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Objectives of J-RAPID project

m To investigate impacts of the great earthquake on
domestic water for local people, as well as natural
water resources and water supply and treatment
systems.

m Jo assess and propose emergency actions, such as
securing sanitary condition related to water use, quick
and efficient water treatment methods, possible
alternative water sources, in Kathmandu and
surrounding areas.



Our SATREPS (Science and Technology Research

Partnership for Sustainable Development) project has
started in 2014

Water Security by Hydro-Microbiological
Approach in Nepal (WASHmMia)



Objectives of SATREPS (WASHmia)

m To ensure safe water supply by means of developing locally-
fitted compact distributed (LCD) treatment technology, based
on water diagnosis.
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5 working groups (WG1-5)

Water resources Potable water resources situation, .|nclud|ng water
WG1 ¢ demand, consumption and supply in Kathmandu
assessmen Valley, is studied and future forecast is conducted.

Water quality Situation and sources of groundwater pollution is
WG2 .

assessment studied.

Microbial and Microbiological situation of environmental water,
WG3 public health such as groundwater, surface water, and rain water,

assessment in the Kathmandu Valley is studied.

Water treatment  Appropriate locally-fitted, compact and distributed
WG4 system (LCD) water treatment system for groundwater and

development surface water in Kathmandu Valley is developed.

e T Social and economic evaluation of the LCD water

WG5S treatment system installation in Kathmandu Valley is
assessment studied



Survey groups and members

SUTRIEY G Members from Univ. of Members from SATREPS
Y 9TOHP Yamanashi, Japan Nepal We

Water resources Y. Ichikawa (Kyoto Univ.) N. M. Shakya WG
assessment H. Ishidaira J. Magome (IOE-TU)
Water quality T. Nakamura K. Nishida S. D. Shrestha WG2
assessment Y. Sakamoto (CDG-TU)
Microbial water F. Kazama E. Haram.oto J. B. Sherchand

et T. Toyama K. Mori (IOM-TU) WG3 & 4
q y Y. Tanaka Y. Yoneyama |. M. Amatya (IOE-
assessment T Kamei TU)
Social J. Shindo H. P. Timilsina WG5
evaluation S. Muto (MoUD)
Geotechnical T. Suzuki T. Miyamoto _ )
assessment K. Araki



Water resources
assessment group



Water Resources Assessment
1) Survey of water infrastructure damage

- water intake & pipe network
- storage tank (rooftop/under ground)

Damaged Area Water

(GDACS)  'Resources

Assessment
GIS layers of
Water
Infrastructure

2) Survey of natural water resources
- water resources availability
- alternative water sources

Hydrological
Model

2)
1) damaged area

5) 8 \
0) 3) ) 10)

9)
Source Area of
Surface Water

7) 6)

KUKL Service Area Source of Surface Water & E.Q. damaged Area


プレゼンター
プレゼンテーションのノート
実施項目１：　貯水槽、上下水道の被害調査
　- 取水施設と給排水管網の被害状況　
　　　→　現地調査＋衛星観測等を用いた広域被害解析結果(GDACSなど)　を利用。
　　　　　　Water Supplyへの影響(給水量の減少など)の評価
　- 貯水槽の被害状況　(屋上設置／地下設置のタンク)
　　　　　　現地調査による被害状況の把握

実施項目２：
　- 利用可能水量(潜在的な水資源量)の推定
　　　→　現地調査やモデル計算により、使える水の量(表流水については、山からのきれいな水の量)を推定
　- 代替水源の探索
　　　→　現地観測による伏流水等代替水源の利用可能性（WG2中村さんの検討？）
　　　　　　まだ利用されていない山地からの流出量の見積もり(モデル計算)
　　　　　　雨水利用ポテンシャルの評価
右上の図は、現地調査や広域被害解析結果、水インフラGIS情報、気象水文データとモデルを
統合的に利用して水資源診断を行う　というイメージ
(左下の図)
まずは、KUKLのService Area (branch office)ごとに、水需要、供給量等の把握
(右下の図)
広域地震被害解析結果などをもとに、各Service Areaにおける水供給施設(特に給水網)の被害と
給水への影響を把握・推定するとともに、表流水源である山地流域からの流出量をモデル計算等で
推定。
図には示されていないが、雨水利用施設や雨水利用ポテンシャルの推定も行う予定…
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Earthquake Damage Estimation

P DSi_Z Percentage of Damage on Water Supply for each SA
Damaged Area
of each SA/District

PDS, =~ P ppg
PDA

PDA\ : Percentage of Damaged Area for each S Built-up Area

of each SA/District
PDAj_Z Percentage of Damaged Area for each District

PDsj_Z Percentage of Damage on Water Supply for each District (Rai R., 2015)
Kathmandu: 30 % reduction of W.S., Lalitpu: 28 %, Baktapur: 18 %

2)

5} 8)

Damaged Area
(GDACS)



Supply/Demand ratio (Wet season, before and after GE2015)

* Only the SA no 9 demand is fully satisfied by KUKL on wet season
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プレゼンター
プレゼンテーションのノート
Composite Damage Index(CDI):
KUKLが調査した給水区ごとのパイプ破断箇所数、パイプ被害総延長、復旧コスト、復旧日数のデータをもとに、
各項目の最大値(上の表のピンクの網掛けの値)で各給水区の項目値を正規化し、4項目の正規化した値の
合計値を「地震による被害の大小を示すインデックス」と定義

Thapaさんが、建物被害等から推測したPDS(＝給水低下率)とCDIを比較すると、概ね傾向(給水区ごとの大小)は対応
しているように見える。
給水区6) については傾向が異なる。
これは河川沿いに設置されていた給水管が地すべり(?)の被害を受けたことによりCDIが大きくなっている一方で
建物の倒壊状況から推定したPDSではそのような被害を捉えることができなかったため　と考えられる。






Water quality
assessment group



Water Quality Assessment

1) Survey of Groundwater quality
- To clarify the earthquake effects on water quality
for community dug wells (sallow Gw.)

2) Survey of natural water resources
- water resources availability
- alternative water sources
—Mountain spring water

14



Damages for sewage system affected Gw. quality?

Before Eq (Wet.2014)
After Eq (Wet.2015)

[
ﬁl’ O -36.423169 - -5.000000
,—%‘ O 4509599 - 0.000000
o @ o s (Fonn 0,
[ . 001 — 45500000 :::::: HiTRGT Baren Land :
.’é’J. s L 21| Cultivated Land |
' G A .| I Waterbody
0 125 25 5 Kilometers W Builtup Area
| T B [ iZ Vegetation Cover |

“* Both negative and positive effects for nitrogen
contamination were detected.
“*Nitrogen contamination had occurred before Eq. 15



Mountain springs as an alternative water resources

Godavari Spring

Sattmul Spring

~ Before EQ. 26-Apr-2015

8 mountain spring water were collected after Eq.
durina wet (Sep. 2015) and drv (Mar. 2016)


プレゼンター
プレゼンテーションのノート
代替水源としての山地湧水の調査結果、主用溶存化学成分はカトマンズ浅層地下水より十分低く、
窒素はいづれの形態でも飲料基準以下でした。

湧水量は雨季で、数百〜数千m3/dayです。１日４〜５Lの仕様で、数万〜数十万程度の供給が可能です。

ただし、微生物データについてはWG3の補足をお願い致します。



Spring with Shallow GW quality
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Spring with shallow GW quality y
{ . : UNIVERSITY OF YAMANASHI
(E-coli-Contamination)———"=

—— Sima
Muldhara
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»Local contamination was detected from 2 springs.

—\Water quality evaluation even in the

Wountal rings are recommended.
ttps://www.tacebook.tom/ICRE.UY



Spring Discharges

@
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No change
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https://www.facebook.com/ICRE.UY



Microbial water quality
assessment group



Microbial water quality assessment

m To evaluate the effects of the earthquake on microbial water
quality in drinking water sources (collaborating with Water quality
assessment group).

m To evaluate the applicability of water treatment systems/devices
which can be used in cases of water emergency to microbial
removal in water.

Escherichia coli - 2500
Concgntrat[ons in water % ~2000 | Earthquak
supplied with a water S E ]
tanker in Maitighar & g 1500 T
§ § 1000 +
=&
S< 500 + I I
- 0+ | I | | | | i

Aug May Sep July Aug Oct Dec Mar
2010 2011 2014 2015 2015 2015 2015 2016

21



Locally-fitted, compact and distributed
(LCD) water treatment system

m Sponge tray water treatment system installed at Jwagal
showed the mean removal ratio of 78.9% (0.68 log,,) for total
coliforms, indicating a potential use of this system for
domestic water production.

— Removal ratio of total

Influent .
coliforms

December 2015
63.5% (0.44 log,)
March 2016

Effluent I_l; 87.7% (0.91 log,,)

22



Portable devices for microbial removal

m Pet bottle filled with activated carbon could remove
98.1% (1.72 log,,) of E. coli in contaminated water.

Removal ratio of

E. coli: 98.1%
(1.72 10g,,)

23



Household water filter

m Commercially available water filter worked well to remove E.
coli, but not for coliphages.

Vqum(eLglltered Removal of E. coli

0 99.98% (3.73 log)
50 99.98% (3.62 log)
100 99.53% (2.33 log)

Volume filtered Removal of
(L) coliphage MS2

100 0-18.9% (<0.09 log)

24



Social evaluation
group

25



Activities of Social Evaluation Group

I. Obijectives

» To clarify the earthquake effects on domestic
water use, health and quality of life of residents

» To develop the method for measuring
community resilience (relating to water
management) to earthquake

Il. Methods
Focus group discussion
Questionnaire survey

26



(1) Questionnaire survey on water
avallability and use, perception, QOL
before and after the earthquake

(In SATREPS) (In SATREPS and J-RAPID)

Place Kathmandu, Madhyapur Thimi, Lalitpur municipalities

No. of 1139 (1500 was planned) 300* until Feb. 2016
households 39115 P 1200 after then
Health status, Household water| Same as before + Impact of
system , Hygiene behaviour, earthquake on water

Quality of life (WHOQOL- system (Just after the
BREF) earthquake and current

Contents

* 225 HHs are same as the 15t survey and used for comparison



=
Questionnaire survey before and after

the earthquake

225 HHs
in 10
5 O locations
O
O ® O
O
O O

O eJan. — April, 2015
(Pec 2015- March 201p



プレゼンター
プレゼンテーションのノート
10 location out of 30 were selected by considering the damage level and area covered.


Impact Of earthquake: Situation after
one month of EOQ

Over all water for

Piped water N % : N %
domestic use
Not available No water
Less, same quality Less than half
Less and poor quality More than half
Same volume, poor qual. Same as before 123 54
Same as before 75 54 More than before 19 8
Total 138 100 Total 226 100
1 0
Management of water N o, Management strategies N Y0
Used stored water 169 75
Could not manage Bringing water from other 16
Could manage but very places
difficult Used sources not used
. 3 1
Could manage without 23 40 before
any problem Buying water 179 79
Total 221 100 Water provided from 0 0

volunteers



Comparison of water availability and
use before and after the Earthquake
(Palred t-test)

Water availability and use Mean N Std. P-value
Water consumption  Before 117 226 106 <0.001
(LPCD) After 63 226 83 '
Piped water amount  Before 250 74 215 <0.001
use per day After 79 74 99 '
Piped water supply =~ Before 5 93 9 ~0.05
hours/ week After 5 93 17 '
Groundwater Before 367 81 290
<0.001
amount use/day After 200 81 215
BJW amount used/ Before 24 118 10 <0.001
day After 15 118 15 '
Amount of tanker Before 223 41 151 ~0.05
water used per day After 221 41 129 '
Monthly cost of Before 1657 205 1827 <0.05
water After 1266 205 1201 '



Changing the perception for situation of water quality and

uantity QOO CIC
0O 1 2 3 4 5

Ideal situation » Very unsatisfied

<«

One month  Current (After 8-

Scores Before EQ after EQ 11 months of EQ)
N % N % N %
Good (0 &1) 95 42 47 21 71 31
Medium (2&3) 103 46 140 62 119 53
Bad (4&5) 28 12 39 17 36 16

Medians of answer are 2 for all periods

Scores change No change = Worsening  Improving

Beforeto  Damaged* 15 (24%) 39 (62%) 9 (14%)

Imonth  Not damaged 87 (53%) 58 (36%) 18 (11%)

1 to 8-11 Damaged 15 (24%) 41 (65%) 7 (11%)

months  Not damaged 98 (60%) 42 (26%) 23 (14%)
* Damaged : 3 locations among 10.



Changes in Quality of Life
(WHOQOL-PREF)

QoL domains

Over all quality of
life
Physical health
domain QoL

Psychological health
domain QoL

Social relationship
domain QoL

Environment domain
QoL

(Paired t-test)

Before
After
Before
After
Before
After
Before
After
Before

After

Mean

2.8

2.6

14.0
12.9
13.9
13.4
14.7
13.4
13.1

12.6

N

223
223
223
223
224
224
223
223
223

223

Std.

0.6
0.6
2.4
1.8
1.8
1.7
2.6
2.0
1.6

1.5

P-value

<0.001

<0.001

<0.05

<0.001

<0.001



(2) Focus Group Discussion

Kokhana, Gongabu, Chyasal, Patan,
Place
Lalltpur Kathmandu Lalltpur

Aug 2015 14 women 9 women (8 men and 4 women

Participants
Moderate t
severe

Discussion themes

Water mana%1 ement before and after earthquake (water
source, piped water su pplg storage, quality and treatment)

. Damage of water system by the earthquake

* Hygiene and health impact

Words extracted from the conversation were classified into 4 categories:
Adaptation, Robustness, Redundancy, Rapidity relating with
resilience.

Effects of water scarcity to the resilience after the

~nr+dlhh N Al A


プレゼンター
プレゼンテーションのノート
解析はこれからですが、以下の様な話がされました。

コカナ
地震の被害大、参加者は明るく見えるが、全員テント暮らし
水道は参加者の約半数の世帯のみに一日おきに1.5時間くらい供給されていた（もっと昔は毎日二回）
地震後は、水道は2ヶ月間給水されなかった。井戸水、タンカー水（3～4日ごと）、ボトル水などを利用、近所の家から水を借りる
地震後、井戸水が濁った例はある。井戸水の減少は見られないがわき水が涸れた。
河川水（バグマティ川に合流する、湧き水？）やストーンスパウトの水は、洗濯や入浴に使っていたが、地震後水量が減りほとんど枯渇した。
飲用、料理用も特に処理はせず、直接利用。感染症は流行していない
井戸や川から水を運ぶのに労力と時間がかかる

チェサール
地震後は外やコミュニティーセンタの建物でしばらく暮らした。
水道水は5～7日に一度2時間供給され不十分。
現在は雨期なので、ストーンスパウトの水が豊富。ほかに共有地内に3つの井戸。井戸水は直接の飲用に適さないが、Gaja laxmi plantで処理後塩素消毒をして安全な飲み水が配布（販売）されている。
このシステムがなかったら、地震後飲み水に困っただろう
水に起因する病気の流行は、地震の前も後も起こっていない。
　


Kokhana

Gongabu Chyasal



Rating of water system before and after the earthquake
Mean score of participants at the 2" FGD: 0 (Worst), 10 (Best)

Kokhana, Lalitpur Gongabu, Kathmandu Chyasal, Patan,

Lalitpur
Quality Quantity Quality Quantity Quality Quantity
Pre-GEQ 7.3 7.3 7.6 6.5 2.0 2.3
Post-GEQ 2.6 2.6 4.6 3.6 1.3 1.3

« Adaptation fetching from other place, stored in a tank,
collect rainwater, use water wisely......

» Robustness water is not enough, due to lack of money,
breaking of pipe, drinking water 1s mixed with sewerage......

« Rapidity didn’t get piped water for two month, for three
month....

 Redundancy had well, tanker had come, no water in stone
spouts, community tanks are empty......

¥

Poor resilience due to slow restoration of water system, reduction of
redundancy in dry season etc.


プレゼンター
プレゼンテーションのノート
解析はこれからですが、以下の様な話がされました。

コカナ
地震の被害大、参加者は明るく見えるが、全員テント暮らし
水道は参加者の約半数の世帯のみに一日おきに1.5時間くらい供給されていた（もっと昔は毎日二回）
地震後は、水道は2ヶ月間給水されなかった。井戸水、タンカー水（3～4日ごと）、ボトル水などを利用、近所の家から水を借りる
地震後、井戸水が濁った例はある。井戸水の減少は見られないがわき水が涸れた。
河川水（バグマティ川に合流する、湧き水？）やストーンスパウトの水は、洗濯や入浴に使っていたが、地震後水量が減りほとんど枯渇した。
飲用、料理用も特に処理はせず、直接利用。感染症は流行していない
井戸や川から水を運ぶのに労力と時間がかかる

チェサール
地震後は外やコミュニティーセンタの建物でしばらく暮らした。
水道水は5～7日に一度2時間供給され不十分。
現在は雨期なので、ストーンスパウトの水が豊富。ほかに共有地内に3つの井戸。井戸水は直接の飲用に適さないが、Gaja laxmi plantで処理後塩素消毒をして安全な飲み水が配布（販売）されている。
このシステムがなかったら、地震後飲み水に困っただろう
水に起因する病気の流行は、地震の前も後も起こっていない。
　


Geotechnical
assessment group

36



Evaluation of ground vibration characteristics

* Modeling the soil structure of Kathmandu Valley
— to reflect its characteristic basin structure
— through bibliographic survey & field test

* Analysis of ground vibration characteristics
— to evaluate ground motion and strain concentration
— through numerical simulations
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Natori et al. (1980): Natural gas in the Kathmandu Valley, Chishitsu News 37



Field survey of damage situation
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Field survey of damage situation
* Field survey of damage situation

— Difference of extent of damage between center &
periphery

* Heavy damage of masonry & RC structures in the
periphery

Collapse of masonry buildings Damage of a concrete pillar
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Survey of hardness of ground

(simplifigd-penetratipn-tesf) |

=>=PATAN(Sankhamul-Balkumari )
—+=THAPATHALI (HOTEL KIDO)
—e=NARAYAN TEMPLE
—o—BALAJU PARK

=—a—PATAN (Jhamsikhel Road)
——=SHOVA BHAGAWATI
—a—-BUNGAMATI (1) (Rubble)
—==BUNGAMATI (2) (Field)
—KIRTIPUR

___________________________________________________________




- Microtremer survey
* Comparison of center & periphery

— Kathmandu & Sakhu

— 3 observation points in both region

41



H/V Spectral Ratio
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H/Vspectral tatio : Kathmandu

e Observation point 1 & 2

— Peak period T=3~4s(0.25~0.3Hz)
— Matches strong motion characteristics & damage situation

« Observation point 3

— T~1.0s : indicates relatively shallow bedrock
— Inclination of bedrock between point 1&2-3: strain concentration 1s supposed
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0.1

Frequency [Hz]

0.1

Point 2

0.1 1 10
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10

0.1

Point 1

Bagmati River

Point 2

Point 3

Point 3

0.1 1
Frequency [Hz]
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H/V Spectral Ratio
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H/Vspectral tatio : Sankhu

 East & North

— Peak exist both in long & short period(3~4Hz)
* 1ndicates contrast of soil structure within the sediments

— Amplification of short-period components led structural damage

e West

— Similar tendency to Kathmandu
— difference of the soil structure between East, North & West

* strain concentration is supposed

East

0.1 1 10
Frequency [Hz]

0.1

0.1 1 10
Frequency [Hz]

10 ¢

0.1

North

East

West

0.1

Frequency [Hz]



Conclusion

 Field survey of damage situation

— Daifference of extent of damage between center &
periphery
« Heavy damage of masonry & RC structures in the
periphery

* Evaluation of soil characteristics through
microtremer survey

— Differnce of soil structure between center &

nerinherv
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