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ABSTRACT

DIGMAN is an interactive computer program which allows the user to sample a
hypothetical waste site. Using sample results, the user is then required to
determine the area contaminated by a waste spill or migration. The report
contains instructions for running the program and a sample session to aid the
novice user. DIGMAN is programmed for an Apple II computer with a minimum of

64K RAM and one disk drive. A disk containing a copy of the program is
available from the authors.
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SUMMARY

The DIGMAN program was developed to illustrate the complexities in sampling a
commercial low-level radioactive waste site for spills or migration.
Monitoring for both purposes is required by 10 CFR Part 61. The site-manager
(player) is given prior knowledge that a spill has occurred and subsequently
migrated through or over the <oil surface. In addition, the location is
given for one point where some contamination is known to exist. Such an
array of information may or may not be available at actual sites. The DIGMAN
waste site provides the player with 1600 possible sampling sites, clearly far
fewer than would actually be available. Thus, the situations depicted by
DIGMAN are perhaps the simplest of the myriad of poscible scenarios that

might be faced by a site-manager. We invite prospective site-managers
(players) to attempt the game.
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nate for f contaminated area to avoid condemning a larger area than
necessary. In 1 DIGMAN scenario, sampling is restricted to the waste site;
however, the contaminated area may extend beyond site boundaries.

Several different scenarios rel

ating to sampling and costs can be used in
playing DIGMAN (Table 1). In scenario 1 (Table 1), costs of collecting and
analyzing samples are high. For this scenario, the site manager would
probably want to take the maximum number of components per composite and also
take all five composite samples. In a second scenario (2), collection costs
are low, but analysis is still expensive. In this situation, the site man-
ager might wish to take fewer than five composite samples, analyze the
results and then resample. A third scenario would be where collecting the
samples is expensive while the analysis is relatively cheap, here a sampling
strategy similar to that used in the first scenario might be employed.
Another scenario (4) would be where the costs for collection and analysis are




TABLE 1. Possible Scenarios for Playing DIGMAN

Cheap Expens ive

1
i

Collection

2,4
Analysis 3,4 1,2

’

inexpensive, compositing would probably not be advantageous 1In this
sjituation.

An additional feature of DIGMAN allows the site manager to resample after the
first sampling sequence is completed and the analytical results are
available. This two or more stage sampling emulates the circumstances where
laboratory turnaround is fast {und perhaps cheaper than assumed in DIGMAN) so
that a much better definition of the spill area can be obtained.

The waste cite is simulated as a 40 x 40 grid (Figure 1). The player 1s
given information that contamination exists at ieast at one point on the
waste site; this appears on the screen as a darkened square, and is callec a
PRIOR. However, the concentracion at this point is not known since in real
circumstances a site manager will usually only have sketchy information.

The contaminated area is represented by an ellipse, because point spills are
generally mcved by physical forces (e.g., wind or surface water). The
ellipse is generated using a bivariate normal distribution, and parameters
affecting placement, orientation, and shape are randomly determined Thus,
the ellipse can be very small or large, and of varying length and widths
(e.g., very "skinny" or “fat"). In addition, it is possible for part of the
ellipse to be outside the defined waste site, an indication that radio-
activity has moved off-site.




WASTE SITE MAIN GRID SUE=-GRID

IT=WHER
“READY

Simulated Waste Site Used in DIGMAN. Location of PRIOR
1§ Indicated by the darkened square at 7G/2A.




SYSTEM REQUIREMENTS

DIGMAN is programmed for an APPLE I1I computer with a minimum of
(Random Access Memory) and 1 disk drive.




GENERAL DESCRIPTION

DIGMAN is menu driven (Figure 2). After each step is completed,
the menu is again shown to allow the next option to be selected.

The main segments of DIGMAN given in the menu are:

Introduction to DIGMAN

Generate Random Contaminated Area
3. Choose Sample Points on the Graph
4, Edit or Fix Incorrect Graph Points
5. Get Final Answer and Computations
6. Exit This Set of Programs

Each segment of DIGMAN is a self-contained and accessible program. A brief
description of each segment is given below.

1. Introduction tc DIGMAN.

This section outlines the purpose of DIGMAN and gives detailed operating
instructions. This option should always be selected when DIGMAN is run
for the first time. In subsequent runs, OPTION 1 can be skipped and
OFTION 2 selected to generate the random contaminated area.

AR T Y Y Y s

+ BATTELLE DIGMAN OPTION SELECTION

.
LR T Y

[1] INTRODUCTION TO DIGMAN

{2] GENERATE RANDOM CONTAMINATED AREA

[3) CHOOSE SAMPLE POINTS ON THE GRAPH

(4] EDIT OR FIX INCORRECT GRAPH POINTS

(5] GET FINAL ANSWER AND COMPUTATIONS

[6) EXIT THIS SET OF PROGRAMS

THE HIGHLIGHTED OPTION IS THE NEXT STEP

THAT YOU SHOULD LOGICALLY CHOOSE

YOU CAN DO THIS BY PRESSING <RETURN>

OTHERWISE PRESS A NUMBER FROM 1 TO 1
TO END AT ANY TIME AFTER 2 - PRESS 6

FIGURE 2. Individual Program Segments Compri ing the DIGMAN Menu.

Each segnent is selected in turn to run DIGMAN.




Generate Random Contaminated Area.

This program segment generates an elliptical representation of a con-

taminated area and randomly chooses a point to serve as the PRIOR. The
PRIOR may be at the edge or well inside the ellipse. While no input 1S
required at this point, OPTION 2 must be selected to run the program,

To terminate the session anytime after selecting this option, simply

select OPTION 6 (Exit) in the menu.

Choose Sample Points on the Graph.

In this program segment, the user samples the waste grid in an effort
define the contaminated area. A maximum of five composite samples may
be taken; each sample may contain up to nine component samples.
Llocation of the PRIOR can be used to restrict the area sampled.
Mistakes in the choice of grid coordinates can be corrected by using
menu OPTION 4 after <ampling is completed.

Fdit or Fix 'ncorrect Graph Points.

This program segment allows correction of any input errors introduced
when sample peints are selected. In addition, samples (i.e.,
components) may be added or deleted.

Get Final Answer and Computations.

Once sampling has been completed, users should choose OPTION 5 to allow

the program to compute the average concentration for each composite

sample. With these data, the player is asked to define the smallest
that rontains the contaminated area. The program then draws the
computes the percentage of the contaminated area enclosed by the
indicates how close the radius chosen by the player was to the

est one which could have enclosed the entire contaminated area,

indicates whether an accurate prediction of off-site migration was made;

and shows the actual location of the contaminated area.

Exit this Set of Programs.

This program segment ends DIGMAN by "zeroing cut" all the data files
generated during the current run. Errors will occur in subsequent runs
when this option is not selected.




This section of the report run, step by step.
Before beginning, make seve worksheets fourd
the end of this manual ‘ 2 trategy and keeg
record of your performa: :e. ‘ « und & d indicate

Cca )

the APPLI oard that must Y For >y <RETURN> me pre
the RET

insert DIGMAN disk.

- " : o A -
lowing the Introduction, a menu listing six ptions 1s shown (Fiagure

. \
Each option must be selected in turn to play DIGMAN. If the needed
ion 1 } k1 Z“J’ d vou mavy —\t’\,]pr‘: 11 [fy Lyh‘vg < &E,L >, Ar‘yy
.

}

Uy pressing the appropriate number, e.g., <l

r played DIGMAN. Read through the

at the end of each page. Y
Dy pressing <S>; to return to

end of f/;'r\rf{,)r\ 1 you | i1] automatice

OPTI - Generate Random Contaminated Area

when OPTION 2 is elected, the

program cenerates an ellipse that repre-
sents the contaminated area a the waste site, This takes a few

a ticking sound, a built-in

Indicator that the program is working. No input is required by thic
option. Upon completion of the option, press <SPACEBAR>

3 ' } E ’

minutes; during this time, you should hear

OPT ON 3 - Choose ‘.;.‘X'vL'VIsl pm1nt( on the {3'.d;)h.

After the ellipse repr senting the contaminated area (1ts size, shape,
ind orientation are still unknown to you), has been generated, you are

'1ng. Use the worksheet to map your strategy. You
will first be shown the PRIOR, the point on the waste grid which is
known to be contaminated. To see this point plotted on the waste grid,
press <5>; the square will be filled in. After looking at the PKIOR,
press <SPACEBAR> to continue.

ready to start camp

The waste site in DIGMAN i< represented by a 40 x 40 grid with the major

vertical axis labeled from 1-8 and the horizcntal axis labeled from A-M
(Figure 1). Thus, the grid is an 8 x 8 a:

e 6 array of 5 x 5 small squares
You wiil select the smaller squares. The position of the squares are
defined first by the location within the 8 x 8 array and then by the

0s1ticn within the 5 x 5 array. For exam le, the point 7G/2A (Figure
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After ",t"lt;-:H'T«; the number of composites,
components for the first composite [(maximun
1sked to confirm your answer,

To input the grid coordinates, first select the vertical (Y-axis) coor-
dinate for the larger square, then the horizontal (X-axis) coordinate,
followed by the coordinates that define the point within the larger
square. Consequently each set vf coordinates will consist of a sequence
of four alternating numbers and letters. You may look at the waste grid
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any time by pressing <S>, to return press <SPACEBAR>, After entering
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isplayed during sample

selection (Figure 3) contains mpor-
information. It indicates which composite sample you are
| the

, ‘ e :
curren forming (Figure 3, a), as well as

and the total number of components in the composite (Figure 3. ).
addition, samples will be listed (Figure 3 '

component (Figure 3, b)

Tn

After entering ~11 rb omponents for a particular composite, you will
be asked for of components for the next composite. This pro-
cess will ¢ .i1 all composites have been entered. If you make
a mis*- oy a sample point, simply wait until all the points are
ente 6 OPTION 4 to make corrections. Once sampling is
comp. U will be returned to the menu where you may select either
OPTIC: .f you wich to make corrections, or OPTION 5 to compute the
concentrations and to define the contaminated area.

OPTION 4 - Eait or Correct Graph Points.

In option 4, all the component samples for each composite are listed at
the top of the screen. You will be given four options. Then put in

» ED:T - press .E.

Indicate both the composite and the ccmponent number erroneously
entered (selecting a component which does not exist returns you to
the four options). Then put in new coordinates.




FIGURE 3.

..I........II.I......0..0.....0.......0..0......
.

+ DIGMAN SAMPLE LOCATION SELECTION :

.
-
.l...Ql....l.......Q.....I.......I...l..l...l...

ENTER GRID COORDINATES

MAIN GRID VERTICAL [1-8) COMPOSITE 1*
MAIN GRID HORIZONTAL [A-H)
SUB GRID VERTICAL (1-5) COMPONENT

SUB GRID HORIZONTAL (A-E) 1° OF 7¢
PRESS [S] TO SEE THE GRID
2 3 E 5

DO NOOEWN -

Example of Screen Display During Sample Selection. Sample
ceordinates are entered in the spaces indicated. Information is
provided on which composite is being formed (a), which component
is being selected (b), and on the total number of components in
the composite (c). In addition, all samples will be listed (d).

ADD - press <A>

When selecting additional samples, input the associated composite
number, and the coordinates of the sample. Press <,> if you decide
not to add a sample.

DELETE - press <D»>

To delete a sample, input the appropriate composite and component
number. You will be queried to ensure that you have selected the
correct component, and asked to press Y (yes) or N (no).

QUIT - press <Q>

You will be queried to make sure you want to quit--press <Y> for
yes, <N> for no. After several seconds the waste grid will be
shown to illustrate the corrected samples. To continue the program
from here, press <SPACEBAR>,

11



WASTE SITE MAIN GRID

SUE-GRID

5 PEESS THE
8 T Y SPACERAK TO
g KETUEN
= | TEXT
X . RECDE
2 HHHH COMCENTRATIONS
= - N
5 1 &3 = 32.9517%5
2 B = .96588
. E 30 = .76789
3 4 B = B3935
i I 9 = 1.5653¢6
: PRIOR
1 E 4{ II\ - ||3elfq
i 1

D

.

L

H

Results of an Example Session. Each composite is assigned a
unique symbol. Average concentrations for each composite are
given to the right of the waste grid.

FIGURE 4.

7. OPTION 5 - Get Final Answer and Computations.

The size of this program requires that the cata be loaded twice, so the
concentrations (Figure 4) will momentarily disappear. After recording
the concentrations on your worksheet, press <SPACEBAR>.

Now you must use your results to decide where the contaminated area is
located. First, determine the point you believe has the maximum concen-
tration, remembering that the maximum possible concentration is 10
units. This point should be the center of the circle you believe will



-.‘]

(n o

encompass the spill. Input the coordinates for the center and confirm
the answer.

Next, estimate the radius of the smallest circle that would enclose the
entire spill. To estimate this radius, count the number of small
squares either vertically or horizontally. If the perimeter of the cir-
cle extends beyond the waste site boundaries, this indicates you believe
the contaminated area has also gone off-site. Input the radius and
press <RETURN>. To loo* at the grid before entering the radius, press
<S> followed by <RETURN>. Press <SPACEBAR> to return to the program.

Once your circle is drawn (Figure 5), press <SPACEBAR>. The percentage
overlap of the circle and the contaminated area (i.e., the ellipse) will

WASTE SITE MRIM GRID  SUB=GRID

t H 5 PEESS
! Y SPRCEEAK T4
g RETUEN T0
! : TEXT WHES
RECDE
HHH 0 CONCENT
| L - N B
: 1 0 =3
' 2@=
sD=.7
4 B = 838
S = 156536
PRIDE "
T B = 7G2A
i 1

A B C D E F G H

FIGURE 5. Circle, Drawn on Waste Grid, kepresents the Area the User Belicves

Encloses the Contaminated Area. A circle which goes off-cita
indicates that the waste has also gone off-site.
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now be computed. Since these calculations take several minutes, the
proportion of the circle checked for overlap with the ellipse repre-
senting the contaminated area is given so that you can keep track cof the
program's progress.

The success of your sampling can be evaluated based on the following
three criteria (Figure 6):
The proportion of the contaminated area (ellipse) within the circle
(because of the algorithm used the answer may slightly exceed
100%).

The fraction of your chosen radius compared to the longest radius
of the ellipse (this will indicate how conservative ycu were 1n
vour estimate of the size of the contaminated area).

Whether you accurately predicted that the contamination had gone
off-site.

B

: DIGMAN FINAL ANSWER & COMPUTATIONS

-
.
-
e R R R

CENTER OF CIRCLE IS - 8G1C

RADIUS OF CIRCLE IS 6

46% OF THE ELLIPSE IS IN THE CIRCLE

YOUR RADIUS IS 43% OF THE MINIMUM
RADIUS REQUIRED TO ENCOMPASS THE ELLIPSE?

CIRCLE PREDICTS THAT CONTAMINATED AREA
HAS GONE OUTSIDE SITE

THIS IS CORRECT?

CONTINUE WITH ELLIPSE PLOT / RESAMPLE
PRESS THE [C] KEY OR THE [R] KEY

FIGURE 6. Results of a DIGMAN Sessiorn. Three criteria are used to evaluate

— " arun: 1) the percent of the contaminant ellipse within the
circle; 2) fraction of the circle radius compared to the longest
radius of the ellipse (indicates how conservative the estimate was
of the contaminated area); and ) whether an accurate prediction

was made concerning offsite migration of the waste.
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[f you press <C> at this point, the ellipse representing the contami-
nated area will be drawn (Figure 7). If you press <R>, you will be
returned to the menu where you may select OPTION 3 to resample for the
contaminant spill. Press <SPACEBAR> to return to menu.

OPTION 6 - Exit This Set of Programs,
This option ends DIGMAN. The only input required is to enter the date
(e.g. 10/30/84). If you make a mistake, use arrow <<> then press

<RETURN>. You may select OPTION 6 anytime after OPTION 2. To play
DIGMAN again, type RUN DIGMAN <RETURN>.

WASTE SITE MAIN GRID SUE-GRID

5 PEESS
Y SPRACERAF
3 RETUEN T
f TEXT

E # I
E-3

= 1.9653¢6

R & C-8. FEF & B

FIGURE 7. Ellipse Represents Contaminated Area
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PROBLEMS

Since we could not anticipate all the ways in which DIGMAN might be used, we
cannot be responsible for its complete accuracy. We would appreciate
learning of problems experienced with DIGMAN or of suggestions fcr enhancing
future versions. Extension of DIGMAN to other computer systems will be con-
sidered as funding permits. Please send comments to :

Mary Ann Simmons

Pacific Northwest Laboratory
P.0. Box 999

Richland, WA 99352

(509) 376-8263

17
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