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srANDAR 
f'0rESTHNG1 

AND ENGINEERING COMPANY 

REPORT Permeability Tests 
Structure 
Project Cimarron Corp:::,ration Site Assessment 
Station 
Location Sample PP-1 

Architect 
Engineer James L. Grant and Associates, Inc. 

Contractor ( Kerr t-1cGee) 

Reported To James Grant Date 4/25/89 

CORPORA TE OFFICE & CENTRAL LABORATORY 

3400 N. Lincoln 

902 Trails Wht Loop 
900 S.E. 2nd 
208 Eumlde Btvd. 

660 Distributors Row 

Okla. City, OK 73105 

Field Otflces 

Enid, OK 73703 
Lawton, 01( 73501 

Musll:09-, OK 74403 
Suite C, Harahan, LA 70123 

(405) 528-0541 

(405) 2~7-3130 
(405) 353-0872 
(918) S82-78S3 
(504) 734-8378 

Date _4_/_3_/_8_9 ____ _ 

Specification ASTM DG98 & ASTM·.:S1'P~-~J9 

Quantity 
Represented See Below -----------

Sampled by Client -----------
by Orcier of \·Jynda 1 Goodman 

Order Number _________ _ 

TEST RESULTS 

Laboratory Number Gl09 

Soil $ample: PP-1 

Standard Proctor Test: 

Percent Moisture Dry Density, pcf 

118.8 
119.7 

Permeability Results: 

Percent Moisture 

13.4 
12.8 
14.3 

ll.O 
13.1 
14.7 
13.1 Optimum 

Percent Compaction 

80.8 
89.6 
96.1 

118.3 
119.7 Maximum 

Coefficient of Permeability k,cm/sec. 

l.02 X 10-4 

1.18 x 10-S 
3.0 X 10-7 

THIS REPORT APPIJES ONLY TO THE STANDARDS OR PRDC8>URES INDICATED ANO TOM SAMPI.E TESTED AND/OR OBSERVED AND ARE NOT NECESSAAll Y INOICATIVE OF THE QUAlTIES OF APPARfNTl. Y 
1oerm~ (Ji SIMJLAA PROOl,lc;TS, OR Pf!OCn)lllll:S, NOR 00 lliEY REPRESENT AN ON GONG OOAllTY ASSURANCE PR0GAAM UNlESS SO .. DTED. THESE REPORT$ ARE f-OR THE EXCLUSIVE USE OF THE 
AOORESSED CLIENT AHO ARE RENDfRED UPON THE ~DmON lHAT THEY Will. NOT B£ REPROOUCED WHOU. Y OR IN PART FOR ADVERTISING OR OlltER PURPOSES OVER OUR SIGNATURE OR IN CONNEC'l'JON 
wml OOR NAw: wmmuT SPECIM. wruTitN PERMISOON. 

Charge: Kerr McGee 
Orig. & lee To James Grant 

lee To Kerr McGee· 
lee to Lab 

Construction Materials, Testing & Inspections 
Fabrications Weldment & Erection Inspections 
Geo-technical Investigations 
Chemical & Bacteriological Analysis ur ES T FOR .A. S S U R A NC E • • 



STANDARD f pprES1rlNG~ 
AND ENCIN£ER•NC COMPANY 

REPORT Pecmeabili ty Tests 
Structure 
Project Cimarron Corporation Site Assessment 
Station 
Location Sample PP-2 
Architect 
Engineer James L. Grant and Associates, Inq. 

Contractor ( Kerr McGee) 

Reported To James Grant Date 4/25/89 

CORPORATE OFFICE & CENTRAL LABORATORY 

3400 N. Lincoln 

902 Trails West Loop 
900 S.E. 2nd 
208 Eastslde Blvd. 
660 Distributors Row 

Okla. City, OK 73105 

Field Offices 
Enid, OIC 737O~ 

uw1on, OK 73S01 
Muskogee, OK 74403 

Suite C, Harahan, LA 70123 

(405) 528-0541 

(~S} 237-3UO 
(405) 353-0872 
(118) 682·7&53 
(504) 734-8378 

Date 4/3/89 
-----------

Sp&eification ASTM DG98 & ASTM STP 479 

Quantity 
Repre$ented See Below -----------
Sampled by _C_l_i_e_n_t _____ _ 

by Order of Wynda 1 Goodman 

Order Number -----------
TEST RESULTS 

Laboratory Number Gl09 

Soil Sample: PP-2 

Standard Proctor Test: 

Percent Moisture 
11.9 

Permeability Results: 

Percent Moisture 

15.3 
14.7 
14.6 

13.7 
15.9 
13.0 Optimum 

Percent Compaction 

77.9 
88.2 
97.4 

Dry Density, pc£ 
119.4 
120 .. 2 
116.0 
120.5 Maximum 

Coefficient of Permeability, 
k, cm/sec 

1.98 X 10 S 
2.99 X 1Q-6 
3.08 X 10- 8 

THIS REPORT APPLIES ONLY TO THE ST.ANOAROS OR Pf\OCEDURES INOIC.ATED AND TO THE SAMPlE TESiED .NlD/OR OBSERVED ANO ARE NOT NECESSARILY INDICATIVE OF THE OUALTIES Of APPARENTI.Y 
lOEITTICAL QA SIMII..AA PROOUCTS. OR PROC£DURES, NOR DO TWF{ REPRESENT AN ON GOING OUAUN ASSIJAANC£ PROGAAM UNLESS SO NOTED. THESE REPORTS A~ FOR THE EXClUSIVE USE OF lliE 
ADDRESSED CLIENT AND ARE RENDERED UPON TH£ CONDrTION THAT lHE'i Will NOT BE REPROOUCED WHOl.l Y OR IN PART F-OR ADVERTISING OR OTHER PUR90SES OVER OUR SlGNATURE OR IN CONNECTION 
wmt OUR NAME wrntOUT SPEClAL WRITTEN PERMISSION. 
Charge: Kerr McGee 
Orig. & lee To James Grant 

lee to Kerr McGee 
lee To Lab 

Construction Materials, Testing & Inspections 
Fabrications Weldment & Erection Inspections 
Ge<rtechnical Investigations 
Chemical & Bacteriological Analysis 

Respectfully Submi 
STANDARD TESTlr.<vi:.N 

.. TEST FOR . ASSURANCE" 



5rANDARD 
fTESTIN 1G~ 

AND ENGINEERING COMPANY 

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

REPOAT Permeability 

Structure 
Project Cimarron Corporation Site Assessment 
Station 
Location Sample BB. 3 
Architect 
Engineer James L. Grant and Associates, Inc. 

Contractor (Kerr McGee) 

Reported To James Grant Date 4/25/89 

CORPORATE OFFICE & CENTRAL LABORATORY 

3400 N. Lincoln 

902 Trails West Loop 
900 S.E. 2nd 
208 Eastsidt Blvd. 
660 Distributors Row 

Okla, City, OK 73105 

Field Offices 

Enid, OK 73703 
uwton, OK 73501 . 

Mu!lk.ogee, OK 74403 
Suite C, Harahan, LA 70123 

Date 4/3/89 

(405) ·s28--0S41 

(405) 237-3130 
(405) 353-0872 
(918) 682•7853 
(504) 73-H378 

Specification ASTM DG98 & ASTM STP 479 

Quantity 
Represented See Below -----------

Sampled by ~c=11=· e;.;..n....;;;t~----­

by Order of Wynda 1 · Goodman 

Order Number -----------
TEST RESULTS 

Laboratory Number Gl09 

Soil Sample: PP-3 
Standard Proctor Test: 

Percent Mixture 
12.7 
14.2 
15 .. 8 
14.0 Optimum 

Permeability Results: 

Percent Moisture 

16.9 
15.5 
16.0 

Percent Compaction: 

77.l 
87.7 
97.1 

Dry Density, pcf 
116.4 
117.8 
116.1 
117.8 Maximum 

Coefficient of Permeability, 
k, cm/sec .. 

1.38 X lQ-4 
1.60 x 10-S 
2.48 X 10-8 

THIS liEPORT APPLIES ONLY TO TliE STANOARDS OR PROCEDURES INOlCATED ANO TO THE SAMPLE TESTED ANO/OR OBSERVED AND ARE NOT NECESSARILY INDICA1M OF THE OUAlllES Of APPARENTLY 
IOENTlCAL OR SlMILAR PROOUCTS. OR PROCEDURES. NOR 00 THEY REPRESENT AH ON GOING OUALITY ASSURANCE PROGRAM UNLESS SO NOTED. TrlESE REPO~TS ARE FM THE EXCLUSM USE OF THE 
ADORESSEO CUENT ANO ARE RENDERED UPON M CONOITION THAT THEY Wlll NOT BE REPRODUCED WHOU Y OR 1H PART FOR ADVERTISING OR OlllER PURPOSES OVER OU~JN CONNECTION 

wmt OUR NAME WITHOUT SPECIAL WRITTEN PERMISSION. r;;--··~~SS!a ,,,,, 
Charge: Kt:rr McGee ~'v .............. ~~"'1,~ 
Orig. & lee To James Grant ~ q_ •• •·· ··._'( ~ 

lee to Kerr McGee l.fJ :° RlCHARO w. \ --;e -
lee :to Lab ~t tAUDO !~ 

Construction Materials, Testing & Inspections 
Fabrications we1dme11t & Erection Inspections 
Geo.technical Investigations 
Chemical & Bacteriological Analysis 

t~~ 12537 !~ 
Respectfully Sub!J_~d._ l c_,-,, 
STANDARD TES~~P..~.~G'r 

(Ori I Si,Rt_~~l--,,,, ,........ ,,,~ 

•'T E S T F O R .A S S UR A NC E ,. 
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STANDARD TESTING and ENGINEERING COMPANY 

PERCENT COMPACTION<% 
~0.0 76.0 80.0 84.0 
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REPORT SOIL CLASSIFICATION 
Structure 
Project Cimarron Corporation Site Assessment 
Station 
Location Crescent, Okla. - See Below 
Architect 
Engineer James l. Grant & Associates 

Contractor Kerr McGee 

Reported To Kerr McGee Date 4-25-89 

CORPORATE OFFICE & CENTRAL LABORATORY 

3400 N. Lincoln Okla City, OK 73105 (4105) 528-0541 

Branch Offices 

902 Trails 'West Loop 
900S.E. 2nd 

Enid, OK 73701 (-405) 237-3130 
Lawton. OK 73501 (405) 353--0872 

2.08 Eastside Blvd. 
660 CMttibutors Row 

Muskogee, a< 74403 (918) 682-7853 
Harahan, LA 70123 (504) 734-837B 

2KE22 
KE22 

Date 4-3-89 

Specification AASHTQ M-H5 
Quantity 

Represented 

Sampred by Clfont 

by Order of WyndaJ Goodma o 

Order Number 

TEST RESULTS Pagel of 2 Pages 

Laboratory Number 

Field Number 

% Passing #10 Sieve 
II II 

-~ 
II 

#40 

#200 

ll 

Liquid Limit 
Plasticity Index 

AASHTO Classification 

Charge: Kerr Mc Gee 

5885 

PP-1 

93.8 

90.0 

70.5 
24 

10 

A-4(4) 

Orig. & l cc To James L. Grant 
1-cc Kerr McGee 
)---c Laboratory 

5886 

PP-2 

98.3 

95.4 

73.3 

23 
9 

A--4(3) 

··r EST FOR .,u S lJ RANCE u 

5887 5888 5889 

PP-3 PP-4 PP-5 

97.3 l 00.0 100. 0 

93.5 94.8 95.6 
72.9 62.8 87.7 
23 26 34 

8 8 9 
A-4(3) A-4(3) A-4{8) 



CORPDRATE OFFICE & CENTFtAL LABORATORY 

3400 N. Lincoln Okta City, OK 73105 (405) 528-0541 

Branch Offices 

902 Trails West Loop 
900 S.E. 2nd 
208 Eastsida Bhld. 
660 OistrbulOfS Rew 

Enid, OK 7370'1 
Law1on. OK 73501 

Muskogee, OK 74403 
Harahan. LA 70123 

2KE22 
KE22 

(405} 237·3130 
(-'05) 353-0872 
(918) 682·7853 
(504) 7UB378 

REPORT SOIL CLASSIFICATION Date 4-3-89 ------------------------ ----------
Structure 
Project ___ C_i_m_a r_r_o_n_Co_r....:.p_o_r_a t_1_· o_n_S ,_· t_e_A_s_s e_s_s_m...;.e_nt ___ Specification ___ A_A_S_H_TO_M_-_14_5_ 
Station Quantity 
Location Crescent, Okla. (See Below) Represented _________ _ 

Architect 
Engineer __ J_a_m_e_s_L _. _G_r_an_t_&_A_ss_o_c_i_a_te_s _______ Sampled by ___ C_l_i_en_t ___ _ 

Contractor · Kerr McGee 

Reported To Kerr McGee 

Laboratory Number 

Field Number 

% Passing #10 Sieve 
#40 II 

II #200 11 

Liquid Limit 

Plasticity Index 

AASHTO Classification 

by Order of ___ W_y_n_d_a l_G_o_od_m_a_n 

Date 4-25-89 Order Number 

5890 

PP-6 

100. 0 

99.9 

39.2 

NP 
NP 

A-4(0) 

-------- ----------

TEST RESULTS 

5891 

PP-7 

100.0 

Page 2 of 2 Pages 

99.2 

89.2 

NP 

NP 

A- 4(0) 

(-P?-1 )! 

ur E S T F O R .A S S UR A NC E •• 

5892 

PP-8 

100.0 

99.9 

94.6 
25 

8 

A-4(6) 

5893 

PP-9 

100.0 

98.5 
94. l 

36 
13 

A-6(13) 



MAY- 5 1989 

REPORT SOIL CLASSIFICATION 
Structure 
Project Cimarron Corporation Site Assessment 
Station 
Location Crescent, Oklahoma 

Architect 
Engineer James L. Grant & Associates 

Contractor Kerr McGee 

CORPORATE OFFICE & CENTRAL LABORATORY 

3400 N. Lincoln Okla. City, OK 73105 (405) 528--05"'1 

Branch Offices 

902 Trails West Loop 
900 S.E. 2nd 
208 Eastside Blvd. 
660 Oistrbutors Row 

Enid, O< 73701 
law1on, OK 73501 

Muskogee, OK 74403 
Harahan, LA 70123 

(405} 237.3130 
(~05) 353-0872 
(918) 68Z-7853 
(504) 734-8378 

2KE22 
KE22 

Date ___ 4_-2_8_-_89 __ _ 

Specification ___ AA_S_H_TO_M_-_14_5_ 
Quantity 

Represented ________ _ 

Sampled by ____ Cl_,_· e_n_t ___ _ 

by Order of ___ W __ y_n_da_l_G_oo_d_m_a_n 

RePOrted To James L. Grant Date __ 5_-_l_-_8_9 ____ Order Number ________ _ 

Laboratory Number 

SIEVES 

#4 
_._,.--"4-_Q 

#200 

Liquid Limit 

Plasticity Index 
AASHTO Classification 

-

5894 

TEST RESULTS 

% PASSING 

l 00. 0 

95.9 

71.8 

44.7 
NP 
NP 

A-4{0) 

1lllS ll8'0RT APPLIES OHl.Y TO THE STANOAJIOS OR PAOCEDURES INOICATTO AND TO THE SAMl'tE TESTED ANO/OR OBSERVEO ANO ARE NOT NECESSA~LY INDICATIVE OF THE QUALITIES Of APPARENTLY 
lllEN11CAl OR SIIUUR PflOOUCTS, OR PROC8lllRfS. NOii 00 THEY REPRESENT AN ON GOING QUALITY ASSURANCE PROGRAM UNLESS SO NOTED. THESE REPORTS ARE FOR TltE EXCLUSIVc USE OF THE 
ADORESSED CUENT A..o AREREHOERED Ul9i THE COHOITION THAT THEY Will MOT BE R£PAOOUCED WHOLLY OR IN PART FOR AOVERTISl..i; OR OTHER PURPOSES OVEJIOUR SIGNATURE OIi iN CONNfCTION 
wmr OUR NAM£ wmtOOf SPEQAl. WRIITEH PSIMISSM)N. 

Charge: Kerr McGee 
Orig. & 1cc To James L. Grant 

.~cc Kerr McGee 
· ;c Laboratory 

/~_.. ~ 
:, ~ , ,.,....,. ... 1 · ':., : 

By · :,~:✓: Jttomai.:.j. _te:(i'y' P. E. 
"TES T FOR ASSURANCE,. __ -: .-·~;"~-~ ·-,,~ ;.' 



APPENDIX G 

SOIL AND ROCK MINERALOGICAL ANALYSES 

808211: 9-12-89 



GEOLOGIC DESCRlPflON 

CH-1 Red (£.SYR 4/8) clay-silt mud~ton~, with 
gre+nish-white clast5 ~nd/or bioturbations. Mod~rately fissil~d, 
fine visible mica grains. 

CH-2 Light gray (lOYR 7/2) clay-silt mudstone, int~rlayE-Y~d 
with a few thin red layers, moderate fissility, with som~ low 
angl~ cross b~ddi~g 

CH-5 Dark reddish bYown (2.5VR 3/4) w~akly consolidnt~d 
sand c~mented with iron o~id~s and calcit~. 

CH-6 Mas~iv~ l"~d (!OR 4/6) mud!7.ton~, p.oo'f fissility, som~ 
evidenc~ of bioturbdtion with light gr~enish gray silty material 
in burr-ows. 

CH-B Red ( lOR 4/8) with orange--'-lhi te moltl es poorly 
c~M~nted mudston~, poorly l"y~r~d. Visible quartz grains are 
WE-11 Tounde-d. 

CH-9 Massiv~ r~d C2.5VR 4/6) sandy ~udstone, mottled with 
light greenish gray. Gray mat~rial is up to 3/8 in. long, 
includes mo~~rately cementPd bedded quart~ sand. 

CH-12 Ligh~ gray (2.SY 7/2) v~ry fin~ s~nd - silt mudston~, 
poorly c~m~nt~d with no l~yering. IncludPs clay clasts 

CH-14 Light oliv~ gray (5V 6/2) and pinkish gr~y (10YR 7/2) 
conglom~Yat~ of soft s~dim~nt clas~s, some layering. calcit9 in 
isolated grains. 

CH-15 Red (10R 4/B) veyy fine sand and silt mudston~, 
massive, mod~rat~ly consolidat~d. ~~w isolat~d calcit~ 
and quartz clust~rs. Some evid~nce of slicken~ide~ or pre~sure 
f .!\C~S. 



Toble l. Grujn !.:;Jzn <i'ist.ribui,jon 
Lt=:f"':G than 2mn, f :rHct ion 

Sample Si :;rn l> istr U.n..t t.. j on 

S11nd B ·i) L Clay 
-- ---·----- ---- ·-·---- - · · -- -·--·- --- ·---··--·--- ·---- - -- . . 

-----·- --· ---- ··· - . --%·- -- ---- -------- ·· -- --- -

CIJ--J "l. n~ ·rn. 'I 4 ?.(~. !, i3 
CH-2 v,. 50 64 . 94 HJ. !Hi 
Cll--:i ~>7.70 2.7. m~ 1 ,J. 4 B 
CH-4 18.70 47.22 :-M.. v.JH 
CH-5 82.4" 10.48 ? . 1 ~ 
CH-·6 2. !j0 .58.18 39.~2 
CU-7 3H.60 45. !if> 14 . fM 
Cll-8 8f1. Q½' J :J.08 ti . ~~ ~! 
Cll--9 :37. 50 39.GG ~?..04 
CH-10 74.20 16.12 9.68 
CH-11 56.40 2!>. 56 1 B. G~4 

,,.- , CH-12 47.00 43.44 9.5fi 
CH-13 25.5" 55.34 19.16 
CH-14 59.20 24.16 16.64 
CH-15 21.90 5L94 26.16 

Table 2. Sand-size distribution (percent~ of sand) 

Sample Sand Size Distribution {mm) 
2-1 1-.5 .5-.25 . 25-. 1 . 1-. 05 

-----~-------------%----------------------
CEl-1 0.00 0.00 0.00 0.00 100.00 
CH-2 5.8~ 8.50 7.84 14.30 63.40 
CH--3 0.vJ0 0. 17 0. 17 2H.:M ·10. 31 
Cll-4 6.95 1.4_97 J 2. 8:1 UL 2r1 ,t~i - gn 
CH--5 28.6B 15.31 15.07 :-Ji. 81 0.14 
CB-6 20.8:.3 1~~. ~)0 1.. l'/ 41. fi'/ 2,1. s:} 
CH--7 . 2. 78 2.20 1. 01 2.7n 91.14 
CH·-8 3.51 5.89 6.14 GU. :m 16. 17 
CH--9 3.73 6.40 H.67 ;-n. 4'/ 51. '73 
CH-1.0 0.14 0.27 3.51 78.3B 17.70 
CH-11 7.0H 14. 01 16.31 ~-w. 7'1.. 22. H'l -- CH-12 2.77 2 _ 13 5.74 1!) _ }1 '/4.26 
Cfl--13 1.lH 2. 3·1 J. BB 1 :·L \?'1 a1. 42 
CH-14 20.88 21.90 18.00 19.52 19.69 
CH--15 5.02 4.11 3.65 14. 16 73.06 



,,---...._ __ 

T11ble :L ~xchangeable cations, pH and Cation 
J.~:xchttnge Capacity 

-••J----- -- ·- ----·· - -- - - - ---- ---· ·· 

Sample Jt:.xdumgeablP. CRLions Cl(C pll 

Cn Mg K Na 1 : 1 
--·---·----·----·--· --------- ---·--

-- · ---- ·-· -- - - ··- ---- --- -- - -meq/ l. 00g--- - -------- - - ---- - --

Cfl--1 6.96 3 . 29 0. 32 0.30 10.83 8. 4~~ 
Cll-2 17. 2!> 2.78 0.23 0. 28 7.96 8.72 
Cll--3 !L ,n 1. 61 0. 16 0.11 7.71 fi. WI 
Cll-4 27.37 6.62 0. 47 0.30 18.56 0.53 
Cll ·--?> lH.B4 1. 14 0.08 0.21 Ii ,. ,. 

L- ._).I ~) _ 1 n 
Cli-6 26.2G 5.97 0.40 0. 35 2~~. 75 H. 18 
CH-~ 7 8. 3!., 1.62 0.11 0.33 4.h9 .. /. 91 
CB-8 10.93 1. 43 0.07 0.33 3.37 8.30 

__ .,,--.... __ CII-9 21.14 2.94 0.25 0.21 9.93 8.76 
CH-10 10.50 1. 36 0.10 0.17 2.96 fi.99 
CH·--11 17.82 5.71 0.22 0.29 6.00 8.86 
CH-12 9.29 4.03 0.50 0.27 6.20 8.69 
CH-13 20.24 4.95 0. ·34 0.47 8.02 8.89 
CH-14 17.71 4. 20 0.50 0.21 6.87 8.95 
CH-15 12.35 5.18 0.58 0.15 11-32 8.62 



'fable 4. Minerah>t!ical Cowvor;iti,m of Whol,~ Soi ls 

Sample Kaolin Fe--Oxyhy 2: 1 l~xp Feldsp1:1rG Calcite Quartz 
* & MiC!~l 

Ads.H20 

-- - - - ------------------- ----------------------------~-~~-

----------------- -- -- ------------------%--- ------------------------------

CH-I 15) \\ 4 12 ]"/ <l 48 1.63 
CH--2 12' 2 8 l'l <l 56 2.25 
CH-5 1,11 3 3 ,· 

,) 29 58 0.50 
CH-6 27) ~ 8 2:3 27 <1 12 3.63 
CH-8 1 )0 <l 3 :1 1 90 0. 38 
CH-9 8\ 3 10 14 3 59 1. 63 
CH-12 7 ), , 1 H ~} :l 72 1.00 Iv-
CH-14 7 / 1 7 ]l 12 59 1. 25 
cn---15 l ") '(\ 4 1.1 1 'i :1 !>2 l.88 

------··- ·-·- -------------- --·-- ·------------ - -· - - ·•------ ·-·· -- · ·-··· ···- ··-···- -- . .,. , __ _ ---·-
* 2:1 Exp Expanding layer silieates 

Ji"eldspars aud mieu arr~ given ac~ ., micu Bquivalent (10% K::O = 100%) 
_.,,--....._ 



ELEMENTAL COMPOSITION COXIDEB) 

CaO MgO Si0:2 MnO 

--~-------·-----. -------- ---•--r-r.-------- -•·- ----------•-• --··-•-------

CH-1 0.59 11.42 3.B7 1. 70 t .. 12 66.84 0.04 
Ch-2 0.45• 10.90 1. 73 « 1. 72 < 1.14 74.~2 0.01 
CH-5 22.36 3.47 3.03 0.54 2.67 62.50 0.22 
CH-G 1.69 19 .. 2& 7.52 2.66 2 .. 67 51.57 0.07 
CH-8 1.06 1 .. 42 0~4& 0.28 0.13 93.51 o.oo 
CH-9 2.91 8.50 3.49 1.38 1.23 75.86 0.05 
CH-12 2. u;; 6.47 o. 78 ~ 0 .. '94 1.14 83.41 0.03 
CH-14 7.11• G .. 44 1.2~ • 1.13 ~.2B 72.36 0.09 
CH-15 2.U 10.05 4.44 1. 72 1.49 72.03 0.04 
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~ -
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CH-H:; 

CH-l 1 
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L .. i. <] j-·f t: c~ P r.:·t \ .. :: ;nt)ci r.:!1·-· c..i. t: f•:'] ·:_,: t. r:) ~-= ·1: .• ;' c;r·! t] l ·~r' c: f~~ rii<~r~ t. ~::·d , 
·f i i"'r t~:• -· C1 .# .. <·~ j_ r-! f2 c! =~-(~i ], :1. ! H ;.;;; ·t c-:- ir· i ··='· J. 

t·:c:<c..i E-:•r·" ""·!-· (-,~ l \-' r: nn ~ed. id ,:;d.'.;;?tj ·: f i. n~~--~y- a :i. ned ~ mas-;s:i. ve 

•.-.~-..1 J . l <n<.:, ·t.e t'·· i (~ 1 

Unccnsolidat£d sand and clay with about 5% small 
fr-agment? l2s.s than on:.-2 inch in dic:unetE1r 

Unconsolidated loose sand and ~1nes 

Unccmsol i dated l oase sand e:111d -f i r,es ~ very f? 

Li qht g:··ay ': :.\leak l '--l cemented to unconsolidated 
fins-grained soil material~ few very hard rock 
fragments ~nd gravels. 

Weakly cemented to unconsolidat~d sand and clay 

Liqh~ gray~ weakiy ~G mucierately consolidated, 



Determination of soil wate.r retention cu.rv~~ 

Soil water retention curves {Table l} were determined 
following standard proeedures as outlined by Rlute (Klute, A. 1986. 
Water Retention: Laboratory Methods. In A. Klute (ed.) Methods of 
Soil Analysis. Part l. 2nd cd. Agronomy 9: 63 5-662) • Tempe pressure 
cells ~ere used for soil water pressure head values ranging from 
Oto -300 cm of water, while a pressure cooker was used in the 
range from -1,000 to -4,000 cm of water. 

Th~ soil samples were first air dried, passed through a i-mm 
sieve, and then packed into cyl indcrs to bulk density values 
similar to those determined on two undisturbed clods {Blake G.R. 
and K.H. Hartge. 1986. Bulk density. Jn A. Klute (ed.) Methods of 
Soil Analysis. Part l. 2nd ~d. Agrono~y 9:371-373). 

The reported bulk density values (Table 2) were calculaled 
from the final amount of oven dry soil packed into each cylinder. 
The corresponding porosity values (Table 2) are based on these bulk 
density values and an assumed particle density of 2.65 g/eml. 



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

-~ 

Table 1. Volumetric water content as a function o( soil water 
pressure head. 

··•---~·-·· ··-

Soil water Volumetric water oont~nt 
pressure head crri3/cm3 

cm of water Sample 
CH-16 CH•l7 CH-18 

0 0.327 0.332 0.331 
-10 Ot327 0.332 0.331 
-20 0.327 0.332 0.331 
-40 0 .. 327 O.JJ2 0.331 
-80 0.327 0.332 0.331 
-100 0.316 0.332 0.331 
-150 0.274 0.332 0.331 
-300 0.239 0 .. 305 0.282 
-1,000 0.207 0.254 0.233 
-4,000 0.177 0.206 0 .. 200 

Table 2. Bulk d~nsity and porosity. 

sample 

CH-16 
CH-17 
CH-18 
CH-19 

Bulk densi.ty 
g/cm3 

l.78 
1. 78 
1. 76 
1.79 

0.328 
0.328 
0.336 
0.325 

CH-19 

0.320 
0.320 
0.320 
0.320 
o. 305 
0.273 
0.248 
0.214 
0.180 
O.l-47 
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Cl assi fi c .3t ion for Kcs An~llytii~ 

Color Typical 
Red Soil Material Calcit~ Clay Kd Analysis Comp 

CH-1 X X A 
CH-3 E 
CH-4 xx D 
CH-5 xx X B 
CH-6 xx X D 
CH-7 E. 
CH-8 ?( E 
CH-9 X X F 
CH-10 E 
CH-11 X A 
CH-13 X A 
CH-1~ X X F 

GT~Y Soil Material 
CH-2 X X G 
CH-12 X C 
CH-14 xx X· C 

Y.Calcit.e _<3, X 3, XX>3 
.~- 7-Clay - < 10, X 18-30, xx >301. 
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AUN NO,-DATE.!!.fa~..J IT-AXIS OTA-DSC 

□PERA TOA _____ _ SCALE, "'C/in 1.~0=0 ___ _ SC ALE. °C/in ------
SAMPLE: 
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OTA-DSC TGA . TMA AUN NQ._QATE.~-jll2 IT-AXIS 
'loPEAATQA _______ SCALE, °C/in~1=0~0 __ _ SCALE, °C/in _____ _ ~E.~/in ) ·.} SCALE, mile/in ____ _ 
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PART NO. 990090 

RUN NO._OATE ___ T-AXIS OTA-DSC TGA % 
OPERATOA __ . _______ SCALE, °C/in _19.Q_____ SCALE, °C/in _____ SCALE.~/in~ 
SAMPLE: 0 • I . ,,, n"' 

CJI-' ff PROG. RATE, C/m1n__ Cmca/sec)/1n ___ SUPPRESSION, mg~ 

TMA 

SCALE, mils/in 
MOOE ________ _ 
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PART NO. 990090 

RUN NO. __ OATE ___ IT-AXIS 
OPEl=!ATOA _ _ ______ _ SCALE:, °C/in _,1=0-=-0 __ _ 
SAMPLE: cf/- 1.> PROG. RATE, °C/min __ 

OTA-DSC TGA ,_.{ TMA 

SCALE, °C/in ______ SCALE, F"'S"/in ______ SCALE, mils/in ____ _ 

Cmcal/sec)/in ___ SUPPRESSION. mg~ MOOE ________ _ 

ATM _____ /J,'--- --

FLOVV RA TE 
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dY, Cmg/minl/in ____ dY, C10X), (mils/min)/in_ 
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RUN NQ, ___ DATE_, __ _ T-AXIS OTA-DSG 
OPERATOR_, ______ _ SCALE, °Cfin _l:..aO~O ___ _ SCALE, "C/in _____ _ 

~ •/J _ / TMA 
SCALE, A:lof9/iri ~ t !J SCALE. mils/in ____ _ 

SAMPLE: ~ROG. RATE. °C/min __ _ C mcal/sec)/in __ _ SUPPRESSl□rJ."~g l~,C ~~ MOOE ________ _ 
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FLOW ~ATE ______ _ ------------------ dY, Crng/min J/in _____ dY, ( 10 )( ). r rnils/min )/in_ 
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AUN N□,-□ATE ___ 1T-AXIS OTA-DSC TGA _% TMA CJ-(- .$" 

, 1DPERATOR _____ _ SCALE. °C/in ___J_Q_O _____ .. . I SCALE, °C/in scALE~/in ~._> SCALE,rnila/in _____ I 
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PART NO. 990090 

RUN NO .. _OATE_ . __ _ T-AXtS OTA-DSC 

OPERATOR ___________ ISCALE. "C/in-.:..:10::..:0c...._ __ _ SCALE, °C/in ____ _ 
SAMPLE: 

Cp-6 

A™-----~' - ----

PAOG. AATE, °C/rnin ___ I Crncal/secl/in __ _ 

HEAT.: __ cooL __ ,so__ WEIGHT, mg _____ _ 

SHIFT, in O REFERENCE _____ _ 

FLOW RATE _______ .• __ _ 
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;~A:E.;1!/;,i :) .1 
SUPPRESSl□~­
WEIGHT rng /J,. 3 :t /. '57' . ,,J 
TIME CONST., sec;: ___ _ 

dY, rmg/minl/in ___ _ 

TMA 
SCALE. mils/in _____ _ 

MODE _________ _ 

SAMPLE S IZE ____ _ 
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dY, (10Xl, Cmils/rnin)/in _ 
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HAIN OF CUSTQOY Rl )_ ENVIRONMEN'TAL SAMPLES tr.M-un 
) ~ KERR·MCCEE Ci JDRATION 

.. . - ·--- - - - . -~ -

FACILITY SAMPLING FIRM SAMPLE 
,_M£ N,j\M[ 

~LJ.pfA-Ek!d ~CLU'Ct ____ J?:lffc!"",f L 0U!!r._f_d.!.r-" c D Effluent D Groundwater 
>DACSS ADDAE!.S 

~id _!l!_ti,H";,.,_ -2!/_ jJ . QJp~"m-!'l°'~_,.-[,,6tA-<>~ t'P. 6'Nt/ D Surface Water 
I 

..J.___ C;c ~s-~£J.J. r 6~ 1.1~.:i,,s Sl(Hf~}'JRE '£__ ~ .. 
□ /. .,,,, .h - _., 

.,, 
WEATHER SAMPLE TYPE AND METHOD TIMES NO Of NO. LOCATION DATE TIME GRAB 

CASING 
CONTAINERS ANALYSIS REQUIRED REMARKS 

TEMP PREC COMP. MECH MAN CLEARED . 

·I >< I 
('l<l..J.IA~<,£A8tr C4 T76'J , €')(C) "'411-lceAL.bO-

A/aL. /323 Ct4r✓•N ~/L~NGll. -- .. --~. .f-~~~(l 
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·I I &,tl-L jJ:i...t' X , u~exs 6-S 

~l~ 
(ECEIVEO ev I SIGNATUR[I 

IOATE ! TIME AOOITION,-L REM,-RKS 

; LINQUISHEO BV ISIGNATUREI IRECEIVEO BY I SIGNATURE• 
IOATE ITIME 

_/2?U5~ C-1u P.4-r'?:;eCQ/ 
:LINOUISHEO BV ISlGN,-TUREI IFlECEIVED BY l SIGNA.t\JhEl ICATE I TIME 

f}o3) 77Ll· os7, {.-Jn·ff. 
SPATCHEO BY I SIGNATURE! f DATE . !TIME RECEIVED FOR L.ABORA-r-ORV ISIG-NATUAEI IOA'l'IE I TIME 

Q._,E~C..•J.U 
,RRICR LASOR ... TOhV m~x~ A11?n1u. ef 1oJ./J.S/t,J./oJ./ '[)O,f'. &~~ot:!_$014> /lll._&t6t,J Ud(U 
:>ORES!; AOORESS 

ALL ANALYSIS PERFORMED BY EPA APPROVED 
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~AIN Of CUSTODY ~El,\,.,.,~ ENVIRONMENTAL SAMPLES 
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Equilibrium Distribution Coefficients -
Bat.ch Determination Techniques 

B. F. Hajek 

Introduction 

T~e equilfb~i~ distribution coefficfent (Kd) ~s an ea7ily 
determined equilibrium constant for trace ion adsorption on soils. 
In using this coefficient the assumption is made that ion exchange 
extends over a short, nearly linear, section of an adsorption 
isotherm. This assUJDption is usually valid since trace ions are 
present in small concentrations and do not occupy a significant 
portion of all ion e~change sites (1, 2, 3). 

The K d is calculated from data obtained 
tests by use of the equation, 

K 
d = Co - C ml soln 

C g soil 

in batch equilibrium 

in which c O is the initial concentration of radionuclide in 
solution and C is the equilibrium concentration after solution -

.r--- soil contact. 

Batch Equilibrium Method 

Five grams of soil obtained from samples collected by test 
borings are equilibrated with 20 ml of solution by shaking 
continuously for 16 hours (overnight). The solution used should 
simulate, as closely as possible, the solution that will actually 
flow through the soil. This can be groundwater or seepage water 
obtained on-site, simulated acid process solution, or ground water­
acid process solution mixtures. The solution used is tracad with 
ions of interest such as U, Ra, Th, and As. A higher soil-solution 
ratio may be required for u adsorption tests since adsorption will 
probably be low (< 2) . A 1: 1 ratio may ba needed in this case. A 
lower ratio may be needed for Ra and Th since Kd's may exceed 500 
ml/g. 

Radionuclide concentration in the equilibrium solution should 
be such that > 10, ooo counts can be accumulated in a reasonable 
period of time to give a counting error of less than one percent. 
All Ka. tests should be made in duplicate. 

. The soil sample is usually that fraction that passes a 2 mm 
sieve. If porous rock or porous gravel are tested for adsorption 
the solid-solution ratio should be increased and a value for in­
place density (bulk density) will be needed to express adsorption 
on a volume basis. 



Solution characteristics required: 
1. initial pH 
2. final pH 
3. concentration of major competing cations and anions 

Soil characteristics: 
1. grain size distribution 
2. qualitative mineralogy 
J. approximate bulk density 
4. pH of a 1:1, soil:water suspension 

References 

1. D. W. Bensen. 1960. Review of soil chemistry research 
at Hanford. HW-67201. General Electric co., Richland, 
Washington. 

2. w. J. Kaufman. 1963. An appraisal of the distribution 
coefficient for estimating underground movement 
of raclioisotopes. HNS-1229-21. Hazel ton - Nuclear 
sci. Corp., Pal Alto, California. 

3. w. E. Prout. 1958. Adsorption of radioactive waste by 
Savannah River Plant Soil. Soil Sci. Vol. 86, pp. 13-
17. 



FE/PROJECT NUMBER: 84007 
ATE RECEIVED: 14-JUN-89 

21-Jun-1989 
SAMPLE ID: 967479 

.OCATION: Cimarron 
UBMITTED ~Y: R. Fine 

~, ~ NAME: RF \CIM\14-JUN-89\CH-lR 
~MPLE DESCRIPTION: Soil 

IOTES: NBR same as 967479 
Results by 6-2l-B9;1705-JAE-18P71 

02:27 p.m .. 

20 ml Spiked Water;Spiked U232 8~0pC1/l 

rh-228 
J232 

0.60+-0.52 pCi/1 
1 .. :Z+-0.60 pCi/1 

pH initial 
pH -final 

Where noted by a n*u, the analysis follows ~n indirect 
methodclo9y and the concentration noted is inierred from 
the test protocol. 

7.45 
7.90 

••*••·················································· 
: APPROVED: wJ-. 1;/,u/N /J. i:fc k &k,l(f : 

······································•*•***•********** KERR-MCGEE CORPORATION Technology Division 
Proprietary Iniormation ol the Company TO BE KEPT CONFIDENTIAL 

.--- This/these samples are being returned to you. 

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



\FE/F'~OJECT. NUMBER: 84007 
)ATE RECEIVED: 12-JUN-89 

.□CATION: Cimarron 
;UBM!TT~D BY: R. Fine 

- NAME: RF \CIM\12-JUN-89\ CH-lRR 
5AMrLE DESCRIPTION: Soil 

~OTES: NBR same as 967479 
Results by 6-21-89l1705-JAE-18P72 

SAMPLE ID: 967484 
02:27 p.m. 

100 ml Spiked Water;Spiked U232 830pCi/1 

fh-228 
J232 

1.50+-0.74 pCi/1 
7.:5+-1.:S pCi/1 

pH initial 
pH final 

Where noted by a"*", the analysis follows an indirect 
methodology and the concentration noted is in~erred ~rem 
th@ test protocol. 

7.11 
7.38 

*********••············•******•************************ 
* 

·····••*••············································· KERR-MCGEE CORPORATION Technolo9y Division 
Proprietary Information of the Company TO BE KEPT CONFIDENTIAL 

_ . .--,__ This/these samples are being returned to you. 

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



~~/PROJECT NUMBER: 84007 
ATE RECEIVED: 12-JUN-89 

27-Jun-1989 
SAMPLE ID: 967474 

~ ,ION: Cimarron 
fTED BY: R. Fine 

AMPLE NAME: RF \CIM\12-JUN-89\ CH-1X 
AMPLE DESCRIPTION: Soil 

OTES: NBR same as 967474 
XRD of crystalline phases 
1698-JAH-22P82;1724-SMA-bP4,5,11,12 

laj or 
ic:c:essory 
iulk Density 
•H of 1: 1 soil 
·8 

Quartz = Si02 
T.J M , E 

77 lbs/ft3 
7.6 

0.17 'l. 

+20 
+60 
+100 
+200 
+325 

07!53 a.m. 

Where noted by a "*"', the analysis follows a.n indirect 
methodolc9y and the concentration noted is inferred from 
the test protocol. 

This/these samples are being returned to you. 

I. -

M -

F 

I I 1 ii:.e clay - (K J H3 o) A J:t Si3 A I 010 (oH) ;z 

Mont mori //oni'tt. - Ch lorii.e.. c.la.)' 
t= cl cl sf Cf. r tJ Q A\ S ; 3 o v 

.,. 

45.72 ¼ 
73.05 'l. 
77 .. 60 7-
82.41 7. 
87,.04 '1. 
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FE/PROJECT ~UMBER: 84007 
ATE RECEIVED: 12-JUN-89 

21-Jun-1'tB'7' 
SAMPLE ID: 967480 

OCATION: Cimarron 
UBMITTED BY: R. Fine 

•• ·,I _ NAME: RF \CIM\12-JUN-89\ CH-5R 
:AMPLE DESCR ! PT I ON: Soi 1 

IOTES: NBR Scime as 967479 
Results needed by 6-21-89 

02:27 p.m. 

20 ml Spiked Water;Spiked U232 B~OpCi/1 

"h-228 
J232 

0.90+-0.60 pCi/1 
2.7+-0.90 pCi/1 

pH initial 
pH final 

Where noted by a "*"7 the analysis follows an indirect 
methodology and the concentration noted is inTerred from 
the test protocol. 

: APPROVED:~~ ll.1 !t, 

7.45 
7.76 

*******•*••·······································~···· KERR-MCGEE CORPORATION Technology Division 
Proprietary Information of the Company TO BE KEPT CONFIDENTIAL 

,,,-..__ This/these samples are being returned to you. 



"E/PR0JECT.NLJHBER: 84007 
~E RECEIVED: 12-JUN-89 

}CATION: Cimar~on. 
JBMITTEO BY: R. Fine 

__ ,,. ________ __ 

NAME: RF \CIM\12-JUN-89\ CH-5RR 
~M~~~ DESCRIPTION: Soil 

)TES: NBR same as 967479 
Results needed by 6-21-89 

SAMPLE ID: 967485 
02:27 p.m. 

100 ml Spiked Water;Spiked U232 B~OpCi/l 

,-228 
232 

0.90+-0.60 pCi/1 
3.6+-1.0 pCi/1 

pH initial 
pH final 

Where noted by a 11 *11
, the analysis follows an indire<:t 

methcdology and the concentration noted is infe~red from 
the test pr0tocol. 

: APPROVED:~<«Lufu t~; 

7.22 
7.46 

• 
******************************************************* 

KERR-MCGEE CORPORATION Technology Division 
Proprietary Information cf the Company TO BE KEPT CONFIDENTIAL 

This/these samples are being returned to you. 



➔FE/PROJECT NUMBER: 84007 
)ATE RECEIVED~ 12-JUN-89 

27-Jun-1989 
SAMPLE ID: 967475 

_QCATI □N: Cimarron 
~ -TTED BY: R. Fine 

3AMPLE NAME: RF \CIM\12-JUN-89\ CH-5X 
SAMPLE DESCRIPTION: Soil 

~OTES: NBR same as 967474 
XRD of crystalline pha~es 

Maj er Quartz= Si02 f CQ tc.·,lc.. == c~co.3 
AccessoryOolomit:e.- =Cg.}::\~ (CO~A f:- Kao\ir,tc.=. 
Bulk Density 87 lbs/ft3 
pH c~ 1:1 soil 8.8 

+:20 
+60 

100 
+200 

+8 0.03 i. +32:; 

I" S' 'l Os-(oH)"I 

07:53 a.rn. 

Where noted by a 11 * 11
, the analysis follows an indirect 

methodology and tne concentration noted 1s inferred from 
the test p~otocol. 

* * APPROVED: 

* 

32.44 
56.56 
78.36 
92.97 
96.94 

.-------- *. * * * •• *. *. *. * * * * * •• * •• *. * •• * * •• * •• *. * •• * * * * * * * * *. * *. * * 
KERR-MCGEE CORPORATION Technology Division 

Prop~ietary Information of the Company TO BE KEPT CONFIDENTIAL 

This/these samples are being returned to you. 

7. 
i-
i. 
7. 
7. 
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➔FE/PROJECT :'NUMBER: 84007 
DATE RECEIVED: 12-JUN-89 

z1-Jun-I'76'7 
SAMPLE ID: 967481 

_QCATION: Cimarron 
3UBMITTED BY: R. ~ine 

.E NAME: RF \CIM\12-JUN-89\ CH-6R 
SAM~LE DESCRIPTION: Seil 

NOTES: NBR same as 967479 
Results needed by 6-21-89 

02:27 p.m. 

20 ml Spiked Water;Spiked U232 B~OpCi/1 

Th-228 
U23:2 

0.60+-0.52 pCi/1 
9.3+-1.7 pCi/1 

pH initial 
pH final 

Where noted by a 11
•

11
., the analysis follows an indirect 

methodology and the concentration noted is inierred from 
the test protocol. 

: APPROVED: Ctw~ ,'7.,fu • • 

7.50 
7.8:2 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
KERR-MCGEE CORPORATION Technglo9y Division 

Proprietary Information of the Company TO BE KEPT CONFIDENTIAL 

This/these samples are being re~urned to you. 

.,.. 



➔FE/PROJECT NUMBER: 84007 
JATE RECEIVED: 12-JUN-89 

-□CATION: Cimarron 
3UBMITTED BY: R. Fine 

------. ~ NAME: RF \CIM\12-JUN-89\ CH-6RR 
SAM.---c...E DESCRIPTION: Sail 

NOTES: NBR same as 967479 
Results needed by 6-21-89 

SAMPLE ID: 967486 
02:27 p.m. 

100 ml Spiked Water;Spiked U232 850pCi/1 

Th-228 
U232 

0.90+-0.60 pCi/1 
9. 9+-1. 7 p Ci/ l 

pH initial 
pH finc:11 

Whet"e noted by a 11 *", the analysis follows an indirect 
methodology and the concentration noted is in~erred irom 
the test pr0t0cc1. 

W"-111 .i. F'--1 ,1 

7.19 
7.40 

···••***~****************************************••···· 
KERR-MCGEE CORPORATION Technolo~y Division 

Proprietary Information of the Company TO BE KEPT CONFIDENTIAL 

This/these samples are being returned to you. 



~E/PROJECT NUMBER: 84007 
\TE RECEIVED:M12-JUN-89 

27-Jun-1989 
SAMPLE ID: 967476 

)CATION: Cimarron 
_,:----~TED BY: R.. Fine 

➔MPLE NAME: RF \CIM\12-JUN-89\ CH-6X 
➔MPLE DESCRIPTION: Soil 

JTES: NBR same as 967474 
XRD on crystalline phases 

ajor 
ccessof"'y 
ulk Density 
Hof 1:1 soil 
8 

Quartz = Si02 
I,M; f 

77 lbs/~t3 
a.1 

0.14 % 

+20 
+60 
+100 
+200 
+32:S 

08:17 a.rn. 

Where noted by a 11 *", the analysis follows an indirect 
methodology and the concentration noted is inferred from 
the test protocol. 

41.63 
80.97 
88.43 
94.85 
97.83 

******************************************************* 
• * 
• APPROVED: (:J;)t. ~ • 
* ~-l. 7-'87 ( -)'Jf'f • 

,,.---------. * * * * * * * * * * * * * * * * * * * * * * * * *. * * * * * * * * * * * * *. * * * ••• * * * * * * * * * 
KERR-MCGEE CORPORATION Technclo9y Division 

Proprietary Information of the Company T□ BE KEPT. CONFIDENTIAL 

This/these samples are being returned to you. 
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~FE/PROJECT .NUMBER: 84007 
JATE RECEIVED: 12-JUN-89 

~ .1-.., un- .1. 7t:r·t 

SAMPLE ID: 967482 

_QCATION: Cimarron 
SUBMITTED BY: R~ Fine 

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

~~ 2 NAME: RF \CIM\12-JUN-89\ CH-BR 
3AMPLE DESCRIPTION: Soil 

~OTES! NBR sam~ as 967479 
Results needed by 6-21-89 

0:2:27 p.m. 

20 ml Spiked Water;Spiked U232 B~OpCi/1 

Th-228 
U232 

1.20+-0.42 pCi/1 
1412+-0.60 pCi/1 

pH initial 
pH final 

Where noted by a"*", the analysis ~ollows an indirect 
methodolo9y and the concentration noted is inferred from 
the test protoccl. 

7.49 
7.75 

***********************••·············••********•****** 

: APPROVED: c;w, t,/vlH A.furs : 
• * 
***********************************************••······ 

KERR-MCGEE CORPORATION Technology Division 
Proprietary Information of the Company TO BE KEPT CONFIDENTIAL 

_---, This/these samples are being returned to you. 



..::...L-wUI 1-.1.707 

FE/PROJECT-N~MB~R: 94007 
ATE RECEIVED: 12-JUN-89 

□CATION: Cimarron 
UBMITTED BY: R. Fine 

. NAME: RF \CIM\12-JUN-89\ CH-BRR 
;AMt--Lf~ DESCRIPTION: Soi 1 

l□TES: NBR same as 967479 
Results needed by 6-21-89 

SAMPLE ID: 967487 
02:27 p.m. 

100 ml Spiked Water;Spiked U232 850pCi/l 

'h-228 
1232 

0.90+-0.60 pCi/1 
1.5+-0.67 pCi/1 

pH initial 
pH -final 

Where noted by a"*", the analysis -follows a.n indirect 
methodology and the concentration noted is inferred f~om 
the test protocol. 

7.:ZO 
7.42 

******************************~************************ 

: APPROVED: ~6/u/2, b-ki.e~..__ 
• 

• 
* 
* 

****••·*•********************************************** 
KERR-MCGEE CORPORATION Technolo9y Division 

Proprietary Informaticn of the Company TO BE KEPT CONFIDENTIAL 

This/these samples are beins returned to you. 



27-Jun-198? 
,FE/PROJECT NUMBER! B4007 
1ATE RECEIVED=- 12-JUN-89 

. □CATION: Cimarron 
,-,,,-----.,_TTED BY: R. Fine 

iAMPLE NAME: RF \CIM\12-JUN-89\ CH-BX 
iAMPLE DESCRIPTION: Soil 

JOTES: NBR same as 967474 
XRD of crystalline phases 

1aj or 
~ccessory 
3ulk Density 
:,Hof 1:1 soil 
i.8 

Quartz = Si02 
C D I, M 

) ) )94 lbs/-ft-3 

8. 2 
0.01 i. 

+:.20 
+60 
+100 
+200 
+32:S 

SAMPLE ID: 967477 
07:53 a .. m • 

Where noted by a "* 11
, the analysis follows an indirect 

methodology and the concentration noted is inferred from 
the test protocol. 

11.72 
29.35 
57.80 
91.93 
97.14 

*************************•****•***********************• 
* • 
* APPROVED: {5jj ~ ~ • 
* '2 -:i.J-8J_ ,~7-l; * 
*****************************************•***********•* 

~ERR-MCBEE CORPORATION Technology Division 
Proprietary Iniormation of the Company TO BE KEPT CONFIDENTIAL 

This/these samples are being returned to you. 
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FE/PROJECT' NUMBER: 84007 
:ATE RECEIVED: 12-JUN-89 

21-Jun-1 '76'7' 
SAMPLE ID: 9b7483 
02:27 p.rn. 

.□CATION: Cimarron 
iUBMITTED BY: R. Fi ne 

,,,,.---.._ 

1t1t'. _ NAME: RF \CIM\ 12-JUN-89\ CH-14R 
~MPLE DESCRIPTION: Soil 

IOTES: NBR same as 967479 

~h-22S 
J232 

Results needed by 6-21-89 
20 ml Spiked Water;Spiked U232 850pCi/l 

1.20+-0.42 pCi/1 
3.0+-0.95 pCi/"l 

pH initial 
pH -final 

Where noted by a"*", the analysis follows an indirect 
methcdolo9y and the concentration noted is inferred from 
the test p~otocol. 

: APPROVED:~ 1clz,le.1 D-l{etc r;. 

7.50 
7.82 

* ·••*************••·············••**********••·········· 
KERR-MCGEE CORPORATION Technology Division 

Proprietary In~crmation c~ th~ Company TO BE KEPT CONFIDENTIAL 

------ This/these samples ~re being returned to you. 

/ ...---.., _ 



FE/PROJECT NUMBE:R: 84007 
ATE RECEIVED: 12-JUN-89 

□CATION: Cimarron 
UBMITTED BY: R. Fine 

. NAME! RF \CIM\12-JUN-89\ CH-14RR 
AMPLE DESCRIPTION: Soil 

:QTES: NBR same as 967479 
Results needed by 6-21-89 

SAMPLE ID: 967488 
02:27 p.m. 

100 ml Spiked Water;S~iked U23Z 850pC1/l 

'h-228 
1232 

0.60+-0.52 pCi/1 
2.l+-0.99 pCi/1 

pH initial 
pH -final 

Where noted by a 0 ifl 0
., the analysis follows an indirect 

methodolo9y and the concentration noted is inierred irom 
the test protocol. 

: APPROVE:D: ~ L{u lt7 h-Gck> 
* <...:::_ 

7.23 
7 .. 46 

• 
* 
* 

······••*•*****************••········•·*•*·•········••* 
KERR-MCGEE CORPORATION Technolosy Division 

Propri~ta~y Information of the Company TO BE KEPT CONFIDENTIAL 

,-----._ This/these samples are ·bein9 returned to you. 



1FE/PR0JECT NU_!tBER: 84007 
1ATE RECEIVED: 12-JUN-89 

27-Jun-1989 
SAMPLE ID: 967478 

~~ATI □N : Cimarron 
_,--..__TTED BY: R. Fine 

iAMPLE NAME: RF \CIM\12-JUN-89\ CH-l4X 
~AMPLE DESCRIPTION: Soil 

IOTES: NBR same as 967474 
XRD of crystalline phases 

1aj or Quartz= Si02 4: Do 'omi te. = Co.M~ (co~)+:20 
kc:essory C. I..) M ¼60 
3ulk Density J 84 lbs/ft3 -+-100 
,Hof 1:1 soil B.7 +200 
.. a o. os ;. +325 

07:53 a.m. 

Where noted by a 11 *", the analysis follows an indirect 
methodology and the concentration noted is inferred from 
the test protocol. 

26.23 
58.53 
68.44 
84.63 
92 .. 63 

******************************************~************ 
* 
* APPROVED: e~E 4IJ_ : 

~-27-~'f l~7f17 * * 
******************************************************* 

· KERR-MCGEE CORPORATION Technology Division 

i. 
r. 
t. 
;. 
7. 

Proprietary In~ormation o+ the Company TO BE KEPT.CONFIDENTIAL . 

This/these samples are being returned to you. 

C... - Co. I cite. - CctC.03 
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CKftlNOf CUSTDfi )80- ENVfAONMENTAt SAMPLES I< M·•7•& t, ... ,2 -8 9 
@ KERR-MCGEE C· '(ORATION 

-- -- SAMPLING F.iR.M'-· -· _...... . - . --- --· . - ·• · •-" .... . ,:_,:.=.,:..; • ...=..:.,_SAMPLE-·-:; ·_ - ... ::., .. ~---
FACILITY 

NJIME NAME 

{!,MA'tl!.~• l ~,.c., L.,,..,, l!_ 1 MA~ktH1 __ eo~ Q ···--•·-----··----- 0 E!fluent D Groundwater 
N ·-

ADDRESS AOORE:SS 

□ Solid D Surface W~ter (~.JL~ 'SC. E ~ T ~ I) t:,. l!.~csctAI r 
1 

0 t. 
f 

SIGN--.TURE: 

i<~~LJ □ -•-- ... ---- ·-·· --- -· - - ..,.. ··- - ----· .__ . . -· . ·- . ' ...... 
WEATHER SAMPLE TYPE AND METHOD TIMES NO OF 

NO. LOCATION DATE TIME 
MAN. 

CASING 
CONTAINERS ANALYSIS REOUmED REMARKS 

TEMP. PREC. COMP. GRAB MECH CLEARED 

-L 132~ A ~· i-z. .. a, X 5 ;l 
i-------·- .. 

_Ot!>T R' s~r,o,.J Two c!)~~ 

~OE FF.Ctt. ~'"r 4-A_e.:,_o~ ~1.1_8, - --· --· -
AAJ,1(. YSIS "rA1rJ'EJZ 5 

I 

'f 

RELINQlJISHE~~~I 1-..:S) IRE:CEIYEO Bl' ISIGNATUREI lOA"fE i TIME 
AOOITION.-,L F'EMARt<S 

77.,1 Sc!*fl:t ~~"~~H·«d al 
ilELIN()UISHEO e..-1SIONATO"REI IREC£1VED BY ISl<iNAl'UREI 

!DATE i TIME 

REllNOUISHEO BY ISIONATURl'.I 
_-re i 14.-.1., o.f PA7 8lZE~AJt;~ 

rECEIV[D BY ISIGNATUR£1 
IOATE 

-

1 

TIME I 

_,,.- --...... J~JZA1'lT Assoc,-,. ft., o"~,~~,s 
DISPATCHED av ISIGNATUR£1 rAT&: !TIME ( REC~_yeo~ !°ATE f "IME cJ 

~ -..... ~ . ~- ._.,. . I~ y:,_?' As d!~~~~~~J ~ •. ~~ _Ot.Jlb_g~Su· 
C-'IRRIER I.ADORA/ / I . ~. 

AOORESS ADDRESS 
ALL ANALYSIS PERFORMED BY EPA APPROVED 

;:'s~ lHOD OF SHIPMENT 
PROCEDURES 

D Yes -· D No, explain aboye 



,~ . 

APPENDIX I 

HELP MODEL SIMULATIONS 

808211: 9-12-89 



ENTER 

DEFAULT~ UNVEGETATED~ UNCOMPACTED SOIL CHARACTERISTICS 
==~===~=================================------------------=== 

SOIL TEXTURE 

HELP USDA uses 

DI i"1ENS I ONLESS 
POROSITY FIELD WILTING 

CAPACITY PIJINT 

SAT. HYD. 
CONDUCTIVITY 

( CM/ .SEC) 
==============~=~========================================-=== 

1 cos GS 0.417 0.045 0.018 1 .. 0E-02 
2 8 SW 0.437 0.062 0.024 5 .. 8E-03 
~ ·-· FS SM 0.457 0.083 0.033 3v1E-03 
4 LS SM 0.437 0.105 0.047 1.?E-03 
~ LFS SM 0.457 0.131 0 .. 058 1.0E- 03 
6 SL SM (). 453 1).19() 0.085 7 .. 2E-04 
7 FSL SM ().473 0.222 0.104 !:1 • 2E-04 
8 L ML 0~463 ().232 0.116 3. 7E·-04 
9 SiL ML 0.501 0.284 0.135 1.9E-04 

10 SCL SC 0.398 0.244 0.136 1. 2E'.-04 
11 CL CL 0.464 0,310 0.187 6.4£-05 
12 SiCL CL 0.471 0.342 0 .. 210 4.2E-05 
13 SC CH 0.430 0.321 0.221 3.3E-05 

RETURN TO VIE\.i.J THE REST OF THE SOIL TYPES. 

11 CL CL 0 .. 464 0.310 0.187 6.4E-05 
12 SiCL CL 0.47.t 0.342 0.:'.10 4. 2E-0:• 
13 SC CH 0.430 0.321 0.221 3. 3E-()5 

~~---~------------------------------------------------------­-------------------~-----------------------------------------
ENTER RETURN TO VIEW THE REST OF THE SOIL TYPES. 

SOIL TEXTURE 

HELP USDA uses 

1'-l- SiC CH 
15 C CH 
16 Liner Soil 
17 Liner Soil 
18 Mun. l-'Jaste 
19 USER 
20 USER 

DIMENSIONLESS SAT. HYD. 
POROSITY 

0.479 
0 .. 47::, 
0.430 
0.400 
0 .. 520 

SPECIFIED 
SPECIFIED 

FIELD 
CAPACITY 

0.371 
0.378 
0.366 
0.356 
0.294 

WILTING 
POINT 

0.251 
0 ~ 26~5 
0.280 
0.290 
0.140 

CONDUCTIVITY 
( Ct1/SEC) 

2.5E-05 
1.7E-05 
1 .. 0E-07 
1.0E-08 
2. ()E-<)4 

SOIL CHARACTERISTICS 
SOIL CHARACTERISTICS 

5.9 ENTER SOIL TEXTURE OF SOIL LAYER 1. 



~-- ~****************************************************i*************i 
***********l*********************************************************** 

CIMARRON DECOMISSIONING PROGRAM~ CASE LF1 
CIMARRON FUEL FABRICATION FACILITY 
05-22-89 

*****,**************************************************I************** 
**I******************************************************************** 

LAYER 1 

AVERAGE MONTHLY VALUES IN INCHES FOR 1 THROUGH · 20 

F'F:ECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

.,,----.. STD. DEVIATIONS 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 .. 87 
2.88 

0.55 
1.97 

0 .. 011 
0 .. 010 

o .o~,o 
0.044 

0 .. 790 
4.491 

0.384 
2.071 

1.25 
2.27 

0.75 
1.59 

0.012 
0.000 

0. 0::,2 
0.000 

0.882 
2.456 

0.479 
1.330 

2 .. 09 
4 .. 40 

1.10 
2.55 

0.045 
0.013 

0 .. 119 
0 .. 037 

1. 4:56 
2.689 

0.617 
1.202 

3.04 
3 .. 27 

1.90 
2.00 

0.357 
0.120 

0.707 
0.347 

1.789 
1 7?7 ...... ' ..... , 

0 .. 611 
0.563 

4.85 
1.. 77 

2.74 
1.67 

0.883 
0.159 

1.398 
0.597 

3 .. 284 
1.044 

0.705 
0.384 

3 .. 03 
1.13 

1.27 
0.77 

0 .. 039 
0.()3•~ 

0.120 

6,.254 
0.857 

Ci. 672 
1).421 

PERCOLATION FROM LAYER 2 

TOTALS 0~1267 0.1199 0.1494 0.1771 0.2237 0.1723 
0.0440 0.0000 0.0049 0 . 0652 0.1075 0.1332 



~VERAGE ANNUAL TOTALS (AND STD. DEVIATIONS) FOR 1 TH~:OUGH 20 

(INCHES) {CU. FT.) F'ERCENT 

---------------- ----------- -------
PREC IF; l TAT I ON 30.85 ( 5.709) 25707!:1. 100.00 

RUNOFF 1.687 2.218) 14056. 5n4/ 

EVAPOTRANSPIRATION 27.719 3.734) 230989. 89.85 

PERCOLATION FROM LAYER ""l 1.3239 0 .. 5450j 11(.-r-r 4 ")0 .L -··~~, . ..::, . 

PEAK DAILY VALUES FOR 20 1 THROUGH 

(INCHE:S) (CU. FT.) 

-~ - PRECIPITATION 4 .. 63 38583.3 

RUNOFF 3.217 268(>5 .. 3 

PERCDLATI01'J FHOM LAYER .... 
.L 0.0103 85.5 

HEAD ON LAYER 2 24 .. 3 

SNOL~J WATER 1.28 10681 .. 1 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4200 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1028 

i***************************************************llil*****l******i*l 
***************************************************************l******i 



*~ -~*******************************,*********************************** 
*********************************************************************** 

CIMARRON DECOMISSIONING PROGRAM, CASE LF2 
CIMARRON FUEL FABRICATION FACILITY 
5 - 22-89 

*********************************************************************** 
*****************************************************i***************** 

THICKNESS 
POROSITY 

--~ I ELD CAPACITY 
.JILTING F'OINT 
INITIAL SOIL 1,.JATER 
SATURATED HYDRAULIC 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

LAYEF: 1 

VERTICAL PERCOLATION LAYER 
= 24.00 INCHES 

0 .. 4200 VOL/VOL 
= 0.2400 V□LiVOL 
::: 0.1040 VOL/VOL 

CONTENT = 0.1886 VOLiVOL 
CONDUCTIVITY = 0.0000999999975 

LAYER 2 

BARRIER SOIL LINER 
::: 

= 
= 
= 

12 .. 00 INCHES 
0.3300 VOL/VOL 
0.2400 VOL/VOL 
0.1040 VOL/VOL 
0. 330(> VOL/VOL 

CM/SEC 

INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0 .. 0000010000000 CM/SEC 

GENERAL SIMULATION DATA 

-~ 

1CS RUNOFF CURVE NUMBER 
· -T□TAL AREA OF COVER 

= 65. ()() 
= 100000. SQ FT 

EVAPORATIVE ZONE DEPTH = 24.00 INCHES 
UPPER LIMIT VEG. STORAGE = 10.0800 INCHES 
INITIAL VEG. STORAGE = 4.5275 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM. 



CLI~ATOLOGICAL DATA 

-
SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMF'Ef;:ATIJRES AND 
SOLAR RADIATION FOR OKLAHOMA CITY OKLAHOMA 

. ,AX I MUM LEAF AREA INDEX = 2. (H) 

START OF GROWING SEASON (JULIAN DATE) = 98 
END OF GROWING SEASON (JULIAN DATE) = 307 

AVERAGE MONTHLY VALUES IN INCHES FOR 1 THR1JUGH 20 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 
------- ------- ------- ------- -------

PRECIPITATION 
-------------

TOTALS 0.87 1.2=· 2.09 3.04 4.85 
2.88 ? ,.,...,. 

.,_ ..... , 4 .. 40 3.27 L77 

SiD. DEVIATIONS 0.55 0.75 1.10 1 .. 90 2 .. 74 
1-97 l.59 2.55 2.00 l.67 

RUNOFF 
- -----

TOTALS (>MOOO 0.000 (> • l)(H) 0.051 0.234 -~ 0.010 0.000 0.012 0.121 0.057 

STD. DEVIATIONS 0. (>00 0.000 0.000 0.201 0.505 
f).045 (}. (>00 0.037 0.349 0.257 

EVAPOTRANSPIRATION 
------------------

TOTALS 0.781 0.885 1.459 1.803 3.306 
3.007 2 .. 449 2.691 1.745 1.037 

STD .. DEVIATIONS 0.372 0.482 0.618 0.613 0 .. 751 
1.768 1.325 1.217 0.566 0 .. 396 

F'E~:COLAT I ON FROM LAYEF: 2 

-------------------------
TOTALS 0.2337 0 .. 2089 0.3218 0.6076 1.0633 

0.0348 0.0000 0.0447 0.5105 0.6927 

STD .. DEV_IATIONS 0.4050 0.2692 0.3677 0.5195 0 .. 8079 
0.0962 0.0000 0.1061 0.7241 0.7733 

JUN/DEC 
-------

3.03 
L13 

1.27 
0.77 

0.000 
0.000 

0 .. 000 
0.000 

5.454 
0.858 

1.133 
0.410 

0.5912 
0.5559 

0.6397 
0.6571 

AVERAGE ANNUAL TOTALS (AND STD. DEVIATIONS) FOR 

(INCHES) 

1 THROUGH 20 

(CU. FT. ) f·E:RCENT 

F'REC IF• IT AT I ON .. 



;:;,I_Jf,J[•Fr 0 .. 485 

EVAPOTRANSPIRATION 25.477 

PERCOLATION FROM LAYER 2 4.8651 

PEAK DAILY VALUES FOR 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 2 

HEAD ON LAYER 2 

SNOliJ l.rJATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

.,,----.. MINIMUM VEG. SOIL llJATER (VOL/VOL) 

(~; .. ~=:: ~\ 
3.570) 

2.6231) 

1 THROUGH 

(INCHES) 

4.63 

1.566 

0.1018 

24.1 

1.28 

40-4:::. 

21231(). 

40542. 

20 

(CU. FT. ) 

38583.3 

13053.3 

848.2 

10681. 1 

0.4200 

0.1028 

. c.: -~ 
~ ,_I:' 

:32. 59 

1 ::, " Tl 

*********************************************************************** 
*********************************************************************** 



~\ ***********************************%******************************* 
*l***************************l***************************************** 

CIMARRON DECOMISSIONING PROGRAM~ CASE LF3 
CIMARRON FUEL FABRICATION FACILITY 
1)5-22-89 

****************************************************************~~*t*** 
********************************************************************~** 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 

:~ -IL..TrNG F'OINT 
. . ~ITIAL SOIL WATER CONTENT 

SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

== 

== 
== 
:::; 

BARRIER SOIL LINER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
li.JIL TING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

== 

;;;: 

24.00 INCHES 
0.4200 VOL/VOL 
0.2900 VOL/VOL 
0. 1870 'vOL/VOL 
0.2544 VOL/VOL 
0.0000499999987 CM/SEC 

12.00 INCHES 
0.3300 VOL/VOL 
0.2900 VOL/VOL 
0 .1870 \JOL/l)!Jl 
0.3300 VOL/VOL 
0.0000001000000 CM/SEC 

*********************************************************************** 
AVERAGE MONTHLY VALUES IN INCHES FDR 1 THROUGH 20 

-----.. 

JAN/,JUL FEB/AUG MAR/SEP AFR/OCT MAY/NOV ,JUN/DEC 

------- ------- ---------- ------- ------- -------
F'RECIPITATION 
--------------

TOTALS 0 .. 87 1 .25 2.09 3.04 4d:3~I 3.03 
2 . 88 '""' .·..: / 4 ·-!i ::.-::- .. i .. -::-

·· - · -·· ... --~ ·-



.l.'"// ~-~"1 ~ • :1 :-, ~ .. :_If_· l '.::,,- i_.l ,. .-; ,.-

RUNOFF 
------

TOTALS 0.009 0.000 0.063 0.467 1.109 0.085 
0 .. 124 0.034 0 .. 305 ().4(~7 0.188 0.030 

~ 

STD. DEVIATIONS 0.039 0 ■ (H)O 0.178 0.828 1.452 0.181 
0.326 0.124 0.476 0.736 0.688 0.09.3 

EVAPOTRANSPIRATION 
------------------

TOTALS 0 .. 836 0 .. 947 1.532 1 .. 900 3.498 ;::, . 878 
3.092 2.388 2.741 1.844 1.094 0.925 

STD. DEVIATIONS 0.388 0.493 0.728 c).635 0.824 1. 02=, 
1.878 1 .. 342 1..215 0.624 0.446 0.450 

F'ERCOLATION FROM LAYER 2 
-------------------------

TOTALS 0 .1247 {) .1184 0.1476 0.1765 0.2169 0.1328 
0.0093 0.0000 0.0050 0.0621 0.1110 0.1387 

STD .. DEVIATIONS 0.1149 0.1046 0 .11::,3 0.0964 0.0729 0.0639 
0.0174 {:). QQQ<) 0.0115 0.0980 0.1149 r) • .:!.163 

AVERAGE ANNUAL TOTALS (AND STD. DEVIATIONS) FOR 1 THROUGH 20 

(INCHES) (CU. FT. ) F'ERCENT 

---------------- ----------- -------
PRECIPITATION 30.85 ( 5.709) 257075. 100.00 

RUNOFF 2 .. 822 2.657) 23513. 9.15 

EVAPOTRANSPIRATION 26.676 3,.673) 2223()3. 86.47 

PERCOLATION FROM LAYER 2 1.2427 0.5148) 10356. 4.03 

PEAK DAILY VALUES FDR 20 1 THHOUGH 

(INCHES) (CU .. FT.) 

PF!ECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 2 

4.63 

3. 177 

0.0102 

38583 .. 3 

26478.0 



MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1.22 

0.4200 

0.1857 

jl .~~***********************************i****************************i** 
*********************************************************************** 

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



~ ~**************************************************I**************** 
*************************i********************************************* 

CIMARRON DECOMISSIONING PROGRAM, CASE LF4 
CIMARRON FUEL ~ABRICATION FACILITY 
05-22-89 

***************i******************************************************* 
*****************~***************************************************** 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
FOROSITY 

24.00 INCHES 

FIELD CAF'ACITY 
.~IL TING POINT 

NITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

= 

= 
;;:; 

BARRIER SOIL LINER 
THICKNESS 
F'OROSITY 
FI ELD CAF'AC I TY 
t~JIL TING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

= 
;:;; 

= 

= 

0-4200 VOL/VOL 
0.2400 VOL/VOL 
C,.1040 VOL/VOL 
0.1876 VOL/VOL 
0.0000999999975 CM/SEC 

12.00 INCHES 
Q.3300 VOL/VIJL 
0.2900 VOL/VOL 
0.1870 VOL/'v'OL 
0. 3300 VOL/\/OL 
0.0000000100000 CM/SEC 

***************************************************************i******* 
AVERAGE MONTHLY VALUES IN INCHES FOR 1 THROUGH 20 

JAN/JUL FEB/AUG MAR/SEP APF~/OCT l"lAY/NOV JUN/DEC 
------- ------- ------- --------- ------- -------

PRECtPITATION 
-------------

TOTALS 0.87 l.25 2.09 3.04 4.85 3 .. r)3 
:~ .8'.3 2~=7 --+. 4(• . .::1 ~- ... 

!.. ... _!_ ... .!.. : L ~· 



F:UMOFF 

TOTALS 

3TD. DE',.JIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD .. DEVIATIONS 

0.032 
0.010 

0 .. 102 
0.044 

0.789 
4.833 

0.383 
1.990 

PERCOLATION FROM LAYER 2 

1.59 

0.076 
0.000 

0 .. 229 
().00() 

(),.887 
2.458 

0.478 
1.338 

0.224 
0.013 

0.469 
0.037 

1.461 
2.690 

0 .. 617 
1.199 

2.00 

o. 54.3 

0 .. 946 
0.356 

1.788 
1.722 

0.611 
0.560 

1.168 
0.176 

1.525 
0.654 

3.221 
1.043 

0.689 
0.384 

0 .. 075 
(). 063 

0 .2'.51 
0.197 

6 .. 315 
0.859 

0.574 
0.422 

TOTALS 0.0137 0.0132 0.0164 0.0189 0~0235 0.0185 
0.0057 0.0000 0.0005 0.0066 0.0111 0.0140 

STD. DEVIATIONS 0.0132 0.0119 0.0127 0.0106 0.0080 0.0069 
0.0047 0.0000 0.0011 0.0097 0.0124 0.0129 

AVERAGE ANNUAL TOTALS (AND STD. DEVIATIONS) FOR 

(INCHES) 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 2 

30.85 C 5.709) 

2.508 ( 2.687) 

28.066 3.508) 

0.1422 0.0574) 

PEAK DAILY VALUES FOR 1 THROUGH 

(INCHES) 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 2 

4.63 

0~0010 

...,,_., ~ 

.::..,.,~ ..... ) 

1 THROUGH 

(CU. FT.) 

257075. 

20899 .. 

233886. 

1185. 

20 

20 

PERCENT 

100.00 

8.13 

90.98 

0.46 

(CU. FT. ) 

38583.3 

27598.7 

8.6 



MAXIMUM VEG. SOIL WATER (v'OL/'v'OL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

0.4200 

0.1028 

~~ Xl***l**l*******~*l************************************************ 
*********************************************************************** 

~ *P-* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * t * * * * t t t * * * t * * * * * * * 
' ~****************************************************************** 

CIMARRON DECOMISSIONING PROGRAM, CASE NAl 
CIMARRON FUEL FABRICATION FACILITY 
05-22-89 

*********************************************************************** 
*********************************************************************** 

LAYEF: 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
~iJIL TING POINT 
INITIAL SOIL WATER CONTENT 

_.,,-....·,e:ffLJRATED HYDRAULIC CONDUCTIVITY 

LAYER 

= 
= 
= 
= 
= 
= 

36.00 INCHES 
0.4200 VOL/VOL 
0.2400 VDL/\JOL 
0.1040 VOL/VOL 
0.2056 VOL/VOL 
0.0000999999975 CM/SEC 



I H .L -~ ~- Nt:..:;.~ 

F OF~1JS I ri . 
FIEL..D CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY _,-...... 

= 

:::: 

AVERAGE MONTHLY VALUES IN INCHES FOR 

JAN/JUL FEB/AUG MAR/SEF' 
------- ------- -------

PRECIPITATION 
-------------

TOTALS 0.87 1 -,c: 
• ..::. ,_J 2.09 

2.88 2.27 4.40 

STD. DE\J I AT 1 ONS 0.55 0.75 1.10 
L 97 1.59 2 .. 55 

RUNOFF 
------

TOTALS 0 • (H)() 0.000 0.000 
0.010 0.000 0.012 

,,,---,_sTD. DEVIATIONS 0.000 0 .. 000 0.000 
0.045 0.000 <).()37 

EVAPOTRANSPIRATION 
------------------

TOTALS 0.780 0. 88~, 1.459 
2.914 2 .. 449 2.698 

STD. DEVIATIONS 0.370 0.482 0.618 
1.768 1.325 1.212 

PEF;COLAT I ON FF:OM LAYER 2 

-------------------------
TOTALS 0.2733 0.2087 0 .. 3131 

0.2592 0 .. 0077 0.0369 

STD. DEVIATIONS 0.4515 Oft2976 0.3449 
0.4416 0.0346 0.0879 

_--------.:,, 

IJ • . .:. ... ~.,_: \) ,.JOL / \.'OL 

0 .. 2400 VOL/VOL 
0.1040 VOL/VOL 
0.3300 VOL/VOL 
0.0000010000000 CM/SEC 

1 THROUGH 20 

APR/OCT MAYiNOV JUN/DEC 
------- ------- -------

3.04 4,.85 3.(\3 

3.27 1..77 1..13 

1.90 2. 74. 1.27 
2.00 1.67 .... , -, ...... 

1,.. ;t / / 

0.051 ().152 <),.000 

0.121 0.012 0.000 

0.202 0.350 0 .. 000 
0.349 <).<)54 0.000 

1.803 3.306 5.253 
1. 741 1.039 0 .. 866 

0.613 0.752 1-.204 
0.572 0.395 0.421 

0.5762 1.0641 0.7856 
0.4647 0.6638 0.6193 

0.4838 0~7934 0~7764 
0.6657 0.7562 0.72~7 

VERAGE ANNUAL TOTALS (AND STD. DEVIATIONS) FOR 1 THROUGH 

(CU. FT. ) (INCHES) 

PRECIPITATION 30.85 ( 5.709) 25707!:,. .100,00 



EVAPOTPANSPIRATION 

PERCOLATION FROM LAYER 2 5.2727 

PEAK DAILY VALUES FOR 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 2 

HEAD ON LAYER 2 

SNOW ltJATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL} 

2.9241) 43939. 

1 THROUGH 

(INCHES) 

4 .. 63 

1.51'=t 

0.1086 

26.4 

L28 

20 

0.3921 

0.1028 

(CU. FT. ) 

38583.3 

12658.6 

904.7 

10681.1 

17.09 

' .:~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * t * * * * * * * * * * 
************~***i****************•****%******1***%iit%~**-***t****** 



~~ M****************************************************************** 
**********************,************************************************ 

CIMARRON DECOMISSIONING PROGRAM~ CASE NA2 
CIMARRON FUEL FABRICATION FACILITY 
05-22-89 

*~*~**************************************************************i**** 
**********************i*l********************************************** 

LAYEH 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POHOSITY 
FIELD CAPACITY 

.~ .IL TING POINT 
~ITIAL SOIL WATER CONTENT 

SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

BARRIER SOIL LINER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
lHLTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

= 

= 

= 

AVERAGE MONTHLY VALUES IN INCHES FOR 

36 .. 00 INCHES 
0 .. 4200 VOL/VOL 
0 .. 2900 VOL/VOL 
0.1870 VOL/VOL 
c). 2497 VOL/VOL 
0.0000499999987 CM/SEC 

1.2.00 INCH~S 
0 .. 3300 VOL/VOL 
0.2900 VOL/VOL 
0. 1870 'v10L/VOL 
0. 3300 ~/OL/',/OL 
0.0000010000000 CM/SEC 

1 THROUGH 20 
-~ - --------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP AF'R/OCT MAY/NOV JUN/DEC 
--------- --~ ...... --- _.__ _____ 

------- ------- ___ _.......,..,..--

PRECIPITATION 
-------------

TOTALS 0.87 1.25 2.09 Z.. i)4 4.85 3.!)3 

2.88 r:'• :'- .+ ~ ~~···. .• 
/ 

., 
~-.... ~ - ➔ .. ➔ - -



RUNOFF 
------

TOTALS 0.000 0. O(H) 0.014 0.189 0. :'177 
0 .. 125 0.034 0.306 0.397 0.082 

r..,..--....._, 

STD. DEVIAT10N5 I). (>1)0 0 .. 000 0.061 0.472 1) .. 893 
0.326 0.124 0.476 0 .. 750 0.355 

EVAPOTRANSPIRATION 
------------------

TOTALS 0.834 0.948 1.540 1.906 3.542 
2.697 2.387 2.735 1.834 1 .. 102 

STD. DEVIATIONS 0.395 0.496 0.721 0.657 0.867 
1.779 1 .. 344 1.208 0.640 0.437 

F'ERCOLATION FROM LAYER 2 

-~-----------------------
TOTALS 0.1773 0 .1476 0.2632 0.4975 0 .. 8370 

o .. 1)295 0.0000 0.0339 0_3759 0.5397 

STD .. DEVIATIONS 0.3343 0.1813 0.3549 0.4833 0.7287 
0.1132 0.0000 0.0826 0.5893 0.5925 

AVERAGE ANNUAL TOTALS (AND STD. DEVIATIONS) FOR 

{INCHES) 

1 THROUGH 

(CU. FT.) 

PRECIPITATION 

F~UNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 2 

30.85 ( 5.709) 

1.759 ( 1..95()) 

25.271 3.707} 

3.7678 2.1737) 

PEAK DAILY VALUES FOR 

2~57075. 

14658. 

210591. 

31398. 

20 

0.035 
0 ~ O(H) 

1).108 
0.000 

4.823 
0.923 

1-.291 
0.460 

0.4777 
Oa3885 

0.5712 
0.5714 

20 

PERCENT 

l(H). 00 

5.70 

8L92 

12.21 

1 THROUGH 

(INCHES) 

4.63 

(CU,. FT.) 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 2 

2.789 

0.1119 

27 .. 6 

38583 .. 3 

23242.1 

932.b 



MAXIM~M VEG. SOIL WATER (VOL/VOL) 0.4141 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0 ~ l856 

******************************************************************* 
llfll**l*****lM*****************************llt*******~$*****!********* 



APPENDIX J 

TRANSS MODEL SIMULATIONS 

808211: 9-12-89 



,,---., 

********************************************************************** 
* 
* 
* 

ONE-DIMENSIONAL CONVECTIVE- DISPERSIVE EQUATION 
*11/26/85* VERSION 

* SEMI-INFINITE PROFILE 
* 
1c NUCLIDE DECAY (THALF) 
* LINEAR ADSORPTION (R) 
* 
* 

GENERAL NUCLIDE RELEASE CURVE 
TRANSPORT SUM OVER PATHLINES 

* 
* CIMARRON LANDFILL: Kd=2000 controlled release - U-238 
* VADOSE ZONE 
********************************************************************** 

NUCLIDE: U-238 

INPUT PARAMETERS 

V = 1.38 
R = 10600.0 
TOTAL =l.81E+l2 
THALF= 4.5000E+09 
XL =2.0000E+Ol 

D == 1. 00 
TO= 4.4377E+05 
TDECAY=0.000E-01 
CO = L 931E+06 

NUCLIDE DECAY CONSTANT= 1.54033E-10 

CONTROL FLAGS: 
IOPTBC= 0 IFLUX= 0 ITYPE= 1 IOPT= 3 

RELEASE MODEL PARAMETERS: 
PLAN VIEW AREA=8.0000E+04 
DEPTH=l.0000E+0l 
WATER FLUX Q=3.3000E-Ol 
THETA =0.3000 
MAX CONCENTRATION=l.0O0OE+l2 
RELEASE CURVE ERROR=l.0000E-02 

FRACTION REMAINING CURVE 
TIME FRACTION 

0.00E-01 
1. 73E+03 
3.46E+03 
5.18E+03 
6.S9E+03 
8.60E+03 
L 03E+04 
l.20E+04 
L 37E+04 
l.54E+04 
1. 70E+04 
1. 87E+04 
2.04E+04 

1.00000 
0.98199 
0.96437 
0.94713 
0.93027 
0.91376 
0.89760 
0.88179 
0.86632 
0.851.17 
0.83634 
0.82183 
0.80762 



2.20E+04 0.79370 
2.37E+04 0.78008 
2.53E+04 0.76673 
2.69E+04 0.75367 ;---,._ 
2.86E+04 0.74087 
3.02E+04 0.72834 
3.18E+04 0.71606 
3.34E+04 0.70403 
3.50E+04 0.69225 
3.66E+04 0.68071 
3.82E+04 Q.66940 
3.98E+04 0.65832 
4.14E+04 0.64746 
4.29E+04 0.63683 
4.45E+04 0.62640 
4.61E+04 0.61618 
4.76E+04 0.60616 
4.92E+04 0.59635 
5.07E+04 0.58672 
5.22E+04 0.57729 
5.38E+04 0.56804 
5.53E+04 0.55897 
5.68E+04 0.55008 
5.83E+04 0.54136 
5.98E+04 0.53281 
6.13E+04 0.52443 
6 .. 28E+04 0.51621 
6.43E+04 0.50814 
6.58E+04 0.50023 .,,.---....._ 
6.73E+04 0.49247 
6. 87E+04 0.48486 
7.02E+04 0.47739 
7.17E+04 0.47006 
7.31E+04 0.46288 
7. 46E+04 0.45582 
7.60E+04 0.44890 
7.74E+04 0.44211 
7.89E+04 0.43544 
8.0JE+04 0.42890 
8.17E+04 0.42248 
8. 31E+04 0.41618 
8. 45E+04 0.40999 
8.59E+04 0.40392 
8.73E+04 0.39796 
8.87E+04 0.39210 
9.01E+04 0.38636 
9.15E+04 0.38071 
9. 29E+04 0.37517 
9.43E+04 0.36973 
9 .-56E+04 0.36439 
9.70E+04 0.35914 
9.83E+04 0.35399 
9.97E+04 0.34892 
1. 01E+05 0.34395 _,.,,.....__ 
l.02E+05 0.33906 
l.04E+05 0.33427 
l.05E+05 0.32955 
l.06E+05 0.32492 
1. 08E+05 0.32037 
l.09E+05 0.31590 



. ....--.... 

-~---------

1.10E+05 0.31150 
L12E+05 0.30718 
1. l3E+05 0.30294 
1.14E+ 05 0.29877 
1.15E+05 0.29467 
1.17E+05 0.29064 
l.l8E+OS 0.28668 
l.19E+05 0.28279 
l.21E+05 0.27896 
l.22E+05 0.27520 
l.23E+05 0.27150 
l.24E+05 0.26786 
1.26E+05 0.26428 
1-27E+05 0.26077 
l.28E+05 0.25731 
l.29E+05 0.25391 
1.31E+05 0.25057 
l.32E+05 0.24728 
1.33E+05 0.24404 
1.34E+05 0.24086 
J.. 35E+05 0.23773 
L37E+05 0.23465 
1.38E+05 0.23162 
1.39E+05 0.22864 
1.40E+05 0.22571 
l.41E+05 0.22283 
l.43E+05 0.21999 
1.44E+05 0.21720 
l.45E+05 0.00000 

RELEASE INTERVAL NUMBER= 102 

PATHLINE PARAMETERS: 
TRAVELTIME PATH LENGTH VELOCITY PDF 

l.4500E+01 2.0000E+Ol 1.3793E+OO 1.0000E+OO 

ADDITIONAL ZONE PARAMETERS: 
xv~2.0000E+Ol TV~l.4500E+Ol 
AVERAGES: 
LENGTH=2.0000E+Ol TIME=l.4500E+Ol VELOCITY=l.3793E+OO 

*** QUANTITY IS CONCENTRATION*** 
CONVERSION FACTOR= l.4713E-06 

DISTANCE TIME PORE VOLUME 
(X) (T) (VVO) 

2.0000E+Ol l.0000E+04 6.8966E+02 
2.0000E+Ol 1.9900E+04 l.3724E+03 
2.0000E+Ol 2.9800E+04 2.0552E+03 
2.0000E+Ol 3.9700E+04 2.7379E+03 
2.0000E+Ol 4.9600E+04 3.4207E+03 
2.0000E+Ol 5.9500E+04 4.1034E+03 
2.0000E+Ol 6.9400E+04 4.7862E+03 

QUANTITY 
(Q) 

6.32404E-41 
4.59880E-18 
1. 77129E-10 
9.49663E-07 
l.43651E-04 
3.63469E-03 
3.30567E-02 



2.0000E+o1 7.9300E+04 5.4690E+03 1. 58705E-01 
2.0000E+Ol 8.9200E+04 6.1517E+03 4.98107E-Ol 
2.0000£+01 9.9100E+04 6.8345E+03 1.16238E+OO 

~ 2.0000E+ Ol 1. 0900E+ 05 7.5172E+OJ 2.18954E+OO 
2.0000E+Ol l.1890E+05 8.2000E+03 3.51740E+OO 
2.0000E+Ol l.2880E+05 8.8828E+03 5.00680E+OO 
2.0000E+Ol 1.3870E+05 9.5655E+03 6.49063E+OO 
2.0000E+Ol l.4860E+05 1.0248E+04 7.81966E+OO 
2.0000E+Ol 1.5850E+05 1.0931E+04 8.88887E+OO 
2.0000E+Ol 1. 6840E+05 1.1614E+04 9.64826E+OO 
2.0000E+Ol L 7830E+05 1.2297E+04 1. 00907E+Ol 
2.0000E+Ol 1.8820E+05 l.2979E+04 1. 02429E+Ol 
2.0000E+Ol 1. 9810E+OS 1. 3662E+04 l.01543E+01 
2.0000E+Ol 2.0800E+05 l.4345E+04 9.91208E+OO 
2.0000E+Ol 2.1790E+05 1. 502-8E+04 9.66537E+OO 
2.0000E+Ol 2.2780E+05 1. 5710E+04 9.56757E+OO 
2.0000E+Ol. 2.3770E+05 l..6393E+04 9.65571E+OO 
2.0000E+Ol 2.4760E+05 1. 7076E+04 9.81249E+OO 
2.0000E+Ol 2.5750E+05 1. 7759E+04 9.84787E+OO 
2.0000E+Ol 2.6740E+05 l.8441E+04 9.61004E+OO 
2.0000E+01 2.7730E+05 1.9124E+04 9.04534E+OO 
2.0000E+Ol 2.8720E+05 1.9807E+04 8.19481E+OO 
2.0000E+Ol 2.9710E+05 2.0490E+04 7.15628E+OO 
2.0000E+Ol 3.0700E+05 2.1172E+04 6.04219E+OO 
2.0000E+Ol 3.1690E+05 2.1855E+04 4.94985E+OO 
2.0000E+Ol 3.2680E+05 2.2538E+04 3.94842E+OO 
2.0000E+Ol 3.3670E+05 2.3221E+04 3.07687E+OO 
2.0000E+01 3.4660E+05 2.3903E+04 2.34915E+OO -- 2.0000E+Ol 3.5650E+05 2.4586E+04 l.76169E+OO 
2.0000E+Ol 3.6640E+05 2.5269E+04 l.30054E+OO 
2.0000E+Ol 3.7630E+05 2.5952E+04 9.46915E-Ol 
2.0000E+Ol 3.8620E+05 2. 6634-E+04 6.81088E-Ol 
2.0000E+Ol 3.9610E+05 2.7317E+04 4.84630E-Ol. 
2.0000E+Ol 4.0600E+05 2.8000E+04 3.41554E-01 
2.0000E+Ol 4.1590E+05 2.8683E+04 2.38675E-Ol 
2.0000E+Ol 4.2580E+05 2.9366E+04 1.65519E-Ol 
2.0000E+Ol 4.3570E+05 3.0048E+04 1. 14 007E-O 1 
2.0000E+Ol 4.4560E+05 3.0731E+04 7.80465E-02 
2.0000E+01 4.5550E+05 3.1414E+04 5.31352E-02 
2.0000E+Ol 4.6540E+05 3.2097E+04 3.59958E-02 
2.0000E+Ol 4.7530E+05 3.2779E+04 2.42752E-02 
2.0000E+Ol 4.8520E+05 3.3462E+04 l.63042E-02 
2.0000E+Ol 4.9510E+05 3.4145E+04 l.09099E-02 
2.0000E+Ol 5.0500E+05 3.4828E+04 7.27570E-03 
2.0000E+Ol 5.1490E+05 3.5510E+04 4.83709E-03 
2.0000E+Ol 5.2480E+05 3.6193E+04 3.20676E-03 
2.0000E+Ol 5.3470E+05 3.6876E+04 2.12042E-03 
2.0000E+Ol 5.4460E+05 3.7559E+04 1.39877£-03 
2.0000E+Ol 5.5450E+05 3.8241E+04 9 .. 20697E-04 
2.0000E+Ol 5.6440E+05 3.8924E+04 6.04801E-04 
2.0000E+Ol 5.7430E+05 3.9607E+04 3.96552E-04 
2.0000E+Ol 5.8420E+05 4.0290E+04 2. 59562E-04 
2.0000E+Ol 5.9410E+05 4.0972E+04 1. 69625E-04 
2.0000E+Ol 6.0400E+05 4.1655E+04 1. l0575E-04 ,_,.,......___ _ 
2.0000E+Ol 6.1390E+05 4.2338E+04 7.20459E-05 
2.0000E+Ol 6.2380E+05 4.3021E+04 4.68819E-05 
2.0000E+Ol 6.3370E+05 4.3703E+04 3.04708E-05 
2~0000E+Ol 6.4360E+05 4.4386E+04 L 97825E-05 
2.0000E+Ol 6.5350E+05 4.5069E+04 1.28301E-05 
2.0000E+Ol 6.6340E+05 4.5752E+04 8.31299E-06 



2.0000~+01 6.7330E+05 4.6434E+04 5.38139E-06 
2.0000E+Ol 6.8320E+05 4.7117E+04 3.48068E-06 
2.0000E+Ol 6.9310E+OS 4.7800E+04 2.24953E-06 
2 . 0OOOE+Ol. 7 . 0300E+05 4 . 8483E+04 l.45278E-06 _,,,.,,.-...__ 
2.0000E+Ol 7.1290E+05 4.9166E+04 9.37573E-07 
2.0000E+Ol 7.2280E+05 4.9848E+04 6.04684E-07 
2.0000E+Ol 7.3270E+OS 5.0531E+04 3.89751E-07 
2.0000E+Ol 7.4260E+05 5.1214E+04 2.51071E-07 
2!'0000E+Ol 7.5250E+05 5.1897E+04 l.61648E-07 
2.0000E+Ol 7.6240E+05 5.2579E+04 1. 04022E-07 
2.0000E+Ol 7.7230E+OS 5.3262E+04 6.69072E-08 
2.0000E+01 7.8220E+05 5.3945E+04 4.30154E-08 
2.0000E+Ol 7.9210E+05 5.4628E+04 2.76434E-08 
2.0000E+Ol 8.0200E+OS 5.5310E+04 l.77577E-08 
2.0000E+01 8.l.l.90E+05 5.5993E+04 l.l4029E-08 
2.0000E+Ol 8.2180E+05 5.6676E+04 7.31964E-09 
2.0000E+Ol 8.3170E+05 5.7359E+04 4.69700E-09 
2.0000E+Ol 8.4160E+OS 5.8041E+04 3.01309E-09 
2.0000E+Ol 8.5150E+05 5.8724E+04 1. 93232E-09 
2.0000E+Ol 8.6140E+05 5.9407E+04 l.23884E-09 
2.0000E+Ol 8.7130E+05 6.0090E+04 7.94042E-10 
2.0000E+Ol 8.8120E+05 6.0772E+04 5.08776E-10 
2.0000E+Ol 8.9110E+05 6.1455E+04 3.25951E-10 
2.0000E+Ol 9.0lOOE+05 6.2138E+04 2.08756E-10 
2.0000E+Ol 9.l090E+05 6.2821E+04 l. 33656E-1.0 
2.0000E+Ol 9.2080E+05 6.3503E+04 8.55342E-ll 
2.0000E+Ol. 9.3070E+05 6.4186E+04 5.47820E-ll 
2.0000E+Ol 9.4060E+05 6.4869E+04 3.50263E-11 
2.0000E+Ol 9.5050E+05 6.5552E+04 2.24032E-ll 

,.,---.... 2.0000E+Ol 9.6040E+05 6.6234E+04 1. 43323E-11 
2.0000E+01 9.7030E+05 6.6917E+04 9.19831E-12 
2.0000E+Ol 9.8020E+05 6.7600E+04 5.84928E-12 
2.0000E+Ol 9.90l.OE+05 6.8283E+04 J.76945E-12 
2.0000E+Ol l.OOOOE+06 6.8966E+04 2.38406E-12 



,,,.,--...__ 
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********************************************************************** 
* 
* 
* 

ONE-DIMENSIONAL CONVECTIVE- DISPERSIVE EQUATION 
*11/26/85* VERSION 

* SEMI-INFINITE PROFILE 
* 
* NUCLIDE DECAY (THALF) 
* LINEAR ADSORPTION (R) 
* 
* 

GENERAL NUCLIDE RELEASE CURVE 
TRANSPORT SUM OVER PATHLINES 

* 
* CIMARRON LANDFILL: Kd=300 controlled release - U-238 
* VADOSE ZONE 
********************************************************************** 
NUCLIDE: U-238 -

INPUT PARAMETERS 
================ 

V == 1. 38 
R = 1600.0 
TOTAL =l.81E+l2 
THALF= 4.5000E+09 
XL =2.0000E+Ol 

D = 1. 00 
TO= 6.6984E+04 
TDECAY=O.OOOE-01 
CO = L 931E+06 

NUCLIDE DECAY CONSTANT= 1. 54033E-10 

CONTROL FLAGS: 
IOPTBC= 0 IFLUX= 0 ITYPE= l IOPT= 3 

RELEASE MODEL PARAMETERS: 
PLAN VIEW AREA=8.0000E+O4 
DEPTH=l.OOOOE+Ol 
WATER FLUX Q=3.3000E-0l 
THETA =0.3000 
MAX CONCENTRATION=1.0000E+l2 
RELEASE CURVE ERROR=l.0000E-02 

FRACTION REMAINING CURVE 
TIME FRACTION 

0.00E-01 
2.62E+02 
5.22E+02 
7.82E+02 
l.04E+03 
l.30E+03 
l.55E+03 
1. 81E+03 
2.06E+03 
2.32E+03 
2.57E+03 
2.82E+03 
3.07E+03 

1.00000 
0.98199 
0.96437 
0.94713 
0.93027 
0.91376 
0.89760 
0.88179 
0.86632 
0.85117 
0.83634 
0.82183 
0.80762 



3 .3.2E+OJ 0.79370 
3.57E+03 0.78008 
3.82E+03 0.76673 

---~ ' 4.07E+03 0.75367 
4.31E+03 0.74087 
4.56E+03 0.72834 
4.80E+03 0.71606 
5.04E+03 0.70403 
5.29E+03 0.69225 
5.53E+03 0.68071 
5.77E+03 0.66940 
6.01E+03 0.65832 
6.24E+03 0.64746 
6.48E+03 0.63683 
6.72E+03 0.62640 
6.95E+03 0.61618 
7.19E+03 0.60616 
7.42E+03 0.59635 
7.65E+03 0.58672 
7.89E+03 0.57729 
8.12E+03 0.56804 
8.35E+03 0.55897 
8.58E+03 0.55008 
8.80E+03 0.54136 
9.03E+03 0.53281 
9.26E+03 0.52443 
9.48E+03 0.51621 
9.71E+03 0.50814 
9.93E+03 0.50023 ~--- 1.02E+04 0.49247 
l.04E+04 0.48486 
l.06E+04 0.47739 
1.08E+04 0.47006 
1.10E+04 0.46288 
1.13E+04 0.45582 
l.15E+04 0.44890 
1.17E+04 0.44211 
l.19E+04 0.43544 
l.21E+04 0.42890 
1.23E+04 0.42248 
l.25E+04 0.41618 
l.28E+04 0.40999 
l.30E+04 0.40392 
l.32E+04 0.39796 
l.34E+04 0.39210 
l.36E+04 0.38636 
l.38E+04 0.38071 
l.40E+04 0.37517 
l.42E+04 0.36973 
l.44E+04 0.36439 
l.46E+04 0.35914 
l.48E+04 0.35399 
l.50E+04 0.34892 
l.52E+04 0.34395 

, ~ ... l.55E+04 0.33906 
1.57E+04 0.33427 
1.59E+04 0.32955 
l.61E+04 0.32492 
l.63E+04 0.32037 
l.64E+04 0.31590 



_.,,-----._ 

_ _.,--•.. 

1. 66E+04 0.31150 
1.68E+04 0.30718 
l.70E+04 0.30294 
1. 72E+04 0.29877 
1. 74E+04 0.29467 
l.76E+04 0.29064 
1.78E+04 0.28668 
l.80E+04 0.28279 
l.82E+04 0.27896 
l.84E+04 0.27520 
l.86E+04 0.27150 
1.88E+04 0.26786 
1.90E+04 0.26428 
l.91E+04 0.26077 
1.93E+04 0.25731 
l.95E+04 0.25391 
l.97E+04 0.25057 
l.99E+04 0.24728 
2.01E+04 0.24404 
2.03E+04 0.24086 
2.04E+04 0.23773 
2.06E+04 0.23465 
2.08E+04 0.23162 
2.lOE+04 0 .. 22864 
2.12E+04 0.22571 
2.13E+04 0.22283 
2.15E+04 0.21999 
2.17E+04 0.21720 
2.19E+04 0.00000 

RELEASE INTERVAL NUMBER= 102 

PATHLINE PARAMETERS: 
TRAVELTIME PATH LENGTH VELOCITY PDF 

l.4500E+Ol 2.0000E+Ol 1.3793E+OO 1.0000E+OO 

ADDITIONAL ZONE PARAMETERS: 
XV=2.0000E+Ol TV=l.4500E+Ol 
AVERAGES: 
LENGTH=2.0000E+Ol TIME=l.4500E+Ol VELOCITY=l.3793E+OO 

*** QUANTITY IS CONCENTRATION*** 
CONVERSION FACTOR= l.4713E-06 

DISTANCE TIME PORE VOLUME 
(X) (T) (VVO) 

2.0000E+Ol 5.0000E+03 3.4483E+02 
2.0000E+Ol 5.9896E+03 4.1307E+02 
2.0QOOE+Ol 6.9792E+03 4.8132E+02 
2.0000E+Ol 7.9687E+03 5.4957E+02 
2.0000E+Ol 8.9583E+03 6.1782E+02 
2.0000E+Ol 9.9479E+03 6.8606E+02 
2.0000E+01 L0937E+04 7.5431E+02 

QUANTITY 
(Q) 

3.80731E-08 
6.21516E-06 
2.23932E-04 
3.12617E-03 
2.31289E-02 
1. 09677E-Ol 
3.76197E-Ol 



2.0000t+Ol 1. 1927E+04 8.2256E+02 1. 01204E+OO 
2.0000E+Ol L 2917E+04 8.9080E+02 2.25872E+OO 
2.0000E+Ol 1. 3906E+04 9.5905E+02 4.35414E+OO 
2.0000E+ 01 l.4896E+ 04 l.0273E+ 03 7.46753E+ OO 

~-- 2 .. 0000E+Ol 1.. 5885E+04 l.0955E+03 l.16510E+Ol 
2.0000E+Ol l..6875E+04 1. 1638E+03 1. 68223E+Ol 
2.0000E+Ol l.7865E+04 l.2320E+03 2.27791E+Ol 
2.0000E+Ol 1. 8854E+04 1. 3003E+03 2.92352E+Ol 
2.0000E+Ol 1. 9844E+04 1. 3685E+03 3.58657E+Ol 
2.0000E+Ol 2.0833E+04 1.4368E+03 4.23497E+Ol 
2 .. 0000E+Ol 2.1823E+04 l.5050E+03 4.84038E+Ol 
2.0000E+Ol 2.2812E+04 l.5733E+03 5.38029E+Ol 
2.0000E+Ol 2.3802E+04 1. 6415E+03 5.83841E+Ol 
2.0000E+Ol 2.4792E+04 l. 7098E+03 6.20688E+Ol 
2.0000E+Ol 2.5781E+04 1. 7780E+03 6.48211E+Ol 
2.0000E+Ol 2.6771E+04 1.8463E+03 6.66601E+Ol 
2.0000E+01 2.7760E+04 1. 9145E+03 6.76427E+Ol 
2.0000E+Ol 2.8750E+04 1. 9828E+03 6.78521E+Ol 
2.0000E+Ol 2.9740E+04 2.0S10E+03 6.74008E+Ol 
2.0000E+Ol 3.0729E+04 2.1193E+03 6.64572E+Ol 
2.0000E+Ol 3.1719E+04 2.l875E+03 6.52792E+Ol 
2.0000E+Ol 3.2708E+04 2.2557E+03 6.41974E+Ol 
2.0000E+Ol 3.3698E+04 2.3240E+03 6.35212E+Ol 
2.0000E+01 3.4687E+04 2.3922E+03 6.34178E+Ol 
2.0000E+Ol 3.5677E+04 2.4605E+03 6.38398E+Ol 
2.0000E+Ol 3.6667E+04 2.5287E+03 6.45399E+Ol 
2.0000E+Ol. 3.7656E+04 2.5970E+03 6 . 51537E+Ol 
2.0000E+01 3.8646E+04 2.6652E+03 6.53060E+Ol. 
2.0000E+Ol J.9635E+04 2.7335E+03 6.47002E+Ol ,.,,-------.._ 
2.0000E+Ol 4.0625E+04 2.8017E+03 6.31672E+Ol 
2.0000E+Ol 4.1615E+04 2.8700E+03 6.06752E+Ol 
2.0000E+Ol 4.2604E+04 2.9382E+03 5.73101E+Ol 
2.0000E+Ol 4.3594E+04 3.0065E+03 5.32397E+Ol 
2.0000E+Ol 4.4583E+04 3.0747E+03 4.86751E+Ol 
2.0000E+Ol 4.5573E+04 3.1430E+03 4.J8376E+Ol 
2.0000E+Ol. 4.6562E+04 3.2112E+03 3 .. 89291E+Ol 
2.0000E+Ol 4.7552E+04 3.2795E+03 3.41242E+Ol 
2.0000E+Ol 4.8542E+04 3.3477E+03 2.95567E+Ol 
2.0000E+Ol. 4.9531E+04 3.4159E+03 2.53212E+Ol 
2.0000E+01 5.0521E+04 3.4842E+03 2.14756E+Ol 
2.0000E+Ol 5.1510E+04 3.5524E+03 1. 804 70E+Ol 
2.0000E+Ol S.2500E+04 3.6207E+03 1. 50386E+Ol 
2.0000E+01 5 .. 3490E+04 3.6889E+03 1. 24352E+Ol 
2.0000E+Ol 5.4479E+04 3.7572E+03 1. 02099E+Ol 
2.0000E+Ol S.5469E+04 3.8254E+03 8.32850E+OO 
2.0000E+Ol 5.6458E+04 3.8937E+03 6.75333E+OO 
2.0000E+Ol 5.7448E+04 3.9619E+03 5.44606E+OO 
2.0000E+01 5.8437E+04 4. 0302E+03 4.36965E+OO 
2.0000E+Ol 5.9427E+04 4.0984E+03 3.48965E+OO 
2.0000E+Ol 6.0417E+04 4.1667E+03 2.77486E+OO 
2.0000E+Ol 6.1406E+04 4.2349E+03 2.19769E+OO 
2.0000E+Ol 6.2396E+04 4.3032E+03 1.73415E+OO 
2.0000E+Ol 6.3385E+04 4.3714E+03 l.36368E+OO 
2.0000E+Ol 6.4375E+04 4.4397E+03 1. 06895E+OO 

,,--. 2.0000E+01 6 .. 5365E+04 4.5079E+03 8.35436E-Ol 
2.0000E+Ol 6.6354E+04 4.5761E+03 6.51134E-Ol 
2.0000E+Ol 6.7344E+04 4.6444E+03 5.06186E-Ol 
2.0000E+Ol 6.8333E+04 4.7126E+03 3.92560E-Ol 
2.0000E+Ol 6.9323E+04 4.7809E+03 3.03759E-Ol 
2.0000E+Ol 7.0312E+04 4.8491E+03 2.34552E-01 



2.0000~+01 7.l302E+04 4.9174E+03 1. 80757E-01 
2.0000E+Ol 7.2292E+04 4.9856E+03 1. 39043E-Ol 
2.0000E+Ol 7.3281E+04 5.0539E+03 1.06771E-Ol 
2.0000E+01 7.4271E+04 5.1221E+03 8.18565E-02 _,.,---
2.0000E+Ol 7 .. 5260E+04 5.1904E+03 6 .. 26598E-02 
2.0000E+Ol 7.6250E+04 5.2586E+03 4.78962E-02 
2.0000E+Ol 7.7240E+04 S.3269E+03 3.65616E-02 
2.0000E+Ol 7.8229E+04 5.3951E+03 2.78738E-02 
2.0000E+01 7.9219E+04 5.4634E+03 2.12248E-02 
2.0000E+Ol 8.0208E+04 5.5316E+03 1.61435E-02 
2.0000E+Ol 8.1198E+04 5.5999E+03 l.22655E-02 
2.0000E+Ol 8.2187E+04 5.6681E+OJ 9.30967E-03 
2.0000E+Ol 8.3177E+04 5.7364E+03 7.05936E-03 
2.0000E+Ol 8.4167E+04 5.8046E+03 5 .. 34811E-03 
2.0000E+Ol 8.5156E+04 5.8728E+03 4.04820E-03 
2.0000E+01 8.6146E+04 5.9411E+03 3.06174E-03 
2.0000E+Ol 8.7135E+04 6.0093E+03 2.31386E-03 
2.0000E+01 8.8125E+04 6.0776E+03 1. 74738E-03 
2.0000E+Ol 8.9115E+04 6.1458E+03 1.31866E-:-03 
2.0000E+01 9.0104E+04 6.2141E+03 9.94459E-04 
2.0000E+01 9.1094E+04 6.2823E+03 7.48741E-04 
2.0000E+Ol 9.2083E+04 6.3506E+03 5.63911E-04 
2.0000E+Ol 9.3073E+04 6.4188E+03 4.24463E-04 
2.0000E+Ol 9.4062E+04 6.4871E+03 3.19322E-04 
2.0000E+Ol 9.5052E+04 6.5553E+03 2.40099E-04 
2.0000E+Ol 9.6042E+04 6.6236E+03 1. 80441E-04 
2.0000E+Ol 9.7031E+04 6.6918E+03 1. 35542E-04 
2.0000E+Ol 9.8021E+04 6.7601E+O~ 1.0176SE-04 
2.0000E+Ol 9.9010E+04 6.8283E+03 7.63769E-05 

~ 2.0000E+Ol l.OOOOE+05 6.8966E+03 5.72969E-05 
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********************************************************************** 
* 
* ONE-DIMENSIONAL CONVECTIVE-DISPERSIVE EQUATION 
* *11/26/85* VERSION 

* SEMI-INFINITE PROFILE 

* 
* NUCLIDE DECAY (THALF) 
* LINEAR ADSORPTIO~ (R) 
* * 

GENERAL NUCLIDE RELEASE CURVE 
TRANSPORT SUM OVER PATHLINES 

* 
* 
* 

CIMARRON LANDFILL: Kd=2000 controlled release - U-238 
SATURATED ZONE 

********************************************************************** 

NUCLIDE: U-238 

INPPT PARAMETERS 

V = 130.38 
R = 10600.0 
TOTA:t =1. 81E+12 
THALF= 4.5000E+09 
XL =1. OOOOE+03 

D = 1.00 
TO= 4.8815E+05 
TDECAY=0.000E-01 
CO= 4.539E+05 

NUCLIDE DECAY CONSTANT= l.54033E-10 

CONTROL FLAGS: 
IOPTBC= 0 IFLUX= 0 ITYPE= 1 IOPT= 3 

RELEASE MODEL PARAMETERS: 
PLAN VIEW AREA=8.0000E+04 
DEPTH=l.OOOOE+Ol 
WATER FLUX Q=3.0000E-0l 
THETA =0.3000 
MAX CONCENTRATION=l.OOOOE+l2 
RELEASE CURVE ERROR=l.0000E-02 

FRACTION REMAINING CURVE 
TIME FRACTION 

0.00E-01 1. o·oooo 
1. 91E+03 0.98199 
3.81E+03 0.96437 
5.70E+03 0.94713 
7.58E+03 0.93027 
9.46E+03 0.91376 
1. 13E+04 0.89760 
1. 32E+04 0 .. 881.79 
1. 50E+04 0.86632 
1. 69E+04 0.85117 
1. 87E+04 0.83634 
2.06E+04 0.82183 
2.24E+04 0.80762 



2.12E+04 o.79370 
2.60E+04 0.78008 
:2.78E+04 0.76673 
2 . 96E+04 o . 75367 

_, 
.,,.,..--.., 3.14E+04 0.74087 

3.32E+04 0.72834 
3.50E+04 0.71606 
3.68E+04 0.70403 
3.85E+04 0.69225 
4.03E+04 0.68071 
4.20E+04 0.66940 
4.38E+04 0.65832 
4.55E+04 0.64746 
4.72E+04 0.63683 
4.90E+04 0.62640 
5.07E+04 0.61618 
5.24lH04 0.60616 
5.41E+04 0 .. 59635 
5.58E+04 0.58672 
5.75E+04 0.57729 
5.91E+04 0.56804 
6.08E+04 0 .. 55897 
6.25E+04 0.55008 
6.42E+04 0.54136 
6.58E+04 0.53281 
6.75E+04 o.52443 
6.91E+04 0.51621 
7.07E+04 0.50814 
7.24E+04 0.50023 

._,,,___, 7.40E+04 0.49247 
7.56E+04 0.48486 
7.72E+04 0.47739 
7.88E+04 0.47006 
8.O4E+04 0.46288 
8.20E+04 0.45582 
8.36E+04 0.44890 
8.52E+04 0.44211 
8.68E+04 0.43544 
8.83E+04 0.42890 
8.99E+04 0.42248 
9.14E+04 0.41618 
9.30E+04 0.40999 
9.45E+04 0.40392 
9.61E+04 0.39796 
9.76E+04 0.39210 
9.91E+04 0.38636 
l.01E+05 0.38071 
1.02E+05 0.37517 
1.04E+05 0.36973 
1. ·osE+OS 0.36439 
l.07E+05 0.35914 
1.08E+05 0.35399 
l.10E+05 0.34892 
1. 11E+05 0.34395 

-~_.--_,_ 1.13E+OS 0.339O6 
l.14E+05 0.33427 
l.16E+05 0.32955 
1.17E+05 0.32492 
1.18E+05 0.32037 
l.20E+05 0.31590 



,-

1. 2~1E+05 
1. 2JE+05 
1.24E+05 
1.26E+05 
l.27E+05 
l.28E+05 
1. 30E+05 
l.31E+OS 
1.33E+05 
1. 34E+05 
1.35E+05 
1.37E+05 
l.38E+05 
1.40E+05 
1. 41E+05 
1. 42E+05 
l.44E+05 
1.45E+05 
1.46E+OS 
1. 48E+05 
1.49E+05 
1.S0E+0S 
1.52E+05 
l.53E+05 
1.54E+05 
1.56E+0S 
l.57E+05 
1.58E+05 
1..59E+05 

0.31150 
0.30718 
0.30294 
0 . 29877 
0.29467 
0.29064 
0.28668 
0.28279 
0.27896 
0.27520 
0.27150 
0.26786 
0.26428 
0.26077 
0.25731 
0.25391 
o.2sos1 
0.24728 
0.24404 
0.24086 
0.23773 
0.23465 
0.23162 
0.22864 
0.22571 
0.22283 
0.21999 
0.21720 
0.00000 

RELEASE INTERVAL NUMBER= 102 

PA'l'HtINE PARAMETERS: 
TRAVELTIME PATH LENGTH VELOCITY PDF 

2.201.0E+Ol 
2.2019E+0l 
2.2020:e:+01 

1.0190E+03 
1. 0200E+03 
l.0210E+03 

4.6297E+Ol 
4.6324E+0l 
4.6367E+0l 

ADDITIONAL ZONE PARAMETERS: 
XV=2.0000E+Ol TV=l.4500E+Ol 
AVERAGES: 

5.5556E+Ol 
5.0000E+02 
O.OOOOE-01 

LENGTH=l.OOOOE+03 TIME=2.2016E+Ol VELOCITY=4.6329E+Ol 

*** ~UANTITY IS CONCENTRATION*** 
CONVERSION FACTOR= 3.2695E-05 

DISTANCE TIME PORE VOLUME 
(X} (T) {VVO} 

l.0000E+03 2.0699E+OS 9.5897E+03 
l.OOOOE+03 2.0799E+05 9.6360E+03 
1.0000E+03 2.0899E+05 9.6823E+03 
1.0000E+03 2.0999E+05 9.7286E+03 
1. OOOOE+03 2.1099E+05 9.7748E+03 

QUANTITY 
(Q) 

8.66687E-76 
8.62836E-70 
3.17715E-64 
6.4'2212E-59 
7.18788E-54 



l.OOOOE+OJ 2.1199E+OS 9.8211E+03 4.49258E-49 
1.0000E+03 2.1298E+05 9.8674E+03 1. 58123E-44 
1.0000E+03 2.1398E+05 9 .. 9136E+03 3.15993E-40 

_,_,..........._,_ 1 . 0000E+OJ 2 . 1498E+05 9 . 9599E+03 3 . 61465E-36 
l.OOOOE+03 2.1598E+05 1. 0006E+04 2.38584E-32 
1.0000E+03 2.1698E+05 1.0052E+04 9.15884E-29 
1.0000E+03 2.1798E+05 1.0099E+04 2.06094E-25 
l.OOOOE+03 2.1898E+05 l.0145E+04 2.73963E-22 
l.OOOOE+03 2.1998E+05 l. 0191E+04 2.16808E-19 
l.OOOOE+03 2.2097E+05 1.0238E+04 1.02935E-16 
l.OOOOE+03 2.2197E+05 1.0284E+04 2.95472E-14 
l.OOOOE+03 2.2297E+05 l.0330E+04 5.16805E-12 
1.0000E+03 2.2397E+05 1.0376E+04 5.55195E-10 
l.OOOOE+03 2.2497E+05 l.0423E+04 3.69344E-08 
l.OOOOE+03 2.2597E+05 l.0469E+04 l.53464E-06 
l. OOOOE+03 2.2697E+05 l.0515E+04 4.01964E-05 
l.OOOOE+03 2.2797E+OS 1. 0561E+04 6.70478E-04 
1. OOOOE+03 2.2896E+05 l.0608E+04 7.20154E-03 
1. OOOOE+03 2.2996E+05 l.0654E+04 5.05334E-02 
1.0000E+03 2.3096E+05 1.0700E+04 2.35763E-Ol 
l.OOOOE+03 2.3196E+05 1.0747E+04 7.48886E-Ol 
1.0000E+03 2.3296E+05 l.0793E+04 1. 67476E+OO 
1.0000E+03 2.3396E+05 1.0839E+04 2.76649E+OO 
1. OOOOE+03 2.3496E+05 l.0885E+04 3.60737E+OO 
1.0000E+03 2.3596E+05 l.0932E+04 4.02280E+OO 
l.OOOOE+03 2.3695E+05 l.0978E+04 4.13995E+OO 
1.0000E+03 2.3795E+05 l.1024E+04 4.13679E+OO 
1. OOOOE+03 2.3895E+05 l.1070E+04 4.10350E+OO 

-~ L OOOOE+03 2.3995E+05 1.1117E+04 4.06559E+OO 
1. OOOOE+03 2.4095E+05 1.1163E+04 4.02750E+OO 
1.0000E+03 2.4195E+05 1. 1209E+04 3.98973E+OO 
1. OOOOE+03 2.4295E+05 l.1256E+04 3.95232E+OO 
1.0000E+03 2.4395E+05 l.1302E+04 3.91525E+OO 
1.0000E+03 2.4494E+05 1. 1348E+04 3.87853E+OO 
1. OOOOE+03 2.4594E+05 1.1394E+04 3.84216E+OO 
l. OOOOE+OJ 2.4694E+05 1.1441E+04 3.80613E+OO 
1. OOOOE+03 2.4794E+05 1.1487E+04 3.77043E+OO 
1. OOOOE+03 2.4894E+05 l.1533E+04 3.73507E+OO 
1. OOOOE+03 2.4994E+05 l.l579E+04 3.70004E+OO 
1.0000E+03 2.5094E+05 1.1626E+04 3.66534E+OO 
1. OOOOE+03 2.5194E+05 1.1672E+04 3.63097E+OO 
1. 0000E+03 2.5293E+05 1.1718E+04 3.59692E+OO 
L 0000E+03 2.5393E+05 l.l765E+04 3.56318E+OO 
l.OOOOE+03 2.5493E+05 1. 1811E+04 3.52977E+OO 
1. OOOOE+03 2.5593E+05 1.1857E+04 3.49667E+OO 
l.OOOOE+03 2.5693E+05 1.1903E+04 3.46387E+OO 
1.0000E+03 2.5793E+05 1.1950E+04 3.43139E+OO 
1.0000E+03 2.5893E+05 1.1996E+04 3.39921E+OO 
1. OOOO.E+03 2.5993E+05 l.2042E+04 3.36733E+OO 
l.OOOOE+03 2.6092E+05 l.2088E+04 3.33575E+OO 
l.OOOOE+03 2.6192E+05 1.2135E+04 3.30447E+OO 
1. OOOOE+03 2.6292E+05 l.2181E+04 3.27347E+OO 
1. OOOOE+03 .2. 6392E+05 1- 2227E+04 3.24278E+OO 

,,.--...._ L OOOOE+03 2.6492E+05 1.2273E+04 J.21237E+OO 
l.OOOOE+03 2.6592E+05 1.2320E+04 3.18224E+OO 
l.OOOOE+03 2.6692E+OS l.2366E+04 3.15240E+OO 
1. OOOOE+OJ 2.6792E+05 l.24l2E+04 3.l2283E+OO 
1.0000E+03 2.6891E+05 1.2459E+04 3.09354E+OO 
1.0000E+03 2.6991E+05 1.2505E+04 3.06453E+OO 
l.OOOOE+03 2.7091E+05 l.2551E+04 3.03579E+OO 



1.0000~+03 2.7191E+05 l. 2597E+04 3.00732E+OO 
1.0000E+03 2.7291E+05 1. 2644E+04 2.97912E+OO 
1.0000E+03 2.7391E+05 1. 2690E+04 2.95118E+OO 
LOOOOE+03 2.7491E+05 1.. 2736E+04 2.92350E+OO ,,,.-,---..._ 
1.0000E+03 2.7591E+05 1.2782E+04 2.89609E+OO 
l.OOOOE+03 2.7690E+05 l.2829E+04 2.86893E+OO 
1.0000E+03 2.7790E+05 1.2875E+04 2.84202E+OO 
1.0000E+OJ 2.7890E+05 l.2921E+04 2.81537E+OO 
1.0000E+03 2.7990E+05 1.2968E+04 2.78896E+OO 
l.OOOOE+03 2.8090E+05 1.3014E+04 2.76281E+OO 
l.OOOOE+03 2.8190E+OS 1. 3060E+04 2.73690E+OO 
1.0000E+03 2.8290E+05 1.3106E+04 2.71123E+OO 
1.0000E+03 2.8390E+05 1. 3153E+04 2.68580E+OO 
1.0000E+03 2.8489E+05 l.3199E+04 2.66062E+OO 
1-0000E+03 2.8589E+05 l. 3245E+04 2.63567E+OO 
l.OOOOE+03 2.8689E+05 1.3291E+04 2.61095E+OO 
l.OOOOE+03 2.8789E+05 1. 3338E+04 2.58646E+OO 
1.0000E+03 2.8889E+05 1. 3384E+04 2.56220E+OO 
l.OOOOE+03 2.8989E+05 1. 3430E+04 2.53818E+OO 
1. OOOOE+03 2.9089E+OS 1. 3477E+04 2.51437E+OO 
l.OOOOE+03 2.9189E+05 1. 3523E+04 2.49079E+OO 
1.0000E+03 2.9288E+05 1. 3569E+04 2.46743E+OO 
l.OOOOE+03 2.9388E+05 1. 3615E+04 2.44429E+OO 
l.OOOOE+03 2.9488E+05 1.3662E+04 2.42137E+OO 
1.0000E+03 2.9588E+05 1. 3708E+04 2.39866E+OO 
l.OOOOE+03 2.9688E+05 1.3754E+04 2.37617E+OO 
1.0000E+03 2.9788E+05 1. 3800E+04 2.35388E+OO 
1.0000E+03 2.988SE+05 1. 3847E+04 2.33181E+OO 
1.0000E+03 2.9988E+05 l.3893E+04 2.30994E+OO ~- , 
1. OOOOE+03 3.0087E+05 1. 3939E+04 2.28828E+OO 
l.OOOOE+03 3.0187E+05 1. 3986E+04 2.26682E+OO 
1.0000E+03 3.0287E+05 1 .. 4032E+04 2.24556E+OO 
1.0000E+03 J.0387E+05 l.4078E+04 2.22450E+OO 
l.OOOOE+03 3.0487E+05 l.4124E+04 2.20364E+OO 
1. OOOOE+03 3.0587E+05 1.4171E+04 2.18297E+OO 
l.OOOOE+03 3.0687E+05 1.4217E+04 2 .. 16250E+OO 
1. OOOOE+03 3.0787E+05 1.4263E+04 2.14222E+OO 
l.OOOOE+03 3.0886E+05 l.4309E+04 2.12213E+OO 
1.0000E+03 3.0986E+05 1. 4356E+04 2.10223E+OO 
1.0000E+03 3.1086E+05 L4402E+04 2.08251E+OO 
l.OOOOE+03 3.1186E+05 1. 4448E+04 2.06298E+OO 
l.OOOOE+03 3.1286E+05 1.4495E+04 2.04363E+OO 
1.0000E+03 3.1386E+05 1. 4541E+04 2.02447E+OO 
1.0000E+03 3.1486E+05 1.4587E+04 2.00548E+OO 
1. OOOOE+03 3.1586E+05 l.4633E+04 1. 98 667E+OO 
1.0000E+03 3.1685E+OS 1.4680E+04 l.96804E+OO 
l.OOOOE+03 3.1785E+05 l. 4726E+04 l.94959E+OO 
1.0000E+03 3.1885E+05 1.4772E+04 1. 93130E+00 
l.OOOOE+03 3 .. 1985E+05 l.4818E+04 1.91319E+OO 
1.oooo'.E+o3 3 .. 2085E+05 1.4865E+04 1. 89525E+OO 
l.0000E+03 J.2185E+05 l.4911E+04 1. 87747E+OO 
1. OOOOE+03 3.2285E+05 1. 4957E+04 l.85987E+OO 
1.0000E+03 3.2385E+05 1. 5004E+04 l.84242E+OO 
l.OOOOE+03 3.2484E+OS 1.5050E+04 l.82515E+OO ,,,.----...., l.OOOOE+03 3.2584E+05 1. 5096E+04 1.80803E+OO 
l.OOOOE+03 3.2684E+05 1.5142E+04 1. 79107E+OO 
1. OOOOE+03 3.2784E+05 1.5189E+04 1.77428E+OO 
1.0000E+03 3.2884E+05 1.5235E+04 l.75764E+OO 
l.OOOOE+03 3.2984E+05 1. 5281E+04 1. 7 4115E+OO 
l..OOOOE+03 3.3084E+05 L5327E+04 l.72482E+OO 



1.0000E+03 3.3184E+05 l.5374E+04 1. 70865E+OO 
1.0000E+03 3. 3283E+05 l.5420E+04 1. 69262E+OO 
1.0000E+03 3.3383E+05 1.5466E+04 1. 67675E+OO 
l. OOOOE+03 3.3483E+05 l.5512E+04 l.66103E+OO ,,.,----.._ 

3.3583E+05 l.5559E+04 l.64545E+OO l.OOOOE+03 
1.0000E+03 :3.3683E+OS 1.5605E+04 1. 63002E+OO 
l.OOOOE+03 3.3783E+05 1.5651E+04 l.61473E+OO 
l.OOOOE+03 3.3883E+05 L5698E+04 l.59959E+OO 
l.OOOOE+03 3.3983E+OS 1.5744E+04 1.58459E+OO 
l.OOOOE+03 3.4082E+05 1.5790E+04 1.56973E+OO 
l.OOOOE+03 3.4182E+05 l. 5836E+04 1. 55500E+OO 
l.OOOOE+03 3.4282E+05 l.5883E+04 l.54042E+OO 
1.0000E+03 3.4382E+05 1. 5929E+04 1. 52597E+OO 
l.OOOOE+03 3.4482E+05 l.5975E+04 1.51166E+OO 
1.0000E+03 3.4582E+05 1.6021E+04 1. 49749E+OO 
l.OOOOE+03 3.4682E+05 l.6068E+04 1.48344E+OO 
1.0000E+03 3.4782E+05 l.6114E+04 1.46953E+OO 
l.OOOOE+03 3.4881E+05 l.6160E+04 l.45575E+OO 
l.OOOOE+03 3.4981E+05 l.6207E+04 l.44210E+OO 
1.0000E+03 3.5081E+05 l.6253E+04 1.42857E+OO 
1.0000E+03 3.5181E+05 1. 6299E+04 1.41518E+OO 
l.OOOOE+03 3.5281E+05 1. 6345E+04 1. 40190E+OO 
1.0000E+03 3.5381E+05 1. 6392E+04 1. 38876E+OO 
1.0000E+03 3.5481E+05 1. 6438E+04 1. 37573E+OO 
1.0000E+03 3.5581E+05 1.6484E+04 l.36283E+OO 
1.0000E+03 3.5680E+05 1. 6530E+04 1. 35005E+OO 
l.OOOOE+03 3.5780E+05 1.6577E+04 1. 33739E+OO 
1.0000E+03 3.5880E+05 1.6623E+04 1. 32485E+OO 
l.OOOOE+03 3.5980E+05 l.9669E+04 l.3l242E+OO / - ,_ 
1.0000E+03 3.6080E+OS 1.6716E+04 l.30011E+OO 
1.0000E+03 3.6180E+05 1. 6762E+04 l.28792E+OO 
l.OOOOE+03 3.6280E+05 l.6808E+04 1.27584E+OO 
l.OOOOE+03 3.6380E+05 1.6854E+04 1. 26388E+OO 
1 .. 0000E+03 3.6479E+05 1.6901E+04 1. 25202E+OO 
1.0000E+03 3.6579E+05 l.6947E+04 1.24028E+OO 
l.OOOOE+03 J.6679E+05 1.6993E+04 l.22865E+OO 
1.0000E+03 3.6779E+05 1. 7039E+04 1.21713E+OO 
l.OOOOE+03 3.6879E+05 1. 7086E+04 1.20571E+OO 
1.0000E+03 3.6979E+05 1. 7132E+04 l.19441E+OO 
l.OOOOE+03 3.7079E+05 1. 7178E+04 l.18321E+OO 
l.OOOOE+03 3.7179E+05 1.7225E+04 l. l 7211E+OO 
1.0000E+03 3.7278E+05 1. 7271E+04 1.16112E+OO 
l..OOOOE+03 3.7378E+05 1. 7317E+04 1.l.5023E+OO 
1.0000E+03 3.7478E+05 1. 7363E+04 1.13944E+OO 
1. OOOOE+03 3.7578E+05 1. 7410E+04 1.12875E+OO 
1. OOOOE+03 3.7678E+05 1. 7456E+04 1.11817E+OO 
l.OOOOE+03 3.7778E+05 l.7502E+04 l. l0768E+OO 
l.OOOOE+03 3.7878E+05 1. 7548E+04 1.09729E+OO 
l.OOOOE+03 3.7978E+05 1. 7595E+04 1.08700E+OO 
l.OOOOE+03 3.8077E+05 1. 7641E+04 1. 07681E+OO 
l.OOOOE+03 3.8177E+05 1. 7687E+04 1.06671E+OO 
1.0000E+03 3.8277E+OS 1.7734E+04 1. 05671E+OO 
l.OOOOE+03 3.8377E+05 1. 7780E+04 1. 04681E+OO 
l.OOOOE+03 3.8477E+05 1. 7826E+04 1. 03726E+OO 

---- l.OOOOE+03 3.8577E+05 1. 7872E+04 1. 03246E+OO 
l.OOOOE+03 3.8677E+OS 1. 7919E+04 1.08024E+OO 
l.OOOOE+03 3.8777E+05 1.7965E+04 1. 49252E+OO 
l.OOOOE+03 3.8876E+05 l.8011E+04 3.42473E+OO 
l.OOOOE+03 3.8976E+05 1.8057E+04 8.91009E+OO 
l.OOOOE+03 3.9076E+05 1. 8104E+04 1.79456E+Ol 



1.0000:Jf+OJ 3.9176E+05 1.8150E+04 2.49223E+01 
1.0000E+03 3.9276E+05 1. 8196E+04 2.32933E+Ol 
1.0000E+03 3.9376E+OS 1. 8242E+04 1. 45954E+Ol 
1.0000E+03 3.9476E+05 1. 8289E+04 6.13730E+OO 

.,.,,..-·· · , l.OOOOE+03 3.9576E+05 l.8335E+04 1.73579E+OO 
1.0000E+03 3.9675E+05 1. 8381E+04 3.31003E-Ol 
l.OOOOE+03 3.9775E+05 1. 8428E+04 4.26679E-02 
1.0000E+03 3.9875E+05 l.8474E+04 3.72808E-03 
1.0000E+03 3.9975E+05 l.8520E+04 2.21190E-04 
l.OOOOE+03 4.0075E+05 l.8566E+04 8.~4757E-06 
1. OOOOE+03 4.017SE+05 l.8613E+04 2.47445E-07 
l.OOOOE+03 4.0275E+05 l.8659E+04 4.69373E-09 
1.0000E+03 4.0375E+05 l.8705E+04 6.12791E-11 
1.0000E+03 4.0474E+05 1.8751E+04 5.50359E-13 



.------
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********************************************************************** 
* 
* ONE-DIMENSIONAL CONVECTIVE-DISPERSIVE EQUATION 
* *11/26/85* VERSION 
* SEMI-INFINITE PROFILE 
* 
* NUCLIDE DECAY (THALF) 

* LINEAR ADSORPTION (R) 
* 
* 

GENERAL NUCLIDE RELEASE CURVE 
TRANSPORT SUM OVER PATHLINES 

* 
* 
* 

CIMARRON LANDFILL~ Kd=300 controlled release - U-238 
SATURATED ZONE 

********************************************************************** 

NUCLIDE: U-238 

INPUT PARAMETERS 

V = 130.38 
R = 1600.0 
TOTAL =l.81E+l2 
THALF= 4.5000E+09 
XL =l.OOOOE+03 

D = 1.00 
TO= 7.3683E+04 
TDECAY=O.OOOE-01 
CO= 4.539E+05 

NUCLIDE DECAY CONSTANT 1. 54033E-10 

CONTROL FLAGS: 
IOPTBC= 0 IFLUX= 0 ITYPE= 1 !OPT= 3 

RELEASE MODEL PARAMETERS: 
PLAN VIEW AREA=8.0000E+04 
DEPTH-1.0000E+Ol 
WATER FLUX Q=3.0000E-Ol 
THETA =0.3000 
MAX CONCENTRATIQN;l.OOOOE+12 
RELEASE CURVE ERROR=l.OOOOE-02 

FRACTION REMAINING CURVE 
TIME FRACT~ON 

O.OOE-01 1.00000 
2.88E+02 0.98199 
5.'7SE+02 0.96437 
8.60E+02 0.94713 
l.14E+03 0.93027 
l.43E+03 0.91376 
1. 71E+03. 0.89760 
1.99E+03 0.88179 
2.27E+03 0.86632 
2.SSE+03 0.85117 
2.83E+03 0.83634 
3.10E+03 0.82183 
3.38E+03 0.80762 



3.q6E+03 0.79370 
3.93E+03 0.78008 
4.20E+03 0.76673 

,...--...,_ 4 . 47E+03 0.75367 
4.74E+03 0.74087 
S.01E+03 0.72834 
5.28E+03 0.71606 
5.55E+03 0.70403 
5.81E+03 0.69225 
6.08E+03 0.68071 
6.34E+03 0.66940 
6.61E+03 0.65832 
6.87E+03 0.64746 
7.13E+03 0.63683 
7.39E+03 0.62640 
7.65E+03 0.61618 
7.91E+03 0.60616 
8.l6E+03 o.59635 
8.42E+03 0.58672 
8.67E+03 0.57729 
8.93E+03 0.56804 
9.18E+03 0.55897 
9.43E+03 0.55008 
9.68E+03 0.54136 
9.93E+03 0.53281 
l.02E+04 0.52443 
l.04E+04 0.51621 
1.07E+04 0.50814 
l.09E+04 0.50023 .,.,.--.._,. 
l.12E+04 0.49247 
1.14E+04 0.48486 
l.17E+04 0.47739 
1.19E+04 0.47006 
l.21E+04 0.46288 
1.24E+04 0 . 45582 
l.26E+04 0.44890 
1.29E+04 0.44211 
l.31E+04 0.43544 
1.33E+04 0.42890 
1. 36E+04 0.42248 
1.38E+04 0.41618 
l.40E+04 0.40999 
1.43E+04 0.40392 
1.45E+04 0.39796 
l.47E+04 0.39210 
l.50E+04 0.38636 
l.52E+04 0.38071 
l.54E+04 0.37517 
1. 56E+04 0.36973 
1;59E+04 0.36439 
l.61E+04 0.35914 
l.63E+04 0.35399 
l.66E+04 0.34892 
l.68E+04 0.34395 

,_.,--..,_ 
1. 70E+04 0.33906 
1. 72E+04 0.33427 
1.74E+04 0.32955 
l.77E+04 0.32492 
l.79E+04 0.32037 
l.81E+04 0.31590 



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

--------

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

l.83E+04 0.31150 
1.-85E+04 0.30718 
1.87E+04 0.30294 
l. 90E+04 0.29877 
1. 92E+04 0.29467 
1.94E+04 0.29064 
1.96E+04 0.28668 
l.98E+0-4 0-28279 
2.00E+04 0.27896 
2.02E+04 0.27520 
2.04E+04 0.27150 
2.06E-t04 0.26786 
2.09E+04 0.26428 
2.11E+04 0.26077 
2.13E+04 0.25731 
2.15E+04 0.25391 
2.17E+04 0.25057 
2.19E+04 0.24728 
2. 21E+04 0.24404 
2.23E+04 0.24086 
2. 25E+04 0.23773 
2. 27E+04 0.23465 
2.29E+04 0.23162 
2. 31E+04 0.22864 
2.33E+04 0.22571 
2. 35E+04 0.22283 
2.37E+04 0.21999 
2.39E+04 0.21720 
2.41E+04 0.00000 

RELEASE INTERVAL NUMBER= 102 

PATHLINE PARAMETERS: 
TRAVELTIME PATH LENGTH VELOCITY 

2.2010E+Ol l.0190E+03 4.6297E+Ol 
2.2019E+Ol 1. 0200E+03 4.6324E+Ol 
2.2020E+Ol 1.0210E+03 4.6367E+Ol 

ADDITIONAL ZONE PARAMETERS: 
XV=2.0000E+Ol TV=l.4500E+Ol 
AVERAGES: 

PDF 

5.5556E+Ol 
5.0000E+02 
O.OOOOE-01 

LENGTH=1.0000E+03 TIME=2.2016E+Ol VELOCITY=4.6329E+Ol 

*** QUANTITY IS CONCENTRATION*** 
CONVERSION FACTOR= 3.2695E-05 

DISTANCE TIME PORE VOLUME 
(X) (T) (VVO) 

1.0000E+03 3.1955E+04 l.4805E+03 
l.OOOOE+03 3.2953E+04 1.5267E+03 
1.0000E+03 3.3951E+04 1.5729E+03 
1.0000E+0:3 3.4949E+04 1.6192E+03 
l.OOOOE+0:3 3.5947E+04 l.6654E+03 

QUANTITY 
(Q) 

l.39843E-49 
1.64081E-23 
2.06558E-07 
3.18349E+OO 
2.73703E+Ol 



l. OOOOE.+03 3.6945E+04 1.7116E+03 2.57405E+Ol 
1. 0000.E+03 3.7943E+04 1.7579E+03 2.41840E+Ol 
1.0000E+03 3.8941E+04 l.8041E+03 2.27217E+Ol 
1 . 0000E+03 3 . 9939E+04 l . 8503E+03 2.J.3477E+Ol. .,,,.---... 
l.OOOOE+03 4.0937E+04 l.8966E+03 2.00569E+Ol 
l..OOOOE+03 4.1935E+04 l.9428E+03 l.88441E+Ol 
1.0000E+03 4.2933E+04 l.9890E+03 1. 77046E+0l 
l.OOOOE+03 4.3931E+04 2.0353E+03 l.66340E+Ol 
1.0000E+0:3 4.4929E+04 2.0815E+03 1.56282E+Ol 
1.0000E+03 4.5927E+04 2.1277E+03 1.46832E+Ol 
l.OOOOE+03 4.6925E+04 2.1740E+03 l.37953E+Ol 
1. OOOOE+03 4.7923E+04 2.2202E+03 1. 29611E+Ol 
1.0000E+03 4.8921E+04 2.2665E+03 1. 21774E+0l 
l.OOOOE+OJ 4.9919E+04 2.3l27E+03 l.14411E+Ol 
l.OOOOE+03 s.0916E+04 2.3589E+03 1.07492E+Ol 
1.0000E+03 5.1914E+04 2.4052E+03 1. 00993E+Ol 
1.0000E+03 5.2912E+04 2 .. 4514E+03 9.48857E+OO 
1.0000E+03 5.3910E+04 2.4976E+03 8.91481E+OO 
1.0000E+03 5.4908E+04 2.5439E+03 8.37575E+OO 
l.OOOOE+03 5.5906E+04 2.5901E+03 7. 86.929E+00 
l.OOOOE+03 S.6904E+04 2.6363E+03 7.39345E+OO 
1.0000E+03 5.7902E+04 2.6826E+03 6.94641E+OO 
1.0000E+03 5.9898E+04 2.7750E+03 1.91932E+OO 
1.0000E+03 6.0896E+04 2.8213E+03 1. 61312E-09 



A I 

__ ,,,,-~,. 

CIMARRON FACILITY 

MONITORING WELL SUMMARY 

U-238, pCi/l 

Avg. + Number of Sampling 
Well No. 1 Sta .. Max. Min. Sam:Qles Period 

1301 3.7 + 3.2 13 0.7 35 1971-1988 

1302 2.5 + 0.7 3.3 1. 7 4 1971-1981 

1303 1..4 + 0.9 4.3 0.3 30 1971-1985 
1304 157 + 276 765 1.7 7 1971 
1305 4.2 + 9.1 53 Del 32 1971-1988 

1306 .8. 9 + 16.2 42 1. 3 6 1974-1988 

1307 LS + 1. 6 7.0 0.7 34 1971-1988 

1309 1. 9 + 0.2 2.0 1..7 2 1987-1988 
_,,.-..._ 1311 1. 3 + 0.5 1. 7 0.7 4 1985-1988 

1312 39 + 36 86 5.6 4 1985-1988 

1313 29 + 8. 7 42 23 4 1985-1988 

1314 1.4 + 0.8 2.3 0.7 4 1985-1988 

1315 1880 + 350 2310 1340 6 1985-1988 

1316 218 + ·214 530 63 4 1985 ... 1988 

1317 15 + 17 42 0.7 s 1985-1988 

1318 2.0 + 0.9 3.0 1.3 3 1986-1988 

-1-
0314q 




