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October 23, 1989

Mr. Earl Berdine
Agent and Attorney-in-Fact for OCT 2 1 1989
Northern Natural Gas Company

P.O. Box 1188 OIL CONSERVATION DIV.

Houston, TX  77251-1188 SANTA FE
Re: Northern Natural Gas Company's Hobbs Gas Processing Facility
Dear Mr. Berdine:

This letter serves as our report on the analysis of the
potential impact to ground water from the loss of cooling system
fluids at the Hobbs Facility. This report is based on analysis
conducted by Daniel B. Stephens & Associates, Inc. (DBS&A) pursuant
to your request to provide your office with estimates of the
magnitude and extent of chromium within the ground water.

General

Over the period of June 25, 1989 through August 9, 1989,
Northern Natural Gas Company's (NNGC) natural gas processing and
compression plant located in Lea County near Hobbs, New Mexico,
experienced a loss of lube-o0il cooling system water due to a leak
in a 2 inch water pipe. The total volume of water lost is
estimated by NNGC to be approximately 15,400 gallons. A
chronological summary of events surrounding the water loss at the
Hobbs plant including volumes and chromium concentrations has been
provided to the State of New Mexico's Environmental Improvement and
0il Conservation Divisions, and is included here as Attachment A.

Due to concern over possible adverse impacts to ground-water
quality caused by the water leak at the Hobbs plant, NNGC retained
Daniel B. Stephens & Associates, (DBS&A) to perform an assessment
of possible water-quality impacts. Based on information provided
DBS&A by NNGC, an analysis was carried out by DBS&A to provide
information upon which judgment can be made on whether ground water
could contain chromium at concentrations exceeding state standards
as a result of NNGC's discharge.

Discharge Analysis

The NNGC Hobbs processing plant is located approximately 8
miles west of Hobbs. The plant overlies the Ogallala aquifer, and
ground water is at a depth of approximately 50 to 60 feet below
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ground surface. Since the product leak occurred below ground
surface, it is reasonable to assume that all of the leaked material
moved downward into the soil profile. Additionally, for the
initial assessment, it was assumed that all chromium released was
in the hexavalent state and moved conservatively with ground water.
Finally, in order to be even more conservative, it was assumed that
the released chromium directly entered the underlying aquifer
without first traveling through an unsaturated soil profile. O0f
course, in reality, the chromium released was not all hexavalent,
and the unsaturated soil profile would likely have a profound
effect on reducing the chromium concentration actually entering
ground water due to sorption.

It was decided to use an analytical, contaminant transport
model to evaluate potential effects. The models used are contained
in the SOLUTE modeling package which is put out by the Internation
Ground Water Modeling Center, Holcomb Research Institute, Butler
University, Indianapolis, Indiana; code descriptions and utilized
assumptions are included in Attachment B. Analyses were performed
for both slug (instantaneous solute injection) and point-source
injection. Source data were those provided by NNGC (Attachment A).

Since site-specific characterization was not available an
attempt was made to use input parameters considerably more
conservative than those likely to be encountered in the field. For
example, a darcy velocity beneath the site of one foot per day was
utilized. The aquifer gradient in the site vicinity is
approximately 0.003, which yields an assumed hydraulic conductivity.
of 1.18 x 10" cm/sec, conservatively higher than 2.83 x 107 cm/sec
suggested by McAda (1984) as a reasonable average for the Ogallala
aquifer in Lea County. The utilized dispersivities of 10 feet in
the horizontal direction, 1 foot in the transverse direction and
0.1 foot in the vertical direction or lower than might be expected
in a transmissive sandstone aquifer over distances of several
hundred feet. In addition, the agquifer thickness was limited to
25 feet to minimize the mixing zone thickness. Table 1 summarizes
the utilized source and aquifer data.

Results

These results give an estimate of how the released
contaminants behave under what could be considered worst-case
conditions. Although the model was run in both 2 and 3 dimensions,
only the 2-dimensional data are presented in figures 1 through 4.
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Utilized Aquifer Data

Aquifer Thickness
Effective Porosity

Darcy Velocity

Longitudinal
Dispersivity

Transverse Dispersivity

Vertical Dispersivity

25 ft.
0.20

1 ft/day
10 ft

1 ft
0.1 ft

Table 1

Utilized Source Data

Total solute mass released
Source Strength

(for point-source analyses)
Elapsed time of source

(for point source analyses)

0.56 lbs
0.0156 lb/day

36 days
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The 2-dimensional data show slightly higher concentrations in the
aquifer at a given distance from the source and were therefore
considered to be slightly more conservative. A complete listing
of tabulated values for all model runs is included as Attachment
C.

Figure 1 shows contaminant distribution in the aquifer after
36 days of point-source injection. The modeled chromium
concentration reached 0.26 mg/l 100 feet down gradient of the
source, but is below the 0.05 mg/l state standards at a 250-foot
distance (0.02mg/1l). Note at the 100 foot distance, in the lateral
direction, chromium concentrations are below state standards only
30 feet from the plume axis.

The point source analysis is the most representative of actual
conditions at early time.

Although the input of chromium was distributed over a 36 day
period, Figure 2 shows modeled contaminant distribution 50 days
after slug input of 0.56 pounds of chromium. The maximum
concentration reached at this time interval is 0.18 mg/l1 at 250
feet, and concentration has dropped to 0.02 mg/l at 400 ft.
distance. Figure 3 shows contaminant distribution 150 days after
slug input. Note that the area of chromium concentration above
0.05 mg/l has reduced significantly from the 50-day analysis. The
maximum chromium concentration at this time is 0.06 mg/l, 750 feet
down gradient of the source. Chromium is below state standards at
850 feet in distance (0.04 mg/1).

Figure 4 shows contaminant distribution 250 days after slug
input. At this time interval, there is no zone that contains
chromium concentrations above state standards. The maximum
observed concentration is 0.04 mg/l occurs at a point 1250 feet
down gradient of the source input.

Summary

Based upon the assumptions and model input 1limitations
described above, the results of the analysis show that it is
unlikely that chromium concentration beyond 1000 feet from the
source would ever exceed the state standards. The assumptions
utilized are very conservative, such as injecting the solute
directly into the aquifer. Actual contaminant concentrations in
the aquifer are likely to be much lower than those presented
herein.
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Mr. Earl Berdine
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The modeled results show, under worst-case conditions, that
a small zone of chromium contamination above state standards exists
for less than 200 days after input into the aquifer. The maximum
horizontal distance of that zone is less than 1000 feet down
gradient of the source input, far short of the nearest dow-gradient
well, an irrigation well some 2500 feet from NNGC's plant boundary.
However, considering the very conservative nature of the approach,
it is our opinion that no contamination above allowable levels has
occurred beyond 450 feet from the source at this time, and that
contaminations would never exceed allowable levels beyond 1000
feet.

We hope that this letter report provides sufficient level of
analysis to allow the proper response to be developed. If you have
any dquestions, or require additional information, please do not
hesitate to call.

Sincerely,
Daniel B. Stephens & Associates, Inc.

NN

Jeffrey A. Havlena
Project Manager

JH/alm

Disk: 89-031
File: Berdine.023
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ENRON

Northern Natural Gas Company

October 17, 1989
EDB: E38-89

Mr, David Baker

State of New Mexico

Environmental Improvement Division
Harold Runnels Building

1190 St. Francis Drive

Santa Fe, New Mexico 87503

Subject: HOBBS PROCESSING PLANT WATER LEAK

As we discussed on the telephone, attached is a brief chronology of the
avents surrounding a water leak that occurred at Hobbs.

Since we will be out your way on other business, I will stop by your
office on October 18 to discuss the water leak and introduce Bill Janacek,
Director of Environmental Affairs.

SRL

E. D. Berdine

Vice President, Environmental Affairs
and Administration

Agent and Attorney-in-Fact for
Northern Natural Gas Company

EDB/ jc

Part of the Enron Group of Energy Companies




NORTHERN NATURAL GAS COMPANY

HOBBS PROCESSING PLANT

SUBJECT: Chromate Wataer Leak

Northern Natural Gas Company operates a natural gas processing and
compression plant near Hobbs, Lea County, New Mexico. The following
sequence of events describes a water leak that occurred at the plant and

tha actions taken to locate and eliminate the leak.

May 12, 1989

May 19

June 4

June 5

June 9

Juna 12-16

June 16

June 18-24

June 25

June 26

June 27

June 28

© June 29

OCD notified of use of chromates at Hobbs Plant (via
Discharge Plan renewal application).

Annual plant shutdown ‘and major maintenance program
(turnaround) begun.

Engine jacket water and lubricating oil cooling ‘
systems drained.

OCD inspection of entire plant facility.

Completed draining and flushing the water systems.
The total volume of water (90,300 gallons) was
transferred to frac tanks for disposal.

Cleaned, hydroblasted, dried and inspected internals
of below ground concrete storage cell (cold wells).

Letter to OCD providing status of cleaning and
inspection of the cooling systems. No leaks wera
found.

Sandblasted and flakelined the cold wells.

Filled jacket water and lube oil cooling systems,
chromate concentration in the lube oil system was
15ppm. During the evening shift a Maintenance Job
Ticket (MJT) was written noting that the lube oil
cooling system was losing water.

Chromate concentration in the lube 0il cooling system
was 8 ppm. Initiated action to determine reason for
water loss.

Continued checking for cause of water loss. Chromate. |
concentration 3.9 ppm. g

Continued checking for cause of water loss. Chromate
concentration 1.94 ppm.

Continued checking for cause of water loss. Chromate
concentration 2.32 ppm.




-

June 30

July 1-17

July 18

July 19-31

August 1

August 3

August 4-9

August 10 to
Present

September 19

Continued checking for cause of water loss. Chromate
concentration 3.87 ppm. ;

Tested individual segments of the system for leak.
No leaks found. Analyses of water during this period
showed chromate concentrations as follow3°

July 5 1.55 ppm

July 6 +77 ppm

July 7 .77 ppm

Drained 2100 gallons of water to frac tank.

Cleaned and inspaectad cold well again. Discovered
crack in sump behind forming lumber left during
construction years ago. Filled sump with grout.
During July 19-31 period there was no water in cold
wall,

Refilled cold well to 4 feet, blocked in all coolers
and tested 16" line to 28 psig. Lost approximately
one foot (1,077 gallons) of water. Concluded crack
in sump was not responsible for water loss.

Dyed water in effort to find the ledk. Opened the
entire system. No leak was found. :

Began excavating buried water lines in further effort
to find leak. On August 9, a 2" line that tees into
the 16" discharge line near the cold well was
uncovered. The leak was discovered near the point of
connection. The 2" line was cut and capped., System
was filled with water.

No water lost.

Remaining 2" line was successfully tested to assure
that no other leaks existed. :

Summary: On October 10, 1989, a meeting was held in Hobbs with plant
personnel to review all of the foregoing events., The following
conclusions were drawn as a result of the meeting:

o There was no evidence of water loss prior to June 25, 1989,

o Total water loss, based on water lavels in the cold well
during the period was approximately 15,400 gallons.

o Total chromium loss, based on periodic analyses of the water
to determine chromate concentrations and the volumes of water
lost, was calculated at .5649 lbs. See attached Table I.

Based on the above, the leak was judged insignificant, with no
endangerment to human health or the environment because of the small

quantity involved.




TABLE 1

HOBBS PROCESSING PLANT
Chromate Water Leak
Water Chromium
Volume Concentration ) Pounds Of
ate (Gallons) (PPM) Chromium
6/26/89 3231 15.00 ' .4037
6/27 504 3.90 0164
6/28 504 1.94 , .0042
6/29 504 2.32 .0097
6/30-7/4 2520 3.87 .0810
7/5 504 1,55 . .0042 ‘
7/6-7/17 6048 7 .0388
8/1 1077 .77 ,0069
Total 15,396 5649
Notes:
1. Water volumes are based on lavel changes in the cold well which is

2.

12'x12'x10'6" deep or 1077 gallons per foot.

The daily volume from 6/26 to 7/17 is based on a leak rate of 63
gallons per hour for 8 hours each day. The 63 GPH is computed from
the one foot level drop (1077 gallons) in 17 hours on 8/1 and 8/2.
The duration of the leak each day is conservatively overstated. The
leak only occurred while the pump was in oparation. The pump was
operated only to provide pressure to locate the leak, which was not
continuous each day during the period.

Chromium concentrations are based on actual laboratory analysis from
6/26 to 6/30 and from 7/5 to 7/7. Concentrations on other dates are
assumed to be the same as the latest previous laboratory analysis.,
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Methodology and Application
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Butler University of Applied Geoscience m
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IGwWMC GROUNDWATER MODELING SOFTWARES

-

A Program Package of Analytical Models for
Solute Transport in Groundwater
"soLuTe"

Milovan S. Beljin

(

IGWMC-BAS15
Version: IBM-PC 1.0
Date: January 1985

INTERNATIONAL GROUND WATER MODELING CENTER

Holcomb Research Institute
Butler University, 4600 Sunset Avenue
Indianapolis, Indiana 46208
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PROGRAMS IN "SOLUTE" PACKAGE

No.

Name

Description

10.

ONED1

ONED3

WMPLUME

SLUG

RADIAL

LTIRD

PLUME3D

SLUG3D

UNITS

ERFC

One-dimensional solute transport in a semi-infinite column,
constant concentrations as the inlet boundary condition.

One-dimensional solute transport in a semi-infinite column,
specified mass flux as the inlet boundary condition. Retar-
dation and decay options included.

Two-dimensional transport of a plume from continuous multipie
point sources in a uniform groundwater flow field. Includes
options for retardation and decay.

Two-dimensional transport of a slug from an instantaneous
point source in a uniform groundwater flow field.

Solute transport in a plane radial flow. This program calcu-
lates the concentration distribution along the radial coordi-
nate from a recharge well.

Same as RADIAL, but based on improved solution of solute
transport equation in radial coordinates.

Three-dimensional solute transport of a plume from continuous
muitiple point sources in a uniform groundwater flow field.
Decay option included.

Three-dimensional trasnport of a slug from an instantaneous
point source in a uniform groundwater flow field. Decay
option included.

This program converts ten most frequently used units in
hydrogeology from English units to metric units and vice
versa.

A subroutine to calculate the values of error function and
complimentary error function for the given argument x.




PROGRAM IDENTIFICATION

1.1 Program Title:

1.3 Program Writer:

1.4 Program Organization:

‘ I 1.2 Program Code Name:
t

Ana]yticé] Model for Transport of a Solute Plume
from Point Sources in a Uniform Two-Dimensional
Groundwater Flow Field

WMPLUME. BAS

Milovan S. Beljin

International Ground Water Modeling Center
Holcomb Research Institute, Butler University
Indianapolis, Indiana 46208, Tel: 317/283-9458
January 1985

IBM-PC 1.0

Microsoft BASIC

64k

WMPLUME.BAS is a non-proprietary code. It is
distributed at cost by IGWMC. A copy of the
program on 5%" diskette is available

A program to calculate the concentration dis-
tribution of a plume from point sources in
two-dimensional regional flow. It includes

options for retardation and decay

WMPLUME.BAS is based on Wilson and Miller (1978)
equation

1.5 Date:
, 1.6 ‘Version:
N 1.7 Source lLanguage:
I 1.8 Memory Requirements:
l 1.9 Availability:
l 2.0 Abstract:
I 2.1 Comments:
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5.1. MATHEMATICAL MODEL

TRANSPORT FROM A POINT SOURCE IN A UNIFORM TWO-DIMENSIONAL FLOW FIELD

If the pollutant is continuously injected from a point source into an
aquifer, a plume develops downstream of the source and spreads out to the
sides and below. When the aquifer is relatively thin, vertical mixing occurs,
and the concentration becomes uniform throughout the depth of the aquifer. In

that case, the plume is two-dimensional. The governing equation and initial
and boundary conditions for this problem are

Dxxg-;g+oyy%§-§§§-xkc+§£=ngg (5.1)

c(x,y,0)=20

Qe(Xs ¥, t) = QCod(x, y)

C (=, #=, t) =0

where

QC[M/L3T] the mass injection rate of solute per unit volume
of aquifer;

QLL3/1/1] the volumetric injection rate of fluid per unit
aquifer thickness;

Co[M/L3] | concentration of the injected fluid;

6(x, y) [L-2] the Dirac delta function.

The analytical solution of the problem is given in the form (Wilson and
Miller 1978)

X
QC, exp (3)

C(x, y, t) = g W(u, "/p) (5.2)
4nn(Dxnyy)
where
20
B = -XX
v
47




D
r= 102 + 22y
yy
2BAR
) -
v
rZR
u =
4nyxt
r 1 r?
W(u, /B) =uf 5 exp [- (6 + -4—823)] de.

W(u, r/ ) corresponds to the Hantush well function for the problem of
transient f]ow to a well in an infinite leaky aquifer. For many pollution
problems, r/B is large, and the tabulated values are insufficient. Willson
and Miller (1978) give an approximation:

E - 2u

Bk
W(u, " ) z (Zr) exp (- -) erfc (- -——g—-) (5.3)

This approximation for W(u, r/B) is reasonably accurate (within 10%) for
r/B > 1 and accurate (within 1%) for r/B > 10 (Wilson and Miller 1978). A
minimum distance downstream from the source should be calculated before the
approximation is applied.

In practice the described problem corresponds to that involving the
movement of the solute continuously injected into an aquifer from a recharge
well (Figure 3).

As time approaches infinity, t+», and w0, a balance occurs between the
rate at which pollution disperses and the rate of injection

Qc, exp (3)

Znn(Dxnyy)

C(x, y, t) = g Ko(g) (5.4)

where K, is the modified Bessel function of the second kind zeroth order.

48




Figure 3.

by

ASSUMPTIONS:
- uniformly porous confined aquifer,
- the aquifer is homogeneous, isotropic, infinite in areal extent, and

constant in thickness,
- a fully penetraing solute injection well,
recharge rates are negligible in relation to uniform regional flow rate,

pollutants are distributed instantaneously to the entire aquifer thick-
ness beneath the point source,

- injection is continuous and constant.

49
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5.3. PROGRAM LISTING

O REM S0 0000003000000 360000000605 0606 36 00 06 0650 4606 0006 060 00 90 90 3 046969636 3000 06 6.0 40 0040 3 30 0E 3L 0 90 S 06 06 04 %
15 REM '+ -

20 REM « program: "WMFLUME.EBAS" »

25 REM » version: IBM-FC 1.0 <January,1985> -

I0 REM =# *

35 REM = by: MILOVAN S. BELJIN *

40 REM = L

45 REM #» HOLCOME RESEARCH INSTITUTE - IGWMC »

S0 REM « INDIANAPOLIS, INDIANA 456208 -

S5 REM = -

60 REM # THIS PROGRAM CALCULATES THE CONCENTRATION DISTRIRUTION »

65 REM # FOR DISPLACEMENT OF SOLUTE IN A HOMOGENEOUS, CONFINED *

70 REM & AQUIFER WITH UNIFORM REGIONAL FLOW AND MULTIPLE, FULLY -

75 REM # PENETRATING SOLUTE INJECTION WELLS (POINT SOURCES). »

BO KREM # BASED ON WILSON AND MILLER EQUATION (1978). »

85 REM =« . »

GO REM 05 00000 TSI DI U000

95 REM

100 DIM X(41),Y(21),C(21,41),0(10),CW(10),TW(10)

105 SCREEN 0,0,0: WIDTH B0O: COLOR 2,0,0: KEY OFF: CLS

110 LOCATE IX,18: PRINT “"WMPLUME.BAS has several options: "

115 LOCATE 7,15: PRINT "1. INTERACTIVE"

120 LOCATE 8,15t FRINT * For preliminary analysis."

125 LOCATE 10,1S:PRINT "2, INTERACTIVE % PRINTER"

130 LOCATE 11,15:PRINT * I1f you need a hard copy of input data"

135 LOCATE 12,15:PRINT * and results."

140 LOCATE 14,15:PRINT "3, EXIT TO MAIN MENU"

145 LOCATE 20,22: INPUT “YOUR CHOICE “;CH1%

150 1IF CHi%Z=1 THEN A$="SCRN:*"

155 IF CH1%=2 THEN A$="LPT1:"

160 IF CH1%=T THEN RUN "MENU.ERAS"

165 OFPEN A% FOR OUTFUT AS #1

170 REM #9350 30090 9 06050 36 36 0 30 0 0836 6 3500335 30 30 00 805 30 3030 3 0 01 3 38 06 08 36 00 36 38 36 90 30 46 3 4 28 28 3 3 30 36 30 30 30 36 3 6 96 36 3 5 34 3¢ 4 %
175 REM ... ENTERING INFUT DATA ...

180 CLS: REM ————

185 LOCATE 10,10

190 INPUT "WHAT UNITS : <1> METRIC or <2» ENGLISH ";CH2%Z

195 1F CH2u=2 GDTD 205 :

200 UNis=" kg/d"s UN2&=" m ": UN4¥=" d": UNSE=" 1/d"t UN&$=" m/d" 36G0OTO 210
205 UN1$=" 1b/d"s UN2F=" ft": UN4E=" d": UNS$=" 1/d"s UN&s=" ¢t/d :
210 CLS: REM =~—rmeececrcr e m e -t e e e
215 PRINT TAR(9) "TRANSFORT FROM A POINT SOURCE IN TWO-DIMENSIONAL UNIFORM FLOW
220 PRINT TAB(®) STRINGS$(61,"+"); PRINT : PRINT : PRINT

225 IF CHi%=1 BOTO 250

230 LINE INPUT " USER: "3 USS

235 LINE INPUT " LOCATION: “:L¥

240 LINE INFUT " DATE: "3 Ds

245 PRINT sPRINT

250 REM

255 INPUT " DARCY VELOCITY..ueveoscosacnsnsnssesaslm/d ) or [£t/dIs";V

260 INPUT " EFFECTIVE POROSITY...acececenccnvsessscssscnssscsses 1"3N

265 INPUT " AQUIFER THICKNESS. . ceeesvsosnccencrsvsssssscscensss 3" "3M

270 INPUT " LONGITUDINAL DISPERSIVITY...seeveceesesem 1 or LFt] :"3AL
275 INPUT " LATERAL DISPERSIVITY..¢cevecescsasceacedm J or [ft] s"3AT
280 INPUT " RETARDATION FACTOR..ccecevocrnscccancscarsesscnsnansss "R

285 INFUT " DECAY CONSTANT (lambda)..ccesoscasscsaccnssessld/dl "jLM
290 INPUT " NUMBER OF POINT SOURCES...ccsvconsescncccsclmax 102 1"jNW
295 LOCATE 24,9

300

INPUT "DO YOU WANT TO CHANGE THE DATA: <RETURN> ND; <1> YES "“jCH3I%
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PROGRAM LISTING (continued)

305
310
315
320
325
330
333
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
a2s
430
a3s
440
445
450
455
460
455
470
475
480
48s
490
495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600

IF CH3%=1 GOTO 210

FOR I=1 TO NW

CLS

PRINT TAB(9) "TRANSFORT FROM A POINT SOURCE IN TWO-DIMENSIONAL UNIFORM FLOW
PRINT TAB(9) STRINGS$(&1,"#"): PRINT

PRINT TAB(23) "ENTER FOINT SOURCE DATA": PRINT: PRINT

PRINT " SOURCE NO."jZ
PRINT " ———m—mo———ee "

PRINT

INPUT " X-COORDINATE OF THE SOURCE...ceesses-.Im) or [ft] s"3XW(Z)

INPUT " Y-COORDINATE OF THE SOURCE..eeeeeeec..lml or CfEI  2";YW(Z)
INPUT " THE SOURCE STRENGTH..eeseeseecesesselkg/d] or [1b/d):";QC(2)
INPUT " ELAPSED TIME OF THE SOURCE ACTIVITY...coeeveoesoldd "3 TW(Z)
LOCATE 24,9

INPUT "DO YOU WANT TO CHANGE THE DATA: <RETURN> NO3 <1> YES "jCHI%
IF CH3%=1i THEN GOTO 315

NEXT Z

CLs

PRINT TAR(9) "TRANSPORT FROM A POINT SOURCE IN TWO-DIMENSIONAL UNIFORM FLOW
PRINT TAR(9) STRINGK(b1,"#"): PRINT ¢ PRINT

PRINT TAB(28) "ENTER GRID DATA": PRINT t PRINT

VaV/Ni: DX=AL#V: DY=AT#V: DXDY=DX#DY: DD=DX/DY: PI=3.14159265#
DOWN=4#P I «N#SQR (DXDY): B=2#DX/V: GMA=1+2#B*LM%¥R/Vi GMAD=4#GMA#DX
XMIN=4#B/SQR (GMA)

PRINT " NOTE:";

PRINT " the error will be within 2% if you chose x-coordinate"
PRINT TAB(10)"of the grid origin to be";:PRINT XMIN; :PRINT UN2$;
PRINT " from the nearest source."

PRINT :PRINT

REM

INPUT " X-CDORDINATE OF THE GRID ORIGIN........[m I or [ft] :"3XO
INPUT " Y-COORDINATE OF THE GRID ORIGIN........Ilm ] or Cft]l :";YO
INPUT " DISTANCE INCREMENT DELX..oevevceeecaseelm J or [Ft2 "3DELX
INPUT " DISTANCE INCREMENT DELY....cccceeveeeeslm J or Cft]) :";DELY
INPUT * NUMBER OF NODES IN X-DIRECTION.........[ max 40 } 1"iNC
INPUT * NUMBER OF NODES IN Y-DIRECTION.........{ max 20 J ¢";NR

LOCATE 24,9

INPUT "DO YOU WANT TO CHANGE THE DATA: <RETURN> NOj; <1> YES "3iCH3Z

IF CH3%=1 GOTO 390

CLS: REM =c=c—cmee- —-— - e ————————————
PRINT TAB(9) "TRANSPORT FROM A POINT SOURCE IN TWO-DIMENSIONAL UNIFORM FLOW
PRINT TAB(9) STRINGS (61,“#*")s PRINT : PRINT

IF CH1%=1 GOTO 820

LPRINT TABRCLIZ2) "B 0 0000 530000030006 0 35 3 3608 08 48 30 00 38 0 36 98 38 36 36 38 3 36 06 38 30 6 98 3 38 998 % %

LFRINT TAB(12) "#

LPRINT TAB(12) "=» SOLUTE TRANSPORT FROM POINT SOURCES
LPRINT TAB(12) "= IN TWO~-DIMENSIONAL UNIFORM FLOW
LPRINT TAB(12) "=

LPRINT TAB(12) "#» MODEL: WMPLUME

LPRINT TAR(12) "=

LPRINT TABCLI2) " 50505555103 3 330396 3 30 330 00 3 0 3 3 38 36 3 36 3 36 36 3 35 3 36 30 46 36 3 3 4 3 3 26 3 % %
LPRINT: LPRINT

LFRINT TAB(12) "USER: "3USeE

LPRINT TAB(12)"=—w—= "

LPRINT TAB(12)"LOCATION: "j;L$

LPRINT TAB(12)"————————— "

LPRINT TAB(12)"DATE: ;D8

LPRINT TAR(12) " —eemem "

LPRINT : LPRINT

LPRINT TAB(28) "INPUT DATA:": PRINT #1,3 PRINT #1,

TR
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605
610
615
620
625
&30
&35
&40
645
&50
&S5
660
&65
&70
675
680
&85
690
695
700
705
710
7158
720
725
730
735
740
745
750
7SS
760
765
770
775
780
785
790
795
800
80S5
810
815
820
825
830
835
840
845
850
855
860
865
870
875
880
885
890
895

P00

PROGRAM LISTING (continued)

LFRINT TAB(IZ2)USING"DARCY VELDCITY. it iceanenscntsancsococs SHNNNN.HE"; VaN;
LPRINT UNé6S

LFRINT TAB(12) "EFFECTIVE FPORDSTITYeeseseevncsennscnsnast "3N
LPRINT TAB(I2)USING"AQUIFER THICKNESS. cvocscsncoccsaccace aHHNNN, HH"; M5
LPRINT UN2#

LFRINT TAER(12)USING"LONGITUDINAL DISFERSIVITY. . ceoseconecs SHNNUN. HH";AL;
LPRINT UN2S$

LFRINT TAEB(12)USING"LATERAL DISPERSIVITY..ciececcececrcesc  IHNRHN WH";AT;
LPRINT UNZ¥

LPRINT TAB(12)USING"RETARDATION FACTOR. . v e cceenscrtavannsass tHHHNN $U"IR

LPRINT TABR(12) "DECAY CONSTANT (lambda)...csveesccasast "slM;
LPFRINT UNO#
LFRINT TAB(12)USING"NUMBER OF POINT SOURCES....cvccccucenst L1 " s NW

LPRINT : LFRINT

LFRINT TAER(26) "SOURCE DATA:"

FOR Z=1 TO NW

LPRINT: LFRINT

LFRINT TAB(12)"SOURCE NO.":Z

LPRINT TAE(12)Y=—m—mem e "

LPRINT

LPRINT TAR(12)USING"X-COORDINATE OF THE SOURCE.cccscaccac . sHHNHB. HH"; XW(Z);
LPRINT UN2$

LPRINT TAB(12)USING"Y-COORDINATE OF THE SOURCE. .vrcessacas sHNBNN. HR";YW(Z);
LPRINT UN2s$

LPRINT TAR(12)USING"THE SOURCE STRENGTH. s cvscacsanassvaces INNNNN. WH":0C(2);
LFRINT UN1$

LFRINT TAE(12)USING"ELAFSED TIME OF THE SOURCE ACTIVITY...:####H.#8";TW(I);
LFRINT UN4sx

IF Z=2 THEN PRINT #1,CHRS$(12)3

NEXT 2

LPRINT : LPRINT

LPRINT TAE(28) "GRID DATA:"

LPRINT : LPRINT

LPRINT TAE(12)USING"X-COORDINATE OF THE GRID ORIGIN.......t1HH#HH_ H#8":X0;
LPRINT UN2$

LPRINT TAB(12)USING"Y-COORDINATE OF THE GRID ORIGIN.......:H###H8. 84" ;Y0;
LPRINT UN2$ g

LPRINT TAR(12)USING"DISTANCE INCREMENT DELX.:ecoscenseseeas tHUHHN, W0" s DELX
LPRINT UNZ2S#

LPRINT TAEB(12)USING"DISTANCE INCREMENT DELY..oeveccavracst HHNNE WU DELY;
LFRINT -UN2$

LPRINT TAB(12)USING"NUMBER OF NODES IN X~DIRECTION........? “H "$NC

LPRINT TAE(12)USING"NUMBER OF NODES IN Y-DIRECTION........t ##%  “tNR
REM 00000 30 3036 90 36 36 98 46 38 06 36 95 36 38 30 36 00 36 30 06 36 38 3 Sk 36 36 9534 35 34 40 SF 46 36 36 3 36 30 O 6 90 48 36 34 44 96 3 S0 36 3% 96 3 94 31 36 44 3 3 30 4 3 9 96 3 ¥ % %
REM .++ THE MAIN PROGRAM ...

REM -- T e -—-

LOCATE 10,24: PRINT “... PLEARSE WAIT FOR A MOMENT ..."

REM

Al=,07052307844: A=, 0422820123#: AZ=.00927052724
A4=1,.52014T7E~04: AS=2.7654672E-0Q04: AL=4.306IBE-0S
X(1)=X0: Y(1)=¥0
FOR I=1 TO NR
FOR J=31 TO NC
FOR I=1 TO NW
IF CH2%=1 THEN QCO=QC(2)#1000/M ELSE QCO=QC(Z)#16018.36358#/M
X=X {(J)~XW(Z)
IF X<0 THEN GOTD 925
Y=ABS(Y (1) -YW(Z))
IF (X=0) AND (Y=0) THEN C(1,J)=-1: GOTO 930
ELSE RR=(X#X+Y#Y#DD)%GMA: RR=S0R (RR)
U= (RR*RR*R) / (GMAD*TW(Z))
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PROGRAM LISTING (continued)

905 RB=RR/B

910 GOSUB 1150

915 CW(Z) =QCO*EXP (X/B) /DOWN*WURB

920 C(I,0)=C(I,J)+CW(2)

925 NEXT Z

930 LOCATE 13,20

935 PRINT "NOW PROCESSING ROW: "3;I;:PRINT " AND COLUMN: "3J
940 X (J+1) =X (J) +DELX

945 NEXT J

950 Y(I+1)mY(I)+DELY

955 NEXT I

960 REH FZIYZYITYIT YRR RS RSS2SR 2SS RSS2SR 2222222222 X2 22X 22222 ]

965 REM ... FORMATTING THE OUTPUT ...

970 CLS: REM —=emmemo——cmeem—eee - - - -~ -
975 H=FIX(NC/S): P=H+1

980 R=NC-H*S: IF R=0 THEN P=H

985 PRINT #1,CHR$(12);

990 PRINT #1,STRING$(33,"#");" RESULTS ";STRINGS(35,"#")

995 PRINT #1,

1000 PRINT #1,"#+=—m——m > X-direction CONCENTRATION in mg/l (ppm)"

1005 PRINT #1,"1": PRINT #1,"v Y"

1010 FOR S=1 TO P

1015 PRINT ®#1,: PRINT #1,: FRINT #1,

1020 IF S=P AND R>0 THEN LS=R ELSE LS=S

1025 PRINT #1,TAB(13) "";

1030 FOR K=1 TO LS

1035 FaF+1

1040 PRINT #1,USING " WHHNRN.WW";X(F)3: PRINT #1,UN2%;
1045 NEXT K

1050 PRINT #1,: PRINT #1,

1055 FOR I=1 TO NR

1060 J=(S=1)#5

1065 PRINT #1,USING "####.## ";Y(I);: PRINT #1,UN2S$;
1070 FOR L=1 TO LS

1075 J=J+1 .

1080 PRINT #1,USING " WHHRHUN. HHNE";CLI, )5

108% NEXT L

1090 PRINT #1,""

1095 NEXT 1

1100 IF CH1%=2 GOTO 1130

1105 REM mem—cemmccece e e

1110 LOCATE 24,23,0: COLOR 16,7,0

1115 PRINT "Press Space Bar to Continue...";:COLOR 2,0,0

1120 MTs=INKEY®: IF MT$="" THEN 1120 ELSE IF MT$=" " THEN GOTO 1125 ELSE 1120
1125 CLS: REM -—- —-——
1130 NEXT S

1135 CLS: PRINT #1,CHR$(12);

1140 CLOSE #1

1145 CLEAR: 6GOTO 100

1150 REM #usnnnnnssnntntnnttttnnrtnd SURROUTINE WURB 3553 % 300 5 5 5 38 38 3 30 304 3 30030 3 3 36 36 38 3 3 3 &
1155 ARG1=(Pl#B)/ (2#RR)

1160 ARG2=-RB

1165 ARG3=(-RB+2#U)/ (2*SQR(U))

1170 REM —-— - ERFC FUNCTION =~=-- ———————————

1175 G=ABS (ARG3) 1 G2=G*#G: GI=G2#G: G4=G3I#G: G5S=G4#G1 G6=G5+G

1180 ERFC=1/ (1+A1#GB+A4G2+AT#(3I+A4%xG4+ASHES+AL#GELI N1 6

1185 IF ARB3<0 THEN ERFC=2-ERFC

1190 REM - -

1195 WURB=SER (ARG1) #EXP (ARG2) *ERFC

1200 RETURN
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PROGRAM IDENTIFICATION

1.1 Program Title: Analytical Model for Solute Transport of a
Solute Slug in a Uniform Two-Dimensional Ground-
water Flow Field

1.2 Program Code Name: SLUG. BAS

1.3 Program Writer: Milovan S. Beljin

1.4 Program Organization: International Ground Water Modeling Center
Holcomb Research Institute, Butler University
Indianapolis, Indiana 46208, Tel: 317/283-9458

1.5 Date: January 1985

1.6 Version: IBM-PC 1.0

1.7 Source lLanguage: Microsoft BASIC

1.8 Memory Requirements: 64k

1.9 Availability: SLUG.BAS is a non-proprietary code. It is
distributed at cost by IGWMC. A copy of the
program on 5%" diskette is available

2.0 Abstract: A program to calculate the concentration dis-
tribution of a slug from a point source in
two-dimensional regional flow

2.1 Comments: SLUG.BAS is based on Sauty (1980) equation
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6.1. MATHEMATICAL MODEL

TRANSPORT OF A SOLUTE SLUG IN A UNIFORM GROUNDWATER FLOW FIELD

This problem considers slug injection of a conservative solute into a
two-dimensional uniform flow field (Figure 4). It is similar to the plume
problem except for the boundary condition at the source:

C(x, y, 0) = %‘6(x, y) (6.1)

where m(M/L) is a certain mass of solute introduced instantaneously per unit
of aquifer thickness.

A general analytical solution of this problem was given by Sauty (1980):

t! Ta% + t'2 a2 + t'2”
Cpar t) = 412+ exp | g - e (6.2)
R Rmax R _
where
Xp = g— (Longitudinal Peclet number) x > 0
L
Xp = Ix] + 2vt . x <0

2 2
a= G+ -l’o,—);i = (@ + yﬁ)l2

LAY
P Gl % - 2
t':v_t.

R aL

The concentration C is calculated as a product of the dimensionless

concentration CR'and the peak concentration Cmax:
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:

;

(

m

C . (Xp, ¥p) = « f(Xp, Yo)
max "R’ YR % R* 7R
4nnaL(uLaT)
where
- - 2 2 =
Fxgs o) = b exp { - | SR ‘Rnax) d;
R* R *R Rmax 4t pmax XptRmax _
with

thmax = [ 1+ Crxd? + (RAI21% - 2,

66
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Figure 4.

AY

ASSUMPTIONS:

uniformly porous confined aquifer,

- the aquifer is homogeneous, isotropic, infinite in areal extent, and -
constant in thickness,

a fully penetraing solute injection well,

recharge rates are negligible in relation to uniform regional flow rate,

pollutants are distributed instantaneously to the entire aquifer thick-
ness beneath the point source,

injection is of short duration in relation to transport time.
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6.3. PROGRAM LISTING

10
15
20

25

30
35
40
a5
S0
55
60
65
70
75
80
8%
90

100
105
110
11S
120
125
130
135
140
145
150
15%
160
165
170
175
180
185
190
195
200
205
210
2195
220
225
230
235
240
245
250
255
260
245
270
275
280
285
290
295
00

REM (A2 22 X222 L2 L ol sl a2l a 22 s 2SR LL R Y

REM »
REM = program: "“SLUG. RAS" »
REM & version: IBM-FC 1.0 <January,1985>» »
REM # *
REM #» by: MILOVAN S, BELJIN *
REM # L]
REM HOLCOMB RESEARCH INSTITUTE - IGWMC L
REM = INDIANAFOLIS, INDIANA 46208 . -
REM # -
REM #» »
REM # e
REM * THIS PROGRAM CALCULATES THE CONCENTRATION DISTRIBUTION -
REM # FROM A SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW, *
REM # BASED ON SAUTY (1980). *
REM # *

RE" L A2 XXX A2 22 22 222222222222 2222 X222 X 222X 222X L LY Y
REM

DIM X(41),Y(21),C(21,41)

SCREEN 0,0,0: WIDTH B0: COLOR 2,0,0: KEY OFF: CLS

LOCATE 3,18: PRINT "SLUG.BAS has several options: "

LOCATE 7,15: PRINT "1, INTERACTIVE"

LOCATE 8,15: PRINT " For preliminary analysis."

LOCATE 10,15:PRINT "2, INTERACTIVE % PRINTER"

LOCATE 11,1S:PRINT * I you need a hard copy of input data"
LOCATE 12,15:FRINT * and results. "

LOCATE 14,15:FRINT "X. EX1T TO MAIN MENU"
LOCATE 20,22: INPUT "YOUR CHODICE ";CH1%
IF CHi%=1 THEN Af£="SCRN:"

IF CH1%=2 THEN Af="LPTg1:"

IF CH1%=3 THEN RUN "MENU.BAS"

OFPEN Af FOR OQUTPUT AS #1

FREM 50905650 905 30 90 90 096 9596 90 30 00 98 30 36 3698 96 40 3 30 90 3035 3 96 00 06 96 36 00 36 96 96 00 96 30 00 00 0030 96 0 3090 96 36 40 00 0 30 00 95 30 06 30 36 46 4 90 96 9 30 0 04 3%

REM .+« ENTERING INPUT DATA ...

CLS: REM =—m—m—me—mr e —-—— -
LOCATE 10,10

INFUT “WHAT UNITS : <1> METRIC or <2> ENGLISH "“jCH2%

IF CH2%=2 GDTO 205

UNi#=" ¥g" : UN2S$=" m ": UNI®=" m/d " : UNAE=" d": GOTD 210
UN1$=" 1b" 3 UN2%=" ft": UNI$=" ft/d"” 3 UN4§=" d"

CLSs REM =——=—— oo e e

PRINT TAR(14)"SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW"
PRINT TAR(14) STRINGS$(46,"#"); PRINT 3 PRINT
IF CHi%=1 GOTO 250

LINE INFUT " USER: " USY
LINE INPUT " LOCATION: ";L¢
LINE INPUT " DATE: "3 D¢

PRINT :FRINT
INPUT " TOTAL SOLUTE MASS INJECTED..c.c.eseeesaeslkg) or [1b) :";M

INPUT " Y-COORDINATE OF THE GRID ORIGIN........[m or [ft) :"3Y0
INPUT " DISTANCE INCREMENT DELX..cvcoscvcccocsslm or [ft) s":DELX
INPUT " DISTANCE INCREMENT DELY....c¢coveccascelm J or [£t]1 "3DELY
INPUT * NUMBER OF NODES IN X-DIRECTION.........[ max 40 3 1"3NC

INPUT " DARCY VELOCITY...cievesesssvenscecsackm/d J or (ft/dl:z"3V
INFUT " EFFECTIVE FPORDSITY. . cceecensveccsssocscnoseancnneas "IN
INPUT " LONGITUDINAL DISFERSIVITY...ceecesescsslm J or [$t] :"j3AL
INFUT " LATERAL DISPERSIVITY..ceevecocsccssnsssIm J or [$t] ";AT
INPUT " AQUIFER THICKNESS, . ssesccesasascccsesselm 1 or [$¥t] :"3PB
INFUT " X-~COORDINATE OF THE GRID ORIGIN......os{m J or [ft] :"3X0O

pJ

]
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PROGRAM LISTING (continued)

305
310
315
320
325
330
333
340
345
350
355
560
365
370
375
380
I8s
90
395
400
405
410
41S
420
425
430
435
440
445
450
455
460
465
470
475
480
485
490
4935
500
508

510
515

S20
525
530
335
540
545
S50
SSS
560
565
370
575
580
585

INPUT " NUMBER OF NODES IN Y-DIRECTION..cee.e..l max 20 ] :":NR

INPUT " TIME.ec.ceeeooecsocsesssessscsascsonsscsnssccancesldl :1"37T

LOCATE 24,9

INFUT "DO YOU WANT TO CHANGE THE DATA: <RETURN> NO; “1» YES ";CH3IZ

IF CH3%=1 GOTO 210

CLSs REM - - e e - — -
PRINT TAR(14)"SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW"

FRINT TAR(16) STRINGS$(446,"#"): PRINT #1,: PRINT #1,

IF CHi%Z=1 GDTO 425

LFRINT TABCIZ2) " H0 000000500 0003050653030 3630000 0 363036 9 3 36 38 30 30 3036 35 36 36 36 98 3 38 30 36 36 36 34 38 3 3 3 3% 3%
LPRINT TAB(12) "#»

LPRINT TAB(12) "# SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW
LPRINT TABR(12) "«

LPRINT TAB(12) "# MODEL: SLUG.BAS

LFRINT TAR(12) "» :

LEFRINT TAB12) "5 50 333363 36 3 56 33 5636363 3636 336 30336 3 35 3 30 30 338 38 30 3 36 36 30 46 30 36 36 3 36 36 3¢ 3 4 - %
LPRINT :sLFRINT

LPRINT TABR(12)"USER: ":USS

LPRINT TAB(12)"“~—==~ "

LPRINT TAB(12)"LOCATION: "iL#

* % £ %%

LPRINT TAB(12)"———vceee—

LFRINT TABR(12) "DATE: ":D¥

LPRINT TAK(12)"===—- "

LFRINT ¢ LPRINT

FRINT #1,TAB(28)"INPUT DATA: "3 FRINT #1,: FRINT #t,

PRINT #1,TAB(12)USING"TOTAL SOLUTE MASS INJECTEDeecccovaacsct HHBRN, #H";M;

PRINT #1,UN1S$
PRINT #1,TAB(12)USING"DARCY VELOCITY.ereveuerenrennonnaenees i HUHNN, HB"3V;
PRINT #1,UN3$

PRINT #1,TAR(12) “EFFECTIVE POROSITY.vreveeonoarnocannoal "N

PRINT #1,TAB(12)USING"LONGITUDINAL DISPERSIVITY.uueaeaqanea. s HRBRN.HH";AL;
PRINT #1,UN2$

PRINT #1,TAB(12)USING"LATERAL DISPERSIVITY.veveeoaerronnaneat WHNHN HH ;AT
PRINT #1,UN2$

PRINT #1 ,TAB(12)USING"ADUIFER THICKNESS. . eseorveoonnonsaioeat HUNNN, #H" 1 B;
PRINT #1,UN2$

PRINT #1,TAR(12)USING"X-COORDINATE OF THE GRID ORIGIN.......:#H08H8, #8%;X0;
PRINT #1,UN2%

PRINT #1,TAB(12)USING"Y-COORDINATE OF THE GRID ORIGIN.......: #8888, #8"3YO;
PRINT #1,UN2$

PRINT #1,TAB(12)USING"DISTANCE INCREMENT DELX.veoocenvonocs.t WNONN, #8" 3 DELX;

PRINT #1,UN2$
PRINT #1,TAB(12)USING"DISTANCE INCREMENT DELY..ceecoocaaees.2 WNNNN, #8"DELY;

PRINT #1,UN2§

PRINT #1,TAB(12)USING"NUMBER OF NODES IN X~DIRECTION...cce..s ittt "sNC

PRINT #1 ,TAB(12)USING"NUMEER OF MNODES IN Y-DIRECTION....cc..: W0t NN ":NR

FRINT #1 ,TAB (1 2)USING " TIME. c e cveaersevacesmsassancsoeannasnsanees HHHNN_ BB":T;

FRINT #1 UN4¥

IF CH1%=2 GOTO S8S

REM e e o e e e e e e e e e et e e et e o et e e e o R e e e e
LOCATE 24,23,0: COLOR 16,7,0

FRINT "FPress Space Bar to Continue..."3;:COLOR 2,0,0

MT$=INKEY$: IF MT$="" THEN 545 ELSE IF MT#=" " THEN GOTO 580 ELSE 565

REM S350 20 5050050 5035303090 00 0608 3600 303030 30 3030 36 30 3090 3 36 38 36 30 30 36 36 38 30 30 36 30 30 36 36 30 06 36 08 30 3 30 30 30 06 36 48 3 46 3 40 3 2 3 4 3 %
REM ... THE MAIN PROGRAM ...

CLS:REM ——=—==mmem - -— e
LOCATE 10,243 PRINT "... PLEASE WAIT FOR A MOMENT ..."
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PROGRAM LISTING (continued)

S90 IF CHI%=1 THEN M=1000#M/F ELSE M=M*16018.16/B
595 U=V/N: PI=3.14159265#%

600 X{(1r=X0: Y (1)=YD

605 PRINT #1,

610 FOR I=1 TO NR

618 Y=Y (1)

620 FOR J=1 TO NC

&25 X=X(J)

630 IF X<0O OR X=0 THEN X=ARS(X)+2%Us»T

&35 XR=X/AlL: XRI=XR*XR: YR2=(Y#Y)/(Al.#AT): AL=XRI+YR2

&40 TRF=(U#T) /AL TRMAXP=SDR (A2+4) -2

645 1= (A2+TRMAXP#TRMAXP) / (4% TRMAXP)

650 ' K2= (AZ2+TRF#TRP) / (4%*TRP)

655 CR=(TRMAXF/TRP) #EXF (K1~E2)

660 TRMAX=COR (1 +4/XR2+YR2/XR2)-2/XR

665 El=((XR/4)* (1-TRMAX) ~2) /TRMAX

b670 E2=YR2/ (4% XRaTRMAX)

&75 F=(1/(XR#TRMAX) ) *EXP(-E1-E2)

680 CMAXe ( (M/N) #F) / (4%FP I #ALXSOR(AL*AT) )

685 C(1,J)=CR*CMAX

690 LOCATE 13%,20

695 FRINT "NOW PROCESSING ROW: "3lz:PRINT " AND COLUMN: "3J
700 X(J+1)=X(J)+DELX

705 NEXT J

710 Y(I+1)=Y+DELY

71S NEXT 1

T20 REM 5950030 0006 0000 30303038 36 30 303035 06 00 35 3635 36 36 30 36 06 36 3 36 30 36 00 3 30 90 36 45 90 00 3 36 36 30 36 3 46 3 90 36 3 36 3 35 35 30 30 4 S 30 3 3 34 3 0 20 3 B
725 REM eseeo FORMATTING THE OUTFUT ...

730 CLS: REM mer e e e e e e e e e e e e e e e e e e e e e e e e e e

735 H=F1IX(NC/S): PsH+1

740 ReNC-H#5:; IF R=0 THEN P=H

745 PRINT #1,CHR$(12);

750 FRINT #1,STRING#(3IZ,"#");" RESULTS ";STRING#(I5,"#")

755 PRINT #1,

760 PRINT 81 ,"4-—e—ee » X-direction CONCENTRATION in mg/1
765 PRINT #1,"!": PRINT #1,"v Y"

770 FOR S=1 TOQ P

{tppm) "

775 PRINT #1,: FRINT #1,: FRINT #1,

780 IF S=P AND R:>0 THEN LS=R ELSE L5=5

785 PRINT #1,TAE(13) “";

790 FOR K=1 TO LS

795 1=2+1

800 PRINT #1,USING “"HHHNNNH.#R":X(Z) 31 PRINT #1,UN2$;
805 NEXT K

810 PRINT #1,: PRINT #1,

B1S FOR I=1 TO NR

820 J=(S-1) %5

825 FRINT #1,USING “#8H#.48 ";Y(I)5: PRINT #1,UN2%;
830 FOR L=i TO LS

835 J=J+1

840 IF C(I,J)<.0001 THEN Ct1,J)=0

835 PRINT #1,USING “WHAHNNEN . WHNN":C(T1,T) 3

850 NEXT L

855 FRINT #1,""

B6Y NEXT I

B&S IF CH1%=2 GOTD B9S

B70 REM =—m—momme e e e e e

875 LOCATE 24,23,0: COLOR 16,7,0
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PROGRAM LISTING (continued)

880
885
890
895
00
095
210
915

FRINT "Press Space Bar to Continue..."3:COLOR 2,0,0 .
MTE=INKEYS®: IF MTE£="" THEN A8S ELSE IF MT$=" " THEN GOTO 890 ELSE 885

CLS: REM ——— e e e e e e e e
NEXT S

CLS: PRINT #1,CHR®(12);

CLOSE #1

CLEAR: GOTO 100

REM ——
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PROGRAM IDENTIFICATION

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

Program Title:

Program Code Name:

Program Writer:

Program Organization:

Date:

Version:

Source Language:

Memory Requirements:

Availability:

Abstract:

Comments:

Analytical Model for Transport of a Solute Plume
from Point Sources in a Uniform Three-Dimen-

sional Groundwater Flow Field
PLUME3D. BAS
Milovan S. Beljin

International Ground Water Modeling Center
Holcomb Research Institute, Butler University
Indianapolis, Indiana 46208, Tel: 317/283-9458

January 1985
IBM-PC 1.0
Microsoft BASIC

64k

PLUME3D.BAS is a non-proprietary code. It is
distributed at cost by IGWMC. A copy of the
program on 5%" diskette is available

A program to calculate the concentration dis-
tribution of a plume from point sources in
three-dimensional regional

flow. It includes

option for decay

PLUME3D.BAS is based on Hunt (1978) equation
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9.1. MATHEMATICAL MODEL

TRANSPORT FROM A POINT SOURCE IN A UNIFORM THREE-DIMENSIONAL FLOW FIELD

The advection-dispersion equation for a uniform three-dimensional flow
field with a constant velocity, v, in the x direction, is given as

22¢ 32¢ 92C _ - aC _ Q _ac
Dux 5xZ * Oyy 592 * 022572 ~ Viax "Mt T 5 (9.1)

If the pollutant is continuously injected from a point source into an
aquifer, initial and boundary conditions are

c(x,y, 0)=0

Q.(x, ¥, 2, t) = QCob(x, y, 2)

C (3=, 3w, t», t) =0

The analytical solution of the problem is given in the form (Hunt 1978)

0o exp (g5

C(x, ¥, 2, t) = XX [exp (- =) erfo(——— - aJt)
8nn JDyy Dzz Dxx ZJDxxt
+ exp (_EI_) erfc( r + aft)] (9.2)
Dyx 2D, ¢

in which r and a are defined as

r= D D
d x2 + y2 XX 4 g2 XX
Yy DZZ
A+ g
4D
XX
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l The program PLUME3D.BAS uses the principle of superposition to calculate
I 5 concentration distribution from multiple point sources.

. g’

, The grid design of three-dimensional models is given in Figure 7.
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9.3. PROGRAM LISTING

10
15
20
25
S0
35
a0
45
T
55
&)
LY
70
75
[218]
BS
L4
95
100
105
110
115
120

125

130
123
14
145
150
155
160
165
170
173
180
183
190
195
200
205
210
215
220
230

235

240
FAG
250
255
260
265
270
275
2810
8%
290
29%
TOO0

FEM AP APURNTLFFAUACAN YR YA YERR Y BBYJRERVAY S P ARARPA VLN BB PARI R A Y

FWEM " »
HEM ow progr ames "FLEEE D, BOGY L]
FFM & version:  TEM-PC 1.0 <January,1785: %
REM & »
RiEM « by: HMILOVAN S, BELJIN “
FEM 4
FEM  » HOLCOMR RESFEARCH THSTITINFE - 1GWML L]
EM v THRIAMOE Y 1S, JTHDENNA 46000 L]
REM A
2230 & N | THIS PROGRAM Cal CHLAES THE CONCENTRATION DISTERIRUT TN L]
FEM % MO DISELACEMFRHIT OF SULIHE TN A HOMOSENEDNS, CONFTIHTD -
FEE # AMMBIFER WITH U ORmM REGTORGL FLOK AMD MULTIFE R, FULL Y L
REM # TFENETRATING SOLUTE INJECTINN WELLS (FOINT SHIRCES). »
REM & BASED ON HUNT i120Q7) ., »
REM o » ‘ .
fef-11 R Y Y R R Y e A e R Y R Y F R E Y T YRR NN XY
REM

DIM X(A1) Y21 (G ,A41) 00 010) (W1 ,TW0)

SCREEN 0,9,0: WIDIH 809: COLUR 2,u,0: KEY OFF: CLS

LOATE 2,18: FRINT "PLUMETD. PAS hae several coptions:
LUCATE 7,15: PRINT "1, INTERACIIVE"

LOCATE B,15: FRIN) " For prelimirary analysis.™

LOCATE 10,19 FRTHT "2, INIERALCTIVE &% PRINTER"

LOCATE 1) 35 FRINT " 1+ you need a hard copy of input data"
ILOCATE 172, lS:F'RINl " and regultis."”

FOCATE 14 15 FRINT "Z, FXTT TO M0t MERU"

LOCATE "H.l’?l THEH "YOUR CHOICF "aCHIY

IF CH1%-=1 THEN A$-"SCFN: "

IF CH1E=2 THEMN Af=“LP71:"

IF CH1%=3 THEN RIIN "MEMI). RAS"

DFEN AF FNR QUITFINT AS #1

REM AN RN R AT RN FA PR AN IS N A A NS E AN NN E ANV AR NN R RN BRSNS N P RN RPN

REM wee ENTERING INFUT DATA ...

LLS: REM -~=—rom—em e e e e e e e e e e ——————
ILOCATE 10,10

THFUT "WHNAT UNITS ¢ Y METRIC or <2 ENBLISH  "iUH2Y

IF CHZ2Y%=2 GOT0 20%

IINJE=" ka/d": UNFEF=" m "¢ UNAE=" d": UNDGSE-" 1/7d": UNL&E=" m,d" 6070 210
UNIE=" Th/d"s DN2IE=" ft": LUNAE=" A": NGt 1/d"s UN6¥=" +t/d

ClLS: REtl mmem e e e e e ———— e b e mm e —————
FRINT TAR(P) "TRANSFORT FRONM FPOINT SOURCES IN THREE-DRIMENSIONAL UNIFORM FLOW
FRINT TAR(9) STRINGE(&LS " %" ) FRINT ¢ FRINT 3 PRINT

1F CH1%=) BOTD %0

LINE INFUT " LISEF: RERILCE

LINE INFUT "  LOCAYTION: il e

L INF JHPLN " PiE: "Dy

FRINT :FRINT

REHM

INFUT " DARCY VELOCITY....oeuereivvensnveessalm/d J or [(Ft/d3:"2V
INPUT " BEFFRECTIVE PORIISIIY. .. ettt ennneevocsnseconacnssos "IN
JTNFUT " LONGITUDINAL DISFERSIVIIY. ... eeneeeeeadm 8 or (44T 273
INFUT " LATERAL DISFERSIVIIY. .t eieereeaervoeadlm 1 or [FL] :"3AT
INFUT " VERTILAL DISFFREIVITY..eucvrerenrecessslm J or [Ft]) :“gAZ
INFUT " DECAY CONSTANT (lombda). . iievennvsssnsssssesss1/7d] 2"tlM
INPUT " NUMBER OF FPOINT SOURCES. . v i verecnacescseeselma 101 2"tNW

LOCATE 24,9
TRFUT "D YO WANY TO CHANGE THE PtAr <RETIIRN . W0z < 1> YES "3 HTY
JF CHZY=1 GOTO 210
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PROGRAM LISTING (continued)

I05
310
3i5
J20
I25
T30
375
40
345
50
355
260
365
370
375
80
385
390
395
400
405
410
415
420
425
430
435
440
445
450
4595
460
4465
470
a7

480
485
490
A95
500
905
o910
9135
520
25

A
1

aaaa

-
o

P
545
550

55

360
565
S70
575
580
585
SS90
599
SO0

y LFRINT TAR(12) "+

FiI'R W=t TO NW

CLS

FRINT TAR(9) "TRANSFORT FRAM FOINT SNURCES IN THREE-DIMERSIONAL UNIFORM FLOW
FRINT TAB(9) STRINGS(4A2,"+"): PRINT

FRINT TAHR(25) "ENIER FOINT SOURCE DATA": FRINT: FRIMT

FRINT *  SDURCE NDO.“:W

FR I 1y T " ccmemcmer e —a—- "

FRINT

INFUT * Y=CONKRDINATE OF THE SOURIF.ccecieecaaaclm]l or (£

INFUT " Y-COORDINATE OF JHE SOURCE.cveesecesetm] or [FfE]

INFUT * Z-COORDINATE F THE SOURCF..eeecvaeecImd or (LD :"ZW(M)
IMPUT *  YHE SOURCE STREMNGIH...cccvvseeacsesslbkg/d]) or [lb/dl:";0CHN)
INFUT " ELAFSED TIME OF THE SOURCE ACTIVITY....ececveeesld] 2”3 TW(W)
LOCATE 24,9

INFUT DO YOU WANT TO CTHANGE THE DATA: <RETURN:> NO3 <1 YES "3:CHT%Z

IF CHIY%=1 THEN GDVO 310

NEXT W

cLSs

FRINT TAKR(9) *TRANSFORT FROM POINT SUOURCES IN THREE-DIMENSIONAL UNMIFORM FEQW
PRINT TAB(9) STRINGE(AT " %") FRIMT 2 FFRINT

FRINY 1AB(28) “EHNTER GRID DATAY: FPRINT @ FRIMT
FRIMT :PRINT

INFUT " X-COORDINATE (OF THE GRID ORIGIN........Im ] or [4t] :2":XO
INFUT " ¥Y=-COOKDIMATE (F THE GRID ORIGIN......c..fm ) or [fE] :":Y0
INFUT " I-COUORDINATE OF THE GRID ORIGIN........ [m J o Lft) :2"370
INPUT »  DISTANCE INCREMENT DELX.....cveeveereem 3 or (FE]  2"3DELX
INPUT " DISTANCKE TNCREMENT DELY....ceceeeeereeem 1 or [fL] s :DELY
IMFUT " DISTANCE INCFRNENT DELZ....cccaevecsseelm 1 or LF#E] :¢":;DELZ
INFUT " MUMRER 1 NODES IN X-DIRFICTION....... e L max 40 3 s itiC
INPLT " HNUMBER OF NODES IN Y-DIRECTION.........0 max 20 1 :£":NR
INFUT " HUMBER (F NODES IN Z-DIRLCTION......... 0 mar 20 ] t"gNZ

LOCATE 24,9
THFUT “DD YD) WANT TO CHANGE THE DNTA: <RETURN: ND: <1 YES "iCHIL
IF CHIN%=1 GOTO I%0

CLS2 REM oo o e e e e e s e e e s e e e e i
FRINT TAR(9)" TRAMNSFORT FROM POLINT GUURCES M THREE~-DIMENSIOMAL UNIFORM FLOW
FRINT TAB(9) SIRINIGE(62,"2"): FIRINT ¢ FRINT

IF CHIY%=1 GOT0 8L%
{LFRINT TAH(LD) "S %8RB RABFRXRERBSSRHEARBRESRREEFCRARRR B RN RA S
LFRINT TAH(12) »

LEFRINT TAR(CL2) “"» SOUUITE TRANSEMRT FROM FOINT SOURCES
LFRINT TAR(12) "» IN THRFE-DIMENSIONAL UNIFORM FLOW
LFRINT TAR{12) “»

LFRIMT TNR{12) "« MODFKL.: FLUMEZID

*x kK & &£ ® x

LEPRINT TAFCLD) "% %0 03050050 % 0355000 0308000008500 0000505300888
LFRINT: LFRINT

LERINT TAR(C12) "SHR: "1USE

LFRINT TAR(12)"———-="

LEPRINT TAROI2) "LOCATION: “":LE¥

LFRINT TAH(12) " -rmmem— °

LEFRINT TAR(12) "DATE: ":D¥

LFRINT TAR(12) "—m——m "

ILLFRINT ¢ | PRINT

LFRINT TAR(28) " UHFUT DATA: ;s FRINT #1,: FRINT #1,

ILFRINT TAB(I2IUSIMG"DARCY VELOCITY .oveeccercnncsscoscaccar SHRHNN_HE"1V;
LPRINT LiNGE

LERINT 1AKL2) CEFFECTIVE PORDGTIY. L. it etneennranronst "N
LFRINT TARCI2)USIMNG LONSITUDINAL DISFERSIVITY. s veeeeceenos tHUNHE, HR" AL
LIFRINT UNDT'E
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PROGRAM LISTING (continued)

HOT
HI0
615
620

25

&0
&35
640
640
HSO
bhN
LEO
665
670
675
680
6BG

-

695
T OO
705
710
715
720
720
730
725
740
745
750
753
760
765
770
775
780
78%
TS0
795
BON)
BUS
810
815
820
82%
870D
835
=L1n]
845
850
855
84
865
870
873
|80
885
890
[2X4=)
QOO

[REER IR
LIPRINT
LFRIN
LFRINT
LFRINT
LPRIMT
L FIRINT
LFRINT
| I
FHR wi-—-1
[ R R
LERINT

L FRINT
L FRINT
LFRINT
LFRINT
LFRINT
LPRINT
LFRINT
LEFRINT
LFRINT
LPRINT
LFEFRINT
LFRINT
1F W=2
NEXT W
1LFRINT
1LFRINT
LFRINT
LPRINT
LFRINT
L FRINT
LIPRINT
LFRINT
LFRINT
LFRINT
ILFRINT
L PFRINT
LFRINT
LFRINT
LFRINT
LFRINT
LFRINT
LFRINT
REM s#s
REM

REM —-—-—
LOCATE
Al=, 070

INCI)HDISTHR" LA BN DISEFIFRBIVITY. .. v.e 't her o nees SHNNEH HH" N
LINGF
TARCIZIUSTHE"VERTTCAL DISFERSIVITY. o iernnnnrnrenaas tHREHN HH " 07;
UMD
TAR12) "DECAY CONSTANT (lambda).eeeeereeenaeast  "zLM:
unn s
TARCID USTHE"NUMRER OF FOINT SOURCES. o vvuvenreraeaat £ "iNW
: LPRINT

TAK(26) "SOURCE DATH:

T NW

11TRINI
TARCL.D "SIHIRCE MO "3 W
TAN(12) " omm e e "

TAH (I USTHE" X-COURDINATE (F THE SUURCE. . ouvrouaoq. sHHDHE. HH" 3 XW (W) 5
UM

TAR(12)USTHE"Y=COORDINATE (OF THE SUURCE. . veenueen.. tWRHSH, #0" VI (W) ¢
UNTE '

TAR(12) USTHRE"Y=COORDINATE OF THE SUURCE .. uceeeeeao. s HEAEN, HH": TW ) 5
UNDS

TAR(12)USING" THE SOURCE STRENBTH. e cevraevanroaaasst WHEHE, HH" 1 0C (W) g
UN1E

TAR(12)USING"ELAFSED TIME OF THE SOURCE ACTIVITY...:###8#8, #87; TW (W)
UN4G s

THEW PRINT #1,CHKE(12) 3

: LPRINT

TAR(28) "GRI1D DATA:r"

: LFRINT

TARIZYUSTHG"X-COURNINATE - THE GRID ODRIGIN. ... ...t HH#HH_ 88" XO;

Lre

TARI2)USING"Y—-COORNINATE OF THE GRID ODRIGIN. ...... .t #HH4H4# 48" 3YO3

LNt

TAR (I 2YUSING"Z-COORDINATE OF THE GRID ORIGIN.......: 4888 88”3720

N2 E

TARUI DI USIHG"DISTANCE INCRFEMENT DELX. ..o viececacssea. tHHHUH HH"DELX:

UNS _

THRIDYUSTNGYDISIANCE JNCREIIFIT DFE Y. et eeeeercerae Lo RBUBRE . HUTIDF Ve

UM E

TARCI2VUSTNG"DISTANCE THURENMENT DELZ...eeevcacreno s tHUHNN #H"IDELZ

UNCE

TARMCITHIUSTIMG"NUMBER OF NODFES TN X-DIRECTINN. . . . ... L2 "sNC

TARCIDIVS TNGYNUMBER OF NODES IN Y-DIRECTIOM........1 “a "1 NR

TARGIDIUSTHE"NUMBER OF NODFS IN 7-DIRECTION........¢ (1] "gNZ

[ Yy Y Y Y Y Yy Yy YR YRS
«e. THE MAIN PROGRAM ...

10,24: FRINT ",.. FLEASKF WATT FOR N MOMENT ..."

D2707844%: A2=.0422820127%8: A=, 00927052724

Af=1 S2014ZE-0A8: NG=2, 7AG672E-04: AL=4, TO63RF-05

U=V /N

Di=At sl DI-ATaY: DI~AZall: MT=3,14159.2654

DINI=2+D1: DIDL2=DI/D2: DIDT=D1/DZ

A=SRR (L
FOR LAY
X{(1)=x0
FOR 1-1

FOR

M+U»tl}/ (4#D1)) : BM=B#N*FJ#SOR(D224DT)
=1 TO NZ
s Y(1)=Y0D: Z(1)=20
T0 NR
d=1 TO NC
Gl d)m=0
FOR W=1 16 NW
1F CHIY=1 THEN M=EC (W * 1000 FILSE M=QC (W) »]&01R, THT5#
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PROGRAM LISTING (continued)

F0S X=X (I =W (W)

10 IF X:0r THEWN (3010 1000

215 Y=ABS (Y (1) ~-YW(W))

920 I=NHS(Z (LAY)Y--ZWN (W) )

925 IF (Z=0) AMND (v=0) THEN GNTN 970 ELSE GOT0Q 9395
30 IF  X=0 THEM C(I,3)=-1: G010 touy ELSE GUTO 935
9735 DN= #SUR(DI*TW(W)): AT=A*SOR(TH(W))

40 HY=M/FM

945 RESOR XX+ YeyeDID2+I22¢DLIDT)

950 ARG1=N*R/SOR(D1)

955 ARGZ2=R/DN-AT

FhHD GOSUR 1250

963 TRMLI=EXP (~NRG1) *ERFC

970 ARGT=R/DN+AT

75 GOSUR 1250 i

/O TRM?P=EYF (ARG 1) AERFC

P0S TRM =THMLI+TRM.!

IO CWN)=BYREXF (Xetl/ DDV HTRM/R

99T C(I ,=C(1,J)+CW(W)

1 OO0 HEXT W

1005 LOCATE 13,13

1010 FRINT "NUOW FROCESSING L AYER: "3l AY:

1015 FRINT " ROW: "3:Is:FRINT "  AND COILEMN: "3
1020 X(J+1) =X (J)+LFEL X

1028 NEXT J

1030 YI+1)=Y(I}+DELY

tOTS MEXT I

{1000 REM #2853 0% 00800 A RRARBERETRBRUNEUNBUBYIRIBYRBERERIPUBP P RLRR BB B B RTF ARSI EN
10435 REM e-e FORMMITING THE OUIFUT ...

1050 ClLS: REM m— e o e e e e e e e e e e e e e e e e e
1035 H=FTX(NC/3): P=H4+1

1060 K=NC-H*S: IF R THEM F=H

1065 FRINT #1 ,CHR¥ (1) )

1070 FRINT #1 ,STRINGF(IZ,"#") 3" RESULIS “3STRINGF (25,"+")

1075 FRINT #1, :

1080 FRINF #1,"4+-~—~--" X-direction CONCENTRATION in m/1 (ppm) "
1085 FRINT #1,"1"1 FRINT #1,"v Y"
1090 FRINT #i,” I = "3Z2UAY)3:FPRINI #1101 8

1095 F=0
1100 FOR S=1 10 F

1308 FRINT #1,: FHINT #1,: PRINT #1,

1110 IF S=P AND F .0 THEN L5=R FLSF |.5=3

1115 FRINT #1,TAR)3) ""; :

1120 FOR k=1 1D LS

1175 F~F+1

1130 FRINT #1,USING " HHSHEE, HRIX(F)g: FRINT #1,UNDS;
11s MEAT ¥ .
1140 FRINT #1,: FRINT #1,

1145 FOR 1=1 1O NF

1150 J=(S=1) %5

1155 FEHINT BUISING "HARS 88 “:v (D)3 FPRIMI HI INOFg
1160 FOR IL=1 10 LS

1165 RERES|

1170 FRINI #1 ,USING " BHHHHNE . 888" 3C (T ,0) g

1175 NEXT I

1160 FRINT #1,""

1185 NEXT I

1190 IF CH1%=2 GO0 1220 :

1195 REM =——c—vemmmeem e e e e e e

1200 LLOCATE 24,23,0: COLOR 146,7,0
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PROGRAM LISTING (continued)

IRIE
1200
1210
1215
1220

225
1270

2l0
1290
1245
120

e
& At

1260
1265
| a7

12735

1284
12R%
1290
1295

LOCATE 294,23,0: COLOR 14,70

FRINT "Freas Space Har teo Conbtionue, "t UOLNOK D 000

MYE-TAI E Y8 TF MT8="" THEN 1210 ELSF T8 Mir=" " THEQ GOTD 1217 ELSE 1710

[ T T = -3 2 T L T T et DIt TIET Y
WEXT §

ZONAY I =2 (LAY) TDLLT

NEXY t Ay

FRINT @3 ,CHR$ (1.7) 3

CLOGE

CLENR: 3N10 100

RFM wvevesispprauysppanpssyn SIARINIIINF TRFI V888 as sy suvuRyusssinyinvveipsas
13 1U=NREG (AIRGL)

IF 31 .3 GOTO 10780

Gl=G14R1: GGG 11647 R1: GRRA¥1) : 36-RTeR)
ERFU=1/C14NISGE4NA2%G21ATHGIEAANGA I ASHIZLA NLY34) “ 1 h

IF ARG 0 THEN FRFC=2- ERFC

RFE TLHN

ERFO=.SAIRGANE AT (~RI+01 /(G + 0/ BI41 /7RI HT .S/ BT+ /(61405 7(G3141121))))
TF A3, 0 THER ERF=00-F R

RETUIRN
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PROGRAM IDENTIFICATION

1.1 Program Title: Analytical Model! for Solute Transport of a

. Solute Slug in a Uniform Three-Dimensional
Groundwater Flow Field

1.2 Program Code Name: SLUG3D. BAS

1.3 Program Writer: Milovan S. Beljin

1.4 Program Organization: International Ground Water Modeling Center
Holcomb Research Institute, Butler University
Indianapolis, Indiana 46208, Tel: 317/283-9458

1.5 Date: January 1985

1.6 Version: IBM-PC 1.0

1.7 Source Language: Microsoft BASIC

1.8 Memory Requirements: 64k

1.9 Availability: SLUG3D.BAS 1is a non-proprietary code. It is
distributed at cost by IGWMC. A copy of the
program on 5%" diskette is available

2.0 Abstract: A program to calculate the concentration dis-
tribution of a slug from a point source in
three-dimensional regional flow

2.1 Comments: SLUG3D.BAS is based on Hunt (1983) equation
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10.1. MATHEMATICAL MODEL

TRANSPORT OF A SOLUTE SLUG IN A UNIFORM THREE-DIMENSIONAL GROUNDWATER FLOW
FIELD

This problem is similar to the plume problem except for the boundary
condition at the source:

C(x, ¥, z, 0) = T6(x, y, 2) (10.1)

where 6(x, vy, z) is the Dirac delta function, and m is the total mass of
pollutant released at the coordinate origin at t = 0.

A general analytical solution of this problem was given by Hunt (1983):

-vt)2
C(x, ¥, 2, £) = ——— exp [ - At - g [ XVE)
8nynst DxnyyDzz XX
2 2
== 1) (10.2)
Yy 2z
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10.3. PROGRAM LISTING

10
15
20
25
T
29
40
a5
50
oS
6O
65
70
75
81
85
0
45)
100
105
110
115
120
125
130
175
140
145
150
155
160
165
170
175
180
189
190
193
200
209
210
21S
220
225
270
235
240
245
250
255
260
265
270
275
280
285
290
2995
OO0

RF® RYRRBBRBRRRAPFRARAP AR AP AP AAA Y BB APIRPRRBABARP P PSR RERRRA RS RSNy "

REM »
REM proar am:  "SLIKTD. BAS" L
REM = version: I1BHM-FC 1.0 <February,1985: *
REM % ]
REM = by: MILOVAN S. BELJIN *
RFM = v )
REM  # HOLLCOME RESEARCH INKQTITUTE - 1GWMC ¥
REM ¥ INDIANAFOLIS, INDINHA 46208 +
REM »
REM = *
RFM = "
REM  #  THIS PROGRRAM CALFULATES THE CONCFNTRATION DISTRIKUTION »*
KEM * FROM A SLUG INJECTION IN THREE-DIMENSIONAL. UNIFORM FLOW =
KFEM  #  BASED ON HUNT (1987)., »
REM *
* »

RFEM P R T R R Y Y Y Y Y Y Y E Y YN

REM

DIM x¢41) ,Y(21),00(21,41)

SCREEN O,0,0: WIDTH Bur CMALOR 2,0,0: FEY OFF: CLS

LOCATE 2,.18s FRINT "SLUGID.BAS han several options: "

LUCATE 7,13: PRINT "1, INTERACTIVE"

LOCATE B,15: FRINT " For preliminary analysis, "

LOCATE 10,1S:FRINT "2, INTERACTIVE % PRINTFR" :

LNCATE 11,.15:FRINT © 14 vou neerd A hard ropvy of input data"

I.LOCATE 12,18:FRIMHNT " and resultes.”

LOCATE 14, 1S:FPRINT "2, EXIT 70 HMAIN MENU"

LOCATE 220,223 INFUT "YOUR (HOICE CsCHLY

IF CH1%=1 THEN A$="SCKK:"

IF CHIY%=" THEN AFf="LPIj:

IF CH1%=Z THERM KU "MERII. RAS"

OFEN 4% FOR DUTPLIT AS #1

FEM A#PRBERBRSBERTRRBREP R RN BERTBUP RS YRR AEBPELERRD RN RERRBASY B E RN N0 RNH
REM ves ENTERING INFPUT DATA ...

[l S: REM meem e e e e e e e e i e e e e e e e e e e e e e e e e o i e
LOCATE 10,10

INFUT "WHAT UN1ITS @ <1 METRIC or <23 ENGLISH "“;CH2Z

IF CH2%=2 GNTD 205

IINTS=" kg" s UUNZE=" m ": LIM3E=" m i " ¢ UNAF=" 1": LINDE=Y 1/09": GUOID 210
T F=" 1b™ ¢ UMIF=" §£": UNIE=" FLd" ¢ UNAF=" dg": UNTF=" 1/d"

1.5 RFEM == e v et e e e - s e -
FRINT TAR(14)"SLUG INJECTION IN THREE-~-DIMENSIONAL UNIFORM FLOW"

FPRINT TAKR(14) STRING®(48B,"«+"): FRINT

IF CHi%=1 GOTO 2%0

LINE INFUT " USER: RERRICE )
LINE INFUT " LOCATIOM: “:L¥
LINE INHUT " DATE: R AL

PRINT :PRINT

INFUT " TOTAL SUOLUTE MASS INJECTED....veceeesesfbkg) or (1b1 33 :M
INPUT " DARCY VELODCITY. .. icereveecrcacannneselm/d ) or LfL/dl:s"iV
INFUT " EFFECTIVE FORDSITY. . vseeertosesescncvosossssssccsnsnse :"tN
INPUT " LONGITUDINAL DISFERSIVITY..civeeeessesalm J or [$t] :":AL
INFUT " LATERAL DISPERSIVIIY...icrcveccnceocesedm J ar [£8] 3" :AT
INFUT " VERTICAL DISFERSIVITY. oo cinceencecesadm 1 or [t ";AZ
INFUT " DECAY CONSTANT (lambda)..ccieeeceosoncenssass3/d 1 2 glAMK
INFUT " DISTANCE INCREMENT DELX.viesveoesesnveedm 1 or [£t]) :"iDELX
INFUT " DISTANCE INCREMFNT DFIY......evevveessslm 1 or 48] s :DELY
INFUT " DISIANLE INCREMENT DEV Z. ... ... ceeeldm ) or UL s™iLLLT
INFUT "  HUMBER UF NODFS 1N X-DIRECTION.........L max 40 1 e"iNCG
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PROGRAM LISTING (continued)

0D
310
15
pAATE!
325

T30

)
240
A5
50
IG5
260
65
270
375
>80
385
390
395
400
405
410
415
420
25
40
435
4400
445
450
455
460
465
470
a47%
4130
495
A90
q9%
SO0
S90S
S10
515
20
525
ST
3535
540
545
S50

555

650

<
S4L5

70
S79
Sa0
535
G910
575

3l

TNFLIT " NUMRER DF NODFES IN Y-DIRFETION. v eeeee o b maz 20 ]
INFLIT " NUMBER OF NODES IN Z-DIRECTION.........[0 max 10O 1
TNPUT " TIME. .. cetsoscoesassassansasnssscanssnssasesonnsnssld]
LOtATE “4,9 '
INFUT DO YOU WANT TO CHANGE THE DATNA: <RETHRN: NO: 1> YES "sCH3I%

IF CHT%Z=1 GATO 210

CLS: REM e e e e e e e e e e e e e e e e e e e e
FRINT TAR(146)"SLUG INJELCTION IN THREE-DIMENSTONAL UNIFORM FLOUW" .
FRINI INE(16) STRINGE(AR,"*"): FRINI #t,: PFRINT #1,

[rF CH1%Z=1 GOITO 470

LERINT TAH(LZD) " S 4trtnstun bt e ninis tnt ittt ettt tn s st ntsnatesnpppy i
LFRINT TAR(L1Z) "»

LFRINT TARGIZY "» SLUG INJECTION IN THREE-DIHMENSIONMAL UNIFORM FLOW
LFRINT TAER(1Z2) "=

LFRINT TAR{1Z2) "#* MODEL: SLUGTD.HAS

LFRIMT TAB(12) "«

LFRINT TAR(IZ) "%ERERERF SRR RRRER RN RRRF SRS RRRRERPRPARREBSER SRS
LFRINT :LPRINT

£ * % % x

LFRINT TAB(12) "USER: "USE

LPFRINT TAR(LZ) "—=——- "

LPRINT TAR1Z) "LOCATION: ":L ¥

LFRINT: TAB(12) "—=—e—w——e "

LFRINT TAR(12)"DATE: ";D¥

LERINT TAR(12)"——wa~ "

LFRINT : ILFRINT

FRINT #1,1AB(28) "INFUT DNTO: s FRINT #1,: FRINT #1,

FRINT #1,"ABCLI2)USING"TOTAL SOLUTE MASS INJECTED. ccoveea s tHERUH, HE" 1M,
FRINT #1,UN1$

FRINT #1 ,TAB(I ) LSING"DARCY VEL DU T 1Y . e ieeecrsesavsencsncese tHHENE, BH" 1V,
FRINT #1,UNIS

FRINT #1,TRB{12) PEFFECTIVE FONEOEITY . it e i seencsonnoees
FRINT #1,TAB(I2)USING"LONGLITUDINAL DISFERSIVITY. e tevnenne
FRINT #1,UN2Y

FRINT #1, TAR(I2DIUSING"LATERAL DIGFERSIVITY. it cvarennens
FIRINT #1,0IN2S

FRINT #1 ,1ARIIDUSING"VERIJCAL DISFERSIVITY. . theeseroccees t HHERR _WN" A7
FRINT #1 ,LIN2¥F

FRINI #1,10RC12) "DECAY CONSIAMT (lambdAa) i eeeeecneneent “sLAME;
FRINT #1,LINDE

FRINT #1,TAR(I2VUSING"DISTANCE TNCREMENT DELX..eeeeeeesacas . tHUEHH, #H"; DELX;
FRINT #1,UN2E

FRINT #1,TAB (12 USING"DISTANCE THLREMENT DELY. cceoeeascoss st HHHHE HH" s DELY;
FRINT #1,UN2F

FRINT #1,TAB(1Z)USING"DISTANCE IMCREMENT DELZ...ocoecvneroo  tHHHBB HH"DELZ:
FRINT #1,UN2F

FRINT #1 1AHROIYUSTNG"HUMKFR OF NHUES TR X=DIFECTION, Lt HHHHH "3 NC
FRINT #1,TAB(LI D USING"MUMRER OF MODES IN Y-DIRECTION. PRE.221.1 ] " NR
FRINT #1,7ARIZ2)YUSTING"NUNEER OF NCHES IN Z--DIRECTION, ¢ v oo .3 HERYE TeNZ
FRINT B TARL Y S ING  TIME . o i ot o e it encnacececassvesacneoaastl HHBDHR, HE" ;T
FRIMNT #1,H48

IF CH1%=2 GOT 599

3 = —— e
LOCATE 24,22,0: COLOR 14.7,0 '
FRINT "Fress Spare Bar to Continve,,.."::C0L0R 2,00

: "sM

LEE L2 I 1 A 41

LTHHHEE BHT AT

MTE=INIFYF: IF MIE="" THEN 575 ELSE IF MTE=" " THEN GOTO 590 ELSE 575

MBS EREREEET SRR Y ER S NNYEFREFFEEEEYER Y YRR Y e Ry Y ey T Y TYY
REM v oo THE FAIN PROGRAM ...

LG s WEM - e e om e e et o e rm e+ e e 2 e o o 5 e o o

LACATE 10,24 PRIMT .., FLEASE WNIT FOR A MOMENT ..."
IF CHIZZ=1 THEN M-1000« FLLSE M-M¥14:018. 76
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PROGRAM LISTING (continued)

6HO'S
610
615
&0
25
60
675
640
64%
&7
i)
PaYadl)
AT
&7
&BO
6HBD
&30
a1
Towy
700
710
715
RAAT]
TN
770
TS
740
745
sl
TOn
T AL
T6T
70
775
780
785
740
795
G
ant
81v
K15
0
8ohn
/|70
870
aan
FHAT
i)
ansc
s
865
a7o
B7%
ean
|21
[2 121K}
a@eels

QIN) RI'F] == e e e mmr v mmarm s et me Eemm s ettt mme el e W Gec AR e = e —— - e

ez e F12 7013 17590600

I T=L AT

Di=Al «ll: DI=AT: DT=NIxl
FlT=Flaf)eF]e: T0=02Tal: D-DJaDI e
FID=F]T») &

RIG=M/ (BN SOR(FTDY)
£i1)=0: ¥3)=ts T(1)=0
FIVINT #1

FOR L.AY=3 TO NZ

=2 (LAY)

FAR 1=1 10 NiC

Y=yl
FOR J=t T0 HC
arXtJd)

THEME= (X -Hs T 2, Ly

TRM Yy, 0

TWRMTeZeZ /PT

TIEM =T s TRMIA TWIHD

ARG=L THIRM/ (de)

COol Y= TsEXE (- NRL)

FOVDATE 152,173

FaINT "W FROCESSTIG | vFRe "L AY:

FRINT " FaOW: "2 )esFRINI " AMD COLUME: "zl
XeJ+)mXA)4DEL X

NEXT a1

YO)+1)=Y+LELY
PEXY 1
REM QR AP AR PSP AR B EIA VI I NPV VP RA A AI RV AR B U BP AT R ARREASTRENE P H RN NN
~REM eee FORMAYTIHMG THE OUTFUT ...

1932 REI] co e s s e i e e e e e e e e e s s - e se e
PW=FIX (M /Sy Pt

e=ddr- - He T IF R THEM F-H

FRINT #1,CHREAL T

FRINT #1 STRINGE OO, ") s REGUWTE s 8BTIRINGE (TS, e

FIRINT #1i,

FININT #) (Y 4=mmeeme ™ Y=yt @ LN CONCENTRATION in my/l (ppm)*™
FRINT #1,"1": FRINT #1,"v ¥

PRINT #1.," Z o= "3 T3 eTRINT #1  LINY
7=

FIIR 8=1 Ty

PRINT #1,: FRINT #3,: FRINT #1,
IF S=F AND R © THEN L%=R EL.SE 1.5=0
FRINT #1.TAR(IZ) "3
FOR F=1 TO LY
77=1741
FRITHT /1 USTHG "He0udand HE" X (Z2) 5 FRINT 61 ,0IN2S;
HEXT
FRINT 41, FRINT #1,
FOR 11 1O i
JAK-F el
FRINT #1 USING "HUU#. 48 Y3v(I)sr FRINT #1 ,UNDS:
FOR L=1 10 LS
AENER]
IF Ct],J) .00 THEN (] ) =0
FRINT #1,USING "HdHB8EHE, B8R C(T1,0)
NFXT L
FIRINT W1,
MEXT T
T O CHI=2Y (S 92,
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PROGRAM LISTING (continued)

OS5
AR
9195
0
925
0
95
Fan
45

QG0

55

LOCATE 29,23,0: COLOR 16,7,0

FRINT "Press Space Bar to Continae,,."::COLOR 2,0,0

MIE=INFEYF: IF MTE="" THEN 915 ELSF 1F MTE=" " THEMN (GOT] 930 ELSE 913

fLS: REM ——=—mmr e - o a7 a2 i e e
MEXT S

7 (LAY +1)=Z (LAY) +DEL.Z

NEXT LAY

FRINT #1 UHR¥ (17 3

CLOSE #1

CLEAR: GOTO 100

REM mrme s s e e e e e e e e e e e e e e e o e e e et e e
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ATTACHMENT C




2-Dimensional Plume Model After 36 Days of Continuous Input
EXRRERERXRLEERRERERLRRN B R RAERRRNR KRR RN KR KKK K KKK
X |
X SOLUTE TRANSFORT FROM POINT SOURCES ¥
X IN TWO-DIMENSIONAL UNIFORM FLOW ¥
| X
X MODEL: WMFPLUME ¢
X X
X X

222220222003 02303 32832032383 2333038333¢

USER: JEFF HAVLENA

LOCATION: ENRON-HOBRES

DATE: OCTOBER 237, 1989

INFUT DATA:

DARCY VELOCITY...eoevsoneancncnnsasanet 1.00 ft/d
EFFECTIVE POROSITY.eeeeevoevaoeacannest o2
ARUIFER THICKNESS. e .cocaaveeecanaes . 25.00 ft
LONGITUDINAL DISFERSIVITY....enceacoest 10.a@ £t
LATERAL DISPERSIVITY.....vceetcnnsnnast 1.00 ft
RETARDATION FACTOR. . v evecovacanenonast 1.00
DECAY CONSTANT (lambda)..cccesnceeceast @ t/d
NUMBER OF POINT SOURCES......c0eea. s aet 1

SOURCE DATA:

SOURCE NO. 1

e ey i et o S S St e R S

.68 ft
o.00 ft
@.02 1b/d
J6.0@ d

X—-COORDINATE OF THE SOURCE......cveca.
Y-COORDINATE OF THE SOURCE. ... .ucccceen
THE SOURCE STRENGTH.....ocvseenss ceaea
ELAPSED TIME OF THE SOURCE ACTIVITY...

GRID DATA:

X-COORDINATE OF THE GRID ORIGIN.......:t a.0@0 ft
¥—-COORDINATE OF THE GRID ORIGIN....... : a.o00 ft
DISTANCE INCREMENT DELX....coecaucenen : S@.o00 ft

DISTANCE INCREMENT DELY..eccsuerecenseat 1g. @@ ft
NUMBER OF NODES IN X-DIRECTIOM........! 37
NUMBER OF NODES IN Y-DIRECTIOM........ : 1@




KKEXRKKKKRKKRKKRKKKKKKKKERKRKKKKKKK RESULTS KAEKXKKKEKKKKAKKXKKXKKKKKERKK KK KK KK KX

e e » X—direction CONCENTRATION in mg/1 (ppm)
v Y

.00 ft S@. 80 ft lug. @8 ft 158,80 ft 200,80 ft
@.00 ft B.3916 @.2555 @.1587 @.0735
1¢.0d £t @.1@22 B.2261 @.1925 @.1294 @.0618
20,08 ft @.0146 @.0644 @.a877 0. @713 @, 0369
Jg.oa £t @, @23 @,3138 B E274 @. 9276 @.0159
40,068 ft @. 0004 @, @EH25 @ BG6S . 0078 @, 0050
S@. 06 ft o. 0001 @, 9004 @. 0012 @. o317 G.0012
68,00 ft O. 0000 o. O] @, G002 @, G063 @, 602
78.08 ft @. B3 @ . SO @ . GO . Saa (g jcliofal
8o.08 ft a. 0000 @ . OO @. @EOE @ . BOGD [ alofolq]
9.3 ft @ . Do @, aaea I alnlnio] @, GO 7. @aas
250.00 ft IO00. 00 ft I50.00 ft 400,00 ft 450,00 ft
gd.a0 +t @.8216 @, Bu37 @ . aeeS . daad @, G
16,96 ft 0.09185 @.0a32 . Gae3 @, Goao @, 000
20,00 ft B.0115 . G268 o, a2 o. a9 . Gaoe
Jg.ee  ft . 0052 B. GO @. 6001 @ . OO a. gBeo
4@ .08 ft @.8318 @ . Gaa3 @ . G o alalald @ . Baaa
50.60 ft o ninfol @. 0001 @, OOeo @, dpe 3, G000
6@ .00 ft . 0001 ©. Do . BB B. GDoa B, GO0
T70.060 +Ft @. aeeo . DAHDD @. o6 o ninlnic] o ofalnlo]
8e.@e  ft @ BBEE @ . aees @. daaa @, SO o, aaad
9@.0d ft @. aaao ¢ . GO0 ja M oioiofol @, GOOEH @ . DOHo
Sod. o8 ft S5e. 00 ft LGB aE ft 658,08 ft 708,68 ft
@g.6a ft @, Gaaa @ . GO jn M ainjolol @, GEaeaE @. GOGo
16,60 ft o . a0 @ . SaGa o infnial . ga0d @. so0d
20,00 ft 0. 600 @ . GOGD @. 6060 o M nlolalg) 0. 0000
Jgh.@a ft @ . GGG o alalolol [ faiaia] . Beon o Seaa
40,06 Ft @, GO o W olainfa] @, GOGa @, GOOD @ . Beao
S@.o0  ft @ . @ @, aaae . saad o, Gaus % ntaiala]
60,00 ft @. Goaa @, OO (o alofofal @ . GOGO . GO0
Ta.eE ft @, goad @ . @aae @ . Gy jaaiolain] @ . @aaa
8@.0@ ft (oo lofolal i aloiols} laalalalal o, aanad @, aane
9w.08 ft @. oaud . D @ . Gaa o. aaad @, gaes
75@0.00 ft 80@d. 0d ft 85@. 40 ft oM. 60 ft 959,80 ft
.00 ft B . B @. gauag o olrnjola] o rlolalal @ . DO
1.00 +t @ . DEsa @ . DD [ ataoln] @, Oaa 3, G000
2.8 ft @ . BB @ . B e . S s aialola] @, Gaa
Jo.00 ft 0.0000 . SO @, oaad o, @00 o nlglola]
4@ . @@ ft @ . @D @ . G @. Goas . Geeo @, gaaad
S@.e0 ft @, GaOaE G . @G @, Ao @, Oaaa @, aaa6n
ou.aE  ft @ . B o ialala] oy alatoft] . BB @, @
76.80 ft g ajolala] @ . BEOESE @ . @Eao 2 . BOHO @, GEag
ga. @@ ft o . Gaas . SO @ G @ . GBGG B . Baed

o G Ft @, BHOG @ . @ @, OSBEHa . @SOS o . GO




@.00
16,69
20,00
38.a9
43 . G0
S8 . @@
Yo alo]
76 .9
8. 00
. G

8. og
10, 00
20, G
3. 00
40 . @
o9. 09
o, B
70,00
8d. gy
6. 00

@. a6
165, B
20.60
3. o
408 . O
Sa . o9
60 . 69
76 . a0
80. 00
Q. il

3. 80
10,06
20 . @@
I@. 00
4@ . 08
S5@. 60
6@ . 83
70 .00
86 . wd
9@. 00

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

10o@. a0 ft

@ . GO
@ . parag
@ . OEE5H
o . @
@ . OO0
@ . G
a. GO
@ . gaed
0. AOaEG
@ . O

1250.00 ft

O. 8O0
©. 0000
g ialaln]
@ . DaOa
. Gaees
@ . aaaa
o . @B
0. o
2 ajolalo]
@. GO0

156@.08 ft

@. 0000
@ . B
@. OO0
@ . PG
@. Oaa
i alalola)
0. OO
@ . SO
@ . oo
. a0

1750. 00 ft

@ . B
@, oo
@ . Gaaa
g olofalo)
@ . Bage
jo g alalojol
. @aoad
3. DO
@ . BEey
0. Gaan

1850.88 ft

o, AOOE
©. BEag
@ . OBOQ
o . Sea
@ . SBo0
@ . Gpea
@ . GO
9. gdaa
0. GO0
1 oiniolal

1366.60 ft

@ . Boea
@. 0000
. Baad
@ . DEaa
. BBEa
@. GO
. Gaaa
©. aOaa
o . SO
@ . GHO0

1S5a. 9@ ft

@. aaae
o, G
@ . OO0
. GEge
@, @A
@ . pae
@. oOed
o ajaialn
@ . aoad
o . G

180@. 08 ft

@ . 3aad
0. apoe
@ . Saaas
(o ointalo]
@ . GOae
O, Qaag
o. s
@, GO0
s aiainio]
@. 9D

116088 £t

s alnjolal
. Gaes
@. BOaa
. aaaa
@, dOO6
. Saaa
@ . BOO0
o, BB
@. oo
d.aa98

1350.00 ft

@ . Baoe
@ . O
o . g
0. DO
@, G
3. OO
@ . aaaa
@ . SOOEH
@ . gaes
@ . DOaa

1688.06 ft

@. aeod
o . G
@, aaod
@ . B
@. @auo
. BOEa
o . DOGaE
@. duog
@ . @aaae
a. 0aEa

1156. 90 ft 1260.68 +t

@. Ganad O. OO0
@. aaad @ . BOad
@ . OO0 @, aOod
@ . Gagid . @
@ . BOGO @. OG00
o. aoed @ . gaas
@ . BB a. aaad
@, @ @ . B
[ alaiolo] s olafolo]
. Baow @ . SO

140@. 08 +t 1458.00 ft

. Gaoa @ . GBau
. 000 @, @G0
@ . @aog . 8800
@, (OO o ojolaln]
@ . DO @ . daaa
o alalain) o, 0000
o. Bdoaa @ . Baed
s niololn] 7. 0006
I aiolola} o . paas
0. 0000 (M ataloln)

165066 ft 1760.00 ft

@, 0006 @ . oaea
. SO0 0. 800d
@, 6o @. QOO
. G @ . Seaa
@ . DBED @. 8000
. g @, oBas
i aialoln] @ . g
@. 800 @.e0ad
7 niolola) 0. O
@. goaa . a6




2-Dimensional Slug Input Model After 50 Days
1233382303883 3832833003000 23 0833003030820 8238 2883 %%

SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW

X
¥
X
MODEL: SlL.UG.RAS X
X
|

W M I I I P

$2883 8328838388332 8832322802330 22332833008 283320 283800

USER?: JEFF HAVLENA

LOCATION: ENRON-HOBRES

DATE: OCTOBRER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED.vesewswanaast @.56 1b
DARCY VELOCITYu o enensncoacsnnsoannnsnas : 1.0 ft/d
EFFECTIVE PORDSITY. ceecvennnosnasnanast .2
LONGITUDINAL DISPERSIVITY.aceaaseoas e aad 169.680 ft
LATERAL DISPERSIVITY........ seasssavsat 1.00 ft
ACQUIFER THICKNESS....... ceszaseas s : 25,00 ft
X-COORDINATE OF THE GRID ORIGIN.......¢% o.00 ft
Y—~-COORDINATE OF THE GRID ORIGIN....... : g.99 ft
DISTANCE INCREMENT DELX..caauevecanancat S0.008 £t
DISTANCE INCREMENT DELY...iecuvenonansat 10,60 ft
NUMBER OF NODES IN X-DIRECTIDON........ : 37
NUMBER OF NODES IN Y-DIRECTION........ : 20
TIME. e eeeceeenesnnanaana Peesusssacusaa : S50.060 d




KR HOR KRR KOO R KOO RO R R KRRk RESULTS KK 50K 0K 0K R Kok ok sk ook ok ok R

@. 00
16. @@
20. 00
3@. @
4@ . OO
S0. 84
6@, Og
T . 8
84, @@
@ . g

169, 0@
116. @@
126, 63
136, 60
140, 00
156 . 9@
160, @0
176,03
18@, @@
190 . B¢

a, g
16, 08
2a, 94
39, 60
4G5 , @i
5@, 00
&6, G
76, 80
8a, @
90, @

1 aigs, @i
119,68
1246, 88
130, 94
148, @G
150, 00
166, @i
17@. @8
1849, @9
194G, 94¢

@, o
16, @
20,99
3@ .6
y:Xr il

X-direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
£t
£t
ft
£t

.68 ft

@. GaaEs
@, BO903
. aen2
a. o061
jaoiojofal
L olalaln)
@. OO0
O. G
@ . @@
8. S
@ . @EED
@ . GEua
I olalo)
@ . Sea
@. OO0
9. Bpe
@, QOO0
@, @aaa
@, goo
@ . GO

250.00 ft

©.1886
@.1634
@.1211
8.0734
@. 08365
B.0148
8. 0049
M. 0013
@. BOiB=
@. B0
@ . BOUG
. OO
@ . GBGa
@ . DGO
@ . aaae
@ . GO
@. @i
o, B
@ . Gaaa
@ . @Eaa

Sed. o8 £t

@, BAG3
. s
@, dea
a. ool
@, DDOGE
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2-Dimensional Slug Input Model After 90 Days
KRR 0K 0K K KO K 0K K ORI OO JOR 3 OO OO K OR KK KRR KR K KKK K

SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW

X
X
¥ MODEL: SLUG.EAS
¥
¥

(2202022283303 2822088033288 03 3¢232298283 93333883

USER: JEFF HAVLENA

LOCATION: ENRON-HOBEBS

DATE: OCTOBER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED.......
DARCY VELOCITY..ocauuaa ssssmmaasaanann
EFFECTIVE POROSITY. v vanennncnn
LONGITUDINAL DISPERSIVITY........
LATERAL DISPERSIVITY...ccceeananncanan

ARUIFER THICKNESS...veounns

X—-COORDINATE OF THE GRID ORIGIN
Y—~-COORDINATE OF THE GRID ORIGIN.......
DISTANCE INCREMENT DELX..........

#.56 1b

1.9@ ft/d
2

1g.6@ ft
1.0 ft
25.00 ft
g.00 ft
.80 ft

Se.00 £t
19.0@ ft

7

20

8. 60 d

¥
¥
Ed
X
X
X




o ain]
105, oD
20.00
R3]
4@. @@
56 . @
60, G0
78,048
80@. 0@
Q. @

100, 33
119, 0@
120,600
13¢. g@
14@. g@
156 . @@
160, 0@
176, @
186. 00
196. 03

@. O
16,00
200, 0@
3. 09
445 . @@
5@ . 60
o0 . @i
7D . O3
8. ¢d
9@, Ba

1ag . oo
11,00
1265, @@
130, oG
146 . a6
154@. @@
166. 0@
17@. 00
18¢. oa
19d., o4

. @
165, @
20 . @0
3. @l
46 . OD

X—-direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
f1

d.908 £t

@, GO
@ . G
@ . GEaQ
o. aoen
o, GO
o, oo
@. @aoed
@ . B
@ . aaae
a. guad
@. aeaa
@ . DD
@. Bo60
@. sang
. @0
@. daue
@ . GO0
@, G
@ . 000
. oeag

200.00 ft

@.@1@9
B.0103
@. 8387
@, 0066
@.0045
@. o827
@. 0815
@, o007
@ DS
@, @1
i alalaln)
@ . OHB0
@, BEa
@ . BB
@ . ey
@. aaad
@ . BB
@, DO
. G
@ . OO

Sua. gg ft

@, @873
@. 0826
. 8699
. B53E

a.adz5n7

CONCENTRATION in m

.08 ft

0. GO
o . Sana
. BOGE
. BEae
©. SO
@, SO
3. GEoe
. B
@ . BOE
&, BuEg
@, DO
o aiaialal
. GO
. deng
@. OO0
. Baae
@, GOod
@ . g
@. aaaa
jaotaiaial

J@g. o0 fFt R

o.6287
g.@272
0. 82348
@. 0174
B.3118
@, an72
3. 8039
@d.08a319
¢. 9eeg
L 0101 RS
. @ual
. GOOE
. o
@, BODa
@ . S
A olalolo
. @@ae
@, B
o . @i
0. OO

S50, @ ft

B.A0576
. 9545
@G.0461
#3349
@, BT

g/l {(ppm)

1aig, @ £t

@. 0BG 1
. Boo1
@ . 00D
@ . BOHe
o . BOOE
@ . PODH
@ . GO
@. BOBD
@ . PEOBG
@ . BEOH
@ . GOOO
@ . GOGE
@ . GO
3. 0OOP
@ . BB
@ . BEOe
@ . GOBE
@ . OO
@ . OOAG
@. BOOO

@.a99 ft

b.8576
@.@8545
@.0461
@.o349
@.a9237
@.0144
. 0678
. 00358
w.oslb
0. 0006
@, o2
@, SEEa
o . gy
3 . GO
o . Gage
@, HHao
o g ajoialo]
e polalain)
[ ioinic]
@ . OO0

OB, B ft

@, 8287
0.@8272
8., @230
B.8174
@.9118

AR AR KR RR R ROR SRR KRR R ROk K RESULTS %okl ok ok ok ook ROk soloR SO ROKOKKORRKOKR R K0k

15a. @98 £t

0.00a7
ad. aoas
@. @easS
. aaos
0. 0003
. e
@, GO
i alninial
@ . Oaag
e aiaialal
. GaHo
palainia
@ . @aen
A a1o1010}
@, Oaoo
o oinlnin)
@. OO
@ . Baaw
@, G000
o . GO

4GE, B0 ft

@, H873
.0826
. @699
@. 0530
@.0359
9.3218
W.e118
@, OD57
B. o025
B.a01a0
@. aans
8. 6ae]
e aioinin
o alajola]
o . @D
o alaialo]
e alainlo]
i qlalola
o aiainio]
. GEes

650 ad £t

@.3189
B.BiE
ag. 0087
. 0066
@. 0043

200 .06 £t

@.0031
. 0a929
@. 0025
.19
. G013
o. 0868
@. a4
o. daa2
@ . A@a@
@. Baoe
. aaaa
@ . oaag
@ . DEae
@, OO
@. OO
B. aaad
@ . BOaOe
@ . Gaaa
@ . OO
@ . e

SE. a8 ft

@. 168032
@.@3949
. @8e3
0. 0609
B.0412
0. 0256
H. 0136
3. BBbb
. 00929
g.ou11
o. 8004
a.aae]
. a0
@ . OaHo
. daeo
0. 3006
@, Sage
@. 006
o, S
@ . BEea

7aa. 08 ft

@, B0
. 0029
@. 0025
o, BP19
@, G813




LG, B9
A
8. 00
9. B
106, a9
1ig. 08
120, 6
130. 8@
149, 8@
196, 8@
166, 6@
176 . 8@
18@. @@
19¢ . @@

3. dg
1@, a6
20, o
30, 00
a0, B
S@. 00
60 . B
70. 60
86 . 0o
Gd. @@

1@ . @3
118,60
129, @6
130. 00
14a, @
150. 00
1608. 0
178,00
18¢. 064
196, 00

o. 00
16 . @4
20,00
3. B
4@, @O
5@ . ad
6. O
74 . @
8@. 00
qd. G

10a., 06
1165, 0@
120, 00
130. 03
144, @3
150. 60
160. @@
178 .65
180, @@
196 . @i

£t
ft
ft
ft
ft
ft
ft
ft
fr
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
£t
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
£t
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

@.@118
o, pas7
. oa25
@.@a1ae
@, BOas
B.oo0]
@ . SHao
jo s alajola]
. GOen
@ . @B
I oiala]o]
. @
@, Gaen
@ . Baens

75000 ft

@.aaa7
G otaiolsy
o. @a8s
@, @oa4q
@, oI
@. 0a0n2
o, s
@, aO0ag
@, BEne
@ . @D
i ajalal
@, aaaa
. aae
@, Gaaa
@. @aao
a. O0ao0
0. BEOa5
0. 0060
8. gy
@ . OO

1000.08 ft

i alalolal
a. aaad
@ . Gaaan
o. Baac
@ . SOBOD
@ . daao
0. OO0
@ . P
o niaialal
@ . oG
@ . OOa
o . gaaa
@, @aaa
@ . OB
(o ojajoio]
o . oOae
(o ialaja]
@ . DD
OB 0I040]
i alumia]

@.o078
B, a8
n.om16
il a6
. e
o . e
., EBEa
o. aeag
o, GOae
[ pnlninio
0. SO
s nlaiaio]
@ . e
@ . GEEE

BO@. 0O ft

@.a@al
g, aeal
@ . aage
@, Gaae
o. GEae
. BOO0
@ .
@ . BB
@ . Gaa
@ . GO0
Ay aloialt
0. aEaa
e ulaialo]
@. a0
@ . Baag
@ . OOaa
. B
@ . GOOG
. o
@ . OOOE

1058, a6 £t

o ojolalo
. Gaad
G alalalo]
1 alnlioind
i aialaln
0. BBaa
o. Gaoe
junialalol
@ . G
o . Goe
o aialalo
o . Bag
@. aaoo
@ . SO
@ . @BOG
ja paiolalo]
a. B6oo
g nlalain]
@ . OEa
@ . paaa

@, @a39?
Gg.0819
9. BO085
B Sa93
@, e0a]
@ . oo
@, GEaa
@ . B
@, G@Eaa
@ . D
o, GO
[nalalalo]
@. Ga@o
@ . G

85@. 00 ft

@ . sASa
@ . @aaa
@, Gaeg
@. O@ao
g oldale]
@. 0900
. Bags
@ . @@
@ . @oa
@, 6oeg
@ . Baag
i, @D
@ . Oeeg
@. op0a
@ . PBEHD
o . BODE
@ . OB
0. 0000
@. doda
@ . PO

118068 ft

@. OOoa
o, daas
@. o0
o. goud
o. 0000
@ . Gags
8. aaaan
@. 0009
o. OOe0
@ . BT
. Geeo
@ . doad
. o000
@ . gaagy
@ . GO
@. 0000
o . OO0
o, 0000
@. 0000
@, Gaog

@.0015
@ . BBz
@. OOaE
@, odgl
@ . aaaa
12 . {BEnH
a. aaea
@ . pEag
@ . Gana
. BB
@ . GO
@ . OB
o alaloln]
7. OHO6

FuE. 08 ft

@ . GoaE
@ . DEoa
@ . B0
. OIS
@ . Ho
10IR03 01 010]
@ . SO
o . o
@ . GEga
@ . OO0
©. Dage
@. oao6n
@ . BOGBE
@. GOaa
@ . daaae
@ . Oaaa
@ . DO
@ . GO0
@ . D@
G alalola]

115@. @@ ft

O ajoinia]
. Saaas
@ . Goao
@ . GBOE
. 00O
. agea
@. GO0
@. 0069
@ . GODOE
@. aaoa
0. Haoa
. ;e
0., OG0
o . BOGEH
@ . GO
0. GO0
o. a00a
#. BEHen
@ . @A
@ . Gaea

@, Geog
o, 3o2
@ . DOHE
@ . GO
@, GGG
@ . BOGH
janialolal
@ . B
@ . O@Sao
@. aonn
@, 0000
o. ea0d
@. @00
. BEEBG

9560.600 ft

o. @
0. 8OO0
0. HODEH
@ . POao
@ . B
B. 0G0
o. daag
@ . GO0
@ . aaaa
@. oaao
@ . Qoo
@ . paog
@ . Baed
@. OG99
@. 99D
o, OO0a0
o . BHa
o olajold
. gaee
o aialalol

1200. 8@ ft

@, BOD
o atalaial
@. 0000
@ . oo
o aloloial
@. aa0g
(o oiniafa)
@ . BHBE
N olalo]
@ . O
0. @O0
@ . daag
@. 0Ba6
@ . @OEH
3. GOO0
o . BB
@ . OO0
B . BBa
@ . Gaaa
@ . B




125@.00 ft 13@@. @d ft 135@.60 ft 140G. 80 +t 1450. 600 £t

g.op  ft @ . B o . SPaa o . ;e a. oG d. aaes
19,66 +t i ciglofal @, @uea @. 0000 9. GO0 @. 0000
20,00  ft o, Gas jaiaiai o. a0 . By @. Bpne
J@.00 ft @, aooa ©. 6000 @. BOa0 0. OGOG @. 0066
4.0 ft @ . @ . B 3. Baed 0. 8003 @ . Ao
Se.00  ft 3. OO0 0 ojaialo) jo s olololn] @ . BEos 8. 8O0
6. 89 ft @ . P . G a. dooay o. daas @ . OO
76.60 ft o, @O @ . BOO0 @, @Eoa . (oo @, aGao
8@.60 +t @. 6800 o. Baas @ . Baaa o . Gaed @.aaaa
9B. @@ ft @, Gaeo 0. eI o, 6000 @. a0 @ . OOa0n
188,60 £t @. dBad o . BODE @ . B @ . SO B . BBos
118,09 ft 0. 0000 B, 3o @, 0006 @. Daao @. OG0
12a. 0@ ft o. Baas 7 3} 610) @ . sao o . G o. opoa
13G.60 ft a. 0000 @ . QGGG @. OaaE @. @G0 B, aOo0
14,69 +ft @ . daad o rlaln]n) o . Baed @ . g . a0
156.06 +t : 0. @aean @, aoe @. DHEHO @ . HOan 0. 0000
160,00 ft @ . s @ . o @ . dped @ . SO0 @ . BEaa
170.00 ft jo g alaiojal @. Guoa @ . BOaa @ . GOao @. BGO0
18@.48 ft o. oaea o, Geng o . G @ . g @ . oaon
19@.40 ft 3. Baa9 1. @EOaGE @ . GO o ajololn] o alalolo]

156@8.00 £t 155@. 0@ ft 1680. 88 £t 165¢@. 80 £t 1700.08 ft

@.oa ft @, aaod [0 g oiaiafd 0. @O joMajolalu @, BEHD
1g.06 ft @ . aaam i ninlalo @ . DB o. 0000 @ . Gaan
20,60 ft o aiololol @ . @oaa o. 0000 9. 8OO @ . @@
IB.og ft @ . BEEa @ . g @ . BOBC o, B @. Be0e
4@. 60  ft @, BO00 i olalojal 9. aaeo @, OO0 @. aEee
So. a9 ft a. a0ao @. oo o, BEaE @ . e @, suon
b@. 08 Ft o njololo) B, @Rpa ©. 9Ona @. DO @ . OO0
76.68 ft o . oA @ . G @ . S@ad . OO @. saae
8@.08 ft @ . Gaaon @ . paeo 0. dOas 3. 0a0D @. 0000
Qu.a@  ft 8. gaaa @ . gasg @ . Saaa @. BaGa @ . aaas
1a6.06 ft jojoiolal @ . DO o. 0000 @. OO0D o. 0G0
11g. 6@ ft @ . doog i oinlof) @ . DO . Baaad . 8800
12a.080 +t jaololafo] . @065 @ . GO0 @ . DOaG 0. OGO
136,060 ft & . Gaaa . papa o. paaa o . DO @, Gaea
146,00 +ft @a. @@ o . P a. oo 3. O0a @. 006
1S9.690 +t @. aae0 @ . @O @, Baeg o, dBag é. aaaa
160.00 ft B. BO60 @. oana @. o000 @. DO66n @. OO0
17@.0@ ft d. @D . Baae s alainial . SO0 @. dDDD
186.06 Fft 0. @006 0. 3000 @ . 006 @ . OO @. GO0
190, @@ ft @ . @ @ . GEea . Belse @.oaas @ . SO

175¢.60 ft 180@. 008 ft

@.0@ ft @, BB @. auoo
18,80 ft 0. sana o, aen
20.0@  ft @ . OEeg pajalnial
J0.060 ft O. a0 0. 0000
4@, @@  ft @ . B9s . e
S50.06 ft @. 060 @, GO0
6. ot g ainlain] @ . BOoa
73.060 £t o golofafal M ololaln
8o.d0  ft . BB o . g
g@. GG ft @ . Baao @, @i

196,680 £t @. Gaaa . BOBE

11@. @@ f£t 3. GOGD . DEEIR




13a@. @0
149 .60
150, @0
166, 60
17a. @@
18a. 0@
199, g

ft
ft
ft
ft
ft
ft
ft

(s aialnla]
@ .
9. 8000
@. aaag
@. GO0
o . BB
joojalolo)

@, OO
o . @esg
@, GO0
@ . GG
. aaee
@ . SBDG
@ . OO0




2-Dimensional Slug Input Model After 150 Days

ERKE AR R KK R AR KKK KRN N K KRR KRR KR KR EK KKK KKK KRN KKKk
X ¥
¥ SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW X
3 iz
¥ MODEL: SLUG.EAS X
% X
¥ ¥

ES 3803288303080 3 3203223038038 0032023080032 082380

USER: JEFF HAVLENA

LOCATION: ENRON-HORES

DATE: OCTORER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED.........c.. : @.56 1b
DARCY VELOCITY.seouusuasssnnssnnanncasst 1.89 ft/d
EFFECTIVE POROSITY...vcuaeeenaa cecacocst .2
LONGITUDINAL DISPERSIVITY......cc000a..t 16,99 ft
LATERAL DISPERSIVITY....vecavavusonnaat 1.00 ft
ARUIFER THICKNESS.......... seesanansant 25.90 ft
X-COORDINATE OF THE GRID ORIGIN.......t% .00 ft
Y—-COORDINATE OF THE GRID ORIGIN.......% g.09 ft
DISTANCE INCREMENT DELX.....cceuaconnat 50.00 ft
DISTANCE INCREMENT DELY....cueeeuaanas : 16,60 £t
NUMBER OF NODES IN X-~DIRECTION........: 37
NUMBER OF NODES IN Y-DIRECTION........* 29

150. @@ d




KRERKKRRRAERRKKERKRER KRR A RRKKK AR RESULTS KKK AREERRK KR KR ERER KRR KKK KRR KRR KKK K

o. 09
16, g
20,06
kA0 I alo]
4@. 0@
S . @i
60, O
7. 68
8@. @@
9. @

106, 06
116,08
120,00
13¢, 6
14@. 00
15@. @d
160, 00
17@. 00
189. 0@
190 . @@

B. 08
16,00
208, B8
3@. 00
4@ . @@
SO. a0
o0 . g
7@ . @O0
8. gg
90, @@

160, a6
116, 00
120, @@
13@. 0@
149, @6
1508, @0
166 . ¢
176, @@
180, 6
19, @

. GO
1. @i
20 . 09
36, B9
4@, @0

» X—-direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
%

B.@9 ft

@ . AAGD
@. gaad
0. GO0
@. S
@, aaan
o . paea
o . D@D
8. saod
@, aeag
(g alalnial
U ojolnio]
@. B
@. 3000
o . gaad
. aaoa
@ . geag
M olaiala]
@ . gl
U. 0060
@ . B

250.040 ft

@, aaag
@. @eao
@ . B
a. @aaa
o . Se@a
o . @@
a@. gaaa
0. 0000
. gass
. oaae
i ainintal
@ . GO
@. oo
@ . DEGE
o . BBBE
o . @@
o. gaed
@. O
8. S0
0 En16]010]

oEd.BE ft

@. 0875
. G072
3. 0066
. 08956
. BG44

CONCENTRATION in mg/1 (ppm)

o8. 09 £t

@ . Do
. aEaa
0. BO60
@ . Gaaa
o atalal]
@ . @B
@.aane
@ . SO
@. @O0
o . @Oaa
. SO
. Gasd
@ . GBDO0
@ . SO
@. GOO0
@ . D
o, DO
o, Seae
o. a0
@ . Heee

J00. 00 ft

o, e
d. oaad
. SO
10 pniclofo)
o alalaln)
(o aininio}
. Baoe
@ . @GO
o, gaed
jasainiolal
o. oaae
i atniolal
(o ajainia)
@ . OOao
o . SO
@ . GOO0
. Do
@, DO
@ . BEd
@, Bea

SSE. 88 ft

@, 8159
B.8153
@.8139
w.0118
@, BT

100,66 ft

o, 0006
i Gialnfa]
O, 0006
@, SO0
@ . agag
@ . GGG
@, GEBE
@ . dHag
@, 9oaa
N nialalo]
@ . OOaa
@, Gaa
1 olalalo]
o . G BBD
@ . 3OO
@ . SHDw
@, 000
@. aeed
@, aena
@ . @i

I50. 060 ft

o, GBe3
@, Haa3
@, BOB3
a. ape2
@, G6pa2
@, oan]
10 n]ninia}
o, Gand
o niajala]
a. aano
@ . Gaaa
@ . GOao
@, Bang
@ . @Oem
@ . BOBD
@, aaoo
a. G
@, @GOG
10 P nlofo]
@, 8a0a

O . a3E ft

0.3284
a8.8275
B.@249
@.6211
B.0167

150,09 ft 200,89 ft

oI alalialn] @, aaad
@, BOGD o. 800
0. 0000 0. SO0
o jalol) @ . B@aea
G, g @ . a@ad
@, @ @ . e
Lo alolalu] 0. 0000
a. aaao @ . Bose
a. 0000 o. oapas
@, dBea @, DD
M alnlaln] o. oo
@ . daad o. aao
@, Oane 0 aiaiolo]
@ . GOBE . 000e
3. @A @, Gaoa
o. Ggaug . BEao
@, aanag o, oaaa
@, a0 @ . aaes
0. a0 . PODG
©. oo @ . aaeas

4@@. @0 £t 450. 00 ft

#0014 @, Ge3ae
@.00160 0. 0029
. 0awH9 @. 0826
@, 0008 @. 0622
@. 0086 @.0318
@. 0004 @.0013
@. daa3 o. 8009
@. a2 @. OO06
o.0001 . Bena
L oiolofal 1010
@ . BOaG @.aagl
(s glolaial @, aaEa
g alolold) 0. P
@, Oaeo 9. OO0
o, BaB o alalota]
G aiojolo] 8.0000
o, gong @. Saag
i ajalain) a. 0000
@ . G o . BOa
o nfolotal 0. 0000

650,30 £t ToH.00 £t

3. 04351 . 0554
0.a8417 @.d8536
@.@377 @.3485
B.a320 @.8410
3. B253 G. 0325

|




(=30 1 10]
TH. o0
80. @0
oW, B
190, o6
119,00
120, 00
130, 8@
140 . 66
150 . g6
160 . 0@
176 . ad
180. 00
19d. g@

3. B
10. 00
20 . 03
3¢ . O
4@ . @l
S@. 00
60 . g
70. 60
8¢ . dg
9. G0

1@ . @@
119,00
120, @@
130, 6@
140, 4@
15@. o
166, ¢
17@. @@
18¢. 89
194. 6@

0. 00
1.6
20 . O
3. @
4@ . B9
S8, 00
60 . 08
7@ . @
80. 00
9. G

100,60
113, @@
126 . 06
130 . a6
14a@. @@
150 .69
160, @@
178,64
18@. @0
196. @

ft
ft
ft
ft
ft
ft
£t
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

. BH235
@815
0. 0009
o . @8BS
@, Aan3
o. @
@ . BOGH
. @ao
@ . SO
@, e
@, aO0e
. aaed
@. OO
@ . P

750.00 ft

d. 0602
W. @582
B.03527
@B.0446
@. @353
@B.0262
@.9181
©.0118
@.a871
@. 0040
a.e821
H.0011
@ . BEesS
0. 0062
o, ouag
o ajalatal
a. 60w
a.oa00
@ . aEe
D . OO

1660, 08 £t

B.0675
a.8972
0. 0866
o. 8056
9. 0044
B. 0833
@, 8023
B.AB15
0. 0009
d. @aaS
O. BOa3
@. 0]
9. GO0
. Qoo
@ . OO
(o niolnid]
o ajolalt)
i ataolal
0. BOOEH
o, deag

@.@0048
. Ba35]
@. 0619
B. 0811
@, 0006
o. Baes
[ alalap
@. aaaa
. OO
. gaga
L ainioln)
o. G
@, OO
o. geaa

Baw. 0@ ft

@.8554
@.@85356
@.3485
@.0410@
@, 0325
0.6241
a.8167
@.0168
@, Ba66
o, Ba37
@, Ga2a
O.0014a0
@, @aas
@. O@@2
. @Oua
@. OHoe
o . g
@, @Oo0
@ . e
L0 {016}0)

165¢. 99 £t

@, 0830
@, 8029
@, 0026
o, e22
@, @018
@.aB13
d. 0369
o.Baa6
o.0004
O. 0002
0.0001
@ . paea
O. GHa
o iaalo
@, DO
@, B
dalolalo
@ . DBl
i alniof]
i, daae

@, aa86
. 8356
@.0034
g.03819
@.0010
@. Beus
o, aeu2
@, 8061
0. GO
o nlainia]
9. @O
o . dess
@ . B0
o . pood

85@.00 ft

g.@451
@.0417
. a6377
@,.0320
@. @253
@.@187
a. @138
@.0084
@. 0051
@, 6029
@.0815
@.on08
@, $uaa
0. 0062
. s
@. 0000
o . s
0. G0
. @aes
@ . 000

119,09 £t

o,0010
B.0013
@ . @and
o. aaa8
0. 0806
o. goaq
@.00803
@. aea2
@. Oaa1
. G
o. agaa
g dloiofol
o. saao
o . BOBE
@ . a@Ha
@, @aaag
@, BOGD
@ . g
@ . G
@ . BEe

.13
@, 0084
@. 0051
. @629
@.0015
@. 8968
@.g0aus
. soe2
@, SEaOa
o, gaag
0. 8000
@ . Bada
@. Q@
a. gaad

00,00 ft

@. 8284
©B.8275
@.8249
@0.8211
d.8167
@.@3124
@. 36086
@.0a56
o, e6a34
0.0019
@, B618
@, GEaa5
. a2
@, 001
o. sy
0. 0000
@ . Gaa
@, oo
@ . daaa
@, 0000

115,60 ft

@. OGS
@ . OPDI
@ . OOD3
@ . POE2
@. BO62
g . PEe1
@ . QOO
@ . PODE
@ . PO
@ . GOG
@ . GOO
@ . BOOH
@ . BOOD
@ . BODE
0 . GOGD
@ . PO
@ . GO
@ . POEE
@ . DODH
@ . BOOG

950. 06 ft

1200.08 £t

0.0167
@.@108
@. 0066
B, BHIT7
0. 0020
. 0010
0. BGHS
o.aan2
@. 0000
@. sooE
@ . OOO0
@, dPae
@. OBe6n
@. 0900

@.8159
@. @153
@0.9139
¢.0118
o, 0093
@, 3069
o.0a48
. 06031
#.e8019
U.0011
d. 8086
o, GOa3
@.oa61
@. OOa0
@ . BEBe
@ . OO
@ . Do
@. 6000
@ . Baea
@. GO0

0. BOOG
0. gaend
o. @006
. 8808
@. 0000
0. DBeo
o. 00600
o. SO
0. 0006
o . sOng
o . GOaa
@ . Bapa
o . BOBE
. SO
i aiofalal
o. o089
@ . OO
. oo
@ . GO0
@. 9eea




#

B. e
1@. @0
20 .48
3. @0
4¢ . @
SE. 00
6@ . @i
7@ . 00
84, @
9@, G

1@a. d@
110, &g
120, @
130, 00
140 .69
1540 . a6
160, 6a
178, @@
180, ¢@
198. 90

@.00
18,84
20 . 949
3@ . g
4@. o0
ot . @
@ . O3
74 . @38
80.00
e . B

10@. 08
1165. 0@
120,00
130. 60
140, @0
158 . 6
160.600
176 . 6@
18d@. @@
19d. @

3. @89
16.00
20 .09
30,00
44 . @il
oo . 99
o .
70,00
8. @
Q. B

148G . @i
119, 9a@

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
£t
ft
ft
ft
ft
ft
ft

1250.00 ft

@,
0 alalalo]
o . @
@. BOGa
@ . wenia
@, aaaa
@ . BHBa
O. Baeo
. DA
@, OO
@, @aos
o, BOeo
@ . GaEo
@ . BOED
@ . e
0. HHaa
@ . GBeg
@ . GO
@ . @ag
o. @@

150g.08 ft

o aiojoin)
o, G
@, GOBD
. dagE
@ . DD
9. ggag
@. O30
@ . sauo
@. aOEad
@ . Baea
@. eo0a
@ . B
@ . dOEHE
0 ainlnlo}
@. BOO0
2. @
. GO
M ainiaia)
a. @aoad
@ . gEae

1750.00 ft

@ . @ea
[ alaialo]
4. s
[ oinialn]
@, D
9. Daao
o . BB
jooialola]
. @O
o. 0000
o . g
o ojalnio]

130@. 00 ft

@ . G
@ . GO0
@ . SO
[ alaln]o
o. geaa
@ . OGOE
i oialaial
. OO
@ . PEaa
3. GEHO0
. S
O . DO
o, @Eea
o atalald
G aiaia]
., g
o . DDO
. DO
@ . g@aa
0. AOO0

1550, 80 ft

. GaaGaE
@ . aaas
@, Goog
@, Hpas
o. OO0
o, @
@. 0000
@, aaag
@, Gaaa
o, SOE
@. @aoE
@ . S
0161010
o ainioial
o, OO
@ . BOao
i ataiolo]
@ . Sags
@ . GO0
gt @bl

18@@, ga £t

. Bag
. @Ooo
@ . Baag
@, HBae
3. DDBY
@, D0
. soaod
. GO0
0. Baae
9., 0000
o . B
@ . BEOHG

1350.00 ft

o, By
@ . (OO
@ . @
B . OOEE
@ . Baaa
o, BAGD
@, #Eeed
@. @Baao
7 A aiin)
[ aiojaln]
. s
@ . GO
@. Gaaa
@, BODE
. BOwd
@ . (O
@ . BOG
@. GO0
o . oaaas
©. DDDD

1609, 88 ft

@. aeo6
. gaee
O. BEaa
@ . OB
o . (OEE
1 ainln}
@, aaoa
@ . GBaa
@. 0000
@ . B
@ . 0000
o. Do
@. DO
o. Saaa
@. (006
@ . SaraG
@ . OO
& . P
. HO0a
@ . G

140@. 00 ft

o. a0
i atalalo
. Gined
0. @000
@ . @oen
@ . g
G . SOBGE
. aaoo
(o ninialo]
o 1010f0]
. agag
@, Goeg
L lalofo)
@ . (O
@ . BEBea
@ . @@
o . aoo
@ . DDBD
@ . aaag
@ . SOEo

1650. 09 ft

@ . @BOO
@ . gaes
@. @aao
@. Bauad
@ . Beoo
@ . BBa
@ . G
@ . G
o. DOOD
@. ggos
@. daOo
@ . pano
@. 0000
@. aaay
@ . OO0
o, gaed
@, 0000
@, g
(G alololn]
. 0aaD

1450. 00 ft

@ . SEGg
jop alaialol
o. Booo
@ . OO0
@, GBae
o, GO0
1 inialo]
o. oaeo
O. Gaas
0 . DG
g, @
0. SO
@ . SBaG
jonialoln]
@ . BOoe
@ . @@
@ . Eiae
@ . DO
@ . dEaa
(o nlolnin]

1766, 08 ft

o. Boo
@ . Gaao
@. GO
@ . BEOag
@ . Baa6
. B
o, SO
. @aag
@ . OO0
(nniolnial
0. OABT
o . paea
0. 0060
@. 8000
@ . QOO
@. souae
. OO0
. SOaE
@. QDO
. @GOG




150. 6@
146 .86
154, 8@
166, 00
170. 06
186. 00
19@. 0@

ft
ft
ft
ft
ft
ft
ft

@. Gooa
@ . @oud
o. 6eoa
o . saa
o. @ooa
@ . SEEE
9. 9aeo

. GOOg
. SEe
0. 090
@ . suge
[ I aiofaly)
o . Boad
@, Oaae




2-Dimensional Slug Input Model After 200 Days

ERERKE KRR KRN AR AR K KRR KKK KRR KRR KKK KRRk K A%k

X
SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW

X
X X
X X
¥ MODEL: SLUG.BAS X
X ¢
| X

L9203 333233830 8028082233822 3 3230830383803 855338 889

USER: JEFF HAVLENA

LOCATION: ENRON-HOERERS

DATE: OCTOBER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED....cvcoonaat @.56 1b
DARCY VELOCITY. .o uuuu cesssmrmasnnnuat 1.3 ft/d
EFFECTIVE POROSITY.ceuiuvnaasassnansavaat .2
LONGITUDINAL DISPERSIVITY..... cseaaa .ot 16,63 £t
LATERAL DISPERSIVITY...cocecenveannnsa : 1.00 ft
ACRUIFER THICKNESS. . s cvcaececsunensasas : 25,08 ft
X-COORDINATE OF THE GRID DRIGIN.......= .00 ft
Y-COORDINATE OF THE GRID ORIGIN.......! a.09 ft
DISTANCE INCREMENT DELX....cveenaavasal SEe.60 ft
DIGTANCE INCREMENT DELY.sseeeunnsononaat 10,80 ft
NUMBER OF NODES IN X-DIRECTION........:? 37
NUMBER OF NODES IN Y-DIRECTION........:% 29
TIME. s eoeeesaannsnnsnsoas sesassannaceat 200,08 d




K ARCKORR R R KKK R IOOROR ROk KRRk Kk k. RESULTS HEkXRAXRK AR R E R RR KRR R KA KRR EK KKK KK

@, @
16,09
20. 00
30 . 99
40, 9w
Sy.o0
b, aE
78.00
80. 00
9. e

106. 60
116,06
12@. 00
13¢. 6
14@. O
15¢. 0@
16@. @6
176. 0@
18a. 0@
19¢. 060

@. a9
19,00
20 . @9
3@. O
49 . @
So. 008
6@ . B3
70,09
8d. ¢
Q@ . @a

10¢. 08
110, 00
126 . 9@
130. 0@
140, g
153. 09
166. 6@
173, 0@
18ad.a¢
19@. 3@

@, 00
16 . @0
20.00
3. e
40.00

» X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft

g.99 £t

@ . @O
@ . gaa
. Gaaao
o . Ga
O. @aaa
. aEaa
@ . DO
@ . deas
O, G
. Boua
D . OO0
@, Beae
0. OG0
@, 80GE
0. 0ea0
@. gaaa
@ . OO06
@ . Gano
@ . QBao
. paee

250.00 ft

@ . aeeg
o. d00
@. send
0 olajoin]
@ . Beaa
. ODO0
@ . e
@, GO9a
a. agea
@, GHDG
a. @aua
@ . DO
. aaaa
2. BOa0
@.aaan
@. aOae
o . Baee
@ . GOGE
@, g
@, 0000

SOd.aE ft

@ . OOD0
@, Saae
@, Do
@, gl
@, BHae

CONCENTRATION in mg/1 (ppm)

SP.e0 ft

@. Boaa
. aaag
@, Game
. BaEe
@ . Haoe
o . G
© . SO
. @eaa
@ @aoa
. aaea
@ . D
i olotaidl
@ . BOaa
a. seaas
. aaae
. @Ea
@ . DO
. PO
@ . BO9
o . g

300,00 ft

@ . G
o niaiolo
@. Owae
g aininio
@ . aaee
@ . GOE0
@ . ey
@. gaaa
. aage
@. GOoe
. @Eee
@ . GO
@, deoe
@ . OBad
o, @ead
@, oo
o. epag
o. 3O
o . aOeg
o ajola]ol

oog.ad ft

@ . GDD3
o, BPa3
. GO
. D2
@ . BEH2

lgg. og +t

g aialofn]
o, saad
@ . GGaa
o. aaaa
@. Baaa
L g alrlnin]
@, GOaa
@ . e
@ . @GOG
i alolnla]
@. 0000
@, 8a0a
@. @BOae
@. oo
@ . aaeo
o . e
@. 000
@. Baea
@. 0006
a e alnlnial

Jo50. 00 ft

@ . D@
@. OO0
@ . @aaa
@, aau
@ . SO
@. oana
@ . Baae
0. 0000
7. B
0. (e
@ . Oepa
o . aaa
@. @
o. Gap
@ . adod
@. 00600
@. Baua
joalalofal
@. dOaa
0. OOG0

6O9. 08 ft

. 0068
@. Baeg
@, aan7
@, aas7
G I 01010])

156.60 ft

@. aaed
@, @aaa
@ . OO0
o. daea
0. Baao
@, aaaas
i jolnln]
L ininin]
@ . Baaa
. oaaa
@. 8o
@ . Bsoae
@, @auo
. oaan
o, O0ea
@. e
3. Oaao
@. Baoa
i alololo]
©. 0000

40@ . 30 ft

@ . OBaa
@. aeod
@ . aoad
0. 3000
o. Gaad
@ . OAD
@ . Baso
B, Oaa0o
@ . B
@ . OaOED
. aaa
@. 0000
@. daad
0. 000
M Inlnin]
0. 0060
@ . poed
@. 00006
@ . o
@ . (OO0

6SB.60 £t

@, 0021
a@.oe21
@.0819
@.oam17
a.0014

200.00 ft

. o0
@ . paaa
o, aa6o
@ . Baag
@ . o@aao
o. aaeg
o painiolal
@. 000
M clainin)
o. doeg
0. doao
@.aaaa9
0. OO
@ . aaae
0. Oaaa
o . Saas
@. GO0
@. o009
g 0lnintol
@, 9989

450.00 ft

i, 0000
@.0000
@.oa0e
o paidioln]
@ . aaea
3. 0000
@. saaa
@. 0000
@ . oaaG
@ . AOOa
. Baag
o olniain]
. Baag
@.0000
. daea
o . oaas
@ . SO
@, 0006
o . OO
0. 0000

T7od. 80 ft

. @048
@.8046
@.aa43
@.3038
@. 9032




6@.08  Ft @. Band 0. B8001 ., G083 @. aae7 @G.0B19

7a.80  ft @, G . BB @. D@2 @. Baus g.0314
8o.@@ ft 0. 0000 ©. OO0 @. 0002 @. 0004 @, aa1a
Q. B8 ft o . @ o, e o, Gaeal @. 8aa3 @, Baeé6
1ag. 00 ft @. (e @ . GO o. 0aas @. 0062 o, 3004
tig.d9 ft @ . @aaid jaataioldl e otaiala] o.ddel @. 8902
128,00 ft @, 08000 @. auna o . DI M 0161010) @. 0001
138,80  +t @ . e . oo @. BOGGE 8. a0 8. 0000
14@. 0@ ft @ . OGO @ . GO0 3. 08000 @. GBoo 3. @
15@.88 ft . saa @, B R ajolofa] o. Baaa @ g
168.08 +ft , O . @aaa O B @ . SO @, OO 0. 0000
178.88 ft @ . @EaH . SO0 o . B @ . GBHg 4. saagd
ig@.@w ft @ . Gaee @ . agad @ . aaaa @.000a @. a0
19d. 86 ft o. paad a. o @. 0009 @. saaa @. 0080
750,00 ft 800.06 ft 850.00 ft 06,00 ft 95@.60 ft

g.0ad ft @. 0095 B.@166 @, 8257 @. 86352 o, 38424
16,03 £t @. 0692 B.@162 @.0251 @. 0343 @.6414
20,90 ft . @3a86 @. @150 @.82353 @.8318 @.8384
3@0.600 ft @.8a076 @.O133 0. @205 ©.0281 @. 0339
a0 .0@ ft @. 9063 w.g111 B.0172 @. 0236 @.0284
S@.08  ft @.,ad51 @. @089 @.@138 @.05188 0.0227
b@.0¢  ft d. 8838 @. 0868 @. @105 @.0143 @.8172
70.00 £t 8.0028 . BH49 . 0076 B. 183 B.0125
B@.o@  ft a.6d19 D.oa%54 @. 0052 B.8871 @. 6086
9e.06 ft B.0012 O, 0822 . 0034 @. 0046 B, 0056
1ag. 88 £t 8. daas o.aw14 o.eop21 @. Ba29 @, da35
116.00 ft @. 0005 o. @08 B.0812 @G.0017 @. 0021
12a.06 ft @, @803 o . GEaS . a7 a.0810 @.aa12
130.60 £t . 0001 @, aas2 @.0004 @ . Gaas a. 00606
146.80 ft . BEnn @ . poEl o, a2 @. BOa3 @ . Gaas
156.060 +t o. GDHg @. 0000 @, o000 @. 0001 @, a2
16888 ft . ogan O . doaa 9. dodg @ . S @ . paes
170. 600 ft 0. 0000 o, 0a0o @. 0000 0. aaaD . Gae0
18@.0@ Ft o . Gaes @ . s @ . pEes @ . BMBD @. e8eo0
1980.606 ft O. BOO0 . aoao @. gagm @ . OG0 @ . 0000

1o0d. 68 ft 1056. 08 ft 11ig0. 00 ft 1156.68 ft 1200.00 ft

g.08 ft @.3451 @.0424 @, 0352 @. 8257 @.0166
1g.00 £t @.0440 @.0414 @.@8343 @.8251 @.8162
20,00 ft . G409 @.,03384 @.6318 @. 0233 @B. 0150
Jg.a8  ft g.8361 @.a33 @.a8281 @.a205 @. o133
4@.09 £t ©.03603 @.8284 @. @236 @.@172 G.0111
So.en  ft @.9242 @.8227 B.@188 @.8138 @. a9
63,088 ft @.0184 W.@172 @.0143 @, 8165 @, aa68
76,08 ft @. 8133 B.8125 G. @103 @. 8876 @, gaa49
80.00 ft @.0091 @. 0686 @. 0071 @.68052 @.0034
qu.ea £t . a6 A jdtat ) @. 6946 @. 8034 @.00822

190,096 ft @. w37 @.BO35 g.0029 @, 62l @. 0014
11g.608 £t @.0@22 o.aa21] 7. 8817 a.8m12 @. 0ea8
120, 0@ ft @.0312 B.@@12 @, 0010 @.0aa7 o. OBasS
136,06 £t a.aaa7 . dEee o . aaes . gaaa o, aee2
140. 90 ft @. 0003 @. Ha03 . 00035 @, aOa2 @ . OHe 1
15@.a0 ft a.aau2 . o2 . dee 1 @. gaad o. oaad
168,80 t . Gaao : joMaiaiaia) @ . @O @. aaea 3. @G0
17¢.6¢ £t @. o o . By o. saad @, BBGD @ . Do
180.00 ft 7 ajolaln] @ . OOoOo o, 0000 @, OO0 . GO0

19¢. a0 ft a . aae o . pae @. Gagd @ . BO0 o. saae




B. G
16,08
201 . @9
30,060
4¢ . @@
S9. ad
66 . BE
79.00
8d. @g
9D. 00

100 . 9%
110. 040
120, 30
139,00
143 . @
158. 00
168. 84
170.00
180¢. 8@
193, 66

B, a0
165, @
20 . a9
3. @
4. 00
o . O
68 . G
79 . @
80. 0@
9@ . g

100 . @0
116,06
126.00
13¢. 00
140,00
156 . g
160. @@
178, gl
180. 40
19¢. g

a. oo
10 .00
20 . @hB
30.00
4¢5 . @it
5@.00
66 . @i
70. @00
B8d . @
9d.ad
109 . 36

110, 0@

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

125@. 00 ft

@.@a95
0.6092
o. o086
@.0076
@. 0063
@.0a51
@, 00358
@. 0028
@.0019
0.0312
@ . 3H8
@.aaas5
g, 0003
@. 0001
1 rjolota)
o. 0000
@. gagd
japgaidjolal
8. p0as
0. GOHo

15e0.00 ft

0. 0000
a. gaas
o . (oo
B. BOPy
0. DOBD
@ . @
@. GO00
@ . aaeaa
@. DADO
@ . @
0. DA
. BSa
9. 9000
@ . e
3. aano
@ . Geaa
@, 0000
@ . e
@. Gaao
o. OG0

1750.00 ft

@ . Bes
. SOOD
@ . BaaE
@ . QDD
@ . BAGE
9. 0908
@ . O
0. 0006
8. Gaaae
@. ODOD
n e aalala]
3. Ao

g s

13600.60 £t

©. 0048
0. 0048
@. 0043
. 0038
.32
o, 6a25
@, 0819
@.60014
D001
@, OBd6
. P04
@, Qe
@, daa]
[ ainfalal
. gauo
@ . GO
@ . ABad
I nininin]
@ . $Oas
o. 0600

@.86 £t

@. Ba0aE
o, e
o . BeEo
1 ainialo]
., OO
@ B
@. O000
d. 8a0@
@. aa0a
o, g
@. 00O
o. e
. HSOO
(N Gioiaind
0. OB
o . SO
o, GOa
., eoae
o . GO0
. B0

1BoB. &0 ft

o. @oad
3. DOHO
@ . BDNG
@ . DGa0
j g aiolold)
O. aP0g
@. gaa
9. @O0
lopniajola]
. D
o, oaee
3. GOaa

13586.00 ft

. 0021
O.0021
o, 0819
@.oB17
@.0014
¢.a811
B . B9
0. GDe6
o. o4
0. 0063
0.0002
@.aaa1
o. Baaa
@. 0000
@ . auoa
2. OO0
@ . daaa
8. 0000
o . @aae
0. 0000

1609, 88 ft

B . GaaaD
@. oaaa
@, aao
@ . DA
@ . A9
@. aa0a
0. 0000
o. e
0. POGa
@, GaBD
0. B0
@. aaan
o . 8O0
@ . Guag
@, @O
@ . BTG
@.BO00
o . daad
@ . BO06
8. d8gd

140@. 03 ft

@.9a68
9. 0008
B. 08867
@. 0807
d. 8006
@. o604
o, BBa3
@, 0002
@. agn2
0. 0001
@ . paea
@ . @aaa
@ . BIag
@. BOa0
@ . e
o. Ooa6n
. sBas
o nlnlalo;
@ . O
@ . OBaE

1650.60 ft

@ . GO0

@ . BEas
o, PG
@. aaag
@, BOGa
@ . DO
@ . BOE
@. aaee
@, OaHaG
@. aaae
@, OGS
. aaaa
. 0aeo
Gialofr]
@. Gaaa
@, 300
3. Heag
@ . Gaaa
@ OEOEH
o. ddag

145006 ft

@ . ae3
2. 0003
@.ape3
o. 0082
. aaa2
o. 0Ha2
o. 8001
0. Daaa
9. 0000
g oinjola]
g . gaea
o alalala]
@ . aauo
@.oe00
i) 1)
o. Daam
g . @aas
@, @O0d
@ . dOBY
@. 009G

1706.09 ft

0. OO0
o. 0009
0. dOOE
@ . saa0
@. 0000
@. oo
@. 9900
@ . DO
@ . OO0
@ . BB
9. o600
@ gaaa
. OG0
@ . o909
. 8000
@ . Geas
@. 0000
@ . OB
. HEO0
@ . @oee




150, og
14¢. 9@
156. 69
166,08
176. @8
180. @@
199. 00

ft
ft
ft
ft
ft
ft
ft

[o g niaiain]
@ . e
0. OOGE
@. Gaa
8. 0000
@. GHuo
0. o006

. BaBg
(00113610
@, aOag
. HEas
@, Goang
o, e
@ . GHae




2-Dimensional Slug Tnput Model After 250 Days
FRRRKRRKE KRR R XK R R R KKK KK KRR KRR AR KA AR KKK
X

SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW

X
X ¥
X X
¥ MODEL: SLUG.BAS X
X ¥
X X

123233333333 323 8808838333238 388333328382¢3332333833%.

USER: JEFF HAVLENA

LOCATION: ENRON-HOBRS

DATE: OCTOBER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED...veccaucsat #.56 1b
DARCY VELOCITYuuuuannosansasannannsnant 1.09 ft/d
EFFECTIVE PORDOSITY.euuaonsaaassaaasnnal .2
LONGITUDINAL DISPERSIVITY...ocunanoaast 19.60 ft
LATERAL DISPERSIVITY...eecsccnnsnsnasat 1.0 £t
ADUIFER THICKNESS. st v v v vvuvcncannnsonat 25,08 ft
X~COORDINATE OF THE GRID ORIGIN.......! g.00 ft
Y~-COORDINATE OF THE GRID ORIGIN.......* o.09 ft
DISTANCE INCREMENT DELX...secevavenuaat SO.00 ft
DISTANCE INCREMENT DELY..ceuuvscacsonast 109,00 ft
NUMBER OF NODES IN X-DIRECTION........: 37

NUMBER OF NODES IN Y-DIRECTION........t 29
TIME. i s esvnccassennsnsnannnssnsasat 200.00 d




AREKERAERKKKEKRARRKKKKKREREKKEREEK RESULTS KKK RE KKK KAR KRR KKK KKK KKK KKK KK

A ———— ¥ X—direction CONCENTRATION in mg/1 (ppm)
vy

g.0@¢ ft S@. 00 ft 100,86 ft 150.00 ft 20800 ft

d.00 ft @ . GOOaE @, OOa0 @ . GO0 @, GOge @ . SO0
16,66  ft d. o000 @ . SOog . o000 @ . oo I ainlalo]
2. 00 £t 0. GH6GE O Infn]o] @, G800 @ . GOaE @ . BHOG
Jg.ad  ft @ . daag @, @ o v inlafn] . daga @ . Gaa
40. 03 £t o . GOa6n @ . GO@G @ . GOBO @, GO0 o ajololo]
SU.gd  ft @ . GEag A aiolnin] @ . SO @, G al , Bape
668,060 ft 0. 0000 @ . BOOg @ . GO0 [ olololn] o n]nlalo]
Ta.68  ft @ . BOOH @ . BEHe @ . SO0 @ . BB @ . Boae
86.60 Fft @ . DBH @ . Goae @ . BaGa . GO o ininlol
9@.gd  ft @ o DA . @age @ . Baay @ . dHaE @ . BBOa
166,00 £t @ . OAaw @, OEHG @ . AG@6 @ . GGG 0. IGO0
110,60  +t @ o BBDE o ., BEGg 7 olalo] @, @@ [ ajotala]
126,60 £t @ . DD @, GOoe a9, GOB0 7 i nlaialo] @, OO0
1363 £t @ . SBDa @ . B @ . BEDT @, SEa o . BEaa
14 @¢ Ft @ . GO @ . @eag @, @AGa @ . a0 1 nlololol
1.9.00 +t @ . B @, GHao @ . oo @, gage @ . Gaea
166.00 +t @ . OOAG i olalo] @ . D66 @. 800 M lolalol
170,86 ft @ . SO @, B3ue . GAEG o, GEee @, S
180,060 +t @, OBHO @ . QOO @, HEHE @, GBHOE jo0ianio]
196. 008 £t o . BHBE o, BOB @ . DG @ . SBBE e inialo]
259.00 ft J@@. 06 ft IoO.00 ft 4@@, @@ ft 453, 0@ ft

.08 ft @ . B @ . daaa @ . Bgag @ . daga @, PO
16.08 4+t @, BOGB0 o alntalo] @, SOaa @ . BOaa [ nlninla]
20. 08 £t @ . PG o . Saag @ . BBEe @ . Gaua @ . oGO
I@. o8 ft @ . OOE0 @, SOae @ . SOD0 o, GO @, 9000
au . @3 ft R GIniain] B . B o ainiofn] o, BOEe @, BEHa
S@a.00 £t @ . GO0 @ . BOBE @, Gana [0 oiniolo] 3. oo
8. 00 Ft @ . BHSEH @ . SGDI @ . SOGB 3 I nialnia] o . aaaa
70,00 £t . @Eag o . OO @, GO0 @ . SO o aiolnln]
8d.00 +t @ . OBEa o . BEE @ . SHHe @ . GG o, GO0
90.00 £t @, GODG . BOOG @ . BOOE @, GO0 3. OOOG
1ge.0a ft @ . S [ aiaiaio] @, Gaaa @ . @B @ . O
119.60 ft @ . GO0 3 . DD @, GO0 [oninioln] 13 . GOS0
120000  ft o lnialn] i alnlalo) @, auae . Goa @ . daga
139,60 ft @ . DOOE @, OGO @, SHDEH [ ofolofa] @ . @GO
140, 6@ ft @ . DHOG @ . SBEg @ . SOaa @, BHBa @ . Sea
15¢.068  ft @ . DD i, BB @ . BHoa . GO0 @, SO
160,96 ft @ . BB @ . B @ . BB @ . GO . GO
170. 0@ ft [ s alofalol @ . BaGa [ oin]oln] @ . BOO0 o ainloia]
18a.¢0 £t @ . P 5 o DBOE @ . GHE ., dBaag o. aege
19@. 00 ft @, OGO @ . DO 7 I olofnln) @, @O [ ninlnia]
Sem. 06 fFt SSU.0E ft oEd. @8 £t 65U, @e £t 700,060 ft

@.@8 ft @, SEao 1o al9in]o] (o alalnlo] @, OO jopnlainiol
1gi. 69 £t @, GG jnalalaid] @ . oagd @ . B @ . g
20.00 ft @, DHDG 9 . BEHEE @, 3OO0 jo R oinjola] 0. GO0
JG. o0 ft @, @ @ . @ s nioiaial [ alaiaio] o . DBHE

40, @@ ft @ ., BB 3 . B @. aoaa o alolafn) o, oaaa




6. @
78,68
8a. g
. @B
10a. 00
11¢. 8%
126,00
136,63
14@. 30
154, ¢
l66.08
176 . a@
180. @¢
196. o0

3. 8¢
16, o
2@. 9
0. @0
445 . @i
on., 0f
& . B
70,00
8. g
0. 59

1@g. g
119, 8@
126, gd
138, 6@
144, @)
156. 6@
166,649
173, @g
180. @6
190, G0

.00
165. @
20. 09
30 . @
40, @@
S . g
10 ]0]
7. 00
B@. @@
G . @

169, ga@
11a. a@
120. 00
13@. 00
14@. @@

156 . @9

166,00
17¢. o
18a. @@
196, @i

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
Ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

0. BOEE
@ . S
6 Gialalo]
o o s
8. 0000
D GBHY
B . GO
8. Saa
(o ajolna)
@ . DO
@. 0Qa0
i niniaia}
@. @060
0 atalain

759.08 ft

. BOE2
@. 0002
@, oaa2
@, aam2
@. @ea2
@. 6601
8. 00d1
jo s aloioful
9. daea
@. 3o
8. Bags
o ajajala]
@. aapa
@. 0000
a. daa
0. aaHa
o, e
. OO
@ . geea
@ . OG0

laogd. o8 £t

@. 8103
@.8181
@.aa96
@.0086
@. 6075
@. 8063
@. 0650
@B, Ba29
0. 00829
@B
@.0314
@.a8d9
@. DDB6
@ . gaeaq
3. Ba2
@. ol
o ainjotal
28 . b
0. DBHEHD
@ . aeag

7 . D@
@ . DBEE
@ . @Eaa
. Gang
0. BB
@ o
polaloly]
@ . BEG
@ . DO
@ . aaa
@ . DG
o . @
. BOa0
@. GoEs

8@d. 9@ ft

o, aaa6
f. 6a36
. Q6
0. o005
0. 0005
@, aaaa
o OBB3
@ . HOE2
o. 08002
@. 8601
@ . @B
@, Qe
©. BO00
@ . BGOa
i aialaial
@, DA
@ . g
@, GO
. OEaa
@, GO

1650, @68 ft

©. 5162
@. 8159
@, 0150
@, 9136
@. 0118
@, 0098
@. BHTG
g. 0061
@ . GH4S
@, oE32
@. 9922
@. 0014
@ . DO@9
@ . BOB6
@ . GOO3
@ . PEOH?
@ . GO
@ . AOBH
@ . DDHO
@ . BODD

u N alnlalo]
a. BBSE
@ . @Ooo
@ . BEed
@ . GOEE
jaaialaial
@. Oaaa
@. BoEe
0. g
. g
g. 8060
@ . grags
@ . QBOBG
jasGiotain

850.00 ft

@.0813
@O.0014
a.8814
O.oa12
@. @11
@, @aag
a. oaa7
a.0006
@.aaua
©. Oaa3
@. 0002
O. @eal
@ . GoEn
0. BHGD
@, e
@. 8OO0
. doas
o, Gaeg
o. aoed
@ . BOEG

1198. 89 ft

@, 230
@.8226
@.0213
g.9192
B.H167
@.614%
B.0112
o.a886
@. 0064
@, 3848
@, 6631
o, a8023
@.0813
@.aa0a8
@. 9085
B. e
@.000]1
@ . Bong
@ . DOBD
7 palolnio]

@, G
O . BB
I alaialo
o. @oad
@. BOOo
d.oama
@. OO0d
o alninln]
@. aaad
i aialil]
0. aaaa0
o . W
@, Ga@Ea
. BEE

00,08 ft

. 9831
@, 6031
@.ea29
. 0026
. 0025
@.6a819
g, 8015
.12
[aialaiy
@.00806
@. 8004
@, 0003
@, enu2
@.0001
o . @aa
@, go0g
. paaa
. 0000
@. gaue
o aialolal

1150. 68 ft

B.0296
@.0294
0.@0273
@.8247
@.8215
B.B179
B.0144
@.@111
@,6082
. @E59
@ . Oaaa
@. 8926
@. 0317
@.ae1a
0. 0006
. OEaS
001010y
@ . B
0. @@
. Baes

@, GG
@ . BB
@ . GEEE
@ . BOBO
3. OOO0
@ . PODD
0. POOD
@ . BOOG
@ . GEO0
0. 006
0. OO06
@ . BEHE
3. OO
@ . 0Oes

Qoe.99 ft

o. B06E
@. 0359
@. ga55
o.@a50e
@.0843
@, 0036
@. 9029
o.00822
. 06817

T @.0012

@. ae08
@. deEsS
@.08d3
0. 0002
@ . o001
@ . DAGG
M alalaial
@ . GUDO
. aaa
o oninidl

1200.80 ft

0. 0344
B. @337
B.0317
@.9287
@.0249
@.da2a8
B.0167
@. o129
@. 0096
o. o868
@. 0046
@.ad3]
o.0019
@.0012
s alaloyy
o, Bpas
. OaH2
@.anal
@ . DBHa
. BBGE




@, o
14, 6
200 . 9
30, 00
44 . 9@
SO. 00
ol . B3
70 . 00
8. e
9. D@

1ad. gg
118,06
120. 89
1530, a9
144, @@
150. 6@
160 . 80
178, 00
18@. @@
19@. aa

@ . G
19, G
20 . B0
30 . o9
40, O
56 . 9@
60 . OO
79 . 08
80. 00
9@ . Gl

100. 0@
116. 0@
120, 66
136, 0@
140, 60
150 . o9
168. 6@
176 . 6@
186. 06
19@. 80

3. da
1. 80
200, g
I@. 00
448 . @59
5@, a9
&85, @i
70,00
8. B
Q6. B

1a@, e
110, @

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
Tl
ft
ft
ft
ft
ft
ft
ft
ft
ft

1256.900 ft

@, 8361
@, @354
@. @333
@, @T0e2
B.0262
P.0219
D.0176
B.08136
g.818d
@, 0071
@, @349
@. 0032
o, aa2a
. 0@12
9. 0807
@. 8604
@. gogs
@, @aa 1
@ . @i
0. 0600

1509, 0@ ft

B.@B1E3
@g.08101
@.0096
@. 0986
. Oa75
B 363
o, 0a50
a.a8a39
o. 0629
g.8020
0.0014
. daa9
. 0086
@ . @aeag
D. 0062
o, a8661
11 030100}
@ . @i
@. daao
. 008

175@0.03 ft

@ B2
@. 0002
o.Baa2
@. 68002
. Bens2
[ olalop
9. @1
@. G0
. ghaans
o. 0ean
@ . S
@ o

130@.08 ft

@. 8344
@, G337
B.A517
u.m287
. 9249
@, B2068
@.8167
B.0129
. aa9s6
@. @668
@.8046
.31
g.a319
D.a812
@, Baan7
0. 9004
. 8o6a2
O. @1
. G
B . DO

1556, 08 ft

@ BO6H
@. aa59
@, 0055
©. GOSH
o0, @043
O.0a836
0. 0029
. 8a22
@. 0617
d.ep12
@, 0608
o, deas
@3S
. aaa2
0. 0Ga1
s ainloln}
3. BIHDE
@ . G
@ . DEa
@ . DEe

180@. @@ £t

o, Do
@ BBBO
o, D@
lopguintao]
[ olaialn]
g alnialy
i aiajold]
@. Oaae
& . S
. OO0g
. DBBE
@ . Gaaao

135@.00 ¢

¥.8296
@.0290
. 8273
@.0247
B.2215
@.8179
@g.e144
B.3111
@, 8982
@ . BH59
O.8a40
Bb.0826
o.0a17
g.0010
o. 8006
0. OB83
o.aau2
@. 0000
@ . gl
o vinin}

1608848 ft

@, 0031
@831
@. 0029
@, 8826
o, oa23
g.@819
B.OB1S
@.8912
0. @9
g. aaas6
3. 6004
o, aae3
0. Buu2
@. @l
@, GO
@ . aams
D . BBHS
@ . @aes
@ . BOHa
o nlaiolo]

1406.00 +t

@, @234
W. @226
B.@0213
$.0192
B.0167
d.6149
@.0112
. 0086
g.8064
d. @46
a. 8031
@, 0020
@.6u13
@. (008
a. sans
. O3
@, o081
o qafajofal
. aaad
@ . Ao

1650.89 ft

B.0815
g.o@14
B.@@14
d.ea312
g.8a011
&@. aa99
o.aae7
3. 66
0. o@aa
@. Bau3
@ . Ban2
@, 8901
o, OO6
@ . gaad
o. 0Ono
@ . Baaa
3. BB
g alatalal
@, @DOD
. dPea

1450, 6@ +t

B.0162
@.@159
B.@159
@. 0136
B.8118
@.0098
. 9979
B.0061
@. 3345
@, @as2
@. 0022
@.0@14
o. o999
3. 0006
@.oad3
@. 0002
@, @
0. 8a00
o. aaug
e ajalala]

17a¢.08 ft

0. 0086
@. 0886
@, 0006
o . 9eaas
@. Gans
i, oaaa
0. 00035
o. B2
. 0062
@.a@a]
@ . GOEE
@ . SOGH
@ . DODG
@ . gEaal
(o olalaln]
1 oinialn}
jonininin]
@ . GG
@ . BODG
0. BEOE




136 . G0
14¢, @i
156. a@
160,08
170,00
184¢.d@
19¢. 0@

ft
ft
ft
ft
ft
ft
ft

@. 0000
. gese
9. 0000
i dloioial
@, @O0
@ . g
@ . GOOw

@. Bea0
. aaaa
@, OO
@ . B
0. O@a0
. aaaad
. GO0g




2-Dimensional Slug Input Model After 365 Days

SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW

¥
X
X
¥ MODEL: SLUG.EAS
X
X

L2233 E SR80 2002323222322 ¢80 233223 8820

USER: JEFF HAVLENA

LOCATION: ENRON-HOEBBS

DATE: BDCTOBER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED......... -
DARCY VELOCITYu e enernnnnoconnnannnsas
EFFECTIVE POROSITY. s e snsscannnnna
LONGITUDINAL DISPERSIVITY..... ceasasea
LATERAL DISPERSIVITY...ucesscanans cana
ACUIFER THICKNESS. . o cnconvaananasnans
X-COORDINATE OF THE GRID ORIGIN.......
Y—-COORDINATE OF THE GRID ORIGIN.......
DISTANCE INCREMENT DELXuwuwvecrovcennnan
DISTANCE INCREMENT DELY...vssssvuwsvoas
NUMEBER OF NODES IN X-DIRECTION........
NUMEER OF NODES IN Y-DIRECTION........

-TIMED-.--l.l--ll.n.l..l.-lln.l..n-.--.

@.56 1b
1.66 ft/d
.2
1. 00 ft
1.00 ft
25.00 ft
0.08 ft
dg.u0 ft
So.06 ft
1,490 £t
37
24
365.99 d

X
¥
¢
¥
X
X




AR ERER KRR RO RRK R RR KRR KKK RRKEKR R RESULTS 505 50K 00 KKK 0K K0k KR KOK K KOKOOK R X KO KK K

. O
16, 6@
20 . B3
3. dgl
4@, @O
9. od
6@, @
T@ .60
8, §@
QD . @i
103, @33
11¢. 6@
120, @@
150 . 8@
143, @
150, @9
168. 00
176, @
186. 68
196 . g

@, G

16, @@
29 . @G
0. B
46, giif
5@, @
o@, @il
79,00
89. 00
9o . B
1 @%b
110,00
120, 03
130, 60
140, @3
150,00
168, 9@
178, 60
188, a8
190,63

@. 60
16, 86
20, @
et 2 0jn)
Q@ , B

X-direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft

@a.a@ ft

@.
@.

jfainlo}
jalalain]

@. GAOo

a.
a.
@,
@,
@.
@.
@
©.
e
@.
.
D
@.
B
o.

alajola)
1G101a30)
ajajala)
jajoinjo]
o]
alapata]
japiain]
DEH@
D
fojajnin]
jalaladdl
j2joinio]
[ala)ain)
alojolnl
[d]a]n1%]

3. BEEE

@,

2050.00 £t

Q‘ -

alatoid]

iolaig]

@ . QDG

o.

jafufai)

oloinlo

Q,.

jalnlain

0 niojols]

a.
.
9.
@.
.
3.
d.
B
.
.
.
B
@.
@.

@
.
@,
B.
.

ajnialn]
jjalaln]
0101
[a]alald]
[ajnjnln]
[alaiaio]
aainte]
0103930]
I
aialajo]
iy
12393040
@z
ajoialal

Ses. o8 £t

falalule]
GEEH
falalala]
DD
161612141

CONCENTRATION in mg/l (ppm)

od. 08 £t

.
@.
@.
@.
.
.
a@.
.
a.
9.
@.
o,
.
.
@,
.
a.
.
a.
.

RIGIOI GO 3 4

.
@.
@,
a@.
a.
@.
a.
@.
@.
.
.
@.
.
B
o,
.

jaiafalol
10101040}
[niajn]o]
ajolalal
jajoje]
gaa
@
janalo]
iatataldl
[ajolatdl
yjaiolo]
ilnlaial
fjoinidl
atalntds
n1ninial
jaaintn
jolalal
a@asg
[ ui6lo
falafaidl

14191914]
ajajala)
a1a]0lo)
jajajalal
b alnoin]
ajalalal
alalalo]
jalaladn
a191615]
ajaloln]
o ainin]
alalalo
nnialn]
B
Haoa
G

eiainio]

Q$ L]
.
.

S5,

7.
11
@,
.
(G

11 01610]
o]
lalajalo;

GIO I

DB
jajajaln]
jejaloia]
HEDBE
[nininin]

6@,

@.
@.
o8
@.
@.
@

aa ft

DD
jajojajn]
01010
aldjola]
afalala)
ajafnia]

§ o @G

B
.
@.
@.
@,
.
» GEED
D
@.
.
.
@.
@,

@

35@.

.
a.
@.
@.
@,
.
@.
@.
@
@.
.
@.
.
.
.
@.
o.
o.
.
@.

6g .

@.
o,
@.
.
.

B
alololn]
patalala]
Qololy
ap@a
alojolal

DO
[ainlnin]
BODD
[aldinin
fafalal
PO

am £t

faruin]
jalajofol
alolein)
jafalafo
njotaln]
jalafalo]
[njajalol
ialainla;
e
iajalalo]
inpolning
iafafnlt)
e
iaiaiaiol
rijaiqin]
[alalolal
afainla]
12103030
B
B

@a £t

lojajalo)
dlajnin)
DD
o
1aia]o]n]

154,

@,
a.
@.
o.
.
a.
9.
.
@
a.

o9 £t

16303220
ja1aal)
a10jo}0]
alnlalg
[ainjaio]
alalaja]
tala]nn]
0]
jalolaio)
talolni]

@, gaae

@.
3.
@.
@.
.
@,
o,
.
.

49@.

.
o,
o,
0.
@.
.
°.
@.
@,
.
.
@.
@.
.
@.
B,
a.
@,
o,

nfa1ala]
fajolala]
iajaiaia]
jalnloga]
ajainio]
alaialo)
algiao)
aolajn]
rfnjald]

g ft 45

[ajulaln)
ajalai]
olalolr]
lajolofe]
ol
jojalaln]
ajalnla]
jalolalo]
iainiao]
DD
inininia]
afojoin]
(alnjalo]
jafalalo}
[nlnjala]
jaioialal
jnfatodn]
ol o]
ajalaial

@ . OEan

6549,

@,
.
@.
@
@,

ag ft

nfalaia)
alofoln]
aialalo]
jatataid
jujnialo

iR ajaloln]
@ . P
@. 00006
@ . B
@ . OBaa
o . G
@ . DA
1. B8O
@. OO
D . BOEE
@ . DG
@ . B
@. 0000
. oD
® . GO0

O, DB

@ . OOOo
. B
@, Gaaag
o. aaas

200,08 ft

@.00 £t

@. Gaed
0. OO
@ . Beas
0. Oao
g . DO
jooiolala)
@. aaag
I oininin}
@ . BB
@, DO
1 . BBEEH
@, DO
d. aaae
jasalalaln]
@ . Ao
0. 0000
o lolaln]
@, BOO0
a.aagad
@ . QOO0

o, 8066
. Boens
3. OO
@ . Oaae
8. O

TO0. 89 £t




6.
T .00
8. 6@
Qi . B
100. 0@
119,04
120 . @0
139 . 69
146, 99
15¢. 00
160. @06
170. a6
180. 0@
19¢. g@

@. @
10,00
20 . ¢q
0. 0@
agi . B
o9. 00
o, ¢g
© 78, B0

8¢ . @@
99. 00
16¢ ., 0@
110.00
120,09
130. 00

140,90

15@. 83
164 . @6
170, 00
18d. @@
199, 0@

o. o6
10, B¢
20. 00
. @
4@ . O
o . s
6@ . B3
7. B
Bd. @@
9. B

100 . 60
116,09
120 . 00
13@. g
140,06
156 . @@
160, @@
17¢. 84
189.08
19¢. 6d

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

@. BEaa
@ . Oee
(G ainioin}
o. gaad
a. oagg
@. ouag
0. 0000
(o nialaln]
a. oo
B . GEe
@, BOO6
a. aoes
o, O
@ . g

756.00 ft

@. @
@. Da0a
@ . gaeg
G ajaioin)
@. dae
@. 0000
@. 8080
@ . GOGE
@ . B
jaajojoiol
9. 000
o. aOao
o. aoga
j0pg ajojofol
9. @aens
O. Q080
8. Buas
o Malginfo}
@. paaa
g. 0GB

100, 06 ft

9. BOO6
. 630D
0. 0000
o, G
g olofala]
o. aaaa
@. aa00
@, oo
@ . BOa6
d. 8003
@ . DA
[0 ]nioln]
0. 0000
@. 8900
9. gaao
a. gaes
jopojolofn]
@ . D@
9. 0009
@, GG

. e
@ . D@
jOajaiofo)
@. p@as
IR 0101630
o. aeao
O GEge
@. Gaue
1 2} 010)
o. SBa
@. GG
. S
@ . GO
@, SEEd

80@.00 ft

. BB
@ . DOae
faynlnintol
a. Eao
@ . saad
@ . D@
@. 9pag
0. OEa6
@ . e
©. @O0
@ . Boga
@ . Qa0
i nlniolo]
@. 0006
@ . BEg
©. 0000
0101530
o. Opea
o. @eae
i alnlnln)

1056, 80 ft

8. oo
. Goee
. DD
o.9e0e
@. GpoE
. SHae
. Do
@ . B
R ataioln)
. aaaad
@ . GO0
@ . Baeg
3. GG
@. Base
@. aoan
. Gaae
. GO0
@ . el
3. BBy
il . @

@ . I
@ . SEGs
@ . Goeas
@, gasd
@ . B
o. aaag
o . HOBE
o. @aE
I njololo)
@. Gose
@ . Baaa
o aaaa
@ . @O
o. 806d

850.00 +ft

@ . G
@, aaag
@, S
o . BB
o. Gang
@. 0000
. 8000
0. Q@O
@ . GO
0. 0OO
. 000a
. DODa
a. oo
@ . OAO0
LG ataldla]
o. ogen
@ . Baeg
@ . BOO0
o, oo
@ . GO0

llgag.88 ft

@ . DOOaD
@ . o
@ . OGO
@ . aeas
o, aaam
. oaEa
@ . @O0
o.0000
0. GO
. BB
7 oinfalo]
@ . sase
o, 000
o . OO
@ . BOO0
o. saad
@. BEoa
@, G
0. 0o00
@. aaea

@, SO0
@ . e
@ . Gooo
e 141710]
0. OG0
@. oeaa
@ . OOO0
. @O
a. o000
a. aaas
O . BOBE
o. aaed
0. Gaa0
a. goad

P0@.08 £t

@ . o
@. 0000
. Gaa
@. OGO
G IRG10}010)]
@ . Daae
@. paas
9. 000
@. @oea
jo alalolo]
a. seae
0.0000
(g ninnin
@ . BOOBO
9. oo6n
o, (o
o. dgag
0. 8000
@ . gags
g 0ialofo]

1150.69 ft

3. B0
d. a9
O . 0oaD
. aaaa
@ . goee
a. oeuy
0. 600
o.a000
@ . GO0
a. aaes
@ . GO
@ . QBBG
9. 0aa0
o . seay
(e Gialofo)
i foioln]
0. a0am
(S aalol
@ . GEOs
@ . G0

(I uiofola]
@. BOBa
@ . aDae
2, o
0. BBH6
I aininio}
0. 0800
o. aaaa
@. Goao
@ . sEa
@ . OO0
o . Daaa
@, DOBa
o . SO

E@.06 ft

. aaae
8. oang
@ . eaaa
@. 0300
@ . Baon
. agag
@. 90
@. DaaH
@ . 8000
@ . DO
@ . Gaao
@. aoao
i nlninin]
d. 0000
. doee
0. 8000
@ . OO
@. 0300
@ . oo
3. 0000

1200.00 ft

@. 8001
g.a001
9. 0001
o . ol
@ . DDBE
@ . GEB
@ . DaOo
o. 0800
. Do
o . Baea
@ . OG0
@ . paad
@. 0000
. aaaa
0. OO0
@ . BB
@, 00O
¢l . (e
@. 0000
@. paag




1256.60 +t 1368640 ft 1356.868 ft 1406@. 30 ft 145@. 680 ft

@. 08 ft 7 11711 ) @. Gaa6 @. 0011 @, 8021 a. 8336

19,06 £t @. ABB3 o. 9686 o.0011 3.0021 3. 0036
20,080 ft @ G . 0805 @. 0011 @, da2d @. 0334
36.00  ft @. @en2 . @aas 0.0010 @.0018 8. 0032
40.89 ft @.8a02 a. oS @. B8989 @.9917 a. 0029
oo.06  ft @.aen2 @. @eEma @. Beng @.0015 6.0026
6. 09  ft @.eau2 . @ea3 @. a7 B.0@13 . 0022
70.08 ft 0. 0001 @. 0003 @.aaas G.0311 d.9318
Bu.o@ ft @. @001 B. 062 o. BPes o. 0009 @.6a15
9@.08 ft @. Gaaa I aiale 0. OGB4 @. 0067 N.oB12
ipe. 08 ft ®. gopn B.BBa1 . OB B. o885 . Oeu9
119.00 +t @. 0000 @. 0061 o, 0002 0. G064 @. o007
120,60 ft B . G @ . PO o. gas2 . aess @. 8885
138.00 ft B. DO @. Gaan O.0001 0. aea2 @.0004
148.688 ft . PO . BT 8. faad . 08861 . oaa2
15a.08 ft D. oo06 0. aaaa [ I olnialo} o ajalaio] 0.0602
168.68 +ft 7 g taiala] . SOBD @. g o. g @ . daal
17,96 ft a. SaO0 . 3o . 000 B. 0O @. 000
isg.dd £t ¢ . gaag @ . deag @ . agag @ . eada @ . aaga
199.66 ft @.0000 2. 0000 0. 0000 0. oo 0. d000

1509. 88 ft 1550.00 ft 1600 . 98 £t 1656. 00 ft 17a0¢9.0@ ft

@.08 ft g.0358 @, 9a88 b.90124 @.0163 @. @200
16.96 ft @. 8957 @. 8087 . @122 @. 3160 B.8197
20.93  ft 0. 0055 @, 0e83 B.08117 @.8154 @.09189
Jg.d0 £t @. 80851 @, 0078 o.8109 @.@144 a.6177
4d3.08 Fft @. 0047 @.0a71 @. B899 B.0131 @.0160
S@.o8 ft @. 80041 o, 0062 @. 9088 @.8115 @B.e142
60,98 ft 3. 0636 o, 0054 @.0076 @. 0899 d.0122
Té6.00  ft @ @H3 d.8d45 @. 0863 o, 8383 @.a8102
80.08 ft @.0024 @, 0837 9.0051 . 0068 o. @383
G@.0E  ft @.8a319 o, aaz2e @.aw41 @. 6954 o. oB66

100,643  ft B.OB15 @. 06822 @. 0051 0, 6041 @. 8051
11,06 ft B.a@11 a.9817 o. 03824 B. o831 @. 0038
120.68 +t 0. 6008 ©.0612 @8.0017 D.0023 @.0028
13a.068 +ft @. dBB6 @, aaa9 W, 0312 B.O@16 o. 0920
14p. 08 ft 0. 0H4 o. 0066 @. o008 B.0m11 0.0@014
150.00 +ft @. 8003 o, Baans a. 006 . a7 o.a099
16@0.08 ft @. 0aH2 0. DB o, BB04 3. OB05 3. 00686
17,68 £t o, @oal . aaa2 . @ae2 @. gaa3 . aa04
180.00 £t o . BOeE @. OEa1 B. 3001 o. 0062 @. 0002
190, 63  ft . aeae @. doap o. @ @.aaal 1 alninkl

1750.908 ft 180@. @@ ft

.00 Ft @.08229 @g.e245
13.08 ft 0.@226 @.0242
28,080 +ft B.9217 . 9232
30.00 ft 0. 0202 ©.9217
4. 08 +ft g.4184 B.8197
S@.00 ft @. @163 @.4174
6.0 ft D.0149 b. 8154
709.08 ft B.0117 B.@125
8@.a9  ft d.6d95 @. o162
9@.06 ft @, 0876 3. @3a81

196,08 ft . 0858 @, aa62

118,08 £t @, 0044 @, @847




138. 00
149, @@
15@. 90
166, i

170,00

18¢. o@
196. 60

ft
ft
ft
ft
ft
ft
ft

. 0823
a.8816
@.0011
@.6a8a7
g, 0004
o. 8083
3. 0002

. G624
a.6a17
@.0811
8. aaa7
0. OBE5
@, aas3s
@, G2




3-Dimensional Plume Model After 36 Days of Continuous Input
30K KK KKK KKK 0K KKK A0 R OR 30KKOKOR KRR R Rk R X Kok kokokok X

*
L 2

SOLUTE TRANSPORT FROM POINT SOURCES
IN THREE-DIMENSIONAL UNIFORM FLOW

X L3
X X
X X
X MODEL. ¢ PLUME3D X
X X
X X

1332232233222 0 0020020333322 3222802022208 281

USER:®

———— v —

LOCATION: ENRON-HOBRBRS

JEFF HAVLENA

OCTOBER 23, 1989

INPUT DATA:

/
DARCY VELOCITY .o ssascannncaant 1.498 ft/d
EFFECTIVE POROSITY...eeccaunanssoennant 2

LONGITUDINAL DISPERSIVITY..veecrsonceaet 10.08 ft
LATERAL DISPERSIVITY...ovesveaonansaasnt 1.8 ft
VERTICAL DISPERSIVITY...eeucucesvesaannt g.1a ft
DECAY CONSTANT (lambda)...ceceecnnoaast @ 1/d
NUMBER OF POINT SOURCES.....cccvcancest 1
SOURCE DATA:
SOURCE NO. 1
X~COORDINATE OF THE SOURCE..vesveacsaat 0,00 ft
Y—-COORDINATE OF THE SOURCE.....c.cuveaast .00 ft
Z—-COORDINATE OF THE SOURCE.weesccssaaat 8.88 ft
THE SOURCE STRENGTH. .. cceecssnveenanaat @.02 1b/d
ELAPSED TIME OF THE SOURCE ACTIVITY...: 36.99 d
GRID DATA:
X-COORDINATE OF THE GRID ORIGIN.......? d.00 ft
Y-COORDINATE OF THE GRID ORIGIN.......3 G.00 ft
I-COORDINATE OF THE GRID ORIGIN.......: g.08 ft
DISTANCE INCREMENT DELX...ciccuiuvcaveeat 50.00 ft
DISTANCE INCREMENT DELY..u.veavevanvwaansat 10.69 ft
DISTANCE INCREMENT DELZ...ccensusccoaat 1.08 £t
NUMBER OF NODES IN X-DIRECTION........t 1a
NUMBER OF NDDES IN Y-DIRECTION........1% 16
NUMEBER OF NODES IN Z-DIRECTION........% 12




EXKKKKKKKKRKBKKRKKXKKKKKKKKKRKKKKKX RESULTS KAKKKKKKKKKKKKKKKRERERKKKKRKKKKK KK KK

0. 00
10, O
20.00
30.080
40 . OO
o0. 00
60. 00
76 .00
8d.60
0. Og

8. au
10.00
205 90
30.08
4. 90D
50.00
6@ . B
70.00
B . @@
9@. 09

» X~-direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

9.00 ft

-1.0006
B.4073
B.0415
@. Baas55
@. 0008
8.0001
. 0000
a. o009
o, 0006
@. oo

250.00 ft

@.8375
B.0319
B8.0197
o.0089
9. DO3G
@.0007
?. 08001
0. 000
@. 0900
0.0009

CONCENTRATION in mg/1 {(ppm)

SU.900 ft

1.24469
@.6641
@.1637
g.a3e9
@.0052
7. 8008
0.0601
@. 00080
@, 0069
@ . OBaE

300.00 ft

@.0061
@.,a8053
. 9933
D.0016
o. GPBS
a0.0001
4. S000
@. OOaH
L alolnic]
@.00a0

100.00 ft

#.5910
@.4364
@.1895
3. 9560
@.0125
a.8022
a.a063
@. 3aaw
@. 0000
4. o800

350.00 ft

@. 0086
a.oaasS
B. BOB3
@.0001
@. 0001
0. 3000
D . Goud
g. 0000
0. 0000
M alalala)

150.60 ft

@.3150
B.2549
@.1378
@, 9529
o.0144
@. 9830
@. a6as5
@.0081
@. 0000
3. GOag

400.00 ft

e atalain]
@. 0000
3. 3350
0. 00008
@. 0000
0. 0060
@ . 0009
@. 0000
@. 0000
@, aaan

200.908 ft

D.1341
2.1124
D.0666
0.8284
¢.9088
8.0021
o. 0004
0.0000
6.0000
d. 8009

450.00 ft

@. 0a0a
9. 0000
?. gaee
0. 0000
0. 0300
?. 0000
o. D900
9. 0000
@. 009¢
3. 0aaa




EXXXERKKKRRKKRKKRRKKRKKKKKKKKKKKR RESULTS KKKXKXKIOKRKKRKKEKKRKKKKKKKKKKKKR KKK

0. 00
19,60
20.00
36. 60
40 .00
S5@. 00
60.00
79 .00
80.08
D . GE

3. 00
10.00
20. 00
30. 00
405 . 00

oa. 00

&d . 00
70.00
8@ .00
90.00

> X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

3.00 ft

3.8825
#.3594
@g.0394
9.9853
@. 0067
?.0001
o.0000
@. gaag
o. oOaa
9. 0800

250.00 ft

@.0369
D.B314
B3.6194
7.0088
3. 0929
@.aaa7
@.0081
a. 0000
¢.80038
o. 0008

CONCENTRATION in mg/1 (ppm)

SO.09 ft

1.1633
@.6276
@.1574
0.9301
@. 0650
a.a0u7
o.0001
o. saoa
0. 0000
o. agea

FO0. 060 ft

o.0061
@.0052
3. 09033
. 0015
@. 8005
g.0081
a. 0060
0. 0000
8. g
0.0000

los.09 ft

9.5729
a.4237
@.1846
D.0547
9.0123
@.0822
o. 0003
7 0101710
@. a000
@ . 8D

I50.00 £t

a. aaas
7.0005
. 9993
@. 0061
@.a8001
@. 0000
@.0000
o. 0000
@ . G300
o. 0000

158.00 ft

8.3084
@.2497
3.1351
@8.051@
g.@141
o. 8030
0. 0005
@.aaa1
o, 0000
8. 0000

400.00 ft

@ . ¢ooa
0.0000
. gaoa
8. 0000
3. 0000
@. 0000
3. a00Y
@, 0000
@ . S900
o . 0900

200.08 ft

?.1317
@.1194
@. 0655
B.9279
o.8087
8.0020
@. 0004
4. aagg
a. 0000
8. da90

AS0.00 ft

@.0000
2.0000
@.0000
6. 0000
@. 0000
2.0000
@ . OG0
9.0000
o. da0a
?. 0000

l




TRERERRIORKFOORRRKKKRIEEKRRKKKKKKER RESULTS KXXXXEKKRKKKKKKKKKKKRKIKRKKKRKKK KK KKKk

e > X—direction CONCENTRATION in mg/1 (ppm)

L= 2 ft

.98 ft 50.00 ft 100,09 ft 159.900 ft 200.08 ft

3.08 ft 1.1526 @.93536 @.5225 @.2893 @.1249
16.68 ft @.2574 a.5327 @.3889 @.2345 9.1048
20.00 ft @. 0338 B.1482 9.1707 0.1272 B.0622
J¢.49 +ft @.aa48 B.68276 0.8511 @.6482 @.8265
48.08 ft @a.0e87 @.aa47 @.a115 @.4134 @. 0083
So.00 ft @.0001 @. aaa7 g.a821 a.0028 g.06019
0. 08 ft @, OO0 0.0001 o.0003 0.0005 0. 0003
78.0@ ft @ . aaga o.aaaa @. 9000 g.90601 0. saes
80.00 ft 2. 0000 0. 3000 @. 0060 @ . AO00 0. 0000
0.0 +ft @ . 8aaad A lolaia] 9. 9069 0. aood @ . 9009

25@0.00 ft I00. 00 ft | 350.900 ft 4@0.@®'ft" 450.00 ft

l .08 ft . @.8351 @. 9958 4. BaasS @ . GO 8. 0000
16.60 £t @. 8299 8. 08050 . 885 0. 8000 @ . 000d
I 20.006 ft @.8185 @. 0031 g. 9@@93 o. DOBa a. 9003
30.00 ft @. 0684 0.0813 ?.00081 0. 0000 9.0000
a@.@m  ft o.9a28 a. 0005 @ . BOO0 o. 00008 - d. 3000
I S53.08 Ft @. 0007 0.0001 a. 0000 . 00600 9.2000
&.08 ft @.a081 @ . dABGD @ . Qe @ . GAGD . e
70.0@ ft @ . 0000 3. 0000 0. 0000 @. 0000 0. 0060
BO.0GB ft B. oapg ©. 0086 @. BaBo . o. o000 o. 0000
I 9@¢.00 ft @. 0000 @. 000 9. 0000 0. 0000 ?.0000




ERRRRKKERKKKRKIRKERRKRKKERKKKRRKKKKX RESULTS RXKKKKKKKKEKKKKXKKKRKEKARKKKRKKKKKK

0. 00
16. 00
20.040
30 . 00
44 .00
S@ . g
60, @0
76 .00
8d.00
96 . ag

3. 80
16.00
26 . ¢
39.00
495 . @
S6.006
b0 . @i
7o.00
86.68
93.00

» X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft

ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

@.00 ft

B.4657
@.1621
@.0266
@.9341
@. 00E6
@. 0001
0. 0000
@ . Bang
a. @DAD
0. oBe

250.00 ft

- B.0324
B.0276
d.8171
@.0a77
@.0026
3. 0006
@. 0061
0. 0000
B, BDBo
O. 0000

CONCENTRATION in mg/1 (ppm)

=

50.00 f

B.7B33
b.4120
@.1163
@. 0240
@, am42
@. o6
@.0001
L0 g aintalo]
9. 0000
@ . DO0a

3 $t

t

300.00 ft

@.0954
@.0046
@. 8829
O.0814
o, deasS
@. 0001
3. BOBE
@. 0DHo
@, GOad
@. 0000

180.00 ft

B.4495
@.3361
@.1501
@.a456
g.0164
@.0019
@. 0003
3. Beag
o Jolofold
@ . DDBD

350.00 ft

0. 8085
o. 0004
o, 0803
@.0001
a.0000
@ . o000
@ . DDBY
0.0800
B. POB
8. 0000

150.00 ft

9.2604
@.2114
@.1151
@.0439
@G.0122
3. 0026
@. 0004
@.006a1
0. OGO
8. oS@

400.00 ft

g. 0080

@. 0000

o, 000D
@ . oaao
@ . 3000
0. 3000
@. 0o
3. 0000
@. 0008
2. 0000

200.60 ft

9.1144
3.8960
D.0579
o.a244
@.0976
d.0018
9.0003
@. Saad
3.0000
@. 0080

450.00 ft

0. DBSD
3.0000
4. aaag
8.0000
0. 008
3. 9000
0. 0009
9.0000
@ . BDDD
@. 9900

|




ARERKKKRERKKKXRKKRRKRKKKRKKKRRKKK RESULTS KXXKKKK KKK KK KR K00 KKKk XKk kKX

.00
10.00
20.00
3. 60
44, 00D
S50 .00
68 . 00
79 . @0
8@.00
. D@

8. 90
10. 00
20 . 00
30.00
40 . 00
S0.00
6@ . @i
70.06
8¢.0o
90.08

» X—-direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

.00 ft

9.2115
o. 0955
@.3195
@.0833
0. @005
o.0001
@. BO00
a. oo
@. 0000
0. 8330

250.00 ft

3.08290
a.0247
g.8153
@.0069
. 0023
@. 0006
@. 6081
@.0000
9. Gaag
8.0000

CONCENTRATION in mg/1 (ppm)

SP.00 ft

@.4796
@.2957
@.0906
@6.0198
@. 0036
@, a6
1018561031
o, 00w
?. 0000
O. 0000

J00. 08 ft

@.9848
o.0041
9. 8026
@.0012
@.a084
o.0061
o, Boag
g. 0006
@. anaa
O. 0000

100,00 ft

B.3662
B.2762
@.1258
0.0391
@.9071
g.0017
o. 0002
9. 000D
@.0000
?. 0000

IS5@.00 ft

g.0094
@. 0064
. Bea2
@, 00081
. oo
o. 0000
i g alolnln)
0. 0000
o . gaaas
0.0000

158.60 ft

@.2249
@.1830
9.1003
@.9385
0.0108
3. 0823
@. 0004
8. o0
@. 0000
B. 0000

490.00 ft

d. ao0o
@. 0aa0
@ . SO69
0. 0000
@. dgoa
0.0060
@. aaan
@.0000
@. o009
@. 0000

200.00 ft

6.1012
@.9849
@.0506
@.a217
3.0068
0.0016
3. 9063
@. @0
9. 9000
0. 8989

450.00 ft

0. 0000
@. 9008
15 910300
a. 9000
@ . doBD
@. 0000
o . BOO0
0. 0000
9. 0000
@. 0000




XKEKKERKKKKKKRKEKKKKKKKKKXKKKRKKKKKK RESULTS KXXXKKKXKKEKKKKKK KK RKKKRKKK KK KKKk KK X

?. 00
16, 69
20.00
36. 00
40 . 00
5. 60
60. 00
76 .00
80. 00
99 . B

3. B0
10. 0@
20 . @0
390,00
4ai . @il
54.00
&0 . G
79.00
8¢ .09
90. 00

> X=direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft

ft

ft
ft
ft
ft
ft
ft

2.90 ft

9.1024
@.8545
9.0134
0. 0025
0. 0004
8. 9001
0.0000
7. o008
@. 0000
0. 9900

250.00 ft

B.8251
0.0214
B8.8133
7.0060
a.682a
. 0005
a.0ae1
9.0000
@ . Daaa
0. 0000

CONCENTRATION in mg/1 (ppm)

Z =5

S5d.00 ft

6.3095
@. 2003
@.0668
B.8156
@.Oa29
. BODS
@, o001
@ . 0aBo
@, aoa
@. opaa

300,00 ft

@.8042
0.0036
o.,8023
0.0611
@. 0604
o.0081
9. 8000
@. D@06
o. aoas
@. 0000

ft

16@.08 ft

®.2840
@.2163
?.1008
@. 0321
D.0076
o.0814
0. 0002
0. 0300
#. 00600
@. 0900

350.00 ft

@. 0064
0.0003
d. 8002
@.0001
@. aaog
a. 0009
@. 0600
@. oaao
3. 0000
@ . 0000

156.00 ft

B.1868
@.1524
0.0841
b.0326
0.0092
@. P20
@. 0063
@. 30D
0. 00009
o. 8080

400.00 ft

@. 0ope
@. 0000

@. 0000

3. 0000
@. 9aes
. 9000
@. 6Oaa
9. 0000
@. dB@g
3. 0000

200.00 ft

450.00 +t

B.0864
@.8726
8.0434
8.0186
g. 0959
?.8014
a.0002
@. 000
3. 0000
@. 0000

@ . DOOD
9. 0000
@. 0000
0. 0000
0.0000
o . 0G0
@ . saBo
0. 0000
a. 8809
9. 0000

|




KEKKKRKRKKEKRKKKKKKKKKKKKKRKKRKKKNKXK RESULTS KXXKKXKKKKKKKKKKKRXKXKKKKKKKKKKKKKK

©. 00
10, 30
20,00
36,90
40.00
5@ .09
60,00
70,00
8@.00
G@. 00

2. 90
10. 60
20 . 60
30. 00
40, B0
50.00
6@ . 6
708.00
80. 60
9. 00

» X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

2.00 £t

B.0515
8.a8307
0. 0089
8.06019
. 0003
@.000]1
@. dOOD
8. 0000
o, D0aa
9.0000

250.00 ft

B.0219
@.0179
@.0111
@. 0051
D.0817
0. 0004
o.a0a1
@. P00
7. 0000
D. 0000

CONCENTRATION in mg/1 (ppm)

=

S0.08 f

B#.1923
@. 1300
0.08470
@.01317
. a023
a. 9004
@. 0001
a. oaoe
. @a60
8. 8000

300.06 f

@, B35
a. 0030
0.8019
@. 0009
D, 0083
a.0001
@ . 0903
@. OG0
@. 0060
@. 0a0n

6 ft

t

t

106,00 ft

B.2166
@.1621
@.G775
o.@8253
. Ba61
B.9812
a. 0062
o. oaaa
0. 0000
. @60

350.06 ft

. BBB3
@.0003
@. 0002
@.0001
o. 0000
0. o060
. gOaE
@. 0000
8. dgay
g. 0000

150.00 ft

@.1493
B.1222
d.0680
@.08266
@.a8076

d.6016

?.0003
@. Baea
@. 0000
8. 0009

400.00 ft

0. 0a80
. B. 0000
4. 0DD0
8. D000
@, 0900
3.0000
o. aa89
@. 9060
9. dBo0
@.0000

200,08 ft

8.0714
o.8601
@. 0560
@.8155
0.0049
9.6012
0. 0082
@. 900y
a.85000
0.0000

450.00 ft

@. OPDg
0. OOB5
@. 0000
@. 0000
a. oaao
0. 0000
@ . e
0. 0000
a. DoBe
6. 0000




ERERKRAKALKIOORKRKRREER AR KRR KRKKX RESULTS RKXRXXXXEXI0000KR Rk kx5 i0kok ko x

@.00
10,00
20.00
30 . 80
40 . @@
S6 . 63
(=37 0}
79 . O8
8d.49a0
90 . g

8.080
10.00
20.00
33. 00
40 . O3
50. 08
60, g
79.00
8@ . @@
0. 00

> X-~direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

2.00 ft

D.B266
d.a6171
@.0057
@3.0813
@0, 0862
@.0008
@ . DBOE
. BB
@ . a0
9. a0

250.00 ft

d.0171
0.3146
@. 0091
3.0041
ag.0014
o.0003
9. 0081
@. 0000
a. aono
@, aaoada

CONCENTRATION in mg/1 (ppm)

SP. 00 ft

@.1163
@.0817
0.0319
@.aa85
a.0018
@. 9083
a. 0000
7. 8000
o . BOa0
@. 03

390.00 ft

@. 0929
@.0825
B.0016
. 0007
@. 0003
@. 0001
. 0000
@, OB
@ . Oaag
@. OaHo

100.00 ft

@.1501
@.1168
@. 0572
0.0192
@.0048
a.ea09
@. 00031
@, 0aHe
@. 0000
@, Goag

350.00 ft

@. 0003
@, 0002
8. 0001
@001
o, O
@. 0000
0. OO
@, o005
@, @Ees
@. OaaG

150.00 ft

#.1151
@.0945
o. 0530
g.0219
0. 0061
o0.0013
a.0002
@, 0B8D
?. 0000
@. 0a0s

400.00 ft

a.0000
@. 0000
@ . BO08
3. 0803
8. saea
@. OO0
o, DaD
@, a6
@ . ABaaG
3. aaes

200.00 ft

0.0570
7. 3480
9.0288
@.0125
@.004G
o.ae89
o. 0002
3. 3880
@. dao0
@. aoae

450.00 ft

@.0000
@. o000
o. a8
@ . 0300
. daBo
3. aB0a
0. @B
@. d000
@. 0o
@. OG0




KERRRERERXFONROK X KKK KKK IR KKK RESULTS AR KRKKKE AR KKK KKK K KX KA KR KKK KRR XK K

o. 00
16,04
29,00
30 .00
40 . @@
S@. 00
63, 00
70, B4
840.00
9. @@

3. o
19.60
20,00
30.00
44 . @
S0. 00
o0 . G
70.00
8. 0@
96.00

> X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

B.90 £t

@.0140
o, 8995
@. @@33
D. Bn9
@. 0002
@. doa9
o. OOua
@. 0800
@ . OO0
0 ajolalal

250.00 ft

B.O135
@.0115
S @.@a972
@. 0033
@g.0@11
. BB
B. 3aa1
@. 0000
a. ooea
3. 0000

CONCENTRATION in mg/1 (ppm)

Z =

o, Ba

0. B690
@. 0500
@, 3209
o. 0859
0.8013
. 0002
@. aooe
a. OB
@ . 00060
. 0000

8 ft

t

J0@. a0 £t

@.@8023
@.0020
o.00813
@. 0006
o. o002
@.0001
3. BOBED
@. 0003
a. 890
3. 0OaQ

100,06 ft

@. 1633
@.0812
@.04@8
@.9141
@. 0036
@. oea7
0.0001
0. 8000
@ . 0900
0. 0880

350.00 ft

g.8002
@. 0062
@. 0061
0.0001
@. a300
@ . @Oa0
10 M olninio]
o. 0000
9. o009
o . aaao

156.00 ft

@.a857
@. 8706
@.38400
O.0160
@. o847
o.001@
O.0002
@ . BOBD
0. OOOD
g. 8000

400. 00 +t

. aoaa
o g aiojaln)
@ . ODBD

@. 00

@. 0060
@. 000
@ . 8066
o, 0003
4. d0aa
O.0000

20080 £t

@.a441
@.8372
@.0224
B.0098
@, 0031
o, 6987
O. 0081
@ . GO
B . OOa0
0. 0000

450.00 ft

a. 090
@. 0006
B. 0000
@. 0000
@. o338
@ . D000
. BOSGE
@. 9000
@ . Gaga
3. dDas




KRR KKKRFRKKKEKIOKRKKKRKRKIKKRKKKKK RESULTS (k300K K00k X 00k kR ok Kk k0o kR kKR kXX

e ——— > X-direction CONCENTRATION in mg/1 (ppm)
vy
Z = 14 Fft
3.00 ft S8.00 ft 100.90 ft 150.00 ft 200.00 ft
g.00 ft - @.aa49 @. @233 @.0446 @.0431 @.0240
186.0@ ft @.0029 @6.a178 9.0358 @.a8357 @.9203
20.00 ft 3.0013 @. 0083 @.8189 0.0206 @.0123
36.00 ft 9. 0004 . 0026 @. 0069 a.0384 8.0054
4¢.00 ft @.0001 @. 0006 @.0019 @.0025 0.0018
Sg.e8 ft @ . goag o. o001 0. o004 3. 0006 9.0004
60.00 ft @. 0000 a. 0000 @.0001 0.0001 0.0001
7¢9.00 ft @. 0000 @. ooaa 0.0000 @ . 0000 ¢.000d
80.00 ft g.0000 0. 0000 @. aoo0 a. aaao g.0000
.80 ft @.0000 8.0000 9. 0000 . o000 @. 0000
100.00 ft 8. 0000 @. 0000 @.0000 ?. 0000 9. 0000
11g.69 £t @. 0000 @. o000 @. 0000 @. 000 @ . d0ad
126. 08 ft 0. 0000 @ . 0000 @. 0000 ¢.0000 . 0000
13.00 ft o. 0000 @.0000 @.0000 0. 000d 0.0000
140.00 ft @. o000 . 0000 @. 0000 @ . OO0 a.0000
1Sg.00 Ft 8. 000 a. oo 8. 0000 @. dpea 0. 000
166.08 ft ?. 0000 @. 0000 . 0060 @. 0000 0. 0000
176. 08 ft 9. 0900 0. 0000 @ . BI6D . 0o @ . 3000
180.08 ft 8.0000 0. 0000 0. 0000 0. 000 ?. 0000
190.9@ ft @.0000 @. o000 0.0000 8.0008 ?. 0000
250.00 ft 300.00 ft 350.00 ft 400.00 ft
@.00 A+t @.0876 @.8@813 8.0001 a. oeae
10.00 ft @. 0065 0.0012 @. 0001 0. 0000
20.08 ft 0.00841 o. o007 0.0001 @. 0000
3@.00 ft 0.0819 a. 0003 a. 0000 9. OOGG
49.98 +ft 8.0006 . 0001 o . BB a@. 9000
S@g.00 ft @.0002 0.0000 @. 9000 a. 0000
o8, 0@ £t @. 0000 @. d00s a. 900s @. eooo
70.00 ft . 0000 8. 0000 @. 000 a. 0000
80.00 +t @. 0000 a. 0000 @ . d0aa 0. 000ad
°6.00 ft @. 0000 a. 0000 @. o000 @. 0000
1op.60 Ft @. o000 0.0000 é. 0000 @ . BOaD
116.00 ft @. 0000 a. 0000 @. 0000 . 0000
120.900 ft 8.0009 o. o000 @.0008 0.0000
136.00 ft 3. 0000 @.0000 o.0000 o. 0000
14.98 ft 9. 0000 @. 9000 0. @B @. 0000
150.06 +t 9. 0000 0. 0000 @. 200D 0. D000
16g.08 +t @ . 00a0 o. dOa0 @. 0000 ag.00008
170.606 ft @. 0000 9.0000 @. 0000 @. 0000
180.906 ft 8. 0000 @ . op0a @.0000 @ . oaag

19a. 0@ Ft 9. 0000 o, 0008 O. 0000 0. a000




EXERBKRKKKKKKRKIKKKKKKKRRKKKRXKK KK RESULTS KEKRKKKKXKIOKKKKKRKRKKK KKK KKK KK KKKKK

tm————— > X—direction CONCENTRATION in mg/1 (ppm)
vy
Z = 11 +t
8.90 £t S59.900 £t 109,00 £t 156,00 ft 200.00 ft
g.00 ft o.0021 @.,0133 09,0282 a.9292 B.0169

16.00 £t g.¢a16 g.8103 5.8228 2.9243 @.0143
20,00 ft a.0007 @, aa50 2.0123 @.09141 @, 0687
30.00 +t o.0002 g.09017 @, 9046 @.a059 9.0039
4a1. 00 +Ft @.0001 @, 0004 0.0813 g.0018 3.0013
So.00 Ft g. 3ODBE . o001 g.a003 g.a8004 8.00a3
bB.00 ft d.0000 O.0000 3. 0000 ag.0001 0.0001
79.08 £t ?.0000 0. aaad g.9000 @ . ao0ad g.aa09
80.00 ft 0. 0000 g. 0000 @. 0000 a.0000 d.0000
9n.00 +Ft 0.0000 g. 0009 @, a900 g. 0000 d.a000
108.06 +t 9. SO0D @ . DOD g.0000 @.0000 3. 0000
119,00 +t g . a@ae o.0000 o, 0009 o.0000 9.0000
120.08 +t . D.0006 @. 0000 @.0000 3. 0000 0.0000
130.0080 ¢ @ . 8006 . 90D @ . 0009 B . BOND a. oBa
14,93 ft g.0000 a. 0000 9. 8000 - @.0000 9. 0000
156,06 4t & . a0 12 f0 010) . 0009 3. G060 7. 3000
1660.08 Fft 9. 9000 3. 0000 o. 0000 . 9.099000 3. 0000
170.08 +ft g. 3008 0.0000 @.0000 o.0000 g. 0000
180.00 ft a9.0000 g . a0ad {8 [ninlo] d. 0083 a. 0000
190. 08 +t 2.90000 9. 0000 0.0009 g.0000 8. a8ga0

250.00 ft 3I00.00 ft 350.00 ft 400.00 ft

B.00 ft 8.90055 0.0010 g.0001 a. doad
19.9068 +t B. 0047 0. 0608 @.0061 3. B8O
20.08 ft 8.0029 2. 0805 @.0001 . O.0000
30.00 ft g.0014 0. 0003 @ . 0aaa ?.0000
40.08 +ft @. BB05 9.0001 @.0000 0.0000
S@.08 ft 0. 0081 . 0000 9. aG0a a. saD0
60.80 ft 3. 0009 o. oaaa 2.0000 9. 0006
76.60 ft 3. 000 @ . 0000 2. 900 9. 0000
B@.00 ft 9. 0000 a. 0000 2. o0aa @. 0000
90.00 ft 0. 0000 0. 0000 a. aaan a. 000

108.00 4+t 9. aaaa @ . 9000 a.0000 @. 0000
116.00 ft a.0000 0.00008 @. 0080 g.0000
120.00 4+t 8.0000 a. aaaa a.0000 9. 00009
130.08 ft 0. 0000 a. 0000 o.0000 @. 0000
14¢. 080 ft 0. o0000 0.0000 g. 0000 @. 0000
150.906 +t 3. OOOG 0. 0000 o.0000 9. 0000
160.00 ft é.0000 a. 008 a. 0000 0. 0000
17@.00 £t 0.0000 a.0000 a. 0000 0. 0000
18a.60 ft 9. 0000 2. 0B B, oa0on 9. SO0

190.00 ft 9. 0000 o.0000 g. 0000 o. 0000



3-Dimensional Slug Input Model After 50 Days

KK KK KK KKK K OK KKK KOKOKOK JOK KKK KOK OO K KOO0 KK ok oK Kk X

X X
¥ SLUG INJECTION IN THREE-DIMENSIONAL UNIFORM FLOW X
| X
¥ MODEL: SLUG3D.ERAS X
X ¥
X X

LRSS S22 22883008232 300 30302333300 03322328 080833234

USER: JEFF HAVLENA

LOCATION: ENRON-HOBES

—— o o s . e e

DATE: OCTORER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED...cevevaaad @.56 1b
DARCY VELOCITY. .. s vecusnauscoannnannaat 1.60 ft/d
EFFECTIVE PORDSITY.wuvsnuasvasnnsaasach 2
LONGITUDINAL DISPERSIVITY..vocanasveast 18.68 ft
LATERAL DISPERSIVITY...ouvvevsnanocaent 1.00 ft
VERTICAL DISPERSIVITY...councnecavunaant @d.10 ft
DECAY CONSTANT (lambda).......cenaeeat @ 1/d
DISTANCE INCREMENT DELX...eweuavavaast 5@.00 ft
DISTANCE INCREMENT DELY....ccaaueaenst 18.08 ft
DISTANCE INCREMENT DELZ......con0saaa S5.00 ft
NUMBER OF NODES IN X-DIRECTION.......% 13

NUMBER OF NODES IN Y-DIRECTION.......: 11

NUMBER OF NODES IN Z-DIRECTION.......: 5

TIME--.---nn---.-----a-----.-------nu' SQ-Q’Q’ d




KKKERKKKRRKKERKKERKKKKERKRKKRKKAKX RESULTS KKXXKKKKKKKKKKKXKKKKRKKKKKKKX KK KK K%K

e e > X—direction CONCENTRATION in mg/1 (ppm)
vy
Z = @ Ft
8,900 ft SO.499 ft 100,040 ft 150,60 ft 200.63 ft
@.08 ft @, @806 @.0847 @. @268 3.08937 @.1984
16,68 +$t 7. oan4s o.0042 . 8243 a.4848 @.1795
20.00 ft @. 0003 @, 0031 @.3180 @.0628 @. 1330
3G.00 +ft o.8a02 o.0019 @.@1a9 3,8381 @.8887
4@. 00 ft 0. 0300 @, 8009 @. 0054 3.,8189 g.0401
S@.09 +ft @ . SO @.8aa4 @. 3022 @.80977 B.0163
6B3.08 ft 0. GOao @. o1 @. 0007 o, 0026 @. 0054
78.080 ft @. gaad a3, 8809 g. 8002 o, 8887 #.8015
8@.06 £t o. deaa (o atolalol @. @gaaa ©. 02 o. 0003
9B.08 +ft O . BB a.aaag g, a0aa @. 990 g . oo
100.08 ft 0. 0ae0 o. OO @. 0000 @.0000 0. 0060
250.00 ft I0d. 00 ft I50.08 ft 40@. @a ft 459.069 ft
@.00 £t @.2547 @,1984 @.8937 @.,0268 @. 0047
16.068 +ft g.2305 @.1795 g.9848 B.8243 @. 0042
20.08 ft @.1707 @.1330 0.0628 @.0180 @. 0031
30.08 ft @.1036 o.a8867 @.9381 0.0109 @. 8019
40.00 ft 9.9514 a,8401 @.0189 a,0054 @. 6aa9
Se.00 +ft @. 8209 B,.B8163 a.08877 8., a022 @. dg@4
L@. 00 ft @3,0070 @.00354 D.0026 0. OBe7 @. 0001
76.89 +ft @.8919 ag.60135 @.oaa7 @, 0002 . 8000
86,88 ft . 0004 @, DB B. 0002 0.0000 a. DOOG
9%.08 4t @ . daao @, 0009 jo g alniain] 3. 0000 @ . gaaa
100.08 Fft @. 0000 @ . DDEH @. 00600 @, 000 0.0000

Sog. 08 ft So0.00 ft 60d. 08 ft




16,688 £t @, Baaa jaaioiaial o. oaad

20.06 £t @. @BB3 @. BOO0 3. 0006
Jg.e9  ft g.aae2 M atafaln} o, a0aa
40.060 ft O. OOHo 0. 0060 @, 0060
Se.o0  ft @, ooy . Sooa @. gap
60.08 ft o. OGO @, GOo6 . Beao
T78.68 +ft B. 0000 . Gaeg @. 0900
8d.40 ft 0.a0aa [ olojolal . 0000
@.am  ft . $@eo 0. 9uea @ . SO0
198.06 +t o alofoin] @, Oea0 3. aaoo

R RRORK AR KKK KKK KRN KRKKRKE RESULTS KRKKKKKK KK KKKk kR Rk ko koK

o o o » X—direction CONCENTRATION in mg/1 {(ppm)
v Y
L= 9 Ft

g. 83 ft S@.00 ft 109,90 +ft 153,60 ft 200.00 ft
g.00 ft o, 0004 @, 0036 @.0209 a,0730 @.1545
1.0 ft @. 0003 o, 8033 @.8189 G, G660 @.1398
20.00 +t @.0003 @.0024 @.0140@ @.0489 @.1636
JB.e3 ft 7. 0062 . 8015 . B85 a.a8297 @.8628
40,00 ft @ . GO @, o0a7 @, 0642 B.6147 @.0312
So.¢@  ft 7. ODom a.0003 a.8017 @, 9a60 @, 68127
60,00 Ft @, OG0 joalnioln] 0. 0006 @.0020 @, 0042
78.60 ft @ . SOag @ . 0000 o, 002 @, BBaS o.,.0012
80.00 ft g afoluio] o . BOO6 9. 0003 @a.0081 @. 0003
u.e@8 ft i Maiolaln] @. 0008 g. 0803 @, doaa @ . QBB
109,060 ft @. 0000 @. 8aa0 i Jnjniofol 10 03 010] @, OGGa
258.00 ft J0@.08 ft IoW. 00 ft 400,08 £t 450,00 ft
@.00 ft @.1984 @.1545 @.a730 3. 06209 @.08356
16,60 £t B.1795% 3.1398 @, 8668 B.3189 @. 80833
20.00 ft @. 1330 @.1a36 @.8489 @.6140 @, 0024
3.0 ft @.0807 @.,0628 @.8297 @ . 0085 . 0015
4. 00 ft @.0401 3.8312 @.0147 @, 00942 a. 0007
SH.o0 ft B. 8163 B.9127 @. 0060 d.o017 ag. 0003
69,00 Fft @, 0054 @.0wma2 @, 0020 @. 0006 9.0000
70.98 ft @, 0815 0.0012 @, 8095 O. 0002 @. 0900
80.00 +ft @. 0003 @. 0003 @. 0001 @, 000 nnialnlo]
9u.a@ Fft i falaln] [a R alalain] @ . DD @ . BOBE @ . Gaaa
190.06 ft @, D000 jopniafnlo] @.a000 M ain]ofo] @, 0o60

Sod.o@ £t S559.00 ft oBd, B3 £t




ig.03 ft 8. oagx 0. 3O0e O. BO@BE
20.080 ft @, OAan3 @. oo @. 000
.68 £t @. 0802 0 IR 101010 1 lalolo]
4a. @@ ft @, BEao 0. 0000 @. aaoe
Se.@d  ft @ . Daaa 3. 0000 @ . @
LO.0@ ft @, 000 @ . Do 0. G093
7a.498 £t 4 . aade (A alalola] @ . goaa
8@.00 ft . a0 O, 0000 @. 0000
.88 ft o eaao @. 000 @. aaed
log. @@ ft - @, 0006 @, G000 3. OOOg

XK RO OO0 R R XXX ¥R RESULTS 3okl kR kKRR kokkokkkkk

o e e > X-direction CONCENTRATION in mg/1 (ppm)

Z = 10 +Ft

F.00 ft @, gae2 @.0017 D. 0899 @. 0345 @.0738
16.00 +t @. @oam2 H.0016 @. @aa9 B.0312 @. 3660
20,98  ft g, 0001 o.0812 B.0066 0. @231 @.@6489
3o.00  ft 0. 0000 . 0007 @, G049 o.@140 a.,e297
40.0@ ft 0. 0000 O.0003 3. a020 @.00768 ©.8147
S@.00 +ft B Op80 D.0001 7. 0998 a.0028 8.0060
60.08  ft @. 0aad o. 0000 0.00603 @ . BB 0. 0020
7a.90 £t a.a80e o. a9ao o i ainlalo] @, 0003 @, Gees .
80.0@0 +ft o.00060 @. Oa0 . a0e0 @ . GO @.0001 °
u.8@g £t @. e o alninial (I oinlain] @, Gaag 0. goan

106.06 ft 0. 0000 i rlnlnio 0. 00600 3. 006 0.0000

250.00 ft Iop. 88 £t 3I50.008 ft 40@. 00 ft 453 .06 ft

o.08 ft @.0937 B.08730 @.0345 . Ba99 @.o@17
1g.6@ £t o.0848 . 36648 @. 8512 o. 8e89 o.8016
20.08 ft @.0628 @.3489 @.0231 0.0066 0.0012
.80 ft @.0381 B.08297 @.4149 d.8040 o . aaa7
40.00 ft 9.0189 0.3147 @.0870 . 00820 o. 8083
SB.00  ft B.0077 d. 09649 B. 0928 @. 0008 o, aoa1
60.08 ft @. 0026 @, 8020 @. @Oa9 @, a003 0. OPGH
70.08 ft o, ou87 @. 9oEsS @, Baa3 . aaaad o . BEam
80.60 ft . BO02 . 0001 @. o000 @. OO0 @ . GO
Qu. @@ £t @, B ©. SBao o. aaad @ . BPBn @ . dOGa

log. o6 £t 0.0000 o. 0000 o. 0000 0. 000 @. BOGD

I 3.00 ft SH.0d ft 108.00 ft 156.00 ft 208.00 £t

SO, 90 ft SSH. 30 ft oD, 36 ft




R I R L ES I A g g ST o LR S g 8 Kt WPt Bt et Pt

16.68 £t @.0802 i aininln} g. aues

20.00 ft @, 0001 @ . GO0 @ . OO0
IB.00 ft o . oo o. 806 0. 0000
40.00 Ft @. dae0 a.00aa0 g. ao0g
S5¢.00 ft @. a0 @ . BBBO a. 8360
68.80 ft 0. 0000 @.0000 d. G000
7¢.68@0 ft @, aaea o . B9 @. Bdaaa
80.00 Ft 0. D60 0. 0006 0. OG0
u.g@ ft a. o @. 0aae D. 00as
100. 00 +t 9.0000 o. 0000 (o iolalol

ERRKOKRRKKIRRRRRRROR AR KRR XNk kKKK ¥k RESULTS (XX FRKRKK KRR AORR KRR KKKk kX XKk RK R KX

e e > X-direction CONCENTRATION in mg/1 (ppm)
]
vy
Z = 15 +ft
3.00 ft SU.99 £t 100.08 ft 153,60 ft 200.0080 ft
d.aa  ft ?. 0000 @. aeas o. 00628 a.066099 7.0209
1.0 ft @ . o 4. 9804 @.0026 @ . g8a89 @g.8189
20,08 ft g. 0000 o, B003 @. 0019 ©.0066 #.8149@
3. 08 +ft @ . BBBD o. 0002 D.aw12 3. 0040 . o85S
40.08 ft @. 0000 ¢. 0000 @.0066 @. 0020 @.0042
5¢.608 ft @. oaes @. oo . aea2 @ . BaEa @.0817
60.00 ft @. 0000 o, 8000 @. BHGoD 0. @63 @. 0Eas6
78.06 ft M olnlaln) @, oeo @ dADD i lalala) @.80p2
80.00 ft 0. 0000 @. 0000 @. 0000 o. 0000 3. 900
9u.em  ft o . Baaa @, SN @ . By @ . AGHE o M nlolaln]
196.00 ft @. a0 o. G000 @.0006 @. aoeo 0.0000
258.00 ft Joa.00 ft 350,80 ft 4ad. @9 ft 45¢.08 ft
@.68 ft 3.0268 @. 0209 @. @99 @.0028 @. eees
1g.99 £t @.9243 @.0189 @. 9389 g.0026 @. 0004
20.00 Ft P9.0180 @.0144 @.0066 0.9019 0. 0003
Ig.a@  ft @.0109 @. @85 ©.0040 @.0012 . 6ee2
40.00 ft 9.0a54 . 0B482 0. BA20 ?. 00386 . QGO0
Sa.00 ft g.0022 6.0017 @. @08 @. 0082 M aiinia]
6o.0@ ft @.08a7 @. (a6 @.0063 @ . paig @. 0000
76.86 +ft @. 0002 @.0002 o. Baag @ . Goaa 8. 8000
Bd.08 ft @ . BOG @. 0000 @. 0000 @ . OGO @ . OO
9w.@8 ft o. OBEe ©. 000 @ . DO R ninlnln] o. 3000
193.06 4+t ¢.0000 @. 0000 0. 0G00 @. 0000 @. 0000

SEp. 08 ft SS5@.00 ft 600, 38 £t




19, @3
20.090
30. 00
49 . 90
S@ .00
60 . G0
70 .00
8d.0d
9. a0
100.00

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

. BOoe @ . paes
@. 0000 @. 0000
@. 0000 o. 8000
3. 0000 @. 3000
a. Baee 0. OO
@. 0060 @. 0000
0. 990 @ . BaBo
@ . OO0 @. 0000
@. paag o . BOBE
@. 0000 o g oloialul

@ . BB
. BO60
@ . Baa
@. 0D
@. oo
3. 0000
0. 0000
@. 3000
@ Bang
@. 0000

RRRORX OO0k R0k KRRk Rk xkkkk RESULTS kokkkkkxsokokkkk ok kiokkkkxkxxk ok kkk

@, 00
168,68
20.00
3@ . gl
4@. 00
S@. 60
68.00
70,00
80. 00
. Bg

100,00

@.00
16.90
20 . 06
3. 649
40 .00
S0.09
bD. O9
74 . 658
8d.0@
Qa . @

109.00

> X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

Z = 20
@.08 ft Se. 099 ft
a. 0090 @. Q000
8. goug . 008
D. OO0 @.a0000
@. g i alninln}
o. 9000 . 0000
@ . oo @ . @A
@ . aaoa 0. 0000
@. s00g a. anaa
0. 00630 @. 0000
8. 8900 a. BB
@3.0000 @. 0000
25@0.90 ft J09. 06 £t
@.0047 @. 0036
o.0842 @, Ga3s
@, 0631 @, 0024
a,8019 3.8015
. 0009 0. 0067
@.a004 @. 8003
. 0001 @. SO00
@ . ey @. 009
[ olojelt] o, @aGo
0. oaaa a.a0a9
a. 0000 @, aaao

09,08 ft SS@. a0 £t

CONCENTRATION in mg/1 (ppm)

ft

180.09 ft

@. 0005
@. 3004
0. 0003
@. 0002
@ . DDA
@ . B
D . OaBD
@. 8000
@. Oaaa
o . G
@. 0000

35¢. 00 ft

@.0817
@. 8016
@.0812
@.a0a7
@.00035
@. Bo 1
. 0060
@ . @Oy
@. aOao
1 ajuiofn]
@ . GaEa

LGB, 00 £t

156.90 ft 200.800 ft

@.0a17 o. 0036
@.0816 @. 0033
@.0812 0.0024
i aininyg a.0015
@. oae3 7. 0087
o . e @. Baas
0. 3060 7. 0000
. daaa @ . oBao
o. oeoa @. 0000
@. aaa a. oaao
@ . OOOD . 300G

48@3. 00 ft 450.900 ft

@ . 0aaS @. 0Oa0
o. 0004 @. B0
0. BO03 @. 0000
o. o922 & . OO
@. GG @ . O@OGG
. Beao @ . BBHG
@ . SOHD @. 8000
@. Oous 9. sean
3.00006 @. 0000
. B9 B. 0060
@ . 000 @ . a00a




165, @
20 .00
36 . 69
49 . 0@
o . B0
60. a0
7% . O
80. 00
Q. B
100,06

. 000
?.0G00
0. 8000
@, OB0
d.aaaa0
@. 0000
@. 93aa
3. 0800
@, o
3.00600

9. 900y
. 0000
. SO6e
3. 9000
a. sepd
O.0000
@ . SO0
@. 0000
@. 9000
@, 3a00

o . BEaa
9. a00e
@ soos
3. 0000
@. 0g@a
3. GODD
o. 060
3. 0809
@, gogg
@ . G




3-Dimensional Slug Input Model After 150 Days

12333838303 023 0833220038003 3280228833888 332 8003208823

X
X
X
¥ MODEL: SLUG3D.BAS
¥
X

USER: JEFF HAVLENA

LOCATION: ENRON-HOBBS

DATE: OCTOBER 23, 1989

INPUT DATA:

TOTAL SOLUTE MASS INJECTED.s.sscvcosaat .56
DARCY VELOCITY..ocsvnenvasssuvesnnnnanh 1.00
EFFECTIVE POROSITY...cuuuonan amaeaaa . 2
LONGITUDINAL DISPERSIVITY....cvessnaat 10. 00
LATERAL DISPERSIVITY....vccescosansnaat 1.00
VERTICAL DISPERSIVITY.c.cocesnaasvenat B.10@
DECAY CONSTANT (lambda)....coenassuaat 0]
DISTANCE INCREMENT DELX....vccvvavenat b I
DISTANCE INCREMENT DELY..ciceneenvanal 16,900
DISTANCE INCREMENT DELZ......coc0cuanat 5. 00
NUMBER OF NODES IN X-DIRECTION..... “al 25
NUMBER OF NODES IN Y-DIRECTION.......t 15
NUMBER OF NODES IN Z-DIRECTION.......! S
TIME.uceeeeoecaannnoassnnasnnnnnnaesat 150,00

SLUG INJECTION IN THREE-DIMENSIONAL UNIFORM FLOW

1832002023080ttt i ettt s ssssseee

1b
ft/d

ft
ft
ft
1/d
ft
ft
ft

X
X
X
X
X
¥




KXXKRKKKKKKRKRKRKRRRRRKXKKKkK KKKk k)k¥ RESULTS #***X*X*X*X****X#*#*X**#****#*X***K

o e e > X=direction CONCENTRATION in mg/1 (ppm)
[}
vy
i= @ ft
.09 £t S5@.00 ft 100,00 ft 150.08 ft 200.0@0 ft
B.00 Ft @. 0000 @. 0000 9. 0000 0.0000 @. OGa3
18.068 ft . 0000 @ . Gaaa 8. 8oag a. gaag @. 8000
20.08 ft @. 0000 0. 0600 0.0000 @, 0000 0. ODaa
Jg.a@  ft @. Baoa o . Saaa @. 3900 o.0000 0. 8080
40.00 ft 3. 0000 @. 0060 o.0000 a.a000 o. 0000
S@.o80 ft o @aag 7. 0009 o. 0000 @ . GEed 0. 0000
60.08 ft a.0a60 @. 0000 3. 3OO0 o alojalo) 6.0000
79.60 ft 3. 9900 a.0009 9. o@D @. ooaa 0. 0000
80.00 ft o. 0000 @. aaea o.a0008 3. 0080 9.0000
9@.80 ft - @ . BOBD a. aeaad @. aaes @. aoaa 3. 0000
100.00 ft 0.0000 @. 0000 0. 0000 @. 0000 @. 0000
119.860  ft 3. 0000 o, GO0 . o900 @. 0080 @. gaoe
120.00 ft a. 0000 0.0000 9. 0000 @ . 0000 0. 0000
130.66 +t @. oDaD 3. GO0 0.0000 @.0000 3. a0es
140,06 £t @. aoea ©. 0030 3. 0000 @. 0000 o. 000
250. 80 ft Jo0.00 ft 350.00 ft 466.00 ft 450.00 ft
2.00 Ft 0.0000 @. 0000 @. 0062 @. 0008 0.00924
16.68 £t @. BaOH 0. 0000 @. aaa2 i ninini=] o.0024
20.060 ft ©. 0000 0. 0000 0. 00602 . aaa7 @. 0021
Jg.g@  ft @ . HaEe o. 0000 @. 0002 &g. 0806 ¢.0018
40.96 ft O. 0000 @ . 0Oao @. 0001 @. 0005 g.0014
Sa.69 ft 3. oawa @ . SO 0.0001 o.0004 a.0011
60,06 ft @. 0006 @. OO0 @ . Ogaa o. 0002 @. 09007
76.90 4+t o. 0000 @. 0000 a. 0860 0. 0002 a. 0005
B@.G0 ft @.0000 o. 0000 9. 0000 @. 0000 @. 0003
98.00 ft @. 0000 @ . dO0E @. o000 g.0000 2.0082
100.08 +t @. 0000 @. 9GO 3. 0060 @. 03800 @. oaae
11g.6@ £t @. Baag o . OO0 3. BBHD @ . Baaa 0. 0000
120.00 ft 9. OO0 a. 0000 o. 0000 0. BGO0 9. 0000
130.06 ft g. ogoe o . DO @ . @@ @. 009 @. 0000
140. 08 ft . 0000 o. 0060 3. 0000 3. 0000 9. 0000
Ses.00 ft SS50.00 ft 608. 00 ft 650.08 ft 700.00 ft
#.00 Fft G.0061 @.8129 @. @232 B.3351 @.0451
19.60 +ft B. 8959 @.6125 0.0224 @.0340 @.0436
20.06 ft 0.0953 0.0113 . O203 0.0387 @.0395
Ig.00  ft 9.0045 @.0096 8.0172 a. @260 o.0334
40.08 ft o. 0036 @.0076 G.8136 @.0206 3. 0265
S@.00 ft @.0027 @. 8956 @.0101 @3.9153 B.0196
60.00 ft 2.0818 @. 0039 0.0070 B.0106 B.0136
79.08 ft 0.0012 B.0025 0.0045 0. 38869 o.0088
80.40 ft a. 0007 0.0015 @.0027 @.0042 @.0053
u.a8 ft @. 0004 0. 0969 @g.0016 @, 60824 a. 0030
100,60 £t @.0e62 @ . 0065 @. 0008 @. 0613 9.0016
119.60 ft B.0001 3. 0002 @. 80804 @. 0006 ?. 008
1260. 606 ft @. 9000 . 0001 @. PEB2 @. AAE3 @.0004

13IG. 03 ¢t @ BB [ ninlnln [ icinin [nIninich [N l0rd




PR eyl

@.00
1¢. 00
20.00
3. @0
40, OO
S¢. 00
o0, 00
76 .60
80. 0@
e . D

166.00
11g.0d
120. 0@
130, ag
143. 06

0.00
16,06
20.00
3. 00
4G . 0@
56.99
60.08
79 . &
80.008
9. B0

103.00
1id.aa
120.00
130. 609
149.00

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft

LI Y kot

75@9.00 ft

0.0490
g.a474
0.0429
@.0363
@.0288
@.6213
©.0148
g. @096
0. 0058
@.do33
0.0017
d. 0099
@.0004
@. 0gn2
0. 0000

1000.60 ft

o.0061
@ . @a59
@.0053
@.0045
@. 0036
@. 8827
P.0018
@.0912
@.0007
o.0004
@. 0002
g.0001
9. 0000
3. o@D
3. 0000

o~ W o et

Bo@. 3@ ft

0.@3451
@.08436
@.0395
@.8334
@. 0265
D.0196
B.@136
@. 0988
@. 9053
0. Ba30
D.00816
@. aea8
o0.0004
9.0082
o. OGO0

1853.00 +t

@.a@024
3.0824
0. 0821
d.0918
G.0014
@g.0611
a. 0067
@ . 8085
o.00635
ad.0902
@. 80060
@ . 9B
0. 0060
@. 300
a. 0000

L I

85d.a3 ft

@.8351
@.0340
@.0307
a.0260
B. 0206
B.8153
B.0106
0. D069
9.0042
@. 9924
9.0013
o. 8086
a.0003
@. 0081
O. 0003

1108. 00 ft

@.0008
¢. 0008
@. o007
@. a0a6
0. 0065
g . aa04
@, 9002
g.0802
3. G900
©. O@O0
0. 0000
@ . B@ag
@. 0000
3. dO00
@. 0000

.

ud. o8 ft

@.0232
@.@8224
D.0203
@.@6172
B.0136
s.01a1
@. 0070
@. 0345
@. 0027
d.0916
0. 0008
4. 90984
@. 0002
@. 6000
. 0000

1150.00 +ft

@.0002
0. 0992
@. 0062

. 80u2 .

@. 3061
@. 90e1
@. 0000
3. 0000
{0 I 0101010)
o, Ggsag
@, 0000
@. 0009
g.0000
@ . @900
3. 0000

9S0.09 ft

0.0129
@.a125
g.0113
o.a096
?.0076
3. 0056
@. 0039
@.0025
9.0015
@. 28009
0. aBasS
a.0002
o.0061
B. d9a0
@.0000

1200.00 ft

o.0000
0. o009
9.0000
9. 0000
0.0000
0. 0000
D . DOD
8. 8060
B. 0000
a. 9000
0.0000
@ . oasa
@, 990D
?. 000
3.0000




FREREKEKERKRKKKKKRRKKEERKRAKKAKXKE RESULTS KKk KXXEXKIOOKK KRR XXX KK IOk KKk KX

l dromm———— > X-direction CONCENTRATION in mg/1 (ppm)
[] .
| vY
‘ l I = 5 ft
l 8.96 ft S5¢.00 ft 100.00 ft 156.00 ft 200.00 ft
I p.o0 ft o.0000 a.aaan o. 0000 0. 0800 2. 0000
16.66 ft ¢. 0000 @ . 0000 o . BO6a g . 4O d. 0000
20.00 ft @.0000 @. 0000 9. 0000 9. 90000 ?. 0000
Jpg.00 ft 2 0101430 0. 0009 @ . 0900 ¢. 0000 8. 0000
| 40.00 ft @ . DODE . 0000 0. 0000 ¢ . 0000 0. 0300
S@.00 ft . 000y . ooad @. d90o . GO @ . dOag
60.00 ft @ . QOO0 3. 0006 @ . BBEHO @. 0aae 0. 0000
I 7¢.68 ft 0. oaug @ . Gooe 0. 0300 0. BP9 @. dgag
80.00 ft 0. 8000 @. 0000 @ . BGHE @. 0000 0. 0000
q¢.00 ft . e0od . o000 @ . Gaa @ . GOa @ . SO0
l 100.00 £t 3. 9O00 0. 0003 @. 0000 @. 0000 @. 0000
118.60 £t 9. do@g @. 8000 . 0009 @. 900 @. 00s0
120.00 ft @, D000 0. DOSD @.0000 0. 9a00 7. 0000
136.00 ft @. 8009 ¢ . 0000 @ . Gagg . GaaD 4. o000
I 140.06 ft @. 0000 ©. 0000 @. 0000 @. 0000 8. 0000
. 250,08 ft 308,80 ft ISW. 08 ft 400 .00 ft 459.80 ft
a.a@ ft a. 0900 i Malalatal @.0002 @. 1908 0.0022
l 16.00 ft @ . aone @. 000 g@.aa02 @. 0087 @. 0022
20.00 ft 6. 0000 @. BGO0 ¢.0002 @.00d7 0.0020
Ig.a3  ft o. Bo0d . o000 g.0802 A @. B006 @.0817
l 40.0@ Ft o. 0000 @. 0060 @. 0001 @. 0004 @.0013
S@.00 ft @, 8000 agalofola] @ . e 3. Ba03 @.0010
&O0.00 ft D, 0000 o njaloln] @ . OO0 @.0002 @.0007
' 78.69 ft . 900 ©. 6000 0. Baogd . B. 0001 ¢.0004
86.00 ft 9. 0000 . 0000 a.a000 0. 009D 9.0003
90.6@0 ft @ . 9009 @, GO0 @ . 9aa0 d. 8000 g.8002
100.00 ft 0. 0000 0. @00 B, 0660 @ . 0000 0. 0000
l 116.60  ft . ggod @ . SO0 0 I lninla) @. 000 @. 0000
120.88 ft . 0000 @. BO0O0 (o g olnloln] 0. 0003 3. 0000
130.09 ft @ . 8000 @, daaa @. 9009 @ . BEAD @. oagg
l 140.00 ft 9. 0000 [anlajoln) @ . OODD @.0000 9. 0000
] S@0.00 ft S50.09 ft 600,80 ft 650.¢0 ft 799.08 ft
g.00 Ft 3.0956 0.0119 @.0213 9.0323 @.0415
l 1i0.00 +ft @. 0054 @.8115 @.9206 @.8313 9.0401
20.00 +t 8.0049 D.0104 ?.8186 9.6283 @. 8363
I.00 +ft @.0042 0. 8988 @.,8158 @. @239 @.a9307
l 40.00 ft @.0833 @.0070 @.@8125 0.0190 @.0243
S5d.00 ft @.0024 g.0952 8.,0093 @.8140 @.01840
60.00 ft a.0017 @.BB36 @.0064 o.0a097 @.8125
Te.00 ft ag.0911 @. 0023 @.aa42 @. 0863 @.66081
l 80.00 ft a. 0087 g.0014 @. 0025 a.0038 @.9049
.08 ft @. 0004 o alaints) @.0014 @.0022 ¢.0028
100.00 ft @. 0002 a. 0004 @. aaa8 @.0012 @.0015
i l 118.60 +t @ . @O @ . QEa2 g, e8aa4 @. Bo06 g.00a7
i 120. 00 £t 9. 0000 g alolalo 0. 0002 @. 0003 9.0003

130,80 +t @ . BB @ . POBEG @. 0000 0.0801  0.9001




|

PRI R

@. 03
165, 06
20.060
3¢ . @
40, GO
5@ . B9
60,00
7@ . B
8d.0a@
90 . B9

100.00
113, ag
12¢. 00
138 . 6@
140.00

@, a0
16,90
29.00
3. 00
4@, 00
5@ . D
63, 00
78,088
80.00
961 . @0

100. 00
116,00
126.00
130,60
14@ . 00

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

E I f X3 X 4

750.60 ft

@.0451
@9.0436
?2.03935
@.9334
D.08265
@.8196
B.0136
. o088
3. 00353
@.083%
p.0816
@. 8008
8. 0004
@. o002
g. 000

1000.80 ft

@. 0056
B.0054
6.0349
3.0042
3. 0B33
0.0024
@.0017
d.6011
D. 0067
@. agag
3.0062
. daae
@. OAGE
@ . Do
©. 0000

800.00 ft

@.0415
B.8401
g.0363
@.03a7
@.0243
g.618a0
g.8125
@. o681
. 0049
@.aa28
B.0015
4. B0a7
@. @03
é. o001
o, a0o0

195@. 88 ft

0. 0022
o. 0022
@. OD20
@.6017
O.0013
a. o601
@.Gaaa7
@. 0094
D. Aaa3
@.maa2
a. 0006
o . dead
f. 0000
o. 9080
@. 0000

LS I Sg g TS g

850.00 ft

@.8323
B.8313
@.0283
@. 0239
D.0190
@.0140
@. 0097
. 0063
@.@0338
8. 0a22
@.0012
i. 0906
@. 0003
@. o]
a. 0000

1190.00 ft

0.0008
8.0087
@. o007
7. 8086
@, 00n4
o. o083
@. o0a2
@, Boa]
B. 0000
@.a0es
@. OO0
@ . Goaa
@. oaao
@. oD
@. 000

EXA I g g S T4

dd. 80 ft

©.0213
2.0206
3.0186
@.4158
@.0125
@. 0093
f.0064
@. 03942
@. @025
@.0814
0. 0008
o. 0004
@.00u2
0. 00D
@. 0000

1150.99 +t

a. 0602
. B.0002
0.0002
a.06902
@. 0001
g. 0009
@. a0
@, 069
@ . AHBD
@, sa0a
?. 00D
@ . 0889
@ . OGS
@. s
@. 0080

Tt WP K B B

950.830 ft

0.0119
8.8115
g.0104
@.8088
0.00740
@. 0052
8.0036
3.8823
0.0014
0.0008
a. 0004
g. 8002
@ . 0066
@. 0000
?.000@

1200.00 ft

B. 0000
a. g
a. 6ene
0.0000
?. 0000
@, 9DBE
0. 0OO0
2. 800
@. 0000
@ . D@D
0. a8aD
@ . saas
0. o000
3. 00800
?. 8003




ERKKKKKKKERKKKRKKKKKEKAKKRKKKAKKEX RESULTS KXKKKKRKKKIK KKK KIOR KK KK KKK KKRKRKRKK

F————— > X~direction CONCENTRATION in mg/1 (ppm)

Z = 18 +t

3.09 ft Sd.09 £t 10@.68 ft 150.00 £t 200.00 £t

p.a8 ft o M alniofn] @ . daeao @. aoon @. 300 B. 0000
10.600 +t o . OO0 i inlnlo] 2. SO0 0. 00eD ¢.0000
20.00 ft D.0000 9. QDB 0 o. 89aa @. 0000 0. 0000
Jg. 60 <+t B. 0809 @ . SOBo 0. go6D @. pgaea o. 0Baa
40.90 ft @. 0000 o. 0000 @. 0000 9. 0000 @. 00008
Se.0@ £t . daaa o . GPeo @, 9ao @, 9900 0.0000
6. 00  ft o. 0000 @. 8000 o. oaa0 @. Aaoa 7. 0000
7¢.860  ft @. 0009 o. ageg @. 000 a. 8000 @. 0000
80.00 ft @. and ¢. 0000 0.0000 @. o000 3. @000
.88 ft @. 0000 @. 0000 @. ogas @ . Oag @. 0009

100.00 +t @. 0000 0. ODHD D . DGO @. 0000 a.90000
1ig.00 ft 9. Bo0g 8. 8883 7 Joniola] 8. 00099 0. 0000
120.06 ft @. 0000 @, OB 3. 0000 G.0000 0.0000
13a.00 ft 3. DDDEH @ . aaed @.apaa 8. a0uo ?. 0000
140.08 +ft 0. 0000 @. o000 @ . OO0 9. 0000 8. 0000

259.80 ft Iow. 08 ft 35@.00 ft 490 .00 £t 450.00 ft

1. 009 £t @ . Daee @ . @G @. a8aa2 @, gaas g.0a17
20.08 ft 3. 0aao 0. 0060 o.0001 0. 0085 9.00815
Jg. o0 +ft a. aaas 0. DADD o. 0031 a. 0004 @.0013
4.0 ft @.0000 7 I ainfolo] B. 0000 3. @063 0.0010
Sa.00  ft o. o008 @ . BOa 8. 0Bea @. 3083 0. 0068
6B.00 ft a. o0 @. 0000 8. 0000 0.0002 8.0005
79.60 ft @.0aae @ . BAGD @. oo o, aaa1 0. 8003
80.0@ ft @. 0000 @ . OOOE ?. 0000 3. 00030 0. 0002
96.88 ft @. 3300 @. 0000 8. 0000 @. 0300 @.0001
196,00 ft @. 0aBo 0. 0000 0.0000 @. 0003 0. 0000
119.066 ft @. deaa i nlninin] @ . BAGD @. G99 9. a0ae
126.008 +ft @. 0060 @. 0000 @ . Danm 0. 0000 0. 0000
13¢6.68 ft @ . Baa @, G060 a.aee @. 0000 @. 8000
140. 00 ft 0. 0Da0 0. 0000 @. 0900 0. a6 0. D000

S500.00 ft 550.80 ft 600.00 ft 650,908 ft 700.00 ft

g.00 ft @.0a44 @. 0993 D.0166 D.3252 @.8323
16. 68 +ft a.0042 d.a098 G.0160 0.8243 @.60313
20.00 ft o.0038 @. 0081 @.3145 0.0220 @.08283
Ja. 00 ft ab.eaa32 3. 0869 @.8123 @.8186 D. 8239
4G.08 ft @. 0026 @, @054 @.aB97 @.0148 0.0190
S@.0e £t @.06819 @. o049 @.0072 a.8169 B.0140
&0.060 ft O.O0B13 @.00828 @. 0050 0.0076 @. 0097
79.09 £t g. 0889 @.0018 D.0832 o. 8049 @, 0863
8.0 ft 9. 0005 U.0011 @. 0020 ©. 0030 @.0038
96.88 ft a. 0083 . 8006 o.0311 d.a0017 a.@8a22

100.08 £t @. 0062 o, GOa3 O.0006 0. @GOG D.06012
110.60 £t 2 I ajolofn] o, 0882 @. 0803 @.ae04q @. 0886
12a.00 ft O. BOO0 0. 0000 @.9001 O.0062 ?.0003
130.68 £t o, BB @ . OO @ . saad @, Oaeg @.0001

1
l .00 Ft (o alniolol @ . 8OO0 @, 00602 @ . 8006 @.0017
|
I
I




SN ma e BN BN I Bm BN BN BN BN IS IS B e

- b ow s

@, 00
16, 00
20,00
3, 99
49,00
Sg ., 09
68,99
70,99
84d, 00
0. 69

+ 100,00
110,00
120.00
130,03
149,00

o.00
16,99
20.939
30 .09
4@ .00
S5 .09
63, 00
79 . O3
86.90
9@ . B0

100 .09
119,90
120.00
130, 99
143. 00

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

Ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft

ft
ft
ft

L R

750.00 ft

@.0351
@.0349
3. 0307
D.0260
@.0206
. 8153
9.0106
d.0969
?.0042
a.aa24
G.0013
@.g806
. 0983
@, @a01
o. 3000

1008.60 £t

@.0044
@.0042
@. 0038
@. 0032
o9.0026
g.0a19
0.0013
@. 8809
@. 065
@. D063
9.00082
g. o0ea
@. a0
@. dOad
0. aa0a

L Ry

8dd. 00 ft

0.0323
@.8313
0.0283
@, @8239
G.0190
g.0149
O. 0897
3. 0063
o.0038
o.8022
@. o812
g.0006
. 0DH3
@, 061
@. 00600

1950.00 ft

B.0817
B.aa17
0.00815
. 0813
0.0016
o . gaag
@. 0005
. ABB3
@. 0002
@. 0001
0. 0006
o . D9
@ . Gaaa
i I alnialn}
2. 9000

FEI IRy g

85d.00 ft

0.8252
a.0243
@.0220
@.9186
9.0148
B.a109
. 0876
@. 4849
@.0030
G.0@17
9. 0009
d. 004
B.0062
a@. o000
3. 9000

116¢. 80 ft

0. 0006
@. o006
@.0005
o.s0u4
@.0003
a. 0083
0.0002
@. 0801
@.a000

@. 8000

2. OOG0
. oo
@. GO0
@, BEaa
o. 0000

PRI g g

9od. 80 ft

@.08166
D.0169
$.9145
D. 8123
@.0097
@.0872
8. 9050
@.0832
@.0820
d.0a11
0. 0086
. 00083
2. 0001
@. 0@
9. 0000

115@.00 £t

o. 0062
0.00682
0.0061
@. a0
0. @000
@ . Gaaa
@. aoea
. GOGD
0. 0000
@. D00
O. 0000
9. 0009
10 IR0 1030)
@ . @Da
0. 0000

EodC I S F

95¢.68 ft

2. 0893
@. aa99
0.0081
8. 0869
3. 0054
@. 59440
3.0028
¢.9918
d.0011
. Baads
@. 9003
. 8032
3. OO0
¢.a8000
0.0000

1200.00 t

0. 0000
@ . BOag
9. 0000
@. 9009
0.0000
0. 8060
a. 0000
3. v0o9
@. 0000
9.0860
¢. 0000
. o0
5. 0086
a. dOHE
0. 0000




=

KRR RKKRERARRRRRRKRORKERR KKK R KK RESULTS KXRKKKKKKRKKKRKKKKRKKKKEKKARKRKRKKRRKK

@. 00
16,89
20.00
3¢ .09
4@ . @@
o8 . g
60.08
76 . @G
80. 00
QG . @@

193,08
116. 09
120.00
13@. a0
140.06

9,08
16.09
20. 00
368 . QI
4% . OD
Sg. 00
L8. BB
70 .09
B0, 00
g . @@

100.00
116.0@
120. 00
130, 00
140G. 06

@.00
16,63
20.00
30.09
44 .00
S . a0
608, O3
705,900
80¢. 00
9@ . Ba

106, 6@
11a. 640
120, 00
1 3¢, &g

» X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
£t

8,08 ft

0. 00600
D. 000
0. 9GO0
0. oaay
@. 0060
@. 0009
9. 0000
8. 000
3. 0000
B. @BBd
2. 00030
@. 0060
9. 0000
8. gaae
D. aaoe

250.09 +t

@. 0000
a. 0809
3. 0000
8. 0000
@. 0000
0. 0060
3. 000
a. aaaa
9. OG0
g . aaaa
0. 00008
@. aaso
@.0000
8.0000
a. 0000

oig. 08 ft

@.9029
@.0028
B. 0825
g.oa21
8.0817
@.0a813
@. 3009
9. oEds
0. a0a3
8. 0002
2. 0061
@, aaaad
0. 0D
@, GGG

CONCENTRATION in mg/1 (ppm)

S@.00 ft

. OO0
o. 00009
@. 0000
o. 8O
3. OBoo
a. 9000
@ . OO
@. 9AaBa
0. 0000
8. 8000
0. 0000
o.0089
a. o900
o, 0aos
@ . G@a

3¢, gd £t

@ . 0000
@. o809
?. 0900
o. 0000
. SO0
@. 0000
0. 0000
@. oOao
@, VOO0
. 90080
0. OO0
. a0
o. 0000
@ . SO0
?. 00809

S5d.09 ft

@.0061
@.0859
0.8053
@. 0945
B.0036
@. 8027
0.0318
@.0012
@.00a7
@, aoa4
3. 0002
a.aaal
@ . 0000
[ aiainin]

180.00 ft

@. 000
9. 9009
9. 9D
@, aaas
3. O@aa
o . aaed
@ . 0aaa
0101510
g.0a00
o. 30639
@. 0000
&. doa
9,000
. Bagm
I 010l9]0)

I5d.90 ft

@.0061
@.80a]1
@ . 0OO0
@. ooDy
0 IR0 0}0]0]
9. 0800
3. 9000
0. doaw
?. 3000
@ . @aae
0. 0000
o.0000
@ . Baod
@. 8000
@. aaa0

603,08 ft

@9.0109
@.g166
B. 0096
o.0081
0.0064
@.0048
@.BA33
@.0821
G.0013
@, 0007
o.0004
@, gaa2
a. o060
. AAGa

150.00 ft

3. aned
9. D00
@. 0000
a. 0eHo
@ . DOGED
a. agad
@, Haoo
. go0s
@. 900D
@ . GG
@. 0000
a. Daae
. 0000
. oo
@. 0000

408.09 ft

- @ . 0064
@. 0064
@. Baas
3. 00803
3. 0002
g. 0032
D, 008]3
a. saeg
8. 0000
. aoag
@. ODDD
8. op0d
2 PR01010]0)
@. goag
@. 0000

50,00 ft

G.8166
@. 38164
B.3145
a.8123
8.0097
g.0872
joa]obetal
?3.6032
@.Ba20
v.0011
B. 0006
@, gaa3

@.000]
G . GYGIGAGS

200,00 ft

8. 0000
@.0000
4. 0000
@. oaed
9. 0000
@ . Do00
2. 0000
@. 0090
0. 0000
@. OB
0.9000
0. daaa
0. 0000
@. 0000
0. 0300

450 .09 £t

D.0012
@.0011
3.8010
@. o009
@. 0007
a. 6005
?.0083
?. 0002
9.00081
@, 30aa
0. oo
@ . aaae
g. 000
@. 00800
9.0000

70@.008 ft

9.0213
@. 82086
8.0186
@.0158
B.9125
8. 0993
3. 0064
@.00842
@. 0025
o.0014
3. 00908
a.a9a4

?. 0002
G _ GIGIA G

|




@.00
160 6@
20.00
3. A
40 .00
5S¢ . B9
oo . 08
76 .00
80.00
9d . B9

106,00
119, 0@
120, @0
130. 60
149 .00

D.00
16, 6@
20,00
3¢ . 00
44. 00
S5¢.0d
60,08
70 . B0
80. 00
9d . 8

160,06
119,00
120. 0@
13@. 60
140, 00

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

750.88 ft

@, @232
a.0224
6. 0203
B.08172
B.0136
o.0181
D.0070
a.0345

0. 0827

g.0016
2.0008
@.aaa4q
0.0082
8. 0000
a. 0Bao

16000.008 ft

0. 0029
g. 6928
0. 0025
o. 0021
B.0017
@.0013
@. OOn9
3. 8aB6
@. BO003
@.0002
0. 0001
2. 0000
@ . Oaan
o.800@
@. 0006

800.08 ft

@.0213
@.8206
@.@3186
B.0158
@.@0125
@. 9893
@. 0064
on. 8842
B. 0025
a.0014
0. 0008
o.9984
o.aan2
@ . Ooao
3. OOH0

1050 .80 ft

@.o012
@.o911
@.0010
0. 0089
0. 0007
@ . BaBS
2. 0003
@. 9PB2
D, 0001
. o009
@, 0aea
. 8000
9. GO0
@. oeaa
o. 0006

850.09 ft

@.@8166
a.6160
#.8145
B.0123
a.0097
. 8872
o. 0050
@.a932
B.0020
@.9@11
@. 0006
@. 9903
0. 00081
g. 0000
3. 0000

1100. 88 ft

D. 0Ba4
o. o804
a. 0083
o. 9903
9. 0062
o. 0802
0. 0001
g. 0000
0. OA6
@ . BOao
9. 0008
4. 0000
B. 060
a. aa0a
o. 0000

9@D. 88 ft

6.0109
@.0106
?. 03096
@. @981
a.0064
@.¢948
@.0033
@.0921
D.0013
@. 8087
. oaa4
@, 802
@ . BB
8. aaaas
@ . DOO5

1156.00 ft

o. 0001
@, 9031
0. Gaao
@ . DB
9. 0000
@ . Baaa
3. 0000
@ . GGG
9. OBO0
@ . d9eD
@. 0000
o . BB
@. 0aaa
. Ooeo
0. 0000

95@.03 ft

0.0361
@.8a859
B.0853
@.9945
?.0036
@. 0827
@.0018
a.0912
B. Oaa7
a.0084
o.0002
@. 0001
8. 0000
@ . 90aa
@. 0000

1200.06 ft

O. 0000
@. 08000
9. 0000
0. 800
@. 0000
@. 0090
a. 0Bao
?. 0000
@.0000
@. 0909
@ . DBOO
@. 8900
o, 8000
0. sood
0.0000




EXEERKEKROERKKERKKKKERKKKKKKKAKKKEK RESULTS KKK KKKKKRKKKKKRKKEKKREKKKKKRKKRKKKK

t————— > X=direction CONCENTRATION in mg/1 (ppm)
) .
v Y
Z = 20 +t
3.90 ft S5@.08 ft 166.00 ft 158.00 +t 200,00 ft
@g.08 ft 0.0000 a. 0000 @. 0000 @. 0000 a@. agon
1,68 £t . 0090 @. 0000 @. 8000 @ . D00 o.0000
20.06 ft v Inlola) @ . D00 a. 0000 @. 0000 8. 0000
Js.08 +ft @ . B0 @ . 9009 @, SBS0 @. 8080 8. 8000
4.98 ft @. oa00 @ . DB @ . QO3 @ . OO0 @, @000
58.080 ft g alaloli] o. enad @ . apao o. 00039 é.0000
60.00 Fft 0.0000 0. 000 @ . QOO0 @. 0000 @, 000a
79.66 +ft o. o000 ©. 0000 D. BBED @ . 9o o. o000
8@.4@ ft . 0000 @. aaaa a. aaaam @. 000G o . aaaag
B.0@ ft @. oSD @ . a@ag 9. oaa0 @ . 9PBD d. 0000
106.60 ft 0. 0000 @, 0000 9. 0000 4. a0 0. 0000
116.60 +t @ . DBB0 @. onog ¢.860d @ . BOBH @ . QOB
120,00 +ft @, G900 o ofolalo] @ . Haad @, aaad @, DDDE
13¢.90 ft @. 0o0s . a0a9 @ . 9aa0 oM olnjolo a. 0@ag
140.00 +ft 9.0000 M alojala] 9. GOD0 0.0000 @. 0000
250.00 ft 360,00 ft 350.00 ft 40¢.00 ft 450.00 ft
@.08 ft @. 0090 @. 0000 o alofola] @.0002 @. 0006
16.6@ £t @ . BB . D00 o, SBBG @, Daa2 @, daa6
20.080  ft 9. 0000 @, GO06 3. 0000 a. 0002 0.0006
30.080 ft @. aaan @ . 8O0 @. o089 @.o002 0. 0905
46,00 Ft @. 0000 @. 0000 M ofolala] 0. 0001 @. 0004
Se.08 ft @ . SODE @ . DBDD @ . 8000 o. O3B 0. 0003
6B.00 ft oM lalnlo] . aGaod @. 0000 0. 0000 0. 0002
70.00 ft @. o000 0.0990 @ . $Oag @, 0000 . apa1
80.03 +ft @ . 0G0 @ . BODaD @ . 3OO0 loalnialo) @, 8006
90.080 ft @, GGG a. 8000 o injaln] @ . Gegs : . daag
108.08 ft M nlololo) @. BOas i I alojnln] @ . GDBo @, 0000
1i1g. 0@ +t @ . D@ o . GO @ . BD @ . OG0 (M alninln]
120.00 £t @ . DO00 1 ojolaln] @ . QDG ., aaam a. 0000
136.68 ft @ . BOOBG @. 0009 @. @A o, DBE @. 0000
140,68 ft o alafnlo) 3. SO0 4. dOOG0 @ . @aamn I alnfalo)
SUo. 060 £t 558. 09 £t 6Od. 0@ £t 650,938 ft 7060.08 ft
B.03 £t @. 4316 @, 06034 3. 0061 @, 8893 g.@119
19.9060 +t @. 0016 . @OI3 @ . BO59 @ . O B.6115
20.08 ft @.0014 @, 0a36 3. 0053 a,0081 @.0104
.08 ft . 0012 @ . D25 9. 0945 g, 8069 . o088
44.00 Ft 9., 0089 o, 0@p20 0.0036 @. 0054 0.0070
5¢.068 +t g. 8087 @.8815 8.0a27 o, Ba40 8.8052
68.08 +ft @, 0085 o. 0010 @.6018 @. 0028 ., 0036
78.08 ft 0. 8003 . oaa7 @.8012 @.0018 @. 9823
80.0@ ft 0. 0002 o ololol) 0.0007 @.0011 0.0014
9. eE  ft o.0001 A aae2 @. oaag o.08906 4. 8008
100,06 ft . @oaa 0, Genl @, aa0n2 @, 0063 @, O0u4
11g. 080 £t @, Goae @, B 3.0001 @, BBaB2 @. 0062
126.06 +ft [oIaininla] @ . BOae (o alninla] . GO0 (o alofala]
13808 +t @, e [nninidafn] [ ainialal [ alalaln] o, B




@. 09
19,00
20.00
36.00
49 . GG
S50 . 00
6@, O
79 . @
80.060
90 . B

10@. @0
118,04
120, @@
130,00
140 .00

@. 00
16.00
20.00
30,00
46 .00

&0, OF
70 .00
8@.00
96 . GO
100,00
119. 00
120,00
138. 60
140. 60

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

750.030 ft

0.0129
B.8125
$.0113
B.6096
@.0a76
@. 0956
?. 0039
@. 8025
@. 0015
#. oaa9
0. 0005
8. 0002
3. 0081
0. 0000
o.0000

1608.80 ft

3. 0016
B.0916
0.0014
g.0012
3. 0009
o.0087
3. 0005
g. 0003
0.0002
B.0661
0. 00008
J. BOH0
0. 3000
8. 0900
3. 9030

BUd. 8@ ft

B.0119
B.6115
D.0164
@.o@ma8
@.0070
@. 0e52
3. 0036
@. 0823
B.o014
0. oEag
@.0004
o. 00832
O. 000
@ . BOwE
@. 0800

1050.09 ft

@, 06006
. 0036
@. 0006
&. 0395
0.0004
©. 0003
. 0002
o. 0061
a. oaa0
@, 0P
@ . 0a6a
. o@aa
0. 0000
@ . 0aaa
@.0000

850.0@ ft

@.0893
@. 8699
g.0081
2. a8969
O. @as4
o.0a840
@.9028
¢.8818
B.0011
a. 006
3. 0003
4. 0082
2.0000
@ . OODD
@. a6

11p8.00 ft

o. 0002
o. aae2
o. 0002
. 8602
@. 0001
g.a800
. aaon
3. BB
9. 0000
o, Gaae
a. 0900
. 830
@ . BAGD
0. 80800
D . OO0

@@. g3 ft

@.00861
@, 60859
@. 0053
@.0845
. 0036
3. 0827
@.0018
@.6012
0. 8007
@, 080a4
8.0002
@.0001
@ . O@aEa
. B0
7. 0000

1150.08 ft

0. a6
a. oags
@. 0000
@. goas
0.0000
. Baa
@. 9ODE
@ . BEas
0. BEa0
@ . 006

9. 0000

@ . aasa
@. 0003
. goon
o. 0000

958.00 ft

9. 0034
@. 33
3. a3
8. 8025
@.0020
B.OB15
G.0010
@.aawa7
D. 3304
8. 0002
D, 0001
. 0000
d. 6000
@ . BP0
0. 0000

1200.060 ft

@ . AOao
0. d@0a
3. 0009
8. 0009
a. 0000
@, apeo
0. 0000
@.saan
a. 006
a. 0000
. 000
3. 8000
@. 0000
9. OBOo
a. 0000




3-Dimensional Slug Input Model After 250 Days
EERERRKRRKERARRERRRRR KRR KA KRR RN KRR KRR KRR KKK oKk R Rk kX

SLUG INJECTION IN THREE-DIMENSIONAL UNIFORM FLOW

(S¢S0 2S00 8352353323802 ¢ ¢ 0002233233322 220080

USER:

X

X

X
% MODEL: SLUGSD.EBAS
X

X

JEFF HAVLENA

LOCATION: ENRON-HOBES

— — s

OCTOBER 23, 1989

INPUT DATA:

TOTAL. SOLUTE MASS INJECTEDu.ussssananaat
DARCY VELOCITY. v aueasunauannnannnuasal
EFFECTIVE POROSITY. icucunacavnseaaneet
LONGITUDINAL DISPERSIVITY. eecuvncnnnn
LATERAL DISPERSIVITY.cevauesaananassa
VERTICAL DISPERSIVITY. consvonvosunanan
DECAY CONSTANT (lambda)..asscescacanns

DISTANCE INCREMENT
DISTANCE INCREMENT
DISTANCE INCREMENT
NUMBER OF NODES IN
NUMEER OF NODES IN
NUMBER OF NODES IN

DELX:e.csoancanansa
DELY.evecunnanonna
DELZ. s eaununnans
X-DIRECTION.......
Y-DIRECTION. csusas
Z-DIRECTION....4s.s

TIMEIII.I‘.IIIIIIll.llll....lllllllll

3.56
1.08
2
19. o
1.99
@.10

o
S5, a9
16. 0@

5. @
37
20

6

250. @0

1b
ft/d

ft
ft
ft
1/d
ft
ft
ft

X
¢
X
X
X
X



AEEKKKRERKERKRKRKKKKKKRKKRKRKRKKK RESULTS KEKEKERKRKRKRRKKKKKERKRKKKRKRKKKK KK KK

@.60
19, @a
20.00
30 .00
40 .00
5S¢ . 89
b0 . O
7% . 09
8ad., 6g
9@ . Bd

166, 06
11, @
120.00
1346 . 08
140. 00
150. 00
160. 08
176, 8¢
18@.00
1949.ad

@. a9
10,06
20.00
3@. 00
4@ . G
So.00
60 . B
70. 00
8d. 0@
0. GO

106 . @@
110, 06
12¢. 60
130.00
149. 00
156 .00
160. 04
176, 0@
18@. 00
19¢. 0@

@.00
16 . 6@
20. 00
T0 O3

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
£+

> X~direction

.00 ft

@. OaOo
@ . @aan
@. aao0
?. 0880
3. 0000
@. aaaa
@, 0000
. o9
o. OB
@ . gaoo
0.0000
@ . aaea
O. Oaao
@. DBOE
0. 09000
@. a0
. 0000
g . dH0w
@. 000
8. 9aao

250.00 ft

@. 0000
0.0000
@ . gaaag
©. 0060
@ . (e
@, 0000
a. gona
0. 0000
d. G@Dn
@. a0
o. Gade
0. 0000
o . SDBaa
@ . 0aaa
@. aaes
@ . GAae
0. daa
0. 3000
g. 8008
g.0000

o00.00 ft

@. aOaeE
@ . S
@, @GO
7 BGIGO

CONCENTRATION in mg/1

Zi= 9

S@. a9 ft

@. 0000
o . pas
@ . 0000
o, Gae
@ . 0aea
[ oioliiol
@. aeo0
. dOBg
@. o000
a. aaus
@. 0000
@ . Bse
@ . @aE
a. 0and
@ . §Oaa
@. Baes
((oldaial
. Bood
o. 0000
D . Deag

J00. 00 ft

o . 9P
(s ajalofd)
o . @O
@ . B0
. Qpod
@. Qaea
0. paae
@ . OO0
o . e
. 0000
. 8aa
@ . (oaan
a. ppag
@ . 9GO
o. a0
@ . GO
. BEO0e
0. 0008
g njolala)
0. 4000

o550. 0@ ft

@ . (oA
@ . B
[ oialofo]
8 GOS8

100. 88 ft

@. OO0
@. aoad
o. oa00
8. ooad
@. oaan
@ . By
@, 0000
@. sa00
0. SO
d. SDea
@, 0060
@ . o
9. 0000
a. 3aea
0. 0000
@. 8800
0. 9000
@. 99a0
@ . GaOa
@. gaed

350.00 ft

2. BEI0
o. 0000
@. aaa
@ . BOO6
@ . gaea
@. 0Oao
@. DD D
0. G000
a. aaaa
@. BOOGB
[ N 1n0n]
@. aaao
@. 0008
@. 00080
o . o
0. 8006
D. 0aen
0. BOee
7. 008D
o . OO0

ood. a0 ft

@, GO
@. o089
[ clolalo
[ Imnialnin

(ppm)

15¢. 00 ft

@. Baao
@. gaas
a. oana
@. daes
@. 0000
@. oo
@. 8000
@. BB
@. 0000
@. BIa
@. aaon
@ . S
@. POas
@. 8999
o. o000
@. a6

@. G006

. Oaeg
0. G000
@ . oD

400.00 ft

@ . BB
@. OG0
@, Baaa
@. oo
@ . oaaa
@. GO0
o . 0OOa
0.0000
g . 000
@ . aOae
o. 8000
g oliofa)
@.aaus
@.0000
. 806
@. o3G0
@. G000
0. aaoa
2 I 7151000]
@. 0000

650. 00 ft

@, Aaan
@ . saag
o.0000
@ . GG

200.00 ft

@. BOBO
@.0000
©. 0000
0. 0000
0.9000
@. o800
9. 0000
0. 8000
9. 0000
@. 8000
a. 0000
o. 0000
@. DOao
@ . 0000
2. 0000
@, seaa
a. 0000
0.0000
@. 0000
@. 0000

450.00 ft

d.0000
9.0000
@. o000
@. OOG0
8. 9B0s
@.0000
@. 0800
0. 00008
@ . BB
9. 0000
o gPao
g.0000
4. 8060
@. 9000
¢.0080
@. OB
o. soan
9. 0000
@ . ODaD
g. 0000

7090.00 +t

?. 0000
@. aeeo
8. 0000
@ . BBOG




)

o9 . 00
b6, O
79 .00
80 .00
oG . @3
100. 00
1ig.e0
126, 96
130. 80
140, 00
150 .89
168.06
176, 6@
18@. 00
19d@. 8¢

3. Gw
18,60
2d . @3
3@. 00
44 . O
50,00
6@ . G
70.00
8. @
6. 99

10¢. 6d
118,00
120,00
13@. 06
14¢., @i
156. 900
164,00
170.00
180.60
196, 90

@. 00
19, 6
20.00
30.00
4@ .00
S5 .08
b0, 00
y4208 20
80.00
9@ . B

100,00
118,69
120.00
130, @
143, (0
156. i@
160, 06
170, ¢
18@. (i@
196, ¢

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
£t
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

o I olofn]
0. 0000
@. G0
@, a0ae
@. 9000
o. 00600
@, BeGe
@, aaao
@ . BODE
9. GO00
@ . DA
@ . GO0
. gaeg
@. 0000
@, a8y

759.00 ft

8.0002
3, gawu2
@, gaa1
o, 0001
@.aDa1
@. 0000
@. oo
g olniola]
@. @aoa
0. 9000
8. aaa@
@. Beaad
@ . BB
o. aaoe
@ . BB
o. GO0
I a1ninin]
@. GOD0
a. o080
0.0000

1000.8¢ ft

D.0063
@. 0064
@.0060
@. 89955
@, aa47
@.00840
0. 0032
o.0024
8.0018
B.00813
3. 0069
@. oaus
D. 0004
. o002
0. 0001
B. GBS
@. 0060
0. OBBH
9.0000
@ . QDT

. Houad
@. aOo0
o. 0000
. 0000
a. Sapd
@, Gaeg
@ . Gaes
o. oBaBo
(IR 301010
ol ajolo)
@, SO
0. GO0
@ . @Ooo
8. 0000
@. soag

80@. 80 ft

8. 6004
@. aoo4
a@.ouuq
9. Ba03
@, 0003
D.a0B2
@.oan2
0.0001
o.0001
3. anog
@, @aga
0. BO60
g ainiofal
o, @A
o . gaa
@. Ooag
@ . 880E
9. gaan
@ . Boea
9. 0000

1950. 66 +t

9.8162
@. 0100
a. 0094
@. 3986
@. 0074
@, 0062
@. 3050
@ . 8338
@. 0028
a.,8020
@.0014
@. Bou9
9. o0né6
. 38B3
o.0062
o. 0001
4. 006
7 luolv]
@ . OO
3. SO

o. aaas
0.0000
@, gopd
@, @OO0
@. Boug
0. BO00
o, Baed
0. 0000
9. 000
@. 3000
@ . @aa
. BEHeo
@. oo
. 0e00
¢.a000

B85d.00 ft

4. B89
@, 00a9
@, ada9
@, 00608
a. o0e7
B. 08086
@. 0085
. @OB3
@.0003
o, 0ee2
8. 0001
@. POgE
a. aoam
O. OB
L IR 51030]
@, BO00
@ . s0eas
@ . e
@. agad
o. ooao

lida. 89 ft

9.6145
B.0142
@.0134
@.@a121
@.91635
@. 9088
@.0071
@. 9855
@. 0340
@.08029
D.0820
o.0013
@, 0008
@. BBe5
@.0003
o. 0002
O. @O0
o. @O0y
@ . OB0D
(I ninining

@ . Baad
0. 3OO0
@. oo
9. 00008
g nlninin]
0. 09D
i ololnio]
©. 3000
9. 000g
D. 0000
@.dpay
. 0080
@. 0000
9. 0000

3. OOGO-

0g. 00 ft

o. Ba20
@.0819
@.0818
@. 0816
o.9014
B.0012
g.0019
0. o007
@. 8005
@. a0a4
@. 0083
0. 0002
. BOE1
@. 0000
@ . BOBD
3.0000
@. Goed
o lojoln)
. 3Oes
@. 8000

1156.08 +t

3.0187
@.0183
90,8172
@. 8156
@, a135
@.8113
@, o091
@. 0070
@. 0052
@, BE37
0. 0025
0.6917
0.00103
o, 8066
@, 0004
. 8062
@.am01
8. Beo
@ . SO0
G, BODD

@. spa
3. 0000
@. 0060
3. 0000
¢. 8860
D. dODH
9. BBE0
@. gaag
@ . a0ae
@. 0080
0. 8000
3. 0000
@. aooa
9.0000
a@. 0000

95@.00 ft

@. 0038
@.0837
@, 0835
B.0031
@.08027
8.0023
@.0018
@.0@14
0.0010
9.0067
@. 8aas
g. 0003
0.0002
?. 0001
4. 8800
?. 0000
O. 088
8. 0000
a. SDBD
o. 0000

i200.08 ft

@6.0217
B.0212
@. 0200
g.8181
@.@157
p.8131
B.0105
@.0081
3. 8060
g.6a843
B.0029
@.0019
B.0@12
@. aaE7
7. 0004
@. 0002
@. 0001
4. 0000
@.0000
D . DB




3. O
16. 909
26 . 0
30.00
4G . O
S0. 00
68 . B3
79 .00
8¢l . g
3. 00

106 . 6
110,00
120. ou
130.00
148 .00
150.00
160, @D
176.00
180, ad
199. 00

@. @m
160 . 0@
20,00

- 3@.08

4@ . 00
Oft . €
66,00
78080
80.00
9@ . 3
163,060
110, @
120.00
130. 08
140.00
156 . G@
160. 00
176, o6
180. 00
19¢. g@

9. 99
16. 00
20 .08
30. 06
44, @
S5O. 00
6. G
70.00
80.060
0. 00

166, @6

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft

ft -

ft

ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

1250.00 ft

w.8228
@.@223
g.8210
$.0190
B.0165
D.0138
d.0111
@. 0086
@. G632
@. 0345
@, 0831
0. 0028
B.0013
@, 0068
8. 8905
. 00083
@.9001
@ . BDOO
9. BOCE
@. 0006

150@. 00 ft

@, 8065
@, ga64
. 0060
@. 8055
@. 0047
@. 0040
D, 0052
. o824
D.0018
B.0013
. aoE9
@. 8aus
@. o004
@. saa2
@. 0001
@. Baao
@. 0060
@ . BBao
0.0000
3. BBd

17568.60 ft

@. 8002
9. 0002
@. 0001
@. o901
8.0 1
0. 0000
a. aaaa
0 g ninfolo]
o. Gaad
(0] 0} 200)
@ . BHaa

1308.60 ft

@B.8217
0.0212
o. B2
9.0181
@.8157
@.81351
@.8165
o.0081
@, Gaa6d
9.0043
B.0029
G.0019
@.0012
@.oaa7
@. 0004
g. 0002
@.e90@1
@. 0000
o otalaiil
0. Gaan

155,68 ft

@.0038
a.6a937
@. @G35
a.0031
@.0827
©. 00823
G.0018
@.8314
O.0010
@.aaa7
a. 3085
@. 093
o, 0062
o. 80601
s alojolal
@. geog
@ . GOHa
O. Gaua
0. OO0
. deue

1800.60 ft

o . Boe
0. OOBo
@ . Beed
@. OO0
@. Gaag
0. 0009
0. @aod
@. Ooae
@ . dees
o, BOO0
[ olninlal

1350.90 ft

@.@3187
@.3183
B.@172
@.8156
@.6135
@.8113
@.8091
@.0070
@, 9952
B.0837
o, @a25
BD.0B17
@.0919
0. 0006
d.0004
0. 8002
o, 8801
@, 0000
@. 8906
@. aae0

1600.80 ft

0.0020
8.80819
@.0318
@.60816
D.0@14
g.8a312
O.0016
o. 8087
3. OOBS
@. asaaaq
3. 06003
4. dum2
@.0001
g injoln]
@. SOa6
@. SaHa
D . BOOE
@ . o0
@. a0
g aia]no}

1400.00 ft

$.8145
@.@3142
@.0134
@.0121
0.8165
@. 0088
@. 0071
@.aa55
a.08a94@
9.0029
a.B@20
B.0013
é@. goa8
@. BOES
o. 00083
8.0002
@ . GO
0. 000
@ . poaaa
9. 0000

165@.6@ +t

o.0089
@.aea9
@, BaG9
i aininic]
o.a007
@, 86us
. 0005
@. 0083
0. 9803
o, aee2
g.0001
o. gaaa
@. 0000
@. 9009
©.0000
@. 0008
o. 0008
@. 0000
@. 000D
8. 8000

1450.00 ft

@.0162
@.0100
@.0094
@, 0086
B.0074
o.0062
@. 0059
g.0038
@. 0028
0. 0020
g.0014
a. o009
@, paas
@. 0003
g. 0002
g.0001
0. 0080
0.0000
@. dPao
0. OOaE

17¢0.08 +t

o.00384
0.0804
@.0004
0. 0003
0.0003
@. B8ee2
9.0002
@.0001
9.000]1
a. 80
0.0000
@.aa0@
0. 0000
@. 0aea
9. 0060
. 0oao
0. 0000
8. o000
0.9000
) Mo 1olot]

e



120, gd
130, 0@
140, ¢g
1549, 60
160,09
170,00
184, @@
199, @@

ft
ft
ft
ft
ft
ft
ft
£t

o . @aaa
@, 6000
o, O
o ojalalol
@, oeed
@. 0000
o. oaae
0. 3000

o . aaes
@. GEEg
o. By
g, Gaag
B. gaad
a. G000
@ . dHea
9. P60




\
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T >

< -

<

D . O
16,00
20. 03
30 . 09
4@, GG
5S¢ .60
69. 00
79 . @l
8ad.0d
9. GE

100. 00
119.00
120. 00
136,09
148. 06
150 . 0
168.00
174 . 00
180. 0@
199, @@

8. 90
16,60
20 . 99
3d. 68
40 . @G
S0.00
&G . @i
70, @
8@ . aa
S@. 00

160 .89
110,00
12¢. 09
130. a0
144 . 8@
150.06
166 . s
170.00
184¢. 08
190,00

. oD
165, &)
20 . 00
TG S

X-direction

ft

“ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
£t
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
£¥

B.990 ft

0. OO0
@. oo
a. 0000
@. BaaE
(o olalola]
@ . paee
0.0000
@. 088
@. 0000
0. 0086
@. 0000
@. fgay
3. POO0
g olajola]
3. 0060
@ . Geag
@, 0000
@, 0o0g
0 aialala]
o oauy

250.00 ft

g. 0000
8. o0
0. 6809
@. 0000
@ . 0oad
0. o000
0.0800
©.0000
@. o8
O. OO0
8. 90809
@. OOOO
@. aaed
0. 3000
@ . dous
a. 00pa
o . OBBE
0. 0DOD
0. gaao
@. 00D

SOp.00 ft

@, GO0
o, @
@, 0900
O SOV

CONCENTRATION in mg/1 (ppm)

Z= 5

SO.00 ft

@. aOo0
o. dBee
3. AOGE
0. 6080
@. oo
o . Sae
0. 0000
d. saug
1o alalolnl
B. ea@a
@ . (OO0
¢.o00d
5. DOO0
a.aa9a
A oiofoln}
o, GO
3. 0000
@. Goaa
o alalofal
o.0069

300,00 ft

a. G038
o. o000
a. osoa
@. 0300
I iojala]
o. 0000
9. 9909
@. ODGa
@. 8O0
O.0000
o, @B
@, Gaae
g aiointy}
. GO
11 I8 013G3G]
I n301610)
o, soan
@ . OO06
@ . BB
@. 0000

550,00 ft

a s alalalo]
g1 1717
@ . 9D
[ O ininin]

ft

106,808 ft

0. DY
a. oo
@. QGO0
@ . OB
L I 0101910
3. @80
@. 0000
O . POog
o paialaja]
B . Ao
@ . POOD
@ . SO
D. 0OHO
i gaiaioli]
@. 0000
@. gaOoa
9. 0000
g ololale
@ . oo
0. aao

J50.08 ft

@, $oa0g
0. 0000
8. 0009
@. PO00
8. dagy
@, 0000
o. 0080
@. PO00
@. paoo
B, 3000
@ . D
@. 3000
@. popd
@ . GO
o, fOEg
@. 0000
9. gaea
@. 0000
e ainiaoln]
@.0000

bag. gd ft

0. 0006
@ . GO
B . OO0
O . GAOVGI O3

150,99 +t

9. 6000
@. Baga
3., 360
B. o0
o. 0000
@. oodg
0. 0000
@ . BEpa
0. HGaD
©. oppo
@. apaa
@ . aBe
3. Ba00
@, aaao
2. OO@Ea
1 G151010]
3. Qoan
@ . OO
o. o069
@. 6069

403 . 0@ ft

7151510
@. OHO0
@. dBD
d. 0000
@. dasa
@. @000
@. o309
7. 0000
o. Bsaa
0. 0000
o . sEed
@. 0080
o, saga
0. o060
g aininin
@. 0000
9. 6000
a. 0000
@. aaa
0. G00d

658.08 ft

@. @Oao
o, OOge
@. 00
GV _ GMAGIGE

200.09 ft

9. 0000
@ . BBDe
@. 0060
B, 0000
@. 0000
. Baag
B, OO
g. 0000
@ . OO00
@ . e
0. 0000
[ 510}0]7)
6.0000
. Booa
0.0000
(o ainjala]
0. 0000
@ . DO
0. 0000
7. 9@

450.00 ft

g. 0000
@.00006
0. dage
2. 0900
@, e
0. BOO0
@, a9ae
@. 0000
a. 00880
9. 0000
@, aaae
@. 0000
@. 8000
0. 0000
4 I 0]
@. 0000
@, 8000
@. 0000
o.0008
9. 0000

700.00 +t

@ . GO0
o, G000

3. 0000
of GGG




S6 . @
60.00
70,06
8d. @
@ . a@
199,00
11@. a9
12@. 00
13¢. 00
140 .08
15¢. g
168.00
179,60
186.00
196,69

3. B
16.00
20.00
30.00
4a . ¢
5. ag
6o . Ba
70. 00
8a . ¢d
96. 90

106, 00
119.00
120, 00
130.00
149 .00
156.00
166,09
176,00
180. o0
199. 0@

B.00
16, @
20. 00
3d. a9
40 .00
5. @0
6. 09
T8 60
84a.00
9 . G

103. 09
116.60
120. a0
136,00
140 .00
150.00
160,00
170,00
180, 69
190, @0

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
£t
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft

b. aaod
. 0000
8. @aeo
@. DO
o.@auo
0 algain)
@. 3063
@. 3000
o, oo
D. @ano
@ . @aes
@. 0000
?. Gaod
@. OOBo
0. oaoe

756.00 ft

B.0001
@.a001
o.0001
?.0001
o. gaal
o . SO0
@. pa00
0. 0aao
@ . @@
0. 0000
@. daeg
9. 0000
9. 0000
a. 0000
a. aaea
@. 0BOs
a. O@a9
@ . aaHo
@ . BB
@. 0000

1000. 80 ft

7.0062
D.0061
@. 00957
8. 8052
@. 0045
¥.0038
0. 0030
B.0023
B.0817
a.0812
a. 0008
@, aaeé6
O.0003
. a0a2
0.0001
@ . B0
. 0000
@ . OO0
@. 0900
. BB

. aoea
@ . GO
. 9oDD
9. 00860
o aininin}
@ . 00ae
o. Beos
o. 8OO0
o. oaud
@. 0000
@, Daag
9. 8OO0
A oinialn)
@. Doaa
@, G

800. 00 ft

O. 00684
@ . Bas4
. gaa3
@. 003
@. B3
. aae2
d.a002
@. 0001
@. aaa1
9. 00G0
@ . anaa
@ . DDOD
o, D60
o. OO0
@. oagg
@ . DO
@, GO
@. 008
o . Do
0. 0000

1850, 68 ft

B.0697
a.0895
@.009a
@. 0081
@.0071
@. 8659
@. 0047
. o837
@.06027
B.0819
B.0013
@. 8089
a. Goes
@. 3033
0. 0082
. ool
a. Goaw
a. Baoe
3. OGH0
@, OGEE

@. peas
@, 0gaa
3. SO0
@. aoo0
8. o0pd
0 I ajnialn]
8. apus
@ . BOG0
o rjninln]
0. 0000
0. 0863
10 0101030)
@, 8008
0. 0000
o i0]0]7]

850.0@ ft

@. oB69
a. 0009
¢.0098
@. 8007
a. oap6
@.a0aS
0. o004
@. 0003
. 0082
@.0002
o. o061
?.0000
o. 809
0. 0000
9. geag
@. 0000
0. 9B
9. 0000
@. aaee
o, 0000

1100. 00 ft

0.24138
B.@135
@.0128
B.6115
@.0108
@. 0684
@. 00867
B. 0052
a.0838
@, 827
@.0019
G.a0812
2. 00608
o. 8085
. 0003
a. 0062
o. OO0
@i . D@
0. 0000
@ . BB

o. DO
@. 060
@. o009
@. 0000
A ainlalol
@ . OE00
@. 0000
@. OOE0
B . Boad
9. 0@@0
@ . agag
0. 0000
@. 0000
@. 0000
@ . 9aoa

0@.00 ft

@. 03819
g.0018
B.0017
@.0016
o.8d14
@d.0011
9. 0009
o. o007
@. 6oas
@. 0004
o. 0003
@.0002
B. 0081
0. 0000
. 0000
M ninfnia]
g, 0009
2. 0OE0
@. see
0. 9DDD

1150. 09 ft

©.8177
a.68174
g.8164
@.9148
B.8129
g.0108
o. 0086
@, 0067
@.9049
@. 8835
9.0024
B.a0@16
G.0010
@. 8086
0.0004
g.o0a2
@.0001
@ . @aan
@ . OODe
@ . BOGD

@ . @B
@. 0000
@ . Saae
0.0000
2. 8800
@. 0o
@.0000
0. 0000
©. 0000
a. 0000
@ . 00080
@. 0000
@ . 000s
a. 0000
8. 9000

950.0@ ft

@. 036
@.06035
@.09033
0. 0934
0.0826
g.0022
8.0817
8.0013
g.0010
@. 0007
a. 0985
a. 0003
@. o882
g.0001
9. 0009
0. 300ad
@ . aaop
. 0000
@ . aaeo
2. 0003

1200.00 ft

@.0206
a.8202
0.0190
6.6172
0.5150
@.0125
?.0100
B.0877
8. 0057
o.0041
B.0028
@9.0018
B.0012
o.aee7
@.0004
0. 0862
0.0001
@. o000
0. 0000
@ . GEee




1250.00 ft 1360.00 ft 1350.600 ft 1400 .00 ft 1450.00 ft

.06 ft 6.0217 . 0206 @.a177 d.8138 2.8097
16.68 +ft 0.0212 @, B8202 B.@174 B.0135 @.90995
20,068 £t @. 200 @.e199 d.8164 @.a128 ¢.00949
30.00 ft ?.0181 B.0172 $.6148 8.0115 @.0081
4. @8 ft @.8157 a.,6154d 2.0129 @.8100 @.0071
S50.00 ft B.3131 @.8125 @g.0108 @. 0084 @. 0059
o.a@  ft B.0165 @.8100 . ad86 @ GB67 a.0847
70. 00 ft @. 0081 a,aa77 . 0867 @. 0052 @. 0037 ‘
8d.08 ft @. Ba6a @. 9857 @, 0849 @. 0038 0. 0927 ‘
98.006 ft @.0843 @. 0041 @. 035 T @.9027 0.0019 ‘

19a.60 ft 9. 08029 o. 0028 @, 0024 o0.0819 8.0013 ‘
116.66 ft 8.9019 @.0018 @.0016 0.0012 0. P39 [
120.08 ft @.0012 g.6a312 @.0010 a.aaa8 a. 0905
136.00 +Ft B.0087 @.aea7 10010 @. 005 0. 9803
14¢. 0@ +t @.a9d4q @. oag4 d.8004 @. 8883 @, 0002
150.08 ft 0. 0002 @.aa02 3, 0602 @. 0002 B.9001
168.608 +t 3. 00@1 @. 0001 @. 0001 @. 9009 ¢.0880
178.060 +ft 1018101010 @. 6000 @ . Paag 9. 0000 8.0000
180.00 ft @ . daae @ . Gaea g, eaas a. ao0d 8.0000
196.00 +t 3. 0900 B . GOS0 0. 0900 0. 9000 @. 0000

1506.00 ft 155@.08 ft 1680.00 +t 1650. 06 £t 179068.00 ft

0,08 £t @. 0062 D. 0036 o.0819 9. 0009 @.0a04
1. 98 £t g.0061 B. 0835 @.0618 @ . Baw9 @. 904
20.08 ft @. 0057 @. 0033 o.a817 o. 0008 @. 9003
3g.00 ft a. 0852 d.aa39 o.0016 @.aan7 @. GO3
46,00 +Ft 3. 0345 @. 0026 @,.0014 @. 0006 0. DOE3
S@.09 ft g.0d38 a. @22 a.6a11 g.ae0a5 o. 8002
60.08 ft G.0030 D.OBLT7 D. 0009 @ . 0004 @. 0062
79,690 ft 0.0023 @.aB13 0.0807 @. aa03 @.0001
80.08 ft 9.0017 B.0010 @ . 0B35S ?.0002 @.0001
9p.0@ ft o.a012 @. BGB7 @. suaa A, a2 3. 6000

100.00 +t @. 0008 @, G005 @. 00633 8.0001 3. o0oe
i1ig. 00 ft . 8086 o. BEG3 ¢.add2 o . OO0 @. 0000
120.08 +t @. o003 . 0002 o.0001 9. 0000 3. 0000
136,66 <+t g.90082 18110103 @. aaug @. o009 g, oaad
140,06 +ft B. 0001 0. GDO0 @. 0000 0. 0030 0.0000
15@¢.00 ft 1o 1 lniaio] @ . OB o . OB 0. 8000 @. 0000
160.00 ft G.0000 . 0000 a. 800 a. 0000 0.0000
178.68 ft . g @ . Qaad . 0000 a. 9o @. a8
186.08 ft @. 0000 o olaialo] @ . 9000 . 0000 a. 0000
19¢.0¢ ft @ . SO0 @. 0000 7. 0000 @.oaad @. oo0Y

1750.90 ft 189@.0@ ft

g.00 ft @. 8001 @. 8000
10.0@ ft 0. 9031 D. BHOe
20,09 ft @.ae01 o . e
Io.08 Fft 3.0001 0. 0000
a0 . a@  ft ag.aage1 . Qae
SB.00 +ft a. 0a0G O. 0gng
b6EB.00  ft 2 otalalol @ . Bawa
7a.60 ft 0. QOO0 (0 oiofaly
8@.09 ft @. o069 0 . e

90.03 ft @, 0000 @ . DOBY

- e ' SN g gy png ™ ISttt



126,60
130, 6@
1445, @5
15@. 06
160, 60
178,00
180,088
190. 00

ft
ft
ft
ft
ft
ft
£t
ft

@. oB00
@. 0000
o . BOG
o, 000
@, (B8
0.0000
0. 8000
3. Gaaa

@, 3eud
., BO09
@. a6y
D. GOHd
@ . g
0. OOEa
@ . aang
3. 0000



: I KKK KKK KOO OOKKK KRR R KRR KK KK RESULTS (XK KKHKKk kKX KRk ook Kok okk kR ok kX

e et > X—direction CONCENTRATION in mg/1 (ppm)
l v Y
Z = 1@ Ft
.99 ft S5¢.08 ft iog. a8 ft 150.00 ft 200.90 ft
I g0.60 ft a.0060 @. 06000 M olnfnin} @. 0000 9. 0008
18.80 ft @. aaa 8. daaa @ . BOE g oiolnia] ¢. 0000
20,99 ft @.0000 6. 0060 O.0000 0. 0000 a. 0008
I 3g.0d ft @ . B0 0. 0000 g.gaed @ . 3OO0 @, 0B0a
46,00 ft 3. 0000 @ . 0000 @. Geeo @.0000 0. 9300
S@.e8 ft @ . BB I 41n3010] @. 8oas @. 0000 @. 0000
I 63.09 ft @. P00 a. 0000 9. 3OO0 D, 0000 @. OO0
70.99 ft 0. 00D 0. 0000 @. 8000 0. 0909 o, 0800
860.00 ft o. 3000 @ . 3DDED @.0000 @, 0000 8. 0000
u.a8 ft @ . Booe @. oagg 8. 0000 @. oBoa O. D080
I 100.00 ft a. 0000 @. O0a0 @, G000 @, 0060 a.0000
11g. 60  ft 8. 0060 @ . gOEo @. 8000 . 0800 ¢. 0000
: 120.00 ft @ . BOOa 0. a0 @ . GOEn @. D000 0. 0000
I 136,00 ft @, 006 @, Saaa @, oOGE @. BB @, a0aa
140. 06 ft 0. 0009 @ . BBBD @, aEaa @ . SO0 9.0000
150,80 +t @. B o. aaaa ©. o000 @. DO 9 151580)
168.00 ft @. 0000 0. 0000 g, 0000 @, 0008 0.0000
I 176,60 ft @ . BaHs 0. BSD00 @. 9000 a. gaad 2.0000
189.06 ft 0. 0000 o aofofnl 0. B0 @. 0000 0. 0000
I 196,68 ft @ . B @ . Gaea 3. 806 @, goes 6. SO
I 250.00 ft I00. 00 ft 3I50.00 ft 400.00 +t 450.00 ft
.98 ft @. a0 @. Baad ¢. B39 o . Saed @. oaa
10,90 ft a g alolola] @. GO0 [ M {ojnin] @, 0000 B.0000
I 20,08 ft @ . G3ED @. 8009 g, gaad 8. a0aa ¢.0000
30.0@ ft @ . GO0 0.0000 . 0000 @, a000 0. 0000
4p.069 +t @. Baae g. 0000 0. g0 @, 90a9 @.009a
I So.0@  ft 3. 0000 @. DDAHD @. 0000 o, 0000 0, 0000
6B. 80 Ft @ . BEaa @ . aaea @. Gaad @. 0000 0. 0000
79.08 ft @. 0000 . 0000 . 0000 @, 00680 @. o008
8a.0@ ft d. oBEa @ . oo @. doaa @, daaa @. o000
I 9@.0d ft @. @aao o M olnfoln] @, oaaa i I niololn] @ . DBad
100,60 ft @ . saEGa @. 0000 ¢.0000 o. 0000 8. 8000
) 119.60  ft o. GOO6 @ . G 0. 6000 @. 0060 o, 0000
] 120.¢8 ft @. aaaa a. 0aag [ nialala] @. a0 @, Gage
130,06 ft @. 0OD6 o. 0000 0 ojoiolo] @, 0000 @ . OHO0
1468, 6808 Ft @ . daes o, dOes & . BOae a. Goas @, aees
I 156,00 ft @, 0aoo 0. 0000 @. 0060 @, 0000 @, 9000
160. 08 ft @ . SAGa @. oaga @, BO00 @, Gaan @. 0000
178.00 +t B. OO0 @ . GO @. 0aoa 9, 0G0 g.0000
18@.00 ft 0. 8800 @ . 0aew @. 8600 @ . Boeag @ . Gaaa
I 199.60¢ £t @. 0000 @. 0000 0. 0000 @. 0000 @. 0000
I S00.00 ft S50, 09 ft LED. 00 ft 650.08 ft 700.090 ft
I .09 ft @ . OB laalalalal @ ., B3naa @, POOD 0. oo
ig. 08 +Ft . Saag 9 . BOBE @, S Gl . GODG 9. B30
20.00 ft @. 0060 . BOaa @. 8OO0 M falolo] @ . A00a

T 3 fngmaintolol @ . GG [t fiin] @ . BAG @ . BODE




S@ . @
6@ . B
76 .90
80.00
9E . B@
100, 00
119, @d
120,00
130, 689
140, 63
156 . o
168. 06
176,88
186. a8
190, 99

3. o
19.00
20 . 99
S@. 008
44 . OB
S8.00
60 . 09
790.00
8¢ . o@
Sa.008

106, 96
119. 00
12¢. 08
136.00
140 . 66
156. 00
166, ¢
170.00
18d. g
190. 03

B. 00
16, 6@
20.00
3@. 08
4. @0
S5 . 6@
b0 . 00
76. 09
Bd. 00
Qg . @il

109, 06
110.09
120,00
130. 00
140 . 00
156. 69
160. 00
176. 80
180. 00
196 GG

1

ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
xS

LR S F g RF 0

a. desd
@. 0000
@. 8000
9. 0000
. 8089
@ . OO0
@ . aaaod
@. 0000
@ . SDGE
0. 0000
o. aaeas
0. 0000
a. 0099
9. 0000
@. g9DEa

750.00 ft

9. 900 1
@. 0061
0. 0001
3. 0001
8. GO0
8. BO00
g. oa0e
0. 0000
g. oaee
0. 0000
3. GO0
@. OO0
3. BOOS
@. 0005
@ . OO
8. 000
g. GO0
3. OO
@ . BOHE
3. GO0

1ga9. 08 £t

@.0a53
@.0052
0.6049
@.0045
B.0839
B.86832
0.0026
O . BE20
@.0015
d.6011
@. 0087
a. 8005
. 0003
o, 9882
O.0061
@.a000
@. 0000
o . desa
a. doan
G . BT

LU N

. Gaan
a. 000
8. 0900
@. 8000
@ . Boae
@ . OB
@ . Bags
1 IR 010}0]0)
@. 0006
@ . OO0
@ . PO
@ . GO0
@ . Ae0a
D.aa00
. 8008

800.00 ft

a. 8833
@.6083
@, 80983
@. 00083
o. 0082
@, oou2
@. 0062
9.0001
R iniola]
@. BOoo
@. aaaa
@. aO00
@ . SBEe
@, dGon
o . aoua
o . DODD
@ . BB
@. aaao
9. ogae
D . DOBE

1950.08 ft

. 0084
@.8082
@.0077
0. 8876
@.0661
@. @851
2.0041
@.8031
@.0023
o.0a17
@.0011
@.eaa7
@. 0005
@ . B3
a. 0062
0. DODED
@, 0000
@ . Boas
o, 6a00
[ 161011

o~ om o -

o DBa
3. 0000
8. @0
B. 0000
8. a8
@. 0000
3. Beas
9. 0000
B. aaas
@. 0060
@. 8080
3. 000
@. a0y
@. D000
9. 080y

850.00 ft

@ . 00e8
?. 0007
@. 0007
9. 0006
@. 0006
9. 0005
@. 0004
@. 0003
@, GOB2
3. 0002
(O JR1GI081
3. OO0
3. GIDD
3. 0000
@ . Saaa
@ . OODO
@. 0Oe0
?. POOD
3. GBOD
7 I 0}0]010]

1190.80 ft

@.8119
a.a117
B.0110
@, 8999
@.0086
. 80872
@. 0058
a. 6845
3.9033
8. 0024
@.0816
g.0011
o.0087
0. 80064
o. 0002
@, aBae1
9. 0000
o, 800
@.aanao
[ ninining

o, aed
0. 0000
g 019]710)
0. 0000
@ . aBed
©. 0000
@ . 000
0. 0000
@. 800
o, 0000
o. sagd
9. 0000
@ . Oaed
@. 0000
@ . @O

00.00 ft

@.0a16
B.0816
B.06015
@.0013
g.60812
G.0010
@. 8098
D.0006
@.0004
0. 0003
0.o002
g.0001
0. 36
@.0000
. 0000
@. ODO0
. 800a
. G000
@ . s
@. 0000

1156. 60 ft

@.09153
#@.0150
@.0141
@.9128
w.0111
a.6d93
B.0074
a.aa57
0.0042
o. a3
D.0021
@.0@14
@ . 0009
@. 0085
0. 0063
g.ao62
@ . OaOo
. BOag
o aloln]o]
@, @G

@ . dEEa
@ . OOO
é@. 0009
0. 0000
o. 0080
0. 000
o. daad
3. 0000
@. 8900
0. 0000
é@. gaae
8. 0000
. 0000
9. 0000
@. daae

9S50.00 ft

@.0031
@.0030
o.6028
o.0826
@.aa022
0.0819
@.0015
0.0012
@. 0809
5. 0006
@.a084
@. 0003
6. BGe2
@.0001
@ . oae0
0. 0000
@ . 8O
0. 0000
9. daaa
@.0000

1200.00 ft

B.0177
@.8174
@.8164
@.6148
0.0129
9.9198
@.0086
8.8867
8.0049
@. 8935
B.0024
@.0816
?.0010
0. 9806
@. 0004
@. 0002
B.0001
@, 0080
9. a0
@ . aOBH




3. B
19, a0
20 .09
33,00
4@ . @
S5@. 0@
6% . O
70.00
8w . o9
9@. 80

106,80
116.80
12¢. 00
136.00

140,00

150. 00
160,80
179.00
180. 69
199.00

@.00
16. 00
20.00
3@ . G
40 .00
5@ . ad
9. 00
7€ .8
8d.0ad
9. O

190,008
119.60
126,900
136, 6@
143. 0@
156 . 6@
160,00
179. 60
180.00
199, @d

3. O
10,60
20 .09
30.00
40 . 9@
S59.00
63, @9
73,00
8% . ¢d
0. o0

4 Mt ot

ft
ft
ft
£t
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

L+

1250.08 ft

g.6187
@.3183
B.0172
B.0156
B.6135
9.0113
@.9a891
@. 0070
. 0852
@. 0037
@, @825
0.0017
p.o@1d
a. 0006
a. @aea
@. 0002
@. 0001
a. 8000
7. @0
3. D00

1506.00 ft

D. 0053
@. 09052
@. 0049
@. 6345
?.0039
0. 0832
B. 0026
2. BB
D.0015
d.0011
D. 0007
3. 0005
D. POD3
B.0002
@. 0001
@. Baag
B. 0000
@. 8000
9. 0000
@. 09a9

1750.00 ft

@. o001
g.0001
@.a0a1
9. 0001
@ . s
3. 0000
0. Gana
@. 0000
8. aoaa
a. 0000

NNttt

1306.00 ft

B.B177
@.8174
b.0164
@.8148
@.8129
@.01008
0. 0086
0. 0067
@.0949
@.8835
o.0824
D.0816
@. 0810
9. 0006
@ . o044
@. 0002
©.a0a1
0. OO0
@. ooB0
@ . ODHo

1550.00 ft

o.0031
@, 830
o.0028
@. 0026
0.0022
0.0919
@O.0015
B.0812
0.0009
d.8066
@. 0004
@. 0093
0.0002
©. 001
3. OBB0
1918361017}
0. DD
@. oo
@ . OO
o. dBB0

180@.00 +t

@ . OO
9. 0ang
@ . BB
@. 0000
a. soae
@, 9000
o . BBe
3. 0000
. aone
@. HDOH0
ot oSGt

1350.00 ft

B.8153
$.0150
g.a141
@.0128
@.9111
D.0893
g.0074
a. 0057
@.0042
0. O30
w.0021
@.0014
©. 8009
0. 0005
@. 0003
d.0002
a. Beas
@.0000
@. GPee
@ . AOO0

logd. 8@ ft

D.0016
o.8016
D.08015
@.0613
@.00812
o.0a1a
o. 0008
o. 0886
¢.0004
0. 8003
@. 0002
@.0001
3. o000
0. SOeD
@. 0000
@ . aaoe
@. aaoa
. dAD0
a. 0000
o. 0000

1406.00 +t

0.0119
B.9117
g.e114d
@.aa99
8. 0086
B.0872
. o058
@.0045
B, 0033
@.0024
8.0816
2.0011
@.a8aa7
3. 0004
0. aaa2
0.a001
@, a0es
3. 0000
o, 0060
o. 0000

1656.60 ft

@.0068
o, aa87
B. 0067
a. 0086
@. 0006
@. oaes
@. o644
@. 0003
@.a0002
0. 0082
0. 0001
@ . aaos
2. 0300
@ . Do
7. 0000
a. 0000
@. aaaa
a. 0000
8. 0000
2. 09099

1458.00 +t

@. 0084
9.0082
@.8877
3.0070
@.9a861
@.0051
@.0841
@.0031
@.0923
P.0817
g.0¢11
a. 007
7. 0005
o.0063
@. o092
9.0000
@. 0000
@. 0000
@ . a0
?.0000

1700. 00 £t

3.0003
@. 8903
8.0003
0.0083
0.0062
o.0002
@.0002
o. 0901
3. 9000
9. 860
. 0000
¢, oaaa
9. 0000
B. 0000
9. 0060
8.9000
@ . G000
0. 0000
3. 0000
9. 00800




)

A LXK KRS

12¢, 00
130, 05
146, o
158.06
166,06
170.00
18¢. 69
19@. 00

LI

ft
ft
ft
ft
it
ft
ft
ft

S A L XS T

g. 0000
0. 0000
2. a6
9. 0ena
. @aa
3. 0000
8. 0083
@. 0000

et W Pt K 2t

10 qlololn]
0. 0000
@. ooas
@, 0G0
2o ininin
3. 0800
@ . 0088
@. aaag




I EREEEK KKK EAKKARRRKKRKKRNRKKKRKRK RESULTS RKAXKKK KKK KK 300K 0000 kR Kok kK kk kK kX
) e > X-direction CONCENTRATION in mg/1 (ppm)
]
]
I vy
Z = 15 +t
a3.08 ft Se. 03 £t i0d.d80¢ £t 156.90 ft 200.00 ft
I @.0@8 ft [ oinioa] . GOD0 o, 0000 0. 0000 o . 9000
ig. 08 +t @, aaae @ . BOae g, 3aad @ . DOwE @ . OBB6
! 20.00 £t @, 0000 @ . POBE @. 0000 @ . 000 @. 0000
l Iv.08 ft g . BOEa @ . oape @ . 3800 IR inin]n] d.0000
: 49, 0@ Ft @ . (@D . 0000 o alnlolo] (o ln]olo] 9. 000
S5@.98 ft @ . @aag ¢, O o . Gaao o . SOag . 0980
l 680.608 4+t @ . QOO0 @ . GOHo o . GOB0 @ . DaBa @, 0000
| 78.00 £t ¢ . O@B6 . DB @ . GO . aa9e g olola]0]
ga.d@  ft 0. 0000 @, POas @. 0000 o niololo] 0. 0000
9u.80 4t @ . DBGBE @ . OBeg @ . G@aod a5, GPaa @ . gGEE
% I 100.68 +ft @ . 0000 9. 0000 @ . 0000 a3, 0000 o . 0006
1ig.@¢@ £t @ . OB @ . 398 12 010]510] o. 3800 . 90D
120.08 ft @ . ODDD @ . DDH0 @, o000 @ . 0000 @ . 0000
l : 130,008 +t g. a0 . BBBD @, BOBOG @ . 990D g, Sooad
146. 00 +t 0. 0000 (oI olninid] I oiaiolng [ 0inin}o] @, 9000
3 158.06 +t @ . BEng . GOao [o M atninin] . BOOe ¢ . 0800
‘ I 160.9@¢ ft 9. 0300 N oiniola] @ . GHH0 @ . SO0 @ . QOG0
176.08 +t @ . OBO @ . D09 . 3aGD 7 a]nini] @ . SOGo
180.98 £t 3. 8000 @ . Qa0 . 0000 @ . ODD0 @, 0aaa
I 19¢.88 +t @, oaaa @, SEDaE ¢ . aeaa oI ninin] @ . aaag
\
l 250.08 ft I0@0.600 ft IS6.00 ft 400.00 ft 450.08 ft
g.3¢ <+t @ . OSBE . BEBH ¢l . @Baa @ . BODGD 17 0]n1010]
10.06 <+t 9.0000 o, GOEd @. 0000 @ . 0000 [ olalnjo]
l 20.00 4t @, DB @, QB o, aeea @ . GO g. 00060
I0. 00 ft @, QOG0 @ . QOD0 @ . OO0 0. 9000 @ . 0000
4. 9@ £t . gaaa o . DOH i alalolo) @ . 000 g. 0008
I SU.00 £t @, OO0 @ . ODHa o ofninlo} @, 0000 o 0lnin]o]
ba. g ft a. @anm @ . D g . oaaa @ . o 7 . GEhaa
70.08 ft @, DOBD . OO0 @. 00600 0.0000 ?.0000
l 8d.a08 ft @ . Gaad @ . BO00 . SOGD @ . SBOD gl . SOEG
90.08 +ft (o alojolo] @ . 0000 @. 0000 (o aloinlo] [ 0foinjo]
196,66 $t [ ninintol ¢ . Oeaa o . Sasa @ . ODBG @ . GBae
119,080 £t M alalnlol jaalalalal 0. GOHaa @, OO0 @. 0000
120,960 +t 9. 8aaa @ . Saaa g . 3E0a @ . Gaea @ . 9B E
130.68 £t @, O0aD o ainloln] (o nlnlalng I ainialo] . 0000
140.0d +t i alnialol . DDHD @ . DO @ . BaEde 9. aapa
l 156.08 ft 0, 0000 @ . QOO @ . OOHE o olalalo] . 0000
168.08 Ft @ . BBBG g oininio] @ . BBOD o R atninin] @ . OBaa
170.08 £t 0 I ninjolo] G, ODED @ . OOG0 @ . 0000 @ . D00
I igo.g@ +t @ . @@ @ . giaad . eaad 3. DO o, 0008
190,90 £t o alofalo] @ . POed 9. 0000 a.0000 0 . OG0
l So9.90 ft 550, 66 ft 600, BE £t 650.00 £t 700.00 ft
I @.600 £t @ . OBH5H @, @O (I 016]050] Q. NGao @ . DOGa
1.8 +t o . G janiaini] @ . SO @ . DD L 217 1010]
‘ 20. 98 Fft [0 olafalo] @ . SOHBD 3. OO0 lopalalaln] @ . GOaa

—_ -t et o Il mg gy me yme mt V- O AVttt o Lot ot ARG




4 : A
I I N N I IBE I R E B B B N =l B

-

S6. 80
60 . G0
74 . @9
80.06
Q¢ . @l
1008, a0
118.00
120, @0
130. a3
140 .06
150. 60
163, 6@
176.00
180, 0@
199. 00

3. au
10,00
208 . 613
38. 00
4q . @i
S9. 00
6@ . B
76.00
8@ . g9
9%. 09

106,89
116,08
12¢. 00
136,600
14¢. 66
156. 00
1L0.00
170,06
180. dg
190, 60

@, 00
16, 8@
20 .50
30 . @
40, B0
SO. 89
60 . 09
7. 09
B8g. o0
8. B

163, @6
11, 0%
12¢. 00
13a. @
149, @0
156 . g@
163, 08
176,00
180. 09
196, &

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

@ . G
o.0000
@. paaa
?. 006D
@.adad
o, 0000
@. BGas
3. OO0
o. ASog
0. 0000
@. oBes
3. 0000
@ . BEe
9.0000
@. Sgae

750,900 ft

@. sas
0. O0Ho
@. @0
0. 0000
. @00
9. 6000
o . Ggoaa
0. 0300
0. BoHg
0. QOO
4. 8006
o. 3OaD
[ inlnin]
0. aa0a
0. 0000
@ . DOGE
o. geus
9. BAEG
@. o0
oy olnfola]

1oge. o0 ft

8. 0642
.0041
. 0038
0. Ba35
. 030
. 0825
. 0020
B.8616
a.60012
g. 3008
g. 8086
g.a0m4
3. 0HB2
@. 0001
o. 000
o. spanG
@ . DOEGE
a. By
@ . OOOD
(ciniolal

@ . D60
@ . ODHD
o. B@0g
i ojofolal
o. gaey
. @O
@, Saeg
o . oo
@, oo
@. GO
D, BB
o. D000
0. 3000
o, 00aa
a. D0Ba

BO@. 00 ft

o, Baa3
3. @He2
@. oea2
@ . OOB2
o. o092
@. 0002
8. o001
0. 0000
o, aees
@. BOGo
@. g
(I njoiniol
@ . daaa
@. BPOE
. Goaad
@ . OQHD
@. oo
. alalaio]
. SO
0. 0600

1g50.0¢ +t

@. OB65
o.0864
a. 8060
@. 08055
@.0847
¢. 8040
. 0632
@. 0824
B.0018
d.a8313
@. 0609
a. saas6
@.oana
O. 90902
(010108}
@, Baae
@ . DO
@. SEH
o, aoa
. Gaaa

9. a8aud
o. aa60
o. BaEg
0 I 91010}0]
B . BB
0. 0000
) I 16 1010)
0. 0000
@.BBHD
@, OOan
a. 099G
0. 0060
a. SO
. Oaag
@ . DD

BS5@.00 ft

@. dpas
o. 0006
@. daBS
0. 4805
9. aaa4
@.a0o4
. 9GB3
9. aan2
g.aa92
0.0001
o. goae
o. 0080
@. dBes
O . BHEHD
a. dBoad
@. 9aa0
a. oo
i aialslo)
a. Qaaa
@. 8060

11a@. 8¢ ft

. 0093
B.0091
3. 68086
@, 8877
0.0067
@. 8056
o. 8045
ad. 8035
@.0026
@g.0218
B.0013
@. 8008
B. 0005
0. 0@B3
@.0002
g.08001
[ njololn]
@ . OBDg
@. aona
(a s nininin}

o. Gsaaa
@. GO09
. aaaa
3. 3060
@. 800
o . OaBD
@ . agag
@. 0a00
a. @D
@. aaad
@ . aBee
@ . GO0
¢. 8000
@. daHa
[ ]oln]

O@. 00 ft

B. 0813
D.aa12
H.0012
G.0010
o. 0009
@. 0008
@. 0086
0. DDBS

g. 0063

@. 0002
o. 0002

@.0001 -

. ea0d
o. 00ea
@ . sond
@. BHoD
@ . DG
@ . GO0
9. daaa
0. OO

1150. 89 ft

@.6119
O.3117
@,0116
@. @99
. 0086
B.0872
@.0058
. 0045
@.0033
a. 0924
U. 0816
a,d@d11
o pan7
o, 00604
a. 0002
@, a001
foalolofa]
@ . SBog
@. oo
[ I ininin]

. OO
@. aaa0
@ . 9aag
8. 0000
o. 0000
0. 0080
2. d00g
0. 0000
9. 000
0. 00080
@, oo
. 0060
g.0000
@. 0000
¢ . 0009

950.06 ft

©.0024
B.0024
@.0022
a. 0020
@g.0017
8.83815
@.0@312
0. 0009
@.aaa7
@. daaS
o. 00835
0.0002
a.0081
@. 0000
o, aoaa
@ . oaon
@. 0000
0. 0000
0.a00a
B. oGO0

120@.00 ft

@.8138
B.8135
0.0128
@.8115
@, 0100
g.8984
8.9067
o. 8852
@. 0038
. 0027
B.00819
@.0@812
¢.0008
@.0005
@. 0003
@. 0082
@. 0000
@. doaD
0. 0000
. BB




3. B@
18. 00
20. 99
30. 00
4@ , g
50. 00
6 . @
70. 00
8@ . B
9a. G638

160 . 86
110.00
12¢. 060
130.00
14¢. @d
150, 00
168. 0@
176.00
189 . g
199,06

D. o
1¢.00
20.00
30, B
4,00
S@. B0
(=37 00
76 . @
80.08
Q. @i

100. 00
116, @
126. 00
130, g
140. 00
156 . 3@
160.00
176.00
189. 00
194d. @@

@. B
19,66
20 . @
J@. 00
44 . B
S8, 60
b5 . B
70 . Q0
8. @i
@, @6

1 At S

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
£+

1256.0@ ft

#.8145
@.06142
g.6134
@.0121
@. 8105
@. 0088
. 8a671
B. 0055
o.oa40
0. aa29
@. 0020
O.06135
¢ . ga08
0. aaosS
. BaHs
9. 0082
o. oo
. olajolo]
@ . GO
0. 0000

150@.00 +t

D. 0042
B.8041
@. 00358
ad.8@35
0. a3
B. 0925
@. aa20
@.8016
@.0812
@. aous
0. 0006
o. 0004
@.0002
@.0001
o. 000
9. 808
@. 0000
@ . a6
9. DO
@ . oaops

175@.08 ft

o alalajn]
9. BOOS
@. S
9. 0000
o . BOeE
0. a6
@ . Bos
i alainial
8. BB
@. 0006
3 A

130@.00 ft

180@.G@ ft

g.6138
@.B135
8.6128
8.0115
@, 8100
0. 6084
@, aes7
@. 0052
d. 08838
@. 0827
0.0019
o.0012
B. o008
@. 0005
@. 0ud3
. 0002
@ . Gaaad
@ . GO0
d.aa09
@ . GO0

155@. 60 +t

@, 6024
a.a024
@, om22
o.Ba2a
@.aa17
@. o315
@.@0@12
. @009
@. 9ae7
. aaa5
B. 0003
g.aaa2
@, 0061
8. aaad
0. OOoad
@ . BB
a. oo
o alojalal
O . GO0g
. Goua

o. oo
@. HOae
o. paa
@ . GOOa
@ . soaa
0. a0
a. s
@ . DO
. @
@ . BOBG
I Ortnininl

1350.00 ft

@.8119
@.0117
B.@11d
@. @099
0. 9986
@.0872
@. 0658
@. 0045
g.88933
@.0024
g.aw16
@. 0011
. 0887
o.0904
o. 8062
@.00081
@ . doaa
@. BOOD
@. dBDd
@.aaa0

l160@. 808 +t

.01
B.o012
D. 0812
b.0010
@. G0N
8. 6998
. 0006
g.8008S
@, Ban3
o, Bea2
a.0am2
@. 0861
o. 0aea
@ . BBEg
@ . GG
8. Boed
0. 0000
8. g3
9. gaag
o. 88D

140@. 00 ft

@. 0093
@.0091
¢ . 6a86
@.a8077
o, 0067
@ . 0056
9. 0045
@ . 0035
@.0026
0.0018
g, oe13
. oo
@ . 80aS
. 0003
. a992
@. 0001
@ . ODBE
nIgniniolo]
@, Saag
0. SOD0

165@. 68 ft

o. OO0s
@ . 0006
@, 0005
@ . OGHS
0. 0004
@ . J064
o. 0003
@ . o0a2
?.0002
@. 0061
@ . OOE@
@ . GOBE
@. 0000
@. G000
3. 0000
¢ . OO0
@ . BODBE
@ . DBEG
& . BHOC
@ . GBOE

1450.00 ft

@. 065
B.0064
@. 8060
@. BaSS
@.0d47
@. OB4E
@. 0032
D.0024
@.0018
9.0013
@. 8009
@.0006
@. 0084
3.0002
@ . Baag]
0. POas
a. DG
@. 0000
@ . G9aa
?. 0000

1700.060 +t

@. BOBT
3. G052
3. 0062
3. 0002
@. 0002
@. 0002
0. 0001
3. BOBD
?. GO0
@ . OO
@. 0000
@. oo
3. 0060
3. OO0
0. 0000
3. 0000
@. 0000
8. oope
0. 0000
@. 0o0a




FE e I O Y

12¢. a0
130. 00
146, 63
156,00
166,80
179.06
180. 00
199,00

ft
ft
ft
ft
ft
ft
ft
ft

- W et et e o

@. 0060
@ . OO0
@. paes
@.0000
. 8aaE
@ . SO0
@ . GOGE
2. 0000

@ . Baes
@. Do
o, pas
a. 000
@ . BoEa
. OO
@ . saaa
g, O9Ed




| I KKK HOK KRR HOROROR R OKKR KRR KRR KRR KKk RESULTS  kxsokkkkdok ok ik dokkookkkokokokkokookkkkokk

3. OQ
16 . 69
20, 0@
3¢ . @l
40 .00
So. a0
68 . O3
78 . 00
89. 0@
9@ . @i

100, 08
119, 0%
120.00
136,60
140@. a0
158. 00
160. 00
17¢ . a@
180.00
196. 66

8. 00
19. 00
20.00
38, 00
44 . B9
0. B0
6 . 0@
70.00
8. g
99. 00

196,80
116.00
126, 6@
1340, 00
146, g@
150. 006
160, @@
179. 00
186 . g
190, 00

@00
16, 8@
20. 00
< GiG)

> X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
L

g.00 1t

0. oaea
o M olalaln)
o. aaoo
@. aaen
@. DODE
o. o
2. 0000
9. e
0. OO0
o. oaad
@. GBea
@ . SBos
o. 0000
B. GBBe
@ . DBBE
@ . GO
@. OG5
oI alolala]
@. OO0
a. saas

250.00 ft

?.0800
[0 ajololn]
. Baad
8. aGoo
o. 8aed
0. Gaeo
. Boag
a. 0aBo
@. gaed
@.0000
9. aeee
D. 0000
@. eeao
3. OO
@.0eeo
0. 0000
. ao0o
@. QOO0
. o
@ . OOOo

Sod. 08 ft

joalojnial
0. Adaad
3. 0000
o nininin]

CONCENTRATION in mg/1

7 =

S50. 80 ft

9. 0080
o, B8Eae
0. 0000
@. dpae
. 0889
@. B
0. 0a00
@ . @oag
@ . 0000
o. Gaad
@. DRG0
@ . @aod
9. 606
@. sapag
@. ODGo
ool
@ . @O
@ . D
a. GaeaE
o. a0

S00.00 ft

. 0060
@ . 0000
@, GO0
@ . GOO0
@ 0000
@ . DODH
0. 000
@. ODOD
8. 6000
@ . OOOO
@ . GDED
@ . OOD@
g. 90eo
@ . OO0
@ . PPOD
@ . OOOE
@ . BOOD
@, 0000
@ . GODD
. 0000

SSu. g8 ft

. aumon
. Geaa
0. 0060
[ nininin]

ft

(ppm)

109,00 ft 15@.00 ft
o.0000 @, 0000
o.a0as 4. 0069
@. 0000 g, aoae
@ . BEEd @. oaad
g. 0000 @, 0008
. g @ . @
o. 0000 B, aaad
@ . BEH @, gaaa
o M ninofal 0. @000
. aoad o. aaae
@. a0 @ . dOaH
@ . geas @ . OB
@. OO0 @, 0000
@. DO 7 g ofalnlo]
8. o900 0.0000
@ . B0 3. 00809
@. o000 o, BOaa
@. Baas 3. e
o. GBao @, OO
@. gaas @, saoa

35@.06 ft 40@. 00 ft
@. 3By @ . BOB
0. 0000 3. 0000
@ . BHDD @.aaas
@. aaea 3. 0060
a. aeas @. gaas
0, OO0 @, 0000
8. Guge 3. a9aa
@ . ODBD o, 0000
o. aaea o. 9860
a. 0000 @ . DODH
o . BOBD 4. 0006
@ . S0 @. 0080
@ . aaed @ . BB
G. 0900 joJ101010]
@ . dond o, a0
@ . OD0a 3. 000
o . @as @. aaaa
@ . OO jaatolnfo]
@ . BOBd @ . 8O0
@. 0009 0. 0000

6O8.08 ft 65@. 68 ft
a. Hooa @, BODa
9. 8003 @ oo
o, 0000 @ . 9aaa
(o riininio] @, BBBG

200.00 +t

¢.0000
9. 8000
7. 0000
@.a900
@.0008
@.0000
o. 03O0
o, 0B
@. 000
B . BAOY
0. 0000
@. dopd
@ . GOoe
a. saea
@.0000
@. 8eaa
0.0000
@. aaes
o. 000
@.0000

450.00 ft

4. e
0. 0000
@. gaas
D. 0000
@ . seaa
@. oaaa
@, gaed
@. 0Oaa
d. 8090
0. saed
@. Bsaag
0. 0000
. 0a80
0. 0000
@. 000
@. BEOE
@. daaa
D. 0000
o. 0860
B. 0000

708.08 ft

o . OO0
. 3000
@ . 000
(i nlninin]




TR At

o8 . 00
&0 . 09
78 .0
84. 00
98 . B0
100, 00
116, 0@
120,00
130, 00
146,06
159 . 0@
168,00
176. 60
180. 00
199, @d

8. oa
10, @6
20 . 9
30,00
44 . GG
S0, 00
b0 . g
79,08
8¢ . B9
96. 03

106 . a6
110,00
128. 648
138. 06
148 . 6@
150.00
168. O3
170. 00
180. a¢
196. O

@ . @0
1¢i. 6@
20 . 04
36 . eB
40. G0
o6 . 00
60 . @3
79 . 00
80. 00
. B9

190, 9@
116. 06
120. 00
13a. 6@
143. 00
150, 60
160, 36
176 .00
183, 6@
1 Q¢ . G

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

P

@ . @@
. G060
B. Saso
@. DOBo
@. goo
0. 000
B. 0000
@, BDOE
8. gaoe
B. G000
@ . Baeg
@ . POOEH
i ajajola]
@.0000
. 8000

750.00 ft

o. o
@. G000
@. 999
0. 0000
@ . BIDE
@. GOHo
. Goes
. a0as
. Gaoa
8. 3000
o. eDua
jacintoln}
3. a36a
0 rioiain}
@. 800
3, Baoe
@. 8@0
o olaiafo]
@ . GEag
. ODe

1ood. @8 £t

@.0029
@, a8929
o.a027
@.80824
@.0021
g.,0018
@.0014
@@l 1
9. 0008
a. 886
@. 0004
0 I njnloks
. 0002
a. dOoe
@ . BOa0
7 R dnjolo]
joalofofn]
@ . G
@, Dano
[ Enlninia]

a. s
@ . 0000
i . DBaa
0. 0000
. Baes
o g ajalofal
@. gaea
3. 0800
o. 0eoo
©. BOBO
@ . aeBy
o otalald]
oL eay
o oialafn]
o. oood

8@d. 0@ +t

@, @geB2
@. 0002
@. a2
O.0001
@. o881
. 0081
@ . BPEE
g. GOOo
o . g
@, GOHE
@ . GEEa
@. aeoa
@ . BaEa
9. 0000
@, age
@. 0000
. HBog
@. GBEo
I 0101710)
2. 0000

1856.00 +t

@. G046
o. 0045
. G842
@. 80358
@.@a33
@. 9028
o. D922
@.ea817
@.0013
a. Dae9
D. AHD6
@. 8084
. B003
@.oan2
o . @O0
i alaialn
jaajojoio}
& . GEaa
0 . PEEE
[ Gininin]

@ . g
[ aioiala]
. OOe
o . GOBE
@ . OO
@. Gaoo
o.ouea
I 01G1010)
. @88s
@ . BOBO
8. @@
@. BO0o
8. BBeD
@, 6000
. 800

B8o0.00 ft

@.aaa4q
o.0004
@. gaea
@. BO8%
@, Daa3
. 0903
@. D2
@. Goa2
o.0881
3. DaEo
o . Boas
@. 0000
g.a0aa
©. 0000
@ . Gaag
@. OODo
3. OO
O . POa0
@ . By
o. Dada0

1100.88 ft

@. 0065
@. 0064
@. 060
0. 8855
@.0@847
@.aa4d
@. 00352
a. 0024
0.0018
a.0013
@.0009
g.aa8s
9. 0004
o. o062
@.0001
@ . aoey
R alolnio]
@, BaBg
@ . O
[oalalnia

. gaag
o ajalnlo]
a. s
0 alalnio
@ . SO0
9. 0000
@ . soas
0. 0008
@, Ggoas
0. 0000
. gaaa
o, aand
@, gaao
0.0000
@ . aBa

900.00 ft

@. DO
@. G009
@. 0008
@. OOB7
@. BOD6
@. ABDS
@. GEe4
3. 0003
@, 0OE2
. BEO2
g@. oeo1
3. GO0
3. GO0
@, OO
3. PP
@. HOOG
@ . POOD
D . OO0
. GO0H
@, OOO

1156. 06 ft

@.0084
g.ad82
@, 86077
G.0070
@. 0061
o.8851
@. 60641
@. 0831
. B@23
a.0817
@.ea11
@. 0007
@. 0085
@, 0003
o. 0002
@, ogag
@, BaaD
@ . B
3. Ba00
. aiaiala

. gead
@. 0060
@ . aawe
@. 00a0
@. 8080
9. 0000
@ . 0009
@ . 00@d
o.aaan
3. 0000
8. 8000
@, DOHo
0. 8000
0. 09008
@ . 8oee

956.00 ft

@.0817
B.00B17
B.0916
@.0014
@g.08812
0.0010
@.8008
o, 8006
8. 8805
@. 0033
@. 0002
 B.0062
@ . faan
D. 0000
@ . BB
@. 0060
9. 86000
@. 06000
@, 8800
@. 0030

120@.98 ft

@.0097
@. @995
@, G990
@.a081
B.0071
9. 0059
@.0047
a. 8837
B.0027
g.0019
H.0013
o. 0009
@. 00085
B. 8063
0. 0062
o. 0001
0. OO0
@. o009
3. 00600
o . SEEOG




@. O
10.00
20, 99
38.008
4@ . BP
59,00
oa . O
78.00
a6 . g6
0. 90
1ga. g9
119.00
120, a@
136. 00
140 . 8@
156.00
168. 00
170. 00
180.00
199. 00

0. 00
16. 09
20 .00
3. 00
40 .00
50. 09
63. G0
76 . @1
80¢.0d
oG . B

198. 6@
11¢.00
120.00
130, a6
143, 06
15¢. o6
166,00
170, 60
183. 00
19¢. @@

@. 06
16,00
20, 88
.17 o]
48 . @@
Sg.00
o . @@
70, 03
84, ¢y
90.00

4 A8 7t

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
L4

12560.08 ft

g.8102
0.0108
@. 9894
@. 0086
@.0074
D. 0062
8. 9aS
@.0038
@.0028
B. 0820
@.0014
@.0009
@. B8aes6
@. OB
@. 0082
@. 0001
o . GBOE
@. 890D
@ . @Aas
3.0000

159@. 8@ ft

@. 0029
8. @829
@.0027
@. 8824
@.0021
@.0d18
@.0014
B.@D11
a.90a8
i olniofy
0.0004
0. 0aas
D. 0082
@. B0
@. 0Ooo
@, a9
@. G000
@ DOGO
0. 8000
. gaas

175@8.038 ft

8. gaga
. 0000
@. 8009
o. 0000
@. Boas
0. 0000
o. oo
8. 0000
o. saee
O. GO0
G GGGl

130@. 086 ft

@, 0697
@, 0895
@, @a9d
@.0081
@.aa71
. @e59
@.a047
8. 0037
o.a027
©.0819
@.6813
@. 0009
d. 8005
@. 8003
@. 6oa2
g.0001
@. BaEa
@. 0000
o. saod
@. 0000

1550.80 ft

8.0@017
o8.8017
B.0816
g.e014
@.0812
g.001@
@. 0008
@. 8006
a. 0805
@. Bl
D. o002
@. o002
0. 0000
@. SO0
a g olalaln]
@.gupod
@. 0000
@ . saas
@. 0000
. aeod

18@@. @@ ft

o. ogag
0. 3000
8. oo
@. O0a9
@.oa0a
a. 0000
i alolojo)
. @O0
. oaBa
0. BOOG
N GO

1356.00 ft

0. 0084
@.00982
o.e8877
B.09730
@.0861
@.0051
B.0041
@9.0031
8.88923
B.8017
d.ad11
@. 80907
@. 0085
@. 0903
@. o002
@, a060
@. Gaaa
8. 0000
8. BB
@. 9000

160@. 00 ft

@. @OH9
@. 0889
@. 0068
@. 867
0. 9006
@ . Saes
a. 004
@.0a03
a.aeH2
@. 0002
?. 0001
@. DU
0. DO
o. oaew
3. DD
@. 8000
. 3060
@. 8eed
@. aoa6n
@, dea

1400.00 +t

@. 0B65
0. 00664
@. Ba6e
@, @a55
@.6a47
@. 0040
a. 00352
@. 0024
@.0618
D.0@013
@, a9
@.0006
@ . G4
@.06802
d. 8061
@ . 000
@. o0aa
9. 9000
@ . SO0
?.0000

1650.88 ft

o, 0004
g. o004
@.0004
a. Baa3
@. D003
. GOa3
@ . Gaa2
o. 8362
?. 0001
@, Gaag
3. GoaD
@ . Baag
@ . PODG
i g ainiaio]
o.0000
@ . aoea
3. aaon
@ . aeag
@. Goao
3. 0889

145@.00 ft

@.0046
@.0045
@. 8942
@.0038
@.aa33
g.0028
g.aa22
@.0017
@.8013
@.0009
4.0806
@.0004
@. 093
@.0002
@ . aaeo
0. 0000
@ . OOEg
9. 0000
@ . DOBE
g.0000

170@. 08 ft

@.0002
o.0002
@.0002
@. 0061
8.0001
@.00a1
0. 0000
@. oaae
@. 0000
@. o000
0. 9O0@
o. 9000
0.9000
@. 0@09
8. 0000
@. saae
?. 0000
o. BOG
g. 0000
. SPHd




126, 8@
130. 00
140,00
156.00
168 .80
179, 9@
180 . gg
190. 0@

ft
ft
ft
ft
ft
ft
ft
ft

9. BB
9. 6000
o. soed
©.0000
3. 0000
©. 0000
g. BB
3. 0000

@ . Bea
@. 8000
@. 0000
@. D0
a. 8008
D. GO0
o iioinia}
0. GBHo




EEFEFRRRROO KRR R KK KRR KRRRKKRRKKK RESULTS HRK0KKER K0k K000 ko0 ok ook X

@. a0
16 . @
20.00
3@ . @
4. O
S0 . 00
60. 00
76 . O
8d. 00
Q. B

106.00
116,60
120. 00
130,00
148. 60
156, @D
160. 38
178.08
180. 00
19¢. g

8. 00
19. G0
28 . @0
33,00
40 . @43
od . B0
60 . @i
70.00
B . g
9@. 00

196 .00
119.00
120 . 90
130. 00
140, @@
150.00
168. 080
170.08
18d.6d
190. 08

. O
165, @
20.00
k{7 P o10]

X—direction

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft

= 25 ft
G.88 ft Su. 08 ft io@d. a8 ft
@ . DB 8. 000d @. SO
@. gaog o. Boag @ . 0o
0. 0000 9. oo @. 0000
@. aaao @. oaea @. faea
D. D60 @. 00B0 @. OBHG
@. 906 @ . e 8. 8009
9. 0O @ . BOag 0. 0000
@. Baug @ . GO @ . e
o. aoaa @. aaoe @. 300
@. aaas . Ba0e @. asag
@. 0000 @ . Q@aa @.0000
@. Gaes a.ona9 a.090d
@. 0000 U. 0000 o alnlolo)
B . BEGBE B. 0000 3. Baag
@. OO 9,000 o. aoHo
@ . D@ i alninfa} o. e
8. 0000 @. goea @, Boaa
@ . BaOgm . gaaa a. aaas
@. DOOE 0. G000 o, SO
@ . daad i atajoln] 3. 83a
250.00 ft 300.00 ft I50.08 ft
@. 0009 @, @iaag o. gaBe
[0 alalale) O, SBOo 0. AOBE
3. 9Gog o, eaad @, Gaea
. aeno 0. 900 @ . GO
g. o000 o aioiofal @ . Buae
O. 0000 9. aaae O. D000
o. gaaa g ololaio] @, G
@. Oapo O. 0906 @ . DOD
@ . DEaa . aaae @. 8geo
0. 0000 0. BOaa . GGD
@. 0060 o folaio} 3. G
0. 0000 a. aaag 0. 0000
D. oD 9. 90 o. aooa
@. aaaa @. Gaaa @ . Q@
@. e ¢ . 8009 @, Gaas
B. 0000 g, 8600 @. GO0
. aeao @ . ODag 8. aa0e
. 0800 0. 0000 @. BOOo
@ . BB @. gaaa o. o
9. 0000 ?. PoaD g . GO
Sed. o8 £t 500, @6 ft 60008
@. (oG @ . e a. o000
@, Soo9 @, Baoa . Ao
@. 0000 @ . DO 3. BO00
@ . BB [ alninio] . SHOG

CONCENTRATION in mg/1 (ppm)

15300 ft

@. aaud
o, Gaas
@ . 0000
o. goeg
@ . OO0
@. G3en
1 M ninialo]
8. 0000
3. 0a00
@. spoaa
@. 0000
a. aaud
9. aa0a0
8. 0@
3. @aHg
@ . @
@. 0000
@ . Ooae
@. OO0
@. saag

400 . @3 ft

@ . B
@ . OOeD
i iajnln]
o nlnlnin]
o. peas
@ . Baaa
@. a0
@.0000
@ . Saag
@. 9OHo
@ . SBBE
@ . BBoD
o. aaog
0. DG
@ . Gaea
. D060
a. aaas
@ . Beod
@ . a00a
0.0060

650, @ £t

@. (OO0
@ . B
@. o000
@, AOEE

200,00 ft

0.0000
@ . @@
0. 0000
. DOBE
9. 0000
@ . Do
0.0000
@. eo0g
@ . GO00
@ . do0E
0.0000
@ . SO
g.0000
. 0g@a
?. 0060
@ . e
@.0000
@ . dBeo
@ . DO0O
@ . a00o

450.00 ft

a. GGG
@. 0000
@. se0d
@. D0ao
@ . OBDBD
@. 0000
0. 806
9. 0000
. 9@
@ . D00
@. gaa
@. 8000
@. 0089
@. 0000
. B8aa6
@. 000
@, goaa
@ . OO0
@. 836
8. 0060

T7oW. 00 £t

0. @a0o
@ . OB
o . BO00
[ ininin




S . o
6B, O
76 . D5
B@. 00
9. 30
108,00
110,06
128.00
136,60
140,06
15@. a9
160.08
1706. 69
180. 68
194, o@

3. aa
16.00
205, 9D
3@.00
40 . B
58.00
64 . B
70.00
8¢ .00
90. 29

186, B¢
119. 06
12d.60
130. 00
149, 6@
158. 00
160, 6
170.00
180.00
199.060

D, O
168, @@
20.00
36 . @
44, O
S@. 09
b0, 00
79 .00
89.00
8. B8

100.00
116, 6@
120,00
13@. 6g
149, 06
15¢ . aa
160,00
176,009
183, 60
1965 Gt

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
£

o, dgoed
0. 0000
o, aaaa
@ . BB
. B
. 0080
o. BB
o nlololn]
@ . BEoe
@. 0000
@ . @Easa
@. 0000
@. BB
0. gaoo
@ . DD

750.00 ft

@ . DEBG
@ . DOHE
@ . deag
0. 0000
o. s
8. 0000
@ . Geo6
a. a0
a. Boao
3. OO
a. @
D.0000
. BEa
@. OOE0
o. @pee
o. 0G0
@, Basd
o . 0000
@. 0aus
0. 0000

1900. 08 ft

@.0319
B.0818
B.0817
@.08016
@.0014
B.a011
9. 0009
a. aan7
3. 0005
g.a984
0. oeas
o. aae2
@.0801
o. oaED
9. oang
@ . @eens
@. 6000
@, DG
3. 0000
. RGBS

o aialoo)
o. 0Bo0
@, Gy
@. 0s0y
o. gaod
o. aao
@ . Soae
0. 0000
@. oued
0. aBea
@ . Booa
@. OO
@ . B
3. 0000
@. 8o0e

80@.00 ft

@. o001
@, o061
. o801
@ . BOA
@ . Qoae
8. 0ooad
o. doaa
. 3OO
o. aaod
. @OEE
0. Baug
. oo
@ . BHOG
@. 9000
@ . gaed
@ . BB
@. paae
0. 0000
0. oaaa
0. OBO5D

1850.00 ft

0. 0029
B. 9029
@.06027
a.a024
@a.0021
@.6018
a.0014
g.a911
3. 8008
o. 8806
D. 0004
o.8003
o.00602
0. goag
@. 0009
. Boea
@. a906
@ . daaa
d. g0
G GG

. @O
9. 0000
@. oBas
0. a0000
. sega
0. 0000
o. 009
3. 0000
a. 00609
3. 0060
@, saea
o.0e00
o. 0080
@ . DN
8. Bas

850.00 ft

@. GunI
@. 0003
a.a86802
@. 0002
@. o002
B. 0002
@. 8801
O, dOHs
a. 0000
D . DADE
o. oaHg
o. 0000
@ . BO6
@. DOas
4. 8096
@. OGO
@. 009
@ . GOO0
o . O
g oiniala]

11ga8. 88 1t

@. 0042
@. @@ 1
0. oe38
B.8a35
@. 8930
@. 9925
0. 0820
@.0@316
a.0012
. 098
0. 0006
0. o004
@. 0062
@.0001
0. a0
@. aapd
@, HEnm
. @eee
@. 0000
G} . BOBGG

. gaas
0. 0000
. paaa
o. 0060
@ . 9g0
@. 0000
@ . BEEd
0. 0000
@. 0009
3. D3
@ . Baag
@, G000
0. B
@. 0O6O
@. 8000

00.00 ft

@. 0a686
B. 0936
@. 0005
D. 0005
@.00d4
0.0003
@. 9893
@. Oap2
@. 8aa2
B.0001

@¢. 0008

@. GOon
@. GBas
@ . dOa
@ . GOB0
?. 0000
a. aaaq
0. a6
@ . Gaga
o. aeos

115063 ft

@. 9053
3.0052
@.0649
@. 0045
. Ba39
a.6832
B.O026
3. 0020
ag.0815
d.aa11
0. 0087
@. 8085
0. 0003
o. 0082
@.00061
o . Gaag
., DOD0
3. daad
0. A6
& ARG

@.eoaa
@. oo
@. o000
0. 0080
0. 0008
@.0000
o. oGP
3. 0000
. 8000
@. OO06
0. 0000
@. oOa0
a. dean
@. oan
a. 0000

95@.00 ft

@.0011
@.0011
?.0010
@. 0009
g.0088
@.0067
@. DS
@. 0004
@. aaas
@.8002
@.0001
3. 0860
8. BABE
@. 0006
a. 8aao
0. OG0
. 8000
0.0000
B. 9@
3. 00060

1200.00 ft

@. 0062
o.8861
@. 0057
o.0052
@.8345
@. 0938
@.0030
@. 0823
O.0817
©.8012
9.0008
g, aaas6
D . OOG3
o. 0002
0.0001
4. 90039
0. 000
d. 8000
B. 0000
@& BBEG




8. 80
10.00
26 . 89
3D, 00
4%, @@
S8 . OF
& . B
70.00
8a . o
90. 00
106,89

116.00
128, @a
136.00
149, 08
150. 99
160 .88
178,080
180,84
190. 00

9. 30
165 . 9@
20. 00
3@ . ¢
40.00
5@ . a9
&0 . 00
7¢ . 00
80. 0@
9. &

100.00
11g. @9
120,90
130,68
143. 90
150, a@
160. 00
176,00
180.00
199. 40

3. ag
19,90
20 . 0@
33.00
44 . 9
50. 00
g . B9
7. O3
8. od
6. 00

1 GIGs . G3G

ft
ft
ft
£t
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
$t

1250.08 ft

3. 0865
9. 0064
@, Ga6s
3.0855
@.0@847
3. 0040
@. o032
@.0024
@.6018
B, 0813
a. 0669
@. 0ae6
0.0004
@. 0002
a. 901
@ . GO
@. aaae
3.0000
@.0d800
o. 0860

1500.68 ft

@3.0019
o.8018
@.0017
@.0016
o.0014
o.0011
3. 8OO
@. 0007
0.0005
o. o804
g. 0083
@.8002
@. 0901
@. BOae
o. aaae
2. @aenn
9. 0000
@ . aaag
D. OBDH0
0. O0ee

1750.60 ft

@ . BB
9. 0000
@ . B
0.0000
@. 000
D. 0900
3. D@
. 00O
a. a9
o. 0000
o nlninin}

1300.90 ft

o, 3362
B.0061
o. 0057
@. Pe52
@. 8045
@. 0038
@. da3F
@.0023
6.6817
D.0012
o. s0a8
. A0E6
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BECEIVED
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o €0 SANTA FE

December 7, 1989

Mr. Earl Berdine

Agent and Attorney-in-Fact for
Northern Natural Gas Company

P.O. Box 1188

Houston, TX 77251-1188

Re: Northern Natural Gas Company Hobbs Processing Facility

Dear Mr. Berdine:

This letter report serves as our final report on the
hydrogeology in the vicinity of the Hobbs facility and analysis of
the potential impact to ground water from the loss of cooling
system fluids. This report was compiled pursuant to your request
for information on the hydrogeology and water use near the

facility, and for an analysis of the potential impact to the
aquifer.

This report is based on:

i) Information supplied by your office regarding the nature
and extent of the cooling system leak,

ii) Available literature on the hydrogeology of the area,

iii) Results of ground-water and 'soil sampling conducted
by Daniel B. Stephens & Associates, Inc. (DBS&A).

INTRODUCTION

Over the period of June 25, 1989 through August 9, 1989,
Northern Natural Gas Company's (NNGC) natural gas processing and
compression plant near Hobbs in Lea County, New Mexico experienced
a loss of lube-oil cooling system water due to a leak in a 2-inch
pipe. The total volume of water cost is estimated by NNGC to be
approximately 15,400 gallons. A chronological summary of events

surrounding the water loss at the Hobbs plant is included as
Appendix A.

In order to confirm NNGC's judgment that no adverse impact to
water quality would result from the leak, NNGC retained Daniel B.
Stephens & Associates (DBS&A) to perform a hydrologic assessment.
In an October 24, 1989 report to NNGC, DBS&A performed an
analytical contaminant transport modeling exercise to provide a
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"worst-case" scenario for the fate of the released contaminants.
In that exercise, the contamination was released directly into the
aquifer without first travelling through the unsaturated zone.

In order to more accurately depict the actual conditions at
the site, it was decided to evaluate what effect the soil profile
may incur on chromium concentrations that may ultimately enter
ground water. This evaluation includes a review of chromium
behavior in geologic media, and analytical modeling of chromium in
the soil profile. In addition, an investigation was conducted to
determine the extent of use of on-site wells.

SITE HYDROGEOLOGY

The NNGC Hobbs processing plant is located approximately 8
miles west of Hobbs, NM, on U.S. Highway 62-180 (plate 1). The
plant site directly overlies the Ogallala Formation of late
Tertiary (Pliocene) age. The Ogallala is comprised chiefly of
calcareous, unconsolidated sand with varying amounts of silt and
gravel, and 1is vertically and laterally highly variable in
composition. Sediments near the top of the formation are cemented
by calcium carbonate over most of the Ogallala's out crop area
(McAda, 1984). The degree of calcium carbonate cementation
decreases with depth and becomes negligible at depths greater than
35 to 50 feet below ground surface (Ash, 1963). In the NNGC site
vicinity, caliche extends to a depth of 22 to 25 feet below ground
surface, based on driller's logs (Appendix B).

The Ogallala in the Hobbs area unconformably overlies late
Triassic shales or "red beds" of the Dockum Group (Cronin, 1969).
The Dockum Group ranges in thickness from 1400 to 2100 feet in
northern Lea County (Ash, 1963), and forms a relatively impermeable
boundary beneath the Ogallala Formation (Theis, 1939). The top of
the Triassic sediments is an irregular, erosional surface that
results in significant variations in the thickness of the overlying
Ogallala Formation. Wells drilled at the plant site encountered
approximately 160 to 170 feet of Ogallala Formation (Appendix B).

Ground-water movement within the Ogallala Formation in the
Hobbs area is generally east-southeast, approximately following the
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slope of the underlying erosional surface (Cronin, 1969). However,
large volume pumping in Hobbs municipal wells has caused a water-
table depression in the vicinity of Hobbs (Ash, 1963). Plate 2 is
a water-level elevation map compiled from the most recent
measurement data available. Table 1 is a listing of well inventory
data for wells near the site, and was used to develop Plate 2.
Depths to water for all on site wells were measured by DBS&A
personnel in September, 1989. Depth to water below the top of well
casing at the site ranged from 40 to 47 feet suggesting a saturated
thickness of the Ogallala Formation of approximately 115 to 130
feet.

The Ogallala is the principal source of water in the Southern
High Plains of Texas and New Mexico. It is everywhere unconfined,
and is highly productive with hydraulic conductivities ranging from
3.5 x 107 cm/sec to 6.0 x 102 cm/sec and an average specific yield
for L.ea County of 0.20 (McAda, 1984).

WATER USE

In the October 24, 1989 meeting between NNGC, DBS&A and the
New Mexico 0il Conservation Division (OCD), NNGC agreed to sample
an existing water well on the plant site and provide water
production information to the OCD. Afterward, NNGC decided to
sample all of its existing wells, both on- and off-site, and to
evaluate the potential for contaminant retardation and adsorption
within the soil profile above the aquifer. The locations of all
area wells are shown approximately on Plate 1, and on-site wells
are shown in more detail on Figure 1. The supply well closest to
the cooling water 1leak is well 3. This well 1is located
approximately 230 feet northeast and hydraulically up gradient of
the leak. In order for well 3 to be a suitable monitoring point,
a considerable volume of water would need to be continually pumped
from it to influence flow sufficiently to draw aquifer water from
beneath the leak area to the well.

An investigation was conducted to establish how much water has
been pumped from NNGC wells over the past 18 months. The pumping
history records for NNGC wells 3, 4, 5 and 6 are included as
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Mr. Earl Berdine
December 7, 1989
Page 9

Appendix C, and show that well 3 has not been pumped over the
period in question except for eight hundred gallons purged in early
November for collecting a water quality sample.

WATER QUALITY

On November 2, 1989, water-quality samples were collected from
NNGC well numbers 3, 4, 4A (4 replicate), 5 and 6. Those water
samples were analyzed for: purgeable organic compounds (EPA method
624, GC/MS); base/neutral and acid extractable organic compounds
(EPA method 625, GC/MS); organochlorine pesticides and PCBs (EPA
method 608, GC-Extraction-ECD detector), a complete total metals
suite (EPA methods 3050 & 6010) and major ion chemistry. In
addition, all samples were analyzed for hexavalent chromium. A
complete listing of all analytical results is included as Appendix
D.

The water quality from all wells is generally quite high. No
base/neutral and acid extractable organic compounds organochlorine
pesticides, or PCBs were detected. With respect to purgeable
organic compounds, a trace of acetone was found in wells 4, 4a and
6 yielding concentrations of 5, 4, and 5 parts per billion,
respectively. In addition, a trace of benzene was detected in
wells 3, 4, and 4a, yielding concentrations of 4, 5, and 4 parts
per billion, respectively. Wells 3, 4, 4a, 5 and 6 are all located
hydraulically up gradient of the NNGC Hobbs plant, and should not
be affected by operations there. All of these concentrations are
very near the compound's detection limit for the method used, and
benzene concentrations are well below the New Mexico Water Quality
Control Commission numerical standard of 10 parts per billion
(there is no NMWQCC numerical standard for acetone). Due to the
low concentrations detected, DBS&A recommends confirmatory
resampling to establish the presence of benzene and acetone if
additional characterization is necessary.

Analyses for inorganic chemical constituents yielded results
that indicate excellent quality water with no violations of NMWQCC
numerical standards. Total chromium concentration is uniformly
quite low, and is below detection in well 3, the well closest to
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the leak source. In addition, analyses for hexavalent chromium
yielded results below detection for all wells.

SOIL CHEMISTRY NEAR THE LEAK SOURCE

On October 4, 1989, soil samples were collected from beneath

a shallow excavation at the 1leak source. The floor of the
excavation was estimated by DBS&A field personnel to be
approximately 3 feet below ground surface. Soil samples were

collected at depths of 2 feet and 2.67 feet below the excavation
floor. Samples were analyzed for: volatile organic compounds (EPA
method 8240, GC/MS, P&T); semivolatile organic compounds (EPA
method 8270, GC/MS, extraction):; organichlorine pesticides and PCBs
(EPA method 8080, GC-direct injection -ECD or HSD); chlorinated
herbicides (EPA method 8150, GC-direct-injection-ECD); cyanide;
phenols; hexavalent chromium; and total metals.

All organic analyses results were below detection except for
semivolatile organics in the 2.67-foot sample. That sample
contained 1low concentrations of several polynuclear aromatic
compounds; specifically, phenanthrene (0.33 mg/kg), fluoranthrene
(0.66 mg/kg), pyrene (0.33 mg/kg), benzo (b) fluoranthene (0.19
mg/kg), and benzo (a) pyrene (0.18 mg/kg). The source of these
compounds has not been determined, though it has been postulated
that they may originate from the coating placed on pipes at the
plant. The concentrations are very near the detection limit for
these compounds (0.17 mg/kg), and DBS&A does not believe they pose
a significant threat to water quality.

Inorganic analyses results yielded no detectable
concentrations of cyanide or hexavalent chromium. Total metals
results show total chromium concentrations of 2 mg/kg at the 2-foot
depth, and 10 mg/kg at the 2.67 foot depth. The five-fold increase
in concentrations with depth may suggest impact from the 1leak
source, but however, naturally occurring, background
concentratrions in the soil are unknown. All detected metals are
in higher concentrations in the deeper sample; however, there is
considerable fill material at the site and samples at these shallow
depths do not represent the natural soil profile. Moreover, metals
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concentrations do not appear to be high enough to pose a threat to
underlying water quality.

CHROMIUM MOVEMENT IN SOILS

The behavior of chromium leachate in the subsurface is of
considerable interest because many reactions that can occur in the
soil affect the resultant soil-water chromium concentration which
may enter the underlying aquifer. Figure 2 is a schematic which
summarizes the principal mechanisms of chromium behavior in a
porous medium. Although aqueous chromium concentration in soils
cannot be predicted without knowing the type of solid that will be
precipitated, its solubility product, and relevant aqueous
complexation constants (Rai et al., 1988), some general information
about chromium behavior is known.

Chromium exists under two valence states, C£f+ under reducing
or moderately oxidizing conditions, and as Cr under strongly
oxidizing conditions. Under normal environmental pH ranges, the

dominant Cr’* species include croH”*, cr(oH);’, and Cr(OH),. For
Cr&*, the dominant species include HCrO4 and CrO4 (Rai et al,
1988). In general, anionic species tend to be more mobile (behave

conservatively) in a soil-water environment, and hence, the above
cr®* compounds tend to be mobile, and move relatively rapidly in
solution in the subsurface environment.

Aqueous chromium concentrations are controlled by the
mechanisms shown in Figure 2. Precipitation and adsorption
reactions can incorporate chromium into bulk solids and can occur
at the so0lid/liquid interface to reduce aqueous chromium
concentrations; conversely, complexation reactions may occur to
decrease free metal concentrations and adsorption, and thus
increase aqueous chromium concentrations. To accurately predict
resultant Cr concentrations, the aforementioned reactions must be
quantified.

With respect to chromium speciation in soil, Rai et al. found
that cr®" reduction to cr’* was inversely proportional to soil pH.
That is, as soil pH increases, the likelihood of chromium reduction
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occurring is lessened. For tested soils with neutral to basic pH
values, no chromium reduction was observed. Similarly, chromium
oxidation from cr® to cr® is more likely to occur in soils with
high pH. Due to the large amount of calcium carbonate caliche in
soils at the NNGC Hobbs site, soil pH is basic, and would promote
chromium existing in the cr®’ state.

Adsorption of chromium species can be a significant mechanism
for reducing soil water chromium concentrations. Batch experiments
on a variety of soils conducted by Rai et al. 1988, showed
adsorption to be strongly influenced by soil pH. Figure 3 shows
aqueous cr** concentration versus pH for tested soil NVN-17. This
is the tested so0il most similar to the that 1likely to be
encountered at the NNGC Hobbs site (although it is finer grained).
It is a calcareous silt with a soil-paste pH of 10.5, about 2 pH
units more basic than what would be expected in_ the caliche
horizon. Note that as pH increases, predicted cr* solubility
decreases. This suggests that adsorgtion could be a significant
factor in the reduction of aqueous cr’t concentrations at the NNGC
Hobbs site. Rai et al. found that the solubility of (Fe,Cr) (OH)j;
controls aqueous Cr’' concentrations in contact with geologic
materials, and those hydroxides are less soluble with increasing
PH.

Increasing soil pH decreases the fraction of cr® adsorbed.
Figure 4 shows fractional adsorption of CrOf'(Cr“) on subsurface
soil horizons. In that figure, note the data for soil NVN 17,
where virtually no adsorption took place. In addition, cr®*
adsorption is reduced by the presence of sulfate ions, 80, which
compete for adsorption sites. Cr“'adsorption is greatest in soils
containing iron oxides and kaolinite at moderate to low pH values.

In summary, it is difficult to predict what reactions will
occur to chromium in the subsurface at the NNGC Hobbs site.
However, soil samples collected on October 4, 1989 from the pit in
the leak area did not contain detectable (< 0.2 mg/kg) crtt
(Appendix E). Those soil samples did contain 2 mg/kg and 10 mg/kg
total chromium at 2-foot and 2.67-foot depths, respectively,
suggesting minor chromium contamination.

The lack of Cr®' in the collected soil samples implies that the
leaked solution did not contain appreciable cr°*, or that any leaked
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cr® has migrated downward into the soil profile. If the former is
the case, the leaked solution contained principally Cr3, and, based
on the references cited, adsorption may be expected to play a
significant role in reduc1ng aqueous cr’ concentrations. If the
leaked solution did contain cr®’ that has moved downward, existing
research indicates that in the soil environment expected at the
NNGC Hobbs site, very little, if any, attenuation of cr® would
occur, and it could be expected to move conservatively with the
soil water.

SOLUTE TRANSPORT THROUGH THE UNSATURATED ZONE

In DBS&A's October 24, 1989 report to NNGC, an initial
assessment of potential impacts to ground-water quality was
performed. In that assessment, an analytical computer model was
utilized to simulate the behavior of the chromium release in ground
water. However, the simulation was extremely conservative because
it did not consider contaminant migration through approximately 40
feet of unsaturated zone overlying the water table. The purpose
of this study is to evaluate the potential for contaminant
retardation and adsorption within the soil profile. :

Owing to the lack of site-specific soil hydraulic properties
data, the results presented herein provide only a possible
scenario. Also, because chemlstry data on the 1leak do not
differentiate between cr** and cr®* , the degree of adsorption cannot
be accurately estimated as discussed in the above section.

In light of the lack of site specific data, all attempts were
made to obtain results that can be considered conservative.
Accordingly, it was assumed that all chromium released was in the
hexavalent form. The basic nature of 501ls underlying the 1leak
source suggest that minimal adsorption of cr’* will occur. A one-
dimensional, analytical model of the convective-dispersive solute
transport equation was utilized to describe solute migration within
the unsaturated zone. An analytical code was utilized because,
given the lack of soil properties data, the additional time and
effort required to use a more complex numerical code were not
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warranted. The code utilized (van Genuchten and Alves, 1982) is
included as Appendix F.

Figure 5 is a schematic drawing which depicts the
conceptualization used in the transport modeling. Table 2 lists
utilized model parameters. Several runs of the model were
performed to evaluate its sensitivity to input parameters, and the
behavior of solute concentrations in the soil profile. At high
pore-water velocities, that is , velocities that result in travel
times through the unsaturated zone that are shorter than the input
pulse (36 days), no reduction in source chromium concentration is
realized at the water table, although the release time into the
aquifer is delayed by the travel time through the soil.

It is 1likely that the caliche horizon may have a saturated
hydraulic conductivity no higher than 1 x 10 cm/sec. Assuming
that to be so, leaked solution would spread out on top of the
caliche horizon and infiltrate at a rate equivalent to the
caliche's saturated hydraulic conductivity. With the assumed
hydraulic conductivity, 1leak volume and duration (Table 2),
approximately 188 square meters (1688 sg. ft.) would be required
to accommodate the flow. Because the relatively thick caliche
horizon is controlling the rate of infiltration, flow through the
underlying sand will occur under unsaturated conditions.. The
utilized value of saturation in the sand (7.5%) was obtained from
a tabular relative hydraulic conductivity versus moisture content
for Del Monte Fine Sand (Mualem, 1976) (Appendix G).

Figure 6 depicts the contaminant migration through the soil
profile at selected time values. At 36.5 days, one-half day after
cessation of the source, chromium concentration is approximately
0.01 mg/l at the water table and that input chromium concentration
(4.4 mg/l) has not migrated below approximately 100 cm. At 73 days
from start of 1leak, the center of the pulse has moved to
approximately 700 cm, but the maximum concentration is now only
slightly over 2 mg/l. The concentration of solute entering the
aquifer is approximately 1 mg/l. Curves at 182.5 and 255.5 days
show a continual decline of solute concentration at the water
table. At 255.5 days after the leak, the solute entering ground
water is approximately at the NMWQCC numerical standard of 0.05

mg/1.
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Table 2
Utilized Soil Profile Data
Depth of Profile 1200 cm
Depth of Caliche 700 cm
Caliche Saturated Hydraulic Conductivity (k) 1 x 107 cm/sec
Caliche effective porosity 7.5%

Ogallala Sand
Hydraulic Conductivity K (6) 1 x 10° cm/sec

6 7.5%
Pore Water Velocity in Profile K(§) = 1.33 x i0* cm/sec
6 = 7.5%
Dispersivity 100 cm

Utilized Source Data

Estimated total discharge

58,351 liters (15,400 gallons)
Estimated total chromium ‘

mass released 255 grans
Average total chromium

concentration 4.4 mg/1
Elapsed time of source 36 days
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Based on this analysis the peak concentration entering the
aquifer would be about 1.0 mg/l. By contrast, in the ground-water
flow and transport model the input concentration to the aquifer was
assumed to be 4.4 mg/l. Therefore, the aquifer plume is likely to
be much smaller than we predicted, because of dispersion in the
soil.

SUMMARY

The results of this investigation may be summarized as
follows:

. A zone of caliche approximately 700 cm thick forms a cap
on the Ogallala in the vicinity of the Hobbs plant. The
caliche most 1likely has a hydraulic conductivity much
lower than the Ogallala Sand.

. On-site wells receive extremely limited usage at the
Hobbs plant. Therefore, any subsurface contamination
would not have been pulled toward the wells.

. Water quality in all tested wells is excellent, and
conforms to all WQCC numerical standards.

. Soil chemistry near the leak source contains no
detectable hexavalent chromium, and total chromium
concentrations are very low. Trace concentrations of

polynuclear aromatic hydrocarbons in the deeper soil
sample do not appear to be related to the water leak.

. Analytical solute transport modeling of the soil profile
with assumed soil properties suggests that contaminant
concentrations may be reduced significantly prior to
reaching the water table.

The modeled results indicate a maximum chromium concentration
entering the water table of approximately 1 mg/l. Based on the
generated data, it appears that the leaked chromium solution will
not have a significant impact on underlying water quality.
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We hope that the letter report fulfills your request. If you
have any questions, or require additional information, please do
not hesitate to call.

Sincerely,
Daniel B. Stephens & Associates, Inc.

Jly 4~

Jeffr A. Havlena
Project Manager

JAH/alm

Disk: 89-030 4
File: Hobbrepl.N89
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Solution. The arrows on data points indicate that Cr(III) con-
centrations are at detection limits. The Cr(OH)3(am) solubility
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Horizons at a 1:20 Solid-to-Solution Ratio in 0.1 M

NaNO3. Triple-layer model (TLM) calculations are given

by solid and solid-dashed lines. The estimated site
concentrations, based on clay content and surface area,

are JST90 = 1.70 x 10~% moles sites/L and MNC70 = 1.99 x 10~%
moles sites/L. (Rai et al. 1988)
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APPENDIX A




SUBJECT:

NORTHERN NATURAL GAS COMPANY

HOBBS PROCESSING PLANT

Chromate Water Leak

Northern Natural Gas Company operates a natural gas processing and
compression plant near Hobbs, Lea County, New Mexico. The following
sequence of events describes a water leak that occurred at the plant and
the actions taken to locate and eliminate the leak.

May 12, 1989

May 19

June

June

June

June

June

June

June

June

June

June

June

4

12-16

16

18-24

25

26

27

28

29

OCD notified of use of chromates at Hobbs Plant (via
Discharge Plan renewal application).

Annual plant shutdown and major maintenance program
(turnaround) begun.

Engine jacket water and lubricating oil cooling
systems drained.

OCD inspection of entire plant facility.

Completed draining and flushing the water systems.
The total volume of water (90,300 gallons) was
transferred to frac tanks for disposal.

Cleaned, hydroblasted, dried and inspected internals
of below ground concrete storage cell (cold wells).

Letter to OCD providing status of cleaning and
inspection of the cooling systems. No leaks were
found.

Sandblasted and flakelined the cold wells.

Filled jacket water and lube oil cooling systems,

chromate concentration in the lube o0il system was

15ppm. During the evening shift a Maintenance Job
Ticket (MJT) was written noting that the lube oil

cooling system was losing water.

Chromate concentration in the lube oil cooling system
was 8 ppm. Initiated action to determine reason for
water loss.

Continued checking for cause of water loss. Chromate
concentration 3.9 ppm.

Continued checking for cause of water loss. Chromate

concentration 1.94 ppm.

Continued checking for cause of water loss. Chromate
concentration 2.32 ppm.




June 30 Continued checking for cause of water loss. Chromate
concentration 3.87 ppm.

July 1-17 Tested individual segments of the system for leak.
No leaks found. Analyses of water during this period
showed chromate concentrations as follows:
July 5 1.55 ppm

July 6 .77 ppm
July 7 .77 ppm
July 18 Drained 2100 gallons of water to frac tank.
July 19-31 Cleaned and inspected cold well again. Discovered

crack in sump behind forming lumber left during
construction years ago. Filled sump with grout.
During July 19-31 period there was no water in cold
well.

August 1 Refilled cold well to 4 feet, blocked in all coolers
and tested 16" line to 28 psig. Lost approximately
one foot (1,077 gallons) of water. Concluded crack
in sump was not responsible for water loss.

August 3 Dyed water in effort to find the leak. Opened the
entire system. No leak was found.

August 4-9 Began excavating buried water lines in further effort
to find leak. On August 9, a 2" line that tees into
the 16" discharge line near the cold well was
uncovered. The leak was discovered near the point of
connection. The 2" line was cut and capped. System
was filled with water.

August 10 to
Present No water lost.

September 19 Remaining 2" line was successfully tested to assure
that no other leaks existed.

Summary: On October 10, 1989, a meeting was held in Hobbs with plant
personnel to review all of the foregoing events. The following
conclusions were drawn as a result of the meeting:

o There was no evidence of water loss prior to June 25, 1989.

o Total water loss, based on water levels in the cold well
during the period was approximately 15,400 gallons.

o Total chromium loss, based on periodic analyses of the water
to determine chromate concentrations and the volumes of water
lost, was calculated at .5649 1lbs. See attached Table I.

Based on the above, the leak was judged insignificant, with no
endangerment to human health or the environment because of the small
quantity involved.




TABLE 1
HOBBS PROCESSING PLANT
Chromate Water Leak
<

Water Chromium

Volume Concentration 4 Pounds Of
Date (Gallons) (PPM) Chromium
6/26/89 3231 15.00 ' L4037
6/27 504 3.90 .0164
6/28 504 1.94 .0042
6/29 504 2.32 .0097
6/30-7/4 2520 3.87 .0810
7/5 504 1.55 .0042
7/6-7/17 6048 .77 .0388
8/1 1077 77 .0069

Total 15,396 .5649

Notes:
1. Water volumes are based on level changes in the cold well which is

12'x12'x10'6" deep or 1077 gallons per foot.

The daily volume from 6/26 to 7/17 is based on a leak rate of 63
gallons per hour for 8 hours each day. The 63 GPH is computed from
the one foot level drop (1077 gallons) in 17 hours on 8/1 and 8/2.
The duration of the leak each day is conservatively overstated. The
leak only occurred while the pump was in operation. The pump was
operated only to provide pressure to locate the leak, which was not
continuous each day during the period.

Chromium concentrations are based on actual laboratory analysis from
6/26 to 6/30 and from 7/5 to 7/7. Concentrations on other dates are
assumed to be the same as the latest previous laboratory analysis.
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/ Form WR-23
‘

' / o <i7€
STATE-ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1

ﬂ& <1984.3

(A) Owner of well. Permian Basin Pipeline Compony
Street and Number_. 2223 _Dodge_Street
City Onaba, State Nebraska

Well was drilled under Permit No. 12201 and is located in the
%8 1 NE 3 of Section..6 Twp.... 198 _Rge.. 3TE_
(B) Drilling Contractor.....Iayne-Texas Company... .. License No.WWD. 180

Street and Number._....__22] South Colorado Street
City Mdland State .....Texas
Drilling was commenced B8-S 19
Drilling was completed Septembex; 1,0 19..54
(Plat of 640 acres) L
" Elevation at top of casing in feet above sea level 3727.4 Total depth of well 167!

State whether well is shallow or artesian

shallow Depth to water upon completion_.____. 3

Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearing Formation
From To Feet
1 112t 1401 301 Brown send
2 140 150! 10! Brown sand - some gravel
3 150 162! 12! Brown sand
4
s
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. 1t, in Top Bottom Feet ?‘yp e Shoe From To
16" @ 0 64 (A None
e . b4 e
10-3/4" 0 12 (12 - None
10-3/4" 112 162 50 None 112 162!
10=-3/4% 162 167 5 None
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter |, Tons No, Sacks of
From To Hole in in.”| ! Clay ement Methods Used
0 64! -— — 135 By hand between 16" and 10" casings
3 Bottom of well plugged. __
i RECORD
Section 5 PLUGGING OR FEB 7 1955
Name of Plugging Contractor icense NO..oo.. 4-
Street and Number City. St@tew,mg.;.:_l,siﬂm
Tons of Clay used ... Tons of Roughage used Type of goughage...... Ll

Plugging method used

Date Plugged 1@/_.

Pluggin Cement Plugs were placed as {allows:
Depth of Plug
. - No. | —ooo—— e No. of Sacks Used
Bas}f Supérvisor From To °

v

FOR USE OF STATE ENGINEER ONLY e e e

Date Received 7"..%44%..7,[75'5,*

File No. L=2 20/ oo Use clu(/ ... Location No./%. 37. 4. 273




Section 6 LOG OF WELL
h]::‘pth in Fe;:) 'I;l::c;::s Color Type of Material Encountered
1 22 22 - Calioche
22 24 2 - Hard lime
24 60 36 - Sand rock
63 63 | 2¢ - 1ime
64 78 1 - Sand - caving
78 81 3 - Lime
81 95 VA Gray Sand
95 105 10 Brown Sand
105 110 5 Yellow Sand and gravel
110 140 30 Brown Sand
240 150 10 Brown Sand - some gravel
150 1627 | 12 Brown Sand
162 166 s Red Shale '
L S Elev R
Dep?h to K_ Trc ) -

tlev of K Treld v f

s e . oy e ey e . >
Yoo No. /7. 37 L LT A

Hydro. Survey X' Field Check

BOURCE -OF_ALTITUDE GIVEN

_Intarpolated from Topa_ Sheet

Determined by lnst, Leveling .

' - s
OUWLJ/‘.HNQ/,\ ) i /,./I

The undersigned hereby certifies that, to the best of his knowledge and belicf, the forcgoing is a true and cor-

rect record of the above described well.

i

LAYRE-TEXAS_COM, y
B’mm Z /"')V /J\Ié~ i
Wel-Prier




Omaha, lebraska

2. Principal Water-bearing Strata:

{ t {This form to be exccuted In triplicate)
S
K WELL RECORD weil #/
"_-5' Date of Receipt &cx/éé&b /Z/f\sﬁ ............... Permit No. L-22°1 ............
» pm n"n as/n ipehhe
A Name of permittee, ... 0. Compary
) ll
\ ) Street or P. 0, 2223 Dodge Streeb City and State ... Ompha, Nebraska
1. Well location and description: The ... 9 ........ ov well s located in ... * ....................... Ya, oo "} ............ Ya.
(shaliow or artestan)
i 3& \
NE ............ Y of Section ........ 6 LAV . Township ..o s RADEE Ll Elevation of top of
O 3720427 37210 % 20 - 173
casing above sea level,”... . . .. . feet; diameter of hole, ...................... inches; total depth, ..................... teet;
291 §n August 5 53
depth to water upon completion, ..... 9 .................. feet; drilling was commenced ug .................................. L19. .
September 26 53 layne-Western Company
and completed .... £330 OcRiRA LA MG GARBAFACLOT et

; Driller's License No. ............ccc.oo

O

Devth in Feet
From To Thickness Deseription of Water-bearing Formation
N1 34 173 139 Sand, sandrock, Limestone and gravel
No. 2
No. 8
No. 4
No. §
T
3. Casing Record:
Diameter I’nundn‘ Threads Depth of Craing or Liner Feet of Perforation
in Inohes per it per inch Top Bottom Casing Type of Bhoe Yrom Te
10" I.D, 32f 8 .. 2 ... 133+ 135'  comcrete = 133 173 ..
above
............ BTOUBA | i e et et
4. If above construction replaces old well to be abandoned, give location: D |/ VO |/ T Ya
of 8ectlon ... Township .................. . Range ... : name and address of plugging contractor,




5. Log of Well:

prom (" " g, Tinteer Description of Formation
0 1 Top soil and boulders
1 7 Rock
7 15 Sandrock and boulders
15 21 Sandrock, limestona and boulders
21 34 Fine sand, sandrock
34 50 Sand, sandrock and boulders
50 65 Sand
65 69 Sundrock and limestone
_99 T4 Sand
T4 75 Sandrock, very hard )
75 85 Sand and sandrock
85 85t 6 Sandrock, very hard ;
85! 6" 101 Sand and some sandrook
101 103 Sandrock,and limestone, some sand
103 111 Sand with some sandrock and limestone
11 13 Sandastone, limestone, some sand - SRR
113 173, ' Sand with streaks of sandrock and red shale C
13 205 Red bod | g Flew 3727 ~
Depth 1o K \ A 5.8(_
Elov-of—K Tredd 21 4=
Lot Wo /7. 37 . 2I2Y
Hydro. Survey Field Check X
SOURCE OF ALTITUDE GIVEN -
TMaFpolated Trom 10po. Sheel,
Determined by | i X

The undersigned hereby certifies that, to the best of hlmmedge and bellef, the foregoing Is a true and

correct record of the above described well, (20,0 42050 B0e s L BVE
lﬂ)"le-‘/es(em Co. el L s
Ontaha, Nobr

Instructions

‘This form shall be exccuted, preferably typewritten, In triplicate and filed with the State Engincer's Office nt
Roswell, New Mexico, within 10 days after drilling has been completed. Data on water-bearing strata and on all
formations encountered should be as complete and accurate as possible.




i z

(This form to be exccuted in triplicate) on i+6

WELL RECORD

Permit No.

City and State

y well is located in 5*

REoon. S ess USRI &30 C name of dgjll g contractor W"ﬂ““mcmﬂxmv

ommeroia
................................................. ; Address, Olmha,Nebraska Driller’s License No. HD-]AZ
3. Principal Water-bearing Strata:
Depth In Feet .
rom To Thickness Deseription of Water-bearing Formation
No.1 26 163 37 Sand, sandrock, limestone and gravel
No. 2
No. 3
No. ¢4
No. 8 .
. -

3. Casing Record:
Diameter Pum'i.- Threads Depth of Crsing or Liner Feet of Perforation
ia inches per ft. per Inch Top Bottom Casing Trpe ol Bhoe m
o 1.0, 32K 8 .. 20 123 125 . Concrete. . . 183. . . 163.....

above
............................................................ BROUNK s e et srssrissesssnene
s
4. 1f above construction replaces old well to be abandoned, give location: .= . |7 VA Yy ecvcrrinens Ve
BN Vi

of Bection ....................... Townshlp ................... , Range ... : name and address of plugging contractor,

date or plugglng

- e

S 2230




5. Log of Weli:
om " (7 Tin teet” Desoription of Formation
o 2 Top soil
2 5 Rock and boulder
5 17 Hard callche and sandrock
17 22 Sandrock and calichs
22 26 Sand
26 50 Sand and boulder
50 58 Sandrock '
58 U, Very fine sand with sandrock
74 78 Sandrock with some sand
8 98 Sandrock, limerock, granite o
93 108 Sandrock with some granite, liparock & showing of sand&gravel
108 n3 ILimerock, sand and gravel o
13 128 Limerock, sand and gravel with trace of granite and sandrock
128 153 Sandrock, sand and gravel'
13| 169 Send Y 720
163 205 Red bed %espf:f‘,'o K Tre_ /0/';/
rElev of k—"T
e N0 /7. 3 Lo 223237
Hydro, Survey, Figld Check K
SOURCE OF ALTITUDE GIVEN
— Ikerpolated-—trom-—Topo—Sheet— X
Dstermined by inst. Leveling
Dt

The undersigned hereby certifles that, to the best of his knowledge and bellef, the foregoing is a true and

correct record of the above described well.

TAYNE~WESTEBN COMPANY

By~

Licensed Well Dritler

Instructions

This form shall be executed, preferably typewritten, in triplicate and filed with the State Engineer's Office at
Roswell, New Mexico, within 10 days after drilling has been completed. Data on water-bearing strata and on all
formations encountered should be as complete and accurate as possible.




(Thig form is to be executed in triplicate) VV; // ’éé 3
WELL RECORD st
Date of Receipt ADTAL 23, X0 A
Name of permitee, . Formian Basin Pipeline C .
Street or P. 0. 2223 Dodge. dtreet. ..., City and State . Omaha, Nebraska i
1. Well location and description: Tl}.ehii'}%gzﬁ;nyell is located {n=!
% of Sectlon 62'/‘, Townshlip
O casing above sea leve‘l. ............................ feet; diameter of hole.].-é."'i..x.vga Inches; total depth, 178 :
depth to water upon completion, ...... 36 ........... feet; drilling was commenced ' . J“J’ 2 195‘
and completed July 21 19..54; name of drilling contractor ... WyMe-Texas Company
; Address, . Midland, Texas ; Drlclre:':’;.!:::s: NoA#Z‘_Z‘{‘] ...........

,':"P; Ve Mhuf .
2. Principal Water-bearing Strata:

Depth in Feet Thickness Desoripllon of Water-bearing Formatlon
rom To .

No. 1

° 123 1 501 Ogrllala sandstone

No. 2 . . v '

No. 3

No. 4

No. & v

3. Casing Record:

Dismeter Pounds l'l'hrnal Depth of Casing or Liner Feet of Perforation

in inches per 1t per inch Top Bottom Casing Type of Bhoe From To
16® 5 FE 0 668" 668" Band

0" 324 8 0 1230 123t

1o 234 2 123 173t 501 123¢ 1730
10" 324 FE 173 1781 5!

4. If above construction replaces old well to be abandoned, give location: ... Yar oo Yo s %
of Bectlon .................. ., Township ....................... , Range..........cccceeee ; name and address of plugging contractor,
date of plugging ... veee 1000 ; describe how well was plugged: ...........ccccocoiineeen

TS

"' 1 “‘ <y e

spp 20 1954

7 f/
. FICE
} II P, )"/ r'nmu)a'-"-“ B 'm-'.n.Vﬁ:‘R
! [ ,»/ O ot EE
170 -

v/




6. Log of Well:

Depth in Feet

Thickness

Description of Formatlon

From To in teet
0 1 1 soil and rocks
1. 1 9 caliche
10 40 30 caliche and sand
40 60 20 sand {caving)
60 65 5 Quick sand
65 67 2 lime
67 70 3 sandy shale
70 4_92 22 broun sand
92 94 2 lime
94 100 6 Broun sand
100 112 12 Sand = little gravel
12 122 10 Loose sand - few hard layers
122 mn. 49 Sand (eould wash down)
1m 1T 6 Red bed (TD)

Vi

P

LSEleV — —— e

Deplh 1o KTt
Elav of K_______.'Trc_’_J—-'_-Z-'/

Noe No. /70 s 22 /v

Hydro. Survey \"_ Field Check

SOURCE OF ALTITUDE GIVEN

IntarpotatedTe5m Topo, Sheet y_

Determined by Inst leveli

Dttien

e

The undersigned hereby certifies that, to the best of his knowledge and bellef, the foregoing is s true and
correct record of the above described well.

This form shall be executed, preferably typewritten, in triplicate and flled with the State Engineer's Office at
Roswell, New Mexico, within 10 days after drilling has been completed, Data on water-bearing strata and on all

Instructions

formations encountered should be as complete and accurate as possible.




FIELL _ilGR. LUG

Form WR-23 STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, prcfcmbly typewritten, and submitted to the
n2arest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened When this form is used as a plugging

record, only Section 1A and Section 5 need be completed oo
Section 1 T, ATy
(A) Owner of well JCRTHLRI NATURAL CA70 0 e ecpb Ay
Street and Number oy 3
City HOLBS, ©.Ih.  08230 State
5 Well was drilled under Permit No...L:= 220’7~Q1 2.and is located in the
60 J v NE v N¥ v of Section. ..C Twp 1¢3...Rge.. . 21%.F
. (B) Drilling Contractor..... .0 L 1L _TROT, License No. YT=40
Street and Number..... . HU%_ 037
City MG 3, Ddia. 36240 State
Drilling was commenced LY. 10, 10100 19
Drilling was completed cor, 26, 1900 19
(Plat of 640 acres) g . . . ,
Elevation at top of casing in feet above sea level Total depth of well 182
State whether well is shallow or artesian_._chnllavi....._. Depth to water upon completion..._122_ —
Section 2 : PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in f Description of Water-Bearing Formation
From To Feet
! (62 111 19 arnd wotew
2 ! ) :
3 : ' o
- :
5
: : !
Section 3' RECORD OF CASING
Dia " Pounds Threads Depth Perforntions
in, ! it. in . Top Bottom Feet Type Shoe From To
103/4 43 waldad 1 122 | 122 none 120 132
H |
Section 4 ! RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole In in. Clay Cement Methods Used
\ B
Section 5° - PLUGGING RECORD
Name of Plugging Contractor License No..o.o . _
Street and Number City. State
Tons of Clay used ..o Tons of Roughage used ... . _Type of roughage
Plugging method used : Date Plugged 19
Plugging approved by: ; Cement Plugs were placed as follows:
' Depth of Plug
Basin Supervisor No. From | To No. of Sacks Used

FOR USE OF STAT_E];N?INEER ONLY ——

Date Received il 1ot
L0 D sed O e

fo- 21000 V-

File Nos 200~ Copid > * Use ¢ '%ide . . Loeation No. . = * e, 702 [f




[ B
) |
Section 6 LOG OF WELL ‘
Depth in Feet’ Thickness " .
Fom o in Feet Color Type of Material Encountered -
(0] 1 1 £187 gurfaes anil
1 o 24 gray crllicke
25 ‘A2 17 Lroiz sen] rock
42 62 20 Lrown popd_(ticht)
62 111 49 Droun ‘seud water
11 110 1 red red cley
112 128 16 browun gond tiht
128 140 12 Lrown crageld
140 142 2 red red c¢lny
142 168 .28 brown sond o
168 112 4 brown sond elsy I 'L .
172 182 10 red clry | .
2!

A

e .*/7-2 o

t
Pttt b e
Elev o K. TreSd5cC -

/.

v o [ 837.6.3)27/

Huden  Qurisv Fishl GCheek Y

ML Vv MRV e TR TRV T A VTSR

H ! faod (P y AV
: ; trteeporatet—rom—erT ST 7\
! . et ot teak :
AT ) T T
-~y

The undersigned hereby certifies that, to the best of his knowledge and belicf, the foregoing is a true and cor-
rect recorld of the above described wélL : )

i

RTs

’ '

Well Driller




- ! N W +( —od?lsife

. N k‘ |
- STATE ENGINEER OFFICE

WELL RECORD : ’l ) ENGR"‘DG

Section 1. GENERAL INFORMATION

Revised June 1972

(A) Owner of weil Northern Natural Gas Co, Owner's Well No. 6

Street or Post Office Address P.0. Box 2300
City and State ___Midland, Texas 79702

Well was drilled under Permit No.___Li=7680 _ and is Jocated in the:
a— % NE _yNE v_NE yofsSection 29 _ Township 18S  Range 31E N.M.P.M.
b. TractNo.__________ of Map No. of the
¢. Lot No.._______ of Block No. of the
Subdivision, recorded in Lea County.
d. X= feet, Y= feet, N.M. Coordinate System Zone in
the Grant.
(B)  Drilling Contractor Abbott Bros, License No. WD-46
Address P.0. Box 637, Hobbs, New Mexicop 88240
Drilling Began _B_Qﬂ_ Completed —QA]QMTypc tools Cable Size of holciii_lig.
Elevation of land surface or at well is ft. Total depth of well___i9_9___ ft.
Completed well is 3 shattow (3 artesian. Depth to water upon completionof well . [t

Section 2. PRINCIPAL WATER-BEARING STRATA

Depth in Feet Thickness . . . Estimated Yield
in Feet Description of Water-Bearing Formation (gallons per minute)

I'rom To

Section 3. RECORD OF CASING
Diameter Pounds Threads Depth in Fect Length Perforations

(inches) per foot per in. Top Bottom (feet) Type of Shoe From To

Casing| and screen was| pulled,|well abhndon and plugged

Scction 4. RECORD OF MUDDING AND CEMENTING

Depth in Feet Hole Sacks Cubic Feet

From To Diameter of Mud of Cement Method of Placement

. Section 5. PLUGGING RECORD
Plugging Contractor Abbott Bros,.

Address £2.0, Box- 637. Hobbs, New Mexico } Deptin in Feet Cubic Feot
Plugging Mcthn(ﬂﬂl%_gllled . B8teel plate on top, " Top Bottom of Cement
Date Well Plugged 8/2 ; 77 1
Plugging approved by: )
N ez
’ 3
State Engincer Representative 4

FOR USE OF STATE ENGINEER ONLY

= +

Date Received August 29, 1977

. OQuad. FwWL [EN
Plugging WR
File No.___L~7680 Use _IND, Location No.__18.37.29. 22232




Trhe Sweami

Scction 6. LOG OF HOLL

Fmﬁfpm L l:“.ll.o Ti':,icl'f"_‘:fs ~ Color and Type of Material Encountered
0 1 1 Soil
1 22 21 Caliche
22 50 28 Sand
50 55 5 Sand rock

55 ¢ 65 » 10 | Sand and gravel

65 85 20 Water sand

85 100 15 Coarse sand

100 120 20 Coarse water sand

120 160 40 Water sand

160 180 20 sand and gravel

180 195 15 Sandy clay

195 199 4 Red clay
LS Eley 729 L S Flay 3729
Depth to K Tre_/2&2 Depth to K Tre 225,
Elev of X Tec F540 Elov—ol—K Tec3525

LMQJZ 728 222372~
Hydro. Sutvey Field Check_~%5

SOURCE OF ALTITUDE GIVEN
mterpotated—trom—Topo;—Steet—2%
Delermined by Inst. Leveling

Other

' Bection 7. REMARKS AND ADDITIONAL INFORMATION

- 3

! -
}) [g] -4
cof —~J
=-a
. 3
. w
- (s
L a (A=)
=
S o=
vl
RS pan 4
mo [ -]
T
o wn
it o ~
m

The undersigned hereby certifies that, to the "best of his knowledge and belief, the foregoing is a true and cotrect record of the above

described hole. *
B Tpisss28) (Ll ol?

Driller /".e

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to *he appropriate district office
of the State Engineer. Al ons, except Section S, shall be answered as completely and accurat possible when any wetl is
Arilled repaired nr decnene.  nen this farm o nsed ac 1 nliaoarine reened onlv Section 10ad and Seetion ol he comnloted




rom wins FIELD .o LOG

ural Gas Co.
nell No.

STATE ENGINEER OFFICE Northern

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well __N¥orthern ja tural sas Co,
Street and Number....f's. Qs Box 3316
City HLdland . .. State Texae
Well was drilled under Permit No. 1.=2200 and is located in the
VNW oy NY v X¥E_ Yiof Section .8 __Twp.d9%. . Rge.37F. .
(B) Drilling Contractor.... AEbott Frothers License No.. "Z=46
Street and Number.. ... Fo 0, Fox 637
City oo Hohbe . State New Mexlco
0 Drilling was commenced.. February 1 - 100 o
o
Drilling was completed February 4 19..67
(Plat of 640 acres)
Elevation at top of casing in feet above sea level.................._ . Total depth of well 177
State whether well is shallow or artesian shallow cev ceeDepth to water upon completion..... _48 ............. -
Section 2 PRINCIPAL WATER.BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearing Formation’
From To Feet
B ! 65 70 g Jand
X 82 92 10 Sand
3 100 | 150 50 Sand
A 150 | 158 -8 gravel
5 162 | 1739 11 dravel
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. ft. in Top Bottom Feet Type Shoe From To
10/ 34 3% reld, 0 1727 177 | _open 123 178
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of .
From To Hole In in. Clay Cement Methods Used - .
_43:',5_,_!“99E__o‘_£_s_q§1 ace nipple, 20 inches cementedv\_vitp__ﬁ_u_“ggg}_(_q__o-f cemgxlt then the 4 3/4" was
set inside of 20" nipple
!
Section 5 PLUGGING RECORD

Name of Plugging Contractor
Street and Number
Tons of Clay used
Plugging method used
Plugging approved by:

License No... .. . _ -
City. State
.................... Tons of Roughage used ..........._.._..........Type of roughage
Date Plugged 19
Cement Plugs were placed as follows:
e No. | Depth of Plug No. of Sacks Used

Basin Supervisor | "From | 7 'To

File No.

FoR USE DE $iiATH ENGIiHER ONLY | :

Date Received] | il thif kit e h§mreme

iy

22 ,
1-,‘: --1’1,\)(/_'_(?..__._...-_.,......._.._“

10

AV 8- 834 L9681

J

£
Uso..,—.//:{,'/, . Location No. / /. 2 /7,[ :2/1/ / S




Section 6 LOG OF WELL
nlz:,pth u Fe;-to Ti’:.ic:-:eefs Color Type of Material Encountered
0. 1.1 1 Gotl
1 | 16 15 Caltche
19 23 9 iand rook
25 5¢ 34 Rroun fond
59 65 6 Sand_rock
65, | 70 8 sand
70 82 12 Sand_rock
82 92 10 Sand
92 100 8 Sand rock
100 150 50 Sand
150 158 cravel
1848 162 4 Rec shale .
162 | 1787 11 gravel g
173 177 4 Sandy shale
LS Elev ,
Depth to K TR f'
tlev ot K Trc—— 4
Loc. Mo, ; .
Hydro. Survey Field Check
SOURCE-OF-ALTITUDE-GIVEN
Interpolated—from—r
——Delermined—by--insi—
-| ——Other, : e

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well.

Well Drilter




-

ey —

- STATE ENGINEER OFFICE
WELL RECORD

Section |. GENERAL INFORMATION

24, a”sdz ,

Revised June 1972

0B 58

(A) Ownerof well _Noxrthern Natural Gas Co, Owner's Well No. 6-A
Street or Post Office Address £« 0. Box 2300
City and State idiand, Texas 79701
Well was drilled under Permit No,____L=1680 and is located in the:
a. WBE _y NE y_NE_y ofsection_29 Township 18S Range 318 N.M.P.M.
b. Tract No. of Map No. of the
¢. Lot No, of Block No. of the
Subdivision, recorded in ___Lea, County.
d. X= feet, Y= feet, N.M. Coordinate System . Zone in
the Grant.
(B) Drilling Contractor Abbott Bros. License No. WD-46

Address P.O. Box 637, Hobbs, New Mexico 88240

Drilling Began __.Lé.llj_s 2 Completed ___9_[_[1L8 Type tools Cable

Size of hole _24;&_119

i:levation of land surface or at well is

Kj shallow [ artesian.

Completed well is

Section 2. PRINCIPAL WATER-BEARING STRATA

ft. Total depth of well___ 200 .

Depth to water upon completion of well __55_____. ft.

Depth in Feet Thickness o . . Estimated Yield
From To in Feet Description of Water-Bearing Formation (gallons per minute)
55 - 200 145 Sand 300
Section 3. RECORD OF CASING
Diameter Pounds Threads Depth in Fect Length Perforations
(inches) per foot per in. Top Bottom (feet) Type of Shoe From To
10 3/4 33 Welded O 130 130 Screen 130 200
.
Section 4. RECORD OF MUDDING AND CEMENTING
Depth in Feet Hole Sacks Cubic Tect
From To Diameter of Mud of Cement Method of Placement
Section 5. PLUGGING RECORD
Plugging Contractor
Address N Depth in Feet Cubic Feet
Plugging Mcthod o~ Top Bottom of Cement
Date Well Plugged 1
Plugging approved by: 2 -
3
State Engincer Representative 4

v

FOR USE OF STATE ENGINIEER ONLY
September 23, 1977

Datc Received

Wi, st

Quad
2nd WR filed

L-7680 Use__IND,

FFile No.

4

Lacation No._18 0_3_7_.-._2__9.._-.._2_2__2_3_2
zz232 J




Scction 6. LOG OFF HOLL,
le:mh E Fccfro Thickness ~Color and Type of Material Uncountered
0 1- 1 Soil
1 22 21 Caliche

22 35 13 Sand
35 40 5 Sand rock
40 56 16 Sand
56 80 24 Coarse gand
80 100 20 Sand
100 105 5 _ White rock
105 190 85 Sand
190 195 5 Sandy clay
195 200 5 Clay
v
LS Elev 3729
Depth to K Tre /75
Elevof K Tec I525

Lac__No /[ ‘?7'2? ,Z.,Z_Zj,&
Hydra. Survey Field Check A /5.

'
ol E—AVTHT VEN
SOURCEBFALHTUDE-GIVEN

Interpolated from Topo. Sheet X

Delermined by Inst. Leveling

! Other,

Y

¢ d35. L,

£ 8 Wy ¢

) '

The undersigned hereby certifies that,” to Yhe best of his knowledge and belief, the foregoing is a true and correct record of the above

described hole,

Driller /V.&

INSTRUCTIONS: This form should be executed in triplicate, prelerably typewritten, and submitted to *=+ appropriate district office

vof the State Enginecer. All s, except Section S, shall be answered as completely and accurat sossible when any well is

drilicd, repaired or deepence  acn this form is used 3% a plugging recond, only Section Tad and Section . .cd be completed.
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|

I YOUR CUPY
l PROJECT copv_é_.uz;t_
i

i

-

\ FILE COPY
|

ENRON PIPELINE OPERATING CO.
ENRON GAS PIPELINE QPERATING COMPANY
11525 WEST CARLSBAD, HIGHWAY
HOBBS, NEW MEXICO 88240
€505)393-5109

TELECOQPY (FAX)”TRANSMITTAL INFORMATION

N , .
TO THE ATTENTION OF: x&§“~lli% c;:ZfaxJ«LL*Q

FROM: ,Kfi52129f (]inf\d:k/tnébégf},_;i
DATE:_ []-27-§5 T A 35 Dan

NUMBER OF PAGES SENT INCLUDING THI1S COVER SHEET:

SENT ON: OMNIFAX G93 (5053397~ 1768 (FAX MACHINE)
VERIFICATION NUMBER: (5053393-5109  (VOICE)

PLEASE CALL VERIFICATION NUMBER IF TRANSMISSION IS IMPAIRED.

«  THANK YOU

i

08-5-87
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NEW MEXICO STATE ENGINEER
TOTALIZING METER REPORT

State Engineer Office
P. O. Box 1717
Roswell, New Mexico 88201

Attention: Basin Supervisor
Dear Sir:

In accordance with the State Engineer regulation which requires

that quarterly reports of meter readings be submitted on or before
the 10th of January, April, July and October, the following informa- '
tion is submitted.

1. FILE NO. L2200 ETC DATE:

NAME : ENRON GAS PIPELINE OPERATING COMPANY

ADDRESS : 11525 W. CARLSBAD HIGHWAY

2. WELL DESCRIPTION

S. E. File No,_ L200 ETC Company Well No. 3

Location: SubdvNEY/NWE/NEdec, 6 Twp._19-5 Rpge. 37-E

3. TOTALIZING METER

Serial No, 109670 Units GALLONS

Make SPARL ING Multipller;~12.
4. READING l

Date: Reading

Quantit} of water used Quarter, 19 _,

5. REMARKS:
METER INSTALLED ON L-71-78

ENRON GAS PIPELINE OPERATING COMPANY

By:

INSTRUCTIONS:

Specific questions should be answered as follows:

(1) State Engineer's File No. or No, of well reported and name and
address of owner, (2) Description of well to which meter attached.
(3) Description of meter, including multiplier or constant by which
reading must be multiplied to obtain actual quantity of water. Units
refers to units of measurement such as acre feet, gallons, barrels,
etc. (4) Reading of figures on the meter and amount obtained by
multiplying reading by multiplier. (5) Under Remarks, give any
pertinent information such as reading and date of installation of
meter if a first report, information concerning repair of meter and
dates out of service, etc,

FILE NO. LOCATION NO,
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NEW MEXICO STATE ENGINEER
TOTALIZING METER REPORT

State Engineer Office
P. 0. Box 1717
Roswell, New Mexico 88201

Attention: Basin Supervisor

Dear Sir:

In accordance with the State Engineer regulation which requires
that quarterly reports of meter readings be submitted on or before

the 10th of January, April, July and October, the following informa-
tion is submitted.

1. FILE NO, L2200 DATE ¢

NAME : ENORN GAS PIPELINE OPERATING COMPANY

ADDRESS: 11525 W. CARLSBAD HIGHWAY

2. WELL DESCRIPTION

S. E. File No, L2200 Company Well No, %

Location: Subdv, NE3 Sec. 6 Twp, 195 Rge. 37E

3. TOTALIZING METER :

Serial No. 109667 Units GALLONS
Make SPARLING Multiplier 10
4, READING
Date: Reading
Quantity of water used Quarter, 19 __ ,
5. REMARKS:

ENRON GAS PIPELINE OPERATING COMPANY

By:

INSTRUCTIONS ¢ .

Specific questions should be answered as follows:

(1) state Engineer's File No. or No. of well reported and name and
address of owner. (2) Description of well to which meter attached.
(3) Description of meter, including multiplier or constant by which
reading must be multiplied to obtain actual quantity of water. Units
refers to units of measurement such as acre feet, gallons, barrels,
etc. (4) Reading of figures on the meter and amount obtained by
multiplying reading by multiplier. (5) Under Remarks, give any
pertinent information such as reading and date of installation of
meter if a first report, information concerning repair of meter and
dates out of service, etc,

FILE NO, LOCATION NO,
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NEW MEXICO STATE ENGINEER
TOTALIZING METER REPORT

State Engineer Office
P. 0. Box 1717
Roswell, New Mexico 88201

Attention: Basin Supervisor

Dear Sir:

In accordance with the State Engineer regulation which requires

that quarterly reports of meter readings be submitted on or before
the 10th of Janvary, April, July and October, the following informa-
tion is submitted,

l. FILE NO. L-7680 DATE:
NAME; ENRON GAS PIPELINE OPERATING COMPANY

ADDRESS : 11525 W. CARLSBAP HIGHWAY

2. WELL DESCRIPTION

.S. E. File No,  L-7860 Company Well No. 66 )
Location: Subdv, NEA/NEA/NEfeo, 29 Twp, 185 Rge. S7E

3. TOTALIZING METER

Serial No, 86139 Units GALLONS

Make FOXBORO Multiplier 100.
4. READING

Date: : Reading

Quantity of water used - - Quarter, 19__,

5. REMARKS:

ENRON GAS PIPELINE OPERATING COMPANY

By: .

INSTRUCTIONS: .

Specific questions should be answered as follows:

(1) sState Engineer's File No. or No. of well reported and name and
address of owner. (2) Description of well to which meter attached.
(3) Description of meter, including multiplier or constant by which
reading must be multiplied to obtain actual quantity of water. Units
refers to units of measurement such as acre feet, gallons, barrels,
et¢c. (4) Reading of figures on the meter and amount obtained by
multiplying reading by multiplier. (%) Under Remarks, give any
pertinent information such as reading and date of installation of
meter if a first report, information concerning repair of meter and
dates out of service, etc,

FILE NO. LOCATION NO,
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NEW MEXICO STATE ENGINEER
TOTALIZING METER REPORT

State Engineer Office
P. 0. Box 1717
Roswell, New Mexico 88201

Attention: Basin Supervisor

Dear Sir:

In accordance with the State Engineer requlation which requires

that quarterly reports of meter readings be submitted on or before
the 10th of January, April, July and October, the following informa-
tion is submitted,

1. FILE No, L2201 DATE :
NAME: ENRON GAS PIPELINE OPERATING COMPANY

ADDRESS: 11525 W. CARLSBAD HIGHWAY

2. WELL DESCRIPTION

S. E. File No, L2201 Company Well No. 5

Location: Subdv, NWA/NEL  gec 6 Twp, 198 Rge, J7E

3. TOTALIZING METER

Serial No. 109666 Units GALLONS

Make SPARLING Multiplier 10
4. READING

Date: Reading

Quantity of water used Quarter, 19__ .,

S. REMARKS:

ENRON GAS PIPELINE OPERATING COMPANY

By:

INSTRUCTIONS:

Specific questions should be answered as follows:

(1) State Engineer's File No. or No. of well reported and name and
address of owner, (2) Description of well to which meter attached.
(3) Description of meter, including multiplier or constant by which
reading must be multiplied to obtain actual quantity of water. Units
refers to units of measurement such as acre feet, gallons, barrels,
etc, (4) Reading of figures on the meter and amount obtained by
multiplying reading by multiplier. (5) Under Remarks, give any 2
pertinent information such as reading and date of installation of
meter if a first report, information concerning repair of meter and
dates out of service, etc,

FILE NO, LOCATION NO,
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PROJECT COPY_J 7- 0% /
FILE COPY RECENED - o

. GOMBUST|0N> ENGINEERING

November 20, 1989 In reply refer to 89-1670

Jeff Havlena

D.B. Stephens & Associates
4415 Hawkins NE
Albuquerque, NM 87109

Dear Mr. Havlena:

Enclosed are the results for the analysis of six (6) water samples
(Project: Enron Hobbs), that were submitted to our laboratory on November
3, 1989 for the analyses of volatile and semi-volatile organics, PCB,
pesticides, alkalinity, bicarbonate, carbonate, total dissolved solids
(TDS), MBAS, nitrate (N0O2), nitrite (NO3), sulfate (S04), chloride (Cl),
total hardness, lab pH, Lab cond, total metals, selenium (Se) and mercury

(Hg).

An aliquot of sample was analyzed for volarile organics according to EPA
Method 624, employing combined GC/MS.

An aliquot of sample was analyzed for semivolatile organics according to
EPA Method 625, employing combined gas chromatography/mass spectrometry.

An aliquot of sample was analyzed for organochlorine pesticides and PCB’s
according to EPA Method 608, employing capillary GC, electron capture

detector.

An aliquot of sample was digested for total metals by EPA 3050 and
analyzed by EPA Method 6010, employing inductively coupled plasma
spectroscopy.

Drinking water samples were analyzed for the State of California general
mineral and inorganic constituents according to the methodologies
reported in the results section of this report.

If you have any questions, or if I may be of any further service, please
do not hesitate to call.

Sincerely,

4/ e
Josep . Matta
Analytfcal Services Representative
JFM:'sdc

Enclosures as noted
File: 90805

C-E Environmental, Inc. 4765 Calle Quetzal (805) 388-5700
A Subsidiary of Camarillo, California 93010
Combustion Engineering. Inc.
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L+ B ABORATORES 19014 g

TO: Daniel B. Stephens and Associates DATE: 3 November 1989
4415 Hawkins, NE WORK ORDER NO: 2116
Albuquerque, NM 87109
ATTN: Jeff Havalena

. YOUR COPY
SAMPLE SITE: Enron - Hobbs PROJECT cory B-03/
RECEIVED: 3 November 1989 FILE COPY

ANALYTE REQUESTED: Hexavalent Chromium

SAMPLE ID ANALYTICAL RESULTS
Well #3 <0.01 mg/L
Well #6 <0.01 mg/L
Well #5 <0.01 mg/L
Well #4 <0.01 mg/L
Well #4A <0.01 mg/L

NOMINAL DETECTION LIMIT FOR HEXAVALENT CHROMIUM: 0.01 mg/L

An invoice for services is enclosed. Thank you for contacting Assaigai
Laboratories.

Sincerely,

Balwant Chauhan, Ph.D.

Laboratory Director

P.O. Box 90430 e Albuguergue, New Mexico 87199-0430 e (505) 345-8964
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)! \!, AnalyticalTechnologies,Inc. 21135 48t steet suite 107 Tempe. AZ 85282 (602) 436-1530

NOVEMBER 9, 1988

DANIEL B. STEPHENS & ASSOCIATES

4415 HAWKINS NE

ALBUQUERQUE, NM 87108

Accession: 810550

Date Received: 10/06/88

Attention: JEFF HAVLERA

FProject: B89-031/EHROT-HOBBS

Note: METHOD 8150, CYANIDE, AND PHENOLS5 ANALYSES PERFORMED BY ATI-SAN

DIEGO.
. fatry e,
Michael G. (Barry Robert V. Woods
Project Manager Laboratory Manager
RVW/clf 4 Note: BSamples will be disposed of within
MM-28 - 30 days unless otherwise notifled.

Corporate Offices: 5550 Morehouse Drive San Diego, CA 92121 (619) 458-914)




)! ‘\ AnaiylicalTechnologies, NG

CLIENT D.B. STEPHENS & ASSOCIATES DATE RECEIVED : 10/06/89

PROJECT # : 89-031 :
PROJECT NAME : (NONE) REPORT DATE : 11/08/89

ATI I.D. : 910550

— . - v VS B W B e G G W S S S A . W S D T T — G G — G S W W W Sy Y e S S SV WS P S GNP S T SN T D M M G} D Gu G G S G G S TS WEP PP SN e e S W O G W

ATI # CLIENT DESCRIPTION MATRIX DATE COLLECTED
o1 o T NON-AQUEOUS  10/04/89
02 2°8" ' NON-AQUEOUS 10/04/89
----- TOTALS ~----
MATRIX # SAMPLES
NON-AQUEOUS 2

The samples from this project will be disposed of in thirty (30) days from the
date of this report. If an extended storage period is required, please contact
our sample control department before the scheduled disposal date.
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GENERAL CHEMISTRY RESULTS

ATI I.D. : 910550

CLIENT : D.B. STEPHENS & ASSOCIATES DATE RECEIVED : 10/06/89
PROJECT # ¢ 89-031

PROJECT NAME : (NONE) REPORT DATE : 11/08/89
PARAMETER UNITS 01 02

CYANIDE, TOTAL MG/KG <0.2 <0.2

CHROMIUM HEXAVALENT MG/KG <0.2 <0.2

PHENOLICS, TOTAL MG/KG <0.8 2.9




N R am e Em

)! ‘k AnalyhcalTechnologies, Inc
GENERAL CHEMISTRY - QUALITY CONTROL

D.B. STEPHENS & ASSOCIATES

CLIENT :
PROJECT # : 89~031
PROJECT NAME : (NONE) i ATI I.D. : 910550

SAMPLE DUP. SPIKED SPIKE %
PARAMETER UNITS ATI I.D. RESULT RESULT RPD SAMPLE CONC REC
CYANIDE, TOTAL MG/KG 91099925 <0.2 0.4 NA 3.4 4.0 85
CHROMIUM HEXAVALENT MG/KG 91055001 <0.2 <0.2 NA 5.0 5.0 100
PHENOLICS, TOTAL MG/KG 91099926 <0.2 <0.2 NA 0.8 0.8 100

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative Percent Difference) = (Sample Result - Duplicate Result)

Average Result
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METALS RESULTS
ATI I.D. : 910550
CLIENT : D.B. STEPHENS & ASSOCIATES DATE RECEIVED : 10/06/89
PROJECT # : 89-031
PROJECT NAME : (NONE) REPORT DATE : 11/08/89
PARAMETER UNITS 01 02
SILVER MG/XG <1.0 1.2
ARSENIC MG/KG 1.8 2.9
BERYLLIUM MG/KG <0.5 <0.5
CADMIUM MG/KG 0.8 1.4
- CHROMIUM MG/KG 2 10
COPPER MG/KG 3.0 6.9
MERCURY MG/KG <0.02 0.02
NICKEL MG/KG <3 8
LEAD MG/KG 5 14
ANTIMONY MG/KG <1.0 <1.0
SELENIUM MG/KG <0.5 <0.5
THALLIUM MG/KG <0.5 <0.5
ZINC MG/KG 6.6 33.0




D.B. STEPHENS & ASSOCIATES

METALS - QUALITY CONTROL

)! ‘K AnalylicalTechnologies, IncC
CLIENT :
PROJECT # : 89-031
PROJECT NAME : (NONE)

: 910550

SPIKED SPIKE %

SAMPLE CONC

REC

o G - G . v . — - A - W G S S S - G . S - — — D W e S —— " T S G - G B S S S G S S M TS G G D O R . MmA —  t ——— — .  o-

SILVER
ARSENIC

BERYLLIUM

CADMIUM
CHROMIUM
COPPER
MERCURY
NICKEL
LEAD
ANTIMONY
SELENIUM
THALLIUM
ZINC

% Recovery

RPD (Relative Percent Difference) = (Sample Result - Duplicate Result)

F e e i —

91055001
91055001
91055001
91055001
91055001
91055001
91056006
91055001
91055001
91055001
91055001
91055001
91055001

ATI I.D.
SAMPLE DUP.
RESULT RESULT RPD
<1.0 <1.0 NA
1.8 1.6 12
<0.5 <0.5 NA
0.8 0.8 0
2 2 0
3.0 3.3 10
<0.02 <0.02 NA
<3 <3 NA
5 5 0
<1.0 <1.0 NA
<0.5 <0.5 NA
<0.5 <0.5 NA
6.6 7.0 6

(Spike Sample Result - Sample Result)

Spike Concentration

Average Result
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GAS CHROMATOGRAPHY - RESULTS
ATI I.D. ¢ 91055001

TEST : ORGANOCHLORINE PESTICIDES AND PCB’S (EPA 8080)

CLIENT : D.B. STEPHENS & ASSOCIATES DATE SAMPLED : 10/04/89

PROJECT # : 89-031 DATE RECEIVED : 10/06/89

PROJECT NAME : (NONE) DATE EXTRACTED : 10/09/89

CLIENT I.D. : 27 DATE ANALYZED : 10/13/89

SAMPLE MATRIX : NON-AQUEOUS UNITS : MG/KG
DILUTION FACTOR : 1

COMPOUNDS RESULTS

ALDRIN . <0.005

ALPHA - BHC <0.005

BETA - BHC <0.005 )

GAMMA - BHC <0.005 ‘

DELTA - BHC <0.005

CHLORDANE <0.05

4,4'-DDD <0.01

4,4'-DDE : <0.01

4,4’ -DDT <0.01

DIELDRIN <0.01

ENDOSULFAN I <0.01

ENDOSULFAN II <0.01

ENDOSULFAN SULFATE ‘ <0.01

ENDRIN <0.01

ENDRIN ALDEHYDE <0.01

ENDRIN KETONE <0.01

HEPTACHLOR ‘ <0.005

HEPTACHLOR EPOXIDE <0.005

METHOXYCHLOR <0.05

TOXAPHENE <0.1

AROCLOR 1016 , <0.05

AROCLOR 1221 <0.05

AROCLOR 1232 <0.05

AROCLOR 1242 . <0.05

AROCLOR 1248 - <0.05

AROCLOR 1254 . <0.05

AROCLOR 1260 <0.05

SURROGATLE PERCENT RECOVERIES

ISODRIN (%) 84
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GAS CHROMATOGRAPHY -~ RESULTS
ATI I.D. : 91055002

TEST : ORGANOCHLORINE PESTICIDES AND PCB’S (EPA 8080)

CLIENT : D.B. STEPHENS & ASSOCIATES DATE SAMPLED :+ 10/04/89

PROJECT # : 89-031 DATE RECEIVED : 10/06/89

PROJECT NAME : (NONE) DATE EXTRACTED : 10/09/89

CLIENT I.D. : 2'8" DATE ANALYZED :+ 10/17/89

SAMPLE MATRIX : NON-AQUEOUS UNITS : MG/KG
DILUTION FACTOR : 100

COMPOUNDS RESULTS

ALDRIN <0.50

ALPHA - BHC <0.50

BETA - BHC <0.50

GAMMA -~ BHC <0.50

DELTA -~ BHC <0.50

CHLORDANE <5.0

4,4'-DDD <1.0

4,4’'~DDE ~ <1.0

4,4’'-DDT <1.0

DIELDRIN <1.0

ENDOSULFAN I <1.0

ENDOSULFAN ITI <1.0

ENDOSULFAN SULFATE <1.0

ENDRIN - <1.0

ENDRIN ALDEHYDE <1.0

ENDRIN KETONE <1.0

HEPTACHLOR ' <0.50

HEPTACHLOR EPOXIDE : <0.50

METHOXYCHLOR <5.0

TOXAPHENE <10

AROCLOR 1016 <5.0

AROCLOR 1221 <5.0

AROCLOR 1232 <5.0

AROCLOR 1242 _ <5.0

AROCLOR 1248 <5.0

AROCLOR 1254 ﬁ <5.0

AROCLOR 1260 <5.0

SURROGATE PERCENT RECOVERIES

ISODRIN (%) .
** Due to the necessary dilution of the sample, result was not attainable
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GAS CHROMATOGRAPHY - RESULTS
REAGENT BLANK

TEST : ORGANOCHLORINE PESTICIDES AND PCB'S (EPA 8080)

ATI I.D. : 910550
CLIENT : D.B. STEPHENS & ASSOCIATES DATE EXTRACTED : 10/09/89
PROJECT # : 89-031 DATE ANALYZED : 10/11/89
PROJECT NAME : (NONE) UNITS : MG/KG
CLIENT I.D. : REAGENT BLANK DILUTION FACTOR : N/A
COMPOUNDS RESULTS
ALDRIN <0.005
ALPHA - BHC <0.005
BETA - BHC <0.005
GAMMA - BHC <0.005
DELTA - BHC <0.005
CHLORDANE <0.05
4,4'-DDD <0.01
4,4'-DDE A <0.01
4,4’ -DDT <0.01
DIELDRIN <0.01
ENDOSULFAN I <0.01
ENDOSULFAN II <0.01
ENDOSULFAN SULFATE <0.01
ENDRIN <0.01
ENDRIN ALDEHYDE <0.01
ENDRIN KETONE <0.01
HEPTACHLOR <0.005
HEPTACHLOR EPOXIDE <0.005
METHOXYCHLOR . <0.05
TOXAPHENE <0.1
AROCLOR 1016 <0.05
AROCLOR 1221 <0.05
AROCLOR 1232 <0.05
AROCLOR 1242 <0.05
AROCLOR 1248 <0.05
AROCLOR 1254 <0.05
AROCLOR 1260 . ‘ <0.05

SURROGATE PERCENT RECOVERIES

ISODRIN (%) 78
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QUALITY CONTROL DATA

910550

91099904
10/12/89
SOIL
MG/KG

ATI I.D. :
TEST : ORGANOCHLORINE PESTICIDES AND PCB’S (EPA 8080)
CLIENT : D.B. STEPHENS & ASSOCIATES REF. I.D. :
PROJECT # : 89-031 DATE ANALYZED :
PROJECT NAME : (NONE) SAMPLE MATRIX :
UNITS :
DUP.
SAMPLE CONC. SPIKED % SPIKED
COMPOUNDS RESULT SPIKED SAMPLE REC.SAMPLE
GAMMA BHC ND 0.067 0.042 62 0.043
HEPTACHLOR ND 0.067 0.041 61 0.044
ALDRIN ND 0.067 0.043 64 0.044
DIELDRIN ND 0.067 0.055 82 0.049
ENDRIN ND 0.067 0.063 94 0.057
DDT ND 0.067 0.064 96 0.059
% Recovery = (Spike Sample Result - Sample Result)
———————————————————————————————————— X 100
Spike Concentration
RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result
________________________________ X

Average of Spiked Sample
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GAS CHROMATOGRAPHY - RESULTS
ATI I.D. : 91055001

TEST : CHLORINATED HERBICIDES (EPA METHOD 8150)

CLIENT : D.B. STEPHENS & ASSOCIATES DATE SAMPLED : 10/04/89
PROJECT # : 89-031 DATE RECEIVED : 10/06/89
PROJECT NAME : (NONE) DATE EXTRACTED : 10/20/89
CLIENT I.D. : 27 DATE ANALYZED : 10/14/89
SAMPLE MATRIX : NON-AQUEOUS UNITS : MG/KG

, DILUTION FACTOR : 1
COMPOUNDS RESULTS
2,4-D <0.004
2,4,5-TP (SILVEX) <0.002
2,4,5-T <0.002
DINOSEB <0.004
2,4-DB <0.004
DICAMBA <0.004
DICHLOROPROP <0.004
MCPP NA
MCPA NA
* DALAPON ' NA




)! ‘k AnalyicalTechnologies, InC
GAS CHROMATOGRAPHY - RESULTS
ATI I.D. : 91055002

TEST : CHLORINATED HERBICIDES (EPA METHOD 8150)

CLIENT : D.B. STEPHENS & ASSOCIATES DATE SAMPLED : 10/04/89
PROJECT # : 89-031 DATE RECEIVED : 10/06/89
PROJECT NAME : (NONE) DATE EXTRACTED : 10/20/89
CLIENT I.D. : 2’8" DATE ANALYZED : 10/14/89
SAMPLE MATRIX : NON-AQUEOUS UNITS : MG/KG

DILUTION FACTOR : 1

- —— - — T - . > o i St Wb W W TS W= A G G V. e W S S S W G S S G R e e PSS S M Gw G e D S G e G S R S e S T e Y S S - —— G > =

COMPOUNDS RESULTS
2,4-D <0.004

2,4,5-TP (SILVEX) <0.002

2,4,5-T 0.0066 <

DINOSEB : <0.004

2,4-DB : <0.004

DICAMBA <0.004

DICHLOROPROP <0.004

MCPP NA

MCPA NA

DALAPON NA




)! Ak AnalylicalTechnologies, INC
| GAS CHROMATOGRAPHY - RESULTS

REAGENT BLANK

TEST : CHLORINATED HERBICIDES (EPA METHOD 8150)

ATI I.D. : 910550
CLIENT : D.B. STEPHENS & ASSOCIATES DATE EXTRACTED : 10/11/89
PROJECT # : 89-031 DATE ANALYZED : 10/11/89
PROJECT NAME : (NONE) UNITS : MG/KG
CLIENT I.D. : REAGENT BLANK DILUTION FACTOR : N/A
COMPOUNDS RESULTS
2,4-D <0.004
2,4,5-TP (SILVEX) <0.002
2,4,5-T <0.002
DINOSEB <0.004
2,4-DB ’ <0.004
DICAMBA <0.004
DICHLOROPROP <0.004
MCPP NA
MCPA NA

DALAPON NA
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QUALITY CONTROL DATA

ATI I.D. ¢ 910550
TEST : CHLORINATED HERBICIDES (EPA METHOD 8150)
CLIENT : D.B. STEPHENS & ASSOCIATES REF. I.D. : 91099926
PROJECT # : 89-031 DATE ANALYZED : 10/12/89
PROJECT NAME : (NONE) SAMPLE MATRIX : SOIL

UNITS : MG/KG

DUP. DUP.
SAMPLE CONC. SPIKED % SPIKED %
COMPOUNDS RESULT SPIKED SAMPLE REC.SAMPLE REC. RPD
2,4-D ND 0.033 0.030 91 0.031 94 3
2,4,5-TP (SILVEX) ND 0.033 0.024 73 0.023 70 4
% Recovery = (Spike Sample Result - Sample Result)
———————————————————————————————————— X 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample
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GCMS ~ RESULTS
ATI I.D. : 91055001

TEST : VOLATILE ORGANICS (EPA 8240)

CLIENT : D.B. STEPHENS & ASSOCIATES DATE SAMPLED : 10/04/89

PROJECT # : 89-031 DATE RECEIVED : 10/06/89

PROJECT NAME : (NONE) DATE EXTRACTED : 10/11/89

CLIENT I.D. : 2! DATE ANALYZED : 10/11/89

SAMPLE MATRIX : NON-AQUEOUS UNITS : MG/KG
: DILUTION FACTOR : 1

COMPOUNDS RESULTS

CHLOROMETHANE <0.50

BROMOMETHANE <0.50

VINYL CHLORIDE <0.05

CHLOROETHANE ' <0.05

METHYLENE CHLORIDE <0.3

ACETONE <0.50

CARBON DISULFIDE ' <0.05

1,1-DICHLOROETHENE . <0.05

1,1-DICHLOROETHANE <0.05

1,2-DICHLOROETHENE (TOTAL) <0.05

CHLOROFORM <0.05

1,2~-DICHLOROETHANE <0.05

2-BUTANONE (MEK) <0.50

1,1,1-TRICHLOROETHANE <0.05

CARBON TETRACHLORIDE <0.05

VINYL ACETATE <0.50

BROMODICHLOROMETHANE » : <0.05

1,1,2,2-TETRACHLOROETHANE <0.05

1,2-DICHLOROPROPANE <0.05

TRANS-1, 3-DICHLOROPROPENE <0.05

TRICHLOROETHENE <0.05

DIBROMOCHLOROMETHANE <0.05

1,1, 2-TRICHLOROETHANE <0.05

BENZENE <0.05

CIS-1,3-DICHLOROPROPENE <0.05

2-CHLOROETHYLVINYLETHER <0.50

BROMOFORM <0.3

2-HEXANONE (MBK) ) <0.50

4-METHYL-2-PENTANONE (MIBK) : <0.50

TETRACHLOROETHENE <0.05

TOLUENE <0.05

CHLOROBENZENE <0.05

ETHYLBENZENE <0.05

STYRENE <0.05

TOTAL XYLENES <0.05

SURROGATE PERCENT RECOVERIES

1,2-DICHLOROETHANE-D4 (%) 96
BROMOFLUOROBENZENE (%) 113
TOLUENE-D8 (%) 98
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ADDITIONAL MAJOR COMPOUNDS
ATI I.D. : 91055001
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ADDITIONAL MAJOR COMPOUNDS RESULTS
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NO ADDITIONAL COMPOUNDS -
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GCMS - RESULTS
ATI I.D. : 91055002

TEST : VOLATILE ORGANICS (EPA 8240)

CLIENT : D.B. STEPHENS & ASSOCIATES DATE SAMPLED : 10/04/89

PROJECT # : 89-031 DATE RECEIVED : 10/06/89

PROJECT NAME : (NONE) ‘ DATE EXTRACTED : 10/11/89

CLIENT I.D. : 2’8" DATE ANALYZED : 10/11/89

SAMPLE MATRIX : NON-AQUEOUS UNITS : MG/KG
DILUTION FACTOR : 1

COMPOUNDS RESULTS

CHLOROMETHANE , <0.50

BROMOMETHANE <0.50

VINYL CHLORIDE <0.05

CHLOROETHANE <0.05

METHYLENE CHLORIDE <0.3

ACETONE <0.50

CARBON DISULFIDE <0.05

1,1-DICHLOROETHENE <0.05

1,1-DICHLOROETHANE <0.05

1,2-DICHLOROETHENE (TOTAL) <0.05

CHLOROFORM <0.05

1,2-DICHLOROETHANE <0.05

2-BUTANONE (MEK) <0.50

1,1,1-TRICHLOROETHANE <0.05

CARBON TETRACHLORIDE <0.05

VINYL ACETATE <0.50

BROMODICHLOROMETHANE : <0.05

1,1,2,2-TETRACHLOROETHANE <0.05

1,2-DICHLOROPROPANE <0.05

TRANS-1, 3-DICHLOROPROPENE <0.05

TRICHLOROETHENE <0.05

DIBROMOCHLOROMETHANE <0.05

1,1,2-TRICHLOROETHANE : <0.05

BENZENE . <0.05

CIS-1,3-DICHLOROPROPENE <0.05

2-CHLOROETHYLVINYLETHER <0.50

BROMOFORM <0.3

2-HEXANONE (MBK) <0.50

4-METHYL-2-PENTANONE (MIBK) <0.50

TETRACHLOROETHENE <0.05

TOLUENE <0.05

CHL.OROBENZENE <0.05

ETHYLBENZENE <0.05

STYRENE <0.05

TOTAL XYLENES <0.05

SURROGATE PERCENT RECOVERIES

1,2-DICHLOROETHANE-D4 (%) 110
BROMOFLUOROBENZENE (%) 106
TOLUENE-D8 (%) | 104
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ADDITIONAL MAJOR COMPOUNDS
ATI I.D. : 91055002
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NO ADDTIONAL COMPOUNDS
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GCMS - RESULTS

REAGENT BLANK

TEST : VOLATILE ORGANICS (EPA 8240)

ATI I.D.

DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

910550
10/11/89
10/11/89
MG/KG
N/A
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CLIENT : D.B. STEPHENS & ASSOCIATES
PROJECT # : 89-031
PROJECT NAME : (NONE)

CLIENT I.D. : REAGENT BLANK
COMPQUNDS

CHLOROMETHANE

BROMOMETHANE

VINYL CHLORIDE

CHLOROETHANE

METHYLENE CHLORIDE

ACETONE

CARBON DISULFIDE
1,1-DICHLOROETHENE
1,1-DICHLOROETHANE
1,2-DICHLOROETHENE (TOTAL)
CHLOROFORM
1,2-DICHLOROETHANE
2-BUTANONE (MEK)
1,1,1-TRICHLOROETHANE
CARBON TETRACHLORIDE
VINYL ACETATE
BROMODICHLOROMETHANE
1,1,2,2-TETRACHLOROETHANE
1, 2-DICHLOROPROPANE
TRANS-1, 3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2~-CHLOROETHYLVINYLETHER
BROMOFORM ’
2-HEXANONE (MBK) ‘
4~METHYL~2-PENTANONE (MIBK)
TETRACHLOROLETHENE

TOLUENE

CHLOROBENZENE
ETHYLBENZENE

STYRENE

TOTAL XYLENES

SURROGATE PERCENT RECOVERIES
1,2-DICHLOROCETHANE-D4 (%)

BROMOFLUOROBENZENE (%)
TOLUENE-D8 (%)

102
105
97
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QUALITY CONTROL DATA

ATI I.D. : 910550
TEST : VOLATILE ORGANICS (EPA 8240)
CLIENT : D.B. STEPHENS & ASSOCIATES REF. I.D. : 91055001
PROJECT # : 89-031 DATE ANALYZED : 10/11/89
PROJECT NAME : (NONE) SAMPLE MATRIX : NON-AQUEQUS

UNITS : MG/KG

DUP. DUP.
SAMPLE CONC. SPIKED % SPIKED %
COMPOUNDS RESULT SPIKED SAMPLE REC.SAMPLE REC. RPD
1,1-DICHLOROETHENE ND 2.5 2.7 108 2.7 108 0
TRICHLOROETHENE ND 2.5 2.6 104 2.7 108 4
CHLOROBENZENE ND 2.5 2.6 104 2.8 112 7
TOLUENE ND 2.5 2.5 100 2.7 108 8
BENZENE ND 2.5 2.8 112 2.8 112 0
% Recovery = (Spike Sample Result - Sample Result)
———————————————————————————————————— X 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Duplicate Spike)
Result Sample Result

Average of Spiked Sample
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GCMS -~ RESULTS
ATI I.D. : 91055001

TEST : SEMI-VOLATILE ORGANICS (EPA 8270)

CLIENT : D.B. STEPHENS & ASSOCIATES DATE SAMPLED : 10/04/89

PROJECT # : 89-031 DATE RECEIVED : 10/06/89

PROJECT NAME : (NONE) DATE EXTRACTED : 10/09/89

CLIENT I.D. : 27 DATE ANALYZED : 10/14/89

SAMPLE MATRIX : NON-AQUEOUS UNITS : MG/KG
DILUTION FACTOR : 1

COMPOUNDS RESULTS

N-NITROSODIMETHYLAMINE <0.17

PHENOL <0.17

ANILINE : <0.17

BIS(2-CHLOROETHYL)ETHER <0.17

2-CHLOROPHENOL <0.17

1,3-DICHLOROBENZENE <0.17

1,4-DICHLOROBENZENE <0.17

BENZYIL, ALCOHOL <0.17

1,2-DICHLOROBENZENE <0.17

2-METHYLPHENOL <0.17

BIS(2-CHLOROISOPROPYL)ETHER . <0.17

4-METHYLPHENOL, <0.17

N-NITROSO-DI-N-PROPYLAMINE <0.17

HEXACHLOROETHANE <0.17

NITROBENZENE . <0.17

ISOPHORONE <0.17

2-NITROPHENOL : <0.17

2,4-DIMETHYLPHENOL <0.17

BENZOIC ACID <0.85

BIS(2-CHLOROETHOXY )METHANE <0.17

2,4-DICHLOROPHENOL <0.17 .

1,2,4-TRICHLOROBENZENE <0.17

NAPHTHALENE <0.17

4-CHLOROANILINE , <0.17

HEXACHLOROBUTADIENE <0.17

4-CHLORO-3-METHYLPHENOL <0.17

2-METHYLNAPHTHALENE <0.17

HEXACHLOROCYCLOPENTADIENE <0.17

2,4,6-TRICHLOROPHENOL ' <0.17

2,4,5-TRICHLOROPHENOL <0.85

2-CHLORONAPHTHALENE <0.17

2-NITROANILINE <0.85

DIMETHYLPHTHAILATE <0.17

ACENAPHTHYLENE <0.17

3-NITROANINLINE <0.85

ACENAPHTHENE <0.17

2,4-DINITROPHENOL : <0.85

4-NITROPHENOL <0.85

DIBENZOFURAN <0.17

2,4-DINITROTOLUENE <0.17

2,6-DINITROTOLUENE <0.17

(CONTINUED NEXT PAGE)
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GCMS - RESULTS
ATI I.D. : 91055001

TEST : SEMI-VOLATILE ORGANICS (EPA 8270)
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COMPOUNDS RESULTS
DIETHYLPHTHALATE <0.17
4 -CHLOROPHENYL-PHENYLETHER <Q0.17
FLUORENE <0.17
4-NITROANILINE <0.85
4,6-DINITRO-2-METHYLPHENOL <0.85
N~NITROSODIPHENYLAMINE <0.17
4 -BROMOPHENYL-PHENYLETHER <0.17
HEXACHLOROBENZENE ' <0.17
PENTACHLOROPHENOL <0.85
PHENANTHRENE <0.17
ANTHRACENE <0.17
DI-N~BUTYLPHTHALATE <0.17
FLUORANTHENE <0.17
BENZIDINE . <1.7
PYRENE <0.17
BUTYLBENZYLPHTHALATE <0.17
3,3-DICHLOROBENZIDINE <0.34
BENZO(a )ANTHRACENE <0.17
BIS(2-ETHYLHEXYL)PHTHALATE <0.17
CHRYSENE <0.17
DI-N~-OCTYLPHTHALATE <0.17
BENZO (b ) FLUORANTHENE <0.17
BENZO (k ) FLUORANTHENE <0.17
BENZO(a)PYRENE . <0.17
INDENO(1,2,3~cd)PYRENE <0.17
DIBENZO(a,h)ANTHRACENE <0.17
BENZO(g,h, i )PERYLENE <0.17

SURROGATE PERCENT RECOVERIES

NITROBENZENE-D5 (%) 58
2-FLUOROBIPHENYL (%) 56
TERPHENYL (%) - 67
PHENOL-D5 (%) : 49
2-FLUOROPHENOL (%) 51

2,4,6-TRIBROMOPHENOL (%) 54
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ADDITIONAL MAJOR COMPOUNDS
ATI I.D. : 91055001
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NO ADDITIONAL COMPQUNDS
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TEST : SEMI-VOLATILE ORGANICS (EPA 8270)

CLIENT 3
PROJECT # : 89-031
PROJECT NAME : (NONE)
CLIENT I.D. : 2'8"

SAMPLE MATRIX : NON-AQUEOUS

GCMS - RESULTS

D.B. STEPHENS & ASSOCIATES

ATI I.D. : 91055002

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

10/04/89
10/06/89
10/09/89
10/14/89
MG/KG
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N-NITROSODIMETHYLAMINE
PHENOL

ANILINE
BIS(2-CHLOROETHYL)ETHER
2-CHLOROPHENOL
1,3~-DICHLOROBENZENE
1,4-DICHLOROBENZENE
BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2-METHYLPHENOL
BIS(2-~-CHLOROISOPROPYL)ETHER
4-METHYLPHENOL
N-NITROSO~-DI-N-PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2-NITROPHENOL
2,4-DIMETHYLPHENOL
BENZOIC ACID
BIS(2-CHLOROETHOXY )METHANE
2,4-DICHLOROPHENOL
1,2,4-TRICHLOROBENZENE
NAPHTHALENE

4 -CHLOROANILINE .
HEXACHLOROBUTADIENE

4 ~-CHLORO-3-METHYLPHENOL
2-METHYLNAPHTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
3-NITROANINLINE
ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE

(CONTINUED NEXT PAGE)

<0.17

<0.85
<0.17
<0.85
<0.17
<0.17
<0.85
<0.17
<0.85
<0.85
<0.17
<0.17
<0.17
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GCMS - RESULTS
ATI I.D. : 91055002
TEST : SEMI-VOLATILE ORGANICS (EPA 8270)
COMPOUNDS RESULTS
DIETHYLPHTHALATE ' <0.17
4~CHLOROPHENYL-PHENYLETHER <0.17
FLUORENE <0.17
4-NITROANILINE <0.85
4,6-DINITRO-2-METHYLPHENOL <0.85
N~NITROSODIPHENYLAMINE <0.17
4-~BROMOPHENYL-PHENYLETHER <0.17
HEXACHLLOROBENZENE <0.17
PENTACHLOROPHENOL <0.85
PHENANTHRENE 0.33
ANTHRACENE <0.17
DI-N-BUTYLPHTHALATE <0.17
FLUORANTHENE 0.66
BENZIDINE . <1.7
PYRENE 0.33
BUTYLBENZYLPHTHALATE <0.17
3,3~-DICHLOROBENZIDINE : <0.34
BENZO(a )ANTHRACENE 0.25
BIS(2~-ETHYLHEXYL)PHTHALATE 0.17
CHRYSENE TR
DI-N-OCTYLPHTHALATE <0.17
BENZO (b ) FLUORANTHENE 0.19
BENZO(k ) FLUORANTHENE TR
BENZO(a )PYRENE : 0.18
INDENO(1,2,3~cd)PYRENE <0.17
DIBENZO(a,h)ANTHRACENE : <0.17
BENZO(g,h,1)PERYLENE <0.17
SURROGATE PERCENT RECOVERIES
NITROBENZENE-DS (%) 54
2-FLUOROBIPHENYL (%) . 51
TERPHENYL (%) ; 50
PHENOL-D5 (%) 42
2~-FLUOROPHENOL (%) 41
2,4,6-TRIBROMOPHENOL (%) 44

TR - Compound detected at an unquantifiable trace level
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ADDITIONAL MAJOR COMPOUNDS
ATI I.D. : 91055002
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NO ADDITIONAL COMPOUNDS
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GCMS - RESULTS
REAGENT BLANK

TEST : SEMI-VOLATILE ORGANICS (EPA 8270)

ATI I.D. : 910550
CLIENT : D.B. STEPHENS & ASSOCIATES DATE EXTRACTED : 10/11/89
PROJECT # : 89-031 DATE ANALYZED : 10/14/89
PROJECT NAME : (NONE) UNITS : MG/KG
CLIENT I.D. : REAGENT BLANK DILUTION FACTOR : N/A
COMPOUNDS RESULTS
N-NITROSODIMETHYLAMINE <0.17
PHENOL <0.17
ANILINE <0.17
BIS(2-CHLOROETHYL)ETHER <0.17
2-CHLOROPHENOL <0.17
1, 3-DICHLOROBENZENE <0.17
1,4-DICHLOROBENZENE <0.17
BENZYL ALCOHOL <0.17
1,2-DICHLOROBENZENE <0.17
2-METHYLPHENOL <0.17
BIS(2~-CHLOROISOPROPYL)ETHER <0.17
4-METHYLPHENOL <0.17
N-NITROSO-DI-N-PROPYLAMINE <0.17
HEXACHLOROETHANE <0.17
NITROBENZENE <0.17
ISOPHORONE <0.17
2-NITROPHENOL <0.17
2,4-DIMETHYLPHENOL <0.17
BENZOIC ACID : <0.85
BIS(2-CHLOROETHOXY )METHANE - <0.17
2,4-DICHLOROPHENOL <0.17
1,2,4-TRICHLOROBENZENE <0.17
NAPHTHALENE <0.17
4 ~-CHLOROANILINE <0.17
HEXACHLOROBUTADIENE <0.17
4-CHLORO-3-METHYLPHENOL _ <0.17
2-METHYLNAPHTHALENE <0.17
HEXACHLOROCYCLOPENTADIENE <0.17
2,4,6-TRICHLOROPHENOL <0.17
2,4,5-TRICHLOROPHENOL <0.85
2-CHLORONAPHTHALENE <0.17
2-NITROANILINE <0.85
DIMETHYLPHTHALATE <0.17
ACENAPHTHYLENE <0.17
3-NITROANINLINE <0.85
ACENAPHTHENE <0.17
2,4-DINITROPHENOL <0.85
4 -NITROPHENOL <0.85
DIBENZOFURAN <0.17
2,4-DINITROTOLUENE <0.17
2,6-DINITROTOLUENE <0.17
DIETHYLPHTHALATE <0.17

4-CHLOROPHENYL-PHENYTLETIIER <0.17

(CONTINUED NEXT DPAGE)
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GCMS - RESULTS

REAGENT BLANK

TEST : SEMI-VOLATILE ORGANICS (EPA 8270)
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FLUORENE
4-NITROANILINE
4,6~DINITRO-2~METHYLPHENOL
N-NITROSODIPHENYLAMINE

4 -BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE

ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE

BENZIDINE

PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO (a ) ANTHRACENE

BIS { 2-ETHYLHEXYL JPHTHALATE
CHRYSENE
DI-N-OCTYLPHTHALATE

BENZO (b ) FLUORANTHENE
BENZO (k ) FLUORANTHENE
BENZO(a ) PYRENE
INDENO(1,2,3-cd)PYRENE
DIBENZO(a,h)ANTHRACENE
BENZO(g,h,i)PERYLENE

SURROGATE PERCENT RECOVERIES

NITROBENZENE-DS5 (%)
2~-FLUOROBIPHENYL (%)
TERPHENYL (%) -
PHENOL-D5 (%) |
2-FLUOROPHENOL (%)
2,4,6-TRIBROMOPHENOL (%)

ATI I.D. : 910550
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60
60
72
47
46
51
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QUALITY CONTROL DATA
ATI I.D. :
TEST : SEMI-VOLATILE ORGANICS (EPA 8270)
CLIENT : D.B. STEPHENS & ASSOCIATES REF. I.D. :
PROJECT # : 89-031 DATE ANALYZED :
PROJECT NAME : (NONE) SAMPLE MATRIX :
UNITS
DUP.
SAMPLE CONC. SPIKED % SPIKED
COMPOUNDS RESULT SPIKED SAMPLE REC.SAMPLE
1,2,4-TRICHLOROBENZENE ND 1.67 1.26 75 1.10
ACENAPHTHENE ND 1.67 0.90 54 0.80
2,4-DINITROTOLUENE ND 1.67 0.93 56 0.83
PYRENE ND 1.67 1.36 82 1.12
N-NITROSO-DI-N-PROPYLAMINE ND 1.67 0.77 46 0.63
1,4-DICHLOROBENZENE ND 1.67 1.43 86 1.27
PENTACHLORQPHENOL ND 3.33 1.63 49 1.73
PHENOL ND 3.33 1.93 58 1.60
2~-CHLOROPHENOL ND 3.33 2.02 61 1.70
4-~CHLORO-3-METHYLPHENOL ND 3.33 2.33 70 1.87
4~NITROPHENOL ND 3.33 1.20 36 1.07
¥ Recovery = (Spike Sample Result - Sample Result)
———————————————————————————————————— X 100

Spike Concentration

RPD (Relative % Difference) = (Spiked Sample -~ Duplicate Spike)
Result Sample Result

- - —— — ——— ayn et By — S —— ——— —

Average of Spiked Sample

910550
91099911
10/13/89
SO1IL
: MG/KG
DUP
%
REC RPD
66 13
48 12
50 11
67 20
38 19
76 12
52 6
48 19
51 18
56 22
32 12
100
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LIADRCPCUL ISR «Cas {13AE) e THEDRETICAL APPHGACH CF THE LNFILITRATIUN PRULCLEM.
ellet -

BuULL . OF LASH.VOL

NESCNIFTION CF SQOIL AND EXFERIMENTS

BULIL DCNCSe= 1724 GRACQNE] THETA SAT=2G.3 KEAT =7 ¢ 39E-Qs CH/8uC
UNTITSIESI(CY rR20Y¢K (ChrsEC)
FIRST DRYING MAIN WETTING WETTING MG
THFCTA PSI THETA PSI THETA K/KSAT
H 4.00CF CQ 2.G68B8CE 02 44 CO0E €O 3.980E 02 -54000E Te£2CE-02
2?2 44 800E GO 2L.128F 02 4. 800F 00 341288 02 7eB00E 1.325E~02
3 €.00CE CO 2.,00030Z 02 S.VU00E QO 3«000E 0Z 1a03C0E J«dQRE-D2
4 S«5C0E COQ 2eE230 02 S« HC0E QO 2.500FE C2 1.280E 01 FeSACE~32
€ 610CF €O Z2e.C00E 02 Le HOCIT QO 2.,0008 02 14500 0Ot l.63CC—21
6 7«S00F CO 2.2%¢0 22 75000 00 1 e4935E 02 1.750€E G1 2,470E-01
? SaCCOE (O 2000 92 G. Q0O GO 1.0C0E 02 24000 01 3.770CE-CL
8 1.00CE € e £HCGH N2 1.CO0E Q1 Q,0008 01 242508 01 D.230E=u
g 1.2508 (1 1600 g2 1.250E C1 84000E 01 243500C 01 Led35E~01
10 1eSn0lE C1 loa2 ¥4 1« 3UNE a1 7.400% 01 2.750CE 01 SeBL0OE~DL
11 la7508 (1} 1.29 2 1. 753K C1 &.Q3C0E (1! 2.97%E 01 1.0CCE 20
12 2.C00E C\1 1adu 02 2000 01U 62008 01!
13 Ze2SCE (1} 1e19 o2 2.290E C1 S.500& 01
14 2.E00C (1 1.04 0 2+ S0VE Q1 G eSS0 Q1
1 £e7S0F C1 Ee T3 B3 2. 7L0€ C1 3.8508 01i
16 2.E00F C1 . C0CH 01 26 BOCE G J«B550F 01t
t7 2«8T7CE (1 €aS0NE 01 24 €80T C1 3.250E 01
18 2.G00F (i S.2505 ot 2.9300E 01 2.9S0OE 01
19 2eGS0E C1 245070 01 ZaS30E Uy Ze30Vr Gi
20 2.875F C1t 1a22CC 01 206798 01 1.225€ 01
21 2.G80E C1t £.C0Ck W0 248308 T S.C00F 00
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0000°81
0000°91
0000°41
0000°2¢
0000°01

0000°8
0000°9
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HOBRS1. OUT Thursday, November 30, 1989 4:30 pm Page .
HOBB
INPUT PARAMETERS
Pore Water Velocity, V(cm/day) = 0.1149E+02
Dispersion Coefficent, D (sq cm/day) = 1149. 0000
Retardation Coefficient, R = 1.0000
Duration of Soclute Pulse, TO (days) = 0.3600E+02
Initial Concentration, CI (mg/1) = 0.0000
Input Concentration, CO (mg/l) = 4.4000
Column Length, XL (cm) = 1500. 0000
Convergence Criterion, TOL = 0.000100
CALCULATED EIGENVALUES
2.785931  5.638531  8.572736  11.570676  14.611396
17.6879960 20.766927 23.866422 26.9747286 30.089410
33.208840 36.331886 39.457744 42.585828 45.715702
48.847037 51.9795877 55.113124 58.247520 61.382638
DISTANCE TIME PORE VOLUME CONCENTRATION NUMBER
(cm) (days) (VV0) (mg/1) OF TERMS
0.0000 0.3650E+02 0.0000 0.0000E+00 0
100. 0000 0.3650E+02 4.1839 0.4219E+01 0
200. 0000 0.3B850E+02 2.0969 0.3940E+01 0
300. 0000 0.3850E+02 1.3980 0.3478E+01 0
400. 0000 0.3650E+02 1.0485 0.2878E+01 0
500. 0000 0.3650E+02 0.8388 0.2208E+01 0
600. 0000 0.3650E+02 0.6990 0.1556E+01 0
700.0000 0.3650E+02 0.5991 0.9996E+00 0
800. 0000 0.3650E+02 0.5242 0.5825E+00 0
900. 0000 0.3650E+02 0.4660 0.3065E+00 0
1000. 0000 0.3650E+02 0.4194 0. 1452E+00 0
1100. 0000 0. 3650E+02 0.3813 0.6174E-01 0
1200. 0000 0.3850E+02 0.3495 0.2353E-01 0
DISTANCE TIME PORE VOLUME CONCENTRATION NUMBER
(cm) (days) (VVO) (mg/1) OF TERMS
0.0000 0.7300E+02 0.0000 0.0000E+00 0
100. 0000 0.7300E+02 8.3877 0.1280E+Q0 0
200. 0000 0.7300E+02 4.1939 0.3879E+00 0
300. 0000 0.7300E+02 2.7959 0.7252E+00 0




HOBBS1. OUT

400.0000
500. 0000
600. 0000
700.0000
800. 0000
900.0000
1000. 0000
1100. 0000
1200. 0000

DISTANCE
(cm)

0.0000
100. 0000
200.0000
300. 0000
400.0000
500.0000
600. 0000
700. 0000
800. 0000
900. 0000

1000. 0000
1100. 0000
1200. 0000

DISTANCE
(cm)

0.0000
100. 0000
200.0000
300. 0000
400. 0000
500. 0000
600.0000
700.0000
800.0000
900.0000

1000. 0000
1100. 0000
1200. 0000

DISTANCE
(cm)

0.0000
100. 0000

COOOOOCOODOO

OO0 O0OO0CCOOOOOOOoO

OO0 OCOO0OOOOOOOO0O

Thursday,

. 7T300E+02
. 7300E+02
. 7300E+02
. 7T300E+02
. 7300E+02
.T300E+02
.7300E+02
. 7T300E+02
. T300E+02

TIME
(days)

. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03
. 1095E+03

TIME
(days)

. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03
. 1460E+03

TIME
(days)

. 1825E+03
. 1825E+03

November 30,

. 0969
.6775
.3980
. 1982
. 0485
. 9320
.8388
.7625
.6980

ODOOO K FH N

PORE VOLUME

(VVO0)

. 0000
.b816
. 2808
. 1939
. 1454
.5163
. 0968
L7974
.5727
. 3980
.2582
. 1438
. 0485

s B R S NDNWRONO

PORE VOLUME

(VVO)

. 0000
.7754
. 3877
.5918
. 1939
.3561
. 79569
.3965
. 0969
. 8639
.6775
.5250
.3980

bt b= = = NN NNWROTOM O

PORE VOLUME

(VVO)

0.0000
20.9693

1989 4:30 pm

OO0 OOOO0O

CONCENTRATION

OO0 OOODOOO

CONCENTRAT ION

OO0 OO COOOOOO O

CONCENTRATION

0.
0.

.1164E+01
. 1608E+01
. 1965E+01
.2162E+01
.2169E+01
.2002E+01
. 1716E+01
. 1375E+01
.1036E+01

(mg/1)

.0000E+00
. 1969E-01
.6016E-01
. 1311E+00
.2414E+00
. 3964E+00
.59848E+00
.8261E+00
.1071E+01
. 1302E+01
. 1493E+01
.1619E+01
.1668E+01

(mg/1)

.0000E+00
.4092E-02
. 1280E-01
.2897E-01
.5627E-01
.9893E-01
.1612E+00
. 2467E+00
.3572E+00
.4918E+00
.6463E+00
.8132E+00
. 9819E+00

(mg/1)

0000E+00
9755E-03

NUMBER
OF TERMS

oo

OO OMOOODOOO O

NUMBER
OF TERMS

[N NN RN NORe oo NN ol ol

NUMBER
OF TERMS

0
0




HOBBS1. OUT

200. 0000
300. 0000
400. 0000
500. 0000
600. 0000
700.0000
800.0000
900. 0000
1000. 0000

1100. 0000
1200. 0000

DISTANCE
(cm)

0.0000
100. 0000
200.0000
300. 0000
400. 0000
500. 0000
600.0000
700.0000
800. 0000
900. 0000

1000. 0000
1100. 0000
1200. 0000

DISTANCE
(cm)

0.0000
100. 0000
200. 0000
300. 0000
400. 0000
500. 0000
600. 0000
700. 0000
800. 0000
900. 0000

1000. 0000
1100. 0000
1200. 0000

DISTANCE
(cm)

QOO0 O0OO0OOCOOCOOO OO0 OO OOCOOQO

OO0 QOO OOOOOO0O

Thursday,

. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03
. 1825E+03

TIME
(days)

.2190E+03
.2190E+03
.2190E+03
.2190E+03
.2190E+03
.2190E+03
.2190E+03
. 2190E+03
.2190E+03
.2190E+03
.2190E+03
.2190E+03
.2190E+03

TIME
(days)

. 2555E+03
.2556E+03
. 2555E+03
. 2555E+03
. 25565E+03
. 2555E+03
. 25565E+03
.2555E+03
. 2555E+03
.2555E+03
. 2555E+03
. 2555E+03
.2555E+03

TIME
(days)

November 30,

A= NN WRE OO

. 4846
.9898
.2423
. 1939
. 4949
. 99566
.6212
. 3299
. 0969
.8063
.T474

PORE VOLUME

- DN

DN NDWWROTOH N IO

(VVO)

. 0000
.1631
.5816
. 3877
.2908
. 0326
. 1939
. 5947
. 1454
. 7959
.5163
.2876
. 0969

PORE VOLUME

= DO

NN WWERRD IO ROO

(VVO)

. 0000
.3570
.8785
. 7857
. 3392
.8714
.8928
. 1939
.6696
. 2619
. 9357
.6688
.4464

PORE VOLUME

(VVO)

1989 4:30 pm

OO0 CODOOCOoOO

CONCENTRAT ION

COO0OO0OOODOODOODOOOO

CONCENTRAT ION

OO OO0 OOOOO0O

CONCENTRATION

.3088E-02
. T134E-02
. 1426E-01
.2600E-01
.4433E-01
.7T149E-01
. 1099E+00
. 1619E+00
. 2293E+00

.3125E+00
.40988E+00

(mg/1)

.0000E+Q0
.2518E-03
.8031E-03
. 1879E-02
. 3823E-02
. T128E-02
. 1251E-01
.2083E-01
.3323E-01
.5089E-01
.7543E-01
. 1076E+00
» 1477E+00

(mg/1)

.0000E+00
.6844E-04
.2195E-03
.5180E-03
. 1066E-02
.2024E-02
.3607E-02
.6134E-02
. 1002E-01
.15677E-01
.2397E-01
.3513E-01
.4947E-01

(mg/1)

o
]
101
o

[N NONORORO  NoNeNeoN o)

NUMBER
OF TERMS

[N NN R NerRo>ReNoNoNo o R

NUMBER
OF TERMS

OO OOCOOO

NUMBER
OF TERMS




HOBBS1. OUT

0.0000
100. 0000
200. 0000
300. 0000
400. 0000
500. 0000
600. 0000
700.0000
800. 0000
900. 0000

1000. 0000
1100. 0000
1200. 0000

DISTANCE
(cm)

0.0000
100. 0000
200. 0000
300. 0000
400. 0000
500. 0000
600.0000
700.0000
800. 0000
900. 0000

1000. 0000
1100. 0000
1200. 0000

DISTANCE
(cm)

0.0000
100. 0000
200. 0000
300. 0000
400. 0000
500. 0000
600. 0000
700.0000
800. 0000
900.0000

1000. 0000
1100. 0000
1200. 0000

OOO0OOODOOCOOOO0O00O OO OO OO OOCOOOO

OO0 OCOOOOOOOCO

Thursday,

.2920E+03
.2920E+03
. 2920E+03
.2920E+03
.2920E+03
.2920E+03
.2920E+03
.2920E+03
.2920E+03
.2920E+03
.2920E+03
.2920E+03
.2920E+03

TIME
(days)

.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03
.3285E+03

TIME
(days)

.3650E+03
.3650E+03
.3650E+03
.3650E+03
. 3650E+03
.3650E+03
.3650E+03
.3650E+03
. 3650E+03
.3650E+03
.3650E+03
.3650E+03
.3650E+03

November 30,

w
wo

L
NWWWH B OO O

PORE VOLUME

WW Wik N0

PORE VOLUME

. 0000
.5508
.7754
. 1836
. 3877
.7102
.5918
. 7830
. 1939
L7279
. 3551
. 0501
. 7959

(VVO)

. 0000
. 7447
.8723
.5816
.4362
.5489
.2908
.3921
.7181
. 1939
.7745
.4313
. 1454

(VVO)

. 0000
. 9385
. 9693
.9795
. 4846
. 3877
. 9898
.9912
. 2423
.6598
. 1939
.8126
. 4949

1989 4:30 pm

COO0O OO OOOCODOCOOO

CONCENTRATION

COCOODOOCOODOOO0O

CONCENTRATION

OO0 OO0COO0ODODODOO0O0O

. 0000E+00
. 1930E-04
.6195E-04
. 1473E-03
.3073E-03
.5889E-03
. 1067E-02
. 1824E-02
.3024E-02
.4838E-02
.T476E-02
.1114E-01
. 15693E-01

(mg/1)

.0000E+00
.5551E-05
. 1815E-04
.4328E-04
. 9048E-04
. 1749E-03
.3136E-03
.5457E-03
.9140E-03
. 1478E-02
:2307E-02
.3472E-02
.5009E-02

(mg/1)

.0000E+0QO0.
. 1695E-05
.5424E-05
. 1295E-04
.2714E-04
.5280E-04
.9372E-04
.1641E-03
.2766E-03
.4500E-03
.7073E-03
. 1071E-02
. 15654E-02

g
[V
o
(0]

DO OOOOOO

NUMBER
OF TERMS

BaERARR A PODOODOOO

NUMBER
OF TERMS

SRR R RODODOOOO
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