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ABSTRACT

Irrigation wells can patentﬁaﬂﬁy suppty one-half or more af the
Roza Iprigation District (Distrﬁct) water noeeds if 1ittie or 0O
reservoir storage water is available during & drought. There are
at least 51 high-yield irrigation walls in the Nistrict capable of
yielding 1000 or more gallons per minute (gpm). These wells can
he modified to irpigate approximat&ﬁy 22 000 acres or a0 percent
of the 72,000 acres irprigated (weport@d) within the District.
There are also approximateiy 200 Tower-yield irrigation wells in
rhe District which can irrigate another 12,000 acres. Additiona)
high-yield wells could be drilled to iprigate an estimated 11,000
rp 18,000 acres. Combined ipprigation pot@ntia? faor all wells im
estimated tO he 45,000 TO 50,000 acres. ¥ this pumpage i
Timited to occasional use, say one year in 10 or two years in 20,
with 5 or 10 years of recovery betweean yses, there will probably
not be significant long-term water level declines (aguifer storage

depletion). IF the {rpigation potential of these wells is to be
developed, further study js needed to agsess possible problems
with ground-water storage depletion (watewwﬂeveﬁ decline).

interference with production of Hdrpigation wells outside the
Digtrict, and ground-water guality.

£



INTRODUCTION

At the request of the Yakima River Basin Water Enhancemant
Projsect arydy Team, the patentiaT for supp?ememta? {ppigation
from wells within the Roza frrigation pistrict (District) Wwas
avaluated. The District has two options for obtaining supp1ementa1
ground water supplies for drought ralief when reservoir storage
water is not available. The first option is use of existing walls.

These wells can supply both aupp?amanta? jprigation needs of
current owners and excess production for naighboring Tands or
distribution vim the Roza Canal. The second option is tO driil

and develop new walls in areas which cannot be served by existing
walls.

SCOPE

Thig scope of this gstrudy 18 Timited to assessmnent of the pmt@ntiaW
for developing ground water suppliss for drrigation of District
Tands . we did not address the guestion of whether the ground
water s available for appropriatﬁmn thraough Washington Dapartment
of Ecology (WDOE) water rights administration procedures .

The study also did not address the guestions of possible pumpage
effects on  production in wells outside the pistrict and
groundwwatew quality problems which could timit Jppdgation of
certain crops oF soil Cypes.

Data sSoUurces for this study ineluded we11wdri11ers‘ iogs, UsGEs
computenr data files (Ground Hatar Site Inventory File, WATSTORE
dats base). Washington Department of Ecology (WDOE?} Central
Region’'s computer database for Roza water rights, WDOE
headguartenrs water rights files, and WDOE aquifer rest data
(Project Asgistance and Ihvestigations Sectioh f4les).

METHORS

Qur analysis consisted of the £nllowing steps:

1.Estimation af the maximum yield of existing wells.

o . Egtimation of well gpacing required, when pumping UR ro 3500
gpm, tO koep drawdown interference in neighboring wells at
acceptabie Tevels .

3. Eetimation of the roral District acreage which can be
irrigated with existing “high~yie1d“ sprigation walls, each
capabie of producing at Teast 1000 gallons per minute . (gpm) .

4. Estimation of the total pistrict acreage which can be irrigated

with existing nower-yield” wells as indicated by rhe WDOE
water rights records (deveiop@d permits or certﬁficates).



5. Evaluation aof the potentia? for drilling additional kg h-
yield wells in relatively undeveioped areas within the
District and estimation of the acreage which could be

irrigated with these wells.

Hﬁkkwilﬁkﬁwﬁﬁllmﬁiﬁﬁ

There are 248 jrrigation walls with developed water rights located
within the Roza Iprigation Digtrict. Logations of these walls are
shown on Map 1. We were able to estimate the maximum vield {gpm)
for about one-third af these walls from specific capacity. well
construction. water levels, and water rights snformation.

rapecitic capacity’ ja defined as gallons per minute per foot of
drawdown (gpm/ft) and 18 derived from a pumping rest conducted by
the well dritier. “available drawdown” g defined a8 the

difference (in feet) betweed rhe static watenr tevel and rhe Towest
depth toO which the water Tavel may drop during pumping (the
drawdown T9mit depth?) without reducing pump efficiency. The depth
vy the top of the uppermost aquifer., depth to rhe upparmost casing
perforatﬁons, ar depth TO rhe top of well screens determine the
drawdown 1imit depth. We assumed that a_punping J1LE to. ghound
surface Qreakel EbﬁﬁmﬁﬁﬁWﬁﬁﬁﬂwﬂﬂﬁwﬁﬁﬂﬁﬂéllxmﬂﬂﬁ sconomigal and
used 600 feelt ag a maxinum drawdown Timit depth.

Where gpecific capacity and available drawdown were known, the
maximum well yield (in gpm) was calculated by muttiplying

navailable drawdown" times the "gpecific capacity”

ﬁﬁkkWﬁﬁﬁﬁiﬁ§w§§QQlE§M§NI§

Well spacing must be considered 1N order To minimize
intarferaﬁaewdrawdown effects on well production.
“Intarferenaewdrawdown" ie the water 1evel decline in wells caused
by pumping in a nearby well, a8 dﬁgtinguiﬁhed From drawdown
ocaurring 0 rhe pumping well. Under complex hydrogeo?agic
conditions the acceptable Timit for intar?erenca*drawdmwn is hest
determined py direct resting. Fopr the irrigation wells with at
teast 200 feat of available drawdown we estimate that yield will
not be impaired by up tO 50 feet of intarferehcewdrawdcwn* Some
wells with severa hundred feet of available drawdown may not be
impaired by up te 100 feet of int@rfarancewdradeWn. These are
rough estimates which should be evaluated by direct testing.

Intarfarence—drawdown gstimates raguire information OO aguifer
cpansmissivity, storativity. and geomatry. This information 18
used in standard eguations for calculating drawdown.



Little 48 known about t+he basalt aquifers 1in rhe vicinity of the
District. The area is part of the Yakima Fold Belt, a complex
series of major folds (anticlines and synclines) with east-west
oriented axes and related faults and fractures. sacondary folding
and Ffaulting further complicate the basalt stratigraphy in the
area. The Ffolding and faulting has created complex fFfracture
patterns 1in the basalt which control the storage and movemant of
ground water. As a result, the water vielding characteristiics of
rhe bagalt formations are poorly understood and may vary greatly
over distances of less than a milse.

WDOE personnel at the Central Region office n Yakima have
identified the principal geologic formations in the area uging
well Tog Tithology. These formations include the Saddle Mountains
Basalt and Wanapum Basalt af the Columbia River Basalt Group, and
the Ellensburg ( poorly-cementead sadiments). Despite our ability
ro ddentify the formations the water-bearing properties are not
congistent and correlation of water—-bsaring ZONes from
wall-to-wall using Tithologic Togs 1is generally very difficult op
even impossible.

WhOE parsahhéT conducted three aguifer tests in the middle portion
of +the District near Unifon Gap. Teat data indicate an average
aguifer rransmissivity (7)) of 25 000 Ffeet /day and average
stopativity (8) of 0.00601. These aquifer charagteristicse may be
resresentative of only a small portion of the District, because of
the complex hydrogeology and limited areal extent of the testing.
Pryach (1983 estimated a "T" of 4,600 feat/day for the basalt
agquifer in an area along the Yakima River patween Granger and
Mabon. Acgcording to Prych (1983) rough estimates of aquifer "T"
may be calculated using the following rule—of-thumb formula,

Transmissivity in faetz/day = 260 x specific capacity

Specific capacities for the wells range from 4.1 to 186. Using the
formula above these specific capacities translate to a TY range
of 1,000 to 48,000 faet” /day. Aguifer testing and numerical
modeling of basalt aquifers elsewhere in easterh Washingjon have
produced estimates of "T" generally less rhan 10,000 feet /day and

estimates of "8" ranging from 0.001 to Q.0001. For the present
study a "T" range of 5,000 to 50,000 feet /day and a "8" range of
0.001 to 0.0001 were chosen for UGe in caloulating

interference-drawdown.

Table 1 shows the pstimated interference~drawdown at various
distances from a well pumping 1000  gpm far 150 days (the
approximate length of an irrigation season). Interfersnce~drawdown
was calculated by using the Theis equation and image wall theory
for a hypothetical confined aguifer with "mo-flow" boundaries 4
miles north and 10 miles south of the well. This analytical model
rapresents  a typical irpigation well location and basalt aquifer
configuration along the lower portion of the District.



IﬁterferencewdraWGOWh sstimates are shown for the pange of wTr and
“e" described above.

TABLE 1. ESTIMATED INTERFERENCE“DRAWDOWN FOR A WELL
pUMPING 1000 apM FOR 150 DAYS

Traﬁ$m15$ivity>> T=50000 T=50,000 T=5,000 T=5,000

o vty >> §2.001. $2.0000.. g=.001. .$=.0001
Distange prawdown (featld :
g.% miles 3.4 5.4 18.5 33.8
1.0 miles 3.0 5.0 14.58 29.8
i.5 miles 2.1 4.7 12.3 2% .4
2.0 mites 2.6 4.6 11.0 26.0
3.0 miles 2.4 4.4 4.5 24 .5
The "T" / ngr  gombinations in Table 1 result in & wide range of
estimated ﬁht@r?erenaewdrawdown for the various distances from the
pumping weall. The ﬁnterferenaewdvawdown values in Table 1
11lustrate that smaller arn  gnd smalier ngv pesult TN greater
drawdown. The most representat‘ve combination of "T" and ngr L A
discussed above, 18 5000 feet  /day and .001, respectively {(see

cotumn 3 in Taple 1). However, rhe aquifer characteristics vary
Tocally and may range toward rhe other values of "T" and gt The
estimated "worst case’ interferencewdrawdmwn values are Tisted In
column 4 of rhe table.

Interfarencewdrawdmwn at pumping rates ather thah 1000 gpm  are
easily calculated from Table 1 because drawdown 18 directly
pﬁopohtﬁonaT to the pumping rate. For exampie, at & given distance
from the pumping well the drawdown at 2000 gpm is gwice the
drawdown at 1000 gpm. the drawdown at 3000 gpm 98 3 times the
drawdown at 1000 gpm, and so on.

At 1000 gpm oF Teoss (10werwyi91d wells) well spacing of 1/2 mile
or less is probably acceptable. ji.e. the “gorst-case’
intar%ar@ncemdradeWﬂ of 34 feset in neighboring wells will not
Ccause proplems. At higher pumping rates of up to 3500 gpm
(highwyﬁer wells) the required well spacing may range from 1/2
mile to as much as 3 miles.



F’RODUCTIONFROM‘HIGH“YIELDWELLS

1f the use of existing wells s selected as an aleernative for
drought pelief, we assume rhat the District will first enhance the
withdrawal and distribution fagilities of wells with the best

yields. Therefore, rhe wells were subdivided nto rwe  groups:
“highwyieid“ wells =— those capable of producing at least 1000
o and “1owerwyier" wells - cthose producing tegs than 1000
gpm.

Hﬁghwyﬁeﬁd jrrigation wells, for the pUurposes of this study, have
a pumping capability of at least 1000 gpm with & proper 1y sized
PUME . Table 2 summarizes canstruction and watsr tevel information
fop the 51 hﬁghwyi@id wells we were able tO jdentify. Table 3
summarizes pumping test data and specific capacities for 42 of the

wells. The Tocations of the wells are high?ﬁghted on Map 1.

Table 4 1ists the estimated maximum yield (in gpm) and related
information for the identified hﬁgh«yﬁaﬁd waells. WMaps 2 and 3
$1lustrate the distribution of these walls, together with well
atcributes from Table 4. Maximum yield estimates for some of these
wells were unraa?istﬁaai?y large — a% high as 19,000 gpm. For both

practicaT and economic reasons the max{mum production rhat
ordinarily s obtained from basalt agquifer wells is .approximateﬁy
AB00  gpm. values of estimated ma T mum yield in Table 4 reflect

rhis pract%ma? maximum yield of 3500 gpem.

gpecific capacity was not available for some aof the walls 1isted
ipn  Table 4. The sstimated yield of these waells was hased on the
maximum permitted pumping rate indicated oh the water right {Table
5Y.

The average watenr app1icatian rate raquired far orops in  the
Yakima yalley is approximateiy 5 gpm per acre {(James st.al., 1482:
and parﬁmmai compunications with WDOE Central Region personnal).
Orchard crops pequire as much as 7.5 gpm per acre for frost
contral in sarly spring bhut axtra allowance Gan pe made for these
crops rhprough proper pump and dﬁstribution pdpe design.

Eatimated maximum yield from the 51 hﬁgh~yﬁ@1d wells rotals
137,000 gpm (see Table 4. Average wel 1 yield is chus
approxﬁmateWy 2,700 gpm. Well spacing raguirements may precliude
development of the excess yield from approximate?y 10 of these
wells. This would reduce rhe total potentﬁa? yield to
approxﬁmate?y 116,000 gpm. (Field rests of intewf@rencawdrawdmwm
for  most of the hﬁghwyﬁer wells will he necessary if they are
developed for drought ralief.) AL 5 gpm per acre rhis production
rate could irrigate approximataiy 22 000 acres OF 20 percent of
rthe 72,000 jprigated acres in the District. water rights for these
wells cover only 8651 acres {sae Table 3) or 1ess than 40 percent
of the patentiaW irrigation gapacity of the wells.
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TABLE 3. ROZA IRRIGATION DISTRICT HIGH-YIELD' WELLS
— WELL PRODUCTION TEST DATA —

HEAREST 40 ACRE PRODUCTION PRODUCTION  SPECIFIC
CANAL  TOMNSHIP RANGE SECTIN  9UB ORER PRODUCTION  TEST TEST CAPACITY
MILE  (NORTH) (EAST) SECTION TEST GPM DRAbE?EE)grm QURATION  (GPW/FT i}};

3.5 L 19 18 N ROCHE POMONA 1,960 104 4 19
15.7 13 18 24 ¢ HELLY, JOWN 250 5 4 62
5.8 13 20 19 N SUNDQUIST FRY 2 3,525 13 3 48
2.1 12 20 13 P CHARRON 3,024 280 4 1
2.4 2 20 18 o DR WA W/A N/A N/A
23.6 12 20 09 P ALLWORTH 2 00 146 4 4.8
5.5 12 2% 18 B BRULOTIE 1,509 194 8 7.1
23.3 i 20 95 E HORSLEY ORCH. 900 a8 W/A 4.1
29.1 12 o0 R H  VISTA RIDGE /A N/A N/A /A
31.3 1 20 04 ¢ OL3MN N/A N/A N/A 12
31.3 H 2 04 E  VALLEY RDS.ORC. £60 10 5 11
31.3 [} 20 04 ¥ TURCOTT 60 1 4 69
3.3 1 20 05 R BABCOCK,GREEN & 1,810 69 4 26
314 H 20 04 G VALLEY ROZ ORCH N/A H/A N/A 38
3.4 1t pat 04 Lo YOG 450 50 3 8.0
32.8 1 20 69 A GREEN, DAVID L. 500 58 pL] 8.5
2.9 1 20 03 J  STROTHER ORCH. 538 130 22 4.1
3.6 11 20 10 F MORRISON N/A NA N/A N/A
3.1 11 20 12 K RASHFORD,GEORGE 500 R 8 18
3.0 1 21 i F ROIA TWEST CO. 420 40 4 10
3.2 H 2 13 R S00ST BROS. 2,000 131 5 15
38.8 1 21 18 K CASCADE ORCH. 180 30 5 6.0
39.4 11 2 18 R LEACH,MILLER & 1,500 29 4 &2
41.8 H 4] 1 J ROZA INVEST CO. 440 20 & 22
2.3 1 i 28 C . SCHAMN, FRED J. 160 4 [ 25
4.6 1 a 26 F DE LA CHAPPELLE 1,008 21 N/A i
4.9 1 21 34 ¢ SLAGG 800 N/A N/A N/A
45.2 1 2 3 F E.7.HEARRON 0D, 682 80 7 1A
41.5 H 2 30 D OE LA CHAPPELLE N/A N/A N/A N/A
48.4 " 2 28 N RONE FARMS 1 1,115 §12 4 10
52.5 1 2 35 D EVANS 2 2,400 181 24 13
53.2 1 22 26 Q0 EVANS /A N/A H/A N/A
53.5 il &2 35 A SNYSIDE CO 1 2,420 13 A 186
58.4 W 23 0 L YAK.VAL.COLLESE 340 N/A 2 100
5.2 10 23 17 g8 ST 2,050 38 5 6.1
61.3 10 23 15 F VISR N/A N/A N/A N/A
§7.8 i 23 a1 J GOHINEAN 2,000 2 o !
68.3 10 23 3% K BROWN FRT N/A N/A B/A /A
59.2 04 23 01 8 WASH, FRUIT &P B/A N/A N/A 63
69.3 10 3 36 6 WIE 1,000 § P M
0.9 10 24 3 F o MOPHERSON 2 912 N/A 4 100
3.6 08 o 04 B WYCOFF FARMS 1,500 54 8 28
80.9 03 25 as K PROBSER EXPR. 1,500 26 b 58
81.5 09 i) i A R.E.ORMISW,INC 1,200 12 4 180
82.8 09 i) 8 J NOOHER 132 23 3 3
83.5 09 % 09 N PORTER,DONALD E /A N/A N/A 1.9
85.1 08 25 1 D OLSEN BROTHERS 850 2 o &
81.3 09 % 12 £ O'BRIEN 525 45 15 12
83.7 10 28 3 D CHAMPION CRCHRD 750 /A o 180
93.8 il 26 28 L ROBERTS 600 N/& N/A N/A
83.9 10 26 3 ¢ INLND.DGRT.FRT. 625 38 P, 16

1) ALL WELLS ESTIMATED TO PRODUCE 1000 OR MORE GPM



TABLE 4. ROZA IRRI

GATION DISTRICT HIGHYIELD ! WELLS

2 NAXIMM ELL YIELD ESTIMATES —
) 2 ) SPECIFIC )
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TABLE 5. ROIA L

RRIGATION DISTRICT HIGH-YIELD ' WELLS

— WATER RIGHTS DATA —
NEAREST 40 HRE YOO WO ) 3
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Congiderable enhancemnant of the pumping and digtribution
facitities for rhe high-yieid walls would be necessary e Tully
develop their ippigation potential. Most of these wells are not
egquipped to pump rhe estimated maximum yield. gut in most cases
rhe well-casing diameters are large enough to allow retrofitting
with larger DUNPS.

EKQQHQKAQHWEEQﬂW&Qﬁﬁﬁzilﬁkﬂwﬂﬁkkﬁ

There are 187 irpigation wells within the pistrict which Tikely
vield less than 1000 gpm per well. Thase wells have developed
water rights permits and certificates covering 12,200 acres OF 17
percent of rhe irrigated acreage in the District. This acreage 1%
very likely a conservative estimate of the true jrpigacion
capacity of the wells. Maximum permitted pumping rates for all
Tower—-yield wells rotal 72,845 gpm (Table 5). At an application
rate of B gpm per acre rhis yield can pwtentﬁa?iy irpigate 14,570
acres.

We did not evaluate whether application of the excess pumping rate
capacity to neighboring cropland would be cost effective for these
Tower—yiald wells.

RQIENXAﬁkwEEQQH9IlQMWﬁEQMgﬁgglléﬁﬂﬁkwﬁi§ﬂ:Xlﬁ&Qmﬁﬁkk§

Well construction records, pump test results, and digtribucion
maps for existing wells provide gsufficient information for
selecting areas for future drilling.

The distribution of high-yield wells generally indicates that it
s possible to drill and develop high~ yield wells almost anywhere
within the District. There are several Jarge areas in the District
with only a scattering of wells. These areas are probably good
prospects for future drilling. We would ordinarily axpect well
owners to obtain water rights for even Tow-yield wells in an
effort to recover some benefit from the high cost of driTting.
Thus fdrrigation well drilling has probably not hesn attempted in
the areas lacking wells with water pights (Map 13.

Congidering the well spacing reguirements and the available
undeveloped areas, We psstimate that another 20 to 30 high-yield
welle can be drilled and developed within rhe District. At an
average yield of 2700 gpm, as in existing high-~yield wells, the
new wells could irrigate approximate?y 11,000 to 16,000 acres.
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Map 4 illustrates information on high-yield well depths from
Table 2 and the estimated depth to the top of rhe JUppermost
aguifer 1in each well (drawdown 1imit depth) from Table 4. It
appears that the depth to major water-bearing zones cannot be
predicted with any accuracy from this data because of complex
hydrogeologic conditions in the basalts.

Dapth to water throughout the area 1s more predictable. Map 5
i1lustrates static water Jevel (hydrostatic head) eleavations and
potentiometric surface contours ‘interpreted from the water Tlevels

for a portion of the District. The potentiometric surface s &
surface which represents the hydrostatic head and 4% contoured in
the same manner as is land surface topography. The potentiometric

contours on Map 5 and the specific capacities on Map 2 may be used
to roughly estimate pumping 1ift to ground surface at Future
drilling sites. The data on Map 5 also indicates that there s a
decided advantage in drilling at Tower olevation sites in order to
obtain a minimum pumping 1ift to ground surface.

Figure 1 18 & graph of the relationship between well bottom
alevation and specific capacity for the high-yield wells. Specific
capacity ig a partial measure of pumping economy. That Hs8, &
higher specific capacity means less drawdown and smaller pumping
1if¢ at a given pumping rate. The graph indicates that nesrly all
rhe wells with specific capacity greater than 20 were ocompleted
above elevation 100 feet (msl). Drilling below elevation 100 feat
(ms1) would probably not improve specific capacity and would not
he cost effective if a specgific capacity of 1% or 20 has been
obtained above that elevation.

Figure 2 compares well bottom elevation to the theoretical maximum
yield +in each wall. The graph indicates that high yields are
generally obtained abover elevation 100 foet (msl). QF bhe 37
high-yield wells complieted above elevation 100 feet (msl),
nearly two-thirds can produce the practical maximium vield of 3500
gpm; whereas, of the 6 wells completed below elevation 100 foet
{msl) only two can vield 3500 gpm.

Both figures 1 and 2 indicate that there s no advantage ToO
drilling below elevation 100 feet (msl) except at sites where
productive water-bearing zones cannot be located above that
elevation. Judging from existing high-yield wells, adequate
vields can be obtained above this elevation in most areas of the
District. Therefore, maximum racommended well depths at future
drilling sites can be determined from the difference in surface
elevation and elevation 100 feet (me1). For example, maximum we 'l
depths for drilling slong the Roza canal should be approximately
1100 feet. Judging from the depths of existing high-yield wells,
dapths of the new wells can be expected to range from 600 to 1200
feet, depending partly on surface elevation at the drilling sites.

11
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SUMMARY

The potential for obtaining ground water within the District for
drought relief appesars to be very favorable. With propar
alterations to existing wells and distribution systems and with
development of new wells, ground water yields can supply one-half
or more of the District’'s dirrigation requirements.

Impairment of water rights by finterference~drawdown dogs not
appaar to be a major problem but some field testing may be
necessary to adequately address the effects of high-yield (up to
3500 gpm) pumpage in some areas.

The District will also have to decide if it 98 cost-effective to
use the Tower-yield (Jess than 1000 gpm) wells for drrigation of
neighboring croplands not cover™by existing water rights for these
wells.

Water qguality is poor in at Tsast two of the existing high-yield
wells. This may be a problem in several other of the deeper wells
and should be studied further to determine if the water quality
will 1imit use of the water on certain crops or soil tvpes.

Irrigation of 45,000 to 80,000 acres with ground water could
consume 150,000 or more acre—~feet per vear. IFf this JTevel of
pumpage s  continusd fTor several congsecutive vears there will
probably bs some Tong-term basalt aquifer depletion on & scale
similar to that occurring in other parts of eastern Washington. On
the other hand, 1if these large withdrawals occur only once in ten
vears or twice in 20 years, with 5B to 10 vears between uses, we
do not expect significant problems with aguifer depletion.
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