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1.

Award of Job

As per the agreement signed between Brepartment of Hydrology andVeteorology and Nepal
Hydrological and Meteorological Research Center & Consultancy P. Lftat. consulting services on
'Preparation of Bathymetric Map of Phoksundo Lake of Dolpa Update its Inventory,the consultant

is pleased to submit thisnal Report This report includes introduction, study area, objective and scope
of work, literature reviewmethodology, field work, result and discussion and conclusion.

2.

Introduction
2.1 General
Nepal is a small landlocked counthat covers an area of 147,118h? locatedin the centre of Hindu

Kush Himalayas between India and china (Figurg . Nepal stretches fro
|l atitude and from 80U 046 to 88 U 126 East |
with the length from eato west of about 885 km and width ranging from 130 to 260 km from south
to north. It contains 8 of the 10 highest mountain peaks in the world, including Mount Everest (884
m), although some of its low lying areas are only about 80 meters above sea level

The country is divided into three broad ecological regions, i) The higher Himalayas in the north, ii
Hills and Valleys in the middle, and iii) Terai, an extension of {@@mgetic plain, in the south. Nepal

is one of the most wata@bundant countriesithe world with its 6,000 rivers and rivulets, with total
mean annual runoff of 224 billion cubic meters (BCM) and per capita water availability of 9,000 cubic
metergNepal Climate Vulnerability Study Team, 2009)

s~~~ NEPAL: PHYSIOGRAPHIC DIVISION

\L 5

Legend

: Higher Himalayan Region|
:] High Mountain Region
:Z] Mahabharat Region
|| Siwalik Region

_—] Terai Region

0 3 70 140 210 280
T - eee— LG

Figure 1. Map of Nepal showing the physiographic region

Nepal Hydrological andMeteorological Research Center and Consultancy P. Ltd 7
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2.2 Lakes of Nepal
There arananylakes within the countripcatedin low altitudes to the high Himalayasretchingrom
the east tathe west. Lakes are basically natural resouiesilable for multiple uses. A lake consists
of two distinct parts, the basin and the water body. A lake, in other words may be defined as an inla
basin filled with water. One definition of "lake" is a body of water of 2 hectares (5 acres) or more it
area (Source) however others have defined lakes as water bodies of 5 hectares (12 acres) and aba
or 8 hectares (20 acres) and ab&Mearles Elton, onef the founders of ecologgefinesakes as water
bodies of 40 hectares (99 acres) or more.
There aredifferent studies and reports that Nepakmore than 6000 rivers, 3,252 glaciers, 2,323
glacial lakes and several tectonic andbmwwlakes. Among them, National Lake Conservation
Development Committee (NLCDC) has enlisted 5,358 lakes in Napi#é mapbased inventory
released/preparezbnducted progranm 2009 (Ministry of Tourism and Civil Aviation, GoN, 2009)
Among these lakes|tdude wiseover 2,700 lakes (51%) are distributed below 500m, and 2,227 (42%)
above3,000m. Only 419 lakes (<8%) are in the mid hills of altitudinal range between 500m anc
2,999m.
The following table shows the altitudgse distribution of lakes.

Table 1. Altitudinal Distribution of Lakes in Nepal

Altitude (m Number of laks %
Below 100 127(
100-499 1447 21 2063
500999 77
10001499 69
15001999 125 419 7.82
20002499 114
25002999 34
30003499 56
35003999 60
40004499 418
22271 41.56
45004999 762
50005499 764
above 550( 167
Total 535§ 5354

Source: NLCDC, 2009
|
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2.3 Objectives and Scopes of the work

The main objective of this study to prepare scientific report ¢thoksundd_ake of Dolpathrough

detail BathymetricSurvey and Topographic Survey of the lake ustandard dw-sounder and total

station or theodolites and other hydneteorological investigations and available related information.

In particular, the study aisto:

1 Carry out BathymetriGurvey of the lake to measure depfithe lakeusingedho-sounder.

1 Carry out Topographic Survey around the lake to prepare topographic maps with contour line
with interval of 5Smcover at leastupto2s stri p above the | akeds w
along the river channel in both banks for up to B08ownstream from the lake outlet.

1 To establish temporary bench marks at the proper site of the lake for reference.

1 To carry out Hydrological investigations of the lake including discharge measurements (at least
with possible different gauge heightsrohg the stay at the site) and collect water samples for the study
of physical parameters including sediment and water quality of the lake.

The scope of the workereas following:

1 Cary out water depth survey of the lake and calculadeea, volume andtleer geometrical
parameters

1 Conduct topographical survey the lake cross section survey at Lake outlet and Lake inlet.

1 Construct and fix 4 concrete pillar for bench marks at proper site of the lake for reference usin
DGPS.

1 Collect water samples dfifferent time for the study of physical and chemical properties of the
water including pH, air temperature, water temperature, dissolved oxygen, turbidity, conductivity
BOD, COD, nitrate, iron sulphate and total hardness.

1 Conduct discharge measuremen? gtossible different gauge heights at the outlet of the lake.

1 Literature relew and compilation oftlimatic data of the region to summarize ttienatic
condition of the lake and compilation different studies

1 Involvement ofthe local government authorities during the study period in coordination with
AShey Phoksundo National Parko office.

1 Organize a workshop at MEWRI/DHM for the dissemination of the works done and to receive
feedback and suggestion before the draft finabrewith concerned and related stakeholders.

1 Prepare digital GIS map of the lak@eparation ofdifferent reports and postefor information
dissemination about the findings of stedy(including map and other important features of the)lake

Nepal Hydrological andvieteorological Research Center and Consultancy P. Ltd 9
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3. Study Area
3.1Phoksundo Lake: Dolpa

Lakes of Nepal are culturally importagiementsn the higher altitude aresand Phoksundo Lake of
Dolpa district is one of them. Lakes/wetlands provide water for irrigation, maintains biodiversity,
enhancing livelihoods ofpeople through ecetourism as the basis for cultural and spiritual
development and so on.

Phoksundo Lake lies in Shey Phoksundo Rural Municipality of Dolpa District. The area of this rura
municipality is 123.0km? and total population is 3099. This municipality consist of 9 wavthjor

part of this municipality belongs to Shey Phoksundo National Park, which is the largest national pa
of Nepal coveringnarea of 3,555 ki (Figure2 & 3) (Population Census, 2011)
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Figure 2: Location of Phoksundo Rural municipality

|
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Figure 4: Phoksundo Lake(Looking towards Inlet from Outlet, Date: 27 May 2019

It is remote yet accessible and is one of the most beautifd ilakéepal, situated at an altitude of
3588 meters abovéhemean sea level.

Figure 5: Topographical Map of Phoksundo Lake
3.2Climate and Geography

Dolpa is the largest district of Nepal covering 5.36% of the total landmass of the ctiseteyation
ranges from 1,525 to 7,625 m (5,003 to 25,0).6Tte district borders TibeChina) on the north and

Nepal Hydrological andMeteorological Research Center and Consultancy P. Ltd 12
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northeast, Jumla and Muglistricts of Karnali on the west, Myagdi, Jajarkot and Rukum on the south,
and Mustang on the eastlarge portion of the district is protected by Shey Phoksundo National Park.
The name is derived from the 12enturyShey Monastergndthe Phoksundo Lke, both of which

are locatedn the district. The park protects endangered animals like the snow leopard, musk deer al
the Tibetan wol{Wa). Shey Phoksunds the largest and the only traHgmalayan National Park in
Nepal Dolpa district is one of theriest districs of Nepal. According to the climate station located at
Dunai the annual rainfallhas recordecround 500mmSimilarly, the maximum temperatutbe
district has observeds around 2%C in July and minimum temperature obsenedelow OC in

JanuaryThe summary of thelimatedata is presented in below table.

Table 2: Rainfall and temperature, Station no. 312 (DHM)

Station 28.93333333
No. 312 Latitude (Degrees)
82.91666667

Location | Dunai Longitude (Degrees)
Elevation | 2058 m

Normal Max Minimum

Rainfall (mm) | Temperature (°C) | Temperature (°C)
Month (19932017) (19932017 (19932017)
January 13.2 10.6 -1.6
February 13.8 13.0 0.7
March 6.9 15.9 6.0
April 8.3 21.3 9.4
May 14.6 25.7 15.5
June 43.1 28.0 20.1
July 79.9 29.2 22.5
August 87.7 27.9 21.3
Septembe 42.3 26.1 19.3
October 11.0 225 13.3
November 2.1 17.7 6.8
December 3.7 13.1 1.6

Though the study area (Phoksuridake) is located at an elevation of 3588m above mean sea level,
theHimalayan rangelimate of that region is obviously different than #imvepresentediata.Past
study and litesiture show that this region lmghly vulnerablego climate change impacaswarming
trends have been observed in most of the Himalaggion and the Middle Mountainshrestha,
Wake, Mayewski, & Dibb, 19998imilarly, he mean annual minimum temperature trend is higher in
low altitude Terai and Siwalik range and lower in High altitude region while the trend pattern is revers

in mean annual maximum temperature with higher in high altitude region and lower in low Iyang Te
I ————
Nepal Hydrological andvieteorological Research Center and Consultancy P. Ltd 13
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plains. Also, most of the midvestern development region showed desirepannual precipitation
trend(Study of Climate and Climatic Variation over Nepal, 2015)
3.3Hydrology and Drainage Pattern

Phoksundo Lake, an alpine fresh water oligotrophic lake (having poor nutrient supply), situated |
Shey Phoksundo National Park, located at an elevation of 3,588 m above mean sea level at Do
District. According to the previous studyis$ lakehasan aea of 494 ha (1.91 sg mi) in size with water
volume of 409,000,000 $(1.44x1010 cu ft) and discharge of 3.718s1(131.2 cu ft/s)(Nepal

Biodiversity Resource Book: Protected Areas, Ramsar Sites, and World Heritage Sites, 2007)

\ ] 3 ‘ e >
B - v \ % - ' S
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Figure 6: Map of topography and elevation of basin of Phoksundghick line 100m interval)

(Source https:/imww.google.com/maps/place/Shey+Phoksundo+Lake/)
In September 2007, Phoksundo Lake has been designated a Ranisaesiteri, 2002)On the lake'
southern end, the village Bingmosits on the 30,08G0 40,000yearold landslide danthat formed
the lake Past the dam, the waters of the lake plunge over al@®A8ft) high waterfall(\Weidinger,
2005)
3.4 Geology

The Phoksumdo lake (3600 m asl.; area BREd2 knr) is the second largest lake of Nepal; it owes

its origin to the damming of the Suli Gad River by the large (4.8 kwilapse of a mountain wall
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(Dhaulagiri limestone) culminating at 5148 m, SE of the laket, Braucher, Bourles, Guillou, &
Rimal, 2014)

Figure 7: Ringmo-Phoksundo site

The damming of the lake was caused by rockslides bodies derived from different parts of the rocl

face bounding the lake in its SE part.

Figure 8: View looking Northwards
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The survey team walked around the periphery of the lake to collect information about the soil type at
other conditiorof the lake around the area. Around the outlet area the land is almoshdisRigmo
Village is located. The bank dffie lake is formed by rocky area in many parts. There is gravel and
boulder mixed soil at the upper part of the lake. The shapleedéke is observed to be nortiouth
elongated with a slight bend at the central part. The lake is surrounded by steep mountain slope compc
of bedrocks along its eastern, northern and western sides. There are few ragged mounds observed o
right bank & the river whereGonpa (colloquially Gumba)s situated. The water drains out of the lake
from the southern end through &71m high waterfall which is considered thehighest waterfall in

Nepal.
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4. Literature Review
A lake is a large body of water thiatsurrounded by land. The lakes are considered as natural reservoir:
and they are important from diverse perspestiie water cycle, biological diversity, economic and
social fame, tourism and biogeochemical cycle. Lake history shows the closenrdlatiseen
developmenbf human civilization and thedke. In addition, they are the important habitat for amphibian
as well as aquatic lives and also important for religious values, festivals, sports, recreational activities €
In addition, Lakes/wetlargdalso harmonize temperature, precipitation and absorbing greenhouse gases
moderate the climate change, accumulate water, soil and nutrient for agriculture and manage floc
drought and landslide to control natural disastéerefore, lake plays an imagant role to maintain and
balance the ecological systebmss, degradation, change and fragmentation of lakes are caused by bot
natural and anthropogenic factors. Climate change, outbursts of lakes due to landslides and siltati
watershed dried ouare some natural factors whereas encroachment and unplanned land use &
anthropogenic causes for the degradation of the lakes which in turn disrupt the entire ecosystem.
In Nepal, the study of lake was conducted2009 by researchers of Nepal Lake @mmation
Development Committee (NLCDChich is a government body established under the Ministry of
Tourism and Civil Aviation in 2007. Experts were involved from the International Union for Conservation
of Nature (IUCN) Nepal officelNepal Academy of Sences and Technology (NASNational Trust for
Nature Conservation (NTNC), and the Tribhuvan University, Central Department of Environmenta
Studies (TUCDES). The initial study using topographic map showed altogether 5358 lakes across tf
country. DOAD (993) reported 5000 lakes, 1380 reservoirs and 5183 village (pand
while IUCN (1996) reported 163 wetlands in Terad &9 in the hills

and mountainé Similarly 3,808glaciersrand 466gldcial takes
have been identified in the high mountain regibf The inventory of
glacial lakes was conducted from the perspectives of the potential Glacial Lakes Outburst Floods (GLO

updated glacial lakes and found significant different in number and area of Talees.
total number of glaciers are fodito be 3808vhereas number of glacikkes decreased from 2,323 to
1,466, a reduction of 37%; and area decreased to 14%, whereas the average lake arecom8Bfased
Among the significant lakes, Rara is the largest one covering an area of 800 ha, and Phoksundo is
longest one with its length 5.15km. SimilarBhau DhundhurTal is the highest placed lake in Mustang
at an altitude of 5905m, and an unnamed lake ¥ ah altitude in Dhanusha distri¢t.akes of Nepal:

5358- A Map Based Inventory, 2009)he following maps and table shows high altitude lake in Nepal.
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Table 3: High altitude lakes in Nepal

e I' )’ g5 € ‘ Name of Lake: Dhau Dhundhun Tal
e ’ } (| L2 | Topo- Sheet no: 298316
; e ‘ Ve \ | Code: MS52
: ot i B District: Mustang
K 6065 [ = | VDC: Charan
& N BhgiBhesdiui ,«-'f'f.vg Nearby City/Village: Saukre(20Km)
=% & Y Area: 4.75ha
= )" | Length: 350m
5905' e e Breadth: 150m
\ Perimeter: 900m
( Altitude: 5905m

In Nepal, there & few studies carried out ftre bathymetric survey dfakes.TshoRolpa, Imja, Thulagi
glacial lakes were studied as these lakes were identified as poted#atigrous. In the early 1990,
bathymetric studies were carried out for Lovigarun glacier lake Kadota and Mool, 1993), the Imja
glacier lake (Yamada, 1998; Department of Hydrology and Meteorolgy, 2014; Topographic and
Bathymetric Survey of Imja Glacier Lake, 2009sho RolpaGlacier Lale (Mool et al., 1993; Kadota.
1994) and Thulagi glacier lak&1pol et al., 1995). More detailed investigation were carrietsitoRolpa
glacier lake (Yamada, 1996), Thulagi glacial Lake (DHM, 1997). A. B. Shrestha et al, 2004 studie
bathymetric survey offsho Rolpa Glacier Lake carried out in 2002 shows that the maximum depth
measured was 140 m and volume of lake was 97%%xi®efore the lake lowering. Echo sounder was
used for the first time iMsho Rolpa Glacier Lake to determine the depththe Lake Similarly, the
bathymetric survey of Imja Glacier Lake was carried with the help of inflatable boat with outboard moto
and Echo sounder mounted on boat (Savaenzuela et al., 2013)

DHM carried out "Bathymetric Survey of Phoksundo Lake in Dolpa ibistlid-Western Development
Region of Nepal" in 2004 AD assuming the deepest lake, usimgsecinder instrument. Points were
selected along lines of random positions to measure the depth of the lake. During this bathymetric surv
the maximum depth ohe lake was found to be 14band theequipment used was Echo Sounder Bathy
500 (Analog) The frequency used for that eebounder Bathy 500 was 200 kHz transducer and further
indicated that the frequencies set at 200 kHz in the transducer would réflectd. a ke b ot t o1
underlying materials such as silt, vegetation or weeds and "fluid mud" as shown in the chart given
Annex X (DHM,2004). It was concluded that the depth of underlying deposited materials at the lak
bottom would be 6 to 7 meter of fluid mud, silt type, vegetation etc. as mentioned in a reply letter se
by Mr. Frank Budz, the US Compangygwestinc)toque i es of Mr . Jagat Bhu
head of river hydrology, on 11 Aug2004do ncer ni ng t he i nterpretatioc

given in theAnnex X.
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The area of the lake was obtained as 4.95&m lake volume as 408.599 MCNfor the topographical
survey theodolite was used. During this survey, idetan the ground such as Lakeumdary, outlet
position, and details of end moraine dam, rocks etc. and all other important physical features, hydrograp
features such as; streamas depicted from the ground, recorded in the field book. Sufficient spot heights
were taken to draw contour lines.
Similarly, againin 2008 AD "Preparation of Bathymetric Map of Phoksundo Lake" survey was carried
out. Bathymetric survey was carried aising eto-sounder. Only 36 random points of depth had been
measured assuming that these measurements were sufficient to draw bathymetric map including
deepest point of the lake. GPS was used to locate the points of the measured depth. The matimum d
of the lake was found to be 202.41 m. The total area and volume of the lake was obtained as 5.1861 |
and 0.21 krirespectively

The following tdle shows the detail findings bbth studies

Table 4: Morphological Parameters of Phoksundo Lake2008and 2004(DHM)

Parameters Value (2008) | Value (June,
2004)
Maximum depth, m 202.41 145
Surface area, kfmn 5.1861 4.95
Shoreline, km 17.29
Maximum length, km 5.78 5.935
Maximum Width, km 1.052 1.807
Water volume, M 213.6 408.599

I n 2010, DHM carried out APreparation of Bat hy
and depth The studymeasured 380 points of whose locations, latitudes and longitutés) were
recorded from GPS. The result showed that maximum depth of Phewa Lake was found to be 19.9 m :
location281 406 46.°360628Ad88EB. The total avase@anadas4lisdl u
ha and 30.49 million Awith maximum width and maximum length as 1.81 km and 4.92 km respectively
(Preparation of Bathymetric Map of Phewa Lake, 2010)

In continuation of the bathymetric survey of lakesiM carried out study on bathymetric map of Begnas
Lake, east of Pokhara in Kaski district. The maximum and mean depths of Begnas Lake were found to
11.2 m and 6.8 m respectively with lake surface arehvolume of 3.16 kfand 21.5 million A The
maximum length and width of lake were found to be 3.30 km and 1.76 km respe(tivgiyration of
Bathymetric Map of Begnas Lake, 201This lake wasalso studied by several ogh institutions and

researchers in the past
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Similarly, DHM carried out bathymetric survey of Rupa Lake including topographic survey in 2015. The
maximum depth was found to be @t a point 511404.8 E and 3115154.82N with an area, volume and
mean depth of lake as 1.106 %r2.548 million nfand 2.3 m respectivel These findings were based on
the measurement of 30 cross sections of the(lake
The studyon Impact of Land Use on Water Quality BhewalLake PokharaNepal mainly based on
guantitative determination of selected physical and chemical parametric values that present in,the wa
where various intervention have been implemented (discharge from hotel and restésinafatisning
outlet ofSetichannel in the lake and tributeg. The study indicates that the average sedimentation rate
in the Phewalake for the period fronMarch 1998to 2004 is about 180000 cu. ffhe total estimate
average sediment contribution réitem the watershed was aboutcliim. for the sample periotf.this
average annual sedimentation rate continues, 80% d&fltaealake capacity would be silted up in the
next 190 years virtually making tHehewalake useless. The authors further indidatkat physo-
chemical parameters are destructive as founrdhtaral surface water bodi€s

Other study orthe physiechemical parameters deepanglLake in Pokhara Valley, Nepal
(August 2009January2010)showed thathte PH values were found mostly alkaline and vggmeerally
between 6.7 and 7.5hé& concentration of free G@angedbetween 1.8 mg/l and 5.6 mg/lisdolved
oxygen value were found to be gradually increased from 6.4 m@figust to 8.7 mg/l in Januarthe
maximum and minimum transparency were observed at 2.5 m (January) and 1.4 m (August); the maxim
and minimum temperature dfake were observed 25% (August) and 17°C (January) during the
investigation period. It was concluded all measured phys@auocal parameter meet WHO Standard of
Water Quality.
DHM (2016)studied measurement of water quatyd hoardindpoard installation at some of the rivers
and lakes of Kdlomandu, Pokahara, Butwal, Birgunj aNdrayangadhThe studied lakes wefleaudaha
(Kathmandu) Phewaand BegnasLakes (Pokhara). The water parameter measured were pH, dissolvec
oxygen, biological oxygen demand, chemical oxygen demand, total dissolved solid, electric
conductivity, nitrate, t@l hardness, magnesiusanmonia, iron, total coliform and E.coli. The study
shows that there were spatial variation within lakes of Kathmandu Valley, and Pdkbstaf the water
quality parameters measured were within the desired limit given by natidnking water quality
standard, 2062. In case ©hudaha ammonia, iron, total coliform and E.coli, all the four sites were
beyond the desired limiBegnasand Phewalakes were found tbe withinthe desired limit given by
national drinking water quality standard. However coliform and E.coli were detected beyond the desire
limit. It was concluded that the agriculture and urban land use are the most contributing factors to t

pollution of Lakewater system.
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5. Methodology

Bathymetry is the study of underwater depth of lake or ocean floors. In other words, bathymetry is tf
underwater equivalent to hypsometry or topography. A Aeelim echo sounder attached to a boat sends
out a wide array of beamsrass a "swath" of the water body floor. Bathymetric (or hydrographic) charts
are typically produced to support safety of surface orssuface navigation, and usually show bottom
floor relief or terrain of lake as contour lines (called depth contouisobwaths) and selected depths
(soundings), and typically also provide surface navigational information. Bathymetric maps (a mor
general term where navigational safety is not a concern) may also use a Digital Terrain Model and artific
illumination techigues to illustrate the depths being portrayed.

For the purpose of this study, the lake was divided into 50m x 50m grid. The measurement was follow
the tentative grid point lines based on its geographical position. Sectionfkbem& NS was surveyed,;
when one whole grid line is completed, a marking like flag was placed in the end point so it clearl
indicated the surveyed area to move forward and continued the work. As well as a path was follow:
making an interval of 50 m using SW maps an androiédapps. A continuous recording of latitude,
longitude and depth were done at around 50m interval. The displayed depth hesoender was
recorded in GPS with its respective latitude and longitude. The different depths measured was also verif
using he tagreel. Near th&€€hholupukholaat 14 m depth, the depth was tallied using tag reel with depth
shown in ebo-sounder. Next to this, a depth of 40.8 m was also verified using tag reel and was tallie
with the ecesounder depth ne&umba A standard dw-sounder, GPS, boat, tag reel, measuring tape
was used for bathymetric survey. Besides, measuremené carried out twice at the deepest point of
the Lake for verification.

Topographic survey was carried out to third order precision and the admessdslef closure were not
exceed 12 K mm, where K is the distance in KM. The survey was carried out as describedincief.

of establishing permanent benchmark, shebench mark at possible accessible and visible area were
established according tbe site conditionn permanent boulders using steel rod drilled in boultke.
instruments and accessories thatre used for the topographical surveycludedDGPS, total station

(reflector and reflector less), GPS, paint etc.
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6. Field Works
6.1 Preparatory Meeting at DHM
A meeting was held at DHM on 2May 2019to discuss about preparatiand departuref fieldwork
to be carried in Phoksundo Lake.€ldiscussiomrmeetingfocused on the following essential points:
i) Life insurance of all fieldnembers
i) Boat for bathymetric survey and transportation fronairport toPhoksundo lake site.
i) Generator required for equipmentos battery
iv) Contact of local person for porter arrangement
v) Start of field work
a) Inspectionof all equipmerd
b) LakePooja to be perforedby Lama Gurs for its religiousvalues ancultural beliefdinked to
the lake
c) Briefing todifferent local stakeholderigcal people including Village Chief and other related
local institutions.
d) Reconnaissancaurvey of Phoksundo Lalkend its surroundings for bathymetric and
topographic surveys.
e) Observation air temperature during the field work.
f) Bench mark setting at a suitable place for topographic survey.
g) Water sampling agelected sites and Lake Outlet
h) Discharge measurementlatke Inlet andOutletusing Current Meter.

6.2 Testing of Echo soundermprior to field work
Testing of echo sounder was carrimat at Indra Sarobar Lake in Kulekhani 8fi May 2019. The

depths measured byhersounder were verified manually usitag reeltied with ironweight Both

results showethesame depths at several poiassshown in table.5

|
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Figure 9: Testing of Echo sounder atndra SarobarLake, Kulekhani

/

Table 5: Test and verification of EchaSounder
Location:Indra Sarobar Kulekhani

Date Depth measured by Echo | Depth measured by tag re|
sounder (m) (m)

2019.05.08 19.2 19

2019.05.08 11 11

2019.05.08 16 16

6.3 Bathymetric Survey

For determiing geanetric parameters and preparation of bathymetric ntepfield survey was

conducted fron26 May to 04 June€019. The depth oPhoksundd.ake were measuragsingdigital
EchoSounderCVS 126 made of Japanese company Koden Electroffiesdepthmeasuringange

of the echo sounder wagp to 800m and the accuracy was +0.1%. The instrumasbperatéd in

dual frequencyf 50 kHz and 200 kH#for depth measuremerBasically, low frequency have more
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accuracy in higher depth and hegtirequency is reliable for lower depth. The detail can be found in
the linkas follow.

http://www.raymarine.com/view/?id=197&fbclid=IwAR1s3ndk1rsHr99M
ZIFES9zOQXxgnakJxUOrzWWeNsZ gBizUg8FFO3xY#Frequencyrhis model ofecho sounder is

more advanced than analog echo sounder in terthe afiethod of pragssing and displaying received

signals.The detail specification of the echo sounder is presentadriex 1V.

The first linewasfollowed by the centerline of the lake. The other measuremeset®based on the
reference ofirst line by maintaining 50 m distanc&he measured depth points were used to create
the path line of that day. With its reference the next path line was created for other day. The sar
process was repeated continuously till the end of the work. GIS wawk used 0 carry out this
process.The lines were converted to shape file and inserted in SW maps, an android based app
mobile phone, which made easier to take a path line in the lake for séhvmgst 4000 sites ofnearly

50 m x 50 m grigpoint of thelake werelocatedand trackedising GPS (Global Positioning System)

to record the depth of the lakEhe depth of the lake was also verifie@nuallyusing the tag reel.
Thedepth measured 3cho sounder and the depth using tag reel was found to be Bxdiad the
deepest part of the lake, around 5 times the boat was moved making a big circle, then small circle
different placesThe deepéagart of lake was verifietheasuring the depths near and around twice

6.4 Topographic Survey

All the members of theurvey team walked around the lake, where accessible to select perfect locatio
for the establishment of permanent benchmark, to overview general layout of the lake and vegetati
cover around the lak&he team also thoroughly studied th&0,000scale bpographical map of sheet
number 2982 16 published by the Survey Department of Nepal for the general overview of the lal
and its locationThe overview of general layout and vegetation of the inaccessible location was carrie:
out through boat. Easily aessible locations were selected for the placement of permanent
benchmarks using DGPS$he topographical survey wogkarted establishing the DGPS benchmark
The benchmarks are established@tessible andsible sites.

The established benchmark becomiiamgthough visibleand straight from edge tie lakethe survey

was delayed around 5 houbgcause of communication probleifhe topographical survey was
conducted as per the standards requiredaanpler the scope of worlkscording to TR. Necessary
Bench Marks were fixed at the accessible location ubm§anding DGPS, Topcdntal stationDGPS
benchmark point coordinaare picked by observing 6 hrs data from satellite on each base point.
Traverse is carried out by total station within given aacy. Errors on total station and DGPS were

already calculated and eliminatéithe accuracy of the DGPS was horizos@lmm + 0.5 ppnand
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vertical+15 mm + 0.5 ppmThe number of connecting satellite were observed as 20 to 37 in different
stations. Thesut off angle was 1% Sanding DGPS, Topcon and Sokia were used to carry out the
survey work from upstream of the laketh® farthest downstream outlet of the laReaversing was
done using DGPS DGPS 2 and cpl.he errors calculated wa8.019 m in estingand-0.012 in
northing. Adjustnent made in 3 benchmarks was +0.006 m easting and +0.004 m in northing.

The data obtained was WGS 84. So this data was projected to Modified UTM 8than overlay
ontopo sheetvhich was basis for further calculatiddepal has greater Eadtest expansion so as to
increase accuracy for cadastral survey and various other putpiddehas been modified to MUTM
(Modified UTM); GaussKrueger projectiorbased coordinate system, thush e Amodi
designation. In this projection system Earth is divided in 120 zones ea¢h dé@al has central
meridian of 8%,84°%and 87?. The scale factor of 0.9999 is used for central meridian normally Yargi
00556 east or warshias thekcale factot of 1aheammg moididtortion). False Easting
at central meridian is 500 000 m in order to keep all the coordinates within the country positive, ar
False Northing at the Equator is 0 m.

The topographic survayas conducted usirtgtal station and DGPS coveriag area of approximately
91.40 hectareswhich include lake surroundings and river cross sectidiise area of the lake was
surveyed using DGP%or the calculation of areaheg DGPS base was fixed near the army camp,
locaied at theedge of the lake. And the rover was used to survey the lake. The boat was propelle
about 2 m far from thedgeof the lake and the survey was carried out using DGR& area, length

and width of the lake @recalculated using CAD software.

For establishing the benchmarks, all the permanent ground control stationfixeef@arkedwith a
crossmark on permanent boulders with center 16 mm dieelRod and marking with pairithe

detail of the established benchmark is as follows:
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PHOKSUNDO LAKE SURVEY PROJECT DOLPA
DETAIL SURVEY (Bathymetry & Topo)

DESCRIPTION CARD OF GROUND CONTROL POINT

Station Name: DGR&

No. of satellite connection: 37
Date: 2019. 05.26 R3
Time: 0611 AM

Station Type: Permanent
Location Rl R2

District: Dolpa R1—™> 3.75m Tree

Rural Municipality: Shey Phoksundo R2—> 1.34m Boulder

Ward No: 8 R3—™ 2.42m Boulder

Land Type: Peg on boulders

Description:

This DGPS permanent B.M point is located in riganbk of lake at® nose of hill opposite side of
Gumba.

Co-Ordinates

Northing: 3229162.140 m Easting: 396794.693m Elevation:3590.253 m

Location Sketch Photograph
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DESCRIPTION CARD OF GROUND CONTROL POINT

Station Name: DGPR3

No. of satellite connection: 37
Date: 2019. 05.26 R3
Time: 06:4511 AM
Station Type: Permanent

Location R1 R2
District: Dolpa R1—> 2.76m Boulder

Rural Municipality: Shey Phoksundo R2—> 2.34m Boulder

Ward No: 8 R3— 3.42m Boulder

Land Type: Peg on boulders

Description:

This DGPS permanent B.M point is located in left bank of lake at front side of Gumba.

Co-Ordinates

Northing:3228552.149 m Eastirg®7491.746m Elevation: 3609.779m

Location Sketch Photograph
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DESCRIPTION CARD OF GROUND CONTROL POINT

DHM

Station Name: DGPRS

Date: 2019. 05.28
Time: 06:3012 Noon
Station Type: Permanent

No. of satellite connection: 22

Location

District: Dolpa

Ward No: 8

Land Type: Peg on boulders

Rural Municipality: Shey Phoksundo

R3

P

R1

R1—™ 3.7m Tree
R2—» 1.84m Boulder

R3—/™ 2.42m Boulder

R2

Description:

This DGPS permaneB®.M point is located in inlet at Chholupu. DGPS 4 is visible from here.

Co-Ordinates

Northing:3233074.61In

Easting: 396884.201m

Elevation: 3591.512m

Location Sketch

L

= ncpss [l DOPS3

Photograph
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DESCRIPTION CARD OF GROUND CONTROL POINT

Station Name: DGPR3

No. of satellite connection: 22

Date: 2019. 05.28 R1

Time: 07:0012 Noon

Station Type: Permanent

Location R3 R2
District: Dolpa R1—> 2.389n Tree

Rural Municipality: Shey Phoksundo R2—> 1.66m Boulder

Ward No: 8 R3—» 2.49m Boulder

Land Type: Peg on boulders

Description:

This DGPS permanent B.M point is located in inlet area Chholupu.

Co-Ordinates

Northing: 3233033.858 m Easting: 396883.832m Elevation: 3591.576m

Location Sketch Photograph
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DESCRIPTION CARD OF GROUND CONTROL POINT

Station Name: DGRS

No. of satellite connection: 20
Date: 2019. 05.29 R2
Time: 07:0011 AM
Station Type: Permanent

Location R1 R3
District: Dolpa R1—™> 2.75m Tree

Rural Municipality: Shey Phoksundo R2—> 1.34m Boulder

Ward No: 8 R3— 0.42m Boulder

Land Type: Peg on boulders

Description:

This DGPS permanent B.M point is locatedimgar Lekntake area, and 100m away from lake ed

Co-Ordinates

Northing: 3231969.774m Easting: 399764.772m Elevation: 3591.590m

Location Sketch Photograph
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DESCRIPTION CARD OF GROUND CONTROL POINT

Station Name: DGR$

No. of satellite connection: 20
Date: 2019. 05.29 R3
Time: 07:1511 AM
Station Type: Permanent

Location R1 R2
District: Dolpa R1—™ 3.75m Tree

Rural Municipality: Shey Phoksundo R2— 1.34m Boulder
Ward No: 8 R3— 2.42m Boulder

Land Type: Peg on boulders

Description:

This DGPS permanent B.pbint is located in Sagar Lek, around 50 m away from fifth B.M.

Co-Ordinates

Northing: 3231972.668 m Easting: 399791.813m Elevation: 3592.070m

Location Sketch Photograph
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6.5Possible Errors in Survey and Bathymetry

The term Global Navigation Satellite Systems (GNSS) refers to a satellite constellation used to provi
geospatial position, navigation and timing. Global Positioning System (GPS) of the US, the
GLObal 6naya NAvigatsionnaya SffRussia Gadileovod FueopeS i
Compass/BeiDou Navigation Satellite System (CNSS) of China and NAVigation with Indian
Constellation (NAVIC) of India are examples of Global/Region&lavigation Satellite Systems
(NSS). Atmospheric delay in the ionosphere aadtral atmosphere are major error sources of GNSS
measurements. lonospheric errors are mostly eliminated by observing at two or more frequencies. |
the tropospheric delay is a valuable meteorological information. Ground based GNSS receivers ¢
used tameasure geospatial position.

GPSsignals can also be affected by multipath issues, where the radio signals reflect off surroundil
terrain; buildings, canyon walls, hard ground, etc. These delayed
signalscausemeasuremersdrrors that are different for e type oflGPSsignal due to its dependency

on the wavelength.

The arrangement of satellites in the sky also affects the accuracy of GPS positioning. The ide
arrangement (of the minimum four satellites) is one satellite directly overhead, threeeqtiahg
spaced nearer the horizon (but above the mask angle). Imagine a vast umbrella that encompasses
of the sky, where the satellites form the tip and the ends of the umbrella spines.

GPS coordinates calculated when satellites are clustered desleeoin the sky suffer fromtilution

of precision (DOP), a factor that multiplies the uncertainty associated with User Equivalent Range
Errors (UERE- errors associated with satellite and receiver clocks, the atmosphere, satellite orbit
and theenvironmental conditions that lead to multipath errors). The calculation of DOP results ir
values that range from 1 (the best case, which does not magnify UERE) to more than 20 (in whis
case, there is so much error the data should not be used). Acdorifiag Sickle (2001), the lowest
DOP encountered in practice is about 2, which doubles the uncertainty associated with UERE.
GPS receivers report several components of DOP, including Horizontal Dilution of Precision (HDOP
and Vertical Dilution of Precisio (VDOP). The combination of these two components of the-three
dimensional position is called PDGRPosition dilution of precision. A key element of GPS mission
planning is to identify the time of day when PDOP is minimized. Since satellite orbits ave,kno
PDOP can be predicted for a given time and location.

Total station is a device used in surveying. Like afmerdevices, total station also have some sources

of error which can affect the surveying repdratal station measure angles with some degre
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imperfection. These imperfections result from the fact that no mechanical device can be manufactur
with zero error.

In the past very specific measuring techniques were taught and employed by surveyors to compen:
for minor mechanical imperfectiong/ith the advent of electronic total station, the mechanical errors
still exist but are related to in a different way.

Horizontal collimation error exists when the optical axis of the instrument is not exactly perpendicule
to the telescope axi¥he twomost common errors are reading an angle incorrectly and/or entering
incorrect information into the field book. Another common (and potentially disastrous) error is ar
incorrect instrument or rod heighfthe optical plummet or tribrachs must be periodiceligcked for
misalignment. This would include total stations with laser plummeéisurce: https://www.e
education.psu.edu/geog160/node/1924

There may be some errors occurteding bathymetry. Such errors are mainly due to handling of
transducer while in operation. If the submerged transducer could not place vertically and stably, tl
value of the depth may observe different in the same locatiasseTare because of water reumt,

moving boat and installation of transducer in the boat.

6.6 Water Sample Collectionand handling

Beforetaking the water sample, both hands were washed. The bottles used for water sample was 50C
The bottle was plunged into the water (lip of botttstfito a depth of approximately 20 cm to 30 cm
(~1foot) below the surface of water. In case of bottle overfilled, small amount of water was poure
leaving at least 2cm to 3cm of air space at top of bottle to allow for adequate mixing and replaced t
lid tightly. Date and time of sampling was noted along with bottle numbering and sample location. Tt
collected samples were then carefully safely packed in the box. The collected sample were th
transported to Kathmandu and delivered to the laboratory fait daalysis.

Water TemperatureoH, turbidity, conductivitywere measured in the field. For other properties like
dissolved oxygen, BOD, COD, nitrate, iron, sulphate and total hardness; colletezdsample were
tested in the laboratory at Kathmandine samples collected at different locations is given in the
following tableand mapAltogether four different sites were selected for water samglimgmeasured
values of pl and EC were found be within the standard range as specified by Nationahd@kivi&ter
Quality Standard, 2062.
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Table 6: Location and measuremenf physical parameters measured at the site

Sample| Location Latitude | Longitude| pH EC, ¢ Water Time
site (Degree}| (Degrees) (6.5-8.5)*| (<1500)* | Temp°C
1  |Near Chholupi29.21526¢82.943667| 8.2 254 8.3 8:30 AM
2  |Near Sagatek29.20504782.962359| 8.3 256 7.7 9:50 AM
3  |Near Center [29.19320482.950438| 7.9 254 8.6 3:15 PM
4  Near Gumba [29.17939482.941184| 8.3 254 6.9 5:25 AM
National Drinking Water Qualit$standard, 2062
Table 7: Location of site for water samplecollection
Sample Location Latitude Longitude Date Time
site (Degrees) (Degrees)
1 ChholupuLek  [29.21762  82.942171 31.05.2019 8.00 AM
inlet
2 SagarLekinlet [29.20466  82.965537 01.06.2019 [7.30 AM
3 Near Center 29.198394 82.952359 01.06.2019 9.00 AM
4 Lake Outlet 29.174307 82.936966 04.06.2019  6.30 AM

PHOKSUNDO LAKE
. S .

Legend

@ sample points

Lake

Figure 10: Water Sample Collection Points
______________________________________________________________________________________________________________________|
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6.7 Discharge Measurement

Phoksundo Lake is theportant source of water for Thiheri River. Theaeleasedvateraboutafter

500 m south of lake, forms the majestic fall of about 16 Discharge measurementaitlet and
inlets of Phoksundo lakeere carriedout using price typeurrent meterby wading method Two
discharge measurements were carriedaptite outlet of lake on May 28 a0, 2019, whereasne
measurement eaeth Chholupu and Saghekinlets of Lake, were carried out on May 2Bhe suitable
sites were selected at both inlets antet of the Lake. The number of sections taken at inlets were
14 and 16 whereas at the outlet it was 34 sections. The discharge wetgandsy current meter

using waling method as the water depth was less than 1m. The discharge were measucsptt.0.6

6.8 Instruments used in the fieldand their features
1. Echo Sounder

Instrument : Echo Sounder
Company : Koden(Japan)
Frequency Used : Dual Frequency (Checked with &Blz and 20kHz time and again)
Model : CVS 126
DepthRange :up to 800 m
Accuracy 1+ 0.1%

2. GPS
Instrument : GPS
Company : Garmin
Model : Oregon 700
Accuracy :+3m

GPS Signal ReceiveﬂGPS + GLONASS dual mode

3. Total Stations

4. DGPS
Instrument : DGPS
Model : Sanding T66
Satellite Visible 1 >37
Cut off Angle 15
P Dop :1.32

Accuracy: Horizontat +8 mm + 0.5 ppm
Vertical :£15 mm + 0.5 ppm
5. EC Meter angH meter

6. Price Type current meter
7. Rope and Inflated boat

|
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7. Resultsand Discussion

7.1 Topographic, L and X Section Map
Based on the survey data the topographic, L and X secticstlagdmap are preparethe topographic

map of the lake is shown in figure 11. The AO size printed map are plagadex VI.

B MAIN CONTOUR INTERVAL : 25m.
INTERMEDIATE CONTOUR INTERVAL : Sm.
REFERENCE : MEAN SEA LEVEL (INDIA)

PROJECT : CLIENT: CONSULTANT: NAME TITLE: | Drawing No.
D of Map of| G of Nepal Nepal Hydrological and Meteorological ~Sunyedby lsmar Shama Topographic Survey Map of Phoksundo Lake | ppygp1 .01
Phoksundo Lake, Dolpa Ministry of Energy, Water Resources and Iigation | Research Center and C P. Lid :’;::‘“‘bey e 'ﬁwj‘m W0 N a0 € o 100w =
) -2075/ y i~ — ote:
To Update Its Inventory - 2075/76 | Department of Hydrology and Meteorology Banasthali - 16, Kathmandu oot Ruioa Sy s |

Figure 11: Topographic map of Phoksundo Lake
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Thewidth of the lakevere calculated alorthecross sectiong.he length of the lake has been calculated

joining the center point of eadnoss section perpendicular to it. The lergtid width areas shown in
Figurel2.

396000E ) ) ) . ) ) 400000 E
et z
2 2
E 2
= Chholupu Khola Inlet =3
73 ‘Nl Inlet
Length of Phoksundo Lake:
From Chholupu Khola Inlet to Outlet: 5642.042 m
From Sagar Khola Inlet to Outlet: 5049 560 m
Maximum Width: 975247 m
Minimum Width: 549.895 m
< TS0 O 150 3000 4300 6000 TS00m =
g 2
= C SCALE 115000 %
“[306000E _ _ . _ _ ___400000 E[=
PHOESUNDO LAKE
LENGTH & WIDTH CALCULATION

Figure 12 Calculated Length and width of Lake from survey data
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The following morphometric parameters of Lake are calculated from the survey.

Table 8: Morphometric parameters of Phoksundo Lake

Parameters Value

Shape Y- Shape

Maximum depth(m) 13620
Location:29.18369 and
82.94258

Elevation (m) 358885 (Outlet)

Surface aregkm?) 4.849

Shoreling(m) 18295.269

Length ofLake (m) Chholupu khola inlet to outlet| 5642.042
Length of Lake (m) Sagar khola inlet to outlet | 5049.560

Minimum Width (m) 549.895
Maximum Width(m) 975.247
Volume MCM) 398.73

The printedL-section and Xection of Phoksundo Lakand X-section ofinlet and X-section of
outletmapare presenteh Annex VII .

7.2 Bathymetric Survey
7.2.1. Bathymetric map of Phoksundo Lake

The measured and recorded depth points of lake are shown inXgyuree point highlighted in red
color indicate the location of the deepest point of the lake. The deepest part of the Ledeowke]

as 136.20m at location with latitude and longitud29.18369 and 82.94258 respectively.The
measured horizontal distances and the corresponding depths were plotted on the topographic ma
thelake. The contour lines were drawn using interpolation and extrapolation techniques. The conto
lines were drawn at an interval of 5 metefhie map are generated with ARC GIS softwdrigure

14 showsthebathymetric mapf Phoksundo Lakand AOsize bathynetric map is attached iAnnex

VIII .

Raw data from the survey was converted to Triangular Irregular networks (TIN) and then to 20m
20m grid size raster file, which is a digital means to represent surface morphology using ArcGl
software. The parameters like contour, volume and area wemgtuted from the TIN using Surface

Contour and Surface Volume tool respectively in ArcGIS. Above computed values were then used

prepare Hypsometric curve, and Elevatfrea Volume Curve.
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The other method for volumeilculation like kriging interp@tion and IDW were also tested but TIN
was found more reliable and commonly used technique. Some references who has also adopted
same tools in calculation of volume and area in bathymetry.
http://lakes.chebucto.org/DATA/morphology.html?fbclid=IwAR3f5yNISaf4nd
IworlcCdL20078aAkyCVCcANYVLYgjKnfbynpCtY6BigA#Imax

http://resources.esri.com/help/9.3/arcgisengine/java/gp_toolref/3d _analyst tools/how surface volume 3

d analyst works.htm

The reference level of watsurface for bathymetry is calculated by averaging the different reference

level of water surface from inlet to outlet of the Lake calculatedsedtion.
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Figure 13: Measurement points of Bathymetric Survey
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7.2.2. Depth-Volume Relationship

DHM

The area of the dke and the area between two consecutive contour lines were determined fror

GIS data base of bathymetric map odike. The area between two consecutive contour lines was

measured and GIS data base was prepared using software Arc Info and Arc View. The volumes

lake were then calculated by multiplying the measured area with theyawdpth. Tablé below

shows theelation of depth ranges witirea and volume between two consecutive contour lines.

Thedepth volume deptharea and depthareavolumerelationshipof the lake is shown in figure

15, 16 and 1vespectivelyThe total watevolume of the lake is abou898.73million cubic meter.

Table 9: Depth-Volume relationship

Depth Incremental | Cumulative

Contour | Incremental | Cumulative | Volume Volume
RL (m) | (m) Area (Km?) | Area (Km?) | (MCM) (MCM)
3453.08 0 0 0 0 0
3459.08 10 0.23 0.23 0.35 0.35
3469.08 20 0.24 0.48 8.77 9.12
3479.08 30 0.25 0.72 14.50 23.62
3489.08 40 0.25 0.97 19.19 42.81
3499.08 50 0.25 1.22 23.19 66.00
3509.08 60 0.25 1.47 26.48 92.48
3519.08 70 0.26 1.73 29.51 121.99
3529.08 80 0.29 2.02 32.23 154.22
3539.08 90 0.31 2.33 34.68 188.89
3549.08 100 0.31 2.64 37.10 225.99
3559.08 110 0.34 2.98 39.48 265.47
3569.08 120 0.46 3.44 41.87 307.34
3579.08 130 0.48 3.93 44.37 351.71
3589.08 136.2 0.92 4.85 47.02 398.73
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Depth-Volume Curve of Phoksundo Lake
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Figure 15: Depth-Volume Curve

Elevation-Area Curve of Phoksundo Lake
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Depth-Area-Volume Curve of Phoksundo Lake
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Figure 17: Depth-Area and Volume Curve
7.2.3. Hypsometric Curve

The relation between cumulatidepthsof the Lakewith its respectivareain percentages shown
in figure 18

Hypsometric Curve of Phoksundo Lake
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Figure 18 Hypsometric Curve
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7.3 Discharge Calculation
The loations of discharge measuremant discharge volume of differentctiens are presented in

table 10The results showed that outlet discharge is 8ttmes more than the inlet dischargéhis
differences might have been due to several reasons like: Phoksundo Lake is surrounded-by sno
cappedmountain in all directions. The sources of water to the &re small streams originated from
the surroundingHimalayas. The seepage of the melt water from soapped mountain play an
important role in contribution to the lake which was also seen in field. Also, during
winter season,snow gets accumulatednd melts during summer seasorinowmelt has great
contribution tostream flowin a river. Similarly groundwater contribution to river flow, generally
called base flow, often accounts for a significant proportion of total flow rate, especially during the
dry season. The main reason for higher discharge at the lake outlet of Phoksundo Lake compared
Lake Inletcan be attributetb these factors of occurrencessiowmelt and base flows he study of
snowmelt contributiomising snow cover area data and monigfhourly/daily water level of lake

at the inlet and outlet are necessary for detail investigation for the differences seen in the lake out
discharge.

The discharge calculated data sheet are presenfeanex |.

Table 10: Summary of discharge measurements at three different locations of Phoksundo Lake

Location | Measure| Latitude | Longitude | Gauge | Width | Area | Mean Discharg
ment (degrees) (degrees) | Height | (M) | (m?) | Velocity | e (n/s)
date& (m) (m/s)
time

Inlet 1, 29.05. |29.2195|82.94114 14 5.42 | 0.789 |4.274

Chholupu 2019

Inlet 2, 29.2034 | 82.96674 16 7.02 | 0.932 |6.543

Saagar | 7: 10AM

Paas | 9:30 AM

Outlet 28 and | 29.1743 | 82.93696 | 1.07 |34 16.9 | 1.069 | 18.094
30, May 2
2019 1.09 |34 17.1 | 1.075 |18.477
11:30AM 8

7.4Water Quality and Sediment Analysis

The values of concentration of suspended sediment measured at Chholupu Lek intake, and Sagar

intake are given in the following tablé and 12
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Table 11: Suspended sediment, Chholupu Lek Intake

Source: Chholuplek, Intake
Location : Phoksundo Lake Latitude :29.21762 Longitude:82.942171

degrees degrees
Parameters Units | Result Methods used
Sand & Silt mg/l 3.2 2540 D. ALPHA 23rd EDITION

Table 12 Suspended sediment, Sagar Lektake

Source: Sagar Lek Intake
Latitude:29.20466 Longitude:82.965537
Location : Phoksundo Lake degrees degrees
Parameters Units | Result Methods used
Sand & Silt mg/I 3.8 2540 D. ALPHA 23rd EDITION

The following table 13hows the values tiiological properties of Lake Water measured at center of the
Lake. All the measured values were found to be within the standard range as specified by Natiol
Drinking Water Quality Standar@062(2004)and WHOGuidelineValues

Table 13: Biological Properties of Lake Water

Source: Center of Lake
Location : Phoksundo Lake  Latitud®9.198394legees Longitude:82.95235%egees
WHO
Parameters Units | GV NOWQS| Result Methods used
CHEMICAL

45000A, APHA, 23rd
Dissolved Oxygen mg/l >5 >5 5.7 EDITION
Biological Oxygen 5210 B., APHA, 23rd
Demand mg/l <30 <30 4.7 EDITION
Chemical Oxygen 5220 B., APHA, 23rd
Demand mg/l <250 <250 12 EDITION

The values of water quality parameters measured at theafud&e as given in the table fvere found
to be within the standard range as specified by National Drinking Water Quality Standar(2mg2
and WHO Guideline Values.
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Table 14: Chemical Properties of Lake water

Source: Outlet
Latitude
Location : 29.174307 Longitude
Phoksundo Lake degrees 82.936966alegrees
NDW | Resul
Parameters Units WHO GV QS t Methods used
PHYSICAL

2130 B, APHA, 28
Turbidity NTU 5 5 (10) 2 EDITION

2540 D. APHA,
Sand & Silt mg/l <1.0 | 23EDITION

CHEMICAL
mg/l as 2340 C, APHA, 23
Total Hardness | CaCO3 500 500 132 | EDITION
50 4500N0O3- B.,
Nitrate mgl/ 50 (Max) | 0.9 | APHA, 239EDITION
250 45006S04. APHA,

Sulphate mg/I 250 (Max) | 41.9 | 239EDITION

3111 B, APHA, 28
Iron mg/l 0.3 0.30 | 0.04 | EDITION

The laboratory results on water quality and sediment analysis is presentedmméxel .
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8. Conclusion and Recommendation

This studyconcludeghat the deepest point of the Lakd 85.20 m The echo sounder used for this survey
was KODEN CVS 126 of whose frequency of transducer was set at 50 kHz and 200 kHz. This ecl
sounder has capacity to measure water depth of 2.5 m to.80terbathymetd map of Phoksundo Lake

is prepared based on the measured ddta.total volume of water stored in the Lake is calculated as
398.73 MCM.

The surface area, perimeter (shoreline), lefigtim Chholupu khola inlet to outlet and Sagar khola inlet
to outlet, maximum width and minimum widthof the lake are calculated as 4.8492krh8.29km,
5642.042n, 5049.56@n, 975.24 ™ and 549.898 respectively.

The topographic map of Phoksundo Lake is prepahenvingits shorelineand different locationd.-
section and Xsection map of Lake is prepared. Similalysection an-sectionmap of inlet and outlet

of Lake are prepared.

The suspended sediment measured at two inlet points are calculated as 3.2 mg/l and 3.8 mg/l respecti
Further study on sedimentation shoh&lessential to calculate the sediment deposition.

Chemical analysis of lake watdemonstratedhat the measured chemical parameters k@, BOD,
COD, Nitrate, Iron, 8lphate, total hardness are found to be within standard range as specified bglNation
Drinking Water Quality Standard, 2062004)and WHO Guidelines Values.

Local people are using the lake water for drinking and other domestic purposes.

Discharge measurement carried at the outlet of the Lake shows higher values dooipéetflow. The

high discharge value at lake outlets can be attributed to snowmelt and base flow contributisuwd#ho
Lake is snow and rairfed lake and sources of water to the lake are small streams originated from thi
surrounding Himalayas.

Thestudy of snowmelt contribution using snow cover area data and monitoring of hourly/daily water leve
of lake at the inlet and outlet by establishing automatic water level recorder as well as meteorologic
stations including snow gauges are necessanyeail investigation.

Routine field investigation to determine water equivalent of snow and snow depth are also recommend
Additional testfor chemical parameterd LakeWaterare required

It is also recommended to produce a leaflet or booklet of Rihdksincorporating summary tiferesults

of this study.
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Annex |
Discharge Sheet
Station No.: Meas. No.: 3
River No.: Phoksundo Lake Computed:
Location: Intake Date:
Date: 5/29/2019 Checked:

Discharge Measurement Notes Date:
Width in m; 14.00|Areain nr: 5.42|Mean velocity in mVs:  0.789|Discharge in m’/s: 4.274
Party: BJ Counter No.: Meter No.: Price Type 622 Rated on:
Weight: Distance from currentmeter to the bottom of the w eight in m:
Location of measuring site: m. upstream/dow nstream of gauge
Time 7:10 7:50 Weather:
G. Ht.
Mean Gauge height: Air temperature: Water temperature:
Remarks: 5 Verticals >10 % of Discharge

0 Verticals with missing angle correction

Vert.
angle 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Coeff. f1 | 1.000 1.000 [1.000 | 0.999 | 0.999 | 0.998 [ 0.998 [ 0.997 | 0.996 | 0.995 | 0.994 [ 0.993 | 0.991 | 0.990 | 0.989

Coeff. f2 | 0.000 0.001 ] 0.001 [ 0.002 | 0.004 | 0.005 | 0.007 | 0.010 | 0.012 | 0.015 | 0.019 | 0.022 | 0.026 | 0.030 | 0.035

Coefficients f1, f2 for vertical angle correction

Vert.
angle 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Coeff. f1 | 0.987 0.985 ]0.984 [ 0.982|0.980 | 0.978 ] 0.976 | 0.973 [ 0.971 | 0.969 | 0.966 | 0.963 | 0.961 [ 0.958 | 0.955

Coeff. f2 | 0.040 0.045 ]0.051 [ 0.057 ] 0.063 | 0.070 | 0.077 | 0.084 | 0.092 | 0.100 | 0.109 | 0.118 | 0.127 { 0.137 | 0.148

Ser | Dist. to | Width | Height | Meas. | Vert. | Obs. |Rev | Time |Vel. at|Mean | Hor. | Vert. |Meas. | Vert. | Height| Adj. Area |Discharge
No. | initial depth [angle | Depth point | vel. [ angle [ angle | depth | angle | *f2 | depth
point coeff.|coeff.| *f1 |coeff.
fl | B5) | f2 [ (54 | (B-¥B) [ (I73) (1r18*12)
m m m m deg m sec | m/s nm's m m m m2 m3/s
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 0.0 {100 1.00 {0.00{ 0.0{ 06 { O { O 1.000 ; 1.000 { 0.000 { 0.000 0.00 { 0.00 i 0.00
2 20 {200 1.00 {041 00§ 0.6 { 35§ 41 ;0.581{0.581;{1.000; 1.000{ 0.410;0.000; 0.00 { 0.41 | 0.82 0.477
3 40 200 1.00 {051 { 00 0.6 { 50 40 {0.848 {0.848{1.000 1.000{ 0.510:0.000: 0.00 { 0.51 [ 1.02 0.865
4 : 6.0 (200 1.00 ; 053 { 0.0 { 0.6 { 60§ 42 {0.969 {0.969{1.000 { 1.000 ; 0.530 { 0.000; 0.00 { 0.53 ; 1.06 1.028
5 8.0 {200 1.00 {049 { 0.0 { 0.6 { 55{ 41 {0.910{0.910{1.000 1.000} 0.490{0.000; 0.00 { 0.49 [ 0.98 0.892
6 ; 10.0 { 2.00{ 1.00 { 0.42 { 0.0 i 0.6 { 45 43 {0.710 {0.710{ 1.000 { 1.000 { 0.420{ 0.000{ 0.00 | 0.42 i 0.84 0.596
7 {120 200§ 1.00 { 0.35 { 0.0 { 0.6 { 35 40 {0.595 {0.595{ 1.000 { 1.000 { 0.350{ 0.000{ 0.00 | 0.35 §{ 0.70 0.417
8 { 140 {1.00{ 1.00 { 0.00 { 0.0 i 06 { O i O 1.000 { 1.000 { 0.000 { 0.000 0.00 { 0.00 i 0.00
0.789 5.42 4.274
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Station No.: Meas. No.: 4
River No.: Phoksundo Lake Computed:
Location: Saagar Paas Intake Date:
Date: 5/29/2019 Checked:
Discharge Measurement Notes Date:
Width in m: 16.00|Area in n: 7.02| Mean velocity in vs:  0.932|Discharge in m’/s: 6.543
Party: BJ Counter No.: Meter No.: Price Type 622 Rated on:
Weight: Distance from currentmeter to the bottom of the w eight in m:

Location of measuring site:

m. upstream/dow nstream of gauge

Time 9:30 10:00 Weather:
G. Ht.
Mean Gauge height: Air temperature: Water temperature:
Remarks: 6 Verticals >10 % of Discharge

0 Verticals with missing angle correction
Vert.
angle 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Coeff. f1 | 1.000 1.000 1.000 | 0.999 [ 0.999 | 0.998 [ 0.998 | 0.997 | 0.996 | 0.995 | 0.994 [ 0.993 | 0.991 | 0.990 | 0.989
Coeff. f2 | 0.000 0.001 0.001 | 0.002 | 0.004 | 0.005 | 0.007 | 0.010 | 0.012 | 0.015 | 0.019 | 0.022 | 0.026 | 0.030 | 0.035

Coefficients f1, f2 for vertical angle correction

Vert.
angle 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Coeff. f1 | 0.987 0.985 0.984 | 0.982 | 0.980 | 0.978 | 0.976 | 0.973 [ 0.971 | 0.969 [ 0.966 | 0.963 | 0.961 | 0.958 | 0.955
Coeff. f2 | 0.040 0.045 0.051 | 0.057 | 0.063 | 0.070 | 0.077 | 0.084 | 0.092 | 0.100 | 0.109 | 0.118 | 0.127 | 0.137 | 0.148

Ser | Dist. to [ Width | Height | Meas. | Vert. | Obs. | Rev | Time|Vel. at|Mean | Hor. | Vert. |Meas. | Vert. |Height| Adj. Area |Discharge
No. [ initial depth | angle [ Depth point | vel. | angle | angle | depth | angle | *f2 | depth
point coeff.|coeff.| *f1 |coeff.
fl | B5) | f2 [ (B4 | M-B) [ (I7"3) (1r18*12)
m m m m deg m sec | mis n's m m m m2 m3/s
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 0.0 {100 1.00 { 000§ 0.0 { 06 { O { O 1.000 ; 1.000 { 0.000 ; 0.000{ 0.00 { 0.00 i 0.00
2 20 {200 1.00 {044 i 0.0 { 0.6 { 50 41 ;0.827 {0.827{1.000 1.000{ 0.440;0.000; 0.00 ; 0.44 | 0.88 0.728
3 40 §200{ 1.00 { 051§ 0.0 { 0.6 { 60 42 {0.969 {0.969{ 1.000{ 1.000;{ 0.510{0.000; 0.00 { 0.51 | 1.02 0.989
4 i 60 (200 1.00 { 057 { 0.0 i 0.6 { 70 { 44 {1.080 {1.080{1.000{ 1.000; 0.570{0.000{ 0.00 | 0.57 ; 1.14 1.231
5 8.0 {200 1.00 {059 { 0.0 { 0.6 { 85§ 44 {1.311{1.311{1.000} 1.000{ 0.590{0.000¢ 0.00 { 0.59 | 1.18 1.547
6 { 100 { 2.00{ 1.00 { 0.54 { 0.0 i 0.6 { 45 42 {0.727 {0.727{1.000 { 1.000 { 0.540 { 0.000{ 0.00 | 0.54 i 1.08 0.785
7 {120 §200{ 1.00 { 045§ 0.0 i 0.6 { 50 { 41 {0.827 {0.827{1.000}{ 1.000{ 0.450{0.000{ 0.00 { 0.45 { 0.90 0.745
8 { 140 {2.00{ 1.00 { 0.41 { 0.0 { 0.6 { 40 { 43 {0.632 {0.632{ 1.000 { 1.000 { 0.410{0.000} 0.00 { 0.41 i 0.82 0.518
9 { 160 {1.00{ 1.00 { 0.00 { 0.0 i 06 { O i O 1.000 | 1.000 { 0.000 { 0.000} 0.00 { 0.00 i 0.00
0.932 7.02 6.543
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Station No.: Meas. No.: 1
River No.: Phoksundo Lake Computed:
Location: Outlet Date:
Date: 019/05/28 Checked:
Discharge Measurement Notes Date:
Width in m: 34.00|Area in nv: 16.92|Mean velocity in mvs:  1.069|Discharge in m/s: 18.094
Party: BJ Counter No.: Meter No.: Price Type 622 Rated on:
Weight: Distance from currentmeter to the bottom of the w eight in m:
Location of measuring site: m. upstreanvdow nstream of gauge
Time 11:20 12:05 Weather:
G. Ht. 1.07
Mean Gauge height: 1.07 Air temperature: Water temperature:
Remarks: 1 Verticals >10 % of Discharge
0 Verticals w ith missing angle correction
Vert.
angle 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Coeff. f1 | 1.000 | 1.000 | 1.000 | 0.999 [ 0.999 [ 0.998 [ 0.998 | 0.997 | 0.996 | 0.995 | 0.994 | 0.993 | 0.991 | 0.990 | 0.989
Coeff. f2 | 0.000 | 0.001 | 0.001 | 0.002 | 0.004 | 0.005 | 0.007 | 0.010 | 0.012 | 0.015 | 0.019 | 0.022 | 0.026 | 0.030 | 0.035
Coefficients f1, f2 for vertical angle correction
Vert.
angle 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Coeff. f1 | 0.987 | 0.985 | 0.984 | 0.982 | 0.980 | 0.978 [ 0.976 | 0.973 | 0.971 | 0.969 | 0.966 | 0.963 | 0.961 | 0.958 | 0.955

Coeff.

f2 ] 0.040 | 0.045 | 0.051 | 0.057 | 0.063 [ 0.070 [ 0.077 | 0.084 | 0.092 | 0.100 | 0.109 | 0.118 | 0.127 | 0.137 | 0.148

Height | Meas. | Vert. | Obs. [Rev | Time |Vel. at| Mean | Hor. | Vert. |Meas. | Vert. [Height| Adj. Area |Discharge
depth [ angle | Depth point | vel. | angle | angle | depth | angle | *f2 | depth
coeff. [coeff.| *f1 |coeff.

fl1 | (B9 f2 | (54) | (¥-B) [ (I7*3) (1r18*12)

m m deg m sec | m/s nvs m m m m2 m3/s
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1.00 { 0.00 { 0.0 : 06 ; O 0 1.000{ 1.000 { 0.000{ 0.000{ 0.00 { 0.00 { 0.00
100 : 048 : 0.0 ; 0.6 | 40 i 42 ;0.647 10.647{1.0001.000 ; 0.480;0.000; 0.00 ;| 0.48 | 0.96 0.621
1.00 i 056 { 0.0 { 06 { 70 { 44 {1.080:1.080{1.000;1.000; 0.560;0.000{ 0.00 { 0.56 | 1.12 1.209
1.00 { 0.63 { 0.0 i 0.6 { 55§ 45 {0.829 ;{0.829{1.000}1.000: 0.630{0.000; 0.00 | 0.63 | 1.26 1.045
1.00 ; 0.66 ; 0.0 i 0.6 ; 60 { 43 {0.947 {0.947{1.000{ 1.000 ; 0.660 ; 0.000; 0.00 ; 0.66 { 1.32 1.250
{ 1.00 { 0.36 { 0.0 : 0.6 : 85 42 {1.374;1.374{1.000}1.000; 0.360;0.000; 0.00 | 0.36 ; 0.72 0.989
1.00 { 042 { 0.0 i 0.6 { 95§ 47 {1.372 :1.372{1.000}{1.000: 0.420{0.000; 0.00 | 0.42 | 0.84 1.153
1.00 { 0.57 { 0.0 i 0.6 {105} 44 {1.619 {1.619{1.000¢1.000: 0.570{0.000}{ 0.00 { 0.57 1.14 1.846
1.00 { 0.52 { 0.0 { 0.6 {100} 42 {1.616 {1.616{1.000¢ 1.000 0.520{0.000;{ 0.00 i 0.52 1.04 1.680
1.00 { 049 { 0.0 { 0.6 { 85} 48 {1.2021.202{1.000}1.000: 0.490{0.000{ 0.00 | 0.49 | 0.98 1.178
1.00 { 0.58 { 0.0 { 0.6 110} 52 {1.436 ;1.436{1.000}1.000: 0.580;0.000i 0.00 | 0.58 | 1.16 1.666
1.00 { 054 { 0.0 i 0.6 { 75§ 44 {1.157 ;{1.157{1.000}1.000: 0.540{0.000; 0.00 | 0.54 | 1.08 1.249
1.00 { 0.60 { 0.0 i 0.6 { 80 44 {1.234 :1.234{1.000}1.000; 0.600}0.000; 0.00 | 0.60 | 1.20 1.481
1.00 { 0.56 { 0.0 { 0.6 i 40 { 45 {0.605 {0.605i1.000; 1.000; 0.560 ; 0.000; 0.00 i 0.56 1.12 0.677
1.00 { 0.57 { 0.0 { 0.6 i 50{ 43 {0.789 {0.789{1.000} 1.000: 0.570{0.000; 0.00 ;i 0.57 1.14 0.899
1.00 { 0.50 { 0.0 { 0.6 { 40 { 45 {0.605 :0.605:{1.000}1.000: 0.500;0.000: 0.00 | 0.50 { 1.00 0.605
1.00 { 042 { 0.0 : 0.6 : 45} 47 {0.650 {0.650i{1.000}1.000: 0.420;0.000: 0.00 | 0.42 | 0.84 0.546
100 { 000 : 00§ 06 : O 0 1.000 { 1.000 ; 0.000 { 0.000{ 0.00 { 0.00 | 0.00

1.069 16.92 | 18.094
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Station No.: Meas. No.: 2
River No.: Phoksundo Lake Computed:
Location: Outlet Date:
Date: 5/30/2019 Checked:
Discharge Measurement Notes Date:
Width in m: 34.00|Area in nv: 17.18|Mean velocity in vs:  1.075|Discharge in m’/s: 18.477
Party: BJ Counter No.: Meter No.: Price Type 622 Rated on:
Weight: Distance from currentmeter to the bottom of the w eight in m;

Location of measuring site:

m. upstream/dow nstream of gauge

Nepal Hydrological andvieteorological Research Center and Consultancy P. Ltd

Time 12:00 1:15 Weather:
G. Ht. 1.09
Mean Gauge height: 1.09 Air temperature: Water temperature:
Remarks: 0 Verticals >10 % of Discharge
0 Verticals w ith missing angle correction
Vert.
angle 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Coeff.f1 | 1.000 | 1.000 | 1.000 | 0.999 [ 0.999 [ 0.998 | 0.998 | 0.997 | 0.996 | 0.995 | 0.994 | 0.993 | 0.991 | 0.990 [ 0.989
Coeff. f2 | 0.000 | 0.001 | 0.001 | 0.002 | 0.004 | 0.005 | 0.007 | 0.010 | 0.012 | 0.015 | 0.019 | 0.022 | 0.026 | 0.030 [ 0.035
Coefficients f1, f2 for vertical angle correction
Vert.
angle 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Coeff. f1 ] 0.987 | 0.985 |0.984 |0.982 [ 0.980 [ 0.978 | 0.976 | 0.973 | 0.971 | 0.969 | 0.966 | 0.963 | 0.961 | 0.958 [ 0.955
Coeff. f2 | 0.040 | 0.045 | 0.051 | 0.057 | 0.063 [ 0.070 | 0.077 | 0.084 | 0.092 | 0.100 | 0.109 | 0.118 | 0.127 | 0.137 | 0.148
Height | Meas. | Vert. | Obs. [Rev | Time |Vel. at| Mean | Hor. | Vert. |Meas. | Vert. [Height| Adj. Area |Discharge
depth [ angle | Depth point | vel. | angle | angle | depth | angle | *f2 | depth
coeff. [coeff.| *f1 |coeff.
fl1 [ (%) f2 (15*4) | (4-1) | (I7*3) (1r18*12)
m m deg m sec | m/s nvs m m m m2 m3/s
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1.00 { 0.00 { 0.0 { 0.6 0 0 1.000{ 1.000 { 0.000{ 0.000{ 0.00 { 0.00 { 0.00
100 i 049 : 00 ; 06 ; 40 44 ;0.618 ;0.618;1.000; 1.000 ; 0.490;0.000{ 0.00 ;| 0.49 | 0.98 0.606
1.00 i 058 i 0.0 { 06 { 75 48 {1.060 ;1.060{1.000 | 1.000 ; 0.580{0.000; 0.00 | 0.58 1.16 1.230
1.00 i 065 0.0 { 0.6 i 60 i 44 {0.925;0.925{1.000 ; 1.000 { 0.650 { 0.000; 0.00 | 0.65 1.30 1.203
1.00 { 066 ; 0.0 { 0.6 { 60 i 41 {0.993 :0.993{1.000 ;1.000 ; 0.660 ;{ 0.000; 0.00 ; 0.66 1.32 1.311
i 100 1 038 : 00 06 {85 44 {1311 ;1.311{1.000;1.000; 0.380;0.000; 0.00 : 0.38 | 0.76 0.996
100 : 042 i 0.0 { 0.6 { 90 42 {1.455:1.455{1.0001.000: 0.420:0.000; 0.00 | 0.42 | 0.84 1.222
100 i 057 { 0.0 { 0.6 :{105{ 45 {1.58311.583{1.000{1.000: 0.570:0.000i 0.00 { 0.57 1.14 1.805
1.00 : 053 : 0.0 { 0.6 :105{ 51 {1.398 11.398{1.000}1.000 0.530{0.000; 0.00 { 0.53 1.06 1.482
100 i 057{ 00} 06 {95 45 {1.4331.433{1.000}1.000; 0.570{0.000; 0.00 { 0.57 1.14 1.634
1.00 { 053¢ 0.0 { 0.6 {90 i 50 {1.221 ;1.221{1.000{1.000 § 0.530{0.000i 0.00 { 0.53 1.06 1.295
1.00 i 0.58 { 0.0 { 0.6 i 65 43 {1.026 {1.026{1.000 | 1.000{ 0.580{0.000; 0.00 | 0.58 1.16 1.190
1.00 { 054 i 0.0 { 0.6 | 95 46 {1.402 {1.402{1.000;1.000 0.540{0.000; 0.00 | 0.54 1.08 1514
1.00 i 061 : 00} 06 : 45 51 {0.600;0.600{1.0001.000; 0.610;0.000; 0.00 i 0.61 1.22 0.732
1.00 i 054 i 0.0 { 06 { 60 49 {0.831:0.831{1.000;1.000: 0.540}0.000; 0.00 | 0.54 1.08 0.897
100 i 051 00 06 {50 46 {0.738:0.738{1.000}1.000; 0.510{0.000i 0.00 | 0.51 1.02 0.752
100 : 043 : 0.0 { 0.6 ; 50 48 {0.707 {0.707{1.000 } 1.000 | 0.430{0.000{ 0.00 : 0.43 | 0.86 0.608
1.00 { 0.00 : 0.0 { 0.6 0 0 1.000{ 1.000 0.000;{ 0.000{ 0.00 { 0.00 { 0.00
1.075 17.18 18.477

DHM

56



FINAL REPORT: Preparation of Bathymetric Map of Phoksundo Lake of Dolpa to Update its Inv20iiéry 6 DHM

---l--- Depth [m]

—e— lMean Velocity

e [lischarge

Velocity [m/s] Discharge [m3/s]

S
[S]
|
}
n

’
S
J
in
\
1
i

Depth [m]

Distance to initial point [m]

|
Nepal Hydrological andMeteorological Research Center and Consultancy P. Ltd 57



FINAL REPORT: Preparation of Bathymetric Map of Phoksundo Lake of Dolpa to Update its InvZBitéry6 DHM

Annex Il
Water Quality and Sediment Analysis

NS Lab Accreditation No.: 08/065-66
VAT/PAN No.: 300124309

Regd. No. 5180/052/053 "Training For Success"

Tel : 977-1-4475674, 4418156
Wa t Fax No: 977-1-4479642
SAVE e ‘
WATER

Engineering & Training Centre (P.) Ltd.

Laboratory. R & D on Total Water Management, Treatrent & Consultancy

Test Report/Certificate

Name of Sender: NHM Research Centre
Sample No: 4144 /075/076
Date of Receipt: 09/06/2019
Sampled by : Client

Source: Sagar Lake Intake
Analyzed date : 09/06/2019 - 15/06/2019
No. of Samples: 01

' Location : Phoksundo Lake

Parameters
__ PHYSICAL £ .
Sand & Silt . | = | 38 |2540D.APHA,23“EDITION
APHA: American Public Health Associati dard Methods for the Examination of Water & Waste Water,

WHO GV: World Health Organization Guideline Value, 2006 Update, NDWQS: National Drinking Water Quality Standard, 2062 (Nepal),
* These values show lower and upper limits, () Values in the parenthesis refers the acceptable values only when alternative is not available.

4
(

nalyzed by Checked by Authorized Signature

Note: 1. The result refer only to the parameters tested of the samples provided to our laboratory or collected by us for analysis as specified. Endorsement of the product is neither inferred
nor implied.
2. Any duplication of this report can not be used as evidence in the court of law and should not be used in any advertising media without prior written permission to us.
3. The total liability of our company for the product is limited to the invoiced amount only.

132, Ratopul, P O Box # 8975 EPC 5205, Kathmandu, Nepal. E-mail : info@wetcpl.com.np, wetcpl@gmail.com
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NS Lab Accreditation No.: 08/065-66
VAT/PAN No.: 300124309 :
Regd. No. 5180/052/053 "Training For Success" Tel : 977-1-4475674, 4418156

W t Fax No: 977-1-4479642
WATER

Engineering & Training Centre (P.) Ltd.

Laboratory. R & D on Total Water Management, Treatrment & Consultancy

Test Report/Certificate

Name of Sender: NHM Research Centre Source: Chholupu Lake Intake

Sample No: 4143 /075/076 Analyzed date : 09/06/2019 - 15/06/2019
Date of Receipt: 09/06/2019 No. of Samples: 01

Sampled by : Client i ; Location : Phoksundo Lake

IDW( Methods used

Parameters ] Units

Sand & Silt’ 3.2 2540 D. APHA, 23" EDITION
APHA: American Public Health Association, Standard Methods for the Examination of Water & Waste Water,
WHO GV: World Health Organization Guideline Value, 2006 Update, NDWQS: National Drinking Water Quality Standard, 2062 (Nepal),

is refers the p values only when alternative is not available.

* These values show lower and upper limits, () Values in the p

nalyzed by Checked by

Note: 1. The result refer only to the parameters tested of the samples i to our y or by us for analysis as specified. Endorsement of the product is neither inferred

nor implied.
2. Any duplication of this report can not be used as evidence in the court of law and should not be used in any advertising media without prior written permission to us.
3. The total liability of our company for the product is limited to the invoiced amount only.

132, Ratopul, P O Box # 8975 EPC 5205, Kathmandu, Nepal. E-mail : inffo@wetcpl.com.np, wetcpl@gmail.com
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NS Lab Accreditation No.: 08/065-66
VAT/PAN No.: 300124309 :

Regd. No. 5180/052/053 "Training For Success" Tel : 977-1-4475674, 4418156

W t — Fax No: 977-1-4479642
WATE

Engineering & Training Centre (P.) Ltd.

Laboratory. R & D on Total Water Management, Treatment & Consultancy

Test Report/Certificate

Name of Sender: NHM Research Centre
Sample No: 4145 /075/076
Date of Receipt: 09/06/2019

Source: Center of Lake
Analyzed date : 09/06/2019 - 17/06/2019
No. of Samples: 01

Sampled by : Client Location : Phoksundo Lake

Parameters l Units : | WHO GV»'LNDWQS | Result | Methods used

_ CHEMICAL

Dissolved Oxygen mg/l > 4 57 | 4500-O A, APHA, 23 EDITION
Biochemical Oxygen Demand mg/1 P = 4.7 5210 B., APHA, 23" EDITION
(BOD)
Chemical Oxygen Demand mg/l = i = 12.0 5220 B., APHA, 23" EDITION

L (COD)

APHA: American Public Health Association, Standard Methods for the Examination of Water & Waste Water,
WHO GV: World Health Organization Guideline Value, 2006 Update, NDWQS: National Drinking Water Quality Standard, 2062 (Nepal),

* These values show lower and upper limits, () Values in the p hesis refers the ptable values only when alternative is not available.
$
Accrec
nalyzed by . Checked by
Note: 1. The result refer only to the parameters tested of the samples to our y or by us for analysis as specified. Endorsement of the product is neither inferred

nor implied.
2. Any duplication of this report can not be used as evidence in the court of law and should not be used in any advertising media without prior written permission to us.
3. The total liability of our company for the product is limited to the invoiced amount only.
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