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EFFECTS OF ARTI FI CIAL-9 RECHAREE EXPERIfilENTS ' AT SHIP CREEKJALLUVIAL FAT\' 

ON WATER LEVELS AT SPRING ACRES SUBDIVISION, ANCHORAGE, ALASKA 
. - -- 

By Wil l iam Acyer and Leslie Batrilck 

ABSTRACT 

A subdivi s Ion developer encountered water while d igging trenches assoc!dted 
w l  t h  developSncr property a t  Spring Acres Subdivlsf on, Anchorage, Alaska, during the 
summer of 197s. He reported encountering water a t  a depth o f  a ~ o u t  8 f e e t  in June 
1975 and also reported a rise I n  water level t o  approximately l and  surface by ear ly  
August. Neither incident was expected by the  developer. The U . S .  Geological 
Survey, in cooperation with the  f4unicipality o f  Anchc- Je, had conducted an 
artif-icial-recharge experiment approximately 9,000 f e e t  - cheast of Sprdng Acres 
Subdivlsion from btay 20 through September 19, 1975. Rec! ,age experimnts were also 
conducted i n  1971, 1973, and 1974. The proximity o f  the  1975 wecharge experiment 
t o  the subdiv is ion  caused speculation on the possfble connection between t h e  
experiment and the water problems encountered by the developer. 

The e f f e c t  o f  the  ar t i f ic ia l - recharge experiments on prater levels a t  Spring 
Acres Subdiv is ion  was evaluated 'by using two dfgi ta l -cmputer  models constructed to 
simulate the  water-level rises induced by the  art4 f i c t a l  recharge. The models 
predicted tha t  the a r t l f i c f a l  recharge would have caused water levels i n  the 
a q u i f e r  immediately underlying Spring Acres Subdivlslon t o  rise approximately 0.2 
foot  from May 20 t o  k g u s t  7,  1975. The models also predicted a total rise i n  
ground-water levels o f  1.1 feet a t  t h i s  location from July 16, 1973, t o  August 7 ,  
1975, as a result  o f  the a r t i f i c i a l  -recharge experiments. 

Water-level data  collected for auger holes i n  Harch 1975 by a consulting f i rm 
f o r  the contractor indicated a depth t o  water of 6 t o  7 f ee t  below land surface a t  
Spring Acres Subdivision a t  t h i s  time. Water levels measured In and near Spring 
Acres Subdfvision several years before  and a f t e r  the 1973-75 art if icial-recharge 
axperlments showed seasonal rlses o f  2 t o  12.4 f e e t .  A depth to  water l\elow land 
surface o f  2.6 f e e t  was measured 600 f e e t  from the  subdiv is ion in 1971 and i n  the 
srrbdivisfon I n  1977. Average dep th  t o  water i n  the area was 7.0 f s e t  f rm early 
1976 to September 1979. 

INTRODUCTION 

:n cooperat ion w i t h  the Municipality o f  Anchorage, the U.S. Geological Surve] 
conducted ar t f f ic ia l - recharge experiments on the S h i p  Creek al luvial  fan in 1971, 
11173, 1974; and 1375 ( f i g .  l a ) .  The experiments were deslgned t o  determine the  
capacity of the major aquifer i n  the g l a c i a l  d r l f t  t h a t  under1 i e s  the Anchorage 
a rea  t.o accept water by a r t f f i c i a l  mans, and t o  evaluate the effect of a r t i f i c i a l  
recharge on the  ground-wa t e r  system, The study methud consisted of d i v e r t i n g  a 
p a r t  of Ship Creek summer f low i n t o  recharge basins constructed on the a1 l u v i a l  fan 
and cbserving the response of ground-water level s i n  test  we1 1s speci f ica l ly  con- 
stvr; - ;rql f o r  the experiment . 



Figure In.- Mcntion of the study areis. 



Glacial dri f t  underl i e s  the land surface f n  mast o f  the Anchorage area .  In  
the Immediate vicinity o f  t h e  recharge basins,  the g l a c i a l  d r i f t  f s overlain Ly the 
alluvial-fan deposits o f  Ship Creek. Two aquifers have beer. i d e n t i f i e d  in  t h e  
drift. The lowemost  aqui fer  i s  a r tes f  an {confined], represents the major aqu i f e r  
i n  the Anchorage area, and i s  the a q u i f e r  from which mast pumping i n  the Anchorage 
area occurs. O v e r l y i n q  the a r t e s i an  a q u i f e r  and aci:r,g as a partly-confining bed 
i s  a clay u n i t  of varying thickness that  extends throughout most o f  the area. This 
unit var ies  i n  i t s  lithologic mature, often conta in ing  s i l t  and gravel. The clay 
u n i t  i s  m i s s i n g  i n  the immediate vicinity o f  the recharge basins .  Well logs 
indicate t h a t  f t  begins approximately k mi west o f  the recharge basins. Above the  
clay u n i t  i s  an unconfined aqu i fe r  which immediately underl i es  the l a n d  surface i n  
most of the Ancharage area. 

During the srjmmer of  1975, a subdlv is ion developer reportedly encountered 
water a t  a depth of about 8 f t  while drflling trelxhes 10-12 f t  deep a t  a s i t e  
approximately 9,000 f t  southwest o f  and downhill from the recharge basln. The 
trenches were bsing dug to lay sewer and water l i n e s  f o r  a housing development 
(Spring Acres Subdivision, fSg. l a )  t h a t  he was constructing. Water was reportedly 
encountered first dur ing  June a t  about 8 ft, and by late July-early August t h e  
water was reportedly overflowing frm a trench. I t  has been questioned as t o   hat 
extent  the recharge  operat ion i s  responsfble for the presence of t h i s  water and the 
reported wa ter-level r ise  during the pert od June through August, 

T h i s  report examines the natural water-level fluctuations In the areas of t h e  
Spring Acres S u b d i v i s i o n  and the recharge bassns. These fluctuations are examined 
in terms of seasonal or annua: trends and the i r  magnitudes and causes. Also, this 
report describes the construct ion o f  and results obtained from a three-dimensional 
digital model used t o  analyze t h e  temporal and  s p a t i a l  e f fec ts  o f  the recharge 
operat ion.  The mqdel was designed t o  simulate only water - level  r i s e s  Induced by 
the  art If l c i  al-recharge experiments. 

For the m o s t  part ,  this  study used data  collected by the U . S .  Geological 
Survey dur ing previous i n v e s t i g a t i o n s  and a c t i v i t i e s ,  including earl i c r  s tudles o f  
the recharge bas ins .  

TIIE RECHARGE PROJECT 

Over h a l f  o f  the water presently (1980) used in the Anchorage area i s  obtained 
from ground water  derived mafnly from the artesfan arjuife;, This withdrawal has 
car~sed water leve ls  i n  the aquifer t o  decline, and s i n u  the early 1950's arti-  
f i c i a l  recharge has been discussed as a method t o  alleviate t h t s  decline. 

In 1570 the U.S .  Geo'loglcal Survey, i n  cooperation with the hlunicipalfty of  
Anchorage, began studylng t h e  feas ibi l i ty  o f  recharging the artesian aquifer oy 
spreading water i n t o  recharge basins constructed in the Ship Creek a1 luvi a? fan .  
The f ix t recharge basin was constructed i n  1971. T h i s  basin was approxjmstely + acre i n  area, and water  was first intraduced August 9 ,  1971. A r t i f i c i a l  recharge 
waras continued through September 27 a t  an average r a t e  of 0.54 f t a / s .  In order to 
observe the impact of  t h i s  recharge on the ground-water system, water levels were 
nlnnitored i n  a l i n e  o f  observation wells i n s t a l l e d  as part o f  the a r t i f i c i a l -  
rzcharge ex?erimnts, extending westward from the recharge basin to a distance of  
a ~ n u t  4 , 2 5 0  f t  frmm the edge o f  t he  recharge b a s i n .  The l o c a t i ~ n  o f  these wells i s  
shown in  f i g u r e  l b .  





N9 arti f i c  i a1 -recharge experiments were conducted f n 1972. 

I n  1973 the $-acre recharge basin was replaced with an 11-acre basin, and 
beginning July 25 water d iver ted  frm S h j p  Creek was introduced I n t o  It v i a  a 
f l  urne. A r t i f  i z i  a1 recharge cor t inued through Novtmber ?9 and was then terminated 
fo r  the year. A r t i f i c i a l  recharge from thSs basin was begun agaln on May 20, 1974, 
and continued u n t i l  Novvnber i l .  The 1975 a r t i f i c i a l  recharge from t h i s  basin was 
also begun on May 20, R u t  was terminated September 19. A r t i f i c i a l  recharge from 
another 8-acre bas in  located Just west  o f  the Il-acrr? basin was begun August 14, 
1975, and t h i s  recharge was a1 so terminated September 19. The nversge volumetr ic  
recharge r a t e s  frcm these basins for the 3 years o f  operat ion are shown i n  tab le  1. 
As indicated by t h e  t a b l e ,  1974 recharge rdtes from the f i r s t  basin exceeded those 
of 1973 and 1975, except  f o r  small periods o f  tlrne, When the second recharge basin 
was added on August 14, 1975, combined 1975 recharge ra tes  g r e a t l y  exceeded those 
o f  1974. 

GEOHY DROLOG lC SETTING OF THE ANCHORAGE PREA AND RECHARGE BASINS 

The unconfined a q u i f e r  general ly  extends from the f lanks o f  the Chugach 
Mountains on the e a s t  to Cook Inlet, i nc lud ing  the Turnagain aed K n i k  Amr, on the 
north, mst, and south ( f i g .  23. f h l s  a q u i f e r  conslsts  o f  sand and gravel lenses 
intermixed w i t h  s i l  ty-sand and grevel. Its saturated thickness ranges from a few 
fee t  t o  about 80 f t  and averages 20 f t  ( f i g .  21, The aquifer i s  naturally 
recharged by ra in ,  snowme1 t, and leakage from streambeds. 

The semipermeable c lay  u n j t  t h a t  under l ies  the unconfined aqui fer  throughout 
most of the area ( f i g .  3)  ranges i n  t h i c k n e s s  from about 5 t o  250 ft, This un i t  i s  
saturated and provides hydraul ic  connectior; between the unconfined 2nd artesian 
aqu i fers . 

The ar tes ian a q u i f e r  e x i s t s  everywhere beneath the clay u n i t  and merges w i t h  
the unconfined aqu i fe r  where the c lay  u n i t  i s  missing. This aqui fer  i s  composed o f  
several 1 ayers o f  i nterbedded sand-and-gravel , t i  l 1 , and sil ty-cl ayey deposl t s .  
The more pe m a  b1e sand-and-gravel 1 ayers are hydrau 1 i c a l l  y connected and ara  
considered t o  be a s ingle aquife14. The thickness o f  the zirtesian aqulfer i s  n o t  
known f o r  much o f  Anchorage. 

Letween the rnoutitain f r o n t  and the eastern ljrnit o f  t he  c lay  u n i t ,  the 
a r t e s i a n  and unconfined aq i i f e rs  merge i n t o  a s ing le  unconfined aquf ier ,  This 
corpcsi t a q u i f e r  p r i m a r i l y  con ta ins  coarse a1 1 uvial -fan mater ia l  w i t h  discontinuous 
s i l t  and cl ay beds. Because o f  t h e  absence o f  the conf in ing  c lay  layer, recharge 
t o  bo th  t he  a r t e s i a n  and unconfined aqui fers occurs i n  t h i s  area, 

In the immediate area o f  the recharge basins, t h e  unconfined cornposi te  aquifer 
i s  underlain by a t i 1  1 layer t h a t  ranges i n  thickness frm about 10 t o  50 ft. This 
m i t  i s  in turn under la in b y  consolidated bedrock. Movement o f  water i n  the t f l l  
and bedrock i s  n e g l i g i b l e  and, f o r  the purposes o f  t h i s  study, was neglected. 

The thickness o f  t he  unconfined aqu i f e r  i n  the a r e a  o f  Spr ing Acres Sub- 
d i v i s i o n  i s  est imated t o  range from 0 t o  20 ft. The clay u n i t  in t h i s  area i s  
es t imated t o  range from 3 t o  40 ft. 



Table 1 .--Total recharge rate, In cubic f e e t  per second 

Basin 1 Basin 2 
Recharqe period 1973 1974 1975 19? 5 

Hay 22 - June 8 -- 3.20 3.95 -- 
June 9 - June 28 -- 5.07 4.98 -- 
June 29 July I8 - - 5.77  5.4 7 -- 
July 19 - August 7 a 3.54 6.31 "5.66 - - 
August 8 - August 27 5.09 6 .32  6-30 71 
August 28 - September 16 6.06 6.48 7.00 15.14 
September 17 - October 6 6.55 6.49 4.28 f18.3fl 
October 7 - October 26 6 . 3 2  6.10 d1.72 - - 
October 27 - November 10 b3.27  5.98 -- . . 

E ~ u l  26 - August 7 

c October 27 - Rovember 19 
dRecharge f o r  1973, 1974, and 1975 through August 7 modeled 
e October 7 - October 19 
f A ~ g ~ ~ t  14 - August 27 

September 17 - September 19 



- 1 -  
Figure 2.--Generabed extent and rulltureted thickneea of the unconfined aquifep, xis modeled. 1 

- -  - -  - _  - _ _ . - I - .  ---.- - 



I- d 
Iritpre 3 , - C e ~ ~ e ~ e d  extent m d  tliickness of the clap unit, an madded. . .  _ -. - - - _---- 



HYDRAULIC CHdRACTERlSTICS OF THE AqU IFER SYSTM 

The r a t e  a t  w h i c h  water can flow la te ra l ly  through a m t e r l a l  i s  proportional 
t o  the  l a te ra l  hydraul i c  conductivity o f  the materiai , Similarly, the vertical 
flow r a t e  is proportional t o  the v e r t  fcal hydraulic conductivity. If lateral 
hydraulic conduct iv i t y  i s  averaged through the saturated thjcknesc, of the deposf t ,  
then the thickness t imes the average la tera l  hydraulic conductjvi  ty  equals the 
transmlssivity of the deonsit ,  or  aquifer. 

The storage coefficient  o f  a  deposi t  describes the amount of water released 
frm or taken into storage by the deposft  for  a head change c f  1 ft. The speci f ic  
storage i s  the amount of !later 'released froni or taker1 i n t o  storage per unit uolume 
of material per u n i t  change i n  head, I n  a canf ined aqu i fe r ,  storage coefficient  i s  
equal t o  t he  s p e c i f i c  storage times aquifer thickness. 

Previous vrork i n  the area o f  thr: recharge b s i n s  h3s resulted i n  a range of 
values being reported f o r  the la tera l  hydraulic icnductivfty of the cncclnflned 
aquifer i n  t h j s  area. Anderson (1977) identif ied an average value of 225 ft/day 
f o r  t h i s  pdrameter. An a q u i f e r  t.est and a specific-capacity test conducted i n  the 
area gave values for aquifer transmiss tvi  ty o f  approximately 11,000 f tz /day and 
4,000 ft2/day, respectively. The f i r s t  valve co~responds t o  an average 1 aterai  
hydraulic conductivity o f  220 ft/day and the second value an average ' lateral  
hydraulic corductir i ty o f  80 f t / d a j .  Freethey (written communication, 1980) used a 
transmisrivity value o f  3,400 f t2/day for t h i s  a rea  i n  a two-dimensional nodel o f  
t h  Anchorage basin. This value corresponds t o  a value o f  68 ft lday fo r  t he  average 
lateral  hydraul i c  canductivi ty o f  the aquifer . 

Anderson estcblished a value o f  0.15 fo r  the coeff'lcient of storage of the 
unconfined aquifer i n  tile area of the recharge bzsins, Freethey (written em- 
munication, 1980) also estimated values for  tl:e transmisslvity o f  the artesidn 
aquifer { f i g .  4)  2nd vertical hydragl i c  conductivity of t h e  clay un l  t ( f i g ,  5). He 
established a value f a r  the s p e c i f i c  storage a f  the clay u n i t  ranging from 10% t o  
10-6 per foot. Freethey a1 so indqcates t 3 a t  storage coef f ic ients  calculated from 
a q u i f e r  t e s t s  i n  the artesian aquifer generaly range frm 16'' t o  10-5 through the 
Anchorage area. The lateral  movement of water i n  the clay u n i t  i s  i n s t g n i f i c a n t  
f o r  the  purposes of t h i s  study, a1 t h o u g h ,  as will be discussed la ter ,  lateral f l o w  
i n  t h e  clay u n i t  was simulated fo r  model convenience. 

Based or1 the sustained l n f  11 t ra t ion rates from the recharge basins and the 
1 i thology o f  the uncorlfined aquifer, t h e  vertical hydraul Sc conductivf t y  o f  the 
unconfired aquifer was estimated t o  range from a low value e f  1.4 ft/day to  a 
maxiinurn val  ue o f  approximately me-tenth the la tera l  hydraul l c  conductivity o f  the 
aquifer. 

GROUND- W A ' .  ZR FLOW 

The general direction o f  ground-water movement fn the study area i s  depfcted 
in f i g u r e  6, which represents an ideal ized geologic section a l o n g  the course o f  
Shlp Creek. Approximateiy 0 to  15 f t J J s  o f  rvaler are los t  by Ship  Creek to t h e  
gruund-wa ter  sys tern be tween t h ~ !  Fort Richardson and El mendorf gaging stations 
1 1 9 T h i s  water, along w i t h  water en ter ing  the  ground-water sgs+.m from 
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"Figure 4.-lZred variation in generaliced lxmmhsivity of tho iuk~ion nqWer, as modeled. 1 
C - .  - .- -- - -- - - - I 



NOT M S U E  ~ ~ ~ E f l  FRbM l?Em .1(1970) 
----. 
Figure 6.-Idedized direction of mund-wata movement dona $Mu Creek. ' 



r a i n  and snowmel t, moves downwa~d t o  t ,.charge the unconfined and artesian aquifers. 
Upon reachlng these aquf fers, I t  then moves i n  a predominantly la tera l  di rect ion ,  
eventually t o  discharge into Cook Inlet ,  i n t o  Ship Creek, o r  a s  sprlngs. Watsr is 
a1 so di scha rged as we1 1 pumpage, 

A t  least 22 f t 3 / s  i s  discharged from the unconfined aqulfer t o  Ship Creek 
below the Elmendorf gaging s ta t ion ,  changing Ship Creek frm a loslng t o  a gainlng 
styeam below t h i s  p o i n t  (Weeks, 1970). 

Water levels  i n  1968 i n  the upper unconfined aquifer were higher than the 
water levels i n  the artesian aqul fer beginning frm t h e  eastern most extent of t h e  
a r t e s i a n  aquffer near the Fort Rfchardson gaging s t a t i o n  t o  a location approxf- 
mately 0.5 mi above Post Road (Heeks, 1970). Consequently, In t h i s  area water from 
the unconfined aquifer moves downward through the clay u n i t  i n to  the arteslan 
aquifer.  Where the water level i n  the  a r t e s j a n  aqui fer  1s higher  than t h a t  i n  the 
unconfined aquifer,  the direction of v e r t i c a l  f l o w  i s  upward. Water frm the  
ar-teslan aquifer a1 so discharges through the clay u n i t  i n t o  C ~ o k  Inlet. Pumping 
from the artes 1 an aqui f e r  has 1 owered water 1 e v ~ l  s and caused a progressive sh l  ft 
seaward of t he  location where artesian w a t e r  levels are higher than the wzter 
table. 

The re la t ive  pos l t fan  o f  Spring Acres S u b d i v i s i o n  i n  the idealized flow system 
appears j n  figure 6; i t  i s  not along the  course o f  Shlp Creek. 

WATER- LEVEL CHANGES 

Mater levels i n  the artesian and unconfined-aquifers fluctuate seasonally, 
rri t h  hlghs occurring i n  l a t e  summer t o  early winter and lows general ly occurring i n  
the spring ( f i g . 7 a ) .  These fluctuations are i n  response t o  recharge to  the ground- 
water system t h a t  genera: ~y occurs during s r ing  and early summer. Recharge to the 
ground-water system is derived frmn (I! streams orig-lnatlng i n  the Chugach 
Mountains t h a t  lose part of the water i n  t h e i r  upper reaches as they cross the 
Anchorage lowlands, and ( 2 )  i n f i l t r a t i o n  o f  raln and snormelt to the  water table. 
Seasonal rises i n  water levels  up to 16 ft have been recorded i n  the Anchorage 
area,  The greater rises occur i n  t h e  v i c j n i  ty of the f o o t h i l  Is where precipjtation 
i s  higher, Seasonal r i s e s  up t o  4 f t  are more common i n  the lowlands. Water-level 
f luctuat ions i n  the unconfined aquifer a t  Sprlng Acres Subdivision and near the 
sr t i f ic is l - recharge basfn are shown i n  f igures 8 and 9 ,  respecthely .  Seasonal 
h ighs  I n  the a r t e s i a n  aquifer lag 1 to  4 months behind those i n  the unconfined. 

Water 1 eve1 s rl se when recharge t o  the ground-wa ter sys tm exceeds d l  scharge. 
As streamflow increases i n  Shlp Creek and other  streams draining the Chugach 
Mountains, some o f  t h i s  water 1s l o s t  t o  the ground-water system. Water-level 
f luc tuat ions  i n  observation we1 1s AK1412, screened i n  the  unconfined aquifer, and 
AK,,, screened i n  the  arterfan aquifer, are shown i n  f igure 7a. These wells are 
among the nearest we1 1s t o  Spring Acres Sulbdlvislon and the recharge basin  for 
which long-term informa t i o n  on water-level f l u c tua t i ons  in the two aquifers <s 
avdilable, Figure 7b i s  a hydrograph o f  Ship  Creek dfscharg~ a t  Anchorage (Fort  
Richardson) from October 1968 to September 1977. Sirnllarity bebieen figures 7a and 
7b is apparent  and indicates the close connection betwen water-level rlses i n  the 
general v i c i n i t y  o f  S h i p  Creek and discharge o f  Ship Creek. \ 



I;"igwe 7a.-Hydrographs of observation wells MI412 wid AK17. 

Figure 7b.-Mean monthly discharge of s%ip (Sreek, 1968 - 1877. 



nwe 5.-Hydropphs of observation w e b  A1C1137, A1(2396, and ~1(2130.  



. . - * .  

Figure 9.-Hydrogaph of ~ 1 ~ 1 2 8 ,  AP1848, AKl861, and AK1848. 



'vla ter 1 eve1 5 decl i n e  when discharge from the ground-water system exceeds 
recharge. Di scha rge from the ground-dater systm occu ?s na tur a1 l y  in to  the 1 ower 
reaches o f  the streams i n  Anchorage and I n t o  t he  Knfk and Turnagain Arms o f  Cook 
In le t .  Man-made d i  scharge by graund-water pumping a1 so occu rs, Pr io r  t o  pumpa'ng , 
recharge t o  t h e  ground-wa ter sys tern i n  Anchorage equal 1 ed d t scharge on a long term 
bas is ,  so t h a t  the logg-tern average yea r l y  water leve l  a t  a given l oca t i on  was 
near ly  constant, Ground-wa ter pumping has upset t h e  n a t u r a l  equi1 i brium and 
resul ted i n  decl in ing water leve ls  i n  both the a r t e s i a n  and unconfined aqui fers ,  
Pumplng from e i t h e r  aqu i fe r  can lower water l eve l s  i n  the other, although there 1s 
a t i m e  lag  between pumping in one aqui fer .  and response i n  the other aquifer. 

Mater levels i n  t h e  unconfined aquifer have been measured i n  the immediate 
v i c i n i t y  o f  Spring A c r a  Subdivision i n  wel ls  AK1137, and AK2130 ( f i g ,  8). 
Observation we l l  AK1130 I s  a l s o  i n  the v i c in i t y  o f  Spring Acres and has been 
measured f o r  a longer perlod o f  t i m e  than the  other wel ls,  dat ing from 1969 t o  t he  
present; unfor tunate ly  the screen of t h l s  we l l  i s  set  I n  s l l t  and clay, and measure- 
nents are n o t  i n d i c a t i v e  o f  the unconfined aquifer. Water-level measgrements In 
we1 1 AK1137 began i n  A p r i l  1969 and were terminated i n  June 1972. We1 1 AK2130 was 
i n s t a l  led as a replacement fur AK1137. Measurements o f  water l eve l s  I n  we1 1 AKZI30 
began i n  February 1976 and cont inue t o  the present. These two wells are located 
approximately 600 ft nor th  o f  Spr ing Acres Subdivision. 

An observation wel l ,  AK2396, was constructed I n  the unconfined aqu i fe r  a t  
Spring Acres Subdivision by t he  U.S.  Geological Survey i n  1976. Water-level 
measurements i n  t h i s  we1 1 began i n  February 1976 and terminated -In Ju ly  1977 ~ h e n  
the we1 l was inadver tent ly  destroyed. 

The hydrographs o f  AK1137 and AK2130, f i g u i t ?  8, provide I n f o m a t i o n  on 
f luc tua t ions  o f  the water  tab;e near Sprlng Acres fnr a perlod of about 3 years 
p r i o r  t o  t h e  recharge experiments and 4 years fo l low ing the experiment. For the 
per iod o f  record, depth t o  the wa te r  tab le  has ranged from 2.6 t o  15.6 ft below 
l a n d  surface. All annual rfse o f  water l eve l s  up t o  12.4 f t  was recorded. This 
prrtlcular r i s e  i s  believed t o  be r e l a t e d  t o  recharge t o  the ground-water system 
derived f r om  t h e  second 7zlrgest f l ood  o f  record, t h a t  occurred i n  Ship Creek on 
August 9, 1971. The 1971 ar t i f i c i a l - recha rge  exper imnt  was also being conducted 
du-ima t h i s  time period, but  the average rate o f  a r t i f i c i a l  recharge was Ins ign i -  
f i c a n t  compared t o  estimated rates o f  n a t u r a l  recharge from Ship Creek. Model 
analysis conducted during t he  course of t h i s  study indicated t h a t  t h e  1971 
a r t i f i c i a l - r e c h a r g e  experiments would n o t  have !nduced a water-level r lse  a t  Sprlng 
Acres. 

The hydrograph of 4K2396 a t  Spring Acres shows the depth t o  water ranged from 
2.6 ft to  8,6 f t  for the 1%-yea,- period o f  record. Average depth t o  water a t  
Spring Acres was about 6 f t .  Comparison o f  the hydrographs for AK2396 and AK2130 
indicate t h a t  water leve ls  a t  Spring Acros f l u c t u a t e d  i n  a manner s i m i l a r  t o  t h o s e  
some 600 f t  t o  the n o r t h  o f  t h e  subdivision. 

I t  i s  importarlt t o  note, f o r  t he  purposes o f  t h i s  study, t h a t  the depth t o  t h e  
w a t e r  t a b l e  approximately 600 ft frm Spring Acres f o r  the 3 years p r i o r  t o  the 
recharge experiments and t h e  4 years fo l low ing the e rpe r iw r r t  was 15 f t  or less, 
O f  more importance, the  water tab le was on ly  2.6 f t  below l and  surface 600 ft nor th  
of Spring Acres i n  October 1971, and a t  Spring Acres l n  June 1977. 



The only Infomation on water 1 ~ ; ~ e l s  i n  the immedlate area o f  Sprfng Acres 
t h a t  i s  a v a i l a b l e  for  the gericd o f  the recharge experiments, 1973 to 1975, comes 
frm f ive  holes augered in March 1975 by a consul tant  f o r  s o i l  t e s t s  a t  Spring 
Acres SubdivisTon prior t o  construction, Dat3 from these a u g e r  holes Indicate t h a t  
the depth t o  water was approximately 6-7 f t .  The d i rect ion  of water-level change 
a t  th is  t i m e  cannot be deduced from the available data. 

Water Levels a t  the Artificfal Recharge S i t e  

Hydrographs from four o f  the pierameters installed es observation wells for  
the a r t i f i c i a l - r e c h a r g e  experlment are shown i n  f igure 9. Water-level measurements 
made i n  these wei Is over the t l m e  perfod shown in f igure 9 are given i n  table 2. 
These we1 ls, .2K2128, AK1848, AK1851, and AK1843, are screened a t  varying depths Sn 
the unconfined aquffer .  Figure 10 shows a geologic section through the area o f  the 
recharye basin  along the 1  ine o f  the we1 1s. Four observations pertinent to t h l s  
st~ldy can be made frm the hydrographs. F i r s t ,  the direction o f  water-level 
f'luctuation was consistent  from we'll t o  well. Second, f o r  those years preceding 
and fol 1 ow-i ng the recharge experiments , seasonal changes i n  water 1 eve1 s were 
apparent in AK1843, w i t h  lows generally i n  the l a t e  s p r i n g  and hfghs i n  l a t e  fa1  1.  
Seasonal changes i l l  water levels are also apparent  i n  AK1848 following the 
experirne;~ts. T h i r d ,  the amplitude o f  seasonal rises, unaffected by the ar t i f fc ia1  
rechhrge, ranged from about 7 t o  10 ft. Fourth,  for those years unaffected by the 
1973973 a r t i f i c i a l  recharge and for which comparisons are possible (1971 and 19771, 
;kr , , c  arrlplitude of the observed rise was greatest i n  observat ion well AK1843, t h e  
farthest from t h e  rechat-]? basin, T h j s  i s  seen by comparing the r i s e s  measured i n  
AK1848, AK1851, and AK1843 i n  1971, and i n  AK1848 and AK1843 i n  1977. For both 
years the greatest rise was recorded i n  AK1843, the  f a r t h e s t  well from t h e  recharge 
basin. The effect  o f  the 1971 a r t i f i c i a l  recharge would have been to  cause water 
levels nearest the rec9rge basin t o  rise the most, so t h a t  t h i s  recharge does not 
account f o r  the observed  ariat ti on In w a t e r  l e v e l  r ises .  The observed variia.tion i n  
t h i s  rise ranged from about 1 .2  t o  4 ft. 

The high water l ~ v e l  s i n  September 1975 (f Sy, 9 )  occurred a f t e r '  the water 
problems o f  J ~ l y  t o  August 1975 were encountered a t  S p r i n g  Acres Subdivision and 
are  n o t  considered fur ther  i n  t h i s  report. 

i later-Level  Rises After 58 and 80 D a p  of Art i f ic ia l  Recharqe, 1974 and 1975 

The a l t l t u d e  of t h e  wate r  l eve l  measured i n  pierometers AK2128, AIC1848, 
AK1851, AK1843, and AK1044, f o l  lowing 5~ a d  8Q days o f  recharge, are shown for  
1974 and 1975 i n  Figure 11. These tfmes were chosen because they bracket  the t ime 
per iod fol lowing the s t a r t  o f  recharge on May 20, 1975, i n  which severe water 
problems were reported for Sprlng Acres Subdivision, late July-early August 1975. 
Water-level r ises  f o r  the same t i m e  perfods are shown i n  f lgures 12a hnd 12b, Both 
1974 and 1975 r ises  were p l o t t e d  and cm;armed because art l f ic ja l  recharge rates i n  
1974 s l i g h t l y  exceeded recharge ra tes  i n  1975, tab le  1, f o r  t h l s  time ;nriod, yet  
n o  water  problems were reported i n  the Sprfng Acres Subdivision area i n  1974. The 
r i s e s  s h o ~ ~ n  i n  f igures 12a and 12b have a t  least two components: ( 1 )  the r i s e  
induced  by the recharge experlment, and (23 the  n a t u r a l  annual rise. 
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Table 2.--Depth to water i n  obsenrat.lon wells. Depth shown in Feet below land surface datum. 

- - .- 
Hell no.  A K Z l ? a  

na t e  U a t e r  l eve l  -- - --..- .--- 
May 11, 1973 70.97 
May 17 70.83 
May 31 70.65 
June 7 i J .  B7 
Aug. 1 68.91. 
Aug. 3 68.22 
hg. 5 6 7 . 5 Z  
Rug. 6 61 .11  
!lug. 10 :'. 18 
Rug. 14 65.25 
Aug. 17 6 4 . 3 9  
Aug. 2 i  63.30 
Aug. 23 62.86 
Aug. 27 6 1 . 8 5  
Aug.  30 61.30 
Sept. 4 60.39 
Sept. 7 59 -81 
Sept .  II 59 -61 
Sept .  1 4  59.18 
Sent. 18 58.8: 
Sept. 26 5 7 -87 
Sept. 2 7  58.08 

N D c t .  4 57.52 
o Oct. 10 56.62 

Oct. 17 5 6 . 2 2  
Oct. 2 4  56.80 
Oct. 3 1  5B. 16 
Nov. I 
Nav. 2 
Nov. 5 
Nov. 7 
Mou. 14 
Nov. 23 
Nov. 28 
Dec. 5 
Uec. 12 
Dec. I8 
Jan. ID, i974 
ddn. 29 
Feb. 13 
Feb. ZJ 
M a r ~ h  13 
April 4 
May 1 
May 20 
June 7 
June 10 
June 1 2  
June 14 
June 17 
June 19 

Y e l l  no. AK2128 
Date Water Level 

June 21, I 
June 2 6  
June 26 
June 28 
J u l y  I 
July 3 
J u l y  5 
J u l y  8 
July  20 
July 12 
July 15 
July 17 
A l y  20 
July 22 
J u l y  26 
July 29 
Aug. 2 
Rug. 5 
bug. 9 
bug. 12 
Aug. 16 
Aug. 19 
Aug. 22 
Aug. 26 
Rug. 211 
Sept. 2 
S e p t .  5 
Sept. 9 
Sept. 12 
Sept. 16 
Sept. 20 
S e p t .  2 3  
S e p t .  27 
Sept. 30 
Oct.  3 
Oct. 15 
Oct. 21 
Dct. 29 
Hov. 4 
Now. 11 
Nov. 13 
Nov. 15 
Nov. 18 
N O V .  20 
tdov. 22 
NOY. 2 5  
Nov. 2 7  
Nou. 29 
Dee. 2 
Dec. 5 
k c .  11 

Well no. AK2128 
Date Ma ter-Level 

Dec. 1&. 1974 
Dec. 29 
Jan. 21,  19?5 
Feb. 19 
Harch 5 
March 19 
Apri l  21 
May 8 
Hay 23 
June  6 
June 20 
J u l y  3 
J u l y  18 
Avg. 5 
Aug. 15 
Aug. 16 
Aug. 20 
Rug. 22 
bug. ii7 
Aug. 29 
Sept. 2 
Scpt. 5 
Sept.  8 
Sent. 16 
Sept. 19 
Sept. 23 
Sept. 26 
Sept. 30 
Oct. 4 
Uct.  14 
Oct. 31 
Nov. 1B 
k c .  5 .. 
Dec. 22  
Jan. PI, I976 
Feb. 26 
Ilarch 26 
April 23 

Yell no. AK1851 
Oate Uater-Level 

Sopt. 4, 1970 
Oct. 2 
Oct. 4 
Oct .  5 
Oct. 8 
Oct. 9 
O c t .  10 
Oct. 12 
OcS. 13 
Oct. 14 
kt, 15 
kt. Is 
[kt. I0 
Oct. 2 2  
a c t .  24 
Oct ,  27 
Oct, 30 
Hov. 3 
~ i v i  6 
July 22, 1971 
July 30 
bug, 3 
h u g .  15 
Aug. 18 
k g .  20 
hug. 2 1  
h g .  2 3  
Aug. 24 
k g .  27 
Aug. 20 
Aug, 29 
Sept. 2 
Sept. 5 
Sept. 6 
Sept. 8 
Sept. 10 
Sept. 12 
Sept. 14 
Sept. 16 
Sept. 15 
Sept. 20 
Sept.  Zt 
Sept. 24 
Sept. 26 
Sent. b 
Oct. 4 
Oct. 6 
a c t .  5 
Oct. 12 
Oct .  14 
Oct .  18 

Hell no. AK185I 
O a t e  Water-Level 

dct. 20, 1971 
Oet. 22 
kt. 26 
kt. 28 
Hov. 1 
Nov. 3 
b v .  5 
Mov. B 
Hev. 12 
Hov. 15 
IYov. 19 
NDV. 23 
Nov. 26 
Nor. 29 
Dec. 8 
Dec. 15 
k c .  24 
Oec. 30 
Ray 16, 1972 
Hay 26 
June 1 
June 13 
June 27 
Oct. 13 
A p r i l  9 .  1973 
Hay 11 
June 7 
June 22 
July 5 
July 19 
July 26 
Aug. 1 
Rug. 3 
Aug. 7 
Aug. 10 
Aug. 14 
k g .  17 
Rug, 21  
Aug. 23 
Aug. 27 
Rug. 30 
Sept. 4 
Sept. 7 
Sept. 1 1  
5ept. 14 
Srpt. 19 
Sept. 26 
Sept. 27 
Oct. 4 
Dct. 10 
Oct, 17 



Table ?.--Depth t o  water i n  obseruatlon wells. Depth sclewn I n  
--- - - .  

Yell no. hK1851 Well no. AKlSTl Hell no, AK1851 
Oa te  Fbter Level Oa t e  Water Level 

-.. - .. .+ . -  -- - -+- 

act. 24, 1973 44.30 Sept. 2. 1974 46.47 Sept. 1'. 1975 23.91 
Oct. 31 Sept. 5 46.25 Sept. 23 20.95 
Nov. 7 Sept. 9 46-89 Sept. 26 30.36 
Nov. 14 Sept. 12 45.97 Sept. 30 J1.7& 
Nov. 28 47.02 Sept. 16 45.81 Oct .  4 33.29 
Oec. 5 17.75 Sept.  20 45.65 O c t .  1 5  35.98 
Oec. 12 48.35 Sapt.  23 45.40 act .  27 38.33 
Dec. 1R 46.88 Sept. 27 45.40 Nov. 18 43.04 
Jdn. 29. 1974 5 2 . 5 5  Sept . 20 45.15 Dec. 5 44.73 
Fcb. 13 5 3 - 4 2  Oct.  3 45.27 Dec. 22 46.56 
Feb. 2 7  54-15 Oct.  0 45.12 J a n . ? i , ~ ? 7 6  49.49 
Rarch 13 51.95 Oct. I 1  45.00 Feb. 26 52.59 
Aprl  l 5 56.41 O c t .  I5 45.03 Idarch Zb 54.87 

fee t  below land surfate datum--Contgnued 

Hell no. RK1843 
Date Yater -Lwel  

Sept. IS, 1970 35-00 
Oct. 2 34.40 
Oct. 4 34.44 
kt. 5 34.90 
Oct. 6 . 34.94 
Oct .  7 34.85 
Oct.  8 34.93 
Oct. 9 34.86 
a c t .  10 34.94 
kt. I2 34.92 
Oct. 13 35.02 
Oct. 14 34.87 
kt. 15 34.92 
kt. I 6  34.90 
a c t ,  18 34.90 
Oct. 22 34.91 
Oct. 24 34.93 
kt. 27 34-96 
kt. 30 34.30 

A p r i l  23 56.84 Hay I 57.45 Oct .  21 4 4 . N  
May 7 57 .56  O c t .  29 44.m 

Hell no. AKIN3 
Oate Water-Level - 

Sept. 20, 19n 22.73 
Sept. L4 22.52 
Sept. 26 22.25 
Sept. 29 21.92 
Oct.  4 21.95 
kt. 25 20.89 
Nov. 23 19.94 
k c .  23  20.80 
Jan. 22, I972 22.44 
Feb. Z3 24.49 
Mdrch 24 26.54 
A p d l  14 28.13 
A p r i l  25 20.92 
May 16 28.98 
Hay 24 28.69 
Ray 26 28.55 
June 13 28.40 
June 27 26.08 
July  10 24.32 

May 9 57.68 
May 20  57.88 
May 28 57.99 
June 5 57.64 

NOQ. 4 44.19 
l ev .  11 45.12 
Nov. 13 44.99 
Nov, 15 45.20 

Aug. 29 46.75 Sept .  i5 25.05 1 

;4ev. 2 33.00 
How. 6 34.99 
Jan. 22, 1971 34.87 
Feb. 22 35.60 
March 25 36.55 
A p r i l  22 37.39 
Ray 14 37.74 
Hay 17 37.76 
May 25 37.75 
June 25 37.19 
July 22 36.53 
July 23 36.48 
July 30 36.19 
Rug. 3 36.01 
Aug. 15 34.53 
k g .  1% 33,69 
Aug. 21 32.33 
Aug, 24 30.71 
Aug. 26 29,47 
h g .  27 28.83 
Aug, 29 20.15 
Aug. 29 27.67 
Sept. 2 25.03 
Sept. 5 24.99 
Sept. ti 24.70 
Sept. B 24.311 
Sept. 10 23.M 
Sept. 12 23 -71  
Sept. 14 23.44 
Sept. 16 23.15 
Sept. 1: 22.B2 

2.e. 7 5?.F3 
June 10 57 .25  

N June 12 57 .07  
June 1U 56.83 
June 17 56.38 
June 19 55.99 
June 21 55.72 
June 24 55.16 
June ?6 54.87 
Sun@ 28 5 4 . 5 1  
Aulg 1 53.97 
July 3 53.66 
July 5 53.35 
July B 52.84 
July 11) 52 .55  
July 12 52.27 
July 15 51.77 
July 17 51.42 
July 19 ,. 10 
~ l u l y  22 50.67 
July 26 50.12 
July 29 49.13 
bng.  V !  49.20 
Aug. 5 48.80 
Aug. 9 48.40 
h g .  12 48.08 
Rug. ' 6  47.72 
Aug. 19 4 7 . 4 2  
Bug. 22 47.18 
hg. 26 46.98 

July 25 23.45 
Aug. 24 23.79 
kt, 13 24,52 
O c t .  23 23.35 
Nov. 21 20.96 
k c .  21 21.33 
Jan. 22, 1973 21.88 
ieb.  22 24.90 
March 22 25.76 
Apr4l 9 26.95 
A p r i l  23 27-06 
Bag 11 26.69 
May 24 26.93 
May 31 27.OP 
June 7 27.02 
June 21 27.D7 
June 22 27.02 
July 5 27.20 
July 19 27.28 
July  26 27.39 
Aug. 1 27.45 
h g .  3 27.36 
Aug. 7 23.32 
Aug. 10 27.10 
dug. 14 26.80 
hug. 17 26.48 
kg. 21 25.96 
Rug. 23  25.72 
dug. 27 25.14 
Avg. 30 24.69 
G p t .  4 23.90 

?!ov. l e  t5.22 
Nov. 20 45.25 
Now. 22 4 5 . 4 7  
Nov. 25  45.76 
Hov. 27 45-00 
Nov. 29 16.26 
Dec. 5 4G. 83 
k c .  11 47.97  
Oec. 18 48.29 
Oec. 26 49.25 
Jan 21, I975 51.72 
March 19 55.61 
April 2 1  57.56 
May 8 57.67 
hay 23 55.60 
June 6 52.76 
June 20 49.07 
Ju ly  3 46.28 
d u l y  18 43.84 
Aug. 5 42.20 
hug.  15 40.88 
Aug. 18 39.00 
Aug. 20 36.06 
Aug. 22 34.60 
Rug. 25 33.00 
R u g .  27 3 2 . 8 4  
Aug. 29 11.84 ~ 
Sept .  2 31.05 
Sept. 5 30.84 
Sept .  8 29.56 



Table 2.--Depth Zn water tn ctservatio,~ wells. k p t h  s h m  <n feet be1 or land ruHace datum--Contfnued 

Lve. r. 1973 
5wt. 1 ?  
Scat. 13 
R?t. 20 
f e p c .  25 
k t .  (1 
k t .  10 
Cct. 1 7  
Pet. 24 
C: t .  31 
:iov. 7 
tmv. 34 
it3'1, h j  
:;ov, 28 
k c .  5 
k c .  12 
k 3 .  1B 
:an. SO. 1974 
Jan. 29 
FL%. 13 
Feb. 27 
h r t h  13 

X c l l  no, fMlgQ3 
Sa 5-2 -- W t c r  b e 1  

Kay 9 
Nay 20 
F!ay 26 
Fhy 28 
June 5 
dunc 10 
:cne 12 
ubmc i d  
June l i  
h n c  19 
iune 21 
Ant 24 
June 26 
June 28 
July 1 
July 3 
Scly 5 
July 8 
July 10 
July 12 
July IS 
July !" 
J U I ~  a5 
July 21 
July 26 

blell no. AK1843 
Date Uater Level - 

duly 29, 1974 
kg. 2 
Auq. 5 
Aug. 9 
k g ,  12 
Pug. 16 
Aug. 19 
k g .  22 
Rug. 25 
Pug. "9 
Sept. 2 
S E P ~ .  5 
Sept .  9 
Stpt. 12 
Sept. IG 
*pt. 20 
Scpt. 23 
Sept. 27 
S e p t .  30 
Oct. 3 
Oct.  8 
O c t .  11 
Oct. 15 
o c t .  1 1  
kt.  29 
Nor. 4 
riorl. 11 
How. 13 
Nov. 15 
Flow. 18  
tdou. 20 
Hov. 2 2  
Nov. 25  
Plov. 27  
rhv. 29 
Dec. 2 
Dec. 5 
Dee. 1 1  
Dec. 18 
Oec. 26 
Jan. 21. 1975 
FA. 19 
l,lzrch 
March 19 
March 27 
Aprjl 21  
May 8 
Yay 23 
June 6 
June 20 

We1 1 no, AX1843 
hte Wa ter-level 

July 3, 1975 
July 10 
bug. 5 
Aug. 15 
Aug. l& 
k g .  20 
k g .  22 
Aug. 25 
Aug. 27 
Aug. 29 
Sept. 2 
Sept, 5 
Sept. 8 
Sept. 15 
Sept, 17 
Sept. 19 
Sept. 22 
Sept. 23 
Sept. 26 
Sept. 30 
Oct .  4 
O c t .  14 
O c t .  27 
Nov. I8 
Dec. 5 
Dec. 22 
Jan. 21, 1976 
Feb. 26 
Mrrch 23 
Aprql  23 
Sept. 21 
kt. 22 
Nov. 22 
aec.  2 1  
Jan. 21, 1977 
Feb. :7 
Mrch 21 
A p r l l  18 
May 19 
June 21 
June 2% 
July 7 
July 22 
h g .  18 
Sept. 19 
kt .  19 
Nor. 22 
k c .  23 
Jan. 19, 197P 
Feb. 15 

He1 1 no. AKIM3 
Date Water-Level 

Parch 16. 1978 
April 17 
n~ IS 
&lac 1E 
J31, i 3  
RUG. 15 
Sept. 18 
Oct. I9 
Now. I1 
k c .  22 
Jan. 24, 1979 
A p r i l  22 
Hay 21 
June 22 
July 24 
Rug. 23 
Sept. 24 
kt. 23 
Nov. 20 
k c .  19 

Yell nD. P.K189& 
Date Mater-level 

Sept. 15. 2970 
at. 2 
Oct. 3 
kt. 4 
Oct .  5 
kt. 6 
Oct.  7 
kt. 8 . 
Oct. 9 
kt. 10 
Oct. 21  
kt. 12 
Oct. 13 
kt. 14 
Oct .  15 
mt. 16 
Oct. I8 
kt. 22 
Oct. 24 
[kt. 27 
kt. 30 
Hov. 3 
Hov. 6 
July 22, 1971 
July 30 
Pug. 3 
dug. 15 
dug, 18 
Gug. 20 
Aug* 21 
h g .  23 
k g .  24 
bug. 25 
Aug. 27 
Auq. Aug. 28 29 

Aug. 30 
dug. 31 
Sept. ? 
S e p t .  2 
S e p t .  3 
S e p t .  4 
S e p t .  5 
Sept. 6 
S e p t .  7 
S e p t .  8 
S e p t .  9 
S e p t .  10 
S e p t .  11 
S e p t .  12 



Table 2.--Depth t o  water in observation we1 7s ; Depth s h m  In feet below land surface dam--Continued 

We1 1 no. bK1848 
LIP t e  Mater Lwel 

Sept. 13, 1971 55.94 
Sept. 14 55-79 
Sept. 15 55.51 
Sept. 16 55.63 
Sept. 17 55.58 
Sept. 13 55.38 
Sept .  20 55.28 
Sept. 21 55.16 
Sept. 22 55.21 
Sept. 23 55.07 
Scpt. 24 55.02 
Sept. 26 54.96 
Sept. 27 54.90 
Sept. 29 54.71. 
Oct. 4 54.75 
O c t .  6 54.74 
O c t .  8 53.58 
kt. 12 54-93 
kt. 14 54.42 
kt. 18 54.20 
Cct .  ED 53.84 
kt. 22 5C.  65 
kt. 26 53.47 
kt. 28 53 .01  
Mov. 1 53.68 
Nov. 3 52.83 
Nov. 5 52.53 
Nav. 8 52.49 
Nov. 12 52.55 
Rov. 15 52.37 
l o v .  19 52.51 
Wav. 23 52.52 
Wov. 26 52.45 
Hov. 29 52.50 
Cec. 8 53.01. 
Oec. 15 51.70 
Dec. 24 53.82 
Dec. 30 54.07 
3ay15.1972 61.80 
Yay 25 61.02 
June 1 60.71 
June 13 59.98 
kme 27 58-63 
Oct .  13 57.43 
Rpsil 9, I473 59.89 
'lay 11 59.94 
ilay 31 59 .80 
June 7 59.83 
June 22 59.84 
July 5 59.91 

Well no. AK1848 
Da tc Water Level 

July 13, 1973 59,77 
July 26 60.09 
Aug. 1, 60 .11  
hug. 3 60.Q5 
Aug. 7 59.88 
Rug. 10 59.66 
Rug. 14 59.36 
Rug. 17 58.99 
kq. 21 58.51 
Aug. 23 58.20 
Aug. 27 5 7.65 
Aug. 3C 57.1a 
Sept. 4 56.36 
Sept. 7 55.60 
Sept. 11 55.30 
5ept. 14 54.86 
Sept. 19 53.97 
%pt. 26 53.33 
Sept. 27 53.34 
kt. 4 52.54 
kt. ?O 51.70 
Oct. 17 46.P': 
Oct. 24 50.95 
Oct. 31 51.22 
Uov. 7 51.6: 
Hov. 14 52.30 
Nov. 28 53.78 
Qec. 5 54.48 
Dee. 12 55.13 
Jan. 29, 1974 59.25 
Feb, 13 59.97 
Feb. 27 60.75 
March 13 61.46 
April 5 62.66 
May 1 53.49 
k y  7 63.55 
May 1. 63.66 
May 20 63.75 
May 28 63.65 
June 5 63.44 
June 7 63.32 
June 10 63.01 
June 12 62.85 
June 14 62.62 
JUG@ 17 62.23 
June 19 61.08 
dune 21 51.69 
June 24 61.22 
June 26 61.00 
June 28 60.69 

Well no. A K W  
Oate Lter-Level 

J u l y  1 ,  1974 60.24 
J u l y  3 59.98 
J u l y  5 59.70 
July 8 59.23 
J u l y  10 58.94 
July 1 2  58.74 
J u l y  15 58.24 
July 17 57.97 
July 19 57.75 
July 22 57.25 
July 26 56 .73  
J u l y  29 56.35 
Aug. 2 55.82 
Aug. 5 55.43 
Aug. 9 55.04 
Aug. 12 54.73 
Avy .  16 54.39 
Aug. 19 54.10 
Aug. 2 2  53.85 
Aug. 26 53.66 
h g .  29 53.44 
Sept. 2 53.16 
Sept. 5 52.95 
Sept. 9 52.79 
Sept. 12 52.65 
Opt .  16 52.50 
Sept. 20 52.36 
Sept. 23 52.10 
Sept. 27 52.10 
Sept. 30 51.88 
kt. 3 51.98 
Gct. 8 51-89 
Oct. 15 51.76 
Oct .  21 51.64 
Oct. 29 51.62 
Nov. 4 53.72 
Nov. 11 51.82 
Nov. 13 51.64 
Hov. 35 51.95 
MDV. 18 51.97 
Hov. 20 52.00 
Nov. 22 52.22 
Nov. 25 52.52 
Nor. 27 52.58 
lev- 29 53.0.2 
Oec. 5 53.62 
kc. 11 54.24 
Oec. 18 55.08 
kc. 26  56.02 
Jan. 21. 1975 58.45 

Well no. AK1840 
Date Hater-Lnel 

Feb. 19, 1975 60.50 
March 6 61.21 
h r c h  13 62.01 
April  21 63.63 

8 63.67 
May 23 61.76 

We1 1 no. AKlB48 
Date - wa*r-Level 

July22.  1977 57.68 
Rug. 18 57.49 
Sept. 19 57.74 
Oct, 20 57.52 
NOv. 22 56-26 
Dec. 23 55.M 

June 6 59.20 
June 20 5 . 6 4  
July 3 52.90 
July 18 50.Q 
Aug. 5 48.90 
Atrg. 15 47.31 
Aug. 18 45.06 
Aug;. 20 42.24 
Aug. 22 40.63 

Jan, 19, 1978 56.77 
FeS. 15 58.19 
March 16- 59,77 
Rprf)  17 61.04 
Fhy 16 62.35 
June 12 61.62 , 
July 13 61.48 
Aup. 15 61.05 
Sept. 18 61.10 

Aug. 25 39.36 
Aug. 27 39-05 
Aug. 29 B. 17 
Sept. 2 37.410 
S p t .  5 37.25 
Scpt. E 35.85 
Sept. 15 31. D7 
Sept .  19 29.99 
Sept. 23 35.44 
Sept. 26 36.92 

kt. 19 61.23 

Sr t . 3 0  3&. JB 
O t t .  4 39.91 
kt. 15 42.68 
Oct. 27  45.55 
Nev. 18 49-82 
Dm=. 5 51.50 
Dec. 22 53.36 
Jan. 21, 1976 56.31 
Feb. 26 59.33 
Hareh 26 61.42 
A p r i l  23 63.06 
Hay 25 63.27 
June 21 62.94 
July 23 62.88 
Aug. 23 63.14 
Sept, 23 63.29 
kt. 22 63.04 
Nw. 22 63.18 
k c .  21 62.34 
3 a n . 2 1 D 1 9 7 7  61.44 
Feb. 17 61.16 
Harch 21 61.55 
April 18 61.75 
Ray 19 60.67 
June 21 59-09 



D I S T A N C E ,  I N  F E E T ,  FROM F I R S T  RECHARGE B A S I N  

- . -. - - - -- - 
Figure 11.-Altitude of water lweb at selected dates in the unmdhed aquifer .- 

a& the reCbij@eain. --- -. 





D I S T A N C E ,  I N  FEET,  FROM F I R S T  RECHARGE B A S I N  
-- - 

Figure 12b .-Water-level rise in the unconfined aquifer near the recharge baain, May 2% 
. --. -. 

'to Aiigud T, 1974 md 1976. - 



Sal lent p o f n t s  indicated by the d a t a  presented i n  figures 11 and 12a and b 
a r e :  (1) 1975 water levels were approximately 2.0 ft hlgher than those i n  1974 a t  
the start  o f  a r t i f i c j a l  recharge; ( 2 )  f o r  the same per iod o f  artificial recharge, 
1975 water-level rlses exceeded 1974 water-level ri res; (3) the amount t ha t  1975 
water-level rises exceeded 1974 r ises general ly increased w i  t h  distance frm the 
recharge b a s i n .  

Because 1974 art if icial-recharge rates s l i gh t l y  exceeded 1975 rates,  one would 
expect 1974 water-level rises t o  be s l ight ly  greater than 1975 water-level rises, 
other t h i n g s  being equal. The f a c t  t h a t  they are n o t  greater  suggests t h a t  natural 
recharge f n  1975 was greater  than I n  1574, at least for the t i m e  period May 20 t o  
August 7. F i g u r e  13 shows discharge in S h i p  Greek for March through Soptmber fo r  
both 1974 and 1975. 4s indicated in the f igure,  1975 discharge rates from May 20 
through August 7 exceeded tnose of 1974 fo r  the same tlme interval except fo r  small 
periods of time. The 1975 di scharge over the period was 30 percent greater t h a n  
the 1974 discharge during t h i s  time perlod. Seepage from Shlp Creek represents a 
ma j a r  source o f  ground-wa t e r  recharge i n  the  v i c i n  i ty of the art i f ici a1 -recharge 
basins, and since the rate of this seepage i s  proportional t o  the flow i n  the creek 
i t  i s  clear t h a t  a t  least  one component o f  recharge t o  the  ground-water system was 
grea te r  during May 20 t o  August 7, 1975, as compared w f t h  the same tine perfod i n  
1974. Ground-water pumpage cannot account for the f a c t  t h ~ t  1975 water-level r i s e s  
exceeded those in 1974, because punpage from C i t y  we? 1 number 9,  the well t h a t  
would most lfkely a f f e c t  t h i s  area, was greater i n  1975 t h a n  in 1974. The increas- 
i n g  difference between 1974 and 1975 rises w i t h  distance from the recharge b a s i n  i s  
a strong indication t h a t  natural recharge from streamflow, snowmelt, and prec lp i ta -  
tlon i s  the dominant f a c t o r  a f fec t ing  ground-water levels  i n  the v ic in i ty  of the 
development s i t e .  

MODEL DESIGN 

A three-layer f ini te-difference model tha t  u t i l i zes  the digi ta l  program o f  
Trescott (1975) and Trescett and Larson (1976) t o  simulate unsteady three- 
dimensional ground-water flow was constructed t o  detemf ne the change i n  water 
levels  i n  the a r t e s i a n  and unconfined aquifers a t  Spring Acres Subdfvfsion caused 
by artiflc'ially Induced recharge. Throughout most of the  model area, layer 1 
represents the  artesian aquifer, layer 2 the clay u n i t ,  and layer 3 the  unconfined 
aqudfer. I n  t he  part o f  the model area where the clay u n i t  i s  mlssing, the entlre 
section I s  unconfined , and each model layer represents one-thi rd of t h e  thickness 
o f  the composite unconfined section. The model simulates lateral flow within each 
1 ayer o f  t h e  section and ver t ica l  movement o f  water between layers. 

Hodel construction was accomplished by designing a finite-dffference grid 
( f i g .  14) o f  the study area and assignfng average values fo r  transmissivSty, 
storage coefficl ent ,  and  vertical hydraul i c  conductivity fo r  each layer t o  each 
rectangular area i n  the f i n i  te-difference g r i d .  I n i t i a l  values o f  transrnissivi ty 
assigned t o  t h e  part o f  layer 1 representing the  artesian aquifer were determined 
frm f i g u r e  4. I n i t i a l  values o f  transmissivity ass-lgned to the p a r t  o f  layer 2 
representing the semipermeable clay u n i t  were obtaf ned by mu? t iplying the  average 
th ickness o f  the clay ( f i g .  3) by the average vertical hydraulic conductivity of 
t h e  clay for t h a t  area ( f ig .  51, This value of transmissivity would resu l t  i n  a 
101.1 vall ie  f.,r transmlsslvity o f  the c l y  u n l t ,  but  since lateral  flow th roqh  t h i s  
material i s  i n s i g n i f i c a n t  no accuracy I n  model-predictive ab l l i t y  was sacrificed. 







The major objective i n  modeling the clay u n i t  was t o  permit vertlcal r~vcment of 
water between the artesian and unconfined aquifers and p e m l t  head t o  change I n  the 
clay u n i t .  A value of per foot  was simulated for the  spec i f ic  storage of the 
par t  o f  the model representing the clay un i t .  

Transrnissivity fo r  the p a r t  o f  the unconfined aquifer t h a t  i s  under la in  by the 
clay u n i t  was ca lcu la ted  by rnultlplying i t s  saturated thickness by a value fo r  
la tera l  hydraulic conductivity of 225 ft/day. As mentioned previously, In the p a r t  
of t h e  model wirere the clay unit i s  not present, each model layer .represented 
o n e - t h j r d  of the thickness of the composite unconfined aquifer, For purposes o f  
the model-calibration procedure t o  be discussed l a t e r ,  the  value of la tera l  
hydraul ic conductivity assigned t o  each of these layers was 68 ft/day. As will be 
discussed subsequently, these values were adjusted progressively upward during 
model cal i bration, 

A s t w a g e  coefficient o f  was used through layer 1 and f a r  the  p a r t  o f  
layer ;_ representing the middle one-third o f  t h e  cmposite  aquifer. A cons tan t  
value of 0,15 was assigned for  the  storage coefficient of layer 3. 

Values f o r  the vertical hydsaullc conductivf ty of the clay unit used in t h e  
model a r e  shown in f igure 5 .  In  t h e  remaining p a r t  o f  the model, the  vertical 
hydraulic conduct iv i ty  of the unconfined and artesian aquf fers were initial l y 
simulated at 1.4 ftjday. 

MODEL C A t I B R A T I O i i  

The model was c a l i b r a t e d  t o  water-level r i s e s  measured i n  AK2128, AK1848, 
AK1851, AK1843, and AK1044 a f t e r  the f i r s t  80 days of a r t l f i c l a l  recharge i n  1974 
ar,d 1975. T h ~ s  time period was selected because i t  includes the period o f  
immediate i n t e r e s t  in 1975 and i s  s t i l l  suff ic ient ly  long to  pemit model 
c a l i b r a t i o n .  The only stress simulated by the  model was the  a r t i f i c i a l  recharge 
f ~ + m  the f i r s t  basin. No natural recharge or discharge was simulated. The model 
boundaries were extended suf f ic ient ly  so that head changes caused by the arti f i c i  a1 
recharge were negligible a t  the  boundaries, or the aqulfer system termtn~tci a t  
natural  i m p e m a b l  e boundaries. No-f 1 ow condi t ions were speci f ied around the model 
perimeter f o r  a73 layers. Because the only stress applied to  tne model was 
a r t i f  i c i  a1 recharge from the  f i r s t  basin, water-level cha:rlges indicated by the 
model ref lec t  only changes resulting from t h e  art if icial-recharge experiments. 

The to ta l  t i m e  period simulated during model cal i brat lon extended f r o m  
i n i t i a t i o n  o f  1973 recharge through August 7, 1975. Only recharge from the first 
basin was simulated during the  c a l i b r a t i o n  procedure. Recharge f r m  the second 
b a s i n ,  which started August 14, 1975, was not simulated bec~use the  severe water 
problems a t  S p r i n ~  Acres Subdivision occurred before the start af t h i s  recharge. 
Recharge i n  1971 from the  +-acre basin was not simulated because i t  was reasonable 
t o  assume tinat no residual e f fec t s  of t h i s  recharge on ground-water levels a t  the 
recharge b a s i n s  ex isted I n  1973. On the bas is  of  the xater-level response i n  
observation we1 1s war  the recharge hasin and t h e  susLained in f i l t r a t ion  rates,  a 
2-day travel time was estlrnated for  the movement of water from the se:harge basin 
t h ~ u u g h  the u n s a l r a t c i  zone t o  t h e  water t ab le ,  



A 1  though the  geometry and hydraul i c  characteris t I c s  o f  the uncansol idated 
deposits were available from p r r v i o u s  work, i t  was s t i l l  necessary t o  r e f i n e  va lues 
f o r  the l a t e r a l  and v e r t i c a l  hydraulic c o n d u c t i v i t y  o f  t h e  unconf ined aquffer 
because of the  range r e p o r t e d  f o r  these values. As discussed, water levels i n  the  
area o f  the recharge basin rose dur ing the two cal i b r a t l o n  periods. This rlse 
should have a t  l eas t  two components: [ I )  a t  least. part o f  the seasonal rise 
r e s u l t i n g  from n a t u r a l  recharge, and (2)  t h e  r i s e  induced by the a r t l f i c i a l -  
recharge exper inents .  As a r e s u l  t ,  model - p r e d i c t e d  wa te r - l eve l  rises shou ld  be 
1  ess than those observed. The model was t h e r e f o r e  cal i b r a t e d  by adjust ing v n l  ues 
o f  l a t e r a l  and v e r t i c a l  hydraul ic  c o n d u c t i v i t y  assigned t o  the unconff ned aqui fer  
not underlalin by c1 ay i n  a serles of model exper lnen ts  u n t i l  model-predicted water- 
l e v e l  rjses were less than t h e  observed r i s e s  and the difference between these 
r i s e s  Increased by s e v e r a l  f e e t  from AK2128 t o  AK1843, The l a t t e r  c r f  Zer ion was 
used t o  be consistent  w i t h  observed data. ,111 p o s s i b l e  combinations o f  t h e  extreme 
va lues reported f a r  l a t e r a l  and v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  were s i m u l a t e d  I n  a 
series ~f rn~del experiments, and   nod el - p red ic ted  wa te r - l eve l  r i  ses f o r  each 
exper iment  were compared t o  t-he observed wa te r  1  eve l  s. 

The repor ted  values fo r  the latevci h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  unconffned 
aqui fer  a t  the recharge b a s i n  ranged from 68 f t l d a y  t o  225 ft/day, The es t imated 
values f o r  v e r t i c a l  hydraulic c o n d u c t i v i t y  o f  the cnncof  fined a q u i f e r  a t  t h i s  s i t e  
ranged from 1.3 f t / day  t o  a maximum of 1/10 the va lue  f o r  the lateral hydraulic 
conduct iv i ty ,  or 2 2 . 5  f t lday.  The f i r s t  c a l i b r a t i o n  exper iment used t he  lowes t  
va lues repor ted  f g r  lateral hydrau l  i c  c o n d u c t i v i t y  and estfma ted  f o r  vortical 
h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  unconfined layer; the second experinent used the 
lowest val u r  of l a t e ra l  b d r a u l  i c  c o n d ~ c t i v j  t.y and ' l i g h e s t  value  o f  v e r t i c a l  
hydrau l  i c  co;?ductiv-l ty repo r ted  a r  est imated;  the t h i r d  experiment used the h i g h e s t  
va lue  a f  l a t e r a l  hydrau l i c  conductivity and lowest va lue  o f  vertical h y d r a u l i c  
c o n d u c t i v i t y  repported o r  e s t i m t e d ;  and the f o u r t h  exper iment used the h ighes t  
val ues o f  l a t e r a l  hydraul i c  c o n d u c t i v i t y  and v e r t i c a l  hydrau l  i c  c o n d u c t i v i t y  
r e p o r t e d  and es t  inated. 

The f i rs t two experirnen t s  produced unacceptable resu 1, t s  , in t h a t  model - 
predic ted wa te r - l eve l  r i s e s  were f a r  i n  zxcess of those observed. The t h i r d  
experinen t produced an acceptab l  e match between model -p red ic ted  and observed water-  
l e v e l  r i s e s  ( f  f g ,  15a&b).  The l a t e r a l  and v e r t i c a l  hydrau l  i c  conduct i v i  t y  o f  the 
unconfined aquifer s imula ted i n  t h i s  exper iment were 225 and 1 .4  ft lday. This  
model i s  he re ina f t e r  r e f e r r e d  t o  as  model A. The fourth experiment r e s u l t e d  in, an 
unacceptable match between observed and model -pr edicted water-1 evel rises, but the 
r e s u l t s  also indicated t h a t  an acceptable match could be obta ined by  p r o g r e s s i v e l y  
i n c r e a s i n g  t h e  t r a n s m i s s i v i t y  o f  the unconf ined aqu i fe r ,  TI-ansmissiv i ty  waras there- 
f o r e  increased u n t i  1 an acceptab le  match between model -predicted and observed 
water - leve l  r i s e s  was obta ined ( f i g .  16ahb). I h e  v a l u e  o f  transmirslvity f o r  t he  
camposi t e  aqui fer  not underlai I by t h e  c l a y  u n i t  was i d e n t i f i e d  ar 16,900 ftziday. 
T h i s  va lue  corresponds t o  a l a  tera i  hydraulic conductivi  ty o f  the compasi te a q u i f e r  
of 338 ft/day. ?he v e r t i c a l  h y d r a u l i c  conduct iv i ty  s imu la ted  i n  t h i s  experiment 
was 34 f t /day,  T h i s  node l  i s  h e r e i n a f t e r  r e f e r r e d  t o  as  model B. 

Because each observat ion  well was screened a t  A d i f f e r e n t  depth i n  t h e  uncon- 
f ined aqui fer ,  recorded ~ a t e r - l e v e l  r i s e s  i n  t hese  w e l l s  must be compared t o  the 
model -pred ic ted wa te r - l eve l  r i s e s  f o r  t he  respect ive depth fo r  each w e l l ,  Observa- 
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t i o n  wet l q  AK2128 and AKlP44 are  screened i n  layer I; observation we1 1 AK1851 i s  
sc r~enzd  i n  layer 2, and observation we? 1s AK1848 and AK1843 are  screened I n  layer 
3, 

In model A, observed water-level r i ses  exceeded model-predicted r i s e s  by an 
average 5.0 and 7.8 ft a l o n g  t he  line of observation wel ls f o r  1974 and 1975, 
respect ively.  I n  model 8, t h e  observed r i s e s  exceeded the  model -predf cted r i s e s  by 
an average 5.4 and 8.3 ft, These addi t ional  r ises a r e  consistent w i t h  the 
amp1 i tude of seasonal rlses observed In AKT843 i n  1972, 1977, and 1979, and i n  
AK1848 i n  1977. The f a c t  t h a t  the di f ference between model -predfcted and observed 
water-lew? r i ses  was greater i n  1975 as compared w l t h  1974 i s  consis tent  w i th  data  
presented I n  f igure  12b; As indicated i n  t h i s  figure, 1975 water-level r i s e s  
e x ~ ~ e d e d  those in 1974, 

Tne m d e l  ing technique d id  n o t  simulate changes i n  transmissivf ty o f  the  
uncon.fired aquf fer t h a t  occurred because of an increase fn the satursted thfckness 
o f  the aquifer due t o  a r t i f i c i a l  recharge. The increase i n  saturated thickness, 
and therefore t ransmiss i r i t y ,  r a n g d  from 23 percent o f  tha t  s imulated 250 ft frm 
the edge of the recharge p J t  t o  2 percent a t  observat'lon wel l  AK1843 f o r  the 
ca 1 i bra t e d  s lmrzla t i  ons. These Increases r e s u l t e d  i n  model -predict& wa te r - leve l  
r i s e s  ranging fran approximately 1.2 ft too high f o r  tlre 23-percent increase In 
t ransmiss iv i ty  to less than 0.1 f t  difference f o r  the  2-percent Increase. Model- 
predicted water-level r i ses  were ad jus ted  accordingly, 

PODEL PREDICTIONS 

A major o b j e c t i v e  of t h i s  study was t o  detemlne the e f f e c t  o f  th$ a r t i f i c i a l -  
recharge experiments on water levels at Sprlng Acres Subdivision, par t i cu ' la r ly  w i t h  
regard t o  induced water-level r i ses  In the unconfined aqu i fe r  a t  the  subdivfsian 
during the perlod May 20 t o  August 7, 1975. The i n t e n n i t t e n t  nature o f  the a r t i -  
f ic ia l - recharge experfmetits caused water leve ls  i n  the area o f  t he  recharge basins 
t o  r i s e  and f a l l  , with the t i m i  ng and magni tude o f  these changes dependent upon, 
among otner th ings,  the ra te  o f  a r t i f i c i a l  recharge, the distance from the recharge 
basins, and the hydraul ic  properties o f  the ground-water system. Two model 
experiments simulat ing different hydrau11c charac ter is t i cs  o f  the unconfined 
aqui f e r  gave acceptab le  matches between observed and model -predicted water- l eve l  
r i s e s  between May 20 and August 7, 1971 and 1975. Both model s ( A  and 8) were used 
t o  examine the e f f e c t  o f  the  a r t i f i c i a l - recha rge  experiments on w a t e r  l e v e l ?  a t  
Spring Acres Subdlrision, ~ e g i n n i n g  wi th  the s t a r t  o f  recharge i n  1975 and l a s t j n g  
through August 7, 1975. The resu l t s  o f  these two experiments are shown i n  f igures  
17 and 10, 

As lndf  cated In these figures, the models predic ted a \later-level rjse -In the 
unconfined aqul fer  o f  1. I ft a t  Sprlng Acres Subdir is lon from the s t a r t  o f  recharge 
Sn 1973 through August 7, 1975. Differences between water-level rises predicted by 
the tvro model experiments are small fo r  any given time and f o r  the total t ime.  O f  
major signi f icance f o r  the purpose of t h i s  study f s  the incremental rlse predicted 
by the models for t he  vnconf i n ~ d  aqui fer  a t  Spring Acres Subdiv is ion between Hay 20 
and August 7, 1975, Both models ind ica te  tha t  t h i s  r i s e  would have been 0.2 ft. 

Model -predicted water-level rf ses f o r  t he  ar tes ian  aqui fer a t  Spring Acres 
Subdiv is ion are also shorvn i n  the figures. Again, differences between water-level 
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changes predicted by the two models are small. The r~odels predicted water-level 
r i ses  of as much as  3.5 f t  during the course of the recharge experiments and 
indicated a r i s e  of 3.2 f t  on August 7, 1975. The predicted water-level r l s e  i n  
the artesian aquifer from May 20 t o  August 7 ,  1975, was 1.3 f t .  

The areal water-level r i ses  predicted by the two model experiments fo r  
A u g u s t  7 ,  1975, for  the unconfined and artesian aquifers are  shown i n  figures 19 
through 22. As the figures show, water levels rose in nearly concentrlc rings 
around the recharge basin. Maximum r i ses  of 25 f t  were predicted immediately under 
the recharge basins. 

Figures 19 and  20 show the area? water-level r i s e  induced by the a r t i f i c i a l -  
recharge exp~riments for  model A for  the u~ronf'ned and artesian aqui'er. Figures 
21 and 22 show the induced r i ses  for thesf! aquifers fo r  model B. Wate-r-level r i ses  
of 5 f t  and 1 f t  in the unconfined aquifer were predicted approxima1:ely 2,000 a n d  
0,000 f t  from the recharge basin by both models. Similar water-level r i ses  in the 
artesian aquifer were predicted by both models a t  approximately 3,000 f t  and 
12,000-30,000 f t  depending on direction from the recharge basin. 

SUMMARY AND CONCLUSIONS 

A subdivision developer encountered water while digging trenches associated 
with developing property a t  Spring Acres Subdivision, Anchorage, Alaska, during the 
summer of 1975. He reported encountering water a t  s depth of about 8 f t  in June 
1975 and ai so reported a r i s e  in water level t o  approximately land surface by ear ly  
August. Neither incident was expected by the developer. The U.S. Geological 
Survey and the Municipality of Anchorage conducted an art if icial-recharge experi- 
ment approximately 9,000 f t  northeast of S p r i n g  Acres Subdivision from May 20 
through September 19, 1975. Recharge experiments were also conducted in 1971, 
1973, and 1974. The proximity of the 1975 recharge experiment t o  the subdivision 
caused speculation on the possible connection between the a r t i f i c i a l l y  recharged 
water and the water problems encountered by the developer. 

The ef fec t  of the recharge experiment on water levels a t  Spring Acres Sub- 
division was evaluated by (1) examining the natural water-level fluctuation in the 
area,  and ( 2 )  sinwlating, with a d ig i ta l  model, the water-level r i ses  caused by the 
recharge experiment . 

Water-leve! data co? lected by the U .S. Geological Survey a t  various observa- 
t i ~ n  wells ir, the Anchorage area since the mid-1950's indicate tha t  water levels  
f luctuate seasonally. Annual lows occur in the spring, and annual highs occur in 
l a t e  summer-early winter. Water-level measurements in and near the Spring Acres 
Subdivision for  a 3-year period prior to  the 1973-1975 recharge experiments and a 
4-year period following the experiments showed seasonal r i ses  of 2 to  12 .4  f t .  A 
depth to water below ;and surface of 2,6 f t  was measured 600 f t  from Spring Acres 
Subdivision in 1971 and  i n  the subdivision i n  1977. Average depth to  water i n  the  
area was 7.0 f t  from early 1976 to  Septmher 1979. No observation-well data are  
available in or near Spring Acres Subdivision for  the 1973-75 period. Water-level 
data collected from auger h o l ~ s  in March 1975 by a consulting firm for the con- 
t rac tor  indicated a depth t o  water of 6-7 f t  below land surface a t  Spring Acres 
Subdivision, 
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Figure 19.-Mcdel-predicted water-level rhes for 8rWian aquifer, duly 10,1973 through August 7,1975, Model A. 
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Figure 20.-Model-predicted water-level rises for unconfined aquifer, July 19,1973 through Augmt 7,1975, Modd A. 
39 
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Figure 21.-Model-predicted water-level rises for n r k h  aquifer, July 19,1973 through August 7,1976, Model B. 
40 
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Fiw , 22.-Model-predicted water-level rises for unco~lfined aquifer, July 19,1973 through A u p d  7,1976, Model B, 
4 1 



tn fomat ion an the geologic se t t i ng  and hydraulic charac ter is t i cs  of the 
ground-water systm determined during previous studies i n  the area was used, along 
w i t h  data generated f o r  t h i s  study, t o  construct  two d ig i t a l - cmpu te r  models of the 
ground-water system. Special mphasfs was placed on the  erea o f  the recharge 
basins. The models were used t o  cstlmate the effect of the ar t i f i c i a l - recha rge  
experiments an the ground-water system, p a r t i c u l a r l y  Spr ing Acres Subdivision. 

The models var ied i n  t he  values o f  l a t e r a l  and ve r t l ea l  hydraul ic  conductivity 
used t o  slmulate  t h e  unconfined aqulfer. Both models ind icated c r l s e  o f  appraxi- 
rnately 0.2 ft i n  w a t e r  leve ls  i n  t h e  unconfined a q u i f e r  a t  Spring Acres Subdivision 
from May 20 t o  August 7, 1975. The models ind icated a water-level r i s e  f o r  the 
ar tes ian aquifer a t  t h e  subdiv is ion o f  1.3 ft during the same period. Tota l  r fses  
o f  1,l  f t and 3.2 ft were predicted f o r  the unconfined and ar tes ian aqul fers, 
respectively, a t  Spring Acres Subdivision from July 16, 1973, t o  August 7, 1975, as 
a r e s u l t  o f  the a r t i f i c i a l  recharge. 

The c a l i b r a t i o n  procedure indicated tha t  water l eve l s  i n  the area o f  the 
recharge bas in  rose an average o f  7.8 t o  8.3 f t  from May 2 t o  August 7, 1975, 
because of factors o t h e r  than t h e  recharge experiment, T h i s  r i s e  i s  w i t h i n  the 
range o f  r i ses  recorded -in the a rea  (7-10 f t )  dur ing years p r i o r  t o  and fo l low ing 
t he  recharge experiment and are considered fo r  the  most p a r t  t o  be a t t r i b u t a b l e  t o  
seasonal recharge. 
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