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EXECUTIVE SUMMARY 

The Arghandab Integrated Water Resources Development Project (the Project) is intended to 
provide a reliable source of water in quantity and quality from Dahla Dam to serve four key sectors: 
(i) agriculture, (ii) urban and municipal water supply to Kandahar City and villages along the 
Arghandab River, (iii) environmental flows to support bird and water habitats, and (iv) hydroelectric 
power production. This Multisector Water Allocation Options Study is intended to support Afghan 
government agencies in assessing the preferred allocation of water to its four key uses.  

An interactive model has been developed in order to assist Dahla Dam managers to define water 
releases from the dam for its various uses each year.  It is intended to be run with estimated future 
inflows to the reservoir based on the winter/spring climate in the catchment area, and with the 
input of actual data when they become available. The model has mainly been developed with 
estimated or historical data, since few actual data have been collected since the series of coups 
and the civil war commencing in 1978. Unfortunately, this means that the model in its initial form 
is not highly accurate, and it will require careful measurement of data each year and their inclusion 
in the model for it to become and remain fully relevant. 

Objectives 

The Multisector Water Allocation (MSWA) model is intended to allow the next 3 months water 
allocations to be defined accurately with indicative outputs for the subsequent three months. Thus, 
mirabs and farmers should be able to plan their cropping activities carefully, and as far as possible 
finish their crops through the use of surface water supplies from Dahla reservoir.  This is one of 
the major potential benefits of defining water releases with reasonable accuracy, since the current 
reliance on groundwater for irrigated cropping is likely to be unsustainable.  

Initially, the model was designed to commence after Nowruz on about 21 March, the start of the 
Arghandab irrigation year.  However, there are advantages to commencing the model on 1 Jadi 
(January), when the dam volume would normally be quite low, since most of its water should have 
been used during the summer and autumn. Reasonably accurate estimation of likely water inflow 
to Dahla should be feasible at least a month before Nowruz, in Dalvæ (February).  

Inflows and Outflows 

Inflow to the reservoir is the dominant factor affecting water availability, and this needs to be 
predicted based on rain and snowfall on the Arghandab catchment. This will depend largely on 
the use of satellite image interpretation which will be introduced to the model under a program to 
supported by the Asian Development Bank be implemented in 2019 by eWater – an Australian 
public sector owned consulting company. Once wet season precipitation is known with reasonable 
certainty, inflows can be predicted several months ahead. As subsequent precipitation and inflow 
is recorded, flows during the remaining months of the year can be predicted more accurately.  
Estimated other monthly inflows and outflows are modeled, and in each case replaced month by 
month with actual figures as recorded and reported. 

The Model workbook has nine tabs: 

Tab Contains Source 

1 Inflow Predicted and actual inflow Rain/snowfall in the catchment area. Substituted by 
readings from the above-Dahla gauge when available 

2 Rain Rainfall on reservoir surface and Average then actual contribution by rainfall 
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Tab Contains Source 

immediate catchment 
3 Evap Evaporation from the reservoir Actual evaporation measured by evaporimeter 
4 Sedmt Estimated sediment load Estimated per month, based on inflow 
5 Urban Water distribution to Kandahar 

city and Arghandab villages 
Estimated then actual distribution 

6 Env Environmental water allocation Predicted then actual allocation 
7 Irrig Irrigation water allocation Predicted then actual allocation 
8 Model Summary of the other tabs Firm definition of releases to environment and irrigation 

for 3 months, predicted for subsequent 3 months 
9 Annual Data summary for each 

completed year 
Actual data are copied to this tab at the end of each year 
to provide a progressive annual summary 

 
Allocation 

There are five main uses for the capacity of Dahla Dam to store water. In approximate order of 
priority these are: 

Priority 1. Water distribution to Kandahar City and the Arghandab villages. Under no 
circumstances can water be withheld from these distribution networks. 

Priority 2. Irrigation: The farmers and communities in the irrigation areas downstream of Dahla 
are almost entirely dependent on irrigation. Optimizing surface water distribution is essential to 
minimize the use of groundwater, which is depleting rapidly. 

Priority 3. Environmental flow: Essential to maintain biodiversity along the river, provide water 
to riverside communities and sustain the Sistan basin and the Hamoun lakes in Iran.  

Priority 4. Flood control: Flooding has not been a major issue in the Arghandab basin. 
Nonetheless extreme flows need to be managed to limit downstream damage. 

Priority 5. Hydropower generation: Critical to the economic performance of the project but is 
seen as almost entirely a byproduct of other uses of Dahla water. All or almost all water will be 
released through the hydropower turbines. 

In order to manage the model, it is proposed that a technical group representing all major 
stakeholders is appointed. It is currently suggested that the group should meet twice a month to 
consider actual performance under each parameter, and define future monthly flows. The results 
would be widely circulated, and particularly used by the water user associations, irrigation 
associations and mirabs to advise their members on future agricultural activities. A full-time staff 
member of the Arghandab Sub-Basin Agency with integrated water resource management skills 
would be appointed to manage the model, collect required input data and advise the technical 
group.  

It is recommended that the group commences operations in 2019 (1398) even before project 
construction has commenced. This will give group members the chance to become familiar with 
the model and improve its performance, so that by the time the proposed dam raise is complete 
in about 2023, the model should be fully operational and reasonably accurate. Staff from the 
agencies involved in dam management will need to work with eWater in order to improve and 
refine the model and integrate satellite image data from the Arghandab catchment.  



 

I. INTRODUCTION 

A. Background 

1. The objective of the Transaction Technical Assistance (TRTA) is to undertake a feasibility 
study for the proposed AIWRDP to enable the Government of the Islamic Republic of Afghanistan 
and ADB to make an investment decision on the proposed project. The project is planned to 
comprise four components: (i) Component 1: raising Dahla Dam and six saddle dams; 
(ii) Component 2: irrigation and agriculture development; (iii) Component 3: water supply for 
Kandahar City and villages along the Arghandab river; and (iv) Component 4: Dahla Dam 
hydroelectric power development.  

2. Effective outcomes of the proposed investment will require efficient use and optimal 
allocation of water to various sectors. This multisector water allocation options study is intended 
to provide guidance to the Arghandab Sub-basin Agency (ASBA) in drawing up agreements and 
regulations to manage the water received by the dam and distribute it among the various users 
and uses.  

3. While technical concerns will be the most important factor in defining water allocation, 
decision-making will also need to be informed by the changing conflict context. ADB’s Fragile and 
Conflict Affected Situations (FCAS) approach requires the development of an FCAS approach to 
project implementation and operation. This involves integrating FCAS concerns into all relevant 
project preparation documents. Appendix 1 provides more focus on specific concerns related to 
FCAS. 

4. Over recent years, increased reliance has been placed on groundwater to supplement 
surface water irrigation. This has resulted in a major decline in the water table, which if unchecked 
will limit the potential for groundwater irrigation in a few years. The dam raise, and the improved 
management of irrigation allocations proposed in this report, should minimize groundwater 
irrigation, except when agreed water allocations cannot be delivered.1  

5. Beyond the directions suggested in this report for the Arghandab River and Dahla Dam, it 
is hoped that some of the approaches suggested can be applied in the future to other multi-
purpose dams. Kajaki dam above Lashkargah on the Helmand is already multi-purpose while the 
government intends to construct a further 30 multi-purpose dams nationally. It will need to develop 
processes for determining multi-sector water allocation and the regulations needed to support it. 

B. Processes 

6. The MSWA concept has evolved progressively over the period of the TRTA. Stakeholder 
meetings were initially held in Kabul with the key agencies responsible for the sector: MEW, 
MRRD, MAIL, NEPA and AUWSSC, and later with the Ministry of Foreign Affairs. Meetings could 
not be not held with DABS but the TRTA consultants responsible for Component 4 (hydroelectric 
power generation) were fully consulted.  

7. On 17 November 2018, a workshop was held in Kandahar at which typical principles and 
processes that can be followed in allocating water to its various uses were discussed. The 
opportunity was also taken to follow up with key agencies including ASBA, the Helmand River 
Basin Agency, DRRD, DAIL, NEPA and AUWSSC. Further meetings were held with the relevant 
                                                
1  When agreed water allocations cannot be delivered for any reason, FCAS monitoring should be updated and the 

FCAS Community Engagement Strategy enacted to minimize potential negative impacts. 
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national agencies in Kabul, and a workshop held on 17 December 2018. A third workshop was 
held in Kandahar on 17 January 2019. 

8. The draft Excel model was discussed at the Kabul workshop and at a meeting held the 
next day with all of the representatives who had travelled to Kabul from Kandahar and Lashkargah, 
the capital of Helmand province. The model was also discussed in Kandahar by national 
consultants from the TRTA team both before and after the second Kandahar workshop.  

9. The key to water allocation potential is the annual inflow to the reservoir and careful 
management of the water in-storage. In the model at present, this is based on inflows between 
1952 and 1978, when recording stopped (and has not recommenced, since the area upstream of 
the reservoir is insecure and inaccessible to government staff). The data have been updated to 
reflect climate change, and organized to define years from 10% dry (the second lowest of 11 
typical years arranged in order of inflow), to 50% (median) to 90% wet (the tenth highest of the 11 
inflow years). Future inflows in the model need to be predicted based on rain/snowfall in the 
Arghandab catchment, from both satellite image interpretation and ground truthing. The predicted 
flows will be used to define water allocation three months ahead, with indicative releases for a 
further two or three months. This should allow mirabs and farmers to plan their cropping patterns 
to maximize use of Dahla water and minimize groundwater use to conserve the resource for 
strategic use during periods of drought.   

10. The model has been written in Excel. It is expected that in 2019, eWater, a company owned 
by various governments in Australia, will develop their “Source” program to improve river basin 
management systems, initially focusing on the Arghandab. It is expected to develop systems for 
collecting and processing satellite image rain and snowfall data and integrate them into the model. 
It may also be feasible to write the model across to a program such as Visual Basic, which might 
lead to easier integration of data into the model and reduce the potential for data entry errors.  

11. A full-time technical staff member in ASBA should be responsible for managing the model 
and ensuring water user associations (WUAs), irrigation associations (IAs) and communities are 
aware of allocation decisions. For this reason, mirabs should be made fully familiar with the model 
so they are aware of the water allocation decision-making process. The FCAS Community 
Engagement Strategy should be utilized to ensure allocation decisions are transparently 
disseminated to community members.  

C. MSWA: The Global Context 

12. Population growth, urbanization and economic forces continue to stress and affect demand 
for water worldwide – with agricultural and municipal uses predominant. Water pollution, 
environmental degradation and ineffective water regulation increase the cost of developing water 
resources of reliable quantity and quality. The increasing scarcity of water can be attributed 
primarily to conflicting uses and overuse of water. The need for improving the efficient use of water 
resources and promoting their optimal allocation among competing uses has attracted significant 
attention globally. A further factor is climate change which is influencing rainfall patterns, 
evapotranspiration and snowmelt, which will be important in Afghanistan. 

13. The underlying principle of efficient use of water is to treat water as a social, environmental 
and economic resource through an integrated, strategic and participatory approach. Therefore, 
sustainable management of water and smart investments across all sectors of water use should 
be treated as a multisector and a multi-institutional activity, requiring integration of resource 
management and inter-institutional coordination across all sectors, including agriculture, urban 
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water supply, hydropower, and the environment. In periods of low water supply, with greater 
potential for water-related disputes, FCAS considerations will be even more relevant. The 
application of FCAS informed decisions in times of low supply might see the prioritization of sub-
optimal (from a technical consideration) options. This may be necessary in order to minimize the 
risk of exacerbating conflict as this could result in significant obstacles to the whole water 
allocation system. 

14. Urban water supply. With global demand for water projected to outstrip supply in the 
coming decades, cities may face water insecurity as a result of climate change and increasing 
urbanization. Traditionally, urban water managers have relied on large-scale, supply-side 
infrastructure projects to meet increased demands for water. However, these projects are 
environmentally, financially and politically costly. Transition from supply-side to demand-side 
urban water management2 in many cities will be required to achieve urban water security. It will 
be important that, in future, wastewater is collected, treated and made available to agriculture. 

15. Agricultural sector. Agriculture is vital to food security and poverty alleviation. Irrigation 
accounts for around 70% of the fresh water used in the world today and can contribute to water 
pollution from fertilizer and pesticides. Increased pressure from urbanization and industrialization 
will provide agriculture with more competition for water resources, while climate variability affects 
agriculture through changes in the seasonal timing of rainfall and snow pack melt, as well as likely 
higher incidence and severity of floods and droughts. 

16. Hydropower. Electricity has become integral to daily lives and access to electricity is an 
indicator of how well nations, communities and economies are developed. The annual total 
greenhouse gas emissions derived from the global energy supply sector continues to increase. 
Combustion of fossil fuels still dominates the global energy market that is striving to meet the ever-
increasing demand for heat, electricity and transport fuels. A clean development mechanism for 
sustainable development is one of the three mechanisms established by the Kyoto Protocol, which 
presents legally binding reduction targets for six greenhouse gases in industrialized countries. 
Hydropower is fueled by water - a clean fuel source, that does not pollute the air like power plants 
that burn fossil fuels, such as coal or natural gas. However, hydropower in many situations also 
results in environmental negatives due to methane generation from flooded plant material, 
sediment retention and negative impacts on fish and other species using the dammed river. 

17. Eco-hydrology and hydro-biology. Water regimes such as environmental, fisheries, 
recreational and groundwater recharge flows are essential to maintain a balanced ecosystem 
where flows are regulated. These flows provide critical contributions to river health and economic 
development and poverty alleviation. They ensure the continued availability of the many benefits 
that healthy river systems bring to society. These flow requirements are managed during the 
planning phase in ensuring that dam and reservoir operating strategies conform to environmental 
flow requirements. 

D. MSWA for Sustainable Water Resources Management: Afghan Context  

18. The importance of water to Afghanistan’s development and the well-being of its people 
cannot be overstated. The Food and Agriculture Organization of the United Nations observed: 
“Water is the lifeblood of Afghanistan, not just for drinking but also for the economy, which 

                                                
2  Supply-side urban water management involves expanding supply to meet demand. Demand-side management 

requires measures to limit demand, such as for example applying increasing price block tariffs, or limiting outdoor 
use of urban water during periods of restricted supply.  
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traditionally has been dominated by agriculture.”3  

19. In Afghanistan, sustainable water resource management also requires water allocation 
and inter-institutional coordination across several sectors, including agriculture, urban water 
supply, hydropower, and eco-hydrology and hydro-biology, as discussed below. 

20. Agriculture sector. Afghanistan’s gross domestic product (GDP) totaled $20.8 billion in 
2017, - projected to grow at a rate of 2.5% in 2018 and 2019. The average value added by the 
agricultural sector as a proportion of GDP between 2002 and 2016, was 28% ranging from 21% 
in 2015 to 38% in 2002. Inflexible arrangements for allocating irrigation water when droughts occur 
continue to undermine Afghanistan’s food security. Despite the decline in agriculture’s contribution 
to total GDP, agriculture remains the “sector with greatest potential for job absorption and 
economic impact on rural Afghanistan.”4 Improving the economic performance of the country’s 
agriculture is critical to achieving food security, increasing rural incomes, and contributing to a 
stable and peaceful society. Irrigation water use in Afghanistan is currently inefficient with a low 
ratio of crop production to sourced water with an irrigation efficiency averaging around 25%. 

21. Urban water supply. Water supply in Afghanistan is characterized by several achieve-
ments and challenges. Among the achievements are: the expansion of rural water supply infra-
structure with the active participation of communities as part of the National Solidarity Program; 
the successful expansion of water supply in the city of Herat and towns such as Kunduz; and 
reform of the institutional framework for urban water supply through the decentralization of service 
provision from a national agency to local utilities managed on the basis of commercial principles.  

22. The challenges however continue to overshadow plans, among which are: aging and 
deteriorating infrastructure; a high level of non-revenue water estimated at about 40% including 
water use from illegal connections; inappropriate pipe materials such as asbestos-cement used 
for older pipes; lack of capacity; widespread poverty; and traditional social norms especially 
concerning the role of women. The last of these factors makes it hard, for example, to read meters 
within premises or to involve women in participatory processes. In urban areas, additional 
challenges include: delays in the procurement of large works, due to a large extent to the few 
contractors with sufficient capacity to execute them; the pollution of shallow groundwater due to a 
lack of sanitation; and poor service quality of piped water supply, including service interruptions 
that are partly caused by unreliable electricity supply.  

23. Hydropower. In 2016, Afghanistan was ranked 142nd of 197 countries in terms of access 
to electricity. Da Afghanistan Breshna Sherkat (DABS) reports that in 2017, 280MW to 320MW of 
power was produced in Afghanistan and 1000MW imported from Iran, Turkmenistan, Uzbekistan 
and Tajikistan. Currently, only about 30% of Afghan households have access to electricity. The 
connection rate differs often from zero in rural areas to near 100% in towns and cities. Hydropower 
currently appears to be the most promising option for electricity generation in Afghanistan, though 
solar also has a major contribution to make. Solar power will increase in importance as solar 
generation costs decline and can combine well with pumped storage to meet peak load.  

24. Eco-hydrology and hydro-biology: Afghanistan is not a global biodiversity “hotspot”. 

                                                
3 Food and Agriculture Organization, Irrigation in Central Asia in Figures: AQUASTAT Survey = 2012, 2013, p. 87    
   (“FAO AQUASTAT Survey-2012”), http://www.fao.org/docrep/018/i3289e/i3298e.pdf.   
4 UNAMA. 2016. “Water Rights: An Assessment of Afghanistan’s Legal Framework Governing Water for Agriculture”.  
   United Nations Assistance Mission in Afghanistan. 
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Groombridge & Jenkins5 calculated a comparative index of biodiversity for all countries over 5000 
km² based on the number of mammals, birds, reptiles, amphibians, vascular plants and endemic 
species. The index is scaled to account for the different sizes of countries. Afghanistan’s index is 
-0.296 indicating that its biodiversity index far below the median. Indices of neighboring Pakistan 
(-0.121) and Iran (-0.194) are higher, but still below the median. However, as Afghanistan is an 
arid country, the few wetlands that do exist are of great significance to biodiversity. Wetlands 
provide habitat for many migrating water birds. Naturally recurring droughts coupled with human-
induced constraints and impacts (i.e., lack of regulations and policies and mandates for riparian 
flows) continue to negatively impact eco-diversity in almost all river basins of Afghanistan.  

25. Afghanistan’s national environmental protection agency (NEPA) released the first list of 
protected species in June 2009 prepared by the Wildlife Conservation Society. The original list 
included 33 species – mostly mammals but also including birds, plants, an amphibian, and an 
insect. An additional 15 species were added to the list in February 2010. While a complete list of 
protected species has not been located, it is expected that six of the known protected species may 
use the Arghandab Reservoir for feeding or nesting. These species include the Large-billed reed 
warbler (Acrocephalus orinus), Eastern imperial eagle (Aquila heliaca), Pallas' fish eagle 
(Haliaeetus leucoryphus), Marbled teal (Marmaronetta angustirostris), Dalmatian pelican 
(Pelecanus crispus), and Sociable lapwing (Vanellus gregarious).  

26. Water resources infrastructure in Afghanistan is predominantly single purpose or serves 
no more than two purposes (irrigation and hydropower). Consequently, disputes due to conflicting 
uses hardly arise. However, as the number of potential uses of a given dam increase, the 
complexities of management to meet multiple objectives also increase. Systems are consequently 
needed to ensure that those dependent on the dam are fairly treated, and also that environmental 
management is adequately addressed. 

  

                                                
5 Groombridge B & M Jenkins, “Biodiversity data sourcebook” (WCMC biodiversity series 1994) 
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II. MSWA OBJECTIVES AND METHODOLOGY  

A. Objectives 

27. The optimal allocation of releases from Dahla Dam is expected to be an evolving process, 
guided by consensus and facilitated through participatory processes among water users. 
Specifically, the process should include development of multiple scenarios of water allocations 
and reaching consensus on the allocation priorities through a participatory process. This will form 
a gradual and evolving culture to eventually develop policies and strategies for water allocation 
practices, encompassing traditional and advanced practices of allocation that are relevant to water 
users. Once the likely class of year has been defined following the main period of rain and snowfall 
in the Arghandab catchment, decisions can be made through participation among stakeholders 
on the optimal allocation of water for different purposes.  

28. Strategies for consensus building should also ensure that communities are adequately 
sensitized on supply-demand issues and fully appraised of options. The FCAS Community 
Engagement Strategy can assist in this. 

B. Current Situation 

29. The volume of Dahla Dam has fallen by 40% since construction in 1952, due to the 
deposition of sediment in the reservoir. A major impact of this has been that spring high flows 
mainly need to be released or spilled immediately and cannot be retained for later release for 
irrigation or environmental release. This has led to the release program outlined in Appendix 2. 

30. Flows in the Arghandab vary greatly between years, with current expected inflows (based 
on 2010 data) ranging from 690 million m3/year in 10% dry years to around 2150 million m3/year 
in 90% wet years (Table 1). By 2050, climate change factors are expected to significantly reduce 
dry and average year flows, but to marginally increase wet year flows.  

Table 1.  Estimated Inflows to Dahla Dam  

   2009   Expected 2050 

  Lowest 10% Median 50% Highest 90%  Lowest 10% Median 50% Highest 90% 
Month   Mm3/month Mm3/month Mm3/month  Mm3/month Mm3/month Mm3/month 

Jadi Jan 40 68 116  49 127 131 
Dalvæ Feb 45 193 299  38 197 329 
Hūt Mar 112 222 446  132 259 491 
Hamal Apr 199 306 579  205 235 639 
Sawr May 120 152 402  69 108 197 
Jawzā Jun 44 59 94  35 47 69 
Saratān Jul 27 36 47  23 30 40 
Asad Aug 20 26 31  18 23 28 
Sonbola Sep 17 21 24  16 19 22 
Mizān Oct 15 18 20  14 17 19 
Aqrab Nov 11 13 19  13 18 19 
Qaws Dec 38 52 70  58 67 90 
Year  688 1167 2149   670 1149 2075 

Note that months do not exactly coincide. Thus 1st January is actually on about 21st Qaws. 
Mm3 = million m3 
Source: TRTA Hydrological simulations 2018. 
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31. These flows can be compared to the current total storage volume of Dahla reservoir of 298 
million m3 in 2018 increasing to 782 million m3 for a 13.6-meter raise in spillway height (12 m dam 
raise).  The reservoir was surveyed under the TRTA, as summarized in Appendix 3.  

32. At present, Dahla Dam water is used almost exclusively for irrigation. Water is released 
through penstocks to meet anticipated irrigation needs, based on the volume of water currently in 
or expected to reach the dam. Water is abstracted from the river south of Dahla mainly by 
conventional offtakes constructed out of rocks, mud and timber to divert water to community 
canals, in total 12 between the dam and the Arghandab Irrigation System (AIS) diversion to the 
Arghandab South Main Canal on the left bank at Khana Gerdab, 14.5 km SW of Dahla at 
31.779oN, 65.759oE. 

33. Until about three years ago, no formal water distribution system between irrigation users 
operated. However, at that time, the Directorate of ASBA developed an operation schedule where 
60% is passed over the weir and 40% is diverted into Arghandab South Main Canal, designed for 
a flow of 42.5 m³/second6. The 60% remaining in the river is available for downstream community 
diversions to abstract. In total there are 46 offtakes south of the AIS diversion, of which the largest 
is 1.7 km west of Maranjan at 31.745oN, 65.713oE. There are thus three main irrigation areas: 
North Arghandab River system, AIS, and the South Arghandab River system. The areas irrigated 
can vary greatly from year to year, depending on flows in the Arghandab (and tributaries) and 
releases from Dahla.  

34. When water availability is likely to be limited, irrigation is able to use the total flow. Where 
greater volumes are released (for example during spring in wet seasons) water anticipated to be 
surplus to irrigation needs to flow on down the river, where it is joined by flows from tributaries 
including the Dori, Arghastan and Tarnak rivers. It then continues for around 88 km until it joins 
the Helmand river at Qala-i-Bust. 

35. In Table 2, estimates by the TRTA of the irrigable area that could be serviced by water 
from Dahla Dam and Arghandab tributaries are summarized. In total, there are 120 community 
irrigation systems including 54 in the AIS and 66 drawing water from the river between Dahla and 
the Dori/ Arghastan junction. The data indicate that the actual service area is only 47% of the area 
with formal water right and that the potential service area is 160% larger than the current service 
area. 

Table 2.  Overview of Service Area per Zone and for the AIS  

Zone 
Community 

systems 
Service area with 
formal water right 

 
Actual service 

area 

Potential 
service 

area 

Potential 
additional 

service area 

  No. ha %  ha % ha ha 
Community upstream 20 4,428 3.8  3,050 5.6 6,256 3,206 
AIS 54 45,854 39.8  21,323 39.4 62,790 41,467 
Community downstream 46 64,890 56.3  29,710 54.9 71,970 42,260 
Total 120  115,262 100.0  54,083 100.0 141,016 86,933 

AIS = Arghandab irrigation system 
Source: TRTA Irrigation Survey A (June-July 2018) – Component 2 Feasibility Study, Table 3. 

36. No accurate information is available on the amounts of water actually used for irrigation 
each year. However, using FAO crop water demand estimates and a current irrigation efficiency 
of around 28%, around 38,000 ha could be irrigated in a 10% year, supported by groundwater 
used. In a median inflow year, irrigated area of about 42,400 ha should be achievable without 
                                                
6  See Table 4 of the Component 2 Feasibility Study footnote.  



8 

using groundwater and 58,500 in a 90% year. In practice, larger areas may be planted and partly 
irrigated, or more groundwater may be extracted, normally with solar pumps, and used to 
supplement surface water, and to recover some of the water which enters groundwater systems 
during river water distribution. 

37. With a 13.6 m spillway raise, it is estimated that 50% year irrigation could increase by 
around 23% and 90% inflow year irrigation by almost 40%. The increases are due to an expected 
increase in irrigation efficiency (to about 32%) and the additional storage of water and reduced 
spill due to the dam raise.  

C. Future Demand 

38. Dahla Dam was constructed primarily as a single purpose dam, to supply the irrigation 
water needs of irrigation systems develop along the Arghandab River and within the AIS. A 
supplementary benefit was the full or partial control of floods affecting near-river communities in 
some years. The dam’s value for both purposes has declined over time as the dam has reduced 
in volume due to sediment deposition. It was also initially planned to produce hydro-electricity, but 
the hydropower plant was never installed.  

39. The objective of the project is to increase the volume of water stored by Dahla Dam and 
convert it into a true multi-purpose dam. The main project objectives and priorities can be 
summarized as follows: 

Priority 1 Water distribution to Kandahar City and the Arghandab villages between 
Kandahar and Dahla Dam. Under no circumstances can water be withheld from 
these distribution networks. 

Priority 2 Irrigation: To increase the reliability, volume and period of supply of irrigation water. 
The farmers and communities in the irrigation areas downstream of Dahla are almost 
entirely dependent on irrigation. Optimizing surface water distribution is essential to 
minimize the use of groundwater, which is depleting rapidly. 

Priority 3 Environmental flow: is essential to maintain biodiversity along the river, provide 
water to riverside communities and sustain the Sistan basin and the Hamoun lakes 
in Iran.  

Priority 4 Flood control: flooding has not been a major issue in the Arghandab basin – 
nonetheless extreme flows need to be managed to limit downstream damage. 

Priority 5 Hydropower generation: is critical to the economic performance of the project but 
is seen as almost entirely a byproduct of other uses of Dahla water. All or almost all 
water will be released through the hydropower turbines. 

40. Potable Water Once the urban and village water supplies are established, they will 
become the highest priority for Dahla water.7 Although they require a relatively low proportion of 
annual inflow, the provision of domestic water will require that under no circumstances can the 
dam be allowed to fully empty. While it is suggested that the existing urban tubewell supplies are 
maintained, in the medium to long term Kandahar is likely to become almost fully dependent on 
Dahla. For Kandahar to run out of water would be catastrophic, since no ready means would be 
available to maintain even basic water supply to a city that will soon reach one million people and 
may reach two million before 2050. While in the early years, households may be able to obtain 

                                                
7  Article 6 of the 2009 Water Law states "Priority for use of water resources shall be given to drinking water and 

livelihood." It is expected that the new water law under preparation since 2014 will have the same priority. 
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water from pre-existing tubewells, over time they are expected to become fully reliant on treated 
water from Dahla. By far the lowest inflow year recorded between 1952 and 1978 was 1971 with 
271 million m3 of inflow. Between July and October 1971, almost no flow was recorded above 
Dahla, and none at Qala-i-Bust south of Lashkargah, suggesting that five months urban supply 
should be retained above penstock cut-off going into the low flow season8. As the season 
progresses, and flows are maintained, the storage cut-off limit can be progressively reduced.  

41. Irrigation is the second highest priority use for Dahla water (and the primary reason why 
the dam raise is needed) in order to increase the storage and reliability of water in spring for 
release later in the year, and to reduce spillage. The increased storage volume will increase 
irrigation supplies in all years apart from the very driest, and will allow expansion of the irrigated 
area and lead to more reliable crop production.  

42. It is clear that during low inflow years, preference must be given to tree crops and other 
perennial crops such as vineyards. They represent a substantial investment of time and money 
and cannot be allowed to die. However, the number of irrigations could be limited to perhaps 7 or 
8 rather than the budgeted 10 or 11. The current model does not allow for changes in irrigation 
frequency relating to year class, and in future a module may need to be added to account for this 
factor. Annual crops are relatively equal in priority – vegetable crops can generate high returns, 
while wheat is a critical crop for home and livestock consumption (of straw).  

43. Farmers and their families rely on irrigation to survive, and a failure of the river and 
irrigation system to provide adequate water (as in 2018) presents a major problem for many farm 
families, and for the whole region. Dahla was originally constructed as an irrigation dam. In the 
future, accurate irrigation allocation estimates are essential to allow farmers each season to plan 
cropping programs based on available irrigation water supplies. If this doesn’t happen, crops will 
fail, or excess extraction of groundwater will continue, leading to extreme long-term problems for 
the region.  

44. Flood control. With its enlarged capacity, the dam will have the potential for improved 
flood control.  It should be able to reduce flood damage even in the wettest years, and eliminate 
it in average years. The current maximum storage volume of Dahla is 298 million m3 increasing to 
782 million m3 for 12 meters.9 Thus, up to an additional 480 million m3 of potential flood water 
could be entrapped by Dahla compared to the current spillway level. However, flood management 
requires control of water levels in the reservoir pre-flood, with early release of water if a severe 
flood is expected. While there is potential for downstream damage from a severe flood (maybe 
one in one hundred years) most floods can cause damage between the banks and for example of 
irrigation diversions, but are reported not to have caused widespread damage to agriculture or 
structures. Flood control, though sometimes important, is not classed as a central feature of dam 
management.  

45. Hydropower is seen as a by-product of releases for other purposes. Thus, the primary 
aim of Dahla Dam management will be to ensure that the dam is as full as possible at the end of 
the high-volume run-off period, but consistent with agreed environmental releases. As the dam is 
filling, power generation will occur during periods of regulated water release to meet the demand 
for water supply, irrigation and the environment. Aside from “by-product” power generation, hydro-
power will be produced through release to the turbines when water is about to spill over the 

                                                
8  In only 11 months between 1952 and 1978 were inflows to Dahla less than 10  million m3. Six of those months were 

from May to October 1971.  
9  The spillways would be increased by a further 1.6 meters, resulting in increases in spill height of 13.6 m. 
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spillway, so as to extract energy from the water, rather than have it spill for no energy gain. 

46. Environmental flow is important for several reasons: (i) to assist in conserving wildlife 
along the course of the river, (ii) to provide water to village communities west of Dehqobad. (iii) to 
contribute to groundwater recharge in aquifers linked to the river, and (iv) to provide water to the 
Helmand River flowing to the Sistan basin and Iran. Environmental allocations from Dahla should 
flow down the Arghandab, and be supplemented by seasonal flows from the Arghastan, Tarnak 
and Dori Rivers which join the Arghandab at Doad. In wet years, when flows are expected to 
exceed the capacity of the dam over the early spring period, environmental releases can 
commence in mid-winter. However, in drier years, when irrigation water is limited, it is unlikely that 
communities will allow the water to pass their offtakes, if their crops are thirsty. Also flows classed 
as environmental in the Arghandab may be abstracted by farmers downstream on the Helmand 
River, though the Helmand River Basin Agency indicates that Helmand River communities do 
allow environmental flows to pass their diversions. Few data are available to allow environmental 
allocations to be defined accurately. Consequently, an environmental study is planned early in the 
project, which should allow environmental releases to be defined in more detail, together with 
study of the groundwater environment and limited assessment of the upland Arghandab 
catchment. The last of these will depend on the security situation, with such an assessment being 
at least partly dependent on a peace agreement.  

47. Initially, it was planned to release environmental flows in all months apart from the July to 
December period in 0% to 30% dry years. However, re-estimation of inflows suggested that they 
would be relatively low over this period, meaning that summer and autumn cropping would be 
limited. Thus, no environmental flows are planned between July and December in all years. 
However, the annual totals are maintained at the previously estimated levels by increasing 
environmental flows between January and June. Environmental flows are only approximate at this 
stage and will be refined in the environmental study.  

48. Other sources and losses of water. In addition to the four main uses discussed above, 
other factors affect dam water volumes including (i) rainfall on the dam surface or in its immediate 
catchment, (ii) evaporation from the dam surface, and (iii) seepage losses from the dam. 

D. Development of a Water Allocation Model 

49. The main parameters and issues facing each of the five main uses of Dahla water outlined 
in Section II.C are discussed in Table 3.  

Table 3.  Factors Affecting Water Use 

Factors Affecting Water Use Recommendations 

Priority 1: Water supply to Kandahar and Arghandab villages along the mainline 

 Demand is relatively low starting at 
around 22 million m3/year in 2023 
(project completion) and rising to 107 
million m3/year in 2050. At peak, it 
represents only 7% of 2050 average 
inflow. In a 10% dry year, urban water 
demand in 2050 would represent 20% 
of inflow.  

 The current 12 AUWSSC tubewells 
supplying Kandahar produce around 
8000 m3 per day, or 3 million m3 per 
year. While this is a relatively small 

 In all circumstances, this allocation will be afforded top 
priority.  

 Under no circumstances can Dahla be allowed to fully 
dry as this would mean that that no water can be 
transferred to the water company and villages.  

 A minimum carryover is recommended currently of 20 
million m3 above the penstocks (offtakes from the dam) 
rising to perhaps 40 million m3 by 2050. 

 If predicted water availability declines below expected 
demand, water limits will need to be imposed and 
supply limited. Limits may include for example, limiting 
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Factors Affecting Water Use Recommendations 

volume, the tubewells should be 
maintained in order to provide some 
water to the city in case supplies from 
Dahla are interrupted. 

 Consideration is being given by 
AUWSSC to restoring 2 or 3 of the 7 
non-functioning wells, to assist in 
meeting demand prior to project 
completion and to provide a stronger 
back-up in case of Dahla water failure.  

 

garden watering to hand-held sprayers, limiting car 
washing and other limits. The water supply company 
will need to research and define appropriate 
restrictions. 

 Since Dahla water is only used for irrigation at present, 
it will be necessary to discuss with farmers and farmer 
groups the need for urban water supply to take 
precedence, and to point out the relatively low level of 
urban demand. This will require an effective community 
engagement strategy to minimize the potential for 
conflict (see FCAS Community Engagement Strategy). 

Priority 2 Irrigation to AIS and north and south community systems 

 Farmers need access to reliable 
irrigation water. 

 Where provided, this will allow them to 
increase their efficiency of crop 
production, and be confident to apply 
adequate inputs. 

 When irrigation supplies decrease part-
way through a crop cycle, farmers may 
be obliged to abstract water illegally or 
make use of groundwater. 

 At the weir, a 3-year-old agreement 
allocates 40% of flow to the AIS and 
60% to downstream irrigators, based 
on the approximate ratio of irrigated 
area. It is envisaged that the same 
ratio will continue in future net of 
environmental flows, unless good 
reason is seen to change it. 

 

 Depending on river flows in spring, irrigation area may 
be expanded or contracted based on ASBA’s (or the 
proposed water group’s) recommendation. In all 
circumstances, tree crops need to be afforded highest 
priority, followed by intensive vegetable crops. Winter 
wheat will when possible be guaranteed one irrigation 
late autumn for planting and at least two in spring. 

 However, excessive expansion of perennial crop areas 
needs to be avoided. It is not feasible or desirable for 
the whole irrigation area to be planted to perennials. 

 In low inflow years, the number of irrigations applied to 
trees and vines may need to be reduced, though this is 
not integrated into the model. 

 Water allocations to irrigation should be predicted firmly 
around three months ahead, and approximately for a 
further three months. This information should allow 
farmers to make good decisions on annual cropping 
programs. 

 Allocations to WUAs, IAs and farmers or groups of 
farmers need to be agreed early in the cropping year, 
preferably well before Nowruz to permit land 
preparation. ASBA and the irrigation associations will 
then be responsible for making the agreed deliveries. 

 Irrigation farmers may elect to carry over water 
entitlement to the next year so that they have security 
for perennial crops. 

 WUAs and IAs need to define cropping patterns three 
months in advance that allow water to pass down-canal 
or river to downstream irrigators. This may require the 
drawing up of WUA agreements. Areas need to be 
reviewed and agreed by the dam management 
technical group. 

 Groundwater should not be widely used for irrigation 
except to avoid crop failure. Water tables are falling and 
are reported to be around 100 meters in several areas 
and as low as 180 meters in some areas. 

 Groundwater replenishment should be encouraged 
from canals and the river in particular. 

 Currently, WUAs between Dahla and the AIS weir have 
unlimited access to water (when it is flowing). This 
needs to be managed and should be informed by a 
robust community engagement strategy that links to 
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sensitization around reducing reliance on groundwater 
usage (see FCAS Community Engagement Strategy). 

 In drier years, up to approximately 40% to 50% when 
irrigation is possible, WUAs and mirabs will need to 
develop agreements to allow water to pass their intake 
gates or structures, so that down-river irrigators and the 
environment are not left with nothing. This will require 
effective engagement between upstream and 
downstream communities. 

Priority 3 Flood control 

 Advice from ASBA is that only the 
Tarnak has flooded in recent years 
with damage to agriculture. No floods 
have been recorded in the Arghandab 
for several decades 

 Flood control in a system such as the 
Arghandab/Dahla is almost automatic. 
The dam is likely to be at a low level by 
the end of the year, before the main 
inflow season in spring. 

 Inflow water, whether or not of potential flood 
proportions, would be captured and stored, until it is 
clear from climatic conditions that the dam is going to 
fill or over-fill. In this case, water should be released in 
advance of peak flow, maybe by one month. This would 
have the advantage of reducing the actual flood peak, 
and also allowing high electricity generation for a longer 
period in the year. 

Priority 4 Environmental flow 

 In high-flow years, environmental water 
will be a valuable output from the dam 
and regulations may be needed to 
prevent WUAs and mirabs from 
abstracting environmental flow water. 
This in any event is unlikely in years 
greater than 75% provided agreement 
is reached with the WUAs and IAs.  

 

 The plan adopted in the model due to the relatively low 
inflows now predicted for July to December is that no 
environmental releases are made during that period. 
Farmers cannot be required to allow environmental 
water to flow past their intakes when their crops are 
dying of thirst. 

 Upgrade of the Qala-i-Bust station on the Arghandab 
near Lashkargah is planned, while new stations are 
proposed on the Helmand/Kandahar border and just 
above the Arghandab/Arghastan junction. 

 It is considered desirable that the Arghandab 
contributes to meeting the requirements of the 1973 
treaty, and thus averages around 16% of combined 
Helmand Arghandab flow at Qala-i-Bust. 

 In order for this to be effective and contribute to the 
reduction of environmental problems in Sistan, some 
further regulation of irrigators downstream of Qala-i-
Bust may be required. 

 A decision is required on the minimum volume to be 
maintained in Dahla to sustain fish and bird life. At 
present around 30 Mm3 is considered necessary.  

Priority 5 Hydropower 

 Hydropower is critical to the economic 
viability of the project. However, it is a 
by-product of the water releases for all 
other purposes.  

 

 Almost all Dahla water releases for all purposes will 
pass through the turbines and generate electricity.  

 As mentioned under flood control, some early release 
of water through the turbines may be desirable in 
extreme wet years, even though this may reduce the 
head and thus the production of electricity for a short 
period – maybe one month. 

 Since a major purpose of water released from Dahla is 
to meet irrigation needs, it will not be possible to meet 
morning and evening peak demand for electricity, since 
a stable flow is required for 24 hours. Sudden changes 
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in release volumes would mean that the gate positions 
on all offtakes would need to be changed to maintain 
the required flow.* 

* Some hydropower dams overcome the peak load problem by installing downstream weirs to even out flows. 
Source: TRTA Consultants 
 
E. Interactive Model of Water Allocation 

50. Once the inflows and involuntary outflows have been defined as accurately as possible, a 
model can be prepared. It was initially planned that the model would start at Nowruz (21 March) 
each year, after the main rainfall/snowfall period of January to March, and the January to February 
season when water for irrigation is generally not released. However, the inflow in that period is so 
variable between years, that it was decided to start the model instead on 1 January, or when in 
local use, perhaps 1 Jadi (about 21 December), normally just before the start of the high inflow 
season. As seasonal rainfall/snowfall progresses, the model’s actual and predicted inflow will be 
updated, until by Nowruz, a reasonably firm prediction of water allocation can be made for the 
next three months. 

51. Water releases for urban and village water supply will be estimated for the full year, based 
on the number of connections and estimated consumption per person, which will be updated as 
further information is acquired.  

52. Starting at about 1 Hut (about 21 February) water releases for irrigation will be guaranteed 
for three months ahead, with irrigation releases to be made from the start of the Afghan New Year 
(Nowruz - about 21 March). Indicative releases will be identified for the subsequent three months. 
Both firm release and predicted release schedules should be updated and publicized twice 
monthly. Following one- or two-years’ use, it may be seen as desirable to modify the frequency of 
data release. 

53. The initial design of the model and its operation is discussed in the next three chapters.  

  



14 

III. THE MSWA MODEL  

A. Introduction 

54. An interactive model has been developed in order to assist Dahla Dam managers define 
water releases from the dam for its various uses each year.  It is intended to be run with estimated 
future inflows to the reservoir based on the winter and spring climate in the catchment area, and 
with the input of actual data when they become available.  

55. The model has mainly been developed with estimated data, since few actual data have 
been collected since the series of coups and the civil war commencing in 1978. This means that 
the model in its initial form is not highly accurate, and it will require careful measurement of data 
each year and its inclusion in the model for it to become and remain fully relevant.  

56. It is a one-year model, to be used specifically for estimating water allocations in a particular 
year. It is not highly suited to multi-year modelling, since it cannot accurately portray a wide range 
of estimated variables at the same time. Thus, specific assumptions are needed – the dam raise, 
the stored volume at year start, the likely inflow, the allocations to irrigation and environment and 
others. While it can be used for modelling, it is primarily designed to reflect actual data as they are 
gathered within a given year to allow reasonably accurate water allocations to be defined and 
implemented for the remainder of the year. These estimates are intended to give irrigation 
managers and irrigators certainty as to the water they will receive and thus the ability to carefully 
plan their cropping programs. Such an activity is impossible at present. However, the current 
release schedule for low, medium and high inflow years was a major achievement by ASBA when 
developed three years ago. The schedule is summarized in Appendix 2. 

57. Since typical crop cycles are around three months in the near tropical latitude of Kandahar, 
it is proposed that the model is run before Nowruz each year, when the winter to early spring rain 
and snowfall is known, allowing a reasonable estimate to be made of future river flows into Dahla. 
The current proposal is for the model to be run at a level that allows three months of firm water 
allocations to be defined, with indicative indications for a further three months. It is intended that 
this will allow WUAs, irrigation associations, mirabs and farmers to plan their cropping programs 
and reduce the current extent of reliance on groundwater to finish (or sometimes start) their crops.  

B. Model Start Date 

58. The two options considered for model start date were 1 January or 1 Hamal (22 March or 
the day after Afghan New Year – Nowruz). Both are useful since the last winter irrigation (of winter 
wheat post-planting) occurs during December, while traditionally the irrigation season commences 
at Nowruz. The former is preferred since December is normally the last relatively low-flow month, 
so the storage volume would thus likely be close to minimum, following the last December wheat 
irrigation. Inflows over the next three months are highly variable, and thus the Nowruz irrigation 
year start is hard to predict. The irrigation year will of course continue to commence at Nowruz. 

59. The high inflow period normally commences in Dalvæ (February), with the main flow period 
from Dalvæ to Sawr (May). Winter wheat planted in November needs to be irrigated in March and 
April, prior to harvesting normally in May. In the past there have been no irrigation releases in Jadi 
and Dalvae (January and February). It is proposed that this continues unless there is reason to 
change, apart from environmental flows. No abstraction for irrigation will be allowed during those 
two months. The full calendar in English, Dari and Pashto is in Appendix 4. The seasonal months 
in Dari and English are as follows: 
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Dari Pashto English   Dari Pashto English 
Spring   Autumn 

Hūt Kab  March   Sonbola Waǵay  September  
Hamal Wray  April10   Mizān Təla  October 
Sawr Ǧwayay  May   Aqrab Laṛam  November  
Summer   Winter 

Jawzā Ǧbargolay  Jun   Qaws Līndəi  December  
Saratān Čungāx̌  July   Jadi Marǧūmay  January  
Asad Zmaray  August    Dalvæ Salwāǧa  February  
        

C. Inflows and Outflows 

60. An interactive model has been prepared for the allocation of water from Dahla. The key 
factors which are required are outlined in the following table, which lists the 9 tabs of the Excel 
model. A copy of at least part of each Excel tab is included in Appendix 5. 

Tab  Contains Description 

1 Inflow Predicted and actual inflow to 
Dahla 

Starts with the volume of water stored at the end of 
the previous year (carryover). 
Monthly volume entered initially from inflow predicted 
by winter/spring rain and snowfall. 
Prediction replaced by actual inflow as soon as 
known. 

2 Rain Rainfall on the reservoir sur-
face and immediate catchment 

Rainfall initially entered as the average for Kandahar. 
Replaced by actual as soon as known. 

3 Evap Evaporation from the reservoir Annual average initially inserted. Actual evaporation 
measured by evaporimeter. 

4 Sedmt Estimated sediment load Estimated per month, based on predicted then actual 
inflow. Checked every 10 years and re-calibrated. 

5 Urban Water distribution to Kandahar 
city and Arghandab villages 

Estimated distribution replaced by actual at the end 
of each month. 

6 Env Environmental water allocation Predicted then actual allocation. 
7 Irrig Irrigation water allocation Predicted then actual allocation. 
8 Model Summary of the other tabs  
9 Annual Data summary for each 

completed year 
Once annual performance is known, data are copied 
to this tab to provide a progressive annual summary. 

 
61. The model, tab number 8, is intended to represent the start of the model year at 1 Jadi 
(about 21 December). Thus, best estimates are made of the performance under the first 7 tabs 
which should give as accurate an estimate as possible based on available data. As actual data 
are recorded, of inflows and outflows/losses, the model will represent the actual year’s 
performance more and more accurately. 

62. As more years are analyzed, the links between different parameters will become better 
defined. This is particularly true of the rain/snowfall on the catchment and its link to annual inflow.  
Each of the seven main determinants of water availability and allocation are discussed in the 
following sections.   

                                                
10  Hamal actually starts on 21 March, but in the table it is included as April, since it contains more April days than 

March days.   
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1. River Inflow to Dahla from the Arghandab River 

 63. Data on Arghandab river flows above Dahla are currently available only for the period 1952 
to 1978, a period of 27 years. The data are considered to be sound, though the very low flow in 
1971 was questioned. However, the low flow data are supported by equally low flows in other 
regional rivers, and thus appear reasonable. Since these flows were the basis for baseline river 
inflow to the reservoir used in the model, the data are provided in Appendix 6. Unfortunately, the 
gauge above Dahla is now in an insecure area and has not been read (or repaired) since 1978. 
Its replacement is essential if the reservoir is to be managed effectively.11 The new gauge should 
if possible be located downstream of the two rivers/streams that enter the Arghandab from the 
east and particularly from the west below the present gauge. 

64. Once a reasonable idea of the rain and snowfall during the winter/early spring is known, a 
decision on the class of year needs to be made, selecting one of 11 classes between 0% and 
100%, where 0% represents the lowest likely inflow year, and 100% the highest. A median year 
is classed as 50%.12 Once the class of year has been estimated, the cell reference in the blue 
shaded cells in the model need to be changed. If the previous year was a 90% year, the references 
in the Model table will be to “!$L”, which needs to be changed to “!$H” for a 50% year or another 
letter for another estimated year class. Thus, select the blue area and click Find and replace13, 
change all. Don’t forget to use the “!$”14 as otherwise unwanted changes may be made. Every 
change should report change in 36 cells. 

65. At the end of each year, save the model file with name including the year. For the new 
year, as soon as the year class has been defined, probably in about mid-Jadi (January – normally 
the highest rainfall month), enter the storage volume on 1 Jadi (January) and define the expected 
inflow year (between 0% and 100%). Improved estimates should be added as they are made.  

66. While the model at present can operate using estimates of rain and snowfall in the 
catchment area, if possible with ground truthing, in future, inflows will be estimated using the 
Source model, developed by eWater, an Australian government-owned company. It has been 
commissioned by ADB to model all of the Afghan river basins, with the Arghandab/Helmand as 
the pilot. It is expected that this will permit more accurate inflow predictions in the future. Other 
aspects of the Source program may also be integrated into Dahla modelling in due course, 
replacing current estimates.  

2. Rainfall on Dahla and its Immediate Catchment 

 67. Average monthly rainfall in Kandahar was provided by MEW. In the same way as inflow, 
as actual rainfall is recorded at Dahla each month, at the end of each month it is entered into the 
Cells between C9 and C20 in the Rain tab. It should be noted that the rain falling on the entire full-
reservoir area is assumed added to dam volume, even if the dam is less than full, when some rain 
will fall on the area between the reservoir surface and the peak storage line. However, though 

                                                
11  The inclusion of a community driven development component could be useful in developing community support 

around this need, also enhancing community buy-in in conflict affected upstream areas (see the FCAS community 
driven development component guideline and related AIWRDIP strategy for more details). 

12  From the chart in Appendix 6, it can be noted that the last three years sorted by inflow are well above the trend for 
years 2 to 24. This results in the median (50%) inflow of 1152 million m3 being well below the mean of 1310 million 
m3. 

13  Click Home, select Find & Select, click Replace. Alternatively click Alt E E. Ensure that Within Sheet is selected 
(not within Workbook).  

14  Note that the inverted commas do not have to be typed.  
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some losses will occur due to evaporation, they are classed as negligible. Any losses due to 
infiltration to the soil are likely to enter the dam within a few days. Precipitation data are calculated 
using Excel’s VLOOKUP function and transfer automatically to the Model tab.  

68. The total area of the local catchment of 
Dahla Dam, i.e., the area where some of the rain 
which falls will be transferred directly to the 
reservoir, is estimated at 200 km2 – the blue 
markers in Figure 1. From this is deducted the 
area of the dam onto which all rain that falls adds 
to storage. On the remaining 150 km2 or so, it is 
estimated that 25% of rainfall exceeding 
20mm/month is added to Dahla storage, with 75% 
evaporating or used for irrigation on the 
approximately 100 ha total area that is irrigated 
(measured approximately from Google Earth). 
Below 20mm per month, it assumed that all rain is 
absorbed, evaporates or used for irrigation.   

69. The volume of runoff from this catchment 
is quite small, estimated at about 4 million m3 in 
an average year. Since the current eWater 
Arghandab river inflow estimates currently take 
the entire catchment above the dam, this amount 
is included twice, and should thus be deducted 
from the gauge flow. However, it is not highly 
significant, and it is suggested that it is ignored for 
the time being, at least until a way of measuring 
the flow more accurately is developed. The Rain tab estimates runoff, so it could if required be 
added to the flow recorded on the proposed new gauge.  

70. During implementation, it is recommended that the village heads of Kar Mola and Shahjuy 
villages, by the stream which enters Dahla reservoir, are requested to provide information on 
approximate runoff following rain storms.  This should allow the local catchment estimates to be 
improved in future.  

3. Losses to Evaporation and Groundwater  

71. Evaporation from the surface of Dahla reservoir is relatively easy to estimate, from 
estimated or actual monthly evaporation rates. Based on the reported evaporation rates for 
Kandahar, and knowledge of the dam surface area, monthly evaporation can be calculated. In the 
Evap tab, the water level at the start of the month based on stored volume, and the evaporation 
during the month are calculated using Excel’s VLOOKUP function. The results transfer 
automatically to the Model tab. At the end of each month, estimated evaporation will be replaced 
by actual, as measured by an open pan evaporimeter to be purchased under the project and 
located at the dam site. In perhaps five years’ time, it should be possible to update the monthly 
average evaporation and improve the accuracy of this tab.  

72. There will be some water loss from the dam to seepage. Some will likely rejoin the river to 
the south or contribute to recharging the downstream water table. Losses can thus be ignored as 
they are not lost to the system and in any event are likely to be minor, once the water table below 

Figure 1.  Dahla Reservoir, Immediate 
Catchment 

 
Source: Google Earth accessed 19 December 2018 
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the reservoir is near full. In future, measurement of seepage would be feasible, by recording the 
monthly start and end volumes and adjusting them to account for other known inflows and 
outflows. Any difference, normally a reduction in volume greater than predicted, would be due to 
infiltration. 

4. Loss of Storage due to Sedimentation 

73. Since construction in 1952, average loss of storage volume due to sediment deposition in 
Dahla reservoir has been 2.9 million m3/year, based on the measured volumes of the reservoir.  
In the Sedmt tab of the model workbook, the inflow volume is taken from the Model tab, and thus 
updates as actual monthly data are recorded. Based on the estimated sediment intake per million 
cubic meters inflow, sediment is computed automatically using an Excel VLOOKUP function. 

74. At the end of the year, the volume of storage at the start of the next year should be 
manually reduced by the estimated sediment deposition. The amount of volume loss will be small, 
and barely worth taking into account. However, it is not difficult to estimate, and can be checked 
every 10 years through a bathymetric survey. It is thus recommended that the estimates are 
included, since they will in the long term provide information on the status of the catchment and 
its conservation. It will also allow estimates of the depth of water required to maintain the minimum 
reservoir volume at 20 or 30 million m3, whichever minimum volume is selected. 

75. As monthly inflows increase, sediment concentration (e.g., in grams per liter) increases. 
On the Sedmt tab of the model, monthly sediment deposition at 10%, 50% and 90% inflows is 
estimated and an average taken (rows 23 to 37). The average sediment deposition on this basis 
is 3.5 million m3 per year. This is higher than the 2.9 million m3 per year over the period 1952 to 
2018, perhaps because high inflows are increasing which carry higher sediment concentrations. 
Estimating this level is useful due to (i) the need to estimate likely dam life, and (ii) the need to 
know probable storage volumes for estimation of water allocation, particularly for irrigation. Annual 
and long term average actual deposition rates will need to be revised as actual data are recorded.  

5. Outflow to Urban and Village Water Supply 

76. The provision of water to households for their domestic needs is allocated the highest 
priority under the 2009 Water Law and is likely to remain so in the new water law currently being 
drafted. Thus, in most circumstances, water will be provided on demand to the Kandahar 
distribution system and the Arghandab village supply. The exception to this will be in an extremely 
dry sequence of years, or if dam managers make a mistake in allocation though the summer, in 
which case water restrictions may need to be applied. It is further noted that any other priority 
ranking is impractical, since if urban (and village) water is not allocated highest priority, this project 
activity could not proceed.  

77. In 2050, total estimated demand for urban and village water is 110 million m3 or around 
9% of inflow for a median (50%) year of 1160 million m3. In an extremely low inflow year, urban 
water demand would be around 20% of inflow, and thus would have a significant but not dominant 
effect on irrigation water allocation. 

6. Allocation to Environment 

78. In the past, the Arghandab has made a significant contribution to the Helmand River, when 
the two join at Qala-i-Bust south of Lashkargah. Over the period 1952 to 1978, average 
contribution has been around 16% of combined flow, thus contributing significantly to the supply 
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of environmental water to the Sistan basin and Hamoun lakes in Iran. Allocation to the environment 
will necessarily be less under the project, for two main reasons: (i) the increased storage capacity 
means that less water will spill in the high flow months of February to May, and (ii) the purpose of 
the project is to generate economic returns from its main outcomes, which focus on agricultural 
production, as well as on urban water supply and hydropower. However, it is important that in all 
years, releases to the environment are made in spring. To achieve this, there must be limits on 
the area planted to irrigated crops, which should reflect the available water at different times of 
year. The mirabs will need to assist farmers to define and manage their cropping programs, and 
through the IAs and WUAs keep in close touch with ASBA on the planned releases of water.  

79. There is currently little information available on the environmental status of the Arghandab 
below Dahla. However, review of the alignment on Google Earth suggests a fairly uniform river 
course, with a meandering channel often with several minor or flood channels crisscrossing. No 
wetland areas can be identified between Kandahar and the junction of the Arghandab and 
Helmand rivers. Despite a lack of wetlands, the river is likely to be important to wildlife, particularly 
animals, since birds can often move up or downstream during extreme dry periods. The river’s 
environment is also important to the small communities which live along the river alignment, 
through providing water to replenish their groundwater supplies, recreation, and small canal 
diversions to their irrigated areas. Due to the current lack of information, and inaccessibility of 
many areas due to security issues, it is recommended that a detailed environmental study of the 
Arghandab is undertaken during project implementation. This would focus on the river between 
Dahla and its junction with the Helmand River, but would also look at issues in Sistan and at the 
Arghandab basin upstream of Dahla. Details of the proposed study are in Appendix 7. 

80. At present, the model assumes an environmental flow which averages around 250 million 
m3 per year (the average allocation from 0% to 100% flow) or 19% of total inflow. To this need to 
be added spills, mainly in high inflow years, in the 70% year class and above. Most flood water 
will be controlled (ie, will pass through the turbines or irrigation cones), except in extreme flows 
when the spillways will be needed. The volumes of environmental releases during these high flow 
periods cannot be estimated accurately at this stage, but will be assessed as the model is run 
each year. As with all environmental flows, farmers and mirabs will need to allow them to flow past 
their intakes. While the level of spill will depend on the allocation of water to other purposes, the 
current model estimates that there would be around 64 Mm3 in a 70% year, 130 Mm3 in an 80% 
year and 283 Mm3 in an extreme (100%) high inflow year. During low inflow (0% to 20%) years 
the model reduces environmental releases to 12-14% of inflow. Environmental releases from 
Dahla will be supplemented by spring flows from its tributaries, the Arghastan, Tarnak and Dori 
Rivers, which may make an average contribution of around 200 million m3 in a normal year.  

81. Further refinement of the periods and timing of flows will potentially benefit from the 
feedback received from the recommended real-time data stations installed at a number of valued 
environmental and social components (VECs) as outlined in the Cumulative Impact Assessment 
section of the EIA for Component 1. Initial identification of both VECs and representative data-
gathering stations downstream of the Dahla dam will be included in the planned environmental 
study. 

7. Allocation to Irrigation 

82. Irrigation is classed as the second highest priority allocation of Dahla water. While it needs 
to be balanced with environmental flow, the need for irrigation water in the Arghandab Irrigation 
System, and in the villages along the river is such that it must be given priority. It is also evident 
that in a dry summer, when crops are thirsty, water will be abstracted from the river by the mirabs 
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and little if any water will be allowed to pass to meet environmental needs. This is thus one of the 
key objectives of the model being developed – to assist in preventing the over-development of 
irrigation in dry years, or actually in wet years also. Thus, the estimated crop area that can be 
planted in Hamal onwards, in addition to providing water for the maturing wheat crop, is a critical 
output of the model, and one of the primary purposes for its development.  

83. Traditionally, irrigation efficiency in Afghanistan is low, perhaps averaging 25% (water 
used by the crop as a proportion of water allocated from the source). If irrigation areas are to be 
optimised, efficient water allocation is required. Thus it will be helpful to estimate efficiency as 
accurately as possible requiring estimates to be made of water release and use for different crops. 
The need to maximise efficiency however, is to some degree mitigated by the need to recharge 
aquifers. Thus if all the water from a canal is used for crop growth (and evaporation), there would 
be no water available to recharge aquifers. Given the rather extensive use of groundwater, there 
is thus a need to balance water use for irrigation and recharge, limiting optimal efficiency to some 
degree. As the water managers and the environmental assessment (including the planned water 
table monitoring using piezometers) gain data, a balance should be drawn between irrigation use 
and aquifer recharge.  

84. The irrigation (Irrig) tab is relatively complex. Two models are run, without project and with 
project (12m dam and 13.6 m spillway raise). The estimated irrigation frequency is listed, and the 
distribution efficiency from Dahla and the in-field irrigation efficiency, thus generating the total 
water demand per hectare. In summary, the eight sections of the tab are as follows: 

Section 1. Irrigation water demand 
from Dahla 

The estimated release of water for irrigation from Dahla from 
lowest to highest inflow years. Transferred to Model tab 

Section 2. Cropping pattern and 
irrigation 

The number of irrigation applications for each crop in each 
month.  

Section 3. Water use efficiency Estimated in-field and ex-Dahla efficiency, with and without 
project.  

Section 4. Irrigation demand The monthly demand for irrigation net of rainfall 
Section 5. Water from Dahla or 

Groundwater 
Multiplying Section 4 data by the efficiency, Dahla to the field 

Section 6. Irrigated area Calculated by the irrigation component, based on the inflows in 
the model 

Section 7. Groundwater used 
million m3 

Application of groundwater in 10% years 

Section 8. Water demand from 
Dahla 

Demand for Dahla water in 10%, 50% and 90% years extended 
to all other inflow year types. Once the year type is selected 
(from 0% to 100% in the Model tab), the data transfer 
automatically to the Model tab.  

 
85. While outflow in the 0% to 20% years would often exceed inflow, this will only be possible 
if the reservoir has sufficient water at the start of the year. Overall the average is around 71% of 
inflow allocated to irrigation, with 19% to environment and 10% to urban demand and evaporation. 
Environmental flows may increase or decrease, depending on the environmental study planned 
under the project. Depending on the outcome, the model will need adjusting and the volume of 
water available for irrigation will change.  

8. Flood Control 

86. While there have been some floods down the Arghandab, these have not been damaging 
in recent times. In fact, the only floods reported in the last 10 years or so by Kandahar staff was 
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in the agricultural areas along the Tarnak River, and thus unconnected to the Arghandab or Dahla 
Dam. In future, the larger dam capacity following the proposed dam raise will make floods more 
manageable, since additional floodwater will be able to be stored, depending on the storage 
volume prior to the flood. This offers some potential for improved flood management, since it will 
probably take floods about 10 days to reach the dam. During this time, and perhaps even earlier, 
it should be feasible for the dam managers to release water from Dahla at a relatively high rate – 
probably in excess of 100m3/second if the dam is fairly full, thus providing an extra 8 million m3 
per day of storage, before spill is required. It would therefore be useful to establish an up-river 
flood reporting system. Villages could be appointed to report high to extreme flows, even if river 
flow gauges are not installed, and it is recommended that maybe five suitable villages are selected, 
and arrangements made for flood reporting. Cell or satellite phones could be provided to the 
responsible villagers.  

87. Flood control should thus be improved compared to the baseline situation with relatively 
limited storage. It is nonetheless considered as essentially a byproduct of other uses of the dam.    

9. Hydropower 

88. Hydropower is essentially a byproduct of the other uses of Dahla water. Calculations made 
under the Component 4 feasibility study, indicate that in most years, all or almost all water will be 
able to pass through the turbines and generate electricity. Only in some limited high-flow periods 
or during periods of extreme irrigation demand will water have to miss the turbines, by entering 
the river via the irrigation cones, or over the spillway.  

89. Water management for electricity generation needs to be compatible with the required 
releases of water for irrigation and the environment. Irrigation requires an even flow of water, as 
a variable flow to meet peak load requirement would result in rapid changes to the volumes 
passing through diversions.15 Despite being a byproduct, it is desirable that the head in the 
reservoir is maintained at a high level since power generation is proportional to water head. The 
level of water in Dahla dam is at present calculated as a byproduct of monthly evaporation in the 
Evap tab. These levels can if required be used together with outflows to estimate hydroelectricity 
production.  

D. Measurements and Investments Required 

90. The following sections examine each parameter that affects inflow and outflow, and the 
investments required. It is noted that many of the required investments are entirely or partly in 
conflict-affected areas. Unless the insurgency comes to an end, great care will be required to 
ensure that activities and investments are undertaken securely and as much as possible with the 
involvement of the local populations, in whose interests the project is being undertaken. The 
AIWRDP FCAS approach sets out guidelines for operating in such an environment (see Appendix 
1 for more information). Key to maintaining productive community engagement is a transparent 
approach to information sharing, particularly in relation to decision-making. All collated data 
relating to inflows and outflows need to be made public – through the WUAs, IAs and Community 
Development Councils – and decisions related to allocations involve consultation, at least with the 
WUAs, and are clearly communicated to communities to ensure transparency and accountability. 

                                                
15  It is noted that the meeting of peak load from Yali Falls dam in Viet Nam has resulted in flood flows in the Se San 

river and great damage downstream in Cambodia. Construction of a small dam downstream can allow peak flows 
to be evened out.  
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1. River Inflow to Dahla from the Arghandab 

91. The upper Helmand River basin and the entire Arghandab basin are shown in Figure 2. 
The main source of the Arghandab flow is rain and snowfall on the SW Hindu Kush, the westward 
extension of the Himalayan range, to the west of Ghazni at between 3000 and 4000 meters. From 
there it flows southwest until reaching Dahla, 36 km NE of Kandahar City. Below Kandahar, its 
main tributaries– the Dori, Arghastan and Tarnak Rivers combine and join the Arghandab. West 
of this junction, the Arghandab flows along the northern edge of the Registan desert before joining 
the Helmand south of Lashkargah. The Dori and Arghastan Rivers originate partly in Pakistan. All 
three tributaries are used for irrigation during their high flow seasons, and also contribute 
seasonally to the Arghandab River flow to the Helmand. In the past, gauges have been maintained 
on the Arghastan (70 km from its junction with the Arghandab) and on the Tarnak (240 km 
upstream according to MEW records).  In combination, these rivers are thought to contribute an 
average of around 200 million m3 annually to the lower Arghandab. A summary of river flows in 
the Helmand basin is provided in Appendix 8. 

Figure 2.  Upper Helmand and Arghandab River Basins 

 
        Source: Wikipedia: https://en.wikipedia.org/wiki/Helmand_River, 2018.  
 
92. The main rain/snow season is between January and April accounting for around 72% of 
annual precipitation, as shown in the annual average for Ghazni in Figure 3. The snowpack that 
accumulates mainly between December and February melts during spring and is added to by the 
normal rainfall at that time, feeding the Arghandab River. It is thus necessary to measure rain and 
snowfall over the whole winter/spring period in order to predict Arghandab flows in spring.  There 
are no climate stations in the upper catchment, with the closest being Ghazni Airport. This is at an 
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altitude of 2172 meters, and thus low compared to the mountains to the west. One method of 
assessing mountain rain/snowfall is the use of satellite image analysis which can provide an 
indication of precipitation.  

Figure 3.  Average Precipitation by Month in Ghazni 

 
Source: Weather-and climate.com, 2016. 

 
93. Ground truthing will be highly desirable to increase accuracy. It is suggested that around 
four villages are selected at about 3000 meters (or ideally higher). Negotiation would be required 
with the community development council (CDC or with the village head) to select a reliable villager 
who would record daily rain/snowfall and transmit the results to ASBA in Kandahar (or maybe to 
MEW in Kabul). It is unlikely that any of the villages will have reliable cell phone communication 
and it will therefore be necessary to provide satellite phones to the technician responsible for 
meter reading. The technician will also need to be provided with a rain gauge and snow boards, 
used to measure snowfall. MEW may have instructions that can be provided to the technicians.16 
  
94. Payment will need to be made to the technicians, probably at the minimum government 
monthly wage rate (currently around $100 per month) and their satellite phones kept charged. An 
alternative would be to install fully automatic gauges, at a cost of maybe $20,000 per gauge.  
However, as well as being a more expensive option, automatic gauges are said to be problematic 
in rural Afghanistan, with risk of damage or theft. The manual option at this stage is preferred as 
it has the side benefit of contributing to the village economies.  

95. In addition to reporting rain/snowfall to MEW/ASBA, it is recommended that the records, 
once demonstrated to be reliable, are also forwarded to the National Oceanic and Atmospheric 
Administration (NOAA) and other agencies that need data. These data should be of value through 
ground-truthing and allowing improved estimation of rain/snowfall over the whole northern 
Arghandab and Helmand catchments.  

96. Based on the rain/snowfall from December to February, in early March (Hut) the proposed 
Dahla Management Technical Group will classify the year on the 0% to 100% scale as discussed 
under the model. It is noted that eWater will be developing the Arghandab flow prediction model 
and will likely be able to develop an improved system of rain/snowfall assessment and its link to 
likely Arghandab flows.  

                                                
16 or simple instructions on snow measurement are at: https://www.cocorahs.org/Media/Training/Training_Snow.html. 
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2. River Flow Gauging Stations 

97. In the past, the Arghandab River flow into Dahla reservoir has been measured at Najm od 
Din (according to Google Earth) 10 km upstream of the reservoir. However, no records are 
available after 1978, while the gauge location is not ideal, being in an insecure area and upstream 
of quite a significant tributary entering from the west. MEW is planning a new gauging station at 
Balaye Band, between the present station and the reservoir – a much better location (see Figure 
4).  It is recommended that the new station is installed and operating as soon as possible, as it 
will be critical for reservoir management. Until this gauge is operational, it will be difficult for the 
proposed Dahla management technical group to operate. However, by measuring dam water level 
and volume reasonably accurately, estimates of inflow could be made.  

98. MEW is also planning to construct a gauge at Payen-i-Band just below Dahla Dam and will 
repair the gauge at Qala-i-Bust south of Lashkargah on the Arghandab. Both gauges will be useful 
for Arghandab River management – particularly for monitoring environmental flow.   

99. Three further gauges are proposed – the first on the Arghandab near Dehqobad, about 23 
km downstream of Panjwai. This is below most of the irrigation diversions on the Arghandab and 
will allow assessment of the extent of environmental flow. A second new gauge is proposed for 
the Arghastan, as near as feasible to its junction with the Arghandab, near Doad. This will indicate 
the extent to which the Arghastan, Tarnak and Dori Rivers contribute to Arghandab flow towards 
the Helmand. The third proposed gauge is on the Arghandab at the border between Kandahar 
and Helmand provinces, before the irrigation area along the Arghandab, mainly irrigated by canal 
from the Helmand. All proposed and actual gauges are shown in Figure 4. The irrigation areas on 
both the Helmand and Arghandab rivers are clearly visible in the picture.  

Figure 4.  Arghandab Current and Proposed Gauging Stations 

 
Legend: Yellow = existing gauges, Red = gauges proposed for construction/repair, White = water treatment plant, 
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Green = proposed new gauges, Blue = Dahla reservoir immediate catchment. 
Source: Google Earth accessed 19 December 2018. 

 
3. Rainfall on Dahla 

100. At the start of the model year, average annual rainfall will be included in the Model. A rain 
gauge will be installed at the dam, and read each rain day by dam staff to record daily rainfall. 
Each month, actual rainfall will be entered, replacing the monthly average data initially inserted. 
Any snow caught by the gauge will be melted and added to rainfall, since the snow falling on 
Kandahar would normally melt quite quickly.  

101. As outlined in Section III.C.2 above, 25% of the rainfall estimated on the immediate Dahla 
catchment area of around 200 km2 less the area of the reservoir surface, will be added to the 
reservoir volume. Improved estimation of Dahla inflows will be possible in time, following 
discussion with local communities.   

4. Losses to Evaporation and Groundwater  

102. Following the Geo-Planning survey, accurate 
estimates of dam surface area by depth are available. 
From this, the evaporation rates can be estimated - 
initially by the average monthly evaporation data 
currently available. Early in the project period, it is 
recommended that an open pan evaporimeter is 
purchased and used to record actual evaporation at 
Dahla. A typical Class-A pan evaporimeter is shown in 
Figure 5 and is estimated to cost around $500. The 
water depth, volume and surface area in 2018 based on 
the survey are given in Appendix 3.  

103. Some Dahla water will be lost to groundwater. 
However, much will return to the river via groundwater 
flows, while the rest will likely contribute to groundwater 
recharge downstream and is thus not lost to the system. 
Measurement is not feasible and losses to groundwater 
are ignored.  

5. Outflow to Urban and Village 
Water Supply 

104. Accurate gauges will be fitted to the village water 
supply pipelines at Dahla Dam, and to the water 
treatment plant for the Kandahar supply. Total monthly 
offtake for water supply will therefore be known and 
added to the model twice-monthly.  

6. Outflow to Irrigation and the Environment 

105. Irrigation and environmental flows will be measured through the meters on the penstocks 
and cone valves. On the rare occasions when spill occurs though the spillways, estimates will be 
made of the volumes released by reading staff gauges installed on the spillways.  

 

Figure 5.  Class-A Pan Evaporimeter 

 
Source: 
https://en.wikipedia.org/wiki/Pan_evaporation 
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106. Since environmental and irrigation water will travel down the river together, until diverted 
or “lost” to groundwater or evaporation, there is no way to define accurately the uses for each 
purpose. However, at different locations on the river, estimates can be made. From Dahla, a given 
volume will be released over a month at a reasonably constant rate expressed in m3/second.  
Initially, part of this will be used for irrigation in the upper Arghandab community systems. Of the 
water reaching the weir (maybe 90% of release), around 40% of the irrigation water will be diverted 
to the Arghandab South Main Canal to service the Arghandab Irrigation System, and 60% plus 
the intended environmental flow will be allowed to pass down the river. The 40/60 ratio between 
AIS and Arghandab South System was agreed between the farmers and ASBA in 2015 and is 
reported to have worked well since then. It is proposed that this system is continued unless there 
is good reason to change it.  

107. By this time, the WUAs and mirabs will have been advised the maximum monthly flow for 
the next three months (and indicative flows thereafter). They will need to agree with their members 
the planned cropping pattern and demand for water for each farm or group of farms. Thus, the 
area of crop to be irrigated in any given season will be defined. Mirabs will need to be required to 
only abstract the agreed volume of water and allow the balance to pass downstream to supply 
lower weirs and the environment.17 The extent to which this has been achieved will be monitored 
by the volume of water passing the proposed new gauge at Dehqobad, above the Arghandab/ 
Arghastan River junction. Fully accurate measurement is infeasible, since water will inevitably be 
lost to evaporation and groundwater recharge along the course of the river.  

108. Irrigation and environmental flow will nonetheless be monitored between the weir and the 
planned Dehqobad gauge. During January and February, all releases apart from urban water will 
be for environment, since no irrigation will (or should be) permitted over this period. During the 
high-flow months (March – June), environmental flow will be possible in all or most years, provided 
the areas planted to wheat and summer crops are not excessive. While initially, it was planned 
that there would be some environmental releases through the July to December period in 40% or 
higher inflow years, the lower inflows estimated by eWater suggest that at least for the time being, 
no environmental water should be released over this period. Flows from January to June should 
be correspondingly higher. The suggested environmental flows will need to be reviewed and 
revised after completion of the environmental study proposed for year 1 of the project.  

109. Following the Dahla Dam raise, it is expected that irrigation water management will 
improve, and focus on a system of entitlements and allocations. Thus a farmer with a given area 
of irrigable land will be entitled to irrigate a defined area in each year, dependent on the year class. 
Thus in high inflow years (say 60% years or above) he/she would be able to irrigate more of the 
farm than in a drier year. However, water also needs to pass to downstream areas, beyond those 
irrigated in an average year, and thus the increase in land area will not be fully proportional to 
increased irrigation water availability.  Dahla management will then need to meet water orders 
based on the sum of (entitlements x allocations), rather than irrigation demand. It is expected that 
this system (if it can be implemented effectively), will allow a fairer and far better planned system 
of irrigation management than in the past.  

110. Provided Dahla Dam management can meet its planned release schedule, crop areas do 
not exceed planned levels and seasonal conditions are more or less normal, irrigation demand 
should be able to be met. If any of these criteria are not met, particularly the first two, it is likely 
that mirabs and farmers will exceed their allocated abstraction volumes. Farmers cannot afford to 

                                                
17  It is noted, and needs to be pointed out to irrigators, that excess watering has negative impacts on plant growth, 

through flooding the root zone, and leaching nutrients that would otherwise be available to the plant. 
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let their crops die, or markedly fail to meet their yield targets. In this situation, the management 
procedure for the following year will need to be discussed with water users and revised. If it fails 
for too many years, the release program will have to be revised, with more water retained in the 
dam for release over the winter when it is not in demand for agriculture. This is considered to be 
a last resort and an undesirable outcome for both agriculture and the environment. However, 
Dahla must assist Kajaki in meeting its obligations to support the Sistan environment and provide 
the water needed by and agreed with Iran. 

7. Environmental Assessment 

111. Key to environmental assessment are the new and repaired gauges discussed above. 
These will allow assessment of: (i) the contribution of the Arghandab (from Dahla) and Arghastan 
Rivers at their junction, (ii) of the downstream flow at the Kandahar/Helmand boundary and (iii) 
near the junction with the Helmand River. The intention must be that the Arghandab and tributaries 
contribute about the same proportion of Helmand flow as in the past, or around 16% (Table 4). 

112. In 48% or more of all years between 1948 and 1980, flow at Qala-i-Bust has averaged less 
than 2m3/second between June and November. In 40% or more years, flow between July and 
October has been zero or close to zero (less than 0.1m3/second at the Qala-i-Bust gauge). After 
the dam raise, average flow to the Helmand is certain to decline, to maybe 500  million m3/year 
from its historical level of around 890 million m3 from 1947-79 (Table 4), again with little flow 
between June and November.  

Table 4.  Average Helmand and Arghandab River Monthly Flows 1947-79 
 
 

  
Helmand 

Below Kajaki 
Arghandab 
Qala-i-Bust 

Qala-i-Bust as prop-
ortion of Helmand 

Arghandab above 
Dhala 

   (m3/s) (m3/s) (%) (m3/s) 

Jadi Jan. 117.7 16.8 14.3% 23.5 

Dalvæ Feb. 129.3 35.8 27.7% 40.0 
Hūt Mar. 171.8 68.5 39.9% 93.8 
Hamal Apr. 407.1 108.4 26.6% 138.1 
Sawr May. 479.1 53.4 11.1% 81.7 
Jawzā Jun. 234.6 12.7 5.4% 29.2 
Saratān Jul. 155.0 12.6 8.2% 22.2 
Asad Aug. 139.1 4.0 2.9% 12.0 
Sonbola Sep. 120.8 2.3 1.9% 8.0 
Mizān Oct. 107.8 1.8 1.7% 11.1 
Aqrab Nov. 109.6 3.5 3.2% 17.1 
Qaws Dec. 116.8 15.8 13.5% 21.4 
Mean  190.7 27.9 14.6% 41.6 
Runoff  (Mm3) 5601.0 888.7 15.9% 1319.5 

      Source: MEW records of historical flow 1947 to 1979. 
 
113. There is little information available on the Arghandab River environment between its 
junction with the Arghastan and the Helmand. It is both remote and insecure, therefore few data 
are available. However, from Google Earth, it is evident that the river follows a single or multi-
channel course, with the channels used dependent mainly on river flow. No obvious extended 
wetland exists. The same is true for the Helmand above Sistan, though there are some timbered 
areas along the river, for example at 30.64N, 64.035E where an area of around 8ha appears to 
be timbered. From there to the Arghandab bifurcation at Shila-i-Charkh there are no obvious 
wetlands. About 500m below the bifurcation, a canal has been constructed from the left (Iranian) 
fork to take water from the Helmand and feed it to the five Hamoun lakes in Iran, which are all 
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connected by channels and which, together with the Iranian arm of the Helmand, supply irrigation 
water to local farmers, particularly around Zanak and Zabol - the main towns in the area. 

114. A notable feature of irrigation in many parts of the Arghandab basin is the use of 
groundwater to supplement surface water, and probably in some situations, to replace it.  The 
water table has consequently been falling, rapidly in some areas, and particularly in the recent 
series of dry years. Under parts of Kandahar City, the water table is said to be around 180 meters, 
while in agricultural areas, depths of 100m are said to be common. In some areas, ASBA reports 
that the water table is now about 80 meters, where 10 years ago it was close to the surface, and 
in some areas led to waterlogging under irrigation. It is also notable, flying into Kandahar, that 
there are fishponds in the area, which are likely to use groundwater.  

115. While some diesel pumps are used to extract groundwater, it is reported that the majority 
are now solar powered, and thus cost almost nothing to run after the initial drilling and installation 
costs. While groundwater use has assisted farmers to finish their crops, the long-term impact may 
be disastrous, as viable aquifers in terms of depth and quality become exhausted. Farmers in the 
region need to review carefully their cropping areas and patterns, and as far as possible work 
together to assist their aquifers stabilize or preferably recover. An extensive program of community 
engagement will be necessary to ensure farmers understand the impacts of groundwater overuse 
and commit to engaging with the authorities in the development of viable plans to minimize this 
issue. 

116. Due to the limited information available on the environmental situation of the Arghandab, 
or recently of the Helmand, data need to be collected by the proposed environmental study. The 
main aspects to be covered by the study include: 

(i) Study of the river environment below Dhala to its junction with the Helmand, a 
length of around 75 km to Dehqobad, and a further 88 km along the river to Qala-
i-Bust.  

(ii) Less detailed study of the environment along the 400 km from Qala-i-Bust to Shila-
i-Charkh and then to the Sistan lake 100 km NW of Shila-i-Charkh and west of 
Farah.  

(iii) Study of the groundwater environment in key irrigation zones along the Arghandab 
River (above Dehqobad) and in the Arghandab Irrigation System. 

(iv) Study of the upper Arghandab catchment area, to define possible erosion 
mitigation measures, which could reduce sediment load and prolong the life of 
Dahla.  

 
117. The total cost of the study is tentatively estimated at $100,000, plus the piezometers 
required for groundwater monitoring. Depending on depth, they would add an average of around 
$10,000 per unit, based on the cost of units under the ongoing Kabul Managed Aquifer Recharge 
Pilot project. Total activity cost is estimated at $160,000. Draft terms of reference for the study are 
in Appendix 7.  

8. Dahla Dam Volume and Changes over Time  

118. The maximum water storage volume of Dahla Dam will decline over time, due to the 
deposition of sediment carried by the Arghandab. As discussed in Section III.C.4, this is expected 
to average around 3.5 million m3/year compared to the 2.9 million m3 from 1952 to 2018. Lower 
inflows will be compensated by more extreme flood events, suggesting a marginal increase in 
sedimentation.  It would not be easy to measure sediment load each year, but it is suggested that 
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every 10 years, a new bathymetric survey is undertaken which would allow accurate estimation of 
the change in volume. Other methods of estimating sediment volume could also be considered – 
for example the measurement of levels when dam volume is low. Once the sediment deposition 
over the next 10 years is known, the storage volume of Dahla would be revised, and also the 
assumptions relating to sediment deposition at various inflows.   
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IV. MODEL IMPLEMENTATION 

A. Model Improvement 

119. Further improvements will be made to the model prior to implementation, as follows: 

(i) Once the 13.6 m dam raise has been completed, the baseline sections of the model 
can be deleted. However, it is proposed that the model should be used during 
project construction, so that users can gain familiarity with it, work out how to obtain 
needed input data and use the model to allocate water to different uses. 

(ii) The estimation of likely future water inflows will be improved, through work to be 
undertaken by the Australian government company eWater, which will integrate 
satellite image interpretation into the model. 

(iii) The original model requires detailed input to ensure that all tabs operate under the 
right parameters. However, with the integration of VLOOKUP, it now operates 
easily. Conversion to a computer program such as visual basic is therefore 
probably not merited, but could be considered, if believed preferable by 
ASBA/MEW/eWater.  

 
B. Model Operation 

1. Dam Management Technical Group 

120. It is recommended that a technical dam management group is established, comprising key 
stakeholders. Subject to government approval, it is suggested that the group should comprise nine 
technical representatives from: ASBA (chair, as it is responsible for dam operation), DAIL, DRRD, 
AUWSSC, NEPA, DABS, and the 3 WUAs. The company that runs the power stations will probably 
replace DABS once it is appointed.   

121. It is suggested that the group should initially meet twice per month on the nearest weekday 
to the 1st and 15th of the month. During its first few months of operation, it will review whether two 
meetings per month represent the best option, or whether more frequent meetings would be 
valuable, at least for the six months following 1 Hut (about 21 February). 

122. The group will review the data available on inflows and outflows and decide on a firm 
release program for the next three months and an indicative program for the subsequent three 
months. To the extent possible, the group should reach agreement on the release program, which 
will be expressed as average cubic meters per second, which can be varied during the month to 
meet demand, provided that the volume released during the month meets targets.  

123. The group will need to work out how to reach a conclusion if there is disagreement within 
the team, since water release cannot stop. Ultimately ASBA should be empowered to make the 
final decision but would need to document and publicize the reasons for the disagreement.  

2. Appointment of Technical Experts 

124. ASBA will need to appoint a skilled water resources management specialist to operate the 
model. He/she will be responsible for collecting the data required to update the model before each 
group meeting. Initially it is recommended that the technician will work full time to ensure that all 
data collection activities are working well, to follow up the rain stations and flow gauges, send 
information to NOAA, and process it in-house - based on the training to be provided by eWater. 
Interaction will be required with the various agencies and individuals that collect necessary data, 
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such as DABS for the turbine gauge readings.  AUWSSC will provide the data from the water 
networks on a fortnightly basis, so that it can be reviewed, and entered into the model at the end 
of each month. The staff member should also be fully trained in the AIWRDP/FCAS approach so 
that he/she can act as a focal point for FCAS issues and provide orientation in the approach to 
the technical group. 

125. The WUA, DAIL and DRRD representatives will play a key role in working with the mirabs 
to define irrigation water demand. In practice, the mirabs in each region may form committees to 
meet with the WUAs every fortnight to discuss experience during the previous period and future 
water demand. This information would be a valuable input to the fortnightly group meeting. As the 
mirab groups gain confidence in the system, they should be able to allocate water on demand to 
different users or groups of users. They should be provided training to assist them in this effort. 
As the number of WUAs/IAs expands, ways of achieving their representation on the group will 
need to change. In principle, appointing three farmer representatives is considered to be 
appropriate, but the method of selecting them could change and could be considered at a mirab/ 
WUA/IA workshop. 

126. It is noted that this report focuses on the technical group and ASBA specialist, who will 
need to be supported in the early years, by the project implementation consultants. It is 
recommended that the group commences operations in 2019 (1398) even before project 
construction has commenced. This would give group members the chance to become familiar with 
the model and improve its performance, so that by the time the proposed dam raise is complete 
in about 2023, the model should be fully operational and reasonably accurate. Staff from the 
agencies involved in dam management will also need to work with eWater in order to improve and 
refine the model and integrate satellite image data from the Arghandab catchment. 

3. Group Agreement 

127. While the group would be expected to usually agree on allocation decisions, there may be 
times when there is disagreement. In this case, some mechanism for reaching decisions will be 
required. Some relevant aspects include (i) the delivery of water to Kandahar and the Arghandab 
villages can never be interrupted; however in the event of a significant crisis, Kandahar and the 
villages may be requested to enter a period of water use minimization – it would be hoped that 
this would not happen more frequently than once every five or ten years; (ii) the reservoir can 
never be allowed to run dry or even go below its minimum volume, tentatively set at 20 million m3 
above the penstocks; and (iii) in low inflow years, where crops are threatened by water shortage, 
environmental flows should be allocated to agricultural use; the reasons for such problems should 
be assessed and attempts made to avoid them in future.  

128. A number of key decisions will be required while operating the model: 

(i) Decision on the likely inflows, based on the climate data received 
(ii) Decisions on allocations for different purposes; and 
(iii) Decision on the optimal year end volume to be held in the reservoir 

 
129. The last of these decisions is among the most critical.  While it might be thought that the 
optimal solution from an irrigation perspective would be to run the dam down to near empty at the 
end of the irrigation year in December, in practice the optimal stored volume is likely to be higher 
and to vary in relation to the inflows in the subsequent year.  If subsequent winter/spring inflows 
are high, optimal dam volume would be low in order to limit spills. Conversely if inflows are low, 
optimal volume would be high in order to meet essential urban and irrigation needs in the next 
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year.  However, since in the autumn and early winter, there is no way to know future winter/spring 
rainfall, the optimal target for end of December volume is intermediate and is tentatively estimated 
at 300 million m3. It is recommended that this level (or at least somewhere between 250 and 350 
million m3 is set as the year-end target at the start of medium to wet irrigation years.  In low inflow 
years, the target year-end volume could be run down to say 100 million m3 or even less in an 
extreme year.   

130. Two further factors are considered to contribute to justifying a moderately high target year-
end storage volume: (i) to guarantee sufficient water for urban/village use in the following year, 
(ii) to provide water essential for trees, vineyards and at least limited food crops in the subsequent 
spring, and (iii) to maintain a higher water level thus increasing hydropower generation.  Further 
discussion of this aspect between the dam management institutions and farming communities is 
merited during project implementation.  It will be assisted by eWater’s Source modelling.  

131. The forward estimates of water allocation by the technical group would need to be widely 
publicized through the WUAs/IAs, in the broadcast media, in the press and on a website – also 
the responsibility of the full-time ASBA employee.  

C. Indicative Cost of Model Activities 

132. The cost of project activities related to MSWA will need to be allocated to individual project 
components, since there is no component specifically referred to as MSWA.  Approximate costs 
are outlined in Table 5. 

Table 5.  Capital and Operational Cost of MSWA Activities 

 Number Unit cost Capital cost Annual cost 
  ($) ($) ($/year) 
1. Rain/snow measurement     
Village rain/snow gauges 4 100 400  
Satellite phones 4 600 2400  
Operational cost (ASBA) 4 1200  4800 
2. New Project river gaugesa/ 3 20,000 60,000  
Arghastan at Doab     
Arghandab at Dehqobad     
Kandahar/Helmand boundary     
Operational cost (ASBA) 3 1200  3600 
3. New/repaired MEW gauges     
Payen-i-Band     
Balaye Band     
Qala-i-Bust     
4. Climate assessment gear at Dahla     
Rain gauge 1 20 20  
Class-A Pan Evaporimeter 1 500 500  
5. Environmental assessment   100.000  
Piezometers 6 10.000 60,000  

  a/ These may be provided and installed by the World Bank funded Irrigation Restoration and Development project. 
  Source: TRTA Consultants estimates.  
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V. RECOMMENDATIONS  

133. The work on MSWA has generated a number of recommendations in relation to effective 
water distribution among competing uses in Kandahar province. 

A. Water Supply 

(i) Water supply to towns and villages must be allocated priority above other uses in 
the Arghandab basin.  

(ii) Efforts should be made to reduce non-revenue water in the water network to well 
below 20%, through close monitoring of supply, efficient metering, meter 
replacement when needed, sub-main metering and early detection and correction 
of leaks and water theft. The target should be to reduce non-revenue water to below 
10% or half the level budgeted in this study.18  

(iii) Block tariffs should be introduced, with increasing costs per block of approximately 
10m3 per month. This will have two main benefits – (i) supporting the poor by 
providing them with water at a low cost, and (ii) discouraging over-use by charging 
more heavily for higher supplies per connection. AUWSSC is currently considering 
this system on a national basis. 

(iv) Attempting to enforce existing legislation relating to tubewell construction, with the 
licensing of tubewells as required under the Water Law (Article 21 (2) 6). The FCAS 
Community Engagement Strategy should assist in ensuring this is done in a conflict 
sensitive manner. 

(v) Introducing legislation that allows for the imposition of water use restrictions in the 
case of tight supply after several dry years, or a major problem in the system. The 
reasons for the restrictions would need to be publicized to ensure urban water 
users understand why they are needed.  

(vi) Although sewerage development is not planned under the project, it is 
recommended that a sewerage system is designed at the same time as the water 
network. A key reason for this is that the sewerage line layout can closely follow 
the water network. Decisions will be required on centralized or decentralized 
treatment. Sites for the treatment work(s) should be reserved, and project 
investment sought from donors.  

(vii) Provided sewage is adequately treated, effluent can be used for irrigation provided 
care is taken.  

 
B. Irrigation 

(i) Irrigation is classed as the second highest priority of all uses of water from Dahla 
Dam, due to its great importance to the farmers downstream of the dam.  

(ii) However, although a key feature of the enlargement of Dahla Dam is that more 
water can be made available for irrigation, this should not lead to a major expansion 
of irrigated areas. While some expansion is desirable, it must not be at a level 
where a majority of crops depend on groundwater to supplement surface water and 
achieve a reasonable yield. 

(iii) Farmers should be encouraged to limit groundwater use in normal and conversely 
encouraged to promote groundwater recharge, to ensure that it is available at 
reasonable depths to assist in emergencies. It should not be used year-in year-out 
and consequently continue to deplete aquifers. Community engagement should be 

                                                
18  It is noted that water supply systems supported by ADB in Manila and Phnom Penh have achieved non-revenue 

water levels of around 7%. 
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utilized to maximize this impact. 
(iv) Farmers should be required to license tubewells with volume criteria.  A conjunctive 

use policy (for groundwater and surface water) should be developed with (as far as 
possible) groundwater pumping limited to low allocation years. 

(v) Farmers and their mirabs should plan water use carefully and develop a system 
whereby water can be delivered on demand, to groups of farmers or sub-
communities if not specifically to individual small farmers. Effective community 
engagement will be necessary to ensure water-use plans are appropriately 
presented in a transparent manner. 

(vi) Mirab committees should meet regularly with their WUAs and outline the positive 
and negative factors of water allocation and distribution in the current irrigation 
period. They should provide the WUA representatives on the technical group with 
the information needed for adequate representation of their perspectives at the 
twice-monthly technical group meetings.  

(vii) Conversely, the conclusions of the twice-monthly meetings should be widely 
publicized via the WUAs, irrigation associations, mirabs, text messages, radio, 
television and on-line, so that all farmers have a clear idea of planned water 
availability for the next three months.  

 
C. Environment 

(i) Under most circumstances, the environment should take equal precedence to 
irrigation, though environmental releases will be smaller than those for irrigation.  

(ii) At present, it is suggested that no environmental releases are made between about 
July and December, unless it is clear that water surplus to water supply and 
irrigation needs is available. The model currently does not include environmental 
release over this period in all year classes. 

(iii) Once the environmental study planned under the project has been completed, an 
improved basis for defining environmental release should be feasible.  

(iv) Environmental management needs to extend to the water table under Kandahar 
and the irrigation areas. The present rate of decline of water tables reported by 
several agencies in Kandahar will lead in the medium term to problems similar to 
those experienced by the High Plains aquifer in Texas, where a once-flourishing 
irrigation industry is under severe threat.  Water table stabilization and recovery are 
essential.  

(v) Environmental assessment should also extend to the upper catchment, where land 
surface stabilization is desirable to improve livestock carrying capacity, and reduce 
erosion. The latter is particularly important in relation to extending dam life by 
reducing the sedimentation rate in Dahla. NEPA should give consideration to 
designing a catchment stabilization program for the upper catchments of the 
Helmand River and its tributaries. 
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Appendix 1.  Issues Relating to Fragile and Conflict-Affected States (FCAS) 

An ADB TA is tasked with developing approaches and tools to integrate conflict sensitivity into 
ADB supported projects as a way of increasing resilience to fragility and conflict. This has seen a 
comprehensive assessment of capacity (ADB's, the government's, contractors’ and communities') 
to engage in conflict sensitivity and the development of a series of tools and guidelines to support 
in the processing and implementation of projects based on these findings. The TA is currently 
undertaking a period of testing these tools (processing related tools through the Arghandab 
project) with a view to refining them to make as user-friendly and applicable as possible, prior to 
rolling the approach out. 

The Arghandab engagement has seen the team conduct a rapid FCAS assessment which will 
inform all subsequent tool development. The assessment is currently in draft form and waiting for 
completion of socioeconomic surveys which will provide qualitative data to augment the interviews 
already conducted. 

In terms of issues relating to activities in the MSWA, key aspects relate to the need to make 
investments and support activities in areas that are currently conflict-affected. These include in 
particular: 

(i) Installation of rain/snow gauges/boards in upland areas west of Ghazni; 
(ii) Selection and payment of individuals recruited to monitor the rain/snow gauges; 
(iii) Installation of river flow gauges above Dahla (MEW) and below Dahla near the 

junction with the Arghastan, and on the Kandahar/Helmand boundary; 
(iv) Conduct of an environmental study between the Arghandab upland areas and the 

Sistan basin between Afghanistan and Iran; 
(v) Training and orientation in the AIWRDP FCAS approach to full-time ASBA staff, 

the technical water allocation group and WUAs; and 
(vi) Implementation of the FCAS Community Engagement Strategy to support effective 

water use practices and minimize the risk of conflict. 
 

A parallel study to the current assessment of MSWA has been completed on integrated water 
resources management. Detailed assessment of FCAS and its ability to contribute to successful 
project outcomes is included as an appendix to the IWRM study.  
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Appendix 2.  Dahla Dam Operation - ASBA Release Schedule 

No. 

Period 
T O Q V 

Days    

 
Start Date 

 
 

End Date Duration 

Gate Opening in 
% of Full 

Opening (see 
note 1) 

(%) 

Cumulative 
Discharge 

through both 
Outlet Gates 

(m³/sec) 

Volume  
released over 
period = QxT 
(million m³) 

A. High water availability 

A1 1 Hamal 21-Mar 1 Jawza 22-May 60 150% 75.00 389 
A2 1 Jawza 22-May 1 Sunbula 23-Aug 90 100% 50.00 389 
A3 1 Sunbula ` 15 Mizan 8-Oct 45 70% 35.00 136 

     46    
Shutdown    54    

A4 10 Qaws 1-Dec 10 Jadi 31-Dec 30 100% 50.00 130 
     30    

Shutdown    80    
Summary 

Spill   60   389 
Reservoir   165   654 
Shutdown   140    
   365    
Total volume from spills and reservoir releases   1,043 

 

B. Average water availability 

B1 1 Hamal 21-Mar 15 Asad 6-Aug 135 100% 50.00 583 
B2 15 Asad 6-Aug 15 Mizan 8-Oct 60 60% 30.00 156 

Shutdown    54    
B3 10 Qaws 1-Dec 10 Jadi 31-Dec 30 100% 50.00 130 

Shutdown    80    
Total (all from reservoir releases) 868 

 

C. Low water availability 

C1 1 Hamal 21-Mar 15 Asad 6-Aug 135 70% 35.00 408 
C2 15 Asad 6-Aug 15 Mizan 8-Oct 60 40% 20.00 104 

Shutdown    164    
Total (all from reservoir releases) 512 

Notes: 
Cumulative gate opening means: if opening of gate #1=30% and of gate #2=70%, then cumulative gate opening = 
100%. From each of the above flows, 60% is passed over the weir and 40% is diverted into Arghandab South Main 
Canal, which has been designed for 42.5m³/sec. 

Source: ASBA 2018 taken from Component 1 Feasibility study 
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Appendix 3.  Dahla Reservoir Depth, Volume and Surface Area 2018 

  Elevation m Area m2 Volume m3  

1 12 m Dam Crest 1154 52,715,375 1,028,872,098  
2  1153 51,281,765 976,873,528  
3  1152 50,049,208 926,208,041  
4  1151 48,817,627 876,774,624  
5  1150 47,271,885 828,729,868  
6   1149 45,809,687 782,189,082 Spill raised 13.6m 

7  1148 44,617,895 736,975,291  

8 
12 m Raised Normal 
Pond Level 1147.4 1147 43,586,295 692,873,196 

12 m Raised Storage at 1147.4 = 
710,514,034 

9  1146 41,963,186 650,098,455  
10  1145 40,631,225 608,801,249  
11  1144 39,324,752 568,823,261  
12  1143 37,950,151 530,185,810  
13  1142 36,529,122 492,946,173  
14  1141 35,216,048 457,073,588  

15 
Existing dam crest 
1140.4 m 1140 33,536,796 422,697,166  

16  1139 32,182,470 389,837,533  
17  1138 30,433,834 358,529,381  
18  1137 27,372,736 329,626,096  
19  1136 25,793,737 303,042,860  

20 
Existing Normal Pond 
Level 1135.4 1135 23,856,597 278,217,693 

Existing Stroage at 1135.4 m = 
288,147,759 

21  1134 22,090,421 255,244,184  
22  1133 21,222,575 233,587,686  
23  1132 20,203,558 212,874,619  
24  1131 19,076,658 193,234,511  
25  1130 17,866,794 174,762,785  
26  1129 16,801,028 157,428,874  
27  1128 15,595,990 141,230,365  
28  1127 14,156,539 126,354,101  
29  1126 12,871,128 112,840,267  
30  1125 11,303,765 100,752,821  
31  1124 10,063,333 90,069,272  
32  1123 8,923,898 80,575,656  
33  1122 7,326,414 72,450,500  
34  1121 5,999,678 65,787,454  
35  1120 5,384,247 60,095,492  
36  1119 4,739,795 55,033,471  
37  1118 4,150,684 50,588,231  
38  1117 3,537,266 46,744,256  
39  1116 2,564,057 43,693,595  
40  1115 2,247,214 41,287,959  
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  Elevation m Area m2 Volume m3  

41  1114 1,982,832 37,057,913  
42  1113 1,740,106 31,473,506  
43  1112 1,507,813 24,977,668  
44  1111 1,269,446 18,034,521  
45  1110 1,028,062 11,141,997  
46  1109 717,177 5,033,660  
47  1108 211,583 1,318,620  
48  1107 16,508 292,211  
49  1106 5,588 181,731  
50  1105 3,010 134,442  
51  1104 2,106 103,746  
52  1103 1,713 78,922  
53  1102 1,411 57,054  
54  1101 1,051 38,589  
55  1100 714 24,469  
56  1099 411 14,907  
57  1098 251 8,949  
58  1097 166 4,987  
59  1096 103 2,297  
60  1095 55 638  
61  1094 3   

Source: TRTA survey 
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Appendix 4.  Afghan and Western Dates, 2018 

The Solar Hijri calendar (SH): 
 
The SH Calendar is the official calendar of Iran and Afghanistan. It begins on the March equinox 
(Nowruz) as determined by astronomical calculation for the Iran Standard Time meridian (52.5°E 
or GMT+3.5h) and has years of 365 or 366 days. The first six months have 31 days, the next five 
have 30 days, and the last month has 29 days in usual years but 30 days in leap years. The New 
Year's Day (Nowruz) always falls on the March equinox. The first month of the year in Hamal. In 
2018, the equinox fell in the evening of March 20th. New Year’s Day (1 Hamal) was therefore 21 
March. The New Year is year 1397, and runs from 21 March 2018 – 20 March 2019. 

 

Dari Pashto 
Approximate 

English  
In 

2018 
First Day Last Day 

Hamal (Aries) Wray  Apr 31 21/03/2018 20/04/2018 

Sawr (Taurus) Ǧwayay  May 31 21/04/2018 21/05/2018 

Jawzā (Gemini) Ǧbargolay  Jun 31 22/05/2018 21/06/2018 

Saratān (Cancer) Čungāx̌  Jul 31 22/06/2018 22/07/2018 

Asad (Leo) Zmaray  Aug 31 23/07/2018 22/08/2018 

Sonbola (Virgo) Waǵay  Sep 31 23/08/2018 22/09/2018 

Mizān (Libra) Təla  Oct 30 23/09/2018 22/10/2018 

Aqrab (Scorpio) Laṛam  Nov 30 23/10/2018 21/11/2018 

Qaws (Sagittarius) Līndəi  Dec 30 22/11/2018 21/12/2018 

Jadi (Capricorn) Marǧūmay  Jan 30 22/12/2018 20/01/2019 

Dalvæ (Aquarius) Salwāǧa  Feb 30 21/01/2019 19/02/2019 

Hūt (Pisces) Kab  Mar 29 20/02/2019 20/03/2019 

Total days:    365     

Source: https://en.wikipedia.org/wiki/Solar_Hijri_calendar#Month_names. 
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Appendix 5.  The Model 

On each page in this appendix case the number and the name of the workbook tab, are followed by the description of the data reported 
by the tab. Note that 0% is an extreme dry year, and 100% an extreme wet year. In the long term lower and higher inflows will likely be 
experienced.  

1. Inflow: Expected water inflow to Dahla from driest to wettest years. 

Year 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

2023   Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 
Jadi Jan 32 43 55 66 77 88 97 105 113 121 137 
Dalvæ Feb 31 42 80 118 156 194 223 252 281 309 350 
Hūt Mar 88 119 148 177 206 235 291 348 405 461 521 
Hamal Apr 149 201 221 241 262 282 361 441 520 599 677 
Sawr May 76 103 111 120 129 137 186 235 283 332 375 
Jawzā Jun 30 41 45 48 52 55 63 70 78 86 97 
Saratān Jul 19 26 28 30 32 34 37 39 42 45 50 
Asad Aug 14 20 21 22 24 25 26 28 29 30 34 
Sonbola Sep 12 17 18 19 19 20 21 22 23 24 27 
Mizān Oct 11 15 15 16 17 18 18 19 19 20 22 
Aqrab Nov 9 12 12 13 14 14 16 17 18 19 22 
Qaws Dec 33 45 48 51 54 58 62 67 72 77 87 
Year   505 682 802 921 1041 1161 1402 1642 1883 2124 2400 

 
English months do not exactly coincide with Afghan months, but include > 20 days of the Afghan month. 
Source: <ReservoirSim final draft.xlsx> 
This provides estimated 10%, 50% and 90% wet year data. Other years interpolated (apart from the 0% and 100% years) 
It can be used to model any year between 2023 and 2050 
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2. Rainfall on Dam and Immediate Catchment Reaching Dam (over 20 mm/month) 

However, the eWater inflow data include all catchments above Dahla dam and thus the stream that enters the dam,      
Thus the estimated runoff from this catchment will need to be added to the reading from the new gauge to estimate total water inflow   
Once construction has been completed, the Baseline can be deleted. Baseline is left in this version so that it can be trialled during construction.  
The section of the tab below is used to estimate the rainfall on the dam and runoff from the catchment at different monthly rainfall amounts.  
Enter actual rainfall as it is recorded in the blue shaded 
cells C9-C20   

 
      

      
Rainfall on dam 

& banks 

Runoff from 
immediate  
catchment  

 

  
Rainfall on dam  

and banks 
Runoff from  
catchment  

    
Rainfall  
mm/month 

Baseline 
Mm3 

13.6m 
raise 
Mm3 

Baseline 
Mm3 

13.6m 
raise 
Mm3  

 

Rainfall Baseline 
13.6 m  
raise Baseline 

13.6 m  
raise  

Jadi 
Jan 51 1.5 2.3 2.1 1.9  

 Area (sq 
km) 29.4 45.2 170.6 154.8  

Dalvæ Feb 35 1.0 1.6 1.5 1.4  
 mm/mth Mm3/mth Mm3/mth Mm3/mth Mm3/mth  

Hūt Mar 31 0.9 1.4 1.3 1.2   0 0.0 0.0      
Hamal Apr 12 0.3 0.5 0.0 0.0   2.5 0.1 0.1    
Sawr May 1 0.0 0.0 0.0 0.0   5 0.1 0.2      
Jawzā Jun 0 0.0 0.0 0.0 0.0   10 0.3 0.5    
Saratān Jul 2 0.0 0.0 0.0 0.0   15 0.4 0.7      
Asad Aug 0 0.0 0.0 0.0 0.0   20 0.6 0.9 0.9 0.8  
Sonbola Sep 0 0.0 0.0 0.0 0.0   25 0.7 1.1 1.1 1.0  
Mizān Oct 2 0.0 0.0 0.0 0.0   30 0.9 1.4 1.3 1.2  
Aqrab Nov 6 0.1 0.2 0.0 0.0   35 1.0 1.6 1.5 1.4  
Qaws Dec 18 0.4 0.7 0.6 0.6   40 1.2 1.8 1.7 1.5  
Year   158 4.3 6.6 5.5 5.0  

 45 1.3 2.0 1.9 1.7  
Source: USACE 2012     50 1.5 2.3 2.1 1.9  
25% of rainfall over 15 mm/month is assumed to run-off from the 
catchment to Dahla  

 
55 1.6 2.5 2.3 2.1  

This chart is probably ok for historical rainfall and is abstracted in 
Cells C38 to C49.  

 
60 1.8 2.7 2.6 2.3  

However data from Nazdik-i-Kandahar from 2009-17 averaged 
only 143 mm per year   

 
65 1.9 2.9 2.8 2.5  

USACE 2012 data, averaging 158 mm/year are used    70 2.1 3.2 3.0 2.7  
     75 2.2 3.4 3.2 2.9  
  
 
  



42 

3. Evap: Evaporation from Dam Surface Related to Water Level (million m3) 

       Original 
Raised 

1 cell Mean    Original 
Raised 

1 cell 

  
Evaporation 

mm/month 
Storage  

Mm3 
Level 

m 
Area 

sq km 
Area 

sq km2 
Evaporation/ 

month Mm3 
Average monthly 

water level m Storage Level Area Area 2 

Storage year start  300        0 1108 0 0.7 
Jadi Jan 39 300 1135 23.9 25.8 1.0 1136.0 5 1109 0.7 1.0 

Dalvæ Feb 39 356 1137 27.4 30.4 1.1 1139.5 11 1110 1.0 1.3 

Hūt Mar 71 507 1142 36.5 38.0 2.6 1143.5 18 1111 1.3 1.5 

Hamal Apr 113 644 1145 40.6 42.0 4.7 1146.0 25 1112 1.5 1.7 

Sawr May 218 695 1147 43.6 44.6 9.6 1146.0 31 1113 1.7 2.0 

Jawzā Jun 277 609 1145 40.6 42.0 11.4 1143.0 37 1114 2.0 2.2 

Saratān Jul 323 472 1141 35.2 36.5 11.6 1139.0 41 1115 2.2 2.6 

Asad Aug 290 338 1137 27.4 30.4 8.4 1136.0 44 1116 2.6 3.5 

Sonbola Sep 215 300 1135 23.9 25.8 5.3 1135.0 47 1117 3.5 4.2 

Mizān Oct 131 291 1135 23.9 25.8 3.3 1135.0 51 1118 4.2 4.7 

Aqrab Nov 63 298 1135 23.9 25.8 1.6 1135.5 55 1119 4.7 5.4 

Qaws Dec 44 309 1136 25.8 27.4 1.2 1136.0 60 1120 5.4 6.0 

Storage year end  
300           66 1121 6.0 7.3 

  Annual 1,823         57.0   72 1122 7.3 8.9 

Source: USACE, 2012       81 1123 8.9 10.1 
   

      90 1124 10.1 11.3 

Storage and Level relate to month start.     101 1125 11.3 12.9 

It is driven entirely by month start storage volume.    113 1126 12.9 14.2 

As actual inflows and storage volumes are entered, the estimated  126 1127 14.2 15.6 

evaporation for the year to date will update.     141 1128 15.6 16.8 

         157 1129 16.8 17.9 

This tab takes the average of the lower and higher linked cells   175 1130 17.9 19.1 

by taking the average between the Original and "Raised 1 cell" data  193 1131 19.1 20.2 
  

       213 1132 20.2 21.2 

The orange shaded cells link to Model, column F     234 1133 21.2 22.1 

Average monthly water level is currently not used but could be useful for hydropower 255 1134 22.1 23.9 
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4. Sedmt: Estimate of Sediment Deposition Related to Monthly Inflow 

X`
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5. Urban: Estimated Demand for Reticulated Water for First Six Years Post Construction and 2050  

    Days 
% of  

demand 2023 2024 2025 2026 2027 2028 2050 

    21.8 23.8 28.3 33.0 36.3 42.8 109.8 

        Mm3/mth Mm3/mth Mm3/mth Mm3/mth Mm3/mth Mm3/mth Mm3/mth 
Jadi Jan 30 6% 1.4 1.5 1.7 2.0 2.2 2.4 6.6 
Dalvæ Feb 30 6% 1.4 1.5 1.7 2.0 2.2 2.4 6.6 
Hūt Mar 29 6% 1.4 1.5 1.7 2.0 2.2 2.4 6.6 
Hamal Apr 31 6% 1.4 1.5 1.7 2.0 2.2 2.4 6.6 
Sawr May 31 8% 1.9 2.0 2.3 2.6 2.9 3.2 8.7 
Jawzā Jun 31 11% 2.6 2.8 3.1 3.6 4.0 4.4 12.0 
Saratān Jul 31 12% 2.9 3.0 3.4 4.0 4.4 4.8 13.1 
Asad Aug 31 11% 2.6 2.8 3.1 3.6 4.0 4.4 12.0 
Sonbola Sep 31 11% 2.6 2.8 3.1 3.6 4.0 4.4 12.0 
Mizān Oct 30 9% 2.2 2.3 2.5 3.0 3.3 3.6 9.8 
Aqrab Nov 30 8% 1.9 2.0 2.3 2.6 2.9 3.2 8.7 
Qaws Dec 30 6% 1.4 1.5 1.7 2.0 2.2 2.4 6.6 
Year   365 100% 23.9 25.4 28.3 33.0 36.3 39.8 109.3 

% of demand estimates the percent of annual water consumed each month   
It allows for increased consumption in summer      
As actual distribution is recorded, it can be updated     
In 2023, the actual amount of water withdrawn from Dahla each month will be entered in the green cells above 
At the start of the next year, data will be entered month by month as it is recorded on the gauges. 
At the same time, the reference in the model will have to be changed to reference the data in Column T 
If the sales in 2023 are higher or lower than predicted, the changes can carry forward to the next year 
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6. Env: Environmental Releases 

The 10%,50% and 90% years are based on SimA but multiplied by 2.    

An alternative would be to take a percentage of flow each month     

Note: no environmental flow budgeted in all years. Jan to Jun flows are increased.    

    0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

    Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 

Jadi Jan 5.9 8.0 11.0 26.0 29.0 32.0 36.0 40.0 44.0 48.0 54.2 
Dalvæ Feb 8.9 12.0 16.5 32.0 37.0 42.0 47.5 53.0 58.5 64.0 72.3 
Hūt Mar 14.8 20.0 25.0 40.0 46.0 52.0 62.5 73.0 83.5 94.0 106.2 
Hamal Apr 14.8 20.0 27.5 44.0 53.0 62.0 67.5 73.0 78.5 84.0 94.9 
Sawr May 8.9 12.0 16.5 30.0 36.0 42.0 47.5 53.0 58.5 64.0 72.3 
Jawzā Jun 8.9 12.0 12.0 21.0 22.5 24.0 31.5 39.0 46.5 54.0 61.0 
Saratān Jul                       
Asad Aug                       
Sonbola Sep                       
Mizān Oct                       
Aqrab Nov                       
Qaws Dec                       
Year  62.2 84.0 108.5 193.0 223.5 254.0 292.5 331.0 369.5 408.0 461.0 

% of inflow 12% 12% 14% 21% 21% 22% 21% 20% 20% 19% 19% 

Multiplier  2.0           

A different multiplier can be chosen if required        
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7. Irrig: Monthly Irrigation Demand from Dahla  
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8. Model: MSWA Model 
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9.  Annual: Annual Summary of Dahla Reservoir Allocations 

Dam capacity  12m Mm3          

    

Dam 

volume 

Storage 

year 

start Inflow 

Precipit- 

ation on 

dam and 

catchment 

Evaporat- 

ion from 

dam 

Est 

sediment 

Urban 

demand 

Environ- 

mental 

allocation 

Irrigation 

allocation 

Storage 

Year 

end Spill Year class 

                         
Year   Mm3 Mm3 Mm3/y Mm3/y Mm3/y Mm3/y Mm3/y Mm3/y Mm3/y Mm3 Mm3/y   

1398 2019 298.0 100.0 1160.8 4.3 -25.0 -2.2 -23.9 -254.0 -631.9 69.1 -256.6 50% 

1399 2020              

1400 2021              

1401 2022              

1402 2023 764.2 300.0 1160.8 6.6 -61.8 -2.2 -23.9 -254.0 -825.7 297.4 0.0 50% 

1403 2024             

1404 2025              

1405 2026              

1406 2027              

1407 2028              

1408 2029              

1409 2030              

1410 2031             

Annual 
performance    300.0 1160.8 6.6 -61.8 -2.2 -23.9 -254.0 -825.7 297.4 0.0   

              

Note: all numbers formatted to millions          

Once the year is complete, the Annual performance numbers will need to be copied and saved as values in the relevant year 
Note that the sediment load is not included in the change in storage over the year. It needs to be included every five years or so. 
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Appendix 6.  Historical Inflows to Dahla Reservoir  

Recorded Flows above Dahla from 1952 to 1978 (million m3/month) 

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

1952 25.8 35.0 45.3 48.7 81.8 199.0 298.1 137.1 46.7 34.3 28.4 22.6 1009.0 
1953 25.9 34.5 38.8 38.3 115.4 134.7 98.0 57.0 35.5 12.4 8.7 9.2 615.0 
1954 16.8 26.2 34.3 53.0 200.3 364.3 495.1 278.6 88.9 57.3 33.2 25.8 1684.0 
1955 35.9 45.4 48.2 50.4 40.2 134.7 79.6 79.5 31.6 11.7 80.4 6.2 571.0 
1956 15.8 24.7 58.7 55.2 82.3 458.0 642.8 225.5 82.9 278.6 76.9 36.8 2039.0 
1957 46.3 56.5 51.7 93.2 147.6 433.9 855.4 551.8 223.9 109.3 57.6 47.2 2677.0 
1958 49.6 108.3 144.9 153.5 150.7 197.7 249.9 156.4 63.5 59.5 26.1 20.0 1384.0 
1959 32.4 43.0 56.0 58.4 76.0 500.9 357.7 182.9 74.6 64.0 26.5 26.7 1495.0 
1960 31.6 62.5 71.8 57.9 58.3 27.9 344.7 294.6 90.2 49.3 25.5 21.6 1220.0 
1961 33.2 46.7 44.2 45.3 47.2 122.7 549.5 318.7 99.0 56.2 31.6 25.6 1421.0 
1962 35.4 52.1 56.2 47.7 44.5 86.5 183.8 92.7 22.9 15.3 9.0 8.2 654.7 
1963 24.0 27.0 37.0 34.8 30.7 54.6 152.2 278.6 87.9 25.9 17.8 16.5 787.3 
1964 23.9 36.5 41.8 49.3 104.5 263.8 375.8 177.6 56.0 32.7 18.9 16.2 1201.3 
1965 27.6 35.3 45.5 90.5 184.8 310.7 754.3 613.4 233.8 103.7 58.7 41.2 2500.0 
1966 50.1 62.7 71.8 63.7 82.3 121.1 181.2 120.8 44.3 23.2 15.8 14.7 851.6 
1967 24.3 36.5 39.9 37.0 118.5 231.4 627.3 514.3 177.8 80.4 50.9 32.7 1969.8 
1968 43.9 52.9 62.9 80.4 132.6 500.9 355.1 230.9 99.5 43.9 28.1 25.5 1661.1 
1969 35.6 44.8 158.3 88.1 92.7 197.7 215.1 129.6 52.4 22.2 16.6 17.1 1070.4 
1970 26.5 59.6 52.2 77.1 56.4 171.4 234.3 112.5 35.5 20.5 28.7 16.4 889.9 
1971 23.0 33.4 37.5 36.7 38.5 55.7 35.5 8.1 1.3 0.0 0.3 1.2 271.2 
1972 2.9 17.8 21.0 47.4 60.5 578.5 523.6 291.9 75.9 44.2 28.1 22.3 1717.2 
1973 31.3 42.2 63.7 63.5 121.0 275.9 269.6 110.9 33.2 77.7 17.7 15.4 996.8 
1974 24.3 35.0 41.5 59.5 112.0 337.5 225.5 93.5 31.6 17.8 9.5 10.2 1276.4 
1975 23.8 31.9 61.1 62.1 106.4 270.5 347.3 203.6 75.4 40.7 35.6 17.8 2621.0 
1976 31.9 42.5 52.8 54.9 145.2 546.4 863.1 506.2 133.2 147.6 52.5 40.7 808.0 
1977 46.9 56.5 61.1 104.2 120.7 142.0 145.7 57.9 22.8 13.1 29.2 7.9 916.0 
1978 16.0 41.0 65.1 53.8 73.5 171.4 207.1 86.2 24.3 107.4 56.8 14.7 1033.2 
Average 29.8 44.1 57.9 63.1 97.2 255.2 358.0 218.9 75.7 57.4 32.2 20.8 1308.9 

Successive years of inflow less than 1000 million m3 are colored red. 
Source: MEW 
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Dahla inflows 1952-78 sorted from lowest to highest 
 

Years 
 

Approx percent Year class Averages  
 Mm3              %             % Mm3 Mm3 

1971 271.2    0% 440 
1953 608.5 0  10% 695 
1955 643.8 

   20% 850 
1962 654.2 

 10 30% 935 
1963 786.9 

   40% 1065 
1977 807.9    50% 1152 
1966 851.7 20  60% 1359 
1970 891.1     70% 1525 
1978 917.4 

 30 80% 1786 
1974 997.9 

   90% 2169 
1952 1002.8    100% 2646 
1969 1070.3 40    
1973 1122.0       
1960 1135.8 

 50   
1964 1197.1      
1975 1276.4      
1958 1380.1 60    
1961 1419.9       
1959 1499.1 

 70   
1968 1656.6 

     
1954 1673.8      
1972 1714.3 80    
1967 1970.9       
1956 2038.1 

 90   
1965 2499.4 

     
1976 2617.0 100  

 
 

1957 2674.3      
Average 1310.3  

   
 
Note that because there are only 27 years in the series, the percent years cannot be exact. 
However, the 50% year, perhaps the most important, is correctly taken as the average of the 
13th, 14th and 15th years. These data are not used in the model, but are intended to explain the 
meaning of the 0% to 100% years.  
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Appendix 7.  Terms of Reference for Arghandab River Environmental Study   

See Appendix 7. Output 1 EIA 
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Appendix 8.  Water Flows in the Arghandab and Helmand River Basins 

1. Most hydrological data for the Helmand basin are for 1952 to 1978, a period of 27 
years. Not much has happened since then in terms of dam construction, and probably not a 
great deal with respect to climate change. This note examines available past and recent data 
for the river basins, in all cases starting upstream.  

2. Dahla Dam on the Arghandab River and Kajaki on the Helmand are shown in Figure 4 
on page 23 of this report.  The southern part of the Helmand basin is shown in Figure 8.1.  

Figure 8.1  Helmand River as far as the Sistan Basin 

 
Legend: Yellow = existing gauges, Red = 4 /repair, White = water treatment plant, 

Green = proposed new gauges, Blue = Dahla reservoir immediate catchment 
Source: Google Earth. 
 
A. Helmand River Flow Data 

3. Historical and recent river flow data 
for the Helmand and Arghandab rivers, 
recorded by MEW, are in Annex 1 to this 
appendix. 

4. The flow at Dehraut19 above Kajaki is 
the flow nominated in the Afghan Iran 1973 
treaty. This averaged 5561 Mm3 per year 
over 27 years between 1953 and 1979. The 
treaty requires Afghanistan to provide an 
average of 26 m3/second to Iran at crossing 
points defined by the commissioners close to 
the Sistan basin. In years of above average 
or below average flow the delivery of water to 
Iran will change proportionately.  

5. Based on historical data, the flow 
down the Helmand would appear to fully 
meet the obligations of the treaty, with the 
flow at Khwabgah averaging 139 m3/s, or five 

                                                
19  Referred to as Dehrawud in the treaty.  

Figure 8.2  Lower Helmand Basin  

 
The yellow line is the Iran Afghanistan border. 
Source: Google Earth 2018. 
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times the treaty volume. It can be noted that Khwabgah is about 4 km from the bifurcation in 
the Helmand and 4.5 km from the Afghan gauge at Shila-i-Charkh. 

6. Notable in Figure 8.2 is the canal which has been dug from the Iranian distributary, 
500 meters from the bifurcation, immediately below the name Shila-i-Chark. This channels 
water into the four hamouns (lakes) shown in the figure.  

7. The average flow at Khwabgah was 169 m3/s during 1969-79 and at Shila-i-Charkh 76 
m3/s between 1956 and 1979. If the flows were typical of the period, it would appear that Iran 
received an average of around 93 m3/s over the period, or far above the 26 m3/s contracted 
by Afghanistan. 

8. Recent flow data on the Helmand are available from 2010 to 2017, also given in Annex 
1. The flow at Dehraut and Below Kajaki have not been measured due to the inaccessibility of 
the gauges due security issues. The only Helmand data above the Arghandab junction are at 
Lashkargah, the capital of Helmand province. There the flow has averaged 121 m3/s, down 
from 173 m3/s over the historical period, possibly suggesting a decline of 30% in river flow. 
Recent flow at Khwabgah has averaged 63% of historical while Shila-i-Chark has averaged 
only 29% of historical flow. It does therefore appear that flows have fallen significantly between 
the two recording periods, though the recent records cover too few years for firm conclusions 
to be reached.  

9. The Shila-i-Chark flow is of concern, with almost no flow between July and the following 
January, suggesting that the Afghan part of the Sistan basin may not be receiving sufficient 
water, and also that Iran has increased its share of water removal from its distributary. Despite 
this issue, it is noted that the Iranian part of the basin has been in poor condition in recent 
years, and its long-term environmental survival as a valuable wetland may be under question.  

B. Arghandab River Flows 

10. Arghandab flows were recorded historically at five key stations. Above Dahla, the flow 
was recorded near Najm od Din (visible on Google Earth). This was upstream of a significant 
(though not major) tributary and thus under-recorded flow into the reservoir, which averaged 
42 m3/s. Below Dahla, flow averaged 39 m3/s suggesting a loss of just over 6% from use, 
seepage and evaporation.  

11. By the time the flow reaches Kandahar, downstream of the AIS diversion weir, it has 
lost 50% of the Below Dahla flow with an average flow of 20 m3/s. Downstream of the gauging 
station, the river is joined by the Arghastan, Dori and Tarnak rivers at Doab. The contribution 
of the three rivers to downstream flow is not known, but the average flow in the Arghastan 
historically was 6 m3/second. However, the gauge was 67 km east of Doab, and above the 
junction with the Tarnak and cannot be used to estimate the river’s contribution to the 
Arghandab. Three-quarters of the flow in the Arghastan was reported to occur in February, 
March and April. The combined flow of the three rivers may have contributed around 200 
Mm3/year to the Arghandab, though no data are available to substantiate this. 

12. It is notable in Annex 1 that the flow at Qala-i-Bust, on the Arghandab, just before it 
joins the Helmand, averaged 28 m3/second or 40% above the flow at Kandahar (though the 
latter was for a limited period). The annual contribution of the Arghandab (889 Mm3) was 
around 16% of the flow in the Helmand at Lashkargah, thus contributing around 14% to the 
combined flow.  In many years there is no or almost no flow at Qala-i-Bust between June and 
the following January. This implies that the Arghandab river is dry for some distance upstream, 
and possibly as far as Doab. This occurred in almost every year between 1948 and 1952 when 
Dahla dam was built and intermittently thereafter. It thus appears that the Arghandab has 
historically fully dried for a period in many years, in one case, repeatedly for 7 successive 
years (1948 to 1954). It is not known how much water was abstracted by local communities 
between Doab and Qula-i-Bust, but these data do imply that it is not essential to supply 
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environmental flows to the Arghandab every month.  

13. The only data since 1980 on the Arghandab are at Kandahar gauge, with flows 
averaging 9 m3/s over the period 2010-17. Between August and the following February, the 
highest monthly average flow is reported as 2 m3/s, a low level. Flow over this period averaged 
44% of that reported between 1971 and 1980. 

C. Environmental Demand 

14. A review of the Arghandab/Helmand on Google Earth at moderately high resolution 
has not identified any wetlands between Kandahar and Shila-i-Chark. This combined with the 
lack of regular summer to winter flow at Qala-i-Bust suggests that the environmental 
contribution from Dahla to the Arghandab is mainly beneficial to the communities that live 
along the river for water supply for people and livestock and for recreation; also for 
groundwater recharge. Of more importance is the contribution to Helmand flow to meet the 
environmental needs of the Sistan basin. These conclusions will need to be reviewed and 
maybe revised under the environmental study proposed to be undertaken under AIWRDP.  

D. Conclusions 

15. The data allow a number of tentative conclusions to be drawn: 

1. Afghanistan appears to have honored its responsibilities under the Afghan Iran treaty 
in the historical period 

2. It is no longer possible to monitor compliance, due to the inaccessibility of key gauges 
on the Helmand 

3. Mirabs along the Helmand appear to have limited abstraction from the river during the 
historical period, allowing water to reach the bifurcation. 

4. Recent river flows on both the Helmand and the Arghandab have been low compared 
to their historical averages. It is too early to say if this is a trend which will continue, 
since the period of recent flow measurement is too short to reach such a conclusion.  

5. However, the similar experiences on both rivers gives cause for concern, and may 
have several impacts including downwards pressure on irrigated areas, more pressure 
to use groundwater for irrigation, and the failure of the Sistan basin and Ramsar 
wetland to recover.  
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Annex 1 – Historical and recent flows in the Helmand and Arghandab rivers 

Helmand 
Years 

Lat- 
itude 

Long- 
itude 

Drainage 
area 

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

age 
Runoff 

Historical data   N E km2 m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s Mm3 

Dehraut (above Kajaki) 1953-79 32˚ 42΄ 65˚ 28΄ 36990 68 79 79 80 108 380 557 460 198 93 59 57 176 5561 

Below Kajaki 1948-79 32˚ 19΄  65˚ 06΄  46600 108 110 117 118 129 172 407 479 235 155 139 121 178 5601 

Lashkargah 1954-80 31˚ 34΄  64˚ 21΄  61720 96 94 99 122 152 180 416 429 175 112 101 94 173 5440 

Darwishan 1957-79 31˚ 08΄  64˚ 11΄  118335 80 93 128 159 178 238 436 506 212 115 90 81 192 6043 

Malakhan 1970-78 30˚ 27΄  63˚ 22΄  132880 75 78 86 119 147 199 333 393 148 91 75 69 158 4970 

Charburjak 1949-79 30˚ 17΄  62˚ 02΄  136735 66 72 96 127 171 218 438 516 225 111 84 71 184 5789 

Khwabgah 1969-79 30˚ 48΄  61˚ 46΄  137765 67 68 69 110 136 177 350 425 166 85 64 65 139 4396 

Shila-i-Charkh 1956-79 30˚ 48΄  61˚ 46΄  137765 27 31 45 66 79 83 141 246 93 44 34 27 76 2405 

     
              

Recent data     
              

Lashkargah 2013-17 31˚ 34΄  64˚ 21΄  61887 72 79 81 87 114 179 311 216 110 73 66 64 121 3814 

Khwabgah 2010-17 30˚ 48΄  61˚ 46΄  159099 3 8 14 27 83 117 378 250 41 11 17 21 88 2780 

Shila-i-Charkh 2010-17 30˚ 48΄  61˚ 46΄  137765 0 1 1 3 29 45 117 54 12 1 0 0 22 691 

                   

Arghandab                   

Historical data                   

Above Dahla 1952-79 31˚ 57΄  66˚02΄  11523 11 17 21 23 40 94 138 82 29 22 12 8 42 1320 

Below Dahla 1948-79 31˚ 50΄  65˚52΄  12975 20 21 20 14 17 61 121 81 36 30 26 23 39 1236 

Kandahar 1971-80 31˚ 37΄   65˚34 ΄  14245 3 3 3 2 4 49 101 39 6 5 5 4 20 627 

Arghastan 1953-79 31˚ 26  65˚55   15245 0 0 2 3 15 21 17 2 1 8 2 0 6 185 

Qala-i-Bust 1948-80 31˚ 30΄  64˚ 23΄  52920 2 3 16 17 36 69 108 53 13 13 4 2 28 889 

                   

Recent data                   

Kandahar 2013-17 31˚ 37΄   65˚ 34 ΄  14213 0 0 2 1 0 27 44 19 5 5 2 0 9 279 

Source: MEW Hydrogeology Department.  
 


