Table 4,1 Numerical Summary of Impacts by Assessment Criteria

Item . : Positive Negative

Total Numbér of Impacts Listed 30 69
Total Number of Major Impacts 10 - 30
Total Number of Minor Impacts 20 . 39
Of the Major Impacts |

- No. Critical Magnitude 2 -9

- No. Critical Intensity | 1 7
. - No. Critical Sc:_éie Accumulation NA 7

- No. Irreversible Effects NA 6

- No. Tncreased Instability | NA 19

- No. Unsustainable Productivity o NA : 19

The following chapter fooks at the range of resources that may be affected by the regional projeéts It also
carries out a specific impact matrix analysis of each of the main regional schemes.

4.2 Construction Resource Demands

The miost considerable demand on resources of FCD projects will be the drain on current and future
foreign exchange and local financial resources. There will also be a considerable demand for construction
materials, management and labour. It will only be appropriate to analyze these during the feasibility
studies and once the details of a proper regional plan become available. The following are some
comments. which have relevance for the types of studies which ought to be considered during the
feasibility study stage.

Hard Rock, Aggregates and Sand

The option of alternative supplies is stiil uncertain. Geological surveys have found large deposits of hard
rock at 130 m. depth located at Modhyapara in Dinajpur District. Sources of poor quality river gravel
aggregates are quarried from government owned river bed area along the Teesta and the northern border
hills. The Piedmont deposits are found as lenses in Panchagarh and Lalmonirhat Districts at depths down
to 5 m but are very limited in their availability. River gravels are more typically collected from limited

* gources mainly in Greater Syihet.”

High gfade'sands for concrete are_availabie in exploitable quantities in the piedmont areas of the northern
region and in the upper reaches of the Brahmaputra and the Meghna. Good quality sands also occur
locally to the Teesta river. Building sand in the NWR is usually a mixture of local river sand mixed with

high quality sand.
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Demar.lds for both materials will compete with the needs of alternative users. High quality sand also
potentially has a limited renewal, depending on the rate of erosion and recharge. Large short-term
den.lands for building sand might affect the medium-term economic viability of existing lease sites. The
project induced demand and competition with existing users will need to be assessed. These sites should
also be surveyed to establish if sites of historical or archaeological interest may be affected.

Fuel and Energy

The primary requirement of the projects for fuel and energy will be in the processing of construction
materials. Kiln burnt bricks will be required for building and road construction. The shortages of hard
rock and river gravel deposits in Bangladesh mean that broken bricks are most commonly used as a
source of aggregate in concrete. These are obtainable from privately owned brick works ‘scattered
throughout the region. Brick demand will have resource implications. Firing of bricks in seasonal kilns
predominantly uses local timber resources that are heavily exploited even though there are official
restrictions on the use of these. B

The kilnis also use imported coal from India. Local coal deposits exist in three locations in the NWR.,
Deep deposits at Jamalgonj in Bogra District are not economically viable to extract. Deposits at
Barapukuria in Dinajpur District have undergone feasibility study and may be developed in the near
future. Further deposits known to exist at Khalaspir in Rangpur have yet to undergo detailed mining
‘study. These resources are sufficiently large to supply all the needs of the full plan-if implemented. It is
clear whether timely development of these mines would allow supplies to come from these local sources
in the period of proposed construction. Local natural gas supplies, as an alternative fuel, are not available
in the NWR. : :

~ The brick field sites provide income for the land owners selling clay or timber and generate iocal
employment until the site resources are used up. Further employment is generated in the breaking down
of bricks into aggregate. Surveys of brick fields along the road from Nagarbari-Sirajganj-Bogra-Fulchari
(Pastarkia, C. 1991) showed that brick fields are established on rented land close to a soutce of suitable
clay. They only operate in the dry season and use single or multiple burners with sectional chimneys. The
- units are constructed of brick and earth. A single chimney kiln can produce around 130 000 bricks from
each firing, with an average of five firings a season, In spite of 1984 prohibition on the use of timber to
protect dwindling timber resources in the country timber is still the main fuel used throughout virtually
all the brick fields although an estimated 20% also use some proportion of coal. Assuming one cubic
metre comprise 500 bricks the fuel requirements needed to produce 1 000 cu.m. of bricks would be 115

tonnes of coal or 285 tonnes of timber.

The total requirement for brick of all the NWR projects would amount to a minimum of around 14 500
cu.m. This would need almost 1 200 tonnes of coal or 4 100 tonnes of timber. It would be the equivalent
of the annual output from 11 single chimney kilns. As the phasing of these works will be spread over a
considerable number of years supply problems are unlikely to occur. Of more concern is the cumulative
impacts on timber and land resources when these projects are taken together with the additional works
proposed for the BRE which could have a demand for.up to 87 000 tonnes of timber. These fuel issues
might be looked at in more detail during the feasibility study stage.
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Impacts of Development

The development of a brick field temporarily takes land out of production and it is not unusual for the
field to be abandoned after use with mounds of discarded bricks becoming grassed over. Where surface
clay deposits are available the thickness is sold and farmers can continue with cultivation at a lower level.
Where excavation for buried deposits occurs the deep borrow areas are not brought back into any form
of productive use. - .

The overall. loss of land is not regionally significant for the initial construction phase. _ThiS impact will
be cu.mulatwe over the years to come, as maintenance ot re-building of works will continue for as long
as this technology is applicable.

Of far more significance is the continued denudation of local timber stocks from locat village and
homestead groves consisting of fruit, shade and bamboo. The extensive use of bamboo in the urban
construction and other timber using industries and the use of their roots in the brick fields has been raised
as a source of concern in the media. The total national growing stock of bamboo was estimated in 1984
to be 1.8 million tonnes in private ownership: and 0.78 million tonnes in state forests. It has been .
estimated that village forests in the early 1980s were being exploited at twice their sustainable yield while
the gap between demand and supply (a fourfold factor in the early 1980s) is widening continuously. A
total reduction of national village grove resources of 35% between 1981 and 2 000 has been forecast
(MOEF/IUCN 1991). ' '

Cohtract specifications, conditionalities and close supervision during construction on specified coal fired
bricks will be the most etfective ways of mitigating for this potential cumulative impact. However, this

mitigation itself could involve the loss of local income and employment if the contractor used larger brick
works away from the area of construction or where the coal resource was imported from India.

43  Ympact of Groundwater Development

The impact of groundwater development could include the physica'l or the bio-chemical dynamics of the
groundwater system. The physical responses may include: . :

- reduced aquifer recharge
- reduced drainage to low lands;

- implications of flood protection on the groundWater balance of high lands and the possible
need for additional supplementary irrigation during the monsoon season;

- effects on rural water supply. -

- effects on river seasonal base flows
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Reduced Aquifer Récharge and Potential

Ai}_a_lysis showed that groundwater levels are a close reflection of flood levels during the monsoon $eason.

With flood control and the consequent reduction in flood levels, the groundwater levels will also show

a reduction in level similar to that of the flood levels. Post monsoon groundwater tables recede to levels
~ in January which are nearly-identical to those existing pre-FCD. In the latter part of the dry season,

which coincides with the main irrigation season, virtually no difference in groundwater levels are
- observed for no flood control or full flood control conditions.

The impact of flood control on the potential recharge and the upper limit of the resource availability was
assessed for three basic conditions; no flood control, partial. protection, and full flood control. The
difference between ro flood control and full flood control is very marked, particularly for upazilas with
a large proportion of F1 land, which, under fuil flood control is assumed to be fully protected from

flooding. The mean reduction in potential recharge for all the thanas studied was 30%, in the case of full

FCD. The_difference'be'tween no flood control and partial protection is only minor (3 %), but is dependent
on the assumptions being made. ' c

The dramatic reduction in potential recharge should not be directly related to a reduction in ground'water
resource potential, since other factors, such as fand availability and well technology, often control the
limits on resource development.

Analysis of the upper limits of 'groundwater resource 'development'potential showed that 16 of the 70
thanas studied, constraints to full development from groundwater may exist. The mean maximum
development as a percentage of NCA for these areas was 85%. Under full FCD this reduced to 75%.

An analysis was also carried out of the upper limits of groundwater resource development potential for
full ECD conditions. A further 10 thanas showed a reduction in resource potential, which is in all cases

* caused by the reduction in usable recharge. These thanas lie in the Lower Atrai basin and on the
Mohananda basin. Thanas along the Teesta show no reduction in groundwater resource development
potential due to full FCD. It should be noted that these constraints relate 1o deep tube wells (force mode
units). The development limits that can be reached by shallow tube wells (suction mode development) are
generally unaffected by the flood control measures since their upper limit is below that of force mode
units.

Grounidwater salinity forms no constraint in the Northwest Region to its use for irrigation and water
supply.

Reduced Drainage to Low lzznds

Localised drainage is strongly controlled by local relief. Elevation differences between FO and F4 land
can be in excess of three metres. After the monsoon season a rapid decline in flood levels occurs. Falls
in the groundwatér levels on highland lag behind those on lowlands. The localised groundwater level
differences can cause lateral drainage from highland to lowland.

Surface watef in lowland areas used for irrigétioﬁ of local boro couid'originaté from local drainage of
highland areas. With development of groundwater a more rapid decline of water levels in the highlands
will occur reducing drainage to the lowlands, Conditions may alter to the extent that the lowland surface

water bodies start to contribute to the aquifer {a reversal of the natural process).
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Extensive flood protection may also cause the type of drainage described above to occur during the
monsoon season. This may have an implication on the rice crops grown on the high lands, particularly

?uri'?‘g dry years when supplementary irrigation may be needed during the monsoon season, particularly
or T. aman.

Effect on Rural Water Supply

The O{)ﬁmljm development of groundwater resou.rces requires in nearly all cases the use of village hand
tubewells fitted with Tara pumps, which allow for a maximum lift of 15 m. This 15 m is measured from
village level.

Thq areas already affected by seasonal lower of water tables are shown in Figure 2.3. This also assess .
the potential for future problems based on the ability for further development to occur. These problem
are main related to the Lower Atrai.

It is of great importancé that the response of the water table in village areas is continuousty monitored
in Thanas which experience a rapid increase in tubeweil development. Contingency planning for
replacement of village hand tubewells presently fitted with No 6 pumps needs to be considered.

Effect of Groundwater Development on Base Flow to Rivers

Reduction in the water tables and earlier drainage of water to lowland could effect the levels of the dry
season base flows to rivers, This could have important implications on the availability of water for LLP
jrrigation, the other users of these dry season water bodies (bathing, fish, etc) and for the water available
for the continued flushing of pollutants throughout the year. The model analysis for the NWR indicated
that dry season groundwater tables are little affected by FCD measures. :

4.4 - Biological Trends

Recent history has witnessed sweeping alterations to the structure and distribution of the natural
communities of macro flora and flora that were once characteristic of the aquatic and terrestrial landscape
of the NWR. Centuries of human intervention and management have already seen the environment go
through many alterations. The contemporary episode involves an unprecedented change in the rate of
resource use and habitat alteration transformed into the farming, floodplain and homestead systems that
prevail today. The once diverse flora and flora formed an intricate web of matural resources used
throughout the life styles and life support systems of local communities. These survival strategies have
been fundamentally atfected and will continue to be so. :

The indigenous tree species and forest areas have all but gone; to be replaced by homestead and
horticultural vaieties. This has severely impacted the larger mammals and land animals and woodland
flora. The once extensive areas of wetland reedbeds and seasonal grasslands have been extensively
transformed; first, into grazing for “domestic- livestock (the time scale of this event spans many
generations) and then, more recently, into irrigation fands under the protection and influence of flood -
protection works (a time scale of less than 20 years). These aréas were once extensively used by a wide
diversity of resident and over-wintering migratory birds and other land animals. Only remnant systems
can stifl be found in a few haors of the north east region and the coastal areas of Bangladesh.

D;\smuNsk\lEEucmmlmr.b(}c 4-6 October 20, 1992






These areas also provided the most diverse form of habitats for an enormous range of wildlife,
Partlcularly in the dry season. Many species of fish have becoming scarce through over-fishing and
impeded migration due to embankments, regulators and irrigation canals. Other forms of aquatic flora
and fauna have also gone through a rapid change. The most notable popuiation explosion resulted from
the, introduction of water hyacinth to Bangladesh. In spite of apparent problems in borrow pits and
unflushed water bodies it is resourcefully used for many productive purposes in the local fishing,
agriculture and craft industries. '

The extensive change to the species and population structures, the major shifts in the spatial distribution
and the removal of many key species from the food web have also had many secondary impacts that as
yet have been poorly rgsearched and documented. The changes to the seasonal and spatial diversity of
habitats directly affects the ability for many specifically adapted species to remain. The extent of human
presence and disturbance has fundamentatly affected the breeding, feeding and resting sites of many
species. This has led to the widespread disappearance and, increasingly, extinction of species.

The abstraction of water from beels, the prevention of flushing and migration paths, the lack of refuge
- and diversity of breeding sites and the damming of the seasonal rivers are all critical pressure on the
-Temaining resource base..Since the beels, and not the rivers, are the primary centres of the diverse
ecology, this final stage of influence is very likely to lead to, (what will be seen by future generations
1o be) the final demise of the biological system as it had evolved to date. The floodland fisheries already
show many signs that suggests a collapse to a fraction of their present level within ten years unless a
drastically changed and improved fishery and wetland management programme can be implemented within
the immediate future.

The continued elimination of habitats that were once common, but that are now highly specialised and
at risk, should be a major source of concern. The projects contained within the regional plan each witl
contribute cumulatively to the continued loss of the few important habitats that remain to support the

species diversity.

In the NWR the transformation of the landscape and wetlands has been more complete than in other
"regions and the "natural” system and its floral and faunal associations have basically disappeared. Habitats
for most terrestrial wildlife that cannot easily adapt to the human environment have already gone. There
are, nevertheless, a few vital sites showing the original aquatic floral and faunal diversity do remain. The
surveys of this study confirmed remnant floral and faunal wetland sites in the Lower Atrai both in the
deeply flooded regions and in at least one permanent beel in Chalan Beel D. A number of threatened
species were identified in the wetlands behind the BRE, as well as along the main riverine and charland
zone of the Padma and Brahmaputra. Secondary sources indicate the potential importance of the differing
aquatic habitats of the far north-west and the Teesta river and floodplains. '

To assess the needs and options for this would require a special proper resource study to specifically
survey, assess, zones and plan for these areas. The limited areas identified by this study do have special
significance for the nation’s approach to developing protected area networks, wetland management areas
and establishing a comprehensive genetic conservation programme. These habitats should receive special
attention if their future genetic and economic potential is not lost altogether. These are often sites where
the issue is the absolute and final disappearance of a biological resource with unquantifiable economic
costs to ﬁJture'gen'erations._Vai_uation based on their. present conversion to achieve benefits for rice
production are thus :rrelevant to the decision-making on whether these areas should, or should not, be

developed and how.
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Of‘l)ar'tlc‘:ular importance will those species or groups and their habitats which are responsible for
maintaining major ecological processes. Fish are important for recycling floodland residues benefiting
both aquatic, terrestrial and human communities. Others may well be responsible for maintaining the
poll§natlon of economically important trees. Investigation of these relationships is vastly under-researched
particularly from drawing on the wealth of indigenous knowledge which resides in the countryside and
far .less in the research institutes. With rural survival now so completely dependent on a mono-cropping
agricultural system, to know so little of the functional relationships between the component species and
systems and reflect this in policy and resource management support services to local communities is
unsustainable. '

e issue of conservation of genetic and wetland resources involves many strategic issues that are of
local, national and international concern. They will need to be addressed in the decisions on the future
path of water development and management in the NWR. Whether it is acceptable to 1oose the final
remnants, and to ask future generations to rely solely on that which replaces it, is not a guestion that this
study can answer. Bangladesh is now a signatory to the Ramsar Convention and has an environmental
policy to deal with these issues. Various considerations and options are provided for discussion and
further research in the environmental management plan.

To resolve some of these problems will require developing proper research and monitoring system. It will
also require the FAP and the national ministries involved to urgently clarify whether these issues are
important or not, and to lay down clear guidelines for future planning, project design, wetland
responsibilities and accountability. '

'4.5  Project Impact Assessment
451 Approach

The impact assessment summarises the overall effects of the Lower Atrai strategy and the regional
projects:. The economic analysis and regional planning time scale consider the short to medium term
future under certain given conditions. The impact analysis complements these by assessing long term
processes, a range of development trends, other risks and hazards and cumulative effects.

Table 4.2 summarises the physical, biological, human and development impact numerically. This
presentation show the net incremental difference between the “future without" and "future with" situations
to distinguish their differential effects. These impacts will occur against a backdrop of on-going trends
in society and the natural world. Understanding these trends is important to judge if, even small, project
induced changes might cause critical inresholds to be exceeded. There are also important to interpret
whether the resource management options are likely to be sustainable.

Flood control problems and interventions in the NWR are particularly complex and are not subject 10
simple technical solutions. The derivation of "sumbers” in the matrix is, in some cases, highly sensitive
to interactions between the physical, biological and human categories into which the matrix is divided.
The matrix approach by definition starts by undertaking a divisible analysis; i.e. as though the answers
in one category will be independent of answers in another. For issues dominated by interactions, the
numbers which result usually highlight contradictory answers. Tteratively this is one of the main purposes
of the impact analysis. However, matrices have become a standard form of summary presentation. In

these cases the numbers presented must be viewed with understanding and caution.
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The problem is best illustrated by example. The following shows a typical case where probiems of
md.msibilily of anialysis occur and where the matrix numbers are purely a starting point for interpretation.
This example also how the technical tactics selected to solve one problem create a responsive reaction
beyond the original intentions to solve problem:

Problem: ' Flood levels, timing and duration lead to economic
damage, social disruption and constrain new cropping
patterns

Project Strategy: FCD or CED Polder to delay or exclude rise of flood

Physical Tactics: Full and/or partial embankments

Divisible Analysis of Physical Response: Lower or delayed peak.water levels inside polder, higher

water levels outside

Social Interaction: Varying inequalities of water levels inside and outside,
certain risk of public cuts

Holistic Analysis of Most

Likely Actual Physical Response: Uncertain water levels and no change in peak levels
inside or outside

The main purpose of the matrix used here is to highlight contrasts between the various tactical options.
The matrix shows these differences adequately for most components. However, it does not represent the
assessment of the final status after either, interactions or, potential mitigations have been accounted for.
At this planning stage it is more important to arrive at a sustainable strategic approach. Details of
mitigations will be the subject of future research and feasibility studies. :

4.5.2 Physical and Biological Impacts
Flooding and Drainage Conditions

The analysis of effects of the projects on flood timing, frequency and duration have been taken from
hydrographs showing the internal water levels in years representing the 1:5 and 1:20 conditions. The
effect is assessed on the assumption that no public cuts would occur. However, for all the projects and
options involving embankments, the hydrographs of levels on the inside compared to the outside showed
evidence that the risks of public cuts are high. The degree of reliability of any subsequent analysis which

assumes that public cuts would not occur is thus uncertain.
The study considered many op'tions for improving the flooding and drainage conditions of the Lower

Atrai and removing the adverse effects of the existing polder schemes. The model results indicate that
any confinement or poldering leads to some localised rises in water levels that makes the situation,
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Any projects ‘will ‘thus involve trade-offs in reducing damage and risking public cﬁts; which
themselves are a primary source of economic damage and social disruption.

’1jhe clqntinued implementation of FCD projects, particularly the Barnai project, will make the future
situation worse than the present. The configuration of the Green River, as analysed in this impact
ftssess:'ment_ (scenario A), also includés two potentially detachable sub-strategies of partial protection
in existing polders, and retired embankments on high ground to.protect areas which only suffer
damage occasionally. The model results shows that both strategies cause a significant rise of localised
water levels. This is due to the fact that to achieve partial protection for the stated agricultural

objectives requires embankments that are not too dissimilar from full FCD embankments. By
comparison, the implications of the full FCD scenario would be to cause a rise of twice as much and
raise the risks of public cutting accordingly. C

The project showing the least response to the FCD works were on the Teesta left bank; the reason
being that flooding which occurs outside of the active river channel arises from impeded drainage of
water coming from Indian overland flow and not from spillage from the Teesta. Any embankments
would tend to further impede this drainage. Whether this embankment can be justitied is questionable.

The most significant drainage improvements are associated with the fully excavated Bengali drain.
However, this option would create up to 19 million m® of dredged material to dispose of. The
material could be unsuitable for use in FC embankments or for spreading on surrounding agricultural
land. Sampling and analysis of these materials has not yet been carried out. Land filling of low lying
ground would seriously affect wetland status and reduce the water storage capacity in the areas of fill.
Transporting this material for disposal into the main channel of the Brahmaputra would be costly, and
would create a number of technical problems for the phasing of construction.

If the drain were not excavated overall drainage improvements would be less and would be worse:
‘behind the embankments. Similar problems of impeded drainage behind embankments would also
downgrade the full FCD options in Mohananda, Hurusagar and the Lower Atrai.

Geamorphology

The most- critical physical impaets will be natural processes that affect risk and hazards.
Morphological change on the inside of protected areas is not believed significant in selecting between
options. However, morphological change in the major rivers (particularly if associated with seismic
events) will be highly significant. ‘The dynamic nature of the river morphology, and the range of
seismic events that will occur within the period being planned for, poses serious risks of system
failure. A system failure will cause considerable damage and create an risk of loss of human life
greater than that if there were no embankments. This risk will be greatest in areas of deeply flooded

land.

The removal of the existing Manos régulator and the Bengali drain would open these channels to the
Brahmaputra. The risks of capture of the Brahmaputra down the Alai or the Bengali would have
major implications for the basic fixed conditions assumed for planning these and other downstream
sub-regions (i.e. the BRE remains sealed and in its current course), There is a high probability that
the Brahmaputra could break through to the Bengali river within the short term future (< 3 years).
It is not clear that the FAP 1 priority programme can avert this particular risk given the short time
peridd involved. In this event a reappraisal would be required of the conditions of the Lower Bengali
and the Hurusagar project, in particular. This would suggest that investments in these areas should
await the physical outcome of the FAP 1 works and once it can established that the break-through of

Brahmaputra can be prevented.
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Impact of developments in Lower Atrai

The }mpiact on the Atrai system will be an increase in the sediment movement which could lead to
erosion in the Mohadevpur area. At the junction of the Fikirni with the Atrai, more sediment would
pass down the Atrai and less down the Fikirni. The sediment movement down the Barnai would be
reduced. An increase in channel width of between 5 and 15% could be expected with larger changes
occurring in the reach from Jotebazar to Singra and particularly at the Railway bridge area where the
changes could approach 40%, the development of meanders and corresponding increases in channel
depth of 5 to 12%. Reduced discharges in the Fikirni would lead to long-term siltation in the river.
The reduced sediment input to the Fikirni may affect the timescale of this process. A reduction in
channel width of 10 to 12 % could be expected and a corresponding reduction in depth of
approximately 10%. This would have an adverse effect on water levels in this area.

Impact of sealing the BRE breaches

- The rivers of the Middle Bangali basin will return to conditions similar to those that existing in the
ez_lriy 1980's if the BRE is effectively sealed. It is unclear whether Bangal'i is ’in regime’ with the
increased flows and sediment which passes through the breaches in the BRE. It is not possible to
predict what the impact on river morphology will be. If it were ’in regime’ the likely impacts are:

- enhanced sediment transport in reaches immediately upstream of where the breach
channels join the main river system.

- reduced sediment transport in the downstream reaches of the Bangali and Ichamati.

- reduced sediment deposition in the reaches of the Lower Bangali where there is a
backwater effect from the Hurasagar. :

- a decrease in channel width and depth in those reaches which é.re affected by spills
through the BRE breaches. '

- in the reaches which are affected by spills through the BRE the river will exhibit a
tendency to follow a straighter course.

In addition sediment deposition will be reduced in the areas immediately behind the breaches and also
in the areas adjacent to the breach channels. Sealing the BRE will not impact the morphology of the -

Brahmaputra.

~ Impact of sealing the Teesta Right Embankment .

If the; river moves to the south-west then bieaches will occur and with increasing frequency. This can
be avoided for some considerable period of time by allowing a large set-back distance between the
embankment and the river. Unfortunately this would be at the cost of not providing flood protection
to a large area of land adjacent {0 the Teesta. This is also not a viable option in the reach where the
Ghagot comes close to the right bank of the Teesta where, if the TRE is to be effective in reducing
flooding down the Ghagot, it is imperative that the TRE separates the Teesta from the Ghagot. It is
necessary to prevent any further moving westwards. Unfortunately this critical focation coincides with

one of the unstable reacheas.
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The proposed FAP 1 protection of the BRE might be applicable to establish a number of hard points.
If th_e dlstz}nce-betWeen these hard points is less than the natural wavelength of the anabranches then
the. incursions of the anabranches can be controlled. Though erosion may occur between the hard
points, deep incursions will not occur. If spillage from the Teesta into the Ghagot is prevented the
results suggest that, in the long-term, the channel would reduce significantly in both width and depth
and the river course would become much less tortuous than at present.

Access to and Quality of Water

Problems already exist from the too-rapid draw down of dry season groundwater tables in some areas.
These atfect village hand pumps and some manual irrigation methods. FCD can limit recharge to
higher land or increase the rate of drainage. However, tubewell irrigation abstraction is the main
cause of the draw down affecting these higher lands. The main areas affected are currently in the
Barind Tract and the Mohananda and Lower Atrai basins.

Hydrology and Groundwater

Replacement of village pump technology, and deep setting of STW, are strategies that are already
being undertaking in some areas. This response would be a legitimate mitigation for FCD schemes
to carry out. The resulting change in village water supply technology would also solve other health
problems. Existing poor water quality is often due to pollution in the vicinity of the hand pump and
the fact that traditional pumps do not draw water from sutficient depth to take tull advantage of
natural filtering in the soil profiles. Also, when water tables are drawn down below the suction limit
of these pumps, local communities seek drinking water from other dry season sources which all have
a high seasonal risk of biological and chemical contamination. The Green River and water
management concepts would provide the main hydraulic method of ensuring that recharge to higher
ground and flushing of water bodies were maintained.

All the FCD projects show a negative impact due to the changed drainage conditions behind
embankments or the increase rate of drainage associated with the Bengali drain. Impeded drainage -
behind embankments will increase the likelihood that areas of stagnant water will result. In the case
of the Teesta right embankment the reduction of flushing to the floodplains will have the same effect.
A considerable mitigation and improvement can be made by the methods of water management,
sanitation and public health programmes. If this is to be effective it will have to become an integrated
programme in the future planning and operation of schemes.

The concept of compartmentalised drainage for the Gaibandha Improvement Project will need close
monitoring since the logic is to cut off minor natural drainage lines. While modelling shows overall
improVeménts to. the flood conditions .in most compartments, the detailed problems  within
compartments must be reviewed carefully in the detailed design stage. The final proposals will need
to ensure that conditions for the spread of malaria and cholera or poor sanitation do not occur. A
similar joint approach would also be required for the Teesta Left and Right Bank project impact zones
and for the areas impacted by the Bengali drain. ' . .

‘There has been considerable debate on the risk of pollution of groundwater and water bodies from
agro-chemicals and fertilisers. The survéys of this study dp not suggest that a current problem exists.
There is some evidence that low background :levels of pesticide in water bodies and DDT
accumulation in the food chain do exist. This reflects the historical and continued use of DDT in
ﬁublic health and agricultural programmes. It also reflects the generally low use of such chemicals
in agriculture as a whole. However, the continued :us'e of DDT causes cumulative impacts, and if
more intensive use of agro-chemicals were to increase, it emphasises the need for proper monitoring
capaci{ies and the need to encourage integrated pest management systems.
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Soil Qualiry

Localised problems for soil quality developing as a result of FCD and 1 could occur to varying
degrees in ail project areas. While the net affects have been recorded as potentially negative the
number, subsumes a complex range of issues. The issues involve potential changes to physical
stmcture, organic matter content, moisture holding capacity, fertility, erosion hazards, panning and
toxicity. The biological and soil chemistry processes of nutrient capture, release and assimilation in
the food chain in the wetlind, irrigated or terrestrial condition will also be affected. The impacts in
the matrix range between a "no net impact” in the Lower Atrai, where the most likely strategy would
leave the soil system essentially unchanged from the present, to a "somewhat negative” change in
areas where more intensive terrestrial agriculture would result from new embankments, drainage or
intensified irrigation. The Teesta left bank would be less affected, since little improvement in flooding
conditions from overland flow is likely. : '

No intervention appears to risk provoking major problems that would comprormise future development
possibilities. All the problems noted can be dealt with by good management practices. However,
irreversible changes to the role of wetland functions would result if the traditional approach to FCD
were adopted. Within a new approach, based on integeated land and water management, this could
be either, significantly mitigated or, avoided. The actual outcome will depend on whether the future
operational strategy actively plans to maintain the advantages of floodplain process. More basic
research into wetland and agro-ecological processes is required to help detail the specific requirements
for individual project areas and how they might enhance the sustainability of the production systéms.

Biological Resources

The results of the impacts on biological resources and processes shown in Table 4.1 indicate 2 number
of important positive impacts. These are directly related to the impact of the Bengali drain. This
would significantly dewater the target area upbasin of it. This would lead to a notable shift in favour
of teirestrial habitats and species. How this is managed would determine its ultimate value. If
transformed to rice mono-cropping agricultural lands, this would encourage well-adapted tice field
and storage pests, and the net result could be increased crop and storage damage from pest epidemics.
If managed to enhance the diversity of habitats and economic products a different pattern could
emerge but would require a more flexible environmental management strategy that is not a feature
of FCD schemes at the current time. ' '

The most significant adverse effects would be the loss of ‘the remaining wetland functions and
processes upon which many important survival strategies, livelihoods and the quality of life still
depend. These processes include the basic energy recycling between floodplain and river; the removal,

dilution and assimilation of organic and inorganic pollutants and toxicants; the seasonal destruction
~ of habitats suitable for disease vectors and pests; the maintenance of diverse habitats tfor bio-diversity,
biologiéal contro_l of pests and providing diverse natural products of significance (i.e. nutritional
diversity, survival strategies, traditional medicines, crafts, shelter, construction, tools and cultural
activities); the recharge of water bodies and groundwater to higher ground; and the geomorphological
processes of land, floodplain and delta formation.

The Bengali drain and the Teesta right embankment would be the most influential at a regional level.
Smailer projects would be as influential, but at a localised level. The effective sealing of the BRE
would also affect a significant area of floodplain wetlands in the Lower Bengali-Karatoya tloodplains
~ which has already been impacted ever since it’s first construction. This impact is not part of this study

but comes under FAP 1. Figure 4.1 indicates the zones of influence of sealing the TRE and BRE.
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Figure 4.1

INDlCAIVE IMPACT AREA FROM SEALING OF TRE AND BRE
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4.5.3 Econemic Impacts

The main economic effects are envisaged to derive from changes to the income and employment status
pf communities of farmers, fishermen, boatmen and landless. All these features are directly valued
in the economic analysis and summarised in the multi-criteria analysis given in the Volume 1 - The
Regional Plan Main Report.

The main short-term employment effect will be for construction where Labour Contracting Societies
and the landless can be expected to reap significant benefits. The largest contracts will be on the
works for the Bengali drain, the Teesta right embankment and the rationalising of the Lower Atrai
system. Other projects would be of more local significance.

The main beneficiaries from an effective FCD scheme without public cutting would be the farming
communities with land, and the seasonal migrants labourers who work for them., Unde’r"the‘ fixed
conditions of the analysis this would appear to derive to the full FCD schemes. The history of the
existing Chalan Beel polders gives every indication that most of these benefits could not, in fact, be
achieved. This approach is, therefore, unlikely to be sustainable or socially acceptable, as evidenced
from the rounds of public participation. ' '

The issue of equity has been shown by the FAP 12 evaluations to be boih complex, but also, in most
cases, negative. This is ‘mainly attributed to the lack of mitigation undertaken for dis-advantaged
groups and the losses which take place in the impacted areas outside of the schemes. Other effects
include the take-over or monopolising of land, water and infrastructure by the more influential and
the larger landowners.: The most serious inequalities would likely result in the full FCD options for
Mohananda, Hurusagar and the Bengali drain projects. '

The status of economic infrastructure would be improved in ateas where new embankments were and
where work on existing road embankments improved their road worthiness. The Teesta left bank
would have the greatest advantages for new access. The least effective would be the schemes with no
embankmients, such as Mohananda (option 2). In all cases, the traditional approach to FCD regulators
would adversely affect small and medium-scale navigation networks, both on the inside and outside
of projects. This has knock-on effects into reduced employment, disrupted marketing and higher cost
teansportation. Providing mitigation is not as simple as just costing in for the replacement of standard
“regulators with locks.. Many critical network, marketing and servicing issues arise in proper
navigation planning. This will require detaited study if FCD projects are to intervene and still try to
‘mitigate. Study will be required of the range of users and their objectives; dredging requirements and
impacts; transhipment fa_cilitiés‘; marketing routes and networks; and navigation impacts on FCD
__structures (such as the wave erosion effects on river banks and embankments). There are also a
" number of key industrial planning issues which may benefit from a proper integrated regional water
management/navigation study, such as the development of the mining, fertiliser, and power sectors.

4.5.4 Social Impacts

Field surveys and publié' partici_pation revealed two main ways communities define their acceptance
of any flood control option. These are:

- The extent it ﬁrotect_s or creates hazards to life and property.
- The extent to which it enhances or curtails their means of livelihood in cutting or

disrupting routes of movement or reducing the amounts of floodptain water needed
to sustain both agriculture, ﬁsheries and cheap boat transport.
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The FAP 12:and 2 studies have established that even when the majority recetve protection, it cannot
stop a minority (often involving only a handful of pecple) from cutting an embankment to protect their
lives, ptoperty ot livelihoods. Throughout the NWR the most common teason for cuts is that
communities have to relieve flooding actually created by the protection system itself. Cutting to
protect livelihoods involves diverse groups. The cutting involve people cither, inside protected areas
<.Jr, on the outside. The motives all reflect reasonable and justifiable human responses. The p'robl'em
1s pot due to irrational action or vandalism, nor is this type of problem amenable to poliving tactics.
It is a human response that highlights the deficiencies of the strategy itself.

{t only takes one cut to undermine the whole rationale of the original protection strategy. In the case
of the Lower Atrai one cut in Polder D along the Sib river has been shown to cause a roli-on, chain
reaction that ultimately can impact on an estimated 1.3 million people. These cuts create more damage
and distuption than would have oceurred without the structures. Similar problems were recorded from
tire Sonail and Gaibandha areas. _ ' '

These facts lead to a‘conclusion that the main future strategy can be built on lessons well-learned with
the advantage of hindsight. The tuture strategy must now cut a path to actively avoid and solve these
probless to ensure that the coasiderable public invesiments can go to schemes that are compatible
with the wider development needs, technically sustainable and that are publicly acceptable. The
regional plan contains the basis of this in presenting the case. for. the Green River within a fully
operational strategy of integrated, inter-sectosial water management. It is very likely that this same
strategy will have direct relevance to all the other planning units; a tact which was confirmed from
the teasibility level studies in Gaibandha. . ' '

While the main divisible analysis of the matrix assessment assumed no public cuts; this rtisk is
assessed under the community and family cohesion row. This is used as a proxy for the likely
inequality of water levels indicated by the results ot the hydraulic and drainage model outputs of
.:seasona[ water {evels inside and outside projects. Thus, while in the row of mtitudes' to flood risk
there is a positive benefit attributed, this direction, or its ranking, would be reduced if public cuts
were to be assumed. The main benetits have been attributed 10 the areas which would be impacted
by the sealing of the Teesta right embankment, the BRE, and where FCD embankiments were
introduced. The rounds of public participation found a general support for the strategy of sealing the
embankinents on the main rivers of the Teesta and Brahmaputra with considerably more reservations
on the role of the FCD schemes within this.

In the cases of the embankmént options for Mohananda, Lower Atrai, Hurusagar, the unexcavated
Bengali drain and the Teesta right and left embankment the risks of potential public cuts appear and -
therefore cannot be discounted. The problems for the Teesta embankments will depend on the degree
of confinément if both embankments are built, and the reaction of the people who live on the chars
and the riverside of the embankments. The experience of the BRE in the GIP area show public cuts
being from the countryside to let impeded drainage out. A similar sitwation oceurs behind the Teesta
foft embankment. No public cutting would be expected in the case of the fully excavated Bengali drain
“which appears to achieve its particular drainage objectives. :

The positive impact recorded for the GIP has to be clearly undesstood. The effect of the improved
drainage cells of Option 2 .will be to distribute flood water across the project ares that currently
severely impact areas at the nauiral_drginuge outlet at the Manos regulator. Thus, a clear improvement
“ip the equity of the distribution of fHood waters would be achieved. However, by culting across smatl
local drainage lines, the new drainage cells would risk differences in water ievei_s building up in areas
immediately behind and ‘below these embankments. The scale restrictions of the model and the
topographic base do not allow these problems to be assessed adequately and a monitoring programme
is proposed to investigate this effect in the future studies,
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The issue of minority groups will arise in all projects where traditional fishing communities will be
Emc:iermi_ned to the extent of having to out-miggate to India or to try to find alternative employment
n Qtfler sectors. Adverse effects could impact on groups of Shantals in the Mohananda basin. A
positive impact would benefit Hindu traders advantaged by the Teesta left bank project.

Gender and age impacts have been separately categorised in the detailed matrix anatysis given in
Appendix G. These are also discussed in Volume 12 - Social Impacts. In general, there would be a
Some}vhat negative impact for both women and children. This would mainly cesult trom the likely
d-etermration in the food diversity and cohesion of the fishing communities. In the summary table
given here women and children will be mainly positively affected by the _increase'd'acc'ess to survival
strategies associated with the reduced flood risk and the increased employment created from the
improved agriculture. In this respect the areas protected by the sealing of the Teesta right
embankment would be the most advantaged out of the various projects considered.

4.5.5 Public Health and Nutrition

The most significant risk due to the project intecventions are those from water-related diseases. Broad
foci of cholera, severe diarrhoeal disease, goitre and vitamin disorders are identifiable along the west
bank of the Brahmaputra. Filariasis and malaria are also present in the north of the region, An
epidemic of Kala azar is focused in villages in and around the Chalan Beel polders; although the
association with these empoldered areas is not yet understood. FAP 16 have a detailed research
programme in this area and results should be forthcoming in 1993,

The impéc_t assessment has approached the ranking from the viewpoint of those projects which would
most likely change the conditions or distributions of habitats suitable for disease vectors or for water-
borne diseases. The development of sucface irrigation from the Teesta barrages will already increase
the risks of spreading the prevalence of malaria that already exist. The known vectors of malaria are
also known to be present both here and in Gaibandha. Therefore, as all the northern projects would
likely suffer impeded drainage, the likelihood of more stagnant waterbodies most suitable for vector
breeding can be expected. These projects have been flagged for a highly negative health hazard which
must be taken account of before any further designs are prepared. The sub-division of drainage cells

for Gaibandha (Option 2) may resuit in 2 worse condition than that of Option 1.

The presénc_e of cholera raises similar problems and has been flagged on the same grounds. The
current restrictions on access to data and research on cholera in Bangladesh are a severe restriction
to good planning. Its existence in Bangladesh is widely known and closer integration of research
would assist minimising the spread of this serious probtem. In this case, the need to have clear criteria
for design and operational features of the schemes is paramount. Similarly, all additional methods of

environmental management shouid be designed into the complementary programmes.

Malnutrition, economic deprivation, poor sanitation and under-resource health services are general
problems Lhro_ﬁghout the region. These create a backdrop of severg vulnerability to any disease and
health stresses occurring as a result of FCD projects. The loss of capture fisheries will remove the
most widespread intake of diverse fish species. The potential loss of protein sources is but one aspect -
of this problem. Of equal relevance is the loss of access to important minerals, vitamins and oils. The
mitigation of developing cultured fisheries and restocking with major carps will have commercial
venefits for a quite different range of people and will not be @' nutri_tional_ mitigation at all. The -
cumulative impacts of this loss on poor people already caught in a state of on-going nutritionat decline
over at least the last 50 years could be dramatic. For FCD projects to continue to actively contribute
to this state of affairs without well-targeted and proper mitigation, and funded directly within the
project costs, would be unacceptable. ’[‘his_effect‘aggues gven more .Str()n'gly for an integrated water -
rnanagement strategy and a Green river concept for the Lower Atrai.
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4.5.6 Institutional Impacts

TW9 areas of institutional anatysis have been selected to highlight key issues. For all project areas the
decision to move towards a more inter-sectorial and integrated approach to land and water
management would immediately involve more institutional complexity. In the matrix the assessments
relate to the potential community-based issues resulting from potential public cutting. The size of
wat.er management units is also considered in this assessment. Thus, the larger the numbers of smaller
drainage basins the more likely the overall complexity will increase.

The public participation figures assess the degree to which the current study was able to base its
selected design options on rounds of public discussion. "The first stages of public participation were
carried out for many of the design features for the GIP, but not the option of compartmentalisation;
which only showed its potential benefits after field work had been completed. Further public
participation was carried out in the Lower Atrai and confirmed the essential logic of the Green River
concept, although the sub-strategies of partial protection and confinement were not dealt with in the
detail achieved for the components of the GIP. : : .

4.5.7 Other Impacté

The building of the Jamuna bridge will bring a significant range of potentially cumulative impacts.
These have been the subject of a detailed EIA by independent consultants in 1991. The main positive
impacts for the NWR will result from the economic and transport linkages established and the focus
it may provide for a future Asian highway to pass through. Delays to achieving these benefits would
occur if the bridge were outflanked by the Brahmaputra breaking into the Bengali. The scheme would
create a significant demand for construction labour. It will potentially compete for scarce construction
materials with the BRE and NWRS projects and add to the demand for fuelwood timber for brick and
aggregates. New trading and migration effects would also resuit. '

The .main negative impacts would result from morphological responses on fully embanking on
Brahmaputra linked to unforeseen changes associated with Jamuna Bridge.

A further set of impact problems are related to the phasing of the FAP studies and the boundary
conditions for this study. Throughout the NWRS planning a fixed condition for planning assumes the
BRE will be sealed and all the relevant issues dealt with by FAP 1. The final BRE Master Plan is still
awaited, although the priority works proposals are known. Major uncertainties exist for the NWRS
depending on the future outcome of the BRE works. Social and economic problems from continuing
-~ disptacement of population due to river erosion or land acquisition for retiring the BRE will change
scale of human problems in this part of the region. Of far more planning significance will be the
physical impacts of continued erosion of the west bank and the imminent break through of the

Brahmaputra into the Bengali.

4.6  Mitigation and Complementary Programmes

The study overall has revealed the com'plex range of interactions and con:sequences involved in flood
alleviation in the region. While many key impacts have been anticipated, other unforeseen outcomes
undoubtable remain, that careful monitoring and future re-appraisals will deal with.
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The conditions and effects of schemes show distinct regional variations in their effects on the natural
and the human environment. This is an accurate representation of the complexity of the region. The
effects are both immediate (resulting from the study itself), medium term (construction impacts) or
long term (operational impacts). Some can be easily rectified and others will be temporary. However,
others are severe and involve risk and uncertainty. .

Desplte the urgency of the human and economic conditions, and the impact which floods have, the
assessment indicates that critical thresholds might already being, or may soon be, exceeded which
could trigger sudden changes. These potentially irreversible alterations could directly affect the
resource base on which the basis and quality of the life in the region depends. '

The issues include economic poverty, resource poverty and poor public health profiles. These must
become irtégral planning criteria in determining the future management strategies of water and the
floodplains. The biological problems include an alarming depletion of the stock of floodplain and
wetland resources. It is these resources, and the functions that the floodplains perform, that provide
the basis on which the current generation, and future generations, depend for their survival.

Serious policy questions are indicated, on such issues as public equity and the trade-offs which must
be decided on to reach a sound overall strategy. These trade-offs make the selection of technological
tactics ‘difficult, Even more difficult is the choice of the most appropriate strategy for sustainable
- development. These are not choices which the Consuitant can make, as the issues and trade-offs are
not just technical or economic in nature. They are sufficiently important that policy makers, and the
general public, need to make difficult choices on selecting tactics and strategy whilst being properly
informed.

While quantification and valuation are impossible due to the lack of basic data,. the real long-term
costs in terms of social cohesion, the quality of life and their contribution to future economic wealth
cannot be discounted simply because they cannot be easily valued in the economic analysis. There
undoubtable is a real price which is already being paid in social, physical and ecological terms.

The first stages of mitigation concern the next phase of pre-project planning. The following
conclusions have been reached:

- The measures that were once seen as the mitigatory and complementary responses o
ECD interventions, should themselves become the main thrust to achieve sustained
development. The reason being that FCD is a necessary, -but not sufficient tactic
which, has in the past proved to be the impediment and not one that serves the needs
of the area, either hydraulically, socially or economically. It is also significant that
flood problems rank high on the critical agenda of local people.

- Careful cbnsidera_t_ion and review is needed by policy makers and donors of the full
range of potential impacts presented. . :

A continued re-assessment. is needed of the role,. resources and planning of

environmental research and planning inputs during the feasibility, detailed design,
construction and post-consttuctio_n phases of the FAP planning.

. A broader perspective is needed which can result in better planning and greater
coordination to address the linkages between development activities on and off the
ﬂoodplains,' inside and outside potential projects, between rural and urban areas,
between different regions and between different sectors in the economy.
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The mitigation and complementary programmes ‘identified from the analysis have formed the basis
of the environmental management planning which follows in the next chapter. Table 4. 3 provides an
outtine of the main mitigation measures at a project level and their lines of responsibility.

Table 4.3 Summary of Mitigetion Measurea

Impacts

Mitigation
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Reagonsible Scheduling - Reaidual
Agenciea Impacts
Drzinage congestion inside - Local monitoring and community feedback BWDB Inunediste and Considerable if
embankmenis - Excavation of khals and installation of regulatam ongoing survey proper watey
: for Q&M management
strategy avoidod
Dcl.c‘n'omlion of waser - Provision of groundwater far domestic purposca BWDB, DOE, Ongoing None
quality - Health and sanitation programs DOH, DPHE, programmes.
« Extension prograrms and resources for iPM to DAE, NGO early
reduce use of toxic chemicals coordination
- Improved controls and management of toxiC
chemicals
Soil quality problema due to - Promolion of ¢crap diversification and bio- DAE, BWDB After project Nons
inappropriale management fertilisers development
- Implementation of rursl enerey programme
Reduction of grazing habitats | . - Tmprove grezing Facility on waste land, rosdside. Dis Aler project None
due 1o ¢ropping intensity embankment by growing forage gresses develepment C
: - Stali feeding and usc of sugar bvproducts
Reduction in ‘quantity ard - Integrated water management technology and BWDB. MOEF Initial planning Mitgation
quality of floodplain habitats deaigna o permit river-floodplain two way phases. other unlikely to be
and functions intersction programumcs fully effective,
- Excavation and maintenance of drainage line ongoing losa will
- [PM extension programs and industrial pollution continge
contrals
Reatricted acceas for fish to - Regulstors open Aprik-May and Auguat-Octaberto BWDB, DOF Initial planning Mitgation
and from flood plrin permit fish passage phases, other unlikely to be
- Dieaign of regulators which facilitate fish passage Progranimes Fully effective,
- More diverse restocking of floodplzin habitats and ongaing loss will
reacarch for now hawcheries ’ conlinue
- Community sanctionsd and induced control of
fishing ¢ffort to veducc impact on young stocks
Tnereased threats to rarc and - Use of regulstors to permit inflows to flood plain BWDB, DOF. Initzl planning Critical status
endengered apecies from . Excavation and maintenance of khals 1o ensure Thanas, DOE, phasea, other already
habitat loss inflows to key wetlands {UCN, AWB PrOgrammes renched, 1¢ad in
- Protection of key wetland habilats through ) ongeing time will tikely
protectéd ares managemeat and community based result in high
conscrvation programmes residual impacts
Leas of biological diversity - Maintenance and restoration of key habitats BWDB, DAE, Initiat planning Considerable
through loas of welland . Community based environmental management DOF, Thanas, phases, other fead time
habitats and monocropping programmes JUCN, NGOs programmes nesded, high
ongoing reaidual impacts
- likely
Qver exploitation of village - Contruct specifications and condilionalities to BWDB Detailed design Nene
iimbcr resourcea from ensure coal of gas fired kilne, and supervision of
comatruction brick and brick works
aggregate demand
Public cut risks and adverse - Fuil public participation to establish design limits BWDB, [minediate and None
external impacts and system requirements Thanas, NGOs on-going
’ monitonng
l)up[accmcntof households . Resetllement inside embankinents BWDB, BRDB, [nitial planning Many if not
by embankrcnt comstruction - Flood pmal'mg measures for cxposed seitlements Thanas, NGOs and pre- ) properly timed
. Reduction in required sciback through u'npruved construction or planncd
embankment deaign and construction phase '
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Impacts

Mitigation Responaible Scheduling Reaidusl
' Agencics Impacta
Resource teaure and equity - linprove resource tenure regulations, resource Thanas, Union, On-going Effcctivencss
cutcome disadvantage fights, together with credit and legal aid NGOs unlikety.
resource poor and landleas programmes . Poverty
- Income geacration programs ¢nhancement
- lntcgntcd programme for char and khas lands for somie likely
FPotentin] loss of navigation - Full nav_igatian network and masketing surveys io BWDB, IWTA, | Feasibility and None
eatablish desirable integrated system ncods Consultants detailed design
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R - ~ CHAPTER § -
ENVIRONMENTAL MANAGEMENT AND MITIGATION PLANNING

"Life on ea;th is the outcome of ecological balance. Only'though maintaining bio-diversity could
: human fife be protected.”

- Mosharraf Hosain Shahjahan, State Minister for Irrigation, Water Development and Flood
Control, October 5, 1992,

5.1 Strategic Planning

_ It is often assumed that the primary impediment to development in the floodplains is monsoonal

~ flooding and thiat this could continue to be solved by structural means. The NWRS has conclude that
the major part of the flooding problems on this generation are actually the man-induced damage due
to the FCD schemes built over the last 30 years. This generation of FCD planning also assumed that
major issues like sanitation and fish production could take care of themselves, or under the FAP could |
be mitigated. As a result the TORs provided little scope to formally research, re-examine or test such
assumptions. The evidence of studies undertaken by FAP so far have identified critical linkages which
cannot be avoided in FCD planning and show that FCD can only serve rural development needs when
the idea of controlling floods is replaced by the more realist approach-based on water management.
This strategy would then conform to what focal people aiready do and desire. This would result in
far more flexible system approach which could more easily respond to the highly complex and
~ dynamic condition on the floodplains. : '

No, previous FCD projects have substantively addressed either social, ecological or inter-sectorial -
objectives. All future pre-feasibility and feasibility planning needs to address water management
tactics ‘and strategies for diverse objectives, and not just limit their objectives solely to negative
aspects of flood related problems. Many of the adverse impacts of the FCD schemes already
evaluated, and the assessments of the plans proposed, relate to these wider objectives. While FCD
planning remains dependent on the traditional approach of FCD engineering and agricultural planning,
improvement under the FAP are uniikely to result.

The avoidable outcome of this generation of FCD projects have now been clearly identified with the
advantage of hindsight. These deficiencies are well exemplified by the polder schemes of the Lower
Atrai. The concept of the Green River is a first stage of a process; first, to remove the deficiencies
of the old schemes; and, second, to open up a future path for development which otherwise could not
exist or be sustained, Such an approach would comply fully with the objectives of government policy.
It also reflects the increasing emphasis being expressed in the coordination of the FAP for flood
alleviation strategies to become more compatible with the wider needs of sound overall land, water

" and environmental management.

. The regional plan presents a potential long-term stream of wide-ranging interventions across the
'ﬂoodplains of the NWR. A similar regional planning exercise is unlikely to be commissioned again
in the near future. Given the rapid changes that are already apparent from the study of events of the
last two decades, there are strategic issues which need careful consideration, debate and clear setting
of priorities before decisions on how to'proceed are taken. Development works proposed under the

plan will probably not wait for certain basic research programmes to be completed. However, th.e
future strategy must evolve directly on from the.lessons of experience gained in the Lower Afrai,

elsewhere within Bangladesh, and internationally.
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The selection of flood alleviation tactics and their formulation into a regional strategy need sufficient
k.nowledge of the likely outcomes. The study has established a public need for alleviating the flood
risks and damage from the major rivers. Technically viable schemes to achieve this have been
analysed and will require further study and refinement in future feasibility studies. The ability to
et.lhanf:g -agricultural production directly through flood alleviation strategies is less certain. The
dlfectlon of water development planning must now address a range of other objectives. To achieve
this the strategy must be evolved and refined to fit with new national policy and with the priorities
and aspirations expressed by local people. o

cher sectors will either, be adversely impacted by FCDI or, complementary programmes or projects
in these sectors are required, if FAP is to achieve its objectives. The critical linkages noted were with
the needs for public health, navigation, water supply, fishing, poliution controls and management, and
a caring management of the biological environment; all of which need to come under the caretaking
and responsibility of local communities as far as possible. Significantly greater resources need
investing to plan and design fnitigatory measures and appraise these linkages during feasibility studies.

Sustainable development and poverty alleviation through FCD interventions can only be achieved if
‘the most important adverse impact areas, such as navigation, public health, pollution and natural
resource management are integrated into the earliest stages of design and planning. All of the impact
assessments of FAP studies so far have highlighted the priority which needs to be given to these
strategic policy issue. - o

While some adverse effects of the proposed schemes can be mitigated, planned for, and costed into
the economic analysis, it is-unclear how various mitigation could be dealt with effectively under the
current institutional arrangements of the FAP. Mitigation and complementary programmes that include
significant inter-sectorial planning and implémentation capacity are the most difficult. To ensure that
these objectives could be met would require a shift in emphasis of planning criteria at the next stage.

“Technical solutions for increasing food supplies and protecting farmland and assets from damaging

floods will interact with an existing social and ecological context. Yet, these environments are where
water and floods remain an elemental influence, and benefit, for survival strategies and production

systems. Recognising the importance of the floodplain functions and processes must not be lost in the

search for solutions to reduce the risks associated with floods. - :

The terms of "environmental soundness” and “sustainability" are now being widely used. However,
the remain largely undefined in either scientific or policy terms. Proper environmental and
engineering planning cannot proceed effectively until the national environmental policies both
generally, and for the FAP specifically, are clarified.

5.2  The Green River Strategy

The underlying apprdach of the Green River appears the best strategy (o alleviate the problems of the
Lower Atrai. It has the capacity to remove the adverse impacts of existing schemes, but only if the
system becomes designed to certain minimum social and economic criteria. One without the other can
only lead to either, unattainable objectives or, unsustainable projects.

This approach would also “open up many new development opportunities which would be
complementary to, and could take advantage of, t_hegbeneﬁts from tl_le Jamuna bridge. The key.ls to
switch the regional strategy to full inter-sectorial water management where a reduced emphasis on
ﬂobd control will revitalise many features of the economy lost to the strategy adopted in the past.
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If flood alleviation projects are to contribute in a sustainable way to development it will have to
ensure certain basic minimums. The system must be designed from a detailed understanding and be
confident of avoiding the risks of public cutting. This can only be done with an extensive strategy of
public discussion debate and agreement,

A strategy, confident-of its operational sustainable and its reliability as an investment, must first
establish the maximum acceptable differences in season water levels for communities located
thro_ug_hout the system. These criteria could only be known through extensive survey and public
participation beyond the resources of this study. The surveys indicate that these differences can be
guite small. Typically this happen if there are strong expectations that the differences will get
imminently larger, or if fishing livelihoods depend on fish migration at that particular time (the latter
may require no difference in levels, but simply the presence of an obstruction).

Agreement would have to reached on the minimum acceptable controls possible on the rise and rate
of flow into embanked areas to serve the needs for agriculture, fisheries and navigation. At the same
time a publicly agreed strategy of flood proofing and disaster response must also be worked out across
the system. This approach will only achieve an equitable and sustainabte outcome if the approach is
extended to include all the remaining FCD projects.

The strategy must allow the floodplain to remain open to all normal flows with the potential to control
the rate of rise only up to that which is publicly acceptable to those on both sides of the embankment.
This will not be without problems. The sociological surveys identified that, apart from :in the
charland, there was little indication of communities acting collectively, except in the very important
case of cutting embankments, when threatened by floods of a severe nature. Char dwellers helped
each other to dismantle homes and move possessions prior to severe flooding. But for embankment
dwellers and those residing on the mainland flood survival strategies are very much carried out by
individual families. Attempting to elicit collective responsibility met with negative responses. This has
important ramifications for finding community solutions to flood strategies and particularly for future
operation and maintenance of flood control systems, since collective action by communities will be
necessary for this aspect of the flood action plan.

5.3 Regional Planning Objectives

These conclusions of the analysis of flood alleviation possibilities in the region have direct
implications for the role and approach of the Environmental Management Plan {EMP). This cannot
be taken as a simple addition of mitigating activities to alleviate the adverse effects of a certain water
development plan predicated simply to control floods and assist agriculture. It presents the next stage
of regional research and planning to ensure that a comprehensive water management strategy evolves
being sustainable in economic, social and ecological terms. This plan would be predicated on support
for the existing efforts of local communities to plan, manage and save water for ail its uses. It would
respond to, and reflect the views established in the rounds of public participation, their priorities to
see flood alleviation strategies generating employment, improving health and nutrition, and widening

their access t0 resources. .

Trrespective of removing the problems of the existing. schen_:e_s an_d,_ with or without the
implementation of the regional plan of projects, flood proofing and disaster preparedness programmes
need to be given higher priority. The integration of the existing embankments into this strategy needs
to consider their other productive role in development and disaster response. Also, a proper strategy
of disaster response is required in conjunction with the studies of embankments on the left and right

panks of the Brahmaputra and the Teesta and Brahmaputra charlands.
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Tile planning of integrated water management will require the coordination of action and strategies
fron:n a number of agencies to establish basic criteria for the next phases of planning to establish the
design features and rationale for system operations. The main institutions involved will include those
responsible for FCD and I, public health, road, rail and water transport, wetland and agro-ecological
research, forestry and environment policy.

Any strategy must reflect the dynamic and complex ecological, social and economic framework into
which the water development programme is to be set. Planned management must ensure that the
nature of these processes are properly understood. To achieve these long-term objectives will require
considerably more research. It will require the recruitment and training of staff with new backgrounds
and education, It will also require an new management system approach to coordinate, supervise and
monitor the programme. The objective will be to improve the management of natural resources in
ways that are sustainable and which re-introduce the value of diversity directly into the planning and
design of schemes. This strategy has the potential to aid agricultural development, to improve
nutrition, to reduce risks to public health, to improve water quality, and to make better economic use
of the productive resources in the environment FCD and 1 are to be found. '

5.4  Institutional and Community Framework

The EMP provide a strategic approach to maintain the productive resource base intact for future

generations of users. It involves avoiding or mitigating the adverse impacts of FCDIL interventions.
FAP projects in the NWR would be only one of many activities affecting the quality of life and

environment in the region, To be effective environmental management also needs to be linked and

‘coordinated, not only with FAP projects in other regions, but also with other sectors.

The National Environmental Policy and the NEMAP lay out the general direction and ‘issues for an
integrated approach to environmental management. The potential scope of a such a plan at the
regional and national level is wide; but it also needs to be specific. It needs to directly appreciate and
support the daily decision-making world of individual environmental managers at the level of
agricultural and fishing communities and industrial managers. It would involve policy and fiscal
measures to act as incentives and dis-incentives and the investment in resources and training to create
a cadre of committed staff. It will also require the active involvement of the media, the NGOs and
local people if it were to have any chance of success. Many of these issues go beyond the TOR of

this study.

An integrated research, monitoring and management system is required which can deal with key
environmental variables. New types of specialists, management concepts, and an active commitment
to a new sirategies, will be required. This will take time to organise and mobilise and even longer
to establish as a corner-stone of the operating procedures of a future schemes unless given the most
serious policy and financing support. These outcomes would integrate engineering designs to serve
the needs of water management in a systems approach to improved sanitation, water quality and
ecological management with all the attendant economic and social benefits that this could bring.

Many mainline miniétri_eswil] be involved. Support would aiso be required from other national and
international institutions, research institutions and environmental agencies. Considerable emphasis
would be needed on the close invoivement of these institutions, together with the public and the media
in the planning, implementation and monitoring of water resource projects.
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The agencies involved would include:

International Border Issues
Flood Control and Drainage
Irrigation Development

Agricultural Development

Watershed Management
Land Use Planning
Livestock Management
Fisheries Management
Local Management

Flood/Disaster Management
Public Health ' _

Water Quality Monitoring
Industrial Investment

Pollution Monitoring and Controls
Utrban Planning and Controls
International Support

Joint River Commission (JRC) : S
Bangladesh Water Development Board (BWDB
Ministry of Irrigation, Water Development and
Flood Control (MOIWDEFEC) . :
Ministry of Agriculture (MOA)/Bangladesh

" Agricultural ‘Development Corporation (BADC)/

Bangladesh Agricultural Research Council (BARC)
International

Ministry of Land (MOL)/Ministry of Agriculture
Ministry of Fisheries and Livestock (MOFL)
Ministry of Fisheries and Livestock (MOFL)
Ministry of Local Government, Rural Development
and Cooperatives (MOLGRDC) o
Ministry of Relief and Rehabilitation (MORR)

Ministry of Health and Family Planning (MOHFP)

Ministry of Environment and Forestry (MOEF)
Ministry of Industry (MOI)

MOEF/Private Sector

No single body, UDD

e.g IUCN, IRRI, ICLARM

5.5 Resource Conservation, Management and Zoning

The preliminary zoning of sites of special int
quality monitoring at the sites shown in

erest are shown in Figufﬁ 5.1. In addition, régu]ar water
Figure 6.1 should be ‘supported to enable a better

understanding of the implications-of pollution control measures associated with FCDI projects and the
costs of raising pollution control standards in spite of these. The sites have been addressed under the
following classification

Natural Beauty or Recreational Value
One site of interest reportedly lies at the exireme northwest border of the region.

Special Scieniific Value and Worthy of Protection and Conservation:

a. ‘Remaining habitat sites for migratory birds: The surveyed sites established on that the
riverine zones of the Teesta and Brahmaputra are important. A properly staffed and
timed ornithological survey and reporting network are required to establish a future

need and response. .

b. Sites of high value for open water fish ecology: The surveyed sites indicate the
degradation across all the sites visited. All floodplain resources need a coordinated
regional strategy. Selection of particular sites to focus on should only be a research
tactic. Special sites for immediate work should concentrate on surveys of the northern
rivers and floodplain systems 1o identify special habitat significance, and in the Lower

Atrai Chalan Beel deeply flooded areas. _
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R Figure 5.1
EGlONAL ENVIRONMENTAL MANAGEMENT ZONES (POSSiBIL!TES)
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c. Remaining sites of natural forest: These all lie outside of the main planning units
where scheme planning and surveys were carried out. No information can be
provided on the status of these sites.

d. Sites of cultural and historic value: The GIP surveys and the regional reviews confirm
the widespread distribution of important national and local sites of cultural and
historic importance. All future feasibility studies should be obligated to review the -
sites in their area using professional trained staff or consultants.

- Worthy of Special Environmental Management & Monitoring

While pollution sources of industrial, agro-chemical and concentrated sewage and wastes remain
essentially localised the long term risk and local hazards must be addressed. The proposed monitoring
programme will address these issues.

5.6 Construetion Management

Construction policy will be taken up in further detail at the feasibility study. At that stage a range of
topics would be appraised including service facilities, labour policy, public health and safety,
contractor’s site installations, services and pollution control, operations and disturbance, rehabilitation
and reclamation provisions, social problems and consultation with local authorities. Timely
preparation of land acquisition and compensation programmes are vital.

87 Urban; Industrial and Other Development

A new urban or industrial development is on-going. Some major projects are also in the planning
pipeline to develop the mining sector of the NWR. The role of the Jamuna Bridge could change the
context of these considerable. Coordination is needed to ensure that conflicting interests do not arise
and so that futire water quality and water management problem do not arise. Of considerable
significance to local industry would be the availability of low cost navigation networks. The fate and

future of this lies directly with the BWDB to resolve the major losses caused from the last decades
of ignoring this important sector.

5.8 = Water Management Planning

‘Biological controls and ecological management alone cannot be regarded as being sufficient or wholly

effective to deal with the adverse impacts of traditional FCD and I technologies. Only coordinated
water management planning and operations, involving a number of authorities and Strategies will
suffice. This must address the dynamic ecological, social and economic environmeiit in which a
project is to be set. Planned management must protect water quality, pub}ic_h'eaith and both terrestrial
and aquatic productivity through reproducing the natural wetland functions and processes an d by
enhancing these by supporting community based environmental management technigues.

Water management system planning would' z‘s]low. more flexibility of response to a particular
hydrological or societal situation. It could permit decisions on where the water should be routed, and
how much, and when. Such decisions, might be based on specific local. requirements for aquifer
"recharge, soil moisture or irrigation demands, soil fertilization processes, public health needs,
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mlgr'z;‘tory fish pathways or flood storage. All these would have to be worked out in accordance with
spzm ic l_o_cal de§tres,- actions in the public benefit, the technical and physical capacities for control
and storage, or in response to flood crisis situations in upstream or downstream basins.

Itis most signiﬁcant that, on the ground, the basic societal management of the landscape and water
ﬂ0w§ already reflects exactly this approach. The constraint within which most have to work is the
illogic of FCD schemies design around unattainable objectives. The NWR has already been fand
leve.llﬁ‘ad by the hands of generations of farmers and mostly in this century. This has the effect of
retan.}mg and slowing water flow from rain, overland flow or river spillage. This has hydraulic and
| fan?nng advantages created from micro-engineering. Every year cross dams are erected to impede the
 drainage of water out of the system as the dry season approaches. This effectively sustains the river
productivity and advantages fishermen, focal boatmen and Trrigators alike. If the future FCD planning
were to use this as its basic template, it would support and assist the emergence of a more meaningful
partnership between local communities, national interests and international assistance.

The.= history of FCD planning and institutional support has produced plenty of evidence that
interventions over the last three decades have created increased social and economic tensions. While
these were perhaps unforeseen outcomes in the 1960s they do not remain unforeseen for the current
round of long term planning which FAP is responsible for. Such outcomes will surely be seen as both
politically, socially and economically undesirable and unnecessary for the future. The true costs of
ignoring these implications to society and future generations may outstrip any reductions in flood
damage created by FCD.

5.8.1 Public Health

“The loss of access to free sources of protein, vitamins, minerals, and oils would be difficult to
mitigate. Most options would require the affected proups to raise extra income. The losses have
important ramifications for various health problems including general anaemia and lowered resistance,
eye problems and difficulties for pregnant and nursing mothers. :

Mitigation could be by three approaches. The first would need a carefully planned and targeted health
and nutrition monitoring and _action programme integrated with each project. However, as
malnutrition is a major national issue, irrespective of FCDI developments, these programmes ought
to be part of the general regional development strategy. The second would leave the planning bodies
and donors to coordinate and ensure that the general health sector plans were addressing the specific
problems which FCDI might exacerbate. The third approach would be for replacement culture
fisheries to be placed under the direct contro} and targeted towards these specific social issues and
groups, and not developed or leased as commercially orientated businesses. The practical problems
of targeting programmes are probably insurmountable and unrealistic to consider, unless there were
‘a strong political comumitment, particularly at the local level.

Curtent disease conditions are seasonally controlied by the annual cycle of flood events, drainage
patterns and the seasonal changes in temperature and humidity. These provide physical limitation on
the ability for habitats and breeding cycles 1o be maintained throughout the year. Certain diseases are
favoured by this condition and others are restricted by it. Local ‘micro-climatic changes brough_t about
by dry season irrigation, and by the drying out of the environment through flood control, will alter
the balance of habitats and their suitability for, either the existing, or new disease and vector regimes.
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The prediction of impacts on health is difficult, as it depends upon whether project designs avoid or

create poor drainage and stagnant pools of water. There is a high international and national priority

belr}g given to provide people with access to clean water. It would seem appropriate that the FAP
- projecis should have this as a specific objective which it plans for.: '

There is insufficient knowledge at present to predict, for any particular mix of local conditions and
FCDI interventions, when, and if, changing disease or vector profiles might become a problem. More
research is required on the disease and vector species, habitat requirements, seasonal ‘limiting factors
and their geographical distribution within the region. There is a scaling problem involved in the
thresholds: which have to be crossed in terms of species and disease transmission from region to
cegion and area to area. The transformation of habitats would also depend on the scale and proximity
of FCDI interventions. The risks and potential future costs are, however, potentially too great to
ignore. FAP 16 research may help clarify some issues. ' ' ' '

5.8.2 Channel Morphology, Navigation and Breaches

Continued access for major and minor navigation is crucial to the Viability of both community
services, commercial and marketing activities and fishing needs. There should be no scheme which
does not place navigation criteria on an equal footing to the needs for agriculture. The proper
planning of access for boats applies as much for fishing communities and fish landing as it does for
generdl communications and travel, Careful survey of routes and fandings points will be needed to.
enable both locks and the careful siting of bridges to maintain the logic of route directions. Wherever
structures are located sedimentation problems downstream will need to be dealt with by careful design
and operation of the system or by a costed dredging programme and strategies to flush or remove
aquatic weeds. '

" If roads and embankments were well-designed as a continuous system with multi-purpose objectives

" in mind, they could form a linked system for the movement and management of fish stocks, as well
as maintaining lines of access for navigation and evacuation of water hyacinth to open water. Such
an approach would involve some redesign to avoid road/bank erosion, but might prove viable when
the multiple benefits are taken into account. :

Sedimentation problem will also be associated with the confinement of the flood paths of most rivers.
The construction of any embankments that will contain the natural flood spreading pattern will lead
to changing sedimentation, scouring and bank erosion characteristics. Special care over monitoring
these schemes will be necessary. Continued dredging may be one option, but disposal of this material
will create problems in the long-term. ' .

Embankment breaches and extreme events will likely occur in the lifetime of the project. Coordinated
~and designéd means of removing water quickly from behind embankments in feasibility studies needs
integrating with the non-structural measures. Induced drainage problems will occur - inside
embankments. Detailed topographic surveys and drainage planning for small scale drainage structures
- is required, Continued- monitoring of problems in practice (inside and outside schemes) and
 instatlation of small structures after main works completed would be a recommended mitigation.

583 Soil Quality

There are a range of minor impacts identified which are likely to occur in very specific local sites.
‘As soil surveys and planning continues these sites might be ide.ntiﬁe_d and a selective monitoring
programmé gstablished. In ‘the longer term i_mproved local soil testing facilities can be set up
supported by local extension services. S C
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The ,mo‘lsture loss on high ground and homesteads associated with FCDI projects will require the
monitoring of water table and impacts. Small-scale irrigation technologies and agro-forestry
programmes for homestead might be associated with the water supply programme recommended.
Where water tables fall, conversion to deeper tubewells would, in any case, be required. This would

have the added advantage of avoiding the present health risks known to be associated with poliuted
shallow groundwater,

5.8.4 Water Quality

".I'he;water quality problems which may be encountered and should be planned for. These could
include algal blooms, pollution from faecal bacteria and pathogens, increase in pest and disease vector
breeding sites, agro-chemical pollution of surface and groundwater water, industrial pollution, loss
of biological diversity and controls reducing water quality problems, and the proliferation of aquatic
weeds. The intensity of problems can be expected to increase in'drought years when the concentration
of nutrients by evaporation is greatest. '

The intensity of problems may also increase under the influence of FCID because an open draining
system has been converted. to a closed controlled drainage system. This means that water levels are
continuously lower due to the absence or reduction of inflow. Reduced flow means a decline in
turbidity which allows a greater depth of penetration of sunlight and a possible stimulation of algal
production. This would be further aggravated if fish and aguatic and amphibious organisms feeding
on micro-organisms were not managed and protected as part of the strategy. -

HYV cropping, induced by FCDI and current extension methods, demands good control of pests and
diseases to ensure economic feasibility and debt repayment capacity. If modern agro-chemicals are
left to provide the only answer problems will accumulate with major long-term risks to local ecology,
water quality, the food chain and human health. Farming systems support currently lacks the research
and institutional means to extend alternative integrated pest control management systems. Government

is already aware of this and a shift to non-chemical means of pest control are already being
researched. : : : -

It is unlikely that the short-term maintenance of high yields using intensive chemical approaches in
égriculturé would cover the costs of the long-term degradation of these other productive resource
systems. A sacrifice of rice yields may be advisable yet if planned well these losses will be more than
recovered by the reduced input costs and the gains. made in other productive ventures in paddy
culture; such as fish and bullfrog culture which themselves aid pest contro] measures.

Other sources of pollution are the discharges of industry and sewage and waste from domestic
sources. These.impose both chemical and biological problems with potentially serious health and
ecological risks if not planned for and managed properly. Oil-based pollution is spreading with the
conversion of the transport, agricultural processing and farming systems to engines. This involves
more spillage and exhaust gases. The industrial complexes invoiving newsprint, ;anneries, jute mills,
sugar mills are discharging mercury, lead, chromium arsenic and iron into the water network which
FCD projects under FAP will intervene in. Concentrated discharges of sewage greatly increase the
biological oxygen demand. All these sources of potlutants seriously affect water quality for the proper

functioning of the aquatic, terrestrial and human ecology.
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5.8.5 Pollution Managemgent

Thg management approach should seek to integrate different methods to minimise the conditions
Wthf} can lead to poor water quality, This would concentrate on physical and biolo'gicai management
teChmq}les to counter-act or remove the causes of poor water quality in situ. This would include the
protection aqd stocking of fish and other fauna to encourage the uptake of nutrients, potentially toxic
micro-organisms and disease vectors in the food chain, This policy should be encouraged in the main
drainage systems, in the fields and in the standing water bodies. Encouragement would be given to
systems of harvesting of these fauna and useful vegetation to remove biomass and pollutants from the
system. The only sensible measures for the management of industry is for the treatment and payment
at source, The setting up of these capacities, both in terms of staff and finances, is a considerable task
beyond the terms of reference of this study. The MOEF would be the main body to liaise with donors
on these issues. : :

All agro-chemicals are part of an industriaf trade network which actively promotes the expansion of
their markets and sale. Commercial interests should not be aliowed to interfere with good farming
practices and the preservation of a healthy environment for future resource users. Public education
through agricultural research and extension, as well as the role of the media and NGQs, all have a
role to play in combating these problems. As part of the FAP projects donors could specifically fund
and support such programmes.

No FCD schemes should be atlowed to proceed to implementation unless their capacity to adequately
drain and, if need be, flush areas of potential risk had been carefully studied. Similarly, no schemes
should proceed until they have shown adequate analysis of the implications of their agricultural-
chemical use on the enrichment and degradation of the ecological and economic systems that they may
affect, either within schemes, or as a result of passing on problems to downstream areas. The direct
effects of schemes on the drainage mechanisms for sewage and industrial pollutants should also be
clearly analysed and planned.

Further research into the dynamic interactions with climate, seasons, flora and fauna could establish
other biofogical control and management mechanisms. This research work of ecologists and other
specialists should be coordinated under the MOEF. It could call upon the a range of other institutions -
 to assist, such as BRRI, the Fisheries Research Institutes, and the Engineering Research Institutes.
International assistance could involve specialists supplied through such organisations as UNEP, IUCN,

AWB and ICLARM.

Deterioration of: environmental sanitation conditions and the protection of water guality for
downstream users are not just responsibilities associated with BWDB projects. Improved public
health, sanitation and proper waste disposal provisions in the villages and towns are vital if a.
deterioration in the quality of life is to be avoided. Where embankments intervene in the flood and
drainage regime and divert external sources of nutrients and pollutants directly downstream and out
into the sea, the impacts on the estuarine and marine resources and economy must be assessed.

Major imprbvemenfs to sewage disposal, industrial pollution and 'agr0~_<:hemibal pollution would be
advisable with or without the FAP projects and must be seen as a complementary programme.
Nevertheless, pollution ptanning data.is virtually non-existent and feasibility study provisions to

collect relevant data should be cansidered, as well as the urgent needs for direct support to a proper
regional and national monitoring and training programme.
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5.8.6 Wetlands and Aquatic Flora and Fauna

The remaining wetlands sites have a number of potentially important roles apact from their productive
use in water supplies and crop production, They maintain an important habitat for a diversity of
aquatic flora and fauna and provide sites for resident and migratory blrds Detailed research is
required into the role of aquatic flora and fauna. This should include research into the life histories
and habitats of those major and minor species which aré valuable as a source of économic products,
poor people’s protein, vitamins and oils, and which provide important biological controls on pests and
diseases. The surveys of this study have begun this process and the data base should be built upon.

Fisheries already play an important role in providing employment, generating exports, enhancing

water quality, sustaining public health and aiding nutrition for the poorer groups. Various indigenous

species readily consume vegetable detritus, eat the algae responsible for undesirable blooms, control.
the growth of water weed, and eat pest and disease vectors which affect humans and llvestock Apart
from the locally consumed range of minor species and the comme1c1ally marketed major species of
fish, there are other important economic aquatic fauna which- sustain livelihoods as describied in
Chapter 3. Crustacean shell materials are already used in lime making and major new industrial uses

for crustacean shells are being developed based on chitin and its products. There are many potential

uses in the chemical; medical, pharmaceutical and food industries whose economic values could be
a significant loss if habxtats and bio-diversity were threatened by short-sighted FCDI planning. Some

of the most notable uses bemg developed are their roles as food preservatives and their apphcatlons

in the treatment of sewage, paper mill effluent, food factory waste and purification of water. In the
medical field it has been found to have uses in accelerating wound healing and for skin grafting. The
‘cosmetic industry has found uses for chitosan as have the hi-fi and acoustic industry.

. To,_ sustain the vzmed forms ‘of survwal strategies, commercial opportunmes and feeding systems
which minimise disease and pest problems is vital, and should not be threatened by FCDI
development While the data base is limited, the important areas which could be identified have been
have been included in the zoning plan. Integrated management for economically and socially important
aquatic fauna is mainly based on the preservation of suitable habitats and the avoidance of pollution
or over-exploitation. The approach taken has encouraged the maximum research into the engineering
and regional planning options for maintaining these. The main possibilities are shown below:

- Engineering the means to maintain the capacity of migratory species to move from
floodplain to river. The viability of this appears uncertain. Effective management
planning would require a better understandmg of the ecological and engineering
requ:rements of the major and minor species.

- Engineering the means to maintain the capacity of resident floodplain specxes to move
to and from beel, khal and floodp[am integrating these systems with paddy culture
and IPM systems

. Specifically allocating minimum wetland and ﬂoodplam sates as ﬁshenes development
_ areas while still allowing rabi and boro cropping on suitable lands.

- Specifically reserving strategic ‘wetland areas under a protected area network that
' would n'eve'r be brought under flood control.

The iessons of worldwuie experience show that preservatxon of habitat diversity and the simultaneous

" management of composite species utilisation of a wealth of ecological niches ¢an lead to productivity
ﬁgures far beyond those of low diversity, low spemes ‘systems. Preserving inundation channels and
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proper integrated management of seasonal water bodies is critical to achieving these benefits for food
diversity in as much as the same criteria apply to land use and agriculture, The levels of biological
productivity of plankton, the seasonal levels of turbidity and sedirnentation and flow rates are key
factors controlling the quality of water bodies and their productivity. Whether this translates into a
sustainiable system of production that, in turn, can be advantageous to the alleviation of poverty and
malnutrition is totally reliant on the legal and tenurial system accompanying it. Leasing of water
bodies to commercial interests, and the dispossession of poor people and farming communities used
to a common property resource access regimes, will usually result in dividend to the rich and
influential, raise stocks of export generated foreign exchange but, at the same time, add to the rising
tide of poverty. inequality and social unrest, which will ulttmately translate into political contlicts and
major costs to society as a whole.

Wider distributed dividends wilI result if more farmers can also be turn into fishery managers. This
would be develop through multiple forms of integrated fish farming, each suited to a range of
different water levels in the seasonal system of flood and flood recession. Deep water paddy cum fish
production will have different requirement to beel or paddy on F2 and F3 land. ‘Monsoonal fisheries
will be different fo dry season paddy-fish system. Each will have their variations on pest and disease
vector control, but each will also generate, not only food and nutritional diversity, but also income
diversity, g greater returns per hectare and reduces the need for expensive high energy use lnputs of
fertilisers and agro-chemicals.

Fert_ilisation of the paddy—ﬁsh fields can come from the prior manuring with aquatic weeds clogging
the drainage lines, from promotion of algal and planktonic growth and from the manure output of
livestock, particularly chickens and ducks, each of which also have their own income and employment
benefits for the participation of women and children. The recycimg of sewage in areas close to urban
centres offers further variation on this theme of encouraging diversity.

These system's also would produce a wider diversity of seasonal employment and may lead to a great
‘convergence of interests between farmers and fishermen; thereby reducing social tensions already
featured in areas where FCD and I have been implemented.

5.9 Research and Management Coordination

The scope of future environmental management and monitoring will require properly coordinated units
within the MOEF and the BWDB. At the present time there is a considerable reliance on consultants
to carry out single discrete studies. While it may be possible to rely on the inputs of international and
national consultants for some initiat planning surveys and studies, this approach should only be a
short-term  strategy. The work requires coordination by personnel properly trained in the
environmental monitoring, planning and management. The overall coordination would be with the
MOEF, but other organisations involved in FCDI, agriculture and the quality of life should plan to
_ improve their capabilities to. reflect this more comprehensive and inter-linked approach to water -
resource development. Recommendations have already come from the MOEF for environmental cells
to be set up wrthm the main govemment mstltutxons

The analysis has hlghhghted the need for 1nternatlonaI Loordmatlon The Joint River Commission and
the National Water Council are the two bodies concerned with cross border issues and cooperation
in planning and water management. It is unllkely that Bangladesh can have any direct influence on
' plannmg in the upper catchment, but should be in a position to know the potential ramifications of
~ changing pattcrns of development population, land use and industry in these areas.
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5.10 Risk and Hazard Assessment

The major risks to project investments in the NWR will come from a number of sources. Many of
these would be cumulative impacts that are externalities but, nevertheless, are likely to affect the long-
~ term sustamablllty of the plans. These issues are discussed further varlous!y in Volumes 7, 9, 10 and
12 and i in summary include the items given in the Table 5.1,

Risk is mherent in the planning and operation of any dams, wh;ch is what embankments in
Bangladesh effectwely are. Their associated risk and hazards are becoming standard components of
project assessment to assist the appreciation of policy makers. An-embankment building programme
is by nature a long term strategy and thus must be maintained with integrity if the strategy is to make
sense. The experience in Bangladesh is one where integrity of embankments is the exception, rather
than the rule. The costs of maintenance are high and the costs of poor maintenance, in terms of
damage from breaches, even higher ‘The decision to embank can only be justified when conventional
“hydraulic and economic analysis is supplemented by risk and hazard' analysis. Currently this is
‘nowhere being done within the FAP analysis and a system of accountability associated with the -
designs and decision making should be built into the system, as it is for international dams. :

The current insulation of the planners from the real problems on the ground is less available to those
farmers inside schemes who become increasingly indebted to pay for HYV seeds and inputs, or for
those whose fields become obliterated beneath un-cultivable sands delivered by high-velocity river
waters splaying through the breached embankments. The risks have to be assessed as fully as posszbie
and made expllclt to pollcy makers and donors alike:

Risk and uncertamty are iarge!y inextricable. Risk usually refers to events which can be assngned
statistical probabilities and to chance events; some of which may have predictable recurrence
" intervals. Uncertainty in the context of this planning study might be taken to refer to the lack of
relevant scientific data, the use of flawed data (constantly changing datum levels in the modelling is
a typical example); the dearth of environmental modelling or simulation tools; and the present crude
understanding of complex ecologlcal processes

Thls impact assessment can offers tittle quantitative guidance to decision-makers and suffer similarly
~ with respect to. the assessment of risks and hazards. It is the level of uncertainty inherent in the

project planning which severely limits defensible quantification. In one area of seismic analysis and
risks of liquefaction was the impact assessment able to summon a more scientific approach. The
deta:ls of this are given in Volume 7 and are also discussed below.

5, 10 1 Physical Risks and Hazards

The pnrnary hydrological and hydraulic planmng has been camed outon an fixed range of time series
data, There is little option to accept that this is the best indication of how the system has work in the
- period covered by the data had the intervention which are being analysed been implemented in this
historic time frame. Whether this historic data is at all relevant for assessing the variability of the
future is a question often little posed or dwelt on. There are a multitude of reasons why the future
return periods may differ from those which have been derived from the historic data. The critical
changes would be those that shifted the base assumpuons on the boundary conditions or that shifted
the moving averages A slight shift in the base average can lead to highly significant changes in return
period. While this appear a deviation into mathematical abstraction it is nonetheless these figures
‘which determine the level of protectxon to human safety and the cost of these investrment that will be

the flood action plan. -
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:Ihe type of conditions which would affect the base analysis would be associated with climatic change.
Three conditions of change have to be noted:

- - Above average events which exceed the design criteria, but do not lead to structural
‘damage. ' '

- Extreme and catastrophic events that will need emergency measures and consideration
of both structural and non-structural contingency plans. '

- Changing global climate patterns that will affect the base conditions of the existing
situation on which the design criteria for projects have been designed.

These, and coincident events which exceed the design criteria, would compromise the sustainability
of the engineering structures and lead to damage within and outside of the protected areas. This would
significantly increase the costs for maintenance and rehiabilitation beyond those assumed in standard
project analysis. The principles of persistence and discontuity (well-known natural phenomena used
in chaos theory) imply that in an economic sensitivity analysis of extreme events, the system would
have to be failed more than that suggested by the return period, as a grouping of these events results
from the persistence principle. '

CIithatic'Char;ge

Climate change is a subject which has grown in prominence in recent years, but there is in most cases

insufficient data or other evidence from which reliable forecasts of future conditions may be made.

The hydraulic modelling studies and the overall approach of the study should provide reasonable
guidance for potential development over the immediate planning horizon. Debate and speculation

about changes in the longer term will continue and research efforts in this direction will also intensify. -
"The factors to be considered are numerous, and their future changes so uncertain, that any attempt

to quantify the likely effects on the region would be at best extremely tenuous. The most realistic

approach to assessing potential long-term effects would probably be a sensitivity study. The areas

under which climate change might be considered include. . :

Rise in Sea Level

Historic data indicate a phase of global warming. There is fairly widespread agreement that a rise in
sea levels is likely in the medium term. There is much less of a consensus on the magnitude of such
a rise. The effects of sea level tises of one and a half metres would create backwater, impeded
- drainage and morphological effects at the confluence of the Ganges and the Brahmaputra. A rise in
sea level in the range of typical climate change scenarios is unlikely to have any significant direct
' effect on the North West Region, but other areas of Bangladesh are liable to suffer very severe
- consequences, and this may be expected to have indirect social and economic effects throughout the
. country. Unless these events were to happen in a much shorter time span than is currently being

" forecast, it seeins unlikely that provisions have to be made in the feasibility planning stage of the
current round of projects in the NWR. The full FAP and the projects in the south of the country are
unlikely to be a_bie to ignore these questions.
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Table 5.1  Risk and Hazard Assessment

" Issue Potentially Plnnnihg Assumptions | Potentially
Severe Local | or Configuration Irreversible
Damage Potentially Deficient | Changes

Physical Risks

Seismic and tectonic events X X
Mass wasting in the upper catchment x X
River capture in the upstream catchment X X
Brahmaputra break through to Bcng&li ; X X
Extreme climatic events in the upstream catchment X
Coineident high floods in different rivers X
Global warming, climatic change and rising sea levels X
Delays or ineffectiveness of Brahmaputra river training X X X
programmes ’
Biological Risks

Continted collapse in the floodplain fisherics X

Under-valuation of loss of species and habitats X X

Under-valuation of cumulative impacis due to changes to X X

welland functions and processes

Undcrvvaiu'atipn of the background linkages between FCD, X X X
public health and nutrition

Economic Risks

Inappropriate signals indicated by discouating or discount X X

rate used '

_Inappropriale‘ signals sent by Iack of inter-sectorial X X

investment appraisal to resolving development problems

Inappropriate signals sent by utilising sunk cost X x

infrastructure '

Human Risks

Public cuts X

Cumulg;ive impacks associated with loss of social cohesion x X
Cumulative impacts due to un-targeted tactics to reduce X x

inequalities S :

_Cur'nu'lati.v'c impacts duc.to un-targeted tactics to maintain X X

nutritianal entitlements ' :

Cumulative impacts due to un-targeted strategy to diversify X x

natural resource base and products
Lack of adequate O & M x x

"X = Severe_ X = Less Severe
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Chahges in Rainfall

~There is less consensus about probable future changes in rainfall, both in terms of absolute quantities
and in the spatial and temporal distribution of such changes. An increase in rainfall in the region
would have obvigus implications on flood inundation levels; conversely, a reduction in rainfall might
affect the types of crops being grown, and the ‘economic appraisal of flood protection and other
development schemes, '

Temperature Change

Similar comments apply to temperature changes which could significantly affect snowmeit, and its
contribution to flooding in the region. Changes in amouns, rates and timing of snowmelt runoff from
the Himalayas could significantly affect flood peaks in Bangladesh. Increases in temperature to 40
degrees Centigrade would likely inhibit the growth of rice, : :

Other Atmospheric Changes

Rising levels of both atmospheric carbon dioxide and ultra-violet radiation are closely linked to the
process of photosynthesis and biomass production. Existing research has not provided any conclusive
evidence of the likely direct of change with respect to rice. With increased carbon dioxide biomass
and seed production can increase but this effect can be neutralised by increased radiation. Rice
paddies emit significant quantities of methane which is itself a gas that contribute to global warming
and ozone depletion. :

Coincidence of Events

The significanice of the coincidence of flood peaks on the Ganges and Jamuna are referred to in
Volume 10 Chapter 2; various aspects of climate change could influence the likelihood of such
coincidence in the future, together with timing of local runoff in the region, and in the long-term this
could significantly affect the return period of particular levels of flood inundation.

Siting of Embankments

‘Siting embankments is another example of risk assessment taken internally within the design process.
A number of major problems exist in the design standards, the suitability of construction materials
(and thus the sustainability of structures and embankments) given the highly dynamic geo- and hydro-

" morphological systems they intervene in. High rainfall events peaked in time intervals less than those
assumed for planning behind or upstream of embankments can lead to their demise. Engineering
structures and their operations across the borders can lead to peak flooding which is unrelated to the
natural hydrd-graphs which the designers work from. Changing river courses mean that real costs can.
escalate substantially above those estimated at the time of original design, If they are built close'to
existing main channels, they are subject to being severely eroded by a high recurrence-interval flood.

" ¥f this occurred early in the embankment’s life, the whole initial costs would have to be written off.
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Seismiclty and Embankment Liguefaction

There are a number of hazards where analysis of their implications should take place. None are easy
to evaluate mathematically. Earthquakes, for example, may or may not be predictably distributable
on a recurring interval scale. ‘Their intensity of destruction may also be related more to their
coincidence with other events, such as the coincidence with the monsoon and flood peaks, coincidence.
with high rainfall years or coincidénce with mass wasting events and other morphological threshold
events, either upstream or within the delta. '

The secondary effects have already been witnessed after the major quake in Assam in the 1950s which
rapidly aggraded the bed of Brahmaputra by around 1.5 meters. This phenomena was probably
responsible for the sequence of peak flood events in 1954, 1955 and 1956 (which led to the setting
up of the IECO studies in the 1960s and the initiation of the major era of embankment building by
this last generation) and for the severe deterioration of navigability in the Jamuna.

Earthquakes could also vesult in the breaching of manmade or natural reservoirs in the upstream

catchment in India and the Himalayan states. This could create major sudden increases in stream

discharge that could conceivably overtop or destroy embankments that had withstood the direct

seismic shock: Flood wave analysis on any of the existing or proposed dams is not available to assess
these implications and stresses the need for a catchment and international cooperation in dealing with

the issues of hazard assessment.

Local embankment materials are at particular risk to liquefaction as evidenced by the geological

surveys of the FAP 2 and FAP 3.1 study. These largely unconsolidated, sandy-silt materials of low

cohesive strength would result in widespread slumping failures in the next high-energy seismic event.

Even if such an event occurred during the dry season, the direct effects of embankment failures might-
only be minor, but the integrity of the system would have failed for the following season unless a

widespread programme of immediate rehabilitation could be mounted. If the rivers were high, the

outcome could he catastrophic with considerable loss of life and property over and above that which

would have occurred without the embankments.

To actually find out the implications for the GIP and the main embankments on the Teesta,
Brahmaputra and Ghargot, the seismic and liquefaction model results were combined in the
geotechnical studics to assess which areas of the surveyed soils which would liquefy under a statisticat
extreme event, The general indications are that many areas of the embankment would hold but that
slumping would occur in areas of unsuitable materials. The implications are that, if the event were
to coincide with the monscon flood period the type of slump breaching would cause considerable
damage in the path of the floodwaters.

Two options for mitigation are possible:

- To always undertake adequate surveys and laboratory anal ysis of foundation materials
" to avoid the localised use of unreliable materials or, '

- “To prepare early warning systems and disaster _contingenby planriing for areas
“considered to be of risk. :

" The first option implies considerably more survey and design work ‘than is usually the case in
Bangladesh and would result in higher construction costs for haulage of suitable materials to sites
wheré high risk materials’ were otherwise to be used. The second option implies accepting the
potential risk but also actually preparing for the event. As this event will occur a hazard response
~ through organised relief programmes -and rehabilitation works will be required.
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The approach presented in Volume 9 would be the first stage in preparing a disaster preparedness
programme. Similarly, the nodal points in the system of the Teesta indicate where changing courses
are most likely also mdicate sensitive node in the system. The assessment opens up ideas for other
- options for planning. These might be to ensure ‘a strict quality control over the use of embankment
materials in weak sections or to reduce the standards overall so that compete slumping occurred to
disperse the flood water more quickly over a wider area.

A proper safety and hazards analysis being carried through for a contingency plan of disaster
preparedness and response should be a minimum requirement for any FCD scheme. The major
embankments (as dams) should meet international standards, at least to assess and plan for the risks
and hazards where loss of life can be expected. This study has been insufficiently resources to
undertake any: detailed plannmg of these factors. These shouid be considered at the next level of
investigations. :

: S.iO.Z Resource and Habitat Alte’ra’tions.

The condmons of habitat alteration of significant to the project would be those leadmg to a
cumulatively faster rate of morphological change and, thus, increase in the likelihood of rivers
changing their course, The pattern of upstream catchment habitat alteration is not sufﬁClently well
known ot understood to make clear predictions as to the likely effects on the Brahmaputra or Teesta.
Other features related to ' mass wasting or seismic events appear o be of far greater significance.

It is clear that Bangladesh and the regions around are going through a phase of'major Iandscape floral
and faunal alteration with a great loss in genetic diversity and a restructuring of the food chain -
linkages. ‘Ultimately the main loosers in thiS is mankind itself. The implications involve loss of
survival strategies, livelihoods, traditional medicines and the- quality of life to highlight a few issues.

The GIP area has already gone through the worst of this degradation and will suffer as much as
: anywhere else. Proposals to revive a caring approach to environmental management where local
_people are assisted and empowered-to regain control over their future diversity of resources has been
proposed.. The basis of this conforms to the national environmental poiicy of May 1992, the thrust
of the National Conservation Strategy (draft 1991) and the World Conservation Strategy TUCN 1991)

5. 10 3 Socmveconomlc Rlsks and Hazards

The reglonal pro;ects are spemﬁca]ly mtended to alter the croppmg pattern of conservative farmers
whose planting strategies have traditionally been "risk-averse”. Given the chance of ordinary tloods
damaging crops in their lower-lying fields, farmers habitually avoid the substantive investments
nacéssary to raise HYV cultivars, hoping for a bumper crop. Knowmg that the odds for this are not
good, they instead sow traditional, low-yielding cultivars that may or may not reach fruition: if the
_ planting survives the floods and produces a modest harvest, so much the better. But if it doesn’t, the
mvestment was small enough that the loss is bearable.

> 'The bas:c fationale’ for the proposed interventions is that the hke]:hood of erop survival in marginal

' zones can be raised sufﬁcxently by the projects, “that even a cautious and-risk- avemng farmer will
consider that the odds have sufficiently changed in his favour, so that HYV inputs are now Justlﬁed o
Most of the quantifiable bénefits hinge upon this. eventuality. The process being initiated is an
expectation that engineered reduction of agricultural risks will induce farmers to upgrade their
. production - systems. Contmgency elements imply risk-taking. The current assessment of the

probability of farmers actually’ shifting to HYV indicates that enough will shift production strategies
to recommend higher-ranked projects for feasibility studies, but only if it can be established that those
* living outside the embankments will not find conditions worse and cutting becomes inevitable.
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Farming Systems

The discussions on sustainability have already noted a number of cumulative changes associated with
the Green Revolution technologies, changing intensity of resource use and habitat alteration. These
affect biological conditions and status of soils and water bodies to the extent that critical thresholds
have already been passed in the GIP area with respect to wﬂdhfe and naturally occurrmg tres and
terresmal floral cover.

The debate on the social, economic and biological impact of these technologles is intense and involves
many powerful commerual and academic initerests. Independent reviews of the patterns and trends
associated with mismanagement of these systems in the environment are reasonably clear on the net
detrimental and cumulative impacts. Examples of land and water pollution and resource degradation
from the industrial complexes that support the commercial trade and use of oil-based agro-chemicals -
are now documented from every continent and virtually all countries.. With the wealth of experience
that has now accumulated Bangladesh has the opportunity to avoid and minimise the hazards which
have undermined the future resource productivity elsewhere.

The traditional farming systems are based around risk minimisation strategies. The intensification of

~ agriculture and uptake of irrigated HY Vs leads to specialisation, indebtedness, shifting in the access
to resources and a greater dependence on external factors. Thus, while the. overall increase in
‘productivity.and seasonal employment may appear to show overall gains, the real situation of
continued margmahsanon and entitlements to food and resources may get worse for more amongst_

the resource poor. For instance, increased seasonal employment is unhkely to provide better nutrition
throughout the year.

: _Optl_ons for mtegrated resource managem"ent have been offered in this study as a future direction to -
be taken up for detailed planning. :

Migration

The process of migration of people’s has taken unprecedénted turns at a globat level over the last two
decades. Traditional definitions of refugees have now to cope with the explosmn in numbers of
displaced peoples who' fall \into categories of environmental refugees, economic refugees and those
suffering persecution and human rights abuses. The phenomena has become so° widespread that its
effects cannot be ignored in virtually any realm of national planning. These effects are less easily seen
at the scale of most projects and predictions of the impacts at the project level are impossible. The
most significant feature that will affect conditions in the project will be the status and displacement
of people caused by the continued westward movement of the Brahmaputa or the south westward
movement of the Teesta. :

' 5.10.4 Upstream Tmpacts

The erosion of watersheds due to landslips, glaciation and soil erosion have the effect of forcing the
river watershed backwards and can result in river capture. The main threat to water flows and river
typology in Bangladesh within the long term planning horizon may come from the Arun (Kosi) river
flowing between Mount Everest and Kanchenjunga. This 6,000 metre trans- Himalayan gorge, with
" jts headwaters in Tibet, is a few kilometres from the west-east course of the Tsangpo on the other side
of the Tibetan Himalayas. The steep gradient and erosion strength are very likely to capture the
Brahamaputra and divert its outflow into the Ganges catchment at some stage. '
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Tectonic movement, Himalayan and delta orogeny, and successive phases of uplift and subsidence
cause various degrees of river migration. This process continues unabated and in time scales that
cannot be ignored in planning. The last three hundred years have witnessed major migration and
changes of course of the Ganges-Padma, the J amuna-Brahamaputra and the Teesta. The Teesta valley
experiénced 40 occasions between 1891-1965 when cloudbursts produced more than 250mm of rain
within 24 hours and also with peaks of 400mm. In October 1968 three days of incessant rain
produced 1500mm of rainfatl that caused landslides that blocked the river causing heavy flooding.

Similarly, glacial lakes outbursts in the Himalayas can also occur. Where lake outlets become blocked
with glacial rock and sediments, as the snow melt sets in vast columns of water can build up which
eventually. burst through sending plugs of sediments and floed waves down the valleys. These
produce a non-random distribution of sediment transfer into the Brahamaputra system. '

Major flood events are not just associated with periods, of high rainfall, but are also influence by
upstream construction and management of embankments ‘and barrages in India. Mass wasting and
snow melt characteristics in the upper catchment also play a fundamental role. The 1950 Assam
earthquake induced mass wasting of upstream hillsides and river embankments which collapsed in to
the Brahmaputra suddenly. This led to sudden morphological changes and plugs of sediment which
created immediate and disastrous flooding in Assam and Bangladesh. The debris was transported
through the Jamuna and increased the levels of the 1954, 1955 and 1956 floods. Measurements at
‘Bahadurabad indicated that the dominant low water levels during the 1950s increased from 11.9 to
13.4 m which since the 1960s has shown a trend of gradual decrease. This one major natural event

led to short-term changes in bed levels of 1.5 m. '

The Brahamputra and Barak in Assam are embanked over 3,400 km with 700 km in India. Some of
these embankments date back to 17-18th century. The rivers from the immediate hill catchments carry
considerable sediment that is deposited into the braided channel and raises bed levels. Retired or new
embankments have consistently had to be constructed. The cutting off of floodplain in Assam and
India denies the river these areas for sediment deposion and flood storage. These materials pass down '
the system to Bangladesh. The additional sediments provide a major benefit of more rapid delta and
land formation at the estuarine and coastal zones. The additional dis-benefit is the temporarily higher -
flocds. - ' '

A number of proposals have been made by upstream state to create flood storage structures. If dams
were ever built they would provide flood moderation advantaging Bangladesh. Cheaper alternative
being considered involve a serics of check dams on smaller tributaries before starting on major dams
on the main rivers and would improve drainage from behind existing upstream embankments and
develop dry season irrigation. Any such plans would inevitable affect the base flows and
sedimentation characteristics of the Brahmaputra. -

" Theré is an unclear position with regards 10 possible degradation of the vegetation cover in the
upstream catchment. The most _important_ conclusion for the immediate planning is that the high
sedimentation levels of the Brahmapuira, whether natural or induced in their origin, will not decrease.
The complex morphology of the Brahmaputra will therefore continue.

‘The conditions of char dwellers would the directly affected but the mainland in thé NWR less so.
" None of these considérations have been possible to accommodate or integrate into the planning for
the NWRS as there is an insufficient data base. They have, to an extent been, dealt with through the
senSitivity'ana]ysis:run on variations in the Jamuna water levels that also attermnpt to provide a policy
impact of the Jamuna bridge and major FCD embankments on the left bank of the Bramaputra.
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5.10.5 Multiple Pn 03ett Impacts

There is now consuderable evidence that much of the damage associated ‘with ﬂoodmg is incorrectly
attributed to natural hazard. The evidence of the Lower Atrai and Sonail embankment scheme are
_good examples-of the role of breaches and cuts in embankments. Within the GIP area flood damage
was not reported as a major constraint in thé District Gazetteers until after the BRE and TRE were
built and breaches occurred, It is noteworthy that the development throughout the regton of roads and
railways have effectlvely companmentahsed the whole reg:on

The GIP has the same conﬁguratlon with the scale’ runnmg from natlonal to town to village to
household sized roads and raising transport paths Virtually none of these are considered to-be -
appropnately desngned to pass the river and rainfall waters that build up in the system, Even if one

section were improved this would lead a greater quantity passing on down the chain into a System -

~ within Bangladesh that is always effectively constrained in the flood season by sea level and the flows
in the main rivers. It is thus logical that flood storage throughout the system is the only way'that an
equity or improvement is likely. This has been the hydraullc conclusion for both the GIP and Green
River scenario for the Lower Atrat.

_Upstrea.m the Brahmaputra has been embanked for a considerable numbers of years Wthh in-itself
has contributed to_the additional flooding and . passing of sediments into Bangladesh. A similar
scenario is seen on the Teesta. In the case of every embankment there is a response from the river :
system of changing water levels through confinement, “changing morphology and the reactions of the
pEOple who live either side of them. Each additional project adds to these effects.’ Given that there
is as yet little rational inter-state planning or even inter-regional piannmg under FAP, there should

. and are serious questions bemg raised on the sense of the potential massive expenditures and human
effort that these undertakmgs imply when it is not clear what they achieve overall in terms of safety,

flood contml of reduction in damage. The GIP is just one project that will potentially formalise the
cuttmg of natural drainage paths within the area and again rehabilitate the previous attempts to control
the Teesta and Brahmaputra. The response of these massive rivers is very likely to be the same as its
recent history, leading to another succession of breaches and retirements and changing river courses
that have been indicated by the morphological assessment to be within the period of economic
planning time framie:

5.11 Disaster Preparedness and pronse

: Coordmatmn of prolects in the NWR and other reglons will be requtred to know in advance how best _
to fail the system safely and which areas would be used for storage and which would be protected.
These requirements should be built into detailed plannmg of the projects such a plan would effects.
In addition, programmes for training of staff, preparation of manuals, provision of commumcataons '
'equlpment pubhc partlcxpatlon and warnmg systems will also need to be set up. '

- All the pmJects in the current plan are bu:lt 0 a varnousiy set des:gn criteria. In view of the_

-complexlty and: range of hazard risks. that exist, full contingency planning and resourcing should
accompany the feas1b|hty and detailed deﬁgn of future projects. Under international criteria relating
to dam construction (which is effectwely what the major embankments are) all such designs would
nofmally have to conform to the most stringent technical and -quality control standards and be
expected to plan a full disaster preparedness strategy. This aspect may require more detailed
constderatlon in future planning for Galbandha and other reglonal sub-projects,
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5.12 Recommendations and Future Work

A number of recommendations have been made in this study to indicate the key areas for detailed
future work which would result in proper. zoning and response for water, human and natural resource
planning. These can be summarised as follows:

- To incorporate planning a_r_1ci management criteria to sustain development potential by
conserving resources through proper zoning and integrated use of resources.

- To ﬁnance and plan flood proohng measures which are reqmred with or without the
interventions proposed: This is because the risks of exceeding the design criteria
involve many hazards that could occur in the economic lifetime of the projects. As
the basic strategy will not be abandoned at the end of this economic life, these risk
become certain hazards, if the long term planning period is adopted. For engineering
planning the most significant works will be the survey and prooﬁng of ail vulnerable -
public infrastructure, facilities, services and communications to ensure that these
Lontmue to tunctlon during and after a disaster event.

- To undertake detailed surveys and public participation for mteurated navigation
networks to allow Proper access for boats for fishing and cargo landings and
transhipment as well as for general communications and travel. Special studies are
required of the role of boats in genera development assistance programmes and
particularly d:saster response

- The most significant hazards will involve events associated with, or occurring
coincidentally with, the monsoon season. Full disaster preparedness and response
. programme are required and ‘will depend, to a large extent, upon the navigation
services, resources, facilities and planning considered in future planmng River .
ambulances and emergency supply. boats can play a dual rtole in monsoonal
development activities, as well as disaster response. Prior coordination will required,
primarily for local communities, focal government, the health services, the NGOs,
national coordinating bodies and the international community. '

- To mobllise puhllc pamc1patlon and support for a partnership between local
communities; government and donors in planning and eftecting flood action plans and
disaster response should be given more emphasis. This would help resolve many
contradictions of interest and ensure better management and carctaking of the

~ infrastructural base for flood control. The role of and liaison with local women'’s
committee is seen as central to community issues for flood preparedness.

- To undertake detailed planning and integration with existing programmes for the
provisions of potable village water supplies and appropriate technologies to mitigate
FCD and I effects in the Mohananda, Barind and Lower Atrai areas.

- To undertake detailed planning and integration with other FAP studies for the
- provisions of flood proofing, clean and potable village water supplies, latrines, food
storage and improved sanitation for the char and embankment dwellers in the Teesta
and Brahmaputra systems. Such improvements would reduce the risks of disease and

these people’s current susceptxblllty to post disaster problems.
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- To undertake agro-ecological and nutrition studies to establish how FCD and water
management operations can address the over-riding development problems of poor
nutrition by improving the nutritional diversity in the farming systems and the access
of the resource poor to these products. Targeting of development . resources,
agricultural planning and water management into addressing the issues of malautrition
would improve the resilience of those most at risk. This requirement applies both to
minimising post disaster problems, as well as to more productive development roles.

- To undertake detailed planning of the new uses to which the embankments of the
Lower Atrai can be put. This might include flood refuges, settlement sites,
forestry/agro-forestry or vegetable/medicinal herb production areas. The use of
extended berms on new embankments for similar productive purposes seems essential
as a minimum design criteria on the main river embankments. Some of the issues are
already under research and these results must be widely taken account of.

- To ‘undertake regional mapping and focus studies on disease, disease vectors and
pub!ic health criteria for regional water management. Specific attention should focus
on the ways to ‘ensure the epidemics outbreaks and spread of cholera, malaria, kala
azar, filariasis and Japanese encephalitis can be managed. : '

- To maintain a fionitoring programme on confined rivers where rising bed levels
would lead to high future flood damage risks.

- To undertake detailed studies of the problems and responses to impeded drainage
behind embankments. This should include management options to assess both public
health and ¢anitation programmes, community measures and the potential for the
productive management of this water resource into the dry season.

- To provide training and resourcing for an improved regional water ‘quality and
ecological monitoring and research programme under the DOE. This would be to
establish a coordinated pollution monitoring system {0 plan and act on trends in the
problems of industrial, agricultural and sanitation pollution, This same facility should
also provide services for project planning as a means of generating operating income.

- To resource research and monitoring to allow integration of natural resource and
" water management planning for maintaining the critical. wetland processes and
deve]opingjptogrammés of IPM. This will involve wetland, fisheries and agro-
ecological research to involve and draw on the experience of institutions such as
BRRI, IRRI, DOE, DOF, ICLARM, WHO, AWB and IUCN.

Thé required approach would seek to integrate different methods to minimise the
conditions which can lead to poor public health, soil and water quality. It would
concentrate on physical, biological and community-based management techniques to
counter-act or remove the causes of poor water quality in situ and to maximise the
productive output of the wetland areas. -

- To immediate resource the existing FAP 16 proposals for a wetland needs assessment.
This should move as rapidly as possible to ensure that the few remaining sites of high
genetic and bio-diversity value are brought under proper management and designated
under a protected area network and fully integrated into the future stages of planning
of any FCD schemes. _
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- To develop multi-purpose water management criteria for the design and operation of -
FCDI projects to maximise the biological and economic diversity of the productive
resource base in agriculture, to reduce pest and disease risks and to minimise the
build up of nutrients, aquatic weeds and pollutants within engineered schemes.

- To resource and expand the existing research and NGO involvement in paddy-fish
and YPM programmes. The focus of this study would need to look at sustaining and
developing the “frée goods” deriving from wetland processes: and - enhancing the
diversity of economic aqlnatic resources from integrated resource use in the totality
of paddy landscapes. ' ' ' '

- To'resource surveys of the fisheries species, habitat, migration and biological systems

of the NWR fisheries. This should distinguish between the differing systems of the

“rivers and floodplains of the north west, the Teesta floodplains, the Jamuna
floodplains and the Lower Atrai. Current FAP 17 inputs in the NWR are concentrated .

in the Lower Atrai only. This research should feed directly into engineering studies

for appropriate structures and seasonal systems for water control and management to
enhance the survival of these fishery systems. The work should clearly distinguish -

between the biological and economic significance of the floodpiain and river systems.

- To establish of a proper instittional basis to coordinate the research and water
management planning for the NWR. '

- " To ensure that feasibility and detailed design studies undertake timely surveys to deal
with the problems of land acquisition, compensation and resettlement,

- To establish a financing facility to ensure that prop'er and timely surveys of important

cultural and heritage sites in future studies. Also to integrate into planning the
research and, if necessary, protection of cultural and heritage sites.
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CHAPTER 6

ENVIRONMENTAL MONITORING AND FUTURE STUDIES

6.1  Aims and Objectives

The NWRS has found insufficient basic research data to allow an appreciation of the likely magnitude
of changes in key parts of the ecological and socio-economic systems. The basic monitoring
capabilities and the availability of trained staff to carry out environmental monitoring ate also in short
supply. Without trained staff and proper facilities the long-term programime will take time to establish.
Major training expenditures will be needed and some investments in ﬁe[d and laboratory facilities will
aiso be: requlred

The pr1mary aim should be twofold. Flrst to ensure that adequate baseline s.tudu,s are carried out in

_future feasibility studies. Second, to feed this programme into a longer term institutional monitoring -
programme. Without a baseline catalogue of "before project” situations it will be difficult to detect .
future change and assess its implications.

_ The objective of the programme will be:

- to provide the operational facilities, personnel, technical and analytical skills, and the
necessary finance to carty proper monitoring.

- 1o provide the means to increase. the database on, and undcrstdndmu of, natural
seasonal and annual fluctuations in key environmental parameters and inter-
:relatlonsh:ps

- to provnde the means of reporting results to the relevant Government authorities and
the general public.

- ‘to provide a mechanism where the management of a variety of isolated project
© o activities may'be seen and managed as an integrated resource management system.

The benetlts will mdude the means to assess water quahty and management of supplies for patable
uses and for irrigation and- fishing inside and outs:de of project arveas. It will identify the minimum
management needs for important wetland and river bed resource users and ecology to maintain future
development potentlal and conservation of resources. It will help identify the main pollution sources
and assist a programme of pollution control at source where the real costs are borne by the polluters
and do not become a hidden cost paid by other sections of society. It will also ensure that industrial
producers, in time, price their goods at the true market values which would include the pollution

pr'oteétion COSts.

. The current approauh is reactive, rather than preemptlve Thg, mureased emphasis on monitoring
would help move the system to avoid problem by proper environmental management criteria being
built into schemes at design. Baseline surveys by the Ministry of Health using its research institutes
'have been shown to bea vital:component of all future projects. These will have to use monitoring to
assess the ongoing needs for environmental manavemem techniques.
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