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Part II-
Database to Final Report for Oklahoma Department of Transportation Item
#2140-Dispersive Soils

Introduction

Oklahoma Department of Transportation (ODOT) personnel have problems associated
with dispersive soils during road construction and maintenance in several areas of the state (Fig
1.). Rills, pipes, and erosion of roadways, embankments, and bridge approaches affected by
dispersive soil require maintenance and can become driving hazards if repairs are not made.
Staff members at ODOT identified a need for information about dispersive soils in Oklahoma
based on economic and safety issues. ODOT Item #2140-Dispersive Soils is a research project
concerning 1) the locations of dispersive soils in the state, 2) the physical, chemical, engineering,
and mineralogical properties of dispersive soils in the state, and 3) procedures to reduce the
amount of dispersion in soils of Oklahoma affected by dispersion.

ODOT Item #2140-Dispersive Soils is a cooperative effort of ODOT, the Soil Genesis
and Classification Workgroup of the Plant and Soil Sciences Department at Oklahoma State
University (OSU) and the Natural Resources Conservation Service of the United States
Department of Agriculture (NRCS-USDA). Fieldwork, laboratory analyses, and data
interpretation involves workers from ODOT, OSU, and NRCS-USDA. Preliminary work
included identification of soil series of dispersive nature from county soil surveys and sampling
~150 soil horizons at type locations of soil series affected by dispersion for counties in
Oklahoma that have dispersive soils. Results of laboratory analyses of preliminary samples for
dispersive characteristics, were important factors in the selection of soils to be included in the
actual project. The final project includes analyses of 151 soil horizons from 23 soil profiles
sampled in several different areas of Oklahoma (Table 1 and Fig. 2). The soil profiles sampled
for the project formed from a variety of parent materials, including alluvium, shale, sandstone,
and limestone (Table 2). Soil pits dug with backhoes provided access to soil profiles for
photographs, soil profile descriptions, and sampling of described soil horizons. Part II of the
final report for the study contains data collected for each soil horizon in the field and in the
laboratory. Laboratory personnel at ODOT conducted double hydrometer, pinhole, crumb,
liquid limit, and plasticity index tests on ~100 subsoil horizons from the sampling locations.
Personnel at OSU conducted chemical and mineralogical tests on all the soil horizons sampled
and prepared the final report for the project, and personnel from NRCS-USDA assisted in
identification and sampling of the 23 locations for the project. A description of the database
follows the section containing citations for procedures used to analyze the soil samples.
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Figure 1. The approximate area of sodic-dispersive (natric) soils in Oklahoma
counties taken from USDA/NRCS county soil surveys.




Table 1. Site Descriptions of Soils Sampled for ODOT Item #2041-Dispersive Soils.

Unit

Soil Survey

Adjacent soil mapping

Site No. Soil mapping unit symbol County Legal description Sheet # unit. Unit Symbol
Bosville sandy loam, SE1/4 NW1/4 Sec.20 Muskogee silt loam,
1 4-8% slopes g Choctaw T6SR15E 34 1-3% slopes 36
Parsons-Dwight complex, NW1/4 SE1/4 Sec.22 Parsons silt loam,
2 1-3% slopes, eroded PdB2 Pittsburg T8NRI4E 15 0-1% slopes PaA
Wing silt loam, SW1/4 SW1/4 Sec.16 TON Wister silt loam,
3 0-2% slopes 82 Le Flore R24E 10 1-3% slopes 84
Wister silt loam, SW1/4 NE1/4 Sec.34 Wing silt loam,
4 0-1% slopes 83 Le Flore T8NR26E 2 0-2% slopes 82
Bethany-Pawhuska NE1/4 SE1/4 Sec.1 Bethany silt loam,
5 complex, 0-3% slope 5 McClain T7NR3W 14 0-1% slopes i 3
NE1/4 NE1/4 Sec. 1 Stigler silt loam,
6 Lafe soils La Sequoyah TI1INR24E 44 1-3% slopes SrB
Parsons-Carytown silt SW1/4 NW1/4 Sec.4 Taloka silt loam,
7 loam, 0-1% slopes 55 Muskogee T13NRI18E 38 0-1% slopes 70
Dwight-Parsons silt SW1/4 NW1/4 Sec.20 Okemabh silt loam,
8 loams, 0-1% slope DwA Okmulgee T12NR12E Sib 0-1% slopes OkB
Doolin-Pawhuska NE1/4 NE1/4 Sec33. Doolin silt loam,
9 complex 51 Cleveland TIONR3W 10 0-1% slopes 50
Brewer-Drummond NW1/4 SW 1/4 Sec.19
10 complex Bu Canadian _ TI4NRSW 10 Dale silt loam Da
Foraker-Shidler
Apperson-Dwight NW1/4 NW1/4 Sec.28 complex, 12-25%
11 complex, 0-3% slopes 2 Osage T29NR7E 8 slopes 23
McClain-Drummond silt NE1/4NW1/4 Sec.18
12 loams, rarely flooded 35 Grant T26NR4W 50 McClain silt loam 34




Table 1. Site Descriptions of Soils Sampled for ODOT Item #2041-Dispersive Soils (cont.).

Unit Soil Survey |Adjacent soil mapping
Site No. Soil mapping unit symbol County Legal description Sheet # unit. Unit Symbol
Zaneis-Huska complex, NE1/4 NW1/4 Sec.10 Renfrow-Urban land
13 1-5% slopes 81 Payne TI9NR2E 14 complex, 1-5% slopes 80
N1/2NE1/4 Sec.2 Zaneis-Huska
14 Doolin silt loam 96 Payne T19NR4E 17 complex, 1-5% slopes 72
Okemah-Parsons-
Carytown complex, E1/2 SE1/4 Sec.3 Dennis silt loam,
15 0-1% slopes 44 Tulsa TIONRI4E 25 3-5% slopes 13
Seminole loam, S1/2 SE1/4 Sec.4 Chickasha-Seminole
16 0-2% slopes 78 Payne T17NR6E 54 complex, 2-5% slopes 77
NE1/4 SW1/4 Sec.35
17 Healdton silt loam 15 Carter T3SR2E 31 Watonga silty clay 43
Zanies-Lucien-
Zaneis-Wing complex, NW1/4 SW1/4 Sec.8 Vernon association,
18 0-3% slopes ZwB Jefferson T4SR6W 12 rolling ZvD
Zanies-Wing
SE1/4 SW1/4 Sec.26 complex, 0-3%
19 Port-Oscar complex Po Jefferson T4SR7TW 19 slopes ZwB
Foard silt loam, NE1/4 SE1/4 Sec.22 Foard and Tillman
20 0-1% slopes FaA Comanche TINRI2W 78 soils, 1-3% slopes FtB
SW1/4 SW1/4 Sec.3 Indiahoma silty clay
21 Asa-Oscar complex Ax Tillman TI1SR15W 18 loam, 3-5% slopes InC
St-Paul-Hinkle complex, NE1/4 SE1/4 Sec.23 Carey-Hinkle
22 0-1% slopes SbA Kiowa T2NR17TW 19 complex, 1-5% slopes CbD
Renfrow-Hinkle complex, NE1/4 NW1/4 Sec.19 Renfrow silt loam,
23 1-3% slopes 47 Grady TENR7TW 28 1-3% slopes 44




Soil series and county
1 - Bosville, Choctaw Co.

2 - Dwight, Pitsbusg Co.
3 - Wing, Le Fbre Co.
4 - Wister, Le Fbre Co.
5 - Pawluska, MdClain Co.
6 - Lafe, Sequoy @ Co.
7 - Cayown Marskogee Co.
8 - Dwight, Oknulgee Co.
9 - Doolin, Clevelad Co.
10 - Dummond, Canadian Co.
11 - Dwight, Osage Co.
12 - Dumnmond, Grant Co.
13 - Huska, Payne Co.
14 - Doolin, PayneCo.
15 - Caybwn, TulsaCo.
16 - Semmole, Payne Co.
17 - Headon, CarterCo.
18 - Wing, Jefferson Co.
19 - Oscar, Jefferson Co.

20 - Foard, Comanche Co. 0 65km
21 - Oscar, Tillma Co. |
22 - Hinkle, Kiowa Co. {

23 - Hinkle, Grady Co.

Figure 2. Sampling locations for sodic-dispersive (natric) soils in Oklaho ma.



Table 2.| Parent Materials of Soils Sampled for ODOT Item #2140-Dispersive Soils.
Geologic
. Soil mapping Parent : . . .| formation of : 5 .
. Gr
Site No. o County fatesial Geotogic formation |  Equivalents Group BhdsyingTosic Equivalents onp Epoch Period
unit
Bosville sandy .
Y Dakota .
1 fosin 125 | cncmnd Simdag (| oane e Grayson shale 3 Washita | Comanche | Cr
' terrace deposits Sandstone
slopes
Parsons-Dwight . Thurman
2 complex, 1-3% | Pittsburg | alluvium Unnartid hlg.h Cabaniss Pn
terrace deposits sandstone
slopes, eroded
Wing silt loam . Unnamed-low terrace McAlester K
g ; i rebs Pn
3 0-2% slope oy I deposits formation
4 Wit et Le Flore | residuum | McAlester formation Krebs
0-1% slopes
Bethany-
Pawhuska . . Unnamed-high Clear Fork
S complex, 0-3% McClain | alluvium » deposits Hennessey shale| Group (TX) Pe
slones B
. : Unnamed-low terrace McAlester
6
Lafesoils | Sequoyah | atluvium e oA fexmriStions Krebs Pe
Parsons-
Carytown silt : Unnawmed-low terrace Boggy
7
loam, 0-1% atsc e deposits fortnation Krebs b
_slopes
Dwight-Parsons
8 silt loams, 0- | Odonulgee | residun | Weswoka fonnation | Nowata shale | Mannaton
1% slopes
Doolin- Unnamed-hi
9 Pawhuska | Cleveland | alluvium amee lgh Hennessey shale Cleari Bk Pe
— tetrace deposits Group (TX)
Caaibr Unnamed-lowt
10 Drummond | Canadian |  alluvium nan:i - O?:, ki g G El Reno Pe
complex SPOSI™S shale
Apperson-
Dwight . Red Eagle Council
11 d
complex, 0-3% Osage e Limestone Grove
_SIopes
McClain-
12 I)ummonq silt P — Unnamed-lo?iv terrace Garber Pe
loams, rarely deposits sandstone
flooded




Table 2. Parent Materials of Soils Sampled for ODOT Item #2140-Dispersive Soils (cont.).

~ Geologic
; Soil mapping Parent . . ] - iy formation of . G |
Site No. it County srekersal Geologic formation | Equivalents Group Epoch | Period e Equivalents roup Period
unit
Huska silt loam, . Wellington P
e
13 1-3% slopes Payne residuum M-
39 |oobibvdiisan] Pone || ifvis, [ CoRenEOhish Pl Q Neva limestane Council Grove Pe
terrace deposits
Okemah-
Parsons- ;
15 Carytown Tulsa alluvium Unnamed-hxgn Pt Q Labette shale Marma-ton Pn
terrace deposits
complex, 0-1%
slopes
Wabaunsee
. group and
- Vanoss and Ada
16 Se(!)mz:/olelloam, Payire alluvium Unnarr:ied lo:tv terrace; H Q po i upper part of Pontctoc Pn
-2% slope eposits Sitce grovp
(K5)
: i \
17 AR e Carter alluvium jrensEs] IOW femacs H Q S same Pontotoc Pn
loam deposits formation
18 Z“";:;“(;";f/ Jeffe esid Wichita formation o Pe
complex, 0-3% erson | residuum i mati e
slopes
Port-Oscar . Unnamed-low terrace| Widhita Garber
12 complex e | AWt deposits a Q formation sandstone e
Foard silt loam, Unnamed-low terrace| Wichita Garber
20 ’|IC i -
0-1% slopes Cenidied <afloviim deposits K Q formation sandstone I
Asa-Oscar . . Unnamed-low terrace| Wichita Garber
21
complex Higas || alimvon deposits H Q formation sandstone g
St-Paul-Hinkl e
22 |co a]u 0-10/?, Ko, | i ||| EooAmasS gl Q i G P
g e terrace deposits formation sandstone ¢
slopes
| Reafrow-Hinkle
23 complex, 1-3% | Grady residuum Dog Creek shale ElReno Pe
slopes

. C-Cenozoic, Cr-Cretaceous

. H-Holocene, M-Mesozoic, P-Paleozoic, Pe-Permian, Pl-Pleistocene, Q-Quaternary




Citations of Procedures Used to Analyze Soils

The order for citations of procedures follows the order the analyses occur in the database.

Soil Profile Description- Soil Survey Division Staff, 1993. Soil Survey Manual, United
States Department of Agriculture Handbook No. 18. United States Department of Agriculture.

pH (Saturated Paste)- United States Department of Agriculture-Natural Resources
Conservation Service-National Soil Survey Center, 1996. Soil Survey Laboratory Methods

Manual, Soil Investigations Report No. 42, Version 3. Method 8Clb-Reaction (pH)-Saturated
Paste, p. 411.

pH (1:1 Soil-Water by weight)- United States Department of Agriculture-Natural
Resources Conservation Service-National Soil Survey Center, 1996. Soil Survey Laboratory

Methods Manual, Soil Investigations Report No. 42, Version 3. Method 8Cl a- Reaction (pH)-
Water dilution, p.671.

Electrical Conductivity (Saturated Paste Extract)- United States Department of
Agriculture-Natural Resources Conservation Service-National Soil Survey Center, 1996. Soil

Survey Laboratory Methods Manual, Soil Investigations Report No. 42, Version 3. Method
8Ala- Conductivity of Saturation Extract, p. 669.

Sodium-Adsorption Ratio- United States Department of Agriculture-Natural Resources
Conservation Service-National Soil Survey Center, 1996. Soil Survey Laboratory Methods

Manual, Soil Investigations Report No. 42, Version 3. Method SE- Sodium-Adsorption Ratio, p.
215-216.

Bulk Density- United States Department of Agriculture-Natural Resources Conservation
Service-National Soil Survey Center, 1996. Soil Survey Laboratory Methods Manual, Soil
Investigations Report No. 42, Version 3. Method 4Alb-Saran-Coated Clods-Air-Dry, p.591-594.

Organic carbon- Yeomans, J. C., and Bremner, J. M., 1988. A Rapid and Precise

Method for Routine Determination of Organic Carbon in Soil, Communications in Soil Science
and Plant Analysis, 19:1467-1476.

Total carbon- United States Department of Agriculture-Natural Resources Conservation
Service-National Soil Survey Center, 1996. Soil Survey Laboratory Methods Manual, Soil
Investigations Report No. 42, Version 3. Method 6 A2¢-CO;, Evolution III, p.607.

Carbonates- By difference of Total carbon and Organic carbon.
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Citations of Procedures Used to Analyze Soils (cont.)

Ca®**, Mg®, Na*, K'- United States Department of Agriculture-Natural Resources
Conservation Service-National Soil Survey Center, 1996. Soil Survey Laboratory Methods
Manual, Soil Investigations Report No. 42, Version 3. Methods 6N1b, 601b, 6P1b, 6Q1b-
Saturation Extraction, Atomic Absorption, p. 299-304.

F, CI, Br, NOjy, SO;*- United States Department of Agriculture-Natural Resources
Conservation Service-National Soil Survey Center, 1996. Soil Survey Laboratory Methods
Manual, Soil Investigations Report No. 42, Version 3. Methods 6U1b, 6K1d, 6M1d,6L1d,-

Saturation Extract, Chromatograph (Anion Suppressor),
p. 287-292.

Liquid Limit, Plasticity Index- American Society for Testing and Materials, 1995.
Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils (Designation

D 4318 - 93), 1995 Annual Book of ASTM Standards, Section 4-Construction, Volume 4 .08, p.
554-564.

Double Hydrometer- American Society for Testing and Materials, 1995. Standard Test
Method for Dispersive Characteristics of Clay Soil by Double Hydrometer (Designation: D 4221

—90), 1995 Annual Book of ASTM Standards, Section 4-Construction, Volume 4.08, p. 526-
528.

Pinhole- American Society for Testing and Materials, 1995. Standard Test Method for
Identification and Classification of Dispersive Clay Soils by the Pinhole Test (Designation: D

4647 - 93), 1995 Annual Book of ASTM Standards, Section 4-Construction, Volume 4.08, p.
793-802.

Particle Size Analysis- United States Department of Agriculture-Natural Resources
Conservation Service-National Soil Survey Center, 1996. Soil Survey Laboratory Methods

Manual, Soil Investigations Report No. 42, Version 3. Method 3 A-Particles <2mm (Pipet
Method), p. 588-590.

Crumb- Sherard, J. L, Dunnigan, L. P., and Decker R. S., 1976. Identification and
Nature of Dispersive Soils, Journal of Geotechnical Engineering Division, Proceedings of the
American Society of Civil Engineers, Volume 102(No. GT4), p. 287-301.

Exchangeable Sodium Percentage- United States Department of Agriculture-Natural
Resources Conservation Service-National Soil Survey Center, 1996. Soil Survey Laboratory

Methods Manual, Soil Investigations Report No. 42, Version 3. Method 5D- Exchangeable
Sodium Percentage, p. 215-216.

11



Citations of Procedures Used to Analvze Soils (cont.)

Cation Exchange Capacity- Sumner, M. E. and Miller, W. P, 1996. Cation Exchange
Capacity of Soils Containing Salts, Carbonates or Zeolites. Methods of Soil Analysis, Part 3.
Chemical Methods- SSSA Book Series 5, Chapter 40, p. 1213-1214.

Clay Mineralogy- Whittig, I. D, and Allardice, W. R, 1986. X-Ray Diffraction

Techniques. Methods of Soil Analysis, Part 1. Physical and Mineralogical Methods- Agronomy
Monograph No. 9 (2™ Edition), Chapter 12, p. 331-362.

12



Description of the Database

The database is divided into 24 sections. This first section provides a brief introduction
concerning the initiation, development, and progress of ODOT Item #2140-Dispersive Soils,
citations for the procedures used to analyze the sampled soil horizons, and a description of the
data included in the database. Each of the other 23 sections contains data collected for a
particular soil profile/sampling location. For example, the section immediately following this
introductory section part contains data collected for Site 1, the Bosville soil series sampled at a
location in Choctaw County. This site is also referred to as the Bosville (Choctaw) soil or
sampling location. Data for Site 1 is followed by data for Site 2, data for Site 2 is followed by
data for Site 3, and so on for the rest of the 23 sites/soils/sampling locations. Sample nos. for a
particular soil horizon are not the same for the ODOT and OSU laboratories and both the OSU
and ODOT sample nos. appear in the tables and figures of the database

The first 6 pages of data for each site are similar and follow the format listed below:

Page 1- Photograph of the soil profile indicating dispersive zones

Page 2- Description of the soil profile at the site.

Page 3- Selected chemical and physical characteristics of the soil horizons

Page 4- Dispersion characteristics of the soil horizons

Page 5- Concentrations of soluble ions in saturated paste extracts taken from the
soil horizons

Page 6- Particle size distribution of the soil horizons

The photograph and 5 tables contain all of the data collected for Sites 10 (Drummond
(Canadian)), 13 (Huska (Payne)), 16 (Seminole (Payne)), 17 (Healdton (Carter)), 18 (Wing
(Jefferson)), 21 (Oscar (Tillman)), and 23 (Hinkle (Grady)).

Another aspect of ODOT Item #2140-Dispersive Soils is reducing by chemical
amendment the amount of dispersion in dispersion-affected soils. Part II of the final report also
contains data collected from the amending of selected horizons with a variety of materials
(gypsum, hydrated lime, fly ash, cement kiln dust, humate, calcium chloride, and sulfuric acid).
Selection of horizons for amendment required information concerning the cation exchange
capacity (CEC) and exchangeable sodium percentages (ESP) of the soils. CEC and ESP
measurements for soil horizons from Sites 1 (Bosville (Choctaw)), 2 (Dwight (Pittsburg)), 3
(Wing (LeFlore)), 5 (Pawhuska (McClain)), 6 (Lafe (Sequoyah)), 7 (Carytown (Muskogee)), 8
(Dwight (Okmulgee)), 11 (Dwight (Osage)), 12 (Drummond (Grant)), 14 (Doolin (Payne)), 15
(Carytown (Tulsa)), 19 (Oscar (Jefferson)), and 22 (Hinkle (Kiowa) follow the first set of tables
in the appendix for each of these sites. A
page describing the clay mineralogy of each of the horizons tested for CEC and ESP follows the
CEC and ESP data. Soil horizons chosen for treatment with amendments are fiom Sites 1

(Bosville (Choctaw)), 3 (Wing (LeFlore)), 5 (Pawhuska (McClain)), 11 (Dwight (Osage)), 14
(Doolin (Payne)), and 22 (Hinkle (Kiowa)). Tables and figures

13



Description of the Database (cont.)

which summarize the results of amending of the horizons follow the pages describing the clay
mineralogy of the horizons in the sections containing data for these sites.

NRCS-USDA personnel sampled Sites 5 (Pawhuska (McClain)), 7 (Carytown
(Muskogee)), 9 (Doolin (Cleveland)), 20 (Foard (Comanche)), and 22 (Hinkle (Kiowa)) at the
same time as samples were taken for ODOT Item #2140-Dispersive Soils. NRCS-USDA
samples were sent to the National Soil Survey Laboratory (NSSL) in Lincoln, Nebraska for
analyses. A table with results of analyses done at the NSSL-Lincoln Laboratory is included in
the sections containing data for each of these sites.

The sections of data for Sites 3 (Wing (LeFlore)), 4 (Wister (LeFlore)), 6 (Lafe
(Sequoyah)), and 22 (Hinkle (Kiowa)) also include a table describing the clay mineralogy of
each of the horizons in the soil profile at the sampling location.

Definitions of the footnotes in the tables common to all the sections (Profile Description,
Selected Physical and Chemical Characteristics, Dispersion Properties, Major Ions in Paste
Extracts, and Particle Size Distributions) are on the following page.

14



Footnotes to Tables

' - number given by Laboratory of Soil Genesis, Oklahoma State University; in parenthesis — number
given by ODOT Testing laboratory

? _ characteristics of features from Soil Survey Manual (Soil Survey Staff. 1993. Soil Survey Manual.
USDA Agric. Handbook 18);

3 3 p . : e
- color notations from Munsell soil color charts; colors are from moist soil unless otherwise noted

¢ - reaction to 10% hydrochloric acid

15



Site 1. Bosville series, Choctaw Co.

§ v

Sodic-Dispersive

4

16



Ll

Site 1. Soil of Bosville series, Choctaw County - Profile description

Horizon | Depth, Consis-| Bounda Special Fe-Mn i
! 2 2 % : Silt Salt
No. R ey Color Structure Texture ence’ |y pH Geatibes Gypsum p—— iltans alts
1 Ap 13 ]OKR Si/:’ moderate, fine, vc:;);]gne very | clear 55 ma,::z:ji?:i o
yetowss SBK Y| friable [ smooth|
brown loam roots
) many, fine to
2 E 28 10YR 6/3, | weak, medium, | fine sandy fiable clear 5.5 . ol
pale brown SBK loam wavy
roots
3 L & strong, fine very | clear cz:::n t(:)n’ few, fine | MonY» SOAMSE,
(1) Btl 58 reddish SBK clay loam 6rm | smooth 4.5 T soft bodies IOYR7/6
yellow i (yellow) siltans
2.5Y 6/4, '
light strong, coarse, common,
4 B % yellowish prismatic silty clay | very | abrupt 45 few, fine coarse, I0OYR
(12) brown; [partingtoweak,| loam firm | wavy ' roots 7/6 (yellow)
2.5Y 4/8, | coarse, SBK siltans
dark red
10YR 6/6 COIMKION,
5 By3 130 brownish, strong, coarse, ola very | gradual 45 few, fine coarse, I0YR poc;(kets e
(13) vellow SBK Y| firm |smooth| roots 7/6 (yellow) “"S;‘t’s“'"
few, fine siltans
moderate, pockets
10 YR 6/6, ) and threads
y i -y siltyclay | very | clear few, fine few, coarse |common, coarse| POCketsof
(13) Bty4 168 | brownish prismatic loam p h 5.5 ﬁ, . - unknown
wllow [partingitowveak! oa rm | sSmoo roots soft bodies siltans sslis
coarse, SBK
moderate,
7 10YR 6/6, coarse,
(15) BC 200+ | brownish prismatic loam ;'ery 6.5 yery fe) soft bodies few., coarse
yellow | parting to weak rm HReLests siltans
coarse, SBK
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Site 1. Soil of Bosville series, Choctaw County - Selected chemical and physical characteristics

Bulk

Sample | ODOT Depth, Density, [ Organic Total | Carbonates,
number | number |Horizon| c¢m pHJr pH i EC*, Ds/m| SAR™ g/cm3 carbon, %| carbon, % %

1 Ap 13 711 5.0 0.37 0.4 129 14 1.6 0.2

2 E 28 67 | 5.5 0.24 0.5 1.64 0.6 0.6 0

3 11 Btl 53 66 | 5.3 0.12 1.6 1.71 0.4 0.3 0

4 12 Bt2 76 68 | 5.7 0.30 5.1 1.80 0.3 0.1 0

3 13 Bty3 130 70 } 5.7 0.40 4.6 1.88 0.2 0.1 0

6 14 Bty4 168 6.7 | 54 0.60 10 1.84 0.2 0.1 0

7 15 BC 200+ [ 7.0 | 5.4 2.40 11.8 1.79 0.2 0.1 0

" saturated paste extract

- 1:1 soil-water mixture by weight
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L

from saturated paste extract
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Site 1. Bosville soil series, Choctaw County - Dispersion characteristics

| — T ] |
Sample| ODOT Ligiud | Plasticity EC’, DispersionA,
number | number | Horizon| Depth, cm| limit | index pH’ Ds/m | SAR” % Pinhole” | Crumb™
3 11 Btl 28-53 47 30 6.6 .12 1.6 0.0 ND3 1
4 12 B2 | 53-76 [ 59 41 6.8 0.30 5.1 273 ND1 1
5 13 Bty3 76-130 42 28 7.0 0.40 4.6 35.0 ND3 4
6 14 Bty4 | 130-168 33 21 6.7 0.60 7.7 76.4 ND3 3
7 15 BC [168-200+| 36 23 | 790 240 11.8 502 ND3 2

" - saturated paste extract
* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodiwn)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
" Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

. Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion
4 - strong dispersion
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Site 1. Soil of Bosville series, Choctaw County - Concentration of soluble ions in paste extract

am'ons,cmolc/L*

Anions, cmol /L**

o |

Sample | ODOT Depth, Sum Sum

number | number | Horizon| cm | Ca® |Mg*| Na* | K | cations | F* | CI' | Br | No,” | $0,” | CO,” | HCO; | anions
1 Ap 13 [018]007] 004 [ 003] 032 [0.02] 0.10 {000]| 000 | 004 | 000 | 0.17 | 033
2 E 28 | 012[005] 004 [001| 022 |000|] 004 [ 000| 000 | 002 | 000 | 007 | 0.13
3 11 Btl s3 | 003]0.01] 007 [000|] 011 [000]| 005 [0.00] 000 | 003 | 000 | 003 | 0.11
4 2 Bt2 76 [ 003]003| 029 [002| 037 [000| 0.13 | 000] 000 | 003 | 000 | 013 | 029
5 13 Bty3 | 130 | 004 | 003] 028 |ooo| 035 |oo0o| 023 {000 000 | 005 | 000 | 002 | 030
6 14 Bty4 | 168 | 005] 003 051 [001] 060 [000]| 042 | 000| 000 | 007 | 000 | 002 | 0.51
7 15 BC | 200+ | 024 |031] 197 | 001 | 253 Jooo| 153 [000| 000 | 077 | 000 | 003 | 233

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol/L - concentration in centimoles of positive charge per liter
** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 1. Soil of Bosville series, Choctaw County - Particle size distribution

SANDS | SILTS |CLAY
- . diameter (mm)-
4 |e 5]2.0-1.0[1.0-0.5[0.5-0.25[0.25-0.1] 0.1-0.05 | 0.05-0.02 |0.02-0.005/0.005-0.002| <0.002 | TOTAL| TOTAL| TEXTURE
&l o g B | (verse) | (crse) | (med) | (fine) | (vfine) | (coarse) | (medium) (fine) SAND | SILT [Labora
5 a o) g o/ .
wlol T a % tory Field
1 Ap | 13] 01 0.3 2.8 16.0 15.7 46.1 10.7 1.6 6.4 349 | 584 | SiL | VFSL
2 E|28] 09 0.6 32 19.6 17.0 38.1 10.6 25 8.7 413 | 512 | SiL | FSL
3|11]Bti| 53] 07 05 3.0 12.7 9.6 17.6 8.3 3.6 436 | 265 | 295 C CL
4|12|Be2| 76| 0.1 0.1 0.6 12.8 10.3 17.6 10.4 43 435 | 239 | 323 C SiCL
5 | 13|Bty3[ 130] 0.0 0.1 0.3 126 | 166 232 105 4.4 320 | 296 [ 381 | CL C
6 | 14 [Btya| 168] 0.0 0.1 0.5 143 18.7 19.2 123 4.6 301 | 336 | 361 | CL | SiCL
7 |15| BC [200+4] 0.1 0.3 0.3 8.9 12.3 25.2 14.1 58 325 [ 219 | 451 | CL L




Site 1. Amendment Study-Bosville (Choctaw) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP** Dispersion (%)’
6 14 Bty4 130-168 15.6 7.7 10.8 76.4

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts

and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.
**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures
in Methods in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity

Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.
*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 1. Amendment Study-Bosville (Choctaw) chemical data

Sample No. ODOT No. Horizon Depth(cm) CEC* SAR** ESP** Dispersion (%)"
7 ' 15 BC 168-200+ 15.9 11.8 19.7 50.2

*Cation exchange (cmol, /kg) capacity determined by methods for soils containing soluble salts
and carbonates in Methods of of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

*Soil dispersion as determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).




1£4

Site 1. Clay Mineralogy - Bosville (Choctaw)

ODOT No. Horizon Depth(cm) Clay mineral 1 Relative Abundance (%)*

Sample No.
6 14 Bty4 130-168 mixed 60
kaolinite 20
illite 16
quartz 4

T Mixed =Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks
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Site 1. Clay Mineralogy-Bosville (Choctaw)

Sample No. ODOT No. Horizon Depth(cm) Clay mineral ¥ Relative Abundance (%)*

7 15 BC 168-200+ mixed 50
kaolinite 27

illite 19

quartz 4

TMixed = Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks
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Site 1. Amendment Study- Bosville (Choctaw) BC Horizon (Sample No. 7, ODOT No. 15) Treatment Data®

Final Leaching| Changein | Effectiveness’™”| Effectiveness’
Treatments" Initial pH* FinalpH* | Initial SAR" SAR’ SAR", % (Proposed) (Standard)
(pre-treatment)|(post-weatment ) )
Gypsum, 11.2_Mg ha”, 1st leaching 7.0 73 11.8 10.2 13.6 no yes
Gypsum, 11.2 Mg ha, leaching 7.0 6.7 11.8 6.4 4538 yes yes
Gypsum, 22.4 Mg ha'!, Ist leaching 7.0 7.2 11.8 10.1 14.4 no yes
Gypsum, 22.4 Mg ha™!, leaching 7.0 7.2 11.8 6.9 41.5 yes yes
Gypsum, 224 Mg ha™, Ist leaching 70 7.8 118 9.9 16.1 no yes
Gypsum, 224 Mg ha”, leaching 7.0 84 118 3 72.9 yes yes
Hydrated lime, 11.2 Mg ha', 1st leaching 7.0 10.5 11.8 21.6 -83.1 no no
Hydrated lime, 11.2 Mg ha™, leaching 7.0 11.3 11.8 6.6 44.1 yes yes
Hydrated lime, 22.4 Mg ha™’, 1st leaching 7.0 g 11.8 18.2 -54.2 no no
Hydrated lime, 22.4 Mg ha”, leaching 7.0 7.5 11.8 3.4 W, yes yes
Hydrated lime, 224 Mg ha™, 1st leaching 7.0 12.3 11.8 12.9 -9.3 no no
Hydrated lime, 224 Mg ha'', leaching 7.0 12.8 11.8 5.0 57.6 yes yes
Fly ash, 11.2 Mgha", 1st leaching 7.0 7.8 11.8 12.0 -1.7 no no
Fly ash, 11.2 Mg ha”', leaching 7.0 8.4 11.8 94 203 no yes
Fly ash, 22.4 Mg ha’, Ist leaching 7.0 7.9 11.8 15.7 -33.1 no no
Fly ash, 22.4 Mg ha™, leaching 7.0 7.4 11.8 6.6 44.1 yes yes
Fly ash, 224 Mgha'', Ist leaching 7.0 102 11.8 19.3 -63.6 no no
Fly ash, 224 Mg ha*, leaching 7.0 10.4 11.8 9.6 18.8 no yes
Cement kiln dust, 11.2 Mgha™, Ist leaching 7.0 6.9 11.8 13.2 -11.9 no no
Cement kilndust, 11.2 Mg ha"!, leaching 7.0 7.5 11.8 9.6 18.6 no yes
Cement kiln dust, 224 Mg ha”', 1st leaching 7.0 12.6 11.8 9.8 16.9 no yes
Cement kiln dust, 224 Mg ha™, leaching 7.0 12.0 11.8 6.1 483 yes yes
Humate, 11.2 Mg ha’, Ist leaching 7.0 6.5 11.8 17.0 -44 1 no no
Humate, 11.2 Mg ha, leaching 7.0 7.6 11.8 15.3 -29.7 no no
Humate, 22.4 Mg ha”, 1st leaching 7.0 75 11.8 16.7 -41.5 no no
Humate, 22.4 Mg ha”, leaching 7.0 7.6 11.8 10.0 15.3 no yes
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Site 1. Amendment Study- Bosville (Choctaw) BC Horizon (Sample No. 7, ODOT No. 15) Treatment Data (cont.)&

Final Leaching | Change in Effectiveness’ | Effectiveness™
Treatments’ Initial pH* FinalpH* | Initial SAR" SAR" SAR, % (Proposed) (Standard) |
Calcium chloride, 11.2 Mgha™'| 1st leaching 7.0 6.8 118 783 38.1 yes yes _:
Calcium chloride, 11.2 Mg ha™', leaching 7.0 6.6 11.8 3.2 73.0 yes yes
Sulfuric acid, Gypsum 11.2 Mg ha”,1st leaching 7.0 6.5 118 ] 34.7 yes yes
Sulfuric acid, Gypsum 11.2 Mg ha”, leaching 7.0 7.4 118 4.9 585 yes yes
Sulfuric acid, Hydrated Jime 11.2 Mgha™ Ist leaching 7.0 10.4 11.1 11.1 0.0 1o yes
Sulfuric acid, Hydrated lime 11.2 Mg ha™ leaching 7.0 7.7 11.8 9.6 19.1 no yes
Sulfuric acid, Cement kiln dust 11.2 Mgha™, 1st leaching 7.0 8.0 11.8 8.9 246 no yes
Sulfuric acid, Cement kiln dust 11.2 Mg ha", leaching 7.0 7.7 11.8 53 55.1 ves yes
Sulfunic acid, Cement kiln dust 22.4 Mg ha”, leaching 7.0 S 11.8 5.8 50.8 yes yes
Sulfuric acid, Fly ash 11.2 Mg ha™, 1st leaching 7.0 6.4 11.8 6.3 46.6 yes yes
Sulfuric acid, Fly ash11.2 Mg__ha‘l, leaching 7.0 7.4 11.8 37) _559 yes yes
Sulfuric acid, Fty ash22.4 Mg ha™, leaching 7.0 8.1 11.8 6.7 43.2 yes yes
Sulfuric acid, Humate 11.2 Mg ha”, Ist leaching 7.0 7.7 11.8 12472 -3.4 no no
Sulfuric acid, Humate 11.2 Mg ha™!, leaching 7.0 Za) 11.8 79 331 yes yes
Sulfuric acid, Humate 22.4 Mg ha™!, leaching 7.0 7.0 11.8 7.3 38.1 yes yes
Sulfuric acid (36 meq/100 g soil)™, 1st leaching 7.0 7.0 11.8 159 -347 no no
Sulfuric acid (36 meg/100 g soil)**, leaching 7.0 6.8 11.8 25.7 -117.8 1no no

#Threshold values for % change in SAR: Proposed system- 33.1, Standard system- -27.1; Proposed system threshold SAR=((Initial SAR-the

proposed SAR (7.9))/ (Initial SAR)*100;Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))* 100

#Leaching included 5 successive saturations/extractions of treated soil
*Pre-treatment pH=pH reading before chemical treatment; *Post-treawment pH=pH reading after chemical treatment;

*Initial SAR - Sodium Adsorption Ratio without chemical treatment ;* Final SAR - Sodium Adsorption Ratio with chemical treatment; * Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100.

** Evaluation based on decrease in SAR inrelation to diagnostic value for sodic classification;

# All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfunic acid.
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Site 1. Amendment Study. Initial Results of Application of Amendments on Sample No. 7, Site 1, Bosville (Choctaw) (ODOT No. 15)*

(Nat=Unamended, G=Gypsum, FA=Fly ash, CKD=Cement kiln dust, Hu=Humate, CA= Calcium chioride,

Acid+G=Acid and Gypsum, Acid+FA= Acid and Fly ash, Acid+HL=Acid and Hydrated lime, Acid+CKD=Acid and Cement kiln dust, Acid+Hu=Acid and Humate
Checks=No treatment, VR=Variable Rates, A+11.2 Mg/ha=Acid and 11.2 Mg/ha amendments, A+22.4 Mg/ha=Acid and 22.4 Mg/ha amendments

"SAR values of the first saturated paste extract taken after addition of amendments)
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0.0 1
Nat 11.2 Mg/ha 22 4 Mg/ha 224 Mg/ha 11.2 Mg/ha + acid |
@ Leach 1 11.7 10.2 10.1 9.9 77
@ Leach 2 92 96 86 B 56
@ Leach 3 77 11.8 8.0 42
@ Leach 4 6.4 6.9 72 42
B Leach5 6.4 6.3 32 49

Site 1- Bosville (Choctaw Co.)- Effects of Leaching and Gypswm Application on Sample No. 7 (ODOT NO. 15)
Nat= Natural (no amendment applied)




0t

25.0 +— =R
200 +—
04——

v 15
<
m .....

Nl s i b e

5.0

=1 112 Mgh

Nat 112Mgha | 224Mgha | 224 Mgha ' Acg 4

. R . o]
B Leach 1 uy . 216 182 12.9 1
B Leach 2 9.2 6.3 112 111 _'
B Leach 3| 182 5.4 10.9 10.6
B leach4 19.6 5.1 5.0 10.1 N
B Leach 5 _ 16.6 34 5.3 | 96

Site 1- Bosville (Choctaw)- Effects of Leaching and Hydrated Lime Application on Sample No. 7 (ODOT No. 15)
Nat= Natural (no amendment applied)
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11.2 Mg/ha + | 22.4 Mg/ha +
Nat 11.2Mg/ha | 22.4Mgha | 224 Mg/ha oy Js

BLeach 1 11.7 12.0 157 19.3 6.3 8.8
B Leach 2 11.4 18.2 9.6 5.9 7.9
B Leach 3 9.4 14.1 14.5 5.8 7.6
ELeach 4 13.3 14.7 13.6 5.3 7.5
BLeach5| 3.1 6.6 121 | 54 6.7

Site 1- Bosville(Choctaw Co.)- Effects of Leaching and Fly Ash Application on Sample No. 7 (ODOT No. 15)

Nat= Natural (no amendment applied)
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Site 1- Bosville(Choctaw Co.)- Effiects of Leaching and Cement Kiln Dust Application on Sample No. 7 (ODOT No. 15)
Nat= Natural (no amendment applied)
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Site 1- Bosville (Choctaw Co.)- Effects of Leaching and Humate Application on Sample No. 7 (ODOT No. 15)

Natural (no amendment applied)

Nat=
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14.0 =S SN = i i e s 1

12.0

SAR

Nat
R Leach 1 11.7

Site 1- Bosville (Choctaw Co.)- Effiects of Leaching and Calcium Chloride Application on Sample No. 7 (ODOT No. 15)
Nat= Natural (no amendment applied)
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Nat 36 meq/100 g soil
ELeach 1 11.7 15.9
Leach 2 ) 26.5
ELeach 3 25.6
B Leach 4 24.1
R Leach 5 25.7

Site 1. Bosville (Choctaw)- Effects of Leaching and Sulfuric Acid Application on Sample No. 7 (ODOT No. 15)

Nat= Natural (no amendment applied)




Site 2. Dwight series, Pittsburg Co.
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Site 2. Soil of Dwight series, Pittsburg County - Profile Description

Horizon | D Textu- | Consis- | Bounda- . .
No.! e zz:h’ Color’ Structure® o | s o pH Special features Mottles Siltans
OMAR 25l weak, abrupt common, very fine
8 Ap 17 dark grayish medium, |[silt loam| friable P 6.5  Ver
brown SBK smooth roots
strong, / common, fine, faint,
9 10YR 4/2, dark 1 .
Bnl 36 e il ar medium, S very firm i) 6.5 few, fine roots 10YR 3/2 (very dark
@) grayish brown . i loam smooth :
prismatic grayish brown) mottles
10 10YR 5/2 oo | ol clear CEEIENL e, Hiainicl, COT(I)nrr(l)il:l’e::] ;
Bn2 64 . ’ medium, y very firm 6.5 few, fine roots 10YR 3/2 (very dark P o
®) grayish brown . . loam wavy . 10YR 772 (light
prismatic grayish brown) mottles ctad)
1 10YR 3/2, very weak, T S common, fine, faint, 10 few, fine,
©) Bt3 110 dark grayish medium, l(ilam Y very firm gwav 7.0 YR 3/2 (very dark distinct, 10YR
brown SBK y grayish brown) mottles | 7/2 (light gray)
common, fine, distinct,
weak, 10YR 3/2 (very dark
12 6/2, li i i i i :
o Bt4 140 1 t?YR ./2, ight | medium, [silty clay ey Bt clear go | common, r.nedlum grayish brown) nllot.tles,
rownish gray | subangular | loam wavy krotovinas common, fine, distinct,
blocky 10YR 5/8 (yellowish
brown) mottles
common, medium, )
krotovinas with common, medium,
13 10YR 6/2, light ) ] coarse, common, | distinct, I0YR 3/2 (ver
BC 170+ oy massive Ity cla fi 8. ; p ’ Y
(10A) brownish gray il M et ¢ N 2/0 (brown) soft dark grayish brown)
bodies along ped mottles
faces




Site 2. Soil of Dwight series, Pittsburg County - Selected chemical and physical characteristics

I
Sample| ODOT EC, Bulk Organic Total
number | number | Horizon |Depth,cm| pH' pH ™ Ds/m | SAR™ | Density | carbon, % | carbon, % | Carbonates, %
8 Ap 17 7.4 7.6 0.80 233 1.66 1.0 1.6 02
9 7 Bnl 36 7.7 7.5 0.50 4.9 1.73 056 . . 0.6 0.0
10 8 Bn2 64 6.9 6.5 0.70 8.7 1.83 0.6 0.4 0.0
11 9 Bt3 110 7.4 6.4 0.82 11.4 1.82 0.7 0.3 0.0
12 10 Bt4 140 7.6 72 0.80 10.8 1.71 0.3 0.3 03
13 10A BC 170+ 7.3 73 0.80 12.1 .71 03 03 0.3

*. saturated paste extract

8¢

- 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 2. Soil of Dwight series, Pittsburg County - Dispersion characteristics

Sample | ODOT | . Liqiud | Plasticity DispersionA,

number | number | Horizon| Depth, cm | limit index pH EC’, Ds/m SAR™ % Pinhole’ | Crumb*
9 7 Bnl 17-36 39 23 79 0.50 4.9 493 ND3 4
10 8 Bn2 36-64 40 25 6.9 0.70 8.7 753 D2 4
11 9 Bt3 64-110 | 49 35 7.4 0.82 11.4 87.2 DI 3
12 10 | Bta [ 110-140 | 51 34 7.6 0.80 10.8 91.3 DI 3
13 10A | BC | 140-170+| 59 41 7.3 0.80 12.1 81.7 ND3 3

" - saturated paste extract
* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method

* . Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

* . Crumb grade explanation:

1 - no dispersion
2 - slight dispersion
3 - moderate dispersion
4 - strong dispersion
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Site 2. Soil of Dwight series, Pittsburg County - Concentration of soluble ions in paste extract

Cations, cmol /L* ] Anions, cmol /L**

Sample| ODOT Depth, Sum Sum
number | number |Horizon| c¢m | Ca** | Mg® | Na* | K' [cations| F Cr Br | NO; | SO,” | CO,” | HCO; | anions |
8 Ap 17 030 | 016 | 036 | 0.01 [ 0.83 0.00 [ 0.32 0.00 0.00 | 0.10 0.00 0.30 0.72
9 7 Bnl 36 0.11 | 005 | 043 | 000 | 0.59 001 | 0.16 0.00 | 0.00 0.08 0.00 0.27 0.52
10 8 Bn2 64 0.07 | 0.02 | 0.58 | 0.0l 0.68 0.00 | 0.11 0.00 0.00 043 0.00 0.07 0.61
11 9 Bt3 110 0.06 | 0.03 | 0.76 | 0.00 0.85 0.00 | 0.23 0.00 0.00 0.41 0.00 0.10 0.74
12 10 Bt4 140 | 005 | 003 | 0.69 | 0.00 | 0.77 0.01 040 0.00 0.00 | 0.12 0.00 0.22 0.75
13 10A BC 170+ | 0.04 | 0.02 | 0.68 | 0.00 | 074 0.01 | 0.32 0.00 | 0.00 | 0.12 0.00 0.27 0.71

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SOy-sulfate, CO;3-carbonate,
HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 2. Soil of Dwight series, Pittsburg County - Particle size distribution

SANDS | SILTS |CLAY
diameter (mm)

3 {f g '-51 2.0-1.0 | 1.0-0.5 ] 0.5-0.25( 0.25-0.1| 0.1-0.05 ] 0.05-0.02]0.02-0.005|0.005-0.002| <0.002 | TOTAL | TOTAL| TEXTURE
g' 8 g '§_ (verse) | (crse) | (med) | (fine) | (vfine) | (crse) (med) (fine) SAND | SILT |Labora-
Slo|lE]| Al % - -{ tory | Field
8 Apl 17| 00 04 | 10 5.1 8.9 433 14.0 53 215 | 155 | 626 | SiL | SiL
91 7 |Bnl| 36 0.1 0.1 0.5 3.0 55 24/ 224 78 326 9.2 58.0 SiICL | SiCL
10| 8 |Bn2| 64 0.0 0.1 0.4 25 5.4 8852 18.3 7.0 327 | 84 58.5 SiCL CL
111 9 |Bt3| 110 0.1 0.1 03 282 39 28.5 19.1 86 37.0 6.5 56.2 SiCL | SiCL
12| 10 |Bt4] 140 0.0 0.0 0.2 1.2 L2 18.4 26.4 10.4 41.1 3.6 55.2 SiC SiCL
13|10A|BC|170+] 0.0 00 0.1 0.7 1.4 296 12.7 87 46.7 9. 51.0 SiC SiC




Site 2. Amendment Study-Dwight (Pittsburg) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP** Dispersion (%)"
11 9 Bt3 64-110 20.9 114 15.1 872

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts

and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 2. Clay Mineralogy-Dwight (Pittsburg)

Sample No. ODOT No. Horizon Depth (cm)  Clay mineral

Relative Abundance (%)*

11 9 Bt3 64-110 mixed
kaolinite

illite
quartz

TtMixed = Regularly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

82
10
8
3



Site 3. Wing series, LeFlore Co.
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Site 3. Soil of Wing series, LeFlore county - Profile description

Horizon | Depth Textu- | Consis- | Bounda- - Carbo- Fe-Mn
1 > 3 R
No. RS R Color Structure 1.7 e 22 ry2 pH Special features Mottles Gypsum il Py
10YR 4/2, weak, common, fine and
dark medium silt . abrupt medium roots; base of
’ 7.0 .
4 Ap o grayish [ subangular| loam Fihle smooth A lighter colored gley
brown blocky layer
moderate,
10YR 4/4, mt.edlum., common, fine,
15| a1 | dak | PR | e | clear [ s | few fineroots; few | distinet, 7.5YR
“) yellowish paring fo y wavy ’ coarse krotovinas 5/6 (strong
brown str(c;.n & brown) mottles
medium
SRK .
common, fine,
2.5Y 5/4 MeCamte, prominent few, fine
16 1 By2 | 72 |iightolive| ™edivm | sity | g [eradvall o0 1 g fine roots 75YR6/8 | pockets and
(&) subangular| clay smooth .
brown block (reddish yellow) threads
Y mottles
common,
medium,
10 YR 5/4 weak, silt common, coarse prominent, N 7/0 common, fine
71 amud | ais |Seieten | 150 clay i | SIUSEL gl | GRS (W (light gray) few, fine | concretions;
6) ybrown subangular loar?: wavy ) rounded sandstone | mottles; common, nodules [common, fine
blocky gravels medium, distinct soft bodies
7.5YR 5/8 (strong
brown) mottles
7.5YR 6/8,| weak, : common, coarse .
18 reddish - silty P mottled horizon common,
ZBCk l70+ g H " . .
(6A) yellow and | subangular lclay diiin 8.0 seuiidedBandstane (twolmatrlx f(lim;
N 5/0, gray| blocky e gravels colors) nodules
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Site 3. Soil of Wing series, LeFlore County - Selected chemical and physical characteristics

Bulk | Organic | Total
Sample OoDOT Depth, Density, | carbon, | carbon,
number | number | Horizon cm pH' pH ™ EC,Ds/m| SAR™ | g/em’ % % Carbonates, %
14 Ap 20 6.8 6.8 0.50 5.1 1.59 1.4 1.7 03
15 4 Btl 41 6.1 5.6 1.10 234 1.92 0.8 0.8 0
16 5 Bty2 72 | 67 6.6 4.00 125 1.95 0.7 0.8 0.1
17 6 2Btk3 115 7.2 7.5 3.70 30.5 1.77 0.2 0.5 03
18 6A 2BCk 170+ 8.3 8.6 1.90 262 1.83 0.1 0.6 0.5

" - saturated paste extract

. 1:1 soil-water mixture by weight
* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract




Ly

Site 3. Soil of Wing series, LeFlore County - Dispersion characteristics

Sample | ODOT Depth, | Liqiud | Plasticity . . Dispersion , | ) y
number | number | Horizon cm limit index pH" EC,Ds/m| SAR % Pinhole Crumb
15 4 Btl 20-41 71 52 6.1 1.10 234 52.8 ND3 4
16 S Bty2 41-72 66 47 6.7 4.00 122 79.3 ND3 3
17 6 2Btk3 72-115 60 40 7.2 3.70 30.5 85.6 ND3 3
18 6A 2BCk |115-170+| 54 36 83 1.90 26.2 78.9 ND3 4

* . saturated paste extract
* _ electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

"* Double hydrometer method

* . Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI1 - nondispersive clays

* _ Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion




Site 3. Soil of Wing series, LeFlore County - Concentration of soluble ions in paste extract

o Cations, cmol /L*

Anions, cmol /L**

|
Sample Depth, Sum Sum
number em | Ca® | Mg® | Na' K* |cations| F | CI' | Br |NO;"| SO,> | CO,* |HCO;| anions
14 20 009 0.03 | 040 | 0.00| 052 |0.00|0.11] 0.00| 0.00| 0.15 | 0.00 | 0.23 0.49
15 4 41 0.02 | 0.02 1.07 | 0.00 1.11 |0.00[0.06] 0.00 | 0.00| 092 | 0.00 | 0.04 1.02
16 5 i 092 | 129 | 407 | 0.01 6.29 [0.01]|0.03] 0.00 | 0.00| 525 | 0.00] 0.07 | 5.36
17 6 115 | 0.10 | 0.17 | 3.57 | 000 | 3.84 |0.02|0.03] 0.00 | 0.00 | 4.09 | 0.00 | 0.13 | 427
18 170+ | 0.04 | 0.06 1.85 | 0.00 1.95 |10.02]009] 0.00[0.00| 1.58 | 0.02| 046 | 2.17

8

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter
** - ion chromatography of saturated paste extract;, F-flouride, Cl-chloride, Br-bromide, NOj-nitrate, SO,-sulfate, COs-carbonate,
HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 3. Soil of Wing series, LeFlore County - Particle size distribution

SANDS | SILTS | CLAY
diameter (mm)

z :‘: g § 2.0-1.0{1.0-0.5/0.5-0.25[0.25-0.1} 0.1-0.05 | 0.05-0.02]0.02-0.005}0.005-0.002| <0.002 | TOTAL|TOTAL| TEXTURE
g‘ 8 g 2 [(verse) (crse) | (med) | (fine) | (v.fine) | (crse) (med) (fine) SAND | SILT [Labora-
»n|{O] x g - % tory | Field
14 Ap | 20 4.1 3.0 14 31 6.0 39.7 24.2 53 13.3 17.6 69.1 SiL SiL
15| 4 | Btl | 41 08 0.4 04 2.8 5.8 203 20.0 6.0 42.0 9.7 48.3 C SiC
16| 5 | Bty2| 72 0.6 0.3 0.4 1.7 43 21.2 17.1 6.4 479 74 447 SiC SiC
17] 6 |2Btk3| 115 | 14 12 | 1.1 3.1 6.4 25.0 10.2 57 45.6 13.3 409 C SiC
18] 6A |2BCk|170+] 1.9 i 1.2 33 58 16.9 13.5 11.9 436 13.9 423 C SiC




Site 3. Amendment Study-Wing (Leflore) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP**  Dispersion (% f
15 4 Btl 20-41 16.0 234 35.0 528

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.
**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 3. Clay Mineralogy-Wing (Leflore)

Sample No. ODOT No. Horizon  Depth (cm) Clay mineral t

Relative Abundance (%)*

15 4 Btl 20-41 mixed
kaolinite
illite
quartz

T Mixed = Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

52

35
10
3
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Site 3. Amendment Study- Wing (LeFlore) Bt1 Horizon (Sample No. 15, ODOT No. 4) Treatment Data,

Final Leaching Change in Effectiveness’” | Effectiveness
Treatments® Initial pH* Final pH* Initial SAR" SAR’ SAR', % (Proposed) (Standard)
(pre-treatment) (post-treatment)
Calcium chloride, 11.2 Mg ha”, leaching 6.1 7.1 234 9.1 61.1 no yes
Sulfuric acid, Gypsum, 11.2 Mg ha",lst leaching 6.1 7.4 234 11.8 49.6 no yes
Sulfuric acid, Gypsum, 11.2 Mg ha™, leaching 6.1 6.5 234 5.9 74.8 yes yes
Sulfuric acid, Hydrated lime, 11.2 Mg ha™, 1st leaching 6.1 7/ 23.4 18.4 214 no no
Sulfuric acid, Hydrated lime, 11.2 Mg ha", leaching 6.1 7.2 234 10.6 54.7 no yes
Sulfuric acid, Cement kiln dust, 11.2 Mg ha", leaching 6.1 8.0 23.4 11851 52.6 no yes
Sulfuric acid, Cement kiln dust, 11.2 Mg ha™, 1st leaching 6.1 74 234 7.4 68.4 yes yes
Sulfuric acid, Fly ash, 11.2 Mg ha, 1st leaching 6.1 8.0 234 1557 32.9 no no
Sulfuric acid, Fly ash, 11.2 Mg ha’, leaching 6.1 Tl 234 11.3 SN, no yes

®Threshold values for % change in SAR: Proposed system- 66.2, Standard system- 35.9; Proposed system threshold SAR=((Initial SAR-the proposed SAR (7.9))/ (Initial SAR)*100;

Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100

”Leaching mcluded 5 successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;

“Initial SAR - Sodium Adsorption Ratio without chemical treatment ;* Final SAR - Sodium Adsorption Ratio with chemical treatment. ~ Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100

™ Evaluation based on decrease in SAR in relation to diagnostic value for sodic classification

* All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid




€s

30 25 2 I _ - i et e s i g T P e R ol
25 +—— i —
20 - ~ ' = 4
& | )
< 15+ - —_ H
7)) ~ S
: 2 -
By = $
10 - - l_E HEs |
o [E| &
54 - R R
] | Treatments not done ] | Treatments not done ] EE : D ‘
o —————— §d " _UMBEHH — K
Fogg2geegsgRrg "ééﬁ?&"éf&%é?‘f?&@é’??éﬁ
© © U © - S L Bl g i =
QO 5 = = & B =
FRlegEriy
| F] ]
4 G =
g s =
[Chects ] [VR] 11.2 Mg/ha [224Mgha | | [224Mgba] | £ o N
3 ¥ +
< <

Site 3. Amendment Study. Wing (Leflore)- Initial results of application of amendments on Sample No. 15 (ODOT No. 4)*
Nat=Unamended, G=Gypsum, FA=Fly ash, CKD=Cement kiln dust, Hu=Humate, CA= Calcium chloride, Acid+G=Acid and Gypsum,
Acid+FA= Acid and Fly ash, Acid+HL=Acid and Hydrated lime, Acid+CKD=Acid and Cement kiln dust, Acid+Hu=Acid and Humate
Checks=No treatment, VR=Variable Rates, A+11.2 Mg/ha=Acid and 11.2 Mg/ha amendments, A+22.4 Mg/ha=Acid

and 22.4 Mg/ha amendments; *SAR values of the first saturated paste extract taken after addition of amendments
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Site 3. Wing (LeFlore)- Effects of Leaching and Calcium Chloride Application on Sample No. 15 (ODOT No. 4)

Nat= Natural (no amendment applied)
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25
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15 -
&
<
2 333
10 1 o,
5
0 |
Nat G HL FA CKD HU
‘M Leach 1 23.4 11.8 18.4 15.7 ) _1_1_1 13.0
M Leach 2 8.6 14.3 13.8 10.2 11.9
BMLeach3 Nl 7.4 13.5 12.7 o o 9.9 10.2
M Leach 4 5.9 12.5 12.3 9.8 B 6.5 ||
B Leach 5 6.0 10.6 11.3 7.4‘ 5.9

Site 3. Wing (LeFlore)- Effects of Leaching and Amendment+Sulfuric Acid Application on Sample No. 15 (ODOT No. 4)*

*Nat- Natural (no amendment applied), G-Gypsum, HL-Hydrated Lime, FA-Fly ash, CKD=Cement kiln dust, HU-Humate,
11.2 Mg/ha amendment and 7 meq sulfuric acid /100 g soil.
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Site 3- Soil of Wing series, Wister Co.- Clay Mineralogy

Kaolinite [ Vermiculite| Illite Quartz | Smectite

Sample | ODOT Depth,
number | number | Horizon cm Relative Abundances (%)

14 Ap 20 47 35 12 4 2

15 4 Btl 41 44 43 10 3

16 5 Bty2 i) 54 33 6 4 3

17 6 2Btk3 115 16 77 5 1 1

18 6A 2BCk 170+ 14 76 8 1 1

*Percentages estimated from areas of diagnostic x-ray peaks




Site 4. Wister series, LeFlore Co.

Sodic-Non-Dispersive

57
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Site 4. Soil of Wister series, LeFlore County - Profile description

i is- | Bounda- _—
No.! Iizr:;n Dzﬁ:h, Color® | Structure® | Texture’ Ct::;lz 0:;; : pH Special features Mottles
weak,
10YR 4/3, medium : : common, very fine and fine
f ’ bl 1 5.5
19 Ap 14 e I S silt loam friable |clear wavy £t
blocky -
10 YR 4/4, weak,
i fi dfi
20 E 25 dark. mClte, silt loam friable |clear wavy| 5.5 ey yure
yellowish | subangular roots, few sandstone gravels
brown blocky
21 10YR 4/3 mo‘jﬁrate’ lty cl dual | RIApjnedity it
| B [ s [0S Bt | S ES L firm BB ss few, fine roots SYR 3/4 (dark reddish
(1 o sub:l::cgkl;ar oam o brown) mottles
|
) 2.5Y 5/3, m0((i;rate, ] common, coarse,
@ Bt2 78 | lightolive s:;;mlu:;;r silty clay firm gwav 6.0 few, fine roots prominent 2.5YR 4/8
brown blocgky y (red) mottles
2.5Y372,
grayish weak, few slickensides; rock
23 brown, medium, ) fragments; common, fine mottled horizon
3) B g2 5YR 4/6, | subangular silty clay fit | Jelehrwavy)) 6.0 redoxymorphic features in (2 matrix colors)
yellowish blocky root channels
red -
pockets of C material (10YR
extremely | very firm, 6.0,7.0 if);:?;et::(’l (c):(;r;n;(/); ,x:(?ftrl:'
24 Cr 152+ | olive shale| massive gravely firm in in |PO B
cand Skals kel silty clay texture; massive
P P structure); N 2/0 on joints
and faces; stratified
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Site 4. Soil of Wister series, LeFlore County - Selected chemical and physical properties

Bulk

Sample | ODOT Depth, Density, | Organic Total Carbonates,
number | number | Horizon cm pH" | pH™ EC*, Ds/m SAR" g/cm3 carbon, % | carbon, % %

19 Ap 14 67 | 65 0.40 2.0 1.59 1.1 16 0.5

20 E 25 6.1 6.0 0.15 27 1.58 0.7 0.7 0.0

21 1 Btl 55 7.2 6.6 0.35 3.1 1.54 1.0 1.0 0.0

22 2 Bt2 78 6.4 6.2 0.14 4.6 1.76 0.7 0.8 0.1

23 3 Bt3 105 7.0 6.5 0.70 3281 1.88 0.6 03 0.0

24 Cr 152+ 7.0 6.2 1.70 1558 2.08 0.6 0.6 0.0

24a Cr,pckts® 7.6 1.50 9.0 0.4 0.0 0.0

"- saturated paste extract

- 1:1 soil-water mixture by weight
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

A tongues of silty clay flowing from Bt3 horizon into Cr horizon in pockets along boundary between horizons
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Site 4. Soil of Wister series, LeFlore County - Dispersion characteristics

Sample | ODOT Liquid | Plasticity . Dispersion ,

number | number | Horizon | Depth, cm | limit index pH" |EC, Ds/ m[ SAR " % Pinhole* | Crumb**
2l 1 Btl 25-55 88 55 e 0.35 hl 5.8 NDI 1
22 2 Bt2 55-78 83 55 6.4 0.14 4.6 11.8 ND3 1
PL] 3 Bt3 78-105 78 54 10 0.70 32.1 2252 ND1 2

* . saturated paste extract

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method
* - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays

ND2 and ND1 - nondispersive clays

** - Crumb grade explanation;

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion
4 - strong dispersion
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Site 4. Soil of Wister series, LeFlore County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /L**

Sample | ODOT Depth, Sum Sum

number | number| Horizon| cm | Ca™ |Mg®"| Na' | K' | cations| F cr | Br | Noy | SO | cO,” | HCOy | anions
19 Ap 14 0.10 { 0051 0.18 | 0.01 034 | 002 | 008 | 000 | 000 | 0.04 | 0.00 0.18 032
20 E 25 0.03]0.01] 0.12 | 0.00 0.16 | 003 [ 005 | 0.00 | 0.00 | 0.00 [ 0.00 0.00 0.08
21 1 Btl 55 0.06 | 0.04| 022 | 0.00 032 | 001 | 009 [ 000} 002 | 003 | 0.00 0.17 0.32
22 2 Bt2 78 001 [ 0.00| 0.12 | 0.01 0.14 | 0.00 | 007 [ 0.00] 0.00 | 004 | 0.00 0.00 0.11
23 3 Bt3 105 | 0.03 [ 002 | 1.55 | 0.01 1.61 0.00 | 005 [ 0.00 | 0.00 | 0.72 | 0.00 0.00 0.77
24 Cr 152+ [ 0.10 | 0.13 | 1.67 | 0.00 1.90 | 000 | 0.10 | 0.00 | 0.00 1.93 | 0.00 0.03 2.06
24a Cr,pckts I 022]023] 1.35] 000 1.80 | 0.03 | 0.05 | 0.00 | 0.00 1.37 | 0.00 0.10 155

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol/L - concentration in centimoles of positive charge per liter

** - jon chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCO;-bicarbonate; cmol/L - concentration in centimoles of negative charge per liter
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Site 4. Soil of Wister series, LeFlore County - Particle size distribution

SANDS | SILTS [cLay

e diameter (min) E
g B 5 2.0-1.0 | 1.0-0.5]0.5-0.25[0.25-0.1] 0.1-0.05 | 0.05-0.02 [0.02-0.005]0.005-0.002] <0.002 | TOTAL | TOTAL | TEXTURE
g |0 2 | £ | (verse)| (crse) | (med) | (fine) | (vfine) [ (crse) (med) (fine) SAND | SILT |Labora-
g§la]l §E | 8 — ol 1
P jof & | B %o tory | Field
19 Ap | 14| 41 2.7 1.6 30 | 64 30.2 30.2 5.4 160 | 17.8 658 SiL | SiL
20 E [25] 35 2.7 1.3 2.4 4.7 48.4 9.4 5.1 225 | 145 629 | SiL | SiL
210 1| Bl [ 55| 05 0.3 0.2 0.5 1.2 18.3 33 2.8 72.9 ) 24.4 C |SiCL
22| B2 78] 03 0.4 0.3 0.7 1.4 21.1 4.7 2.4 68.8 3.0 28.2 C | siC
23 |3 B33 ]105] 10 0.9 1.0 1.3 B 40.5 0.9 2.2 51.0 5.5 436 | SiC | SiC
24 Cr [1524] 02 1.0 1.1 3 i 68.7 0.4 -0.4 26.3 5.0 68.7 | SiL |ExGS
24a pf;;s 0.9 1.1 0.9 13 1.8 39.2 29 1.6 50.3 6.0 43.7 | SiC | SiC
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Site 4. Soil of Wister series, LeFlore County- Clay Mineralogy

Kaolinite| TIllite | Vermiculite| Quartz | Smectite Mixed’
Sample | ODOT Depth, |
number | number | Horizon cm Relative Abundances™ (%)
19 Ap 14 2 13 10 5 0 0
20 E 25 49 9 37 4 1 0
21 1 Btl 55 18 6 72 1 0 3
22 2 Bt2 78 40 9 46 2 3 0
23 3 Bt3 105 41 9 43 2 4 0
24 Cr 152+ 26 60 8 4 2 0
24a Cr,pckts 1 58 | 16 21 4 1 0

B Randomly Interstratified Illite-Smectite mineral
™. Percentages estimated from areas of diagnostic x-ray peaks




Site 5. Pawhuska series, McClain Co.

- Sodic-Dispersive

Saline-Sodic-
Non-Dispersive

Sodic-Dispersive

64
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Site S. Soil of Pawhuska series, McClain County - Profile description

o Fe-Mn
eyl g Tex- | Consis-| Bonda- Special Carbo- :
1B E|8 E 3 2 H Mottles Gypsum concre- | Siltans
No. E § g 5 Color Structure TS| T ryz p e nates r—
10YRS/3, | st abrupt A Uhe
27 Ap 23 b ’ 3 rongl, . loam | friable wavp 6.0 and very
rown |coarse, platy y firsnoie
many
weak ol P siltans
’ 1 few, fine
fz Bnl | 55 lob‘:: ‘11/3 | coarse, lf,':,ﬁ firm ::3’ 8.0 °mots along
k1i6) W prismatic . ped
faces
k common, fine, faint | oo fing
wea . , fine,
’ ’ threads and
29 By2 | s8I 10YR 4/3, — clay | very | gradual 8.0 \:ery few, 2.5Y 4/4 (olive brown) reads an
(17) brown . . loam | firm wavy fine roots masses along
prismatic mottles e
10YR-2.5Y R
4/4, dark weak common, | . ’
) ) it ) diral 3 fine and
0 1 B3 | 120 | yellowish | medium, | ™| fiem |82 [0 fine .
(18) . ) . clay wavy medium
brown-olive | prismatic nodules
Bl nodules
Wzak N few fine faint 10YR
10YR 4/4, m;;:; % 5/6 (yellowish brown) common,
31 dark . N silty . gradual mottles, few, fine, few, fine | fine and
(19) L L ellowish e cla s wav B faint, 10YR 6/2 (light nodules | medium
b/ ek M y g
brown meziu;n brownish gray) nodules
’ mottles
SBK
weak, water table
coarse, found at ] .
gl 200 em: few, fine to coarse
32 SYRS5/8, | partingto | silty | very free water p'romment 2.'5Y 6/2
BC [ 210+ . 8.0 . (light brownish gray)
(19A) yellowish red|  weak, clay | firm flowing
. mottles (tongues)
medium, through .
— along ped faces
subangular prism faces
blocky within BC
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Site 5. Soil of Pawhuska series, McClain County - Selected chemical and physical characteristics

Bulk Total
Sample | ODOT Density, | Organic | carbon,
number | number | Horizon | Depth, cm | pH' | pH** | EC’,Ds/m | SAR" glem’ |carbon, %| % [ Carbonates, %
27 Ap 23 73 6.0 0.60 1.8 1.59 0.8 0.8 0.0
28 16 Bnl 59 8.4 8.4 1.00 12.2 1.51 0.6 0.6 0.0
29 17 Bty2 81 75 8.4 5.20 11.6 1.69 0.6 0.6 0.0
30 18 Btk3 120 7.5 8.3 3.90 18.0 1.58 0.4 0.4 0.0
31 19 Bt4 150 7.7 8.2 3.80 20.8 1.72 ()52 0.2 0.0
32 19A BC 210+ 7.4 8.1 2.90 19.8 1.53 0.2 0.2 0.0

* . saturated paste extract

™ .1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 5. Soil of Pawhuska series, McClain County - Dispersion characteristics

Sample | ODOT | Liqiud | Plasticity Dispersion ,

number | number | Horizon [Depth, cm| limit index pH” EC’,Ds/m| SAR" % Pinhole’ | Crumb*
28 16 Bnl 23-55 60 42 8.4 1.00 12152 2002, ND4 4
29 17 Bty2 55-81 53 35 75 5.20 11.6 153 ND1 1
30 18 Btk3 81-120 54 37 75 3.90 18.0 39.6 ND3 1
31 19 Bt4 | 120-150 54 38 Hel 3.80 2058 64.7 ND3 3
32 19A BC 150-210+ 56 38 7.4 29 19.8 413 D2 3

" - saturated paste extract

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

"* Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI - nondispersive clays

# _ Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 5. Soil of Pawhuska series, McClain County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /L**

Sample | ODOT Depth, Sum Sum

number | number|Horizon| em | Ca®*| Mg* | Na* | K |cations| F | CI' | Br [ NO; | S04 [CO,*| HCO; | anions
27 Ap 23 026 0.17 | 0.26 | 0.01 0.71 000] 011] 0.00| 000 | 035 0.00 0.13 059
28 16 Bnl 53 0.08] 0.06 | 1.02] 0.00 1.16 | 0.03 | 0.18 | 0.00 | 0.00 | 0.41 | 0.00 0.50 1.12
29 17 Bty2 81 2.18| 1.64 [5.07] 0.00 889 | 001 044 | 000 0.00 | 894 | 0.00 0.23 9.62
30 18 Btk3 120 059| 064 |4.47| 000 | 570 | 001|076 0.00| 0.00 | 543 | 0.00 0.12 6.32
31 19 | Bt4 150 0.51] 050 |4.67| 0.01 569 | 003|139 000 (| 0.00 | 422 | 0.00 0.08 5.72
32 19A | BC 210+ | 0.29| 0.21 |3.15] 0.00| 365 |0.01 |1.88]| 0.00| 0.00 | 1.82 | 0.00 0.08 3.79

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract, F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO4-sulfate, CO;-carbonate,

HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 5. Soil of Pawhuska series, McClain County - Particle size distribution

- SANDS [ SILTS [CLAY

i Il B diameter (mm)
g‘ 8 'g 'é 2.0-1.0 | 1.0-0.5 | 0.5-0.25 {0.25-0.1}0.1-0.05]0.05-0.02|0.02-0.005{0.005-0.002 <0.002| TOTAL | TOTAL| TEXTURE
w| O | T | A& [(vcoarse)| (coarse) | (medium)| (fine) | (v.fine) | (coarse) | (medium)| (fine) SAND | SILT | Labora-

%o tory | Field
27 Ap | 23 0.2 0.2 0.3 3.6 19.9 413 14.0 2.0 18.2 242 7.3 SiL I
28| 16 |Bnl| 55 0.3 0.1 0.2 2.0 8.2 43.7 4.6 2% 38.4 10.8 50.5 SiCL CL
29| 17 |Bty2| 81 0.6 05 0.5 3.3 8.4 278 16.5 4.5 378 1313 48.8 SiCL CL
30| 18 |Btk3| 120 0.5 0.3 0.3 28 9.5 373 85 3.1 373 13.5 49.0 SiCL | SiC
31| 19 | Bt4| 150 0.2 02 0.3 3.7 10.8 28.3 13.8 4.1 38.2 15.3 46.3 SiCL | SiC
32[19A| BC [210+ 0.1 0.2 0.3 7.5 13.9 19.2 8.8 307 46.0 22.0 31.8 C SiC




Site 5. Amendment Study-Pawhuska (McClain) chemical data

Sample No, ODOT No. Horizon Depth (cm) CEC* SAR** ESP** Dispersion ( %)
28 16 Bnl 23-55 29.1 12.2 13.2 27.2

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts

and carbonates in Methods of Soil Analysis, SSSA Book Series No.S5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 5. Clay Mineralogy-Pawhuska (McClain)

Relative Abundance (%)*

Sample No. ODOT No. Horizon Depth(cm) Clay mineral }
28 16 Bnl 23-55 mixed
quartz
illite
kaolinite
vermiculite

T Mixed = Randomly stratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks
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Table 14. Site 5. Amendment Study- Pawhuska (McClain) Bnl Horizon (Sample No. 28, ODOT No. 16) Treatment Data

Final Leaching | Change in | Effectiveness™” | Effectiveness’
Treatments” Initial pH* Final pH* Initial SAR" SAR” SAR'.% | (Proposed) | (Standard)
(pre-treatment) | (post-treatment)
Gypsum, site specific, 4.86 Mg ha’ 84 7.8 12.2 10.6 13.1 no ~ves
Gypsum, 11.2 Mg ha'" leaching 8.4 789 12.2 10.5 1349 no ves
Gypsum, 11.2 Mg ha'l’]eaching 8.4 7.5 1P242 7.2 41.0 ves yes
Gypsum, 22.4 Mg ha”, 1st leaching 8.4 7.7 122 9.8 11917, no yes
Gypsum, 22.4 Mg ha”, leaching 8.4 7.2 1252 6.2 49.2 yes ves
Gypsum, 224 Mg ha’ 8.4 8.1 12.2 6.8 443 yes ves
Hydrated lime, site specific, 3.52 Mg ha™' 8.4 8.4 152 8.7 28.7 no yes
Hydrated lime, 11.2 Mg ha, 1st leaching 8.4 Th) 12.2 25:3 -107.4 no no
Hvdrated lime, 11.2 Mg ha', leaching 8.4 U 122 6.1 50.0 ves yes
Hydrated lime, 22.4 Mg ha™ | 1st leaching 8.4 11.3 12.2 15.2 -24.6 no no
Hydrated lime, 22.4 Mg ha”, leaching 8.4 9.2 12.2 6.0 50.8 yes yes
Hydrated lime, 224 Mg ha™ 8.4 12.7 12.2 10.5 13.9 no yes
Flv ash, site specific, 11.0 Mg ha 8.4 78 12.2 9.3 238 no yes
Fly ash, 11.2 Mg ha', 1st leaching 8.4 8.2 122 23.0 -88.5 no no
Fly ash, 11.2 Mg ha™, leaching 8.4 7.6 12.2 13.3 -9.0 no yes
Fly ash, 22.4 Mg ha”, st leaching 8.4 7.7 129 14.6 -19.7 no ves
Fly ash, 224 Mg ha 8.4 10.9 12.2 20.2 -65.6 no no
Cement kiln dust, site specific, 4.07 Mg ha'l__ 8.4 75 122 70 426 ves yes
Cement kiln dust, 11.2 Mg ha'l, 1st leaching 84 8.8 1722 12.1 0.8 no ves
Cement kiln dust, 11.2 Mg ha'l, leaching 84 83 12.2 103 15.6 no ves
|Cement kiln dust, 224 Mg ha 8.4 11.7 12.2 16.2 328 no i
Humate, 11.2 Mg ha™, 1st leaching 8.4 7.9 122 8.4 31.1 no yes
Humate, 11.2 Mg ha™', leaching 8.4 7.9 Jo2 101 17.2 no yes
Humate, 22.4 Mg ha'l, Ist leaching 8.4 78 _ 12.2 15.8 -29.5 no no
Humate, 22.4 Mg ha”', leaching 8.4 8.2 122 9.9 18.9 no ves
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Table 14. Site S. Amendment Study- Pawhuska (McClain) Bnl Horizon (Sample No. 28, ODOT No. 16)

Treatment Data (cont.)

Final Leaching | Change in | Effectiveness™ | Effectiveness’”
Treatments” Initial pH* Final pH* Initial SAR” iﬁ_‘_tl_{ _S_&:,ﬁ (Proposed) (Standard)
(pre-treatment) | (post-treatment)
Calcium chloride, 11.2 Mg ha'l, I st leachin 84 7.8 12.2 11.9 2.5 no ves
Calcium chloride, 11.2 Mg ha", leaching 8.4 2 12.2 6.4 47.5 yes yes
Sulfuric Acid, 36 meg/100 g soil, Ist leaching 8.4 7.7 1252 295 -141.8 no no
Sulfuric Acid, 36 meg/100 g soil 84 7.4 12.2 14.2 -16.4 no yes

% Threshold values for % change in SAR: Proposed system- 35.2, Standard system- -23.0; Proposed system threshold SAR=

((Initial SAR-the proposed SAR (7.9)/(Initial SAR))*100; Standard threshold SAR=:((Initial SAR-15.0)/(Initial SAR))*100

#Leaching included 5 successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;

*Initial SAR - Sodium Adsorption Ratio without chemical treatment ;" Final SAR - Sodium Adsorption Ratio with chemical treatment, * Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100.

** Evaluationbased on decrease in SAR in relation to diagnostic value for sodic classification;

**All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid.
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Site 5- Pawhuska (McClain). Initial results of application of amendments on Sample No. 28 (ODOT No. 16)*
Nat=Unamended, G=Gypsum, FA=Fly ash, CKD=Cement kiln dust, Hu=Humate, CA= Calcium chloride,

Acid+G=Acid and Gypsum, Acid+FA= Acid and Fly ash, Acid+HL=Acid and Hydrated lime, Acid+CKD=Acid and Cement kiln dust,

Acid+Hu=Acid and Humate; Checks=No treatment, VR=Variable Rates, A+11.2 Mg/ha=Acid and 11.2 Mg/ha amendments,

A+22.4 Mg/ha=Acid and 22.4 Mg/ha amendments; ‘SAR values of the first saturated paste extract taken after addition of amendments
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14.0 E— N
12.0 1
10.0 1
» 8.0
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a8 6.0
4.0
2.0 - |
0.0 %
Nat 11.2 Mg/ha 22.4 Mg/ha 224 Mg/ha |
MLeachl| 122 10.5 9.8 6.8 |
M Leach 2 9.3 8.3 |
‘M Leach 3 | 8.8 7.4 |
‘M Leach 4 7.4 7.0 i
MLeach 5 _ 12 6.2

Site S. Pawhuska (McClain)- Effects of Leaching and Gypsum Application on Sample No. 28 (ODOT No. 16)

Nat= Natural (no amendment applied)
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& Leach 3 17.0 14.9
B Leach 4 7.3 13.4 ]
B Leach S 6.1 10.8

Site 5. Pawhuska (McClain)- Effects of Leaching and Hydrated Lime Application on Sample No. 28 (ODOT No. 16)

Nat=Natural (no amendment applied)
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Site 5. Pawhuska (McClain)- Effects of Leaching and Fly Ash Application on Sample No. 28 (ODOT No. 16)

Nat= Natural (no amendment applied)

[ 25.0
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=2
<
%
10.0 - |
5.0
= a =
|
0.0 - |
| Nat 11.2 Mg/ha 22.4 Mg/ha 224 Mg/ha
B Leach | 12.2 23.0 14.6 10.1
B Leach 2 20.2 159 )
‘B Leach3 20.8 16.4
B Leach 4 14.1 166 B
B Leach 5 13.3 15.5 B
—
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Site 5. Pawhuska (McClain)- Effects of Leaching and Cement Kiln Dust Application on Sample No. 28 (ODOT No. 16)
Nat= Natural (no amendment applied)
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Site 5. Pawhuska (McClain)- Effects of Leaching and Humate Application on Sample No. 28 (ODOT No. 16)

Natural (no amendment applied)

Nat=
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Site 1- Pawhuska (McClain)- Effects of Leaching and Calcium Chloride Application on Sample No. 28 (ODOT No. 16)

Nat= Natural (no amendment applied)
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Site 5. Pawhuska (McClain)- Effects of Leaching and Sulfuric Acid Application on Sample No. 28 (ODOT No. 16)
Nat= Natural (no amendment applied)
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Site 5- Soil of Pawhuska series, McClain Co.- Lincoln data

* ok

PRIMARY
S970K-087-001

SAMPLED AS PAWHUSKA i
REVISED TO H i

NATRIC SOILS
80- 85

{CP98@K004)
SAMPLES 98P
1B1A, 2Al, 2B

SSL - PROJECT 98P 4,
- PEDON 98p 16,
- GENERAL METHODS

CHARACTERIZATION
{(MC CLAIN COUNTY, OKLAHOMA

FINE, MIXED, THERMIC MOLLIC NATRUSTALF

DATA

* kK

)
PRINT DATE 03/10/00

UNITED STATES DEPARTMENT OF AGRICULTURE
NATURAL RESOURCES CONSERVATION SERVICE
NATIONAL SOIL SURVEY CENTER

SOIL SURVEY LABORATORY

LINCOLN, NEBRASKA 68508-3866
-1--  -2-- -3-- -4-- -5-- -6-- -7-- -B-- -9-- -10- ~-11- -12- -13- -14- -15- -16- -17- -18- -19- -20-
(- - -TOTAL - - -) (- -CLAY- -) (- -SILT~ ~){-~ - = = = =SAND- - - - - -){-COARSE FRACTIONS(MM)~) (>2MM)
CLAY SILT SAND FINE CO3 FINE COARSE VF F M (o VC - - - - WEIGHT - - - - WT
SAMPLE DEPTH  HORIZON LR .002 .05 LT LT .002 .02 2105 10 .25 15 o, 2 5 20 .1- PCT oF
NO. {CM) .002 -.05 "4 0002 =002 -—062 =405 =.JU0" =.25 .50 =1 =2 -5 -20 -75 75 WHOLE
S AEEN =S TR S PCT OF <2MM (3Al) = = ~ = = = = = = = = - - > <- PCT OF <75MM(3Bl)-> SOIL
98® 80S 0- 23 Ap 8.0 58-1 23.9 14-4 163 21458 19.3 3.8 0.3 0.2 0.3 -- - -- 5 ==
98P B81S 23- 55 Bn 40,5 47.4 12.1 128..2 19.6 27.8 9] 2.2 0.3 0.2 0.3 1 s 5 9
98P B82S S55- 81 Bty 3.7 0.6 11.7 18.0 2258 29.8 w9 2.3 @©.4 0.5 0.6 4 1 -- o 15
98P 83s 81-120 Btk 38.1 48.0 13.9 25.8 2003 27,7 9.5 8.5 "{0.4 0.8 0.2 1 1 - 6 2
98P 84S 120-155 Bt 38-.9 d4.1 17,0 27.7 18¥8 25.3 " 120 o3t 04 6.2 W.1 &R TR - 5 ==
98P B85S 155-210 2BC 44.6 34.8 20.6 30.5 24.7 20,1 1330 6.7 0O-6 Q.2 B2 2 i = 0 8
ORGN TOTAL EXTR TOTAL (- - DITH-CIT - -){(RATIO/CLAY) (ATTERBERG ) (- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD
& N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
DEPTH FE AL MN CEC BAR LL PI  MOIST ®AR BRY SOIL MOIST BAR BAR BAR SOIL
(CM) 6Alc 6Bd4a 6S3b @R3c 6C2b 6G7a eDza 8Dl 8D1 4F1 4F  4A5 4Ald 4Alh 4D1  ¢B4  4Blc 4Blc 4BZa 4cl
PCT  <2MM  PPM <- PERCENT OF <2MM --> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
0~ 23 0.77 0.42 1.47 1.57 0.022 22.4 7.6 0.22
23- 55 0.72 0.44 VB85 1..90 W22 321 178 020
55- 81 0.6 0.46 1.40 1.92 0.107 2948 192 0.%7
81-120 0.65 0.46 1.37 1.87 0.108 32.7 17.4 0.21
120-155 0.64 0.46 1.34¢ 1.83 0.109 32.4 17.9 0.19
155-210 0:.59 0.55 1.43 1.92 e.101 30.9 24.6 0.09
AVERAGES, DEPTH 55-105: PCT CLAY 38 PCT .1-75MM 7
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Site S- Soil of Pawhuska series, McClain Co.- Lincoln data (cont.)

=49 PRIMARY CHARACTERIZATION DATA i

S970K-087-001 PRINT DATE 03/10/00
SAMPLED AS : PAWHUSKA # FINE, MIXED, THERMIC MCLLIC NATRUSTALF

USDA-NRCS-NSSC-SOIL SURVEY LABORATORY ; PEDON 98P 16, SAMPLE 98P  80- 85

-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-
(- NH4OAC EXTRACTABLE BASES -) ACID- (- -CEC- ~) EXCH SAR BASE CARBONATE CASO4 AS (- - - -PH - - -)
CA MG NA K SuM ITY SUM  NH4- NA SATURATION  AS CACO3 GYPSUM SAT CACL2 H20
DEPTH 5B5a 5B5a 5B5a 5B5a BASES CATS OAC SUM NH4OAC <2MM <20MM <2MM <20MM PASTE .01M
(CM) 6N2e 602d 6P2b 6Q2b 6H5a 5A3a 5A8b  5D2 5E 5C3 5C1 6Elg 6E4 6Fla 6F4  8Clb 8Clf 8Clf
e = = == === - = MEGY/ L0O"G ="RE eFia Iz = = > PCT <- -PCT- > <~ -PCT -> <- -PCT -> 152 1w
0- 23 7.4 34 1,4 0.7 12.6, 5.0 17.6: 13.9 8 72 91 5.5 6.0
28- 55 Wop? 48 0.9 g2 29.12 14 11 100 2 - 7.9 7.9 8.2
55- 81 Lo.1 6.9 0a6 24.9 11 12 100 100 1 3 6 LR M8
81-120K 13.9 10.2 8.2 0.6 32.9 2.4 35.3 24.8 24 15 93 100 TR 1 i 7.8 7.9 8.0
120-155K 10n9. 185"  Aul 06 2M0T 202 29.9 24.8 22 17 93 100 TR TR - @6 @sL a8
155~210K 1246 8.7 7.0 0.6 285 2:7 31.6 262 18 17 91 100 TR 1 = 7.5 7.6 1.8
(RSt S S WATER EXTRACTED FROM SATURATED PASTE- - -= = = = = - - - = - - ) PRED.
TOTAL ELEC. ELEC.
CA MG NA K CO3 HCO3 F CL S04 NO2 NO3 H20  SALTS COND. COND.
DEPTH EST. B8A3a 8I
(CM) 6Nlb 60lb &Plb 6Qlb 6Ilb 6Jlb 6Ulb 6Kld 6Lld 6Wlb 6Mld B8A 8D5 MMHOS MMHOS
G - = SElE ST S anha RE S - MEQ / LITER - = = = = = &= = = - - > <- -PCT- -> /cm /cm
0- 23 0.16
28t 55 0.7 ©@.6 9. 0.2 = 3.6 0.1 1.6 5.3 -- -~ 67.2 TR 1.15 0.67
55- 81 1199 A'5.1 493 ©0:4 == 1.1 0.2 4.2 8l.4 v == 62.4 0.3 6.43 4.02
81-120 558 6.2 Bim9 0L2 == 1.5 TR 7.5 41.8 == -- 62.9 0.2 4.76 2.16
120-155 3.7 4.4 335 0.2 Fazi Q149 == 15.4 28.1 . -~ 64.5 0.2 4.39 1.87
155-210 4.3 3.6 T8 0.2 -= 0.9 = 19.6 18.2 -- ==: 67.2 0.2 3.84 1.69

MMHOS/CM OF 1:2 WATER EXTRACT (8I) & EXCH NA AS EXTRACTABLE NA FOR LAYERS 1,

ANALYSES: S= ALL ON SIEVED <2mm BASIS



Site 6. Lafe series, Sequoyah Co.
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Site 6. Soil of Lafe series, Sequoyah County - Profile description

g o~ g L ic- - i ; Fe-Mn
No.' 'g g g Color’ | Structure’ TT_:;“ (i:]:: Boru;da pH ? posi! Mottles Gypsum | Carbonates| Reaction | .
I
2.5Y 8/4,
pale yellow grave- many, fine
33 Ap 12 | at the top coa::(eaal;laty ly | friable :nt::gt)lt\ 8.0 | sandstone
10YR 5/3, ’ loam gravels
brown
few, fine, distinct N 5/0 few, fine
34 lozlg{hfm, m(;‘li;‘ltes silty gradual (gray) mott!es.; Ca et IlOdl.l]eS i
Btnl | 30 . ; friable 8.0 medium, distinct I0YR the middle of]
(20) yellowish | subangular | clay wavy 6/8] (oWt yellov), | I0YR 6/8
brown blocky mottles | mottles |
weak,
coarse, few, medium, distinct few, fine
35 2.5Y 5/6, | prismatic silty gl 2.5Y 6/2 (light brownish | few, ﬁn.e effier- | nodules in
Bty2 | 55 | lightolive | partingto friable 8.0 gray) mottles; common, |masses in
(21) clay wavy . . . vescent [ 10YR 5/6
brown moderate, fine, distinct 10YR 5/6 | pockets i
medium, (yellowish brown) mottles
SRK
common, coarse, distinct fEvgiiic
36 10YR 6/6, | moderate, - 7.5YR 6/8 (reddish mz.my, Fi g e Fodiles i
@2) Btky3 | 95 | brownish coarse, clay | firm ——— 8.0 yellow) mottles; common, | fine nodules strong 10YR6/1
yellow prismatic coarse, faint I0YR 6/1 | masses
mottles
{grav) mottles
common,
7.5YR6/8, °°rf:§’
37 e clear sasdstone' semme
@3) BCk | 140 | yellow; massive | clay | firm Favy 8.0 =y ? fine violent
10YR 6/1, nodules
gravels at
gray lower

boundary
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Site 6. Soil of Lafe series, Sequoyah County - Profile description (continued)

Fe-Mn

Textu- | Consis-| Bounda- i :
Spenl Mottles Gypsum | Carbonates| Reaction .
concretions

g
g 3 2
g- 5| Color Structure 2 | tence® ry2 pH features

No.!
re

Honzon
name

shale, many
fine strata;
some strata

38 | 2Cr | 170 IR e massive | clay | firm i 8.0 108R 5f/6
smooth (yellowish

gray
brown)
along
firactures

shale; 5 cm
thick layer
10YR 5/1, 10YR 6/6 few, coarse

39 | 2Cr2 [ 195+ ol massive clay ;:g 8.0 | (brownish siderite
' yellow) concretions

shale within
horizon
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Site 6. Soil of Lafe series, Sequoyah County - Selected chemical and physical characteristics

Bulk
Sample | ODOT Depth, Density, | Organic Total
number | number | Horizon cm pH | pH™ EC’,Ds/m | SAR™ glem® | carbon, %|carbon, %| Carbonates, %
33 Ap 12 6.9 6.4 14.00 10.6 1.81 L 1.1 0
34 20 Bl 30 7.1 8.0 13.00 12.6 1.92 0.5 0.5 0
35 21 Bty2 55 7.2 8.3 12.00 11.3 1.84 0.2 0.4 02
36 22 Btky3 95 7.9 8.7 5.40 17.3 1.93 0.1 0.2 0.1
37 23 BCk 140 8.5 8.9 3.15 S L7 0.1 0.4 0.3
38 2Crl 170 7.7 8.1 1.40 23.9 1L 72 0.4 0.7 0.3
39 2Cr2 195 8.0 8.5 1.60 18.2 1.98 0.5 0.5 0

* - saturated paste extract

™ -1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 6. Soil of Lafe series, Sequoyah County - Dispersion characteristics

Sample| ODOT Liqiud | Plasticity DispersionA,
number [ number | Horizon |Depth, cm| limit index pH' EC‘, Ds/m SAR" % Pinhole” | Crumb®
34 20 Btnl 12-30 47 31 7.1 13.00 12.6 19.8 ND3 1
35 21 Bty2 30-55 48 32 72 12.00 113 0.0 ND3 1
36 22 Btky3 55-95 51 35 7.9 5.40 17.3 58.0 ND3 3
37 23 BCk 95-140 45 28 85 3.15 35.2 53.5 ND3 3

" - saturated paste extract

* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))}, using values in meg/L from saturated paste extract
" Double hydrometer method

* _ Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays

ND2 and ND1 - nondispersive clays

*# _ Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 6. Soil of Lafe series, Sequoyah County - Concentration of soluble ions in paste extract

! Cations,cmol /L* Anions, cmol /L**
Sample | ODOT Depth, Sum | Sum
number | number | Horizon| cm | Ca®* | Mg¥ | Na" | K’ |cations| F Cr | Br | No, | SO,> | CO,> | HCO; | anions
33 Ap 12 2.02 899 783 | 004 | 1888 | 026 | 0.59 | 0.00 | 0.00 [ 63.89| 0.00 0.18 | 6492
34 20 Btn] 30 1.85 6.80 8.31 055 | 17.51 | 027 | 0.54 | 000 | 000 | 59.08 | 0.00 0.37 | 60.26
35 21 Bty2 55 17.67 | 4065 | 61.18 | 0.10 | 119.60| 024 | 029 | 0.00 | 0.00 | 52.19 | 0.00 0.10 | 5292
36 22 Btkvy3 95 0.41 2.10 6.11 0.01 863 | 003 | 0.07 | 0.00 | 000 7.67 0.00 0.30 8.07
37 23 BCk 140 0.04 0.13 3.26 | 0.04 347 | 004 | 0.06 | 000 | 000 | 3.87 | 0.00 0.55 4.52
38 2Crl 170 0.03 0.06 1.51 0.00 1.60 | 0.01 | 0.06 | 0.00 | 0.00 0.96 0.01 0.51 1.55
39 2Cr2 195 0.05 0.10 1.57 | 0.00 1.72 | 003 | 0.07 | 0.00 [ 0.00 1.09 0.03 0.53 1.75

* - atomic absorption spectrophotometry of saturated paste extract, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol./L - concentration in centimoles of positive charge per liter

*¥ - jon chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 6. Soil of Lafe series, Sequoyah County - Particle size distribution

SANDS | SILTS | cLAY
diameter (mm)

3 : g s 2.0-1.0 | 1.0-0.5 { 0.5-0.25 | 0.25-0.10.1-0.05] 0.05-0.02/0.02-0.005/0.005-0.002| <0.002 | TOTAL| TOTAL| TEXTURE
g' 8 N | B [(vcoarse)| (coarse) | (medium)| (fine) | (v.fine) | (coarse) | (medium)| (fine) SAND | SILT |Labora-

HEE: g % tory | Field
33 Ap | 12 4.7 4.5 2.9 11.8 10.6 244 18.6 42 183 344 47.1 L CL
34| 20| Btnl | 30 18 1.4 0.9 6.2 69 25.6 133 53 38.5 17.2 443 SiCL | SiC
35|21 |Bty2| 55 18 0.7 0.8 6.4 6.8 19.6 15.8 5.0 429 16.6 404 SiC SiC
36| 22 |Btky3| 95 1.7 1.0 1.1 8.4 78 18.5 1859 4.2 434 19.9 36.6 C CL
37| 23| BCk | 140 1.7 13 14 13.0 9.0 259 DED 2.6 395 26.5 340 CL C
38 2Crl | 170 0.1 0.1 0.1 0.3 03 65.0 0.5 0.6 33.0 0.9 66.2 SiCL C
39 2Cr2] 195 0.5 0.5 0.4 0.7 1.0 62.6 0.8 -0.7 343 3.0 627 SiCL C




Site 6. Amendment Study - Lafe (Sequoyah) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP** Dispersion (%)"

37 23 BCk 95-140 15.8 35.2 62.6 53.5

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.
**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils; United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.
*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 6. Clay Mineralogy - Lafe (Sequoyah)

Sample No. ODOT No. Horizon Depth (cm)
37 ' 23 BCk 95 -140

TMixed = Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

Clay mineral 1

kaolinite
mixed
illite
quartz

Relative Abundance (%)*
47
39
13
1




t6

Site 6. Soil of Lafe series, Sequoyah County - Clay Mineralogy

Kaolinite| Illite | Vermiculite | Smectite | Quartz Mixed’

Sample | ODOT Depth,
number | number | Horizon cm Relative Abundances” (%)

33 Ap 12 40 30 18 9 3 0

34 20 Btnl 30 62 8 16 11 3 0

35 21 Bty2 55 33 4 60 0 3 0

36 22 Btky3 95 38 16 30 14 2 0

37 28 BCk 140 47 13 0 0 1 39

38 2Crl 170 61 26 7 2 4 0

39 | 2Cr2 195 42 28 22 4 4 0

*. Randomly Interstratified Illite-Smectite mineral

*k . . . .
- Percentages estimated from areas of diagnostic x-ray peaks




Site 7. Carytown series, Muskogee Co.

Saline-Non-Dispersive

{ Saline-Dispersive

% Saline-Non-Dispersive

94
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Site 7. Soil of Carytown series, Muskogee County - Profile description

Horizon | Depth Textu-| Consis-| Bounda- Special .
i > 3 2 . Mottle sium Siltans
No. e oy Color Structure re? | tence? - pH Safhres S Gyp
d1OYR5/3 - . = many, very
Ap ¢ | (@ry) brown, | weak, fine, | SHE f pipye | @MU 90 | fine and fine
10YR 4/3, granular | loam smooth
roots
hrown
10YR 6/13 t \;'-ery - many, very
- E op | (dry)pale | weak, fine, | Tine fgo 0 | BMUPE ) s s | fine and fine
(24) brown; IOYR | granular |sandy smooth eoihis
5/3, brown loam
common,
moderate, fine 7.5YR
41 7.5YR 3/2 medium : clear common, fine 6/6
§ : | f . 6.0 ’ .
(25) Bl 49em 1 dark brown subangular @y T Lirregular roots (feedish
blocky yellow)
siltang
common, coarse, distinct I0YR T
10YR 4/4, dark| moderate, | silty 4/2 (dark grayish brown) i
42 . g gradual : ) " masses of
26) Bt2 89 cm yellowish medium, | clay | firm A 6.0 | few, fine roots mottles; common, fine, —
brown prismatic | loam prominent 7.5YR 5/8 (strong
crystals
brown) mottles;
moderate, . . many, coarse, prominent 10YR .
iy Bty3 119 7'5.YR 6LE; coarse, sl firm Gikinee 7.0 |few, fine roots| S5/1 (gray) mottles, I0YR 5/2 DT iine
@27 reddish yellow . . clay smooth 4 ” masses
prismatic (grayish brown) stains;
44 10YR 6/8, moderate, silt radual many, coarse, prominent 10YR
Bty4 150 brownish coarse, y firm g 8.0 | few, fine roots| S5/1 (gray) mottles, I0YR 5/2
(28) : . clay wavy : :
yellow prismatic (grayish brown) stains;
10YR 6/8, moderate, | silty common, fine eiuriod, [EGTEE T common, fine
45 Bt 193+ i i ] i ; i i
yS 93 brownish c.oarse,' clay | firm 8.0 ironstone 10Y/R 7/ (gray) mottles, to medium
yellow prismatic | loam gravels; masses
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Site 7. Soil of Carytown series, Muskogee County - Selected chemical and p hysical characteristics

Bulk
Sample | ODOT Density, | Organic Total
number | number | Horizon | Depth, cm pH' EC*, Ds/m | SAR™ g/ch carbon, % | carbon, % Carbonates, %
40 E 6-22 6.0 1.50 4.1 1.33 0.9 09 0.0
41 24 Btnl 49 6.4 440 10.0 1.53 09 1.1 0.2
42 25 Bt2 89 6.7 8.20 9.9 1.79 0.7 0.9 0.2
43 26 Bty3 119 6.4 8.60 10.0 1.52 04 0.7 03
44 24l. Bty4 150 6.6 8.40 99 1.89 0.2 0.5 03
45 28 BtyS5 193+ 6.5 6.70 8.2 1.20 0.2 03 0.1

" - saturated paste extract

- 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 7. Soil of Carytown series, Muskogee County - Dispersion characteristics

Sample | ODOT Liqiud | Plasticity Dispersion ,
number | number | Horizon |Depth, cm| limit index pH" EC',Ds/m| SAR” % Pinhole’ Crumb™*
41 24 Btnl 22-49 53 33 6.4 4.40 10.0 18.7 D2 2
42 25 Bt2 49-89 45 29 6.7 8.20 S5 24.6 ND2 1
43 26 Bty3 89-119 49 34 6.4 8.60 10.0 30.6 ND3 1
44 2] Bty4 119-150 48 33 6.6 8.40 9.9 2.4 NDI 1
45 28 BtyS 150-193+ 41 26 6.5 6.70 82 4.5 NDI 1

" - saturated paste extract
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method

* _ Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays

ND2 and ND1 - nondispersive clays

* _ Crumb grade explanation:

1 - no dispersion
2 - slight dispersion
3 - moderate dispersion

4 - strong dispersion
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Site 7. Soil of Carytown series, Muskogee County - Concentration of soluble ions in paste extract

Cations, cmol /L* Anions,cmol J/L**
Sample | ODOT Sum Sum
number |number|Horizon |Depth, cm| Ca* | Mg?" | Na" | K |cations| F | €I | Br' | NO, | 80, | CO,* | HCOy| anions
40 E 6-22 0221030 066[002] 120 [ 0.01 | 0.40 [ 0.00 | 0.00 | 0.93 | 0.00 | 0.03 1.37
41 24 Btnl 49 051 231]377|0.04| 663 | 0.01 | 007 | 000 | 0.00 | 6.68 | 0.00 | 0.02 6.78
42 25 Bt2 89 224(864730]003] 1821 | 0.08 | 0.09 | 0.00 | 0.00 [ 19.72 | 0.00 [ 0.03 19.93
43 26 Bty3 119 246 [13.21] 8.88 [0.05| 24.60 [ 0.12 | 0.07 | 0.00 | 0.00 [ 29.84 | 0.00 [ 0.02 30.05
44 2 Bty4 150 2.19|6.09 [ 637 [0.05| 14.70 [ 0.06 | 0.04 | 0.00 [ 0.00 | 15.87 | 0.00 0.03 16.00
45 28 BtyS5 199+ 196 | 492479 0.01] 11.68 | 0.04 | 002 [ 0.00 [ 0.00 | 12.50 ] 0.00 | 0.07 12.63

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol/L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCOj3-bicarbonate; cmol./L - concentration in centimoles of negative charge per liter
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Site 7. Soil of Carytown series, Muskogee County - Particle size distribution

SANDS | SILTS cLAY
diameter (mm)

:ﬁt, ?_t‘ = ‘E’“ 2.0-1.0(1.0-0.5/0.5-0.25{0.25-0.110.1-0.05{0.05-0.02{0.02-0.005/0.005-0.002] <0.002| TOTAL [ TOTAL| TEXTURE
E' o 5 g_ (verse)| (crse) | (med) | (fine) | (vfine) | (coarse) | (inedium)| (fine) SAND | SILT |Labora-
31812 & % tory | Field
40 E 6-22 0.3 0.3 0.6 10.7 14 41.2 18 .2 25 11.9 259 619 SiL | VFSL
41| 24 | Btnl 49 0.0 0.1 0.2 47 7.2 23.7. 16.8 3 439 12.2 44 SiC C
42 | 25 | Bt2 89 0.3 0.1 0.3 5.1 7.2 23.7 16.6 4.2 42.5 12.9 445 SiC SiCL
43126 | Bty3 | 119 04 0.2 0.5 6.8 94 249 13.3 BrS 41 17.3 41.6 SiC SiC
44| 27 | Btyd | 150 0.3 0.4 0.6 83 9.8 235 1242 3.3 414 19.4 39.1 C SiC
451 28 | Bty5 | 193+ 1.3 0.7 0.8 89 10.1 3D 12.6 39 36.9 21.8 398 CL SiCL
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Site 7. Amendment Study-Carytown (Muskogee) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP**
41 24 Btnl 22-49 21.3 10.0 213

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures
in Methods in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).

Dispersion (%)"
18.7
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Site 7. Clay Mineralogy - Carytown (Muskogee)

Sample No. ODOT No. Horizon Depth (cm) Clay mineral 1 Relative Abundance (%)*
41 ; 24 Btnl 22-49 mixed 70
kaolinite 13
vermiculite 12
illite 5

tMixed= Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks
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Site 7- Soil of Carytown series, Muskogee Co- Lincoln data

R PRIMARY CHARACTERIZATION DATA ket

S970K~101-001 (MUSKOGEE COUNTY, OKLAHOMA }
PRINT DATE 03/10/00
SAMPLED AS + CARYTOWN ; FINE, MIXED, THERMIC ALBIC NATRAQUALF
REVISED TO : H
UNITED STATES DEPARTMENT OF AGRICULTURE
SSL - PROJECT 98P 4, (CP980OKO004) NATRIC SOILS NATURAL RESOURCES CONSERVATION SERVICE
- PEDON 98P 17, SAMPLES 98P 86— 92 NATIONAL SOIL SURVEY CENTER
- GENERAL METHODS 1B1A, 2A1l, 2B SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA 68508-3866
-1-= =2-- =3-= == -5-= --= -7-- -B-= -9-- «10- -11- -12- -13- -14- -15- -16- -17- -18- =-19- -20-
(- - -TOTAL - - -) (- -CLAY- -) (- -SILT- -){- - - - - =-SAND- - - - - -} (-COARSE FRACTIONS (MM)-) (>2MM)
CLAY SILT SAND FINE CO3 FINE COARSE VF F M @ vC - = = = WEIGHT - - - - WT
SAMPLE DEPTH HORIZON LT .002 .05 LT LT .002 .02 505 .10 25 D 1 2 ) 20 .1- PCT OF
NO. {CM) .002 -.05 -2 .0002 .002 -.02 -.05 -.10 -.25 ~.50 -1 -2 -5 -20 =175 75 WHOLE
L T - PCT OF <2MM ({3Al) - - = = = = = = = = = - - > <- PCT OF <75MM(3Bl)-> SOIL
98P 86S 0- O 13.8 61.9 24.3 10.4 24.2 37.7 13.2 9.8 0.8 0.3 0.2 1 TR = N2 1
98P 87S 6- 22 E 11.6 61.6 26.8 8.7 2.1 89z5 1:3.3 11.9 0.9 0.2 0.5 1 TR - 14 1
98P 88S 22~ 49 Btn 45.1 42.6 12.3 35.4 21.3 21.3 %0 4.6 0.3 0.1 0.3 TR == ki 5 ==
98P 89S 49- 89 Bt 39.2 45.9 14.9 29.9 2150, 249 8.4 Se8 0.3 0.1 0.3 TR == o 6. TR
98P 90S 89-119 Btyl 41.7 40.3 18.0 32.7 16.7 23.6 9.8 et 0.6 OL12 0l 4 1 £ 13 5
98P 91S 119-150 Bty?2 42.6 38.4 19.0 32.1 o3 22.7% 9.2 8.5 0.6 0.3 0.4 TR 'R oo 10 TR
98P 92S 150-193 Bty3 37.6 39.8 22.6 27.1 V.l 22.7 A0.7 9.5 1.0 0.7 0.7 2 == — 14 2
ORGN TOTAL EXTR TOTAL (- ~ DITH-CIT -~ -) (RATIO/CLAY) (ATTERBERG ) (- BULK DENSITY -) COLE (~ - -WATER CONTENT - -) WRD
c N 4 S EXTRACTABLE 15 - LIMITS ~ FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
DEPTH FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
({CM) 6Alc 6Bda 6S3b 6R3c 6C2b 6G7a 6D2a 8l 8D1 4F1 [ 4A5 4Ald 4A1h 4D1 4B4 4Blc 4Blc 4B2a 4C1
PCT <2MM PPM <~ PERCENT OF <2MM --> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -pPCT OF <2MM - -> CM/CM
0- 0 0.60 0.46 E.3
6- 22 0.71 Q.47 1.49 1.55 0.013 2145 5.4 0.24
2%~ 49 0.56 0.42 1.40 1.88 0.103 28.9 19.1 0.14
49- 89 0.53 0.41 1.46 1.86 0.084 27.0 16.0 0.16
89-119 064 10..41 1.41 1.90 0.101 30.7 17.3 0.18
119-150 0.55 0.41 1.46 1.87 0.086 28.7 171.5 0.1
150-193 0.57 0.41 1.54 1.92 0.075 24.7 15.3 0.14
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Site 7- Soil of Carytown series, Muskogee Co.- Lincoln data (cont.)

ik PRIMARY CHARACTERTIZATION DATA ***
$970K-101-001 PRINT DATE 03/10/00
SAMPLED AS CARYTOWN ; FINE, MIXED, THERMIC ALBIC NATRAQUALF
USDA-NRCS-NSSC-SOIL SURVEY LABORATORY ; PEDON 98P 17, SAMPLE 98P 86- 92
-1-- -2-- -3-- -4-- -5-- -g-- -7-- -8-- =9-- =10- -11- ~12- -13- -14- ~15- -16- -17- -18- -19- -20-
(- NHAOAC EXTRACTABLE BASES -) ACID- EXTR (- -CEC- -) EXCH SAR BASE CARBONATE CASO4 AS (-~ - = -PH - - -)
CA MG NA K  SUM ITY AL SUM NH4- NA SATURATION  AS CACO3 GYPSUM SAT CACL2 H20
DEPTH 5B5a SBS5a 5BSa  SB5a BASES CATS  OAC SUM NH4OAC <2MM <20MM <2MM <20MM.PASTE .01M
(CM) 6N2e 602d 6P2b 6Q2b 6H5a 6G9c 5A3a 5A8b  SD2 56  5C3 5C1 6Elg 6E4 6Fla 6F4 8Clb 8Clf 8C1f
<o === === == MEQ / 100 G - - = = = = = = - - >  PCT <- -PCT- > <- -PCT -> «<- -PCT -> 1:2 1:1
0- O 2.3 2.6 1.2 0.4 6.5 6.0 12.5 8.3 14 52 78 4.5 5.4
6- 22 2,0 2.4 ©.7 0.3 5.4 6.0 1.0 11i.4 8.2 8 47 66 4.3 4.9
22~ 49 3.7 14.9 5.3 0.4 24.3 9.5 0.7 33.8 25.1 14 10 72 97 —= 4.9 5.0 5.4
49- 89 19.7 15.9 5.6 -~ 41.2 9.1 0.6 50.3 20.7 12 9 82 100 1 4.6 4.8 4.8
89-119 16.2 18.3 6.8 0.5 41.8 5.5 47.3 22.4 13 10 88 100 TR 5.8 5.9 5.9
119-150 262 16.5 642 0.5 48.4 4.3 52.7 23.3 14 7 92 100 TR 6.6 6.7 6.7
150~193 22.8 13.9 5.0 0.7 42.4 2.9 45153 2048 12 8 94 100 TR - 1 7.0 A T2
(- = —m = = == - WATER EXTRACTED FROM SATURATED PASTE- = = = = = = = — = = - « ) PRED.
TOTAL ELEC. ELEC
(o/: MG NA K CO3 Hco3 F GL S04 NO2 NO3 H20 SALTS COND. COND.
DEPTH EST. 8A3a 8I
(CM) 6N1b 60l1b 6P1b 6Clb 6Ilb 6Jlb 6Ulb 6Kld 6L1d 6Wlb 6Mid 8A 8»5 MMHOS MMHOS
C = — EEAE S maE i mie = MEQ / LITER = = = = = = = = = = - - > <= =PCT- -> /cm /cm
0- 0 0.06
6- 22 0.24
22- 49 3.1 14.5 28.5 - -— 0.4 -- 0.4 45.8 - -- 60.9 0.2 3.76 1.78
49- 89 18.3 67.0 58.0 0.2 -— 0.3 -- 0.6 145.8 -= --— 55.5 0.4 9.36 4.12
89-119 17.8 65.2 61.4 —-- -- 0.3 -- 0.6 144.5 - -— 64.4 0.5 9.40 4.03
119-150 23.1 50.2 44.4 0.2 --= 0.4 -- 0.5 123.0 -= -- 67.6 0.4 8.17 3.29
150~193 20.4 41.0 42.4 0.2 -- 0.6 -- 0.5 103.7 - -~ 60.2 0.3 7.32 3.47
MMHOS/CM OF 1:2 WATER EXTRACT (81) & EXCH NA AS EXTRACTABLE NA FOR LAYERS 1, 2,

ANALYSES: S= ALL ON SIEVED <2mm BASIS



Site 8. Dwight series, Okmulgee Co.

"| Sodic-Dispersive

. 104
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Site 8. Soil of Dwight series, Okmulgee County - Profile description

g N . Fe-Mn
" C - | Boun- : y
No.! E g §' §| Cotor’ Structure® Texture’? 0n812 ., |pH|  Special features Mottles Carbonates | concre- | Siltans
.’1021 . tence dary tions
10YR 3/1, | weak, medium, verwhard |l cleas
46 Ap 19 | very dark subangular silt loam 7 6.5| many, fine roots
(dry) | wavy
gray blocky
k mod common, fine roots; S
) LR 3/1, | Moo FOERE ] dear few, medium JOYR &/
11 Bl | 61 | verydark|Promaticparting) sityeay | - g 7.0| krotovinas filled with _
(29) to moderate, loam wavy (white)
gray ) 10YR 3/1(very dark .
medium, SBK ’ siltans
gray) material
few, fine roots; .
2 5YR 5/6 weak, coarse, PR — many, medium common,
: B . . , . OYR .
#® Btk2 105 strong prismatic parting clay loam firm cleat 8.0| krotovinas filled with profrfiisat | . RED
(30) to weak, coarse, wavy 6/2 (dark grayish coarse
brown 10YR 3/1 (very dark .
SBK . brown) mottles concretions
gray) material
10YR 6/2 very few, fine roots; .
(dry), light Wealg Senrga few, coarse krotovinas| "o’ meditig contnon, few few
1 Bua | 152 | brownish [PrEmaticParting o v | mriabte [ZR%2N 80| fitted with 10YR 31 [POTPENt TSYRY i medium | medium
B ay; 10YR| topsaly nocth (very dark gray) 3/6 (strong concretions nodules
i medium, SBK ¥ cark gray brown) mottles
5/3, brown material;
10YR 4/6, many, coarse,
50 Bck | 193+ dark weak, coarse, silty clay |non-sticky, 8.0 distinct 10YR 5/6] few, coarse
(32) yellowish prismatic loam plastic ' ( yellowish concretions
brown brown) mottles
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Site 8. Soil of Dwight series, Okmulgee County - Selected chemical and physical characteristics

Bulk

Sample ODOT Depth, Density, | Organic |Total carbon,| Carbonates,
number number | Horizon cm pH" | pH" EC’, Ds/m | SAR™ g/em’ | carbon, % % %

46 Ap 19 6.7 6.2 1.20 1.6 1.10 1.5 1.5 0

47 20 | Bnl 61 | 79 | 78 1.40 10.7 1.51 0.6 0.8 0.2

48 30 Btk2 105 8.2 8.6 2.00 228 1.15 03 04 0.1

49 31 Btk3 152 8.6 89 1.20 23.4 1.24 0.1 04 03

50 32 BCk 193 89 8.8 0.80 18.6 0.86 0.1 0.2 0.1

" . saturated paste extract

. 1:1 soil-water mixture by weight
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract



LOT

Site 8. Soil of Dwight series, Okmulgee County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity DispersionA,
number | number | Horizon [ Depth, cm|  limit index pH' EC’ Ds/m | SAR" % Pinhole’ | Crumb™
47 29 Bnl 19-61 38 23 7.9 1.40 10.7 3505 D2 4
48 30 Btk2 61-105 51 36 8.2 2.00 228 46.2 D2 3
49 31 Btk3 105-152 52 38 8.6 1.20 234 48.9 ND4 1
50 32 BCk 152-193 44 28 89 0.80 18.6 31.8 ND3 3

*. saturated paste extract

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
"~ Double hydrometer method

# - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI - nondispersive clays

* . Crumb grade explanation;

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion
4 - strong dispersion




Site 8. Soil of Dwight series, Okmulgee County - Concentration of soluble ions in paste extract

Cations, cmol /L* Anions, cmol/L**
Sample | ODOT Depth, Sum | Sum
number | number | Horizon| cm [ Ca® | Mg®" | Na* | K' |cations| F | CI' | Br | Noy | S0, | co,> | HCO, | anions
46 Ap 19 (025 016 | 024 ]0.02| 067 | 0.00(0.07]0.00( 0.00 [ 0.18 | 0.00 0.35 0.60
47 29 Bnl 61 0.15] 007 ] 1131001 1.36 |0.010.10]0.00f 0.00 | 0.21 | 0.00 0.88 1.20
48 30 Btk2 105 [0.10| 006 | 2.04 |0.01| 2.21 [ 0.04|042(0.00f 000 | 1.21 [ 0.00 045 2.12
49 31 Btk3 152 10031 002 | 1.19 |1 0.01| 1.25 | 0.09|0.24|0.00| 0.00 | 0.28 | 0.00 0.55 1.16
50 32 BCk 193 [0.02| 0.01 | 079 | 0.01| 0.83 [0.06|0.110.00] 0.00 | 0.08 | 0.00 0.45 0.70

801

* - atomic absorption spectrophotometry of saturated paste extract, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract, F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,
HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 8. Soil of Dwight series, Okmulgee County - Particle size distribution

SANDS | SILTS | CLAY
diameter (mm) _

z, ﬁ g g.\ 2.0-1.0]1.0-0.5| 0.5-0.25] 0.25-0.1| 0.1-0.05{ 0.05-0.02 |0.02-0.005{0.005-0.002; <0.002 | TOTAL | TOTAL| TEXTPURE
E‘ 8 8 'ﬁ (verse)| (crse) | (med) (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT |Labora-
Slol2]A& % tory | Field
46 Ap| 19| 02 03 0.6 7.1 18.0 41.8 18.1 o 11.3 26.2 62.2 SiL SiL
471 29 |Bnl| 61 | 02 02 0.5 54 13.3 34,1 16.5 3.1 268 19.6 53.7 SiL | SiCL
48] 30 |Btk2| 105| 0.7 0.4 0.5 4.4 12.8 28.5 15.2 3.6 336 18.9 473 SiCL | CL
49| 31 [Btk3| 152 1.2 1.0 0.9 5.0 14.1 28.0 12.1 3.0 338 223 431 CL SiC
501 32 |BCk| 193 0.7 0.5 0.5 5.4 17.4 3.5 11.8 2.9 28.8 244 46.2 CL | SiCL
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Site 8. Amendment Study-Dwight (Okmulgee) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR**
48 : 30 Btk2 61-105 253 228

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

ESP** Dispersion (% )’
28.1 46.2

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods

in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

"Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).




4

Site 8. Clay Mineralogy - Dwight (Okmulgee)

Sample No. ODOT No. Horizon Depth (cm)
48 30 Btk2 61-105

tMixed = Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

Clay mineral

mixed
kaolinite
ilhte
vermiculite
quartz

Relative Abundance (%)*
72
15
6
4
3




Site 9. Doolin series, Cleveland Co.

Sodic-Dispersive

¢ Sodic-Non-Dispersive

. Salir=Sodic-
Non-Dispersive

Saline-Non-Dispersive

\ Sodic-Dispersive
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Site 9. Soil of Doolin series, Cleveland County - Profile description

& 3 .
1|8 Tl 3 , |Textu{ Consis{Bounda- Special Carbo- | Reac- [ Fe-Mn |
No. é E g 8 Color Structure re | tence? 1y2 PH features Bsttles. ||, Gegisum nates tion | concretons RS
10YR 6/2 (dry), many, fine,
light brownish weak, ol very fine
Apl| 9 |gray; I0YR4/2,| moderate, |loam | fiiable mzzh 6.5 and
dark grayish granular : medium
brown roots
R 5/2 .
]grYayisi br(c()ivrv);l)’ mGSTALE, abrupt many, fine
51 |Ap2| 23 . ’
: 10YR 4/2, dark i loammy, firn smooth " roots
. prismatic
grayish brown
moderate, common,
10YR 3/2 (dry), coarse, fine, many,
very dark prismatic distinct medium, | many
52 3 . cl 1 few, fi ’ ’
33) Btnl| 56 | grayish brown | parting to lo:r}rl) ;;i;}; ;:3; 8.0 er(/)Otsne 7.5YR 3/2 and few, |medium
10YR 2/2, very weak, (dark fine siltans
dark brown medium, brown) nodules
SBK mottles
10YR4/4
(d.ry) weak, .
53 EmyEllowish moderate, | silty | ver clear very few. few, few, fi
(34) Btk2| 81 | brown; 10YR b ]’ | Y f L4 8.0 f e, % medium Vidlerne] | > e
3/4, dark sub;mgku ar | clay rm | wavy ne roots iasses nodules
yellowish brown ocky
weak, p )
54 | Btky 107 10YR 4/3, medium, | clay firm gradual 2.0 man);., ;1e mzl.ly’ ol common,
(35| 3 brown subangular | loam wavy ’ v;r lc: medulxm viglenit fine nodules
Blaeky threads nodules
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Stie 9. Soil of Doolin series, Cleveiand Counts

v - Prolile description (continued)
=
S To|ld Textu| Consis{Bounda- Special . L .
No.! 5 5 & § Color’ Structure? 2 2 , | pH Py Mottles Cazto R.eac Ee M.n
2 8lA re” | tence Iy features nates tion | concretions
weak, coarse f;c;v, common,
prizmatic ;Ei/}l{u::;’z fine,
55 syRs/s, | partingto f . clear cdark [ Sistmet few,
6 B[ 10| | ciowich s weak, Y1 firm 8.0 ~ |7.5YR6/6 medium | strong | Or O™
) yellowish red . loam wavy grayish . fine nodules
medium, (reddish nodules
subangular browm)itost ||
. yellow)
block fillings or
Y 4 mottles
krotovinas
few,
medium
krotovinas
(10YR 4/1
weak, on- (dark gray),
56 |2BC 210 2.5YR 4/6, dark| medium, | silty| . K 8.0 mottled common, few, fine
BN k red subangular | clay Stllc t%/’ | common, BOMiSe  jstroti nodules
blocky plastic few, nodules
distinct
10YR 5/3
(brown)
material
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Site 9. Soil of Doolin series, Cleveland County - Selected chemical and physical characteristics

Bulk

Sample | ODOT Depth, EC, Density, Organic Total Carbonates,
number number | Horizon cm pH" | pH™ | Ds/m SAR™ g/cm3 carbon, % | carbon, % %

51 Ap2 9-23 7.1 6.7 0.50 2.8 - 0.9 1.1 02

52 33 Btnl 56 7.3 8.0 1.65 17.4 1.71 0.7 0.7 0.0

53 34 Btk2 81 7.6 85 3.80 18.4 1.92 0.5 0.5 0.0

54 35 Btky3 107 763 79 7.90 14.1 1.94 03 0.5 0.2

55 36 Btk4 160 73 8.1 5.20 26 2.00 02 0.2 0.0

56 B 2BCk 210.00 79 8.3 2.80 14.2 1.85 0.1 1.1 1.0

*. saturated paste extract

**.1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium-+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 9. Soil of Doolin series, Cleveland County - Dispersion characteristics

Sample | ODOT Liqiud | Plasticity Dispersion ,
number | number | Horizon | Depth, cm| limit index pH’ EC’,Ds/m | SAR" % Pinhole’ | Crumb™
52 33 Binl 23-56 63 45 7.3 1.65 17.4 38.0 ND3 3
53 34 Btk2 56-81 56 38 7.6 3.80 18.4 0.0 ND3 2
54 35 Btky3 81-107 49 31 7.3 7.90 14.1 11.5 NDI 1
55 36 Btk4 107-160 54 37 7.3 5.20 2.6 27.1 D1 2
56 37 2BCk | 160-210 53 37 7.9 2.80 14.2 41.8 D2 2

" - saturated paste extract

* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
"* Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI - nondispersive clays

* _ Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 9. Soil of Doolin series, Cleveland County - Concentration of soluble ions in paste extract

Cations, cmol /L* Anions, cmol /L**
Sample| ODOT Depth, Sum Sum
number| number |Horizon| e¢m | Ca® Mg2+ Na* K" |cations| F Ccr Br NO;’ S0,” Cozz' HCO; | anions
Si Ap2 | 9-23 | 018 | 0.15 | 036 | 0.01 | 070 | 0.02 | 0.09 | 0.00 | 0.00 0.04 0.00 033 0.48
52 33 Btnl 56 010 | 0.13 | 1.87 | 0.01 | 211 [ 003 | 080 | 0.00 | 0.00 0.65 0.00 043 191
53 34 Btk2 81 0.26 0.49 3.57 | 0.02 434 | 0.01 1.05 0.00 0.00 2.89 0.00 0.30 425
54 35 Btkv3 | 107 | 213 | 377 | 764 | 002 | 1356 | 0.05 | 1.83 | 0.00 | 000 | 1056 | 0.00 0.15 12.59
55 36 Btk4 160 [ 230 | 140 | 360 | 002 | 712 | 0.00 | 209 | 0.00 | 0.00 514 0.00 0.13 7.36
56 37 2BCk | 210 | 0.33 0.29 250 | 0.01 3.13 002 1.23 0.00 0.00 1.74 0.00 0.18 317

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** _ jon chromatography of saturated paste extract, F-flouride, Cl-chloride, Br-bromide, NOs-nitrate, SO,-sulfate, CO;-carbonate,
HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 9. Soil of Doolin series, Cleveland County - Particle size analysis

SANDS | SILTS | CLAY
diameter (mm)

% #* g g 2.0-1.0(1.0-0.5]0.5-0.25] 0.25-0.1]0.1-0.05 0.05-0.02 ]0.02-0.005]0.005-0.002| <0.002 | TOTAL | TOTAL | TEXTURE
= |C—> a '«i (verse)| (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT |Labora-

5 Q <] o o , .
»nl|lO0| T a |- o tory | Field
51 Ap2 | 923 | 0.2 0.1 0.4 1.7 13.7 50.0 17.1 3.6 12.9 16.1 707 SiL L
52| 33| Btnl 56 0.1 0.2 0.3 1.0 72 28.5 15.5 4.6 42.1 8.7 48.5 SiC CL
53] 34| Btk2 81 03 0.3 0.5 1.5 6.6 296 16.0 5.1 392 93 50.7 SiCL SiC
54 [ 35| Btky3| 107 1.1 0.7 12 25 8.7 27.6 15.3 4.7 37.8 14.5 47.6 SiCL (G114
55]36| Btkd | 160 0.4 0.4 0.6 241 10.0 26.7 13.7 52 40.6 13.4 45.6 SiC CL
56 37| 2BCk| 210 0.6 0.5 0.8 2.0 8.4 247 14.5 7.0 413 12.2 46.3 SiC SiC
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Site 9- Soil of Doolin series, Cleveland Co.- Lincoln data

traksx PRIMARY CHARACTERIZATION DATA TEX

S970K-027-001 (CLEVELAND COUNTY, OKLAHOMA )
PRINT DATE 03/10/00
SAMPLED AS : DOOLIN i FINE, SMECTITIC, THERMIC TYPIC NATRUSTOLL
REVISED TO s i
UNITED STATES DEPARTMENT OF AGRICULTURE
3SL, - PROJECT 98P 4, (CP98OK004) NATRIC SOILS NATURAL RESOURCES CONSERVATION SERVICE
- PEDON 98P 13, SAMPLES 98P  60- 65 NATIONAL SOIL SURVEY CENTER
- GENERAL METHODS 1B1A, 2Al1, 2B SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA 68508-3866
-1-- -2-- -3-- -4-- -5-- -f~~ -7-- -8-- =-9-- -10- -11- -12- -13- -14- ~15- -16- -17- -18- -19- -20-
(- - =TOTAL - - -) (- -CLAY- =) (- ~SILT- =) (- - - - - =SAND- - - - - -) (-~COARSE FRACTIONS (MM)~) (>2MM)
CLAY SILT SAND FINE CO3 FINE COARSE VF F M C VC - - - -~ WEIGHT - - - - WT
SAMPLE DEPTH  HORIZON LT .002 .05 LT LT 002 02 w05 .10 .25 a5 1 2 5 20 .1~ PCT OF
NO. (CM) .002 =~.05 -2 .0002 .002 =-.02 =-.05 =-.10 ~-.25 =-.50 -1 -2 -5 -20 =175 75 WHOLE
I T PCT OF <2MM (3A1) - = = - = = = = = = - - =~ > <- PCT OF <75MM(3Bl)-> SOIL
98P 60S 0- 23 Ap 13.3 69.4 17.3 8.5 19.9 49.5 14.5 1.9 0.5 0.2 0.2 -- -~ -- 3 --
98P 61S 23- 56  Btnl 41.7 48.7 9.6 32.6 19.4 29.3 8.0 1.1 0.4 0.1 TR ~-- -- == 2 -
98P 62S 56- 81 Btk 39.8 49.9 10.3 25.9 20.8 29.1 7.7 1.5 0.6 0.3 0.2 1 1 -- 5 2
98P 63S 81-107  Btky 39.1 46.9 14.0 18.6 20.2 26.7 10.0 2.1 0.9 0.4 0.6 2 - 1 7
98P 64S 107-160  Btky 40.9 45.3 13.8 25.4 19.4 26.0 10.6 2.1 0.6 0.3 0.2 1 il 1 6 3
98P 655 160-210 2BCk 41.9 45.3 12.8 25.3 20.9 24.4 9.8 2.0 0.7 0.2 0.1 TR TR 1 4
ORGN TOTAL EXTR TOTAL (- - DITH-CIT - -) (RATIO/CLAY) (ATTERBERG ) (- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD
(o] N P s EXTRACTABLE 15 -~ LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
DEPTH FE AL MN CEC BAR LL PI  MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
(CcM) 6Alc 6B4a 653b 6R3c 6C2b 6G7a 6B2a 8D1 8Dl 4F1 4F  4A5  4Ald 4Alh 4Dl 4B4  4Blc 4Blc 4B2a 4Cl
PCT  <2MM  PPM <- PERCENT OF <2MM --> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM ~ -> CM/CM
0- 23 0.89 0.44 1.43 1.49 0.014 23.9 5.9 0.26
23- 56 0.80 0.47 1.31 1.90 0.132 34.0 19.4 0.19
56- 81 0.75 0.44 1.41 1.94 0.111 30.2 17.6 0.18
81-107 0.71 0.41 1.40 1.79 0.082 29.6 16.2 0.18
107-160 0.67 0.43 1.40 1.96 0.116 31.9 17.5 0.20
160-210 0.56 0.49 1.46 1.98 0.106 28.6 20.6 0.12

AVERAGES, DEPTH 23- 73: PCT CLAY 41 PCT .1-75MM <
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Site 9- Soil of Doolin series, Cleveland Co.- Lincoln data (cont.)

i PRIMARY CHARACTERIZATION DATA P e

S970K-027-001 = PRINT DATE 03/10/00
SAMPLED AS : DOOLIN ; FINE, SMECTITIC, THERMIC TYPIC NATRUSTOLL
USDA-NRCS-NSSC-SO1L SURVEY LABORATORY ; PEDON 98P 13, SAMPLE 98P 60- 65
-1-= =-2-~ =3-= -4-- -5-- -g-- -J-- =B--— -9-- -10- ~-11- =-12- -13- ~14- -15- -16- -17- -18- -19- -20-
(- WH4OAC EXTRACTABLE BASES -) ACID- (-~ -CEC- =) EXCH SAR BASE CARBONATE CASO4 AS (~ = - -PH - - =)
CA MG NA K SUM il £)' SUM NH4- NA SATURATION AS CACO3 GYPSUM SAT CACL2 H20
DEPTH 5B5a 5B5a 5BSa 5B5a BASES CATS OAC SUM NH4OAC <2MM <20MM <2MM <20MM PASTE .01M
(CM) 6N2e 602d 6P2b 6Q2b 6H5a 5A3a 5A8b 5D2 S5E 568 5Cl1 6Elg ©6E4 6Fla 6F4 BClb 8CIf BCIEf
<= = = = = = = - - = MEQ / 100 G - ~ == m= == - - > reL <- -PCT- > <- -PCT -> <- -PCT -> 1:2 1:1
0- 23 7.1 33 1 3 0u®d 10243 a1 16,3 118 11 80 100 5.9 6.2
23- 56 Iil..4" K56 6.3 0.7 34.0 3.0 37.0 33.4 17 12 92 100 TR 7.4 7.4 7.8
o= 81 17.0 8.4 0.7 29.8 19 15 100 100 1 == 7.9 8.1 8.3
81-107K 15.0 8.9 0.7 . 1 27.6 =5 15 100 2 6 2 7.7 7.8 7.9
107-160K 12.4 7.9 0.8 27.73 25, 15 100 100 2 3 == 7.8 ) 8.0
160-210K 14.6 &.5 0.7 23.4 18 12 100 100 8 8 L 7.8 7.9 8.1
(- - - F 2 =3 Lk o - WATER EXTRACTED FROM SATURATED PASTE- - = = = = = = =~ - - - - ) PRED.
TOTAL ELEC. ELEC.
CA MG NA K CO3 HCO3 F CL S04 NO2 NO3 H20 SALTS COND. COND
DEPTH EST. B8A3a 81
(CM) 6N1b 601b 6P1lb 6Qlb 6Ilb 6Jlb 6Ulb 6Kld 6L1d 6Wib 6M1ld 8A 8D5 WMMHOS MMHOS
- - =S = === = - = - MEQ / LITER - = = = = = = = = — - - > <= -PCT- -> /cm /cm
0- 23 0.10
£3- 56 0.5 0.5 B 0.2 = 2.6 - 3.9 ekl = 0.1 69.0 TR 1.11 0.43
56- 81 4 3 9.3 40.1 0.1 — <) e 0.9 11.7 39.7 = == 69.1 0.3 5.01 1.97
81-107 22.3 32.0 80.2 0.3 - 1.5 -- 28.4 101.8 - == 60.1 0.4 9.03 4.58
107-160 4.1 Suv BI.7 0.4 s 1.8 0.7 LB=0 22.5 s ==  66.7 0.2 4.24 1.71
160-210 a3 3.3 22.5 012 e 1.8 05 (L3 A% 4 = -- 59.9 0.1 3.21 1.23

MMHOS/CM OF 1:2 WATER EXTRACT (8I) & EXCH NA AS EXTRACTABLE NA FOR LAYERS 1,

ANALYSES: S= ALL ON SIEVED <2mm BASIS
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Site 10. Soil of Drummond series, Canadian County - Profile description

Horizon| Depth, Textu-|Consis-| Bounda- Special Reac-
No.'| name® | cm Color’ Structure’ re* | tence’ ry2 pH | features Mottles Carbonates | tion | Siltans
10YR 3/2, weak,
57 Ap 2 | Very (?ark medium, clay friable clear g3 | many, fine Sioig
grayish | subangular | loam smooth roots
brown blocky
- 10YR 3/1, m"f‘:ﬁzate’ silty ] common. | fE% fine, faint oL Cf?mmog’
Btkl | 54 | verydark ’ clay | friable | & 8.3 > | 10YR 51 S T
(38) Gy subangular loam smooth fine roots (eray) motiles soft bodies medium
blocky gray siltans
weak . few, fine
10YR 3/1, . silty few, fine N
59 g i
Btss2 91 | very dark e, clay | friable sadual 8.3 | roots; few diskinet IOY.'R violent
39) o subangular - wavy dlickensides 5/4 (yellowish
blocky brown) mottles
2.5Y 4/2, weak, few, medium,
60 dark medium silty abrupt few, fine | faint 2,.5Y 5/4
Btss3 | 117 ; ’ Ti . ’ ' i
(40) grayish | subangular | clay finble smooth B:3 roots (light olive viglatit
brown blocky brown) mottles
25V 6/3 weak, coarse, common,
€1 .light | prismatic |sandy standing medium, effer-
@ 2Bt4 | 164 yellowish partingto | clay | firm 8.3 [water at 164 | distinct 2.5Y ves-
weak, coarse | loam cm 5/1 (gray) nt
brown gray e
SBK mottles
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Site 10. Soil of Drummond series, Canadian County - Selected chemical and physical characteristics

Bulk

Sample | ODOT density, Organic Total Carbonates,
number | number | Horizon | Depth,cm | pH™ | pH "™ EC’, Ds/m SAR™ g/cm3 carbon, % | carbon, % %

57 Ap 26 5.8 8.7 820 58.4 1.72 0.9 1.2 03

58 38 Btkl 54 8.7 8.8 10.20 854 1.79 0.9 2.0 1.1

59 39 Btss2 91 9.0 8.9 5.20 59.4 1.82 1.0 22 1.2

60 40 Btss3 117 9.0 9.1 2.85 34.1 1.82 0.6 1.6 1.0

61 41 2Bt4 164 8.8 94 1.80 33.5 - 0.3 03 0.0

*. saturated paste extract

. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 10. Soil of Drummond series, Canadian County - Dispersion characteristics

Sample | ODOT Liqiud | Plasticity . . Dispersion ' ) y
number | number | Horizon |Depth, cm| limit index pH+ EC, Ds/m SAR % Pinhole” | Crumb
58 38 Btkl 26-54 106 88 8.7 10.20 85.4 86.2 ND3 2
59 39 Btss2 54-91 152 128 9.0 5.20 59.4 82.5 ND3 2
60 40 Btss3 91-117 156 131 9.0 2.85 34.1 86.6 ND4 2
61 41 2Bt4 117-164 47 29 8.8 1.80 335 7 52 ND3 2

*. saturated paste extract
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
"* Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI - nondispersive clays

* . Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 10. Soil of Drummond series, Canadian County - Concentration of soluble ions in paste extract

Cations, cmol /L* Anions, cmol /L**
Sample| ODOT Depth, Sum Sum
number | number | Horizon| cm | Ca* | Mg** | Na' | K' |cations| F* | CI' | Br [ NO,"| SO,* | CO,> | HCO; | anions
57 Ap 26 1.31| 095 | 19.61| 008 | 2195 ]0.12] 6.38 | 0.00 | 0.00 | 16.51 | 0.00 0.60 | 23.61
58 38 Btkl 54 027 | 033 | 1478 | 0.07 | 1545]0.09] 431 ] 0.00 [ 0.00 [ 11.48 | 0.00 065 | 16.53
59 39 Btss2 91 0.15] 009 [ 651 | 0.03 | 678 |0.02f{ 198 | 0.00 [ 000 | 4.14 0.01 0.57 | 6.72
60 40 Btss3 117 | 0.10| 0.05 [ 295 | 0.02 | 3.12 |0.03] 0.91 | 0.00 | 0.00 | 1.40 0.02 057 | 293
61 41 2Bt4 164 | 004 | 003 | 202 | 0.01 | 2.10 |0.03| 0.53 ]| 0.00 [ 0.00 | 0.88 0.00 | 052 1.96

* - atomic absorption spectrophotometry of saturated paste extract, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** _ jon chromatography of saturated paste exwact, F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,
HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 10. Soil of Drummond series, Canadian County - Particle size distribution

SANDS ] SILTS [cLAYy
diameter (mm)

z, : g CE’h 2.0-1.0 {1.0-0.5/0.5-0.25| 0.25-0.1] 0.1-0.05| 0.05-0.02 {0.02-0.005]|0.005-0.002|<0.002| TOTAL | TOTAL | TEXTURE
g' 8 o 'g' (vcrse) | (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) (fine) SAND SILT |Labora-
S16] & |4 % tory | Field
57 Ap | 26 0.1 0.3 1.4 6.1 179 28.4 9.7 4.1 31.5 25.8 423 CL CL
58 | 38 | Btkl | 54 0.1 0.2 14l 55 10.2 18.8 10.7 6.4 46.6 17.0 359 C SiCL
59 | 39 | Btss2| 91 0.0 0.1 0.6 3.1 6.6 14.4 10.6 8.6 558 10.4 33.5 C SiCL
60 | 40 | Btss3| 117 0.1 03 1.2 5.8 93 10.5 89 83 55.4 16.7 27.6 C SiC
61 | 41 | 2Bt4 | 164 0.9 1.4 4.6 13.9 18.5 30.4 49 2.1 233 393 37.4 L SCL




Site 11. Dwight series, Osage Co.
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Site 11. Soil of Dwight series, Osage County - Profile description

Hori Textu{ Consis-|Bounda- - A
No.! Orlzozn L iy Color’ Structure’ exzu ons:z oun2 pH Special features Mottles Carbonates | Reaction | Siltans
name cm re” | tence Iy
10YR 2/1, moderate, clear, many, fine and medium few, fine
% i L black medium, SBK 2t smooth L roots; few chert fragments siltans
Sy strongl, medium, o i
63 Btnl 38 d k’ e Ltl.mn?r clay f gradual, g0 |common, fine and medium| faint IOYR 4/4 | few, fine | efferves- | few, fine
(42) L Sy S pariing ? loam o smooth| roots (dark yellowish | soft bodies cent siltans
gray moderate, fine brown) mottles
SBK
weak, coarse,
columnar i fips, b ol -yt
ot Btn2 67 R, parting to clay | firm SiEdn 8.0 common, fine roots SEnIOmE 4./4 fme. 0 violent fe\.av, e
(43) dark gray acddate smooth (dark yellowish | medium siltans
medium, SBK brown) mottles | fragments
common,
65 2.5Y weak, medium, | silty e many, fine, fine,
Bt3 95 | 4/3,0live subangular | clay | firm P> 180 distinct 2.5Y 5/1| medium violent
(44) smooth
brown blocky loam (gray) mottles | and coarse
fragments
66 (@ 109 | gray shale massive stlone e SECHE e violent
line smooth (carbonate)
silt abrunt layers (1 cm thick), I0YR
67 | 2Crl 134 | gray shale massive plastic Po1 8.0 |71 (light gray) and 2.5YR violent
loam smooth ;
6/1 (reddish gray)
layers (1 cm thick), 2.5Y
6/2 (light brownish gray)
68 | 2Cr2 | 152 |grayshale massive St friable 8.0 and 2'5.YR6/1 ( reddish
loam gray), few layers (1 cm

thick) 2.5Y 6/6 (olive
yellow)
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Site 11. Soil of Dwight series, Osage County - Selected chemical and physical characteristics

Bulk

Sample | ODOT Density, | Organic Total | Carbonates,
number | number | Horizon | Depth, cm | pH' | pH** | EC", Ds/m | SAR™ | g/cm’ | carbon, % | carbon, % %

62 A 13 8.0 7.1 1.50 12.4 - 2.2 23 0.1

63 42 Btnl 38 8.0 8.0 3.00 20.0 1.41 1.6 1.6 0.0

64 43 Btn2 67 8.2 8.1 3.80 28.4 - 0.7 1.0 0.3

65 44 Bt3 95 8.4 8.3 3.90 32.5 - 0.3 0.5 0.2

66 C 109 9.1 9.0 2.10 35.8 - 0.0 5.5 S5
67 2Crl 134 9.3 9.2 1.50 20.0 1.76 0.2 6.4 6.2

68 2Cr2 152 8.7 9.6 0.95 18.9 - 03 6.6 6.3

" saturated paste extract

™. 1:1 soil-water mixture by weight
* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 11. Soil of Dwight series, Osage County - Dispersion characteristics

Sample| ODOT Liqiud | Plasticity Dispersion ,

number | number | Horizon| Depth, cm|  limit index pH' EC’, Ds/m SAR™ % Pinhole" | Crumb®
63 42 Btnl 13-38 65 42 8.0 3.00 20.0 39.0 D2 1
64 43 Btn2 38-67 77 54 82 3.80 28.4 743 ND4 2
65 44 Bt3 1 67-95 93 71 8.4 3.90 32.5 80.7 ND3 2

" . saturated paste extract

* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
" Double hydrometer method

# . Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI - nondispersive clays

# _ Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion
4 - strong dispersion
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Site 11. Soil of Dwight series, Osage County - Concentration of soluble ions in paste extract

Cations, cmol/L*

Anions, cmol/L**

Sample | ODOT Depth, Sum Sum
number | number | Horizon| cm | Ca** | Mg®* | Na* | K [cations| F cr | Br | NO* | s0,% | cO,* | HCO; | anions
62 A 13 0.18 [ 0.11 | 1.50 | 0.01 ) 1.80 0.12 | 0.36 | 0.00 [ 0.00 | 0.18 | 0.00 | 0.85 1.51
63 42 Btnl 38 029 [ 020 | 3.14 | 0.01 | 3.64 0.18 [ 1.03 ] 000 | 0.00 | 1.60 | 0.00 [ 0.72 3.53
64 43 Btn2 67 027 ]| 026 | 460 ] 002| 5.15 002 | 1.39 ] 000 [ 0.00 | 3.28 | 0.00 | 0.33 5.02
65 44 Bt3 95 017 | 0.15 | 412 ] 0.03 | 447 004 | 1.38] 0.00 | 0.00 | 246 | 0.00 [ 047 4.35
66 C 109 | 004 | 004 | 220 0.01| 229 | 017 [ 067 | 0.00 | 000 | 0.75 ]| 0.02 | 0.67 228
67 2Crl 134 | 008 [ 0.02 | 1.45] 0.00| 1.55 0.16 | 036 | 0.00 [ 0.00 | 0.07 | 0.05 | 0.65 1.29
68 2Cr2 152 | 003 [ 0.02 | 093 | 0.01 | 0.99 002 | 0.19] 000 | 0.00 | 0.14 | 0.00 | 0.45 0.80

* - atomic absorption spectrophotometry of saturated paste extract;, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol /L - concentration in centimoles of positive charge per liter

** - jon chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO4-sulfate, CO;3-carbonate,

HCO;-bicarbonate; cmol./L - concentration in centimoles of negative charge per liter




cel

Site 11.

Soil of Dwight series, Osage County - Particle size distribution

SANDS | SILTS |CLAY

- diameter (mm) -
::: : g 5 2.0-10]1.0-0.5[0.5-0.25(0.25-0.1{0.1-0.05] 0.05-0.02 {0.02-0.005/0.005-0.002| <0.002 | TOTAL | TOTAL | TEXTURE
alo| . g 'g (verse) | (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT [Labora-
5 = 5] © o .
wnl|o| T | A Yo - tory | Field
62 A 13 0.3 0.2 0.3 0.5 32 33.0 244 41 33.7 4.5 61.5 SiCL I
63 | 42 |Btnl | 38 0.6 0.9 1.0 2ES 5.8 18.9 D)) 155 4.6 442 10.8 45.0 SiC CL
64 | 43 |Btn2| 67 0.1 0.2 04 0.5 P 15.4 21.6 59 55.5 34 42.8 SiC G
65144 | Bt3 | 95 0.3 0.2 0.2 0.3 1.5 346 7.2 3.6 51.9 2.6 454 SiC | SiCL
66 C | 109 6.4 S8 43 3.6 353 10.9 18.5 13.2 339 234 427 CL | Stone
67 2Crl| 134 7.2 3.9 ED i3 3.1 13.4 22.1 14.7 31.0 18.7 50.2 SiCL | SiL
68 2Cr2| 152 84 4.5 28 1.5 1.9 1352 32.1 20:3 15.5 18.8 65.6 SiL SiL




Site 11. Amendment Study-Dwight (Osage) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP**
64 43 Btn2 38-67 28.0 28.4 42.1

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

Dispersion (% )
743

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods

in the Diagnosis and Improvement of Saline and Alkali Soils; United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

"Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
— Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 11. Amendment Study-Dwight (Osage) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP** Dispersion (%)"
65 44 Bt3 67-95 ND* 32.5 ND 80.7

¥. Not determined

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.
**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agrculture Handbook No. 60.
*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 11. Clay Mineralogy - Dwight (Osage)

Sample No. ODOT No. Horizon Depth (cm)
64 43 Btn2 38-67

+Mixed = Randomly interstratified illite-smectite mineral
*Percentages estimated fiom areas of diagnostic x-ray peaks

Clay mineral }
mixed
kaolinite
illite
quartz
vermiculite

Relative Abundance (%)*
86

— W A O
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Site 11. Clay Mineralogy-Dwight (Osage)

Sample No. ODOT No Horizon Depth (cm)
65 44 Bt3 67-95

tMixed = Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

Clay mineral }

mixed
illite
kaolinite
quartz

Relative Abundance (%)*
82

w N \O
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Table 15, Site 11. Amendment Study- Dwight (Osage) Btn2 and Bt3 Horizons (Sample Nos. 64 and 65, ODOT Nos. 43 and 44, respectively)

Treatment Data.

Final Leaching | Change in | Effectiveness™ Effectiveness™
Treatments” Sample No* | Initial pH* Fina] pH* Initial SAR" SAR" SAR", % (Proposed) (Standard)
(pre-treatment)| (pre-treatment) [ (post-treatment) o
Gypsum, site specific 2.24 Mg ha 64 84 8.9 28.4 264 7.0 no 1o
Gypsum, 11.2 Mg ha”, Ist leaching 64 84 7.9 284 248 127 no no
G_ypsum 11.2 Mg ha’!, leaching 64 84 7.5 284 16.5 419 no no
E}ypsum, 224 Mg ha', Ist leaching 64 8.4 Ul 28.4 28.1 1.1 no no
Gypsum, 22.4 Mg ha'', leaching 64 8.4 73 284 124 56.3 no yes
Gypsum, 224 Mg ha' 64 8.4 84 28.4 239 15.8 1o 10
Hydrated lime, site specific 1.61Mg ha’’ 65 84 79 325 242 25.5 no no
Hydrated lime, 11.2 Mg ha”, Ist leaching 65 8.4 9.9 325 321 2 no no
Hydrated lime, 11.2 Mg ha”, leaching 65 8.4 7.5 325 12.7 60.9 no yes
Hydrated lime, 224 I\_/Igha", Ist leaching 65 8.4 10.8 325 359 -10.5 no no
Hydrated lime, 22.4 Mg ha’, leaching 65 8.4 8.4 325 23.0 29.2 no no
Hydrated lime, 224 Mg ha’! 64 8.4 12.9 284 240 15.5 no no
Fly ash, site specific 5.06 Mg ha’ 65 8.4 7.5 325 20.0 385 no no
Fly ash, 11.2 Mgha', st leaching 65 8.4 8.1 325 274 15.7 no no
Fly ash, 11.2 Mg ha', leaching 65 8.4 8.3 325 244 249 no no
Fly ash, 22.4 Mg ha", Ist leaching 65 8.4 7.9 325 229 29.5 no no
Fly ash, 224 Mg ha', leaching 65 8.4 73 325 15.6 52.0 no no
Fly ash, 224 Mg ha’ 64 84 10.7 284 26.0 8.5 no no
Cement kiln dust, site specific 1.86 Mg ha 64 8.4 76 325 284 126 B no 0
Cement kiln dust, 11.2 Mg ha', leaching 64 8.4 56 3.5 284 12.6 e -5
Cement kiln dust, 11.2 Mg ha”, leaching 64 8.4 i 76 325 28.4 12.6 no T
Cement kiln dust, 224 Mg ha’ 64 8.4 121 325 284 126 no no
Humate, 11.2 Mg ha', Ist leaching 65 8.4 83 325 33.2 2 no 1o
Humate, 11.2 Mg ha", leaching 65 8.4 8.0 325 20.7 36.3 no no
Humate, 22.4 Mg ha | 1st leaching 65 8.4 78 325 19.8 39} no 1o
Humate, 22.4 Mg ha’, leaching 65 8.4 75 325 15.5 52.3 no 1o
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Table 15. Site 11. Amendment Study- Dwight (Osage) Btn2 and Bt3 Horizons (Sample Nos. 64 and 65, ODOT Nos. 43 and 44, respectively)

Treatment Data (Cont.)

Final Leaching | Change in | Effectiveness™ Effectiveness™
Treatments” Sample No.* | Initial pH* FinslpH* | Initial SAR" | SAR’ SAR".% | (Proposed) (Standard)
(pre-treatment) | (post-treatment)
Calcium chloride, 11.2 Mg ha™, 1st leaching 65 8.4 78 32.5 286 12.0 o 1o
Calcium chloride, 11.2 Mg ha', leaching 65 8.4 7.6 325 18.9 418 no no
Sulfuric acid (36 meq/100 g soil)”, 1st leaching 65 84 8.8 325 714 -119.7 no no
Sulfuric acid (36 meq/100 g soil)*, leaching 65 84 8.3 325 66.3 -104.0 no no

*Threshold values for % change in SAR: Proposed system- 60.9, Standard system- 47.2; Proposed system threshold SAR=((Initial SAR-the proposed SAR (7.9))/ (Initial SAR)*100;
Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100

*Leaching included 5 successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;

*Initial SAR - Sodium Adsorption Ratio without chemical treatment ;* Final SAR - Sodium Adsorption Ratio with chemical treatment, * Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100.

** Evaluation based on decrease in SAR in relation to diagnostic value for sodic classification;

# A1l other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid.
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Site 11. Amendment Study- Dwight (Osaage)- Initial Results of Application of Amendments on Sample Nos. 64 and 65

(ODOT Nos. 43 and 44, respectively)*
Nat=Unamended, G=Gypsum, FA=Fly ash, CKD=Cement kiln dust, Hu=Humate, CA= Calcium chloride, Acid+G=Acid and Gypsum,
Acid+FA= Acid and Fly ash, Acid+HL=Acid and Hydrated lime, Acid+CKD=Acid and Cement kiln dust, Acid+Hu=Acid and Humate
Checks=No treatment, VR=Variable Rates, A+11.2 Mg/ha=Acid and 11.2 Mg/ha amendments, A+22.4 Mg/ha=Acid and

22.4 Mg/ha amendments; ‘SAR values of the first saturated paste extract taken after addition of amendments
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Nat 11.2 Mg/ha 22.4 Mg/ha 224 Mg/ha
B Leach 1 28.4 24.8 28.1 B 23.9
B Leach 2 18.2 279
B Leach 3 17.5 B 179 3
& Leach 4 169 13.7
BLeach5 16.5 12.4

Site 11. Dwight (Osage)- Effects of Leaching and Gypsum Application on Sample No. 64 (ODOT No. 43 )

Nat= Natural (no amendment applied)
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35.0

30.0

25.0

20.0 A

SAR

| 15.0

10.0 -

510 4

0.0

Nat | 11.2 Mg/ha 22.4 Mg/ha 224.Mg/ha
B Leach 1 32.5 32.1 35.9 24.0
B Leach 2 | 30.7 30.5

B Leach 3 19.8 28.5

BLeach4| 14.5 25.1

B Leach 5 12.7 23.0

Site 11. Dwight (Osage)- Effects of Leaching and Hydrated Lime Application on Sample Nos. 64 and 65 (ODOT Nos. 43 and 44)
Nat= Natural (no amendment applied); 224 Mg/ha applied to Sample No. 64
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Nat 11.2 Mg/ha 22.4 Mg/ha 224 Mg/ha
B Leach 1 32.5 27.4 229 26.0
B Leach2 24.6 N 20.4
B Leach 3 25.0 2342
B Leach 4 24.4 21.8 - |
B Leach 5 ) 25.0 15.6

Site 11. Dwight (Osage)- Effects of Leaching and Fly Ash Application on Sample Nos. 64 and 65 (ODOT Nos. 43 and 44, respectively)
Nat= Natural (no amendment applied); 224 Mg/ha applied to Sample No. 64
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Site 11. Dwight (Osage)- Effects of Leaching and Cement Kiln Dust Application on Sample No. 64 (ODOT No. 43)

Nat- No amendment applied
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d Humate Application on Sample No. 65 (ODOT No. 44)

Site 11. Dwight (Osage)- Effects of Leaching an

Nat= Natural (no amendment applied)
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Site 11- Dwight (Osage)- Effects of Leaching and Calcium Chloride Application on Sample No. 65 (ODOT No. 44)
Nat= Natural (no amendment applied)
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36 meq/100 g soil

LeacﬁT

32.5

71.4

Leach 2

LK

Leach 3

63.2

Leach 4

74.0

|B Leach 5

66.3

Site 11. Dwight (Osage)- Effects of Leaching and Sulfuric Acid Application on Sample No. 65 (ODOT No. 44)

Nat= Natural (no amendment applied)
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Site 12.

Soil of Drummond series, Grant County - Profile description

Horizon | Depth, Textu- [ Consis{ Bounda- Special Carbo- J
! 3 g Silt Salt
No. ) ol Color Structure i | tence?| pH ftbhia Gypsum e iltans alts
7.5YR P abrupt few, fine crust on
69 Apl 19 4/3, brown subangular |silt loam| friable ool 6.5 P -
blocky
weak, coarse, W common,
i Ap2 40 LR A, subangular loam | friable asiipy 8.0 fEviing medium
(49) brown smooth roots .
blocky siltans
weak, coarse,
prismatic silty
71 7.5 YR 3/2| parting to weak : clear few, fine
b 1 , 5
(45) Al, o dark brown medium, Gy MRS smooth il roots
loam
subangular
blocky
weak, coarse,
SYR 4/3 prismatic common,
72 g : ; = .
Btyl b 79 reddish parting t.o weak, | silty firm gradual, 8.0 few, fine |fine threads
(46) b medium, clay smooth roots and soft
rown :
subangular bodies
blocky
5YR 4/6 silty
73 ; ’
Btk2,b 117 - seicish weal.<, coarse, ey | fom gradual g0 | waterat few
47 prismatic smooth 112 cm nodules
red loam
SYR5/4 silty
74 ’
Btk3b | 148 | reddish | WeRocoarse | o | firm 8.0 f
(48) prismatic nodules
brown loam
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Site 12. Soil of Drummond series, Grant County - Selected chemical and physical characteristics

Bulk
Sample | ODOT Density, | Organic Total
number | number | Horizon |Depth,cm| pH™ | pH ™ EC", Ds/m SAR" g/cm® | carbon, % | carbon, % |Carbonates, %
69 Ap! 19 76 | 63 1.20 5.2 1.51 1.0 1.0 0.0
70 49 Ap2 40 80 | 7.7 5.50 15.0 1.62 0.5 0.7 0.2
71 45 Alb 56 8.1 79 7.20 26.4 1.63 0.8 0.8 0.0
72 46 Btyl,b 79 76 | 1.7 8.50 232 1.72 0.5 0.5 0.0
73 47 Btk2,b 117 75 8.0 8.40 222 1.88 0.4 0.4 0.0
74 | 48 Btk3,b 148 80 | 84 8.50 31.5 1.62 0.3 0.4 0.1

* - saturated paste extract

*.1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 12, Soil of Drummond series, Grant County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity Dispersion ,
number | number | Horizon |Depth, cm| limit index pH' EC’, Ds/m SAR™ % Pinhole’ | Crumb™
70 49 Ap2 19-40 27 7 8.0 5.50 15.0 21D D1 2
71 45 Alb 40-56 42 26 8.1 720 26.4 703 ND4 4
12 46 Btyl,b 56-79 56 37 7.6 8.50 252372 436 ND4 3
73 47 Btk2,b 79-117 43 25 7.5 840 222 317 ND4 3
74 48 Btk3,b [ 117-148 [ 56 | 40 8.0 8.50 31.5 71.4 ND3 2

* - saturated paste extract

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays

ND2 and NDI - nondispersive clays

* . Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 12. Soil of Drummond series, Grant County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /L**

Sample | ODOT Depth, Sum Sum

number | number [Horizon| cm | Ca™ | Mg™ | Na* | K |cations| F Ct | Br | Noy, | so,” | co,” |HCO; | anions
69 Apl 19 030 022(0.83| 003 | 1.33 [ 0007 051 | 000 | 000 0.41 0.00 0.17 1.09
70 49 Ap2 40 1.02 | 091 [ 466 | 006 | 6.65 [ 0.00 | 302 | 000 | 0.01 3.60 0.00 0.27 6.90
71 45 Alb 56 077 086|753 001 | 9.17 | 001 | 345 [ 000 [ 000 6.10 0.00 047 10.03
72 46 Btylb| 79 224 | 2.14 [10.86] 005 | 1529 | 002 | 291 | 0.00 [ 000 13.10 | 0.00 0.18 16.21
73 47 Btk2b| 117 [ 212 | 191 | 998 | 002 | 1403 | 002 | 3.12 | 000 | 0.00 | 11.86 | 0.00 0.25 15.25
74 48 Btk3,b| 148 | 024 | 025|491 | 003 | 543 | 003 | 243 | 0.00 [ 0.00 2.62 0.00 032 540

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol /L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, COs-carbonate,

HCO;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 12

. Soil of Drummond series, Grant County - Particle size distribution

SANDS | SILTS | CLAY
— diameter (mm)

z : § E 2.0-1.0 1 1.0-0.5{0.5-0.25] 0.25-0.1 | 0.1-0.05 | 0.05-0.02 |0.02-0.005/0.005-0.002| <0.002| TOTAL | TOTAL| TEXTURE
g' 8 g 'g_ (verse) | (crse) | (med) | (fine) | (vfine) | (coarse) | (medium) (fine) SAND | SILT |Labora- .
®]O | = Q % tory | Field
69 Apl | 19 0.0 0.1 0.1 0.2 2.1 443 12.5 3.9 36.7 2.4 60.7 | SiCL | SiL
701 49| Ap2 | 40 0.0 0.1 04 0.7 9.7 59.0 15.6 35/ 10.3 10.9 78.3 SiL G
71145| Alb | 56 0.0 0.2 0.3 0.5 4.8 472 12.3 4.4 30.0 59 63.9 | SiCL | SiCL
72| 46 [Btyl,b| 79 0.0 0.1 0.1 0.2 22 39.6 13.6 39 40.2 2.6 57.1 SiC SiC
73|47 |Btk2,b| 117 0.1 0.2 0.2 0.2 49 44 4 17.7 2.9 293 5.6 65.0 SiCL | SiCL
74|48 |Btk3,b| 148 | 0.8 0.7 0.6 0.4 1.6 344 23.9 4.7 327 4.2 63.0 | SiICL | SiCL
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Site 12. Amendment Study-Drummond (Grant) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP** Dispersion (%)
71 45 Al,b 40-56 19.0 26.4 48.1 70.3

*Cation exchange capacity (cmol, /kg) determmed by method for soils contaiming soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity '
Laboratory Staff, 1954 U.S. Agriculture Handbook No. 60.

"Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 12. Clay Mineralogy - Drummond (Grant)

Sample No. ODOT No. Horizon Depth (cm)
71 45 AlLb 40-56

tMixed = Randomly mterstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

Clay mineral t Relative Abundance (%)*
illite 56
mixed 31
quartz 6
kaolinite 6
vermiculite 1



Site 13. Huska series, Payne Co.
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Site 13. Soil of Huska series, Payne County - Profile description

Horizon | Depth Tex- | Consis- | Bounda- s Fe-Mn concre-
i i i 7 H Special features Mottles .
No. g a1 Color Structure - tegcez v p P dans
0B mo(ljetr ate;rl:;:d ltl:)m, abrupt
75 Ap 9 very dark - .g loam | friable P 6.5 |many, fine and medium roots
weak, medium, smooth
gray
granular
7.5YR 3/3,| moderate, medium ) clear .
] ) ’ 5 , t
76 A 27 il ook SBK loam | friable siEodtl 6 common, medium roots
weak, coarse, common, fine roots; few. fine soft
. . . - d b
77 Bnl 52 7.5 YR 4/4,| prismatic par.tmg to loam | friable gradual 6.5 comlmon, f‘me clay an -
(50) brown weak, medium, wavy organic coating along root —
SBK channels and ped faces
wenks coplee, many, medium common, fine
0 Bn2 84 T 15, | pristntia partlr.lg e firm grtduil 7.0 few, fine roots prominent 7.5YR 5/6 | soft masses and
(51) brown |moderate, medium,| loam smooth
(strong brown) mottles nodules
SBK
many, medium to .
weak, coarse, . many, fine soft
79 S prismatic parting to| clay clear o masses and
Bn3 113 reddish . firm 7.5 few, very fine roots 7.5YR 5/2 (brown) and .
(52) weak, medium, loam wavy . common, fine
brown 10YR 5/6 (yellowish
subangular blocky nodules
brown) mottles
loamy interbedded shale, sandstone
2.5YR 4/4, 5 s i
80 | crt | 154 rock fine | Y | e | g0 | layer 2.5-10 cm); few, fine camien, fis
dusky red firm wavy i laminations
sand roots between laminations
81 Cr2 170+ 2.5YR 473, rock clay very 8.0 lammal: sandstone or
dusky red loam | firm siltstone




LSl

Site 13. Soil of Huska series, Payne County - Selected chemical and physical characteristics

Bulk
Sample | ODOT Density, | Organic Total
~number | number | Horizon| Depth,cm | pH' | pH * | EC, Ds/m | SAR™ g/cm3 carbon, % | carbon, % | Carbonates, %
75 Ap 9 6.6 5.9 0.40 0.4 1.49 22, 23 0.1
76 A 27 6.0 6.1 0.35 0.5 1.74 0.9 1.0 0.1
77 50 Bnl 52 7.5 6.5 0.20 0.5 1.79 0.7 0.7 0
78 51 Bn2 84 8.0 6.3 0.22 0.9 1.80 0.3 0.3 0
79 52 Bn3 113 8.3 7.0 024 0.7 1.85 0.3 0.3 0
80 Crl 154 8.0 8.0 0.56 1.0 2.04 0.1 0.1 0
81 Cr2 170+ 7.7 8.1 0.53 0.8 2.23 0.1 0.1 0

¥ - saturated paste extract

. 1:1 soil-water mixture by weight
* - electrical conductivity, saturated paste extract
** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 13. Soil of Huska series, Payne County - Dispersion characteristics

Sample | ODOT Liqiud | Plasticity
number | number | Horizon |Depth, cm| limit index pH' EC", Ds/m SAR™ Dispersion”, % | Pinhole” Crumb”
77 50 Btl 27-52 41 24 UsS 0.20 0.5 29 NDI 1
78 51 Bt2 52-84 85 19 8.0 022 0.9 6.2 ND1 1
I 52 B3 | 84-113 | 38 22 8.3 0.24 0.7 10.0 NDI 1

* . saturated paste extract
* - electrical conductivity, saturated paste extract
** . sodium adsorption ratio = {(sodium)/(square root((calcium-+-magnesium)/2))}, using values in meq/L from saturated paste extract

"* Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays

ND2 and NDI - nondispersive clays

# . Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 13. Soil of Huska series, Payne County - Concentration of soluble ions in paste extract

Cations, cmol /L* Anions, cmo}/L**

Sample | ODOT Depth, Sum Sum

number [number | Horizon| cm | Ca®* | Mg®" | Na"| K' |cations| F Cr | Br | NOy | so,” | cO,> [ HCO; | anions
75 Ap 7 0.18 [ 0.09 [0.05]0.02| 034 | 0.00 | 007 | 0.00 | 0.00 | 004 | 0.00 0.05 0.16
76 A 27 0.15] 0.09 10.06/0.01| 0.31 | 0.01 | 0.17 | 0.00 | 0.00 | 002 | 0.00 0.10 0.30
i/ 50 Bnl 52 0.09 [ 0.06 [0.05]001| 021 | 002 | 0.04 | 000 | 0.00 | 0.01 0.00 0.08 0.15
78 51 Bn2 84 0.08 | 0.05|0.07(0.01| 021 | 000 | 006 | 0.00 | 0.00 | 0.05 0.00 0.10 0.21
Fi2) 52 Bn3 113 | 0.11 | 0.06 [0.07({000| 024 | 0.01 | 0.04 | 0.00 [ 0.00 | 0.03 0.00 0.18 0.26
80 &rl 154 | 0.28 | 0.15]0.15(/0.00| 0.58 | 0.02 | 0.23 | 0.00 | 0.00 | 0.07 | 0.00 0.23 0.55
81 Cr2 170+ 1 0.26 | 0.17 |0.12]0.00| 0.55 | 0.02 | 0.14 | 0.00 | 0.03 | 0.05 0.00 0.23 0.47

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol/L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCO;s-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 13. Soil of Huska series, Payne County - Particle size distribution

SANDS | SILTS |CLAY
g ~diameter (mm)

:; : g @ |20-1.0| 1.0-05/0.5-0.25] 0.25-0.1] 0.1-0.05 | 0.05-0.02 {0.02-0.005{0.005-0.002f <0.002| TOTAL | TOTAL| TEXTURE
E‘ 8 = S | (verse) | (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) |  (fine) SAND | SILT [Labora-
38| 8| & % tory | Field
75 Ap 9 0.0 0.2 0.5 23.5 21.5 242 93 Do) 154 | 45.7 39.0 I |
76 A 27 0.1 02 0.5 19.7 20.0 19.1 9.8 2.8 418 40.6 318 CL IC
77| 50 | Bnl | 52 02 0.2 0.4 18.2 19.4 17.3 10.2 2.8 30.6 38.5 30.3 CL It
78] 51 | Bn2 | 84 0.1 0.1 0.2 19.6 238 16.5 6.2 251 31.1 438 248 Cly CL
79| 52 | Bn3 | 113 03 0.3 0.4 239 27.6 12.3 5.4 2.8 267 MWD 20.6 SCL | CL
80 Crl | 154 04 0.8 1.3 25.6 429 11.0 20 2.6 12.4 71.0 16.3 | VFSL | LFS
81 Cr2 |170+] 0.2 0.2 0.3 26.3 28.7 10.7 7.1 6.7 19.6 55.6 24.5 SL CL




Site 14. Doolin series, Payne Co.
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Site 14. Soil of Doolin series, Payne County - Profile description

gray) layers

sandstone

g 5
Q “elg Textu- |Consis-| Bounda- Fe-Mn
1. 3 2 : , .
No. g § g- Bl color Structure @ |tenc?| 1 pH | Special features Mottles Gypsum |  Carbonates concretions
10YR 3/2, very
very dark moderate, fine abrupt
82 A 24 ’ medium, friable 6.5 | many, fine roots
grayish sandy smooth
granular
brown loam oL
: silty 2 many, fine
83 Btnl | 49 7.5YR3/2, weak,_ med.mm, day | firm clear g0 | common, fine soft bodies
(53) dark brown|  prismatic smooth roots
I loam and nodules
84 I10YR 5/4, T ' a radual few, fine, faint few, fine soft
Btn2 | 69 | yellowish : : 4 firm | 8 8.0 [very few, fine roots| 7.5YR 5/6 (strong bodies and
(54) medium, SBK | loam smooth
brown brown) mottles nodules
weak, coarse, i il common, fine,
I0YR S/4,| prismatic . o i medium and | few, fine Fe-
85 . . silty . gradual faint 7.5YR 5/6
Btkn3| 92 | yellowish parting to firm 8.0 coarse nodules; Mn soft
(55) clay smooth (strong brown) _ ,
brown moderate, B many, medium bodies
medium, SBK soft bodies
many, coarse,
weak, coarse, prominent 7.5YR
7.5YRS/8,| prismatic silty . - 7/2 (pinkish gray)
86 ;
(56) Btzyq 136 | strong parting to clay | firm Cl::h 8.0 few, ﬁge:hca saft and 7.5YR 5/2 f;wi) ﬁ;e mal;yi)czflrse
brown | weak, coarse, | loam Sl Sl (brown) and SYR [*°FF Podies soft bodies
SBK 4/4 (reddish
hrown) mottles
87 7.5YR 5/6, | weak, medium,| sandy T few, fine silica soft| many, coarse,
Btng5| 166 | strong subangular clay | firm KX bodies; few, coarse| prominent 7.5YR
(57) wavy o
brown blocky loam sandstone gravels | 7/2 (pinkish gray)
stratified
horizontally) with
2.5YR 5/3, ( i
88 | 2R | 184 ek ed rock hard 8.0 | 5YR 7.2 (pinkish
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Site 14. Soil of Doolin series, Payne County - Selected chemical and physical characteristics

Bulk

Sample [ ODOT Density [ Organic Total Carbonates,
number | number| Horizon | Depth,cm | pH" | pH ™ EC', Ds/m | SAR” g/cm3 carbon, % | carbon, % %

82 A 24 72 | 66 0.72 5.1 161 | 07 0.9 0.2

83 53 Btnl 49 73 | 74 1.55 16.3 1.78 0.8 0.8 0.0

84 54 Btn2 69 76 | 7.9 3.20 18.9 1.91 05 | o5 0.0

85 55 Btkn3 92 75 | 79 7.20 14.8 1.80 0.3 0.3 0.0

86 56 Btnyq4 136 76 | 7.9 4.00 21.3 1.52 0.3 0.3 0.0

87 57 Btng5 166 79 | 8.1 2.60 19.1 1.78 0.2 02 0.0

88 2R 184 84 | 84 1.30 19.2 . 0.2 0.2 0.0

" - saturated paste extract

. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 14. Soil of Doolin soil series, Payne County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity Dispersion

number | number | Horizon |Depth, cm| Ilimit index pH' EC,Ds/m| SAR™ % Pinhote’ | Crumb**
83 53 Btnl 24-49 54 37 73 155 163 73.7 ND4 3
84 54 Btn2 49-69 49 33 7.6 3.20 - 189 63.9 ND4 3
85 3 Btkn3 69-92 39 24 7.5 7.20 14.8 2.7 D1 1
86 56 Btnyq4 92-136 47 - 30 7.6 4.00 213 66.7 D2 /-
87 57 Btnqg5 136-166 30 13 7.9 2.60 19.1 44.6 D1 3

" saturated paste extract
* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meg/L from saturated paste extract

"* Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

* _ Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 14. Soil of Doolin series, Payne County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions,cmol /L**

Sample | ODOT Depth, Sum Sum
number | number | Horizon| em | Ca*" | Mg®" | Na" | K' |cations| F Cr Br' | NO, | SO,* | CO,* | HCO,™ | anions
82 A 24 | 0.14 ] 0.07 [0.52]0.01 [ 074 | 0.01 | 0.26 [ 000 | 0.00 | 0.12 [ 0.00 | 035 | 0.74
83 53 Btnl 49 | 0.07 | 0.07 {1.37]0.00( 1.51 | 0.01 | 0.72 { 0.00 | 0.00 [ 034 [ 0.00 | 0.57 1.64
84 54 Btn2 69 [ 029 | 024 (3.08[0.02]| 363 | 002 | 123 [ 000 | 000 | 185 | 0.00 [ 037 | 347
85 55 Btkn3 | 92 [ 245 | 214 [711]004]| 11.74 [ 0.05 | 1.65 [ 0.00 | 0.00 | 9.17 | 0.02 [ 025 | 11.14
86 56 [ Btnyg4 | 136 [ 030 | 0.31 [3.74]0.01 | 436 [ 0.03 | 1.5 [ 000 0.01 | 2.80 | 000 [ 0.15 [ 458
87 Sif Btng5 | 166 [ 0.14 | 0.12 [217]0.01| 244 | 003 | 1.08 | 000 | 0.00 | 1.25 | 0.00 [ 022 | 258
88 2R 184 [ 0.03 | 0.04 {1.12]0.00f 1.19 | 0.02 [ 0.45 | 0.00 [ 0.00 | 036 | 0.00 | 0.38 1.21

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol /L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO 4-sulfate, CO,-carbonate,

HCOj;-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 14. Soil of Doolin soil series, Payne County - Particle size distribution

SANDS ] SILTS | cLAY

g diameter (mm)
e = S 12.0-1.0/1.0-0.5]0.5-0.25)0.25-0.1] 0.1-0.05 | 0.05-0.02 |0.02-0.005] 0.005-0.002| <0.002 | TOTAL | TOTAL | TEXTURE
W | = ] D =
g' Q g 2 |(verse)| (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium)| (fine) SAND | SILT |Labora-
wn| O] = 2 --% tory | Field
82 A 24 0.2 0.4 09 17.0 12.1 422 _142 1.2 113 30.6 57.6 SiL | VFSL
83| 53| Btnl | 49 0.3 0.5 1.0 11.0 7 22.1 13.3 3.4 42.6 18.5 38.8 SiC | SiCL
84| 54| Bm2 | 69 0.1 03 0.8 18.0 8.2 19.7 14.4 312 35.1 274 373 CL CL
85| 55| Btkn3 | 92 0.2 0.3 1.1 225 9.4 20.5 9.8 2 329 334 33.0 CL SC
86| 56 | Btnygd| 136 | 0.1 0.1 09 2 10.3 16.1 6.0 1.2 37.6 38.6 233 CL | SiCL
87|57 | Btng5| 166 | 04 0.3 1.1 | 436 11.0 11.3 3.5 1.3 212 56.5 16.0 SCL | SCL
88 2R 184 | 0.6 0.4 1.1 | 444 11.0 14.0 1l 02 270 57.4 15.4 SCL | rock
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Site 14. Amendment Study-Doolin (Payne) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP**  Dispersion (%)"
86 56 Btnqy4 92-136 ND* 21.3 ND 66.7

¥ Not determined

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures
in Methods in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 14. Amendment Study-Doolin (Payne) chemical data

Sample No.  ODOT No. Horizon Depth (cm) CEC* SAR**  ESP**  Dispersion (%)"

86 56 Btnqy4 92-136 ND* 21.3 ND 66.7

“Not determined

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures
in Methods in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954, U.S. Agriculture Handbook No. 60.

*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 14. Clay Mineralogy - Doolin (Payne)

Sample No. ODOT No. Horizon Depth (cm)
85 55 Btkn3 69-92

tMixed =Randomly interstratified illite-smectite mineral
*Percentages estimated fiom areas of diagnostic x-ray peaks

Clay mineral

mixed
vermiculite
kaolinite
illite
quartz

Relative Abundance (%)*




oLl

Site 14. Clay Mineralogy-Doolin (Payne)

Sample No. Sample No. Horizon Depth (cm)
86 56 Btnqy4 92-136

tMixed = Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

Clay mineral }

kaolnite
mixed
illite
quartz
vermiculite

Relative Abundance (%)*
41

36
15
5
3
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Site 14. Amendment Study- Doolin (Payne) Btkn3 and Btnyq4 Horizons (Sample Nos. 85 and 86, ODOT Nos. 55 and 56, respectively)
Treatment Data

) ! Final Leaching Change in Effectiveness’ Effectiveness’
| Treatments® Sample No.* Initial pH* Final pH* Initial SAR” SAR' SAR", % {Proposed) (Standard)
IF X o (pre-treatment) | (post-treatment)

Gypsum, site specific 7.39 Mg ha”, 85 7.6 7.9 2)1E8 ! 14.4 324 no yes
Gypsum, 11.2 Mg ha”, 1st leaching 85 7.6 Lo/ 21.3 14.8 30.5 no yes
Gypsum, 11.2 Mg ha', leaching 85 7.6 7.2 213 74 653 yes yes
Gypsum, 22.4 Mg ha”" Ist leaching 85 7.6 7.8 21.3 13.9 347 no yes
Gypsum, 22.4 Mg ha™ leaching 85 /(- S— 7.3 21.3 8.0 624 yes yes
Gypsum, 224 Mg ha™ 85 76 79 21.3 12.6 408 no ves
Hydrated lime, site specific 5.37 Mg ha’ 86 [ 7.6 7.5 213 15.7 - 263 no no
Hydrated lime, 11.2 Mg ha”, Ist leaching 86 I 7.6 10.0 21.3 51.6 -142.3 no no
Hydrated lime, 11.2 Mg ha™, leaching 86 | 76 7.2 2133 11.7 451 no yes
Hydrated lime, 22.4 Mg ha”', 1st leaching 86 7.6 11.1 2123 53.2 -149.8 no no
Hydrated lime, 22.4 Mg ha”, leaching 86 7.6 8.6 213 115 46.0 no yes
Hydrated lime, 224 Mg ha’ 85 7.6 12.8 21.3 17.8 16.4 no no
Fly ash, 11.2 Mgha", 1st leaching 86 7.6 7.7 21.3 3383 -56.3 no no
Flyash, 11.2 Mg ha”, leaching 86 7.6 74 213 10 53.1 yes yes
Fly ash, site specific, 16. 8 Mg ha’ 86 7.6 7.8 21.3 14.4 324 no yes
Fly ash, 22.4 Mg ha, lst |eachin5_ 86 7.6 7.5 21.3 11.8 44.6 no yés
Fly ash, 22.4 Mg ha™', leaching 86 76 7.4 21.3 10.5 50.7 yes ‘yes
Fly ash, 224 Mg ha" 8s 7.6 108 213 14.0 343 no yes
Cement kiln dust, site specific, 6.2 Mg ha’ 85 7.6 71 21.3 11.8 44,.6 no yes
Cement kiln dust, 11.2 Mg ha’], Ist leaching 85 76 7.7 213 ] 13.9 34.7 no yes
Cement kiln dust, 11.2 Mg ha’, leaching 85 76 Tl 213 9.2 56.8 no yes
Cement kiln dust, 224 Mg ha'* 85 7.6 12.7 213 | 229 -7.5 no - no
Humate, 11.2 Mg ha™', Ist leaching 86 76 78 218 207 28 1o -
Humate, 11.2 Mg ha"', leaching 86 76 75 213 16.7 216 = o
Humate, 22.4 Mg ha'', Ist leaching 86 76 8 213 137 357 o -
Humate, 22.4Mg ha”, leaching 86 7.6 7.6 213 10.9 48.8 no yes
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Site 14. Amendment Study- Doolin (Payne) Btkn3 and Btnygq4 Horizons (Sample Nos. 85 and 86, ODOT Nos. 55 and 56, respectively)

Treatment Data (cont.)

Final Leaching Change in Effectiveness” Effectiveness
Treatmentsi ) _Sample No * Initial pH* Final pH* Initial SAR’ SAR” SAR’, % (Proposed) ( Standard)
(pre-treatment) | (post-treatment)
Calcium chloride, 11.2 Mg ha'l, 1st leaching 86 7.6 7.2 213 14.7 31.0 no yes
Calcium chloride, 11.2 Mg ha', leaching 86 7.6 7.0 21.3 9.8 54.0 no ves
Sulfuric acid (36 meq/100 g soil)*, leaching 86 7.6 7.4 218 33.9 -59.2 no no
Sulfuric acid (36 meq/100 g soil)w, leaching 86 76 75 213 21.1 0.9 no no

#Threshold values for % change in SAR: Proposed system- 62.9, Standard system- 29.6; Proposed system threshold SAR=((Initial SAR-the proposed SAR (7.9))/ (Initial SAR)*100,

Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100
”Leaching mcluded $ successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;

*Initial SAR - Sodium Adsorption Ratio without chemical treatment ;" Final SAR - Sodium Adsorption Ratio with chemical treatment;, ~ Change
in SAR=((Initial SAR - Final SAR)/Initial SAR)*100.

** Evaluationbased on decrease in SAR in relation to diagnostic value for sodic classification;

* All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid.
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Site 14. Amendment Study- Doolin (Payne)- Initial results of application of amendments on Sample Nos. 85 and 86

(ODOT Nos. S5 and 56, respectively); *Nat=Unamended, G=Gypsum, FA=Fly ash, CKD=Cement kiln dust, Hu=Humate, CA= Calcium chloride,
Acid+G=Acid and Gypsum, Acid+FA= Acid and Fly ash, Acid+HL=Acid and Hydrated lime, Acid+CKD=Acid and Cement kiln dust,
Acid+Hu=Acid and Humate; Checks=No treatment, VR=Variable Rates, A+11.2 Mg/ha=Acid and 11.2 Mg/ha amendments,

A+22.4 Mg/ha=Acid and 22.4 Mg/ha amendments; 'SAR values of the first saturated paste extract taken after addition of amendments;

Sample No. 85 results from gypsum, cement kiln dust, and all 224 Mg/ha treatments
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12.0

10.0

8.0

SAR

6.0

4.0

2.0

0.0

B Nat 11.2 Mg/ha
B Leach1|  14.8 : 14.8 13.9 12.6

B Leach 2 | 13.8 11.2

B Leach 3 | _ 11.6 9.8

B Leach 4 8.6 9]

B Leach 5 74 8.0

Site 14. Doolin (Payne)- Effects of Leaching and Gypsum Application on Sample No. 85 (ODOT No. 55)
Nat= Natural (no amendment applied)
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200 | |
% 30.0 |
75} |
|
20.0
10.0
0.0 -
Nat 11.2 Mg/ha 22.4 Mg/ha 224 Mg/ha
B Leach | 213 51.6 53.2 17.8
B Leach 2 24.7 37.0
[H Leach 3 18.6 16.3 -
B Leach 4 14.5 13.4 -
B Leach 5 11.7 11.5

Site 14. Doolin (Payne)- Effects of Leaching and Hydrated Lime Application on Sample Nos. 85 and 86 (ODOT Nos. 55 and 56,

respectively); Nat= Natural (no amendment applied); Sample No. 85 treated with 224 Mg/ha
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40.0

35.0

30.0

25.0

20.0 A

SAR

15.0 A

10.0 -

5.0

0.0

Nat 11.2 Mg/ha 22.4 Mg/ha 224 Mg/ha

Bl Leach | 21.3 33.3 11.8 13.9
B Leach 2 34.7 12.0
B Leach3 16.0 14.2
& Leach 4 12.8 14.3
BlLeach 5 10.0 10.5

Site 14. Doolin (Payne)- Effiects of Leaching and Fly Ash Application on Sample Nos. 85 and 86 (ODOT Nos. 55 and 56, respectively)
Nat= Natural (no amendment applied); Sample No. 85 treated with 224 Mg/ha
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0.0 i E
Nat 11.2 Mg/ha 224 Mg/ha
M Leach 1 14.8 3.9 229
\EJ Leach 2 11.4
B Leach3 | 120
\Leach4 9.2

Site 14. Doolin (Payne)- Effects of Leaching and Cement Kiln Dust Application on Sample No. 85 (ODOT No. 55)

Nat- No amendment applied
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Site 14. Doolin (Payne)- Effects of Leaching and Humate Application on Sample No. 86 (ODOT No. 56)

Natural (no amendment applied)

Nat=



6L1

23:0

20.0
15.0
:

10.0

5.0

0.0
R Nat 11.2 Mg/ha
B Leach 1 213 14.7 = ]
BELeach 2 12.5
B Leach 3 11.1
B Leach4 10.8
B Leach 5 9.8

Site 14- Doolin (Payne)- Effects of Leaching and Calcium Chloride Application on Sample No. 86 (ODOT No. 56)

Nat= Natural (no amendment applied)
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45.0

40.0

35.0

30.0

25.0

SAR

20.0 -

15.0 A

10.0 A

5.0 1

0.0 -

e B AR A

Nat

36 meq/100 g soil

Leach 1

21.3

339

Leach 2

38.8

Leach 3

41.9

Leach 4

42.4

Leach 5

21.1

Site 14. Doolin (Payne)- Effects of Leaching and Sulfuric Acid Application on Sample No. 86 (ODOT No. 56)

Nat= Natural (no amendment applied)
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Site 1S. Soil of Carytown series, Tulsa County - Profile description

loam

] 3 Fe-Mn
o Textu{ Consis-{Bounda- Ici
No.'| & g g E| color® | Structure® 2 2 2 pH Special features Mottles Gypsum (et concre-
:IO: re | tence Iy carbonate )
4 i ons
10YR 3/2, weak,
very dark | medium, : clear many, fine and
6. :
L K grayish | subangular g | Mmiable smooth : medium roots
brown blockv
many, fine, faint I0YR
10YR 3/1, | moderate, 4/.3 (br(.)wn) ncHles few, fine
90 : clay gradual few, coarse roots; few, fine 5YR 5/6
Btnl | 37 | verydark | medium, firm 7.0 : soft
(58) - il loam wavy common, fine roots (yellowish red) bodi
gray pr : sandstone fragments (< Ol
1 cm)
moderate many, fine N 2/0
2.5Y473 Rlin Bl s
91 B2 | 76 olive > | medium, cla very | gradual 70 (black) stains along few, tftme
(59) subangular Y| firm wavy ' ped faces; few, fine s
brown bodies
. blocky roots
moderate, common, fine few,
92 5Y 4/4, | medium very | gradual . threads medium
Btny3| 100 . i )
(60) 5 olive subangular iy firm | wavy &% g (vertical) and | nodules in
blocky soft bodies | lower part
moderate, Sl many, fine, faint 5Y
93 5Y 5/6, medium very | gradual 4/3 (olive) mottles; few.
Btn4 | 138 , : . . ; few,
(61) . olive subangular ]f)l::] firm | wavy 1o very few, fine roots; common, prominent
blocky C_IO';J‘;';/S:"dStO"e SY 5/1 (gray) mottles many,
: L stron i
94 10YR 5/6, | moderate, | silty I b ) ( I .g many, fine, prominent tade
BtnkS5| 172 | yellowish | medium, | cla very | clear | ¢ 0 HOVHYIEPANEE, 2.5Y 6/2 (lich nodules
(62) i Y| firm | smooth| ° : (light d soft
brown SBK loam b ish it
rownish gray) .
m bodies
5Y 5/6 S very fine, disti
95 | 2¢cr | 205 %0, . ol e common, fine, distinct
fr. massive | clay firm 8.0 | very few, fine roots 2.5Y 5/1 (gray) mottles
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Site 1S. Soil of Carytown series,

Tulsa County - Selected chemical and physical characteristics

Bulk
Sample ODOT Depth, Density, Organic |Total carbon,
number number Horizon cm pH+ pH o EC', Ds/m| SAR™ g/cm3 carbon, % % Carbonates, %
89 A 19 6.7 6.1 0.80 59 1.41 1.6 1.7 0.1
90 58 Btnl 37 7.0 6.4 1.50 19.2 1.79 1.1 1.1 0.0
91 59 Btn2 76 6.7 6.5 3.10 11.9 1.94 0.8 0.8 0.0
92 60 Btny3 100 7.4 7.3 7.20 19.4 191 0.5 0.5 0.0
93 61 Btn4 138 8.0 8.4 430 31.0 1.85 03 0.3 0.0
94 62 BtnkS5 172 8.1 8.5 330 41.6 1.86 03 03 0.0
95 2Cr 205 8.1 8.5 1.80 36.0 1.90 03 03 0.0

" - saturated paste extract

. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 15. Soil of Carytown soil series, Tulsa County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity DispersionA,

number | number | Horizon | Depth, cm|  limit index pH' EC’, Ds/m SAR"™ % Pinhole’ | Crumb*
90 58 Btnl 19-37 54 33 7.0 1.50 19.2 55.9 D2 3
91 59 Btn2 37-76 70 49 6.7 3.10 11.9 67.0 ND3 3
92 60 | Btny3 | 76-100 63 | 43 7.4 7.20 19.4 88.9 ND3 3
93 61 Btn4 100-138 53 35 8.0 430 31.0 74.3 D2 2
94 62 Btnk5 | 138-172 44 24 8.1 3.30 41.6 783 D2 3

" - saturated paste extract
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method

¥ - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI - nondispersive clays

* _ Crumb grade explanation:

1 - no dispersion
2 - slight dispersion
3 - moderate dispersion
4 - strong dispersion
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Site 15. Soil of Carytown series, Tulsa County - Concentration of soluble ions in paste extract

Cations, cmol /L* " Anions, cmol /L**

Sample| ODOT Depth, Sum Sum |

number | number | Horizon| cm | Ca®" | Mg*" | Na*| K* | cations| F Cr | Br | NO; | Ss0,* |CO,*| HCO; | anions
89 A 19 020 | 008 |]069| 002 | 099 | 003]| 0.19 | 0.00| 0.00 | 0.15 | 0.02| 043 0.81

-~ 90 58 Btnl 37 0.06 | 004 |1.36] 0.00 1.46 | 004]| 032 | 0.00| 0.00 | 0.89 [ 0.00| 0.23 1.48
91 59 Btn2 76 1.04 | 067 |3.48| 0.01 5.20 | 0.00| 400 | 0.00| 000 | 2.70 | 0.00| 0.10 6.80
92 60 Btny3 100 205 | 089 |743] 0.00| 1037 |0.01 | 038 | 0.00| 0.00 |10.70| 0.00| 0.11 11.20
93 61 Btn4 138 023 | 0.17 | 432| 020 | 491 |0.02] 046 | 000 | 0.00 | 448 | 0.00| 035 5.32
94 62 BtnkS | 172 0.07 | 0.06 |[3.34]| 0.00 | 3.47 [0.03| 054 | 0.00 | 0.00 | 275 | 002 | 033 3.66
95 2Cr 205 002 | 0.03 |1.89] 0.00 194 1003 ]| 040 [ 000 | 000 | 1.25 | 000 | 0.32 2.00

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol./L - concentration in centimoles of positive charge per liter
** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCOs-bicarbonate; cmol./L - concentration in centimoles of negative charge per liter
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Site 15. Soil of Carytown series, Tulsa County - Particle size distribution

SANDS | SILTS |cLAY
g diameter (mm)

3 :'_f (= © 2.0-1.0f1.0-0.5/0.5-0.25/0.25-0.1{0.1-0.05] 0.05-0.02 ]0.02-0.005]0.005-0.002| <0.002 | TOTAL | TOTAL | TEXTURE
E‘ 8 '2 %- (verse)| (crse) | (med) (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT |[Labora-

w| O ot (= %o- torv | Field
89 A 19 0.9 1.2 08 1.4 18.4 57.4 2.5 03 16.3 228 60.2 SiL L
90| 58 | Btnl | 37 12 0.8 0.5 1.1 12.0 449 _ 15 0.1 37.2 15.6 46.5 SiCL | CL
91| 59 | Btn2 | 76 0.5 0.3 0.3 0.6 7.0 46.8 1.2 -0.2 43.0 8.7 478 SiC C
92| 60 | Btny3 | 100| 1.3 1.4 1.6 10.9 31.9 1.8 3.2 0.0 48.0 47.1 5.0 SC &
93] 61 | Btn4 | 138 1.5 1.1 0.6 1.6 8.8 36.5 72 24 40.1 13.7 46.1 SiC [ SiCL
941 62 | Btnk5| 172 0.2 0.5 0.5 1.1 5.7 60.6 2.8 1.1 273 8.0 64.5 SiCL | SiCL
95 2Cr | 205 05 0.4 03 0.7 5.0 648 03 0.8 269 6.9 65.9 SiL | SiICL
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Site 15. Amendment Study-Carytown (Tulsa) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP** Dispersion (%)
94 62 BtnkS 138-172 283 41.6 478 78.3

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts

and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures
in Methods in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

*Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 15. Clay Mineralogy - Carytown (Tulsa)

Sample No. ODOT No. Horizon Depth (cm)
94 _ 62 Btnk5 138-172

+tMixed = Regularly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

Clay mineral ¥
vermiculite

illite
quartz
kaolnite
smectite
mixed

Relative Abundance (%)*




Site 16. Seminole series, Payne Co.

Sodic-Dispersive
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Site 16. Soil of Seminole series, Payne County - Profile description

3 : . : Fe-Mn
Horizon | Depth Textu- |Consis-| Bounda- Special Calcium
1 s 3 2 -
Na'| o2 g Color Stucture” | o | ot | w2 [P features Mottles Gypsum | .+ onate cc;r:‘cnr:
fi
10YR 3/2. weak, |very fine clear ma';“:]’ p ine
96 A 21 very dark medium, | sandy | friable 8.0 .
} smooth medium
grayish brown | granular loam
[oots
weak,
medium,
prismatic |very fine CHR
97 10YR 3/3 clear fine and
> i i 6. .
(63) BAn 34 e b o parting to | sandy | friable . 5 e
weak, loam
. roots
medium,
SRK
08 10YR 4/4, | moderate, a | p many, fine and medium,
Btnl | 57 |darkyellowish| medium, [ % | firm | ST |6.5] Y'Y "™ |istinct 2.5YR 3/6 (dark red)
(64) h . loam smooth fine roots
brown prismatic mottles
7 = Tew, fine
moderate. 4 . common, medium, distinct i
99 7.5YR 4/4, 3 ) >
(65) Btn2 97 B coarse, salr; dy firm d‘;ﬁ;use 8.0 do, tt'me 7.5YR 5/6 (strong brown) an'd
SBK cay o i mottles me{:h:lm
nodniec |
weak, BT many, medium and coarse, |common, fine| common, | many,
100 Btnky3 | 137 7.5YR 5/6, coarse, Hay | iable clear 8.0 prominent 7.5YR 6/3 (light | and medium | fine and | fine and
(66) strong brown | subangular o wavy ' brown) and 7.5YR 4/6 pockets (fine| medium | medium
blockv (strong brown ) sand size) nodules | nodules
common, medium, prominent
weak, few, coarse| SYR 4/6 (yellowish red) and soft
101] 2cr 165 5YR15/6, coarse, loamy friable clear 8.0 root 7.5 YR 7/2 (pinkish gray) bodies in
yellowish red | subangular | sand wavy | channels | mottles in root channels and root
blocky (gleyed) along bedding plane of channels
weathetred candetane
10YR 5/8 foatia common, medium, prominent
102| 2cr2 | 193 | yellowish | massive | fine | friable 8.0 s
brown sand and 7.5 YR 7/2 (pinkish

gray) mottles
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Site 16. Soil of Seminole series, Payne County - Selected chemical and physical characteristics

Bulk

Sample| ODOT Depth, Density, | Organic |Total carbon,
number| number | Horizon| cm pH [ pH"™" EC*, Ds/m| SAR™ g/em’ | carbon, % % Carbonates, %
9% | A 21 | 740 [ 725 0.55 0.6 144 | 11 1.4 0.3

97 63 BAn 34 6.90 6.45 0.35 4.0 1.61 09 0.9 0.0

98 64 Btni 57 7.10 6.50 0.30 13.7 1.88 0.8 08 0.0

99 65 Btn2 97 7.30 790 1.50 15.4 1.85 04 04 0.0

100 66 Btnky3 137 | 7.20 7.80 6.80 13.8 1.87 0.2 0.3 0.1

101 2Crl 165 7.80 8.10 3.35 18.9 1.98 0.2 0.2 0.0

102 2Cr2 193+ | 7.60 8.35 2.50 21.7 - 02 0.2 0.0

" . saturated paste extract

. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))}, using values in meq/L from saturated paste extract
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Site 16. Soil of Seminole series, Payne County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity Dispersion ,

number | number| Horizon |Depth, cm| limit index pH' EC’, Ds/m SAR™ % Pinhole’ | Crumb™
97 63 Bgn 21-34 28 11 6.90 0.35 4.0 23.4 D1 2
98 64 Btnl 34-57 56 3/ 7.10 0.30 13.7 11.2 D2 3
99 65 Btn2 57-97 63 44 7.30 1.50 15.4 61.4 ND4 2
100 66 Btnky3 | 97-137 38 21 7.20 6.80 13.8 6.3 D2 1

". saturated paste extract
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

"* Double hydrometer method

D1 and D2 - dispersive clays

* _ Pinhole classification explanation:

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

* _ Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 16. Soil of Seminole series, Payne County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /L**

Sample | ODOT Sum Sum
number | number | Horizon |Depth, cm Ca*" Mg2+ Na'| K" |cations| F | CI' | Br NO; 3042' C022‘ HCO; | anions
96 A 21 026]0.24]0.09]|001| 060 [009|0.10(0.00| 0.00| 0.08 | 0.00 | 0.30 0.57
97 63 BAn 34 004 003[024|000| 031 |0.02/0.05]|0.00| 0.00| 0.05| 0.00 [ 0.17 029
98 64 Btnl 57 0.00{0.01|0.22|0.00| 023 |0.01/0.09]|0.00f 0.00| 0.07 | 0.00 | 0.05 022
99 65 Btn2 97 0.08] 0.08(1.39| 0.01| 156 |0.02]|0.38/0.00J 000| 086 | 0.00 | 0.25 | 1.51
100 66 Btnky3 137 2.08|1.77|6.07] 0.01| 993 |0.04]|1.38(0.00(0.00( 9.13 | 0.00 | 0.20 10.75
101 2Crl 165 046|038(3.85/ 001 470 [0.011.43[0.00| 000 1.01 | 0.00 | 0.12 2.87
102 2Cr2 193+ [0.10/012]2.27|002| 2.51 [002]1.37]{000[0.00( 1.37| 000 | 0.15 [ 291

* . atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol /L - concentration in centimoles of positive charge per liter
** - jon chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCOj;-bicarbonate;, cmol /L - concentration in centimoles of negative charge per liter
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Site 16. Soil of Seminole series, Payne County - Particle size distribution

SANDS | SILTS | cLAY

- diameter (mm)---- mnem
1’; : g g“ 2.0-1.0{1.0-0.5/0.5-0.25]0.25-0.1{ 0.1-0.05 | 0.05-0.02 |0.02-0.005{ 0.005-0.002| <0.002 | TOTAL | TOTAL| TEXTURE
g 8 .g 8 |(verse)| (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT |Labora-
B |O| = g Yomm-- - tory | Field
96 A 21| 04 0.5 08 240 17.9 26.8 10.0 1.4 17.5 438 383 E VFSL
97163| BAn | 34| 04 0.6 0.7 20.0 15.7 289 10.5 2 203 374 41.5 L VFSL
98164| Btnl | 57| 0.0 0.1 0.5 17.0 11.4 17.6 8.1 2.5 41.8 29.1 283 C CL
99 (65| Bm2 | 97| 03 0.2 0.4 20.1 13.1 234 1.7 0.2 403 341 249 C SC
100] 66 | Btnky3] 137| 0.5 0.5 0.5 304 52 12.5 54 1.7 33.0 472 19.6 SCL | SCL
101 2Crl | 165] 0.2 0.1 03 58.0 17.7 3.5 23 1.6 15.6 76.4 7.4 FSL LS
102 2Cr2 [193H4 0.0 0.0 0.6 53.5 213 5.9 ) 1.4 14.8 75.5 9.6 FSL | LFS




Site 17. Healdton series, Carter Co.
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Site 17. Soil of Healdton series, Carter County - Profile description

Horizon Textu-| Consis{ Bounda- Special bo- Reac- :
No.! o |Depth,cm Color® Structure’ 2 2 2 pH e Mottles car faac Siltans
name re” | tence ry features nates tion
weak, coarse,
subangular | fine g
YR 4/ . . i
103 Ap 13 VORIRs23, blocky parting | sandy | friable AbRupt 6.0 g . i
brown wavy medium
to weak, loam
roots
coarse, platy
10YR 222, . . ) common, 10YR
104 strong, coarse, | silty | very | clear few, fine 6/3 (pale brown)
Btnl 39 very dark 8.0 3
(67) b columnar clay | hard | wavy roots siltans along
e d faces
pe
10YR 3/2, moderate, common, 10YR
105 Btn2 56 very d.ark medium, silty | very | clear 8.0 few, fine 6/3 (pale brown)
(68) grayish subangular | clay | hard | wavy roots siltans along
brown blocky ped faces
ilty . common
106 10YR 4/3,] moderate, | ° clear few, fine ’
Btk3 91 3 7 ’ i
(69) brown | medium, SBK A2y fan wavy &b roots fine strong
loam nodules
common, fine, faint
silty 10YR 4/2 (dark
107 10YR 4/3, | weak, medium clear very few, | grayish brown) and | few, fine
Btk4 123 | TR clay | hard gy | YSUIENs f BERY ;
(70) brown prismatic I:;:i & smooth 0 fine roots common, fine, nodules strong
prominent 7.5YR 4/4
(brown) mottles
108 10YR 3/3 todCsdiE, silty gradual :o:::no;: common, fine, very few,
Ak g b 151 ’ . - n 00 ; . a
) ss dark brown mfedlunT, clay | firm - 8.0 dlicken- prominent 7.5YR 4/4|  fine strong
prismatic foam (brown) mottles nodules

sides
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Site 17. Soil of Healdton series, Carter County - Profile description (continued)

Horizon Textu- | Consis{ Bounda- Special Carbo- Reac-
1 3 2 pecia .
No. ) Depth,cm | Color Structure & Jene? ry2 pH fenitiees Mottles Aot ton Siltans
moderate,
coarse, few, fine common, fine,
109 10YR 3/3, prismatic silty | . diffuse roots; distinct 10YR 4/4 | few, fine
(72) Bkss1,b 186 dark brown| parting to clay firm wavy 8.0 slicken- (dark yellowish nodules strong
moderate, sides brown) mottles
medium, SBK
moderate,
coarse, common, medium, | few, fine
110 10YR 3/3, prismatic silty | . slicken- | distinct 10YR 4/4 and .
(73) B, B 28 dark brown| parting to clay il S sides (dark yellowish medium uislet
moderate, brown) mottles nodules

medium, SBK
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Site 17. Soil of Healdton series, Carter County - Selected chemical and physical characteristics

Bulk

Sample | ODOT Depth, | Density, Organic | Total carbon, | Carbonates,

number | number | Horizon cm pH | pH"™ EC', Ds/m | SAR” g/cm3 carbon, % % %
103 Ap 13 6.8 59 0.95 20 1.57 1.1 2.3 1.4
104 67 Btnl 39 7.2 7.4 2.60 19,3 1.82 0.9 0.9 0.0
105 68 Btn2 56 6.6 7.4 5.00 24.6 1.89 0.7 08 0.1
106 69 Btk3 91 6.8 Tud 9.00 21.1 1.83 0.4 0.4 0.0
107 70 Btk4 123 riF | 79 5.20 26.5 2.06 04 04 0.0

108 71 Akss,b 151 ) 79 490 27.0 1.94 0.4 0.4 0.0
109 72 Btkssl,b 186 8.4 79 4.60 259 1.94 03 0.6 03
110 Btkss2,b | 202 7.8 8.1 4.50 18.6 2.11 0.4 0.4 0.0

" saturated paste extract

- 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 17. Soil of Healdton series, Carter County - Dispersion characteristics

Sample | ODOT Depth, | Ligiud | Plasticity Dispersion ,

number | number | Horizon cm limit index pH' EC’, Ds/m SAR” % Pinhole’ | Crumb*
104 67 Btnl 13-39 51 34 72 2.60 19.5 534 ND4 3
105 68 Btn2 39-56 54 36 6.6 5.00 24.6 524 D1 3
106 69 Btk3 56-91 48 30 6.8 9.00 21.1 6.0 ND2 1
107 70 Btk4 91-123 S0 33 L 5.20 26.5 67.2 ND3 3
108 71 Akss,b | 123-151 48 31 fa) 490 27.0 91.4 ND3 3
109 72 | Btkssl,b | 151-186| S0 34 8.4 4.60 26.9 88.1 D2 2

" . saturated paste extract
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meg/L from saturated paste extract
"* Double hydrometer method

¥ - Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

* . Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 17. Soil of Healdton series, Carter County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol J/L**

Sample { ODOT Depth, Sum Sum
number | number | Horizon | cm | Ca® [ Mg | Na*| K" [cations| F* | Cf | Br |No,’[s0,”| cO,> | HCO, | anions
103 Ap 13 [036] 012 [ 044| 004 | 096 [0.05(034]0.00[000[012]| 000 | 038 0.89
104 67 Btnl 39 0.22} 0.08 | 2.38| 0.00| 268 {0.04] 1.80{0.00/0.00| 0.35| 0.00 0.53 2.72

- 105 68 Btn2 56 0.55] 0.25 [491]| 0.03| 574 [0.00| 402(0.00]|0.00| 2.03| 0.00 0.18 6.23
| 106 69 Btk3 91 2.90] 099 [{9.30f 0.01 | 13.19 | 0.02| 5.83|0.00]|0.00| 7.90| 0.00 0.27 14.02
107 70 Btk4 123 0.56 | 0.16 [5.03] 0.00 | 575 |0.00| 4.35|0.00|0.00| 1.54| 0.00 0.22 611
108 71 Akss,b 151 0.45| 0.18 [480| 004 | 547 |0.00|4.07|0.00|0.00| 121 | 0.00 0.17 5.45
109 72 | Btkssl,b| 186 | 0.38| 0.16 [4.40| 0.03 | 497 |0.00(397|0.00({000|1.11| 0.00 0.27 535
110 Btkss2,b| 202 | 091 | 028 [452] 0.10 [ 5.81 |0.00]4.03|/0.00]000]|035| 0.00 0.20 4.58

* - atomic absorption spectrophotometry of saturated paste extract, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol /L - concentration in centimoles of positive charge per liter
** _ion chromatography of saturated paste extract, F-flouride, Cl-chloride, Br-bromide, NOs-nitrate, SO4-sulfate, CO;-carbonate,

HCOj;-bicarbonate; cmol. /L - concentration in centimoles of negative charge per liter
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Site 17. Soil of Healdton series, Carter County - Particle size distribution

SANDS | SILTS | CLAY
g diameter (mm)

: |2 5 S 12.0-1.0]1.0-0.5[0.5-0.25]0.25-0.1[0.1-0.05[ 0.05-0.02] 0.02-0.005[0.005-0.002] <0.002| TOTAL | TOTAL| TEXTURE

E‘ 8 = S |[(vorse)| (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) |  (fine) SAND | SILT |Labora-

S |o| = a % —| tory | Field
103 Ap 3] 02 o5 | 25 | 174] 172 ] 366 12.9 1.1 113 ] 377 ] so6 | siL | FsL
104|67] Btml | 39 | 01 | 02 | o8 59 | 65 352 24 12 476 | 134 | 388 c | sic
105 [68] B2 | 56 | 00 | o1 0.6 48 | 55 248 8.9 59 495 | 109 | 395 | sic | siC
106 [69] Btk3 [ o1 [ o1 | o1 [ 09 | 6.1 7.0 20.1 16.0 59 436 | 142 | 420 | siC [siCL
107 [70] Btk [ 123 | 02 | o1 1.0 55 | 64 37.7 3.2 18 439 [ 132 | 427 | sic [sicL
108 [ 71| Akssb | 151 | 01 | o1 0.8 52 | 16 17.3 18.4 79 21 [ 139 | 436 | siC [SiCL
109 [ 72| Btkss1,b| 186 | 01 | 0.1 0.9 52 | 7.1 272 9.6 6.7 426 | 133 | 435 | sic | siC |
110 Btkss2b| 202 | 04 [ 02 | 09 | 46 | 66 | 275 10.7 6.1 429 | 127 | 443 | sic | sic




Site 18. Wing series, Jefferson Co.
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Site 18. Soil of Wing series, Jefferson County - Soil profile description

Horizon

Depth

Textu-

Consis-

Bounda-

Special

Fe-Mn

! X 3 2 Mottl Carbonat : Siltans
No. | use? Liom Color” | Structure’| tence’ | ry’ PH | features g arbonates) concretions i
7.5YR6/3
(dry), light slightly many, fine
' Al 13 brown; »;'.eak, Ic?:;y hard/ clear 6.5 and
1 P 7.5YR 5/4 mei : d very | smooth | medium
(moist), [ BMAT | SN giable roots
brown
7.5YR4/2
(dry) fine common,
’ fi d
112 Ap2 27 brown massive | sandy f;']?ar:l/e s::::):h 7.0 l:;Z?U':n
7.5YR 3/2, loam ooTe
dark brown
weak, ]
pl:]i:jl::i]c sandy YR common, fine, faint Lok
113 Btn 53 7.5YR 3/2, X e e hard/ | gradual g0 | common, LOYR 5/3 (brown) medium '51|tans
(73) dark brown very wavy fine roots (possible
moderate, | loam . mottles :
. friable krotovinas)
medium,
SBK
OIS weak, |mangy _ .| few, fine, faint I0YR few, fine | common
114 dark . hard/ | gradual few, fine . medium siltans
Btn2 77 . medium, | clay . 8.0 5/6 (yellowish brown) nodules and .
(74) yellowish friable wavy roots . (possible
SBK loam mottles concretions :
brown krotovinas)
etk sand common, medium, common, | common,
115 10YR 5/3, ’ Y| hard/ clear prominent I0OYR 5/8 | fineand | fine nodules
Btkn3 97 coarse, clay . 8.0 2 )
(75) brown SBK Baff friable | wavy (yellowish brown) and | medium and
5Y 6/1 (gray) mottles | soft bodies| concretions
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Site 18. Soil of Wing series, Jefferson County - Soil profile description (continued)

Horizon

Depth, 3 ;| Textu-| Consis- | Bounda- Special Fe-Mn
No.! - - i
o P ah Color” |Structu-re o -l ry2 pH b tites Mottles Carbonates CATIETE e Siltans
|
few, fine | common
5GY 6/1, | weak, fine many, medium ’ ’
116 g , '
(76) BCkg 137 | greenish | coarse, | sandy ;: ?;:IL g:a::a} 8.0 prominent 7.5YR 5/6 a;d = no(;iules
gray SBK loam y (strong brown) mottles me 1u|.n h !
soft bodies | concretions
5GY 6/1, weak, fine hard/ Gt common, medium, common,
i/ Cg 155 | greenish | coarse, | sandy friable | smooth 8.0 prominent 7.5YR 7/8 medium soft
gray SBK loam (reddish yellow) mottles bodies
loamy '
s | o | 164 rock | fine g.0 | Weathered
sandstone

sand
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Site 18. Soil of Wing series, Jefferson County - Selected chemical and physical characteristics

Bulk

Sample | ODOT EC*, Density, Organic Total Carbonates,
number | number | Horizon |Depth,cm| pH™ | pH™ Ds/m SAR™ g/cm3 carbon, % | carbon, % %
111 Apl 13 72 6.3 8.50 1.3 1.55 4 L ¥ 0.0
112 Ap2 27 7.4 6.9 7.50 11.5 1.61 0.6 0.6 0.0
113 73 Btnl 53 7.6 8.2 7.00 39.8 1.92 0.5 0.5 0.0
114 74 Btn2 14/ 8.7 8.5 6.80 51.1 1.97 0.2 0.2 0.0
115 75 Btkn3 97 8.4 8.8 9.80 56.6 1.99 0.1 03 0.2
116 76 BCkg 137 8.8 8.7 450 37.0 1.86 0.1 0.2 0.1
117 Cg 155 8.5 8.7 3.80 36.7 223 0.1 0.1 0.0
118 Cr 164 8.1 8.9 2.50 29.2 2.32 0.0 0.0 0.0

" saturated paste extract

™ - 1:1 soil-water mixture by weight

* - electrical conducttvity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))}, using values in meq/L from saturated paste extract
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Site 18. Soil of Wing series, Jefferson County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity Dispersion

number | number | Horizon |Depth, cm| limit index pH' EC*, Ds/m| SAR" % Pinhole’ | Crumb®
113 73 Btnl 27-53 - 40 25 7.6 7.00 39.8 83.6 ND3 2
114 74 Btn2 53-77 43 29 8.7 6.80 51.1 84.7 g ND3 2
RS 75 Btkn3 77-97 45 30 8.4 9.80 56.6 85.7 ND3 2
116 76 BCkg 97-137 33 16 8.8 4.50 37.0 83.1 ND3 2

" - saturated paste extract
* - electrical conductivity, saturated paste extract

**+ - sodium adsorption ratio = [(sodium)/(square root({calcium+magnesium)/2))], using values in meq/L from saturated paste extract

"* Double hydrometer method

* - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays

ND2 and ND1 - nondispersive clays

# _ Crumb grade explanation:

1 - no dispersion

2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion




Site 18. Soil of Wing series, Jefferson County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /L**

Sample | ODOT Depth, Sum Sum
number | number | Horizon| cm | Ca® | Mg®" | Na’' | K' | cations | F cr Br | NOo, | so,> | co,” | HCO; | anions
111 Apl 13 [0.55] 024 [ 0.26 | 0.05 1.10 0.00 [ 0.30 0.00 0.00 0.13 0.00 0.60 1.03
112 Ap2 27 1 0.15] 0.10 | 1.30 | 0.00 1.55 0.00 | 0.91 0.00 0.00 0.04 | 0.00 082 1.27
113 73 Btnl 53 1023 [ 036 | 684 | 0.00 7.43 0.00 | 439 | 0.00 0.00 2.36 0.00 0.37 232
114 74 Btn2 77 10.17] 030|776 | 0.00 823 001 [ 464 | 000 | 000 3-21 0.03 0.38 8.27
115 75 Btkn3 97 | 032 063 (12,29 000 | 1324 [ 0.03 | 819 | 0.0l 0.05 530 [ 0.03 048 14.08
116 76 BCkg | 137 | 0.11 ] 0.11 | 3.81 | 0.00 [ 4.03 0.02 | 3.01 | 0.00 0.01 1.23 0.05 0.15 4.47
117 Cg 155 [ 0.10 | 0.11 | 3.74 ] 000 | 3.95 002 [ 242 [ 000 0.00 0.82 | 0.00 0.32 3.58
118 Cr 164 [ 007 | 007 [ 236 000 | 250 | 001 [ 150 | 0.00 | 000 | 061 | 000 | 028 2.40

LOT

* - atomic absorption spectrophotometry of saturated paste extract, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO4-sulfate, CO;-carbonate,

HCO:s-bicarbonate; cmol /L - concentration in centimoles of negative charge per liter
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Site 18. Soil of Wing series, Jefferson County - Particle size distribution

SANDS | SILTS | CLAY
diameter (mm)

1:, : = g 2.0-1.0/1.0-0.5{0.5-0.25| 0.25-0.1] 0.1-0.05 | 0.05-0.02 |0.02-0.005/0.005-0.002| <0.002 | TOTAL | TOTAL | TEXTURE
g 8 S = (v.crse)| (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT |Labora-

»vn | © E g % tory | Field
111 Apl | 13| 03 03 1.0 il 2 9.6 15.6 7.8 2.6 94 624 26.0 FSL | LFS
112 Ap2 | 27| 01 0.2 0.5 26.8 22.5 23.0 10.4 3.3 12.2 50.2 36.7 I3 FSL
B 73 Bl y 83 F 05 04 0.8 17.5 16.4 16.3 10.6 33 340 35.6 302 CL |SCL
114 | 74 | Btm2 | 77 | 0.1 0.1 0.2 239 21.7 15.6 7.0 2.5 28.1 46.1 25.1 SCL | SCL
115 75 | Btkn3 | 97 | 04 04 04 23.0 22.4 19.2 30 0.9 299 46.5 231 SCL | SCL
116 | 76 | BCkg | 137 | 0.2 0.2 02 28.3 32.1 10.2 53 1.8 26.4 56.1 17.3 SCL | FSL
117 Cg | 155] 03 03 0.3 23.6 399 94 3.4 1.7 208 644 14.5 SCL | FSL
118 Cr |164| 13 12 1.1 30.3 452 6.1 3.1 1.6 98 79.1 108 | VFSL | LFS




Site 19. Oscar series, Jefferson Co.
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Dispersive

Sodic-Dispersive

209



01¢

Site 19. Soil of Oscar series, Jefferson County - Soil profile description

~ .| Horizon | Depth, 3 , | Tex- |Consis-| Bounda- Special Fe-Mn .
2 e Color Structure L pH e Mottles | Gypsum | Carbonates S Siltans
5YR6/3
(dry), light very common, fine
119 A s reddish weak, fine | hard/ | abrupt 8.5 and few,
P brown, SYR |coarse, platy| sandy | friable] wavy " | medium and
4/3, reddish loam coarse roots
brown
7.5YR 5/4 common, fine 7.5 YR 8/4
120 (dry), weak, silty . ] and very fine cc‘)mmon, eiTTION, i (Plnk)
77 Btnkyl 38 brown; coarse, clay | firm p—— 8.5 and few fine soft soft bodies siltans
L) 7.5YR 4/4, | prismatic | loam medium bodies along
brown parting to roots; prism faces
moderate,
11 5YR4/3, | medium, silt B few. fine common, |common, fine —
18 Btnky2 | 78 reddish SBK clay firm fmooth 8.5 ro’ots finesoft | soft bodies fine no dul;s
(78) brown y bodies and nodules 7.5 YR 3/4
dark
moderate, (dar
medium brown)
) siltans
SYR 4/4, i i i .
122 A pnsrnatlc silty . abrupt few, fine few, fine along
Btn3 110 reddish partingto | clay | firm 8.5 A
(79) smooth roots nodules |prism faces
brown moderate, | loam
medium,
SBK
SYR 4/4, ilt i 1
123 A weak, T ) clear few, fine few,.fme, many, ffne
Btcd 173 reddish clay | friable 8.5 faint and medium
(80) coarse, SBK smooth roots
brown loam mottles nodules
few, fine
SYR 4/4, | 7z P few, fine and
" k clay | ... few, fine faint !
124 | BC | 200+ ddish - i ’ i
e coarse, SBK| loam LD L roots 7.5YR 6/4 AN
brown nodules

(light
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Site 19. Soil of Oscar series, Jefferson County - Selected chemical and physical characteristics

Bulk

Sample | ODOT EC’, Density, Organic Total Carbonates,
number | number | Horizon |Depth, cm| pH’ pH"™ | Ds/m SAR" g/em’ carbon, % | carbon, % %

119 Ap 15 8.4 7.8 62 39.7 1.76 0.9 0.9 0.0

120 77 Btnkyl 38 79 93 9.8 62.6 1.86 03 0.4 0.1

121 78 Btnky2 78 8.6 9.6 5.4 74.4 1.60 0.2 0.2 0.0

122 79 Btn3 110 8.8 9.6 23 509 1.99 0.1 03 0.2

123 80 Bt4 173 8.7 9.4 0.9 15.8 1.92 0.2 0.3 0.1

124 BC 200+ | 8.6 8.1 0.7 6.8 1.88 01 [ 09 0.8

*. saturated paste extract

™. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 19. Soil of Oscar series, Jefferson County - Dispersion characteristics

Sample | ODOT Liqiud | Plasticity Dispersion ,

number | number | Horizon |Depth, cm| limit index pH' EC’,Ds/m | SAR” % Pinhole’ | Crumb**
120 77 Btnkyl 15-38 34 21 7.9 9.8 62.6 75.8 ND3 2
121 78 Btnky?2 38-78 44 30 8.6 5.4 74.4 81.4 ND3 2
122 79 Btn3 78-110 35 22 8.8 23 50.9 80.7 D2 4
123 80 Bt4 110-173 31 18 8.7 0.9 15.8 83.1 ND4 3

" - saturated paste extract
* - electrical conductivity, saturated paste extract

** . sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))}, using values in meq/L from saturated paste extract

"* Double hydrometer method

* . Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays

ND2 and ND1 - nondispersive clays

* . Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion
4 - strong dispersion
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Site 19. Soil of Oscar series, Jefferson County - Concentration of soluble ions in paste extract

Cations, cmol L*

Anions, cmol /L**

Sample| ODOT Depth, Sum Sum

number | number | Horizon | cm [ Ca®™ | Mg® | Na” | K" |catims| F | CI' | Br | No, | s0,> | cO,> | HCO, | anions
119 Ap 15 | 051§ 003 ]| 651 0.04 7.09 | 0.00 | 475 | 0.00 [ 0.00 1.23 | 0.05 1% 720 |
120 77 Btnkyl 38 [ 022 046 | 11.54 | 0.00 12.22 1 0.00] 759 | 000 | 000 | 447 [ 002 | 0.72 12.80
121 78 Btnky2 78 0.04 | 007 | 5.28 0.00 539 [ 002 ] 399 | 000 0.00 124 [ 0.03 | 0.50 5.78

|_ [P 79 Btn3 110 ] 002 ] 002 [ 226 | 0.00 230 1 003] 139 | 000 | 000 | 0.16 | 0.03 0.68 2.29
123 80 Bt4 173 [ 0.03 ] 0.01 | 075 0.00 0.80 0.02 ] 0.12 | 0.00 | 0.00 [ 0.05 | 0.05 0.67 0.91
124 BC 200+ ] 0.07 | 0.03 | 050 [ 000 | 0.60 | 0.02 [ 0.05 [ 0.00 | 0.00 | 0.01 0.03 0.45 0.56

* - atomic absorption spectrophotometry of saturated paste extract, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** _ion chromatography of saturated paste extract, F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate

HCOj3-bicarbonate, cmol /L - concentration of negative charge per liter
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Site 19.

Soil of Oscar series, Jefferson County - Particle size distribution

SANDS | SILTS | cLAY
== diameter (mm)

E : g § 2.0-1.0{1.0-0.5]0.5-0.25{0.25-0.1{ 0.1-0.05 | 0.05-0.02 |0.02-0.005{0.005-0.002| <0.002| TOTAL | TOTAL | TEXTURE
210 . S |(vcrse)| (crse) | (med) | (fine) | (vfine) | (coarse) | (medium) (fine) SAND | SILT |Labora-

§ 8| £ | & % tory | Field
119 Ap 15] 03 0.4 0.6 9.2 17.4 314 19.3 4.0 16.5 279 548 SiL |VFSL
120] 77 |Btnky1| 38 | 04 [ 02 | 07 | 142 [ 166 26.6 13.2 35 239 | 321 434 L [siCL
121 | 78 | Btnky2| 78 | 0.4 0.4 0.6 172 20.4 328 48 0.8 2% 39.0 384 L [SiCL
1221 79| Btn3 | 110 1.2 0.8 1.7 256 | 17.4 27.4 2.7 0.5 202 46.7 30.6 L [SiCL
1231 80| Bt4 | 173| 05 0.7 1.4 228 17.8 19.3 95 35 244 432 320 L [SiCL
124 BC [200+| 0.6 0.8 0.9 15.9 18.6 28.0 8.5 Vo) 234 36.8 89.2 I CL
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Site 19. Amendment Study-Oscar (Jefferson) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP**  Dispersion (%)
122 79 Btn3 78-110 14.3 50.9 51.8 80.7

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods
in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

"Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 19. Clay Mineralogy - Oscar (Jefferson)

Sample No. ODOT No. Horizon Depth (cm)
122 79 Btn3 78-110

+ Mixed = Randomly interstratified illite-smectite mineral
*Percentages estimated from areas of diagnostic x-ray peaks

Clay mineral t

mixed
kaolinite
illite
quartz

Relative Abundance (%)*

56

21
18
5



Site 20. Foard series, Commanche Co.
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Site 20. Soil of Foard series, Comanche County - Profile description

|
- “o | g .| Tex- | Consis- | Bounda- Fen
2 § § B E | Color’ Swructure’ 2 2 2 pH | Special features Motttes Gypsum | Carbonates | concre- Siltans
a ture” | tence ry z
T a tions
7.5YR | moderate, | silt . abrupt many, fine and common,
123 Ap 10 4/2, brown | fine, platy | loam & smooth = medium roots fine siltans
7.5YR 3/1,| moderate, o
126 clay | very clear . fine siltans
Btnl 32 very dark coarse, 8.0 [common, fine roots i
(81) loam | hard | smooth (possible
gray columnar CaCO3
S S common, | many, fine
127 Binkv2 | 60 7.5YR 4/1, p—— | clay | very |[gradual 8.0 | common. fine roots fine and | and medium ———
(82) y dark gray > | loam | hard | wav ' ’ medium | soft bodies -
SBK y medium
masses | and nodules St
e common, | common, ( bl
128 7.5YR 4/3, .| clay [ very | gradual - fine and fine soft i
Btnky3 | 90 d ]
(83) nxy brown m? lun?, loam | hard wavy BORgsRIn ot mesat medium | bodies and CaCOs)
pITRa0g masses nodules
common, few_;ine few,
weak, fine, faint ; few, fine medium
129 7.5YR 4/2, i ’ ’
(84) Btkny4 | 122 e medium, | clay | hard :.,l:jr 8.0 7.5YR 4/4 a(r;d soft bodies siltans
; . edium
prismatic y (brown) nl;aslses and nodules (possible
| mottles CaCQ3)
few, fine SYR 6/}
common,
(gray) masses ORI
moderate, along cracks and promine,nt many, manyj, fine
130 . ) . i G
e 2BCk | 169 2d5YR 4/4,| coarse, clay friable clear 8.0 root courses; SRl medium soft| soft bodies
usky red | subangular | loam wavy common, coarse (reddish bodies and and
blocky krotovinas filled : ) nodules nodules
with 7.5YR 4/2 s
. mottles
(brown) material
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Site 20. Soil of Foard series, Comanche County - Profile description (cont.)

. | Horizon | Depth, 5 , | Tex- | Consis- | Bounda- : Fe-Mn _
No. 2 Coler Structure 2 2 9 pH | Special features Mottles | Gypsum | Carbonates | coscre- Siltans
name cm ture” | tence 1y tions
weathered shale;
common, coarse
krotovinas filled many, coarse| common,
6
SRS with 7.5YR 4/2 nodules and | medium
dark ] clay | very . ;
131 2Ck 209 . massive (brown) material; common, | softbodies
yellowish loam | hard .
- common, fine root coarse soft and
channels filled with bodies nodules
N 8/0 (white)
material
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Site 20. Soil of Foard series, Comanche County - Selected chemical and physical characteristics

Bulk
Sample ODOT EC*, Density, | Organic Total Carbonates,
number | number | Horizon |Depth,cm| pH® | pH™ | Ds/m | SAR” glem® | carbon, % | carbon, % %
125 Ap 10 7.6 7.0 3 4.0 1.69 1.5 5 00
126 81 Btnl 32 7.6 8.4 2%/, 13.7 1.78 0.8 0.9 0.1
127 82 Btnky2 60 7.7 8.2 5.4 16.8 1.79 0.6 0.8 02
128 83 Btnky3 90 8.2 8.1 5.8 14.9 1.78 0.5 0.5 00
129 84 Btnky4 122 8.0 8.0 5.6 17.3 1.74 04 0.6 0.2
130 85 BCk 169 84 8.3 11 30.1 1.65 0.3 08 0.5
131 2Ck 209 8.2 8.3 5.4 20l 1.92 0.2 0.5 03

*. saturated paste extract
. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 20. Soil of Foard series, Comanche County - Dispersion characteristics

Sample | ODOT Liqiud | Plasticity DispersionA,

number | number | Horizon [Depth, cm| limit index pH’ EC’, Ds/m| SAR™ % Pinhole’ | Crumb®*
126 81 Btnl 10 32 63 42 7.6 2.7 13.7 33.6 ND3 1
127 82 Btnky2 32-60 S3 34 e 5.4 16.8 11.7 ND3 1
128 83 Btnky3 [ 60-90 56 36 8.2 5.8 14.9 19.6 ND4 1
129 84 Btnky4 | 90-122 58 38 8.0 5.6 178 248 ND3 2
130 85 BCk 122-169 62 43 8.4 11 30.1 22.6 ND3 1

*. saturated paste extract

* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method

* _ Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and NDI - nondispersive clays

*# _ Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 20. Soil of Foard series, Comanche County - Concentration of soluble ions in paste extract

Cations, cmol/L*

Anions, cmol /L.**

Sample | ODOT Depth, Sum Sum
number | number | Horizon | cm | Ca® | Mg | Na* | K' |cations| F* | CI' [ Br | NO,” | SO, | CO,” | HCO; | anions
125 Ap 10 | 058 | 085 | 1.08 | 025 | 276 | 000 1.77 | 0.00| 000 | 046 | 000 | 098 | 3.2I
126 81 Btn| 32 | 028 | 024 | 220 | 000 | 272 | 000|207 000]| 000 | 033 [ 000 [ 030 [ 2.70
127 82 Bmkv2 | 60 | 081 | 077 [ 471 [ 001 [ 630 |000]344]000| 000 | 270 | 000 | 040 | 654
128 83 Bmky3 | 90 | 1.15 | 118 | 509 [ 002 | 744 [000]395] 000] 000 | 426 [ 000 | 025 | 846
129 84 Btnky4 | 122 | 1.06 | 091 | 544 [ 000 [ 741 [000[4.18]000[ 002 | 360 [ 000 | 022 | 802
130 85 BCk 169 | 139 | 117 | 1076 | 0.01 | 1333|002 944] 000| 007 | 370 | 005 | 062 | 13.90
131 2Ck 209 | 078 | 056 | 562 | 0.00 | 697 [o0o00|490] 000| 003 | 061 | 002 | 013 | 569

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol./L - concentration in centimoles of positive charge per liter

** - jon chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NOs-nitrate, SO4-sulfate, CO;-carbonate,

HCO;-bicarbonate; cmol./L - concentration in centimoles of negative charge per liter
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Site 20. Soil of Foard series, Comanche County - Particle size distribution

SANDS | SILTS [CLAY
diameter (mm) -

:ff, ﬁ g s 2.0-1.0]1.0-0.5/0.5-0.25/0.25-0.1]0.1-0.05/0.05-0.02( 0.02-0.005| 0.005-0.002{ <0.002| TOTAL | TOTAL| TEXTURE
—g' 8 = g | (verse) (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT [Labora-
»n | O T g % tory | Field
125 Ap 10 0.5 0.5 0.8 1.5 7.6 427 22.1 49 19.6 10.9 697 SiL SiL
126| 81 | Btnl 32 04 0.3 04 0.7 43 25.5 19.2 6.3 429 6.1 510 SiC CL
127 | 82 | Btnkv2 | 60 0.7 0.8 0.6 0.7 4.1 26.8 19.2 6.6 40.6 6.8 526 SiC CL
128 | 83 [ Btnky3 | 90 0.9 0.6 04 | 05 41 20.1 214 7.1 449 6.5 48.6 SiC CL
129 | 84 | Btnky4 | 122 0.5 03 04 0.5 34 220 213 6.7 45.0 Sl 499 SiC C
130| 85| BCk | 169 0.4 0.5 0.5 0.7 33 193 20.7 9.8 45.1 S:2 497 SiC CL
131 2Ck | 209 0.1 0.2 0.3 05 2.1 13.2 18.1 11.1 542 33 425 SiC CL
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Site 20- Soil of Foard series, Comanche Co.- Lincoln data

>k PRIMNMARY CHARACTERIZATTION DATA s

S970K-031-001 (COMANCHE COUNTY, OKLAHOMA }
PRINT DATE 03/10/00
SAMPLED AS : F®ARD + FINE, SMECTITIC, THERMIC VERTIC NATRUSTOLL
REVISED TO H H
UNITED STATES DEPARTMENT OF AGRICULTURE
SSL - PROJECT 98P 4, (CP98OKO0d) NATRIC SOILS NATURAL RESOURCES CONSERVATION SERVICE
- PEDON 98P 14, SAMPLES 98P 66— 72 NATIONAL SOIL SURVEY CENTER
- GENERAL METHODS 1B1A, 2Al, 2B SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA 68508-3866
-l-= === <=3-= <—4== oBe= <—f-= -7-= =8-= -9-- =10- -11- -12- -13- -14- -15- =-16- =-17- -18- -19- =-20-
(- - -TOTAL - - =) (- -CLAY- -)(~ =SILT- -)(~ = ~ - = -SAND- - - - - -)(-COARSE FRACTIONS(MM)~) (>2MM)
CLAY SILT SAND FINE CO3 FINE COARSE VF B M C vC - - - = WEIGHT - ~ - - WT
SAMPLE DEPTH HORIZON LT .002 .05 LT LT .002 .02 .05 =10 425 .5 1 2 5 20 s1- ECT OF
NO. (CM) .002 ~.05 -2 .0002 .002 -.02 -.05 =-.10 =-.25 -.50 -1 -2 -5 -20 -5 75 WHOLE
R T PCT OF <2MM (3Al) = = = = = = = = = = = - - > <- PCT OF <75MM(3Bl)-> SOIL
98P 66S 0- 10 A 18.9 71.6 9.5 11.4 28.6 43.0 7.5 0.9 0.5 0.4 Ore® == T+ - 2 ==
98P 67S 10- 32 Btnl 43.6 50.1 6.3 310l 25.3 24.8 4.4 0.6 0.4 0.3 0.6 TR — - 2 TR
98P 68S 32- 60 Btnky2 41.4 51.3 7.3 '25:2 26.9 24.4 4.1 0.6 0.5 0.7 0.8 6 TR = 8 6
98P 6958 60- 90 Btnky3 42.7 50.1 7.2 26.5 26.7 23.4 C) 0.6 04.:5 0.6 1.6 6 TR - 9 6
98P 70S 90-122 Btnky4 45.4 49.3 5r3 &ATn9 2045 211+8 3.3 0.5 0.4 0.5 0.6 1 TR -- 3 1
98P 71s 122-169 2BCk 45.2 49.2 546 2066 38 M9 8.4 0.8 0.6 0.6 645 1 TR -- < 1
98P 725 169-209 2Ck 53.9 42.7 3.4 18.0 S0sk %2 258 0.6 0.2 03 TR == TR o 1 TR
ORGN TOTAL EXTR TOTAL (- - DITH-CIT - -)(RATIO/CLAY) (ATTERBERG ) (- BULK DENSITY -} COLE (- - -WATER CONTENT =~ =) WRD
C N P S EXTRACTABLE pr ;] - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
DEPTH FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
(CM) 6Alc 6Bd4a 6S3b 6R3c 6C2b 6G7a 6D2a 8D1 801 4F1 4F 4A5 4Ald  4Alh  4D1 484 4Blc 4Blc 4B2a 4Cl
PCT <2MM PPM <- PERCENT OF <2MM --> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
0- 10 0.79 .46 1.46 1.57 0.025 23.7 8.6 0.22
10> 32 0.83 0.47 1.28 1.80 0.120 35.4 20.6 0.19
32- 60 0.81 0.49 1.30¢ 1.78 0.107 33.4 20.4 0.16
60- 90 0.80 0.45 1.31 1.84 0.115 34.8 19.3 0.20
90~122 0.78 0.495 127 1480 0.437 36.9 20.2 0.21
122-169 0.73 0.44 1.32 1.95°0.138 38.2 201 017
169-209 0.69 0.41 1432 1.85 Oe-59 8107 2242 0.11

AVERAGES, DEPTH 10~ 60: PCT CLAY 42 PCT .1-75MM 6
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Site 20- Soil of Foard series, Comanche Co.- Lincoln data (cont.)
** PRIMARY CHARACTERTIZATION DATA *+*
S970K-031-001 PRINT DATE 03/10/00

SAMPLED AS : FOARD ; FINE, SMECTITIC, THERMIC VERTIC NATRUSTOLL
USDA-NRCS-NSSC-SOIL SURVEY ILABORATORY ; PEDON 98P 14, SAMPLE 98P 66- 72

-1-- -2-- -3-- -4-- -§-- -6~~~ =-7-- -8-- -9-~ -10- ~-11- -12- -13- -14- -15- -16- -17- -18- -19- -20-
(- NH4OAC EXTRACTABLE BASES -) ACID- (~ -CEC- -) EXCH SAR BASE CARBONATE CASO4 AS (- - - -PH - - ~)
CA MG NA K SUM ITY SUM NH4- NA SATURATION AS CACO3 GYPSUM SAT CACL2 H20
DEPTH 5B5a 5BSa 5BS5a 5BS5a BASES CATS OAC SUM NH4OAC <2MM <20MM <2MM <20MM PASTE .01M
{CM) 6N2e 602d 6P2b 6Q2b 6HS5a 5A3a 5A8b 5p2 5E 5C3 5C1 ©6Ele ©6E4 6Fla 6F4 8Clb 8Clf 8C1f
G F - O™ = = = -ME® / 100 G = = = = = = = = = = > PCT <- =-PCT- » <- -PCT -> <- -PCT -> 1952 Al
0- 10 9.2 4.1 1.1 9.6 15.9 3.9 18.9 14.9 7 79 100 5.9 6.8
10- di 14.0 6.8 1.0 36.0 16 13 100 100 2 - 7.7 8.0 8.2
32- 60K TSl 8.7 0.9 38:6 18 16 100 100 3 q - 7.6 7.9 8.0
60- 90K 13.3 10.1 0.4 148 34,50 16 17 100 B 4 - T 7.8 7.8
90-122K 13.2 10.8 1.0 1.4 35.4 20 18 100 il 2 - 7.6 4B 7.9
122-169K 13.3 10.1 0.9 312 21 19 100 100 1 b - 7.7 7.9 8.0
169-209K 1 LIy S I S 0.8 37.2 21 2l 100 100 10 11 — 7.7 L 7.9
(- - - =E s e WATER EXTRACTED FROM SATURATED PASTE- - = = = = = « ~ = - - - ) PRED.
TOTAL ELEC. ELEC.
CA MG NA K C0O3 HCO3 F CL S04 NO2 NO3 H20 SALTS COND. COND.
DEPTH EST. B8A3a 81
(CM) 6Nlb 601b 6Plb 6Qlb 6I1b 6Jlb 6Ulb 6Kld 6L1d 6Wlb 6M1d 8A 8D5 MMHOS MMHOS
SRR S R A e MEQ / LITER - = = = = = = = = = - _ > <~ -PCT- -> /cm /cm
¢~ 10 0.11
19 3& 1.7 .60 F g3 - - B 0.1 15.0 256 - w= 68.0 0.1 2.37 0.96
32— 60 16 7.5 42.9 0.4 - .6 == 32.8 26.6 = == 64.4 0.3 5.70 1.95
60~ 90 21.3 17.8 175.6 0.5 - 13 = 47.6 73.1 - == 67.0 0.5 8.65 3.68
90-122 8.8 7.8 52.5 0.2 - 1.5 TR 36.1 26.9 - 0.2 70.8 0.3 6.30 2.89
122-169 5. 7 5.2 43.9 0.4 - 1.7 TR 42.4 12.8 —= 0.2 69.1 043" 5.75 1226
169-209 5.3 4.9 47.1 09 = 1" 0.7 40.9 12.4 - 0.2 15,3 0.3 5.49 2.28

MMHOS/CM @F 1:2 WATER EXTRACT (8I) & EXCH NA AS EXTRACTABLE NA FOR LAYERS 1,

ANALYSES: §S= ALL ON SIEVED <2mm BASIS



Site 21. Oscar series, Tillman Co.
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Site 21. Soil of Oscar series, Tillman County - Profile description

Horizon | Depth Textu- | Consis- | Bounda- Fe-Mn :
i ) 3 2 q
No. o Il Color Structure og (i ? 7 Special features| Mottles Gypsum | Carbonates T, Siltans
UL moderate, . common, fine
10YR 4/2, silt . abrupt .
132 Ap 9 . coarse, firm and medium
dark grayish loam wavy
platy roots
brown
10 YR 3/2
¥ | e _ _ . few,
133 dark grayish clay very clear | common, fine few, fine | many, fine .
Btkynl 25 coarse, . medium
(86) brown 7.5YR loam | firm wavy roots threads nodules ;
columnar siltans
3/2, dark
_ brown
134 10YR 3/1, | moderate, cla radual mmon. fin common, few,
87) Btkyn2 37 very dark medum, Ioatill friable gwav <& ro(;t; e medium |medium soft
gray SBK Y threads bodies
common, fine
roots; few,
moderate, coarse few, fine
135 7.5YR 3/2, | medum, clay . clear krotovinas and many, fine
t ]
(88) B B dark brown | subangular | loam T wavy filled with medium siltans
blocky 7.5YR 3/1 (very nodules
dark gray)
materjal
few, Tine roofs;
few, coarse
ek, sandy krotovinas fe
136 7.5YR 4/4 coarse clear s
Btkn4 ’ ; i i i
(89) tkn 87 brown Suanglar clay | friable — filled with medlum
blocky | 1°2M 7.5YR 3/1 (very soft bodies
dark gray)

material
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Site 21. Soil of Oscar series, Tillman County - Profile description (continued)

Horizon

' Depth,

Textu-

Consis-

Bounda-

Fe-Mn :
1 3 2 H
No. Bt pess Color Structure I i ry2 Special features| Mottles Gypsum | Carbonates B — Siltans
weak, .
few, coarse
coarse, .
prismatic [ silty Kaefounas common
137 7.5YR 4/4 ) . gradual filled with . |common, fine
2 d .
(90) BtknS | 118 brown PRI | THE: | Higbk wavy [7.5YR3/1 (very meCm 1 soft bodies
weak, loam nodules
dark gray)
S material
SBK
{515 i) common, fine
weak, - faint 10YR and med,ium
8 1
13 BCk 144 10YR 4/3, coarse, tham | stithy clear 5/6 . few, fine Iy ——
91) brown subanguiar | smooth (yellowish nodules
plastic few, fine
blocky brown)
nodules
mottles
common,
o fine, faint common, fine
39 | cc | 03 | 10YRES, el stratified sand, | 10YR 5/6 few, fine | and medium
pale brown ) sandy clay loam| (yellowish soft bodies | soft bodies
plastic
brown) and nodules

mottles
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Site 21. Soil of Oscar series, Tillman County - Selected chemical and physical characteristics

Bulk

Sample ODOT Density, | Organic Total Carbonates,

number number Horizon |Depth, cm| pH’ pH™ EC’, Ds/m SA_R'_' glem®  |carbon, % | carbon, % %
152 Ap 9 7.8 7.4 9.0 29.6 1.63 1.2 1.2 0.0
133 86 Binkyl 25 7.8 7.9 15.0 51.7 1.73 0.7 0.7 0.0
134 87 Btnky2 37 8.7 9.6 18.5 47.0 1.89 0.8 08 0.0
185 88 Btkn3 57 9.0 8.4 14.0 729 1.77 0.6 0.6 0.0
136 89 Btkn4 87 8.5 8.7 10.0 68.1 1.83 0.3 0.3 0.0
137 90 Btkn5 118 8.4 9.1 5.8 85.4 1.86 0.2 0.4 0.2
138 91 BCk 144 8.7 9.5 2= 56.2 1.83 0.2 0.7 0.5
139 Ck 203 8.6 9.6 2.} 14.7 1.80 0.1 0.4 0.3

"~ saturated paste extract

™. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium-+magnesium)/2))], using values in meg/L from saturated paste extract
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Site 21. Soil of Oscar series, Tillman County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity Dispersion ,

number | number | Horizon |Depth, cm| limit index pH" EC*, Ds/m| SAR" % Pinhole’ | Crumb™
133 86 Btnky1 9-25 57 39 7.8 15.0 51.7 52.1 ND3 3
134 87 Btnky2 25-37 61 41 8.7 18.5 47.0 19.4 ND3 2
135 88 Btkn3 37-57 64 44 9.0 14.0 72.9 95.5 ND3 3
136 89 Btkn4 57-87 47 31 8.5 10.0 68.1 91.2 ND3 2
137 90 Btkn5 87-118 60 41 8.4 5.8 85.4 84.6 ND3 1
138 91 BCk 118-144 64 46 8.7 215 56.2 85.0 ND3 2

¥ - saturated paste extract
* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method

¥ - Pinhole classification explanation:

D1 and D2 - dispersive clays

ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

* - Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 21. Soil of Oscar series, Tillman County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /L**

Sample | ODOT Depth, Sum Sum
number | number | Horizon| cm | Ca®™* | Mg* [ Na* | K' |cations| F Ccl' | Br | NO;y | S0, | cO,” | HCO; | anions
132 Ap 9 113 | 064 | 881 | 002 | 1060 | 002 | 954 | 000 | 000 | 0.51 | 000 | 1.15 | 11.22
133 8 |Btkyl | 25 | 1.29 | 099 | 17.44 | 002 | 19.74 | 0.04 | 1571 [ 0.00 | 0.00 | 5.06 | 000 | 0.37 [ 21.18
134 87 | Bmky2| 37 | 2.87 | 2.01 | 2320] 0.00 | 2808 [ 0.05| 18.76 | 0.00 | 0.00 | 12.11| 002 | 0.25 | 31.19
135 88 | Btkm3 | 57 ]| o051 | 0591711 | 000 | 1821 [ 000 | 1623 | 0.00| 0.00 [ 321 [ 0.05] 030 | 19.79
136 | 8 [ Btkma | 87 [ o019 0301061 001 ] 11.11 [ 0.00| 1033 000 000 | 1.17 | 000 | 043 | 1193
137 90 | Btkn5 | 118 | 002 [ 008 | 611 | 000 | 621 [ 007 | 522 [ 000 | 000 [ 049 | 000 | 068 | 646
138 91 BCk | 144 | 002 | 002 | 248 | 000 | 252 [ 003 | 1.60 | 000| 000 [ 027 | 003 | 057 [ 2.50
139 Ck 203 | 015 022 | 199 | 0oo | 236 | 003 | 075 | 000]| 000 | 060 | 005 | 077 | 220

* - atomic absorption spectrophotometry of saturated paste extract, Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol /L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate
HCO;-bicarbonate, cmol./L - concentration of negative charge per liter
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Site 21. Soil of Oscar series, Tillman County - Particle size distribution

SANDS | SILTS [CLAY
diameter (mm)

?, [”j = QE,“ 2.0-1.0{1.0-0.5{0.5-0.25] 0.25-0.1 | 0.1-0.05 {0.05-0.02{0.02-0.005}0.005-0.002|{ <0.002| TOTAL | TOTAL| TEXTURE
e |o § 'E_ (verse)| (crse) | (med) | (fine) | (v.fme) | (coarse) | (medium) (fine) SAND | SILT [Labora-
E (2 ] 0 Py :
A el - a |- % tory | Field
132 Ap 9 0.6 1.2 1.2 2.6 13.1 44.0 15.6 2.5 19.2 18.6 620 SiL SiL
133 | 86| Btnky1| 25 0.1 0.3 0.5 1.2 5.9 30.6 20.0 43 37.0 8.0 55.0 SiCL Gl>
134 | 87 | Btnky2| 37 0.0 0.1 0.2 0.5 2.8 28.8 19.9 6.4 41.1 Do/ 5912 SiC (€]
135 | 88 | Btkn3 | 57 0.2 03 152 2.6 93 32.0 21.8 4.8 277 13.6 58.5 SiCL CL
136 | 89| Btkn4 | 87 0.1 0.5 4.1 8.8 9.1 32.1 14.0 3:2 279 226 493 CL SCL
137 | 90| Btkn5 | 118 | 0.5 0.5 3.2 6.3 99 36.2 14.2 3.3 258 204 53.7 SiL SiCL
138 (91| BCk | 144 09 0.9 0.9 1.7 13.0 41.0 12.8 3.1 256 17.3 56.9 SiL L
139 Ck |203| 09 3.6 11.3 9.0 12.6 30.1 10.0 2.7 20.6 373 42,8 L |S/SCL*

"Ck Horizon (Sample No. 139) stratified layers of sand and sandy clay loam material




Site 22. Hinkle series, Kiowa Co.
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Site 22. Soil of Hinkle series, Kiowa County - Soil profile description

. . Fe-Mn
Horizon Depth, | Textu-| Consis- | Bounda- Special Carbo- . .
] o | 3 2 =
No. ] g Color Structure N ry2 pH P Mottles | Gypsum e Reaction c(t):.::: Siltans
7.5YR 4/3
@ry), | oweak, o redtiyline . |75vyrR 4
140 A 18 brown coarse, silt hard/ abrupt 6.5 and few, fine Eieng
P 7.5YR | subangular | loam friable | V&Y ’ medium soft bodies .
3/3,dark | blocky roots
brown
moderate, 5
. few,
medum; extremely medium
141 JouR pnsTnatxc clay | hard/ clear many, fine soft few, fine e s
Btkni 41 | 3/2,dark | partingto 8.0 . coarse
92) loam very wavy roots bodies; nodules ;
brown strong, . . . siltans
) friable few, fine
medium s
SBK no
moderate,
medium, — few, fine common,
142 7.5YR | prismatic a exh 4/ Y | weathered i fine soft few. fi
Btkyn2 | 58 | 3/3,dark | partingto cay & clear 1 g0 rock P bodies; ERAouA L
93) loam very wavy masses | . nodules
brown moderate, . (shale) few, fine
E friable
medium, fragments nodules
SBK
moderate, common,
medium, medium,
7.5YR | prismatic very prominent few
143 ) C g
(04) | Bkn3 | 77 | 3/4, dark | partingto | clay | hard/ °':3‘ 8.0 5YR 5/8 medium few& fl'"e
brown | moderate, firm wavy (yellowish nodules AyEes
medium red)
SBK mottles
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Site 22. Soil of Hinkle series, Kiowa County - Soil profile description (continued)

] . Fe-Mn
Hortzon Depth Textu-| Consis- |Bounda- Special Carbo- . )
1 s 3 2
t React - | Silt
No. o | b Color Structure w1 wiee? o pH P Mottles | Gypsum Al eaction cct)in;r: iltans
moderate,
| common,
coarse, few, coarse many,
. : : coarse, 1
7 5YR prismatic silt NG krotovinas bt medium
144 Btknd | 107 4/6. . parting to | . h 3,/ gradual 8.0 filled with pSYR 5/8 few, fine | efferves- | and fine
(95) " BN GIE moderate, v ?r smooth |~ [ I0YR 4/3 v nodules cent coatings
brown , loam firm (yellowish
medium, (brown) red) and soft
subangular material bodies
mottles
blackv
weak, many,
coarse, few, coarse medium,
2 SYR prismatic krotovinas 2.5YR 5/6
145 § partingto | clay | hard/ clear filled with (red) soft few, fine
(96) Gl Sy 4/6r,ec:jark moderate, | loam | firm wavy By 10YR 4/3 bodies; strong soft bodies
coarse, (brown) few,
subangular material medium
blocky nodules
weak, s
stratified in
coarse,
prismatic finerlayets
25YR . silty (lcm few
146 parting to hard/ . ’ few, fine
BCk | 200 | 4/6, dark | : : 3 5
97) 2 moderate, L friable 8.0 thick) few e strong soft bodies
red : loam quartzite nodules
medium, arding
subangular
blockv (rounded)
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Site 22. Soil of Hinkle series, Kiowa County - Selected chemical and physical characteristics

Bulk
Sample | ODOT EC’, Density, | Organic Total | Carbonates,
number | number | Horizon | Depth, cm | pH’ pH ™ Ds/m SAR" glent’ carbon, % | carbon, % %
140 Ap 18 8.3 12 1.2 10.7 1.62 0.6 0.6 0.0
141 92 Btknl 41 7.5 8.4 5.9 25.0 1.78 0.6 0.7 0.1
142 93 Btnky2 58 73 7.9 6.8 242 1.79 04 0.5 0.1
143 94 Btkn3 77 7.8 83 8.4 293 1.74 04 04 0.0
144 95 Btkn4 107 8.1 8.5 8.4 31.2 1.84 0.2 03 0.1
145 96 Btkn5 157 8.9 8.8 8.6 30.8 1.62 0.1 24 23
146 97 BCk 200 78 8.9 6.8 299 1.73 0.1 2.5 2.4

*. saturated paste extract
"'~ 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract

** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 22. Soil of Hinkle series, Kiowa County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity Dispersion

number | number | Horizon |Depth, cm| limit index pH" EC’,Ds/m | SAR” % Pinhole’ | Crumb™*
141 92 Btknl | 18-41 60 42 7.5 5.9 25.0 51.0 ND3 3
142 93 Binky2 | 41-58 53 35 73 6.8 242 ¥ ND3 1
143 94 Btkn3 | 58-77 52 36 7.8 8.4 293 726 ND3 2
144 95 Btknd4 | 77-107 44 28 8.1 8.4 31.2 64.1 D2 3
145 96 BtknS | 107-157 36 20 8.9 8.6 30.8 66.7 ND4 3
146 97 BCk | 157-200 33 16 78 6.8 299 773 D2 3

" saturated paste extract
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
"* Double hydrometer method

¥ - Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

* _ Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 22, Soil of Hinkle series, Kiowa County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /I.**

Sample | ODOT Depth, Sum Sum
number | number | Horizon| cm | Ca®* | Mg® | Na” | K' | cations| F Cr | Br | NOy | SO, | CO* | HCO; | anions
140 Ap 18 0.11 0.12 1.15 | 0.00 1.38 000 | 062 [ 000 | 0.00 0.12 0.00 0.52 1.26
141 92 Btknl 41 049 | 0.8l 6.37 | 0.00 7.67 000 [ 470 [ 0.00 | 0.00 2.79 0.00 040 7.89
142 93 Btnky2 58 220 | 230 [1150| 019 | 16.19 [ 0.03 | 707 | 000 | 000 | 1097 | 0.00 0.22 18.29
143 94 Btkn3 77 0.72 133 | 941 | 000 | 1146 | 0.03 | 836 | 0.00 0.00 397 0.00 0.23 1259
144 95 Btkn4 107 | 0.52 1.02 | 866 | 000 | 1020 | 002 | 780 [ 0.00 | 0.00 285 0.00 032 1099
145 96 Btkn5 157 | 0.58 0.85 8.23 | 0.00 9.66 011 | 741 | 000 | 0.01 1.68 0.02 027 9.50
146 97 BCk 200 | 034 | 067 | 6.70 | 0.00 7.71 002 | 667 [ 0.00 | 000 1.04 0.00 0.23 7.96

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium

cmol /L - concentration in centimoles of positive charge per liter

** . ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NOs-nitrate, SO,4-sulfate, CO;-carbonate,

HCOs-bicarbonate; cmol/L - concentration in centimoles of negative charge per liter
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Site 22. Amendment Study-Hinkle (Kiowa) chemical data

Sample No. ODOT No. Horizon Depth (cm) CEC* SAR** ESP**
146 97 BCk 157-200 19.5 299 34.7

*Cation exchange capacity (cmol, /kg) determined by method for soils containing soluble salts
and carbonates in Methods of Soil Analysis, SSSA Book Series No.5, 1996.

Dispersion (%)
77.3

**Sodium adsorption ratio (SAR) and Exchangeable sodium percentage (ESP) determined by procedures in Methods

in the Diagnosis and Improvement of Saline and Alkali Soils: United States Soil Salinity
Laboratory Staff, 1954. U.S. Agriculture Handbook No. 60.

"Soil dispersion determined by Standard Test Method for Dispersive Characteristics of
Clay Soil by the Double Hydrometer (ASTM Standard D4221).
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Site 22. Clay Mineralogy-Hinkle (Kiowa)

Sample No. ODOT No. Horizon Depth (cm)
146 97 BCk 157-200

T Mixed = Regularly interstratified illite-smectite mineral
*Percentages estimated firom areas of diagnostic x-ray peaks

Clay mineral 7§
mixed
illite
kaolinite
quartz

Relative Abundance (%)*
63

28
6
3
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Table 17. Site 22. Amendment Study- Hinkle (Kiowa) BCk Horizon (Sample No. 146, ODOT No. 97) Treatment Data

Final Leaching | Change in | Effectiveness’™ | Effectiveness™
Treatments® Initial pH* FinalpH* |Initial SAR'  SAR® SAR'. % | (Proposed) | (Standard)
(pre-treatment) | (post-treatment)
Gypsum, site specific 7.73 Mg/ha 7.8 7.9 299 21.1 294 no no
Gypsum, 11.2 Mg ha-1, 1st leaching 7.8 7.8 29.9 2531 16.1 1o no
Gypsum, 11.2 Mgha'', leaching 7.8 e 29.9 7.4 753 yes ves
Gypsum, 22 4 Mg_ha", 1st leaching 78 7.7 299 245 18.1 no no
Gypsum, 22.4 Mg ha”', leaching 7.8 74 29.9 8.4 71.9 no ves
Gypsum, 224 Mgha' 7.8 78 29.9 17.9 40.1 10 10
Hydrated lime, site specific 5.60 Mg/ha 7.8 7.8 299 27.7 7.4 no no
Hydrated lime, 11.2 Mg ha'! lIst leaching 7.8 10.7 299 60.3 -101.7 no no
Hydrated lime, 11.2 Mg ha"", leaching 7.8 7.6 299 9.2 69.2 no yes
Hydrated lime, 22 4 Mg ha'l, Ist leaching 7.8 10.7 299 80.4 -168.9 no no
Hydrated lime, 22.4 Mg ha, leaching 7.8 9.8 29.9 11.5 61.5 no ves
Hydrated lime, 224 Mg ha’ 7.8 12.8 299 37.7 -26.1 1o no
Fly ash, 11.2 Mg ha’,Ist leaching 7.8 8.0 29.9 29.6 1.0 no 1o
Fly ash, 11.2 Mg ha"', leaching 7.8 8.0 29.9 254 15.1 10 1o
Fly ash, site specific 17.54 Mg/ha 78 7.9 299 21.8 25l no no
Fly ash, 22.4 Mg ha', 1st leaching 7.8 7.4 29.9 22.6 244 no no
Fly ash, 22.4 Mg ha’, leaching 7.8 7.7 299 20.1 32.8 o no
Fly ash, 224 Mg ha'' 78 115 29.9 34.0 -13.7 no no
Cement kilndust, site specific 6.47 Mg/ha 78 7.1 29.9 155 48.2 no no
Cement kiln dust, 11.2 Mg ha”, Ist leaching 7.8 7.9 29.9 18.7 37.5 no no
Cement kiln dust, 11.2 Mg ha”’, leaching 7.8 71 299 12.9 56.9 1o ves
Cement kiln dust, 224 Mg ha 738 12.5 29.9 33.1 110.7_ no no
Humate, 11.2 Mg ha, 1st leaching 78 8.1 299 301 07 o 53
Humate, 11.2 Mg ha, leaching 78 8.0 299 03770) - 90 1no i
Humate, 22.4 Mg ha”, Ist leaching 7.8 8.2 299 34.9 16.7 o oF
Humate, 22.4 Mg ha™', leaching 7.8 76 299 12.1 595 10 ves
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Table 17. Site 22. Amendment Study- Hinkle (Kiowa) BCk Horizon (Sample No. 146, ODOT No. 97)

Treatment Data (cont.)

Final Leaching | Change in | Effectiveness” | Effectiveness””
Treatments” Initial pH* Final pH* | Initial SAR"|  SAR’ SAR’, % | (Proposed) | (Standard)
_ (pre-treatment) | (post-treatment)
Calcium chioride, 11.2 Mg ha™', Ist leaching 7.8 7.4 29.9 20.7 30.8 no no
Calcium chloride, 11.2 Mg ha™, leaching 7.8 7.2 29.9 14.7 50.8 no yes
Sulfuric acid (36 meq/100 g soil)w, 1st leaching 7.8 8.6 299 68.0 -127.4 no no
Sulfuric acid (36 meq/100 g soil)™, leaching 7.8 7.5 29.9 51.4 -71.9 no no

*Threshold values for % change in SAR: Proposed system- 73.6, Standard system- 49.8; Proposed system threshold SAR=((Initial SAR-the
g

proposed SAR (7.9))/ (Initial SAR)*100; Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100

#Leaching included 5 successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;

*Initial SAR - Sodium AdsorptionRatio without chemical treatment ;" Final SAR - Sodium AdsorptionRatio with chemical treatment; * Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100.

**Evaluationbased on decrease in SAR in relation to diagnostic value for sodic classification;

* All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid.
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Initial effects of application of amendments on Sample No. 146 (ODOT No. 97)*

Nat=Unamended, G=Gypsum, FA=Fly ash, CKD=Cement kiln dust, Hu=Humate, CA= Calcium chloride,

Acid+G=Acid and Gypsum, Acid+FA= Acid and Fly ash, Acid+HL=Acid and Hydrated lime, Acid+CKD=Acid and Cement kiln dust,
Acid+Hu=Acid and Humate; Checks=No treatment, VR=Variable Rates, A+11.2 Mg/ha=Acid and 11.2 Mg/ha amendments,

A+22.4 Mg/ha=Acid and 22.4 Mg/ha amendments; *SAR values of the first saturated paste extract takenafter addition of amendments
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BLeach3 | _7.2 | 8.6
B Leach 4 9.0 8.4
B Leach 5 . §.9 8.4 )

Site 22. Hinkle (Kiowa)- Effects of Leaching and Gypsum Application on Sample No. 146 (ODOT No. 97)

Nat= Natural (no amendment applied)
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Site 22. Hinkle (Kiowa)- Effects of Leaching and Hydrated Lime Application on Sample No. 146 (ODOT No. 97)

Nat= Natural (no amendment applied)
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Site 22. Hinkle (Kiowa)- Effects of Leaching and Fly Ash Application on Sample No. 146 (ODOT No. 97)

Nat= Natural (no amendment applied)
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Site 22. Hinkle (Kiowa)- Effects of Leaching and Cement Kiln Dust Application on Sample No. 146 (ODOT No. 97)

Nat= Natural (no amendment applied)
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Site 22- Hinkle (Kiowa)- Effects of Leaching and Calcium Chloride Application on Sample No. 146 (ODOT No. 97)
Nat= Natural (no amendment applied)
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Site 22. Hinkle (Kiowa)- Effects of Leaching and Sulfuric Acid Application on Sample No. 146 (ODOT No. 97)
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16¢

Site 22. Soil of Hinkle series, Kiowa County - Clay Mineralogy

Smectite | llite | Kaolinite | Quartz | Mixed
Sample | ODOT Depth,
number | number | Horizon cm Relative Abundances” (%)
140 Ap 18 78 12 5 5 0
141 92 Btknl 41 88 6 3 3 0
142 93 Btnky2 58 85 4 3 1 7
143 94 Btkn3 T 0 7 4 2 87
144 05 Btkn4 107 0 4 4 2 90
145 96 Btkn5 157 88 6 4 ) 0
146 97 BCk 200 0 28 6 3 63

"- Regularly Interstratified Illite-Smectite mineral

s Percentages estimated from areas of diagnostic x-ray peaks
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Site 22- Soil of Hinkle series, Kiowa Co.- Lincoln data

*kk PRIMARY CHARACTERTIZATION DATA |,
S970K-075-001 (KIOWA COUNTY, OKLAHOMA )
PRINT DATE 03/10/00
SAMPLED AS HINKLE ; FINE, SMECTITIC, THERMIC VERTIC NATRUSTALF
REVISED TO }
UNITED STATES DEPARTMENT OF AGRICULTURE
SSL - PROJECT 98P 4, (CP98BOKO004) NATRIC SOILS NATURAL RESOURCES CONSERVATION SERVICE
— PEDON 98P 15, SAMPLES 98P 13- 79 NATIONAL SOIL SURVEY CENTER
- GENERAL METHODS 1B1A, 2Al, 2B SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA 68508-3866
-1-- -2-—- -3-- =-4-- -5-- -6--= =-7-- -8-- -9-- -10- -11- -12- -13- -14~ ~15- -16- -17- =-18- -19- -20-
(- - -TOTAL - - -) (- -CLAY- -) (- =-SILT- -)(- - - - - -SAND- - = = - -)(-COARSE FRACTIONS(MM)-) (>2MM)
CLAY SILT SAND FINE C03 FINE COARSE VF F M & VC - - = - WEIGHT - - - - WT
SAMPLE DEPTH  HORIZON LT .002 .05 LT LT .002 .02 .05 10 25 45 1 2 5 20 .1- PCT OF
NO. (CM) .002 -.05 -2 .0002 .002 -.02 =-.05 -.10 =-.25 =.590 -1 -2 -5 =20 -75 75 WHOLE
<= = -~ = - - - - - - - - PCT OF <2MM (3Al) =~ = = = = = = - - - - - -> <~ PCT OF <75MM(3B1)-> SOIL
98P 735 0- 18 Ap 18.3 59.1 22.6 13.8 16.2 42.9 17.0 2.8 1.9 0.7 0.2 TR -- - - 6 --
98P 745 18- 41  Btknl 43.0 44.9 12.1 30.8 20.3 24.6 8.9 1.4 1.0 0.6 0.2 -= -- 4 1
98P 75S 41- 58  Btkyn2 37.5 47.9 14.6 24.3 20,00 25:8 1045 2.0 1.3 0.6 0.2 TR - 5 1
98P 76S 58- 77  Btkn3 34.7 48.3 17.0 23,9 21.6 26.7 12.8 202 1.1 0.6 0.3 1 TR - 5 1
98P 77S 77-107  Btknd 30.8 47.9 21.3 19.9 18.9 29.0 17.3 2.4 1.0 0.4 0.2 TR TR -- 4 TR
98P 78S 107-157  Btkn5 %3.6 56.1 20s,3 181 293 28x8 15:8 2.4 1.0 0.7 0.4 2 2 - 8 q
98P 79S 157-200  BCk 23.0 54.3 22.7 12.3 23wl 3.2 1945 2.3 0.3 0.4 0.2 1 3 i, 8 5
ORGN TOTAL EXTR TOTAL (- = DITH-CIT - -) (RATIO/CLAY) (ATTERBERG ) (- BULK DENSITY -) COLE (- - -WATER CONTENT - =) WRD
c N P s EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
DEPTH FE AL MN CEC BAR LL PI  MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
(CM) 6Alc 6Bda 633p 6R3c 6C2b 6G7a 6D2a 8Dl 8Dl 4F1 4F  4A5  4Ald 4Alh 4D1 4B4 4Blc 4Blc 4B2a 4C1
PCT <2MM PPM <- PERCENT OF <2MM =--> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
0- 18 0.75 0.48 1.41 1.59 0.041 26.4 8.7 0.25
18- 41 0.74 0.48 1.26 1.88 0.142 35.5 20.5 0.19
41- 58 0.73 0.48 1.31 1.82 0.115 33.7 17.9 0.21
58- 77 0.73 0.50 1.38 1.85 0.102 29.4 17.2 0.17
77-107 0.67 0.47 1.52 1.84 0.065 24.6 14.6 0.15
107-157 0.60 0.47 1.46 1.71 0.053 24.8 11.1 0.20
157-200 0.61 0.45 1.59 1.81 0.043 21.9 10.4 0.18
AVERAGES, DEPTH 18- 68: PCT CLAY 39 PCT .1-75MM q
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Site 22- Soil of Hinkle series, Kiowa Co.- Lincoln data (cont.)

*kk PRIMARY CHARACTERTIZATION DATA *xx
S970K-075-001 PRINT DATE 03/10/00
SAMPLED AS ¢ HINKLE ; FINE, SMECTITIC, THERMIC VERTIC NATRUSTALF
USDA-NRCS-NSSC-SOIL SURVEY LABORATORY ; PEDON 98P 15, SAMPLE 98P 73~ 179
-1-—- -2-= =3-= =4-- -5-—- -g-= ~Jw- -Bw- =-9-- -10- -11- -12- -13- -14- -15- -16- -17- =-18- -19- -20-
(- NH4OAC EXTRACTABLE BASES -) ACID- (- -CEC- -) EXCH SAR BASE CARBONATE CASO4 AS (- - - -PH - = -)
CA MG NA K  SUM ITY SUM NH4- NA SATURATION  AS CACO3 GYPSUM SAT CACL2 H20
DEPTH SB5a 5B5a 5BS5a 5B5a BASES CATS OAC SUM NH40AC <2MM <20MM <2MM <20MM PASTE .01M
(cM) 6N2e 602d 6P2b 6Q2b 6H5a S5A3a 5A8b  5D2 SE  5C3 5C1 6Elg 6E4 6Fla 6F4 8Clb 8Clf 8Clf
<- - = = = - - - - -MEQ / 100 G - - - - - - - - - ->  PCT <- -PCT- > <- -BCT -> <- -PCT -> 112 1:1
0- 18 6.5 4.1 1.5 0.6 12.7 4.8 1748 18:7 9 7 73 93 6.5 6.5 7.0
18- 41K 8.5 2 9 TR st Bl 7, 26 23 100 1 2 - 7.9 8.1 8.2
41- 58K 1248 18.2 0.8 1.4 2il 8 20 23 100 2 3 TR 7i ] 7.9 7.9
58- 77K 9.7 11.6 11.6 0.7 33.6 0.9 34.5 25.4 22 36 97 100 TR 1 -- 7.8 8.1 8.1
77-107K 13.5 9.7 0.6 0.9 20.7 25 35 100 1 1 -- 7.9 8.1 8.2
107-157K 17.4 7.0 0.5 14.2 25 34 100 100 24 26 -- 8 1 8.2 8.4
157-200K 1253  6nd 0.6 14.0 31 26 100 100 18 19 -- gl il 8.2 8.5
(- - - - - - - - - - -WATER EXTRACTED FROM SATURATED PASTE~ - - - - - - - - - - - ~ )PRED
TOTAL ELEC. ELEC
CA MG NA K CO3 HCO3 F Gl S04 NO2 NO3 H20  SALTS COND. COND
DEPTH EST. 8A3a  8I
(cM) 6Nl1b 60lb 6Pib 6Q1lb 6I1b 6J1b 6Ulb 6Kld 6L1d 6Wlb 6Mld  8A 8D5 MMHOS MMHOS
< = e - - - = - - - -MEQ / LITER - - - s = F = ae 2 Sa RSl 2> /em  /cn
0- 18 0.8 0.8 6.4 0.2 -- 3.3 TR 4.2 0.9 -- -- 39.2 TR 0.89 0.27
18- 41 2.7 5.5 47.3 0.2 -- 2.5 -- 35.5 14.4 -— -- 76.4 0.3 5.33 2.34
41- 58 27.2 1.6 ML, 4 0.1 -—- 2.1 -~ 61.0 92.1 -- -- 66.9 0.6 11.95 6.33
58~ 17 4.6 9.3 95.4 0.2 -- 1.9 -- 74.4 24.4 -- -- 63.2 0.5 9.40 3.48
77-107 4.1 7.6 85.2 0.3 -- 1.8 -- 70.0 17.8 .4 -- 53.9 0.4 8.39 2.67
107-157 3.3 5.7 172.9 0.4 -- 1.0 -- 68.8 7.0 il -~ 47.5 0.3 7.50 2.20
157-200 2.6 3.8 45.7 0,12 -- 1.9 0.4 51.7 2.5 -- 44.8 0.2 5.99 1.83
ANALYSES: sS= ALL ON SIEVED <2mm BASIS




Site 23. Hinkle series, Grady Co.

Saline-Sodic-
Dispersive

254



L

Site 23. Soil of Hinkle series, Grady County - Soil profile description

Horizon | Depth, Consis-|{ Bounda- - Sl
No.' 2 = Color’ | Structure® | Texture’ 2 2 pH Special features o Reaction| concre- Siltans
name cm tence ry nates tione
75YR | moderate, | very fine e —
147 Ap 18 4/4, medium, sandy . y P 8.0 | few, fineroots
friable | smooth -
brown platy loam
weak,
moderate, very few, fine roots; ——
148 2.5YR | prismatic Tl s slickensides; ped efferves- [ common, iy dium’
Btnssl 48 | 4/6, dark | parting to P CRY1 fiable = 8.0 | coatings 2.5YR 4/2 centin | finesoft | |
(98) loam smooth . siltans on
red moderate, and 4/3 (dusky red) spots bodies .
. ; ped faces
medium, material
SRK
weak,
coarse, very few, fine roots; | few, coarse p
149 2.5YR | prismatic silty cla radual few, fine thin gravels at . . | common, Z‘jv’
(99) Btk2 74 4/6, dark | parting to 1 gam y friable fmooth 8.0 | discontinuous 5GY | base; few, 5 ron% gm coarse soft r'111te bl
red weak, 7/1 (light greenish | fine soft Spots bodies | % ;l;.s on
coarse, gray) strata bodies RacTeces
SBK
common,
150 L massive | inati -
Ckl | 104 |47, dark Ve |siltloam | YETY | cear | g, | laminations Icm | 8/4 (pale
(100) - (rock) friable | smooth thick in diameter yellow)
threads in
fissures
laminations 1 cm S .
thick in diameter; A many, fine
22¥R massive l fe\lN ccl)::e e DLBGIes
151 Cr2 160 |4/4, dusky silt loam | friable 8.0 1 CaCO3 in
red (rock) krotovinas filled threads K .
with SYR 4/3 reads in rcztc?vmas
fissures fillings

(reddish brown) soil
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Site 23. Soil of Hinkle series, Grady County - Selected chemical and physical characteristics

Bulk
Sample | ODOT Density, | Organic Total
number | number | Horizon |Depth, cm pH+ pH o EC*, Ds/m| SAR”™ g/cm3 carbon, % | carbon, % | Carbonates, %
147 Ap 18 8.0 8.1 8 21.8 1.58 0.5 0.5 0.0
148 98 | Btnssl 48 7.9 8.7 8.4 322 1.90 0.2 0.2 0.0
149 99 | Btk2 74 8.6 9.1 9.6 37.2 1.94 0.2 0.2 0.0
150 100 Ckl 104 8.8 93 6.8 40.2 2.08 ) 0.1 0.6 0.5
151 Cr2 160 8.2 93 4.7 245 1.90 0F2; 0.3 0.1

*. saturated paste extract

. 1:1 soil-water mixture by weight

* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract
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Site 23.

Soil of Hinkle series, Grady County - Dispersion characteristics

Sample | ODOT Ligiud | Plasticity . . Dispersion ) y

number | number | Horizon |Depth, cm| limit index pH' EC, Ds/m| SAR % Pinhole’ | Crumb
148 98 Btnssl | 18-48 40 25 79 8.4 322 828 ND4 2
149 99 Btk2 48-74 35 20 8.6 9.6 372 58.2 D2 3
150 100 Ckl 74-104 33 18 8.8 6.8 40.2 66.1 Dl 2

B,

- saturated paste extract
* - electrical conductivity, saturated paste extract
** - sodium adsorption ratio = [(sodium)/(square root((calcium+magnesium)/2))], using values in meq/L from saturated paste extract

" Double hydrometer method

* _ Pinhole classification explanation:

D1 and D2 - dispersive clays
ND4 and ND3 - slightly to moderately dispersive clays
ND2 and ND1 - nondispersive clays

* . Crumb grade explanation:

1 - no dispersion
2 - slight dispersion

3 - moderate dispersion

4 - strong dispersion
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Site 23. Soil of Hinkle series, Grady County - Concentration of soluble ions in paste extract

Cations, cmol /L*

Anions, cmol /L**

Sample | ODOT | Depth, Sum Sum

number | number | Horizon| cm | Ca** | Mg® | Na* | K' | cations| F Cr | Br | NOy | SO, | CO,> | HCO; | anions
147 Ap | 18 | 124 | 128 | 772 | 002 | 1026 | 0.07 | 435 | 0.00 | 053 | 453 | 0.00 | 042 | 990
148 | 98 | Btnssl | 48 | 046 | 137 | 972 | 000 | 11.55 | 0.06 | 3.69 | 000 | 0.08 | 869 | 000 | 035 | 1286
149 | 99 | Btk2 | 74 | 0.59 | 185 | 13.16 | 000 | 1560 | 0.06 | 430 | 0.00 | 0.07 | 710 | 003 | 030 | 1186
150 | 100 | Ckl | 104 | 034 | 0.60 | 809 | 008 | 918 | 003 | 4.01 | 000 | 0.06 | 143 | 005 | 023 | 581
151 Cr2 160 | 0.27 | 0.38 | 4.83 | 0.02 5.50 001 | 248 [ 0.00 | 003 | 0.80 | 0.00 0.32 3.64

* - atomic absorption spectrophotometry of saturated paste extract; Ca-calcium, Mg-magnesium, Na-sodium, K-potassium
cmol,/L - concentration in centimoles of positive charge per liter

** - ion chromatography of saturated paste extract; F-flouride, Cl-chloride, Br-bromide, NO;-nitrate, SO,-sulfate, CO;-carbonate,

HCO;-bicarbonate; cmol./L - concentration in centimoles of negative charge per liter
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Site 23. Soil of Hinkle series, Grady County - Particle size distribution

SANDS | SILTS | CLAY
B - -diameter (mm) '

% |®| & | S [20-1.0[10-0.5[0.50.25[0.25-0.1[0.1-0.05]0.05-0.02[0.02-0.005] 0.005-0.002] <0.002 | TOTAL | TOTAL | TEXTURE
gl ¢ 2 [(verse)| (crse) | (med) | (fine) | (v.fine) | (coarse) | (medium) (fine) SAND | SILT |Labora-

Q (@] =) 5 . ;
g [C | = JaEy faw =% ---—| tory |Field
147 Ap | 18] 01 | o1 0.2 16 | 227 | 467 10.9 15 159 | 247 | 59.1 | SiL [VFSL
148 | 98 |Btnss1| 48 [ 0.1 | 0.1 0.1 0.6 122 | 377 96 4.1 353 | 13.1 51.4 | SiCL [SiCL
149 |99 [ Btk2 | 74| 02 | 02 0.2 0.3 12.1 42.1 11.4 5.2 282 | 13.0 s8.7 | SiCL | SiL
150 [100] Ck1 |104] 02 | 03 0.4 0.6 10.1 477 13.4 48 224 | 116 658 | SiL | SiL
151 | cr2|160] 03 | 03 02 | 04 | 222 40.4 12.0 4.7 194 | 233 57.1 | SiL | SiL
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