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i.    Aquif er  Tests  - Introduction

Although  much  has  been written  describing  tbe  development  of  drawdowli

(response)  curves  and  their  use  for  detemining  the  hydraulic  properties  of

aquifers,  little  atteution has  been given  to  the mechanical  aspects  of  test

organization  and  data  collection.    In  the  f ollowing  some  of  these  aspects

will  be  addressed.

The  ideal way  of  making  a  ptmping  test  is  to  select  a  well  at .a  con-

Siderable  distance  from  any  other  pumped  well,  one  that  can  be  discharged

at  a  large  rate  and  Shut  down at will;  to  install  a  large  ntmber  of  observa-

tion wells  in all directions  at varying  distances  from  the well  to  be  dis-

charged;  to  observe  the water  levels  in all  avai.1able wells  duriDg  the  ea-

tlre  period  of  drawhown  and  recovery. .  There.are  no  specific  rules. that  can

apply  to  all  types  of  pumping  t.est:.    Each  test.i5  conducted  under  certain

prevailiag  conditions.    Because  of  the uncertainties  and variable factors

involved,  experience .and  judgement  of  qualified  persons conducting  these

tests .are  of  great  importance.

Some  useful  general  guidelines  suggested  by  the  U.S. Geological€#
Resources  Dlvisloa  (1968)  are  included 'here  for  consultation.

--
2.    Field precautions

2.1.    Selection of  the Ptm Test  Site

Perhaps  the most  inportant  phase  of  any  aquifer  performnce  test  is
the. selection of  the  sit.e.    Careful  attentioa directed  toward  the  choice  of
Veils  to  be  pumped  or  observed  can  save  the  analyzer  many hours  of  struggle
with correction factors  and adjustreats.    Here  ls  your opportunity to  coa-
£om to  the  theoretical asst]xptloas  by rejecting  any site  that will give
rise  to  coqpllcatloBs.    Some  of  the  compllcatlotLs  that night be  expected  ln
applying  the  theory  to  a water  table  aqulfer  {Flg.16),  for  instance,  a.re
dl§cussed  later.
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2.2.    Observation  wells

Item  5,  Figure  16,  calls  your  attention  to  the  precautions  that must  be
observed  in  selecting  observation wells.

Observation  wells  must  be  cotnpetent  wells;   that  is,   they  must  be. open
(hydraulically)  to  the  aquifer  being  tested.    You  can  test  for  this  by  pour-
lag  water  down  the  observation well  and  cbecking  the  water  level  a  short
tine  thereafter.    As  ad  example,  for  aquifers  having  a  bydraulic  conductivity
of  about  3,000  gallons  per  day,  a  5-gallon  slug  of  water  should  pass  so
rapidly  that  you  would  be  able  to  detect,  by. tape  measurements,  only  a  very
small  change  in water  level  in  the  time  lt  would  take  to  unreel  the  tape
and  take  the  measurement.

h  order  t:o  avoid  errors  owing  to  partial  penetration  of  the  pumped
Well, .an  observation well  must  be  at  least  two  times  tbe  thickness  (in)  of
the  aquifer  from  the  pumped  well  (Fig.16).     This  is  also  a  good  rule  to
follow  in  order  to  avoid  the  changes  in  hydraulic  conductivity  that  Ere-
quently  occur  in  the vicinity  of  the  pumped  well.    If  you  are  forced  to  use
a  Pumping  well  that  partially  penetrates  the  aquifer  and  observation wells
closer  than  two  times n,  a  solution nay  be  accomplished  using  the  appropriate
correction methods  (see_p=g=3E:I).

In  selecting  observation wells,   try  to  choose  a  combination  that will
give  you  near,  intemediate,  and  far  observations  to  obtain  a wider  range
of  coverage  on  the  type  curve.

The  ideal  observation well would  be  one  that  f its  all  tne  above  quali-
f icatlotls  and  is  also  adapt:able  to  I.he  use  of  a  recorder.    When  open-casing
Wells  are  not  available,  manual measurenents  must  be  taken.    Measuring  points
in  tbis  case  should  be  readily  accessible  and  well  marked.

2.3.    Discharging  Well

The  pumped  well must  have  a  large  enough  capacity  to  produce  drawlowns
in  the  observation veils.  'A  trial  run  of  the  pump  test  (Iten  1,  Fig.  16)
before  the  actual  test  is  scbeduled will  reveal  such  information as  t:he  size
of  the  discharge  to  be measured,  the  approximate  extent  of  the  cone  of  in-
fluence,  the  amount  of  drandown  to  be  expected  in  the  observation wells,  the

=i+::a:e:::hit=t:::=T=isur;e:jELoi:b:sd=:=g::sg#:tTELe:hoi±::-
qLatlon  is  already  known.    Select  a  pumping  plant  that  carl maintain  a  con-
Stant  rate  of  discharge,  or  install  a valve  on  the  discharge  pipe  so  the
rate  of  discharge  can be  controlled;  c;therwise  fluctuations  will  appear  in
the  observed-data  plot.    Use  electricallyndrlved  puxps  in preference  to
gasolizie-.driven  pumps.  .'As  stated  previously,  the  pimped well  preferably  should  not  be  a
Partial penetrating well.    It  should draw water from tbe  full  thickaess  of
the Water-bearing  aqul£er.    A.log  of  the well,  shoving where  the  casing  is
perforated  or  screened,  wq\]1d  be  helpful.

2.4.    Fluct`iatlons  of  Water I.evels

me £1uctuatlon,s  of water  levels  in  the  area must be knoun,  both ln
advance  and  during  tbe  test  (Icon  2,  Fig.16}.    Flucturatlons  produced  by
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baronetrlc  and  tidal  effects,  railroad  trains,  and  ocher  pumping  wells  mtlst
be  accounted  for.     Everi  phreacophytes  may  prodtice  a  tnarked  diurnal  fluctua-
tion.Look  for  and  record  all  data  pertinent  tb  disturbing  influences.    It

ls  always  best  Co  operate  a  recorder  on  at  least  one  well  in  the  area
several  days,  or  even weeks,  before  the  actual  test.    The  recorder  will
of ten  reveal  the  number  and  type  of  fluctuations  with which  you will  have
to  deal,

Many  of  your  troubles  will  be  due  to  interference  caused  by  the  Opera-
tion  of  a  nearby  pump.    If  a  complete  shutdorm  is  impracticable,  a  solutiotl
nigbt  still  be  possible,  provided  you  record  the  discharge  of  the  offending
well,  its  distance  from your  test well,  and  the  times  of  starting  and
stopping.

Iten  3,  Figure  16  shows  what  happens  to  the  drawdown  at  a  particular
point  on  the  cone  of  influence when  a  second  cone  of  influence  interferes.
The  resultal|t  drawdown  at  the  point  of  observation  is  the  algebraic  addi-
tion  of  the  two  depression  cones.    A  similar  effect  takes  place when  the
coae  of  depression  extends  outward  to  intercept  an  impervious  boundary.

2.5.     Geology  and  Water-Bearing  Aquifer   .

Because  the  theory  assumes  an  infinitE  lsotropic  and  honogeneous
aqul£er,  it  will  be  necessary  to  learn  as  much  as  possible  about  the  geology
of  the  area  before  you  undertake  to  run  the  test.    A  fen  of  the  geologic
conditions  which night  influence  the  test  are  listed  in  Item  7,  Figure  16.
Aqulfers  having  beddiflg  planes,  such  as  the  shaded  portioli  around  one  of
the  observation wells  in Figure  16,  ire  anisotropic,  and  hydraulic  conduc-
tivity  in  the vertical  direction may be  considerably diff erent  from hydraulic
conductivity  in  the horizontal direction.    If  your  test  is  in  such an area,
several  days  of  pimping might  be  required  to  obtain  a  representative  store-
tlvity  S.    Large  changes  in  aquifer  thickness.  should  be  avoided,  because   .
the nonTequlllbri`m  fomula  asstmes  a  constant  thickness  of  the water-
bearing materials.    In  tbin aquifers,  pumping  lovers  the  water  level  suffi-
Clently  so  the  saturated  thickness  of Water-bearing  qLaterial  is  great:1y
altered. .  When  this  occurs;  a  correction  factor  mList  be  applied  to. the
observed  drandouns.

No  recharge  or wlthdracral  should  occur  during  the  operation  of  the
te;t,  other  than  that  due  to  the well being  pumped.    If  they do  occur,  the
solution  ls  more  complicated.    Plan  to  dispose  of  the  water  pumped  ln  some
qazmer  so  as  to  prei>ent  its  return  to  the  aquifer.

Aquifer  performance  tests  ln  confined  and water  table aquifers  produce
dlstinctlve  observed-data plots.    For  confined  condltious,. the  observed-
data plot will  getierally follow the  early curvature  of  tbe  type curve,
while  the irater-table plot,  showing  little  tendency  toerard  following  this
early  curvature,  seems  cb  creep. up  on  the  underside  of  the  type  ctirve
before merging  wlcb  it.

2.6.    Fomation  and  Well I,asses

The drawlovn  in  the puped veil  1s  a combination of  various  effeccs
that  are cuitotBarlly grotlped  into  tvs  classes-forDatlon lasses and well
losses.    Fomatloti lasses  are  that  part  of  the drarrdown caused by  the
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frlctional  resistance  of  the.aqulfer  to  the  flow  of  water  and  the  losses
due  to  partial  penetration.    The well  .losses  are  due  to  tbe  frictional  resis-
.tance  of  tbe  screen  or  perfomations,   the  friction  of  the  well  casing  as
the  water  flows  upward,  and  tbe  change  from  laminar  to  turbulent  flow  con-
ditions  in  the  region  imediately  surrounding  the  well.    The  value  of  each
loss  will  vary  from well  to  well,  but.  in  general.   the  major  portion  of  tbe
drawdotim  is  due  to  formatioa  loss.     If  an  observation well  is  too  close  to
tbe  pumped  well,   the  measured  drawdovn  will  be  aff ected  by  fomation  and
well  lasses.    For  this  reason  observation wells  "st  be  far  enough distant
from  the  priped  well  to  be  free  of  tbese  disturbances.    A  log  of  the  pumped
tJell  and  observation wells  should  be  part  of  your  basic  data  concerning  ally
aquifer  test.

In  tbe  following,  some  basic  details  that  particularly apply  to  aquifer
tests  are  discussed.

3.    Measurin Rates

Control  of  the  pumping  rate  during  tbe  testing  requires  an  accurate

device  for  measuring  the  discharge  of  the  pump  and  a  convenient  means  of

adjusting  the  rate  to  keep  it  ag  nearly  constant  as  possible.-   As  the  draw-

down  increases  in  the  pumped  well, . the  total  pumping  head  increases  causing

the discharge  to  become  less  if  it  is  not  cotitrolled..   A valve  in  the  dis-

charge  line  of  the pump  provides  the  best  coitrol.

A  simple method  of  detemining  the  pumping  rate  is  to  observe  the  tire

required  to  fill  a  contairier  of  lcnown volume.    A  coDerclal  type water meter

tBay.be  employed  to  DeaLsure  the  amount  p`xped  in  a  given  tire.    Also  stan-

dard  orifice  fittings_ on  the discharge pipe may be  used.

4.    Water  Level  Heasurements (Itisdssu.e".td.wto®p4¥;rH:vt::i?I.w=i:udy¥/I.rbo,:)c
Water  levels  ln wells are ahost  constantly  fluctuatlzig and decline or

rise a fraction of an inch or many feet within a relatively short  tine.

Water  levels  ln wells  ln conf ined  aqulf ers under natural conditions  gener-

ally  fluctuate  to  a greater  extent  than wac.er  levels  lzi Water-table aqul-

£ers.    Fluctu±tlotis  in Water  levels  lndlcate  both  changes  ±n  the actual
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quantity  of  waLter  stored  ln  aquifers  and  movement  of  groundwater.    A  con-

tlnual  decline  in water  level  results.when  discharge  exceeds  recharge.    Any

pre-test  trends  of  the  water  levels  should  be  recorded  as  tbese  can  be

extrapolated  irlto  the  test  p'eriod  and  observed  drawdowns  corrected  accord-

ingly.   .

The  depth  to  Water  must  be  measured  many  tines  dLlring  the  course  of

aD  aquifer  test.    Readings  must  be  taken  at  close  intervals  during  tbe

first  €ro  hours  of  the  test with  the  time  betweeti  readings  t]eing  gradually

increased  as  tbe  test  cont:inues.    A  detailed  tiniag  of  measurements  is

presented  furtber  below  in  the  section  on  aquifer-test  procedures.    Water

level zzleasurements  should  be  recorded  to  the  nearest  k  inch .in all  observa-

tion wells.    This  is  not  always  possible when measuring  water  level  1n  the

pupped  well  because  of  pump  vibrations,  eta.

AutotDatlc  recorders  may  be  used  on  the  ob.servatlon wells  to  make  a

cotltinuous  record  of  water  level  changes.    This  ls  the  best  device  to  use,

but  requires  observation wells  of .6-inch  diameter  for  installation.    When

making measurements  by  tape,  the  time- at  the  instant  of  each  reading must

be recorded  to  tbe  nearest  10  seconds.    It  is  necessary  that  accurate  and

rapid tneans  of  making  water  level  measurement  be  enployed.    The  usual  means

enployed  are  the  electric  sander method,  the wetted  tape.method  and  the  air

line method.    Perhaps~tbe  handiest  device  to  rise  in most .cases  is  tbe

electric  sonder  or  electrical depth gauge.    In  order  to  Improve  the  accuracy
•,

9£  readings,  the  electrode  and  cable  d.f  the  electric  gauge  should be  left

banging  in  cbe well  for  a  series  of  readings.
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5.A ul£er  Test  I)ata

h  sumary,  tbe  arrangements  for  an  aqul£er  test must  pemit  the

following  controls  and  Deasurements:

a)  Constant  pumping  rate,   even  t:bough  the  pumping  raLte  may  vary  some-

What  during  the  pumping  period.    If  the  pumping  rate  varies  by Dare  than  j%

during  the  test,  the results  camot be  reliably  interpreted.

b)  Accufate  measureznenfs  of . drawdown  and  recovery  in  the  pumped  well

and  ln  one  or  more  observation wells  sozne  distance  away.

c)  Accurate  record  of  tine  for  each  zbeasurement  ls. taken  as  punplng

proceeds.

a)  Any wells  within L1,000  feet  fran  tbe  pumping  site,  which  are  pro-

ducing  a  significant  amount  of  water,  will  int:erfere .with  the  test  and may

qLake  the results  obtained  extremely  difficult  to  interpret.    If  at  all

possible  arrangements  should  be made  to  have  such wells  either  shut  down

or produce  at  a  constant rate  for  several  days  before  the p`mplng  test  is

to  be  started.    If  this  cannot  be  done,  the  effects  of  nearby. pumping  veils

on  the water  level  in .the well  to  be  pumped  should  be  observed  for  2  to  3

days  before  the  test  begins,  by  taking  periodic  water-level measurements.

The  aim  ls  to  get  field  data  that  pemit  study  of  the  tizne-drawdown

relationship  and  the distance-dravdoun relationship  during  the peri6d of

Pumping  and  during  t-he period  of  recovery  after  pumping  ls  stobped.

6.    Observation wells

The  observation veils  should  be  just  large .enough  to  allow accurate

and rapid neasuredents  of  the Water  levels.    Small  diameter wells  are best,

81nce  the volume  of Water  contained  ln i  large dlanecer  observation veil

gLay  cause  a  tine  lag  ln .changes  ±n  drawdown.    If  an  ant:oDatlc  recorder  o£
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water  levels  is  used,   the  *-ell  casing  must  be  at  least  6-inch  pipe.    Two-

inch  observation  wells  usually  serve  nicely when  hand  methods  of  measuring

depth  to  water  are  employed.

Observation wells  should  be  installed  to  about  the  same  depth  as  the

nlddle  of  the  well  screen  ln  the  pumped  well.    An  exception  to  this  rtile

ls  observation wells  that  are  Ceminated  in  strata  above  or  below  the  one

tapped  by  the  pumped  well  to  see  if  there  is  any  hydraulic  interconnection

betmee.a  the  formations.    This  is  import:ant  because  it would  help  in  deter-

nlning what  metbod  of  data  analysis  is  best  to  use.    Observation .wells  are

Comonly  equipped  with  scr.eens  3  to  6  feet  lobg.    I,onger  s€reens  are  desir-

able  but  not  absolut.ely necessary.    In unconfined  aquifeis,  it  is  desirable

that  the  observation wells  completely .penetrate. the  saturated  thickness  and

that  tbe  casing  be perforated  over  the  entire  portion  that  extends  below

the water  table.    This  helps  to  insure  that  the water  level  1n  the observa-

tion well properly  indicates  tbe average  pelzometric  head  over  the vertical

section®  .

Halnly  two  factors  dictat:e  special  requirements  for  placement  of  the

observation wells.    First, .the aquifer  is  ainost  always  stratified  to  some

degree  and  ls  not  unlfom  from  top  to  bottom.    Second,  the  length  of  the

Screen  ln  the  pumped well may  be  considerably  less  than  the  full  saturated

tblckfless  of  tbe  aquifar.    Both of  the.se  factors  distort  tbe  distributioa

of  hydraulic  head  and  drawlown  in  the  vicinity  of  the pumped  well during

the  ?quifer  test.    The  distorted patterns  of  drandown due  to  the  above

Bet)Cloned  causes  are  ironed  out  at  considerable distances  fron  the ptxped

Veil,  about  1.5  to  2  tl]Bes  the aquifer  thictmess,  so  that  observation veils

Should  tlat  be  located  too  close  to  the  ptmped veil.'    Locat.lag  the wells  too

far  away  ls  tiot  always  coti:vendent because  th€  paplng  test must  t]e  con-
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tiaued  for  a  longer  time  ln  order  to  produce  drawdown  of  su££icient  anount

ac  the  most  distant  points..   If  several  observation wells  are  to  be  used,

they  should  be  located  on  Cvo  radial  lines  making  an  approximate  90  degree

angle with  one  another.    This  proc.edure will  help  t:a  ascertain  any  devia-

tlons  from  symetry  that  the  cone  of  depression may  exhibit.

The  number  of  observation  wells  t:o  be  employed  depends  upoa  the  amount

of  infomation  that  is  desired  and .upon  the  funds  available  for  the  test

program.    Tbe  data  obtained  by measuring  the  drawdown  at  a  single  location

oucslde  the  pumped  well  pemit  calculation  of  the. average  hydraulic  conduc-

tlvlty and  transnissivity of  the aqul£er  and  its  coeffici:nt  of  storage.

If tnore  observation wells  are  placed  at  different  dist:ances,  the  test  data

cafl  be  analyzed  in  two  independent  ways  by  studying  both  the  tine  drawdown

atid  the  distance  drawdoiin  relationships.    UsiDg  botb  these  methods  of  analy-

sis  gives  a  check  on  tbe  results  and  einances  the  dependability  of  the  con-

cluslods.    It  is  always  better  to  have  as many  observation wells  as  condi-

tions my allow.

If  there  is  reason  to  suspect  that wac.er  levels  in  observation .wells

are  affected  by  f actors  other  than  ptimping  the well,  eff orts  should  be tnade

to  correct  the  drawdorms  for  these  effects,  especially  lf  the  drawdoms  are

relatively  small.    One  possible  source  of  error  ls  a  change  in barometric

Pressure.    To  correct`for  this,  tbe  response  of  the water  level  in  tbe

observation well  to  barometric  pressure  should .be. observed  for  some period

Prior  to  pumping,  so  that  the  appropriate  correction  can be  applied when

there ls  a  change  ln barometric pressure  during  the  punplng  test.    Other

80tlrces  of  error  include effects  of  tides  or  other  changes  ln surfacairater

levels  on  grqundwater  tables  or plezotnetrlc  surfaces,  punpln8  of  other tJells

in the aqulfer,  and  recharge  or  depletlotL of  groundrater.    If  these  factors
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are  expected  to  significantly  affect  water  levds  ln  observation wells

during  pumping  tests,   groundwater  levels  should  be  observed  for  some  ti]ne

prior  to  punplng,   so  that  trends  can  be  extrapolated  to  the  pumping  period

for  correction  of  the  observed  drawdoms.    In  order  to  prevent  these  devia-

tions  as  much  as  possible  and  to  make  them  negligible,   the  p`mping  rate

should  be  as  great  as  feasible.    A  deviation  of  2  cm  on  a  drawdown  of  10  on

means  an  error  of  207.,  but  this  value  drops  to  only  5%  when  the  pumping

capacity  is  quadrupled.

7.    Other  Factors

The  pump  and  power  unit  for  an  aquifer  rest  should  be  capable  of  con-

tinuous  operation  at  a  constant  rate  of  punpage  for  a  period  of  at  least  48

bours.    In  cases  where  the  observation wells  must  be  located  at  considerable

distances  from  the  pumped well,   the  ptmp  must  .b~e  operated  continuously  for

several days.

The  puznping  rate  should  be  measured  accurately  and  recorded  period-

1Cally.  , The  desired  pumping  rate may  be  calculated  from bail-test  results

tJhich we rill  cover  further  on  or  estimated  from previous  production  records

and veil history.    Before  starting  the pimping  tests,  a  ccxplete program for

depth-to-water  neasurements must  be  laid  oat  in advance.    It  ls  not neces-

8ary  to make  the DeasurezBerits  ln  all .the wells  s±nultineously.    The watches

used  for  timing  the measurements,  hovever,  should  be  synchronized  so  that

.the  time at which  each  reading  ls  takei can be  referred  to  the  exact Llnute

and hour  that  ptxplng .1s  started.

The pupped water  that  ls  being  discharged  should  be  dlrecced  away  from

the  test  site  because  s6me  of  the watei may  leak back  into  the well,  either

through faulty veil  casing  or  through pemeable  ground.    Thus.  discharged



racer  would  tben  give  erroneous  water-level  measurements  and  the  pumping

test  data  would  not  be  reliable  for  a  suitable  interpretation.

a.A uifer  Test  Procedure

All.aqulfer  test  procedure  which  is  followed  by  the  Alberta  Research

Council,  Canada  as  described  by  J.  F. .Jones   (1963)   is  presented  below.

i)  Heasure  tb;  static water  level  in  the well  to  be  pumped  and  in

all  observation wells,  every  2. to  3  hours  for  24  hours  preceding  tbe  test

to  determine  the magnitudes  of  water-level  fluctuations.    Use  the wetted-

tape method  or  electric `gatige  and  record  the  depths  to  wac;I  and  exact

tines  of  the measurements  on  a  log  sheet,  in  appropriate  colums.

11)  Measure  the  static water. levels  imediately  before  the  test

starts,

1±1)  Start  the  pump  and  record  the  exact  tine.    This        tllne  i§  zero

time  (t=O)  and  all  later  tines  are measured  from  lt.    Measure  the  depths

to  water  and  record  the  exact  tine  each measurement  ls  taken,  spacing  the

tBeasurenent:s,  if  possible,  ±n  the  follbwing  manner:

a)  ever} minute  fron  1  to  10 minutes.

b)  every  5  minutes  from  10  to  30  ninut:es

c)  every  10 minutes  from  30 minutes  to  1  hour.

d)  every  15  rfuu=e`s .from  I  to  2  hours.

e)  every  30  minutes  from  2  to  4  hours.

•       f)  every  60  minutes  from  4  to  12  bours.

g)  every  120 minutes  from  12  to  24  hours.

h)  1f  the  test  ls  longer  than  24  hours,  take deasureDents  every  6

hours  tintll  48  hours.



For  confined  aqulfers,   the  pumping  test  will  usually  end  at  48  hours,

but  for  unconfined  aquifers,  it  may  take. several  days  or  longer  to  estab-

1ish  tbe  equilibrium  conditions  that  are  necessary when  treating  data  from

sucb  aquifers.    Wat:er  level  measurenents  should  be  taken  every  12  hours

after  48  hours  until  the  end  of  the  test  lf  the  aquifer  is  confined.    Tables

4  and  5  are  examples  of  typical  pump  test  data.

1v)  Pumping  should  continue  at  constant  rate  for  the  duration  of  the

test.    If  field  conditions make  it  impossible  to  run  tbe  test  at  a  constant

rate  for  the  recomended  period  of  48  hours  in  the  case  of  a  conf ined  aqui-

fee,  a  shorter  test may provide  sufficient  lnfomation.
•   v)  When  the  pump  is  shut  off ,  start  taking  water-level neasurements

inediately  to  detemine  the rate  of  recovery following  tbe  sane neasure-

nent  schedule  used  for pump  testing.    This  ls. particularly  Important  if  the

puaplng  rate  has  varied  slightly during  the  course  of  the. test,  as  the

average  pumping  rate  can  be  used  with ' these  data,  thus  zBininizing  any  errors

that .might  have  been  introduced.    Recovery Deasurements  should  be  taken  for

a ninintm period  of  12  hours  and  pref erably until  the water  levels  approach

the  original non-pumping  or  static  levels.    Table  6  is  an  example  of  such

recovery data.    This  infomation,  perperly collected,  can be used  in  the

design  of  the  well _s¥stem..      .

'3
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3' . copm 1700 I.3, 15 . 61 S.olic a. Aor`pumpjng  I.v.I in.aso..d
OOp® I 7 . 00 I.58 I 5 . 42 'i,l' a ',..I ,op.
00 pin I 7 . cO I.70 '5 . 30

I =00 po 17.cO I.71 15.29
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7 cOam I 7 . 00 I.7J 15 . 27 ael ol AS  hp.  gpr.
:ca aA, I 7. 00 I.73 'S.27
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9:08 8 20.a I.9 18.I 2.8
9: 9 9 20.0 I.8 18.2 2.9 45 I mioul.  fo fill 45 9elloo df`.rnWa...aampl.a.9:10amT.mp.-`2.5,f.59I.a...Iofill459ollcndr`.inhopadiu..ed.lichlly4Sgllcaiin60.a..Pumpif.OW.ll®f`dob..nelioriw.lI.tocalior`..Ao`~oa.a.tocl).d.I..ch
9: 0 10 20.0 I.7 18.3 I.0
9= i ls 20.0 I.7 18.I J.0
• a 20 20.0 I.6 18., J.I to
9 5 2j 20.0 I.i 18.5 I.2

I JO 20.0 I., 18.6 I.I t
9 a cO 20.a I.J 18.7 J.4
9$50 50 20.a I.2 la.8 J.i

lo:cO em 60 20.a I.I 18.9 J,6

rf+)e 4.   Typical pump-test dare -pumping well
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0on I 8 . cO 2.30 15 . 70

9S3.I58om I 8 . 00 2.JO lj . 70
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• 01am I 8 . 00 2.29 15.71 0.01
9 02 2 I 8 . 00 2.28 I 5 . 72 0.02
9 03 3 I 8 . cO 2.27 I S . 73 a.03
9 04 4 I 8 . 00 2.2S    _ I 5 . 75 a.05

•€9 05 5 I 8 . 00 2.23 15. 77 a.07
9.06 6 I 8 . cO 2.,7    . 15.83 a.13

_
9. 7 7 18.00 a.O, 15 . 9 I 0.21
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9= a 20 laToO I.J9 16 . 6 I 0.91
9 5. 2j 18.00 I.29 '671 I.OJ
9= 30 30 I 8 . cO I.20 16 . 80 I.10

9: cO 40 18.cO        I          I.'1 '6 . 89 I.19

9;sO 50 18.00       I        I.a, 16.97      . I.27
10=00 ®m 60 18.cO   L 0.97 17.03 I . a-3

1ii}I®  5.    Typical pump-lesl dola - observIlion well
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9 .a I a . in , 288, 20. cO a.20 I,90 .10

9®5 a . Jn, 2885 18.00 a.35 17.65 I.95
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. :JO 2,'0 I 8 . cO 0.99 17.01 I.JJ I
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• li4le  6.   Typical recovery-tesl data
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