WATER STRESS ON SPRINGS OF LESSER HIMALAYAN REGION

ABSTRACT

Springs of Uttarakhand, India are back bone for domestic water availability dgrirainy and
especially during non rainy season even though #reyhighly ignored. A study was taken up at
Chandrabhaga andDanda watersheds in the mountainous regioiGafhwal, Uttarakhand to analyse
rainfall and spring flow pattern and to suggestewvatansfer plan to supplement the water availgbili
during lean season. Regular spring flow and autedhhydro-meteorological data were collected for
July 1999 to June 2010. The second order polynoralationship is found best fit between annual
rainfall and annual average spring flow. Springenmgater availability was compared with required
domestic water demand and actual domestic wates fmeidentification of springs under water
deficit /surplus for three scenarios of spring usash as 24, 12 and 06 hrs in a day. Based on water
availability of the springs, the water transfer pdaworking under gravity for springs has been
suggested. Study suggested a temporary storagerioiyswater, water transfer plan among the
springs and planning to increase the infiltratiomd avater retention power of soil. It is also
recommended to promote horticulture along with aitmusbandry for effective socio-economic
development.
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1 INTRODUCTION

The lesser Himalayan range dominantly consisteabhic setting that is characterized by multiple
deformations resulting in superimposed folding amgeated faulting and thrusting (NBSS & LUP,
2003). The rocks of lesser Himalayan are highlytiveteed and immensely fractured that helps them
to act as filter and regulates the groundwatergfththe springs as conduit (rapid) or diffusddug
flow (Waltham, 1972; Francesco Fiorillo, 2009).rapid flow system, the aquifer is generally unable
to store water over long time and the spring hychph produced may have peaks immediately after
rainfall event. In slow flow system, the aquifextains water for much longer time with less
fluctuation in spring hydrograph. The springs ofulln karst aquifer responds remarkably to
precipitation (Yonghong Hao et al., 2006). The rigiguan karst springs of China are found
declining since 1950s in response to climate charge anthropogenic activities. Contribution of
climate change to depletion of Niangziguan spriisg8.30 ni/s and contribution of anthropogenic
activities ranges from 1.89 to 2.90/m(Yonghong Hao et al., 2009). The lesser Hinmdagaula
river in South Central Kumaun is seriously effected by deforestation of hillgtoresulting in drying

up of spring and reduced discharge (Valdiya andaBge, 1991).

Negi and Joshi (1996, 2004) found that spring figeld during rainy/ non-rainy season is
affected by rainfall and recharge area characiesisthe recession of seasonal springs is much more
rapid than the perennial springs. The highest wateducing rate is obtained from fluvial originajin
spring with highest mean rate as 405X} whereas, the colluvium originating spring puods the
lowest rate with mean lowest rate as 7.2%H0(Negi and Joshi, 2004Variations in spring discharge
are remarkable and noticeable indicating rapidtiafion of rain water and recharge in colluvium
originating springs (Rai et al., 1998, Valdiya aBdrtarya, 1989, 1991). The springs (perennial,
seasonal) derived from seepage water flowing throig shallow weathered and fractured zone
indicates strong response to rainfall (Tambe Sgmégel. 2012). The impact of rainfall on spring
flow, the relationship between rainfall spring fland rainfall-spring flow lag fo€handrabhaga and
Danda spring’s are presented (Agarwal et al., 2012, Agaet al., 2014).

The study further deals with estimation of wateest on springs dhandrabhaga andDanda
watersheds, a representative areGathwal, Uttarakhand. Monthly availability/stress of springs that
are under use, has been estimated and an undetygneater transfer plan has been suggested to
improve the water availability.
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2. STUDY AREA

The Lesser Himalayan geological formation of stadya Garhwal) falls under the Trans Himalaya
tectonic zone with rocks dfhandpur formation (Gansser, 1974). The rocksGifandpur formation

are defined asthe olive green and grey phyllite inter-blended and finely inter-banded with meta-silt
stone and a very fine grained wackes with local metavolcanics' Valdiya (1980). The major rock types
are phyllites andschists, which are highly fractured, foliated and weatlleravailability of water in
Uttarakhand hills is scarce and variable in periods of monstmnon-monsoon. In monsoon period
the water is abundant and in non-monsoon, watgetdsce and available only through springs that is
collected to small channels and utilized by tharetsion (Negi and Joshi 2002).

Chandrabhaga watershed is located geographically between teitN3§ 18’ and N36 19’ and
longitude E78 35" and E78 36’ (figure 1A). The altitude in this watershed ranges from 115@m
2350 m above mean sea level (MSL). Average anmaiafiall of this watershed is of the order of 1200
mm. The area falls under tlakhnidhar block of Tehri-Garhwal district Uttarakhand). A population
survey indicated human and cattle population of ila¢ershed Chandrabhaga) as 1445 and 447
respectively in year 1991 which was 1562 and 40gar 2009. A slight increase in human and slight
decrease in cattle population is observed in adesf around 18 years.

Danda watershed is located geographically between tittN30° 14' and N30° 16' and
longitude E 78° 37" and E78° 3%'gure 1B). Altitude of this watershed ranges from 780 m t6Q
above MSL. Average annual rainfall in this watershe of the order of 900 mm. The population
survey inDanda indicated human and cattle population of the vehied Danda) as 1732 and 893
respectively in year 1991 which was 1276 and 36yesr 2009. A slight decrease both in human and
cattle population is observe@ihe Chandrabhaga andDanda watersheds are under sub-humid region
with area around 4.0 and 3.0 knespectively and are shownfigures 1A & 1B.
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Fig.1A:Chandrabhaga watershed with springs, | Fig. 1B: Danda watershed with springs,
dependent houses and water transfer plan. dependent houses and water transfer plan.

Watersheds have many gravitational fracture springgch are mainly emerged due to; (a)
presence of fractures in the rock and (b) and tlee oropping of water table at the surface. Springs
nearly dry up in early summer as the soils, whichehaater retaining capacity, are being degraded
and due to deforestation and thinning of forestecand/or may be the rainfall pattern. Within the
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watershed, there exists some springs with sufficiemilable water, and if properly managed, the
springs with water deficit can be supplied with sueplus water from the other springs.

3. MATERIALSAND METHODS

Data collection is the first step for planning andnaging of natural resources for a watershed.dJsin
automatic hydrological instrumentation, databasévie watershedsGhandrabhaga andDanda) was
generated. The rainfall measurements were basddusrio five automatic rain-gauges installed in
each watershed. The spring flow measurements waneially recorded by measuring the time taken
for a specific amount of water coming out of theirgp During high flow in monsoon months, the
specific amount of water measured was 5.0 litred @mnnon-monsoon months the amount was
reduced to 1.0 litre. Since, the springs are distad through out the watershefigifres 1A & 1B),

the measurements were taken on alternate dayseort@b days. A total oforty two springs were
under observation for both the watersheds. As $op@ssible all the springs of the watersheds were
considered for observation leaving one or two fakhtunder deep forest and are not in approach. The
data measurement started in July 1999 and contitilddne 2010. Few springs were added in year
2002, 2003 and 2005.

A human and animal population survey was done F& watersheds for spring wise
dependability of users and their location was itfiedt through Geographical Positioning System
(GPS) {igures 1A & 1B). Domestic water requirements were estimated mdifferent ways. In first
method, the human and animal population was midtplvith standard water use norms. The
estimates so obtained are called asrdwgiired domestic water demand. In the other method, the
actual water use information (drinking, cleaninginaal use) was surveyed from the family and is
called as thectual domestic water use. Individual survey information was grouped to sgriwise
and demand and use on each spring was estimatedwater stress on individual spring was
identified by comparing maximum, average and minimapring flow of each spring with bo#atual
domestic water uses (case 1) andequired domestic water demand (case 2) for three different
scenarios of spring use for both watersheds. Tise dtenario was the use of available spring water
for 24 hours a day, the second was the use foroligsha day and the third was the use for 6 hours a
day. The relationship between annual (June to Maijfall and average spring flow was also
developed considering the data of 1999 to 2009uediaf the year 2004 and f&handrabhaga
springs and 2000 to 2009 fbanda springs using excel programme.

4. RESULTS AND DISCUSSIONS

Overall, the springs of watersheds responded in didterent ways. One; the spring flow was never
dead or had a nil flow. Such springs were defiredha springs with a continuous flow (CF). Two;

the spring were dead or nil flow once or twicedtat record period. Such springs were defined as th
springs with interrupted flow (IF). Third; the spgis were dead or nil flow in summer of every year o

alternate year and revived with subsequent mongeaiafall. Such springs were defined as frequently
dead (FD). Forth; the springs that were suddenlgradually dead and never revived in coming time
were defined as permanently dead (D) as showable 1.

The springs 8, 10A, 12 & 20 were not used by h#bita Chandrabhaga watershed. The
spring 19, 20 were disturbed and destroyed durifigrdad cutting/widening and construction of
retaining wall in year 2006 and 2007. The flow loé tsprings 19 and 20 was continued through the
holes of the constructed retaining walls but it wa$ measurable. The spring 12 continued with
reduced flow since June 2002, indicated no respohdaly to September 2002 monsoon rainfall and
was with no flow since March 2003 onwards. It maydoe to cutting and flattening of land for house
construction in close vicinity of spring’s uplan&imilarly, in Danda, the springs 9, 10 and 17 were
not used. The spring 10 was dead in June 2004 @hsl7 in March 2008. The reasons could not
be identified. But it could the local constructiand man made changes. Spring 18, 19, 21 and 25
indicated a very low and interrupted flow since ibaghg and therefore measurements discontinued
from very beginning of the project, but these spsimere used by the habitats. The measurements in
Danda watershed were continued only with 17 springblé 1). Spring’'s data length considered for
the analysis is reported fable 1 along with some identified past human interference



4.1 Spring flow analysis

Flow record of springs indicated that some sprihgse a continuous flow, some have
interrupted flow and some are frequently dead ompaently dead. Few springs have gone dead due
to human interference like construction and devalept and for those springs the recording was
discontinuedtgble 1).

Table 1. Springs of Chandrabhaga and Danda watersheds, data status and overall flow
behaviour.

Chandrabhaga Watershed Danda Watershed
Sp. Spring data length Sp. Spring data length
No. Start End Remarks  No. Start End Remarks
1 01-Jul-99  30-Jun-10 CF 1 01-Jul-99  30-Jun-10 CF
2 01-Jul-99  30-Jun-10 CF 2 01-Jul-99  30-Jun-10 CF
3 01-Jul99  30-Jur-1C CF 3 01-Jul99  30-Jur-1C CF
4A 01-Jul99  30-Jur-1C CF 4A 01-Jul99  30-Jur-1C CF
4B 01-Jul-99  30-Jun-10 CF 4B 01-Apr-05 30-Jun-10 CF
5 01-Jul-99  30-Jun-10 IF(01) 5 01-Jan-03  30-Jun-10 CF
6 01-Jul-99  30-Jun-10 CF 6 01-Jul-99  30-Jun-10 4F(0
7 01-Juk99  30-Jur-1C IF(01) 7 01-Juk98  3C-Jur-1C CF
8 01-Jul-99  30-Jun-10 IF(02) 8 01-Jan-03  30-Jun-10 IF(01)
9 01-Jul-99  30-Jun-10 CF 9 01-Jul-99  30-Jun-10 1F(0
10A  01-Jul-99  30-Jun-10 CF 10 01-Jul-99  25-Jun-04 (Capw)
11 01-Juk98  30-Jur-1C IF(07) 11 01-Jur-00  3C-Jur-1C IF(02)

(Observed road cutting in year 2007 — 2008)

12 01-Jul-00  30-Jun-02 D(C&D) 13 01-Nov-99 30-Jun-1 IF(03)
13 01-Juk03  30-Jur-1C CF 15 01-Nov-9¢  30-Jur-1C CF
14 01-Juk0C  30-Jur-0€ D(C&D) 16 01-Jur-02  3C-Jur-1C IF(01)
15 01-Jul-00  30-Jun-10 IF(01) 17 01-Nov-99 20-M8r-0 CF
16 01-Jul-00  30-Jun-10 IF(01) 20 01-Nov-99 30-JOn-1 CF
17 01-Jul-05 30-Jun-10 IF(01) 18 Very low flow @neginning.  Nil flow

18 01-JuU-03 30-Jur-08  FD(C&D) 19 Very low flow since beginnini  Nil flow

19 01-Jul-05 30-Jun-07 FD(C&D) 21 Very low flow senbeginning.  Nil flow
20 01-Jul-05 30-Jun-06 FD(C&D) 25 Very low flow senbeginning.  Nil flow
Springs notinuse 8, 10A, 12, 20 Springs notsa u 9, 10, 17
* CF: Continuous flow; IF: Interrupted flow (numbef time); D: Dead; FD: Frequently dead;
C&D: Construction and development.

Yearly rainfall (June to May) and average springwflof all springs for the period and for the
watersheds@handrabhaga andDanda) are given in table 2 and were used to develagtiogiships
using excel.

Table 2: Yearly rainfall and average spring flow from
Chandrabhaga and Danda water sheds.

Water yea Chandrabhaga Danda
(June to Rainfall,  Average flow Rainfall Average flow
May) mm of all 21 of all 17
springs, m springs, m

199¢ 104¢ 570¢ NA NA
2000 772 5834 850 5943
2001 73t 302¢ 28¢ 380¢
200z 161¢ 7602 59C 5412
2003 678 4132 584 4020
200¢ 118z NA 732 599¢
2005 1444 6300 1017 7817
2006 1365 7537 784 6304
2007 922 658: 658:% 800¢
2008 1072 7007 1037 7812
200¢ 64¢ 2707 59¢ 301¢




4.2 Rainfall Spring Flow Relationships

Annual (June to May) flow averaged for 21 sprinfCbandrabhaga and 17 springs dbdanda has
been related to annual rainfall for the watershddwe effect of rainfall on annual flow for the
respective watersheds has been assessed in thefftwghand second order polynomial relationships
below as;

Chandrabhaga water shed
TSp=-0.0082TR%22.08TRa-7564 %£0.77 - (1)
TSp =4293 In(TRa)-263981 ’50.67 - (2)
Danda water shed
TSp=0.0072TRa3.352TRa-3967 ’r0.83 - (3)
TSp =3726.8 In(TRa)-18617 ’=0.65 — (4)

in which, TSp is annual flow averaged for springs)(and TRa yearly rainfall (mm). The log
relationships for the watersheds are almost simitarnature with correlation 0.67 and 0.65
respectively foilChandrabhaga andDanda (figure 2).

The log relationships supported that the spriogvfls minimum for below average rainfall and is
maximum for above average rainfall. The correlationthe second order polynomial is better than
that obtained for log form and is respectively 0.&dd 0.83 forChandrabhaga and Danda
watersheds. Equation one suggested that spring fitmwChandrabhaga watershed reached to a
saturation for rainfall above average annual rédima1200 mm. However, such saturation was not
observed for the springs ddanda watershed for which average annual rainfall is 900 It
suggested thddanda watershed has a very high infiltration capacity.

S 12000 ¢ Chandrabhaga watershed ® Danda watershed
= —— Poly. (Chandrabhaga watershed) —— Log. (Chandrabhaga watershed)
§ ——Poly. (Danda watershed) ——Log. (Danda watershed)
> E£8000 %
25

c
o ‘=
£ o
= n
e § 4000 -
g Av rain Av. rain
< 900 mm 1200 mm
< 0

0 200 400 600 800 1000 1200 1400 1600 1800

Annual rainfall, mm

Fig. 2. Relationship between annual rainfall and annual spring flow averaged for springs for
Chandrabhaga and Danda water sheds.

Developed relationships (eg. 1 to 4) were also @egpwith Vashisht and Sharma (2007) for
the similar area dfittarakhand hills. The developed second order polynomial agdrklationship are
as;

Vashisht and Sharma (2007):
TSp=0.0081TRA12.28TRa-8045 %0.75 --- (5)
TSp =4844.1 In(TRa)- 29114 ’20.65 --- (6)

The obtained log relationship is similar to thateleped in the present study with correlation
0.65. The second order polynomial equation withredation 0.75 is similar in nature to that obtained
for Danda watershed.

In order to understand the springs behaviour amabitity, the monthly flow for the record
period was presented as maximum, average and mmimanthly flow for the months of year and
averaged for the springs for both the watershédaré 3). Frequent peaks in the months of August,
December and March indicated that the maximum nipfilihw is the most effected by rainfall. Such
frequent peaks were not seen with average and mimimmonthly flows and suggested that these
flows are less affected by rainfall.
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Fig. 3: Maximum, minimum and aver age monthly flow for springs of Chandrabhaga and Danda
water sheds.

The minimum monthly flow averaged for the springaswcompared with monthly required
domestic water demand and monthly actual domestiemusesfigure 4). It was found that the
monthly required domestic water uses is always thas minimum monthly flow for both the
watersheds suggesting that the minimum monthly feyable to meet monthly actual domestic water
uses. The minimum monthly flow is close to monthguired domestic water demand in months
July, Dec., Jan., Apr., May & June & f@handrabhaga watershed and is less than required domestic
water demand foDanda watershed in the months Feb., Apr., May, & Juingufe 4) indicating a
stressed situation in the months fanda watershed.
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Fig. 4: Minimum monthly flow along with required domestic water demand and actual domestic
water usesfor Chandrabhaga and Danda water sheds.

4.3 Domestic water availability and requirements

Since, the springs are the only dependable relisdnlece of water in the two watersheds. The spring
wise water availability is considered for determinithe adequacy of water to the people of the
watershed, especially for their domestic requirasieiihe spring wise maximum, average and
minimum daily flow, human population, animal pogida, required domestic water demand and
actual domestic water use are showrtables 3 & 4 respectively forChandrabhaga and Danda
watersheds.

The total required domestic water demand @andrabhaga watershed with dependant
population of 187 male, 308 female, 370 minors 2h8 animals is 33215 I/d and actual domestic
water use is as 24659 I/thifle 3). The minimum flow availability through all spriags in between
actual domestic water uses and required domestiervdgmands. The spring wise stress could be
seen for springs 1, 2, 4B, 5, 11, 13, 17 & 18 watiual domestic water use (24659 I/d) and with
springs 1, 2, 3, 4B, 5, 7, 11, 13, 15, 16, 17 aBdwhen required domestic water demand are

6



compared with minimum flow availability (27932 1/d}j suggested that minimum flow is not able to
meet domestic water use as well as domestic wataadds of users on few springs. It also suggested
that water use is limited by minimum spring flowadsability. The average daily spring flow
availability is 266766 I/d and is around nine tinoésminimum spring flow available through springs
and is high to meet the demantible 3).

Table 3. Spring flow availability, population, required domestic water demand and actual
domestic water use survey (November, 2009) for Chandrabhaga water shed.

Sl. Spring  No. of Spring flow availability Male Fete Minor Animal Required  Actual
no. no. houses  Max. Av. Min. @45 @45 @25 Big  Small domestic domestic
I/lday I/day liday @10 @5 water water
I/day l/day demand  uses
liday I/day liday Nos.  Nos. Nos. Nos. Nos. llday liday
1 1 11 32075 8290 946 13 22 22 10 4 2245 1545
2 14 31933 11370 2399 11 30 32 11 14 2825 2640
3 3 25 305317 48371 5484 41 47 81 12 21 6210 4073
4 4A 7 77141 18309 1652 7 13 12 8 2 1290 1218
5 4B 8 76402 14177 800 7 13 13 9 3 1330 1218
6 5 2 58848 6055 79 4 3 2 1 1 380 405
7 6 2 67188 11050 2018 2 4 5 2 1 420 365
8 7 1 111475 13131 211 1 2 7 1 1 325 175
9 9 3 81426 20371 2312 8 7 7 2 2 880 625
10 11 1 26043 4656 115 1 3 7 1 1 370 145
11 13 30 104524 24131 2226 42 50 63 38 16 6175 4455
12 14 5 42141 10275 1348 7 7 21 3 1 1190 784
13 15 2 114612 20929 517 1 5 8 4 3 525 350
14 16 10 37961 7503 1506 11 20 31 3 3 2215 1170
15 17 27 87719 11545 1544 25 43 33 14 14 4095 3155
16 18 2 99868 10829 123 1 2 2 0 3 200 220
17 19 19 112110 25774 4652 5 37 24 4 2 2540 2125
Total 169 1466783 266766 27932 187 308 370 123 92 33215 24659

Table 4. Spring flow availability, population, required domestic water demand and actual
domestic water use survey (November, 2009) for Danda water shed.

Sl Sprin  No. of Spring flow availability Mal Femal Minor Animal Required Actual
e e
no. gr]1o. houses Max. Av. Min. @45 @45 @25 W domestic domesti
llday I/day liday @10 @5 water ¢ water
I/day l/day demand uses
Nos. llday llday liday Nos. Nos. Nos. Nos. Nos. /day llday
1 44 226827 26086 807 86 85 107 54 29 11055 453
2 8 211360 33414 7000 33 30 51 18 28 4430 1014
3 3 3 165719 20097 4462 10 9 9 4 2 1130 270
4 4A 12 359536 39916 3664 53 33 32 9 3 4775 110§
5 4B 3 25009 5460 3011 7 8 17 3 6 1160 340
6 5 16 161187 33964 8286 48 43 44 14 12 5395 143
7 6 1 57105 7686 102 3 4 1 3 1 375 125
8 4 199017 14434 440 11 6 9 2 3 1025 310
9 2 103708 11148 783 6 5 2 6 6 635 185
10 11 13 45274 11545 1401 37 31 36 10 15 4135 1265
11 13 8 88027 13939 1527 19 18 23 8 15 2395 705
12 15 6 54498 8739 1223 17 18 22 16 2 2295 670
13 16 5 84334 5729 475 7 6 10 3 1 870 395
16 20 2 238398 29898 3020 8 7 7 2 5 895 325
14 18 7 NA NA NA 11 12 17 14 8 1640 640
15 19 5 NA NA NA 20 15 15 8 6 2060 520
17 21 8 NA NA NA 27 26 25 7 22 3190 895
18 25 5 NA NA NA 20 19 45 7 12 3010 600
Total 152 2019999 262055 36201 423 375 472 188 176 50470 15325




The total required domestic water demanddanda watershed with dependant population of
423 male, 375 female, 472 minors and 364 animai®450 I/d and actual domestic water use is as
15325 I/d, around 1/3 of required domestic watenaed. One third use of the required water demand
simply highlights the difficulty in availing wateand indicated the living standard of habitationeTh
minimum flow availability through all springs is Imetween actual domestic water uses and required
domestic water demands. The spring wise stressl dmikeen for springs 1, 6, 18, 19, 21 & 25 with
actual domestic water use (15325 I/d) and withngil, 4A, 6, 7, 11, 13, 15, 16, 18, 19, 21 & 25
when required domestic water demand are compargdminimum flow availability (36201 I/d). It
suggested that minimum flow is not able to meet etin water use as well as domestic water
demands of few springs. The average daily spriog fivailability is 262055 I/d and is around seven
times of minimum spring flow available through $@$ and is high to meet the demaritizble 4).
4.4 Water stresson the springs
Stress of water on individual spring was identifib comparing the minimum, average and
maximum spring flow with botlactual domestic water uses (case 1) andequired domestic water
demand (case 2) for three different scenarios of springsuss 24 hours, 12 hours & 6 hours and is
indicated under “deficit” inable 5 & 6 for the respective watersheds.

For minimum spring flow and with six hours springeyuthe springs 1, 2, 3, 4A, 4B, 5, 7, 9,
11, 13, 14, 15, 16, 17, 18 and 18b{e 5) indicated deficit when compared to actual doncestter
uses (case 1) and thus suggested the requiremspting] water storage for the rest of the day when
the springs are not in use. Springs 1, 2, 3, 4A,5/, 11, 13, 14, 15, 16, 17 and 18 indicated the
deficit when used for 12 hours a day. Springs ¥R,5, 11, 13, 17 and 18 indicated the deficitneve
when the springs were used for 24 hours a day. 3hggested the requirement of an increased
recharge to springs followed by storage of flow.

Table 5. Springs under deficit for three different scenarios (24, 12, 06 hrs.) of spring use for
Chandrabhaga watershed under actual domestic water uses (case 1) and under required
domestic water demand (case 2).

Combination of available spring floy
domestic water use, demand

Scarcity of water in 21 springs (1, 2, 3, 4A, 4B657,8, 9,
10A, 11,12, 13, 14, 15, 16, 17, 18, 12)) of Chandrabhaga
watershed under different scenario of domestic mate

24 hours use in

12 hours use in a

6 hours use in a day

deficit with
required domestig

Minimum

case 1) + 3,7,
15, 16

a day day

Springs under Monthly spring flow. | 1, 2,4B,5,11,| 1, 2, 3,4A,4B,5, | 1, 2,3,4A,4B,5, 7,
deficit with actual| Minimum 13, 17, 18 7, 11, 13, 14, 15, | 9, 11, 13, 14, 15, 16,
domestic water 16, 17, 18 17,18, 19
uses. (Case 1) | Monthly spring flow | Nil 17 2,4B,13,17,1

Average

Monthly spring flow. | Nil 17 13, 17

Maximum
Springs under Monthly spring flow. | (Springs of (Springs of case 1)| ( Same as casel)

+ 19

deficit

water demand. Monthly spring flow | 17 (Springs of case 1 | (Springs of case 1)

(Case 2) Average +13 1,11,14,16
Monthly spring flow. | Nil (Springs of case 1)| (Springs of case 1) +
Maximum + 17 16, 19

Springs not in Always surplus 8, 10A, 12,20 8, 10A, 12, 20 8, 102, 20

use.

Springs always il | Always deficit Nil Nil Nil

With average spring flow and with six hour use, $peings 2, 4B, 13, 17 and 19 were under
deficit and suggested the requirement of storag¢hforest of the day. The spring number 17, which
is under deficit when used for 12 hour, suggesteteased recharge followed by storage of flow. For
maximum spring flow and with six hours use, thargs 13, 17 indicated the requirement of spring
water storage for rest of the day time when thengprwere not in usddble 5). The spring 17 which



is under deficit when used for 12 hours again ssiggacreased recharge followed by storage of flow.
The springs 8, 10A, 12 and 20 were never usedhargldan be classified as surplus springs.

For Danda watershed with minimum spring flow and six hoafspring use, springs 1, 4A,
6, 7, 11, 13, 15 and 16 indicated deficit when carag to actual domestic water uses (case 1) and
thus suggested the requirement of storage foofabe day, the springs were is not use. Springs 1,
7, 11, 15 and 16 indicated deficit when springsemesed for 12 hours a day and springs 1 and 6
indicated deficit even if springs are used for Zurma day. This suggested the requirement of
increased recharge to springs 1 and 6 followedttmage of flow in springs 1, 6, 7, 11, 15 and 16
(Table 6). For average spring flow and with 6 hour of sgrimse, the springs 1 and 16 were under
stress and suggested the requirement of storagedbof the day when the springs are not in uge. F
the same condition with 12 hours spring use inya thee spring 1 is under stress suggested increased
recharge followed by storage of flow. For maximuowf and with six hours spring use in a day, only
the spring 16 indicated deficit and suggested d¢ogirement of storage for rest of the day. Sinloe, t
springs 9, 10 and 17#ble 6) were never in use, these springs can be condidgarsurplus and can
be used for transfer of water. The springs 18,219and 25 were considered always in stress as the
monthly average spring availability could not b8reated from available data.

Table 6. Springs under deficit for two different scenarios (24, 12, 06 hrs.) of spring use for
Danda watershed under actual domestic water uses (case 1) and under required domestic water
demand (case 2).
Combination of available spring flow, Scarcity of water in 18 springs (1, 2, 3, 4A, 4B657, 8,9,
domestic water use, demand 10, 11, 13, 15, 1617, 18, 19, 20, 21, 25) danda
watershed under different scenario of domestic mage
24 hours use i | 12 hours use in 6 hoursuse inad
a day day
Springs under deficit Monthly spring flow. | 1, 6 1,6, 7,11, 15, 16 1, 4A, 6,7, 11, 13,
with actual domestic| Minimum 15, 16
water uses. Monthly spring flow. | Nil 1 1,16
(Case 1) Average
Monthly spring flow | Nil Nil 16
Maximum
Springs under deficit Monthly spring flow. | (Springs of (Springs of case 1)| (Springs of case 1)
with required Minimum case 1)+ 4A, | + 2,4A,5,8,11, | +2,3,4B,5,8
domestic water 7,11, 13,15, | 13
demand. 16
(Case 2) Monthly spring flow | 1 (Springs of case 1 | (Springs of case 1
Average + 11, 16 +2,4A, 4B, 5, 6, 7,
8,11,13,15
Monthly spring flow. | Nil 1,16 (Springs of case 1)
Maximum +1,4B,5, 7, 11, 13,
15
Springs notn use Always surplu 9, 10,1 9,610, 1 9,610, 1
Springs always il Always defici 18, 19, 21, 2 18,19, 21, 2 18, 19, 21, 2
deficit

Since, the required domestic water demand (cage<2ightly more than the actual domestic
water uses (case 1), the stress on the springasesewhen required domestic water demand is
compared with minimum, average and maximum spriogd. The additional springs that turn from
surplus to deficit under respective scenarios aponted intable 5 & 6 respectively for
Chandrabhaga andDanda.

A temporary solution to the problem is the creatibrstorage tanks for storage of water, for
the period the springs are not in use, and watersfer from surplus to water stressed springs,
working under gravity. The permanent solution isrtcrease the infiltration and to reduce the rapid
transit of water through the aquifer adopting wstterd improvement practices.

45 Water transfer plan for watershed springs



Water transfer plan from surplus spring to wateictesprings, working under gravity, for springs
that are under use has been suggested for wateageraent and to improve the water availability.
The springs having surplus water after its usedit@urs a day, were considered as springs to supply
water to springs having deficient of water. A sowumttl durable water transfer plan is suggested
requiring no energy for its operation. The watemsfer plan is suggested considering; (1) Donor
spring should have surplus water after fulfilling @wn demand, (2) Donor spring should be at higher
elevation than the spring to which it has to transfater so that water can be supplied by gravity,
otherwise external energy will be required and waldifficult to get at required time.

Fulfilling above conditions, a plan was suggestadtfansfer of water from springs 3, 4A, 6,
7,9, 14, 15, 16, 19 and 8, 10A, 12, 20 having lssrpf water to springs 1, 2, 4B, 5, 11, 13, 19,1
having deficit forChandrabhaga watershed. Transfer plan for springs is as; @jrfrsprings 6, 7 to
4B, 5 (ii) from spring 3 to 2 (iii) from spring ® 13 (iv) from spring 10A to 1, 11 and (V) from
spring 14 to 17. Since, the spring 18 is on highesition among all springs, no transfer of watan ¢
be suggested but an increase in infiltration invilceity of its catchment is suggested to incretse
spring flow. A water transfer plan f@handrabhaga watershed is shown figure 1A. Water transfer
plan forDanda watershed is from springs 2, 3, 4A, 4B, 5, 7,8,13, 15, 16, 20 and 9, 10, 17 having
surplus of water to springs 1, 6 and 18, 19, 21h&&ng deficit. It is proposed to transfer thetava
from springs as; (i) from springs 8, 10 to 6 (iYrh spring 8 to 25 (iii) from spring 2 to 3 to 1819.
The spring 1 being on highest location among alhgg, no transfer of water can be suggested but an
increase in infiltration in the vicinity of catchmigis suggested to increase the flow. A water feans
plan forDanda watershed is shown figure 1B.

Further the springs of the watersheds with surplager could be utilized for irrigation by
creating storage or directly. Efficient methodsiroigation such as drip / surge are recommended
with horticulture crops so as to maximize the usknuted spring potential.

5. CONCLUSIONS

(1) There exists a second order polynomial relationdlgfween annual spring flow and the
annual rainfall on water year basis similar to thlaserved in literature. The average minimum flow
from the springs are least affected by rainfall.

2 The average water availability through all sprirg266766 I/d inChandrabhaga and 262055

I/d in Danda watershed, which is always greater than requiedeastic water demand. On the other
hand the minimum water availability through all ings is always less than the required domestic
water demand but is greater than actual domestierwse. It suggests that the water availability is
limiting factor for water use and there is a neadntrease the minimum water availability through
springs.

3 The water stress of springs 3, 4A, 7, 9, 14, 15ai46 19 can be avoided by proper water
storage of non-use periods fGhandrabhaga watershed. However the springs 1, 2, 4B, 5, 11173
and 18 will still remain under stress and needsvegjation. Similarly, forDanda watershed, the
water stress of springs 4A, 7, 11, 13, 15 and hébeaavoided by storage, but the spring 1 and @ nee
rejuvenation.

4 Water transfer plan in collaboration with the exigtsocial laws, from “excess” spring to
“deficit” spring, through gravity flow are suggegtr both the watersheds.

6. RECOMMENDATIONS

Water storage structures are essentially requoestdre spring flow of the non use periods during
non-monsoon/summer months. Rejuvenation plannirgdsired for selected springs. Management
planning is also required with water transfer irlafmration with the existing social laws, from
“excess” spring to “deficit” spring, through grawitlow. Water harvesting structures are required to
store rainwater in monsoon months in order to imeeflow for required selected springs. Efficient
drip/ surge irrigation with horticulture are recormded in association with animal husbandry so as to
maximize the use of limited spring water potential.
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