89. Pyanj River suspended sediment PSD. New information was sourced by the PIC 
including suspended sediment PSD data.  

 Table 3.5 (BETS, 2019) summarises the PSD for suspended sediment samples 
taken in April, May, June, July, and August 1981. July and August do not match the 
values provided in the databook97 for 1981.  

 Table 3.6 (BETS, 2019) summarises the PSD for suspended sediment samples 
taken in March, July, and August 1980. 

 Table 3.14 (BETS, 2019) summarises the PSD for suspended sediment samples 
taken in April and May 1979, and April, July, August and September 1981. The 
values for May and June 1981 in Table 3.5 were not included in Table 3.14.  

 The PIC sourced data for 1983 and 1987, which was provided to ADB on 03/06/19. 

The source for data in Table 3.5 and 3.6 is given as ‘Soyuzvodproekt 1988’ but no details of the 
reference are provided. No mention is made of the quality/continuity of the record. Data for 
Table 3.14 is assumed to be sourced from the databooks covering 1979 and 1981. The PSD 
data confirms that the suspended sediment particle sizes are generally much smaller than 

 
95 Pers. comm. with the PIC. 
96 Published annually in Russian during the Soviet era. The translated title is understood to be State Water Cadaster, 

1983, Parts 1 and 2, Volume XII. 
97 Published annually in Russian during the Soviet era. The translated title is understood to be State Water Cadaster, 

1981, Parts 1 and 2, Volume XII. 
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previously assumed. Figure 3.18 shows the PSD data graphically98. Annex C of the present 
report includes additional figures showing the PSD data. 

90. CMC water discharge. Table 3.8 (BETS, 2019), summarises the mean monthly canal 
discharge and attributes it to 2009-2014. As noted in paragraph 23 in the present report it is not 
based on 2009-2014. The same applies to the flow duration curve presented in Table 3.9. It is 
the same as the CMC ‘recorded’ series discussed in paragraph 25 of the present report. The 
series is used in Table 3.11 to estimate the annual sediment load entering the CMC, and hence 
Tables 3.12, 3.13 and 3.14. It isn’t used for calculations in the subsequent tables provided in 
Section 4.   

91. Estimated future CMC water discharge. Tables 4.1, 4.3 and 4.3a (BETS, 2019) use a 
series for April-September that has been selected by the PIC in discussion with ALRI. It is 
understood99 to be representative of envisaged operations post construction of the SEB. It is 
noted that in all instances the values are higher than the CMC ‘with project’ values provided in 
Table 2.1 of the present report. As such, they can be considered reasonable estimates of future 
operations, including the nominal allowance for climate proofing that is discussed in paragraph 
25 of the present report. Note that allowances would need to be made for water supply releases 
during all months.  

Table 3.1: Mean monthly series 

Month Pyanj River100 

m3/s 

Pyanj River sus. 

sed. conc.101 

kg/m3 

CMC ‘without 

project’102  

m3/s 

CMC ‘with 

project’ 

upstream of 

gravel trap103 

m3/s 

CMC ‘with 

project’ 

upstream of 

SEB104 

m3/s 

Jan 239 0.05 9.0   

Feb 226 0.12 9.0   

Mar 247 0.46 10.0   

Apr 463 1.44 27.16 35.0 30.0 

May 927 0.72 56.52 65.0 60.0 

Jun 1,764 0.89 67.32 75.0 70.0 

Jul 2,210 1.22 82.82 91.0 86.0 

Aug 1,824 1.52 79.68 110.0 105.0 

Sept 914 0.28 53.83 48.0 43.0 

Oct 453 0.06 31.42   

Nov 333 0.09 13.5   

Dec 275 0.05 9.0   

Mean 823 0.58 37.44   

Source: As noted. 

 
98 The difference is illustrated by comparing Figure 3.18 with Figure 2.6 in the present report. 
99 Pers. comm. with the PIC. 
100BETS (2019) Table 3.2.  
101BETS (2019) Table 3.7. Based on back-calculated values from 1977, 1978, 1979, 1980, 1983 and 1985. Note that 

the PIC concluded that the mean annual suspended sediment concentration is 1kg/m3. The data shows it is closer 
to 0.6 1kg/m3. 

102BETS (2019) Table 3.8 and Table 3.11 
103BETS (2019) Table 4.1. Note that these values include a 5 m3/s allowance for flushing via the gravel extractor. 
104BETS (2019) Table 4.3 and Table 4.3a. Note that these values include a variable allowance for release through the 

sluice gates. The releases will be adjusted based on operational experience but for present purposes are assumed 
to be between 2-5 m3/s. 
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Figure 3.14: Pyanj River at Khirmanjo, mean monthly discharge and suspended sediment 
concentration

 
Source: Data extracted from BETS (2019). Figure plotted by ADB. 

 
Figure 3.15: Pyanj River at Khirmanjo, mean monthly suspended sediment concentration 

Source: Data extracted from BETS (2019). Figure plotted by ADB. 

 -

 0.5

 1.0

 1.5

 2.0

 2.5

0

500

1000

1500

2000

2500

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

C
o

n
c

e
n

tr
a

ti
o

n
 (

k
g

/m
3
)

D
is

c
h

a
rg

e
 (

m
3
/s

)

Mean monthly

Discharge Sediment concentration

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

C
o

n
c

e
n

tr
a

ti
o

n
 (

k
g

/m
3

)

Monthly mean suspended sediment for Pyanj River at Khirmanjo

1967 (high Q) 1983 (avg Q) 1984 (high Q) 1986 (high Q)



           35 

 
Rev A, 14/06/19 

 
Figure 3.16: Pyanj River at Khirmanjo, mean monthly suspended sediment concentration 

 

Source: FS data extracted from EPTISA (2016). Remaining data extracted from BETS (2019). Figure plotted by ADB. 

 

Figure 3.17: CMC mean monthly discharge series

 
Source: Data extracted from BETS (2019). Figure plotted by ADB. 
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Figure 3.18: PSD for suspended sediment samples from Pyanj River at Khirmanjo 

 
Source: Data extracted from BETS (2019). Additional data provided by PIC on 03/06/19. Figure plotted by ADB. 

 

92. CMC suspended sediment. Section 3.7 (BETS, 2019) refers to suspended sediment 
sampling undertaken by the PIC. Additional details are provided in BETS Consulting Services 
Ltd, Hydrology, Sediment and Hydraulic Analysis of Chubek Canal and Pyanj River, prepared 
by Dr Binod, undated but understood to be 2018. Canal discharge was gauged on 28 June 2018 
using the surface float method, resulting in an estimate of approximately 100m3/s. Canal 
discharge and suspended sediment concentration was gauged in two locations105 in the upper 
reaches of the CMC on 10 July 2018. Suspended sediment concentration was estimated to be 
1.035 and 1.375 kg/m3. The method used is not noted. Suspended sediment and bed material 
PSD data was subsequently produced following laboratory analysis. Figure 3.19 shows the 
suspended sediment PSD graphically. The canal PSD plots well within the envelope of Pyanj 
River PSDs shown in Figure 3.18. 

 

 
105One at the bridge just upstream of the ALRI office. One at the bridge further upstream near the security post. 
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Figure 3.19: PSD for suspended sediment samples from CMC 

 
Source: BETS Consulting Services Ltd, Hydrology, Sediment and Hydraulic Analysis of Chubek Canal and Pyanj 

River, prepared by Dr Binod, undated but understood to be 2018. Figure plotted by ADB. 

 
 
3.3.3 Design 
 
3.3.3.1 Location 

93. General. The proposed SEB is located between the CMC and the escape channel, with 
the long axis running to the south of and parallel to the security post boundary. It is located 
further to the west of the CMC than the feasibility study concept to develop a greater head 
difference between the proposed hydraulic grade line in the basin and the Pyanj River, whilst 
keeping close to the river to reduce the flushing channel length to assist with flushing sediment. 
The location is a compromise of many factors and is generally appropriate but as discussed in 
the following sections, the SEB will require ongoing expenditure on river training and scour 
protection measures due to the nature of the Pyanj River.  

3.3.3.2 Conveyance from CMCHR to SEB 

94. CMC. The diversion canal branch from the CMC is located approximately 350m 
downstream of CMCHR on the left side of the canal. Apart from the first 35m, the CMC is 
unlined between the CMCHR and the diversion canal branch. It has an irregular trapezoidal 
section formed in coarse alluvium, with a base width of approximately 25-30m and side slopes 
1V:1H. No changes are proposed in this reach. 

95. Distribution structures. Two gated reinforced concrete structures are proposed 
approximately 350m downstream of the CMCHR. The control structure will be located on the 
CMC to facilitate (i) releasing water for use by the P-1 irrigation offtake on right bank, (ii) 
releasing water for household supply, and (iii) bypassing the SEB if needed. The water intake 
structure will be located on the diversion canal to facilitate maintenance isolation of the canal 
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and bypassing the SEB if needed. Both structures will serve as bridge/crossing points for the 
waterways and have reinforced concrete transition sections upstream and downstream of the 
sluice/box structure. Both structures include 4 No. vertical lift gates fitted with electro-
mechanical actuators.  

96. Diversion canal. The canal is approximately 767m long, starting at Ch 0+57 which is the 
downstream end of the water intake structure. Section 1 from Ch 0+57 to Ch 2+40 has a 
rectangular cross section formed using a reinforced concrete slab with retaining walls either 
side, terminating at the toe of reinforced concrete covered side slopes at 1V:2.5H (refer to 
Figure 3.3 in the present report). In Section 1, channel base width is 22m and the bed gradient 
is 1 in 133. Section 2 from Ch 2+40 has a trapezoidal cross section formed using reinforced 
concrete with side slopes at 1V:2.5H (refer to Figure 3.4 in the present report). In Section 2, 
base width gradually widens to 52m at Ch 8+24 and the bed gradient is 1 in 1168. It is 
anticipated that coarse material will settle throughout this reach. Accordingly, the hydraulic 
grade line will vary over a considerable range depending on the bed level and discharge. Flow 
depth will vary between 2.3 and 3.5m.  A ramp is provided to afford access for mechanical 
removal of deposited material106. Freeboard between maximum water level (silted) and the top 
of the concrete lining is provided at 1m. The top of the embankment is a further 1m higher than 
the top of the concrete lining. 

97. Gravel trap. As shown in Figure 3.5 of the present report, the gravel trap widens from 
52m base width at Ch 8+24 to 242.8m at Ch 11+76, which is the start of the SEB regulating 
gates. It has a rectangular cross section formed using a reinforced concrete slab with retaining 
walls either side, terminating at the toe of reinforced concrete covered side slopes at 1V:2.5H. A 
gravel extractor is located approximately 50m downstream of the start of the gravel trap. A 
nominal dicharge of 5 m3/s is assumed for continuous flushing of the gravel extractor. Flow 
depth across the gravel trap will vary between 2.1 and 4.1m depending on the deposition, 
location, and flow through the SEB. Provisions are made along the true right side of the gravel 
trap to supply the P-3 irrigation canal107.  

98. Care has been taken with the gravel trap shape, endeavouring to distribute the flow 
across the entrance to the SEB. Notwithstanding the care already taken, the approach to the 
basin is asymmetrical so it is recommended that a three dimensional (3D / CFD) hydraulic 
model (e.g. Flow3D) is used to optimise and verify the design for the gravel trap as the settling 
efficiency of the SEB will be sensitive to the flow distribution. It is vital that the flow is evenly 
distributed across the SEB when operating at or near design capacity, to avoid short circuiting. 

99. Gate structure. Figures 3.6 and 3.7 of the present report shows the gate structure in plan 
and section. A total of 42 No. vertical lift gates were envisaged, each 5.0m wide by 1.5m high. 
BETS notes that the gates have been provided at the entrance of the basin to regulate flow 
through the SEB. Vehicle access is provided across the sluice/box structure. Vertical lift gates 
are proposed, fitted with electro-mechanical actuators. 

100. Hydraulics. The report would benefit from including a section that, (i) presents the stage-
discharge relationship and operating range for the CMCHR, and (ii) includes backwater profiles 
and operating ranges throughout the conveyances from the CMCHR, through the SEB, to the 
end of the outlet canal. 

 
106`The estimated dead storage is 50,000m3. 
107Currently supplied from an offtake on the CMC located 1250m downstream of the diversion canal branch from the 

CMC on the left bank. 
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3.3.3.3 Bedload handling 

101. CMC and diversion canal. The PIC has allowed for 15% of the bedload108 to be passed 
into the canal and proposes measures to handle it including; (i) a submerged guide wall 
upstream of the CMCHR to help exclude bedload passage into the canal, (ii) a gravel extractor 
facility in the diversion canal to flush a portion of the bedload that does pass beyond the 
CMCHR, and (iii) a gravel trap to store bedload that makes it beyond the extractor until it can be 
removed by mechanical means during the non-irrigating season. 

102. CMCHR submerged guide wall. Figures 3.20 and 3.21 show the proposed concept. The 
inclusion of additional exclusion measures in the headpond is endorsed by the reviewer (e.g. 
guide wall, skimming wall etc). It is recommended that a physical hydraulic model is used to 
optimise and verify the design. 

Figure 3.20: Plan of submerged guide wall 

 
Source: BETS drawing supplied 20/05/19, annotation in red by ADB 

 

 
108 Bedload upstream of CMCHR has been assessed as 35% of the suspended sediment load. Hence it is 15% of the 
35%. 

CMC head regulator 
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Flow 
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Figure 3.21: Section and elevation of submerged guide wall  

Source: BETS drawing supplied 20/05/19, annotation in red by ADB. 

 

103. Gravel extractor. Figures 3.22 and 3.23 show the proposed concept. The intention is to 
setup a vortex to help extract coarse material and flush it back to the Pyanj. Inclusion of 
extraction measures in the canal such as this is endorsed by the reviewer. The incremental cost 
of the extractor works within the basin is not large but the flushing facilities back to the river 
(approximately 740m long) do add cost and are only justifiable provided there is confidence that 
the extractor will work as intended.  It is recommended that a physical hydraulic model is used 
to optimise and verify the design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Section looking upstream  
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Figure 3.22: Plan of gravel extractor 

 

 

Source: BETS drawing supplied 20/05/19 

 

 

Figure 3.23: Cross section through gravel extractor 

  

Source: BETS drawing supplied 20/05/19, annotation in red by ADB. 

Flow 
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3.3.3.4 Basin  

104. Layout. Figure 3.8 in the present report shows an SEB approximately 242m wide by 
764m long, excluding the transitions. In long section, starting at the regulating structure with an 
invert level of RL524.00m, the invert has a gradient of 1 in 50 over the first 50m, then 1 in 350 
over the next 700m, ending at RL521.00m, prior to the flushing channel that runs transverse 
across the basin. A collector channel is provided at the downstream end to convey flow to the 
outlet canal. 

105. Classification. As previously noted, basins can be classified in a number of ways 
including: 

 Type of flow: Free surface or pressure (open channel vs closed conduit) 

 Mode of construction: lined or unlined 

 Configuration: single or multiple channels 

 Flushing operation: continuous or intermittent 

 Method of sediment removal: hydraulic or mechanical 

106. The PIC’s proposal is for a free surface lined basin. It has been referred to as a ‘lake-
type’ basin, presumably because it is effectively one channel. The submerged dividing walls are 
only for use during flushing. Sediment removal will be by hydraulic flushing. An annual flushing 
operation is proposed.  

107. Nominal discharge. A maximum design discharge of 105 m3/s was selected. The 
nominal discharge for the outlet canal is 100 m3/s. It is envisaged that the difference of 5 m3/s 
will be passed through the flushing sluices. 

108. Channels. The basin is divided into 14 channels for flushing purposes (refer to Figure 
3.9 of the present report), allowing for 3 gates per channel. The height of the dividing walls, and 
the free surface flushing channel mode, doesn’t permit use of some channels for settling whilst 
others are being flushed. Nominal water level at design discharge is RL524.80m. Each channel 
has a nominal depth of 0.8m at the upstream end and 3.8m at the downstream end of the 750m 
length, excluding an allowance for settled material. Dead storage capacity depends on the 
distribution of sediments, but it is in the order of 300,000 to 350,000m3. No shaping of the basin 
floor in cross section is envisaged. 

109. Collector channel.  Basin discharge via the outlet weir and orifices discharges into a 
collector channel that runs transverse across the basin towards the outlet canal. It is a 
reinforced concrete channel with rectangular cross section and gradually expanding base width 
in the direction of flow. The invert gradient is 1 in 468. 

110. Uplift. The risk of uplift due to coincident high groundwater levels and an empty basin 
was discussed with the PIC. The PIC advised it has been considered in the design but the 
geotechnical investigations indicate that groundwater level is below the proposed basin invert 
level.  

111. Hydraulics. Basin water level is a function of basin discharge and the combined stage-
discharge relationship for the passive outlet works, which comprise (i) an outlet weir (length 
234.8m, crest level at RL524.50m), (ii) 4 No. sets of low flow orifices set just below the outlet 
weir crest level, and (iii) the 3 No. low level flushing gates. It is recommended that a 3D 
hydraulic model is used to optimise and verify the design for the SEB including the collector 
channel. 
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3.3.3.5 Flushing 

112. Method proposed. The PIC envisages that the SEB would be flushed once during the 
non-irrigating season. It is understood109 that there may be potential for flushing in April, when 
the river level is low enough, to maximise the available sediment storage in the basin at the start 
of May. 

113. Gravel trap flushing. The PIC envisages closing regulating gates on the true right side of 
the SEB during low flow months in the irrigation season to prioritise flow along the true left side 
of the gravel trap and settling basin, as shown in Figure 3.24. The intention is to maximise the 
use of the gravel extractor. 

Figure 3.24: Plan of gravel trap showing proposed low flow operation  

Source: BETS presentation to ADB on 20/05/19. 

114. Basin flushing. During the annual flushing operation, the PIC envisages flushing one 
channel at a time starting with the true right side and working across the basin to the true left. 
The process generally comprises (i) closing all regulating gates at the SEB inlet, (ii) drawing the 
SEB water level down using the flushing gates, (iii) opening three gates for the channel to be 
flushed to achieve a flushing flow of 20-25 m3/s, (iv) leaving them open until the deposits have 
been hydraulically flushed, (v) closing the gates for the flushed channel, and (vi) repeat for the 
other channels in turn. Figure 3.25 shows the operation schematically. 

 

 

 
109 Pers. comm. with the PIC. 
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Figure 3.25: Plan of SEB showing proposed flushing operation

 

Source: BETS presentation to ADB on 20/05/19. 

115. Flushing channel within the basin. The 242.8m long flushing channel runs transverse 
across the basin towards the sluices. It is a reinforced concrete channel with rectangular cross 
section and 11m base width. The invert gradient is 1 in 242. It is recommended that a 3D 
hydraulic model is used to optimise and verify the design for the SEB flushing operation. 

116. Flushing gates. 3No. 3.0m wide by 1.5m high sluice gates are provided, each 
discharging to a single conduit beneath the embankment which discharges to the outlet 
structure.  

117. Flushing channel outlet. The flushing conduits terminate at an outlet structure to be 
constructed adjacent to the Pyanj River, approximately in line with the existing river training 
works. A monolithic wall is proposed at the end of the conduits to be founded approximately 4m 
below existing river bed level. The proposal is to use 1m x 1m x 1m concrete cubes at the 
flushing conduits outlet for scour protection, with locally won boulders placed on top of the 
concrete cube apron. It recommended that the river training and scour protection measures are 
revised and the measures proposed are made more robust. What is currently proposed would 
be adequate for the flushing conduit discharge but that is not what will govern from a scour 
perspective in this location. It is the Pyanj that will govern. The current state of the existing river 
training works at this location is ample evidence that the design needs to be revised. This part of 
the works is the most at risk and will continue to be so despite the measures used.  

118. Flushing channel outlet hydraulics. It is recommended that the Pyanj River water level at 
the proposed flushing outlet location is surveyed on a weekly basis for 12 months to establish 
the likely range of operating levels that the flushing outlet will experience across the year110. The 
mean daily Pyanj discharge at Khirmanjo should be also be collected to enable an approximate 
stage-discharge curve to be constructed. To date the river level range has been based on the 
results of a one-dimensional HECRAS model111 which is inadequate for a river of this nature 
and for this key aspect of the SEB.  

 
110Flood water levels are also of interest, but the focus of this recommendation is basic data collection.  
111BETS Consulting Services Ltd, Hydrology, Sediment and Hydraulic Analysis of Chubek Canal and Pyanj River, 

prepared by Dr Binod, undated but understood to be 2018 
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3.3.3.6 Conveyance from SEB to CMC 

119. Outlet canal. The outlet canal is approximately 593m long112, starting at Ch 0+00 at the 
end of the collector channel transition and ending at the confluence with the CMC. It is a 
reinforced concrete lined trapezoidal cross section, with a base width of 22m and side slopes 
1V:2H. There is a drop structure at Ch 0+20, a bridge at Ch 0+54.7, and another at Ch 0+76.9.  

3.3.3.7 Rehabilitation of escape channel  

120. Additional work. Rehabilitation works for the escape channel downstream of the CMCHR 
and escape structure have been added to the scope (refer to Figure 3.13). Over time the 
channel has suffered from sediment deposition leading to widening of the channel cross section. 
Rehabilitation comprises construction of an embankment along the true right side of the channel 
from Ch 0+00 to Ch 16+73, with a concrete block revetment (2m x 2m x 0.2m thick) and toe 
protection, and dredging within the channel to restore channel conveyance. These works were 
not included in the feasibility study. 

3.3.3.8 Embankment strengthening works 

121. SEB protection. Strengthening works for existing embankments between the SEB and 
the Pyanj River are planned from Ch 0+00 to Ch 3+06 (refer to Figure 3.13). The existing 
embankments and protection measures have suffered from current attack leading to scour, 
undermining and slumping into the scour holes. Rehabilitation comprises restoration of the 
embankment section and provision of a concrete block revetment (2m x 2m x 0.2m thick) and 
toe protection. A line item was included in the feasibility study for similar work but the scope was 
not clear. It is recommended that the design is revised. If the protection measures are to last 
more than one or two wet seasons, an alternative approach is required. 

3.3.3.9 Rehabilitation of embankment protection structures 

122. Additional work. Rehabilitation works for the river-side guide embankments upstream 
and downstream of the CMCHR and escape structure have been added to the scope (refer to 
Figure 3.13). The guide embankments are vital to ensure ongoing operation of the CMCHR and 
escape structure. Without those works, the security of water diversion would be in jeopardy. 
Rehabilitation comprises (i) raising the embankment crest level, (ii) provision of a concrete block 
revetment and toe protection, and (iii) provision of spurs in selected locations. These works 
were not included in the feasibility study. It is recommended that the design is revised. 
Observations made during the site visit indicated that the existing measures are inadequate. 
The proposed design is similar to the existing works. If the protection measures are to last more 
than one or two wet seasons, an alternative approach is required. Discussions were held with 
the PIC regarding the matter. It is suggested that consideration is given to repelling spurs rather 
than attracting spurs (refer to Field et al, 2014113, and JICA, 2007114), that the spurs are keyed 
into the embankments, and that the concrete block placement depth is increased. There 
remains an ongoing erosion/scour risk to the existing and proposed structures adjacent to the 
Pyanj due to the dynamic nature of the braided river. It will be an ongoing problem in perpetuity. 

 
112It is ~750m if measured on the plan.  
113Field J, Tambunan B and Floch P, (2014), Pyanj River Morphology and Flood Protection, Central and West Asia 

working Paper No. 6, prepared for ADB, July 2014. 
114JICA, (2007), The Study on Natural Disaster Prevention in Pyanj River, Volumes 1 to 3, prepared by CTI 

Engineering International Co. Ltd. For JICA, December 2007 
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3.3.3.10 Other 

123. Operational aspects. It is recommended that operating rules are developed to restrict 
CMC discharge when the Pyanj River is in flood and carrying a large sediment load. It is 
suggested that the PPTA’s recommended operating rules set out in paragraph 53 are given 
consideration by the PIC and adopted where applicable. 

124. Staging. Opportunities for sectioning the works and staging implementation were briefly 
considered during the present review but were dismissed. The size is dictated by the nominal 
design flow, amongst other things, which is already reached annually. This would only be worth 
considering if there was a forecast demand increase based on additional irrigation uptake. 
There is some, but not enough to make staging attractive.   

125. Safeguarding. Consideration should be given to safeguarding the areas to the north of 
the SEB, including along the conveyance routes, to allow expansion of the basin in the future. 
Expansion may be considered, for example, due to the results of the proposed sediment 
monitoring programme post construction, or to address the impacts on climate change, beyond 
the consideration already included.   

126. Canal regime. It is recommended that sediment transport capacity is calculated for 
selected reaches of the CMC and the inter-farm canals. Results should be compared to the 
forecast sediment load after construction of the SEB, to determine if any of the canals are at risk 
of channel degradation due to the change in sediment supply and hence channel regime.  

3.3.4 Sediment budget 

127. Suspended sediment. Table 3.11 (BETS, 2019) summarises the mean monthly canal 
discharge, Pyanj River mean monthly suspended sediment concentration at Khirmanjo, and the 
calculated mean monthly suspended sediment volume that will enter the CMC via the CMCHR. 
Table 3.2 below summarises the monthly series. Figure 3.26 shows the series graphically. The 
total annual suspended sediment volume115 excluding climate proofing is 651,775m3.  

128. Bedload. Table 4. 1 (BETS, 2019) summarises the mean monthly bedload volumes 
anticipated for April-September. The estimated mean annual volume116 of bedload entering the 
CMC at the CMCHR is 39,700 m3. 

Table 3.2: Estimate of suspended sediment entering the canal 

Month CMC  

m3/s 

Pyanj River sus. sed. conc. 

kg/m3 

 CMC sediment volume 

m3 

Jan 9.00 0.05  753 

Feb 9.00 0.12  1,633 

Mar 10.00 0.46  7,700 

Apr 27.16 1.44  63,359 

May 56.52 0.72  68,122 

Jun 67.32 0.89  97,062 

Jul 82.82 1.22  169,142 

Aug 79.68 1.52  202,744 

Sept 53.83 0.28  24,417 

Oct 31.42 0.06  3,156 

Nov 13.50 0.09  1,968 

 
115An alternative estimate is provided in Table 4.3 (BETS, 2019) using a different mean monthly canal discharge 

series and mean monthly suspended sediment concentration.  
116An alternative estimate is provided in Table 3.13 (BETS, 2019) using slightly different assumptions. 
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Dec 9.00 0.05  11,718 

Mean 37.44 0.57 Total 651,775 

Source: BETS (2019). 

 

Figure 3.26: Mean monthly discharge and sediment volume 

 

Source: Data extracted from BETS (2019). Figure plotted by ADB. 

129. Annual budget. Table 3.3 summarises the budget based on information provided by the 
PIC, with minor adjustments. The PPTA budget shown for comparison purposes. 

Table 3.3: Annual sediment budget 

 PPTA PIC 

Item Volume 

m3 

Portion Volume 

m3 

Portion 

Location: Upstream end of CMC     

Suspended sediment inflow 731,353 100% 655,658 94.3% 

Bedload inflow 0 0% 39,707 5.7% 

Total sediment inflow to CMC 731,353 100% 695,365 100% 

Bedload removed between CMCHR and SEB 0  39,707  

Location: Upstream end of SEB     

Suspended sediment inflow 731,353 100% 655,658 100% 

Location: Downstream end of SEB     

Settled in SEB 621,650 85% 273,136 42% 

Passed forward to canals 109,703 15% 382,522 58% 

Source: PPTA values were extracted from EPTISA (2016). PIC values were extracted from information included in 
presentation made to ADB on 20/05/19 (file: ENG  presentation-May-2019.pptx). It supersedes Table 4.3 in 
BETS (2019). 
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130. Compared to the PPTA, the PIC has used; (i) a different CMC flow profile, (ii) a different 
suspended sediment concentration profile, (iii) a different suspended sediment PSD, (iv) a 
different method to calculate settling efficiency for each particle size band, and (v) a different 
mean dry density (1.6t/m3 instead of 2t/m3) for deposited sediment. 

131. Results. With the project, the estimated mean annual volume of suspended sediment 
entering the CMC upstream of the SEB will be approximately117 695,000 m3. In terms of particle 
size, the SEB will remove close to 85% of the material larger than 0.01mm. In terms of volume, 
it is anticipated that ~273,000 m3 of sediment will be settled in the SEB annually and 
subsequently flushed into the Pyanj in the non-irrigating season. The remaining ~382,000 m3 of 
suspended sediment will pass into the canal system downstream of the SEB118.  

132. With the project, the estimated mean annual volume of bedload entering the CMC at the 
CMCHR is 39,700 m3. It is anticipated that ~ 4,500 m3 will being flushed into the Pyanj, and the 
rest of the bedload material will be settled in the gravel trap (requiring mechanical excavation). 
The volumes will vary substantially each year.  

133. Uncertainty and variability. The hydrology and sedimentology of the Pyanj catchment is 
not well documented. A number of assumptions have been made to characterize and quantify 
the sediment119 that will enter the CMC with the project. The annual volume of suspended 
sediment entering the CMC at the CMCHR can be expected to vary120 by a considerable margin 
(circa +40% / -20%, but possibly much more or much less) year on year. The volume passed 
into the canal system downstream of the SEB each year will vary. The temporal variability 
across a given irrigation season will also be high. 

134. Sensitivity tests. It is recommended that the sensitivity of the sediment budget is tested 
using several of alternative suspended sediment concentration profiles. The series used to date 
can be the ‘base case’ while the two series shown graphically in Figure 3.16, one for 1983 and 
one used in the feasibility study, could be sensitivity tests 1 and 2 respectively. It is also 
recommended that sensitivity tests are undertaken using alternative suspended sediment PSD; 
one that is generally finer and one that is generally coarser than the ‘base case’. Sensitivity 
testing is particularly important for the arrangement proposed by the PIC because there is 
limited ability to undertake any flushing during the irrigation season.   

  

 
117All values referred to here are Mission estimates which are based on the PIC’s estimates but have been rounded 

for ease of discussion. To assist the reader volumes are used rather than tons. There are differences in bulk dry 
density which are ignored.  

118The volume is substantially higher than was assumed in the feasibility study (circa 110,000m3). 
119Including suspended sediment and bedload. 
120Depending upon Pyanj River discharge, suspended sediment concentration and Chubek Main Canal discharge. 
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3.3.5 Construction cost  

135. Estimate. Table 3.4 summarises the construction cost estimate prepared by the PIC121 at 
the end of May 2019.  

Table 3.4: Detailed design stage cost estimate 

No. Item Cost 

USD 

(2019) 

Portion 

1 Distribution structure at Ch 3+29 CMC 566,773 2.5% 

2 Diversion canal 2,059,909 8.9% 

3 Gravel trap 3,426,100 14.9% 

4 Part 1 Regulating control part of SEB 561,605 2.4% 

5 Part 2 Lake part of SEB 10,156,054 44.0% 

6 Part 3 Outlet part of SEB 1,204,864 5.2% 

7 Part 4 Flushing part of SEB 608,561 2.6% 

8 SCADA system 2,004 0.0% 

9 Outlet canal with structures 1,179,255 5.1% 

10 External power supply 32,865 0.1% 

11 Electric equipment and electric lighting 35,037 0.2% 

12 Rehab of escape canal. Reconstruction of threshold of head structure from Ch 

0+00 to Ch16+73 

705,333 3.1% 

13 Embank. strengthening works on Pyanj for protection of from SEB Ch 0+00 to 

Ch 3+06 

408,309 1.8% 

14 Rehabilitation of embankment protection structures from inlet of the lead canal 

to the end of the escape canal (river side) 

1,763,032 7.6% 

15 Improving the territory of SEB 28,864 0.1% 

16 Construction of workshop for maintenance of equipment 208,022 0.9% 

17 Measuring instruments and equipment for full-scale investigations of SEB and 

modelling 

118,980 0.5% 

 Total 23,065,567 100% 

Source: PIC, file Summary of Bill of Quantities.xls, provided 28/05/19. 

136. It should be noted that the difference in construction cost estimates between the 
feasibility and detailed design includes; (i) USD1.76M for strengthening122 works for the river-
side guide embankments upstream and downstream of the CMCHR and escape structure, and 
(ii) USD0.70M for rehabilitation of the escape channel. These works are to be added to make 
sure the sustainable and efficient operation of the SEB..  

 
3.3.6 Operations and maintenance 

137. ALRI and PIG will prepare the CIS Asset Management and O&M Plan during the project 
incorporating the finalized design of the SEB.  

 
121Provided to ADB during the Mission. 
122The strengthening works are vital to ensure ongoing operation of the CMCHR and escape structure. Without those 

works, the security of water diversion would be in jeopardy. 
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3.3.7 Pumping station impeller damage 

138. Objectives. One of the objectives for the SEB is to remove the coarser portion of 
sediment derived from the Pyanj to reduce wear and tear on the pumps. Figure 3.26 shows the 
location of the existing pumping stations (yellow and red dots) and the Chubek intake structure.  

Figure 3.26: Location plan 

 

Source: ADB RRP (2016). 

 

139. Material sources. The reported coarse material at the pumping stations, and along the 
inter-farm (secondary) and on farm canals/drains, is unlikely to be sourced solely from the 
Pyanj. There are alternative sources including; (i) drainage into the canals from the surrounding 
catchment (e.g. the foothills to east of Hamadoni, due to an absence of formal cross-drainage 
structures), and (ii) canal degradation in the unlined/earth-lined reaches. Observations made 
during the site visit included coarse material entering on the right bank of the canal 
approximately 325m downstream of the CMCHR, which is an example of (i). Selected 
photographs in EPTISA (2016) Appendix 11 show examples of (ii).  

140. Causes. Impeller wear and tear will primarily be due to the coarse material, regardless of 
where it comes from. Cavitation may be a secondary cause for some installations. In practice 
cavitation erosion and sediment abrasion/erosion is difficult to separate. It is doubtful that the 
fine sediment has any significant effect on the impellers but it can affect other components 
(seals etc) depending on pump type and design. Impeller life is function of the particle size, 
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concentration and period of use. Maintenance is understood to have been deferred for many 
years. 

141. Benefits of SEB. The proposed gravel trap and SEB won’t reduce the quantity of 
material contributed by the alternative sources identified. As such, wear and tear can be 
expected to continue but at a reduced rate, assuming some of the sand sized material is 
sourced from the Pyanj. Siltation in the canals and pump station forebay areas will be reduced 
but not eliminated. 

142. Future studies. There is uncertainty regarding the source of the coarse material that is 
reported to reach the pump station forebays. Future studies should include a data-driven holistic 
investigation to identify the source of the material that is damaging the pumps. 

3.4 Conclusions 

143. The key review findings for the revised SEB design are; (i) from a functional perspective, 
the scheme components are arranged and proportioned such that they can reasonably be 
expected to operate in the manner intended, (ii) based on the information available, the 
engineering design generally conforms to accepted international practice 123  and design 
principles commensurate with the size and value of the scheme, and (iii) the hydrological and 
geological risks have been identified / acknowledged and structures generally positioned to 
minimise the potential threat posed by the hazards.  

144. There remains a high degree of uncertainty regarding the sediment loads in the Pyanj 
and the canal system. The only way to address the uncertainty is to collect data before, during 
and after construction, as was recommended by the PPTA and is endorsed by the reviewer. 
There remains an ongoing erosion/scour risk to the existing and proposed structures adjacent to 
the Pyanj due to the dynamic nature of the braided river. It will be an ongoing problem in 
perpetuity.  

145. The success of the project, including the SEB and appurtenant works, depends on 
having an adequately funded and appropriate operations and maintenance plan. Without it, the 
SEB will not function as intended. Each SEB is unique. It should be anticipated that lessons will 
be learned in the first few years of operation which will require revision of the operations and 
maintenance plan and may involve additional expenditure on physical works which have not 
been considered to date, to remediate problems. That is the nature of river works and sediment 
excluding works.  

 
4 Comparison 

146. Design. There are some key differences which have contributed to the increase in size 
and therefore cost. The revised concept design incorporates different; (i) suspended sediment 
data characteristics, (ii) design criteria, (iii) flushing strategy, and (iv) bedload handling facilities, 
amongst other things, compared to the feasibility study concept design. 

147. Cost. The feasibility study SEB is approximately 100m wide by 500m long, excluding the 
transitions to and from the basin. The revised SEB is approximately 242m wide by 764m long, 
excluding the transitions. It is physically larger (e.g. a basin area of 18.5 ha compared to 5 ha) 
resulting in an increased construction cost estimate. If the additional scope is removed, the 
construction cost estimate has increased from USD10.3M (2019) at the feasibility stage to 
USD20.6M (2019) at the detailed design stage, or approximately 100%. 

 
123In terms of hydraulic design, there is limited precedent or guidelines for design of settling basins for fine materials 

on this scale, however the basin has been sized using an acceptable method with appropriate sensitivity testing. 
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148. Performance. Table 4.1 provides a comparison of basin performance. 

Table 4.1: Detailed design stage cost estimate 

 

Source: ADB, using data from PPTA and PIC. 

149. From a material particle size perspective, the revised SEB will remove close to 85% of 
the material larger than 0.01mm, subject to the caveats outlined in this review. It is close to the 
removal rate proposed by the PPTA.  

150. From a material volume perspective, the removal rate will be close to 45%. 
Approximately 55% will pass forward to the canals, comprising all of the material smaller than 
0.01mm and a small portion of the material larger than 0.01mm. A portion will settle in the 
canals and a portion will settle on the farms. Maintenance dredging will be required to 
periodically remove the portion that settles in the canals as well as the additional volume that 
enters the system from drainage paths located downstream of the SEB.  

151. If the limit is raised to say 50-100 microns, the SEB would not make a significant 
reduction in the sediment load passed forward to the canals124. Additional factors that were 
taken into consideration by the PIC when selecting the adopted criterion include; (i) the 
relatively poor state of knowledge regarding Pyanj River hydrology and sedimentology, (ii) the 
need for some reserve to cater for natural variation, (iii) the need for some reserve to cater for 

 
124A sensitivity test was undertaken adopting the larger limit with a smaller basin (208m wide by 250m long, so 5 ha). 

Only 100,000 m3 would be removed on an average year, which is about 1/3 of what the larger basin would 
achieve.  
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the effects of climate change, (iv) the need to allow the very small material to pass into the canal 
to avoid unintended consequences125, and (v) a desire to clarify the water for household water 
supply purposes126. In any event the particle limit size should be considered as a nominal value 
because in practice there is always a small percentage of particles at, and even above, the limit 
size which are passed forward to the canal for various reasons. 

5 Conclusions 

152. The design changes made between the feasibility study stage and the detailed design 
stage are necessary, considering the available information and the operations and maintenance 
requirements of the SEB and the CIS. The SEB makes an important contribution to the overall 
project meeting its objectives. The ongoing project will not meet its objectives without the 
changes. 

153. The construction cost estimate, and the increase in cost between the stages, appears to 
be appropriate but it has not been verified on a line item basis due to the absence of a detailed 
bill of quantities.  

154. The benefits of restructuring and/or completing the ongoing project outweigh those 
offered by other options, such as scaling down or cancelling the project. 

 
125Including but not limited to canal deterioration due to sediment transport capacity exceeding supply, resulting in 

scour, and removal of sizes which may be beneficial to the crops. 
126It is understood that approximately 500,000 people are served (pers comm. with the PIC).  
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Annex A 
Examples of Sediment Flushing Systems 

 
Figure A.1: Horizontal flushing system: Büchi (Category 1)127

 
Source: Ortmanns, C. (2006). “Desilting chambers of hydro power plants”, Dissertation 16324 (in German), Swiss 

Federal Institute of Technology, Zürich, Switzerland 

 
Figure A.2: Vertical flushing system: Dufour (Category 3)128 

 
127 Category 1: Conventional gravity flow flushing. Requires water level in the basin to be drawn down for flushing. 
Water supply to canal from the individual basin channel is not possible during flushing. 
128 Category 3: Continuous flushing operation. No draw down required. Water supply to canal from the individual 
basin channel continues during flushing. 
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Source: Ortmanns, C. (2006). “Desilting chambers of hydro power plants”, Dissertation 16324 (in German), Swiss 
Federal Institute of Technology, Zürich, Switzerland 

 
Figure A.3: Vertical flushing system: Bieri (Category 4)129

 
Source: Ortmanns, C. (2006). “Desilting chambers of hydro power plants”, Dissertation 16324 (in German), Swiss 

Federal Institute of Technology, Zürich, Switzerland 

 
  

 
129Category 4:  Intermittent flushing operation. No draw down required. Water supply to canal from the individual 
basin channel continues during flushing. Patented design. 
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Figure A.4: Vertical flushing system: 4S (Catgory 4)
1 

 
Source: Lysne D, Glover B, Stole H and Tesaker E (2003). Hydraulic Design, Volume 8 of Hydropower Development. 

Norwegian Institute of Technology, Division of Hydraulic Engineering. 

 
 

 
1 Category 4:  Intermittent flushing operation. No draw down required. Water supply to canal from the individual 

basin channel continues during flushing. Patented design. 
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Annex B 
 

Pyanj River discharge and suspended sediment concentration for 1981, 1983 and 1987 

Figure B.1: Pyanj River at Khirmanjo: mean monthly discharge 

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 198x, Parts 1 and 2, Volume XII Data. Plotted by ADB.  

 

Figure B.2: Pyanj River at Khirmanjo: 1981 mean monthly discharge and concentration 

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 1981, Parts 1 and 2, Volume XII Data. Plotted by ADB.  
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Figure B.3: Pyanj River at Khirmanjo: 1983 mean monthly discharge and concentration 

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 1983, Parts 1 and 2, Volume XII Data. Plotted by ADB.  

 

Figure B.4: Pyanj River at Khirmanjo: 1987 mean monthly discharge and concentration 

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 1987, Parts 1 and 2, Volume XII Data. Plotted by ADB.  
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Figure B.5: Pyanj River at Khirmanjo: scatter plot 1981, 1983 and 1987 

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 198x, Parts 1 and 2, Volume XII Data. Plotted by ADB.  

 

Figure B.6: Pyanj River at Khirmanjo: scatter plot 1981

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 1981, Parts 1 and 2, Volume XII Data. Plotted by ADB.  

0.00

0.50

1.00

1.50

2.00

2.50

0 500 1000 1500 2000 2500 3000

S
u

s
. 

s
e

d
. 

C
o

n
c

. 
(k

g
/m

3
)

Mean monthly discharge (m3/s)

1981, 1983, 1987

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0 500 1000 1500 2000 2500 3000

S
u

s
. 

s
e

d
. 

C
o

n
c

. 
(k

g
/m

3
)

Mean monthly discharge (m3/s)

1981



           4 

 
Rev A, 14/06/19 

Figure B.7: Pyanj River at Khirmanjo: scatter plot 1983

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 1983, Parts 1 and 2, Volume XII Data. Plotted by ADB.  

 

Figure B.8: Pyanj River at Khirmanjo: scatter plot 1987

 
Source: Data extracted from annual databooks published in Russian during the Soviet era. The translated title is 

State Water Cadaster, 1987, Parts 1 and 2, Volume XII Data. Plotted by ADB.  
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Table B.1: Pyanj River at Khirmanjo 

 1981     1983     1987     

Month Qw 

Mean 

conc. Qs Qw 

Mean 

conc. Qs Qw 

Mean 

conc. Qs 

  (m3/s) (kg/m3) (kg/s) (m3/s) (kg/m3) (kg/s) (m3/s) (kg/m3) (kg/s) 

Jan 205 0.06 12 228 0.08 18 242 0.07 18 

Feb 209 0.29 65 211 0.09 19 232 0.21 48 

Mar 236 0.44 110 223 0.17 39 289 2.00 660 

Apr 451 1.00 560 395 2.10 1100 579 2.00 1600 

May 1140 0.54 660 906 1.40 1300 1280 0.69 990 

Jun 1240 0.40 660 1260 0.51 720 2060 0.76 1600 

Jul 1960 0.90 1900 1980 0.67 1500 2460 0.70 1900 

Aug 1320 0.49 730 2370 1.90 5200 2070 0.52 1100 

Sep 652 0.09 59 1070 0.34 480 1170 0.17 240 

Oct 382 0.13 52 461 0.04 21 589 0.59 410 

Nov 293 0.05 14 310 0.05 16 428 0.06 27 

Dec 254 0.03 8 247 0.02 5 315 0.06 20 

Average 695 0.37 402 805 0.61 868 976 0.65 718 

Notes          

1. Data extracted from databooks published annually in Russian during the Soviet era.   

    The translated title is understood to be       
  

 State Water Cadaster, 1981, Parts 1 and 2, Volume XII    
 

 State Water Cadaster, 1983, Parts 1 and 2, Volume XII    
 

 State Water Cadaster, 1987, Parts 1 and 2, Volume XII    
 

2. The shaded values are for incomplete months.      
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Annex C 
 

Pyanj River suspended sediment PSD data 
 

Figure C.1: Pyanj River at Khirmanjo: suspended sediment PSD, 1979 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  

 

 

Figure C.2: Pyanj River at Khirmanjo: suspended sediment PSD, 1980 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Figure C.3: Pyanj River at Khirmanjo: suspended sediment PSD, 1981 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  

 

Figure C.4: Pyanj River at Khirmanjo: suspended sediment PSD, 1983 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Figure C.5: Pyanj River at Khirmanjo: suspended sediment PSD, 1987 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB. 
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Figure C.6: Pyanj River at Khirmanjo: suspended sediment PSD, April 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Figure C.7: Pyanj River at Khirmanjo: suspended sediment PSD, May 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Figure C.8: Pyanj River at Khirmanjo: suspended sediment PSD, June 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Figure C.9: Pyanj River at Khirmanjo: suspended sediment PSD, July 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Figure C.10: Pyanj River at Khirmanjo: suspended sediment PSD, August 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Figure C.11: Pyanj River at Khirmanjo: suspended sediment PSD, Sept 

 
Source: Data extracted from BETS (2019) unless noted in Table D.1. Plotted by ADB.  
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Table C.1: Pyanj River at Khirmanjo: suspended sediment PSD 

     Size (mm)         
Sample 

no.  River Site  0.005 0.010 0.05 0.10 0.20 0.50 1.0  Source 

Apr-79  Pyanj Khirmanjo  10.8 20.9 63.5 98.4 99.5 99.8 100.0  Table 3.14 

May-79  Pyanj Khirmanjo  15.3 28.5 70.7 96.9 99.6 99.8 100.0  Table 3.14 

21-03-80  Pyanj Khirmanjo  80.9 88.4 95.2 97.1 99.5 100.0 100.0  Table 3.6 

14-07-80  Pyanj Khirmanjo  26.8 46.7 87.3 97.9 99.0 99.5 100.0  Table 3.6 

22-08-80  Pyanj Khirmanjo  21.8 27.0 60.3 89.7 94.0 99.9 100.0  Table 3.6 

Apr-81  Pyanj Khirmanjo  17.1 72.6 92.1 95.2 97.1 99.8 100.0  Table 3.14 

Jul-81  Pyanj Khirmanjo  38.4 52.5 87.9 89.6 90.4 91.4 100.0  Table 3.14 

Aug-81  Pyanj Khirmanjo  35.7 68.8 92.4 95.4 96.1 99.3 100.0  Table 3.14 

Sep-81  Pyanj Khirmanjo  32.4 49.0 85.8 91.4 92.9 93.3 100.0  Table 3.14 

14-04-81  Pyanj Khirmanjo  17.2 29.5 86.5 98.7 99.8 100.0 100.0  1981 databook 

20-05-81  Pyanj Khirmanjo  21.1 36.0 72.8 85.0 97.0 99.5 100.0  1981 databook 

04-06-81  Pyanj Khirmanjo  7.8 50.8 54.4 67.7 77.0 87.6 100.0  1981 databook 

02-07-81  Pyanj Khirmanjo  63.0 73.9 91.3 97.2 99.1 100.0 100.0  1981 databook 

25-07-81  Pyanj Khirmanjo  21.5 38.6 92.3 99.4 100.0 100.0 100.0  1981 databook 

02-08-81  Pyanj Khirmanjo  32.5 50.8 91.1 99.2 99.7 99.9 100.0  1981 databook 

20-08-81  Pyanj Khirmanjo  17.1 37.9 94.9 98.3 99.7 99.9 100.0  1981 databook 

09-03-83  Pyanj Khirmanjo  16.5 22.6 94.0 95.8 97.7 99.9 100.0  1983 databook 

06-04-83  Pyanj Khirmanjo  14.7 34.5 66.5 98.2 99.1 99.8 100.0  1983 databook 

06-07-83  Pyanj Khirmanjo  35.5 65.6 86.8 88.6 89.4 90.4 100.0  1983 databook 

01-08-83  Pyanj Khirmanjo  48.6 76.3 94.2 99.5 99.7 100.0 100.0  1983 databook 

22-08-83  Pyanj Khirmanjo  33.1 43.6 80.0 83.1 91.3 98.6 100.0  1983 databook 

07-09-83  Pyanj Khirmanjo  45.3 59.9 87.4 91.4 92.9 93.3 100.0  1983 databook 

09-03-87  Pyanj Khirmanjo  45.6 82.9 100.0 100.0 100.0 100.0 100.0  1987 databook 

10-04-87  Pyanj Khirmanjo  17.3 72.1 100.0 100.0 100.0 100.0 100.0  1987 databook 

19-05-87  Pyanj Khirmanjo  35.5 72.4 100.0 100.0 100.0 100.0 100.0  1987 databook 

04-06-87  Pyanj Khirmanjo  28.6 36.8 71.7 85.2 94.8 99.4 100.0  1987 databook 

18-07-87  Pyanj Khirmanjo  27.5 66.0 100.0 100.0 100.0 100.0 100.0  1987 databook 

24-07-87  Pyanj Khirmanjo  29.0 45.6 100.0 100.0 100.0 100.0 100.0  1987 databook 

15-08-87  Pyanj Khirmanjo  37.0 70.8 100.0 100.0 100.0 100.0 100.0  1987 databook 

26-08-87  Pyanj Khirmanjo  35.8 67.0 100.0 100.0 100.0 100.0 100.0  1987 databook 

17-09-87  Pyanj Khirmanjo  22.1 68.0 100.0 100.0 100.0 100.0 100.0  1987 databook 
Average (all 
months)    30.0 53.4 87.1 94.8 96.9 98.4 100.0    
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Table C.2: Pyanj River at Khirmanjo: suspended sediment PSD 

     Frequency (%), Size (mm)        

Sample 
no.  River Site  

0.001-
0.005 

0.005-
0.01 

0.01-
0.05 

0.05-
0.10 

0.10-
0.20 

0.20-
0.50 

0.50-
1.00  Source 

Apr-79  Pyanj Khirmanjo  10.8 10.1 42.6 34.9 1.1 0.4 0.2  Table 3.14 

May-79  Pyanj Khirmanjo  15.3 13.2 42.2 26.2 2.7 0.2 0.2  Table 3.14 

21-03-80  Pyanj Khirmanjo  80.9 7.5 6.8 1.9 2.4 0.5 0.0  Table 3.6 

14-07-80  Pyanj Khirmanjo  26.8 19.9 40.6 10.6 1.1 0.5 0.5  Table 3.6 

22-08-80  Pyanj Khirmanjo  21.8 5.2 33.3 29.4 4.3 5.9 0.1  Table 3.6 

Apr-81  Pyanj Khirmanjo  17.1 55.5 19.5 3.1 1.9 2.7 0.2  Table 3.14 

Jul-81  Pyanj Khirmanjo  38.4 14.1 35.4 1.7 0.8 1.0 8.6  Table 3.14 

Aug-81  Pyanj Khirmanjo  35.7 33.1 23.6 3.1 0.7 3.3 0.7  Table 3.14 

Sep-81  Pyanj Khirmanjo  32.4 16.6 36.8 5.6 1.5 0.4 6.7  Table 3.14 

14-04-81  Pyanj Khirmanjo  17.2 12.3 57.0 12.2 1.1 0.2 0.0  1981 databook 

20-05-81  Pyanj Khirmanjo  21.1 14.9 36.8 12.2 12.0 2.5 0.5  1981 databook 

04-06-81  Pyanj Khirmanjo  7.8 43 3.6 13.3 9.3 10.6 12.4  1981 databook 

02-07-81  Pyanj Khirmanjo  63.0 10.9 17.4 5.9 1.9 0.9 0.0  1981 databook 

25-07-81  Pyanj Khirmanjo  21.5 17.1 53.7 7.1 0.6 0.0 0.0  1981 databook 

02-08-81  Pyanj Khirmanjo  32.5 18.3 40.3 8.1 0.5 0.2 0.1  1981 databook 

20-08-81  Pyanj Khirmanjo  17.1 20.8 57.0 3.4 1.4 0.2 0.1  1981 databook 

09-03-83  Pyanj Khirmanjo  16.5 6.1 71.4 1.8 1.9 2.2 0.1  1983 databook 

06-04-83  Pyanj Khirmanjo  14.7 19.8 32.0 31.7 0.9 0.7 0.2  1983 databook 

06-07-83  Pyanj Khirmanjo  35.5 30.1 21.2 1.8 0.8 1.0 9.6  1983 databook 

01-08-83  Pyanj Khirmanjo  48.6 27.7 17.9 5.3 0.2 0.3 0.0  1983 databook 

22-08-83  Pyanj Khirmanjo  33.1 10.5 36.4 3.1 8.2 7.3 1.4  1983 databook 

07-09-83  Pyanj Khirmanjo  45.3 14.6 27.5 4.0 1.5 0.4 6.7  1983 databook 

09-03-87  Pyanj Khirmanjo  45.6 37.3 17.1 0.0 0.0 0.0 0.0  1987 databook 

10-04-87  Pyanj Khirmanjo  17.3 54.8 27.9 0.0 0.0 0.0 0.0  1987 databook 

19-05-87  Pyanj Khirmanjo  35.5 36.9 27.6 0.0 0.0 0.0 0.0  1987 databook 

04-06-87  Pyanj Khirmanjo  28.6 8.2 34.9 13.5 9.6 4.6 0.6  1987 databook 

18-07-87  Pyanj Khirmanjo  27.5 38.5 34.0 0.0 0.0 0.0 0.0  1987 databook 

24-07-87  Pyanj Khirmanjo  29.0 16.6 54.4 0.0 0.0 0.0 0.0  1987 databook 

15-08-87  Pyanj Khirmanjo  37.0 33.8 29.2 0.0 0.0 0.0 0.0  1987 databook 

26-08-87  Pyanj Khirmanjo  35.8 31.2 33.0 0.0 0.0 0.0 0.0  1987 databook 

17-09-87  Pyanj Khirmanjo  22.1 45.9 32.0 0.0 0.0 0.0 0.0  1987 databook 

Average     30.0 23.4 33.6 7.7 2.1 1.5 1.6   

 


