
Calculation of Groundwater 
Discharge to the Columbia 
River in the 100-N Area 

T. J. Cilmore 
D. R. Newcomer 
S. K. Wurstner 
F. A. Spane 

April 1992 

Prepared for the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battelle Memorial Institute 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor Battelle Memorial Institute, nor any of their employees, makes any 
warranty, expressed or implied, orassumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein toany specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute 
or imply i t s  endorsement, recommendation, or favoring by the United States 
Government or any agency thereof, or Battelle Memorial Institute. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

PACIFIC NORTHWEST LABORATORY 
opera red by 

BATTELLE MEMORIAL INSTITUTE 
for the 

UNITED STATES DEPARTMENT OF ENERGY 

under Contract DE-AC06-76RLO 7 830 

Printed in the United States of America 

Available to DOE and DOE contractors from the 
Office of Scientific and Technical Iniormation, P.O. Box 62, Oak Ridge, T N  37831; 

prices available from (615) 576-8401. FTS 626-0401. 

Available to the public from the National Technical Information Service, 
U.S. Department of Commerce, 52115 Port Royal Rd., Springfield, VA 22161. 



CALCULATION OF GROUNDWATER DISCHARGE TO 
THE COLUMBIA RIVER I N  THE 100-N AREA 

T .  J Gilmore 
D. R. Newcomer 
S. K .  Wurstner 
F. A. Spane 

A p r i l  1992 

Prepared f o r  
t h e  U.S. Department o f  Energy 
under Contract  DE-AC06-76RLO 1830 

Paci  f i c Northwest Laboratory 
Rich1 and, Washington 99352 



SUMMARY 

A computer code c a l l e d  WATDIS (an acronym f o r  water  d ischarge)  was deve l -  

oped t h a t ,  when used w i t h  t h e  commercial l y  ava i  1  ab le  software, WATER-VELM, 

c a l c u l a t e s  t h e  vo lume t r i c  d ischarge  t o  a  s p e c i f i c  c ross -sec t i ona l  area of '  t h e  

a q u i f e r .  Th is  r e p o r t  descr ibes  t h e  development of t h e  WATDIS code and i t s  

a p p l i c a t i o n .  The development o f  t h i s  code i s  Phase I o f  a  two-phased p r o j e c t  

whose o b j e c t i v e  i s  t o  es t ima te  t h e  amounts o f  r ad ionuc l i des  reach ing  t h e  

Columbia R i ve r  through t h e  unconf ined a q u i f e r  as a  r e s u l t  o f  " n a t u r a l "  

cond i t i ons  . 
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INTRODUCTION 

Th i s  r e p o r t  concerns t h e  development o f  a computer program t o  c a l c u l a t e  

t h e  reg iona l  f l u x  o f  groundwater,near t h e  N Reactor on t h e  U.S. Department o f  

Energy- (DOE-) operated Hanford S i t e  i n  Washington S ta te .  Th is  r eg iona l  f l u x  

o f  groundwater e v e n t u a l l y  d ischarges t o  t h e  Columbia River .  Th is  paper 

r e p o r t s  on t h e  f i r s t  o f  two phases o f  a s tudy t h a t  w i l l  u l t i m a t e l y  p rov ide  a 

procedure and/or computer code t o  es t ima te  t h e  mass o f  r ad ionuc l i des  reach ing  

t h e  r i v e r  through n a t u r a l  groundwater discharge. 

Two l i q u i d  waste d isposa l  f a c i l i t i e s  (LWDFs), 1301-N and 1325-N, were 

used f o r  t h e  d isposa l  o f  e f f l u e n t s  w i t h  l o w - l e v e l  f i s s i o n  and a c t i v a t i o n  

products  f rom t h e  N Reactor opera t ions .  The 1301-N F a c i l i t y  operated f rom t h e  

t ime  o f  r e a c t o r  s t a r t u p  i n  1963 u n t i l  1985; t h e  1325-N f a c i l i t y  operated f rom 

approx imate ly  1985 t o  November 1989, when t h e  ope ra t i ona l  s t a tus  o f  t h e  

N Reactor was conver ted t o  d r y  layup.  I n  November 1989, t h e  1325-N LWDF began 

t o  r ece i ve  l e s s  than 300 gpm o f  waste-water, down f rom t h e  approx imate ly  

1500 gpm o f  waste-water t h a t  t h e  f a c i l i t y  r ece i ved  d u r i n g  r e a c t o r  opera t ions .  

These LWDFs were designed t o  remove, by so rp t i on ,  f i l t r a t i o n ,  and i o n  

exchange, a h i g h  percentage o f  r a d i o n u c l i d e s  i n  t h e  e f f l u e n t .  Much o f  t h e  

l o w - l e v e l  f i s s i o n  and a c t i v a t i o n  m a t e r i a l  f rom t h e  e f f l u e n t  remains i n  t h e  

sediments. The n a t u r a l  groundwater f l o w  through t h e  area w i l l  m o b i l i z e  some 

o f  these products  and d ischarge  them t o  t h e  Columbia R iver .  Westinghouse 

Hanford Company (Westinghouse Hanford) requested t h a t  P a c i f i c  Northwest Lab- 

o ra to ry (a )  (PNL) develop a procedure and/or computer program t o  es t imate  t h e  

amounts o f  r ad ionuc l i des  reach ing  t h e  Columbia R i ve r  through t he  unconf ined 

a q u i f e r  f rom " n a t u r a l "  r eg iona l  groundwater f l ow.  To address t h i s  problem, a 

two-phased program was proposed. The f i r s t  phase, r e s u l t s  o f  which a re  

repor ted  here, i n c l  udes t h e  devel  opment of a computer program f o r  c a l  c u l  a t i  ng 

t h e  q u a n t i t y  o f  groundwater f l o w i n g  toward t h e  100-N Area t h a t  u l t i m a t e l y  d i s -  

charges t o  t h e  Columbia R iver .  The second phase w i l l  use t h e  r e s u l t s  

( a )  P a c i f i c  Northwest Laboratory  i s  operated f o r  t h e  U.S. Department o f  
Energy by B a t t e l  l e  Memori a1 I n s t i t u t e ,  under Contract  DE-AC06-76RLO 1830. 



generated by this program for estimating the mass of radionuclides reaching 
the river through natural groundwater discharge. 

The objective of Phase I of this project was to develop a computer pro- 
gram that could be,used to estimate the regional groundwater flow component in 
the 100-N Area discharging through a given cross-sectional area within the 
upper unconfined aquifer to the Columbia River under natural hydraulic gra- 
dient conditions. 

To estimate groundwater discharge, the following information about the 

aquifer must be known: the hydraulic gradient, the hydraulic properties, and 
properties of a representative cross section through which the groundwater 

discharge will be calculated. To facilitate the use of this information for 

estimating groundwater discharge, a computer program called WATDIS (an acronym 
for water discharge) was developed. When used with the commercial ly available 

computer program WATER-VEL' (In-Situ Inc. 1991), WATDIS calculates the volurn- 
etric discharge to a specified cross-sectional area of the aquifer. The two 

programs are linked by a batch file and are designed to run on an IBM PC or 
compatible computer system. The WATDIS program is described in Appendix A. 



PROGRAM PARAMETER INPUTS 

An i n t e g r a l  p a r t  o f  Phase I was t o  rev iew c u r r e n t  i n f o rma t i on  and d e t e r -  

mine var ious  i n p u t s  f o r  use i n  t h e  programs. Inpu ts  t o  WATER-VEL" i n c l u d e  

p o t e n t i o m e t r i c  (head) measurements, e f f e c t i v e  po ros i t y ,  and one o f  t h r e e  s e t s  

o f  a q u i f e r  p r o p e r t i e s :  pe rmeab i l i t y  ( k ) ,  hyd rau l i c  c o n d u c t i v i t y  (K ) ,  o r  

t r a n s m i s s i v i t y  (T) .  WATER-VEL" c a l c u l a t e s  and ou tpu ts  t h e  n a t u r a l  groundwater 

f l o w  r a t e  and t h e  f l o w  d i r e c t i o n .  The ou tpu ts  f rom WATER-VELm are then  used 

as p a r t  o f  t h e  i n p u t s  t o  t h e  WATDIS program. Add i t i ona l  i n p u t s  t o  t h e  WATDIS 

program i n c l u d e  t h e  coord ina tes  and sa tu ra ted  th ickness  o f  t h e  a q u i f e r  a t  two 

p o i n t s  se lec ted  by t h e  user.  Th i s  s e c t i o n  descr ibes t h e  v a l i d a t i o n  process 

f o r  these i n p u t s  f o r  each o f  t h e  programs. 

HYDRAULIC HEAD DATA 

Hyd rau l i c  head da ta  a re  needed t o  determine t h e  reg iona l  h y d r a u l i c  g r a d i -  

e n t  and f l o w  d i r e c t i o n  f o r  use i n  WATER-VELm. A  minimum o f  t h r e e  h y d r a u l i c  

head i n p u t s  a re  r e q u i r e d  t o  d e f i n e  a  p lane  f rom which a  g r a d i e n t  i s  d e t e r -  

mined. The program can, however, per form a  least -squares f i t  t o  a  p lane  w i t h  

up t o  300 h y d r a u l i c  head i npu t s .  To v e r i f y  t h a t  v i a b l e  h y d r a u l i c  head da ta  

were a v a i l a b l e ,  w e l l s  upgradient  o f  t h e  100-N Area were evaluated based on 

1)  l o c a t i o n  upgradient ,  2) complet ion i n t e r v a l s  i n  t h e  upper unconf ined 

aqu i f e r ,  and 3 )  hydrau l  i c  head f l  uc tua t i ons  t h a t  r e f 1  e c t  n a t u r a l  cond i t i ons .  

F i ve  we1 1s were se lec ted  t h a t  appear t o  p rov ide  s i m i l a r  r ep resen ta t i ve  

h y d r a u l i c  head i n p u t s :  699-71-52, 699-73-61, 699-77-54, 699-78-62, and 

699-81-58 (F igu re  1 ) .  For each w e l l ,  w e l l  complet ion i n fo rma t i on  was ob ta ined  

f rom t h e  Hanford Environmental I n fo rma t i on  System (HEIS) da ta  base t o  v e r i f y  

t h a t  t he  w e l l s  were completed i n  t h e  upper unconf ined a q u i f e r  and t h a t  a l l  had 

s im i  1  a r  we1 1  cons t ruc t i on .  Completion i n t e r v a l s  o f  t he  se lec ted  we1 1  s  range 

f rom approx imate ly  15 f t  a t  w e l l  699-73-61 t o  45 ft a t  w e l l  699-81-58. Each 

w e l l  was completed a t  t he  t o p  o f  t h e  unconf ined a q u i f e r .  Geologic i n f o r m a t i o n  

from t h e  HEIS da ta  base i n d i c a t e d  t h a t  t h e  sediments i n  t h e  complet ion zones 

o f  these w e l l s  were a  heterogenous mix, rang ing  from s i l t  t o  g rave l .  There 

were no apparent c o n f i n i n g  u n i t s  o r  o therw ise  d i s t i n c t  1  i t h o l o g i c  1  ayers 

w i t h i n  any o f  t h e  complet ion zones t h a t  m igh t  a f f e c t  t h e i r  h y d r o l o g i c  



FIGURE 1. Location o f  Well Network. Bold l i n e  from NS-1 t o  NS-13 
i n d '  a t e  d i s  harge cross sect ion.  Note: Well numbering, 
6991a7-xxTb)-xJc), i s based on Hanford s i t e  coordinates. 
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responses re la t ive  t o  other wells in the area. To verify the  s imi la r i ty  in 

hydrologic responses, data fo r  a l l  f ive  wells from 1987 t o  1991 were plot ted 

t o  evaluate trends in the  hydrologic responses (Figure 2 ) .  The trends f o r  
four of the f i ve  wells indicate a s l i gh t  decline in potentiometric head. Well 

699-81-58 displays the most va r i ab i l i t y  of the f i ve  wells ,  exhibit ing a l a rger  

decline in hydraulic head in the  period between December 1989 and June 1991. 

Well 699-81-58 i s  the nearest t o  the 100-N Area, and therefore t h i s  decline in 

potentiometric head i s  a t t r ibu ted  t o  the November 1989 operational change a t  
the N Reactor t o  dry layup s ta tus .  This operational change resulted in a 

dramatic decrease in waste-water discharged t o  the  ground. Although t h i s  

s i tua t ion  viola tes  the th i rd  c r i t e r ion  fo r  we1 1 se lect ion (hydraul i c  head 

f luctuat ions  must ref1 ec t  natural conditions) , Gi lmore e t  a1 . (1991) suggest 

t h i s  well has nearly reached a new equilibrium with the  water t ab le  and the  

DATE 

+ Well 699-81-58 ++ Well 699-78-62 * Well 699-77-54 

+ We11 699-73-61 + Well 699-71 -52 

FIGURE 2 .  Hydrographs of Program I n p u t  We1 1s 



e f f e c t s  o f  a r t i f i c i a l  groundwater recharge from t h e  100-N Area have decreased 

s i g n i f i c a n t l y .  Data from a l l  f i v e  w e l l s  a re  recommended f o r  use w i t h  t h e  

computer code. Cond i t ions  i n  a l l  f i v e  w e l l s  se lec ted  t o  p rov ide  i n p u t  a r e  

measured f o r  h y d r a u l i c  head annua l l y  as p a r t  o f  PNL's Hanford S i t e -w ide  

groundwater m o n i t o r i n g  program, and r e s u l t s  o f  chemical and rad io1  o g i c a l  

analyses a re  a v a i l a b l e  i n  t h e  Hanford Groundwater Data Base. 

HYDRAULIC PROPERTY ESTIMATES 

To determine groundwater v e l o c i t y ,  WATER-VELm r e q u i r e s  es t imates  o f  t h e  

a q u i f e r ' s  h y d r a u l i c  p r o p e r t i e s  (e.g., e f f e c t i v e  p o r o s i t y ,  k, K, and T) .  The 

e f f e c t i v e  p o r o s i t y  f o r  t h e  R ingo ld  Formation, 0.11, was taken f rom DOE (1988). 

H y d r a u l i c  c o n d u c t i v i t y  (K) i s  t h e  parameter used i n  t h i s  study. 

Hyd rau l i c  p r o p e r t y  i n f o r m a t i o n  i s  a v a i l a b l e  f rom a q u i f e r  t e s t s  conducted i n  

two w e l l s  w i t h i n  t h e  s tudy area. Hyd rau l i c  c o n d u c t i v i t y  va lues a re  a v a i l a b l e  

f rom aqu i f e r  t e s t s  on 699-77-54, one o f  f i v e  mon i t o r i ng  network w e l l s ,  and 

from w e l l  699-87-55, which i s  t o  t h e  no r theas t  o f  t h e  w e l l  network.  P r e v i -  

ous l y  pub l i shed  r e s u l t s  f o r  h y d r a u l i c  c o n d u c t i v i t y  ranged f rom 69 t o  770 f t  

pe r  day (K ipp and Mudd 1973; Deju 1974; Bierschenk 1959). Because o f  t h e  wide 

range i n  r epo r ted  h y d r a u l i c  p r o p e r t y  est imates,  t h e  o r i g i n a l  a q u i f e r  t e s t  

data,  f rom 1957 and 1969, were reanalyzed f o r  t h i s  p r o j e c t .  The reanalyzed 

da ta  y i e l d e d  h y d r a u l i c  c o n d u c t i v i t y  es t imates  o f  48 t o  55 f t  p e r  day. The 

r e s u l t s  o f  t h e  r e a n a l y s i s  a re  d iscussed i n  Appendix B. 

CROSS-SECTIONAL DISCHARGE PLANE 

To c a l c u l a t e  t h e  d ischarge  th rough a  s p e c i f i e d  c ross  s e c t i o n  us ing  

WATDIS, t h e  coo rd ina tes  o f  t h e  c ross -sec t i ona l  end-points  and t h e  sa tu ra ted  

t h i ckness  o f  t h e  unconf ined a q u i f e r  a t  each end-point  a re  requ i red .  The end- 

p o i n t s  s p e c i f y  t h e  p lane  through which t h e  groundwater d ischarge  i s  t o  be c a l -  

c u l  ated. A  s e c t i o n  a long t h e  Columbia R i ve r  shore1 i n e  where t h e  N  Spr ings  a re  

known t o  d ischarge  was se lec ted  f o r  use as t h e  c ross  s e c t i o n  i n  t h e  example 

c a l c u l a t i o n  o f  groundwater d ischarge.  The c ross -sec t i ona l  area was d e f i n e d  by 

t h e  coord ina tes  o f  N  Spr ings w e l l s  NS-1 and NS-13. The coord ina tes  and s a t -  

u ra ted  t h i ckness  a t  each l o c a t i o n  a re  l i s t e d  i n  Table 1. The sa tu ra ted  



TABLE 1. Cross-Sectional Endpoint Coordinates for Example Groundwater 
Discharge Calculations 

Coordinates. ft Saturated 
Location - N 

EP- -P- 
Thickness, ft 

NS- 1 -61129 86674 5 0 
NS-13 -60266 87865" 5 0 

All coordinates in Hanford Plant coordinate system. * designates 
we1 1 s surveyed by Kai ser Engineers Hanford. Other coordinates taken 
from maps of the 100-N Area. 

thickness of the aquifer at these points was calculated from lithologic dia- 
grams from wells 199-N8T, 199-N-69, and 199-N-5. These wells all penetrated a 

clay layer at approximately 351 ft M.S.L. This clay layer is generally con- 
sidered the bottom of the unconfined aquifer in the area (Gilmore et a1 . 1991; 
Connelly et a1 . 1991). The elevation of the ground surface near the river was 
taken from the surveyed elevation of N Springs well NS-2, yielding a saturated 
thickness of approximately 50 ft. 

Any two points downgradient of the well network with their respective 
saturated thickness may be used for input into this computer code. However, 

the user is cautioned that the nearer the river the points are, the larger the 
uncertainty of the groundwater flux calculations becomes, because of bank 

storage and vertical gradients near the river. 



PROGRAM ASSUMPTIONS 

The WATER-VELm/WATDIS program determines groundwater f l o w  d i r e c t i o n  and 

v e l o c i t y  by f i t t i n g  a  1  i nea r ,  two-dimensional  t r e n d  su r f ace  ( l e a s t  squares) t o  

randomly l o c a t e d  h y d r a u l i c  head data.  Th i s  technique i s  accurate  as l o n g  as 

t h e  two-dimensional ,  l i n e a r  approx imat ion  i s  app l i cab le ,  i .e . ,  as l o n g  as no 

s i g n i f i c a n t  v e r t i c a l  groundwater f l o w  g r a d i e n t s  e x i s t ,  and t h e  p i ezome t r i c  

su r face  does no t  have major  p e r t u r b a t i o n s .  

T h i s  program prov ides  a  q u a l i t a t i v e  s teady-s ta te  es t imate  o f  t h e  

r e g i o n a l  groundwater f l u x  and assumes t h a t  t h e  water  c a l c u l a t e d  t o  f l o w  

th rough  a  s p e c i f i e d  p lane  d ischarges  d i r e c t l y  t o  t h e  Columbia R ive r .  It does 

n o t  t ake  i n t o  account temporal  v a r i a t i o n s  i n  r i v e r  stage, which may de lay  o r  

d e f l e c t  groundwater es t imated  t o  be f l o w i n g  th rough  t h e  p lane.  To eva lua te  

s i t e - s p e c i f i c  d ischarges t o  t h e  Columbia R ive r ,  a  more d e t a i l e d  model t h a t  

takes  i n t o  account bank s to rage  and o t h e r  f a c t o r s  would have t o  be developed. 

However, t h e  WATDIS program c o u l d  p rov i de  reg iona l  f l u x  i n p u t  f o r  t h e  more 

d e t a i  1  ed model . 
The program assumes t h e  uncon f ined  a q u i f e r  i s  homogeneous and i s o t r o p i c  

and t h a t  t h e r e  i s  no n e t  pumping o r  recharge t o  t h e  a q u i f e r .  Th i s  assumption 

i s  no t  met; however, t h e  n e t  e f f e c t s  o f  a q u i f e r  v a r i a b i l i t y  may approximate 

these c o n d i t i o n s  when a  l a r g e  enough area i s  considered. 



PROGRAM TEST RUNS 

To determine t h e  program's s e n s i t i v i t y  t o  t h e  v a r i a b i l i t y  i n  t h e  i n p u t  

parameters, severa l  t e s t  runs were conducted us ing  wa te r - l eve l  da ta  f rom 

December 1987 and 1989 and June 1989, 1990, and 1991. (These c o l l e c t i o n  

pe r i ods  con ta ined  w a t e r - l e v e l  da ta  f o r  a l l  f i v e  w e l l s  i n  t h e  network.)  To 

eva lua te  t h e  r e s p e c t i v e  i n f l u e n c e  o f  each i n p u t  parameter, t h e  h y d r a u l i c  con- 

d u c t i v i t y  and t h e  number o f  w e l l s  i n  t h e  network were var ied .  The r e s u l t s  o f  

t h e  parameter s e n s i t i v i t y  ana l ys i s  a re  presented i n  Appendix C.  

The h y d r a u l i c  c o n d u c t i v i t y  va lue  was i n p u t  as 40, 50 and 60 f t / d .  The 

recommended va lue  based on a q u i f e r  t e s t  eva lua t ions  i s  50 f t / d .  Vary ing 

h y d r a u l i c  c o n d u c t i v i t y  d i r e c t l y  a f f e c t s  groundwater v e l o c i t y ,  which i n  t u r n  

a f f e c t s  t h e  c a l  c u l  a ted  d ischarge  volumes . The d ischarge c a l  c u l  a t i  ons vary  by 

approx imate ly  215 f t 3 / d  ( o r  20% var iance)  i n  c a l c u l a t e d  d ischarge t o  t h e  des- 

i gna ted  c ross  s e c t i o n  w i t h  every 10 f t / d  change i n  h y d r a u l i c  c o n d u c t i v i t y .  

The s e n s i t i v i t y  o f  t h e  computer code was a l s o  t e s t e d  by va ry i ng  t h e  n e t -  

work o f  w e l l s  used f o r  h y d r a u l i c  head i n p u t .  Varying t h e  w e l l s  i n  t h e  network 

d i r e c t l y  a f f e c t s  t h e  h y d r a u l i c  head g r a d i e n t  and t h e  r e s u l t a n t  c a l c u l a t e d  

groundwater f l  ow d i r e c t i o n  and ve l  o c i  t y  . F i ve  we1 1  s  were o r i g i n a l  l y  chosen 

f o r  t h e  network based on c r i t e r i a  discussed above. Three o f  t h e  w e l l s  f o r  

h y d r a u l i c  head i n p u t  (699-78-62, 699-81-58 and 699-71-52) were used t o  t e s t  

t h e  computer code's s e n s i t i v i t y  t o  t h e  w e l l  network c o n f i g u r a t i o n .  The 

h y d r a u l i c  head da ta  f rom each o f  these w e l l s  were de le ted  f rom t h e  i n p u t  f i l e  

one a t  a  t ime,  l e a v i n g  i n p u t  f rom f o u r  w e l l s  f o r  each r u n  (Appendix C ) .  When 

t h e  westernmost w e l l ,  699-78-62, was de le ted  f rom t h e  network, t he  c a l c u l a t e d  

d ischarge  t o  t h e  des ignated c ross -sec t i ona l  area decreased. The amount o f  

decrease i s  dependent on t h e  da te  o f  t h e  h y d r a u l i c  head i n p u t .  Using t h e  most 

r ecen t  da ta  (June 1991), t h e  d ischarge volume decreased approx imate ly  

240 f t3 /day.  When t h e  southernmost w e l l ,  699-71-52, was de le ted  from t h e  n e t -  

work, t h e  c a l c u l a t e d  d ischarge increased approx imate ly  537 f t3/day, represen t -  

i n g  a  45% inc rease  i n  t h e  c a l c u l a t e d  d ischarge (June 1991 da ta ) .  When we1 1  

699-81-58 was d e l e t e d  from t h e  network, t h e r e  was n o t  a  s i g n i f i c a n t  d i f f e r e n c e  

i n  t h e  c a l c u l a t e d  d ischarge us ing  t h e  June 1991 data.  When o l d e r  da ta  a re  



used, par t i cu la r ly  data from the years when there  was s ign i f ican t  a r t i f i c i a l  

recharge in the  100-N Area, the  delet ion of well 699-81-58 increased the  c a l -  

culated discharge. This i s  believed t o  be the  r e su l t  of the  elevated ground- 

water l eve l s  under the  100-N Area pr io r  t o  November 1989. Well 699-81-58 was 

under the  influence of t h i s  a r t i f i c i a l l y  elevated groundwater t ab le  (Gilmore 

e t  a l .  1991), and when t h i s  well i s  deleted from the input f i l e ,  the calcu- 

la ted gradient  toward the  100-N Area increases, resul t ing in an increase in 

cal cul ated discharge volumes. 

I t  i s  recommended t ha t  data from a l l  f i ve  wells be used in the  computer 

code. Altering the  well network can substant ia l ly  a f f ec t  the  amount of 

groundwater discharge t ha t  i s  calculated.  
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APPENDIX A 

WATDIS PROGRAM DESCRIPTION 

A. 1 INTRODUCTION 

The purpose o f  t h e  program WATDIS i s  t o  c a l c u l a t e  t he  groundwater d i s -  

charge across a  s p e c i f i e d  c ross -sec t i ona l  p lane  i n  an aqu i f e r .  The program 

uses t h e  groundwater v e l o c i t y  and d i r e c t i o n  c a l c u l a t e d  by t h e  program WATER- 

VEL" ( I n - S i t u  Inc .  1991). 

A.1.2 Hardware Requirements 

WATDIS r e q u i r e s  an IBM PC o r  IBM-compati b l e  computer system w i t h  MS DOS 

v e r s i o n  3.3 o r  h igher .  A  math co-processor i s  n o t  necessary. The program can 

be run  separa te ly  o r  i n  combinat ion w i t h  WATER-VELm. 

A.2 PROGRAM WATDIS 

A.2.1 Proqram D e s c r i ~ t i o n  

WATDIS i s  a  FORTRAN program t h a t  c a l c u l a t e s  groundwater d ischarge.  I t  

uses an ou tpu t  f i l e  f rom t h e  program WATER-VELm along w i t h  user i n p u t s  t o  

c a l c u l a t e  t h e  groundwater d ischarge  t o  a  de f i ned  area o f  an aqu i f e r .  The 

WATER-VELm ou tpu t  f i l e  p rov ides  WATDIS w i t h  t h e  t i t l e  o f  t h e  run,  t h e  e f f e c -  

t i v e  p o r o s i t y  o f  t h e  a q u i f e r ,  t h e  groundwater v e l o c i t y ,  and t h e  groundwater 

f l o w  angle i n  degrees f rom t h e  p o s i t i v e  x - a x i s  o f  t h e  coord ina te  system used 

i n  t h e  c a l c u l a t i o n .  The user  must p rov ide  WATDIS w i t h  i n fo rma t i on  t h a t  

descr ibes  t h e  c ross -sec t i ona l  p l  ane across which t h e  d ischarge ca l  c u l  a t i o n  i s  

made. F igure  A . l  shows a  f l o w  c h a r t  d e s c r i b i n g  t h e  ope ra t i on  o f  t h e  WATDIS 

program. 

The groundwater d ischarge,  o r  vo lume t r i c  f l u x ,  can be c a l c u l a t e d  us ing  

t h e  f o l l o w i n g  equat ion  (Freeze and Cherry 1979): 



Assign unit numbers L 
Prompt for file names + 

Read input data - 
I Calculate Darcy velocly I 

Prompt for points defining 

sectional area 

Calculate normal vector 

1 Calculate discharge I 

Option to write Write results to 9 - 4 ~ 1  screen 

Write results to I output file - 
FIGURE A.1. Flow Chart f o r  WATDIS 



where Q = groundwater d ischarge (L3 / t )  

qn = Darc ian v e l o c i t y  normal t o  t h e  c ross -sec t i ona l  area ( L / t )  

A  = t h e  sa tu ra ted  c ross -sec t i ona l  area ( L ~ ) .  

The ou tpu t  f rom WATER-VEL" p rov ides  t h e  groundwater ( o r  so lu te )  v e l o c i t y .  

However, as shown i n  Equat ion A. l ,  t h e  Darc ian v e l o c i t y  i s  needed f o r  t h e  d i s -  

charge c a l c u l a t i o n .  Therefore,  t o  c a l c u l a t e  t h e  groundwater discharge, WATDIS 

must f i r s t  c a l c u l a t e  t h e  Darc ian v e l o c i t y ,  de f i ned  as 

where q = Darc ian v e l o c i t y  ( L / t )  

vs = groundwater o r  s o l u t e  v e l o c i t y  ( L / t )  

0 = e f f e c t i v e  p o r o s i t y  o f  t h e  a q u i f e r .  

The user  must s p e c i f y  t h e  c ross -sec t i ona l  p lane  across which t h e  d i s -  

charge c a l c u l a t i o n  i s  made. Th i s  p lane  i s  de f i ned  by a  t r apezo id  ( F i g -  

u re  A.2), where s i d e  a  i s  t h e  sa tu ra ted  th ickness  ( v e r t i c a l  dimension) a t  

p o i n t  1, s i de  b  i s  t h e  sa tu ra ted  t h i ckness  ( v e r t i c a l  d imension) a t  p o i n t  2 ,  

and w i s  t h e  h o r i z o n t a l  d i s t ance  between t h e  two p o i n t s .  Therefore,  t h e  

necessary i n p u t s  t o  d e f i n e  t h e  t r a p e z o i d  a re  t h e  coord ina tes  o f  two p o i n t s  and 

t h e  sa tu ra ted  t h i ckness  a t  each p o i n t .  

The area o f  t h e  des ignated c ross  s e c t i o n  i s  c a l c u l a t e d  us ing  t h e  

t r apezo id  area re1  a t i o n s h i p  as f o l l  ows: 

where A  = t h e  area o f  t h e  t r apezo ida l  c ross -sec t i on  ( L ~ )  

a  = t h e  sa tu ra ted  t h i ckness  a t  p o i n t  1  (L)  

b = t h e  sa tu ra ted  th ickness  a t  p o i n t  2  (L )  
w  = t h e  h o r i z o n t a l  d i s t ance  between t h e  two p o i n t s  ( L ) .  

Al though t h e  Darc ian v e l o c i t y  can be e a s i l y  c a l c u l a t e d  f rom t h e  WATER- 

VELM in fo rmat ion ,  t h e  c a l c u l a t e d  f l o w  d i r e c t i o n  may n o t  be perpend icu la r  t o  

t h e  c ross -sec t i ona l  p lane  t h a t  i s  s p e c i f i e d  by t he  user.  To c a l c u l a t e  t h e  



vo lume t r i c  f l u x  e n t e r i n g  t h e  des ignated c ross -sec t i ona l  area, t h e  component o f  

t h e  Darc ian  v e l o c i t y  t h a t  i s  perpend icu la r  ( o r  normal) t o  t h e  c r o s s - s e c t i o n a l  

p l ane  must be determined. T h i s  can be done us ing  t h e  d o t  p roduc t  o f  two vec- 

t o r s  (Anton 1984), where 

--. 

and v, = t h e  normal component o f  t h e  v e c t o r  
.+ 

v = t h e  Darc ian v e l o c i t y  
A 

n  = t h e  u n i t  normal v e c t o r  f o r  t h e  p lane  de f i ned  by t h e  c r o s s - s e c t i o n a l  

area. 

The groundwater d ischarge  can then  be determined us ing  Equat ion A.1. 

A.2.2 Proqram Assumptions 

WATDIS assumes t h a t  t h e  u s e r ' s  u n i t s  and coo rd ina te  system a re  cons i s -  

t e n t  w i t h  t h e  WATER-VEL' o u t p u t  f i l e  t h a t  i s  used as program i n p u t .  WATER- 

VEL' assumes t h a t  t h e  a q u i f e r  i s  homogeneous, t h a t  t h e  wa te r - l eve l  d a t a  f o r  

t h e  se lec ted  we1 1  s  r ep resen t  equi  1  i bra ted  s teady -s ta te  c o n d i t i o n s  w i t h i n  t h e  

a q u i f e r  system, and t h a t  t h e r e  i s  no a c t i v e  pumping o r  groundwater d i sposa l  i n  

t h e  s tudy  area. S ince WATDIS c a l c u l a t e s  d ischarge  f rom t h e  v e l o c i t y  t h a t  i s  

ou tpu t  by WATER-VEL', these  assumptions about t h e  a q u i f e r  extend t o  t h e  WATDIS 

program. 

FIGURE A.2. Trapezoid 



A.3 INPUT 

WATDIS i s  an i n t e r a c t i v e  program t h a t  prompts t h e  user  f o r  severa l  

i npu t s .  These i npu t s  a re  

I npu t  f i lename - The name o f  t h e  i n p u t  f i l e .  Th i s  f i l e  must be i n  t h e  
format  o f  a  WATER-VEL' ou tpu t  f i l e .  

Output f i lename - The des i red  name o f  t h e  ou tpu t  f i l e  f rom WATDIS. 

The remain ing i n p u t s  a re  prompted f o r  by a  menu. The user i s  g i ven  a  

l i s t  o f  i n f o rma t i on  needed t o  r u n  t h e  program and may then  choose which param- 

e t e r  t o  i n p u t  and i s  prompted f o r  i t s  value. The r e q u i r e d  i n p u t s  i n  t h e  menu 

a re  as f o l l o w s :  

Coordinates f o r  two ~ o i n t s  - The x and y  coord ina tes  f o r  t h e  two 
p o i n t s  t h a t  w i l l  descr ibe  t h e  c ross -sec t i ona l  p lane  across which 
t h e  d ischarge c a l c u l a t i o n  i s  t o  be made. Th i s  r e p o r t  i s  us i ng  t h e  
Hanford S i t e  Coordinates. These coord ina tes  can be from any 
coord ina te  system, p rov ided  t h a t  they  a re  c o n s i s t e n t  w i t h  t h e  
coord ina te  system used i n  WATER-VELm. 

Saturated th ickness  a t  each p o i n t  - The sa tu ra ted  th ickness  ( o r  
a q u i f e r  th ickness)  a t  t h e  l o c a t i o n s  o f  t h e  two p o i n t s  t h a t  d e f i n e  
t he  c ross -sec t i ona l  plane. 

Opt ion t o  p r i n t  o u t ~ u t  t o  screen - I f  t h e  o p t i o n  i s  a c t i v a t e d  (by 
answering ' yes' ) , ou tpu t  w i l l  be d i sp layed  on t h e  screen as we1 1  
as w r i t t e n  t o  an ou tpu t  f i l e .  Otherwise, t h e  ou tpu t  i s  p r i n t e d  
o n l y  t o  t he  des ignated ou tpu t  f i l e .  The d e f a u l t  i s  t o  p r i n t  t o  
t h e  ou tpu t  f i l e  on ly .  

Note t h a t  t h e  u n i t s  f o r  a l l  i n p u t s  can be e i t h e r  Eng l i sh  o r  m e t r i c ,  p ro -  

v ided t h a t  they  are cons i s ten t  w i t h  those found i n  t h e  i n p u t  f i l e  ( i . e . ,  a  

WATER-VELm ou tpu t  f i l e )  . 
A.3.1 Example Menu 

The f o l l o w i n g  i s  an example o f  a  WATDIS menu: 

......................................... 
* INPUT MENU FOR WATDIS * 
......................................... 

I .TITLE: t e s t  r u n  1  
2.COORDINATES OF POINT 1 EW= -55405.00 



3.COORDINATES OF POINT 2  EW= -62300.00 NS = 77750.00 
4.SATURATED THICKNESS AT POINT 1 30.0000 f e e t  
5.SATURATED THICKNESS AT POINT 2  20.0000 f e e t  
6.PRINT OUTPUT TO SCREEN YES 

GROUNDWATER VELOCITY (FROM WATER-VEL) 0.6960E+00 f t / d a y ,  
FLOW DIRECTION (DEGREES FROM + X-AXIS) 84.08 
EFFECTIVE POROSITY OF THE AQUIFER . I500  

NOTE: The groundwater v e l o c i t y ,  f l o w  d i r e c t i o n  and e f f e c t i v e  
p o r o s i t y  a r e  f r om  t h e  program WATER-VEL and cannot be changed 

ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 52.41 
(Ca l cu la ted  f rom t h e  coo rd i na tes  o f  p o i n t s  1  and 2)  

ENTER PARAMETER YOU WISH TO MODIFY (1 -6 ) ,  OR 0  TO EXECUTE 
PROGRAM - - - >  

A.3.2 Menu Data F i l e  

WATDIS c rea tes  a  f i l e  c a l l e d  ' watmenu.dat' t h a t  s t o r e s  t h e  i n p u t  da ta  

f rom t h e  p rev i ous  r u n  ( t h e  coo rd i na tes  o f  t h e  two p o i n t s ,  t h e  s a t u r a t e d  

t h i ckness  a t  each p o i n t ,  t h e  o p t i o n  t o  p r i n t  ou tpu t  t o  t h e  screen, and t h e  

ang le  o f  t h e  c r o s s - s e c t i o n a l  p lane) .  Th i s  f i l e  i s  c rea ted  as a  convenience t o  

t h e  user.  It a l l o w s  t h e  user  t o  r u n  WATDIS w i t h  d i f f e r e n t  i n p u t  f i l e s  b u t  

t h e  same c r o s s - s e c t i o n a l  area w i t h o u t  hav ing  t o  e n t e r  t h e  d e f i n i n g  d a t a  p o i n t s  

each t ime.  The program w i l l  r u n  i f  watmenu.dat i s  n o t  p resen t  i n  t h e  same 

d i r e c t o r y ,  b u t  t h e  menu w i l l  c o n t a i n  zeros f o r  t h e  d a t a  va lues and t h e  use r  

w i l l  have t o  e n t e r  a l l  i n p u t s .  WATDIS w i l l  c r e a t e  t h e  watmenu-dat f i l e  i f  i t  

does n o t  e x i s t ,  o r  update t h e  e x i s t i n g  watmenu.dat f i l e  d u r i n g  each run .  

A.4 OUTPUT 

The ou tpu t  f i l e  f rom WATDIS p rov i des  a r e c o r d  o f  t h e  i n p u t  in fo rmat ion ,  

t h e  Darc i  an v e l o c i t y ,  t h e  normal component o f  t h e  Darc ian  v e l o c i t y ,  t h e  area 

o f  t h e  sa tu ra ted  c ross  sec t ion ,  t h e  ang le  o f  t h e  c ross  s e c t i o n  measured i n  

degrees f rom t h e  p o s i t i v e  x - a x i s ,  and t h e  groundwater d i scha rge  t o  t h a t  area.  



The angle  o f  t h e  c ross - sec t i ona l  p l ane  t o  t h e  x - a x i s  i s  p rov i ded  as a 

check f o r  t h e  user .  The c a l c u l a t i o n  i s  done by ex tend ing  t h e  p lane  t o  t h e  

p o i n t  where it crosses t h e  p o s i t i v e  x -ax i s ,  and t hen  measuring t h e  angle  f rom 

t h a t  a x i s  i n t e r s e c t i o n .  

A. 4.1 Exampl e O u t ~ u t  

The f o l l o w i n g  i s  an example o f  ou tpu t  f rom WATDIS: 

................................................ 
* OUTPUT FROM PROGRAM WATDIS, Vers ion 1.0 * * * 
* Programmed by SK Wurstner, * 
* B a t t e l  l e  P a c i f i c  Northwest Labo ra to r i es  * * September, 1991 * 
* * 
* Resu l t s  a re  based on t h e  use o f  u n v e r i f i e d  * 
* so f tware .  No assurance i s  expressed o r  * 
* i m p l i e d  as t o  t h e  accuracy, completeness o r  * 
* use fu lness  o f  t h i s  i n f o r m a t i o n .  * * * 
................................................ 

ECHO OF INPUT 
- - - - - - - - - - - - -  

INPUT FILENAME: 0689WL.OUT 

OUTPUT FILENAME: AQFL.OUT 

TITLE: t e s t  r u n  1 
COORDINATES OF POINT 1 EW= -55405.00 NS = 86707.00 
COORDINATES OF POINT 2 EW= -62300.00 NS = 77750.00 
SATURATED THICKNESS AT POINT 1 30.0000 f e e t  
SATURATED THICKNESS AT POINT 2 20.0000 f e e t  
PRINT OUTPUT TO SCREEN YES 

GROUNDWATER VELOCITY (FROM WATER-VEL) 0.6960Et00 f t / d a y  
FLOW DIRECTION (DEGREES FROM t X-AXIS) 84.08 
EFFECTIVE POROSITY OF THE AQUIFER . I500 

CALCULATED VALUES 
- - - - - - - - - - - - - - - - -  

DARCIAN VELOCITY (ANGLE OF 84.08 DEGREES) 0.1044Et00 f t / day  
NORMAL COMPONENT OF THE DARCIAN VELOCITY 0.5481E-01 f t / d a y  



AREA OF THE SATURATED CROSS-SECTION 0.282587E+06 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 52.41 

GROUNDWATER DISCHARGE ACROSS THE AREA 0.154888E+05 f tA3 /day  

A. 5 REFERENCES 
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APPENDIX B 

AQUIFER TEST ANALYSIS 

Hydraulic property estimates for the unconfined aquifer in the vicinity 

of the 100-N Area have been reported by Bierschenk (1959), Kipp and Mudd 
(1973), and Deju (1974). These estimates are based on aquifer tests conducted 
for wells 699-77-54 and 699-87-55. Hydraulic conductivity estimates obtained 

from these test analyses vary by over a factor of ten, ranging from 69 to 
770 ft per day. A review of the original test data and previous test analyses 
identified two principal reasons for the wide range in reported hydraulic 

conductivity values: misapplication of analytical test methods and inappro- 
priate application of straight-line analyses for non-radial flow test data 
periods. 

Hydraul ic conductivity estimates provided by Kipp and Mudd (1973) for 
well 699-77-54 are based on log-log, type-curve analysis of pumping test draw- 
down and recovery data. The l og-l og, type-curve matching method, however, i s 

only strictly correct for analysis of observation-we1 1 test response (i .e., in 
mu1 tiple-well interference tests). Quantitative log-log analysis of the test 
response at the pumping well is not completely valid, because several factors 
contribute to drawdown and recovery that are not normally accounted for in the 

analytical procedure. These nonformat i onal response phenomena, which affect 
water-1 eve1 response at the pumping we1 1 , include we1 1 bore storage, formation 
damage or stimulation due to drill i ng/well construction practices, and pumping 
variations (Weeks 1978; Earlougher 1977). Misapplication of the analysis 
method by Kipp and Mudd (1973) for results of pumping tests for well 699-77-54 
was also noted by Deju (1974). 

Another cause of the wide range in reported hydraulic conductivity val- 
ues is the inappropriate application of straight-line analysis. The use of 
the Cooper and Jacob (1946) straight-line analysis for pumping test data is 



s t r i c t l y  v a l i d  only f o r  t e s t  da t a  exh ib i t i ng  r a d i a l  flow condi t ions  and f o r  

t e s t  t imes t h a t  s a t i s f y  t h e  prescr ibed time ( t )  c r i t e r i o n  spec i f i ed  in  t h e  

r e l a t i o n s h i p  

where rZ = e f f e c t i v e  well rad ius  ( f o r  pumping well a n a l y s i s )  

S = s t o r a t i v i t y  

T = transmi s s i v i t y  

u = dimensionless  parameter equal t o  0.01. 

In t h e  ana lyses  presented by Bierschenk (1959) and Deju (1974),  a  number of 

misappl ica t ions  of  t h e  s t r a i g h t - l i n e  a n a l y s i s  method were i d e n t i f i e d .  

Recent developments i n  log-log d i agnos t i c  ana lys i s  have g r e a t l y  f a c i l  i  - 

t a t e d  t h e  i d e n t i f i c a t i o n  of t h e  t e s t  da t a  s ec t ions  t h a t  can be analyzed using 

s t r a i g h t - l i n e  a n a l y s i s  methods. These r ecen t ly  developed d i agnos t i c  methods 

r e l y  on convert ing pumping drawdown and recovery pressure  da t a  t o  d e r i v a t i v e  

form and analyzing t h e  shape of t he  pressure  d e r i v a t i v e  versus t ime on a  log-  

log d i agnos t i c  p l o t .  As noted by o t h e r s  (Bourdet and A1 agoa 1984; Clark and 

Golf-Racht 1985),  p ressure  d e r i v a t i v e  d i agnos t i c  p l o t s  can be used t o  pre-  

c i s e l y  i d e n t i f y  reg ions  within the  pumping t e s t  da t a  s e t  t h a t  a r e  c o n t r o l l e d  

by formational (e .g  . , homogeneous vs .  heterogeneous formation response,  r a d i a l  
flow cond i t i ons )  and nonformational f a c t o r s  ( e - g . ,  wel lbore s to rage ,  sk in  

e f f e c t s ) .  

Pressure d e r i v a t i v e  ana lys i s  was used i n  t h e  r eana lys i s  of  t h e  a v a i l a b l e  

pumping t e s t  d a t a  t o  i d e n t i f y  when r a d i a l  flow condi t ions  were e s t a b l i s h e d  

during each t e s t .  S t r a i g h t - 1  ine  ana lys i s  methods ( e .g . ,  Cooper and Jacob 

1946) were then used t o  analyze t h e  i d e n t i f i e d  r ad i a l  flow por t ions  of t h e  

t e s t .  Resul t s  and t e s t  p l o t s  used in  t h e  r e a n a l y s i s  a r e  presented below f o r  

each well s i t e .  



Pumping t e s t  da t a  a r e  avai l  ab le  f o r  two t e s t s  conducted f o r  well 

699-77-54. The f i r s t  t e s t  was conducted on Ju ly  23, 1957, a t  an average d i s -  

charge r a t e  of approximately 194 gpm. The t e s t  was terminated a f t e r  a shor,t 

pumping period of only 108 minutes. Bierschenk (1959) reported a t ransmis-  

s i v i t y  value based on t h i s  t e s t  ana lys i s  of 42,513 f t2 /d  and a hydraul ic  con- 

d u c t i v i t y  (based on an aqu i fe r  t e s t  sec t ion  of 65 f t )  of 655 f t / d .  Based only 

on ana lys i s  of t h e  pumping recovery da ta ,  Kipp and Mudd (1973) reported a 

t r ansmiss iv i ty  value of 50,000 f t2 /d .  

Re-examination of t h e  o r ig ina l  t e s t  da t a  ind ica t e s  t h a t ,  because of t h e  

extremely shor t  dura t ion  of t h e  pumping t e s t  ( i . e . ,  l e s s  than 2 hours) ,  t h e  

pumping t e s t  drawdown and recovery da ta  were influenced primari ly by t h e  

"delayed-yield" phenomenon exhib i ted  by unconfined aqu i fe r s ,  and t h a t  t r u e  

r ad ia l  flow condi t ions  had not been es tab l i shed  during t h e  t e s t .  Because 

r ad ia l  flow condi t ions  were not es tab l i shed  before t h e  t e s t  was terminated,  

misapplicat ion of s t r a i g h t - l i n e  ana lys i s  methods f o r  t h e  t e s t  da t a  examined 

would be expected t o  overest imate t h e  aqu i fe r ' s  hydraul ic  proper t ies .  Because 

of these  t e s t  d e f i c i e n c i e s ,  t e s t  da t a  f o r  t he  f i r s t  pumping t e s t  were not 

reanalyzed o r  used in  t h e  r epor t  f o r  est imating hydraul ic  p rope r t i e s .  

The second t e s t  was conducted on September 25, 1969, a t  an average d i s -  

charge r a t e  of 147 gpm. The t e s t  was terminated a f t e r  a pumping period of 

980 minutes. Kipp and Mudd (1973) reported t r ansmiss iv i ty  es t imates  f o r  t h e  

drawdown and recovery phases of 5,100 f t2 /d  and 13,000 f t2 /d ,  r e spec t ive ly .  

In analyzing the same t e s t  d a t a ,  Deju (1974) reported t ransrn iss iv i ty  values of 

7,400 f t2 /d  and 6,500 f t2 /d  f o r  t hese  t e s t  phases. 

In our r eana lys i s ,  pumping t e s t  drawdown and recovery da ta  were cor -  

rec ted  f o r  a s a tu ra t ed  th ickness  reduct ion,  using t h e  following co r rec t ion  

method o r i g i n a l l y  presented by Jacob (1963): 



where s '  = correc ted  drawdown o r  r e s idua l  drawdown 

s = observed drawdown o r  r e s idua l  drawdown 

b = a q u i f e r  t h i ckness .  

Log-log d i agnos t i c  a n a l y s i s  of t h e  pressure  change and t h e  d e r i v a t i v e  of  

pressure  with respec t  t o  t ime, a s  shown in  Figures  B . l  and B.2, i n d i c a t e s  t h a t  

r a d i a l  flow condi t ions  were only e s t ab l i shed  in  l a t e r  t e s t  t imes dur ing  t h e  

drawdown phase and were not a c t u a l l y  a t t a i n e d  during t h e  measured recovery 

t e s t  per iod.  Resul ts  of s t r a i g h t - 1  ine  ana lys i s  f o r  t h e  r a d i a l  flow por t ion  of 

t h e  drawdown t e s t  d a t a  a r e  shown in Figure B.3. As ind ica t ed  in  t h e  f i g u r e ,  a 

t r a n s m i s s i v i t y  value of  3,460 f t2/d was obtained from the 1 a t e - t ime  d a t a  anal - 
y s i s .  This  r ep re sen t s  t h e  b e s t  e s t ima te  of t r a n s m i s s i v i t y  f o r  t h e  unconfined 

aqu i f e r  i n  t h e  v i c i n i t y  of well 699-77-54. A bes t - e s t ima te  va lue  of  48 f t / d  

f o r  equiva len t  hydraul ic  conduct iv i ty  was a l s o  obtained from t h i s  t e s t  ana ly-  

s i s ,  based on t h e  bes t - e s t ima te  value f o r  t r a n s m i s s i v i t y  and an assigned aqui-  

f e r  th ickness  of 72 f t .  

Pumping t e s t  d a t a  a r e  ava i l  ab l e  f o r  one t e s t  conducted f o r  well 

699-87-55. The t e s t  was conducted on J u l y  2 and J u l y  3 ,  1969, a t  an average 

d ischarge  r a t e  of approximately 105 gpm. The t e s t  was terminated a f t e r  a 

pumping period of 1170 minutes.  Deju (1974) has repor ted  t h a t  an average 

t r a n s m i s s i v i t y  value of 4,500 f t2 /d  was obtained in  analyzing both drawdown 

and recovery t e s t  phases. 

As was done in  t h e  well 699-77-54 r e a n a l y s i s ,  pumping t e s t  drawdown and 

recovery d a t a  were co r r ec t ed  f o r  a s a t u r a t e d  th i ckness  reduct ion ,  using t h e  

co r r ec t ion  method of Jacob (1963). Log-log d i a g n o s t i c  a n a l y s i s  of  t h e  pres -  

s u r e  change and t h e  d e r i v a t i v e  of  pressure  with r e spec t  t o  t ime,  a s  shown in 

Figures  B.4 and B.5, i n d i c a t e s  t h a t  r a d i a l  flow cond i t i ons  were e s t a b l i s h e d  

only in  l a t e r  t e s t  t imes during t h e  drawdown phase and were not  a t t a i n e d  dur -  

ing t h e  measured recovery t e s t  per iod.  Resul ts  of  s t r a i g h t - l i n e  a n a l y s i s  f o r  

t h e  r a d i a l  flow por t ion  of  t h e  drawdown t e s t  d a t a  a r e  shown in Figure B.6. As 

ind ica ted  in  t h e  f i g u r e ,  a t r a n s m i s s i v i t y  value of 1,950 f t2 /d  was obta ined  
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FIGURE B.1. Drawdown i n  Well 699-77-54 

from the  l a t e - t i m e  data analys is .  This  represents the  bes t  est imate o f  t r a n s -  

m i s s i v i t y  f o r  the  unconfined a q u i f e r  i n  t h e  v i c i n i t y  o f  we l l  699-87-55. A 
best-est imate value o f  55 f t / d  f o r  equ iva len t  hydraul i c  c o n d u c t i v i t y  was a1 so 

obtained from t h i s  t e s t  analysis,  based on the  best-est imate value f o r  t r a n s -  

m i s s i v i t y  and an assigned aqu i fe r  th ickness o f  35 ft. 

Summarv 

A wide range i n  hydrau l ic  p rope r t i es  has p rev ious l y  been repor ted  f o r  

t he  unconfined aqu i fe r ,  based on pumping t e s t  analyses conducted f o r  we1 1  s  

699-77-54 and 699-87-55 (Bierschenk 1959; Kipp and Mudd 1973; Deju 1974). 

Re-examination o f  the  o r i g i n a l  t e s t  data and analyses i n d i c a t e d  t h a t  many o f  

t h e  e a r l y  pumping t e s t  analyses were i n  e r r o r .  Reanalysis o f  the  pumping t e s t  

data us ing l o g - l o g  d iagnost ic  ana lys is  and semi-log s t r a i g h t - l i n e  a n a l y t i c a l  



methods indicated considerably less range in the calculated values for hydrau- 
1 ic properties between the two well sites. Best-estimate values for trans- 

missivity and equivalent hydraulic conductivity based on the reanalysis range 

from 1,950 to 3,460 ft2/day and from 48 to 55 ft/d, respectively. These esti- 
mates are the best values available for the unconfined aquifer within the m i d -  

dle Ringold Formation in this part of the Hanford Site. 
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FIGURE B.2. Recovery for Well 699-77-54 
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FIGURE B.4. Drawdown i n  Well 699-87-55 
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APPENDIX C 

PROGRAM TEST RUNS 

Two s e t s  o f  t e s t  runs o f  t h e  WATER-VEL" and WATDIS computer codes t e s t e d  

t h e  combined programs' s e n s i t i v i t y  t o  t h e  i npu t s .  Each t e s t  r u n  used wa te r -  

l e v e l  da ta  f rom December 1987 and 1989 and June 1989, 1990, and 1991. (These 

c o l l e c t i o n  pe r i ods  con ta ined  w a t e r - l e v e l  da ta  f o r  a l l  f i v e  w e l l s  i n  t h e  n e t -  

work.) To eva lua te  t h e  r e s p e c t i v e  i n f l u e n c e  o f  each i n p u t  parameter, t h e  p r o -  

gram i n p u t s  f o r  h y d r a u l i c  c o n d u c t i v i t y  and t h e  number o f  w e l l s  i n  t h e  network 

were va r i ed .  The h y d r a u l i c  c o n d u c t i v i t y  i n p u t s  used were 40, 50 and 60 f t / d .  

Three o f  t h e  w e l l s  p r o v i d i n g  h y d r a u l i c  head i n p u t  (699-78-62, 699-81-58 and 

699-71-52) were de le ted  f rom t h e  i n p u t  f i l e  one a t  a  t ime,  l e a v i n g  i n p u t  f rom 

f o u r  w e l l s  f o r  each run .  Inc luded  here  a re  t h e  ou tpu t  f i l e s  f rom each o f  t h e  

t e s t  runs.  



Output files for Varyinq the Hvdraul i c  Conductivity 



- H . r r m r I I I t m c l I m v I I m + t  

l OUTPUT FROM PROGW WATDIS, Version 1.0 : 
I  

I Programed by SK Uurstner, I 

l B a t t e l l e  Pac i f i c  Northwest Laborator ies l 
I September, 1991 I 

I  

~ c . - - ~ I H C . H H C . Z H * H I  

ECHO OF INPUT 

INPUT F I L W E :  a: j un9 lk50 .wo  
OUTPUT FILENAME: a: jun9lk50.out 

TITLE: June 1991. a l l  wel ls ,  k-50 
COORDINATES OF POINT 1 E C  -61129.00 US - 86674.00 
CWRDINATES OF POINT 2 N- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 feet  
PRINT WTPUT TO SCREEN NO 

GRWNWATER VELOCITY (FROII WATER-VEL) .2580E+00 ft /day 
FLOW DIRECTION (DEGREES FROn + X-AXIS) 88.34 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 88.34 DEGREES) .2838E-01 f t /day 
HOWL COnPDNENT OF THE DARCIAN VELOCITY .1598E-01 f t /day 
AREA OF M E  SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROn + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .117512E+04 ftA3/day 

---HI 

l OUTPUT FROn PROGW UATDIS, Version 1.0 l 
I  I  

I Programed by SK Uurstner, I 

l B a t t e l  l e  P a c i f i c  Northwest Laborator ies l 
I September, 1991 I 

I  I  

ECHO OF INPUT ------------- 
INPUT FILENAME: a: jun90k50 . w o  
OUTPUT F ILEWE:  a: jun90k50.out 

T ITLE June 1990, a l l  wel ls ,  k-50 
COOROINATEP OF POINT 1 EW- -61129.00 NS - 86674.00 
CWRDINATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRIKT OUTPUT TO SCREEN NO 

GROUNWATER VELOCITY (FRW WATER-VEL) . I920E+00 f t /day 
FLOW DIRECTIDN (DEGREES FROn + X-AXIS) 97.12 
EFFECTIVE POROSITY OF ME AQUIFER .I100 

CALCULATED VALUES ----------------- 
MRCIAN VELOCITY (ANGLE OF 97.42 DEGREES) .2112E-01 f t / day  
NOWL COnPDNENT OF M E  DARCIAN VELOCITY .1450E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF M E  CROSS-SECTION (DEGREES FROn + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS M E  AREA .106612E+04 f tA3/day 



t*tttf.tt~-ttmnn-nttmnttnt~tt 

l OUTPUT FROM PROGRAn YATDIS, Version 1 .O : 
t 
t Progr-d by SK Yurstner, t 

B a t t e l  l e  Pac i f l c  Northwest Laborator ies 
t September, 1991 t 

t 

M - - . t r m r - . t t Y t H  

ECHO OF INPUT ------------- 
INPUT F ILEWE:  a:dec89kSO.w0 
OUTPUT- F I L W E :  r:dec89kSO.out 

TITLE: December 1989, a l l  wei ls ,  k-SO 
COORDINATES OF POINT 1 N- -61129.00 NS 86674.00 
COORDINATES OF POINT 2 N- -60266.00 NS 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN NO 

GROUNDWATER VELOC IN ( FROM WATER-VEL) .1380E+00 f t l d a y  
FLOW DIRECTION (DEGREES FROM + X-AXIS) 114.99 
EFFECTIVE POROSITY OF ME AQUIFER .I100 

CALCUUTED VALUES -.--------------- 
DARCIAN VELOCITY (ANGLE OF 114.99 DEGREES) .1518E-01 f t / day  
NOWL COMPONENT OF THE MRCIAN VELOCITY .1327E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .135400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GRWNWATER DISCHARGE ACROSS THE AREA .975585E+03 f tA3/day 

rn+-.---"----"------.---.-m-mrm 

l OUTPUT FROM PROGRN YATDIS. Version 1.0 l 
t t 

t Programed by SK Wurstner, t 

l B a t t e l l e  P a c i f i c  Northwest Laborator ies l 
t Sept&r, 1991 t 

t 

M t P P t t m  

ECHO OF INPUT ----------.-- 
INPUT F I L E M E :  a: jun89k50.wo 
WTWT FILEWE: a: jun89k50.out 

TITLE: June 1989, a l l  we1 1 s, k-SO 
COORDINATES OF POINT 1 EU- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 N- -60266.00 NS - 87865.00 
SATURATED THICUESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN NO 

GROUNONATER VELOCITY (FROM WATER-VEL) .1720E+00 f t / day  
FLW DIRECTIOW (DEGREES FROM + X-AXIS) 102.29 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES 
---*- - - - - - - - - - - - -  

OARCIAN VELOCITY (ANGLE OF 102.29 DEGREES) .1892E-01 f t / day  
NORllAL COMPONENT OF THE DARCIAN VELOCITY .1411E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t a 2  
MGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .103751E+04 f tA3/day 



t++tt+f.ttf.+tf.-mttt+Cmrtt-ttttf.+m 

+ OUTPUT FROM PROGRM YATOIS. Version 1.0 l 
+ t  

t  Programed by SK Uurstner, t  

+ B a t t e l l e  P a c i f i c  Northwest Laborator ies 
t  September, 1991 t  

* t  

ECHO OF INPUT ------------- 
INPUT F ILEWE:  a: jun9lk4O.wvo 
OUTPUT F I L E M E :  a: jun9lk40.out 

TITLE: June 
COORDINATES OF POINT 1 
CWRDINATES OF POINT 2 
SATURATED THICKNESS AT 
SATURATED THICKNESS AT 
PRINT OUTPUT TO SCREEN 

1991, a l l  
EU- 
N- 

POINT 1 
POINT 2 

NO 

wel ls .  k-40 
-61129.00 
-60266 .OO 

86674.00 
87865 .OO 

f e e t  
f e e t  

GROUNWATER VELOCITY (FRW WATER-VEL) .2070E+00 f t /day 
FLW DIRECTION (DEGREES FROM + X-AXIS) 88.34 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATEO VALUES ----------------- 
OARCIAN VELOCITY (ANGLE OF 88.34 DEGREES) .2277E-01 f t / day  
HOWL COnWNENT OF THE OARCIAN VELOCITY .1282E-01 f t / day  
AREA OF M E  SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROU + X-AXIS) 54.07 

GROUNOYATER DISCHARGE ACROSS THE AREA .942831E+03 f tA3/day 

* P P - - - - - . . - - - - . - - . - - - - r  

l OUTPUT FROM PROGRAn UATDIS, Version 1.0 + 

+ t  

t  Programed by SK Uurstner, t  

+ B a t t e l  l e  P a c i f i c  Northwest Laborator ies l 
t  September, 1991 t  

t  t  

P f . P * t  

ECHO OF INWT ------------- 
INPUT F ILEWE:  a: jun90k40.wvo 
OUTPUT F ILEWE:  a: jun90k40.out 

TITLE June 1990, a l l  wells,-k-40 
COORDINATES OF POINT 1 EY- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 EY- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 feet  
PRINT WTWT TO SCREEN NO 

GROUNOYATER VELOCITY (FROM WATER-VEL) .1530E+00 ft /day 
FLOY DIRECTION (DEGREES FROM + X-AXIS) 97.42 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATEO VALUES ----------------- 
OARCIAN VELOCITY (ANGLE OF 97.42 DEGREES) .1683E-01 f t / day  
HOWL COnWNENT OF THE DARCIAN VELOCITY .1155E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNOUATER DISCHARGE ACROSS THE AREA .849561E+03 f tA3/day 



t * t p - * - t  
OUTPUT FROM PROGRM UATDIS, Version 1.0 l 

l t 

t Programed by SK Uurstner, t 

B a t t e l  l e  P a c i f i c  Northwest Laborator ies ; 
• September. 1991 
t t 

t . t m -  

ECHO OF INPUT ------------- 
INPUT FILENAME: a:doc89k40.wo 
OUTPUT FILEWIIE: a:dec89k40. out  

TITLE: - Deceaber 1989. a1 1 wei ls .  k-40 
COORDINATES OF POINT 1 N- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 N- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 fee t  
SATURATED THICKNESS AT POINT 2 50.0000 fee t  
PRINT OUTPUT TO SCREEN NO 

GROUNDWATER VELOCITY (FROM UATER-VEL) .1100E+00 f t / day  
FLOW DIRECTION (DEGREES FROn + X-AXIS) 114.99 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 114.99 DEGREES) .121OE-Ol f t /day 
NOWL COIIPONENT OF THE DARCIAN VELOCITY .1057E-01 f t /day 
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A Z  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUMWATER DISCHARGE ACROSS THE AREA .777640E+03 fta3/day 

fft.-t 

OUTPUT FROn PROGRAn UATOIS, Version 1.0 *  
t t 

l Programed by SK Uurstner, t 

B a t t e l l e  P a c i f i c  Northwest Laborator ies 
t Sep to l l k r ,  1991 t 

t t 

*- 

ECHO OF INPUT .------------ 
INPUT FILEWE: a:.jun89k40 .wo 
UJTPUT FILEWIIE: a: jun89k40. out  

TITLE: June 1989, a l l  wel ls.  k-40 
CWRDINATES OF POINT 1 EU- -61129.00 NS 86674.00 
COORUINATES OF POINT 2 EU- -60266.00 NS = 87865.00 
SATURATED THICKNESS AT WONT 1 50.0000 f e e t  
SANRATED THICKNESS AT POINT 2 50.0000 fee t  
PRINT CTPUT TO SCREEN NU 

GRWNDMATER VELOCITY (FROII WATER-VEL) .1370E+00 f t /day 
FLW DIRECTION (DEGREES FROn + X-AXIS) 102.29 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 102.29 DEGREES) .1507E-01 f t /day 
HOWL COMPONENT OF THE DARCIAN VELOCITY .1124E-01 ft /day 
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ftn2 
M L E  OF THE CROSS-SECTION (DEGREES FROn + X-AXIS) 54.07 

GRDUMDUATER DISCHARGE ACROSS THE AREA .826391E+03 f tA3/day 



t--t.mtcttmtnH-*ttnrn 

l OUTPUT FROn PROGRAJI WATOIS, Version 1.0 l 
t t 

t Programed by SK Wurstner, t 

l B a t t e l l e  P a c i f i c  Northwest Laborator ies l 
t September, 1991 t 

t t 

--'we* 

ECHO OF INPUT ------------- 
INPUT FILENAME: a: jun9lk60.wvo 
OUTPUT. F I L E M E :  a: jun9lk60.out 

TITLE: June 1991, a l l  wel ls,  k-60 
CWRDIWATES OF POINT 1 EW- -61129.00 NS - 86674.00 
CWRDIWATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN NO 

GROUNDWATER VELOCITY (FRM WATER-VEL) .3100E+00 f t l d a y  
FLOW DIRECTION (DEGREES FROn t X-AXIS) 88.34 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 1 . 3 4  DEGREES) .3410E-01 f t l d a y  
NOWL COMPONENT OF THE DARCIAN VELOCITY .1920E-01 f t l d a y  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROn + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .I41 197E+04 f tA3/day 

+++m.mP-----.--.W 

l OUTPUT FROn PROGW WATOIS, Version 1.0 l 
t t 

t Programed by SK Wurstner , t 

l B a t t e l l e  P a c i f i c  Northwest Laborator ies l 
t Septenber, 1991 t 
t t 

-t-nmrm-nmtm 

ECHO OF INPUT ------------- 
INPUT F ILEME:  a:jun90k60.*vo 
OUTPUT F I L M E :  a: jun90k60.out 

TITLE: June 1990, a l l  wel ls ,  k-60 
CWRDINATES OF POINT 1 EW- -61129.00 NS - 86674.00 
CWRDINATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN NO 

GROUNDWATER VELOCITY (FRM WATER-VEL) .2300E+00 f t / day  
FLOW DIRECTION (DEGREES FROn + X-AXIS) 97.42 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
OARCIAN VELOCITY (ANGLE OF 97.42 DEGREES) .2530E-01 f t l d a y  
NOWL COnPONENT OF THE DARCIAN VELOCITY -1737E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .127712E+04 f tA3/day 



ttmmmnnnm*tm--H+.-t 

+ OUTPUT FRW PROGRAn YATDIS, Version 1.0 + 

t + 
t Progrr rncd by SK Yurstner, t 

l B a t t e l l e  P a c i f i c  Northwest Laborator ies l 
t September, 1991 t 

t t ---- 
ECHO OF INPUT ------------- 

INPUT F ILEWE:  a:dec89k60.wo 
OUTPUT F ILEWE:  a:dec89k60.out 

TITLE: [kcember 1989, a l l  wel ls .  k-60 
COORDINATES OF WINT 1 EU- -61129.00 NS - 86674.00 
COORDINATES OF WINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN No 

GRWNDYATER VELOCITY (FRW YATER-VEL) .1650E+00 f t / day  
FLOW DIRECTION (DEGREES FRM + X-AXIS) 114.99 
EFFECTIVE POROSITY OF THE AQUIFER .1100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 114.99 DEGREES) .1815E-01 f t / day  
NOWL CMWNENT OF THE MRCIAN VELOCITY .1586E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FRW + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .116646E+04 f tA3/day 

*+---- 
+ OUTPUT FRM PROGRAn YATDIS, Version 1.0 l 
t t 

t P r o g r u r d  by SK Yurstner, t 

l B a t t e l l e  Pac i f i c  Northwest Laborator ies l 
t Septmbar, 1991 t 

+ t --- 
ECHO OF INPUT ------------- 

INPUT FILENAHE: a:jun89k60.wo 
OUTPUT. FILENAME: a: jun89k60.out 

TITLE: June 1989, a l l  wel ls ,  k-60 
COORDINATES OF POINT 1 EY- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 EY- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT WINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN D 

GROUNDWATER VELOCITY (FRM YATER-VEL) .2060E+00 f t / day  
FLOW DIRECTION (DEGREES FRM + X-AXIS) 102.29 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 102.29 DEGREES) .2266E-01 f t / day  
N o W L  CWWNENT OF THE DARCIAN VELOCITY .1690E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FRM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .124260E+04 f tA3/day 



Output files f o r  Varyinq t h e  Well Network 



.+wt* 

OUTPUT FROM PROGRAII UATDIS. Version 1.0 : 
+ 
+ Programed by SK Uurstner, + 
+ B a t t e l l e  P a c i f i c  Northwest Laborator ies + 

+ September, 1991 + 
+ - + n r m P  

ECM OF INPUT ------------- 
INPUT FILENAME: a: jun91-71 . w o  
OUTWT FILENAME: a: jun9l -7 l .out  

TITLE.: June 1991. minus we l l -  71-52, k-50 
COORDINATES OF POINT 1 EU- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 EY- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTWT TO SCREEN NO 

GROUNDUATER VELOCIN (FR(YI UATER-VEL) .3110EtOO f t /day 
FLOU DIRECTION (DEGREES FROM + X-AXIS) 96.96 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCIN (ANGLE OF 96.96 DEGREES) .3421E-01 
NORWAL COMPONENT OF THE DARCIAN VELOCITY .2328E-01 
AREA OF THE SATURATED CROSS-SECTION . 7  _ _  . .- . 
ANGLE OF THE CROSS-SECTION (DEGREES FRW t X-AXIS) 54.07 

GROUNDUATER DISCHARGE ACROSS THE AREA .171214EtO4 f tA3/day 

* - + e n  

+ OUTPUT FROM PROGRAII UATOIS. Version 1.0 
+ 

P r o q r m d  by SK Uurstner, 
B a t t e l l e  P a c l f l c  Northwest Laborator ies 

September, 1991 

..-m-----n-------rm*mr+m 

ECHO OF INWT ------------- 
INPUT FILEWE: a: j u n 9 0 - 7 1 . ~ 0  
OUTPUT FILEWE: a: jun90-71 .out 

1990, minus well 71 
EU- -61129.00 
EM- -60266.00 

POINT 1 
POINT 2 

NO 

86674.00 
87865 .OO 

f e e t  
f e e t  

GROUNDUATER VELOClN (FROM UATER-VEL) .2410EtO0 f t / day  
FLOW DIRECTION (DEGREES FRW t X-AXIS) 105.13 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES 

DARCIAN VELOCITY (ANGLE OF 105.13 DEGREES) .2651E-01 f t / d a y  
NORMAL COMPONENT OF THE DARCIAN VELOCITY .2062E-01 f t / d a y  
AREA OF THE SATURATED CROSS-SECTION .735400EtO5 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM t X-AXIS) 54.07 

GROUNWATER DISCHARGE ACROSS THE AREA .151630Et04 f tA3/day 



.ttmtn.tt+ntnn+tmmttt-tttttt.tmnt 

OUTPUT FROM PROGRAM UATOIS. Version 1.0 
t t 
t Programed by SK Yurstner, 

B a t t e l l e  P a c i f i c  Northwest Laborator ies l 
t September, 1991 
t 
*tttt-newt-nm-t-m-t 

ECHO OF INPUT ------------- 
INPUT F ILEWE:  a:dec89-71 . w o  
OUTWT. FILENAME: a:dec89-71.out 

TITLE: December 1989, minus we l l  71-52, b 5 O  
COORDINATES OF POINT 1 01- -61129.00 NS 86674.00 
COORDINATES OF POINT 2 EY- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 fee t  
SATURATED THICKNESS AT POINT 2 50.0000 fee t  
PRINT OUTPUT TO SCREEN NO 

GROUNDUATER VELOCITY (FROn WATER-VEL) .1760E+00 f t /day 
FLOW DIRECTION (DEGREES FROn + X-AXIS) 118.13 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES .---------------- 
DARCIAN VELOCITY (ANGLE OF 118.73 DEGREES) .1936E-01 ft /day 
NOWL COMPONENT OF THE DARCIAN VELOCITY .1750E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNOUATER DISCHARGE ACROSS THE AREA .128672E+04 f tA3/day 

t-tttm-tmt-n-n- 
OUTPUT FROM PROGRAM UATOIS, Version 1.0 

t t 
t Prograncd  by SK Uurstner, t 

B a t t e l l e  P a c i f i c  Northwest Laborator ies l 
t September, 1991 t 
t * 
n t . m v . t . r c r m P t  

ECHO OF INPUT 

INPUT F ILENNE: a: jun89-71 . w o  
OUTPUT FILEWE: a: jun89-71 .out 

TITLE: June 1989, minus w l l '  71-52, k-50 
COORDINATES OF POINT 1 EU- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN NO 

GROUNDWATER VELOCITY (FROCI UATER-VEL) .2050E+00 f t / day  
FLOW DIRECTION (DEGREES FROM + X-AXIS) 107.44 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 107.44 DEGREES) .2255E-01 ft /day 
N O M L  COMPONENT OF THE DARCIAN VELOCITY .1810E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTIW (DEGREES FROn + X-AXIS) 54.07 

GROUNDUATER DISCHARGE ACROSS THE AREA .133076E+04 f tA3/day 



U t t ~ m t t ~ H C C m H r n -  

OUTPUT FROM PROGRAM WATDIS, Version 1.0 
t 

t Programed by SK Uurstner, t 

B a t t e l l e  P a c i f i c  Northwest Laborator ies 
t September, 1991 t 

t t t . p - -  

ECHO OF INPUT ------------- 
INWT F ILEWE:  a: j u n 9 1 - 7 8 . ~ 0  
OUTPUT F ILEWE:  a:jun91-78.out 

TITLE: June 1991, minus we1 1' 78-62, k-SO 
COORDIMTES OF POINT 1 EU- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 feet 
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUfPOT TO SCREEN NO 

GROUNDWATER VELOCITY (FRW WATER-VEL) .2610E+00 f t / d a y  
FLOW DIRECTION (DEGREES FRGM + X-AXIS) 80.35 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
DARCIPN VELOCITY (ANGLE OF 80.35 DEGREES) .2871E-01 ft /day 
NORML COHPONENT OF THE DARCIAN VELOCITY .1271E-01 ft /day 
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t * 2  
PNGLE OF THE CROSS-SECTION (DEGREES FRGM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .934713E+03 ftn3/day 

-w 
OUTPUT FROH PROGRAM WATDIS, Version 1.0 

4 t 

t Programed by SK Wurstner, 1 

B a t t e l l e  P a c i f i c  Northwest Laborator ies 
t September, 1991 t 

1 -- 
ECHO OF INPUT -----.------- 

INPUT FILENAME: a:Jun90-78.~0 
OUTPUT FILENME: a: jun90-78.out 

TITLE: June 1990, minus we l l '  78-62, k-SO 
COORDINATESOFPOINTl EU- -61129.00 N S -  86674.00 
COORDINATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN NO 

GROUNDWATER VELOCITY (FROCI UATER-VEL) .1920E+00 f t l d a y  
FLOW DIRECTION (DEGREES FROH + X-AXIS) 78.69 
EFFECTIVE POROSITY OF THE AQUIFER ,1100 

CALCULATED VALUES ----------------- 
DARCIAN VELOCITY (ANGLE OF 78.69 DEGREES) .2112E-01 f t / day  
NORML CDMPONENT OF THE DARCIAN VELOCITY .8798E-02 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTIOW (DEGREES FROM t X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .646973Et03 f tA3/day 



+ + + + r m p * - . . . . . . - - . . . - - - - - - . - +  

+ OUTPUT FRCM PROGRACI YATDIS, Version 1.0 ; 
+ 

P r o g r m d  by SK Wurstner, + 
+ Ba t te l  l e  P a c i f i c  Northwest Laborator ies 
+ September, 1991 + 
t 

ECHO OF INWT ------------- 
INWT F I L W E :  a:dec89-78.~0 
OUTm FILEWE: a:dec89-78.0ut 

TITLE: Ihceaber 1989. minus we l l  78-62, k-50 
COORDINATES OF POINT 1 EW- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 EW- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 fee t  
SATURATED. THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTWT TO'SCREEN NO 

GROUNDWATER VELOCITY (FROM WATER-VEL) .1270E+00 f t / d l y  
FLOW DIRECTION (DEGREES FROM + X-AXIS) 74.83 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATE0 VALUES ----------------- 
MRCIAN VELOCITY (ANGLE OF 74.83 DEGREES) .1397E-01 ft /day 
NOWL COMPONENT OF THE DARCIAN VELOCITY .4951E-02 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FRffl + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .364101E+03 f tA3/day 

--+ 
+ OUTWTFROnPROGRACIYATOIS. Version 1.0 + 

+ + 
+ P r o g r d  by SK Wurstner, + 

B a t t e l l e  P a c i f i c  Northuest Laborator ies 
t Septeaber. 1991 + 
+ + --- 

ECHO OF INWT ------------- 
INPUT F ILEWE:  a: j u n 8 9 - 7 8 . ~ 0  
OUTPUT- F I L W E :  a: jun89-78.out 

TITLE: June 1989, winus we l l  78-62, k-50 
CWRDIllATES OF POINT 1 01- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 N- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN M 

GROUNWATER VELOCITY (FROM YATER-VEL) .1700E+00 f t / day  
FLOW DIRECTION (DEGREES FROn + X-AXIS) 75.82 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES 

DARCIAN VELOCITY (ANGLE OF 75.82 DEGREES) .1870E-01 f t / day  
NOWL CfflWHENT OF THE MRCIAN VELOCITY .6929E-02 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .509524E+03 f tA3/day 



t t m c . t ) . t . ) . ~ m r c c - + * t t m +  

OUTPUT FROM PROGRM WATDIS. Version 1.0 l 
t t 

+ Programed by SK Wurstner, + 
l B a t t e l  l e  P a c i f i c  Northwest Laborator ies l 
t September, 1991 t 

+ t 

ECHO OF INPUT ------------- 
INWT FILEWE: a:jun91-81 . w o  
WTPVT F I L M € :  a:jun91-8l.out 

1991, minus wel l -81.  
N- -61129.00 
N- -60266.00 

POINT 1 
POINT 2 

No 

86674.00 
87865 -00 

f e e t  
f e e t  

GROUNDWATER VELOCITY (FROM WATER-VEL) .2560E40 f t / day  
FLOW DIRECTION (DEGREES FRW + X-AXIS) 88.46 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES 
---*---------*--- 

DARCIAN VELOCITY (ANGLE OF 88.46 DEGREES) .2816E-01 ft /day 
NORML CMPONEHT OF THE DARCIAN VELOCITY .159OE-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .116960E+04 f tA3/day 

+mmm- 

+ OUTPUT FROM PROGRAM YATDIS, Version 1.0 
t t 

t Programed by SK Wurstner, t 

l B a t t e l l e  P a c i f i c  Northwest Laborator ies + 

t September. 1991 
+ t 

.*---- 

ECHO OF INWT ------------- 
INPUT F ILEWE:  a: j u n 9 0 - 8 1 . ~ 0  
OUTPUT F ILENAIIE: a:jun90-8l.out 

TITLE: June 1990. minus we1 1 81-58, k-SO 
COORDINATES OF POINT 1 N- -61129.00 NS - 86674.00 
COORDINATES OF POINT 2 N- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN M 

GROUNDWATER VELOCITY (FROM WATER-VEL) .2430E40 f t / day  
FLOW DIRECTION (DEGREES FROM + X-AXIS) 92.60 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES 

DARCIAN VELOCITY (ANGLE OF 92.60 DEGREES) .2673E-01 f t / day  
NOWL COMPONENT OF THE DARCIAN VELOCITY .1665E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .122442E+04 f tA3/day 



tt-*tmc.--tcm-*w*m*m* 

+ OUTPUT FROM PROGRAA UATDIS, Version 1.0 
t 
t Programed by SK Uurstner, t 

l B a t t e l l e  P a c i f i c  Northwest Laborator ies l 
t September, 1991 t 

t t 

ECHO OF INPUT 

INPUT F I L E M E :  a:dec89-81 . w o  
OUTPUT FILENAME: a:dec89-81 .out 

TITLE: Oeceaber 1989, mfnus we l l  81-58, k-50 
COORDIMTES OF POINT 1 EM- -61129.00 NS - 86674.00 
CODRDINATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED-THICKNESS AT POINT 1 
SATURATED THICKNESS AT POINT 2 

50.0000 f e e t  
50.0000 f e e t  

GROUNDWATER VELOCITY (FROM WATER-VEL) .2450E+00 f t /day 
FLOW DIRECTION (DEGREES FROM + X-AXIS) 96.38 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES 
----*------------  

DARCIAN VELOCITY (ANGLE OF 96.38 DEGREES) .2695E-01 f t / day  
HOWL CWPONENT OF THE DARCIAN VELOCITY .1814E-01 f t / day  
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNDUATER DISCHARGE ACROSS THE AREA .133403E+04 ftA3/day 

--c.rn-tttt-t 

l OUTPUT FROM PROGRAA UATDIS, Version 1.0 l 
t t 

t Programed by SK Uurstner, t 

l Bat te l  l e  P a c f f i c  Northwest Laborator ies l 
t September, 1991 t 
t t 

t t r c c t n m c ' * - w c r t r + t t  

ECHO OF INPUT ------------- 
INPUT FILENME: a:Jun89-81.~0 
OUTPUT FILENME: a: jun89-81 .out 

TITLE: June 1989, minus we l l  81-58, k-50 
COORDINATES OF POINT 1 EM- -61129.00 NS - 86674.00 
COORDIHATES OF POINT 2 EU- -60266.00 NS - 87865.00 
SATURATED THICKNESS AT POINT 1 50.0000 f e e t  
SATURATED THICKNESS AT POINT 2 50.0000 f e e t  
PRINT OUTPUT TO SCREEN NO 

GROUNWATER VELOCITY (FRDH HATER-VEL) .-2660E+00 f t /day 
FLOW DIRECTION (DEGREES FROW + X-AXIS) 92 -30 
EFFECTIVE POROSITY OF THE AQUIFER .I100 

CALCULATED VALUES ----------------- 
OARCIAN VELOCITY (ANGLE OF 92.30 DEGREES) .2926E-01 f t / day  
NOWL CDHPONENT OF THE OARCIAN VELOCITY .1811E-01 f t /day 
AREA OF THE SATURATED CROSS-SECTION .735400E+05 f t A 2  
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07 

GROUNDWATER DISCHARGE ACROSS THE AREA .133148E+04 f tA3/day 
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