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1. Introduction

" focations.

1.1 Study Oblectives and Scope of Work

This ccologlcal sludy was conducied for Japau
International Cooperation Agency (JICA) as part of
an eavironmental survey for the Munda Dam
Multipurpose Project. The survey findings will be
‘used by JICA in its enviropmental impact assessmeat
(EIA) of the project.

- The study area for this eco]oglcal survey consnsted ol‘

the proposcd dam and reservoir arca, the command

arcas of the proposed canals {on the lefi and right
_bank of the Swat River), aud the riparian zones
* dowastream of the proposed dam. anary data on
" plant communities, animal commupilies, soil and
~ waler was collected from dn[fercnl parts of the study
area. S :

This ecological siudy was éondu_cled plimarily to
" collect a baseline inveniory of the study area’s flora
and fauna, soil, and surface aud groundwater
hydrology. -
“surface and groundwater h)drology included data on

siltatjon, - water quality, - river d:scharge, expected '

_changes i in discharge downsliream of the dam site, and
groundwater quahly An assessmeni of the area’s
~soils, soil erosion, conlammalmn, ‘and  salinity
problems was carried out. Possible impacis of water

diversions on the arca’s soils, the possibility of
feserveir -waler conlammahon, “and * post-project

" contamination- of water in the downstream reach,
" eutrophication, and changes in waler temperalurc
were a!so cvaluaied . .

1.2' NA;‘:'pi'o'ac‘:h and Meth-c'rdg.lﬁgy.

'121 Flora

'-', D'na collcchon was underlakcn in lhc dam site,

‘rescrvoir arca, and command -arca in Oclober,
November, December and January, 1998 and 1999.
- A review of rélevant hterahm, on the area was also
' _uudenaken = : :

: For the floral mvesllgallon, quadrals (samplc plols) of
cquat size (100 m?) were selecied randomly
ihroughout theé study arca’ according to the Braun-

Blanquet . method of -ecotogical sampling. - The -
: "quadrals were laad oul at random sites near the dam -
. sile, 1eservoir area, and command arca, at d;[fcrcnl )
o slope aspects and elevations. ~ °

“In al!

;mvcsugatmn The  information collected was then

o used to 1dem|[y dn[fercnl vegelation communities in :
Photographs of the different =

+ the - study area,
vegelation com'mumll(js were  faken al vanous

_ Information collected on the area’s

45 quadrates -were sampled dunng this

Using dala on the plant species present,
the ccological value of the surveyed commuailics
was assessed al the site, and evaluated fuither during
data analysis and the litcrature review.

For every community, cach species was categorized
on the basis of coverage and abundance in one of the
followmg six classes: :

¥ Sparsely or very sparsely present +
small caver

»  Plentiful, but small cover .
»  Covering at icast 5-25%of thearca 1l
»  Covering 25-50% of the area I
> Covering 50-75% of thearea - IV |
“»  Covering more than 75% of the -V
~area '

The frequency of all species documented in the area
was determined by calculating the percentage chance
of occurrence of the species within the quadrals l‘hls

_' was calculalcd as fo]lows

Quadrats in which the species occum:d o
X 100_

Total numlxr of quadrals studlcd

‘Conslancy is the pems!enl occurtence of a spcczcs )
within the quadrats. On the basis of the calcutated
frequency values, the plant species \were catcgomcd :

- in the follo\wng constancy classes:

» Occumug in 1 -20% ofthe quadrats I .

» - Occurring io 20- 40%of|hc PR |
. quadrats S
> * Occurring in 40.60% ofthe i
- L quadrals . : o
o Occumngm6080%oflhe SRR L%
. quadrats _
>» 'OccumungUIOO%oflhe "
© quadrats e
122 _Faiana

Pauna studies were uudcnakm using lhc feld
lechmqucs described below. - '

> - Bird surveys were conduclcd along lmc

: fransecls (Bibby et al, 1993) as well as
through fixed point connts.

* wete laid carly in the morning, and surveys

. along them wete, conducied by slowly
- walking  along a straight  line, ~ and -

B documenting details aboul the birds seen or . -
_heard. These included ideatification of the

- bird, locallou habnal lype, coordmatCS, and
Ihc time of day. .

> Small mammal survcys Were conductcd by
scanning mammal habitats, and sampling
their communities using such techoiques as

o

Lige frapsecls -



*Sherman’ hive traps. ‘The traps were placed
in a grid measuring 10 m by 10 m, and were
lefi overnight in all the major habital types
within the reservoir and dam site arcas.

»  Surveys of large animals were carried out by
- scanning their habitats and documenting
any ditect or indirect evidence found, ie.,
actual sighlings, aclive burrows, dens,
dropping, tracks, ¢te. '

» Local communitics aud l:untcrs were also
interviewed to record local knowledge
abolll wildlife in the area.

- 1.23 Water and Soll

In a]l 13 watet samples were collcctcd fiom the
rescrvoir and dam areas to determine the physical and

* chemical propertics of the water. Soil samples were

collected from different depths in the reservoir area,
_the dam site, and the right and left bank command
arcas. Somie of the physical « characteristics of the soil,

such as texture aud color, were poted on the spol. A -

total of 80 soil samples were collected, and their
physical characteristics ~ noted. - The chémicat
. characteristics of 9 samples were analyzed in a
- laboralory S , L

s Chemu‘al analyscs of soil and water samples were

* carried out at Hagler Bailly Paklslan s envuonmcnlal S

_ laboralory in ]slamabad

1 3 Organlzatlon of this Repon

, Section 2 of (hh reporl describes the flora aud fauna

of the study area, - Section 3 describes the area’s

hydrology, ils climate, surface and grount:iwah?r= -

hg.drology, sedimenlation, and reservoir operation.
Scetion 4 discussés the area’s soil and water quality.
Finally, Seclion 5 presents the study conclusions, and
. recommends measures for the ccuservation and
restoration of the area’s ecological resources.

2. Flora énd.:_Fa.una

The sludy area is localcd in the southcm parl of lhc
Swat Vallcy, where the Swat River passes through a

rise 600 900 m above sea level

The study aica is located within a belt of(rlba! arcas. .
- Because of its’ particular soclocullural traditions, it

" was inaccessible to outsiders for ‘a long time.
- Detailed scientific, ecological, and taxonoinic studies

have 1ot been catii¢d out hieré in the past, and no data

~ is available for comparison with the curtent survey.

2.1 Flora

2.1. 1 Overview

Since the local people depend upon the area’s mluml
resources for survival, most of the original forests
have almost completely vanished or been altered.
More than 90 percent of the area is covered by
Dodonea viscosa (snatha) and Justica adhatoda

~ {bhaikar), specics that colonize heawly disturbed
areas, such as those suby:clcd fo ovcrgrazmg There

is heavy grazing pressure in the low hills around the

- study arca, where palatable plant species have almost

completely disappeared, and the snaller livestock is
forced to feed on unpalatable specics, such as snatha,

- bhaikar, Saccharun, and Cymbopagon R

- Very few of the ongmal planl commupities remain
and they ‘are generally very small. - Undisturbed

pockets of vegetation in gravcyards and on stéep,

_relalwely inaccessible slopes give ai judication of the

area’s original flora. There are still some isolated,
scatlered patches of Acacia nilotica (kikar), Acacia
modesta (phulal) and Olea ferruginea (w:ld ohvc)

Phytosoclolo_;,wa] sampimg has been carried oul in
these small patches of eriginal végetation. They arée

' mostly located along the lower slopes of the Swat
- River in areas likely (0 be affécted by inundation.

They cover less than 5 perceut of the slopes io the

study ' arca; the remaining vegelation cover s

domigated by Dodonea, - Jusﬂcm, _ Rhazya,

_Cymbopogon, and Y acdmnml

“Tills in the sludy area afe geucrally 600 to 900m
high, with moderate slopes and shallow soil cover.
“The average vegetation cover on their slopes ranges

from 40 to 60 percent, depending on the bedrock, and

cxposure to the sun. The area does nol reccwc .
snowfall because of its low almude, and summecr
. temperatures are high. It appears thal most of the

hills were covered by scmb-lypc vegelation, such as
kikar, phulai, aud olive, in the pasl. On some of the

- higher hills, a few chir piné (Pinus roxburghii) tfees
: cm stilt be seen, bu{ lhey are gréally cndangercd__

g 2 1. 2 Vegetatlon Communitles e

B l'or the phy!osocmloglcal mvcntory and ldenhr callon L
- narrow gorge. It is characlf:rlzed by Iow hllls lhal nl)fhabnal types, 45 quadrals were laid out at diflerent -
- locations in the sludy area. Samples were laken from S

“all the. observed communities and | their spécies
7 composmon was determined. - In all, 7 plant
communities were identilied and samp!ed in the dam

" site arca, 5 in the réservoir area, and 3 ia ‘the
- command area. The composmon, charactesistics, and
“ potential values of these communities are discussed
“below. (In addition, Appendix A presents a set of
. photographs of the sludy area, showmg some -
o \mgelalmn commumllcs) L e
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Communities In the Dam Site

Rhazya Sinc!a

This is on¢ of Ihc most commmon plant comnum:hcs in
the canviromnentally degraded parls of the project
area.  Vegetation cover is generally less than 5
percent of the ground area, and species diversily low.

“The commusity is found on light yellowish biown

soils (The Muanscll color chait value is 10 YR6/4),
which have a silly to gravelly loam texture, and a
massive structure with fine pores.l The soils are

_ slightly calcareous and non-saline, and contain a few
_ medmm ad\reulillous 10018. :

The Rhazya Stricta commumly is home to d:{ferenl

. wddhfc specics, lnclud ing the clutkor, black partridge,
. gray pariridge, see-see parfridge, jungle cal, larger
- raf-failed bat, gray mongoose, red lynx, stonc martin,

and shrew. There are many medicinal plants in this
" habitat type. Exhibit B.1 in Appendix B gives more
* details of this community, such as thé presence,

abundance, frcquency, and consiaucy class of

- different pIanl specnes ,

' . _Acacla erorrca -

© The Acacm Ndahca commumly grows in non-salmc

piedmont allovium. The soils-are browa in color (75

YR 5/4), massive, contain secondary and adventitious -
" roots to a depth of 20 cm, and are calcarcous in
nalure. . lE,xhlb_ilB_Z in Appendle gwfs more

details.

j,.Thls commumly contams some of the area’s ongmal ;

scrub  vegelation, which has been c0n51derably
' depleled because of seleclwe grazing and cutling,
- Many jnvasive species, such as Rhazya siricla,

Withania coagulans, and Solanum surattense, now

occupy areas where lhc origmal vegelaimn has been .

cleared.

' "anyphus Numma.fana Acac!a N:fonca

- Acacia m!a:rca (rees are. somelimes found to;,clher
... wilh other species, such as 7|zyp!ms .-mmmulana and

“ the 7rzyphus _

'iNummafana -Acacia Nilofica commumty “Ground
) ngctahon m thls commumly is very sparsc, and :

Acdacia  modesta, espccnally

. overgrazing has led to an incicase in the growth of

non-palatable plant species.

Soils in this community are yellowish brown in color
(10 YRS5/4), have a silty loam texture with a few fine
tubular pores, massive, and are moderately calcarcous

aud non-saline.

~This community prowdes h1bll for a vamly of
~ animals. Exhibit B.3 in Appendix B gives further

details.

' Just:cla Adhatoda :

The Justicia adhatoda commumly is one of the most

comnten communities in the study area and is spread
over large parts of the project arca. It consists of
pumerous species besides the Justicia adhatoda, such
as Zizyphus munmularia, Aerta javanica, Olostegia '
hmbam, Segeretra theezans, and Periploca aphy”a

" Soils i in this commumly are dark brown (10 YR 3/4)

with a sandy loam texlure, a massive struclure, and
have a fine porous stratification. Secondary and
tcrllary roots are prescnl in the surfacc layer 16 a

depth of 30 cm. . The soil is noil- -saline and

moderalely calcarcous

- This habitat fnm houses some ber spcclcs, such as
- the black partridge, gray parlndge, common babbler,

and the little brown dove. Mammals in¢lude the
Junglc cal, caracal, sofi furred fi ¢ld rat, lowland

hedgehog, slone marhn, hill fox, aud the capc hare.
' lsxhlbll B 4 in Appcndlx B glves furlhcr dclalls o

Chrysopogon Adha toda

o .Cluysopagon isa palalable grass spec;cs, whtch has
- béen con51dcrably depleted by heavy grazing. . It is

bcmg replaced in this commupity by non- -palatable

" species such as Justicia adhafoda and Dodonaea

viscosa. Sparsely scattered trees and shrubs such as

"ﬂlc Acacm N:lohca commumly pmwdes smlablc - Acacia modesta, Periploca aphylia and Themeda

“habit for such birds as the chukor, red jungle fowl,
. yellow-throated marlin, common babbler, while-
checked bulbul, and the little brown dove. Some
mammals found in this community are the Indian
hare, jungle cat, house mouse, Ind:an bush ral Indlan
’ gctbll aud lhe ladian desertprd S ‘

anmhera can also be found i in this commumly

i lhe soils arc geucrally browu to dark bmwn (10 YR
4/3) with a-saady clay loam texiure, a inassive

structure, and many roots and pores present. The

* soils are modcralely calcareous and non-salige.

, ‘Wildlife specws fouud in Ilns commumly mcludc the
- Cuculus ~varius,” Anthis  similus, Pycnonoms

leucogenys, Carduelis spinoides, Pitia brachyura,
Pomalorh inus erythrogenys and Turdus boulboul

‘Control on grazing would rcducc the pressnrc on

palatable grass species ‘in this commiunily, which

would : then. grow -more abundantly, ensuring a
. sustainable supply of fodder for animals. - Grazing
- control will require use of alteroative sources of

o ' " fodder, and scientific range managenicat - racuces '
: l ‘imls wnlh a mass:ve struclurc (also kuuwn as o ! b _ & P

R siruclurelcss) are nol aftanged 1utu agycgatcs, are.
o Lomlncl aud hghllybound R ,

and Ilveslock hcrdmg

A3



Exhibit B.S in Appcmlix B gives further details of
this community.

"~ Aerua Pseudotomenrosa

Aerua pseudoromeumm is a non- p'tlalablc species
spreading in communities that are being subjecied to
heavy grazing 2ad woodculling. Somée shrubs in this
© communily, such as Acacia modesta, Segeretia and
Zizyphus, are part of the area’s original vegetation.

Soils are brown to dark brown, with a sandy loam
texture, massive structure, and fine roots
non-saline and sllghlly calcareous.

Wildlife found in this community mcludcs Bucmzetes

- githogineus, =~ OCenanthe  alboniger, "~ Euodice

" malabarica, Laniks excubitor, Emberiza siriolata,

. Eremopterix - grisea, - and - Coccothrausles
" coccothrausies. : o

' _l-lxhibil B.6 in App'éndi:l B gives more Jetails. _ B

, Themeda Anafhera o

Themeda anathera is a palalablc fodder spemcs that

is generally found atong with Chyrsopogon aucheri.

. This community has great value as a source of food
* for both livestock and wildlife. In addition, its
- comparalively greater vegetauou cover protects soils
. and reduces eroswn

' Typical witdlife specics found hcre mclude lhe

yellow eyed babbler, long-tailed grass warbler, jungle .

sparrow, fishing cat, }ungle cal, wild boar, small
Indian civet, and black pariridge.  Some important
summer breeding visitors include the Francolinus

" francolinus, Cuculus varius, Glaucidium cuculoides,

Caprimulgus mucrunas, Prinia hodgsonii, Rihipidura
~ albicollis. )
- strophiata,  Phoenicurus  erythrogaster,

Turdus
“boutbonl, and the Carduelis spinoides. s

- The soils mamly consnst of plcdmonl alluvmm, aud
" are dark yellowish brown (10 YR 4/4). They are

non-saline, moderale]y calcarcous, have a gravelly . ExhibilB 10 -ln Appcndix B glves furlhcr dclalls of .

: lhls commumly

_loam texture, are 20 percent gravel by volume,
-. conlain sccoudary aud advcnlmous roots aud have
very fine porcs

l*,xhlbll B.7i in Appcndlx B gwcs morc delalls .

Communmes .Fn lhe_ Resewolr Area ’

Saccharum Pleclranlhes

" This commumty coulams some 1mpm1aul palatablc g
- grass species, and ¢an be used by rotational gra?mg -

and deferred grazing systems. Common bird species

" found here include the Equila - napus, Gallinla . . saline and has medlum a“d fiie toofs prcscul init,

* chloropus, Bubo bubo, Cuculus canarus, Prinia
criniger, Chrysonna sinensis, Phylloscopis gresiolus.

They are

Winter visitors include the Prunella

Mammals include lhe hill fox, greater ht‘dgchog,‘
caracal, and Indian gray mongoose.

The sails are generally dark browan {10 YR 4[3) have
a gravelly loam texture, are 10 percent gravel by

- volume, have a massive structure, contaiu finc roots,
" and are moderately calcareous and non-saline.

Exhibit B8 in Appendix B gives more detais,

' Dodonaea Viscosa

Dodonaea viscosa is uscd asfi rcwood and is also a
good soil binding species.  This commumly also
contaius the Adhaleda vasica, a spemcs that is
obnoxmus, but has medicinal vafue. It also prowdcs

- good cover aud shelter for wildlife.

Soils in this commum()' aro brown to dark browu (10 .
YR 4/2), have a gravelly loam fexture, a sub-angular

~_ blocky structure, contain fine and medmm roots and
arc shghlly calcareous and non-sallnc. '

- Exhlbll B.9in Appcndlx B gwes mote detalls aboul

llus commumly

O!ea Dodonaea Adhafoda

‘This comm\lmly is found on very slccp slopes

_ (around 90 percent), whete soils are subject (o severe

guily erosion. It consists of plants such as Olea

. cispidata, which are used for firewood and for

 fodder to enhance milk pmducuou in anifals, The
. Dodonaea viscosa plants are also used as firewood,
" Both species arc good soil binders and reduce erosion.”

Some medlcmal plants, such as Withania coagu!ense,

o Adhatoda vasica, F agw:m cre!;ca, are also fouud m o
: _|h]S Commumly : R ..

_ The soils are dark gtaylsh brown (10 YR 4!2), have

faint but distinct niottles, a sandy silly loam lexture, a

“moderate medivm to’ sub-angular blocky struclure, *
- confain many thick and fine roots, and have fine

pores. ‘The parent rock is modcmlely calcarcous aud

_non- salmc

: Dodonaea Cymbopogon " o B
: This commumiy is also a good soll bmdcr and
. reduces soil erosion. The vegelahou provides good

. cover for wildlife; and compnscs of d numbcr of
-',pa]a!ablc p]nnl specnes : Dol '

: rhc soils afe gcucraliy a dark coffce brown calor (10 _: ’

YR 4/’%) ‘with a silty clay loam Iexture a \\cak

~ ¢oarse, and medium sub- angular ‘blocky stiucture.

The soil is porous, moderatcl},f calcarcons, and non-

' I“-khll)il BII in AppcndixB gwcs morc dela:ls_ﬂ

aboul 1his commumly

CIATRA
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Monoiheca - Dodonaea

_ This communily is located close to the Swat River.

In it, the Nerium odortm (kancr), Vitex negundo,
Cymbopogon jwarancusa (sargare), Adhatoda vesica

(bekar), Cannabis saiiva (bhang), Chenopodium -

botrys (bathu) spccu‘s are quite abundant.

Common wildlife species in this community are the

* black pariridge, gray parridge, chukor, white-

checked bulbul, brown hili warbler, leaf warbler, and
rock bunting. ' : : :

" The soils are a hght olive brown color (10 YR 6/4),
with a few gray and yellowish mottles. They have a

sandy silty loam texture, are massive, have secondary

- and terfiary roots and very fine pores, aud ate non-

saline and modcralely calcareous

Fxhlhn B, 12 in Appendlx B gwes fuﬂher delalls of
. this commumly .

_ Communltles fn the Canal Command Areas '

~ Acacia Modes!a Cymbopogon Jwarancusa

Different types of palalable grasses grow in this
community. The bifd spécies found in this habitat
type include the common babbler, white-throated

. munia, black parludge, gray  parlridge, sce-see
" partridge, sand grouse, little brown dove, and Indian

roller. Mammals include the soft furred rat, Indian
crested  porcupine, desert” cat, ]ackal hare, fox,

' liedgchog and Indian pangolm

" Soils in this commumty are reddish brown or dark

brown (10 YR 4/3); have a sandy loam texture; are

© massivé, breaking olo a graoular struclure; contain

fine fools; and have fine tubular pores. ‘They are

" “moderately calcaréous and non-saline. Below lhe

surface, the soil moisture conleat is high.

Exhibit B. 13 in AppcndixB gives futther dcmls'
~ about tl'us commumly S

' Butea Frondosa }.

" This commumly has gr(-al po!ential as a source of
* medicinal plaots. It is an lmponanihabllat for the lac

insect’ (Laccifer lacca). Plants of medicinal value

" include the Adhatoda vasica (bekar), Datura alba,
'I'agoma arab:ca, Peganwn imrmala (harmal) and_ -
the Plec.rranlhus rugosus AR .

 “The soils arc browi to ltgbl olive brown in colnr (ZS '
- YR 5/4), deép, and have a sandy clay loam fexture.
“A lof of moislure is preseul bclow the sonl surface,

and . soil crumbs break into a weak, LO&IS(‘, “sub-

. 'angu!ar blocky structure. “The soifs confain a few
" roots and five porcs They are, moderately calcarcous

aud salme :ﬂ L

lwhlhll B 14 i Appcndlx B gms furlher dela:ls

Plectranthus — Dodonaea — Olea

This community centains a number of plants that
provide food and shelter for both hvcslock and
wildlife.

Seils in which this commuwunity grows are dark
yeltowish brown (10 YR 4/4), and have a sandy clay
loam texture. They are massive, commonly have
sccondary and terfiary rools present, have finc and
very fine pores, and are non-salmc and moderately
calcareous. :

Exhibit B.15 in Appendix B gwes more information
aboul this community.

: -22 Fauna
"~ The sludy atea prowdes habllal for a varicly of

animals. Alarge number of mammals, birds, reptiles,
fish, and micro and macroinvertebrales have been
reporied, iacluding 17 rcphle species, 2 amphlblau

“species, 37 mammal species and 119 bird species
.- (Roberts, 1997, 1991 and - 1992; Minton, 1966;
- PMNH, 1997; Mirza, 1973 and 1976). I

' Of the 37 mammtal species repdftcd iu the study area,
*over 70 percent arc abundant or common. Only nine
* specics are reported as rare’l ‘These are_the house

shrew, pygmy shrew, common noctule, Himalayan

. pipistrelle, caracal, leopard, Kabuli markhor, urial
- and rhesus monkey. It was fonad during this survey
.. that cxcessive huoling bas made the leopard arial -

aud Kabuli smarkhor locally extinct. Monkey .
populations are also declining because of pcrsecuhon
by lecal villagers. ‘The rhesus monkey is presently

© still quite abundant in a few pockets of the study area

and, despite shooting and trapping by local villagers,
has been abl¢ to coexist with people, even in heavily

* settled hill regions. - Because il digs up ripening

maize cob and potatoes, local villagers lose no

- opporlunity to kill it. Young monkeys, secured after
. the mother has been shot, can easily be sold as peis to
" visitors from the plains in sumnier, or lo' itinerant

gypsics who carn mouey from pcrfmmmg bears and -

monkeys.

Asmllc jackals, foxes bals gcrbils, rals, guds, mice,
porcupines and squitrels are common in the study

- aréa.” During the present sludy, porcupine spines and

hedgehog skins were often found, and droppings of '
the desert hare, jackal and fox were frequently

* observed. However, during small mammial sampling, -

only one rodent was trapped and identificd as a -

" mouse-like hamster, Calomyscus bailwardi. - The
. Kashmir fox was also frequcnlly s:},h!cd in lhe sludy '
area . : '

2 'Raré: Taxa with small population that are not

piesently endangered or vulnerable, but arc at risk.
" These taxa are usually localized within restricted
: geographlcal afca or habitats or are thinly
scaltered over a more extensive range.
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The study arca is also inhabited by a large number of
migratory and resident bitds. More than 100 specics
are reported in the arca in 11 orders and 40 families.
Excepl for 7 species (hat have been reported as
ratefscarce, all the birds are common and are
frequently observed in the area. There are no
cndemic or threatened3 bird species. | The rare
spc(‘les are the bearded vulture, Bonnelli’s cagle,
eurasian kestrel, merlin, Saker falcon, peregrine and
red-capped falcon. . The more common birds
observed during the survey include the blue rock
thrush, plumbious redstant, riverchal, goldnets
redstart, red breasted fiycatcher, blackbird, desert lark,
~ pied wheatear, white throa, red-vented bulbul, white-
~ cheeked bulbul, house bunting, common swallow,
. while-eyed buzzard, greal gray til, scrub streaked
© prinia, sece-sce partridge, Jungle babbler, black
fedstarl, rock bunting, rock pigeon, spolted nivnia,
crested  lark, sand plover aud chukor partridge.
 Excessive hunting by the local peoplc is uepletmg the
_ populallon of parlndgcs in'ihe area. ,

- The study area is also a good habltat for rcptlles and
- amphibians. Commen reptiles include the Persian
gecko, spoued Iudian house gecko, Indian garden
.7 lizard, ~ Kashmir rock  agama, ~ earless  skink,
- Himalayan ground skiok, Pun_mb snake-eyed lacerta,
Indian mionitor lizard, oliff racer, mounlam racet,

" Persian diadem snake, dhaman or rat snake, ‘dark - .
" headed dwarf racer, checkered keelback, Indian keait .

and oxus cobra. Two amphlblau species that were

- éxpected 1o be found, but were not seen during field -

© surveys, are the Lumpcan grcen toad ‘and the

skntcrmg frog. " A snake, Eehis cdririatus, of the - o
" Viperidae family and a tadpole of the Rallidae family °
(Amphibia) were co]lcctcd aud prcscrvcd durmg fi cld

- SULVeys.

VPllbIIShE(l mformnlmn on 1he arca hsls 7 rare bud

species. (Exhibit 2.1), 2 threatened mammal species
© (Exhibit 2.2), 7 rarc mammal species (Exhibit 2.3),

12 1are reptile species (Exhibit 2.4), and 2 rare

E _ amphlbian spemes (Exhlbll 2. 5)

3 Hydrolqglcal Studie_s_ B

) Vanous meteomlognsis “ have
- classificalions to dcsc‘nbe local climatic features in

- This section is based on JICA’s praject prcfbasibilily

report and Progress Report (1) Other sources of -

information include the Pakistan  Meteorological
" Service (PMS), the Surface Water Hydrology Projéct

(SWHP) of WAPDA and ihe lmgallon Depanmenl,
- NWEP, R

© 3 Threalened: - Specu‘s that arc in one of the

3 followmg Latcgonr:s cndangﬂed vulnezable, and

- rare. - Some spcc;cs ‘are consideréd threatened
“when there is nol enough information to say
which of these threé categories are apipropriate.

314 Climate

' Classlﬂca!lon

Vdevcloped
Pakistan.

Shamshad (1956) has classificd the climate of
Pakistan on the basis of characteristic scasons found
in the country. Takiug info accoumt topography,

* proximily to the sea, rainfall, temperature, and winds,

he has defined eleven climatic zones for Pakistan.

* Under his scheme, the climate of the study area is
" classified as an “Extratropical quadruple season
- typc * The area is further divided into arid highlands,

semi-arid highlands, mild- chmale hlghlzmds, and

_humld highlands.
The sludy area falls in the semi-arid h|ghland lypc '

The main featutes of this zone are rainfall betwéen

254 nim and 508 mat, a mean mininwum temperalure
. of 0°C or less, and a mean maximum lemperalure nol
cxccedmg 37“C

' Descrlpﬂon of Seasons o

There are four seascns in Paklstan .
. Wmlcr (Dccembcr to March)
> | Summcr (Apnl to June)
> ._Mt)nsoon (.luly to Augusl) and '
>

w November)

' 'Ihc study area is aﬂ‘ecled by all four scasons, whlch
. are defined mainly on the basis of temperature and
the changes associated with the southwest monsoon, .
. a wind system that causes heavy ramfall over most of

lhc lndian subconlmenl

: :\Vllhlll Paklstau con51derable variation is fouud in
* température and the magnitude of monsoonal changes.

Thus, the specific characteristics and duration of

' seasons depcnd on gwgraphlcal locallon

Temperature and Ra!nfa"

. There arc ‘two raifall seasons in Ihc siudy arca—
~uly- Augusl and I‘ebmary -Match. ‘The maxiimum of
-, mean relative humuhly is highest in Sep!embu {93 .
- percent),” and lowest ‘in Jude (24 percent). The =~
- maximum mean monthly lernpcralure is h;ghest in
: June and lowesl in }auuary :

R The chmatc varies cons!derably over thc Swal Rner _

. _ca!chmcnl af¢a. i the upper basin of the Swat River,

" winter temperatures reach freezing levels between
November and March. Snow nieliing temperatutes -
~ océur between April and Septemiber. In the Tower
_ basin, lemperatures genénally stay below fréezing -

" levels. The Swat River flows pereunially, the flow

" being generated frony snowmelt and rainfall at higher

CATI6

Post-Monsoon Summer (Scplembcr to

@




altitudes.
generally less intense than the summer monscon
rainfall, whereas in the upper basin, winter rainfall is
niore jotense than summer rainfall. -~

The total catchment arca of Swat River at the
proposed Munda dam site is 13,650 km?. A map of
the river’s catchment area is shown in Exhibit 3.1.

According to the normal isohyel map prepared by the
Pakistan Meleorological Service in 1971, the anmral
rainfall within the catchment arca varics locally from
380 mm to 1,270 mm and the average annual rainfal)
' for the cotire catch ment area is 810 mm. '

There are 8 rain gaugmg stations along Swat River.
" No station exisis on the Pinjkora River, which covers
approximately 40 pereent of the catchment area of the
. proposed Munda Dam._Yhe moathly rainfall data for
niajor gauging slations in and around the study area,
- such as Kalam, Charbagh, Amandara, Matakand,
- Abazai, Ulmanul and Mardan, are pr{'scntcd in
‘ Appcndn C S -

3 2 Water Dlscharge Data "

The dlschargc of Swat River is gaugnd at Kalam in
‘the extreme norlh, at Chakdara (almost 80 km
upsircam of the proposed dam site), and at the
existing Munda Headworks, a few  kilometers
" downstréam of the proposed dam. These stations are
~ shown in Exhibit 3.1,
from thesec sfalions bave been presented. in
?APPcndnxD SRR N I S IR

' '3 3 Water Avauabmty

~The Hydro!ogy Dms:on
- Peshawar, has a river gauge abot 500 m upstream of
the  Munda - Headworks. - ° Amangements for

measuremient of water velocity are nol available at
this station. Based on observations al the site, it was
concluded that flow records maintained at the Munda
It is essential that a_

Headworks are nol. accurale
_ regional analysis for water availability in ll_]e
proposed Munda dam sue bc camied out. '

Diversions on the Upper Swat Canal at Amandara
" Headworks and the diversions made by the local -

farmers_ draw 200 cusecs from the . Tiver each
" belweéen, Amandara “and Munda.’

- The annual averagé water availability then éomes lo

.7 6.13 million - acre-feel (MAF) based upon annual _

- average waler dlschargc of Swal Rwer at Munda

7 (Exhiblt D).

. Additional dlvcrsmns are hke]y (o bc madc by.'_i-.
© farmgérs upstream of the Swat River at Chakdara and :

~ on the ijkora River, “Thése are showls in Exhibits

" EJ and E2 in Appcndw E. “These: are cxpcclcd to -

= lower the average annual waler avallablhly at Muuda

E to around 6 MAI* ie., by almosl a 2 pcucul

“In the lower basin, winter rainfall is

Mean monlhly dischargé dafa -

Imgahon Dcpartment '

7 This should be
* subtracted fiom the synlhcsnzed flow of Swat River.

' 4 | (35 57 -

3.4 Suspended Sediment
. The suspoildcd sediment dala for the years 1964,

1965, 1969, 1970, 1971, 1972 and 1973 arc available
in the published report of the Hydrology Division,
Trrigation Department Peshawar. The data for 1971
at Munda and 1995 at Chakdara are prcscntul in
Exhibits E3 and Ed, respectively.

Suspended sediment data available in a pub]icalion'
prepared by SWHP (Sediment Appraisal of Pakistan

- Rivers, July 1987) includes data for Kalam, Chakdara,

Warsak and Nowshera (Exhibit E.5). Suspcndcd
sedimenl data for these stallous arc summanzcd in

. Exhibit E.6.

The pro;ect s prefeasibility rcporl esilmalcd that the -

. river’s sediment yield at the proposed dam site is

230-240 tonfkm?, Assuming that the bed load is

. appioximately 20 percent of suspended load (12

percent of sediment load with a safety faclor of 1.5),

" the lolal sedlmcnl load is estimated al 290 tom‘km2

-, There is anolbcr method to cslunale the mmual
- sedimentation using the available data. The sediment -

yiclds of the Kabul River at Warsak (upstfeam of the

" river’s confluence with (he Swat River) and al

Nowshera (dovmslream of the rivec’s confluence with

" the Swat River) are shown in Exhibit E.6. By -

calculating the sediment yield of the residual area o
between the catchment arcas of the Kabul River at

~ Nowshera (88,630 kai?) and at Warsak (67,339 km?),

the sediment yield of the Swat chr al the pmposed

- dam site can be csilmaled

The esumatcd sediment ylcld in lhc rcsuiual area is
" 930 tons/km24  Since the Swat River's catchment
- aréa al the proposed dam site is about 65 percent of
- ibe residual area, the sediment yield at Munda can be
: assumcd at about 600 tonsfkm?,

35 Bed Load

'As dlscussed in Section 3.4 abovc, the Sw1t chr s . _
- sediment yield a1 Munda bas been cstimated 1o be |

230 to 240 tons/km®. With a catchment arca of
13,650 km?, the annval avérage suspended sediment -
Ioad at Munda is 3.28 million (6ns.5 A conscrvalive
estimate of bed load is 12 percént of the suspended -
sediment load, which comes 1o 0.39 million tons. It

“should be nofed, however, that the Swat River hasa
" stecp bed gradient, which mcans the tiver flows at
- high velocities during ‘high ﬂow It is thercfore
_ necessary. (6 add a safely margin by mulllplylng the -

estimated bed load by 1.5, After doiug so, the bed

' load for the Swal River at the proposcd Munda 1)1m ‘

site comes lo 0 59 mllhon fons.

nnllion '. tons - .= 2 15 77

"mill.ion '
67339 kn?) a

- tons)/(88, 630 km? —

5 lligher vaiue of scdlmenl )m'ld has bcen

consulcn:d

AT



The total scdiment foad can be estimated by adding
the suspended load (3.28 million tons per year) to the
 bed load (0.59 million tons per year). Thus, 3.87
million tons of sediment passes through the proposed
Munda Dam site annually.

3.6 Average Annual Sediment Inflow

Based on the fresh suspended sediment density of
915 kg/m, the average annual suspended seduncul
load (3.28 million tons) is cstimated at 3.58 x 10° m®
(2,903 acre-fi). The bed load (0.59 miillion lons),
with a density of 1,7655 kg/m’, amounts to
033 x 10°m* (271 acre-feet). . Thus, the annual

average sediment inflow to lhe Munda dam reservoir

is csnmatcd as3 91 X 10°m (3 171 acre- fcel)

3. 7 Dead Storage Requlrements B

Wilh the proposed maximum reservoir level of 541. 6
m above mean sca level, it is eslimated that the

reservoir w1|| ‘have a gross slorage capamly of -

931 x 10° m* (Exhibit 1.3). From sedimentation data
(Sectmn 3.6 above), il bas been estinrated that 391

- m® of sediment will cuter the reservoir after 100 years -

" of reservoir operation. - After deducting the quaumy
" of sediment which will flow out of the reservoir
along with the water, il has been estimated hat 308
" m® of sediment will be deposited ju the reservoir after
2 100 years. The sediment guantity deposited in the

reservoir after this period consmules lhc dead storage

.of there senolr

After this period, lhe reservoir's slmage capauly wlll
be reduced to 623 m?, but it wnll slill be operatiog ‘at
full electricity generating capacity since the deposited
- sediment will enly take up the dead storage volume.
~ Thereafler, the reservoir’s live storage capacity will

start declining, and the electricity generatlon capacny -

will dccreasc accordmgly

© I the dam helghl is reduced, the rescrvoir’s slomgc

~ capacity will also decrease, and the number of years

" that it can operate al full electricity gcnfralmg
_capacnly w:!l dec:ease p:opomonally

a8 Reservolr Operatton Studies B

Reservoir operallon “studies need to mcludc the
. rescervoir’s release patferns, which should conform to
o downslrcam walct requstcmcnls, which consist of

1. Water rcquued for the Lower Swat Canal -
{(LSC) aad Daoba Canal, both of which-are . - :
" Detailed smt repons o (hie Munda D1m pro_;ecl _
- _prefcas:bahly reporl give results of surface samples o
“and seven pxl samples “The invéstigations showed
~*that soils in diffcrent pants of ihe study area areé -
.~ distinguished mainly by texture, gravel natore, and -

lecated downstream of lhe proposed dam
sﬂe, o S . oo

2. Water fnr the add:lmnal command ateas
both on the left and right banks of the Swat -
River, which are o bc 1rngatcd by the -

_ Munda Dam,

~ 3, Requirements of the local people who divert
water directly from the Swat River (about
300 cusecs) downslream of Munda
Headworks. : .

Details of all these rcquircménl‘s,' together with the
average tiver inflow to Munda, arc listed in
Exhibit E7 in Appendix E.

4, Soil and Water Inv‘éhtory R

"_411

auger and were stored in plasti¢ bags.
. physical characteristics like texture and color were

4.1 .SoII

General Characterlstlcs o

The smls in the sludy arca geucrally compnsc of

p:edmonl alluvium and are of mixed mmeraloglcal '
composition and variable texture. The texture is
mostly loamy, bul varies from fi inc -sandy loam lo
silly clay loam. The color ranges from brown to dark
brown and dark yellowish brown. The structure of
the surface soil is mostly massive, but the subsoil has
a weak to moderate, mcdlum to coarse sub—angular '

b!ocky slruclure

__7412 SolIAnaIysIs .

- For this ecological surv»y, 80 sonl samples werc

collected at different depths from the right and left
bank command area. The depibs were 0 to 20-25 ¢m
and 20 to 90 cm. The samplcs were dug up using soil
- Cértain

noted on the spot. The color was determingd usiug a
Munsell color charl, and the tcxture, by lhe “finger

: louch' mclhod

Ten samples were selected for sml aualys:s, six from

~ the lefi bank of the command area, and four from the
" right bank. All ten samples were analyzed i Hagler

Bailly Pakistan’s env:roumcnlal laboralory N
Islamabad. ~ The analysa; dala are shown in lhc

_ Fxhlhits 4.1 and 4 2

t_A]I the soils of the sludy arca were “found to be non-

saline, don- sodie,” and slightly “ to moderatcly

_Calcareous “The pil vaties from 6.30 to 7.28." The .- o
~organic malter content varics from, 025 pcrceul fo -

0.83° P“C(‘llf and ke’ phosphmus conteul Varymg S
l‘rom320|0380mg/kg, is quuc low. SNy

.“rchcf/lopography ‘On the: basis of these ciiteria,
~'seven soil zonés weré ideatified and mappcd in lhe _
- prcfeambﬂﬂy rcporl of lhd study arca ' '




It was found that 293 pcrcenl of the area is level, and

" has decp loamy and clayey soils, 35.5 peicent has
- undulating topography and is covered by loanvy soils
© with varying levels of gravel, 27.0 percent consists of

highlying gravelly ridges, and the remaining 8.2

* percent consists of hill torrents and settlements. .

In the Jeft bank command area, pH ranges from 6.30
to 7.02, organic matter varics from 0.41 percent to
0.46 percent, and organic carbon ranges from 0.23
percent to 0.47 percent.  The nilrate content ranges
from 13.0 mg/kg to 15.0 mg/kg. Phosphorus varies

. from 3.20 mg/kg to 3.80 mg/kg. Sulfur contents are
* below 1.0 mg/kg in all the six soil samples of the lelt

bank command area. Similarly, zinc coulents raige
from 0.52 mg/kg to 0 2 mykg, rcspccuve : C

: ‘l'hc right baok commaud area has a pll varying from
6.67 10 7.00. Organic matter varies from 0.25 percent
" to 0.72 percent and nitrate contents vary from 13.12

mg/kg to 14.40 mg/kg. Sulfur contents are below 1.0

- mg/kg. Zinc conlents vary from 0 65 mg/kg to O 80
mg/kg ' _
Results of lhe sml analysns re\.eal lhat bolh the nghl

and left bank commaud arcas are poor in organic
matter, nifrogen and phosphorus contents. Fertilizer

" and farmyard and green manure would have to be

used in the command arca {o produce sullablc

’ agnculluralcrops

S Exhibit 43 describes the smtablhly of d;ffereul cmps -
R fer differeul soil lypes in thc siudy arca.

4.1 3 Land Capabllity Classes

S H1e study arca has béen classﬂ'cd mto dlﬂercnl land
. capability classes based on the natiire and magpitude -

" of soil limilations affecting crop production polential.
- Tt is known that 40 perccat of the area comprises of

very good agriculture laod; 24 percent, moderate
agricultural land; and 27 percent can be used for

- -forestry and range management. The remainder ol'
7 lheland is unsuitable for agncultural use.

“'Accordmg lo the US Bureau of Reclamation systent, -
the ‘land can be divided mlo lhc followmg land

' capabihly classes

B o VClassIarablc .
" Class ll arable

7 » Class il arable

> ClasslVarablc EIER

lhc sludy afea ’s classﬂ'calmu is dcscnbcd in Fxh|hll. .
L 4 4. e o _
* Class I Arable

- 'Aboul 29 percenl of the sludy arca falls unrler th;s ‘
“class. The soils are generally level, very deep loamy

and cla)éy, and have favorable surface infiltration
and subsusface drainability, - lhey have good \vatcr

and nutrient holding capacity and are highly suitable

. for the culiivation of a wide range of crops.

Vegelables and fruits are best grown on this class of

. land.

7 Class Il Arable

About 11.6 pcrceul of the study arca lies in this class.
This type of land can be divided furlhcr into two
subclasscs.

‘The first subclass has decp loamy soils. With the use
of ariificial fentilizers, green manure aond farmiyard
manure, high crop ylclds can be oblamed from this

L area.

" The sccond subcléss bas geully sloping deep loamy

soils comprising of 20-30 percent pravel and slones.
Land leveling, gravel scrapping and the use of
fertilizers on these soils would rcsull in high cmp

yields.

Class IHArab!e
About 23.9 perccn( of the study area falls under lhls 7

. class. Agam, it can be divided into two subclasses.

The first subclass has nearly level, shallow gravelly
loamy soils containing 50 to 60 percent gravel al a
depth of 35 cm. Because of the gravel, water and
nulrient refention are low. ‘Thesc soils could yield
better crops than they presently do if the surface
gravel was removed, split doses of fertilizer were

“applied, the land was lightly and frequentiy 1mgalcd

and shallow- roolcd crops werce cu!lwalcd

The second subclass includes gra\elly loamy so:ls.'
with 50 percent gravel in the subsurface and 30
percent gravel in the surface. Their agricultvral -

* potential can be improved by removing the gravel, -
- applying fertilizer and green manute, and cuIlwalmg
: shallow-roolcd crops. ‘ .

Class IV Arab.'e :

Aboui 27 pcrcenl of the s{udy area falls in this class. .
. The soil is composed of 80-90 percent gravel.

Because of the high topography and extremiely stony '
nature of these soils, the arca is unswiled for irrigated

" agriculiure and should be uuhzed as rangclaml or for
- forestry : ' C Lo

S The remammg 8. 2 pcrccnl of the study area has becn
- classified as mlscelianeous Iand lypes such as lom:nl '

bcds, etc :

: 42 Water Quality

f_il]meen waler samples were colicclcd from the
. teservoir and dam arca (o evaluate the quality of
“+ waler in the sludy area. The watersamplmgsntcs and
schedulc are presenlcd in }-.xhlhlt 4.5. R



" between 0.55 mgd and 135 mgl
phosphotus contents were found to be beiwcen 120 .

Water analysis for the reservoir arca showed that the
pH varies from 8.35 to 8.44 and the dissolved oxygen
values vary from 0,1 mg/t to 4.0 mgi. Chloride
contents range from 9.78 mg/l to 17.93 mg/. Nitrite
varies from 0.06 mg/ll to 0.07 mg/l. ' The nilrate
content ranges between 0.70 mgh and 1.10 mgfl,
while phosphorus contcnts are 0.65 mg{l 1o 1.85 mg/l.

Cons!dermg fhe arca’s climate, the cxpected
* significant rescrvoir level drawdown, and the low
levels of soil nitrate and phosphorus, eulrophlcahon
in the proposed Munda Dam rescnro:r will be
nlikely.

Water analysns for the dam site sho“cd that the pH

ranges between 8.00 and 8.18. The dissolved oxygen -

values were found to vary from 4.15 mg/l to 430
mg/l. " Chleride contents range from 10.59 mg/l to
13.86 mg/l, and the nitrite contents from 0.50 mg/l to
- 0.90 mg/. The nitrate contents were found lo be
Similarly,

mgfl and 2. 40 mg/l.

The values of all these parametcrs are \Vcll wnhm thc-

 limits allowed for agriculture. - The waler is therefore
suitable for the cultivation of agricullural crops.

. Exhibit 4.6 prcscuts lhe results ‘of waler quahly
analyses : . La _

5. __anjit;lq_slons'.and Recommendations

- naturally, ;
: c!ecmclly genemllon and agncullural bcncl' Is.

5.1 _Concluslons '

| '_'5 1 1. Flora and Fauna

. This ecologlcal survey revealed lhat the sludy arca a’s

flora and fauna have been siguificantly affected by
buman aclivitics.  Vegetalion communities have
_uudergone significant degradation becawse of such

activities as clearing, fodder colleclion, livestock

- grazing, and timber extraction. I is belicved that the
~loss of vegelatlon due to the construction of the dam

- and reservoir will not sngml‘cantl) reduce planl
. bmdwars:ty : : :

Wildlife communities dr:pend darecﬂy or mdlrcclly on

“the plant communitics for habitation. DBecause the
_sludy area’s wgclatmn communities have suffered
considerably, the wildlife communitics have “also
- been adversely aflfected, - Uncontrolled hlmlmg has
“also depleted these species gcally Although some
~ rarc and threatened aninial species are believed fo
" exist in the area, theré have been no sightings of these

" animals close to the proposed dam, rcsenfolr or':' :
o rcsewo:r wlll havc o hc mamlamed al all llmcs

ommand area for many years.

Since ‘plant and animal commumucs in Ihc sludy arca

" have already suffered heavily due to the arca’s human
population, the construction of the dam and reservoir,

© water quality.

‘population, and the reservoir’s large sloragc volunie,
- the change is nol expected Lo be very significant, and
. should no! posc a threat to pubhc hcallh ot to aquahc
’ ccology o , .

additional irrigation canals, and expansion of the

~jrrigated arcas downstream of the dam are. not

expected to impact negatively on the environment.

. The expected impacts of lhe pro;cci are summan?cd

in Exhibit 5.1.

5.1.2 Surface and Groundwater Hyd_rolbgy

The cp:nslruclioil' of Munda Dam w_'iil. cha.ngc‘ the
~ study arca’s swrface water hydrology considerably.

The Swat River's flow regime will no lenger vary
but will be controlled 10 maximize

- These changcs in the local h)drology will have

significant negative lmpacls on the aquatic ecology.
These are covered in defail jn-the Muonda Dam
fisherics report, which has been produccd by HBP

. durmg this envuonmcnlal survey.

The grmmdwater level around the dam and feservoir
is expected to rise as a result of the water nnpouuded :
in the rescrveir.  However, given the study area’s
stecp topogsaphy and good drainage, water loggmg is

. uol expected to become a prob]em

z 5 1 3 Solls and Water Quatity

' Smls in the sludy area were found 10 bc non-saline
~-and non-sodic.

‘Iherefore, the expanded irrigation
network is not expecled lo cause salinity or sodicity.

. The overall land productivity in the atea is expecied
" to increase because of mcreascd avm!ablhly of

lrngallon waler, .-

" Resulls of the Watcr quahly analysns showed lhat
~ wates in the Swa River has low nitrate and phosphate

lévels. This, combmcd with the ar¢a’ 5 cllmale, and
the reservoir's expccled dtawdo\\m, w1|l prcvenl
culrophlcahon

— ]mpolmdmcnl of lhc water and accumulallon ol' waslc

in the reservoir is expecied to deteriorate the reservoir -
However, gweu the aréa’s small

Dmmstrcam of the dam sﬂe, hm‘.cver, mfcr w.ucr N

" quality could deferiorate significanily because the
*. human population in the command area is expected to -
- iucrease and more waste will then be washed into the E
~mver. Itis possible that the reduced flow downstream |
" of the dam site will not be enough to adcqnalcly :

* dilute and wash away the waste, and the poor water -

quality coild become a huard for pubhc health and
aquatic ccology. A minimum flow of water from the -

CATMO




52 Recommendatlons

Outlined below are some micasures for conserving the
sludy area’s plant and animal communities. . The
measures will be sustainable because, in addition to
ccological bepefits, they will also facilitate the arca’s
sociocconomic uplift.

5.2.1 Wildlife Conservation

The study area could be declared a profected area on
the basis of its potential as wildlife habitat for native
fauna. A policy preveuting culting of trees, hunting
and shooting of the wildlife will have lo be strictly
enforced. For proper protection and conservation of
animals, wildlife cousetrvation _socielic‘s' could be
established among the local communilies.

. 8, 2.2 Eroslon Conlrol

The study arca has been damagad greally by soil
- crosion. The following methods should be employcd
to control excessive surface runoffl and crosion:

» Construction of dwers:on cbannels andr

check dams

> Conshuchon of proper lerraces aud contour )

ﬁmows :

> Promohon of contour plowing, followed by
' protechvc mulcl:mg

: » Rangeland : managemeut '_.lo'

_ overgrazing _ ‘
» Discouragcmenf of the bu_ming of
' vegetanon PR '
» Use of brush pavmg and wire check dams in
- gully channels to collect sill and moisture in

the gullics, creating condmons favorable for

7 agncullure

> Use of brush hltcr, aud straw mulchcs o -

prolecl soil

» Lstabllshmcnl of plantahons by sellmg up .

nurseries ai Totakan aund near lhc Bajaur
bndgc :

P Dlscouragemcnl

" particularly . the  Dodonaea  viscosa

(Senatha), whlch is sold in lhc lolakau
markels -

' 5 2.3 Constructlon of SeWerage Systems

Water quallly degradauon cai be pre\'culed by;

constructing proper drainage and sewerage systems in
* villagés close to the river.

" conslruction  of ~proper dramage and scwerage

systems would enable the proper Ircatment of village ™ -

prcvént_

of vegelation culting,

Cuirently, wasle from - | R : R
these wllag_,es is washed directly into the river. The - A large- scale  forestation - p'm'gmm
~ significantly reduce siltation of the rescnrmr, and

: would mcrcasc the l;fc of the dam and rcscrvou. :

waste before it is released into the reservoir and river,

and would reduce the level of water contamination.

- 52.4 Toursm
The project arca can be developed and promoted as a

- potential tourist allraction.
could set  up

The Tourism Depariment
camping  grounds - or - other
accommodahon facilities for visitors, and the Muuda

. reservoir conld be used for activilies such as boating,

swin_m'\ing, aud ﬁshing.

5.2.5 Soclal Forestry

The vegelatlon on mountain slopes in the siudy arca
is highly degraded due to overgrazing and
woodculling. © ~ Therefore, a large-scate habitat

-« rehabilitation and forestation program, similar to the
* Malakand Socnal
_dcvclopcd

Totestry  Project,  should be

Bareen arcas conld be r-.plaulcd with a comblualtou
of fast growing plant species (such as the Eucalyplus
canaldulensis, Ailanthus alnss:ma, and Robinia
pseudoacacia), and slower glowmg nalive species,
such as different variclies of pine. The fast growing

- plants would help reduce soil erosion aud provide
- fodder and fuel wood for farmers; mcan“hlle, the

nalive, codcnuc plants would be able to grow and
gradually replace the introduced varieties. Over time,
given adequate protection, the vegetation in the arca

'Vcould relurn 1o its original condition, and wildlife
~ species associated with the nahvc vcgelallon may

_relum lo ihe area.

The small patches of ongmal planl commuulics lhal
still remain in the project area need special altention.

~ These contain very small populations of mdlgenous
- planl species and are spread over a limited area.
~ According to the ecological studies carried out during

the present environmeuntal survey, there are some old

"% and mature plant specimens bui, because of heavy =
_ livestock grazing aond cutling, regeneralion species is
_low. Local villages that have grazing rights in these -

arca  should be involved in protecting thesc
comniunities. These communities should be fenced

. off to allow the natural vcg,clallon to regenerale.

o Since the restoration of patural ccosystems takes a -

long time, it is nccessary to help local people find

“alternatives to meet their requirements of fuel wood -
. and fodder.
- could be implemented during which fast growing tree
. ‘specics are cultivated around villages. ‘This would
relieve pressure on matural forests, which have
- already dclenora!cd 1 unsustamable lcvcls '

An inteansive social foresiry program

'vould also

oA



526 Range Management

Range mamgcmcnt ihrough the introduction of
palatable grasses such as Chrycopogon aucheri,
Andropogon  squarosus,  Fulaliepsis  binata
{Babargrass), . Saccharum  spontaneum  (Kai),
Cymbopogon jwarancusa, Bromus tectorumn (Brom
grass), Cenchrus ciliaris, Themeda anathera, aud
* Aristida depressa would help reduce erosion in the
arca. It would also provide suitable habilat for game
birds such as the chukor, partridges, pigeons and
doves. Reseeding, manuring, and the introduction of
good quality grasses would increase the diversity and
abundance of wildlife. Local communities should be
mvo]v;d in iniliating lhls program

5.2, 7 Medlclnal Planls

The areas that bave micdicinal p]auts used by the loca]
communitics, such as Withania coagulans, Cocculus
laeba, Arfimisia maritima, Ephedra gerardiana,
Solamtm xanthocarpum could be protected from
. overgraziog and vegetalion clearing. - :

AT



* Exhibit 2.1t Rare Birds in the Study Arca

Species Family

Gypaetus barbalus Accipitridae
_Hieraaelus fasclalus Accipitridae

Falco columbarius - _Faconidae s
_Falco cherrug . Falconidae B

Fako peregrinus " Falconidae

Fako pelegrinoides o Falconidag

Alauda arvensis Alaudidae

Exhibit 2.2: Threatened Mammals in the Study Arca

L Species Family
- Ovis vignel : : -~ Bovidae
Macaca melfada Cetcopithacidag .
_Capra falconeri magaceros Bovidae
Panthera pardus Felidas

Exhlblt 2.3' Rare Mammals in the Sludy Ana

c Species - Family

"_Hemiechimus collaris Erinaceldae _
- Sorex thibefanys . Soiicidae
_Suncus elruscus Soricidag -
“Nyctalss noclula L Veospertilionidae
_Pipistrelius javanicus babu Vespertiionldae
Felis caracal Felidae
Capra lalconeri magaceros Borvidae

‘ Fxhlbll 2. 4 Rare Rephles in the Qludy Arca

- Naja naja oxiana

- - Species . Common Name
. _Eublepharus macularius Fat-tailed Gecko

*_Ablepharus grayahus Earless Skink
- Scineélla himalayanum Himalayan Ground Skmk

- Varanus bengalensis Indian Menitor anard
Coluber thodorachius - _ Chff Racer
Coluber ravergieri . Mountain Racer *
Sphalerosophis diadema schiaziants Pessian Diadem Snake
Ptyas mucosus . o Dhaman or Rat Snaké
Eirenis persica Dark Headed Dwart Racer
- Xenochrophis piscater Checkered Keelback
_Sungarus éaeruleus Indian Krait - K

~ Oxus Cobia

~ Exhibit 2.5: Rare Amphibial.ls.in_lthludy Area

Species Common Name
Bufo viridis, --‘ 3 Européan Green Toad -
- Rana cyanophlyctis Skittering Frog

- AT3I3



Exhibit 4.1: Details of Soil Samplcs

10 Depth {cm) : Location
. i _ 60-90 Vitlage ¢ Spma Khawara (Left bank of command area) -
2 20-40 - Village Janaka (Left bank of command area)
3 11-75 Dew Dheri {Left bank of comimand area)
4 20-50 Vilage Spinhal {Left bank of command area)
R 0-20 - Village Janaka (Left bank of commandarea)
. 6 0-20 Village Surshaheed (Left bank of command area)
. 7 : 6090 Village Daryab Koreona {Right bank of command area)
8 . 020 - - Rightbank of command area B
9 _20-50 Right bank of command ar¢a . e
10 0-25 Right bank of command area

Exhibit 4.2: Soil Aﬁaiysis Répm_l

Parameler Analyltical  Unt -~ = © Analysis Results
_ Method e E L e :

i - - " 1 2 3 4 5 - 8 T F . 8 9 10

pH - CNSC* . . 7.02 691 655 651 - 690 630 ‘728 711 731 667
Organic Maltet  CNSC . % 04t 066 083 074 080 046 026 035 025 072
TOrganlc Carbon CNSC - % - 023 037 047 042 045 026 0.44 =020 014 041
Nitrale " Hannah®  mg/kg - 13.0_14.20_ 150 141 13.20 1444 13.42 1350 14.2 144

. Nitrogen (K} CNSGC makg 019 020 025 030 032 618 0.2 0.6 012 030
“Phosphotus_____ Sheiton® ~ mgkg 320 356 360 350 370 380 - 120 325 320 356
Nitrate o T makg <10 <10 "<t <h0 <10 <i0 <10 <10 <0 <i0

Zinc B mgkg 05 060 072 086 072 085 065 080 072 078

a Keague, JA, 1978 Manual of So:! Samp!mg andAnalys:s. Canadian So<:|ety of Soal Sﬂence - _
b Kamphake, LJ, Hannah, SA, and Cohen, JM, 1087, Avtomated Analysis for Nitrate by Hydrazine Reductmn ’
© ¢ Shellen WR and Harper HJ 1941 A Rapld Me!hod for Determination of TPhosphorus f'n soal and p!ant

- Exhibit 4.3: Crop Smlablhty Ratmgs undcr Polcnual Londmons

 Soil : . Um_r'ta.ﬁpnr é‘;:zs'i o Exte_nl C Suﬂ'abrmyﬂahng‘
IS 8
L 88§ . 288,588
[ [ 8 5 58 2 8§ 2 3 2 % 8
g Pl o5od s 228 o8
- T RiT da=L6a¢¥o
Level, deep loamy clayey soils  None - | i385 29811 1 1 i 1 1§ 4 1 1
Nearly leve), shallow gravelly = Shallow depth fIs -] 73850 562 3 2 3 2 2 2 3 2 3 -
soils (50 to 60%) at 35cm and  Gravely hature B — e B C
below to 150 cm depth e S : .
Undulating, deep loamy soils  Undulating - 4790 1024 1+ t &% &4 1 . 1 1 1
gently undulating, gravelly " graphy - e o S i ' CoL
loamy soils (20 to 30% gravels :
on surface, 50% insubsoils) -~ . T T ' R IR . S
' : o - Irreqular o s 393 .83 ;2 3 2 3 2 2 2 3 2 3
RN _topography - - S0 SRR S RGO
: T : Gravely nalure - T T T T S T IO G, OO
Sloping deep loamy soils with - -liregutar graphy =~ S - Lo E :
20 to 30% gravels on the S
sur!ace : L T e R
- -gravelly surface - llsf 660 14
’ Excessnve!ygraVellyandstony Very high telief :
- ridges (80 logo%grave|sand o ST
slones) i o
-Excessive .
. gravelly nalure - ) I . o
BT o T ] - Wsr | 2,730 27014 4 4 4 4 4 44 4 4 o .
Miscellaneous Area -Non-soil - Not 3880 82 14 4 4 4 4 4 4 4 4 4 T
N R clagsified | -~ - -} .. - ' I 9

a 1 Welsuited .. -
2 Moderately suited -~
3 Poorly suited ’
4 Not suited .
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Exhibit 4.4: Command-Wise Statistics of Land Capability Classes

Land Capability Class Left Bank Command " Righi Bank Command Tolal
- Acres % Acres % Acres C%

{ - 5455 164 8360 €0.6 13815 203
lir T aie0 143 i) 0.0 4790 10.2
Tist 660 20 - 0O 00 660 14
lils - 4010 12,1 340 242 7350 156
list 3620 —~ 108 315 23 3935 83
Vst : ' 12730 38.1 0 0.0 12730 210
Miscellaneous Areas 200 63 - 1780 12.9 3880 8.2

Total : 33365 100.0 13795 100.0 47160 100.0

Exhibit 4.5: Water Sample Details

LablD : ) - Deseription of Location

Reservoir Area ) . g : :

| - Reservoir area o

2 Swal River (Mastosar bridge) o
3 Punikora River

4 Reservoir area

5 Site of confluence _

Dam Area o e

6 ___ SwatRiver (Totekan) -~

7 - Mara dab i

8 Comp site

9 Down camp site

10 : = - Before Mundabarrage

11 After Munda barrage

12 o Abazai River (FC post) -

13 : Khiali River near Tangi

L E Jihlb:irl‘4.6: _\‘_Ja_k_‘f Analysis Relﬁofl :

Sample 1D pH Value  Dissoled Oxygen -. Chloride . Nitrike - Nitrate - T-Phosphate

~ (mglh) (ma/h (mgl) ___ (ol (mg/)
A 8.35 350 . i 008 1.6~ - 1.20
2 8.35 3.50 R 11.41 006 - 0.85 120
3 8.38 380 - 11.44 006 080 1.30
4 844 - - - 340 F 978 005 - 095 065
5 8.25 40 17.93 0.07 070 - 180
K 8.20 _40 1793 -~ 007 - - 070 - 1.85
1 8.15 420 - - 10.59 080 1.0 .20
8 8.5 . 425 - 10.59 0.85 0.55 240"
D P A - 4.15 . 10.59 080 1 055 240
0 - Bi4 - 4380 o 1386 0 075 080 150 -
1 814 ° 4.20 - 1386 - 080 - 135 - 1.20
12 - 81 -~ 420 - . - . 1386 080 1.30 2.10
13 ~__B.18 S 420 " S 1386 085 . 430 .- . 150

" Analysis perfomed at environmental laboratory of Hagler Bailly Pakistan, Islamabad,

© O AT3S



Exhibit 5.1: Potential Eovironmental Impacts

Component Environmenlal Issue Impact
Physical
MWater ______Siltation of resetvoir Long-lerm negalive

_Reservoi and river water quahty  Negalive

trrlgatlon water
_Groundwater qual ty

Groundwater level (water logg:ng) o Negative
e Flooding Positive
Land Sail sahmty -
_Soil alkalinity -
Soileresion e } e
“Land availability R Positive
S Landcapability .. .. .. ... _FPositive —
Atmosphere Dust Negahve {construction)
Odor : - -
_Noise Negative {construction)
Climate ______ _ Climalechange_ : e v
Micro-climale change ] Negative
Biologlcal . '
Fauna Bird communities / habilals Posilive
Mammal communities / habitats Megative .
Replile communities / habitats Negative
Flora _Foresls [lrees Negative
' Scrub vegetation in gotge Negative
xhibit 5.2: Mitigation Measures for Negative Impacls
e dmpget Mitigation Meastre{s) _
" Siitation of reservoir implementation of a watesshed management program,
Reservoir and river water quality degradatuon Construction of sewerage systems for villages close to the
reservoir { river, Releasing adequate compensatory watey
downstream of the dam. :
Inadequate discharge downstream of dam Releasing adequate compensatory water downstream of
the dam.
Increase in groundwater level {water logging) None required.
Dust Sprinkling water around construclion areas ancl access
) tracks.
Noise Insutating machinery. Locating machmery away from
. setfernents.
Micro-clinrate change None required.
Destruction of mammal communities / habitats Declazing the area as a protecied area and controlling
hunting and habitat destruction.
Destruction of reptile communities / habitats Declaring the area as a protected area and contro'!mg
hunting and habilat destruclion.
Destruction of forests { rees Implementing a social foreslry prograrm.
Deskiuction of scrub vegetation in gorge Implemenling a rangeland management program

- AT3-16



Appendix A: Photographs

Appendix A: Photographs

ExhibitA.1: Dodonea Fncroaching on a Degraded
Olea Community

Exhibit A3: A Communiljf with Acacia, Zizyplhus
and Adhatoda Near the Dam Site

RER -, Pk 1 L,

Exhibit A.5: Highly Degraded Arca with a few
Rhazya stricta Planis

 AT317

Exhibit A.2: A Community with Beri, Kikar, and

Exhibit A.G: Munda Headworks with Acacia
Flantation in the Background




Appendix A: Photographs

Exhibit A.T: Fast-growing Speeies should be planted Exhibit A.6: Munda Headworks with Acacia
in such Barrcn Areas around Settlements Plantation in the Background

Exhibit A.9: Morus (mulberty) and Acacia Plantation  Exhibit A.10: Degraded Arca with Scattered Olea
vear Reservoir Area _ 7 and Monothica Plants

jo AT EIEOS P

Exhibit A.11: Arca near Confluence of Swat and Exhibit A.12: Scattered Acacia nilotica Trees in
Pinjkora Rivers _ Highly Degraded Area near Dam Site
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Appendix A: Photographs

ixhibit A.13: Degraded Arca Covered with Adhateda  Exhibit A.I4: Small Acacia modesta patch on a largly
Plants

Ixhibit A.15: Ideal Site for Plantation of Fast- Exhibit A.16: Cows Grazing in a chratlcd;‘lcacia
growing Fodder and Firewood Species _ ' nilotica Community

v

Exhibit A.17: A Cow Feeding on Tough, - Exhibit A.18: Highly Degraded Slope at the Muada

Unpalatable, Grass Dam Sile
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