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SUMMARY 

Improving t h e  hyd ro log ic  c h a r a c t e r i z a t i o n  o f  t h e  Hanford S i t e  unconfined 

a q u i f e r  system i s  one o f  t h e  o b j e c t i v e s  o f  t h e  Hanford S i t e  Ground-Water 

Surve i l l ance  Pro jec t .  To he lp  meet t h i s  ob jec t i ve ,  h y d r a u l i c  p roper t y  da ta  

a v a i l a b l e  f o r  t h e  a q u i f e r  have been compiled, main ly  from r e p o r t s  pub1 ished 

over t h e  past  40 years. Most o f  t h e  a v a i l a b l e  h y d r a u l i c  p roper t y  est imates 

are based on cons tan t - ra te  pumping t e s t s  o f  w e l l s .  Slug t e s t s  have a l so  been 

conducted a t  some w e l l s  and analyzed t o  determine h y d r a u l i c  p r o p e r t i e s .  Other 

methods t h a t  have been used t o  est imate h y d r a u l i c  p r o p e r t i e s  o f  t h e  unconfined 

a q u i f e r  are observat ions o f  wa te r - l eve l  changes i n  response t o  r i v e r  stage, 

ana lys i s  o f  ground-water mound formation, t r a c e r  t e s t s ,  and inverse ground- 

water f l  ow model s. 

To assess t h e  r e l i a b i l i t y  o f  pub l ished h y d r a u l i c  p roper t y  est imates 

determined from cons tan t - ra te  pumping t e s t s ,  se lec ted t e s t s  were reanalyzed 

us ing updated techniques. Ana lys is  methods f o r  cons tan t - ra te  pumping t e s t s  

are  based on assumptions about t h e  a q u i f e r  and w e l l  con f igu ra t i ons  t h a t  are 

n o t  complete ly  met f o r  most t e s t s .  Therefore, i t  i s  impor tant  t o  apply t h e  

ana lys i s  method t o  a  range o f  t e s t  da ta  f o r  which t h e  assumptions apply and 

where t h e  r e s u l t s  are n o t  s i g n i f i c a n t l y  a f f e c t e d  by l e s s  than i d e a l  t e s t  

cond i t i ons .  Recent ly  developed d iagnos t i c  techniques u t i l i z i n g  l o g - l o g  p l o t s  

o f  t h e  d e r i v a t i v e  o f  t h e  t e s t  da ta  are h e l p f u l  i n  i d e n t i f y i n g  t h e  range o f  

da ta  where semilog s t r a i g h t - l i n e  ana lys i s  methods apply and where nonideal 

w e l l  o r  a q u i f e r  e f f e c t s  are  s i g n i f i c a n t .  

A v a i l a b l e  h y d r a u l i c  p roper t y  est imates i n d i c a t e  t h a t  t h e  t r a n s m i s s i v i t y  

o f  t e s t e d  permeable i n t e r v a l s  w i t h i n  t h e  unconfined a q u i f e r  ranges from 1  ess 

than 10 t o  more than 500,000 f t 2 /d .  Corresponding values o f  equ iva len t  

h y d r a u l i c  c o n d u c t i v i t y  were c a l c u l a t e d  by d i v i d i n g  t h e  t r a n s m i s s i v i t y  values 

by t h e  est imated th ickness o f  t h e  permeable zone. The r e s u l t i n g  h y d r a u l i c  

c o n d u c t i v i t y  ranged from l e s s  than 1 t o  more than 5000 f t / d .  S t o r a t i v i t y  and 

s p e c i f i c  y i e l d  values cou ld  o n l y  be determined from a  few mu1 t i p l e - w e l l  t e s t s .  

These r e s u l t s  ranged from 7x10 '~  t o  0.45. 



CONVERSION TABLE 

Most of the information in this report was originally reported in 

English units. Therefore, English units are used as the primary convention in 

the text, figures, and tables. For converting English units to metric, the 

following conversion table is provided: 

Mu1 ti ~l y !& To Obtain 
inches 2.540 centimeters 

feet 0.3408 meters 

mi 1 es 1.6093 ki 1 ometers 
gal 1 ons 3.7854 1 i ters 
feet2/day 0.0929 meters2/day 

pounds/i nches2 6.8948 ki 1 o- Pascal s 
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1.0 INTRODUCTION 

Ground-water movement beneath t h e  Hanford S i t e  prov ides  a pathway f o r  

t h e  t r a n s p o r t  o f  r a d i o a c t i v e  and hazardous wastes t h a t  have been discharged i n  

var ious  l o c a t i o n s  on t h e  s i t e  s ince 1944. The Hanford Ground-Water 

Survei 11 ance Pro jec t ,  operated b y  P a c i f i c  Northwest Laboratory (PNL) , (" i s 

respons ib le  f o r  p r e d i c t i n g  t h e  r a t e  o f  movement o f  contaminants i n  ground 

water and determining t h e  d ischarge o f  contaminants t o  t h e  Columbia R ive r .  

To meet these ob jec t i ves ,  d e t a i l e d  c h a r a c t e r i z a t i o n  o f  t h e  ground-water f l o w  

system i s  needed. Ground-water f l o w  i n  t h e  uppermost a q u i f e r  i s  o f  p r imary  

importance because most wastes have been discharged a t  o r  near t h e  ground 

surface. 

The s p a t i a l  d i s t r i b u t i o n s  o f  hyd rau l i c  p r o p e r t i e s  f o r  t h e  uppermost 

a q u i f e r  are p a r t  o f  t h e  data  needed f o r  understanding ground-water f l o w  and 

contaminant t r a n s p o r t .  The uppermost, genera l l y  unconfined, a q u i f e r  system a t  

t h e  Hanford S i t e  i s  l oca ted  i n  unconsol idated t o  semiconsol idated sediments 

o v e r l y i n g  t h e  b a s a l t  bedrock. Par ts  o f  t h e  a q u i f e r  a re  l o c a l l y  conf ined o r  

semiconfined. However, because t h e  e n t i r e  suprabasal t  a q u i f e r  system i s  

in terconnected on a s i t e -w ide  scale, i t  has commonly been r e f e r r e d  t o  as t h e  

Hanford "unconfined" aqu i fe r ,  w h i l e  a q u i f e r s  l oca ted  w i t h i n  t h e  Columbia R iver  

Basa l ts  have been inc luded i n  t h e  conf ined a q u i f e r  system. Th is  nomenclature 

i s  used i n  t h i s  r e p o r t .  

The pr imary a q u i f e r  p r o p e r t i e s  a f f e c t i n g  ground-water f l  ow are  hydraul i c 

c o n d u c t i v i t y ,  s p e c i f i c  storage, and a q u i f e r  th ickness.  T ransmiss i v i t y  i s  t h e  

product  o f  h y d r a u l i c  c o n d u c t i v i t y  and a q u i f e r  th ickness,  and s t o r a t i v i t y  i s  

t h e  product  o f  s p e c i f i c  s torage and a q u i f e r  th ickness.  For unconfined 

aqu i fe rs ,  bo th  t h e  s t o r a t i v i t y  associated w i t h  e l a s t i c  a q u i f e r  response and 

the  s p e c i f i c  y i e l d  from dewatering o f  t h e  a q u i f e r  a re  important  components o f  

t o t a l  a q u i f e r  s t o r a t i v i t y .  I n  add i t i on ,  e f f e c t i v e  p o r o s i t y  i s  an impor tant  

parameter i n  determining ground-water v e l o c i t y  and r a t e s  o f  contaminant 

t ranspor t .  When combined w i t h  i n fo rma t ion  on boundary cond i t i ons  and 

(a) PNL i s  operated f o r  t h e  U.S. Department o f  Energy by B a t t e l l e  Memorial 
I n s t i t u t e  under Contract  DE-AC06-76RLO 1830. 
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2.0 HYDROGEOLOGIC SETTING 

The Hanford S i t e  (F igure  1) 1 i e s  adjacent  t o  t h e  Columbia R ive r  i n  t h e  

Pasco Basin, a s t r u c t u r a l  depression de f i ned  by surrounding b a s a l t  a n t i c l i n e s .  

W i th in  t h e  Pasco Basin, l a t e  Miocene- t o  Pleistocene-aged f l u v i a l ,  1 acus t r i an ,  

and g l a c i o f l u v i a l  sediments o v e r l i e  a t h i c k  sequence o f  b a s a l t  f l ows  o f  t h e  

Columbia R ive r  Basa l t  Group. Dur ing the  la te-Miocene t o  mid-Pl iocene, a 

sequence o f  i n t e r c a l  a ted  f l  u v i  a1 and 1 a c u s t r i  an depos i t s  o f  t h e  R i  ngol d For- 

mat ion p a r t i a l l y  f i l l e d  t h e  subs id ing  Pasco Basin. Ple is tocene-aged g l a c i o -  

f l u v i a l  sediments, i n f o r m a l l y  named t h e  Hanford format ion,  were depos i ted  over 

t h e  R ingo ld  Formation by bo th  c a t a s t r o p h i c  and normal f l o o d  events. More 

d e t a i l e d  d e s c r i p t i o n s  o f  t h e  Hanford S i t e  geology are  prov ided i n  Myers and 

P r i c e  (1979) and DOE (1988). 

Except a t  b a s a l t  outcrops, t h e  uppermost a q u i f e r  a t  Hanford l i e s  main ly  

w i t h i n  t h e  R ingo ld  and Hanford format ions.  The Hanford fo rmat ion  c o n s i s t s  o f  

unconsol i d a t e d  beds and lenses o f  s i l t ,  sand, and g rave l ,  w h i l e  t h e  under l y ing  

R ingo ld  Formation c o n s i s t s  o f  unconsol i d a t e d  t o  weakly cemented beds and 

lenses o f  c lay ,  s i l t ,  sand, and grave l .  The R ingo ld  sediments a re  g e n e r a l l y  

more consol idated,  c o n t a i n  more s i l t ,  and are  about 10 t o  100 t imes l e s s  

permeable than t h e  sediments o f  t h e  o v e r l y i n g  Hanford fo rmat ion .  However, 

sand and g rave l  l a y e r s  w i t h  r e l a t i v e l y  h igh  p e r m e a b i l i t y  a re  a l so  present  

w i t h i n  t h e  R ingo ld  Formation and permeable s t r a t a  o f  t h e  a q u i f e r  sometimes 

cross t h e  d i v i s i o n  between these two main s t r a t i g r a p h i c  u n i t s .  I n  an e f f o r t  

t o  p rov ide  more d e t a i  1 ed c h a r a c t e r i z a t i o n  o f  t h e  aqu i fe r ,  recen t  attempts have 

been made t o  d e f i n e  i n d i v i d u a l  s t r a t a ,  o r  l i t h o f a c i e s ,  t h a t  possess s i m i l a r  

hydrogeologic  c h a r a c t e r i s t i c s  (Poeter and Gaylord 1990; Lindsey 1991). Th is  

methodology ho lds  promise f o r  improving t h e  accuracy o f  ground-water f l o w  

models, p a r t i c u l a r l y  three-d imensional  f l o w  models, o f  t he  unconf ined a q u i f e r .  

Ground water  i n  t h e  unconf ined a q u i f e r  a t  Hanford g e n e r a l l y  f l ows  from 

recharge areas i n  t h e  west toward t h e  Columbia R ive r  on t h e  eas tern  and 

no r the rn  boundaries o f  t h e  s i t e  (DOE 1988). P r i o r  t o  waste-water d isposa l  

opera t ions  a t  t h e  Hanford S i t e ,  t he  uppermost a q u i f e r  was almost e n t i r e l y  

w i t h i n  t h e  R ingo ld  Formation and t h e  water  t a b l e  o n l y  extended i n t o  the  

Hanford fo rma t ion  a t  a few l o c a t i o n s  (Newcomb e t  a l .  1972). However, 



waste-water d ischarges have increased t h e  wa te r - tab le  e l e v a t i o n  and c rea ted 

ground-water mounds under t h e  two main waste-water d isposa l  areas near  t h e  

200-East and 200-West areas. The water  t a b l e  has r i s e n  about 90 f t under a 

d isposa l  area i n  t h e  200-West Area, and about 30 ft under d isposa l  ponds near 

t h e  200-East Area. The volume o f  water t h a t  has been d ischarged t o  t h e  ground 

a t  t h e  200-West Area i s  a c t u a l l y  l e s s  than t h a t  d ischarged a t  t h e  200-East 

Area (Zimmerman e t  a l .  1986). However, t h e  lower  p e r m e a b i l i t y  o f  t h e  a q u i f e r  

i n  t h e  v i c i n i t y  o f  t h e  200-West Area has i n h i b i t e d  ground-water movement i n  

t h i s  area and r e s u l t e d  i n  a h ighe r  ground-water mound. Because o f  t h e  

increased ground-water e leva t i on ,  t h e  water  t a b l e  i s  now i n  t h e  Hanford 

fo rmat ion  over  much o f  t h e  eas tern  p o r t i o n  o f  t h e  Hanford S i t e .  



3.0 HYDROLOGIC TEST AND ANALYSIS METHODS 

Several types o f  hyd ro log i c  t e s t s  have been conducted t o  determine 

h y d r a u l i c  p r o p e r t i e s  o f  t h e  unconf ined a q u i f e r  a t  Hanford. Pumping t e s t s  have 

been conducted a t  many we1 1  s  us ing  e i t h e r  a  single-we1 1  c o n f i g u r a t i o n ,  where 

a q u i f e r  drawdown and recovery i s  measured i n  t h e  pumped w e l l ,  o r  a  m u l t i p l e -  

w e l l  c o n f i g u r a t i o n ,  where a q u i f e r  response i s  measured a t  one o r  more obser- 

v a t  i o n  we1 1  s. S i  n g l  e-we1 1  pumping t e s t s  have been conducted more f r e q u e n t l y  

because o f  t h e  expense o f  i n s t a l l i n g  m u l t i p l e  w e l l s .  Many s i n g l e - w e l l  s l ug  

t e s t s  have a l s o  been conducted, e s p e c i a l l y  d u r i n g  t h e  pas t  decade. These 

t e s t s  a re  g e n e r a l l y  performed more q u i c k l y  and w i t h  l e s s  e labo ra te  equipment 

than pumping t e s t s .  They a l s o  have an advantage i n  areas o f  ground-water 

contaminat ion because i t  i s  n o t  necessary t o  remove l a r g e  volumes o f  ground 

water.  However, s ingle-we1 1  s l u g  t e s t s  can o n l y  be analyzed over  a  re1  a t i v e l y  

narrow range o f  t r a n s m i s s i v i t y  and t h e  r e s u l t s  app ly  t o  o n l y  a  smal l  area 

surrounding t h e  w e l l .  A  m u l t i p l e - w e l l  s l u g  t e s t  method t h a t  avoids these 

problems t o  some e x t e n t  has been used by Spane (1992a). 

I n  a d d i t i o n  t o  these standard h y d r a u l i c  t e s t  methods, a  few est imates o f  

h y d r a u l i c  p r o p e r t i e s  have been obta ined from ana lys i s  o f  

t r a c e r  t e s t  r e s u l t s  

water-1 eve1 responses t o  changes i n  Col umbi a  R ive r  e l  eva t  i on 

fo rma t ion  o f  ground-water mounds under waste-water d isposa l  areas. 

Desc r ip t i ons  o f  t h e  t e s t  and a n a l y s i s  methods'used f o r  de termin ing  

h y d r a u l i c  p r o p e r t i e s  o f  t h e  unconf ined a q u i f e r  a t  Hanford are  prov ided i n  t h i s  

sec t  i on. 

3.1 CONSTANT-RATE DISCHARGE TESTS 

Constant - ra te  d ischarge ( o r  pumping) t e s t s  have probab ly  been t h e  most 

commonly employed method o f  de termin ing  h y d r a u l i c  p r o p e r t i e s  a t  Hanford. For 

t h i s  method, water  i s  removed from a  we1 1  a t  a  cons tant  r a t e  and t h e  

associated drawdown and recovery water  l e v e l s  over t ime  are  measured a t  t h e  

pumping we1 1  and/or i n  one o r  more nearby observa t ion  we1 1  s. 



(1963) and some have applied corrections for partial penetration of the 

pumping well and for aquifer dewatering at the pumped well. Fortunately, as 

discussed by Theis (1935), not meeting some assumptions of the Theis solution 
often has only a minor influence on the results of hydraul ic property 

determination. It is important, however, to recognize when nonideal well or 

aquifer effects are significant. These effects may be discerned by preparing 

a diagnostic plot of the test data and comparing it to characteristic curves 

associated with various nonideal conditions. Log-1 og plots of water level 

versus time have traditionally been used for diagnostic purposes and recently 

the derivative of the water-level or pressure change has also been used as a 

diagnostic tool (Bourdet et al. 1984). 

Type-curve matching methods are generally applicable only to data from 

observation welis. Constant-rate tests should ideally have the benefit of at 

least one observation well completed in the same aquifer and located near 

enough to the pumped well that responses can be measured. Most tests at 

Hanford, however, have had to rely on measurements of aquifer drawdown and 

recovery solely at the pumped well. Errors may have been introduced in some 

cases by applying type-curve matching methods for analysis of pumping well 

data. Friction loss at the pumping we1 1 may cause an additional component of 

drawdown independent of the aquifer response. This causes the data to be 

shifted vertically on the log-log plot employed in type-curve matching and 

introduces error in the calculated transmissivity and storativity values. 

Attempts have been made to determine the friction loss component through step- 

drawdown tests and then correct the drawdown measurements prior to type-curve 

matching (Kipp and Mudd 1973). However, the semilog straight-line method is 
considered a more reliable technique for analyzing data from a pumping well. 

As indicated by Cooper and Jacob (1946), semilog straight-line methods 

are only valid for data corresponding to small values of the parameter u. It 

is generally accepted that the method is val id when. u <0.01. However, in some 

cases the error introduced by using data corresponding to somewhat larger 

values of u in straight-1 ine analysis is minor (Chapuis 1992). The semilog 

methods may be appl ied to drawdown or recovery data. The most 1 i kely source 

of error in this technique is to attempt to fit a straight line to data 

coll ected before the straight-1 ine approximation appl i es (1 arge u) , or to data 
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a downward trend in the derivative, which may be preceded by a stable deriva- 

tive if radial flow conditions occur before the boundary effect becomes 

dominant . 
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where rc = r a d i u s  o f  t h e  cas ing  

rw = r a d i u s  o f  t h e  w e l l  

L, = 1  ength o f  t h e  open we1 1  s e c t i o n  

Re = e f f e c t i v e  r a d i u s  o f  i n f l u e n c e  

t = t ime  s ince  t h e  t e s t  began 

y, = water  l e v e l  - s t a t i c  water l e v e l  

yo = induced wa te r - l eve l  change a t  beginning o f  t e s t  

For t h e  Hvors lev method, t h e  e f f e c t i v e  r a d i u s  (Re) i s  assumed t o  be equal 

t o  t h e  l e n g t h  o f  t h e  open i n t e r v a l .  Bouwer and Rice (1976) p rov ide  emp i r i ca l  

formulas f o r  de termin ing  ln(RJrw), based on t h e  r e s u l t s  o f  e l e c t r i c a l  analog 

s tud ies  o f  d i f f e r e n t  f l o w  system geometries. 

For bo th  ana lys i s  methods, wa te r - l eve l  da ta  a re  p l o t t e d  on a  l o g a r i t h m i c  

sca le  versus t ime  on an a r i t h m e t i c  scale.  Based on t h e  above equat ion, the  

r e s u l t  should be a  s t r a i g h t  l i n e ,  a t  l e a s t  over  a  s e c t i o n  o f  t h e  p l o t  c o r r e -  

sponding t o  e a r l y  t ime.  The q u a n t i t y  [ l n ( y o / y t ) ] / t  can be determined g raph i -  

c a l l y  from t h e  s t r a i g h t - l i n e  p o r t i o n  and used t o  c a l c u l a t e  K. I n  p r a c t i c e ,  

near borehole e f f e c t s ,  such as a  grave l  pack o r  o the r  a l t e r e d  p e r m e a b i l i t y  

zone near t h e  w e l l ,  sometimes cause a  d e v i a t i o n  f rom t h e  p r e d i c t e d  s i n g l e  

s t r a i g h t  1  i n e  (Bouwer 1989). 

A s l u g  t e s t  a n a l y s i s  method based on non-steady r a d i a l  f l o w  o f  a  com- 

p ress i  b l  e  f l u i d  i n  a  conf ined a q u i f e r  was presented by Cooper e t  a1 . (1967). 

They present  t ype  curves o f  dimensionless head response, H,, versus a  d i -  

mensionless t ime  parameter, p, f o r  var ious  values o f  a  dimensionl ess we1 1  bore 

s to rage parameter, a. These parameters are  de f i ned  by 

[d imensionl  ess] 

[d imensionl  ess] 

[dimensi on1 ess] 

where H  = observed head - p r e t e s t  s t a t i c  head [L]  

Ho = instantaneous head change a t  s t a r t  o f  t e s t  [ L l  
t = t ime  s ince  s t a r t  o f  t e s t  [ T I  

rc = r a d i u s  o f  w e l l  cas ing  where water  l e v e l  change occurs [ L l  

rw = e f f e c t i v e  r a d i u s  o f  w e l l  [ L l .  



4.0 REVIEW OF UNCONFINED AQUIFER TESTING AT HANFORD 

Ground water in sediments underlying the Hanford Site was studied before 
the start of nuclear production activities because of the importance of ground 
water to the area's early settlers. Since the 1940s, studies of ground water 
at Hanford have mainly been concerned with the potential for offsite transport 
of radionuclides and other hazardous materials discharged to the ground or 
stored at the Hanford Site. In both types of study, the determination of 
aquifer hydraulic properties is important. Hydraulic properties control the 

amount of water that can be obtained from a well and they also control the 
rate of transport of hazardous constituents through the ground water. Some 
previous Hanford ground-water investigations were designed to characterize a 
limited area around a particular waste site while others were to define 
ground-water flow over the entire site. This section summarizes reports 
containing hydraulic property data and gives information about some hydrologic 
characterization activities that have not been previously presented in formal 
reports. Results of the hydrologic tests are summarized in Section 5.0. 

4.1 INVESTIGATIONS BEFORE 1950 

An early study of ground water in the vicinity of the communities of 
White Bluffs and Hanford was made by Jenkins (1922). The objective was to 

determine if the ground-water supply of the area was adequate to support 
sustained irrigation of tracts of land designated for the Soldier Land Settle- 
ment Project. This study preceded the discovery of many of the basic princi- 
ples of ground-water hydraulics, such as the relationship described by Theis 
(1935) between the rate of drawdown in a well and the hydraulic properties of 
the aquifer. Therefore, no estimates of hydraulic parameters are provided in 
the report. Data were collected on local wells and showed that only small 
drawdowns were observed when most wells were pumped. One example well was 
pumped at about 1100 gal/min and reached an apparently steady drawdown of 
about 2 ft. From observations of we1 1 logs, water levels, and local geology, 
Jenkins (1922) concluded that the a1 1 uvial gravel s (now informally referred to 
as the Hanford formation) were recharged by water from the Columbia River. 

Recharge of the aquifer occurred principally during the period that the river 



boundary o r  delayed y i e l d  response. The s t o r a t i v i  t y  was determined t o  be 

0.0002. The Nor th  Richland w e l l  was i d e n t i f i e d  as 3000F and was completed i n  

t h e  Hanford format ion.  A  t r a n s m i s s i v i  t y  o f  144,400 f t 2 / d  was c a l c u l  ated. 

Newcomb and Strand (1953) est imated t h e  p o r o s i t y  and t r a n s m i s s i v i t y  o f  

t h e  R ingo ld  a q u i f e r  i n  t h e  v i c i n i t y  o f  t h e  200-West Area f rom t h e  cha rac te r -  

- i s t i c s  o f  t h e  ground-water mound t h a t  formed as a  r e s u l t  o f  waste-water 

d i sposa l .  P o r o s i t y  was determined by d i v i d i n g  t h e  volume o f  water d ischarged * 

over  a  4..5 y r  p e r i o d  (1948-1953), co r rec ted  f o r  evaporat ion,  by t h e  t o t a l  

volume change o f  t h e  ground-water mound over  t h e  same per iod .  An average 

p o r o s i t y  o f  11% r e s u l t e d .  A p o r o s i t y  o f  11% was a l s o  determined from a  

s i m i l a r  ana lys i s  o f  t h e  200-East Area ground-water mound. 

T r a n s m i s s i v i t y  was determined f o r  t h e  R ingo ld  a q u i f e r  near t h e  200-West 

Area by app ly ing  a  form o f  Darcy's Law (Wenzel 1942) t o  t h e  f l o w  across a  

- .  c losed wa te r - l eve l  contour  e n c i r c l i n g  t h e  mound. The f l o w  r a t e  across t h e  

contour  was assumed t o  be equal t o  t h e  d ischarge r a t e  t o  waste-disposal 

f a c i l i t i e s ,  co r rec ted  f o r  evaporat ion.  The h y d r a u l i c  g r a d i e n t  was averaged 

around t h e  c losed contour .  An average t r a n s m i s s i v i t y  o f  3330 f t 2 / d  was found 

by app ly ing  t h i s  procedure t o  two contours around t h e  200-West Area mound. A 

c a l c u l a t i o n  o f  t r a n s m i s s i v i t y  was n o t  attempted f o r  t h e  200-East Area a q u i f e r  

because t h e  ground-water mound had r i s e n  i n t o  t h e  much more permeable Hanford 

fo rmat ion  and because reduced r a t e s  o f  d ischarge had caused a  l ower ing  o f  t h e  

mound. 

Newcomb and Strand (1953) a l s o  app l i ed  t h e  method descr ibed by F e r r i s  

(1952) t o  c a l c u l a t e  h y d r a u l i c  p r o p e r t i e s  from t h e  response o f  w e l l s  t o  r i v e r  

f l u c t u a t i o n s .  The responses o f  t h r e e  w e l l s  i n  t h e  300 Area were analyzed. 

Th i s  method g i ves  a  r e s u l t  f o r  a q u i f e r  d i f f u s i v i t y  (T/S). Therefore,  s t o r a -  

t i v i t y  values had t o  be assumed t o  c a l c u l a t e  t h e  t r a n s m i s s i v i t y .  The e s t i -  

mated t r a n s m i s s i v i t y  ranged from 115,000 t o  230,000 f t 2 / d  f o r  assumed s t o r a -  

t i v i t i e s  f rom 0.1 t o  0.2, r e s p e c t i v e l y .  

Bierschenk (1957) descr ibed t h e  ana lys i s  and r e s u l t s  o f  t h r e e  pumping 

t e s t s .  One o f  these was t h e  e a r l i e r  t e s t  i n  t h e  R ingo ld  Formation a t  t h e  

100-K Area r e p o r t e d  by Newcomb and Strand (1953). The o t h e r  two t e s t s  were i n  

h i g h l y  permeable p a r t s  o f  t h e  Hanford fo rmat ion  a t  w e l l s  699-62-43, n o r t h  o f  



maximum observed concentration of tracer. The higher conductivity value, 

based on the time to first detection, was interpreted as the hydraulic conduc- 

tivity of the most permeable beds in the tested formation and the hydraulic 

conductivity based on arrival of the peak concentration was interpreted as the 

average for the formati on. The principles of hydrodynamic di spersi on are 

better understood today and reveal that, even in a homogeneous aquifer, some 

tracer will move faster than the average ground-water velocity because of 

different microscopic flow paths in the porous media. Therefore, the time of 

peak concentration at the observation well should be used in calculating 

hydraul ic conductivity. One test was between we1 1 s 50 ft apart at 699-62-43, 
just north of Gable Mountain. A hydraulic conductivity of 3880 ft/d was 

determined from peak breakthrough for this test. The other two tests were 

conducted in the area south of the 200-East Area. One of these tests used 

well 699-28-41 as the tracer injection well and 699-19-43 as the observation 

we1 1. The other test used we1 1 699-24-33 for tracer injection and we1 1 s 699- 

14-27 and 699-20-20 for observation of tracer breakthrough. Hydraulic conduc- 

tivity calculated from breakthrough of the peak tracer concentration ranged 

from 8400 to 14,000 ft/d in this area. 

Biershenk (1959) also analyzed the water-level responses at 10 wells to 

annual changes in the level of the Columbia River. Aquifer transmi ssivi ty 

values were estimated using the method of Ferris (1952). This method results 

in calculation of aquifer diffusivity (T/S). Therefore, a storativity value 

had to be assumed to calculate transmissivity. A storativity of 0.10 was 

assumed for seven wells and a value of 0.06 was assumed for the other three 

wells based on results of a nearby pumping test. The estimated trans- 
missivities ranged from 2000 to 300,000 ft2/d and corresponding values of 

hydraul ic conductivity ranged from 20 to 7600 ft/d. These results were 

regarded as "tentative." They were, however, of the same order of magnitude 
as results obtained from pumping tests. 

From the results of all the available test results, Biershenk (1959) 

concluded that the hydraulic conductivity of the Hanford sediments ranges from 

about 1300 to more than 8000 ft/d and that the hydraulic conductivity of the 

Ringold Formation ranges from about 10 to 80 ft/d; 



transmissive as the next-finer-grained category. The re1 ationship between 
transmi ssivi ty and the calculated number was determined by plotting the trans- 
missivity values from pumping tests at 34 of the wells against the numbers 
calculated from logs of those wells. A straight line was then fit to the data 
and the relationship was used to estimate transmissivity for the remaining 119 
wells. The results have not been reproduced for this report because of the 
large uncertainty in assigning hydraulic properties based on the well logs. 

Ki pp et a1 . (1976) provided an updated report on appl i cat i on of the 
Variable Thickness Transport (VTT) ground-water flow model to the unconfined 
aquifer at the Hanford Site. This model required distributions of hydraulic 
properties, which were calculated using the Transmissivity Iterative Routine 
(TIR) developed by Cearlock et a1 . (1975). The TIR is described in more 
detail in Section 4.8. 

Lindberg and Bond (1979) report pumping tests of three wells in the 300 
Area. These tests were conducted to support an application of the VTT ground- 
water model in this area. Transmissivity values were determined from 
straight-1 ine analysis of both the drawdown and recovery data. Neither the 
raw data, nor details of the analyses, are provided in their report. The 
results of the pumping tests have been included in the tables in Section 5.0. 

4.4 HYDROLOGIC TESTS REPORTED DURING 1980 TO 1990 

Graham et al. (1981) provided a comprehensive analysis of hydrogeology 

in the "separations area," an 82-mi2 area including and surrounding the 200- 

East and 200-West areas. Results of 11 constant discharge and recovery tests 
conducted on 10 wells in the separations area prior to 1976 were compiled. 
All but one of these tests was previously reported in Kipp and Mudd (1973) or 
Deju (1974). In addition, five pumping tests conducted at four different 
wells in the separations area between 1976 and 1980 were analyzed in the 
report. The results of those tests are listed in the tables in Section 5.0. 

Eddy et a1 . (1983) report that 27 tests were conducted at 25 we1 1 s 
during the period 1973 to 1981. A map (Figure 3) was provided showing the 
test well locations. Some of these wells had been previously tested. The 

results were reportedly used to update the "Hanford transmissivity matrix" and 



provide input for  the Hanford VTT ground-water flow model. However, t e s t  
r e su l t s  are not provided in Eddy e t  a l .  (1983). 

Graham e t  a l .  (1984) give the resul t s  of pumping t e s t s  performed on s ix  
wells in the unconfined aquifer in 1982. These t e s t s  were part  of an assess- 

ment of intercommunication between the unconfined and upper confined aquifers 

in the area of B Pond and Gable Mountain Pond. Several other wells completed 

in the upper-confined aquifers were also tested. Constant discharge pumping 

t e s t s  were performed without the benefit of observation wells and only the 

drawdown data were analyzed for  the unconfined wells. Recovery data were also 

analyzed for  some of the confined aquifer t e s t s  and slug t e s t s  were performed 
on several other confined aquifer wells. Results of those t e s t s  are l i s t e d  i n  

the tables  in Section 5.0. 

Weekes e t  a l .  (1987) conducted three aquifer t e s t s  a t  wells 699-25-33A 

and 699-26-35C t o  help characterize the Nonradioactive Dangerous Waste Land- 
f i l l  located in the central part of the Hanford S i t e .  Tests were conducted 

over two separated depth intervals  a t  we1 1 699-26-35C. Some observation we1 1 
data were available in the tested zone and in adjacent formations. Vertical 

hydraulic conductivity was also estimated from the resul t s .  

Pumping t e s t s  of 13 newly d r i l l ed  wells in the 300 Area were reported by 

Schalla and Wallace (1988). Seven of the t e s t s  were severely affected by the 

nearby Columbia River acting as a recharge boundary and/or by changes in r iver  
stage tha t  affected the water level in the well during the t e s t .  Therefore, 

only the s ix  t e s t  resul t s  considered re l iab le  are included in the l i s t i n g s  of 

data in Section 5.0. 

Li i kal a and Aaberg (1988) reported the resul t s  of aquifer t e s t s  
performed on 17 wells near the 183-H Solar Evaporation Basins in the 100-H 
Area. Six constant-rate t e s t s  were conducted. However, one of these t e s t  
resul t s  was not considered re l iab le  because of the apparent dewatering of a 
high-permeabi 1 i t y  zone within the t e s t  interval . Transmi ss iv i  ty  and hydraul i c  
conductivity values determined from the other t e s t s  appear in Section 5.0. 

Both Thei s (1935) type-curve matching and straight-1 ine data analysis tech- 

niques were applied, and, in some cases, the resul t  from curve matching was 

taken as the bet ter  value. However, as discussed in Section 2.0, the Theis 



were conducted as p a r t  o f  t h e  RCRA mon i to r i ng  program f o r  s i n g l e - s h e l l  waste 

tanks l o c a t e d  on t h e  Hanford S i t e .  Pumping t e s t s  were n o t  performed because 

o f  t h e  d i f f i c u l t i e s  i n  d ispos ing  o f  contaminated ground water  t h a t  would be 

produced d u r i n g  pumping. The s l u g  t e s t s  were performed us ing  a  s lugg ing  r o d  

and t h e  t o t a l  change i n  water  l e v e l  was low ( l e s s  than 2  f t )  f o r  most o f  t h e  

t e s t s .  The authors s t a t e  t h a t  t h e  r e s u l t s  o f  some t e s t s  may have been 

a f f e c t e d  by t u r b u l e n t  f l o w  c o n d i t i o n s  caused by t h e  very  f a s t  e a r l y  recovery  

o f  t h e  water  l e v e l .  The Bouwer and Rice (1976) ana lys i s  method was app l ied .  

Westinghouse Hanford Company (WHC) (1990) r e p o r t s  t h e  r e s u l t s  o f  

cons tan t - ra te  d ischarge t e s t s  o f  t h r e e  w e l l s  and s l u g  t e s t s  o f  seven w e l l s  

near B Pond. The cons tant  r a t e  t e s t s  were analyzed by t h e  semilog s t r a i g h t -  

1  i n e  method. A  s lugg ing  r o d  was used t o  produce t h e  i n i t i a l  wa te r - l eve l  

change f o r  t h e  s l u g  t e s t s .  The l e v e l  o f  s t r e s s  was smal l  f o r  t h e  s l u g  t e s t s ,  

rang ing  between 1 and 7  ft. Four o f  t h e  t e s t e d  i n t e r v a l s  were considered 

l o c a l l y  con f i ned  and t h e  da ta  were t h e r e f o r e  analyzed us ing  t h e  Cooper e t  a l .  

(1967) method. The o t h e r  t h r e e  s l u g  t e s t s  were analyzed us ing  t h e  Bouwer and 

Rice (1976) method. 

Newcomer e t  a l .  (1992) and T ren t  (1992) p rov ided compi la t ions  o f  

hyd ro log i c  da ta  a v a i l a b l e  f o r  t h e  200-West Area. T ren t  (1992) a l s o  prov ided 

ana lys i s  d e t a i l s  f o r  s l u g  t e s t s  o f  f i v e  w e l l s  a t  t h e  216-S-10 f a c i l i t y .  

Gi lmore e t  a1 . (1992) c a l c u l a t e d  t h e  vo lumet r i c  d ischarge o f  ground 

water through a  s e c t i o n  o f  t h e  unconf ined a q u i f e r  near t h e  100-N Area. 

Hyd rau l i c  p r o p e r t y  da ta  were needed as i n p u t .  Because o f  t h e  wide range o f  

repo r ted  h y d r a u l i c  c o n d u c t i v i t y  va lues from two w e l l s  i n  t h i s  area, a  

r e a n a l y s i s  o f  t h e  e x i s t i n g  t e s t  da ta  was undertaken. Th i s  r e s u l t e d  i n  r e v i s e d  

est imates o f  t r a n s m i s s i v i t y  and h y d r a u l i c  c o n d u c t i v i t y  f o r  w e l l s  699-77-54 and 

699-87-55. The da ta  t a b l e  i n  Sect ion  5.0 r e f l e c t s  t h e  r e v i s e d  values f o r  

those two w e l l s .  

Spane (1992a) conducted a  f i e l d  t e s t  eva lua t i on  o f  t h e  s l  ug - in te r fe rence  

t e s t  method. Th i s  method may be use fu l  f o r  c h a r a c t e r i z i n g  h i g h l y  permeable 

a q u i f e r s  t h a t  a r e  n o t  amenable t o  s i n g l e - w e l l  s l u g  t e s t s  and where t h e  

presence o f  contaminat ion makes i t  undes i rab le  t o  remove l a r g e  volumes o f  

ground water.  A  s l u g  wi thdrawal  t e s t  was conducted a t  a  s t r e s s  w e l l  w h i l e  two 



partial penetration of the aquifer by both the pumped and 
observation wells 

possible flow boundaries caused by the channel -deposit nature of 
the formation in this area. 

Because of these complications, quantitative analysis was performed only for 

recovery fol 1 owing the step-drawdown test. Antecedent head changes affecting 

this test could be extrapolated from pre-test measurements and a correction 

applied to the test data. The antecedent effects on the other two tests were 

more complex and could not be removed. Hydraulic properties determined from 

the analysis of the step-drawdown recovery were used in a simulation of the 

entire test sequence to determine their validity. 

Recovery from the step-drawdown test was analyzed by the straight line 

method (Cooper and Jacob 1946) after first making a diagnostic log-log plot of 

the recovery data and derivative. Figure 4 shows the diagnostic plot of the 

data from well 699-53-55A and a superimposed curve calculated from the Theis 

(1935) equation assuming a transmissivity of 68,000 ft2/d and a storativity of 

0.46. The derivative plot indicated radial flow conditions between recovery 

times of about 40 and 120 min. The data after 120 min indicate a possible no- 

flow boundary response. Figure 5 shows the straight-line analysis of the 

step-drawdown recovery data from observation well 699-53-55A. The 1 ine was 

fit to the data between 40 and 120 min. Resulting transmissivity was 66,300 

ft2/d and storativity was 0.46. Analysis of data from observation well 699- 

53-55B and from the pumping well gave similar results for transmissivity. 

However, the straight-1 ine analyses did not provide real i stic results for 

storativity. 

4.7 RECENT TESTS AT THE 300-FF5 OPERABLE UNIT 

Mu1 tip1 e-we1 1 constant-di scharge tests, a constant- head discharge test, 
and slug tests were conducted at two cluster sites in the 300 Area. Cluster 

site 4 was tested during April 1992 and cluster site 7 tests were conducted 

during June 1992. The results of these tests will be documented in a subse- 

quent WHC report. 
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SUMMARY OF TEST RESULTS FOR THE UNCONFINED AQUIFER 

Hydro log ic  t e s t s  have been c a r r i e d  ou t  under many d i f f e r e n t  programs and 

p r o j e c t s  a t  Hanford. The r e s u l t i n g  da ta  are  n o t  r e a d i l y  a v a i l a b l e  from a  

s i n g l e  source. They a re  conta ined i n  p r o j e c t  f i l e s  and va r ious  pub1 ished and 

unpubl ished t e s t  r e p o r t s .  The q u a l i t y  o f  t h e  da ta  a l s o  v a r i e s  over  a  wide 

range. Th i s  s e c t i o n  represents  an at tempt t o  compile t h e  a v a i l a b l e  h y d r a u l i c  

p rope r t y  da ta  determined f rom a q u i f e r  pumping t e s t s ,  s l u g - t e s t s ,  and o t h e r  

methods. Some t e s t  r e s u l t s  were n o t  i nc luded  because t h e  o r i g i n a l  ana lys t s  

d i d  n o t  cons ider  t h e  r e s u l t s  v a l i d  o r  a  l a r g e  u n c e r t a i n t y  i n  t h e  r e s u l t s  was 

noted. There are, w i t h o u t  a  doubt, some v a l i d  t e s t  da ta  t h a t  have n o t  been 

i nc luded  because o f  ove rs igh t .  Also, t e s t  a c t i v i t i e s  a re  ongoing a t  t h e  s i t e  

and r e s u l t s  o f  some t e s t s  conducted before  t h i s  r e p o r t  were n o t  a v a i l a b l e  i n  

t ime  f o r  i n c l u s i o n .  

Table 1 l i s t s  t h e  r e s u l t s  o f  cons tan t - ra te  pumping t e s t s .  Some w e l l s  

have been t e s t e d  more than once and t h e  da ta  from some t e s t s  have been 

reanalyzed one o r  more t imes.  I n  cases where more than one a n a l y s i s  r e s u l t  

was ava i l ab le ,  t h e  r e s u l t  be1 ieved t o  b e  most accurate'was 1  i sted. For 

pumping t e s t s  reanalyzed i n  t h e  f o l l o w i n g  sec t ion ,  r e s u l t s  o f  t h e  r e a n a l y s i s  

a re  presented. Table 2 l i s t s  r e s u l t s  f rom s l u g  t e s t s  o f  w e l l s  i n  t h e  

unconf ined a q u i f e r .  

Ana lys is  o f  t h e  w e l l  t e s t s  i n  Tables 1 and 2 r e s u l t e d  i n  de terminat ion  

o f  t r a n s m i s s i v i t y  and, i n  t h e  few m u l t i p l e - w e l l  cases, s t o r a t i v i t y  and/or 

s p e c i f i c  y i e l d .  An equ iva len t  h y d r a u l i c  c o n d u c t i v i t y  was c a l c u l a t e d  from t h e  

t r a n s m i s s i v i t y  by d i v i d i n g  by t h e  e f f e c t i v e  a q u i f e r  th ickness .  However, t h i s  

i s  n o t  a  s imple convers ion f o r  most Hanford S i t e  we l l s ,  which may be open t o  a  

v a r i e t y  o f  sa tu ra ted  sedimentary f a c i e s  w i t h  va ry ing  h y d r a u l i c  p r o p e r t i e s .  I n  

most cases, t h e  a q u i f e r  th icknesses l i s t e d  i n  t h e  t a b l e s  were taken f rom t h e  

o r i g i n a l  t e s t  re fe rence.  They were g e n e r a l l y  determined by summing t h e  t h i c k -  

nesses o f  t h e  sediments t h a t  a re  h y d r a u l i c a l l y  connected w i t h  t h e  w e l l  and 

appear t o  be r e l a t i v e l y  permeable based on geo log i c  l ogs .  Th i s  t o t a l  perme- 

ab le  th ickness  was then used i n  c a l c u l a t i n g  an average h y d r a u l i c  c o n d u c t i v i t y .  

However, t h e  ac tua l  h y d r a u l i c  c o n d u c t i v i t y  o f  i n d i v i d u a l  zones w i t h i n  t h e  

t e s t e d  s e c t i o n  may be h ighe r  o r  lower.  
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6.0 REANALYSIS OF SELECTED PUMPING TESTS 

E i g h t  a q u i f e r  pumping t e s t s  were se lec ted  f o r  r e a n a l y s i s  us ing  t h e  

techniques descr ibed i n  Sect ion  3.0. D iagnost ic  p l o t s  showing t h e  d e r i v a t i v e  

o f  t h e  wa te r - l eve l  change were used t o  h e l p  i d e n t i f y  va l  i d  da ta  f o r  semilog 

s t r a i g h t - l i n e  ana lys is .  The o b j e c t i v e  o f  t h e  r e a n a l y s i s  e f f o r t  was t o  d e t e r -  

mine t h e  r e l i a b i l i t y  o f  pas t  h y d r a u l i c  p rope r t y  est imates.  

Tests were se lec ted  f o r  r e a n a l y s i s  ma in l y  on t h e  b a s i s  o f  t h e i r  l o c a t i o n  

i n  t h e  area south o f  Gable Mountain and between t h e  200-East Area and t h e  

Columbia R iver .  Most o f  t h e  waste water and t r a n s p o r t a b l e  contaminants d i s -  

charged t o  t h e  ground i n  t h e  200-East Area a re  expected t o  move through t h i s  

area w i t h  t h e  ground water  and e v e n t u a l l y  d ischarge t o  t h e  Columbia R iver .  

Locat ions  o f  t h e  w e l l s  se lec ted  f o r  r e a n a l y s i s  a re  shown i n  F igu re  li. 

Well 699-17-47 

Well 699-17-47 was one o f  25 w e l l s  t e s t e d  by PNL i n  1969 us ing  t h e  

cons tant  d ischarge method (Kipp and Mudd 1973). The t e s t  i n t e r v a l  i n  t h i s  

w e l l  extended from t h e  water t ab le ,  a t  a  depth o f  175 ft, t o  a  depth o f  340 ft 

near t h e  t o p  o f  b a s a l t .  The t e s t  i n t e r v a l  conta ins  a  c l a y  u n i t  between 220 ft 

and 280 ft. The d u r a t i o n  o f  pumping was 7  h  a t  a  f l o w  r a t e  o f  90 gal/min. 

Recovery measurements were made f o r  16.7 h  f o l l o w i n g  t h e  end o f  pumping. 

Kipp and Mudd (1973) r e p o r t e d  a  t r a n s m i s s i v i t y  range o f  1800 t o  3400 

f t 2 / d  based on type-curve  analyses o f  bo th  drawdown and recovery  data.  The 

th ickness  o f  t h e  permeable p a r t  o f  t h e  t e s t  i n t e r v a l  was assumed t o  be 75 ft. 

Based on t h i s  a q u i f e r  th ickness ,  an average h y d r a u l i c  c o n d u c t i v i t y  range o f  24 

t o  45 f t / d  was c a l c u l a t e d  f o r  t h e  permeable sec t i on .  

Deju (1974) a p p l i e d  t h e  s t r a i g h t - l i n e  s o l u t i o n  t o  t h e  f i r s t  200 min o f  

drawdown da ta  t o  es t imate  a  t r a n s m i s s i v i t y  va lue o f  5300 f t 2 / d .  Th i s  r e s u l t  

was d i v i d e d  by t h e  t e s t  i n t e r v a l  minus t h e  th ickness  o f  t h e  c l a y  u n i t ,  o r  105 

ft, t o  c a l c u l a t e  a  va lue  o f  50 f t / d  f o r  average hydraul  i c  c o n d u c t i v i t y .  

Because o f  i n f l u e n c e s  f rom pumping-rate v a r i a t i o n ,  t h e  drawdown da ta  

were n o t  reanalyzed. A  l o g - l o g  d i a g n o s t i c  p l o t  o f  t h e  recovery  w a t e r - l e v e l  

da ta  i s  shown i n  F igu re  12. The d e r i v a t i v e  o f  t h e  wa te r - l eve l  recovery  i s  

a l s o  shown. The d e r i v a t i v e  was c a l c u l a t e d  us ing  t h e  Agarwal equ iva len t  t ime 
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f o r  c o e f f i c i e n t  o f  storage. Graham e t  a l .  (1981) do n o t  s t a t e  which da ta  s e t  

was used f o r  t h e  ana lys i s  and do n o t  show p l o t s  and analyses. 

F igure  19 shows a  composite d i a g n o s t i c  p l o t  o f  t h e  drawdown da ta  i n  bo th  

pumping we1 1  B and observa t ion  we1 1  A. An apparent we1 1  1  oss o f  3.8 ft was 

subt rac ted  f rom t h e  pumping w e l l  drawdown data.  Cor rec t ions  f o r  a q u i f e r  

dewater ing had no s i g n i f i c a n t  e f f e c t  because t h e  a q u i f e r  th ickness  i s  much 

g r e a t e r  than t h e  drawdown. The d e r i v a t i v e  response f o r  t h e  observa t ion  w e l l  

shows some s t a b i l i z a t i o n  f o r  t h e  l a s t  e i g h t  da ta  p o i n t s .  However, i t  i s  s t i l l  

t r e n d i n g  upward, i n d i c a t i n g  a  changing s lope on t h e  semilog p l o t .  Th i s  change 

may be caused by t h e  t r a n s i t i o n  from e l  a s t i c  response t o  delayed y i e l d  

expected f o r  an unconf ined a q u i f e r .  Radial  f l o w  c o n d i t i o n s  are  apparent ly  n o t  

reached f o r  t h e  e l a s t i c  response p a r t  o f  t h e  curve p r i o r  t o  i n f l u e n c e  o f  t h e  

t r a n s i t i o n  t o  delayed y i e l d .  I f  a  t r a n s m i s s i v i t y  o f  12,000 f t 2 / d  and a  s t o r a -  

t i v i t y  o f  0.1, corresponding t o  t h e  de layed -y ie ld  p o r t i o n  o f  t h e  response, a re  

assumed, then t/r2 must be g r e a t e r  than 0.3 f o r  t h e  c r i t e r i o n  u  t O . O 1  t o  be 

met. As shown i n  F igure  19, pumping was te rminated before  t h i s  p o i n t  was 

reached. N e i t h e r  t h e  drawdown nor  t h e  recovery da ta  from t h e  observa t ion  w e l l  

da ta  are, t he re fo re ,  considered v a l i d  f o r  s t r a i g h t - l i n e  ana lys i s .  

A  match o f  t h e  observa t ion  w e l l  drawdown da ta  w i t h  t h e  Theis curve was 

attempted. The curve match shown i n  F igure  20 r e s u l t s  i n  a  t r a n s m i s s i v i t y  o f  

10,000 f t 2 / d  and s t o r a t i v i t y  o f  0.2. The 'match i s  poor  and t h e  r e s u l t s  a re  

considered a  q u a l i t a t i v e  es t imate  o f  t h e  minimum value f o r  t r a n s m i s s i v i t y  

because t h e  da ta  f a l l  below t h e  t ype  curve. A  b e t t e r  match t o  t h e  da ta  cou ld  

be achieved, b u t  would r e s u l t  i n  an u n r e a l i s t i c a l l y  h igh  va lue  o f  s t o r a t i v i t y .  

The da ta  appear t o  be approaching t h e  match curve a t  l a t e  t ime.  

The e a r l y  drawdown da ta  a t  t h e  pumped w e l l  (be fore  about 50 min) appear 

t o  be a f f e c t e d  by f l o w - r a t e  v a r i a t i o n  (F igure  19).  The water  l e v e l  i n  t h e  

pumped w e l l  increased f o r  a  p e r i o d  du r ing  t h e  e a r l y  p a r t  o f  t h e  t e s t .  The 

l a t e - t i m e  da ta  show a  decreasing d e r i v a t i v e  t h a t  cou ld  i n d i c a t e  a  cons tant -  

head boundary, v e r t i c a l  leakage, o r  a  decrease i n  f l o w  r a t e .  Because o f  these 

compl i c a t i o n s ,  o n l y  t h e  i n te rmed ia te - t ime  drawdown da ta  from t h e  pumping we1 1  , 
c o l l e c t e d  a f t e r  t h e  f l o w - r a t e  v a r i a t i o n  and before  t h e  apparent boundary 

e f f e c t ,  were considered s u i t a b l e  f o r  s t r a i g h t - l i n e  ana lys i s .  Th i s  i nc ludes  

t h e  da ta  f rom 50 t o  110 min a f t e r  pumping began. The semilog s t r a i g h t - l i n e  







20,700 f t 2 / d  f rom t h i s  t e s t .  Deju (1974) d isregarded t h e  drawdown da ta  and 

used o n l y  t h e  recovery da ta  t o  es t imate  a  t r a n s m i s s i v i t y  va lue  o f  22,000 

f t 2 / d .  Deju (1974) c a l c u l a t e d  a  value f o r  h y d r a u l i c  c o n d u c t i v i t y  o f  250 f t / d  

f o r  t h e  upper 88 f t  o f  t h e  t e s t  i n t e r v a l .  Graham e t  a l .  (1981) a l s o  used t h e  

recovery da ta  and a p p l i e d  t h e  Theis (1935) and Cooper and Jacob (1946) 

techniques t o  es t ima te  values f o r  t r a n s m i s s i v i t y  and h y d r a u l i c  c o n d u c t i v i t y  o f  

21,000 f t 2 / d  and 230 f t /d , '  r e s p e c t i v e l y .  

A l o g - l o g  d i a g n o s t i c  p l o t  o f  t h e  drawdown data  and d e r i v a t i v e  ( F i g -  

u r e  23) shows a  p o s s i b l e  delayed y i e l d  response, i n d i c a t e d  by a  v a l l e y  i n  t h e  

d e r i v a t i v e  beginning a t  about 20 min. Ea r l y - t ime  da ta  (be fore  20 min) i s  

a f f e c t e d  by t h e  t r a n s i t i o n  t o  t h e  de layed -y ie ld  p o r t i o n  o f  t he  curve and i s  

n o t  s u i t a b l e  f o r  s t r a i g h t - l i n e  ana lys is .  The d i a g n o s t i c  p l o t  a l s o  shows t h a t  

r a d i a l  f l o w  cond i t i ons  a re  n o t  achieved be fo re  pumping i s  terminated.  There- 

fo re ,  t h e  l a t e - t i m e  drawdown da ta  may n o t  be analyzed by t h e  semilog s t r a i g h t -  

l i n e  technique. The recovery  da ta  (no t  shown) appear t o  be a f f e c t e d  by 

backf low f rom t h e  pump column. The water  l e v e l  i n  t h e  w e l l  increases d u r i n g  

t h e  f i r s t  3  min o f  recovery  t o  w i t h i n  0.14 ft o f  t h e  p r e - t e s t  l e v e l .  It then 

decreases over  t h e  n e x t  5  min t o  0.61 ft below t h e  p r e - t e s t  l e v e l  and then 

begins a  slow increase.  Because o f  t h i s  pe r tu rba t i on ,  no at tempt was made t o  

reanalyze t h e  recovery  data.  

Because none o f  t h e  da ta  from t h i s  t e s t  were app rop r ia te  f o r  s t r a i g h t -  

l i n e  a n a l y s i s  and t h e  recovery da ta  appear t o  be a f f e c t e d  by i n j e c t i o n  o f  

water  f rom t h e  pump column, t h e  o n l y  es t imate  o f  t r a n s m i s s i v i t y  i s  a  l i m i t i n g  

value based on type-curve  matching o f  t h e  drawdown data.  Two type-curves are  

shown i n  F igu re  23. Values f o r  s t o r a t i v i t y  o f  0.0001 and 0.1 were assumed i n  

genera t ing  these curves and correspond t o  reasonable values f o r  t h e  e l a s t i c  

response and t h e  delayed y i e l d  response o f  t h e  aqu i fe r ,  r e s p e c t i v e l y .  These 

assumed values may be i n c o r r e c t .  However, because t h i s  p o r t i o n  o f  t he  type 

curve i s  r e l a t i v e l y  f l a t ,  assuming an e l a s t i c  s t o r a t i v i t y  an o rde r  o f  magni- 

tude h ighe r  o r  lower  than 0.0001, o r  assuming a  s p e c i f i c  y i e l d  va lue  between 

0.01 and 0.2, would n o t  change t h e  t r a n s m i s s i v i t y  va lue  determined f rom t h e  

curve match by more than a  f a c t o r  o f  2. The drawdown and d e r i v a t i v e  are  

c h a r a c t e r i s t i c  o f  t r a n s i t i o n  f rom e l a s t i c  response t o  delayed y i e l d  response 



o f  an unconfined aqui fer .  The data  were t h e r e f o r e  f i t  between t h e  two type 

curves. The r e s u l t i n g  transmi s s i v i  t y  value was 5000 f t 2 / d .  

The type-curve method i s  n o t  as re1  i a b l e  as semilog s t r a i g h t - 1  i n e  

methods f o r  t h e  pumping w e l l  because assumptions t h a t  t h e  we l l  i s  a  l i n e  s i n k  

w i t h  no storage and t h a t  head losses a t  t h e  w e l l  a re  n e g l i g i b l e  are  n o t  met. 

The t r a n s m i s s i v i t y  r e s u l t  o f  type-curve matching f o r  t h i s  t e s t  i s  considered a  

minimum value because w e l l  l o s s  may have caused a d d i t i o n a l  drawdown a t  t h e  

w e l l  d u r i n g  t h e  t e s t .  The t r a n s m i s s i v i t y  est imate o f  5000 f t 2 / d  i s ,  t he re -  

fo re ,  considered a  minimum value. The corresponding minimum value o f  equiva- 

l e n t  h y d r a u l i c  c o n d u c t i v i t y  i s  57 f t / d  based on an a q u i f e r  th ickness o f  88 ft. 

From t h e  r e s u l t s  o f  t h i s  t e s t ,  i t  appears t h a t  a  pumping d u r a t i o n  o f  3  t o  6  

days and a  comparable recovery pe r iod  i s  needed t o  accura te ly  determine the  

t r a n s m i s s i v i t y  a t  t h i s  w e l l .  Care should be taken t o  ensure a  steady pumping 

r a t e  and t h a t  t h e  recovery data  are n o t  a f f e c t e d  by backf low from t h e  pump 

c o l  umn . 
We1 1  699-35-9 

Well 699-35-9 i s  pe r fo ra ted  between t h e  depths o f  110 ft and 135 f t .  

The wa te r - tab le  depth was 113 f t  i n  1990 (Newcomer e t  a l .  1991) and t h e  

a q u i f e r  extends t o  t h e  top  o f  a  c l a y  u n i t  a t  164 ft. Therefore, t h e  cu r ren t  

t o t a l  a q u i f e r  th ickness i s  about 51 f t and t h e  we l l  penetrates t h e  upper 22 f t  

o f  t h e  a q u i f e r .  

Records o f  f o u r  cons tan t - ra te  pumping t e s t s  o f  t h i s  w e l l  a re  ava i l ab le .  

These t e s t s  were conducted i n  1958, 1969, 1977, and 1983. Resul ts  o f  t h e  1958 

t e s t  a re  repor ted  i n  Bierschenk (1959). A t r a n s m i s s i v i t y  o f  11,000 f t z / d  was 

c a l c u l a t e d  from t h e  recovery data. The 1969 t e s t  was analyzed by Kipp and 

Mudd (1973) and Deju (1974). For t h i s  t e s t ,  pumping was conducted f o r  4  h  a t  

a  d ischarge r a t e  averaging 64 gal/min. A change o f  s lope occurred on t h e  

semilog p l o t  o f  drawdown da ta  from t h i s  t e s t .  Deju (1974) used s t r a i g h t - 1  i n e  

ana lys i s  o f  t h e  e a r l i e r - t i m e  data  t o  c a l c u l a t e  a  t r a n s m i s s i v i t y  o f  2250 f t z / d  

and h y d r a u l i c  c o n d u c t i v i t y  o f  45 f t / d .  He suggested t h a t  t h e  change i n  s lope 

poss ib l y  represented a  recharge boundary. Using type-curve f i t t i n g  ana lys is ,  

Kipp and Mudd (1973) repor ted  t r a n s m i s s i v i t y  values rang ing from 1500 f t 2 / d  t o  

37,000 f t2 /d .  They a l so  repor ted  a  s t o r a t i v i t y  range, though t h i s  est imate 



A diagnostic log-log plot of the drawdown data from the 1977 test is 
shown in ~ i ~ u i e  24. This shows that the drawdown was relatively constant 

after about 20 min of pumping and even decreased after about 30 min. This 

behavior may have been caused by a decrease in the discharge rate. A sig- 

nificant well-loss component is likely in the total drawdown and the increase 

in water level may a1 so have resulted from development of the we1 1 and a 

reduction in the well-loss component. Because of these complications, no 

analysis of the drawdown data was attempted. 

Recovery data are not affected as greatly by well losses or fluctuations 

in discharge rate during the pumping period. Therefore, the recovery data 

were relied upon for test analysis. Figure 25 shows a Ipg-log diagnostic plot 

of the recovery data. The derivative was calculated based on Agarwal's (1980) 

equivalent time function for recovery data. The derivative shows a steady 

decline for about the first 140 min of recovery and then begins to increase. 

The derivative after 140 min may reflect either a stabilization caused by 

radial flow conditions, or the increasing derivative expected at the beginning 

of the delayed-yield response. The test was not conducted for a long enough 

period to determine the correct interpretation. A straight-1 ine analysis of 
the recovery data after 140 min was conducted as shown in Figure 26. This 

resulted in a calculated transmissivity of 12,400 ft2/d and this value is 

considered the best estimate possible from this test. The corresponding 

equivalent hydraulic conductivity, based on an aquifer thickness of 50 ft is 

248 ft/d. These estimates may be high if the analyzed portion of the recovery 

curve corresponds to the transition of the delayed-yield response. The total 

observed drawdown during pumping also indicates that a lower transmissivity is 

possible. However, the well head-loss component of drawdown is unknown. The 

calculated transmi ssivi ty of 12,400 ft2/d is, therefore, regarded as a maximum 

1 imit value. 

A multi-well test was conducted at this well site, located near B Pond, 

on January 18, 1982. Well C was the pumping well and water-level data are 

also available for observation wells A and B located 24 and 25 ft, respective- 
ly, from the pumped well. The pretest depth to water was approximately 123 

ft. Well A was completed at a depth of 139 ft to 171 ft and well B was 
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completed a t  a  depth o f  130 ft t o  150 ft. Well C was open t o  an ad jacent  

i n t e r v a l  a t  t h e  t ime o f  t h e  t e s t .  However, t h e  w e l l  was l a t e r  deepened i n t o  

t h e  b a s a l t  a q u i f e r  and no reco rd  was found o f  t h e  exact  depth i n t e r v a l  

penet ra ted  by t h e  pumping w e l l .  For t h e  r e a n a l y s i s  i t  was assumed t h a t  t h e  

pumping w e l l  complete ly  penet ra ted  the  a q u i f e r .  Pumping was conducted f o r  

j u s t  under 6  h  a t  a  f l o w  r a t e  o f  approximate ly  21 gal/min. 

The Cooper and Jacob (1946) s t r a i g h t - l i n e  s o l u t i o n  was a p p l i e d  t o  t h e  

drawdown data  f o r  bo th  observa t ion  we1 1  s  by Graham e t  a1 . (1984). Trans- 

m i s s i v i t y  va lues o f  310 f t 2 / d  and 360 f t 2 / d  were c a l c u l a t e d  f o r  da ta  from 

w e l l s  A and B, r e s p e c t i v e l y .  Ca lcu la ted  values o f  s t o r a t i v i t y  were 0.017 and 

0.009. 

A composite l o g - l o g  p l o t  o f  t h e  drawdown data  f rom both  observa t ion  

w e l l s  i s  shown i n  F igure  27. The d e r i v a t i v e s  are  a l so  p l o t t e d  and show t h a t  

s t r a i g h t - l i n e  semilog ana lys i s  i s  n o t  v a l i d  f o r  t h i s  data.  Only t h e  l a s t  two 

data  p o i n t s  show a  poss ib le  s t a b i l i z e d  d e r i v a t i v e .  Based on t h e  average 

t r a n s m i s s i v i t y  and s t o r a t i v i t y  c a l c u l a t e d  by Graham e t  a1 . (1984), i t  may be 

c a l c u l a t e d  t h a t  t h e  t ime  corresponding t o  u  <0.01 i s  t >800 min f o r  w e l l  A and . 

t >870 min f o r  w e l l  B. The observa t ion  w e l l  da ta  do n o t  meet t h i s  c r i t e r i a  

f o r  s t r a i g h t - l i n e  ana lys is .  For reana lys i s  o f  t h e  t e s t  data, t h e  composite 

l o g - l o g  p l o t  was f i t  t o  t h e  Theis (1935) type curve as shown i n  F igure  27. 

The r e s u l t i n g  va lue  o f  t ransmi s s i v i  t y  was 300 f t 2 / d  and t h e  s t o r a t i v i  t y  was 

0.02. The data  f i t  was r e l a t i v e l y  poor and t h e  g r e a t e s t  emphasis was p laced 

on f i t t i n g  t h e  l a t e - t i m e  da ta  t o  t h e  expected drawdown curve. The g r e a t e r  

drawdown a t  w e l l  B  may be caused by p a r t i a l  p e n e t r a t i o n  o f  t h e  pumping w e l l .  

As mentioned, t h e  complet ion depth o f  t h e  pumping w e l l  i s  unknown and i t  may 

have been i n  t h e  upper p a r t  o f  t h e  aqu i fe r ,  adjacent  t o  w e l l  B. 

Several a q u i f e r  pumping t e s t s  have been conducted a t  t h e  699-55-50 s i t e  

us ing  va r ious  t e s t  design c o n f i g u r a t i o n s .  The s i t e  c o n s i s t s  o f  f o u r  we l l s ,  A, 

B, C, and D, completed w i t h i n  t h e  unconf ined a q u i f e r .  The t e s t  se lec ted  f o r  

r e a n a l y s i s  was conducted i n  October 1956 and was one o f  t h e  f i r s t  pumping 

t e s t s  on t h e  Hanford s i t e  (Biershcenk 1957). Well B  was t h e  pumping ( s t r e s s )  

w e l l  and observa t ion  w e l l  da ta  were c o l l e c t e d  f rom we1 1  A a t  a  r a d i a l  d i s tance  



o f  25 ft, w e l l  C a t  a r a d i a l  d i s tance  o f  61.4 ft, and w e l l  D a t  a r a d i a l  

d i s tance  o f  157 ft. A t  t h e  t ime  o f  t h e  t e s t ,  t h e  pumping w e l l  and observa t ion  

w e l l s  A and D complete ly  penet ra ted  t h e  a q u i f e r .  The bottom o f  t h e  a q u i f e r  

was a t  85 ft and t h e  s t a t i c  depth t o  water  p r i o r  t o  t h e  t e s t  ranged f rom 45 t o  

47 ft. Therefore, t h e  a q u i f e r  th ickness  was about 40 ft. The open depth 

i n t e r v a l  f o r  observa t ion  we1 1 C was 35 t o  59 ft. 

Pumping began a t  9:00 a.m. on October 1, 1956 and cont inued f o r  48 h. 

The f l o w  r a t e  d u r i n g  pumping averaged 697 gal/min. Although t h e  pump was o f f  

f o r  a s h o r t  p e r i o d  a t  about 8 h i n t o  t h e  t e s t ,  t h e  f l o w  r a t e  v a r i e d  by l e s s  

than 5% over  t h e  remainder o f  t h e  pumping per iod .  Recovery da ta  were recorded 

f o r  48 h a f t e r  s topp ing  t h e  pump. 

The o r i g i n a l  analyses (Bierschenk 1957) matched t h e  composi t e  recovery  

da ta  f rom t h e  observa t ion  w e l l s  w i t h  t h e  Theis t ype  curve. The e a r l y - t i m e  

da ta  dev ia ted  from t h e  curve, as expected, because o f  t h e  e f f e c t s  o f  delayed 

y i e l d .  The r e s u l t i n g  t ransmi s s i v i  t y  was 400,000 f t 2 / d  and s t o r a t i v i  t y  was 

0.20. S t r a i g h t - l i n e  semilog analyses o f  t h e  l a t e - t i m e  recovery da ta  f rom 

w e l l s  A, C ,  and D were a1 so conducted and y i e l d e d  t r a n s m i s s i v i t y  va lues 

between 400,000 and 414,000 f t 2 /d .  The s t o r a t i v i  t y  va l  ues determined by t h i s  

method ranged f rom 0.19 t o  0.21. 

The r e s u l t s  o f  Bierschenk's (1957) analyses f o r  t h e  d i f f e r e n t  obser- 

v a t i o n  w e l l s  agree very  w e l l  f o r  t h i s  t e s t .  To check t h e  v a l i d i t y  o f  t h e  

assumption o f  r a d i a l  i n f i n i t e - a c t i n g  f low,  a composite d i a g n o s t i c  p l o t  (F ig -  

u re  28) o f  t h e  observa t ion  w e l l  responses and t h e  d e r i v a t i v e  was prepared. 

The response p r e d i c t e d  by t h e  Theis equat ion f o r  t r a n s m i s s i v i t y  o f  400,000 

f t 2 / d  and s t o r a t i v i t y  o f  0.2 i s  a l so  shown on t h e  p l o t .  The d e r i v a t i v e  o f  

w e l l  A shows a s t a b i l i z a t i o n  a f t e r  t ime  corresponding t o  t/r2 = 0.03, and a 

depressed d e r i v a t i v e  a t  e a r l i e r  t ime  corresponding t o  t h e  t r a n s i t i o n  f rom 

e l a s t i c  a q u i f e r  response t o  delayed y i e l d .  The recovery  da ta  f rom w e l l  C 

f a l l s  below t h a t  o f  w e l l  A and t h e  two responses appear t o  be converging. 

Th i s  may r e f l e c t  t h e  p a r t i a l  p e n e t r a t i o n  o f  w e l l  C. The d e r i v a t i v e  f o r  w e l l  C 

a l s o  shows t h e  de layed -y ie ld  e f f e c t .  The r e s u l t s  o f  t h e  o r i g i n a l  a n a l y s i s  a re  

be1 i eved t o  be v a l  i d  . 



Reanalysis Summary 

Resu l ts  o f  t h e  pumping t e s t  reanalyses are  summarized i n  Table 3. The 

r e a n a l y s i s  r e s u l t  agrees w i t h  t h e  o r i g i n a l  ana lys i s  r e s u l t  f o r  h a l f  o f  t h e  

t e s t s  examined. Reanalysis i n d i c a t e d  t h a t  o n l y  l i m i t i n g  values o f  t ransmis-  

s i v i t y  cou ld  be determined f o r  w e l l s  699-33-56 and 699-35-9. The r e v i s e d  

t r a n s m i s s i v i t y  es t imate  f o r  w e l l  699-31-53B i s  50 t o  25% lower  than t h e  

o r i g i n a l  r e s u l t .  Resu l ts  f rom one o f  t h e  w e l l s  (699-28-40) d i d  n o t  represent  

t h e  a q u i f e r .  

D i f f e r e n t  t e s t s  vary  i n  many respects  i n c l u d i n g  t h e  o r i g i n a l  purpose o f  

t h e  t e s t s ,  accuracy and p r e c i s i o n  o f  t h e  t e s t  equipment, t e s t  du ra t i on ,  w e l l  

TABLE 3. Resu l ts  o f  A q u i f e r  Test Reanalyses 

ORIGINAL ANALYSIS REANALY S I S  

WELL T S T S COMMENTS 

(699 ( f t2 /d  ( f t 2 /d  

5,300 (D) - 5,100 

8,880 (D) - 9,000 

5  (D) . - - 

21,000 (D) - 10,000- 

15,000 

20,700 (B) - > 5,000 

2,250 (D) - < 12,400 

310 (G) .009017 300 

360 

400,000 (B) .20 400,000 

- Data n o t  rep resen ta t i ve  

o f  t h e  a q u i f e r  

- Resu l t  f o r  pumping we1 1  

- Minimum l i m i t i n g  value 

- Maximum 1 i m i  t i n g  value 

.02 Observat i  on we1 1  

.20 Observat ion we1 1  

(D) = Deju (1974). 

(B) = Bierschenk (1957). 

(G) = Graham e t  a1 . (1981). 
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