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Summari“

Dispersion of a conservative solute which is introduced
as a pulse in the recharge well of a two-well £low system |is
analyzed using the generai theory for longitudinal dispersion in
nonuniform flow along streamlines. Results for the
concentration variation at the pumping well are developed using
numerical integration and are presented in the form of
diﬁensionless.type-curves which can be used to design and analyze

tracer tests.

Application of the results is illustrated by analyzing
the preliminary tracer test run at boreholes DC7/8 on the Hanford
site by Science Applications, Inc., 2 subcontractor to Rockwell

Banford Operations, in December 1979..
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The objective of this analysis is to describe the tracér
concentration which evolves in the pumping well of a two-well
(pumping-recharge) flow system (see Figure 1) when an
instantazneous pulse (slug) of conservative tracer‘is introduced
in the recharge well. The streamltn; éaétern for steady £flow in
a homogeneous confined aquifer is used in conjunction with the
géneral theoretical results of Gelhar and Collins (1971) for
longitudinal dispersion in nonuniform flows. With & pulse input

their general result for the concentrztion (Equation 25) is

,. = -—’-?.L__.___ - ra |
e(s,t) UG — exPC 12/4-0(60] (1)

s = distance along streamline
t = time

€ = longitudinal dispersivity
7= USH-T

S
T(s) = de/CL(S) , travel time to s
Sg = .

S
W (t) --sf ds/[ws®

§(t) = mean location of the pulse at time t
u(s) = seepage velocity
m = mass of tracer per net area of aquifer injected

at s = g, at time t = 0

Equation (1) is applied along each streamline identified by the
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value of the stream function“; therefore the velocity u depends
on¥ and as a result,T(s,¥ ) andw(t,¥ ). These flow integrals

can be evaluated either analytically or graphically as described
in the next section. The coefficient m/u(s,) in (1) is evaluated

by noting that at the recharge well
uls,) = Q./C2wrn,nk) .-

Q,. = recharge rate Umﬁ!ﬂ]mmﬁmﬂ@m
i = well :'adius : @@}‘PW

For THIS COPY WILL NOT BE

REPLACED AND MAY BE
= effective porosity CHANGED WITHOUT HOTICE

n

H = aquifer thickness

m = M/2¥r nH

M = mass of tracer injected

n/u(s) = M/Q,

The concentration in the pumping well is found by
calculating the flow-weighted concentration as the following

integral:

Cu= 2 f%?ﬁ@@mw}"’z 2 (2)
e xp[~(T- 1)/ 44 w] 4y

vhere f = Q./Q. 1In this integral the flow integrals T and W

depend on the stream function,¥.

2. EVALUATION OF FLOW INTEGRALS AND WELL CONCENTRATION
For the case of equal recharge and discharge rates (p = 1),
the integrals for T and & can be evaluated analytically from the

velocity variation along a given streamline. The details of this
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analysis are given in Appendix A; the results for T and TYYHoUTNoTICE

Y

given by (A3) and (A4) expressed in dimensionless form as . )

A : . — A | 2
Q('{‘):: Q Tor bCSJ‘P): C—f—%) % (3)

hHLZ !

" where Gy is the travel time to the pumping well. The well

concentration is evaluated using tﬁese dimensicnless forms and
the variable of integr'ation ‘?’ = ‘{’/(b&/zﬂ) . Then, for the upper
half plane in Figure 1, the flow from the recharge well is
represented by the range OS‘?{I . Furthermore, the concentrztion
will always be zero for the streamlines with \;: > 1 because

lateral dispersion is neglected. Then, using (3) in (2),

t & /7
Q exp[=(a-T) /4'eb] do
e NHL® (4T e b)’z'

Cw':-'-gf-

po il | ! eplaiech] o

™ Fz0 (QTrEDL)V2
&t - X
T=uhe > €710

The integrzl in (4) was evaluated numerically using a2 and b from
Appendix A; a listing of the computer program is included in
Appendix C.

For the case of unequal flow T and W were determined
graphically from a2 flow net constructed for the case & = 2/3 as

described in Appendix B.
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The limiting result for no dispersion in (4) is found by

noting tha.t., as € - 0, ﬂ[{lﬁ'@%&ﬂﬂ@m

expl- (@ -T)/4eb] CORY
=E (4dTre 5)) Y2 -+ 5 (a "T) THIS COPY WILL NOT BE

REPLACED AND MAY B
CHANGED WITHOUT NOTICE

where § (x) is the Dirac delta function. Changing the variable of

integration to a('?l), (4) becomes .

‘w2 T > ace)
= S@-m 4;2 da = 2“ asT J (s)
alo) T & a.(e)

The function a('«p) is simply the dimensionless travel time to the
pumping well along a given streamline ‘1‘5; the general form of this
function is shown in Figure 2. The non-zero portion of (5) can

be evaluated by taking
d® _ .4.&)"
da

: A
and €(T) is then determined by taking T = a(\?’) and da/d«\i" @.‘

where ¢‘ is an assigned value of ‘T’

3. RESULTS

Numerical evaluation of the concentration in the pumping
well as given by (4) was carried ocut using the computer program
listed in Appendix C. Several runs were made to test the effects
of model parameters and approximations. The results zre listed
.1n tabular form in Appendix D. '

Figure 3 shows a comparison of the graphically based
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equations from Appendix A. The excellent agrebment &SUNMBNUOEYIEs

the adequacy of the graphical approximation with m‘= 1l in (B2):
that value was used in all subsequent calculations. Figure 4
illustrates the effect of using the approximate form of (B2):
some difference is observed at lower concentrations for the rising
limb of the curve with the large valile of € = 0.2. For smaller €
the differences are geherally smaller, as shown in Figure 3. The
effects the increment &¥ used to approximate the integrzl in (4)
are illustrated in Figure S. When € = 0.0l1, the larger 4P= 0.05
produces oscillations in the tail of the curve, but these are
eliminated when AP = 0.01; for € = 0.2 the results are
non-oscillatory when 4% = 0.05. Gene:allf the oscillations are
eliminated if AP<e. .

The overall results are summarized in Figures € and 7;
the unequal flow case (Fig. 7 with p = 2/3) corresponds to the SAI
tracer test of December 1979. These results show that the
dispersion parameter € =¢K/L affects the rising part of the curve
and the peak but not tﬂé tail. This point is further
demonstrated by the behavior the non-dispersive solution using
(S) and (A5) as shown in Figure 6. This shows that all of the
results approach the non-dispersive analytical result for large
time, and further demonstrates the adequacy of the numerical
procedure. Generally, the breakthrough curves are characterized
by a steep rising limb and an eléngated tail as shown in the

linear plots of Figure 8. The log-log plots (Figure 6 and 7) are

11
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4. APPLICATION METHODOLOGY

The procedure for interpretation of tracer test data
using the results of the above analytis is illustrated by
analyzing the test conducted by Science Applications, Inc.
(SAI) at DC7/8 in December, 1979. Since some of the
conditions of that test were not fully defined, the results
of this interpretation are considered to be preliminary: this
example is present primarily to illustrate the procedures
which can be used to znalyze such tests.

The SAI test was :eanalyzea using the type curves in
Figure 7. The flow rates for the test were estimated using the
average rates implied for the period 15:13 - 23:00 in Table G4 (p.
G-38, SAI draft report): Qp = 2.31 gpm (injection rzte) and Q =
3.42 gpm (pumping rate) or Q./Q =BT 2/3. Based on these rates
and estimates of the volume in the borehole flow conduits and
connecting plumbing the following travel times to and from the
test horizon were estimated:

time down.iﬂ injection well = 153 min.

time up in pumping well = 258 min.
These times were subtracted from the observed times to give the
actual elapsed time since the tracer entered the formation.
Also the elapsed time was corrected to correspond to a constant

punping rate of 3.42 gpm based of the actual metered volume in

17
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data points in Figure 21 (SAI draft report) we _1nt%ggbw%@H”mx

the estimated background of 20 counts subtrazcted; the corrected
data are shown in Pigure 9, a2 log-log plot of the same scale
(K&E 46 7323 2x3 cycles) as the dimensionless type-curves in
Figure 7 for & = 2/3. Overlaying the datz on the type-curve,’
we £ind a reasonable fit for € in thé range 0.02 to 0.05: using
€= 0.035 =&/L and L = 56 ft., the indicated longitudinal
dispersivity is |

oL= 0.035(56) = 1.96 ft.

Matching the time scales in Figure 9,

T = 1 = Qt/nE¥, t(hours) = 1.18 hrs
vields the effective thickness

ol = Qt/IF = 0.0105 ft.

The data in Figure 9 seem to show some systematic
departures from the theoretical type-curve. This could be a
reflection of experimental ambiguities such as the following:

1) The background concentration is not clearly

determined and small changes in this level could

drastically alter the low concentration parts of the
curve.

2) Unobserved flow rate variations during the pericd

that the tracer was passing the sensor would distort the

shape the curve. '

3) Uncertainty about the volume in the connecting

conduits could introduce errors in the travel time

correction and alter the shape of the curves.

18
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zone does not behave as a homogeneous, constanf thicknemsournonce

The differences in Figure ¢ could also indicat

v

aquifer. If other sources of errors were eliminated, departures
on the tail of the curve would be diagnostic of that possibility
because that part of the type-curves ils determined sélely by
convection; i.e., the trayel time d{st;ipution.

Calculations for the SAI tés; were also made using the
approximate method deQeloPed in Appendix H of the SAI draft
report. From Figure 9 the peak time ﬁ = 1.5 hrs and the time to
rise from one-half of the peak is t = 0.45 hrs. Then using
equation (15) of Appendix H with F = 0.202, G = 0.0488 (g = 2/3)

& (2t

L~ 2l G t

= 0.0271

= 1.52 ft.
and from equation (14) with Q = 3.42 gpm,

0t
A 2TIEF

= 0,0103 ft.

These results show good agreement with those from the type-curve
approach and indicate that the approximate method in the SAI
report is reliable. 'Of course, the type curve methed has the
advantage that it uses the complete breakthrough curve.

The type-curves of Figures 6 and 7 can also be used to
design tracer tests: using estimates of €= &/L, the actual
concentration level that will result from a given mass of tracer M

can be determined in terms of the effective thickness nH and the

20
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S. COMMENTS AND RECOMMENDATIONS

These results demonstrate the feasibility of the two-well
tracer test with a pulse input as a method of determining
effective porosity and dispersivity. This type of test has the
advantage that the shape of the breakthrough curve is very
sensitive to the dispersivity. Th;s ie in contrast to the more
freguently used step input (Webster et al, 1970; Grove and
Beetem, 1971: Robson, 1974; Mercer and Gonzales, 198l1) in which
dispersion affects the shape of the curve only in the initial low
concentration portion of the curve. . .

The type-curves developed here provide a simple method of
designing and analyzing two-well pulse input tracer tests.

The method of analysis used here presumes that ¢¢/L is
relatively small; results in Gelhar and Collins (1971) indicate
that the method should be reasonably accurate for &/L < 0.1. If
the method is to be used for larger values of ¢t/L, some
comparative testing with numerical solutions is suggested.
Bowever, it should be recognized that, under those conditions,
(large &/L) other factors such as displacement dependent
dispersivity and npn;rickian effect (Gelhar et al, 1979) may
complicate the interpretation. Also, transverse dispersion is
neglected in this analysis; this assumption .is reasonable for
small ¢£/L because then the dispersion effect occurs primarily
along the more direct streamlines for which the fronts will be

nearly perpendicular to the streamlines. For larger &./L the

21
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dispersion effect along a wider range of streamliné; becomes
important; numerical testing would also be required in this case.
When /L is large, a finite difference or finite element solution
should be routine because 2 relatively coarse grid could be used.
The type-curves for the pulse input can also be
used to treat other inputs by convo%ytiqn. ‘In particular, this
would apply to recirculating tests in which the pulse is routed
through the aquifer séveral times. This aspect is important in
the Hanford tests because analysis of the secondary peaks would
provide a check on the borehole travel time. Some preliminary
work has been done on numerical convolution of the pulse input
results. It is recommended that this be developed for znalysis

of the Banford data.
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APPENDIX A -
‘tandw for the Equal Flow Case

When Q = Q. it is easily shown that the streamlines are
circular arcs. In that case the flow is conveniently described in
the polar coordinate system shown in Figure A-l. The piezometric

head h for steady flow in this system is

he oo I (G/R)" ' INEORMATION
"f'”* BOPY
THIS COPY WILL NOT BE
Tr = transmissivity aﬂf&?ﬁiﬁ?ﬁmﬁ&

L= (x +L)L + y*, x = =R sin?
¥ = (x =L R +y* y=R cos/ - B
and using the Darcy eguation, seepage velocity along the

streamline is

ooe - K@ [t o
Y ° T RHRIF T ZgnAR o r'z w

After extensive algebraic manipulation, this reduces to

248 s
G- TRH L {cos = C0sP)

(Al)

Using this velocity in the travel time integral

t:ﬁili-.-. Y’Eﬂ
3, WS =4 Uy

nlll—z T 5mY+.<;m ) es
é ZSnfﬁ( $- )

(p2)

24
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o P= Pl

FIGURE A-1. POLAR COORDINATE SYSTEM FOR THE
- EQUAL FLOW CASE.
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When & =¢, (a2) gives the travel time to the aumping" m%sfa

A T
= GY T g derf)

Equation (A3) gives the dimensionless travel time between the
wells as a function of @: this result is used for a in (4).

Similarly, the® flow integral is evzluated from (Al) as

: S"
W= ds 5 (HHL") 5(F, &)

b 4= [i’fb ; %Wiws? . s»‘ui a.<.4 (a4)

= 2eesd(sinT s )T Hd) e |

Here 4 indicates the position of the pulse along the streamline
corresponding to ¢ <P . At given time the position ¥ is
found by solving (A2) for J =J when T = t; this is done
iteratively using the program listed in Appendix C. When PR $
the pulse for a given streamline has moved into the pumping well:
in this case W (or b in (4)) was calculated from (A4) using 7 = é

If dispers}oh is neglected, the concentration is found

from (S) using (A3) to £find d¢/da-/a=7‘ :

q .. ~ - “ . .
%— 3172'&?” CO'FW+27739’5561'?'¢ c,e‘fzﬂ'q, + 173,{_, CSC\L"T@

(AS)

26
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The concentration € is then found by assigning valdes of \3

between 0 and 1, calculating T = a from (A3) and d@/da from

(AS5).
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The flow integrals T and & can be determined from a
graphical construction of the streamline pattern. This approach
is necessary in the unequal flow case where the analytical
description of the flow field is very complicated. The
streanline pattern for Q./Q = B = 2/3 (see Figure 1) was
cpnst:ucted by standard superposition of the ray streamlines of
the appropriate source and sink strength. If each streamtube has
a flow Q, and width w(s) as a function of the distance along the
centerline of the stréamtube, s, the velocity is

u(s) = Q /(n H w(s))

and then the flow integrals are expressed as

?'-'S.%:%g&v'cés

W= %.‘%_:: %)LSU‘T”'G{S |

These integrals were approximated by measuring the width of the
streamtubes at intervals As along each of the st:eamtubes and
summing the appropriate quantities (wds or wZ4s). The integrals
were evaluated foz: each streamtube for intervals in \?'cf 0.1 at

the pumping and well normalized as in (3). These data for a.(\'{;) and

b(\l?') at the pumping well were then fit to polynomials of the form

¢
lna= & a,,q‘:"‘ (B1)
Wzo
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These expressions were then used in the integrations of (4) to
find the concentration in the pumping well. Note that (Bl) gives
only the value of b at the pumping well, bw' In genefal, b
will increase with time as the pulsé‘#péroaches the well along a
given streamline; this behavior was represented in the form
Gra)", Tsa
b/by, = { ?

(B2)
( )y T24 .

where m is a positive exponent to be specified. a and b from (Bl)
and (B2) were then used in (4) to find §&.

In order to evaluate the above graphical procedure, the
flow net evaluation was done first for the equal flow case B =1
and the resulﬁs were compared with the exact znalytical épproach

in Appendix A.
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WELL .FOR. 156

This proaram calcujates the concentration (Cw) of
tracer appearing In a well as a tunction of the time

" elapsed since the tracer ¥as pumped down another well,

The user §s askxeg to supply several tnitializing parameters,

and the values of T (tine) desired, First, the a l-purgose patameter

egsllon (vhich accounts for dispersion etfects) is inpu
Then, youv are asked to Input the last value

of psi and the Increment of psi to use, (Psi

has somethtn? to do with what direction the tracer s

coming from, Using a smallier delta psi can he more
accurate, and definitely takes lonqQer, (He are anrroxlmatlnq
an inteqgral here, §0 usinn smaller steps tends to he more
accurate, Good results are obhtalned in A reasonahle amount
of time with dpsi bpetween 0,05 and 0.2 (use smaller dpsi

for smaller values of epsilon,))

The output of the proqgram, a table of values of time (T)
and concentration (Cw), ¢a3n be sent either to a file
(tor turther pracessing, plotting etc,) or directly to

the line printer,

For each value of T, a sel of values for the parameter Y

must be tound, You can. choaje from two meth?dsz ‘Exact’

(eaual flow onlyl) which analxt cally determines y (a

function ot psi and T); and °*Hice’, iIn which Y is set to )
(T/a)sam where m 15 3 user=supplied constant, (usunally t,0) ,

Rext, the program asks how to get the magic sets of values

B, used in the concentration integral, For the equal

flow case, these can be found directly as a simple analytical
function of psi, 1In nn?oual tlow problems, however, these

valnes cannot ve determined exactly, so you must supply instead
ffve coefticlents for a polynomial approximation to the énnctions,

>
&
b~

Mow that Infitjalization 1s completed, Lhe program will read in
values ot T fran the terminal ana calculate and dfsplay Cw,

When A negative T 15 inbul, the praojram «#iLl) write out the results
(on the printer or to a !l{e cavied Tanle,dAat) and stop, To jook
at the A and B values, or to see T and Cw tn nore stanificant
tlaures, Yau can Inok at the flles A.dat, h,aat, Cw dat, T,dal,

respectively,
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Inftialize useful varfables and open output files
FIkES u§soi

«dat: A values

g.dats B values

Cw.,dats calculated Cws

T.dact: T values Input by user

H.,dats temporary storage of Hs
real last,m
double precision gl
dimension a(og4g. (0:4) ;tlaq(z)
open(unit=3o,file=’t da gaccessa’seqout’) ¢ store results here
open(unit=37,fl1ea’cw,dat’,access=’seqout®) | for table
pl = 3,14159265350970)

1 « §] counts numrher of Ts supplied

fnnum = =

£L0-11-1Mm8-as
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Read in user-supplied parameters

write(S

tormat(ﬁsa‘lnput epsilont
read($

tormat(t6 4

find out wvhat range of psi values to use

write(5,3)
tormat(tS.'!nput
read(5,4) tast,dp
tormat (3(t6.4))

step evenly, starting at stepsize/s2

first = dpsi/2
(last~f{rst+dpsi)/dpsi § how many values of psi

. 8)

1a st psi, and delta psi: *,8%)
S

nunmber =
Qutput, in table torm. can go elither to a file or to the
line printer, Here ind out wnich is desired, and open
the apopropriate aevice as unit s,
write(5,13) 4
format (t5 *vihere do vog HAnt the output to go?’,/,tt0,
(0=¢flle f=pr1nter)z
read(s,6)4ans
ft((fans,it,0).,0r ., (fans,gt, 1)) oto 40 ! IQnoro Invalid response
lt(lans.eq.b; opentunit=38,¢f11e= tahle,d .access:'segout') :
jftlans,eq,.! openlunlt =3B,device=’]pt’,access=’seqout ;L
Y can be calcnlated in two wayst a nice, simple method

(using a user=-specified fudge factor): or a more complex
exact method (which wofks onlY tor the equal flow case),
Find outl which methad Is required and set a €tanq, It the
nice process §s to be used, read In the tudge tactor nowv,

lte(5,14)
( ¢+ "Exact or nlce values tor y?*,/,t10,

act .l-n ice)}:s “,8)
yt138 set fytlags 0 exact, | nice
) of, (lelaq «at.1)) qgoto 89 ! bhad response
eq,0

goto S0 ! exact, no fudgye factor
input fudge factor M: *,8)

Neng enpnry o g
-

0 (D Y oy P

e ’Exact or ,curve fit vojues for a?’./.tto0,
xactk I;tlt) *e8)
ans

t,1)) goto S50 !t
(number.fl st.dn
rst,dpsti

p
A1l the
umber,firs 0 ip

a( racedure

o e orh €

gnore {nvalid r
si,pi,1f1aa(}))
siflaa(l),a)

P men
0D
¢ D
- 2 tA
~ye

QD
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write(s5,7)
formac(tS, ’Exact or ,curve fit values for b?°,/,t10,
(0zexact,i=fit): “,8)

ead(hb,6) ans
f((f{ans. lt.o).or.(ians
t§ ans.eq,0 ; call Rexac
tlians.eqot call BElt¢

?t «1)) goto 60 d response

4
(number ltlaq(?
number.t rst,dos

»
i 19
] }:

write(s

tormat((S.‘ro stop, input a negative value for t*)

MALIN LOOP:
Keep calculating unti) a ne?ative t 1s input,
storing values of t and cw In data tiles

write(S, ).

tormat(tS,°t = *,8)

read(5,10% ¢ . )

format(£21,10)

fnnum = innum ¢+ 1 § increment counter
write(36,10)t 1§ write t to file

as soon as 3 negative t is input, call a routine
to print the results and lermlnafe

it (tigsso) call output(eps,dpsi,tirst,last,innum,1f1ag,a,b,

get y values for this t

1t (iyflag, eq.1) Call Ynice(number,m,t)
if (l¥tla9.eq.0) Cal} Yexact(flrst'dﬁsl,number' ;pl)

Here we finally call the routine to get’ the
number we are atter,

result = Cw(t,d sl.number'ploen 5)
Prite(37,10)rasnit’ | Arite Cw ta tlle
write(S,11) result ! and Lermlnnl

£0rmat(£10,°Cw = #,£9,5)

goto 70 ! loop torever unt i) negative t is tnput
end { ena of mafn program
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Subroutine Aexact(number,first,dpsi,pi,if})

This routine calculates values for the parameter a
using an exact equation. The AS, one for each value
of gsl used, are written to £ile a.dat for use later
he proaram, The nser 5pec1tles whether this routine’
sion *Af)t’ 13 to pe used, Note

or the approximate, vsr
that the exact method works ONLY for equal flaw problems,

inftialize vartables and open output file
double Drec!s on

open(unlt 33 lle: ? dat’ ?ccess-'scqout ) ! open data file
itl se tla? ndica£ na exact method
psl = tlrst ! inttinllize psi :

loop through all values of psi, calculating an a for each
PR ‘i')"}i‘b?'u’- "‘;‘,‘,'23',“.’(‘{“,‘,‘1‘533'{2("3 (P1ARS1)/51n(PLAPSL)Y)
asp sin(plieps - cos(pinps sin *p
write(3l 5)a write {t to Lhe f11 P
tormat(fil.lo
pst = psi + dpsi fincrement psi
cont inue
close(unit=33) § close file
return
end )

££0-11-1M8-0S
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Subroutine Bexact(number,if),first,dpai,ptl)

fexact gets values for b with an exact equation,
Bs are Written to the tile p.dat for later use.
Plag *1t1’ 135 set s0 the output routine Xnows that
exact b values were used Remember, the exact
method Can be used only tor equal flow,

' donble preclslon phi,b,pl

11 i frag: exact values

opcn (un t= 3 efile=’b.dat”’ ,access='seqout ) § open bh.dat
loop: get a b; write §t out

einber

frst+(1=1)0ndpsl) | phi = psispl

h;-!;coa(phl)ﬂsin(phl)02*pn1*(cos(nhl))*&2)

)
8)! oatput b to file

£20-11-1M8-as
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subroutine Afit(number,first,apsi,ifl,a)

This routine ogens the file a.dat and calls

the routine °Fit’, which coes a polynomial curve
f£it using user-sugplled coefficients, The five
coefficients are assed back up to the mafn program
ifn the array *a’, and flag i£f1 {5 set to indlcate
the use ot approximate values,

dimension a o:dl ! coeftlcient array

open (unit=32,t{les‘a dat’,access="seqout’) | open output file
{tl =1 | {1ag approximate a vajues

call FitCnumber, first,dpsi,a) ! cdall routine to generate As
close(unit=32) ICIGan up

return

end

Subroutine Bfit(number,f1rst,dpsi,itl,b)

This routine §s identical to Affit, but the file b,dat .
ts opened {nstead of a,dat, Coelilclents are returned in

the array lb'.
dimension bsoza) { array Lo hold S coettgclents
open(unit=zl2,fi1e=’b,da ’{accessa'seqout ) ! output to b,dat
ifl = $ flag approximate b values
call Fitt(nwmmber,first,dpsi,b) | qget b values
close(unit=32)
return
en
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Subroutine Fit(number,first.dpsi,c)

Fit reads in 5 coefficients and uses them to
either a or b, depending on vwhether it was ca
or Bfit (in the flrst case, data goes to a.o0a
second, b.,dat), 7The varfable ¢ 1ls equivalent
a or b, vwnhichever {s appropriate,

Pt |
e oD

‘dimension c(P34) § array of curve f£it coetficients

do 1D 1=0,4 ! qget them one at a time
write(S,1)
tormat(‘.S.'lngut a coetficient”’)
read(5,2) ¢(1) ! read one in
format(fn,4)
write(5,2) cec1) twrite 1t to the terminal to contirm
cajculate ¢ and write it to file
unit 32 has been opened by our caller
as the correct output file (a,dat or h.dat)
psi = first ! go through all psis
do 3 1 = t.number
temp = 0
do 4 n = 0,4

the coefficients are tor a polynomial fit in
psi squared

temp = temp + c(n)epsisn(2xn)

the natural 1log of the data was used to determipe
gggt lg!cnts. S0 we must take the exponential of
re

result
write(d
format (
psi = 0o
continuy
return
end

1}
X
)

{tem ) ’
8§u1€)! write to a,dat or b,dat
p

t
p
r
ol
+ dpsi

[V}
3,5
£21
51
e
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Subroutine Y¥nice(number,m,t)

Here we calculate y valUes with
(uslng only a and a user=-supplie
ve write out not Y ftself but 3
The w values are put {n (guess v

sleazy=but-nice formula,

d fudge tactor)., Actually,
close relative W (=hsy),
hat?) w,dat,

define variables and open usetul data files

1

f eg‘n.dat',access='5eqln‘)
£ e=’b.dnt'.access='seqln’;
file="w, dat’,accesszs’seqout?’)
agt approximate y values
rt!t 1y for each psi

ad‘!n a

is tundge factor

write(
continuve

tidily close all files...

clnse(un}t=33
close(unit=34
close(unit=35
return

end
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Subroutine Yexact(first,dpsi,number,t,pl)

This routine gets exact vglues for Y Eand w)
using a rather messy equation (equa lovw only),

define variables and open files

‘doub}e precision phi,templ,temp2,v,0amma
open(unlt=33.tl1eg'g:date'5¢cegs§'§gqtn’ t a values
open{unit=34,flle=’b,.dat’,access=*seqin’ b values
open(unit=35,tile=’w,dat’,access="seqout®) ! put Hs here
1£1 = 0 ¢! flag exact y values
Do 1 § = t,number | loop thraugh all psis
read(33,2)a { get a :
read(ja,2)b ¢ and b
Rt et camt)ndpst) | phi = piwpsi
= rste(l- 3 =
1?((!13).9!.1.0)00to 995 L Spaglal case? w=b
fnvoke function to find gamma, used in
calculating v (w)
gamma = Gappr(phi,a,t) _
templ = ((gammaonhi)/2+(sln(?amma)ncos(?amma 72)4s5in(phi)»
cos(phi)/2 = 2ucosi(phiin(sin{gammal+sini{pni))e(gammasphid»
: cos(ghl)*ﬁ?)
temp2 = pl~*2/;2nsln(phl)tn5)
w = tcmgl*temp
3°E°n'° 0 '
1t (w,1e.0,001)w = 0,001 ! ugly things happen 1t w = 0
wrtte(35,2)n § write to w,da
continve { get npnext w
return
end
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Function Gappr(phi,a,t)
returns an approximation to gamma

Function Cw(t,dpsi,number,pi,eps)

Approximate the integral for the concentration Cw
go:b%e preciston temp,c,pi,%,aaa
open(unlt: 3.tlleE:a.dat:.accessz:SQQIn:;
open(unit=34,fil1e=’b, dat’,access=’seqin

opren(u 35,flle=’w dat’,access=’seqin’)
1 sDumber

~y
o
¥
Q.
-~

7 ) e

|
a
’
.
’
f
e

T D e wrres )]

t
2
2
2
2
X
d

tA »me
=
-~
1 X+

«t)nu2, / (4,nepsnw}))
MPISQrt(4.'DI*ensuw)

oubla greclslon gamma
14t = t/a
iIax = 0
= 2%01df ~ 1
t(abg;oldx-x).lt.0.000t) goto 20 ! close enough vet?
= phirx ;
= (sin(phi)+¢sin(g)=-(phitg)xcos(phi))
{5!(sln(phi)-nhlucos(ohl)?;
X = X
= x + (oldf =~ £)/2 § get new x
oto 10 ! check again
agpr = phisx
return
end
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Subroutine Output (eps,dpsi,first,last,innum,1£1ag,a,b,m,
iyflaq) _

utput prints the results in a table, either
na file (table,dat) or on the line printer
dimens n ftia 1 Flags for a € bt exact or approx
.dimens a(ogﬁng . coe?!lclents pe
dlmenslon b(04) ! b coeflticients
open files with results
close(unit=16)
close(unit=)7)
open( unlt:! dile=7t, dat’,access=’seqin’ g
open(unit=37,flle= *cw.dat’,access=’seqin’)
unit 38 has already been opened as elther
table.dat or ‘Lot
Display the parameters input by user:
write(3dg.1)eps,dpsi first, last
tornat(/’/.le:'gpsllon = ‘ R.A,5%,°dpsl = *,£8, 4,5%,
o et (pe1 2% 804, axs s1asl p31°="%,£8,4,7,t10)
{f exact a § h values, S5ay so0
}t(ltlag(l eg oN) wrltetas 5)
ormaf(tlo act a values®
1£(lflao(2 3€.0) wrltotsﬂo
tormat(t10,’Exact b values’ )
i1f curve tit was used, print coettlclcnts
1t(iflaa(l),eq.1) write(i8,7)(a(l
format(ci ’AQCoeftlclents arel 2'4 tiﬂ 4,2x%))
lt(ltlag(2) eq.1) write(18,8)(n(}) .1 0 )
format (€10, B coefticients are? fn 4¢2%))
tell how y was calculated
lt(lvfla? .09 o)write(38,10)
format(t o. ﬁxact y valnes /7
1t(lv(la? Aiwrite(38,11
tormat(tio, Aoproxlmate Y values. miss ‘.,f0,4,/7/7)
print header for table
wrlte(JB.Q)
format(tdt, T ,12x%x,°Cu’,/)
read in t and Cw (rom t,.dst and Cw,dats
write them ont together
do 2 5 = t,innum ¢! innum = & of TS supplied
read(36,4)t ! get
tormat(£t21.10)
read(37,4)cw ! get Cw -
write(38,3)L,cw } make table
format (25x,fH,4,5%x,£8,4)
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continue

execution stops here
stop ‘Hydrology is all wet,’

end
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epsilon
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0250
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« 0500
1,0000
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»2000
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a values
h values '
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epsilon =
beta
Exact
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last pst

. 0050

v
-

first psi

«0100

dpsi =

«0100

1.0000
a values

F.xact b values

eps{lon =

heta
f.xact vy values

Exact

SD-BWI-T1-073

Tab. 4

INEORMATION
BORY

THIS COPY WILL NOT 8E
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

COoCSLCMOmOUNR I SORCLON Q= NQ e = SO B IO =ONT
ORI T et QU e O T O™ O IO~ (NI M) M Qo O Meom D N o=
) SOCOOTomma@mMmNS TUTONINCMOMT T QUGN T M NN o ot on o ot
COCCCCCTCANIMTVINNININICTAINNNEm QL CT CTCCCTSCCS
€6 8 C 9 88 00 0000 00 0 0 00 0 06 0P 80P E S SGSU PGS EE GOSN

ClC OO O OO COUCLCOCRLLOCCCORCCCCCTOISCSS

COCCOCCOCOCLOLTOTCLOCODECCCOCOCCECOCLCCCCCSCCCe
CCCCCCOCOCTCCCCOCOTOCCoCOCCOCTS=CesScSoScCe

B OCCCOCCOoNANCNOVICVNICCCCORCRCCOCoCOTOTCTTS
NI QT OAQ C e NNMTNOFRQRAC IS ICICNAC NSNS CC

G 8 S8 S8 09000000900 50000820000 0e0esOCeO O oD
COOISCOTOCSOemw - mon e (NNMMT TINMBC L CAnC

- -

48



last psi = ,9700

first psi = 0100

»0200

dpsi =

epsilon = 0500
beta = 1,0000
F.xact a values
Exact b values
Fxact y values

SD-BWI-TI-073

Tab. 5

INEORMATION
BOBY

THIS COPY WILL NOT BE
REPLACED AND MAY BE
CHANGED WITNOUT NOTICE

CLOTOINIINIMUNS S suM™MA NS M AR TN T M= S NIMS S RM O™
CECNCTAOMU T ONTNOLCNNOC DT TNO MM COMOROUIM o=
OSSNSO NCMAQ=NM M M e @ I NS UL ONTHO U M NN N o ot om0t 0w
CCTOCCC =memNANMMM@IPEMNNNmmeweaeC CCCTaLCCCCCTC
€ 8 6 0 0 0 00 00 00 CO S OGP0 OI PO BN LRGN OO
CCCCecCOoCOoTCCTCaCCCoCTaC e TEeISCoCeCocCcoCCe

CCCCSOCCOOOC OO CCOC oSO CCCEOCCTOCCEeR2CSOSC
COCCCCCTTTOCCZICTSSoCETSCcoCooCceCceeSCC eSS aC
ccocoormTmeaNnNsnoSnNSNTSocLoSesSsLacCoeSe=senT R
S (NMTNIOE QOO O merMNMTIO~ GO C OISO NCNCC 0

000000000000"‘1“11“‘1‘222334455667709

10.0000

49



0.9700

last psi =

first psi = 00,0100

60,0200

0,0500 drsi =
T

«0000
e y values,

ents ares!
ents aret

=
1
1
i
t

SD-BWI-T1-073

fab.é

IEORMIATION
COPY

THIS COPY WILL NOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

SISO AN ONMNO TS T TN GO TP QA OCCN
CCCMmTNINT e OO QMM EOINMMNANOMMOO VM TR DM e
SECTNCSTNCOMND T NN O NS NS N D NN o om e we on
CCOCC O omummNANNMMMMPMMMMANNNE e OO COC ST S SclCSC
S 0 &€ 8 & 066 9 5 0 P OO O OGSO G S T G OGO OO S OB OO IS SO SO BN e

CeCC o e e OO C ORI IOCEICECCCCESCCCCCLCCo

CCOCCOCOCCCTCOTCOCCEOCCOODCCOCESCEeCESSCECCCoSSS
COCCOCLOTCOTCCSCCCOLTECTCSLETLCTCCETCESSCCCS
Ce e eSO NEVANCNENCROCOToTCCICISTTCCT TS
=N N OO QOO T e (NINM TN~ QOO WIS VIC U 0505“5“ n

6 0800050606060 8080800606000 00600800000 eco0o0
0000000000)00‘l"l!“‘-“‘22233‘455(67789

10.0000

50

- . . .- aroe G —



0,9700

last psi =

0.0100

unequal flow

tirst psi =

0,0200

dpsi =

are

0.0200
Approximate v values, & 1|

A coefficlents aret

B

coetflicients

epsilon =

SD-BWI-T1-073

Tab. 7

INCORMATION
BORY

THIS COPY wiLL NOT BE
- REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

COSTECTCONMIMNDONONT™ O =IO NN
COCOCCCmeMmTmENO OOt NerMNTOUTOYT
COSCTSORTmTwmOON™ wNQO M = NN T AN MO ot om o
000" CCCCmNNMTTITINN=QCCOOTCCTISC

0000000000000“ﬂﬂﬂﬂﬂﬂﬂﬂﬂOﬂﬂOO(n

BRARAEEEEEE R E RN XA
CCODT DL C Ot cmivm e (N OIMM T QNDONEE O

1oZnnno

51

cewmm e e mecaregw-e o



0.9700

last psi =

0,0100

unequal flow

first psi =

0,0200

ansi =

B3
m
T

0,0500

epsilon =
A coefficlents ares

88 coeffficlients are?
Approximate vy values,

SD-BWI-TI-073

Tab. 8

[FORMATION

THIS COPY Wilt NOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

CCOCRANP N TN Q o OO MO O SN™
CCCCr M INNQAEN=OONCT M T YTat QT OOMe= RO
DO T SNG e~ ARG en (Nwmws V=TI U T M AN (N o o
CTCCCTCCwmaNANMMIMMNNN~QOOCTLoCTICTOC
68 866 0 008 PO P COTO OSSP OEECEO B COOCETSCOSOETLE
Ce OO OO OO CCOTOoTCCCC RS CSCCoeeSC

CLOCCCOCCLOCOCOOCUIDCCCCCCTCOCCOCCES
CCOOCCLL SO CLCLCTCOCC LTS TCCoSCT
COCOC oL Co oI CTCCCCCCTCCOTTECEeICTCeC
‘234567890123456780505050505050“

[ N BN BN BN BN BN BN BN K BN BN B BN BN N I B BN NN N NN N N B NN R BN N N
000000000‘_‘"1‘1"22334455667799

!0.0000

52



= 0,9700

last pst

0,0100

unequal flow

0,0200 girst psi =

apsi =
oﬂ

go
te v values, m |

0.1000

tents ares
fents aret

effic
effic
oxima

epsilon =
A co
n eco

ApprTr

SD-BWI-T1-073

Tab. 9

TEORMATION
ROPY

THIS COY WitL ROT Bt

REPLACED AND NAY 8t
CHANGED WITHOUT NOTICE

OOV MNMINONO GO wMHNTDT TN 2SN
CONMM N Dt OO NN ML T PEC DL Mmm O~
SO mT O NN T N as POV TAMN NN o o o
COCCCTCwmeamMNNNNNNNNN»CCCTSSSCSToSSCE

& 6 & 0 8 & 068 @ ¢ & O G OO S S 0P SN PO P OO O O PO PSDS
SPOOCCCCCCCCoCCLCcCIoTCCoCcToeTTSCcCcCcCceeessS

CeooocoeCcCesceo oo el CcoocCoTeavTecCe
QOO RCLLCLTROCCTSCOTCITCoSOITCSLSeSCEe
CE OO S OO T eI OO OO CCCITTTCIT TSRO TESD
SOMMTHIICTRTC eeNMTVIOCtTCnIC TN VIC NG 50“0

€86 8 8 09006000006V POISEOLEOIEBNEOEONEOSETOETS .
000000.U0ﬂ"’1“"1)23.’4455657789"
-

53



01,9700

first psti = 0.0100 1ast pss =

dpst = 0,0200

00,0200

1,0000

values
h values

a

FExact y values

Fxact
Fxact

- epsfilon =
beta

. SD-BWI-TI-073

P —— . By P

[

IEORTATION

Tab,. 10

LOPY

THIS COPY ¥ILL MOT BE
REPLACEDAND MAY BE
CHANGED WITNOUT NOTICE

CCCCUNMN Mot P e PO N D~ NRDC 1N =™
DO COOTSTROUNSNTNNNTHITMNIVCOMOTM U™ -
CCCCOU=ATLYRMNNGCERT OONTMMN NN omonon oo
OO e O mNMTTTMMmeC ST SoSSTCSS29T
S 668 0C 00 CRCEELIOEOLOOROEPBOEIEDOREOSEPOPBSOETR VS

CCOCOOTOTOOCCOTOCOCTTOTCOCORCITSS

0000000000000000000000000

cocceCcEocceCcaeTaoTcecoTCecocoOceS

cCCcCcCcoccecooocecSCcCeCeLLcCeee

N INOC DS =MD IONICINC OHCZ NS CS

[ I BN BX BN BN BN BN BN Y BN I BE BN BE BE Y BN NN NN NN BN BN BN BN N NN B BN BN BN ]

COOCOCE COmmmummamenNMM TN OB O TS
L ]

on
000
000
000
nno
0nan

54




0,9700

last psi =

first psi = 0,0100

dpsi = 0.0200

0,1000
8

1,000
Iues
values

1

va
values

as
Exact a
Exact 3

egsllon
be
Exact

SD-BWI-TI-073

e

Tab, 11

i S TION
Lupy

THIS CG: 7 witd moy Bt
REPLACED AND MAY 8t
“HINGED WiTHOUT NOTICE

QO MM NNt O TO TN LCOINNT MM TN ™ (NOV Do
CONMANNOCMIOMT AR IO\ T e TN TOM TSRO LT AN o=
Q) CCONO=NCKNTUNO VI T M em OO O U MWV oo o om v oo o
COC TS mememNANNMNNNNN == DO 0SS 2T SCTS
€ 0 66060688 0008006000 0¢8P OSSP SSIOETPOEEEEILETOSES

COOCOCOCOCCCCTTOOOLLTCRTISTTOCTSCTOCS

COoCCOOCOCOOOC TR OoOCCCLOCCCCTTOoCCcCCcCS
CCOCCTCCLOCOOCTCCLCICOCCCCCCUTTCCCa ST
 CooCcT oo oaoaEeLocooeCooCCcesCcaeCCeSC
NN mNMmT oS S ne o nic e

..‘....'.................‘......-
ocCecSece ooo o ot et g e eent vt o oun N N MM @ S PUNC O Aa D 9

10.0000

55




0.9700

tast pst =

£irst pst = 00,0050

dpsi = 0.0100

0,0200
09
a values

1.00
Exact b values

egsllon
a =
Fxact

be
Exact y values

SD-BWI-T1-073

Tab, 12

INEORMATION
EOPY

THIS COPY Wikt KOT BE
REPLACED AND MAY BE
CHANGED WITHOUT NOTICE

CCOC CNTU ISP et DR N N ot P L I C e OO M O~ N VD S N omrwy
OSSNV OMNC T =Nt SN O = N @M IMENS 2 OMIC O™ UMD
U CCOTCmOTTLUANMeamMNNT CNSOINI=EOT N LCUNT IV Nom on wnen o

COCLCOICCOCOOOCCICCOQOCICOTTOOTTCCITOCES

Qo TTocCcoe oo L occoeCcococoCcCcCroToCeCcCeeCecC
CoCOoCCOCOrRoCCceCo oSO oSCoCCoLSCLoCCeC
= OCoCUCNCCNCUICICINCC S COoCoCCLSCTCCCRaLcSCC
N T IO QOOCC D e (NANM e NOCACASIT VIS NCNCNC TS
9 8 6 0 0 ¢ ¢ 8 000 8 0 00 08 060 000 8 0 0 & 6 OO P S E OSSP OGS
SCcoCcoeTToCCCO ot gnon enen et e (MO T S N OCO O

56




0,9700

last pst =

first pst =

0,0200

0,0100

epsilion =

06,0100

dpsi o

unequal flow

SD-BWI-T1-073

Tab. 13

| INFORmATIOY

bORY

THIS COPY wigy NoT
8t
REPLACED AND MAY BE
CHANGED WITHOUT hoTICE

CECOCTANNTNOLC mMTauOMOnMCaar<T
COC TS CO IO TNEN ST LTI
ﬂ0000“04404"56\'29754433222"'
000000 SeMSeOITNN=T IO DVSCTT T 22T

® 09 000 0L OSGOEPLLILBEOECEPIOLLEOOODS

OOOOOOQn.’OOO0”00000’“0000000 *20C

CCCCCOCCCOCLOCTCCOCOCCCOSCCC
COCCOCCOTCOCOCCoCLOOICCECST
CoCCCooCCOOCCOTCTCCeCCCCCCT

<SS
cse
<o
S NMPYNOOIT =NMTINOCS VS NCIC NG NG N

COCCCOCCOmumon stvmenem (NN MT T Y 667-’8”
-

57




AN

0,9700

last pst =

0.0100
unequal flow

tirst ps{ =

0.0200

dpsi =

]
fents are:

00,2000
Approximate y values,

A coeffictents are

epsilon =
coeffic

SD-BWI-TI-073

Taﬁ. 14

INEORIATION
BORY

THIS COPY WILL NOT B

REPLACED AND MAY BE
CHANGED WiTHoUT NOTICE

SO L NN NI oot PG P D P TR C NP N Qe e QO SN
0286883339(0356‘1469‘9‘50’4‘964
e o.ﬂ‘47032788993‘0764433222"‘
O e Cmmmetmieotesetoneneteoten' e C DS VST
.oo.o.o.o...oooooooooooo0000-00

CCECOOOODCOCTSOCTSTCSSCoSOSCoSDCSS

CCOLLCOOCCOCCCOOCOoCCCOCC oS

COCCLCCLCCCCOCOLCSCISCOCES ce

e CCOOCTTTCTCCOEOCLLSTCTCOTSCSOCC

MM UINOSQOT NPT NS VICNICNCNSW
.o-oo.ooooooooooooooooocooocoo

oooooo00011‘!"‘22\-3445569789

0
YONH0
0o
5000
0000
L NONY

Nnnvoy
lu.(muo

58



0.9700

last psi =

0.0025

unequal flow

first pst =

0,0050
1,0000

aprst =
0

0,

53

a
ba

00,0050
Approximate y values, m §

A coefficlients areg

B coefficlients aret

epsilon =

SD-BWI-TI-073

Tab, 18

TRIS COPY WiLL NOT 8¢E

REPLACED AND MAY BE

CHANGED WITHOUT NOTICE
SDSOOOCSNOD N AT = O™ MMM eI S CNNT N T TSNODON
CCSCOCOS i mAMME~INACEMerTMNOMON e~ CCArTOU T
SESSSSSSSOSNCNIVC =CWMOOVCO B NACNOS NG TN = o= o
COCOCECTSCECCANMNNUNTIMOANNewewOSTSCTTSISC T

. .
CC OO e O C e C o e TCCORaaC oo oCETCEEoICTCoS

CCoCCQeCCeoCOoSCOCCCC OO SCC
ooonﬂﬂonoo 0“““00” mmmmmwn

.......0........l.............'. .

SSCCOCICISO0 ocll.al'l.l.l’l“‘|222334455667390
-

59



= 0,9750

last psi

first pst = 0,0050

00,0050 apsi = 0,0100

Exact a values
Exact b values
£xact y values

epsiion =

SD-BWI-T1-073

Tab., 19

T THEoRmATIeN
BOPY

THIS COPY WILL NOTBE
REPLACED AND MAY BE
CHANGED WiTHOUT ROTICE

o

DCCTOTSNININ=MNOAUIOIMO TN SN AOE O T = T e TN
DOCCOVCTCOMNOSMOVWOINIT LIT oo I NN = DM DM N o 0 Mo QLN o
CEQV I SO TN e I OO I (N T ae ONL U TN N NN ot om om o
CO L C OO mTNIVO OOV I TMNIN e mem SCTSSCDOTSTTOCC
S 8§ 8 ¢85 000 08 0000020 0 00 0PGS0 B S P0G OSEESSEOEOOE BSOS EPRLE
CCoCOeCCCTTCCCoTT LT CCeoSLCCcCTsCcTECCcCaoSCocCEe

00
0o
00
00
00
00
00
0o
0o
0no
50
0no
50
50
0o
50
G])
)]
oo
100
100
1111
100
noo
000
0oy
noon

000000 co 00257" NS CNVIS ST S
12345678900,01"‘22234567802
G @ & & 5 ¢ 0 0 ¢ 0 0 9 0P O S S O E S SO PO O SN eP PN
0000000)Ol..ll|.lil‘l"l‘lll|22233445566789

25000
L (OO
snnn
O T
mmn
0000
lO.ﬂOﬂO

60



L LI

first psi = 0,0050 tast psi =

0.0100

-
-

0,0020 apsi

a values

epsilon =

Exact
Fxact y values

Exact h values

SD-BWI-T1-073

Tab. 20

S

TFORMATION
c0pY

THIS COPY WILL NOTBE
REPLACED AND MAY BE
CHANGED WITHOUT Romce

SO SO S U SMITNTNTT TN SMNUNINM M C o S NN NO RO N OO N~ MWL
e e S e o VIO O T NOC O OO T N TOCTOND =N an QNP (M=
TSSO TS TSV ONATTTIDNCONIC = QO NONM™ 4!96\.4.33222!‘l.l|.
cS 00000000'.’461888776554 VI NNeemezs S22 sCciCcocCo S8

L BE 2N 4 ® 8 0 0 9 0 00 0 0 0 0P 0 O PO PO S B S O E OO S SO SN SE 000

(=1 ~3 1~ 0000(000000“”00“00I.Oﬂﬂnﬂﬂ0“00000 sSTSCSeCCo

oo ocCCeoocoocCoocerosCeosceceeeceeciccaescCcceceee
ooooonﬂo0005\505050505““0000“““““00""0"““0“00
CCoCOooCINC=S NG 7‘257025\.5“0”0"0“““0“"\"0““"0\!’"
AN NCOONONC T C T e ememNNOIMANTOLERC NS 5050505“5“0“
’..........................'......... L )
SOOI COCS o= gue l"‘12223344556677690

-

61




