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- EXECUTIVE SUMMARY ;

I |
3

In a meeting on March 1,1990 at the NRC offices in Rockville, Matytand, the NRC requested ' .|
~ dditional information related to the Cimarror Site Investigation Report.' Additional information.a

'

>
,

was requested on nine specific areas. The !Cimarron Corporation 7has collected - additional = _ t

information to respond to the NRC requests. - The additional information, which includes fic!d -
,

and laboratory data, calculations, and computer simulations,Lis included in the main body of this y
report. i

~1_,

k- . The additional data collected indicate that the proposed facility closure is viable. Specifically, the.-
~

| addi_tional studies completed by the Cimarron _ Corporation-on the nine areas have demonstrated; j

the following: d,

. q
^-Fracture Flow:"

,

Fracture Ilow was determine'd not to be an important component to ground water flow at'- '

the~Cimarron Facility ; Fractures are not' numerous,' the intergranular permeability of the - i

sandstones is large, and no influence of jointing can be seen in the shape of the .
"piezometric surface.

Unsaturated Ground Water Flow; i
"

.(3 Shallow mudstones act as aquitards and influence the direction of movement of '
V infiltrating water in the unsaturated zone. The mudstones slope to the west'in the

vicinity of the Option 2 landfill.' . The Cimarron Corporation is revising the design of the e

landfill to control and limit seepage into the landfill." j
Ground. Water Flow Directions:"

-- s

The Option 2' landfill is located on the spine _of a north south trending ridge. . Shallow
ground water flow is similar to surface. water flow, and consequently, gro'und water in the
vicinity of the Option 2 landfill may flow either to the east or to the west,i Cimarron
Corporation has conducted additional avlyses of ground 4 vater flow and potential for.
contaminant transport from the landfill to include the movement in either direction. '

>

; Erosional Stability - :
"

The crosional stability of the proposed landfill has been modeled under.long term and
extreme conditions. Calculations using the NRC draft guidance document, and:

' simulations using the GLEAMS computer code, have been used to demonstrate stability.- !

The calculations using NRC draft guidance show that the cell will not be subject to'i -

severe crosion during the PMP so long as the slope of th.c cell cover is less than about 6
percent if the cover is grassed, and less than about 1 percent if the cover is fallow.
Erosion control practices followed in the area would protect the cell from crosion at' .i
slopes steeper that one percent while it is under cultivation.- ~!

The GLEAMS analyses showed the average annual erosion from the cover to be about 5? >i
}' J tons / acre (0.03 inches) for fallow conditions and a 4 percent slope. Calculations for a
v

Project No. 80S2fl MAY 10,1990 . PAGE ES - 1 ;

:
..

1
e

f
,- > g , , , .- ,.

'
e ,



?>
o- *

yy g

D

.,

()| 'specified occurrence of the PMP Indicated an increase of about 60 tons / acre (033 inches)' ?
,

for the year during which the PMP occurred.
'

' Data Files: ?!"

.

Copics of data files used by the Cimarron Corporation and its consultre .have beenJ
__ ._

included'with this submittal to facilitate indepetident review by the staff. >

.

'' : Uranium Mobility-
,

~ Additional mformation explaining the mechanisms by which uranium migratesy . e
,

downgradient from the former waste management areas (now cleaned and closed) has;
*

. been collected, and computer modeling of the chemical behavior.of uranium in this'
,

. environment has been coinpleted. Uranium is more mobile downgradient of the.formerf 4
waste management areas because the waste management activities had altered the; '

.

natural. chemistry of the ground water. Because only soil cont'aminated .with uranium,that J
1

has been sorbed on the soil matrix is to be placed in the Option.2 burial ground,- d
I #alteration of the ground water downgradient of the burial ground will 'not occW.- 4

q

. The effects of the-former waste management practices on the quality of ground water,
~

and consequently, Lthe mobility of uranium, downgradient 'from the formerL waste
management areas: decrease with distance from the former waste management ' areas j

"'

because natural: chemical reactions gradually mitigate _the : process.rclated impacts on -
ground water quality.

Future Land and Water Use: I"

Population information and current water use data have been collected.- Little i

population increase is projected. The data indicate that changes in current land and
water use are unlikely. L

L

Pathways Analyses:"

Analyses have been made of the impacts radionuclides moving along exposure pathways',

may have on human health and the environment. These analyses indicate that the - i
impacts both on human health and the environment are negligibic.

.

Volume Estimattsi '!
'

"

-

Cimarron Corporation has collected additional radiological data to refine the estimate of i

the volume of soil to be left at the facility under the provisions of Option 2 of the Branch -
Technical Position Paper. The data indicate that 3,500 cubic yards of soil will be left
under 4 feet of clean soll. Approximately 15,000 cubic feet of soil will be relocated from
the yard area to the designated Option 2 material disposal area. 4

~

t

,

[

d 1

'
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1, PURPOSE OF STUDY -

|LL Introduction

This study responds to questions that NRC raised during their review of Cimarron's September 9, .
1989 submittal and further. outlined.In a meeting with the NRC'on March 1,1990 at the NRC -
offices in Rockville, Maryland. At the March 11 meeting, the NRC commented on the Cimarron
Site Investigation Report (September, 9,1989)', completed by James L Grant & Associates
(JLGA). The NRC requested additionalinformation on several aspects of the report including:

1) documentation on the importance or lack of importance of jointi t to groundwater flow in thc'
site area,-

.

2) Information on the orientation of mudstone units in the unsaturated zone found'in the vicinity
of the Option 2 concentration soil disposal cell to determine if these mudstones might
channel water into or out of the disposal cell,

3) a review of the direction of ground water llow in the vicinity of the Option 2 landfill to l
~

'

determine the amount of ground water flow in each direction from the Option 2 landfill, -

g3 4) information on the crosional stability of the Option 2 landfill coser,
Sf

5) copics of data files used by Kerr McGec and its consultants to analyze uranium transport from
the Option 2 landfill,

i

6) information explaining the mechanism (s) by which uranium has entered the ground water
system around former waste management areas, and a demonstration that these
mechanisms and-existing conditions will not promote large scale mobilization and .
migration of uranium from the Option 2 landfill,

7) information used to make projections concerning future ground water and land use, and

S) an analysis of all reasonable exposure pathways along which materials leaching from the-
landfill site might reach the public.

9) a revised estimate of the volume of soils to be placed in the Option 2 landfill.-

1.2. Previous Investigation

On September 12,1989,JLGA submitted a Site investigation Report for the Cimarron Facility to
Cimarron Corporation. This report was then formally transmitted to the NRC. The purpose of

~

y
this-investigation was to determine the impacts that facility production activities had on the local,.

'Q hydrologic ' system, and- how these impacts might influence future . cxposure potential. Also -
'

V- d
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f-)~ | Investigated were the geotechnical properties of the natNe materials surrounding the proposed l
'

"
. Option 2 landfill site, i

Data' from; that report,- and additional-data collected to address the above referenced NRC
. questions, are presented in the following sections. '{

t
.;.

;

. i
1.3.'- Current Investigation 1

'

::.
,

< t

;L3.1, : Stratigraphy: '

;
..

A detailed stratigraphic analysis of the shallow solls and rocks: around the- OptionL 2. landfill ?!.

excavation was' completed by JLOA. Thirty four-detailed stratigraphic sections were measured - t

~ ithin the excavation.- From these stratigraphic sections, several stratigraphic cross sections werc ;w

constructed. Figure 1 shows. the locations. of measured sections and locations of stratigraphic . ]
: cross sections. Figure' 2. shows stratigraphic correlationsL for the cast and west wnits of, the---

excavation.
,

*
. -

g

Rocks found in'the Option 2 landfill excavation at the Cimarron Facility comprise a portion of ;
;the Permian Garber Sandstone. The Garber sandstone either crops out or is. found underlying a | 3

thin venect of soil throughout the Cimarron facility. Rock types found in the proposed landfill'
.

(~T area are dominantly sandstones and mudstones, and are covered by a: thin layer of. soil,1 The' !

k) mudstones exposed In the OptionL 2 -landfill,? although - important to .the c hydrology in ' the - ?{
'

immediate vicinity, ate relatively minor inclusions of: limited extentiwithin, a:1 predominantlyf.
r

sandstone unit. The rocks exposed .in -the Option 2 excavation. Including the mudstones, were' ,;1

included in the Site Investigation Report within'the. unit identified as Sandstone A.
...e

The mudstones are Icss permeable than the sandstones, andit"c mudstone surface slopes from -
'

west to east around the Option 2 landfill. The mudstones locally limit the downward flow water,; [
causing it to be diverted laterally through the sandstones along the top of the mudstones.

.

1.3.1.1. Soil' I

i

The Garber Sandstone at the facility is capped by a vencer of soil which' ranges in thickness from i,

_

6 to 36 inches. This soil is reddish brown in color and dominated by silt, very fine sand, and clay- -
.

size material. The soils. overlying the upper mudstone contain a large percentage of clay-sizeL *

material, while those overlying the upper sandstone contain a large percentage of sand and silt . l

t .
size grains. ,

,

1.3.1.2. Mudstones !
';

Two distinct mudstone.laycrs are exposed in the Option 2 excavation area. These are described '

fg as Mudstone 1 and Mudstone 2. The mudstones are dark reddish-brown in color and gencrully
J., f massive, although some zones are thinly laminated. Laminations, if present, generally occur in the- -

'

upper portions of an individual mudstone unit. Mudstone 1. shows no trend in grain she.- ;

'
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h Mudstone 2 becomes finer. grained upward, grading from sitty mudstone at the base into' clay- ;

dominated mudstone at the. top. Mudstone 1 occurs in the southern part of the excavation d,

-directly above Sandstone 1 (Figure 2). Mudstone 2 !s found throughout- the excavation below |
Sandstone 1 and above Sandstone 2. !

!
Light. green ' to- bluish gray fredcction" zones- were found within ; all . mudstone Lunits. These - *

reduction zones are present at every mudstone-sandstone coptact and are also found at scatteredc i
intervals' throughout individual mudstone units. These features are generally planar and, range in j

.

thickness from less than 0.10 to over 6 inches. These light green to bluish. gray zones are believed |,

- to reflect ine reduction of ferric oxides to ferrous oxides. !

The mudstones present in the excavation area, particularly, Mudstone~ 2, : typically. retard water L
..

moving vertically, causing transient saturated or near4aturated conditions to develop, and -local a

; horizontal flow to occur in the sandstone. Where the mudstone surface in the area slopes towardc
the excavation, the flow in the sandstone may produce sceps in the excavation. A purpose of thisi,

_

investigation was to octermine the extent and slope of the mudstones near th' Option 2 burial-c ,

area and to evaluate the possibility that seepage along' the top of 3hc mudstones would enter the . ?
- excavation. .

4
L

v 1.3.1.3. Sandstones |y

Sandstones identified in the Option 2 excavation 1are reddish brown, fine.'to|very fine grained?
.

quartz arenites. Individual sandstanc-units grade upward from fine grained sand to very fine-
f. grained sand to silt-size material. Sediment is dominated by well sorted,~subrounded to roundede

.-\
subspherical, quartz grains. Feldspar, muscovite and mafic minerals are present,' but are rare. The - 4
sum of these three constituents comprises less than about:10 percent of the rock. Partic;es arc 1
only lightly cemented by calcite or hematite. The combination of near spherical grains and light ? -- [,

cementation makes the sandstone units porous, permeable,iand friable. Sedimentary structures ;

include both large. and medium scale, trough cross bedding an'd :smallscale, ripple-drift cross-
,

stratification. Bedding may also be massive to thinly bcdded in'some areas. Large-scale trough y

cross beds are common and generally occur near the base of a given unit;,with the scale of the l
cross-bedding becoming smaller upward within the _ unit. Near the top of individual sedimentation > :

units, bedding generally becomes -' massive to thinly bcdded. Small scale ripple drift ' cross. J
~

. stratification is also present near the top of some sandstone units. j

.
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Figurc 1: Locutions of measured stratigraphic sections and stratigraphic cross sections
within waste landfill excavation.
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2. . PERCHED WATER d
,

4 .

2.1., Data and Observations l,

:1

,
if'

.The area surrounding the proposed Option 2 landfill area was investigated to_ determine whether
'

S-

. thc| mudstones in 'the unsaturated zonc might_ direct infiltrating water'into.the excavation. This !,

~ ~ .

: investigation was aided by a substantial rainfall which occurred 'in.the area'immediately before : i"the investigation was scheduled. This; allowed ' direct; observation; of- water movement: in' the'>

. unsaturated zone at the. Option-2 pit walls. .. d>

%
e

Scepage was observed at the interface between sandstonc units and underlying mudstone units on) i.

- the western wall of the excavation (Figure 3); The western wall of the proposed Option'2 landfill ,!
is the most affected by seepage.= Water also .was observed sceping from _the sandstones on'the-) f[

~

,

bluff facing the Cimarron River. As in the Option'2 landfilliscepage is confined to the contacts; 3,

between sandstones and mudstones. }
.

Rocks fo_und in the vicinity of the Cimarron Facility were deposited In Permlan' time by' a west- !'

flowing fluvial deltaic system. Because of the depositional environment,7the upper surface'of a. f
given mudstone ' unit is uneven. This is 'shown byfstratigraphic~ cross sections A A' and .B.B' :

;.(Figure 2 stratigraphy sections). The irregularity of the surface of the upper mudstone makes a
() . detailed depiction of tne upper;mudstonc-impossible without a very|large number.of borings or

~

-

additional test phs. Howeveri cross sections. completed across theLOption 2 pit; excavation show - g[
.

that, in the immediate vicinity of the excavation,~ the' upper sandstone and mudstone units dip? q
toward:the east. Figure 6 is a representative east west stratigraphic cross sectsn showing:thisc |

~

relationship. 1
g

.

.

:i
W On a larger scale, stratigraphic cross sections constructed for the Site Investigation; Report for the 1

Cimarron Facility by JLGA show that sedimentary units dip gently.to-the northwest-(Figures 5.1 - q
and 5.2 from the aforementioned report)ilt is likely that the apparent _castward dip within the:

^-

'

Option 2 excavation is an artifact of the slope of the mudstore surface, and is not relatc'd to the, j
.

overall _ dip of the strata. Because the-Option:2 landfill is located -ncar|th'c spine of K ridge, the
~

;

extent af the shallow mudstones -that are the subject of this study is limited by the ridge slopes 10 - J
.

,4 - the cast and west. 1

g
'

imm'ediately preceding the investigation of the excavation, the crea received 4.7|inche', of rainfahf d
This~ rain fell on March 11. In the week =pilor to:this rainfall, the area received 1.1 inches of "

rainfall. Only a small volume of water was flowing out of the rock exposed on the walls of the? ,{*
cxcavation on the morning of March' 12. By_ thc| end of the -day however, more scepage was.. 4
occurring on the western wall of the excavation. On March 13, seepage was still occurring on the -
western walli

~ '

k,

q

. The reason for this seepage along _the western wall is . twofold. First,l erracing resulted -in water - it

[ being pon.ded directly west of the landfill excavation at an clevation approximately equal to the ['
elevation of the top of the excavation (Figure 2, A and B). Figure 5 shows that a' larger influx of '

,

'
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'!:yy y

_|(# . water occurs on the western wall than on the castern wall. Second, the. surface of the upper |p
mudstonc unit locally dips toward the northeast. <|

"

j>

2.2.; Conclusions
'

3

;

The following conclusions result from the study of the rocks in the landfill excavation: l

in . . . ,

. 1) The surface of the upper mudstonc unit, which is a low. permeability layer and directs sccpage
__

into the excavation, is very irregular, it is not possible to map this surface accurately _ with -j
i the number of data points available, nor is it necessary given the observation of sceps; j
. after a significant rainfall.~

- 2) Transient saturated or near saturated conditions occur at th' bottom of sandstones. Ths local? -f
'

c
~ '

northerly slope of the surface of the mudstone directs this water into the' landfill -. q
excavation.

3) Scepage into the excavation is accelerated by terracing for crosion control and the associated _;
ponding of water near the excavation. '!

4) Minor changes in land slopes around the Option 2 landfill can improve drainage, and prevent.-:
ponding around the landfill caused by the existing terraces. Erosional stability- .e

- calculations presented in a later section of this report show that these, changes can be~ !
. - . accomplished without significant increases in'succeptability to crosion.
,N, -

-

t

r f-
j_ .V 5) With proper drainage around the Option 2 landfill | seepage along the mudstones into _thc7

landfill will be small. This scepage into the fill matcrial can be eliminated byi -

~

constructing an Interceptor drain along the west side of the landfill to capture and divert - i

the scepage around the landfill.
!

E,

-!
T

k

.

i.

'
.

:

,
,

i

>
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Figurc 3: Photograph of contact between sandstone and underlying mudstone. Water
emerges frotn waII at contact between sandstone and inudstone and collects at the base

of the excavation Photograph of western wall oflandfill excavation; photo taken 13
March 1990.
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3. ? JOINTING ' . .>

-i
>

Jointing at the|Cimarron Facility was investigated by conducting scanline surveys in the Option 21 ''

excavation and by making observations and measurements of jointing at outcrops on the facility | j
~

.

property, The scanline surveys consisted of stretching a tape measure along the length of the ]
= excavation. ;The orientation and location of joints-that intersected the plane of the tape were 'iz

measured, and observations, such? as seepage, roughness, vertical ~ trace length, and infilling- d
minerals were recorded, j

. .. . .. W
in addition, measurements :of joint ' orientation and the. same physical' observations; identified , i,

above were made at all: outcrops al the' facility.? Figure ;7 is a facility map which shows the I y
"

clocations of the outcrops from which joint observations were made. A

The'lindings can be summarized as follows. ' Joints in the sandstone bedrock'at the surface and- .f
near surface at the facility are widely spaced,; averaging up to about 8 to 10 feet a't'some

,

outcrops. The joints generally- have a. limited vertical persistence, with- vertical' trace- lengths
ranging from about 0.5 to 5 feet observedi;ln the Option.2 excavation, joints with vertical trace t 7;

lengths of 0.5 to 1.5 feet with an apparent horizontal spacing of around L 5 feet wereymost: !
'

common. - The sandstones also exhibit considerable sub. horizontal parting along cross beds. _No - '

g measurements were made of these partings because they are discontinuous, minor sedimentologic i *

,4 {j features.
,

No joints were observed - to ' penetrate contacts between the sandstones and' mudstones' or '
'

q
silistones at either the Option 2 excavation or at outcrops along the escarpment.1

,

The joints.in sandstone are generally open, with slightly curved to irregular joint surfaces. Less II

than about 1 % of the observed joints had any infilling minerals.DThe most" common infilling :)
mineral observed is calcite. : Moss and lichens grow on some of the open, exposed joint faces at ;
the outcrops. 'The joint surfaces were generally slightly to moderately rough. ",

Some staining .of joints: at the outcrops was observed,' but only on Joints that are deeply '
-

'

weathered. No fresh joint surfaces were found. Direct seepage of ground water from joints was j
not cbserved despite conducting the- field investigation. immediatelyf afterc unusually heavy
precipitation. The seepage observed. occurred primarity 'through the sandstone matrix 4and
scepage faces were common at_ the contact between the. uppermost sandstone and mudstone
layers. .No water was observed exiting the individual joinb.

.

The mudstone or silistone units in general exhibit virtually no jointing.- These units'are, however,, -

extremely fissile and part readily.into small frngments. Only a fewjjoints in the mudstones were- j
observed at the Option 2 excavation. The joints that were observed in the mudstones were. ;

closed; however, upon splitting a. hand samples the joint planes appear coated with manganese
oxide. Joint planes are curved to slightly irregular in the mudstones. No joints in mudstones

f were observed at outcrops. ' This situation is probably due to the extensive weathering exhibited ! |
at the outcrops.
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. 1p);. -Figure. 8 is' a rose diagram showing frequency of jointLstrike directions ~ . A total of 138 q
n- J measurements were made around the facility, with the majority of the measurements (88) made-- ;

in thc Option 2 excavation. The majority.of joints strike in the range N 60 E to N 75 E, and a- j

; subordinate conjugate population strikes N 45 W, Orientation measurements at outcrops and the j
Option 2 excavation were consistent and no systematic variation in orientation was observed j
neross the facility area,'- 4

.I
Figurc 9 is a stcrcogram sho. wing the distribution of poles.or normals to the joint planes.' Thef 1

; poles were plotted on a Sc.hmidt equal arca stcrconet. . Figure 10 is a contoured stercogram -tha't:; l.

more clearly shows the distribution of the pc,lesi Both principal populations are steeply dipping - .-;
.about the vertical plane. 7'

Jointing of the surface and near surface bedrock is minimal and joints are not anticipated .to:have - j,

' a significant effect en ground water flow for the following reasons. The joint ['attern has affectedL
~ the pattern of weathering and. erosion, but: has' no apparent- effect -upon .theishape of! the i '|

_

piezometric surface nor-the direction of ground water movement'(see Figure 11).; Fractures are -
' not numerous enough given the inter granular permeability of the sandstones in the arca to have : J

~

;

a great impact on ground < water movement.' Further,; the wide spacing,' limited = vertical trace
'

length, and termination at lithologic contacts will limit any' influence of jointing on the hydrologic -
| system, particularly in comparison with the inter granula'r permeability of the sandstone units.

_ ;

},

:

i
|j Q -

.. if - q'

9,

:i

I

,

!
!
,

t
-

]

>

i
r

e

!
e

:!
'

.

>

.:

,

j%
~

U' ;
't

Project No. 60S211 MAY 10,1990 . PAGE 13 '
^

L

.p._,
'

- s

4# 4 4 ~ * s a+ j
__



. -. . - .. . - - - -,

y

b -- "

|| . f,' ! /2O3

|J .|,/
'

|
,

,,
.; j gy -

b ,t gy-

; ''

g,/A/E- yn y & I
y1&A

: \

\\,
: - P/

u .s"

g \g
4 \ .

,/ - - ,

-//
,r (.g g.

.

\\'. \( - f /,r,p '' j M
,-i -'

s\1 \g
' . ,/ //,e j". f1336,

2\\ CLOSED WASTEWATER POND #1 ~/ ''
\ \'\ 6 rs ,_-.2,%,]| j' / 4l~\

\\\\ /f O2 1

'. - 4 \ \ : g | /- /|''-TC/ ,e

/ q'#/ / 1, \
~

'

\\
1 132(,,

\\ '. \v 7'N ,,- .y \Y \ l ; \ '\ N ,b g.\
.,.

1321

l() \ b d 7_ff,t''
\ \g .10/f g J,

\ v M'N \s. dg\
\ / ) __

sj g s
s s r.~ iA afr- N.

\ / S 'N, N-- 'g1311
% ~ j.- /' , ]o|

o s --(g# r s/ < o1331\
.

f -4 e - f- -

g/ ,,~ g \ (. g '' r N \- 8

l
\ N- k -

i

/ ,,, / - '|
\ - \.<ps.i Aj '$3e .\g \ \' " ;-\(gI 7 '

/]|s, \1 g 31331/ f- 1 ggN- f, p
g
)/ ( ' \\ ??LUTONIUM Pi.,ANTl #,, 1333 h0N ,( /

'

,,

[ -- I 's) \' \ (''s b i \DESIGNUED LANDFidL -

) { \ 1
\ '

I /g (' j,

\ [s R f f. \
\ / \ \ N,

} ,/N 3g
\ |

s '% N I- | \ \%. T\ '

\ j1 32ZJh A \ /i

3k I'-

1 21 8 ; /,, ,

;\ )f s p/ \
e,',---k

' ~ '
\ '

g_{ 7 @328
URANIUM PLANT \ / I,

f} ,--3 f ., - --) \- \j /
'

g

||/Y' \ '' ' ' lIIt I \'
'403 \

|l / h 1390 \ \ / So.s \ /y' 0
/ cs sN

g 'sk Ih.J fpN\ s./ /
L .I )\ \ / ^

N ,

'sN sj
. |} r h(s ( s, s\ \ s / N--

O~ r(/ @/ < f~x fi s N \ ,/ \.
"

'

I j x r N g )/ -

[ s ! [ /'- \ ,I )\ J s
q ss' , '

! / 's. / r,. - . si.

;

j#
:

.-- . - . - . . . . .. - -

-

_. _ .



- - - - - . . _ - _ - - . - - . -

-

.n.
f
,_

\ | f ff ~,
I

/~% \ [. \ ;I - -"NS 1317 - N\ g- ) 3

. - . / - .,,

'
-

\
/31e .y\sN h\\?$.

J.ry,. N /tr " ' - Q 4315 >f ".J t :

' f 7 ~' \ \ \ [|I; FORM 9Q BUR)AL (f
\'

1! -|t <s 8
'

/j g g a .I CATON \ ')s
D,," ~'s \ ( .)\

l

I
,T y y ) ||: / .Q % \ \' f h(n (-t'-

1314\A 1 L-s . /h g- e ,. f ' ' ~~' t -\ \ l \-\\)[f \ *\\s :\s\ , (g
E?/ /N- - | \\ \ //of \ % .,_ ._ )') $ . }g \,) (M os .'- .%

// j
(/,/ t i ,

\ igoS g' A-'\
- - .>_--->\\f \

_ \ iso s- .\\ ,

| | ) I ) 'y / y
.

'
**

\gy

/ / ' \/j f ) s/ \ \ # N " #de \
|\ g

[1-C
SE ATE 00 2/ -j p g

f \ \
I I I / | .I ( ( \L\ ( [ l

'

g
I I /''s \k| j 8| [ } i I

' o '
,

fl(d
4 / / \\ k (i s- \ \s \'\ \ lI/ kg '\ SI '\ \

I) I } '\ \g .\ \ \ APERTURE I 'N - T
|

\ \ \- I -|I. \ ' g s ,

g (.

' l \ I'( ( l \ ,\ \ \ RD j
( g ( |

'

\ \ \\ '\x s N \i
s N N N- N( |

-

g
(N\\'\ \ N N \ Also Availahle On \

'

f25| f
\ 4 ;i[/'D> NNs\ Aperture yard \ \ ' S' \I \ I

) . ( g, s -a \ \ ||
j | \\ / s t - .sN.;-N \- \ \ g

\ | !
:

.

E/ j! )( /~'d
g -3 \ \- 1 I [

h . }|
|

..

|l)j ,, > " J \ .] .$ \I ; } .| .|
:

c' // / /N") 1 I i .I i(
1: (

\ s , W( - , C , 1
VI | .! l [ i( q i js

i gi\ g i /s n 1 )s i fIi

\\(\' p M;\sx\ "" '" "N) ( ) ( '1 ) |

.

\ \ \ \ o col (
'A \ \ k \(\~ -)q

' \
x s

\.
\ ;

'' ;

JAMES L. GRANT & ASSOCIATES I
o.om nyn rmo.m.n.o :. FlOURE 7

I CIMARRON FACILITY SITE MAP |36211' - N.N
: h'

_ _ _ . n . 9 Y~



_ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ . . - . . _ _ , . _ _ _ _ _ - - _ , _ . . . _ . . . . _ _ - . . _ _ _ . _ . . _ _ . . _ _ , . . _ _ _ . _ . . . _ ._. . __ _
--

|

I

LO
~

).

;

,

!

!.
. NORTH

,

,

20 20. , f
' 30-30 . 7

t i ,'40 i i 40
t

' ' '
50 ' 50' -\ _

,

t- j | x

LO i
" -

70 $ 70 'f

:
80 '80

.

-

, - I

5.'|!' 8 i i : I -|-,,

WEST 90'' 90 EASTi. . i

20+ 15 10 5 0 5' 10. ~15. 20t

Number of Observations ;;

; j

i

.j

Figure S Rose Diagram

Project No. 60S2fl MAY 10,1990 PA(m 15
I

t

J , .,-em % .-4, ... c - , ,,.e~, ,-..E','. ., Iyi, E. 6 ' d i



. - . _ _. . _ . . _ , _ . . - _ _ . _ _ _ _ _ _ _ _ _ - - - - - _ _ . _ - - . - _ _ - _ . _ - - - ,
I
t
1

:

D
,

NORTH
;.

1
-

i
. . ' . . . t

.
. . <

330 * 30'
. .

.- .
s..

's' ;,.
.

* ;
.

-

.

-. ..- !,

. . t ,,

300 60-*
,

,
,

*
,

.

i...
.

.

.

.

t
1

'

.E. [
-W . -

: .

'
. . -

>

.
,

.

t. . ;-
-

..
. ..

I 240-
!. .-- 120'

.

t .

l
.' .

| '* * /
. . .

|
* '

. .,
* *

| .
. .

.. .

s. . * -

,,
+

. .
.

*
. * " . . :* .

.. .. '210 . . ' . .' .r '150 I*
.

!**. .
; F

! t

| s J-

|
,

Figure 9 Stereogram

!-
i-

i
Project No. 808211 MAY 10,1990 Pacs 16i

:-



'"J
. |/p: j

. . , . ,

;

.1NORTH
..Qi

'"

| ~330 . :': 30
'

k ... <
.

,

, W. .

.

1

* -
t.

t.

b

60-

800

.>

j
^ ,

1 _,

;

i
,

- i

,

-E-..W-

-

1 -
!

..

.

120240. .

. +3--
. a*

\n'Tff4 ;;.??: ,
'

7 '@
, ,

'% <,

1t (": ,..,,.? 1
. g >s

%$ y

1.EGEND %
-

t210- 160-.

Cortours represert percert of observations
; per 1 percert area of stereogram. <

S
0-3 % '

i
.f I 34 %

12 15 %
y , D," "

f '- 6-9 %
. . Si > 15 %

,;
..

~

t

|rN.Y. 9 12 % i

:

1

Figure 10 Contoured Stereogram

1

1

Project No. 808211 MAY 10,1990 PAGE 17
i

t

f e w r-..--, .- we --------we, ---r- --.+.-% w ,,m..-. -m..----w---.-v-- . m. - .--...---<*_r** - -w*- ...--~-~-e-



m -
:

.
.

,
~

' y
:

, :

q.. 3.
-

f n 4. -- ; GROUND-WATER FLOW DIRECTIONS ju
'l

Shallow ground water' Dow' directions in the'immediate vicinity of the Option '2 burial area wetc
. reviewed to'~ determine the fraction of: ground water flowing beneath Lthe Option;2 site thatt1

'

_

subsequently Dows easterly toward. Reservoir 3,' and the fraction of ground water that nows north L ~

l
or northwest toward the Cimarron River alluvium. The' Option)2 site'is. located alo'ng the spine-: |

'Jof a ridge. . Shallow ground. water flow isfinfluenced by topography, and,so the position of the'
excavation relative to. the spine-of the ridge may be a determining factor in the' direction of

~

ground water now away from the excavation. 1

The location and(dimensions of the current Option 2 cxcavation were measured in the field to- '!
~

verify the location shown-ini the SIR. Thesc. measurements confirmed that the excavation'.is.
~

located'within the indicated boundaries.. : Figure 11, depicts the potentiometric surface.of the , [i

shallow ground water. Flow thes drawn normal to the potentiometric surface contours are shown?
*

;

c .'on this figure.' - Figure .11(ladicates :that ground water flows from the southwest toward' the { -

northeast beneath the excavation.
'

Because the excavation _ is over 'the topographic divide,'and very.near the ground water divide, h_

even .a small; difference in the' position of the ground water divide.could obscurcj h_e actualt ~

direction of flow.: For this reason, Cimarron has concluded that, although the now of the ground'.- |.

-water in the.-immediate arca~ probably is toward Reservoir. 3, the direction of Dow is somewhat '
. 'j

~

~

;

uncertain. ' To accommodate this uncertainty, Cimarron will evaluate, transport of contaminants
both toward the Cimarron River alluvium and toward Reservoir 3, J Pathways analyses described

' . ,A ciscwhere examine both migration directions. "
o.j.
'!
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5. ED MON- * "

!

5.1. Introduction-
1

.(.

4
Evaluatlon'of potential crosion of the Option 2 landfill cover and the area surrounding the cell; d. '

was undertaken to determine whether the landfill cover will resist crosion:to the' extent.that the: ,
N

material within the cell will be; isolated from the environment for at least 200 years, and 'tolthef 3
extent-practicable, for 1,000 years. ;

.i

Information was obtaided from the Soil Conservation Service.in Oklahoma. City regarding. typical . "

,

crosion rates for the soils and vegetative covers found in the region.f |
q

Tite evaluation was completed :using two well-established methods)forievaluating long term cro- e
~

.

sion.' A tractive force method was used'to evaluate erosion during the probable _ maximum storm. :
This method .provides an assessment of- the stability of- aSsoll[structureUduring very large. O
precipitation events. The OLEAMS model was used to evaluate annual crosioniof the landfill d

'

cover over a 100-year period. The OLEAMS model allows erosion)to be calculated for. average ;
and extreme. events,' and allows an assessment of the resistance of an-earth structure to the -

p cumulative effects of crosion over a period of time.'

L.) . '
.

'

5.2. Physical Considerations-
;

a
5.2.1. Topographic Setting

q
The proposed Option 2: landfill is located on the spine of a ridge (see Figure 7).jDrainage 'in the.. O

~

;

vicinity of the cell is mostly to the cast and west toward.the sides of the ridge. Ground slopes in; [
these directions are about four percente The ridge also slopes to the north.towcrd the nose of ;|
the ridge at a slope of about one percent. f

p
. .

. 1
The Option 2 cell is aligt.ed with the topography of the ridge. The cell excavation now is abouti J
535 feet long (in a north-south' direction), ' nd about 61~ feet wide -(in an east west direction).- 1ap

L The finished cell will be about 535 feet long and'180 feet wide. .For purposes of the-crosional
_

,y stability analyscs, the width of the cover was assumed to-be 200 feet.. This allows the cover to. 3/ extend about ten feet beyond the cell excavation on either sidc2 !
.

5.2.1.1. Drainnee ?

\

The stabilized final shape of the landfilltover will conform generally with .the shape of the
~ '

original ground surface, except for minor modifications of the cover shape and the shape of the,
.ladjacent ground surface to prevent water flow from adjacen't areas over the landfill cover. The?

l'/7 spine of the cover will be aligned with the spine of the' pre-existing ridge in a north south : j-

E (J - 4
.;-
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: ?at

f
.. 'I%( 2 direction, . Rainfall on the cover will drain to the cast and the west from the spine. The-landfill J
location was chosen to assure that flow from off-site areas'onto the landfill will not occur.' N

M ' '

::>

- ... o

15.2.2. : Soil Properti6s
- ;. )-

!

Ewcre used. in _the evaluations presented in a following section'of this report._
'

j'

~ Propertics_of site surficial soils have been ' ctermined by various investigators. .These propertics)d <
,

~

,i

5.2.2.1. "JLG A Investigation : j
'

Laboratory tests of_ shallow' soils:from the Option 2: landfill.arca were performed'.byjJLG U Ni -
_

Thesc' tests showed the soll~ to be a silty clay or claycy silt.'; The D75 of the soils ranged from - j
~

t .
about- 0.1 to 0.2 ;mm' (about 0.004 to(0.008 inches)Q The ' soils . belong;to, the Unified 1Soll L (,

'
~ ~

'

,Classificatio'n' type CLE Thc plasticity index of the soils is about 10J 4

,

The maximum dry density of the soils _ as determined by ASTM 698 ranges from about 118101121 a
pounds 'per cuble foot. The average bulk density at 85 percent compaction is about 1.62|and the J'
void ratio is about 0.61.

' '

!!
a

.

5.2.2.2. 1 Encineerine Enternrises +

.

9n

;P Engineering Enterprises 2, 'inlan earlier stu'dy. for)Kerr N!cGec,!determinedithalitne| soils in the j
d ' landfill area are in the. Soil Conservation Service Zanels type. ' This soil; type was|used, in con- O

-junction with:a soils data basc ,'in the GLEAMS.Isimulations.1 Soil properties 'for a' clay loam,- )3 '

taken from the GLEAMS manual, also were used in these simulations.
,
.

!
5.2.2.3. Soil Thickness'

,

.n
'

Soils in the vicinity of the Option 2 landfill are relatively' thin,. ranging in thickness fro _nione foot 3 +

to about eight feet. The soils exposed in the Option 2 landfill cxcavation range in! hickness from.- 1..
~

t

about 6.to 36 inches. Soils on the adjacent slopes usually are thinner. The soils'are und.criain by?

* '
crosional bottom, and prevent significant headcutting near the landfill.-

~

-Isandstones and. mudstones which, while not :very hard jare sufficiently. in'!uratedLto form anL
~

s

5.3. Evaluation of Erosion N,

:

~

.;-

This section describes the evaluation 5f potential erosion of . the_-landfill' coverJand the r ]
surrounding arca. }

d'

.

_
. -t

.-t James L Grant & ' Associates, Inc.,1989, Site investigation Report for the Cimarron' .y.

' Corporation Facility, Logan County, Oklahoma. ii
, _

2 Engineering Enterprises, unknown date, Report in Kerr-McGee Hydrology Section files. H,

3 Arnold, J. G., J. R. Williams, A. D. Nicks, and N. B. Sammons,1939, SWRRB. A Basin Salle
.

y Simulation Model for Soil and Water Resources Management. (to be published by the Texas
A&M University Press). 4.
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5.3.1. NRC Draft Technical Position Paper

dThe trt.ctive force method described in the NRC Draft Technical Position Paper and Nelson,'
l

ct.al.8 was used to calculate the maximum slope at which the landfill cover soils would not be
_

subject to crosion during the Probable Maximum Precipitation (PMP) event.-_ Soil properties
neccstary for this evaluation were taken from the JLOA study, and are summarized above. .PMP
nmounts were taken from Design of Small Dams.' AllownHe shcar stress values were taken from

Tempic, et.al.7, and from Chow,8

The landfill cover was assumed to bc 200 feet wide, and drainage from the cover equally dhcried
to the cast and the west from the spinc.,

. Potential croskm of the cell cover was evaluated assuming no vegetation on the cover. The al.-

Iowable tractive force on the soll was evaluated using Table 3.3 in Temple, et al. assuming a CL
soll. The allowable tractive force was calculated to be 0.037 pounds / square foot. - The 6. hour'

PMP was determined to bc 31 inches, and the maximum intensity during the most intense 2.$
minute period was estimated to bc 23.$6 inches per hour. A maximum allowable slope of one-
half percent was computed.

The above calculation of maximum' allowable slope includes a conserva&c flow concentration

_ factor of three. This factor, while probably appropriate for remote facilities in the west, is not
consistent with the assumption,' also used in these calculations, that the land h cultivated. Based

,

upon current site agticultu'al use, crosion protection. practices such as terracing would bc
L I followed while the land is cultivated, This practice is followed in the area today. . If cultivation -t

(V stops, the land would revert rapidly to meadow, prairie, or woodland, and potential crosion would
L be much less than during cultivation.

The maximum allowable slope, computed with . application of thc1above ' factors and a unit
'

concentration factor,is about 1.2 percent.

! The allowable tractive force calculated above is low relative to values given in Other references.

| Chow gives a value of 0.075 pounds /si uarc' foot for clay loam. Use of this value gives al
.

maximum allowable slope of about 1 percent for a runoff concentration factor of 3, and 2.7
percent for a unit concentration factor. The effects of a projected.whcal cover (thc. current crop.
cultivated) were evaluated by using the raaximum permissible velocity from Chow for a poor grass,

f cover. The maximum permissible velocity was converted to an. allowable stress of about 0.25

.

4 U. S. Nuclear Regulatory Commission,1989, DRAFT STAFF TECHNICAL POSITION ,:
DESIGN OF EROSION PROTECTION COVERS FOR STABILIZATION OF URANIUhl .
AflLL TAILINGS SITES, Unpublished Draft document from NRC files.

|' 5 Nelson, J. D., S. R. Abt, R. L Volpe, D. van Zyl, N. E. Hinkle, W. P. Staub,1986;
Methodologies for Evaluating Long Term Stabilization Designs''of Uranium Mill Tailings
impoundments, U. S. Nuclear Regulatory Commission, NUREG/CR 4620,

6 Bureau of Reclamation,1973, Design of Small Dams, U. S Departmer of the interior.
1 Temple, D. M., K. M. Robinson, R. M. Ahring, and A. O. Davis,1987, Stability Design of-s

~y Grass Lined Open Channels. U. S. Department of Agricultruc, Agruculture Handbook 667.
8 Chow, V. T.,19$9, Open Channel Hyttraulics, McGraw. Hill New York.
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O - pounds / square foot. This'gave a maximum allowable slope.of almost 6 perecnt for a runoff |~

concentration factor of 3. J

In summary, the analyses show that the_landfil! cover in a fallow condition is resistant to croskm f.

during the PMP so long as the slope of the cover is less_ than about .1 percent. Erosion control 'i$

' practices currently followed in the area would protect the cover from severe crosion while it was !

under cultivation. . A' grass (or small grain) stand will prevent crosion of the cover constructed' '!, .

with- even greater slopes. ' Absent cultivation,' the cover would revert to a grass. or forest . J
'condition.

<-

5.3.2. OLEAMS- 1

i
The OLEAMS model' was?used to calculate average erosion of the Option 2_ landfill cover, '

;

Climatki data from nearby Oklahoma City were used.30 Required soil' data were taken from ther
.

i

JLOA report and the SCS soil data base for Zancis soil.ll' The SCS data' base includes statistical [
, parameters which allows synthetic sequences of daily rainfall to be computed. _!

i
Erosion of the' landfill cover over a 100.ycar period was calculated using a _ cover slope of four.- I

percent,' conforming to the average slope of the top of the ridge. The cover.was assumed to bc !
tilled, and planted in winter wheat (small grain cover).. 'l

;

= After calculating cover erosion for a 100ycar climatic sequence, the rainfall 'seg.icnce within a .

wet year-was modified to include a 48. hour PMP. The rainfall was inserted during a wet perk >d - j
. ..

in a wet year. . The.-48. hour PMP was separated into two 24. hour events to ccmform to_ the-
-

OLEAMS input. Rainfall during the first day _of the two-day event was 2.33 inches, and during ~ .t
- - the second day was 37.2 inches. These values were determined from Design of Small Dams.t2 'n

l

The unmodified annual precipitation for the year in which the PMP;was inserted was $6.2 inches. I
The modllled rainfall was 95.7 inches. Annual precipitation in the Oklahoma City area is about (
30 inches. !

,

=t

| 'The OLEAMS analyses indicated a total sollloss over the 100-year period of 497 tons per acre, j
Using a soll unit weight of 102 pounds per. cubic foot, this equates to about 2,7 inches per j,

century, or about 27 inches over a 1000-year period.
,

A

~

,

The OLEAMS unalysis for the modified rainfall record includinkthe 48.hout PMP indicated that ::|
'

the crosion during that storm to be 60.4 tons per acre.=This equates to about 0.33 inches of soil.' q
Although the amount of crosion resulting from a PMP depends upon the timing of the storm, j
these analyscs indicate that the occurrence of a PMP would have littic effcet on the landfill cover.= i

i
(

:l
s'

- 9 Davis, Frank M., Ralph A. Leonard, and Walter O. Knisel,= 1990, OLEAMS User Afanual, . ~ 1{
Version 1.S.55, USDA.ARS Southeast Watershed Research Laboratory, Lab Note SEWRL. 1

. 030190FMD, ;

30 Arnold, J. O., Ibid. d,-

11 Arno'.d. J. O., ct.al. op cit.

12 U. S. Bureau of Reclamation, op. cit. j
.
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, (,i. 5.4. Summary

. . I
Erosion calculations using tractive force procedures picsented in the NRC Staff Technical j
Position Paper, and using the GLEAMS model, indicate that the landfill cover will be safe from . j.

crosion even under the scenario of continued cultivation of small grain crops.
'

- The tractive force method indicated that the cover will resist crosion' even during tisc PMP if. |
slopes are maintained below about 1 percent during cultivation, and 6 percent if allowed to revert j
to grass or forest. Analyses using the GLEAMS mohl indicate that crosion during a 200-year

'

period will be about 5.4 inches. Calculated crosion durin3 a PMP cvent was about 0.33 inches. ;

The above results are consistent with Cimarron Corporation's plans to shapc.the cell cover to
'generally conform .to the existing topography. .The results indicate that such a cover will bc .

protected from crosion even during large storms.

'I
6. COMPUTER SIMULATIONS

,

|
. . :

The attached floppy disk, in IBM.PC h!gisdensity (1.2 megabyte) format, contains the data files ;,

used by JLOA to calculate thg migation of uranium along unsaturated and saturated flow q
pathlhes from the landfill area. Two types of files aru included. Files with the extension DAT -i
are the actual data files used in the analpes; Files,with the extension ANN are the same data ' j

,f3 files, annotated within the file to explain-the information in the file. The annotated files arc
i j included to clarify the meaning 6f the data should the versions of TRANSS used by JLOA and ;

the NRC bc slightly different.

Copics of the GLEAMS input and output files also are included. These file names follow the
'

,

above conventions, except that no annotated files are included, and the climatic file extensions
.,

are DA1, DA2, and PMP, representing the first and second 50 year scrics,,and thc modified |
record containing the PMP. ,

!

|
~

7. EXISTING GROUND-WATER CONTAMINATION i

This section addresses the mobility of uranium in the ground water at the Cimarron facility. The' !
chemistry of the ground water is examined, particularly as it relates to uranium solubility. . The
ground water in areas where higher levels or uranium are observed is compared with background .i
ground water. The ground water downgradient of the waste management nreas has been i

demonstrated to be altered by the waste materials which wcre managed within the nreas. Since ; j
the proposed Option 2 burial includes only soils upon which uranium is sorbed, similar ground.

.

water alteration is not likely as a result of the burial !
'

a
4
;

-

-i
'

%
3
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()- 7,1. Cimarron Ground-Water Geochemistry j
i,

7.1.1. Site Ground Water Quality . [
t

7.1.1.1. Data Sources !

Ground water samples were colleew on March $,1990_ from ten of the monitoring wells at the f
Cimarron facility. The groundwater samples were analyzed by the Kerr.McOcc Technical Center. |
The results of these analyses are presented in Tabic 1. The ten wells werc selected to provide j

ground water quality data upgradient and downgradient of previously used, but then cleaned and -!
closed, site waste management areas.L Upgradient ground-water quality data arc representativ; of i

background groundwater quality at the site. Oround-water quality downgradient of the site waste .

management areas reflects groundwater affected by past leakage from the closed waste
;

management areas. Solid wastes iverc excavated prior to closure of the waste management areasi- *

so that continuing leakage of waste constituents would not occur. f

7.1.1.2. Data Annivsis and internretation f
.

Constituent concentrations shown in Table 1 are presented in milligrams per liter (mg/L). Table ],
2 presents the saine data expressed in millicquivalents per liter (meq/L). Data provided in Table . j
2 were used to calculate the ion balance and for plotting Stiff and Piper diagrams. Stiff diagrams- j

provide for a _ rapid visual comparison of groundv;ater composition. Hydrochemical facies -. :i
[_) classification. based on Piper diagrams, was used to determine the dominant constituents in the JV ground water at the site and to detect chemical trends that might be present in the site ;

groundwater.

I

7.1.1.2.1. Major Ions j
.!

Groundwater present in the shallow water bearing stratum beneath the site exhibits a relathcly-
'

homogenous chemical composition generally dominated by calcium and bicarbonate lor.s. Stinor 't

constituent concentrations are dominated by fluoride and nitrate. The background water ;

chemistry, represented as average concentrations from upgradient wells 1314,1325,1326. and -
1335, is shown in Table 3. i. ,

,>

lon balance calculations were made to determine the completeness of the gronndwater analyses.-~ j
Results of the ion balance calculations ~ are presented in Tabic 2,. Groundwater samples are - >

electrically neutral, so the total charges on cations and anions reported in an analysis should bc {
equal. The total positive and negative charges arc obtained by summing' the equivalent I
concentrations of cations and anions. The ion balance error is normally expressed by the [

difference as a percentage of the sum and should be less than about 7.5 percent error . The ion ~ j13

balances for seven of the ten wells are within the acceptable error range. Wells 1312,1316, and ' ]
1336 cxceed the acceptable ion balance error. ;

'!
13 Lloyd 3. W., and J. A. Heathcotc,1985. Naturalinorganic H)tirochemistry in Relation to |

() Groundwater . An Introduction. Clarendon Press, Oxford,296 pp.

j
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' Site groundwater from the monitoring wells was grouped into' dominant cation and anion types .
.

_

'on the basis' of the tclative concentrations of major lons present. . To facilitate this comparison; a -+ '

> Piper diagram was ploited for the groundwater results from the site wells.1This diagram (Figure :>

'
; 12) shows that.the' hydrochemical type of the groundwater in the shallow aquifer is similar over

'

. the slic. Figurc 12 it.dicates that the site groundwater plots within the calciu_m' dominant'ficid. ,<

n

Tabic 2 indicates that calcium generally le the most domlaant cation /JSitc groundwaters generally
.

plot within the bicarbonate dominant anion fleid,- Table 2 indicates that bicarbonate generally is?
,

the most dominant anion in groundwater at the site,

Stiff diagraEs prepared for the site groundwater qualhy' data are presented _ as Figures .13. through
" , "

:17. , These diagrams indicate that groundwaters at.the site are similar, but exhibit a range in "

_

'

concentration of the major ions.'
~

4 ,

7.1.1.2.2.t Radionuelides .
,

The groundwater sampics werc > analyzed for toialj uraniumi Background' concentrationsiof-
uranium at the site are generally at or less than the detection limit (0.005 mg/L). . Concentrations
of uranium ranged from not detected to 6.25 mg/L.) Wells _1312,1315,1316,1317,.1331, and 1336'

,

exhibit uranium concentrations greater than the detection limit.. Uranium concentrations' greater 1
Ahan background generally are found downgradient'of former waste management areas. Uranium
concentrations in the she groundwater are shown in Table 1|-

o

7.1.2. Areal Distribiition of Selected Constituents

The areal distribution of selected groundwater constituents is sh6wn by Figures.18 L through 24.
,

These figures were developed using the water quality data from the March,- 1990 sampling event.
^ ' '

Groundwater.near or downgradient of,former waste management areas _and thc' uranium plantL
generally show snit concentrations above background, reflecting groundwater-affccted by thct
previously managed waste materialsi- The _ waste materbis at the. waste management arcas' have
been removed and the units closed.

Upgradient to downgradient groundwater quality comparisons are'best made eby examining datai
from the serics of wells at the former waste buriallocation near thc No. 2 Reservoir.LThis scrics'-

of wcils provides an upgradient well (1314), and wells (1315,1316, and:1317) downgradieni of the:
' former buriallocation. Concentrations of most' of the major ions increase downgradient with'the

_

.

highest concentratio_ns in well 1317, For example. calcium. concentrations . increase from 74 mg/l in,
.

well 1314 to 117 mg/l in wells 1315 and.1316. . Bicarbonate concentrations increasc from 402 'mg/l -
in well 1314 to 4% mg/l in well 1315, and 618 in well 1316.- The concentration of bicarbonate _ inL:-

well 1317 is 1290 mg/1,' and the concentration of calcium is 223 mg/1.HThese concentrations' are
about two times higher than in the wcils upgradient of this _well.- ' Howeveri it is likely that this,
wil is completed in the Cimarron River alluvium, and'the,well water is influe'nced by sccpage .
from the river. Similar increases in concentration are observed in other ions.o

Uranium concentrations also increase in a downgradicnt_ direction; however, in_ the case of thel
uranium, the highest uranium concentrations 'are' observed near~the -former burial area. SallJ

,

concentrations arc _-higher further downgradient, even- excepting thc swell that. appears toLbc-

Q7 completed in'the alluvium. - This is a conscquence of the removal of the source from the formerj ,

f
~

burial ground.iThe separation of the plumes indicates that the salts are moving more rapidly in'c

w ,
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the ground water than is the uranium. The presence of the salts increases the mobility of the
uranlum by complexing and by competition for exchange sites. The chromographic separation of - ,

the uranium and the salts will lead to decreasing mobility of the . uranium as it moves
1

downgradicnt from the former source, and the salts that increase its mobility separate from the {
uranium plume.

,

;

7.2. Geochernical Modeling :
:
t

7.2.1. Introduction i
r

-

.

. :

Geochemical modeling was conducted to determine the uranium. solution mineral equilibria
'

relationships in the ground water of the shallow water bearing stratum at the Cimarron facility i

and to determine the apparent discrepancy between the solubility predicted by- the soil' ;!

distribution coefficients and uranium . present' in- the ground ! water at certain . locations i
-

downgradient of former waste management areas. j

!>

7.2.2. Model Used :,

t

i
cecamical modeling of the shallow water bearing stratum groundwater chemistry is based on '

~

calculations using tat cputer programs WATEQ4F and MINTEQA29,ts,16 WATEQ4F and i

! MlNTEQA2 compute major and pas demt agucous speciation and mineral saturation for low [
temperature natural waters. The WATEQ and MIN'Itu h.1.g f 29!cous speciation propams

:J and thermodynamic database have been extenskely used and evaluated by numerous ic.v .:.d 3.
and government agencies.

7.2.3. Validation.

,

L
WATEQ4F and MINTEQA2 were validated according tolhe' guidelines presented by the U. S.

17Nuclear Regulatory Commission . Validation 'was accomplished by executing _the problem sets

H Ball, J. W., and D. K. Noidstrom,1987, WATEQ4F . a pctsonal computer FORTRAN -

p translation of the geochemical modt.1 WATEQ2 with revised database, U. S. Geological Survey

i Open File Report S7 50,108 pp.

15 Brown, D. S., and J. D. Allison',1987, MINTEQAl, an equilibrium metal speciation moJci:.
uscr's manual. U. S. Environmental Protection Agency, EPA /500/3-87/012,92 pp.

16 Brown D. S., and J. D. Allison,1988, User's Manual for PRODEF/MINTEQA2, Version
A2.00; Problem definition program for MINTEQ (PRODEF); Metal speciation equilibri:rn model
for Surface and Grounduler (MINTEO). U. S. Environmental Protection Agency, Athens,
Georgia,22 pp. b

|
11 U. S. Nuclear Rcgulatory Commission,1983, Final technicalposition of documentation of

| compulcr codes for high.lew! wasic management. NUREG 0856-F.13 pp.
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A furnished by the U. $. Geological Survey and EPA on an IBM PC and comparing the results ' f:o
;i these analyscs with the results presented in'these reports.- Thermodynamic data provided with ..' '

. the- model have been critically evaluated by numerous: university,| government, and private '.m
.

researchers, and was not validated separately for this project.
'

-. : 7.2.4, - Data Sources-
i

\
E'e \

i, ' Solute concentr tions necessary for input into WATE04F and MINTEQA2 were obtaincu from ;
,

p an
'

groundwater quality data. collected on March $,1990 for several monitoring wells at the Cimarron :
facility.' Data include laboratory analyses of major cations and anions and some minor ionst pH;

Lwas measured in_ the field? Model input comprised major and minor. ion concentrations that'wcre : - *

' .

4

@ .

above the detection limit, pH, and estimates of groundwater temperature and. redox conditions.-
p

'

Temperature and Eh were not measured for _these| groundwater sampics. :: An' estimatc__ of the? ,

h temperature, .16 C, was made using t_he; average; annual- air. temperature : at; the. slic; Eh '
0 ~

'

* conditions were assumed to be oxidizing in _the shallow water table aquifer. A conservative Eh;
value of 600 millivohs was estimated for the site groundwater.s This valuc is representative of:
typleal oxidizing conditions.in shallow groundwater aquifers.;

'

,,
,

7.2.5. : Geochemical Modeling Results ;
i

-. Geochemical modeling was performed to determi,nc possible mineralwater reactions.that might-
.. vontrol the solubility of uranium in the site groundwater.a ideally, a geochemical model should1,5 m
[f accomplish the followingi-(1) calculate the aqueous speciation, pH,: and> redox potential, (2):
!v specify the kinds and amounts of minerals that precipitate or dissolve in the course of reactions,1

and @ deletinme 3ne equitionum retadonships between the groundwater, i.ydfer Yemis; and!
wastC Constituents.- '~ '

7.2.5.t - Mineral Equilibrium Calculations

* Equilibrium calculations were performed for 8.of the'10 groundwater'.sampics collected during.
March,1989. Output from WATEQ4F is included as Appendix A. Land incl 0 des' calculation' of- 3
the aqueous speciation of the major and minor lons, pH,L lonic'strengthkTDS/ cation anion->

~

.

balance, activity coefficients, and the saturation indices-(SI) of mincral phases @ Tabic 4 presents-
,

the calculated saturation indices.
.

_'L
'

,

y .WATEO4F calculates mineral $1 for an aqueous solution using the chcinical| analysis andithe
'

'

"
thermodynamic stability data for both; mincrals~ andiaqueous- species. SThc| $1 isi defined asi

~

.

log (IAP/Kt), where IAP is the. ion actMiy product for the input chemical analysis |and Xi is_ the;-^
?mineral cquilibrium constant at the;inputilemperaturejof .the solutions - A solution Ethat ist

theoretically saturated with respect to a' particular| mineral phase wil1 have a: Sty 0; Sl;is;
: negative for undersaturation and> positive for supersaturation. - Therefore, an Si equal, to zero1

.

.

indicates that the groundwater is in.cquilibrium with a particular mineral phase.;

w
_

7: 3Hkste (Ouartz) Minerals: , Si for quartz |(SiO ) mineral phases, alpha quartzt, chalecdonyi,7
,2

WL _ cristoballte , and amorphous' silica average 0.828,0.309,0.393[and :0.200, respectively.Lin the sitelp

s - ground. water samples analyzed, amorphous silica is undersaturated, which suggests thatisitica is
ii no' in equilibrium with the groundwater. -Quartz, one of the' major aquifer host minerals, appears! --t,
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' '} ' to have little control on silica concentrations in groundwater. Hiply ordered alpha quartz is ((
oversaturated, a condition often observed for crystalline phases that in low temperature systems !
do not precipitate directly from ground water, but rather forms initially as amorphous silica. -|

i

The most important controls of aqueous silica in groundwater at the site probably are the clay |
mincrats that are present in the aquifer matrix. Polzerts reported that groundwater in ' i

equilibrium with amorphous. silica contains between 100 to 14Q mg/L and groundwater'in ,|
equilibrium with quartz contains about 6 to 12 mg/L silica. Groundwater in equilibrium with clay ,

minerals, feldspars, mica, and other silicate phases contain intermediate concentrations of silica. [
The intermediate silica concentrations ' observed at the site and the presence of abundant clay 1 .i
minerals agree with Polzer's observations. ,!

't

Carbonate Minerals: Si for the carbonate mineral phases, aragonite, calcite, and dolomite '
average 0.091, 0.059, and 0.146, respectively. _ The Si for calcite indicates that the site |
groundwater is in equilibrium with calcite. Calcite is the most abundant carbonate mineral phase '[.

present in.the aquifer matrix, typically occurring as matrix cement. Dolomite is undersaturated in j
the site groundwater.

!
Figure 25 is a carbonate mineral stability _ diagram for the system Ca.Mg CO H O at 25"C.

-f2 2
Figure 25 plots the activity of (Ca+2/Mg+2) against the log of the partial pressure of CO' i

Activitics for site groundwaters are shown on this figure and indicate that the site groundwater is j
in equilibrium with calcite. The abundant calcite observed in. the- aquifer matrix and the '

equilibrium concentrations of calcite suggest that the primary control of calcium in solution is the !,zO dissolution and precipit: tion of calcite. |
.

.v
N::": mote Mmerals: Aluminosilicate minerals such asfclay minerals comprise a large

'|

portion of the aquifer matrix. The stability of clay minerals in Cimarron groundwater was ;

cvaluated using cation ratlo activity diagrams, Figures 25 through 29.are mineral stability' |
diagrams showing the groundwater samples from Cimarron, and arc. indicative of the ratio of' ;
cation activity versus the activity of H SiO . Gartz 'and amorphous sulca sanration Hnes ak i4 4

are shown on these figures. The mineral stability diagrams for the site ' indicate that the - i i,
groundwater is in equilibrium with kaolinite. '

Other Mineral Phases: Elevated fluoride concentrations present in some of the site ivells near
old waste management areas are related to the past waste management activitics. Si for fluoride
average 0.362 indicating that fluoride is undersaturated in the site groundwater.~ Figure ?0 is a- . j;

-

graph of the log of the ion activity product of fluoride versus calcite. This figure also indicates '

that fluoride is undersaturated in the site ground water, and that as fluoride ' migrates,' it will react '

with matrix materials (e.g., calcium) and precipitate. *fhe precipitation of fluorldc as CaF also. -j2

makes other cations like uranium that arc otherwisc complexed 'with fluoride susceptible to>.

sorption on the clays as the lluoride is stripped from the soluble ligand. The presence of the.. g

,

predominant calcium and clay minerals at the site. provides an. environment -for- the rapid j
attenuation of constituents such as uranium as they. flow downgradient from' the introduction 1

:

18
Plozer, W. L,1967, ' Geochemical control of solubility of squeous silica:' in S. D. Faust and J.,

. g' V. Hunter (editors). Principles and Applicallons of Water Chemistry, John Wiley and Sons, Inc., -
'

pp 505 519. ;-

M

!i
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}o'j location. The effectiveness of these minerals in retaining uranium is reflected in the low natural
background uranium concentrations.

7.2.5.2. Comnarison of Geochemical Modeling Results with Kd Results j

.i

in order to compare the concentration of uranium In site groundwater with the uranium solubility - !

predicted by the distribution coefficient results, groundwater from wells 1325, an upgradient well,
and well 1315, a well downgradient of a former cleaned and closed waste management area, was .

3

modeled using MINTEQA2 to determine the ~ solubility and spectation of _ uranium in site j

groundwater. Welt 1325 is an upgradient well with no detectable uranium. Well 131$ is a well !
which has 6.25 mg/L uranium in solution. '|

|
The results of the modeling indicate that naturally solubic uranium in the site groundwater occurs

,

j
,

primarily as the uranyl dicarbonate (UDC) and uranyl tricarbonate '(UTC). complexes.and<

aqueous uranyl carbonate. MlNTEQA2 calculates that about 72 percent of the uranium is I

complexed as UDC, 25 percent _ ns UTC, and the remaining 4 percent as aqueous uranyl - !

carbonate,

i
The site geochemical modeling suggests a higher uranium solubility than otherwise reficcted in

~

the laboratory Kd tests. The Kd tests indicate that the uranium is less solubic'than predicted, .!
and therefore is bound tightly to the soll. In order to explain this apparent discrepancy, it was j
assumed that the groundwater composition might have been altered during the Kd tests. The |
most likely source of change is degassing of CO fr m the groundwater sampic, PCO., pressures

2 . ,

calculated using WATEQ4F indicate that the site groun'dwater has a PCOp of about 10' j
atmospheres. This value is typical of natural groundwaters. Simulation of CO{ degassing was f

45 ' atmospheres for groundwater from well. fmade by fixing the partial pressure of CO at 10
2

1315. This partial pressure of Cop is equal to that of the atmosphere and would represent (
degassing of groundwater supersaturated with CO , henc: equilibration with atmospheric CO [3 7

-i

The results of the carbon dioxide degassing simulation indicates that about 85 percent of the
uranium in solution would be precipitated as the mineral schoepite (UO *2H O). MMEQA2

3 2 ?

h calculates that the _ uranium remaining (15%) in solution would beicomplexed as~ 56%
'

-

(UO )3(OH)3 ,29%.as aqueous UO CO ,8% as UO (CO )2 , and 6% as UOjod3 2 3 2 3
;

The results of these calculations supports the suggestion that losses of CO would be reflected in -

2

(I laboratory Kd values higher than field values. Howcwr, a comparison of the concentration of. :

| uranium remaining in solution indicates that the loss of CO2 influences uranium concentrations ' '

by a factor of less than 10. Thus, changes in carbon dioxide in_ the laboratory cannot account i

y alone for the discrepancy in uranium solubility suggested by the Kd results. !w -

;

Since an overall increase in salts, generally fluoride and nitrate, is observed downgradient of the j
former waste disposal facilitics, as shown on Figures 18. through 24,~ and an increase in total' .|

1) dissolved solids concentrations also is observed downgradient of these facilitics,_ the apparent
,

V discrepancy between the solubility predicted by the geochemical modeling and the Kd results can . 'f
;
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also be accounted for by the effects of complexing of the uranium by other ions. Uranium)
complexes of fluoride, nitrate, and sulfate may be more soluble than uranium carbonate salts, and
the complexes often are not sorbed as strongly -Increased competition between uranium and.
other cations for a limited number of sorption sites willincrease the concentration of uranium in

.. solution relative to the uranium sorbed on the soils. As anions are stripped from tbc ligands to
.

, - react with matric materials, eg, P with Ca++, the uranium ion becomes susceptibic.to formation
of more insoluble species and eventually sorbs on clays where it is tightly bound, That such
behavior is indicated is also reflected _in the' history of waste management at the site. where

.

. strong solutions 'of- uranium in fluoride and nitrate form werc . stored or disposed. The
competition for exchange sites and the compirxing of the uranium by other lons will diminish in ' '

importance .downgradient of.the former waste' management 'arcas as dilution and chemical'
reactions cause the modified ground water to.become more akin to the native ground water than.
to the leachate.

. Neither of these solubility enhancisig factors should be operative in the potential leaching of' soils*-

placed in the Option 2 landfill, since these soils do not contain the high concentrations of salts or
- complexing ligands that were present in the original wastes.

,
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T ADLE 1: f,lTE OFIOUllDWATCTI OUALITY DATA (owptnoed in n Italgrame por liter (mg/Q) i

i
<

t s

Wed tiumlier Unite 1312 1314 1315 1316 1317 1325 1326 1331 1335 1336 -
Semphng Dale Mar.00 Mar 90 Moe.90 Mar.90 Wr.90 Mar.90 Mer.90 W r.9w Mar.90 Mar.co

Cpocific

Conductance umho/cm 9000 900 000 000 1750 900- 650 750 550 14000
103 mA 6020 000 636 600 1550 331 376 634 377 2320 .

pt1 end utdie 6 95 7.03 7.05 7.01 7.07 7.09 6.97 6 95 7.00 * 6.99 -
,

Co.tchmi m0L 40.1 73.9 117 117 223 64.6 73 124 74.0 110/ *

l.tagneslum en0 L 12.4 23.7 47.1 41.4 100 22.6 26.6 42.3 29.2 114 ;
/

Sed une mg/L 140 16.4 40.1 40.0 213 22.1 23.4 64.5 19.6 taa
'

Potas slum m01L 13.5 1.2 < 1.0 < 1.0 3.2 < l.0 1.2 < l.0 < l.0 15.2 |

Dicar bonato mg/L 1140 402 490 616 1200 336 384 663 063 1000
m Carbonato , an0/L < 10 < 10 < 10 < 10 4 10 < 10 < 10 < 10 < 10 < 10

( ClJoelde mg/L 30 '16 67 06 130 7.9 12 17 6.9 49 '

"
OutfMe m0/L 45 6.6 100 30 100 10 23 70 12 97 *

C licon m04, 3.6 12 11 14 20 14 19 9.1 11 4.5
fluoside eno/L 46 0.7 1.5 1.4 3.1 1 0.61 1.2 1.1 67

*

inteele os N mg/L 030 2.2 9.5 to 1.1 14 16 13 El 1700
Ammonia as il rng/L 1500 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 2100
Phosphate mg/L < 1.0 < l.0 < t.0 < l.0 < 1.0 < l.0 < 1.0 < 1.0 < t.0 < 1.0

Mundnum m0/L 0.M t 0.072 0.12 0.076 0.073 0.074 0.060 0.005 0.062 0.066
-

6on ; snD/L 0.003 0.061 0.031 0.015 0.026 < 0.006 0.062 0.028 0.013 0.009
LA onJum mg/L 0.045 < 0.00$ 6.25 0.30 0.067 < 0.005 0.005 0.16 ' < 0.005 0.000

,

uo.on ano/L 0.13 0.11 0.10 0.13 0.48 0.12 .0.14 0.1 0.11 0.066

,

G

.

t
L
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'T ADLE 2 SIT E OT10UNOWATEft OUALITY DATA (orproceed in milliequivalente per liter (meq/L))

i

Wet flumbo Unho 1312 1314' 1315 1316 1317 1325 1826 1331 1335 1336 -

Cosnpn"0 Date Mar.90 Met.90 Mar.00 Mar.90 Mar.90 Mar 90 Met.90 Mas 90 Mat.90 hM
.;

CalclUn moq/L 2.00 3.60 5.04 5.84 11.13 3.23 3.64 6.19 3.72 5.49-

Moono 61ont med 1.02 1.95 3.87 3.41 0.86 1.83 2.20 3.40 2.40 9.36
,

Sodium med 6.09 0.71 1.74 1.77 9.27 0.96 1.02 2.37 0.05 5.36 i

Potassium mo6 0.35 0.03 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.39

Dimbonale me$ 10.68 8 59 8.13 10.13 21.14 5.51 5.97 .10.07 5.95 17.07
C.ulsenate med 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00
Cl luilde snee 5.05 0.45 1.89 1.02 3.67 0.22 0.34 0.40 0.10 1.38
Sulfate me% 0.94 0.16 2.00 0.81 3.96 0.21 0.48 1,46 0.25 2.02

l"l soakte med 2.42 0.04 0.06 0.07 0.16 0.C5 0.03 0.00 0.06 - 3.00
thuete se H med 18.00 0.04 0.15 0.18 0.02 0.23 0.20 0.21 0.34- 21.42 ,

( Pliosphate me% 0.00 0.04 0.00 '100 0.00 . 0.00 0.00 0.00 0.00 0.00

Alundnum me% 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01- 0.01 ~ 0.014

lion med 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Codone mo% 0.47 6.30 11.47 11.02 29.37 0.06 6.98 12.05 6.D0 20.61
Total Antons moq/t. 37.09 7.20 12.33 13.00 26.95 6.22 7.01 13 00 0.79 51.69
Total Anlons flO3 me6 22.09 7.26 12.48 12.93 20.03 5.99 0.82 12.07 6,45 24.27

lon Delanes % G0.02 6.57 3.62 8.01 0.72 1.12 1.10 4.10 1.41- 42.90
lun uelance flO3 % 41.49 6.33 2.90 7.90 0.75 0.73 0.67 3.29 3.00 8.14

,

t

6

- O

,

$
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TABLE 3: AVERAGE BACKGROUND AND SG1E GROUNDWATER QUALnY DATA (mg/L) ,

;

WellNumber Units BKG SITE !
'

I' AVERAGE AVERAGE
i
'

L
! Specific

Conductance - umho/cm 725 3000
TOS mg/L 348 876 [
pH std units - 7.02 7.01

Calcium mg/L 71.6 101.7 '

( Magneslunt mg/L 25.6 46.8
,

Sodium mg/L 20.4 69.3
,.

-

Potassium mg/L 1.2 3.4g

Bicarbonate mg/L 366 676
Carbonate mg/L 0.00 0.00
Chloride mg/L '10.7 40.4
Sulfate mg/L 13.4 59.5

Silicon mg/L - 14.0 '11.8
,

Fluoride mg/L 0.9 11.4
Nitrate as N mg/L 13 271
Ammonia as N mg/L 0 360
Phosphate mg/L 0.00 0.00

Aluminum mg/L 0.069- 0.074 ,

iron mg/L 0.045 0.030
Uranium mg/L 0.000 0.699
Boron mg/L 0.120 0.154

.

P

P

\

d
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TABLE 4: Saturation Indicles Calculated For Site Groundwater Using WATEQ4F
;

,

I*

Weil liumber 1314 1315 tal6 1317 1325 1326 1331 1335 MEAN-

Adulrula 0 012 0.787. 0.501 0.47'S
'- ~. --- --.

Albite .l.029 0.908 0.629 0.150 0.953 0.061 1.356 1.521 0.9;t4
,

j Atophane (4) 0.237 0.340 0.216 0 096 0.264 0.273 0.107 0.144 0.210 '

l Aeogeadte 0.268 0.031 0.034 0.551 0.327 0.377 0.017 0.337 0 091
( O Caislie 0,110 0.119 0.198 0 F0J 0,177 0.227 0.167 0.167 0.059 .

! Chalcedony 0.260 0.224 0.329 0.466 0.326 R463 0.183 0.222 E300 '

| Cdetobotte 0.350 0.309 0.413 0.570 0.412 0.549 0.237 0.306 0.393
Dolomite 0.553 0.006 0.001 1.256 0.640 0.727 0.031 . 4620 4 146 I
thsoelle 0.057 4 123 0.163 0.603 0.595 0.995 0.206 0.460 0.242 *

Oypsum 2.024 1.496 .l.602 .l.159 2.599 2.215 1.631 2.490 2.lil 3 i
lideyahe 0.223 0.007 0.190 0.300 0.l00 0.105 ' 0.605 0.524 0.!!45
liiite 2.495 2.005 --. - 3.000 ' 2.110 0~~ ~~ - ~~

Jasosito K 0.240 1.253 0.640 0.liSI~~. - . - .-- ..~ -,

Magneehe 0.931 0.000 0.502 0.006 .O 957 0.906 0.624 0.921 0.119 3
Montmosmeedte Ca 3.990 4.232 4.120 4.102 4.220 4.651 3.300 3.571 4.034
IHmpshe 0.731 0.412 0.140 0.1.".3-- - ..~. - -

Ousstr 0.705 0.744 0.640 1.000 0.047 0.963 0.672 0.741 0.61 6
,

SiO2(n,t) 0.243 -0.205 0.100 0.023 0,161 0.046 0,356 0.267 0.200
ClO2(a % 0.564 0.605 0.500 0.343 0.502 0.366 0.678 0.607 0.520

,

b

>

P
t

i
4
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L Cimarron Corporation has evaluated the potential for radiological exposure to.the general public, 1
from future use of. ground water and from surface activities at the Cimarron' Facility. Potential;. "

pathways evaluated for exposure to the public were ingestion of drinking' water from a' ground. ;

water source; ingestion of drinking water; from-a surface-water hource.,-ingestion-of 'agriculturil ej
~

3

L produsts grown in contaminated soll,-inhalation of airborne soils and direct external exposure to L j
penetrating radiationi y,

, , ,

" ' a
i . Exposure scenarios, parameter values and assumptions used in{the; pathwayf evaluatlon' were? ; 4_

.

' based on the methods' contained in NUREG/CR 5512.P ' Exposure.po_tentiaticalculationsfare j,

< based on average predicted concentrations of uranium in contaminated soll and water of 70 pCi/g |'

~ and 10 pCill, respectively, aThe ' soil concentration of 70, pCi/g ,totalLuranium isi hef predict'edf| j
*

2 t

average: concentration'for-soil to belieft on-site underithe provisions:of Option 2 NRC Branchl '

,

Technical Postilon. The water concentration of.10 pCill total uranium was. determined to be al -

;
localized concentration of tiranium in ground water reflective of past kwalized impacts frontwaste '

'

;

management.; (See Site: Investigation Reportifor[the Cimarron> Corporation Facility [Jamesilm '

Grant and Associates, Inc., September 12,11989, page 310)g y
.. 6,

t
,

^D' .
, ...a .s ( s

- ~

The assumptions ;and calculationsi ondetermInc !th'e7 potential | doses received;by individuals- 3
potentially exposed to the uranium contained in media'left'at the-Cimarron Facility.is; attached. -

The committed effective dose equivalent from. each exposure pathway.is summarized _ in Table 5.1 4
The calculation. details are : presented; in ? Appendix B.1 i Thei t' tali committed effective 1 dose i 9o ,

3 equivalent is 5 mrem, from a one year; intake from all pathway sources comb'ined. This dose ist j
[{ well within the Nuclear Regulatory Commission reference level of 100.mre.m/ year,to th6 general. ~

' public contained in the proposed changes to'10 CFR 20mWe believe that this exposure potential: N
'

_ is not significant,' amt in fact is; conservative,0 based tupontthe probable fut'ureLlandIuscifor ! ]g

agricultural or pasture utilization. A'ny nearby future residents would be connected to the existing;
rural water supply sources for potable water. <

a
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[i 19 U. S Nuclear Regulatory Commission, Residual Radioactive Contamination form )Y Decommissioning . Technical Basis for Translating Contamination Levels to Annual Dose. n
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f'') . . Tubic 5 Summary of Pathway Evaluation Cimarron Facility.

hV
1

PATHWAY DOSE'

(mrem) =

Direct External To Penetrating Radiation 0.29

| Inhalation of Airborne Materials 2.44

| Ingestion of Agricultural Food Products 0.90 '.

Ingestion of Drinking Water 1.36

Ingestion of Surface Water (Res. No. 3) 0.005 -.

TOTAL COMMITTED EFFECTIVE DOSE EQUIVALENT 5.00 -
;

* Dose means committed effective dose equivalent from one year '

intake,

i

l'
l.

O.cs
'

,-

i
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9. FUTURE LAND AND WATER'USE --

:

.. . . 1
-

Cimarron Corporation completed a survey to locate and describe all wells south of the Cimarron"
,

' river and (vithin a three mile radius of the Cimarron- facility ' This survey was conducted by i
'#scarching the data files of the USGS in Oklahoma City, the ' Water Resources Division of the -

2 Association of Central Oklahoma Governreents (ACOO), and the Oklahoma Water. Resources t

Board,' The wells located;during this scarch are presented'in Table 6i c This trbicjpresents; ,

information, where availabic, about the depth, screened interval, and reported use of each well.
+

:
Lands around the Cimarron Facility are used for farming and grazing. The predominant crop _is j
winter wheat. Irrigation is not : common; most- wells provide' a domestic- water - supply: for_- '

Individual houses? : A rural public. water-. company. supplies potable water to:most homes andi *
4
'

farms in the area, iThis water company obtains its water from wells completed in terrace deposits . . [
north of the Cimarron River. -

Cimarron Corporation understands tha't land and water use in the area in the foreseeable future! ;j
will be the same as is found today,' The site area is sufficiently far, from OklahomalCity,L the ;

'

'

: ncarest major metropolitan area, that significant development isi not; anticipated. Table 7 " . [.

'

presents 1980 populations of Logan County and the cities of Cresent.and Outhric, along;with _ -

projected populations for these governmental units for the years 1990 and 2000;) Little growth _is : ,

) . projected for the county or for the cities. The projected growth rate of the county is decreasing
,;n with time. Projected growth. fromL1980_ to 1990 represents a 46 percent increase over the 1980L

,

'

' {} ' population, while growth from 1990 to 2000 is only 7 percent of the 1990 populationi

The above population estimates indicate that the site area will remain rural; Because populationi-

and land use are not projected to change much-in the futurci the patterns of ivell'constructioni ?t ,

and ground water use indicated by Table 6.are considered representative of future conditions and - "

[ uses. Table 6 shows that the Garber Wellington is used primarily for. domestic supplies in'the 7

I area (only one irrigation well is completed in th_c Garber Wellington), Most of.the Garber-
.j

.

:
R Wellington wells are deep; three of the,four domestic wells are deeper than 90 feet,'and;the most =

shallow well-is 68 feet deep. 'The Garber Wellington ivells . typically _ ureiscreened from near | 1

ground surface to the bottom.of the well. No shallow wells, wells completed only in the shallow I

water bearing zone located at the site, were found in the area survey. -

!
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Tabic 6 Arca Wcils Near the Cimarron Facility1."
. .j. - -

'jy

Wed .- - Locaban Elyveten " Formation Wel Date ' 1 Total . ' c Casmg ' | Faer Perforetons 7- Water - Few -| .], ,

, Owaot Sec/ Ten /An ' Kmsg - - Purpose Instaand Depth " Deoth r. > Pack u @ bgs) ' ' ' Level' : Rate !j:'
g

'

(fg . ~ m bgs) . -S tgs) -' m.tgs} . .. (gam) '. ,
,j

.

- . - -

STOLTS ' SW NE NE ' ee0 NA 00ME57C 1984 ' 150 4 5* 150 -' 10 150 ' ' e0 00 . 50 NA: g

8 tSN-3W | 120 100 -
'

.!
, . ..

' .i
.- ELLIS SE SE NE NA NA- ' DOMESTC | 1947 . .: 100 . S* a to 10 100 . 50 + 100 ' 70 J 20- i

1814p44W - 4.5*.190 - ,

NA' SW SE SE 970 : ~ POW' 4 TEST - '1974 - 82 'NA I NA-' L NAh 42 NA 1

'

1016N 4W - 1 ' ;

^

OWR 0 SE SE SE e65 - QT - TEST- NA, 46 '- ' NA NA . , NA - NA '- NA-:

SE -
1414N-4W

'OWAS -: SW SE SE 1005 ' QT TEST ~ NA ' 32 : NA - NA ' ( NA NA- NA +

SE

NA NE NE NE .. - ic74 ' . JPOW 00MESTC - 1974 91 NA'- NA . .. NA 1 ' SS -- , NA : g;.

to 16N 4W

;. ; 1414N 4W
,NA''NA- NE NE NW 1010 POW 00MESTC' 1970 -' 40 NA' 'NA " - NA - 40 -

,

ELLIS SE SW SW NA : NA . 00MESTC 1967 - 140 | 45' 100 ~; 45 100 e 110+120: . 90 - ts -
14-16N 4W 130*100 ':

L' 7% .
3- . BUXTON NW NW NE ' 000 '. . POW IRRIGATION ' NA' 163- NA_ NA b

*
NA ? , 20 ' NAi

161644W

s

SUXTON ' NW NE SE NA ' NA . INDUSTRIAL .'1979 : t 93 '. - 9' 30 NONE [- NONE ., 20 ' 89,UGGED ,'
.

1616N 4W S.73* + 163 ; (SALTM ';
4

NA SW VJJ NW NA NA NA. NA 11 ^ ' NA - NA NA ' --NA> i NA f
s 231644W

,

MARTIN ' NE NE NW ' 1040 ' PH IRRIGATCN - ,1974 NA -- NA ' ' NA NA' NA .- NA
'8 1 SN-3W,

?-

MARTIN NW SW NW 1010 PH IRRIGATCN 1974 NA ENA! -NA, . NA 1 NA ' NA =|'
1616N-3W*

(! MARTIN SE NE SW 1083 - PW IRR GATON NA ' NA , NA - ' NA NA - NA ' - NA
- 1416N 3W

4

MARTIN SE SW SE 1040 PM' IRR10ATCH - 1969 190 8'+14 1 18*190 / 50 190 : 40 : 80 i-
1816N 3W 6'. 100

MARTIN NE SE NE 1063 POW 00MESTC . 1974-~ NA NA NA ' NA 75 . NA ~-

1616P&3W

'
.

i i<

:;
'

.y

?

JO
F
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N''j ' Tabic 6 Arca Wells Near the Cimarron Facility

(Continued)-

Wet Locahon Elevaten Formaten Woe ' Date To:af Casing , Faet Perforatens Water
Ownee . Sec/TwvVRng (R ms4 Purpose instaand Depth Depth - . Pack '- (ft bgs) Lovet ,

W (a bos) m bas) in egsj
s

MARTW SE SE SW 1040 PH IMlQATCN NA NA NA NA ' NA NA NA

1416N 3W

MARTIN SE $W SW 1030 PH ImiOATCH NA NA - NA NA NA NA , NA
1416N-3W

POPE SE NE NE 1060. POW DOMESTC NA 157 NA NA NA NA - 34 >

1616N-3W

NARMONY SE SE NE 1000 POW DCMESTC 1970 153' NA NA- NA - . NA ' 50 "
14-10N-3W $

OATW SWSWSW NA NA 00MESTC 1940 100 - 9* .14 12 = 100 80 100 - RS - to .
716N-3W 4*.100

WILLutS SE SW NE . NA NA 00MESTC ~ 1984 165 - s'.11, . 60 165 120 135 80 15 +

716N-3W 4'.165 - 145 + 160 ,

FA8UCN NE NW NE NA NA 00MESTC teso 170 e* , to 60 170 so go 40 . 20
616N-3W 4 5*. 170 .120 100

#

i

|
'

Notes: NA . not avaJable '

. PH.Permhan Herringtong
*

POW. Permian carbev WeenglonL' ,
'N QT . Quaternary Terrace

.

|.
+

Tabic 7 Arca Population Projections for the Site Arca
.

Area 1980 Census 1990 Percent 2000~ Percent:
Projection Increase Projection increase

Logan 26,881 31,200 16 33350 7'
County

Cresent 1,651 1,700 3 1,800 .6
4

Guthrie - 11,384 12,100 6 13,200 9
._

Source: U. S. Department of Commerce, Population Projections for Oklahoma,1980 -
2010, November,1988.

yy
.tv)

I
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30. REVISED SOIL VOLUME ESTIMATE

Cimarron Corporation includes herein a' revised volume estimate for the soil to be left at the -
--i

Cimarron Facility under the-provisions'of. Option _2 of the Branch Technical Position. The1 Il

estimate is based on Cimarron-Corporation's collection of an additional.100 soil samples from 50,
locations.within the uranium plant yard _ area.j Analysis of the sampling data indicates that 3,500;
cubic yards of soil will be left within the perimeter of the uranium plant yard area .under four feet '

_ of cican soil.- The balance 'of the_ OptionL2 level soll (consisting of approximately 15,000 cubic
:

-

yards of Optio'n 2; material closer than 4 feet to'the surface) will be relocated from the yard 'arca:
'. _ to the designated Option 2 material disposal area.

& The'samplc~ locations used to calculate the volume estimate are identified in Figure 31. .Twoi
samplesL were: collected at each location. from . the 0-1 foot: and.12 ; foot: depth intervals |
Figures 32 and 33 show locations which exceeded a. uranium concentration-of 20 pCl/g for thc|-

two depth intervals described above."In addition to this soil, contaminated soll_ is presently being " ^!

' removed fromL beneath i the : uranium ; plant floor.' Approximately11/6 _of J the potentially,
. contaminated floor area has been evaluated and the above Option 2 concentration soil removed.
The projected volume cf affected soll under the Roor is 3,300 cubic yards.D Experience gained'in .
this decommissioning activity was used to estimate the quantity of. soil requiring removal and the
quantity which will| remain in situ- under the provisions of _ Option 2 'ofLthe' Branch Technical

''
;,

Position beneath.the floor area.1This soil is included in the' 3,500' cubic yard estimate for'soll. . .

which will be left within the perimeter of the yard area.

y

4

1

,

.

i
l

'j
.

:1
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-1 CIMARRC3 WELL 1314- 1314 X5 Date = 3/27/SO. 1S:05 C
' i900 309 030590 0 0- 0- 1200

.

Dox = .0000- DOC = .0 INPUT TOS = 309.0 -]. .

Anat cond = 900.0 Catc cond = 626.3 'i-

Anal EPMCAT =' 6.3953- Anal EPMAN s 7.4163' Percent difference in input cation / anion balance = -14.7842
..

Cate EPMCAT = ' -6.2112 Cate EPMAN = 7.2408 Percent dif ference in catc - cation / anion balance = = -15.3087 I

Totel 'lonic Strength . (T.I.S.) from input data = .00982 ,|;n

Effective Ionic Strength (E.I.S.) from speciation = .00947
.

Ai,

Sato Cate
input Sigma Fe3/Fe2 Sigma H202/02 Sigma NO3/N02 Sigma NO3/NH4 Sigma -H202/02 Sigma SO4/S= Signe As5/As3 Sigma g,
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Eh - - - - - - .- - - - - - - - - - - - - - - - - - - - - - - -

'

.600' .000 .600 .000 9.900- .000 .000 .000 9.900 .000 '9.900 .000 9.900 .000 9.900 .000 y

. . . . . . . ... . . . . ,, . . . . . . . . . . . . . . . pE - - - - - -'- - - *. - - - - - - - - - - - - - - - - - - - - 1
'

..

-10.457 .000 10.457 .000 100.000 .000 ~100.000 .000 100.000 .000f100.000' '.000 '100.000 .000: 100.000_ .000- 1[
'f:

Effective
_

T pH .TOS ppm Ionic Str 'p02 Atm pCO2 Atm pCH4 Atm -. CO2 tot ';ifnces CO2 ppm Uncom CO2 . Nerb Alk- . aM20 ~[
'

16.00 1030 578.4 .00947 5.16E-17 3.19E-02 .7.76-118c .00799 ' 6.45E-03 2.84E+02 7.41E-07. .9998- i
,

.]
ti

I species -Anat ppe ~ Cate ppm. Anal MotalT Cate Motel Activity Act Coeff; -Log Act: *

O Ca 2 73.900 69.948 1.845E-03 1.746E-03 1.189E-03. .6808~ 2.925-

'
k28 CaOH '1 .000093 ~ 1.630E-09 '1.476E-09 .9056- .8.831'

31: CaSO4 sq .0 -1.509 1.109E-05 1.111E-05- 1.0022 .4.954. ..g

81 CanSO4 1 .000000- 5.542E-12 - 5.018E-12 .9056 -11.299 ' ,Qg
29 CaHCO3 1 8.383' 8.297E-05..' 7.514E-05r .9056- 4.124 M.sg

30 CACO 3 aq. 0 '.411 ~ '4.110E-06 -4.119E-06' -1.0022~ . 5.385 ."

100 Caf 1 '.018 2.983E-07 D 2.701E.-07 : .9056 - T 6.568 ' E
.

- - y
1 Mg . 2- 23.700 ~22.416 9.754E-04.- 9.227E-04' ,6.319E-04- .6849. -3.199 ' p

18 Hgow 1 .000219 5.292E-09?.4.793E-09' .9056 8.319' ?.

' w.
22 MgSO4 aq 0 .621 5.164E-061 : 5.176E-06 1.0022 -5.286: ijji

21. M9HCO3 1: 3.851 4.516E-05 '1 4.089E-05- .9056- 4.388 - if
a20 MgCO3 ag 0 . 106- 11.258E-06";1.261E-06 1.0022 5.899

'
.

.19 Mgr i .050 1.140E-06{1.040E-06: .9056'' '5.983 q;.
,

16.400 16.345. - 7.13SE-04 ' 7.115E-04 : 6.450E-04 - .9065 ~ 3.190~ ' j.2 Na *
-

"
43 NASO 4 -1 .020: 1.668E-07i 1.511E-07 .. .9056' '.6.8215 ~,

42 NaHCO3aq 0 .178 - 2.118E-06. 2.123E-06 . 1.0022 .5.673-
,

41 NaCO3- ;-1" .001645 1.984E-08- 1.797E-03 : .9056 7.746 .q
'297 NaF ag 0 r.000101 '2.397E-09- 2.402E-09s '1.0022 '8.619 s''

. p
-

,

. .R
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- 3''E 1- 1.200" 1.200i . 3.071E-05 3.070E-05 ' 2.775E-05 ' ~.9040 4.557
_. -$. ' 45 Ks04 - . at '.001227 9.081Ea09 8.223E-09- .9056- 8.085 ~

- .

.

63-'H- 1 .000103 1.019E-07 9.333E-08 .9163 7.030' '

_

' 26 OH - - -1 .000988 5.812E-08- 5.263E-08 .9056: 7.279
17 co3 -2 .211' 3.523E-06' 2.400E-06-- .6812. 5.620-

;6 HCO3 -1 432.000 392.885 6.592E-03 ' 6.443E-03 5.854E-03 .9085., t2.233
.

'e5' H?co3 aq'.0 86.972 ..1.403E-03 1.407E-03 . 1.0024'- '2.852 '"4

5 SO4 -2 8.600 7.022 8.958E-05 7.315E-05. 4.957E-05 .6777/ s4.305
j 62 HSO4 -1 .000038 3.877E-10 3.511E-10 .9056 9.455 '

61 F -1 .700 .668- 3.687E-05 3.51/E-05~- 3.185E-05 .9056 4.497-
125 NF aq ~0 .000073 - 3.649E-09 3.657E-09 ~ '1.0022 8.437#

126 HF2 -1 .000000 4.618E-13: 4.182E-13 .9056' 12.379
296 H2F2 aq 0 .000000 ' 5.166E-17 - 5.178E-17 . -1.0022 16.286- 9
4 C1 -1 16.000 15.998 4.516E-04 4.516E-04' 4.082E-04 .9040 3.389 '

1

. 34 sio2 tot- 0 24.000 : 4.330E-04 -

23 H4SIO4aq 0 41.551 4.326E-04 .4.335E-04-. 1.0022- . 3.363
* 24 H3SIO4 -1 .036 3.740E-07 ' ~ 3.387E-07 .9056' 6.470 '

25 H2SiO4 -2 .000000 - 3.601E-12" 2.421E-12 .6724 11.616'
124 Sir 6 -2 .000000 '1.816E-28:. 1.221E-28- .6724 : - 27.913
86~ 8 tot .0 .110 1.018E-05 '-
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0 63 6 2 5 4 7 6 6 2 6 2 0 2 6 4 4
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5 9 8 8 6 3 3 5 0 5 9 3 7 4' 4 7 2 8 90 0 0 0 0 8 0 0 1 0 0 1 1 0 0 0 1 2 ,

- - - - - - - - - - - - - - - - - - f
E E E E E E E E E E E E E E E E E E o5 3 3 3 0 4 7 7 1 5 7 2 8 2 5 7 1 1
7 2 3 6 0 5 0 5 1 8 5 8 7 8 3 8 2 2 47 2 3 2 4 8 4 9 5 1 6 1 1 0 3 3 4 2

,

2 8 95 2 5 1 4 3 3 3 4 5 4 4 3 2 1. N
.

.

.5 9 7 8 6 3 3 5 0 5 9 3 7 4 4 7 2 80 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 2
- - - - - - - - - - - - - - - - -

eC2E E E E E E E E E E E E E E E E0 3 3 3 5 7 7 9 8 6 6 6 0 1 6
.

7 1 2 4 0 1 7 1 4 1 6 1 2 4 0 1

7 '. .. 8 5 4 4 3 8 5 6 6 1 5 3 7 6 8
3 9 1 5 3 6 1 7 3 3 3 4 5 4 4 3 3 1

n
-

5 3 5 5 4 4 5
.

0 0 0 0 0 0 ~8
.-- - - - - - -

- E E E E E E E -
1 2 B 7 6 0 8 -7 9 5 8 1 3 1

-0 5 9 6 5 3 0
3 6 8 3 4 4 1

.7 3 8 8 3 0 0 0 0
2 1 9 -

3 7 0 0 0 02 0 8
0 0 0 0 0 0 .

0 1 0 0 1 5 2 2 0 8 0 0 0 8 1 6 0 0
0 0 0 0 1 8 7 2 0 6 0 0 0 9 5 3 0 0 .
2 0 0 0 2 8 9 0 0 6 0 0 0 9 5 0 0 0 4

-

.s1 2 6 7 5 1

9 8 1 4
3 ,.

_

..
.

0 0 0 0 0 0 0
- 0 0 0 0 0 0 1

2 0 6 7 0 0 1
.

- 1 2 8 6 6
- 0 1 2

.

4

. 1 1 1 1 2 1 0 2 1 1 0 1 0 1 0 0 1 2 2 0
_ - - - - - - - - - - - -_

- q t q.

a q o e .

a t 4 4 4 .

3 g O O O t
4 3 O 4 a 2 2 i i iS F t .

6 oO 3 O C 4 O 2 F O S S
S N 0 C 2 O S F F 2 t 4 3 2K K H O E N H S eF H H H C iS H H H iS B

3 5 3 6 7 6 5 5 2 1 5 6 6 4 4 3 4 5 4 6 A _4 6 2 1 8 6 6 2 2 9 3 2 2 2 2 8 G1 1 2 1 _t
J _

s -

_

. ,
f

- -

!

af?!I~ i -
-
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1 CIMARRON WELL 1314 1314 XS

I Species Anat ppm Calc gra Anal Motjt Cate Motat' Activity Act Coeff- -Log Act--

35 H3803 ag 0 .625 1.012E-05 '1.014E-05 1.00 7 4.994

36 H2803 -1 ,003510 5.775E-08 5.230E-08 .9056 7.282

101 SF(OH)3 -1 .000010 1.289E-10 /1.167E-10' .9056 9.933'
-

102 BF2(OH)2 -1 .000000 4.193E-14 3.797E-14 .9056 13.421

103 BF30H -1 .000000 1.634E-19 1.480E-19 .9056 .18.830

104 BF4 1 .000000 2.021E-24' 1.830E-24 .9056 ~23.737 -9

84 NO3 S 9.700 - 9.699 1.545E-C4 1.565E-04''1.417E-04 .9056 3.848 ,

50 At 3 .072000 .000001 2.670E-06 4.264E-11 1.746E-11 4095 10.758-

51 At0H 2 .000067 1.523E-09 1.024E-09 .6724: 8.990

52 Al(OH)2 1 .011 L758E-07 1.592E-07 .9056 6.798

181 Al(OH)3 0 .167 2.142E-06 2.147E-06- 1.0022 :5.668

53 At(OH)4 -1 .024 2.510E-07 ' ' 2.273E-07 .9056 -6.643

54 AIF 2 .000389 8.462E-09 5.690E-09 .6724 8.245-

55 AIF2 1 .002497 3.846E-08 ''3.483C-08- .9056 7.458
' "

56 AtF3 aq o .004337 5.168E-08' - 5.179E-08' 1.0022: 7.286

57 AtF4 -1 .000107 1.041E-09 9.426E-10 -- 9056- .9.026

58 A t 50'. 1 .000000 8.940E-13 8.096E-13' 9056 12.092

59 Al(SO4)2 -1 .000000 3.395E-15' 3.074E-15 '.9056 14.512
~

203 AtHSO4 2 .000000 2.629E-20 1.768E-20 .6724 19.753 |

~

16-Fe total 2 .061 -1.093E-06
. .

.
.

7 Fe 2 .000000 - 3.378E-12'- .2.272E-12 . .6724: 11.644-

10 FeOH 1 1000000. 4.248E-15 - 3.847E-15a .9056 - '14.415- ,

79 Fe(OH)2 0 .000000 1.561E-19: -1.565Ee19 11.0022 '15.806

11 Fe(OH)3 -1 .000000 ~ 6.279E-23. -5.686E-23.' '.9056- L22.245

33 FeSO4 ag 0 .000000 1.686E-14- 1.690E-14 1.0022- '13.772
e;

122 FeHSO4 1 .000000- 1.059E-20 '9.589E-21 .9056- 20.018
'

8 Fe 3 .000000 8.737E-15 3.578E-15 - .4095-- 14.446

'9 FeOH 2 .000016 2.131E-10 1.433E-10' .6724.. 9.844 .

76 Fe(OH)2 1 .0J7 9.694E-07 . J. 8.778E-07 ~.9056 '6.057--

77 Fe(OH)3 0 .012 ' 1.102E-07 c 1.105E-07 1.0022 6.957

. 78 Fe(OH)4 -1 .001618 1.307E-08'';1.184E-08 . 9056- 7.927 <|

179 Fe2(OH)2 4 .000000 3.966E-18 -8.109E-19 .2045- 18.091

180 Fe3(OH)4 5 .000000 1.703E-21 '.1.426E-22 .0837: 21.846' +

14' FeSO4 1' .000000 11.327E-15- 1.201E-15. .9056. .14.920

108 Fe(SO432 -1 .000000' ~2.005E-18 -1.816E-18 '9056 17.741 a.

k 4

123 FeHSO4 '2 .000000 '5.641E-22: 3.793E 22- .6724' 21.421-

15 FeCl '2- .000000 4.887E-17 : 3.287E-17 .6724; 16.483'- -

JtGA ,5 of 9 May 10, 1990
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.0000C3 S.882E-20. 8.043E-20:
.

.

19.095: "27 /Fett2 - 1
.

zt;?+
'.9056'-

t
.

- .
.. .uf: '32 Fect3 aq' O .000000 '3.276E-24. -3.283E-24- -1.00222 23.484 *u. v. . .

i 105 FeF ' 2 .000000 2.330E-13 .'1.567E-13' .6724 12.805- ~

.-

.U
'

106 FeF2 1 .000000 '1.965E-13 ~1.779E-13- .9056 -.12.750 <-Y

107 FeF3 aq o .000000 8.683E-15 8.702E-15; '1.0022 '14.060' -

i i

"

,

CIMARRON WELL 1314 11314 X5i'

Mote' ratios from analyticat motatity - - Log activity ratios'

2.4477E-01- Log'Ca '/H2: ' 11.1351
"

--l|' CL/Ca = =

:4.6296E-01 Log Mg . '/M2 ~ = - 10.8607.Cl/Mg+ =

Ct/Na - 6.3264E-01 - Log Na /H1 3.8395' a'= =.

Cl/K = 1.4706E+01 ~ Log K /H1 =. '2.4733- - 5;4

1.6912E+02E Log At /M3. s. 10.3321Ct/At =
,

0.0000E+00 tog Fe- ' -/H2 = '2.4163
'

',Cl/Fe =

".2745 - -[510410E400' Log Ca/Mg.Ct/SO4' =- =-.

i .. CL/HCO3 6.8501E-02 . LOG MA/K :- =' 1.3662 -=

1.8914E+00- Log C.a/K2 : . 6.1886:Ca/Mg = =':

.
- c

'2.3245E+01 '. Log Diss Fe/H2. =j : 14.0600Na/K = 4-

- .
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-- 1 CIMAR2C3 WE 1314' ~ '

1314 X5

, .' Phase . Log AP/KT ' Sigma (A) Sigma (T) Log'AP/MinKT Log AP/MaxCT. - Log AP.. . Log KT | . Log MinKT . .
.. .

- i.r'L .-

. .
. ua

.
-

Log ManKT : -

-

. 39 Aduteria .012
_ -21.288 ~ -21.276" -

%a
' -

40 ALbite -1.329 -19.922- -18.593<,

140 At0H3 (a) .687 .002" - -32.594 -31.907? -32.5%
471 At0HSO4 -4.803 -4.643 -4.963 |-8.033 -3.230 -3.390. -3.070
472 At4(OH)10$04 .263 22.963- -22.700 -

157 AILophane(a) .237 6.347 ~ 6.110 -
158 A11ophane(F) 1.062 6.347 5.286

.
338 Atum k ' -18.591 -23.925 --5.335 "

50 Alunite -3.098 -89.113 -86.014
42 Anatcime -3.443 -16.559' -13.116L

; .17 Anhydrite -2.679 -7.230; -4.551
113 Annite 30.851 -56.219 -87.070.

* 41 Ararthite' -2.959 --22.937 -19.978
21 Aragonite- .261 .020 ' 8.545' :-8.284-

150 Artinite -7.666 - 2.590- c10.256 c;
#'48 seidetiite 4.245 - -42.404 ' -46.649;,

52 Boehmitc 1.093 1.606 : -32.594 3-33.688 ---34.201-
19 Bructte -6.534 -17.757 -11.223"

12 Catcite' .110 .020 - .044- ' -8.545- :-.-8.435 . -8.501'
97 Chalcedony - .266 .-3.3631 -3.6281
-49 Chtorite 14A -6.958 6.000 . -1.683- . -15.682- 64.878 ~ 71.836- - 66.561' 80.560

'

125 Chlorite 7A -10.416 - -6.000 64.878" '75.294-
| 20 Chrysotite -7.567 ' -59.996' . ' 52.429---

29 CLinoenstite -4.309 .-3.943- -4.6032 -21.120 'e16.810? - -17.176 E .--16.516
'

"

:k
4

56 Ctinoptitott '-25.044 :
99 Cristobalite. .350' 2 .363 . :-3.7123

32.595; -35.472':154 Diaspore 2.878 ,~-

' 28 Diopside : -5.377 -41.965 4 36.587.s
11 Dolomite'' .553 - ' 17.364 : --16.811-

' *-
'

.

340 Epsomite -5.300 - -7.505 V:-2.204 -

'

55 Erionite - a21.604
112 Ferrihydrite. 1.752 .5.086 ~1.6471 - 6.643 e4.891- s1.557 4.996'

~
'

-

"
419 Fe3(OH)8 -4.519'-- - -1.409 ~ -8.402 2-15.703 L20.222e 17.112~ 24.105

'
181 FeOH)2.7Ct.3 . 6.558 3.518 -3.040- -

'

..
401 Fe2(SO4)3' -46.736 -42.506. -41.807- :4.929 .699-

62 Fluorite. .:.857 .-11.919- 111.062-
27 Forsterite -11.071 58.876J a27.805.I *

i, - ,

1 +

. JtcA ~ 7 of.9- -
, Mry lof 1990.

#

a-
H
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.51 Gibbstte (c)' 1.042' ~.200 1.325 ' 3 72 - 10.332 : 9.290 . 9.007. 9.950 _
,,

'

.
-

j;, }110Goethite.- 5.813 .800 6.'643 .830
-

["~111 Greenalite 20.287' .523 20.810,

!'
1 .606

'

1J18 Gypsua !-2.624 -7.230 4
.

(' - 64 HatIte -8.141' -6.580- 1.561- d
47 Nattoysite .223 -34.072 -33.849.

'

108 Hematite 16.591 .13.287' -3.304
117 Huntite '5.622 .--35.002 ' -29.380-

38 Hydrmngnesit'. -16.854 --53.034' -36.180
45 Ittite 2.495 -39.019 -41.515-

204 Jarosite Na- ~-2.585 1.000 ' -12.960 -10.375-,

205 Jarosite K .240 1.100 -2.540 -14.326 ' -14.086..
'

* -11.7f4 -
337 Jarosite H -5.958

,

-16.799: -10.842
- 46 Kaotinite 3.970' 4.849 2.869 - -34.072- :-38.042 ~ r38.921E -'--36.94t-

43 Knica 9.323 1.300 10.721 ~7.644: 23.381: 14.058 12.660, , 15.737

128 Launantite 2.201 -29.663J --31.864
147 teonhardite 12.485 !-59.326 -71.811

..

98 Hagadiite -6.767 ' 21.067 -14.300-

109 Maghemite 6.901 13.287L : 6.386
to Magnesite .931- .681 "

-1.181}
'8.819. -7.888 -8.138' -7.638

%

. . - , -

,ar-

m

--v

c'

- .

,
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1 CIMARRON WEtt 1314 1314 x5

Phase tog AP/KT Sigma (A) Sigma (T) Log AP/MinKT Log AP/MaxKT Log AP Log KT Loc MinKT' Log MamKT
107 Magnetite 10.815 11.185 7.957 15.703 4.888 4.518 7.746
339 Metanterite -13.414 '15.949 -2.535-

63 Montmoril ca 3.990 -42.369 -46.359
115 Montmorit BF 4.317 -30.596 ' -34.913 -

116 Mcntmorit AB 3.435 -26.253 -29.688
^

57 Merdenite -23.362
66 Mirabitite -9.139 -10.687 -1.547
58 Nahcotite -4.790 -5.423. .633
60 Natron -10.331 -12.002 -1.670

149 Nesquehonite -3.331 -3.819 -4.406 ^ -8.819 -5.489 -5.001 -4.414
54 Phittipsite 731 -20.605 -19.874
44 rhtosopite '32.972 3.000 11.293 44.265

141 Prehnite -3.233 -15.165 -11.932
53 Pyrophytiite 7.516 10.812 5.682 . -40.798 -48.314 -51.610' -46.480
tot ovartz .785 ~-3.363 - -4.148
36 sepiotite(c) -4.344 -11.632 15.976
153 sepioitte(a) a7.028 11.632 .18.660
9 siderite -6.835 -5.281 .-17.263 -10.428 -11.982

100 SiO2 (a,L) .243 -3.363 -3.119
395 siO2 (a,H) .564 -3.363 -2.799
37 Tate -3.326 2.000 -1.158 -5.074 19.130 22.456 20.288 24.204-
65 1henardite -10.520 -10.686 '

166-
61 Thermonatr -12.190 -12.001 '.189
31 Tremolite -9.167 -150.651 -141.484
59 irena -17.040 -17.424 . : .384

155 vairkite -2.358 -29.663 -27.304

.
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'' 1 CIMARRON WEtt. 1315 1315 15
,

800 638 030590 0 0 0 1200
5-~ TEMP = 16.000000

7.050000PH =

600000'

EHM =

.000000DOC =

.' DOX = 000000

k = 0j :- ..CORAli

4, FLG = MG/L-

/' DENS = 1.000000
PRNT = 0

1f! PUNCH =

EHOPT = 0'

i

EMP0X = 0

638.000000ITDS =*

800.000000COND =

SIGM00 = .000000

SIGMEH = 000000
4

d,' $1GMPH = 000000
,,

.i 1
'!'' Species Index No Input Concentration
f

Ca : 0- : 117.00000000
,

s .. Hg : 1 -: 47.10000000

Na : 2 : 40.10000000'

:, ;
- 3 : .00000000''

K o

Ct : 4 : 67.00000000

E SO4 : 5 : 100.00000000

. HCO3 : 6 : 406.00000000

. Fe totat : 16 : .03100000
..t ..
O- H2s ag : .13 : 00000000

C03 : 17 : .00000000{'
-Sio2 tot . -34 : -23.60000000.

) HH4- : 38 : .00000000

:ll B tot : 86 : .16000000
:D

PO4 : 44 : .00000003

i At : 50 : .12000000

{, F. : 61 : 1.50000000

NO3 : 84: : 42.00000000].p
7

%. i

W JLGA 1 of 27 - May.10,1990
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M, L'1CIMARRON DELL 1315 1315 X5
g$1 :800' 638 030590 0 0 0 1200: 4

m.:
-

';

5

%
; t ,.s
ry ~t
il ITER S1-AnalC03 ~ S2-AnalSO4. 53-AnalF S4-AnatPO4: SS-AnalCL S6-AnalH2S .. S7-AnalFULY 'SS-AnalNUM

| 1 2.600098E-04 2.976585E-04 -. 7.7043%E-06 ' O.000300E+00' 1.020591E-16.' O.000000E+00 - 0.000000E+00 0.000000E+00
. . . .

f!'? 2 7.899581E-06' 1.165011E-05 -1.001669E-07 0.000000E+00 -1.050744E-18' O.000000E+00 0.000000E+00 '- 0.000000E+00 ' '

P 3'-9.002885E-08 -3.375838E-07 ' 7.343272E-10 0.000000E400 9.147956E-20 0.000000E+00 0.000000E+00 ' O.000000E+0DJ
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) 1 (Inana0M UEl.L 1315 1315 MS Date = 3/27/90 15:18

( 800 638 030590 0 0 0 1200

d; DON = .0000 Doc = .0 INPtJT TDS = 638.0

ji ' Anal Cond = 800.0 Cate Cond = 1144.5
a=
" . . Anal ErnCAT = . 11.4825 Anat EPnAn = 12.8691 Percent difference in tw ut cation /anien botance = -11.3881-
.

Cate EPnCAT = 10.7295 Cate E*MAM = 12.1273 Percent difference in cate cat on/anien betence = -12.2311i

{-
4 Totat Ionic Strength (T.I.S.) from input data = .01809
e

%
Effective Ionic Strength (E.I.S.) from speciation = .01661

Ni
Sato Cate,

h Input Signe Fe3/Fe2 Signe H202/02 Sigme NO3/M02 Sigma NO3/NH4 Signe H202/02 Signe SO4/S= Signe As5/As3 Sigme
%, ; .-__________________________--Eh--------------__-_-----_--_-___

A -' .600 .000 .600 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000
1-
t#
g, ______________________________g_______________________________

10.457 .000 10.457 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000'100.000 .000 10D.000 .000

.; Effeetive

{[ T pH TDS ppe Ionic Str pO2 Ate pCO2 Ate pCH4 Ate CO2 Tot tences CO2 pro tancom Cc2 ncrt> Atk aM20

y; 16.00 7.050 934.6 .01661 6.20E-17 3.63E-02 e 11-118 .00971 7.88E-U3 3.4TE+02 9.06E-07 .9997
e-

h I species Anat pre Cate ppe Anat notat Cate Mat Activity Act s * ff -tog Aet
'#

~ Ca 2 117.000 105.202 2.922E-03 2.628E-03 1.617E-03 .6153 2.7910

28 CaOH 1 .000136 2.385E-09 . 2.102E-09 .8815 8.677

k. 31 CaSO4 ag 0 20.213 1.486E-04 1.492E-04 ? 0038 3.826
b 81 CaHSO4 1 .000010 /.299E-11 6.434E-11 .8815 10.192

| 29 CaHCO3 1 13.9'S 1.380E-04 1.216E-04 .8815 3.915
~

30 CACO 3 ag 0 .695 6.955E-06 6.982E-05 1.0038 5.156,

100 Car 1 .049 8.315E-07 7.329E-07 .8815 6.135

1 Mg 2 47.100 42.497 1.939E-03 1.750E-03 1.OB7E-03 .6213 2.964

18 Mg0H 1 .0004M 9.794E-09 ' 8.633E-07 .8815 8.064

22 ngso4 og 0 10.530 8.757E-05 8.791E-05 1.0036 4.056

g 21 ngMCo3 1 8.077 9.502E-05 8.376E-05 .8815 4.077

20 ngCO3 ag 0 .227 2.693E-06 2.703E-05 1.0038 5.568

19 ngF 1 .175 ~ 4.051E-06 3.571E-06 .8815 5.447

p 2 na 1 40.100 39.864 1.746E-03 1.736E-03 1.533E-03 .8829 2.815
~

43 Maso4 -1 478 4.021E4 3.544E-06 .8815 5.450
42 naHCO3aq 0 .502 . 983E-06 6.005E-06 1.0038 5.221

.k ,! 41 MeCo3 -1 .005005 6.037E-08 5.321E-08 .8815 7.274
..

: 297 MeF aq O .000476 1.135E-08- 1.139E-08 1.0038 7.944
. t .a,

4
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n
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- -C3 to' 1 .000100 9.929E-08 8.913E-08' .8976- 7.050
-

26 04 -1 .001062 6.251E-08 - 5.510E-08 .8815 7.259
17 E03 -2 .291 4.860E-06 2.992E-06 .6155 5.524 >

[
6 HE03 -1 4 % .000 479.546 8.136E-03 7.867E-03 6.%9E-03 .8858 2.157 |

3-. 85 H2E03 og 0 98.662 1.592E-03 1.599E-03 1.0t43 2.796
i- 5 504 -2 100.000 76.936 1.042E-03 8.017E-04 4 994E-04 .6105 3.310

62 HSO4 -1 .000366 3.755E-09 I.310E-09 .8815 8.480,

3,

61 F ~1 1.500 1.368 7.903E-05 7.209E-05 6.355E-05 .8815 4.197- '

125 NF ag - 0 .000139 6.9#.2E-09 6.%9E-09 1.0038 8.157

4 126 MF2 -1 .000000 1.806E-12 1.5 W -12 .86T5 11.799
296 H2F2 aq 0 .0tt000 1.873E-16 1.880E-16 1.0038 15.726,

4 Et -1 67.000 66.992 1.892E-03 1.892E-03 1.662E-03 .8788 2.779
34 5602 tot 0 23.600 3.931E-04
23 H45iO4aq 0 37.713 3.928E-04 3.963E-04 1.0038 3.404ij'
24 H3SiO4 -1 .035 3.659E-07 3.226E-07 .8615 6.491'

[- 25 H2SiO6 -2 .000000 3.999E-12 2 A14E-12 .6037 11.617

i O.c 124 SiF6 -2 .000000 9.663E-27 5.834E-27 .6037 26.234
C 86 8 tot 0 .160 1.481E-05
s
(- 35 H3003 ag 0 .909 1.472E-05 1.478E-05 1.0038 4.830

ee -36 H2803 -1 .005499 9.050E-08 7.978E-08 .8815 7.098
s
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1 CInnerm0N WELL 1315 1313 R5
0

'

.I Species ' Anal ppe Cate ppe Anat notal Cate notat Activity Act Coeff -Log Act

j, 101 SF(OH)3 -1 .000031 3.849E-10 3.393E-10 .8815 9.469
? 102 SF2(OH)2 -1 .000000 2.386E-13 2.103E-13. .8815 12.677

[ 103 BF30H -1 .000000 1.772E-18 1.562E-18 .8815 17.806

[ 104 SF4 -1 .000000 4.178E-23 3.683E-23 .8815 22.434

F 84 fe03 -1 42.000 41.995 6.780E-04 6.780E-04- 5.976E-04 8815 3.224

50 At 3 .120000 .000002 4.452E-06 6.782E-11 2.179E-11 .3213 10.662

{e 51 AtOH 2 .000097 2.217E-09 1.339E-09 .6037 8.875

52 At(OH)2 1 .015 2.470E-07 2.178E-07 .8815 6.662
p
g4 191 Al(OH)3 0 .239 3.063E-06 3.075E-06 1.0038 5.512

53 At(OH)4 -1 .C37 3.866E-07 3.408E-07 .8815 6.467k
4 54 AtF 2 .001078 2.347E-08 1.417E-08 .6037 7.849

b~ 55 AtF2 1 .013 1.963E-07 1.731E-07 .8815 6.762

h 56 ALF3 ag 0 .043 5.115E-CT 5.135E-07 1.0038 '6.289

[. 57 A1F4 -1 .002176 2.116E-08 1.865E-08 .8815 7.729
-

58 AtSO4 . 1 .000001 1.132E-11 ' 9.975E-12 .8815 11.001

59 Al(SO4)2 -1 .000000 4.241E-13 3.739E-13 .8815 12.427

p 203 AtHSO4 2 .0(K1000 3.446E-19 2.080E-19 .6037 18.682'

P 16 Fe totat 2 .031 5.556E-07

7 Fe' 2 .000000 1.694E-12 1.023E-12 .6037 11.990-

! 10 FeOH '1 .000000 2.057E-15 1.813E-15 .8815 14.742

j. ~ 79 Fe(OH)2 0 .000000 7.692E-20 7.721E-20 - 1.0038 19.112

11 Fe(OH)3 -1 .000000 3.332E-23' 2.937E-23 .8815 22.532

33 FeSO4 aq O .000000 7.482E-14- 7.511E-14 1.t)038 13.124

122 FeHSO4 1 .000000 4.617E-20 - 4.069E-20 .8815 ~ 19.390

I 8 Fe 3 .000000 5.012E-15 1.610E-15 .3213 14.793

| 9 Fe0H 2 .000008 1.119E-10 6.753E-11 .6037 10.170

76 Fe(OH)2 1 .044 4.914E-07 4.331E-07 .8815 6.363

77 Fe(OH)3 0 .006070 - 5.686E-08 5.708E-08 1.0038 7.244
'

78 Fe(OH)4 -1 .000899 7.263E-09 6.402E-09 .8815- 8.194+

179 Fe2(OH)2 4 .000000 1.355E-18 1.800E-19 .1328 18.745

180 Fe3(OH)4 5 .000000 3.655E-22- 1.560E-23 .0427 22.807
I 14 Fes06 1 .000000 6.056E-15 5.338E-15 .8815 .14.273

{ 108 Fe(SO4)2 -1 .000000 9.036E-17. .7.965E-17 .8815 16.099

i' 123 FeHSO4 2 .000000 2.666E-21 1.610E-21 .6037 20.793

15 Fett 2 .000000 9.978E-17 6.024E-17 .6037 16.220 '

2T FeC12 1- .000000 6.810E-19 6.003E-19 .8815 18.222
,

'32 Fett3 ag 0 .000000 9.960E-23 9.978E-23 1.0038 22.001

5I

T

"

at.GA 5 of 27 ney 10,1990

.

b'

_" g .u.., , ,p.- ---. +.c. .9--.e- v.- y g- .- eg= y g.vs w. n yen +-W.-e r- "a-my-4-.g +- , -in=- M. tys w q'-w e==g g *y--wemaw v. smw y-+ > --y..vw-. e e. y ,.



, . . > ,.

-w
, . .

'E '''

,
,

.
_

>

,

, . . ..
- -

~

105 Fer .2 .000000 2.331E-13. 1.407E-13 .6057 12.852 -
' 1106 FeF2 1- .000000 3.617E-13 3.189E-13 .8815 12.496

' ;
!

| 107 FeF3 ag 0 .000000 3.100E-14 3.112E-14 1.0038 13.507

m 1

,,s - ,
" '

CinMta0N WELL 1515 1315 XS
!

4 - f
Mote ratios from anetytical notality - Log activity ratios ,

11.3086- [d' -CL/Ca 6.4739E-01 Log Ca /H2 ==

9.7549E-01 Log ng /H2. = 11.1363 f-C1/Mg =
,
'

4.2334 !1.0835E+00- Log Na /H1Ct/Me ==
, ,,

[ .. Ct/K .0.m)00E+00 Log K /H1 = .0000=
.

o Ct/Al
.

4.2492E+02 Log At /H3 = - 10.4883=
.i

2.1097J 'i CL/Fe 0.0000E+00 tog Fe /H2 =- =

1.8154E+00 tog Ca/ng .1723CL/SO4 ==
., s

/i CtfMC03 2.3248E-01 LOG MA/K = .0000=
4 .;- -

z'] Ca/ng = 1.5068E+00 Log Ca/K2 = .0000
[

p me/K = 0.0000E+00 Log Diss Fe/H2 .- 14.1000=
,
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1 CIPARRON WELT.1315 1315 x5
,

1.r,

Phase Log AP/KT Signe(A) Sigma (T) Log AP/MinKT Log AP/MarKT Log AP Log KT Log MinKT Log Me=KTi

p; 40 Albite .901 -19.493 -18.593
140 AtcH3 (a) .531 .158 -32.438 -31.907 -32. 5%
471 AtoHso4 -3.692 -3.532 -3.852 -6.922 -3.230 -3.390 -3.070 t

J 472 At4(OH)10504 1.841 24.541 22.700
L

J 157 Attophane(a) .340 6.484 6.144
' 158 Altophane(F) 1.168 6.484 5.316

N 42 Anatcine -2.973 -16.090 -13.116

j[ji -
17 Anhydrite -1.551 -6.102 -4.551

j!'
41 Anorthite -2.555 -22.534 -19.978

y 21 Aragonite .031 .020 -8.315 -8.284

Si 150 Artinite -7.263 2.992 10.25o
d 48 Beidettite 4.506 -42.145 -46.669
%p? . 52 Boehmite 1.249 1.762 -32.438 -33.688 -34.201,

([ 19 Brucite -6.258 -17.481 -11.223
12 Calcite .119 .020 .186 -8.315 -8.435 -8.501|g

y 97 Chalcedony .224 -3.404 -3.628
i 49 Chtorite 14A -5.392 6.000 .117 -14.116 66.445 71.836 66.561 80.560
I 125 Chlorite 7A -8.850 6.000 66.445 75.294

20 Chrysotite -6.823 -59.252 -52.429;

! 29 Clinoenstite -4.075 -3.709 -4.369 -20.885 -16.810 -17.176 -16.516
d 56 Ctinoptitott -24.894

99 Cristobatite .309 -3.40? -3.712
5 154 olaspore 3.034 -32.438 -35.472

y 28 Diopside -5.011 -41.598 -36.587

4- 11 colomite .008 -16.803 -16.811
340 Epsonite -4.0 71 -6.275 -2.204
55 Erionite -21.1%<

112 ferrihyurite 1.465 4.799 1.360 6.356 4.891 1.557 4.996
!. 419 Fe3(OH)8 -5.400 -2.290 -9.283 14.822 20.222 17.112 24.105
j 181 FeOH)2.7Ct.3 6.448 3.408 -3.040

401 Fe2(SO4)3 .-44.446 -40.216 -39.517 4.929 .699
L^

62 Ituorite .123 -11.185 -11.062
27 forsterite -10.561 -38.366 -27.805
51 Gibbsite (c) 1.198 .200 1.481 .528 10.488 9.290 9.007 9.960

'* 110 Goethite 5.526 .800 6.357 .830
111 Greecetite -21.290 .480 20.810

'' 18 Gypsum -1.496 -6.102 -4.606

1.
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- 64 Hetite -7.155 -5.594 1.561

+ , . =47 Heltaysite .007 -33.842 -33.849
y .-

108 Heestite 16.018 12.713 -3.304''

'.p 117 Huntite -4.399 -33.779 -29.380 *

38 :t, . ., .,.s t -15.253 -51.433 -36.180i

Q 204 Jarosite na -1.141 1.000 -11.515 -10.375

5. ;. , 337 Jarosite H -4.909 -15.751 -10.842

4;i 2 46 Kaolinite- 4.200 5.079 3.099 -33.842 -38.042 -38.921 -36.941

N. . 128 t=mtite - 2.522 -29.342 -31.864

; 147 Leonhordite 13.127 -58.684 -71.811

il 109 negheette 6.327 12.713 6.386 >

'

p' 10 Magnesite .600 .350 .850 '-8.488 -7.888 -8.138 -7.638

[107 negnetite. 9.935 10.305 7.077 14.823 4.888 4.518 7.746 ..-

U 339 netanterite -12.766 -15.302 -2.535
- 5- ~ 63 nontmorit to 4.232 -42.127 .-46.359

D .' 115 nontmorit er 4.719 -30.194 -34.913ig
.

f. j j 116 nontmorit A8 3.837 -25.851 -29.688 !

C 57 nordenite -23.192

)h4.
:[ 66 nirabitite -7.394 -6.941 -1.547

58 nahcotite' -4.339 -4.971 ' .633-

- :
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_ .1 Cloonomon wELL.1315 1315 15

me

Phose tog AP/KT Siyme(A) Sigee(T) Log AP/MirvKT Log AP/MenKT Log AP Log KT Log WiedCT ' tcg upsKT
' 40 sentron -9.485 -11.155 -1.670,

. .{. 149 nu ,__^-.ite -2.999 -3.487 4.074 -8.488 -5.489 > -5.001 -4.414
141 Prehnite -2.697 -14.629 -11.932
53 Pyrophyttite 7.664 10.960 5.830 -M1.650 -48.314 -51.610 -46.480' -!

[ 101 euertz .744 -3.404 -4.1484

g 36 sepiotite(c) -3.916 12.060 15.976*

- 153 septotite(s) -6.600 12.060 18.660

.; . ( ? Siderite -7.006 -5.532 -17 514 -10.426 -11.962
100 siO2 (e,L) .285 -3.404 -3.1194

395 SiO2 (e,n) .605 -3.404 -2.799
37 Tate -2.664 2.000 .496 -4.412 19.793 22.456 20.288 24.204 f<

'

65 Thenerdite -8.774 -8.940 .166* *

$ 61 Thereonstr -11.342 -11.153 .189 ;

# - 31 Tremolite - 7.7 71 -149.256 -141.484 I

- 59 Trene -15.741 -16.125 .384 ;

7-| 155 unirkite -2.037 -29.342 -27.304
: e
, n

'

;

|
t

.

L

i

.

~
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1 Citwoose WELL 1316 1316 X5

800 608 030590 0 0 0 -1200
'

-

t>
16.000000" ' ~ TEfsP =

!ft. PM = 7.01MIDO
-,

.600000'' ; EMst =
^

.000000poC =
3%* Ie 30g z ,Mw

.

CORALK = 0.ig
Jy, FLG = MG/L

hb- DEses = 1.000000 ;

5
da 0PmMT

,=

PUNCH = 1

;"* EpowT = 0
Y' ' EfePog = 0

ITDS = 608.000000j:.
Coped = 800.000000

*
s

.000000% ,. SIGMDO =

|.000000L.- $1GMEH =
!

.0000004' SIsnPM - =
'

n

9 r: Species Inden see Input Concentrettori
i ,

. Ce : 0 : 117.00000000

g- peg : 1 : 41.40000000

ses : 2 : 40.60000030,i

K~ : 3 : .000W1000

Ct : 4 : 68.00000000

; 504 : 5 : 37.00000000

seCo3 : 6 : 618.00000000
t

+ Fe totat : 16 : .01500000
~ H23 og : 13 : .00000000

CO3 : 17 : . 00000000*
-

9 Sio2 tot :- 34- :. 30.00000000

MM4 : 38 : .00000000
.i

i e tot . :- 86 : .13000000

'PO4. : 44 - :- .00000000

. o- at :. 50- : .07600000
% . - -

F- : 61 . : 1.40000000
}
[. 9e03 : 84 :, 44.20000000

1CIstamm0N UELL 1316 1316 XS
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1 CIMAma0N WELT. 1313 1316 X5 Data = 3/27/90 15:18
800 608 030590 0 0 0 1200

i DOX = .0000 Doc = .0 INPUT TDS = 608.0
Anal Cond = 800.0 Cate Cond = 1129.5
Anal EPnCAT = 11.0302 Anal EPnAN = 13.6585 Percent dif ference in irput cation / anion balance = -21.2921
Cate EPnCAT = 10.5238 Calc EPnAN = 13.1591 Percent difference in calc cation / anion balance = -22.2545
Total lonic Strength (T.I.S.) from input data = .01739
Effective Ionic Strength M.I.S.) from speciation = .01640

' Sato Cate

input .Signe Fe3/Fe2 Siges H202/02 Siges NO3/N02 Sigma NO3/NH4 Sigue H202/02 Signe SOL /S= Signe As5/As3 Signe
-.----------------------------Eh------------_---------_-___-.--

.600 .000 .600 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

____________.___________-_____g_______________________________
10.457 .000 10.457 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000

Effective

T pH TDS ppe lonic Str p02 Ate pCO2 Ate pCH4 Ato CO2 Tot Uncom CO2 ppe theos (02 merly Atk aH2O

16.00 7.010 999.8 .01640 4.29E-17 4.97E-02 1.75-117 .01230 9.83E-03 4.32E+02 7.67E-07 .9996

1 Species Anatgpe Cate ppe Anat nota Cete notat Act'vity Act Coeff -Log Act
O Ca 2 117.000 107.197 2.922E-03 2.678E-03 1.652E-03 .6168. 2.78:!

28 CaOH 1 .000127 2.220E-09 1.958E-O') .8821 8.708
31 CaSO4 ag O 8.116 5.968E-05 5.991E-05 1.0038 4.223
81 CaHSO4 1 .000004 3.211E-11 2.833E-11 .8821 10.548
29 CaHCO3 1 17.758 1.759E-04 1.551E-04 .8821 3.809
30 CACO 3 og 0 .809 8.090E-06 8.120E-06 1.0038 5.090

100 CaF 1 .047 8.024E-07 7.0TTE-07 .8821 6.150
1 ng 2 41.400 37.921 1.705E-03 1.562E-03 9.725E-04 .6228 3.012

i 18 ng0H 1 .000330 7.984E-09 7.063E-09 .8821 8.152
22 ngSo4 ag 0 3.702 3.079E-05 3.091E-05 1.0038 4.510
21 MgMCO3 1 9.038 1.060E-04 9.353E-05 .8821 4.029
20 MgCo3 og 0 .231 2.743E-06 2.753E-06 1.0038 5.560

*

19 ngF 1 .148 3.423E-06 _3.019E-06 .8821 5.520
2 na 1 40.600 40.381 1.768E-03 1.759E-03. 1.554E-03 .8834 2.809

43 neSO4 -1 .190 1.601E-06 1.412E-06 .8821 5.850.-

42 meHCO3aq 0 .635 7.571E-06 7.600E-06 1.0038 5.119
41 neCO3 -1 .005772 6.%3E-OS 6.142E-08 .8821 7.212.g
297 ner aq ~0 .000656 1.087E-08 1.091E-08 1.0038 7.962*

>

*b
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: 43 i n 1 .000110 1.088E-07 9.772E-08 .8981 7.090

'. h 26 On -1 .000968 5.697E-08 5.02W-08 .8821 7.299

17 C03 -2 .331 5.520E-06 3.406E-06 .6171 5.668
6 HCO3 -1 618.000 598.215 1.014E-02 9.815E-05 8.699E-03 .8863 2.0 61

? --85 n2CO3 ag 0 135.062 2.180E-03 2.189E-03 1.G%2 2;640

5 $06 -2 39.000 30.159 4.064E-04 3.143E-04 1.924E-04 .6120- 1 716
62 M504 -1 .000157 1.617E-09 1.427E-09 .8821 8.846.;e

3 61 F -1 1.400 1.292 7.376E-05 6.810E-05 6.00?E-05 .8821 4.221
U 125 HF ag 0 .000144 7.196E-09 7.223E-09 1.0038 8 341

8 126 NF2 -1 .000000 1.766E-12 1.558E-12 .3821 11.808

- [' 296 M2F2 ag 0 .000000 2.012E-16 2.020E-16 1.0038 - 15.695

4 CL -1 68.000 67.990 1.920E-03 1.920E-03 1.688E-03 .8794 2.773
' '

34 5602 tot 0 30.000 4.998E-04
23 M4siO4eq O 47.942 4.994E-06 5.013E-04 1.0038 3.300

-U 24 H3sio4 -1 .060 4.2481E-0T 3.740E-07 .8821 6.427

+_ 25 _M2SiO4 -2 000000 4.218E-12 2.5%E- 12 .4053 11.593
,

. t- 124 stF6 . -2 .000000 1.263E-26 7.647E-27 .6053 26.117

JI! 86 e tot 'O .130 1.204E-05

4 35 n3e03 og 0' .739 1.197E-05 1.201E-05- 1.0038 4.920

'E 36 'nzeo3 -1 .006074 6.70se-08 5.915E-Os .8821 7.22s
.;..
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- 105'feF 2 .000000 1.296E-13 7.832E-14 6053 13.106
.,106 FeF2 1' .000000 1.902E-13 1.6TTE-13 8821 12.775
' 107 7eF3 sq 0 .0M000 1.541E-14' 1.547E-14 1.0038 - 13.810 -

,

4 ,. - 1

CIMMMost UELL 1316 1316 15
'.;

L

foote ratios free analyticet notality - Log activity ratios

(1/Ca = 6.57DSE-01 Log Ca /H2 11.2379=

1.1264E*00 Log seg /le = 11.0079Ct/ng =

1.0861E+0D Log no /M1 = 4.2013Ct/no =

| CL/K = 0.0000E @ tog K /H1 . 0tMID=
1

'

Ct/AL 6.809CE+02 Log At /ft3 10.2813= =

0.0000E @ Log Fe /M2 1.7996Ct/fe = =

4.7243E*00 tog Canig = .2300C1/SO4 *
,

.0000CL/ set 03 = 1.8937E-01 - LOG MA/IC =

= 1.7143E40 tog Ca/K2 , = .0000Ce/ng
,

Ne/K = 0.0000E*00 tog Diss fe/M2 14.0200=
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1 CinAmmoes UEtt.1316 1316 15

Phase Log AP/KT Sigme(A) Sigme(T) Log AP/MinKT tog AP/MenKT Log AP Log KT Log flivWT Log femuKT
40 Atbite .829 -19.422 -18.593

140 At0H3 (e) .738 .049 -32.645 -31.907 -32.5%
* 471 At0HSO4 -4.225 -4.065 -4.385 -7.455 -3.220 -3.390 -3.070

472 At4(CE)10SO4 .6M 23.388 22.700
157 Attophone(s) . .216 6.293 6.077

'158 Allophone(F) 1.038 6.293 5.255
42 Aneteise -3.006 -16.122 -13.116
17 Anhydrite -1.947 -6.498 -4.551
41 Anorthite -2.832 -22.810 -19.9.4
21 Aragonite .034 .020 -8.250 -8.284

|- 150 Artinite- -7.269 2.987 10.256

48 Beidettite 4.385 -42.264 -46.649 *

1_ 52 Boehoite 1.042 1.555 -32.645 -33.688 -34.201
* 19 Brucite -6.386 -17.610 -11.223

12 Cateite .185 .020 .251 -8.250 -8.435 -8.501
97 Chetcedony .329 -3.300 -3.628
49 Chlorite 144 -6.135 6.000 .860 -14.859 65.7C1 71.836 66.561 80.560,

125 Chtorite 7A -9.593 6.000 65.701 75.294-

20 Chrysotite -6.999 -59.429 -52.429

29 CLinoenstite ' -4.099 .-3.733 -4.393 -20.909 -16.810 -17.176 -16.516
56 Clinoptitett -24.617
99 Cristabetite 413 -3.300 -3.712

154 eiespore 2.827 -32.645 -35.472
- 28 Diopside -5.001 .-41.589- -36.587

11 Botomite .081 -16.730 -16.811

340 Epsonite -4.525 -6.729 -2.204
55 Erionite- .-21.072

112 Ferrihydrite 1.115 4.449 1.010 6.006 4.891 .1.557 4.996
,

,
419 Fe3(OM)8 -6.410 -3.300 -10.293 13.812 20.222 17.112 24.105

181 Fe0H)2.7C1.3' 6.112 3.0 72 -3.040*

1 401 Fe2(SO4)3 -46.123 -41.893 -41.194 4.929 .699

62 Fluorite .163 -11.225 -11.062
,

27 Forsterite -10.714 -38.519 -27.805

51 Gibbsite (c) .991 .200 1.274' .321 10.281 9.290 9.007 9.960
'N 110 Gonthite 5.176 .800 ' 6.007 .830

| 111 Greenetite -22.011- -1.201 20.810

18 Gypsue -1.892 -6.498 -4.606e

~:5
.
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64 Metita -7.142 -5.581 - 1.561; y

1 47 Mottoysite .198 -34.068 -33.869 |

108 Menetite 15.318 12.013 -3.304
' 117 Muntite -4.309 -33.689 -29.30D >

;.; 38 M A _ , nit -15.350 -51.530 -36.180
204 Jerosite Me -2.876 1.000 '-13.251 -10.375
337 Jarosite M -6.611 -17.452 -10.842 ,

46 Kootinite 3.995 4.874 2.894 -34.048 -38.062 -38.921-. -36.9414

128 La.wite 2.454 -29.410 -31.864
147 Leonhordite 12.992 -58.819 -71.811
109 negheette 5.627 12.013 6.386
10 negnesite .592- .342 .842 -8.480 -7.888 -8.138 -7.638 -

.

107 negnetite 8.924 9.294 6.066 13.813 4.888 4.518 7.746
-- 339 Metanterite -13.402 -15.937 -2.535

63 Montmorit Ca 4.120 -42.238 -46.359g .,
" 115 N:ntmorit er 4.677 -30.236 ' -34.913

116 nontmorit as 3.747 -25.941 - -29.688

;- 57 nordenite -22.967
|^ 66 Mirabilite -7.788 -9.335 -1 517 |

'58 Nehcotite -4.236 -4.869 .6331

t
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1 Cimaanost WELT.1316 1316 X5

Phase Leg M /KT Sigme(A> Sigme(T) Leg AP/Minsti Log M/namKT Log AP Log stT Leg Minsti Leg femuKT
60 sentrert -9.417 -11.087 -1.670 .

149 seesquehonite - -2.991 -3.479 -4.066 -8.480 -5.489 - -5.001 -4.414
141 Prehnite -2.MO -14.872 -11.932
53 Pyrophyttite 7.667 10. % 3 5.833 -40.647 -48.314 -51.610 -46.480

101 euertz .848 -3.300 -4.148
36 Sepictite(c) -3.860 12.116 15.976
153 Sepictite(s) -6.544 12.116 18.660
9 Siderite -7.260 -5.706 -17.688 -10.428 -11.982 [

100 5i02 (e,L) .180 -3.300 -3.119
395 SiO2 (e,n) .500 -3.300 -2.799;

| 37 Tete -2.632 2.000 .464 -4.380 19.825 22.456 20.288 24.204

65 Thenordite -9.167 -9.333 .166 |

61 Thereonstr -11.274 -11.085 .189
31 Tremotite ' .-7.721 -149.205 -141.484

59 Trone -15.570 -15.955 .384 *

b- 155 weirkite -2.105 . -29.409 -27.304
-

1
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| ' 1 CIMAMON WELL 1317 1317 X5 Det2 = 3/27/90 15:18

1 1750 1550 030590 0 0 0 1200
h sox = .0000 toc = .0 Ip ut TDS = 1550.0

-i.
Anal Cond = 1750.0 Cate Cond = 2469.1

,

Anal EPnCAT = 29.4332 Anet EPnAN = 29.0722 Percent diif ference in irput cation / anion botance = 1.2339
q

Calc EPnCAT = 27.1526 Cate EPMAN = 26.7953 Percecit difference in cate cation / anion balance = 1.3244

Totat Ionic Strength (T.I.S.) from input data = ,.04127

Effective Ionic Strength (E.I.S.) free speciation = .03600g

1'
ji Sato Cate
''; Irput Sigee Fe3/Te2 Sigma H202/02 Sigem no3/teo2 Sigma, sc3/NH4 Sigme H202/02 Sigma SO4/S= Signe As5/As3 Sigen

e ------------------------------Eh--------_-----------_----------

jl .600 .000 .600 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.9G0 .000

;.

:p . _ _ . - - _ _ _ _ _ _ _ . - _ _ _ _ _ - . . - - - _ pE _ _ _ . _ _ _ _ _ _ . - - - . _ _ _ _ _ _ _ _ . _ _ _ _
,

.{ 10.457 .000 10.457 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000

.!
!' Effective
i:

T pH TDS ppe Ionie $*r p02 Ate pCO2 Ate pCH4 hts CO2 Tot Uncoe Cd2 ppe Uncom CC2 Mcrb Alk aM20 ,

[fi 16.00 7.U70 2208.7 .03680 7.44E-17 8.49E-02 9.85-118 .02482 2.01E-02 8.83E+02 1.24E-06 .9992

: 1 Species Anet ppe Cate ppe Anal notat Cate notat Activity Act Coeff -tog Act

0 Ca 2 223.000 187.790 5.576E-03 4.697E-03 2.425E-03 .5163 2.615

28 Caon 1 .000223 3.924E-09 3.300E-09 .8409 8.482

31 Caso4 ag 0 43.719 3.219E-04 3.247E-04 1.0085 3.4a9

81 CaHsO4 1 .000022 1.590E-10 1.337E-10 .r.409 9.874

29 CaHCO3 1 53.305 5.2S6E-04 4.445E-04 .8409 3.352

30 CACO 3 aq O 2.645 2..M9E-05 2.672E-05 1.0085 4.5 73

100 Car 1 .145 2 464E-06 2.072E-06 .8'09 5.684

1 ng 2 108.000 91.059 4.452E-03 3.755E-03 1.975E-03 .5260 2.704

18 ngOH 1 .000805 1.952E-08- 1.641E-08 .8409 - 7.785

22 ngso4 sq O 27.586 2.297E-04 2.317E-04 1.0085 3.635
* - 21 ngHCO3 1 37.523 4.408E-04 3.707E-04 .8409 3.431

20 ngco3 og 0 1.045_ 1.242n-05 1.253E-05 1.0085 4.902

_
19 fqgF 1 .628 1.454E-05 1.223E-05- .8409 4.913

2 na 1 213.000 210.537 9.285E-03 9.180E-03 7.738E-03 .8429 2.111

+ 43 neSoc -1 3.667 3.088E-05 2.596E-05 .8409 4.586

I' 42 naHCO3aq 0 6.139 7.326E-05 7.388E-05 ~1.0085 4.131.

41 MeCO3 -1 .067 8.152E-07 6.855E-07 .8409 6.1M
297 neF aq -0 .004501 1.075E-07 1.084E-07 1.0085 6.%5

L JtGA 21 of 27 ney 10,1990
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*
3 K- 1 - 3.200 - 3.186 0.202E-05 8.167E-05 6.818E-05 .8348 4.166

45 K504 -1 .046 3.441E-07 2.894E-07 .8409 6.539
63 H 1 .000099 9.807E-08 8.511E-08 .8679 7.070 .

26 OH -1 .001163 6.858E-08 5.767E-08 .8409 7.239
S 17 Co3 -2 .886 1.480E-05 7.632E-06 .5156 5.117

6 HCO3 -1 1290.000 1219.497 2,119E-02 2.004E-02 1.698E-02 .8474 1. 770
85 H2CO3aq 0 228.048 3.686E-03 3.721E-03 1.0094 2.429

,

5 SO4 -2 190.000 134.097 1.982E-03 1.399E-03 7.100E-04 .5074 3.149
62 *tSO4 -1 .000528 5.454E-09 4.586E-09 .8409 8.339
'61 F -1 3.100 2.699 1.635E-04 1.424E-04 1.198E-04 .8409 3.922
125 HF ag . 0 .000248 1.244E-08 1.254E-08 1.0085 7.902
126 HF2 -1 .000000 6.413E-12 5.393E-12 .8409 11.268
296 H2F2 og 0 .000000 6.039E-16 6.090E-16 1.0085 15.215
4 C1 -1 130.000 129.967 3.675E-03 3.675E-03 3.068E-03 .8348 2.513
34 Sio2 tot 0 42.800 7.139E-04
'23 H4SiO4aq O 68.378 7.132E-04 7.192E-04 1.0085 3.143

i.'' 24 H3SiO4 -1 .070 7.327E-07 6.161E-07 .8409 6.210
1 25 H2SiO4 -2 - 000000 9.657E-12 4.829E-12 .5001 11.316

124 siF6 -2 000000 7.946E-25 -3.973E-25 .5001 24.401,

* - 86 s tot 0 460 4.264E-05

.;.

'
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1 Cinatm0H UELL 1317 1317 x3
e

| 1 Species Anat ppe Cate ppe Anat Hotel talt footal Activity Act Coeff -Log Act
+ 35 H3803 sq O 2.612 4.235E-05 4.271E-05 1.0085 4.369

36 H2003 -1 .017 2.871E-07 2.414E-07 .8409 6.617.,

}- 101 ST(OH)3 -1 .000177 2.1?SE-09 1.848E-09 .8407 8.733
102 SF2(OH)2 -1 .000000 2.453E-12 2.063E-12 .8409 11.685;.

II'- 103 8F30H -1 .000000 3.281E-17 2.759E-17 .8409 16.559
I

104 SF4 -1 .000000 1.393E-21 1.171F-21 .8409 20.931
84 soo3 -1 5.000 4.999 8.082E-05 8.082E-US 6.796E-05 .8409 4.168

;i. 50 AI 3~ .073000 .000000 2.712E-06 3.215E-11 6.760E-12 .2103 11.170

! 51 ALOH 2 .000038 8.692E*'O 4.346E-10 .5001 9.362

52 Al(OH)2 1 .005354 8.800E-08 7.400E-08 .8409 7.1316

i 181 At(OH)3 0 .084 1.084E-06 1.094E-06 1.0085 5.961

53 At(OH)4 -1 .014 1.509E-07 1.269E-07 .8407 6.897'

:h 54 ALF 2 .000760 1.657E-CB 8.285E-09 .5001 8.082
| 55 ALF2 1 .015 2.268E-07 1.907E-07 .8409 6.720

"

I 56 ALF3 ag 0 .089 1.057E-06 1.066E-06 1.0085 5.972

57 ALF4 -1 .008915 8.679E-08 7.298E-FI6 .8409 7.137'

58 Also4 1 .000000 5.339E-12 4.489E-12 .8409 11.348

59 At(SO4)2 -1 .000000 2.902E-13 2.441E-13 .8409 12.612
',

ji 203 AtHSO4 2 .000000 1.788E-19 8.941E-20 .5001 19.049

'{ 16 Fe totet 2 .026 4.666E-07

i 7 Fe 2 .000000 1.495E-12 7.474E-13 .500t 12.126
! 10 - Fem 1 .000000 1.649E-15 1.387E-15 .8409 14.858

79 Fe(OH)2 0 000000 6.130E-20 6.182E-20 1.0085 19.209
I 11 Fe(OH)3 -1 .000000 2.927E-23 2.461E23 .8409 22.609

33 FeSO4 aq O .000000 7.897E-14 7.964E-14 1.0085 13.099

122 FeHSo4 1 .000000 4.900E-20 4.121E-20 .8409 19.385

8 Fe 3 .000000 5.597E-15 1.177E 15 .2103 14.929

9 Fe0H 2 .000008 1.033E-10 5.166E-11 .5001 10.287

76 Fe(OH)2 1 .037 4.124E-07 3.468E-07 .8409 6.460

77 Fe(OH)3 0 .005056 4.743E-08 4.783E-08 1.0085 7.320

78 Fe(OH)4 -1 .000825 6.6T/E-09 5.615E-09 .8409 8.251

.| 179 Fe2(OH)2 4 .000000 1.683E-18 1.052E-19 .0625 18.978

180 Fe3(OH)4 5 .000000 5.552E-22 7.301E-24 .0131 23.137-

14 FeSO4 1 .000000 6.731E-15 5.660E-15 .8409 14.747}
108 Fe(SO4)2 -1 .000000 1.457E-16 1.225E-16 .8409 15.912
123, Fensos 2 .000000 .'t .26iOE-21 1.630E-21 .5001 20.788

15 Feet 2 .000000 1.62SE-16 ' 8.126E-17 .5001 16.090
.
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~ ZT FeCt2 1 .Onnnnn 1.777E-18 1.496E-18- .8409 - 17.826
. 32 'Fett3 og O .000000 4.546E-22 4.585E-22 1.0085 21.339

'

105 Fef 2 .000000 3.37FE-13 1.939E-13 .5001 12.712
.

106 FeF2. 1 .0ER1000 9.864E-13 8.278E-13 .3609 . 12.GIZ !,
107 FeF3 ag O- .000000 1.510E-13 1.522E-13 1.0085 12.817

1 I

CIfuWin0N WEtt 1317 1317 XS
t

Mote ratios from anstyticet notality - Log activity ratios*

i
Ct/Ca = 6.590GE-01 tog Ca /M2 = 11.5247
Ct/ng = 8.2544E-01 Liog seg /M2 = 11.4356,

3.9577E-01 tog see /H1 = 4.9587Ct/tes =
'

2.9037 [Ct/K 4.4806E+01 tog K /N1 ==

' Ct/Ai 1.3553E+03 ing AL ./H3 10.0400 - i= =

,j Ct/Fe =. 0.0000E+00 tog Fe . /H2 2.0135=
,

.

! Ct/so4 =
"

.0891 |1.8539E+00 tog Ca/feg =
4-

;L Ct./seCO3 = 1.7344E-01 toc ftA/K 2.0550=

' ' = 1.2525E+00 tog to/K2 5.7173Ca/ng =

J Me/K = 1.1321E+02 tog Siss Fe/M2 14.1400=

,

L

,j .I'

'
1

+

y

.- .4 . .
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1 CIMARRON WELL 1317 1317 IS

Phase Log AP/KT Signe(A) Signa (T) log AP/Mi M T Log AP/Ma=KT Log AP Log KT LogRiMT t.og MenKT

39 Adularia .787 -20.489 -21.276

40 Atbite .158 -18.434 -18.593

140 A10H3 (a) .980 .291 -32.887 -31.907 -32.596
471 At0HSO4 -4.019 -3.859 -4.179 -7.249 -3.230 -3.390 -3.070
472 At4(OH)10SO4 .168 22.868 22.700

157 Attophane(a) .098 6.276 6.178
158 Attophane(F) .929 6.276 5.346

338 Atum k -16.303 -21.638 -5.335

50 Alunite -1.394 -87.408 -86.014

42 Anetcime ~2.176 -15.292 -13.116

17 Ar6ydrite -1.213 -5.764 -. 551
113 Annite 30.202 -56.868 -87.070
41 Anorthite -2.714 -22.692 -19.978
21 Aragonite .551 .020 -7.733 -1.284

150 Artinite -4.466 3.790 10.256

48 Beidettite 4.486 -42.163 -45.649

52 Boehmite .801 1.384 -32.887 -33.688 ~34.201

19 Brucite -5.959 -17.183 -11.223

12 Catette .702 .020 .768 -7.733 -8.435 -8.501

97 thalcedony 486 -3.142 -3.628
49 Chlorite 14A -4.010 6.000 1.265 -12.734 67.826 71.336 66.561 80.560

125 Chlorite 7A -7.468 6.000 67.826 75.294

20 Chrysotite -5.403 -57.832 -52.429

29 Clinoenstite -3.514 -3.148 -3.808 -20.325 -16.810 -17.176 -16.516
56 Clinoptitott -23.663

99 Cristobatite .570 -3.142 -3.712
154 Diaspore 2.586 -32.887 -35.472

28 Diopside -3.973 -40.560 -36.587

11 Dotoeite 1.256 -15.554 -16.811

340 Epsonite -3.651 -5.856 -2.204

55 Erionite ~20.007

112 Ferrihydrite 1.389 4.723 1.284 6.280 4.891 1.557 4.996
419 Fe3(OH)8 -5.650 -2.540 -9.533 14.572 20.222 17.112 24.105
181 FeCH)2.7CL.3 6.445 3.405 -3.040
401 Fe2(SO4)3 -44.233 -40.003 -39.305 4.929 .699

'

62 Ftuorite .603 -10.459 -11.062

27 Forsterite -9.702 -37.507 -27.805

JLGA 25 of 27 g 10, 1990

'-
-. . . . .



- - . . _ . . . _ _ _ .---. _. _ .~.-.-.. - . _ _ _ - _ . . __ . . . _ . _

m .
- w-

'

.

'

51 Cibtpeite (c) .749 .200 .1.032 .079 10.039 9.290 9.007 9.960
110 Goethite 5.450 .800 6.280 .830

}} 111 Greenelite -21.056 .246 20.810
18 Gypsue -1.159 -5.765 -4.606
64 Metite -6.186 -4.624 1.561,

i' 47 Mettoysite .368 '-34.217 -33.849
108 Mesetite 15.865 12.560 -3.304
117 Huntite -1.818 -31.198 -29.380
38 r,,;. ,,aeit -12.291 -48.471 -36.180
45 ittite 2.995 -38.519 -41.5154

204 Jarosite No .404 1.000 -10.779 ' -10.375-

205 Jarosite K 1.253 1.100 -1.047 -12.834 -14.086 -11.786-
337 Jarosite H -4.896 -15.738 -10.842=

46 Kaotinite 3.875 4.704 2.724 -32.217 -38.042 -38.921 -36.941a
43 Reice 9.537 1.300 10.935 7.858 3.594 14.058 12.660 15.737.

128 Leumontite 2.885 -28.978 -31.864
147 Leonhordite ' $3.855 -57.956 -71.811.

'~ 98 Megedlite ' -4.795 -19.095 ' -14.300
109 neg>emite 6.174 12.560 6.386
10 Magnesite ' 066 .316 .184 -7.822 -7.888 -8.138 -7.638.

.

t
1

t

4

1

4
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1 C1 man #0M UELL 1317 1317 X5

Phase Log AP/KT signa (A) Sigma (T) Log AP/MirwtT Log AP/MaxKT Log AP Log KT Log MirdCT Log MenKT

107 Magnetite. 9.685 10.055 6.827 14.574 4.888 4.518 7.746
339 Metaraterite -12.742 -15.278 -2.535
63 Montnorit Ca 4.182 I.2.177 -46.359

115 Montmoril BF 5.700 -29.213 -34.913

116 Montmorit AB 4.878 -24.810 -29.688
'

57 Mordenite -22.092
66 Mirabilite -5.828 -7.375 -1.547..

!
'

58 Nahcotite -3.249 -3.881 .633

!{ 60 Matron ~7.673 -9.344 -1.670
149 Nesquehonite -2.334 -2.822 -3.409 -7.823 -5.489 -5.001 -4.414
54 Phittipsite 412 -19.462 -19.874

44 Phlogopite -30.449 3.000 13.816 44.265

:i 141 Prehnite -2.378 -14.310 -11.932

53 Pyrophyttite 7.813 11.109 5.979 -40.501 -48.314 -51.610 -46.480
101 ouartz 1.006 -3.142 -4.148

^

36 Sepiotite(c) -2.535 13.442 15.976

153 Sepiotiteta) -5.218 13.442 18.660

9 siderite -6.815 -3.261 -17.244 -10.428 -11.982
100 siO2 (a,L) .023 -3.142 -3.119
395 siO2 (a,n) .343 -3.142 -2.799

37 Tate .721 2.000 1.447 -2.469 21.736 22.456 20.288 24.204

65 Thenardite -7.205 -7.371 .166

61 Thersonate -9.529 -9.340 189

31 Tremolite -3.753 -145.237 -141.484

59 Trena -12.838 -13.222 .384

155 Wairkite -1.673 -28.978 -27.304

,

n

*
,.
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1 CIMARRON WELL 1325 1325 XS
900 331 030590 0 0 0 1200

TEMP = 16.000000
7.090000PH =

.600000EHM =

.000000DOC =

000000DOX =

CORALK = 0

FLG = MG/L

DENS = 1.0CH)G)
PRNT = 0

1PUNCH =

0> EHOPT =

EMPOX = 0

1TDS 331.000000=

900_000000CONO =

.000000SIGMDO =*

SIGKSH = .000000
SIGMPH = .000000

Species Index No Input Concentration
,

Ce : 0 : 64.80000000
ng : 1 : 22.80000000

Na : 2 : 22.10000000

K : 3 : .0000m)00

CL : 4 : 7.90000000
$04 : 5 : 10.00000000
HCO3 : 6 : 336.00000000

Fe totat : 16 : .00000000.

H25 ag : 13 : .00000000

C03 : 17 : .00000000

SiO2 tot : 34 : 30.00000000
MH4 : 38 : .00000000

8 tot : 86 : .12000000

PO4 - : 44 : .00000000

At : 50 : .07400000

F : 61 : 1.00000000
4

NO3 : 84 : 62.00000000

.

JLGA 1 of 34 ney 10,1990
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1CIMARRON WELL 1325 1325 X5

900 331 030590 0 0 0 1200
,

.

ITER 51-AnalCO3 $2-AnatSO4 33-AnatF S4-A.alPO4 SS-AnatCL 56-AnatH2S 57-AnatFULV SS-AnalHUM
1 1.130032E-04 2.151833E-05 2.545421E-06 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E*00 0.000000E+00

g 2 8.504473E-07 2.334069E-07 -1.692635E-08 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
'

3 -1.518221E-08 -5.351426E-09 -8.045736E-11 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

.

:

.'

t:

i

,

t.

$
J-
!
,

:

,

!

,, .

5

.

!

;

,

|
s.
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1 CIMARRoN WELL 1325 1325 X5 Data a 3/27/90 15:31

900 331 030590 0 0 0 1200

Dox = .0000 Doc = .0 INPUT TDS = 331.0
Anal Cond = 900.0 Cate Cond = 610.4
Anal EPttCAT = 6.0821 Anal EPMAN = 6.9942 Percent difference in input cation / anion balance = _13.9494
Cate EPMCAT = 5.9258 Cate EPMAM = 6.8453 Percent difference in cale cation / anion belance = _14.4005
Totat tonic Strength (T.I.S.) from input data = .00921.

Effective Ionic Strength (E.1.S.) from speciation = .00891

Sato Cate

Input Signe Fe3/Fe2 Sigma H202/02 Signe Mo3/M02 Sigma Mo3/PH4 Sigma H202/02 Signe SO4/S= Signe As5/As3 Signe
______________________________th_______________________________

1' .600 .000 9.900 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000
y.

< ______________________________g_______________________________
'

10.457 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.00G .0004

#
W

4 Effective

8 T pH TDS ppe Ionic Str pC2 Ate pCO2 Ate pCH4 Ata CO2 Tot Uncom CO2 ppa uncom CO2 herb Atk aH2O

i ' 16.00 7.090 '556.8 .00891 8.96E-17 2.33E-02 1.88-118 .00653 5.40E-03 2.38E+02 9.20E-07 9998
.

b

I Species Anat ppm Cate ppe Anat Motal Cate Motal Activity Act Coeff -log Act

O Ca 2 64.800 61.691 1.618E-03 1.540E-03 1.059E-03 .6876 2.975

28 CaoH 1 .000095 1.663E-09 1.310E-09 .9079 8.821
31 Caso4 ag 0 1.599 1.175E-05 1.178E-05 1.0021 4.929
81 CaHSO4 1 .000000 5.101E-12 4.632E-12 .9079 11.334
29 CaHCO3 1 6.247 6.183E-05 5.614E-05 .9079 4.251

- 30 CACO 3 ag 0 .353 3.526E-06 3.533E-06 1.0021 5.452
100 CaF 1 .022 3.796E-07 3.447E-07 .9079 6.463

'

~1 Mg 2 22.800 21.688 9.383E-04 8.926E-04 6.173E-04 .6915 3.210 i

18 MgDH 1 .000244 5.920E-09 5.375E-09 .9079 8.270
22 MgSo4 ag 0 .722 6.002E-06 6.015E-06 1.0021 5.221

,

21 MgMCO3 1 3.147 3.691E-05 3.351E-05 .9079 4.475 |

20 MgCO3 aq C 100 1.183E-06 1.186E-06 1.0021 5.926 |

19 MgF 1 .069 1.603E-06 1.456E-06 .9079 5.837 |
2 Me 1 22.100 22.036 9.618E-04 9.591E-04 8.717E-04 .9089 3.060

43 Maso4 _1 .032 2.676E-07 2.429E-07'. .9079 6.614
42 McHCO3aq 0 .202 2.402E-06 2.407E-06 1.0021 5.619 |

41 Meco3 -1 .002136 2.576E-06 2.339E-08 .9079 7.631
297 Na? aq 0 .000195 4.642E-09 4.651E-09 1.0021 8.332

1

5
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- 63 H. '1 .000089 8.853E-08. 8.128E-02' '.9182 7.090.
~ ' 26 OH - -1 .001131 6.655E-08 6.042E-08 .9079 7.219 -

_

17 E03 -2 .201 3.360E-06 2.311E-06 .6880 5.636
6 HCO3 -1 336.000 328.762 5.510E-03 5.391E-03 4.910E-03 .9107 2.309

85 H'MO3 aq 0. 63.554 1.025E-03 - 1.028E-03 1.0023 2.988
5-$04 -2 10.000 8.269 1.042E-04. 8.613E-05- 5.898E-05 .6847 4.229

62 HSO4 -1 .000039 4.007E-10. 3.638E-10 .9079 9.439 -
. 61 F -1 1.000 .954 5.267E-05 ' 5.025E-05 . 4.562E-05 .9079 4.341

125 HF ag 0 .000091 4.554E-09 - 4.563E-09 1.0021 8.341.
126 HF2 - -1' .000000 8.232E-13 7.474E-13 .iO79 12.126
296 H2F2 eq 0 .000000 8.044E-17 8.061E-17' 1.0021 16.094

4 CL -1 7.900 7.899 2.230E-04 2.230E-04 2.021E-04 .9065 3.694
34 SiO2 tot 0 30.000 4.996E-04
23 H4Sio4aq 0 47.939 4.991 E-04 5.001E-04 1.0021- 3.301

24 H3SiO4 -1 .047 4.941E-07 4.486E-07 .9079 6.348
25 H2SiO4 -2 .000000 5.418E-12 3.682E-12 .6796 11.434

124 SiF6 -2 .000000 1.031E-27 7.006E-28 .6796 27.155

86 8 tot 0 .120 1.111E-05 -;
35 H3803 og 0 .682 1.103E-05 1.106E-05 - 1.0021 4.956

36 H2003 -1 .004381 7.208E-08 6.544E-08 .9079 7.184

.

.. . . _

o -
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1 CIMARRON UELL 1325 1325 X5

i I Species Anat ppe Calc ppe Anat Motal Calc Motal Activity ~ Act Coeff -Log Act
101 BF(OH)3 -1 .000016 2.007E-10- 1.822E-10 .9079 9.739
102 BF2(OH)2 -1 .000000 8.146E-14 7.396E-14 .9079 13.131
103 BF30H -1 .000000 3.961E-19 3.597E-19 .9079 18.444

'
104 BF4 -1 .0J930 6.113E-24 5.550E-24 .9079 23.256

f[ 84 NO3 -1 62.000 61.995 1.000E-03 1.000E-03 9.084E-04 .9079 3.042-
50 At 3 .074000 000000 2.744E-06 2.749E-11 1.152E-11 .4193 10.938"

- 51. AtOH 2 .000050 1.142E-09 7.763E-10 .6796 9.110
52 At(OH)2 1 .009299 1.525E-07 1.385E-07 .9079 6.859

~. 181-At(OH)3 0 .167 2.140E-06 2.145E-06 1.0021 5.669

;* 53 AL(OH)4 -1 .027 2.871E-07 2.607E-07 .9079 6.584

54 Atr 2 .000364 7.917E-09 5.380E-09 .6796 8.269

55 AtF2 1 .003374 5.196E-08 4.718E-08 .9079 7.326
56 AtF3 ag 0 .008417 1.003E-07 1.005E-07 1.0021 6.998
57. AtF4 -1 .000297 2.886E-09 2.620E-09 .9079 8.582

'

58 Also4 1 .000000 ' 7.LO1E-13 6.357E-13 .9079 12.197.
59 Al($04)2 -1 .000000 3.163E-15 2.872E-15 .9079 14.542

203' ALHSO4 2 .000000 1.779E-20 1.209E-20 .6796 19.918

1

CIMARRON UELL 1325 1325 X5

Mote ratios from analytical notatity . - Log activity ratios

Ct/Ca ' = 1.3782E-01 Log Ca /H2 = 11.2049
= 2.3761E-01 Log Mg /H2Ct/Mg = 10.9705

2.3180E-01 Log Na /H1C1/Na = 4.0304=

0.0000E+00 Log'K /H1Ct/K .0000 --= =

Cl/At = 8.1247E+01 - Log At /H3 = 10.3316 -

0.0000E+00 Log Fe /H2 = .0000-Ct/Fe =

.23442.1405E+00 Log Ca/MgCt/so4 ==

CL/HCO3 = 4.0466E-02- ' LOG NA/K .= .0000 -

Ca/Mg =~ 1.7240E+00 tog Ca/K2 = .0000'

= 0.0000E+00 tog Diss Fe/H2 14.1800 -Na/K =

-
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1 CIMARRON UELL 1325 1325 X5

Phase Log AP/KT Signa (A) Sigma (T) Log AP/MinKT Log AP/MaxKT Log AP Log KT Log MinKT Log MaxKT
40 Atbite .953 -19.546 -18.593

140 AtoH3 (a) .687 .002 -32.595- -31.907 -32.5%

471 ALOHSO4 -4.848 -4.688 -5.008 -8.078 -3.2?O -3.390 ~3.070
472 At4(OH)10so4 .216 22.916 22.7004

157 Attophane(a) .264 6.476 6.211
158 Attophane(F) 1.099 6.476 5.377

- !- 42 Anatcime -3.129 -16.245 -13.116
17 Anhydrite -2.653 -7.204 -4.551
41 Anorthite -2.7.56 -22.744 -19.978'

!/- 21 Aragonite .327 .020 -8.611 -8.284
150 Artinite ~7.663 2.593 10.256

48 Beidell'te 4.490 -42.159 -46.649
,

52 Boehmite 1.093 1.606 -32.595 -33.688 -34.201
19 Brucite -6.424 -17.647 -11.223
12 Catcite .1 77 .020 .110 -8.611 -8.435 -8.5 M
97 Chalcedony .328- -3.301 -3.628
49 Chlorite 14A -6.224 6.000 .949 -14.948 65.612 71.836 66.541 80.560

125 Chlorite 7A -9.682 6.000 65.612 75.294..

20 Chrysotite -7.113 -59.543 -52.429

I 29 Clinoenstite -4.138 -3.7 72 -4.432 -20.948 -16.810 .-17.176 -16.516
56 Ctineptitott -24.618*

99 Cristobatite .412 -3.301 -3.712
154 Diaspore 2.878 -32.595 -35.472
28 Diopside -5.074' -41.661 -36.587
11 Dolomite .646 -17.457 .-16.811

340 Epsomite -5.235 --7.439 -2.204
55 Erionite -21.1% .

62 Fluorite- .595 -11.657 -11.062
27 Forsterite -10.790 -38.595 -27.805
51 Gibbsite (c) 1.041 .200 1.324 .371 10.331 9.290 9.007' 9.960
18 Gypsum -2.599 ' -7.205 -4.606
64 Hatite -8.315 .-6.754 1.561

47 Hattoysite .100 -33.949 -33.849
117 Huntite -5.768 -35.148 -29.380
38 Hydraagnesit -16.850 ~53.030 -36.180
46 Kaotinite 4.093 4.972- 2.992L -33.949 -38.042 -38.921 -36.941- ~ |

128 Laumontite 2.518 -29.346 -31.864

|

'
,

!
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147 Leonhardita 13.119 -58.692 -71.811
-10 Magnesite .957 .707 -1.207 -8.846 -7.888 -8.138 -7.638-
63 Montmorit Ca 4.228 -42.131 -46.359s

57 Mordenite -22.%7
66 Mirabilite -8.802 -i2.349 -1.547
58 Nahcolite -4.736 -3.369 .633

'

U) Natron -10.086 -11.756 -1.670
149 Nesquehonite -3.357 -3.845 -4.432 -8.846 -5.489 -5.001 -4.414-
141 Prehnite -2.908 -14.840 '-11.932 *

53 Pyrophyttite 7.763 11.059 5.929 -40.551 -48.314 .-51.610 -46.480.,

101 ouartz .847 -3.301 -4.148,

36 sepiotite(c) -3.938 12.038 15.976
153 sepiotite(a) -6.622 12.038 18.660 '

100 SiO2 (a,L). .181 -3.301 -3.119
395 Sto2 (a,M) .502 -3.301 ~2.799

37 Tate -2.748 2.000 .580 -4.496 - 19.708 22.456 20.288 24.206
65 Thenardite -10.183 -10.349 .166

61 Thermonatr -11.944: -11.755 .139
31 Tremolite ~7.982 -149.467 -141.484

59 Trona -16.740 -17.124 .384

.

i

'

,

i

.

%--
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1 CIMARRON WELL 1325 1325 X5

Phase Log AP/KT Sigma (A) Signa (T) Log AP/MinKT Log AP/MaxKT Log AP Log KT Log MinKT Log MemKT
155 vairkite -2.041 -29.346 -27.304 -

i

1 CIMARRON WELL 1326 1326 XS ' !-

550 376 030590' O O O 1200

16.000000TEMP =

6.970000PH =

.600000,;. EHM =

''~
DOC = .000000

M-
.000000' ~ DOX =

'L CORALK = 0:

FLG = MG/L

1.000000DENS =

PRNT = 0
PUNCH = 1

2 EHOPT = 0
EMP0X = 0=

ITDS = 376.000000

550.000000COND =

.000000SIGMDo =
^

SIGMEH = .000000
,

.000000SIGMP6f =

s

Species Index Ho Input Concentration4

ca : 0' : 73.00000000

Mg : 1 : 26.80000000*

Na : 2 : 23.40000000

K- : 3 : 1.20000000

Cl : 4 : 12.00000000

SO4 : 5 : 23.00000000

HCO3 : 6 : 364.00000000

Fe totat : 16 : .06200000

H2S ag : 13 : .00000000

C03 : 17 : .00000000
i SiO2 tot : 34 : 41.00000000

NH4 : 38 : .00000000

8 tot : 86 : .14000000

PO4 : 44 : .00000000

.i i
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At : 50 : .06900000

F : 61 : .61000000

NO3 : 84 : 71.00000000

1C1MARROM UELL 1326 1326 XS

550 376 030590 0 0 0 1200

ITER s1-Anatt03 52-AnatSoc S3-AnalF S4-AnalPO4 SS-AnatCL S6-AnalH25 ST-AnatFULV SS-AnalHUM

1 1.321760E-0*- 5.331827E-05 1.697558E-06 0.000000E+00 5.056278E-17 0.000000E*00 0.000000E+00 0.000000E+00

- 2 1.459824E-06 8.235522E-07 -3.569407E-09 0.000000E+00 -2.157816E-19 0.000000E+00. 0.000000E+00 0.000000E+00
3 -3.006452E-08 -2.388330E-08 -2.996999E-10 0.000000E+00 9.582060E-21 0.000000E+00 0.000000E+00 - 0.000000E+00

4

,

.

4

*L

(

i

w
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1 CIMARRON WELL 1326 1326 XS Data = 3/27/90 15:31

$ 550 376 030590 0 0 0 1200

00x = .0000 DOC = .0 INPUT TDS = 376.0

Anat Cond = 550.0 Cate Cond = 699.5

Anal EPMCAT = 6.9103 Anal EPMAN = 7. % 52 Percent difference in input cation / anion balance = -14.1822
Cate EPMCAT = 6.6826 Calc EPMAN = 7.7458 Percent difference in calc cation / anion balance = -14.7372

'
Total. Ionic Strength (T.I.S.) from input data = .01061

Effective Ionic Strength (E.I.S.) from speciation = .01017

i-
Sato Cate

Input Sigma Fe3/Fe2 Sigma H202/02 Sigma NO3/M02 Sigma NO3/NH4 Siges H202/02 Sigma 504/S= Signe As5/As3 Sigma

-----------------------------Eh-------------------------------

.600 .000 .600 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000,

t

q. __________________--__________g_______________________________

{' 10.457 .000 10.457 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.003 .000 100.000 .000

Effective

) T pH TDS ppe Ionic Str p02 Ate pCO2 Ate pCH4 Ate CO2 Tot tincos (02 ppe tincoe CO2 Mert> Atk aH2O

16.00 6.970 636.3 .01017 2.97E-17 3.30E-02 2.43-117 .00742 5.84E-03 2.57E+02 8.41E-07' .9998
!. I

t' I species Anat ppe Calc ppe Anal Motal Cate Motal Activity Act Coeff. -tog Act

k 0 Ca 2 73.000 68.793- 1.823E-03 1.718E-03 1.156E-03-. .6728 2.937:
*

28 CaOH 1 .000079 1.385E-09. 1.250E-09 '.9027 8.903

31 CaSO4 ag 0 3.868 2.843E-05 2.850E-05 1.0023 4.545
#

81 CaHSO4 1 .000002 1.637E-11 1.477E-11 .9027 10.833

29 CaHCO3 1 7.377 - 7.303E-05 6.592E-05 .9027' 4.181

30 CACO 3 ag 0 .314 3.140E-06 '3.147E-06 1.0023 5.502

100 CaF 1 .015 2.516E-07 2.271E-07 .9027 6.644

1 Mg 2 26.800 25.267- 1.103E-03 1.040E-03 7.042E-04 .6771 3.152

18 Mg0H 1 .000213 5.153E-09 4.652E-09 .9027 8.332

22 MgSO4 aq O 1.826 1.518E-05: 1.522E-05 1.0023 4.818

_
21 MgHCO3 1. 3.886 4.557E-05 4.114E-05 .9027 4.386

20 MgCO3 og 0 .093 1.102E-06 1.104E-06 1.0023 5.957

19 MgF 1 .048 1.111E-06| 1.003E-06 .9027~ 5.999

- 2 Ha 1 23.400 23.320 1.018E-03- 1.015E-03 9.174E-04 .9037 3.037.
', 43 MaSO4 ~1 .075 6.280E-07 5.670E-07 .9027 6.246

42 NaHCO3aq O .228 2.719E-06 2.726E-06 1.0023 5.565

41 NaCO3 -1 ~001846 2.22SE-08 2.009E-08 .9027 7.697.

297 NaF ag 0 .000124 2.949E-09 2.956E-09 1.0023 8.529

'
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'3 K 1 1.200- 1.199 3.071E-05' 3.068E-05 2.765E-05 .90t1 4.556
45 Kso4 -1 .003234- 2.394E-08 -2.161E-08 .9027 7.665
63 H 1 .000118 1.172E-07 1.072E-07 '9140 '6.970.

26 OH -1 .OnnWL 5.077E-08- 4.583E-08 .9027 7.339
17 CO3 -2 '.168 2.803E-06 1.887E-06 .6732 '5.724
6 HCo3 -1 364.000 355.648 5.%9E-03 ' 5.833E-03' 5.284E-03 .9058 2.277

| 85 H2CO3 ag 0 90.111 1.454E-03 1.458E-03' 1.0026 2.836
5 so4 -2 23.000 18.748 2.396E-04 1.953E-04 1.30BE-04 .66% ' 3.883

62 HSO4 -1 .000114 .1.178E-09. 1.063E-09 .9027 8.973
61 F -1 .610 .579 3.213E-05 ' 3.052E-05 2.755E-05 .9027 4.560
125 HF aq 0 .000072 3.624E-09 3.632E-09 1.0023 8.440 '

j. 126 HF2 -1 .000000 3.979E-13 3.592E-13 ' .9027 12.445
$i 296 H2F2 aq 0 .000000 5.095E-17 5.107E-17 1.0023 16.292

~

[ 4 Cl -1 '12.000 11.999 3.387E-04 3.387E-04 3.052E-04 1.9011 3.515
34 sio2 tar 0 ' 41.000 6.828E-04,

i' 23 H4$io4aq O 65.529 .6.823E-04 . 6.839E-04 1.0023 '3.165-

b. 24 H3 Slo 4 -1 .049 5.155E-07 4.653E-07 .9027' 6.332 -
,

Is -25 'H2Sio4 -2 _000000 . 4.363E-12 2.897E-12 .6641 11.538

I. 124 SiF6 -2 .000000 2.112E-28 1.402E-28 .6641 27.853
. !.1 ' 86 8 tot ~0 .140 1.296E-05

,

.

-
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.
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*
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Y d MARRON WELT. 1326

-

1326 X5-

1- Species Anet ppe Calc ppe Anat notat Cate Hotet Activity Act Eceff -Log Act35 33e03 ag 0
.797

1.289E-05 1.292E-05 1.0023 4.88936 H2803 -1
.003907

6.428E-08- 5.803E-08 .9027 7.236101 BF(OH)3 -1
.000012 1.425E-10 1.286E-10 .9027 9.891102 BF2(OH)2 -1 .000000 4.603E-14 4.155E-14 .9027 13.381103 BF30H -1
000000 1.782E-19 1.608E-19 .9027 18.794104 BF4 -1
000000 2.189E-24 1.976E-24 .9027 23.70484 No3 -1 71.000 70.992 1.146E-03 1.146E-03 1.034E-03 .9027 2.98550 At 3 .069000 .000002 2.559E-06 6.358E-11 2.531E-11 .3981 10.59751 ALOH 2 .000086 1.948E-09 1.293E-09 .6641 8.88852 A1(OH)2 1 .012 1.939E-07 1.750E-07 -9027 -6.757181 At(OH)3 0 .

'

.160 2.051E-06 2.056E-06 1.0023 5.68753 At(OH)4 -1 .020 2.100E-07 1.896E-07 .9027 6.72254 AtF 2 .000494 1.074E-08 7.135E4)9 .6641 8.147
4 - 55 AtF2 1 .002717'

4.185E-08 .3.777E-08 .9027 7.42356 AtF3 aq 0
.004068 4.847E-08 4.859E-08 1.0023 7.31357 ALF4 -1 - .000087- 8.474E-10 7.650E-10 .9027 9.116-58 ALSO4 1 .000000 3.430E-12 3.096E-12 .9027 11.50959 At($04)2 -1 .000000 3.436E-14 3.101E-14 .9027 13.508-203 ALHSO4 2 .000000 1.169E-19 7.763E-20 .6641 19.110

+ 16 Fe totat 2 .062 1.111E-06
7 Fe 2<

.000000 4.645E-12 3.084E-12 .6641 11.51110 Fe0H 1 .000000 5.039E-15 4.549E-15 .9027 14.34279 Fe(OH)2 0 .000000 1.608E-19 1.612E-19 1.0023 18.79311 Fe(OH)3 -1 .000000 5.650E-23 5.100E-23 .9027 22.29233 FeSo4 ag O 000000
6.039E-14 '6.054E-14 1.0023 13.218 !122 FeHSO4 1 .000000 4.368E-20 3.943E-20 .9027 19.404

'

8 . Fe . 3,

.000000 1.220E 14. 4.857E-15 : .3981 14.314-9 Fe0H 2 .000019 2.552E-1D 1.695E-10 .6641 9.77176 Fe(OH)2 1 .090
1.(102E-06 - | 9.041E-07 ~ .9027 6.04477 Fe(OH)3 0 .011

-9.b88F-08.- 9.911E-08 . 1.0023 7.004
'

78 Fe(OH)4 -1 .001268. 1.024E-08 9.247E-09 .9027 - 8.034179 Fe2(OH)2 4 .000000 5.829E-18 1.134E-18 .1945 17.945 {180 Fe3(0H)4 5 .000000 -2.651E-21 2.053E-22 .0774 21.688
'

14 FeSO4 1 .000000
'108 Fe(SO4)2 -1 4.766E-15 - 4.303E-15 .9027- 14.366

.j
.000000 1.901E-17 1.716E-17' .9027' 16.766

1 123 FeHSO4 2 .000000 '2.349E-21 1.560E-21 .6641 . 20.807
'

15 Fett- 2 .000000 - 5.024E-17 3.336E-17 .664f 16.477 i

.A '

i
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. 27 FeC12 1 000000 6.751E-20 6.103E-20 .9027 17.214

32 'FeCl3 aq 0 .000000 1.858E-24 1.863E-24 1.0023 23.730'
105 Fef 2 .000000 2.771E-13 1.840E-13' .6641 12.735

106 FeF2 1 .060000 2.002E-13 1.807E-13 .9027 12.743 '

107 FeF3 aq O .000000 7.629E-15 7.646E-15 1.0023' 14.1171

1

CiMARRON WELL 1326 1326 X5
.

Mole ratios from analytical notality - Log activity ratios+

1.8584E-01 Log Ca /H2 = 11.0028Ct/Ca 5=

Ct/Mg ' 3.0705E-01 Log Mg . /H2= = 10.7877

3.3254E-01 Log Na /H1 = 3.9326' Ct/Na = ,

1.1029E+01 . Log K '/H1 = 2.4117Ct/K =

'10.3133Ct/At = 1.3236E+02 Log At /H3 =

2.42920.0000E+00 Log Fe /H2 =. L ,- Ct/Fe =
. ,

:p Ct/504 = 1.4137E+00 Log Ca/Mg .2151=

1.5209CL/HCO3 = 5.6739E-02 LOG NA/K =-*

: i4 Ca/Mg 1.6523E*00 Log Ca/K2 6.1794==

' 13.9400'3.3166E+01 Log Diss Fe/H2Na/K r =

: l|
-

I

I

>) - "

s

1

1 i

9

k ^-

' h
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1 CIMARRON WELL 1326 1326 X5

* Phase Log AP/KT Signa (A) Sigma (T) Log AP/ftinKT Log AP/MaxKT- 1.cg AP Log KT tog MinKT Log MaxKT
39 Adularia .501 -20.775 ~ -21.276

40 Atbite .661 -19.254 -18.593

140 ALOH3 (a) .706 .017 -32.613 -31.907 -32.5% =
.

'
471 ALOHSO4 -4.280 -4.120 -4.440 -7.510 -3.230 -3.390 -3.070
472 A14(OH)10'44 .729 ~23.429 22.700

157 Attophane(a) .273 6.283 6.010
;- 158 ALtopharw(F) 1.088 6.283 5.194

338 Alue k -17.588 -22.923 -5.335

50 Atunite -2.134 -88.148 -86.014
'

) 42 Anatcise -2.973 -16.089 -13.116

17 Anhydrite -2.270 -6.821 _-4.551

113 Annite 31.763 -55.307 -87.070
,

41 Anorthite -2.733 -22.711 -19.978
21 Aragonite .377 .020 -8.661 -8.284
150 Artinite -7.915 2.341 10.256

48 Beideltite 4.917 -41.732' -46.649

52 Boehmite 1.075 1.588 -32.613 -33.688 -34.201.
' 19 Brucite -6.606 -17.830 -11.223

12 Calcite .227 .020 .160 -8 661 -8.435 -8.501
97 Chalcedony .463 -3.165] -3.628
49 Chlorite 14A -6.767 6.000 -1.492 -15.491 65.070 71.836 66.561 80.560

125 Chtorite 7A -10.225 6.000. 65.070 75.294

20 Chryeotile -7.390 -59.819. --52.429

29 Ctinoenstite -4.184 -3.818 -4.478 -20.995 -16.810 -17.176 -16.516
56 Ctinoptitott -24.059

99 Cristobatite .548 -3.165 -3.712
154 ciaspore 2.859 -32.613 -35.472
28 Diopside -5.187 -41.774- -36.587
11 colomite .727 -17.538 -16.811

340 Epsonite -4.832 -7.036' ~2.204

55 Erionite -20.837

112 Ferrihydrite 1.705 5.039' 1.600 6.5% 4.891 1.557 4.996
419 Fe3(OH)8 -4.601 -1.491- -8.484 15.621- 20.222 17.112 24.105
181 FeOH)2.7Ct.3 6.491 .3.451 -3.040
401 Fe2(so4)3 -45.206 -40.976 -40.278 4.929 0699. ,

62 Fluorite .995 -12.057 -11.062
# 27 Forsterite -11.019' -38.824 -27.805

,. .

)
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, 51 Gibbsite (c) 1.023 .200 1.306 .353 10.313' 9.290 9.007 9.960
110 Goethite 5.766 .800 6.5% .830
111 Greenalite -19.853 .957 20.810

18 Gypsum -2.215 -6.821 -4.606
64 Hatite -8.114 -6.553 1.561
47 Hattoysite .135 -33.714 - -33.849

108 Hematite 16.497 13.193 ' -3.304'
117 Huntite -5.911- -35.291 -29.380;

38 Hydraagnesit -17.157 -53.337 -36.180
45 1llite 3.090 -38,425 -41.515

204 Jarosite Na -1.551 1.000 -11.926 -10.375
~

205 Jarosite K .640 1.100- -1.660 -13.447 - -14.086 -11.786;_

. 337 Jarcotte ti -5.017 -15.858 -10.842
46 Kaotinite 4.328 5.207 3.227 -33.714 -38.042 -38.921 -36.941
43 hica 9.799 1.300 11.197 8.120 23.857. 14.058 12.660 15.737.

128 Laumontite 2.823 -29.041- -31.864
,.

1 147 Leonhardite 13.729 -58.082 -71.811
f, 98 Magadiite -5.443 -19.743 -14.300
:h 109 Maghesite' 6.807 13.193 6.386

10 Magnesite .988 .738 -1.238 -8.877 -7.888 -8.138 -7.638

.f-
-,

i

|

|

I

|
|
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1 CIMARRON WELL 1326 1326 15

Phase Log AP/KT signa (A) sigma (T) Log AP/MinKT Log AP/MaxKT Log AP Log KT ~ Log MinKT Log MexKT'
107 Magnetite 10.733 11.103 7.875 15.622 4.888 4.518 7.746
339 Me1anterite -12.860 -15.395 -2.535
63 Montmorit Ca 4.651 -41.708 -46.359

115 Montmorit BF 5.138 -29.775 -34.913
116 Montmorit AB 4.219 -25.469 -29.638
57 Mordenite -22.476
66 Mirabitite -8.412 -9.959 -1.547-,

58 Nahcolite -4.682 -5.315 .633

60 Natron -10.130 -11.800 -1.670
149 Nesquehonite -3.388 -3.876 -4.463 -8.877 -5.489 -5.001 -4.414
54 Phittipsite .140 -20.014 -19.874
44 Phlogopite -32.677 3.000 11.588 44.265

'

141 Prehnite -2.941 -14.873 -11.932
53 Pyrophyttite 8.2 71 11.567 6.437 -40.043 ~-48.314 -51.610 -46.480

101 Quartz .983 -3.165 -4.1 f.8

36 sepiotite(c) -3.896 12.080 15.976,

153 septotite(a) -6.580 12.2 0 18.660

9 siderite -6.807 -5.233 -17.235 -10.428 -11.9823
:J. 100 sio2 (a,L) .046 -3.165 -3.119

395 sto2 (a,M) .366 -3.165 -2.799-
37 Tate -2.753 2.000 .585 -4.501 19.704 22.456 20.288 24.204 .
65 Thenardite -9.792 -9.958 .166-

. 61 Thermonatr -11.988- -11.799 .189

31 Tremolite -8.213 -149.697 -141,484

59 Trona -16.730 -17.114 .384

155 Wairkite -1.736 -29.041 ' -27.304

.

-

e
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+
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1 CIMARR0N WELT. 1331- 1331 x5
750 634 030590. 0. 0 0 1200

16.000000TEMP =

6.950000PH =

EHM = .600000
.000000DOC =

00X = .000000
'

CORALK = 0
FLG = MG/L

DENS = 1.000000
PRNT = .O
PUNCH = 1

0EHOPT =

EMP0X = 0
ITDS = 634.000000 ,

750.000000COND =
.

SIGMDO = .000000
.000000SIGMEH =

.000000SIGMPH =

:, i .

Species Index No Input Conctntration

Ca : 0 : 124.00000000
~

Mg : 1 : 42.30000000

Ha : 2 : 54.50000000

K 3 : 00000000

CL : 4 - .17.00000000
S04 : 5 : 70.00000000

HCO3 : 6 : 663.00000000

Fe total : 16 : .02800000

H2S ag : 13 : .00000000

co3 : 17 : .00000000

Sto2 tot : 34 . 20.00000000

NH4 : 38 : 00000000

8 tot : 86 : .11000000

Po4 : 44 : 00000000

At : 50 : .06500000

F : ' 61 : 1.20000000
NO3 : ~ 84 . : 57.50000000

. 1CIMARROH WELL 1331 1331 X5 :

.

; ..
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U
750 - 634 030590 0 0 0 1200

ITER S1-AnatC03 $2-AnalSO4 S3-AnatF 'S4-AnalPO4 SS-AnalC1. S6-AnalH25. S7-AnatFULY $8-AnalHUM

1 3.424160E-04 2.082696E-04 5.263650E-06 0.000000E+00 3.777828E-17 0.000000E+00 0.000000E+00 0.000000E+00
2 8.469586E-06 6.835506E-06 -2.466872E-08 0.000000E+00 -3.243342E-19 0.000000E*00 D.000000E+00 - 0.000000E+00
3 -1.178189E-07 -1.948879E-07 -1.125302E-09 0.000000E+00 1.752299E-20 0.000000E+00 0.000000E*00 0.000000E+00

L

7

I e

,

.
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1 CIMARR0rd WELL 1331 1331 XS - Data = 3/27/90 15:31
750 634 030590 0 0 0 1200

00X = .0000 -DOC = .0 INPUT T9S = 634.0
Anal Cond = 750.0 Calc Cond = 1155.2
Anat EPMCAT = 12.0590 Ar.at EPMAN =- 13.8077 Percent difference in input cation / anion balance = -13.5210
Cate EPMCAT = 11.3783 Cate EPMAN = 13.1331 Percent difference in cale cation / anion balance = --14.3183
Totat Ionic Strength -(T.I.S.) from input data = .01851

Effective Ionic Strength (E.I.S.) from speciation = .01717

Sato talc

Input Sigma -Fe3/Fe2 Sigma H202/02 Sigma NO3/NO2 Sigma NO3/NH4 Sigma H202/02 Sigma SO4/S= Sigma As5/As3 Sigma
------------------------------Eh---------.---------------------

.600 .000 .600 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

"

------------------------------g-------------------------------
). 10.457 .000 10.457 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000

Effective
T pH TDS ppa Ionic Str- po2 Ate pCO2 Ata pCli4 Ata CO2 Tot- tincom CO2 ppe uncom CO2 Merb Atk aH2O

16.00 6.950 1049.7 .01717 2.47E-17 6.10E-02 6.48-117 .01354 1.05E-02 4.64E+02 5.10E-07 .9996 1

'

I Species Anat ppe Cate ppm Anat Motal Cate Motel Activity Act Coeff --1.og Act
0 Ca 2 124.000 111.494' 3.097E-03 2.785E-03 1.702E-03

'

.2.769.6112

28 CaoH '1 .0001141 1.998E-09 1.758E-09 .8799 8.755

31 CaSO4 aq 0 14.821 1.090E-04 -1.094E-04 1.0040 3.951

81 CaHSO4 1 .000009 6.751E-11 5.941E-11 .8799 10.226 ,

29 CaHCO3 1 19.632 1.944E-04 - 1.711E-04 .8799 3.767

30 CACO 3 ag 0 .777 7.770E-06 7.801E-06 -1.0040 5.108 -

100 CaF 1 .042 7.091E-07 6.239E-07 .8799 6.205

1 Mg 2 42.300- 38.090 1.742E-03' - 1.569E-03 - 9.684E-04 .6173- 3.014

18 Mg0H 1 .000286 6.942E-09 6.108E-09 .8799 8.214

22 MgSo4 aq 0 6.532 5.433E-05 ' 5.454E-05 1.0040 '4.263-

21 MgHCO3 1 9.653 1.133E-04 9.966E-05 .8799 4.001'
20 MgC03 ag 0 '.214 2.545E-06 2.555E-06 -1.0040 5.593-

19 Mgr 1 .126 ~ 2.922E-06 2.571E-06 .8799 5.590

2 - Ne 1 54.500 54.152 2.373E-03 - 2.358E-03 2.079E-C3 . 8813 2.682

43 NASO 4 -1 .452 . 3.805E-06 3.348E-06 .8799 .5.475
42 NaHCO3aq 0 .909- 1.084E-05 .1.088E-05 1.0040 4.963

'1 .007215 8.703E-08 7.658E-08 : .8799 - 7.11641 NaCO3 -

297 NaF ag 0 .000522 1.244E-08 ' 1.249E-08 ~ 1.0040 : 7.903

3
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. 63 H 1 .000126 1.252E-07 1.122E-07 .8965 6.950-

26 OH -1 .000845 4.974E-08 4.377E-08 .8799 7.359

17 C03 -2 .311 5.192E-06 3.174E-06 .6114 - 5.498

6 HCO3 -1 663.000 641.539 1.088E-02 1.053E-02 9.309E-03 .8843 2.031

85 H2co3 ag O 165.865 2.677E-03 2.689E-03 1.0044 2.570

.6062 3.467
5 504 -2 70.000 53.952 7.295E-04 5.623E-04 3.409E-04 *

62 HSo4 -1 .000320 3.299E-09 2.9035-09 .8799 8.537

61 F -1 1.200 1.108 6.323E-05 5.839E-05 5.138E-05 .8799 4.289

125 HF ag O .000141 7.065E-09 7.093E-09 1.0040 8.149

126 HF2 -1 000000 1.487E-12 1.308E-12 .8799 11.883

296 H2F2 aq O .000000 1.940E-16 1.948E-16 1.0040 15.710

4 CL -1 17.000 ' 16.997 4.800E-04 4.800E-04 4.210E-04 .8771 3.376

34 Sto2 tot 0 20.000 3.332E-04

23 H4SiO4eq 0 '31.964 3.330E-04 3.343E-04 1.0040 3.476

24 H3sio4 -1 .023 2.469E-07 2.172E-07 .8799 6.663

25 H2siO4 -2 .000000 2.155E-12 1.292E-12 .5994 11.889

124 SiF6 -2 .000000 5.787E-27 3.469E-27 .5994 26.460

86 B tot O .110 1.019E-05

35 H3803 ag 0 .626 1.014E-05 1.018F 45 1.0040 4.992

36 H2903 -1 .003012 4.959E-08 4.363E-0E .8799 7.360

.

t
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1 CIMARRON wet t.1331 1331 15

1 Species Anat ppe Cate ppe Anal Holat Calc Molat Activity Act Coeff -1.og Act,;.

101 BF(OH)3 -1 .000017 2.146E-10 1.889E-10 .8799 9.724
j: 102 BF2(OH)2 -1 .000000 1.354E-13 1.192E-13 .8799 12.924

', 103 BF30H -1 .000000 1.024E-18 9.010E-19 .8799 18.045
104 BF4 -1 .000000 2.457E-23 2.162E-23 .8799 22.665
84-NO3 -1 57.500 57.490 9.283E-04 9.283E-04 8.168E-04 .8799 3.088
50 AL 3 .065000 .000002 2.412E-06 7.309E-11 2.311E-11 .3162 10.636

I 51 At0H 2 .000083 1.881E-09 1.128E-09 .5994 8.948
52 Att0H)2 1 .010 1.656E-07 1.457E-07 .8799 6.837
181 At(OH)3 0 .127 1.628E-06 1.634E-06 1.0040 5.787
53 At(OH)4 -1 .016 1.635E-07 1.439E-07 .8799 6.842

x 54 AtF 2 .000931 2.027E-08 1.215E-08 .5994 7.915
55 ALF2 1 .008848 1.363E-07 1.200E-07 .8799 6.921
56 ALF3 ag 0 .024 2.866E-07 2.878E-07 -1.0040 6.541
57 ALF4 -1 .000988 9.602E-09 8.449E-09 .8799 8.073
58 ALSO4 1 .000001 8.374E-12 7.369E-12 .8799 11.133
59 At(SO4)2 -1 .000000 2.186E-13 1.924E-13 .8799 12.716

203 ALHSO4 2 .000000 3.227E-19 1.935E-19 .5994 18.713
16 Fe total 2 .028 5.019E-07

f 7 Fe 2 .000000 2.503E-12 1.500E-12 .5994 11.824

10 Fe0H 1 .000000 2.401E-15 2.113E-15 .8799 14.675

79 Fe(OH)2 0 .000000 7.120E-20 7.148E-20 1.0040 19.146

11 Fe(OH)3 -1 .000000 2.455E-23 2.160E-23 .8799 22.666
33 FeSO4 aq 0 .000000 -7.646E-14 7.677E-14: 1.0040 13.115

122 FeHSO4 1 .000000 '5.951E-20 '5.236E-20 .8799 19.281

8 Fe 3 .000000 7.474E-15 - 2.363E-15 .3162 14.627'

9 FeOH 2 .000010 1.313E-10 ' 7.871E-11 .5994 10.104

76 Fe(OH)2 '1 .041 4.557E-07 4.010E-07' .8799 6.397

77 Fe(OH)3 0 .004462 4.181E-08 4.197E-08 1.0040 7.377

78 Fe(OH)4 -1' .000526 ' 4.250E-09 3.739E-09- .8799 8.427

179 Fe2(OH)2 4 000000 1.894E-18 2.445E-19 .1291 18.612

180 Fe3(OH)4 5 .000000 4.808E-22 1.%3E-23 .0408 ~22.707
,..

14 FeSO4 1 .000000 6.201E-15- 5.456E-15 .8799 14.263

108' Fe(504)2 -1 .000000 6.445E-17- S.671E-17- .8799 16.246

k,. 123 FeHSO4 2 .000000 3.456E-21 2.071E-21 .5994' 20.E64

15 Fett 2 .000000 3.735E-17 2.239E-17 .5994 16.650'

' 27 Fett2 1 .000000 6.422E-20 5.651E-20 .8799 19.248
y

32 Fett3 aq 0- .000000 2.370E-24 2.379E-24 1.0040 23.624y
;

|

5, -
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105 Fer '2 .000000 2.785E-13 1.C70E-13 .5994 12.777
106 FeF2 1 .000000 3.475E-13 3.058E-13 .8799 12.515,

107 FeF3 ag 0 .000000 2.403E-14 2.413E-14 1.0040 13.617 .
.s 1

CINARRON WELL 1331 1331 R5

j Mote ratios from anatytical notatity - Log activity ratios

a

,[ Ct/Ca = 1.5499E-01 Log Ca /H2 = 11.1310
Ct/Mg 2.7560E-01 Log Mg /H2 = . 10.8861=

* Ct/Ma e 2.0227E-01 Log Ma /H1 4.2678=

' CL/K = 0.0000E+00 Log K /H1 = .0000 ;;
*

Ct/At 1.9904E+02 Log At /H3 10.2138= =

CL/Fe 0.0000E+00 Log Fe /H2 = 2.0762=

Ig - CL/504 6.5803E-01 Log Ca/Mg = .2450=

CL/HCO3 4.4130E-02 LOG NA/K = .0000=

| Ca/Mg = 1.7782E+00 tog Ca/K2 .0000=

jj 0.0000E+00 tog Diss Fe/H2 = 13.9000Na/K =

:f-
,

j-
:

.p

i

a

.
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1 CIMARRON DELL 1331 1331 X5

.

Phase Log AP/KT Sigea(A) Signa (T) Log AP/MinKT Log AP/MaxKT Log AP . Log KT Log MinKT Log MaxKT
'

40 Atbite -1.358 -19.951 -18.593
140 AtOH3 (a) .805 .116 -32.713 -31.907 -32.5%
471 ALOHSO4 -3.924 -3 764 -4.084 ~7.154 -3.230' -3.390 -3.070
472 At4(OH)10so4 .786 23.486 22.700
157 Allophanefa) .107 6.083 5.976
158 Attophane(F) .919 6.083 5.164

,

42 Anatcise- -3.359 -16.475 -13.116
,~

17 Anhydrite -1.685 ~6.236 -4.551
41 Anorthite -3.425 -23.403 -19.978
21 Aragonite .017 .020 -8.267 - .-8.284

150 Artinite -7.393 2.863 10.256
48 Beidetlite 3.564 -43.084 -46.649
52 Boehoite .975 1.488 -32.713 -33.688 ~-34.201

4 19 Brucite -6.508 -17.732 -11.223
12 Calcite .167 .020 .234 -8.267 -8.435 -8.501,

- 97 Chalcedony .153 -3.476 -3.628-
49 Chlorite 14A -7.407 6.000 -2.132 -16.131 64.429 71.836 66.561 80.560.)

125 Chlorite 7A -10.865 6.000 64.429 75.294

. 20 Chrysotite -7.717 -60.146 -52.429
29 Clinoenstite -4.397 -4.031 -4.691 -21.207 ' -16.810 -17.176 -16.516
56 Clinoptitolt -25.561-
99 Cristobalite- .237 . -3.476 -3.712-
154 Diaspore 2.760 -32.713 ' -35.472
28 Diopside -5.582 -42.169 -36.587

1 11 Dotomite .031 -16.780 -16.811.0

340 Epsonite -4.278 -6.482 -2.204
^

55 Erionite. -21.689
112 Ferrihydrite 1.332 4.666 1.227 6.223 '4.891 1.557 4.996-

419 Fe3(OH)8 -5.700 -2.59t) -9.583 14.522 ~20.222 17.112 24.105
~

181 FeOH)2.7Ct.3 6.165 3.125 -3.040
401 Fe2(SO4)3 -44.584 -40.354 -39.655 4.929 .699

2 62 Fluorite .286 -11.347 --11.062
27 Forsterite -11.133 -38.939 -27.805

.| 51 Gibbsite (c) .923 .200 1.206 .253 10.213 9.290 9.007 9.966
?i 110 Goethite 5.393 .800. 6.223' .830-

: ), 111 Greenatite' -21.533 %.723 20.810
*

18 Gypsum -1.631 -6.237 -4.606 i

;
.!

. |
!
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64 Hatita -7.617 -6.058 1.561-
47 Hatloysite .685 -34.535 -33.849

108 Hematite 15.751 12.446 -3.304
117 Huntite -4.424 -33.804 -29.380
38 Hydraagnesit -15.602 -51.782 -36.180

204 Jarosite Me -1.423 1.000 -11.798 -10.375
337 Jarosite H -5.224 -16.066 -10.842
46 Kaotinite 3.508 4.387 2.407 -34.535 -38.042 -38.921 -36.941

< - 128 taumontite 1.508 -30.355 -31.864
147 Leonhardite 11.100 -60.710- -71.811

_

'' 109 Maghemite 6.060 12.446 6.386
10 Magnesite .624 .374 .874 -8.512 -7.888 -8.138 -7.638

107 Magnetite 9.634 10.004 6.776 14.522 4.888 4.518 7.746
339 Metanterite -12.757 -15.292 -2.535_;

:' 63 Montmorit Ca 3.300 -43.059 -46.359

.

115 Montmorit er 3.980 -30.933 -34.913
.

,
116 Montnorit AB 3.080 -26.608 .-29.688
57 Mordenite -23.823

+ . 66 Mirabitite -7.286 -S.834 -1.547

;p 58 Hahcotite -4.080 -4.713 .633

,

1

T

i -.

.

.

.

.
-

+ -

,

;, atsa - 24 of 34 ney 10, 1990
,

lf I

*t

{ $ '-
.. _~.-.s , , , . _ , . _ _. , - , , . - -f_- , - -, .,..._m- . - .-.- . , . . . , -~..-.44 __y. _, ..._.',.e.. . , , - . . . . . . - . .



- ~ - - s - - ' ' ---

J .d U.
.._

.

- 1 CIMARRON VELL 1331 1331 X5

Phase Log AP/KT Sigma (A) Signe(T) Log AP/MinKT Log AP/MaxKT Log AP Log KT . Log MirdCT Log MexKT

60 Matron -9.194 -10.865 -1.670
149 Mesquehonite -3.024 -3.512 -4.099 -8.513' -5.489 . -5.001 -4.414'

141 Prehnite -3.816 -15.748 .-11.932
53 Pyrophyllite 6.828 10.124 4.994 -41.486 -48.314 -51.610 -46.480

101 ouartz .672 -3.476~ -4.148
36 Sepictite(c) -4.632 11.345 15.976

153 Sepiotite(a) -7.315 11.345 18.660

9 Siderite -6.894 -5.340 -17.322 -10.428 -11.982-
100 Sio2 (a,t) .356 -3.476- -3.119
395 sio2 (a,M) .676 -3.476 - -2.799

37 Tate -3.701 2.000 -1.533 -5.449 18.755 22.456 20.288 24.204

65 Thenardite -8.666 -8.832 . .166

61 Thersonatr -11.052' -10.863- .189

31 Tremotite -9.951 -151.435 -141.484'
59 Trona -15.192 -15.577 .384

*

155 Wairkite - -3.051 -30.355 -27.304

!
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1 CIMARRoN VELL 1335 1335 X5.
550 377 030590 0 0 0 1200

16.000000TEMP =
,

i1- PH = 7.000000
EHM = 600000

'

.000000Doc =

.000000DoX =

0CORALK ='

*
MG/Lf LG - =

1.000000DENS =

PRNT = 0
1

. ,
PtJNCH =

EHOPT = 0s

EPPox = 0
377.0000001705 =

550.000000COND =

SIGMDo = 000000
'

SIGHEH = .000000
," SIGMPH = .000000
J-

Species Index No Input Concentration

Ca - 0 : 74.60000000

Mg : 1 : 29.20000000

Na : 2 : 19.60000000

K : 3 : .00000000

_
Cl : 4 : 6.90000000 ,

504 : 5 : 12.00000000

HCO3 : 6 : 363.00000000

Fe total : 16 : .01300000
,,

H2s og : 13 : .00000000

C03 : 17 : .00000000

sio2 tot : 34 : 23.50000000

NH4 : 38 : .00000000

8 tot : 86 : .11000000

!!- Po4 : 44 : .000ml000

At : 50 : .06200000

F- : 61 : 1.100000005

NO3 : 84 : 93.00000000
s

1CIMARRoN VELL 1335 1335 X5
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550 377 030590 0 0 0 1200

,

i
4

ITER S1-AnalCO3 -$2-AnatSO4 -S3-AnatF $4-AnalPO4 SS-AnatCL S6-AnaiH2s 57-AnalFULY ~ $8-AnaLHUPI

1 1.38811SE-04 2.916738E-05 3.658992E-06 0.0000UDE+00 5.265474E-18 0.000000E+00 0.000000E+00 - 0.000000E+00
2 1.209915E-06 3.594084E-07 -4.346303E-06 0.000000E+00 -1.053497E-20 0.000000E+00 - 0.000000E+00 0.000000E+00

3 -2.481303E-08 -9.609331E-09 2.654692E-10 0.000000E+00 -9.886463E-21 0.000000E+00 0.000000E+00 0.000000E+00
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'1 ' CIMARRON UELI.1335 1335 X5 Data m .3/27/90 15:31

550 377 030590 0 0 0 1200

00X = .0000 DOC = .0 INPUT TDS = 377.0
+Anal Cond = 550.0 Cate Cond = 698.9

Anal EPMCAT = . 6.9890 Anal EPMAN = 7.9564 Percent difference in input cation / anion batence = -12.9452
Cate EPMCAT = 6.7958 Cate EPMAN = 7.7692 Percent difference in cate cation / anion balance = -13.3667
Totat Ionic Strength (T.I.S.) from input data = .01067

Effective Ionic Strength (E.I.S.) from speciation = .01030

* Sato Cate

Input Sigma Fe3/Fe2 Sigma H202/02 Sigma HC3/N02 Sigma NO3/MH4 Sigma H202/02 Sigma SO4/S=- Sigma As5/As3 Sigme
~ ------------------------------Eh-------------------------------
'

.600 .000 .600 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - pE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
'

10.457 .000 10.457 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 . .000

.

Effective

T pH TDS ppe Ionic Str p02 Ata pCO2 Ate pCH4 Ato CO2 Tot Uncom CO2 ppm Uncom CO2 Ncrb Atk. aH2O'

16.00 7.000 623.1 .01030 3.91E-17 3.07E-02 1.30-117 .00730 5.82E-03- 2.56E+02 6.09E-07 .9998'

I Species Anat ppe Cate ppe Anat Motal Cate Motal Activity- Act Coeff -Log Act

0 Ca 2 74.600 70.838 1.862E-03 1.769E-03- 1.188E-03 .6714 2.925

28 CaOH 1 .000087 1.525E-09_ 1.376E-09 .9022 8.861
52 31 CaSO4 aq.0. 2.052 1.508E-05 1.512E-05 1.0024 ~ 4.820

'

81 CaHSO4 1 .000001 8.109E-12 ' 7.316E-12 .9022 _11.136

29 CaHCO3 1 7.551 7.475E-05 6.744E-05 .9022 '4.171
30 CACO 3 aq' O .344 3.442E-06' 3.450E-06- .1.0024 5.462

100 Caf 1 .027 4.620E-07 4.168E-07 .9022- 6.380

Mg 2 29.200 27.698 1.202E-03 1.140E-03 '7.704E-04 .6758 3.113* -

18 Mg0H 1 .000250 6.044E-09 .5.453E-09 .9022 8.263

22 MgSO4 ag' O 1.031 8.575E-06 8.596E-06 1.0024 5.066 -

21 MgHCO3 1 4.234 4.966E-05 4.480E-05- -9022. 4.349.

20 NgC03 aq 0 108 1.286E-06 1.289E-06 1.0024 5.890

19 MgF 1 .094 2.'.71E-06 -- 1.959E-06 .9022 5.708

2 Na 1 19.600 19.539 - 8.531E-04 8.50SE-04 /.682E-04- .9033 3.115

43 HaSO4 -1 .032 2.717E-07 '2.451E-07 .9022 6.611

42 NaHCO3aq 0 .190 2.267E-06 2.272E-06 1.0024 5.644

41 HaCO3 -1 .001650 1.989E-08 1.775E-08 .907.2 7.746
- 297 HaF ag . 0 .000185 4.410E-09' 4.420E-09 1.0024 " 8.355 -

.
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~63 H 1 .000110 1.095E-07 1.000E-07 .9137 7.000
26 OH -1 .000925 5.444E-08 . 4.911E-08 .9022 7.309.
17 C03 -2 .180 2.996E-06 2.013E-06 .6718 5.696
6 HCO3 -1 363.000 354.259 5.953E-03 5.810E-03 5.260E-03 .9053 2 279
85 H2CO3 ag 0 83.722 1.351E-03 1.354E-03 1.0026 2.668
5 so4 -2 12.000 9.701 1.250E-04 1.011E-04 6. 753E-05 .6681 4.171

62 HSO4 -1 .000055 5.680E-10 5.124E-10 .9022 9.290
61 F -1 1.100 1.035 5.794E-05 5.453E-05 4.920E-05 .9022 4.308
125 HF ag 0 .000121 6.039E-09. 6.054E-09 1.0024 8.218
126 HF2 -1 .000000 1.185E-12 1.069E-12 .9022 11.971

296 H2F2 ag 0 .000000 -1.415E-16 1.419E-16. 1.0024 15.848'
4 Ct -1 6.900 6.899 1.947E-04 1.947E-04- 1.754E-04 .9006 3.756

34 sio2 tot 0 23.500 3.914E-04

23 H4SiO4aq 0 37.558 3.910E-04 3.920E-04' 1.0024 3.407

24 H35io4 -1 .030 3.168E-07 2.858E-07 .9022 6.544
25 H2siO4 -2 .000000 2.877E-12 1.907E-12 .6626 11.720

124 SiF6 -2 .000000 2.985E-27' 1.97BE-27 - .6626 ' 26.704

86 B tot 0 .110 1.018E-05
'

35 H3803 ag 0 .626 1.013E-05 1.015 E-05 1.0024 4.993

36- H2003 -1 .003290 5.413E-08 4.884E-08 .9022.. 7.311

.
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1 CIMARRON WELL 1335 1335 15

I Species Anat ppe Cate ppe Anal Notal Calc Motal Activity Act Coeff -Log Act
101 BF(OH)3 -1 .000016 2.000E-10 1.804E-10 .9022 9.744
102 BF2(OH)2 -1 .000000 1.077E-13 9.715E-14 .9022 13.013
103 BF30H -1 000000 6.946E-19 6.267E-19. .9022 18.203
104 BF4 -1 .000000 1.422E-23 1.283E-23 .9022 22.892
84 NO3 -1 93.000 92.991- 1.501E-03 1.501E-03' 1.354E-03 .9022 2.868
50 At 3 .062000 .000001 2.299E-06 4.243E-11 1.681E-11 .3%1 10.775
51 ALOH 2 .000061 1.389E-09 9.202E-10 .6626 9.036
52 Al(OH)2 1 .009015 1.479E-07 1.334E-07 .9022 6.875

,

181 Al(OH)3 0 .131 1.676E-06 1.680E-06 1.0024 5.775
53 Al(OH)4 -1 .01 7 1.839E-07 '1.659E-07 .9022 6.780
54 ALF 2 .000587. 1.277E-08 8.461E-09- .6626 8.073
55 ALF2 1 .005757 8.867E-06 ' 8.000E-08 .9022 7.097-
56 AtF3 aq 0 .015 1.833E-07 1.838E-07 1.0024 6.736 i

57 AtF4 -1 .000589 5.727E-09' 5.167E-09 .9022 8.287
'

58 AtSO4 1 .000000 1.176E-12 1.061E-12 .9022 11.974
59 Al(SO4)2 -1- .000000 6.085E-15 5.490E-15. .9022 14.260

. 203 A1HSO4 2 .000000 3.748E-20. 2.484E-20 .6626 19.605
'!' 16 Fe total 2 .013 2.329E-07

7 Fe 2 .000000 8.431E-13 .5.587E-13 .6626 12.253
10 FeOH 1 .000000 9.786E-16 - 8.829E-16 .9022 15.054
79 Fe(OH)2 0 .000000 3.344E-20- 3.352E-20 1.0024 19.475
11 Fe(OH)3 -1 .000000 1.260E-23' ~1.137E-23 .9022 22.944
33 FeSO4 aq 0 .000000 5.648E-15 '5.662E-15 1.0024 14.247

122 FeHSo4 1 .000000 -3.815E-21 3.442E-21 .9022- 20.463
8 Fe 3. .000000 2.221E-15 8.798E-16' .3941 15.056
9 FeoH 2 .000004 4.%3E-11_ ' 3.289E-11 .6626~ .10.483

76 Fe(OH)2 1 '.019 2.084E-07 1.880E-07 .9022 6.726
~ 77 Fe(OH)3 0 .002353 2.203E-08 '2.209E-08 1.0024' 7.656
78 Fe(OH)4 - 1 .000303 2.447E-09 ' 2.208E-09 .9022 .8.656

179 Fe2(OH)2 4 .000000 2.215E-19 '4.271E-20 .1928 .19.369
180 Fe3(OH)4 5 .000000 2.106E-23 1.606E-24 .0764 23.794
14 FeS04 1- .000000 4.460E-16 4.024E-16- .9022 15.395'

108 Fe(SO4)2 -1 .000000 . 9.184E-19 8.286E-19 .9022 .18.082
123 FeHSo4- 2 .000000 2.055E-22 1.362E-22 - .6626 21.866
15 FeCl 2 .000000 5.240E-18 - 3.472E-18 .6626 117.459
27 Fett2 .1 .000000 4.046E-21 3.651E-21 .9022. 20.438 ;

32 Fect3 aq 0 .000000 .6.388E-26 6.403E-26 1.0024 25.194
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105 - FcF -2 .000000 -8.984E-14' 5.953E-14 .6626 13.225

|= 106 FeF2 1 .000000 1.157E-13 . 1.044E-13- '.9022 12.981
| 107 FeF3 aq 0 .000000 7.871E-15 7.889E-1' 1.0024 - 14.103
,. 1

|

CIMARRON WELL 1335 1335 x5

|

Mole ratios from analytical notality - Log activity ratios

CL/Ca = 1.0456E-01 Log Ca '/H2 -= 11,.0746
CL/Mg 1.6204E-01 ~ Log Mg /H2 10.8867= =

CL/Na 2.2828E-01 Log Na /H1 3.8855= =

Ct/K = 0.0000E+00 Log K /H1 .0000=

CL/At = 8.4697E+01 Log At /H3 10.2255-=

Ct/Fe 0.0000E+00 Log Fe /H2 1.7472= =

Ct/504- = 1.5580E+00 Log Ca/Mg .1879=

3.2715E-02 LOG NA/K- = .0000CL/HCO3 =

1.5497E+00 Log Ca/K2Ca/Mg .0000= =

0.0000E+00 Log Diss Fe/H2Na/K = 14.0000=

!
i-

..
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1 CInAsMWI WELT.1335 1335 25

Phase tog AP/KT Sigme(A) Sigme(T) Log AP/MirKT Log AP/veenKT tog AP Log KT Log Mireti Leg fleuKT
40 Athite -1.521 -20.114 -18.593

'

140 AtoH3 (a) .794 .105 -32.701 -31.907 -32.5%
471 ALOMSO4 -4.715 -4.555 -4.875 -7.945 -3.230 -3.390 -3.070
472 At4Hp010SO4 .030 22.730 22.7tD

157 A1torizamta) 144 6.204 - 6.060
158 Attog*wene(F) .964 6.204 5.240

42 Anateine -3.591 -16.708 -13.116
17 Anhydrite -2.545 -7.096 -4.551

41 Anorthite -3.320 -23.298 -19.978

21 Aragonit? .337 .020 -8.622 ~8.284

150 Artinite -7.803 2.453 10.256

48 eesdettite 3.840 -42.809 -46.649

52 Boehmite .967 1.500 -32.701 -33.688 -34.201

19 Brucite -6.507 -17.731- -11.223

12 Cateite .187 .020 .121 -8.622 -8.435 -8.501
97 Chalcedony .222 -3.407 -3.6A

49 Chloeite 14A -7.1 72 6.000 -1.897 -15.896 64.664 71.836 66.561 80.560

125 Chlorite 7A -10.630 6.000 64.664 75.294

20 Chrysotite -7.576 ~60.006 -52.429

29 Clinoenstite -4.327 -3.%1 -4.621 -21.137 -16.810 -17.176 -16.516
56 Clinoptitott -25.370
99 Cristobatite .306 -3.407 -3.712

154 Diespore 2.772 -32.701 -35.472
28 Diopside -5.499 -42.067 -36.587
11 Dotomite .620 -17.431 -16.811

340 Epsonite -5.080 -7.284 -2.204

55 Erionite -21.818 ,

112 Ferrihydrite 1.053 4.387 948 5.944 4.891 1.557 - 4.996
419 Fe3(CH)8 -6.587 -3.477 -10.470 13.635 N.222 17.112 24.105

181 FeoH)2.7Ct.3 5.757 2.717 -3.tv.0
401 Fe2(SO4)3 -47.552 -43.322 -42.623 4.929 .699-

62 Fluorite .480' -11.541 -11.062

27 Forsterite -11.063 -38.868 -27.805

51 Gibbsite (c) .935 . .200 1.218 .265 10.225 9.290 9.007 9.960
110 Goethite 5.114 .800 5.944 .830
111 Greenetite -22.382 -1.572 20.810
18 Gypsum -2.490 -7.096 -4.606 "

i
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v
64 Helita -0.432 -6.871 1.56i
47 Hettoysite .524 -34.373 -33.869

108 Hemetite 15.193 11.889 -3.304
117 nuntite -5.67D -35.050 -29.380
38 t+f roognesit -16.789 -52.969 -36.180d

20G Jerosite ne -4.248 1.000 -14.623 -10.375
337 Jarosite M -7.667 -18.509 -10.842
46 Kaolinite 3.669 6.548 2.568 -34.373 -38.062 -38.921 -36.961

128 Laumontite 1.752 -30.112 -31.864
147 Leonherdite 11.587 -60.223 -71.811
109 neghemite 5.503 11.889 6.386
10 negnesite .921 .671 -1.1 71 -8.810 -7.888 -8.138 -7.638

107 negnetite 8.747 9.117 5.889 13.636 4.888 4.518 7.746
339 metanterite -13.889 -16.424 -2.535
63 toontmorit to 3.5 71 -42.788 -46.359

115 veontmorit er 3.862 -31.051 -34.913
116 nontmorit AS 2.924 -26.764 -29.686
57 nordemite -23.667
66 nirabilite -8.853 -10.401 -1.547
58 nahcotite -4.761 -5.395 .633

.

.

T

&
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1 CIRARGON WELL 1335 1335 X5

Phase Lg M /KT Signe(A) Signe(T) Leg AP/Riesti Log AP/ItemetT Log F Log rf Leg MinKT t.eg Rousti

60 metron -10.256 -11.926 -1.67D

149 pesquehonite -3.321 -3.809 -4.396 -8.810 -5.489 -5.001 -4.414

141 Prehnite -3.698 -15.630 -11.932

53 Pyrophyttite 7.128 10.424 5.294 -41.186 -48.314 -51.610 -46.480

101 euertz .741 -3.407 -4.148

36 Sepictite(c) -4.423 11.553 15.976

153 Sepiotite(s) -7.107 11.553 18.660

9 Siderite -7.521 -5.967 -17.949 -10.428- -11.982
.

100 SiO2 (a,L) .287 -3.407 -3.119

395 5102 (a,n) .607 -3.407 -2 399

37 Tate -3.423 2.000 -1.255 -5.171 19.034 22.456 20.288 24.204

65 Thenerdite -10.234 -10.400 .166

61 Thereonstr -12.114 -11.925 .189

31 Tremolite -9.508 -150.992 -141.484

59 Trene -16.935 -17.319 .384

155 weirkite -2.807 -30.112 -27.304

l

.
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Exposure Pathway Analysis .

I

Cimarron Facility - Uranium Plant Operations

Reference NUREG/CR-5512 " Residual Radioactive Contamination From
Decommissioning - Technical Basis f or Translating
Contamination Levels to Annual Dose"
Draft Report for Comment, January 1990

Exposure Pathways Considered f or Radioactivity in Soil

1. Direct External Exposure to Penetrating Radiation

2. Inhalation of Airbarne Materials

3. Ingestion of Agricultural Food Products Grown in Contaminated Soil

4 Ingestion of Drinking Water f rom a Groundwater Source

5. Ingestion of Drinking Water from a Surface Water Source

Concentrations of Uranium in Soil and Water:

Total Uranium in Soil 70 pCi/g

Total Uranium in Water: 10 pCi /1

Estimated Isotopic Content

U-238 U-235 _U-204

Soil, pCi/g 11.28 2.20 56.20

Watwr, pCi/1 1.'61 0.31 8.03

- -- . . . . - . . _ _. ..
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External Exposure to Penetrat.ing Radiation :

(Ci p ) (Up ) (Dip )Rip =

<

Wheret Rip = the radiatton dose equivalent f rom radienuclide i vi a [l

exposure pathway p, in mrom per year, of exposure !
l

I! Cip = concentration of radionuclide i in the media of exposure
in pathway p, in pCi/g for soil i

'

usage psrameter associated with exposure pathway p, inUp =

hours per year .

Dip = dose rate equivalent f actor f or radionuclide i and
exposure pathway p

,

Input Parameters
,

i

Radionuclide Cip (pCi/g) Up (h/yr) Dip (mrem /yr / pCi/g) f
--

.. .---
.

7

U-238 11.28 1800 2.6E-08
.

U-205 2.20 1900 7.2E-05 :
U-234 56.20 1800 5.7E-08 [

l-

External Exposure Calculation

Rip = 0.29 mrem :
>

>

>

i
e i

i

*
r

,

4

0
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Inhal ati on .

(~h (V) (t ) (Cd ) (Cw,1 ) (DFi nh ,1 )s/ Hinh,1 +=

Wheres Hinh,1 = the committed effective dose equivalent from
'

one year intake of radionuclide i by inhalation,
in meem

,

V = the ventilation rate of the individual, in m3/h
!(0.97 m3/h assumed - from ICRP 1975)

t = the duration of exposure f or the individual, in 'h/yr

Cd = concentration of respirable dust in air, in g/m3

Cw,i = the concentration of radionuclide i in the -

contaminated material, in pCi/g ;

DFinh,1 = the committed ef f ective dose f rom inhalation of
radionuclide i, in mrem /pCi

,

;

Input Parameters !

Radionuclide Cw.i ( pCi /o_) DFinh,i (mr em/p Ci _)

r~g U-238 11.28 1.1E-01
\j U-235 0.20 1. E-01

U-234 56.20 1.3E-01,

V= 0.97 m3/h !

t = 100 h Gardening Cd = EE-04 g/m3 Gardening Dust
1700 h Outdoors 1E-05 g/m3 Yardwork Dust
4380 h Indoors 5E-05 EPA Standard (Indoors)

Inhalation Calculation: .

Hinh,i = 2.44 mrem -

, .- . .-- -

e

(| Y *

w
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-Drinking Water Ingestion i

(')T
,

(_ Hd w , i (Odw) (Cdw ,1 ) (DFi ng ,1 )
|

=

Where Hdw,i = the committed effective dose. equivalent from a one
year intake of radionuclide i by ingestion of drinking
water, in mrom

Odw = the quantity of drinking water ingested during a year, i
in liters (730 1/yr)

|

Cdw,i = the concentration of radionuclide i i n the drinking ;
water, in pCi/1

DFing,i . = the committed ef f ective deze equivalent f actor from
ingestion of radionuclide i, in mrem /pCi per year

? of intake
.

'

(

!

Maximum Organ Dose Rate Conversion Factors f or Ingestion of
Drinking Water: '

U-008: 1.7E-04 mram/pCi
U-235: 2.0E-04 mrem /pCi
U-234: 1.9E-04 mrem /pCi

,

' '

Drinking Water Ingestion Calculation:

Hdw,i 1.36 mrem= ,

|

.

;_. . _ . . _ . . . . . . _ .

r

t

S
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Agricultural Pathways - Air Deposition ,

(- ,

1 (Direct deposition onto leaves and translocation to the edible ,

parts of the plant) [
;

,

fAirborne Concentrations of Radionuclides:
<

U-238: 5.64E-03 pC1/m3
U-235 1.10E-03 pCi/m3

,

U-234: 2.BiE-02 pC1/m3 ;

;

Agri cul tur al Food Product Ingestion Committed. Effective Dose i

Rate Conversion Factors f or Exposure to Residual Radicactive ,

Materials (Air. Deposition):

U-238: 3.2E-01 meem per pCi/m3 ,

U-235: 3.6E-01 mrem per pCi/m3 -

U-234: 3.5E-01 mrom por pCi/m3

Air Deposition Calculation -

(- Had,i 0.01 mrem=
,

!
t,

.

.

.i

'!

i

!
.. -- - . .. ... .- -. _ . - . . .

,
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1
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Agrievltural' Pathways - Soil Uptake |.

1. f'h !
| ; (,) (Long-term accumulation in the soil and consequent root uptake) {
| t
| l

Soil Concentrations of Radionuclides
;

L U-238: 11.29 pCi/g
| U-235: 2.20 pCi/g i

U-234: 56.20 pCi/g i
;
'

i

!
Agricultural Food Product Ingestion Committed Effective Dose !
Rate Conversion Factors f or Exposure to Residual Radioactive *

.
'

Materials (Seil1 Uptake) t
i
!

U-238: 1.1E-02 mrom per pCi/g j
! U-235: 1.3E-02 meem per pC1/g ;
L U-234: 1.3E-02 mrem per pCi/g [

-!

Soil Uptake Calculations
l i ,

Hsup,1 =- 0.88 mrem i

Lc3 :

\_) * .

Total From Agricultural Products:
;

0,01 mram + 0.88 mrem = 0.90 mrem -

:
*

,

!

9

I h

!

. I

. . - - - _ _ , . . _ . ._ _. . , . .
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4

Surf ace Water Ingestion ;.
i. ~

| Concentration of uranium water entering Res. #3: 7.2 pCi/1 .

|'

| Dilution f actor provided by reservoir 206- |
'

Individual' consumption of drinking waters 730 1/yr

;
i.

Total Intake-(One year): 26 pCi/yr (As total uranium) ,|
:

,

| Isotopic Min
i
|- U-238: 4.1 pCi . ;

k U-235: 0.8 pCi i
i U-234: 20.5 pCA i

;
I.1

i Maximum Organ Dose Rate Conversion Factors - f or Ingestion.of i

Drinking Waters'
.

,

!

'
U-238 1.7E-04 mrem /pCi !t

U-235: 2.0E-04 mrom/pCi ;

U-234: 1.9E-04 mrem /pCi ;.

!

Ingestion Dose f orm Surf ace Water
7

!Haw,i = 0.005 mrem
;

I

$

;
i

>

i

i

1
o

*

.

3
- .- . - . . - . . .. .. . . . . . ,

;

r

i
!

.
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Summary of Pathway Evaluation - Cimarron Fact 1 Lty ',

,

,

Pathway Deue (H50), mrem
................................................. ................

Direct External Exposure to Penetrating Radiation 0.29

Inhalation of Airborne Materials 2.44

Ingestion of Agricultural Food Products 0.90

'
Ingestion of Drinking Water 1.06

Ingestion of Surface Water 0.005
>

TOTAL COMMITTED EFFECTIVE DOSE EQUIVALENT 5.00

Note: H(50) means the committed effective dose equivalent from one-year
,'

intake.

[
,
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