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PREFACE 

Section 102 (2) (c) of the National Environmental Policy Act of 1969 

(Public Law 91-190) requires that a document discussing the results of 

analysis of environmental considerations be included in every recommenda­

tion or report on proposal~ for legislation and other major Federal ac­

tions significantly affecting the quality of the human environment. 

This thesis describes how geology can be used to supply qualitative 

and quantitative data for the preparation of environmental impact state­

ments. Factor maps used for an environmental inventory are described. 

Feasibility of a proposed project and alternatives and their expected 

impact on the environment is discussed in relation to the environmental 

inventory. Application of this approach to a hypothetical project is 

presented in matrix form. However, only the physical and hydro!ogic 

factors are considered. 

The writer wishes to thank Dr. Douglas C. Kent for his invaluable 

assistance and guidance in the research project and the preparation of 

this thesis. His support and advice throughout the writer's residence in 

Stillwater is appreciated. Thanks also to Dr. Gary F. Stewart for his 

suggestions and editorial comments on the maps and text. Dr. Richard N. 

DeVries and Dr. A!ex R. Ross provided valuable insight and constructive 

criticisms. 

Appreciation is extended to Mr. Wayne Morgan, U. S. Army Corps of 

Engineers, Tulsa Division, who made special efforts to supply the author 

with various types of data, was instrumental in helping the author 
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understand the Corps' procedure on Environmental Impact Assessments, and 

provided valuable editorial comments on the manuscript. Thanks are also 

extended to the Oklahoma State University Research Foundation and Depart­

ment of Geology, without whose financial assistance this study would have 

been impossible. 

Appreciation is also extended to Mr. Larry Bowles, Zoology Depart­

ment, Oklahoma State University, for his contr~butions to the method for 

implementing effects assessment guidelines and for his valuable sugges­

tions. Dr. J<, S. Johnson of the Oklahoma Geological Survey supplied 

aerial photographs, and too, Mr, Al Co.nradi of the .Soil Conservation 

Service donated a set of nine-inch, large-scale, aerial photographs of 

Oklahoma County. Mr. Roy Bingham, U. S. Geological Survey, provided 

valuable insight and made available water-well data; Mr. Ted Jenks, pri­

vate driller, als.o supplied numerous water levels and well depths in the 

area. 

The writer also owes a special debt of gratitude to his wife, Jean, 

for her patience, reassurance, sacrifice, and understanding throughout 

the author's grq.duate career. 

iv 



TABLE OF CONTENTS 

Chapter 

I. ABSTRACT ~ • 41 • • • 41 I' . . . . . " . , 9 ' ' 

IJ, INTRODUCTION , . . ' . . ~ • • • • Cl , 

Objectives ..•.• , , , , 
Methods , • . . • . 

. . . . ' . ' . 
, , • • • " • • 9 Cl ~ ' 

III. GENERAL HISTORY AND DEVELOPMENT OF ENVIRONMENTAL IMPACT 
STATEMENT THEORY . . . , • , . , . • . . , 

Senate Doc\llllent 97, • , . . . . • , . . . . . , 
Johnson.Era Laws, . . , . . . 
National Environmental Policy Act of 1969 . . , 
Environmental Quality Improvement Act of 1970 • • • , 
Flood Control Act of 1970 . • . . . , • • . , . 
U, S. Army Corps of Eng;i,neers Guidelin~s. • . , . 

Geological Survey Ci:rcµla.r Q4,5 , • • • • • • • , • • 
Environmental Geologic Atlas of the Texas 

Coastal Zone • . . • • , . 

IV. ENVIRONMENTAL lNVENTORY ~ . . . 
Introd\lction. • , • , , , . • , , • • II 8 ... 8 8 8 

Development of Basi~ Fa~tor Maps. . . . . . . . . . 
•• Physical Geology Map , , , . . 

Purposes.· '· , ,. . . . , . . , · · • " ~ · • · · · 
Methods . . . ,· . . . , . , . . . ' . 
PrQblems ~ . , , .· • • ·. . . . • . • . . ' . 

General Soil Associations Map, , , 
Purposes. . . . ·. ·, . . , . , . . • · 

. . . 
M~thods , . , , . . , , . . . • . ... . ' 
Problems. , . , . , · •• , , .•. , ••• 

Availability of Gro~nd-water..:J3ase of Fresh 
Water Map. . . . . . , . . . . . , . . , 

Purposes. . . . . • . · • 
Method:; 1 , • , , • • . . 
Problems. . , ' . . 

Natural Economic Resources Map . 
Purpose$. . . , . , , . '· , , . . . , 
Methods • • • . ~ , . . , . • "' . . • . . , , . 
Problems. .. , . . . . " . , ~ . . , . . . · , 

v 

Page 

1 

2 

2 
2 

7 

7 
8 
8 
9 

10 
10 
12 

15 

18 

18 
18 
18 
18 
20 
22 
22 
22 
22 
24 

24 
24 
26 
29 
29 
29 
31 
31 



Chapter 

General Land Slope - "A" Horizon Permeability Map, 
Purposes. . . 
Methods . . . . 
Problems. . . . 

. . . . . 
Physical Soil Properties Map 

' . . . . . . . ' . . . . 
Purposes ..... . • t . ' . . . ' 
Methods . . . . . . , , 
Problems ... • ... 

. . ' . . . . . 
Distribution of Alluvial Thickness Map . 

Purposes. . . • . . . , . 
Methods . . . . . . . . . , . 
Problems. . . . . . , . . . . 

Hydrogeology of the Shallow Aquifer System Map 
Purposes. . . , 
Methods . . . . . , . . . 
Problems. ·. . , , . . . . 

Detailed Current Land-Use Map, 
Purposes. . 

• t . . 

ff • • • 

t • . . . 
Methods . , , 
Problems, ~ . , , . ' . . 

. . . . . . 

' . 

. . 
V. FEASIBILITY OF PROJECT AND ALTERNATIVES, . ' . 

Introduction, , ....• , . , . , , 
Alternatives Sel~ction .. , . . . . . .•. 
Physical Factors Affectlng rroject and Alternatives·. 
Socio-Economic Factors Affecting Project anq 

Al tei:nati ves. . . • . . , . . . , . . . , . . . . 
VI. 

vu. 

EFFECTS ASSESSMENT OF PROJECT AND ALTERNATIVES . 

Introduction. . , . 1 • , • • •. , • 

Guidelines for Impact Assessment, 
Matri~ Presentation . , . . , , . 
Impact Statement Epilogue , , . . 

SUMMARY AND CONCLUSIONS, . . ' . 

t • 

REPERENCES CITED. . . . . ·, , . ! • . . . . . . . 

• • . . 

. • 

APPENDIX A - COMPUTER OUTPUT AND RESULTS OF PERMEABILITY ANALYSIS 
OF ALLW IUM SAMPLES. , , , . . . . . , . , • . . 

APPENDIX B - METHODS AND TECHNIQUES OF WATER QUALITY ANALYSIS . 

Preparation. . , . , . . , . . • . , . , . , . 
Sa<;lium, Calcium, Magnesium, Manganese, Iron. 
Chloride, Carbonate, Bicarbonate . , . 
Nitrate, . . . , . , . . · r • , 
Sulphate . , . • . . . , , . , 
Phosphate ..... , . , .. , . , 
pH Determination , , , • . 

vi 

. . " ~ . . . . 
. . 

. . . 
. . 

. ' . 
. . 

Page 

32 
32 
35 
35 
36 
36 
36 
40 
40 
40 
42 
45 
45 
45 
48 
53 
54 
54 
54 
56 

57 

57 
57 
58 

65 

68 

68 
68 
'70 
72 

78 

80 

82 

88 

89 
89 
89 
89 
89 
90 
90 



Chapter Page 

Sodium Adsorption Ratio, • , . , • , , • , . . • . • . . . 90 

APPENDIX C ~ STIFF DIAGRAMS AT THE GROUND~WATER QUALITY LOCATIONS 91 

Group I. . , , . 
Group Il . . . . . . 
Group III. . • . 

• 4t •• , ., •••••••• ,ii 

8 • • • " " ' 
, . . ' . . . . . . . . ... , ...... ,". 

vu 

92 
94 
95 



LIST OF TABLES 

Table Page 

I. Estimated Number of Wel.ls to Meet Future ·Municipal Demands 
of the City of Edmond • • • • • • • • •. . • • , • • , • , • . • 28 

II. Physical Properties Classifications for Soils in the Arcadia 

III. 

IV, 

Area, Oklahoma, • • • ·• • , , , • , , , , , • , , . • • • • . , . 39 

Ground"watef Qual!ty Analyses of the Project Area • 

Criteria and Assumpttons Used in Matrix Evaluation, • • • , 

• • • . . . 52 

• • 73 

viii. 



LIST OF FIGURES 

Figure Page 

l, Location of the Deep Fork River, Oklahoma, . , . . . . . 4 

2. The Oepp Fork River Near Arcadia, Oklahoma . 4 

3, Index Map Showing Aerial Extent of Coverage by Each Map Type 5 

4. Flow Chart for Development of Action Programs. . 13 

5. Schematic Diagram of Approach. . ' . . . . ' 17 

6. Physical Geologic Map. . . • . ' . • . . . 20 

7. Cross Section of the Geologic Map. • ~ . • ••• ·,. It , • 21 

8, Genera! Soil Associaticm Map . . • . . . . . . . 23 

9. Ground-water Availability - Base of Fresh Water Map. ' . 25 ' 

10, Channel-fill Sandstone, Arcadia Area, Oklahoma County, Oklahoma. 27 

11. Sandstone Lens, Arcadia Area, Oklahoma County, Okla~oma .. . . . 27 

Natural Economic Resources Map , • • • ,, • • ! 30 

13. General Land Slope .,. "A'' Ho;rizon PermeabiHty Map. • • . - ' ' 33 

14. Physical Soil Properties Map .. ,. ' . ' . . 37 

15, Distribution of Alluvial Thickness Map , , • • . . . . 41 

16. The Electro-Tech Model ER.-75-12 Portable Seismie.-refract;i.on 
Unit ,. . , " , ,, . . ~ , , , , . I! • • • • • • • • • 4 4 · 

17, Hydrogeology of the Shallow Aquifer System Map , . .• . . 46 

18, Grain ... size Distribution Envelope for Samples of Deep Fork River 
Alluvilll11. Near Arcadia, Oklahoma. • , , . • . 50 

19. Current Land Use Map . . . . . " . . . '. 55 

20. Rock Fall Along Roadside Near A;rcadia, Oklahoma~ , . ' . . . 60 

ix 



Figure Page 

21. Mass Wasting Along F~actures in Sandstone, , . . . 60 

22. Soil Limitations for Picnic and Camping Areas. 
• ' ill • 

61 

23, Soil Limitations for Light Industry and Large-lot Housing 
Developments . • . , . . . . . . . . , . . . . . . . , . . 62 

24. Soil Limitations for Trench and Area-type Sanitary Landfills 63 

25. Sample Matrix Examining Physical and Hydrological Factors .•. , 71 

x 



CHAPTER I 

ABSTRACT 

A general approach was created to systematically relate physical 

factors with the objectives of environmental impact assess)Ilent, The 

approach was formulated by researching the laws (and their intent) 

requiring environmental impact statements, examining existing procedures, 

and utilizing geologic skills to develop a series of factor maps to 

qualitatively and quantitatively describe present environmental 

conditions. 

A hypothetical project on the Deep Fork River in the Arcadia Area, 

Oklahoma County, Oklahoma, was.used to test the approach. Factor maps 

developed for the area inclµde (1) Physical Geology; (2) General Soil 

Association; (3) Ground-water Availability; (4) Natural Physical-Economic 

Resoi.,irces; (5) General Land Slope - "A" Horizon l?ermeabUity; (6) 

Physical Soil Properties; (7) Distribution of Alluvial Thickness; (8) 

Hydrogeology of the Shallow Aquifer System; (9) Detailed Current Land. 

Use; and (10) Soil Interppetative Constraints. These factor maps were 

used to make an environmental inventory, to determine the feasibility of 

a project and its alternatives, a11d to evaluate their impact on the 

environment. 
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CHAPTER II 

INTRODUCTION 

Objectives 

The primary objective of this~study is to dev~lop a practical and 

systematic method for evaluating physical factors pertinent to environ- . 

mental impact as~essments. The relationship betwe~n geology and the 

evaluation procedures is specifically emphasized. With minor modifica-

tions, the method presented is intended to be for general application in 

most areas where water-resources projects ~re conduct~d. A second 

objective is to test the applicability of the method to an actual geo ... 

graphical area where a hypothetical water re~ource project is proposed. 

Those physical parameters which are partic~larly important to the devel-

opme;nt of the general methodology a.re identified and descrfped. 

Method of A~proach 

The first step in the development 9f a.method to evaluate the 

physical factors relating to environmentEJ.l impact .statements (EIS) was to 

investigate the laws (and their intent) creating the requirement.for en-

vironmental impact statemen~~· Following a review of the political .his­

tory which led to the development of the EIS, the Corps of Engineers. 
'' 

guidelines for preparation of environmental statements were selecteq to 

represent an agency's attempt to meet the requirements pf the National 

Environment; Policy Act of 1969 and Flood Control Act 0£ 1970. Methods 

2 



for the implementation of these guidelines ~ith emphasis on physical 

science considerations were proposed and used in the approach presented 

in this thesis. 

3 

A hypothetical water-resources project on the Deep Fork River, (see 

Figures 1 and 2) Central Oklahoma, was selected and used to evaluate the 

applicability of the proposed methods. A series of factor maps display­

ing the important physical parameters of the environment are used to pre­

pare an environmental inventory, The following factor.maps were prepared: 

(1) Physical Geology; 

(2) General Soil Associations; 

(3) Ground-water Availability; 

(4) Natural Physical .Economic Resources; 

(5) General Land Slope .,. "A" Horizon Permeability; 

(6) Physical Soil Properties; 

(7) Distribution of Alluvial Thickness; 

(8) Hydrogeology.of the Shallow Aquifer System; 

(9) Detailed Current Land Use; and 

(10) Soil Interp;retati ve Constraint Maps. 

Differences in areal extent covered by thes.e maps reflect the varying 

degrees of detail required to presemt the pertinent data .. The "project 

area", "upper basin", and "total basin" coverage are used to represent 

data in descending order of detail~ The areas represented by each 

degree of coverage are shown in Figure 3, 

The factor maps are also used to select feasible al teniatives to the 

proposed project. The Corps of Engineers' suggested guidelines for an 

eff<::cts assessment are followed,. The physicp.l and hydrologic elements 

which are potentially affecte<;l by.the project and alternatives are 
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Figure 1. Location of the Deep Fork River, Oklahoma 

Figure 2. The Deep Fork River near Arcadia, Oklahoma 
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determined. assessed (using the factor maps) and ranked on a matrix 

showing project and environmental elements for a hypothetical project. 
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CHAPTER III 

GENERAL HISTORY AND DEVELOPMENT OF ENVIRONMENTAL 

IMPACT STATEMENT THEORY 

Senate Document 97 

The current env~ronmental policies of our government are the product 

of an evolutionary process reflecting a growing national concern for en­

vironmental quality. The philosophies and development of the environmen­

tal impact statement, a product of this national concern, can be traced 

through a series of recently enacted laws. 

One.of the first documents in recent years reflecting this congres­

sional awareness of the need for environmental planning was Senate 

Document 97 (U.S. Senate, 1962), Senate Document: 97 is significant in 

that it represents an attempt by the Executive Branch, including the 

Bureau of the Budget (now the Office of Management and Budget), and the 

Legislative Branch to sta~dardize evaluation procedures (Gardner and 

LeBaron, 1965), The document requires agencies which are formulating and 

reviewing plans pertaining to total river basins and/or individual pro­

jects that develop water and related land resources to consider environ­

ment~! effects which may be caused by the project. Planning objectives 

delineated by the document center upon regional development and achieve­

ment of satisfactory levels of living, Resources are to be protected and 

rehabilitated to insi.,rre their availability for optimum future use. The 

document suggests the listing and justification of mqltiple purposes for 
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water-resource use. 

Johnson Era Laws 

Numerous laws expressing concern for the environment were enacted 

during the administration of President Lyndon B. Johnson in the middle 

1960's, Federal Water Project Recreation Act of 1965 (Public Law 89-72) 

encourages consideration of fish and wildlife enhancement. The Clean 

Water Restoration Act of 1966 (Public Law 89-753) provides for comprehen­

sive water quality control and abatement plans for river basins. The 

Wild and Scenic Rivers Act of 1966 (Public Law 89-753) encourages consid­

eration of wild, scenic, and recreational river areas. The National 

Flood Insurance Act (Public Law 90-448) requires adequate planning to 

prevent flood damage. The law denies insurance on loans for water­

resource projects that are shown to be inadequately planned. 

National Environmental Policy Act of 1969 

The National Environmental Policy Act 0£ 1969 (NEPA) (Public Law 

91-190) can be considered the "Fathe~ of the Environmental Impact Assess­

ment". The objectives of this act include the assurance of healthful, 

productive, and aesthetically and culturally-pleasing surroundings for 

all Americans. Sec 102 (2) (c) of the NEPA requires that a document be 

prepared which takes into account an evaluation of environmental factors 

affected by the project. The document must be included in every recom­

mendation or report on proposed projects subject to legislation and which 

will significantly affect tne quality of the hUJllan environment. The doc­

ument submitted must discuss the following items: 

(1) the environmental impact of the proposed action; 
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(2) unavoidable adverse effects should the proposal be 

implemented; 

(3) alternatives to the proposed action; 

(4) the relationship between local short-term uses of 

man's environment and the maintenance and enhance-

ment of long-term productivity; and 

(5) any irreversible and irretrievable commitments of 

resources which would be involved in the proposed 

action should it be implemented. 

NEPA also stipulates that a review process be used by a federal 

agency which has jurisdiction by law over a proposed project requiring an 

environmental impact statement. The comments and views resulting from 

the reviewing process must be made available to the President, the Coun-

cil on Environmental Quality, and the public, and must accompany the pro-

posal through the agency reviewing processes. Gillette (1972) believes 

the two fundament~l purposes of NEPA are to 

... expose to the public a major source of information about 
the way in which the governments' activities affect the 
environment, and, in doing so, encourage the federal govern­
ment into adopting a more sympathetic attitude toward a 
fragile biosphere. 

Environmental Quality Improvement Act of 1970 

The Environmental Quality Improvement Act of 1970 (Title II of 

Public Law 91-224) places primary responsibility for improving the 

environment on state and local governments. In this act, the Congress 

emphasizes a national policy providing for the enhancement of the 

environment. The numerous statutes previously enacted relating ta water 

and land resources, transportation, economic and regional development and 



the prevention, abatement, and control of environmental pollution are 

cited as evidence of this congressional commitment. 

Flood Control Act of 1970 

10 

Section 209 of the Flood Control Act of 1970 (Public Law 91-611) 

stipulates that the quality of the total environment, including its pro­

tection and improvement, should be included in federally-funded water­

resource projects and in the evaluation of benefits and costs attributa­

ble to them. The most feasible alternative means of accomplishing the 

four objectives which include environmental quality, well being of the 

people of the United States, and national and regional economic develop­

ment should also be considered. Section 122 of this act requires an 

effects assessment of identified impacts. This act represents an exten­

sion and broadening of the policies presented in NEPA. 

U. S. Army Corps of Engineers Guidelines 

In compliance with Section 102 of the National Environmental Policy 

Act of 1969, the Council on Environmental Quality set forth guidelines 

for the preparation of the required environmental statements. Many 

Federal agencies such as the Corps of Engineers, Environmental Protection 

Agency, Atomic Energy Commission and the Bureau of Reclamation have es­

tablished implementation procedures and guidelines for the preparation of 

environmental statements, To discuss the procedures and guidelines of 

all these agencies is beyond the scope of this report. The procedures 

developed and followed by the Corps of Engineers, however, are presented 

as one agency's approach to meeting the requirements set. forth by Sec 102 

(2.) (c) of NEPA and Section 122 of the Flpod Control Act of 1970. The 



Crops guidelines are complete, well ordered, and can be specifically 

applied to water-resources projects. 

11 

The Corps' first step in an environmental statement is to formulate 

a project description. The project name, location, purpose, and author­

izing document are presented. Current status and benefit-cost ratio of 

the project are also included in this description. 

A discussion of the environmental setting without the project fol­

lows the basic project description. This section contains a detailed 

description of the geology, hydrology, water quality, flora and fauna 

characteristic of the basin. History, prehistory.(including archeologi­

cal sites), and the social and economic aspects of the basin are dis­

cussed. The interrelationships of the environment with other projects in 

the basin are also discussed. 

Following a discussion of the environmental setting without the pro­

ject, the Corps considers the probable impact on the environment 

(Environmental Impact) by the proposed project and alternatives. In the 

section, impact is predicted to be either beneficial or adverse in 

nature. Remedial, protective, and mitigating measures related to impact 

are considered, and, when possible, enacted. 

The adverse environmental effects which could not be avoided if a 

proposal were to be implemented are listed and discussed. This section 

of the environmental statement should predict the nature and extent of 

the effect. Impact from projects proposed or constructed by other 

agencies should also be included. 

The environmental statement should contain a discussion of the 

alternatives to the proposed action. , After each alternative is des­

cribed, the environmental impact predicted-to be caused by.each 
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alternative is considered. The predicted environmental impact and 

benefit/cost ratios of the proposed project and each alternative are used 

for ranking and final selection of the most acceptable project. 

The final section of the environmental statement describes coordina­

tion with other individuals, agencies, and groups. Following a public 

participation summary, a list of government agencies and citizen groups, 

and their comments, is presented. The responses to these comments by the 

Corps are also included. This section also contains records of all cor­

respondence and reconciliations, 

Selected Approaches 

Geological Survey Circular 645 

Leopold et al. (1971) suggested an approach for impl.ementing guide­

lines such as those discussed above. Figure 4 is the flow chart by 

Leopold et al. (1971) and represents a sequence of events leading to the 

prep~ration of an environmental impact statement. Briefly, their 

approach includes the following steps. 

A) statement of the major objective of the project; 

B) analysis of the technologic possibilities for 

achieving the objective; 

C) discussion of the proposed actions and alternatives 

for achieving the objective. Equal effort should be 

expended in studying the proposed actions and 

alternatives; 

D) preparation of a report characterizing environmental 

conditions prior to project initiation; 

E) presentation of engineering proposals for each plan 



A. Statement of objective 

8. Technologic possibilities 
for achieving objective 

C. Proposed actions and 
alternatives 

D. Environmental characteri­
zation report prior to 
initiation of action 

H. Recommendations 

E. Alternative engineering 
plans 

F. Identification of impact 
and analysis of ~ni\Mde 
and importance OlmJ)itct. 

G. Assessment of impact 

Figure 4. Flow chart for development of action programs 
(Leopold et al., 1971) 
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of action. Benefit and cost analysis is included 

for each plan; 

F) use of D and E, above, to evaluate the environmental 

impact of the proposal; 

G) assess~ent of impact; and 

H) recommendations. 

Leopold et al. (1971) recommend dividing the discussion of env~ron-

mental im:pact into magnitude and importance of the effects Qf a proposed 

action on the environment .. Magnitude represents the degree, extensive-

ness or scale of impact. Importance represents the .relative significance 

of the impact on the environment. Importance is generally more subjec-

tive and qualitative than is magnitude. A weighting of magnitude and 

importance is accomplished by.assigning numerical values from 1 to 10 

(one being least, ten being greatest). For example, fertilizing the 
. . . 

bottomlands of a valley may have a high (8) magnitude of impact on the 

ground-water quality, but, if the bottomlands comprise a small percentage 

of ·the potential recharge area, and if almost all ground-water production 

is from deeper bedrock aquifers, the importance of impact would be low 

(2). Because of their.subjectivity, the numerical values ranging from 1 

to 10 are not used in this thesis. In order for such a range in values 

to be realistic, a thorough understanding of the environmental factors 

and their interrelationsh~ps would have to be assumed. 

Leopold et al. (1971) suggest using a genel'.al matrix (two-dimensional 

array) to display results of an environmental study. It is argued that a 

matrix can be used as a reference checklist or a.reminder of the full 

range of .actions and impacts on the environment that may relate to pro-

posed actions. A matrix also serves as an abstract showing parameters 
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considered, and lists .the relative magnitude and importance of various 

impact effects. Interactions among project action and environmental as­

pects can also be displayed with a matrix. Thus, a matrix analysis leads 

toward an unbiased approach to impact analysis. 

Environmental Geologic Atlas ~ the Texas Coastal Zone 

Another approach to eva+uating the environment is presented by 

Fisher et al (1972). They.recognized an urgent need for a thorough 

regional·analysis of the natural proc;esses, environments, lands, water 

bodies and other factors of the Texas Coastal Zone. A complete.environ­

mental inventory is considered essential for further specialized scien­

tific studies and regional planning for improved management of coastal 

resources. Using mapping as the basis for their approach, Fisher et al. 

(1972) prepared the following maps to describe the Texas Coastal Zone 

environments: 

(1) Environmental Geology; 

(2) Physical Properties; 

(3} Environments and B~ologic Assemblages.; 

(4) Current Land Use; 

(5) Minera~ and Energy Resources; 

(6) Active Processes; 

(7) Man-made Features and Water Systems; 

(8) Rainfall, Discharge, and Surface Salinity; and 

(9) Topography and Bathymetry. 

These maps can provide basic data used for the environmental inven­

tory, and can be used t~ predict future changes and rates of change in 

the environment. Areas or points of specific interest can be studie4 by 
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overlaying maps representing the appropriate basic data. 

It is the intention of this investigation to follow the Corps of 

Engineers Guidelines by applying and modifying the .aforementioned methods 

of approach •. 

The purposes, methods of construction, and problems will be dis­

cussed for each of several factor maps describing the physical environ­

ment. However, to use the information presented on the basic factor maps 

solely for describing the physical inventory wouid be myopic. Thus, 

these maps will be referred t~ later when the feasibility and environ­

mental impact of the project and alternatives are considered. The appli­

cation of these maps in the evaluation of project and alternative 

feas~bility and environmental impact is schematically presented in 

Figure 5. 
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CHAPTER IV 

ENVIRONMENTAL INVENTORY 

Introduction 

Consistent with the U. s. Army Corps of Engineers Guidelines, an 

early step in the. preparation and formulation of an environmental state­

ment is the inventory and evaluation of environmental aspects associated 

with the project and its river basin. A discussion of.the physical fac­

tors indigenous to the basin comprises an essential component of the 

total environmental inventory. 

A series of factor maps have been developed to show the varying as­

pect~ of the physical environment within which the proposed project would 

be constructed, Maps are used to depict the physical geology, general 

soil associations, ground-water availability, natural economic resources, 

land slope and soil permeability, detailed physical properties of the 

soil and rock, alluvial thickness, the .shallow ground-water system, and 

detailed current land use. 

Development of Basic Factor Maps 

Physical Geology Map 

Purposes. A general geologic map of the entire drainage basin was 

prepared to identify rock formations oµtcropping at the surface (see 

Figure 6). Major, fundamental trends and surficial structures are shown 

18 
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on this map. The identification of fault trends can be helpful in 

selecting general areas for proposed and alternative project sites within 

the basin. Because of a preference for construction on resistant, 

stable-rock formations, knowledge.of these factprs should aid in project 

site selections, 

A general cross.,.section (Pig1,1re 7) showing the regional subsurface 

relationships and dips of formations accompanies the geologic map. Rela­

tive thicknesses and depths of formations, as well as potential recharge 

areas for subsurface aquifersJ can be determined from the cross-section. 

For example, Figures 6 and 7 indicate that water wells should be drilled 

progressively deeper toward the west in order to intersect the base of 

the Wellington Formation within the Garber-Wellington aquifer. 

Methods. The geologic map and cross-section were slightly modified 

for the ones shown in the publication by the Oklahoma Water Resources 

Board (1971), Except for the following changes, all information present­

ed in Figures 6 and 7 is exactly as shown in the reference: 

(a) The southern half of the area covered in the 

reference is not included; 

(b) The Chickasha Formation and Duncan Sandstone were 

not included because they do not crop out w:l,thin 

the Deep Fork River drainage basin; 

(c) To prevent unnecessary complexity, members of for­

mations were not included in the geologic map or 

cross-section; 

(d) A coal seam identified in the Senora Formation was 

excluded; 

(e) The Upper, Lower, and Middle parts of the 
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Hennessey Shale were combined; and. 

(f) The McAlester Formation and metric scale were 

added to the cross~section. 

Problems. The major problem encountered in preparing the Physical 

Geology Map was finding adequate coverage of the·basin at a convenient 

scale. Use of published data (when available) is helpful in a project of 

this type be~ause ext~nsive refinement,of the information by geologic 

field mapping is disproportionately expensive in consideration of the 

objectives. 

General Soil Associations Map. 

Purposes. A soil association normally consists of one or mo:re pre­

dominant soils and at least one soil of minor areal extent. The 

as~ociation name reflect~ the major soil. 

A generalized soil associations map (Figure 8) can be useful in pro­

viding an overview of the soils within the upper basin where proposed and 

alternative project sites are to be considered. The General Soil Associ­

ation Map also provides a contrast among soils in various parts of the 

basin, and may be U$eful in the evaluation of regional land use practices 

such as the location of large tracts which are suitable for a certain 

kind of farming or other h!.nd use (Fisher· and Chelf, 1969}. Because. of 

the variations of properties within any one soil association, the use of 

a gene~al soil association map for local management plann~ng is not 

recommended. 

Methods. The General Soil Association Map (Figure 8) was compiled 

from the Soil Surveys of Oklahoma (Fisher and Chelf, 1969), Logan 
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EXP LANA TI ON 
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(Mickles et al., 1960), and Lincoln (Williams and Bartolina, 1970) Coun­

ties, Oklahoma. This map covers all areas in the upper basin that are 

potential sites for a proposed project and alternatives. 

Problems. A major potential problem that might be encountered when 

preparing a map of this type is the lack of uniformity of scale on recent 

soil survey maps. This problem can be solved (with an insignificant loss 

in detail) by using reducing and enlarging equipment to attain scale uni­

formity. Minor soils composing an association vary from one county to 

another in so~e instances. This variation presents the illusion of a 

problem; however, within the context of a study of the kind under discus­

sion here, variation among minor soils within an association is a matter 

of little importance. 

Availability of Ground-Water - ~of Fresh Water Map 

Purposes. Ground-water aquifers represent a valuable potential 

resource for an urban and/or industrialized area. An understanding of 

the extent and potential yields of an aquifer is essential for an accu­

rate evaluation of the ground-water supply. Areas of maximum fresh-water 

thickness can be located using the contours of the salt water-fresh water 

contact (Figure 9), This contact can also be useful in establishing 

depths at which casing in oil wells and waste-disposal wells should be 

set to prevent contamination of fresh water (Hart, 1966). Although the 

base of the fresh water may be deep in some areas, penetration of many 

permeable units and good production cannot be assured. An example of 

this is the Garber-Wellington aquifer in the upper Deep Fork River basin. 

It is comprised of interbedded, loosely-cemented sandstones and shales 
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(Wood and Burton, 1968). Lensing of the units, such as evidenced in 

Figures 10 and ll, may cause a condition to exist where one well will 

penetrate many saturated sandstones, while another well, less than one 

fourth of a mile away, will penetrate few permeable zones. Thus, in ad­

dition to the saturated fresh-water thickness, ideally the true geometr):" 

of the aquifer must be known before the capability of an aquifer can be 

determined. 

Because well yield is a function of the·depth of penetration and net 

thickness of permeable zones, it is possible to determine a "ball park" 

estimate of the aquifer's ability to satisfy present and future water-, 

supply demands. For example, an average of the highest yield-range in 

Figure 9 is 225 gallons per minute. The number of wells necessary to 

supply an estimated demand of water can be calculated by dividing the 

water-supply demand by the average yield per well (225 gpm in this case). 

An estimated depth of wells can be obtained by noting the average well 

depth in an area having a specified range of yield (see Table I). In 

addition, the dept~ to salt water can be estimated by calculating the 

difference between the elevation of the salt-water contact as shown in 

Figure 9 and the average surface elevation as shown on a topographic map. 

A hzyotheticai case showing the number of wells necessary to meet the City 

of Edmond's future water supply needs is presented in Table I. These 

data are use4 to compute the estimated costs of developing an alternative 

ground-water supply and of developing the proposed reservoir as the only 

source of water supply. 

Methods. Bingham and Moore (1973) compiled the water level and well 

yield data referred to in Figure 9. Their sources included field inves­

tigations, the Oklahoma Water Resources Board, and U. S. Army Corps of 



Figure 10. Channel-fill sandstone, Arcadia Area, Okla­
homa County, Oklahoma. Arrows indicate 
contact where form of ancient channel is 
pr~served. 

Figure 11. Sandstone lens, Arcadia Area, Oklahoma 
County, Oklahoma. Note seepage and plants 
along base of sandstone. 
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Year 

1980 

2000 

2020 
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TABLE I 

ESTIMATED NUMBER OF WELLS TO MEET FUTURE MUNICIPAL DEMANDS 
OF THE CITY OF EDMOND 

Amount of 
Water Required 

(in mgpd) 

3 

11 

21 

Avg. Yield 
Per Well 
(in gpm) 

225 

225 

225 

Number of Wells 
Necessary to Meet 

the Demand 

9 

33 

62 

Avg, Depth 
of Wells 
(in fL) 

725 

725 

725 
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Engineers records. Bingham and Moore (1973) delineated range-yield 

boundaries with the assumptions that (1) if the lithology is similar, 

well yields throughout the geologic unit will be similar, and (2) drilled 

wells penetrate the total thickness of the aquifer. 

Hart (1966) made the contour map of the base of the fresh water. 

His major sources of information were electric well-logs. Driller's 

records from water wells, test holes, and information contained in geo­

logic and hydrologic reports were also used. 

Problems .. The greatest problem in the development and interpreta­

tion of a ground water - salt water contact map can be absence of any 

previous work from wh~ch to draw information. The large area covered in 

this study limits interpretation because of the lack of sufficient data. 

Yields from individual wells in an area can be higher than the average 

range-in-yield values for that particular area. Finally, the assumption 

that the wells from which yields are determined all penetrate the total 

aquifer thickness is sometimes not true. 

Natural. Economic Resources Map 

Purposes. The mineral resources occurirng within a river basin can 

be shown on an Economic Resources Map (for example, see Figure 12), The 

areal coverage of this map includes the entire drainage basin, and re­

lates the regional socio-economic aspects of the environmental assessment 

to the effects caused by the project and alternatives. The coverage of 

the total basin is also necessary because the effect of potential down­

stream flooding on the resources must be considered. 

A Natural Economic Resource Map can illustrate resources that will 

be obscured by a project. For example, a proposed lake may flood 
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valuable sand and gravel pits, or may inundate an area overlying a valua-

ble oil field. Availability of resources may be important in the poten-

tial development of an area. Since the Economic Resour~es Map shows the 

distribution of extant resources throughout the basin, it can be a tool 

to be used for predictions of future regi9nal development (including 

potential project and alternative site locations). 

Resources that are potential problems for the project are also shown 

on an Economic Resource~ Map. For example, a proposed reservoir may 

inundate an area overlying a once productive oil and gas field. There-

fore, oil-brine seepage from poorly ... capped or poorly-cased wells can be-
1 

come a potential source of pollution of the lake. Kemmerly (1973) notes 

that such a problem exists in the Keystone Reservoir.near Tulsa, Oklahoma. 

Methods. The Natural Economic Resources Map (Figure 12) was com-

piled from maps showing the distribution throughout Oklaho.ma of oil and 

gas fields (Oklahoma Geological Surv~y, 1966) and other minerals (Johnson, 

1969) throughout Oklah~ma. Publications of the U; S. Bureau of Mines 

(1969) and Roberts (1970) were also consulted, 

Problems. Perhaps the most significant problem poten~ially encoun-

tered in preparing the Natural Economic Reso~rces Map is that the basic 

information may not be current. Use of the large scale necessary to des-

cribe the distrib.ution of economic depo~i ts throughout the basin prohib-

its detailed display of resource boundaries. However, the .map is not 

intended for specific resource planning or development, There may also 

be potential oil and gas fields and mineral deposits such as copper with-

in the basin that have not been ,discovered. 
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General Land Slope - "A" Horizon Permeability Map 

Purposes. A map grouping general land slope.:; and "A" horizon perme­

abilities was prepared (Figure 13). General land slopes are included on 

the maps because of their importance in evaluating runoff, erosion, and 

landslide potential, Also, knowledge of slope grades, when used in con­

junction with economic analysis, can be useful in determining constraints 

for the prediction of growth relative to urbanization and industrializa­

tion. The "A" horizon includes that part of the soil profile in contact 

with the soil-air interface. Permeability of this horizon is an impor­

tant consideration in determining the a.mount of runoff and the degree of 

erosion and landslide potent~al, 

Musgrave (1947) found from plotted data that erosion (E) is empiri­

cally related to the physical feafo.res. of the land by: 

where 

E = ksl.35L0.35pl.75 

s "' land slope in. percent; 

L = length of slope in feet; 

P =maximum annual 30-min, rainfall in inches; and 

k ~ vegetal cover factor. 

Linsley et a~. (1958) point out that the above equation represents the 

results of small test plots, and suggest that additional information is 

required for estimates of the sediment yield from natural watersheds, 

The General Land Slope - "A" Horizon Permeability Map can provide data to 

evaluate quantitatively the s and L factors in the above equation. The 

Corps of Engineers, however, predict sedimentation in a lake by measuring 
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sediment yield of the river upstream from the proposed reservoir site 

(D. Flasch, written communication, 1973). Since this measurement repre­

sents suspended sediments, ten percent is added for bed load to obtain 

total yiel~l. 

Estimates of runoff for small basins can be obtained by developing a 

unit hydrograph or by solving the "rational formula" given in Linsley et 

al. (1958) by 

where 

Qp = CiA 

Qp = discharge in acre-inches per hour; 

i = average rainfall intensity in inches per hour for a duration 

equal to the time of concentration over the basin; 

A = area of the basin in acres; and 

C = expression of the proportion of the total rainfall which runs 

off and effect of overland flow and channel storage on the 

peak. 

The General Land Slope - nA" Horizon Permeability Map can provide quali­

tative impact for relating the influence of infiltration rates and degree 

of slope to C (imperviousness factor) in the surface runoff equation. A 

highly impermeable "A" horizon would be expected to retard infiltration 

and therefore increase runoff potential. The above equation, however, 

should be used with extreme caution since it does not adequately recog­

nize all the complications of the .runoff proce?S· The Corps of Engineers 

(Dr. R, N. DeVries, oral communication, 1973), however, prefers to use a 

unit hydrograph for prediction of runoff. 
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Methods. The General Land Slope - "A" Horizon Permeability Map 

covers the immediate project area of a hypothetical proposed water­

resources project site and some alternative sites. When a feasible 

alternative is outside the map area, an inset can be used, The map scale 

for the project area was chosen because of the need for greater accuracy 

to evaluate project feasibility and environmental effects. Slopes of 

soils occurring throughout the immediate project area were grouped into 

four categories. 

The "A" horizon permeability of every soil occurring in the immedi­

ate project area was listed, and three basic permeability groups were es­

tablished. Soils belonging to the permeability groups were then compared 

with the soil-slope categories. Two new major categories, in addition to 

the four existing categories, were created, These two new categories 

maintained the slopes of their original grouping, but reflected different 

soil-permeability ranges. 

Problems. The major potential problem in preparing a land slope­

permeabili ty map is the possible absence of a current soil survey for the 

project area. Another potential problem is overinterpreation by.the user 

of the map. The physical properties of any soil series vary.locally. 

On-site investigation is essential before final decisions for construc­

tion are reached. 

Ideally (for runoff evaluation potential), the slope-permeability 

map should cover the entire area upstream of a proposed project site. 

The size of such a map would, in many cases, be prohibitive at the scale 

used. This problem, however, can be solved by extrapolating information 

from the immediate project area to surrounding areas. 
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Physical Soil Properties Map 

Purposes, The Physical Soil Properties Map (Figure 14) offers data 

desc:dbing the physical soil properties of th~ ns11 horizon, depth-to-bed­

rock, and bedrock type. Engineering data are selected and prese~ted in 

map form to permit engineers to make general judgements easily. Plastic­

ity, shrink-and-swell potential, depth-to-bedrock, and bedrock type have 

specific application to activities involving construction, excavation, 

drilling, and channelization, Permeability, depth-to-bedrock, and bed­

rock type are also important in evaluating waste-disposal potential. 

Faults can also be shown on this map. 

The Physical Properties Map can be a useful tool in area planning. 

Knowledge of the properties affecting the various previously mentioned 

activities can help indicate areas of favorable development. This map is 

also an invaluable aid in developing the more specialized physical con­

straint maps (to be discussed later). 

Another purpose of the Physical Properties Map is to show current 

and future effects of physical factors on land use. For example, Figure 

14 suggests that the extensive farming in the bottomland (Units I-D-4 and 

VI~D-4) could not be extended to the uplands because of the predominance 

of very shallow soil (Unit I-A-1). 

Finally, the Physical Properties Map can be used in determining the 

areas conducive to potential ground-water recharge by using average rain­

fall distribution together with delineated soil permeability zones from 

the Physical Properties and General Land Use.- "A" Horizon Maps~ 

Methods, The first step is to list all of the physical properties 

(including the A. A,. S. H. 0, and Unified Classifications) of each soil 
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occurring in the immediate project area. Using the Unified Soil Classi­

fication values, the First Order of classification was developed by 

dividing the soils into groups having a unique combination of plasticity 

ranges, "B" horizon permeability, shrink-and-swell potential, and pH. 

Certain incongruencies were satisfied by creating a soil-property group 

having variable physical properties. Depth-to-bedrock ranges for soils 

occurring in the area were grouped and are represented as a Second Order 

of the classification. A Third Order was created to describe bedrock 

type underneath the .soi 1. In the project area, bedrock types include 

interbedded sandstones and shales, flood plain and terrace alluvium, and 

colluvial deposits, 

The original soils classification of each reclassified soil occur­

ring within the project area is shown on Table IL The results of the 

reclassification representing the physical soil properties, depth-to­

bedrock, and bedrock type underneath soil for the project area were plot­

ted on a mosaic air photo base map pieced together from the "Soil Survey 

of Oklahoma County, Oklahoma", by Fisher and Chelf (1969). 

Further characterization of the bedrock can be made by measuring 

sections in order to determine the percent of rock type occurring within 

the top ten feet of bedrock, The percentage is calculated in the follow-. 

ing manner: 

1) The total footage within the first ten feet from the 

surface of each outcrop is added. 

2) The total footage of each rock type is divided by 

the total footage of all rock types measured. 

The resultant is an estimated percentage of a rock type encountered with­

in the top ten feet of bedrock. A survey of 36 outcrops in the immediate 



TABLE II 

PHYSICAL PROPERTIES CLASSIFICATIONS FOR SOILS 
IN THE ARCADIA AREA, OKLAHOMA 

39 

Soil Code Description 

Chickasha loam III-C-1 

Darnell-Stephenville fi~e sandy loam I-A-1 

Darnell-Stephenville complex, severely eroded I-A-1 

Eroded loamy land I-C-4 

Miller clay II-D-2 

Miller-Slickspots complex II-D-2 

Nobel fine sandy loam I-C-2 

Port clay loam I-D-2 

Port. loam I-D-2 

Pulaski fine sandy . loam I-D-2 

Pulaski soils, wet I-D-2 

Stephenville fine sandy loam, 1-3% grades III-B-1 

Stephenville fine sandy loam, 3-5% grades III-B-1 

Stephenville fine sandy loam, 3-5% grades, 
eroded 

III-B-1 

Teller fine sandy loam, 1-3% grade III-D-2 

Teller fine sandy loam, 3-5% grade III-D-2 

Vernon-Lucien complex III-E-3 

Vernon-Zaneis complex III-E-3 

Zane is loam, 1-3% grade III-C-4 

Zane is loam, 3-5% grade III-C-4 
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project area indicated approximately 30% shale and 70% sandston~ within 

the top ten feet of bedrock. To avoid crowding data already represented 

on the map, outcrop locations are not shown on the physical properties 

map. , Percentages derived by. this method· compare favorably with rock-type 

percentages in, the area estimated by Wood and Burton (1968), 

Problems. Care should be exercised to avoid overinterpretation of 

the data presented. The physical properties of any one soil can vary 

slightly within any one mappable unit. Certain units may·not be mapped 

because of a small areal extent. A sizable portion of the study area is 

classified as having variable. physical properties. It should be stressed 

that more detailed studies are,advisable for the evaluation of individual 

construction sites. 

Distribution .£!:Alluvial Thickness. Map 

Purposes. An understanding of the distribution of alluvial thick­

ness is essential in evaluating the poten~ial ground-water storage within 

the alluvium. If homogeneity is assumed, areas of greater alluvial 

thickness will possess .the greatest potential yields for alluvial wells 

(assuming the total saturated thicknes~ of alluvium is penetrated). 

Seepage.underneath proposed project and alternative dam sites can 

also be.determined from the alluvial thickness shown on the DistributiOn 

of Alluvial Thickness Map (Figure 15), and from using an average permea~ 

bili ty coefficient value, and by knowing the proposed depth of the dam's 

storage pool and. impervious core. The following modified form of the·. 

Darcy Equation shown in Todd (1959) can be employed using flow net analy­

sis techniques. 
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Q=Khf.. 
N 

where 

Q = total flow through all the flow paths; 

K = coefficient of permeability; 

h = drop in lead from upstream to downstream side of dam; 

F = number of flow paths in the net; and 

N = number of "squares" (1 ft. equipotential drop increments) 

between any two adjacent flow lines. 

This equation is used to estimate seepage through a unit length of the 

dam, Seepage under the entire length of a dam can be estimated by mul-

tiplying the product in the above equation by the width of the flood 

plain at the dam site, For example: using a hypothetical dam with a core 

penetrating 50% (20 ft,) of the alluvial thickness in the project area, 

the calculated seepage would be approximately 1.55 million gallons per 

day. A flow net was used in this calculation in lieu of the conventional 

Darcy Equation because th€'. flow net.can more accurately represent the 

flow path and therefore the distribution of the hydraulic gradient of 

seepage existing underneath the dam, 

Methods, The first step in preparing the alluvial thickness map is 

to determine the.alluvium-bedrock contact, Existing maps of the area, 

supplemented by aerial photographs and field checking, provide an ade-

quate base for determining the lateral boundary. 

An investigation of existing alluvial-thickness records follows de-

termination of the bedrock-alluvium contact, Potential sources for depth 

of alluvium information in the project area included the following organ-

izations: 



(1) U. S. Army Corps of Engineers; 

(2) Oklahoma Geological Survey; 

(3) U. S. Geological Survey; 

(4) Oklahoma Water Reso~rces Board; 

(5) Oklahoma Highway Department; and 

(6) Oklahoma Turnpike Authority. 
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Lack of existing alluvial thickness data necessitated a field study 

using the Electro-Tech Model ER-75-12 portable seismic-refraction instru­

ment .Cse.e Figure 16). To test.the instrument's accuracy, the first seis~ 

mic station of the field study was located adjacent to a well of known 

depth-to-bedrock. At this location, the alhi.vial thickness determ~ned by 

the seismic.instrument compared favorably with the thickness listed on 

the well log. Other seismic statio~s were se~ected based on accessibil­

ity to roads and capability of geophone alignment parallel with the gen­

eral stream course. The latter cqndition was sought to avoid necessary 

dip corrections for each geophone. Spacing between geophones varied from 

one station to another depending on relative depth-to-bedrock. The "rule 

of thumb" used to determine geophone spacing is based upon the critical 

distance formula (Dobrin, 1960). Briefly, the "rule of thumb" is to (1) 

multiply the estimated depth-to~bedrock byfour in order to determine the 

tot~l le~gth to be spanned by the geophones, and (2) divide this product 

by.the number of geophones; (twelve in th~s.case). The resulting quo­

tient is the estimated spacing. 

After a four-foot hole was augered and a geophone spacing was 

c~osen, the geophones were spaced evenly along the chosen.alignment. 

Commercial dynamite (40% Nitroglycerin) was packed into the .hole; the 

instrument was leveled and connected to an instantaneous blasting cap in 



Figure 16. The Electro-Tech Model ER-75-12 portable 
seismic-refraction unit 
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the dynamite. Following detonation, a po1aroid picture was developed 
' ' 

showing signal traces.from the twelv~ geophone channels, deto~ation 

instant, and timing lines. A computer program written by Kent (1969) was 

used to calculate depth-to-bedrock and estimated error. 

Problems~ The major difficulty encountered in preparation of the 

Distribution of Alluvial Thickness Map was a lack of bore-hole control. 

Thus, seismic data could be verified using bore-hole data at only one 

location. 

In order to align the geophones parallel to the stream coµrse, it 

was necessary to obtain access permission from many landowners in the 

area. Unfortunately, some landowners were reluctant to grant access to 

their property. A fe~r of dynamite and concern for freshly plowed fields 

were cited as reasons for their reluctance. 

Weathe~ presented another problem to the seismic survey. Suscepti-. 

bility to moisture of the instrument and geophone cables precluded inves-

tigations during wet conditions. Sub-freezing temperatures .also made 

augering and geophone implacement difficult. 

Hydrogeologl of ~ Sballow Aquifer System Map 

Purposes. The general characte:r of ground water in the immediate 

project area can be described with the Hydrogeology of the Shallow 

Aquifer System Map (Figure 17), A distinction between the shallow and 

deep aquifer systems is made because of confining conditions encountered 

at depth in the ,project area. 

A hydrogeology map can be used to determine the presence of influent 

or effluent stream conditions. Generally, if the contours point upstream, 

effluent conditions exist; the opposite is true for an influent stream.· 
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The shape of the contours suggest that ground water in the project area 

flows from the bedrock into the alluvium and finally into the Deep Fork 

River and its tributaries. This represents an effluent stream condition 

during normal flow periods. 

The relative position of contour lines within the alluvium and bed­

rock suggests the presence of a hydraulic continuity between the bedrock 

and the alluvial deposits. A hydraulic continuity between two adjacent 

formations exists when the water bearing properties of the formations are 

similar. This aspect will be discussed later. 

The hydrogeology map provides the basic data necessary for an esti­

mate of the present ground-water reserves for domestic well supply. Al­

so, by overlaying the hydrogeology map onto a topographic map, the 

general depth-to-water for any location in the project area can be deter­

mined. 

Ground-water quality can also be displayed on the hydrogeology.rnap. 

Determination of ground-water suitability for a particular use is a major 

goal for a water-quality analysis, Principle uses of ground water in­

clude: (1) domestic or household purposes; (2) agricu1 tural purposes; 

and (3) industrial purposes. Although standards have been established 

for the general uses mentioned above, it should be noted that combina­

tions and/or specialized uses may require substantially higher standards. 

The effect of the dissolved solids in ground water on pump mechanisms 

must also be considered.· 

A ground-water quality analysis is important to an environmental 

impact assessment because it represents base-line conditions before pro­

ject construction. Predictions of future ground-water quality can be 

estimated based on surface water quality within the stream and future 



lake-water quality. 

Methods, Preparation of the hydrogeology map of the project area 

began with a thorough survey of existing water~well records. Sources 

investigated included: 

(1) U. S. G. S. Water Resources Division records; 

(2) Oklahoma Geological Survey Publications; 

(3) Oklahoma Water Resources Board data; 

(4) City of Edmond water-well data; and 

(5) Private drillers' records. 
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After compiling existing data, a first approximation map was constructed 

in order to deliI1eate areas devoid of control. Field measurements in 

domestic wells using a Soil Test electronic water-level recorder supple­

mented existing records. Water levels were also calculated from data ob­

tained from the refraction survey. These additional data were used to 

construct a second approximation map. Wells with a total depth greater 

than 250 ft. were deleted from the map because they were believed to be 

under confining conditions, and would therefore not represent the water­

table aquifer characteristic of the shallow aquifer system. 

Before contouring the second approximation of the hydrogeology map, 

the reliability of data points was considered (see Figure 17), Water 

levels determined from field measurements, U. S. G, S. data, and seismic­

refraction calculations were assigned very high degrees of reliability, 

The local driller's contributions were relegated to a lower degree of 

reliability because his data was retained by memory and not recorded on 

paper. Water levels reported by residents were considered to be only 

moderately reliable, 

Further characterization of the aquifer system included permeability 
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tests and grain size analysis. Fifteen samples were collected from the 

I 
alluvium in the project area and analyzed for' permeability and grain size 

distribution. These samples were collected in 1.5 in. I. D. metal tubes. 

To prevent loss of moisture, the sample containers were wrapped in 

plastic "baggies" and sealed with masking tape. 

The coefficient of permeability (K) of the samples was determined by 

the falling-head, constant-head, and flow-tube methods using the Soil 

Test Model K-670 Permeameter. To calculate permeabilities, a computer 

program was written by the author and modified by Lyle Silka (written 

communication, 1973). The program and results of permeability calcula-

tions are shown in Appendix A. Grain size distribution was determined 

with a visual accumulation tube. Results of grain size distribution 

analyses are shown in envelope form in Figure 18. The average permeabil­

ity of the samples (alluvium) is 42.7 gpd/ft2. Wood and Burton (1968) 

calculated the coefficient of permeability of the Garber Sandstone and 

Wellington Formation near Edmond to be 35 gpd/ft2. The similarity in 

permeability value for the alluvium and bedrock substantiate the evidence 

for hydraulic continuity (also shown by contours) between bedrock and 

alluvium. 

Analysis of ground-water quality was considered to be an essential 

segment of the hydrogeology map. Published ground-water quality data 

were examined. However, there was very little current ground-water qual~ 

ity data in the proposed project area. In order to supplement existing 

records, a field investigation involving the sampling of water wells was 

initiated. A random geographic distribution of sampled wells throughout 

the area was determined and followed. 

First, three sampling bottles for each well to be tested were 
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sterilized in the laboratory, The fi.rst bottle was treated with 2 ml of 

2N HN0 3 which acted as a preservative for the testing of lead. The re­

maining two bottles for each location were not treated, although one was 

designated for refrigeration. After collection, water samples which were 

to be tested for nitrates, carbonates, bicarbonates; sulphates and phos­

phates were placed in coolers containing dry ice. The non-refrigerated 

samples were analyzed for ca!cium, magnesium, sodium, chloride, iron, and 

manganese. The following sampling procedures were strictly adhered to at 

each well: 

(1) Well was allowed to run freely for approximately 

five minutes; 

(2) Sample bottles were filled to the top (and run over) 

very slowly to preve~t entrapment of air bubbles; 

(3) Samples designated for refrigeration were 

immediately placed in coolers; 

(4) pH was checked in the field with a Hach Model 17-H 

Phenol Red pH Tester, 

Chemical analyses (exclusive of lead and field pH) were performed by 

the U, S, D. A, Soil and Water Service Analytical Laboratory at Oklahoma 

State University, Lead concentrations were determined by S. L, Burkes of 

the Zoology Department, Oklahoma State University, Methods and tech­

niques of analysis are discussed in Appendix B. Results of analysis are 

listed in Table III, 

Chemical analysis results can be displayed on a map by using Stiff 

diagrams (Stiff, 1951). Although a Stiff diagram was prepared for every 

well tested (see Appendix C), most diagrams were not included on the map 

in order to avoid cluttering. 



TABLE III 

GROUND-WATER QUALITY ANALYSIS OF THE PROJECT AREA 
· (Values in ppm) 

Well Depth of Geologic Date of 
Location Well Formation Collection Ca Mg Na Cl Fe Pb Mn SO 

(Feet) at Total Depth 4 

#1, 14n, lw, 29, aca 64 1/27/73 60.0 34.0 63.0 53.0 .1 o o la·:'O 

#2, 14n, lw, 30, ebb 

#3, 14n, 2w, 25, abb 

#4, 14n, 2w, 25, CCC 

#5, 14n, 2w, 35, dda 

#6, 13n, 2w, 12, bbc 

#7, 13n, 2w, 23, bbb 

#8, 13n, 2w, 28, bbb 

#9, 13n, 2w, 21, bba 

#10, 130., 2w, 16, baa 

#11, 13n, 2w, 17, bba 

#12, 14n, 2w, 32, cbc 

#13, 14n, 2w, 29, abd 

#14, l4n, 2w, 22, CCC 

#15, 14n, 2w, 33, abb 

140 

87 

200 

160 

(est) 

46' 

90 

51 

150 

128 

160 

212 

100 

90 

#16, 13n, 2w, 3, bba 225 

#17, 13n, 2w, 3,.cbc 210 

#18, 13n, 2w, 3, dee (est) 

#19, 13n, 2w, 12, add 

#20, 13n, lw, 5, abb 

#22, 14n, lw, 33, abb 

#23, 14n, lw, 20, bdd 

#24, ldn, 2w, 31, bcb 

#25, 14n, 2w, 34, add 

#26, 13n, 2w, 5, bdd 

(est) 

(est) 

100 

123 

94, 

40 

(est) 

.Locations shown in ""'P in Figure 17 
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Analyses Performed By O,S,U. Soils Lab. 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /13 

1/27/73 

1/27/73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

1/27 /73 

27.l 17.0 154.0 124.0 .1 

60.5 40.0 47.7 36.0 .3 

55.0 33.0 27.7 71.0 .10 

32.0 31.0 112.0 53.0 0 

54.0 28.0 36.3 36.0 0 

50.0 

2.3 

62.5 

59.0 

64.5 

17.5 16.6 36.0 0 

1.0 205.0 71.0 0 

31.0 10.0 53.0 0 

35.0 17.1 89.0 0 

36 .. 0 9.4 18.0 0 

0 0 

0 .22 

0 0 

28.0 

0 

28.0 

0 .13 18. 0 

0 .01 28.0 

0 .01 

0 

0 

0 

0 

0 

0 

0 

0 

28.0 

34.0 

112.0 

so.a 
44.0 

61.5 

52.0 49.0 142.0 .1-0 tr 0 

0 

18.0 

18.0 

78.0 

28.0 

18.0 

26.0 11.8 53.0 .2 

23.0 8.8 36.0 .2 

31.0 14.2 36.0 0 

39.1 21.6 9.8 0 0 

60.0 32.0 11.9 18.0 0 

64.5 36.5 16.5 53.0 0 

62.5 

55.0 

51.5 

36.5 

57.5 

49.0 

66.5 

26.5 

31.5 

34.5 

24.0 

36.0 

23.5 

36.5 

22.0 

16.2 

17.7 

83.0 

40.5 

19.0 

23.4 

0 0 

36.0 0 

53.0 0 

53.0 .s 
71.0 0 

18.0 0 

71.0 0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 18.0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 .01 

0 0 

0 0 

18.0 

18.0 

0 

18.0 

28.0 

18.0 

28.0 

------Fie1a 

co3 HC03 • N03 ro4 

0 427.0 6.6 .06 

0 403.0 7.5 .06 

0 543.0 "'-4.4 .06 

0 317.0 11.0 .06 

0 512.0 6.0 .38 

0 329.0 14 .06 

0 250.0 15 .06 

0 500.0 4.4 .06 

0 360.0 4 .06 

0 293.0 62.0 .58 

0 415.0 8.0 .06 

0 329.0 286 .64 

0 250.0 35.0 .06 

0 262.0 10 , .06 

0 403.0 7.0 .06 

0 238.0 7.0 .06 

0 390.0 6.0 .06 

0 445.0 15.0 .06 

0 

0 

0 

0 

0 

0 

0 

390.0 <4.4 .06 

317.0 30.0 .06 

329.0 4.4 .06 

445.0 7.0 .06 

415.0 4.4 .06 

305.0 15.0 .06 

342.0 'lo 18.0 .06 

SAR pH 

2.0 , 6.9 

5.7 

1.2 

.7 

3.4 

LO 

.5 

8.9 

.2 

.4 

.2 

.9 

.3 

.4 

.4 

.3 

.3 

.4 

.6 

.4 

.5 

2.6 

1.0 

.5 

.6 

7.7 

7.1 

7.2 

7 .4 

7.0 

7 .o 
6.9 

6.9 

6.9 

6.9 

6.6 

6.9 

6.8 

7.0 

6.5 

7.0 

6.9 

7.0 

7.3 
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Special categories describing the relationships of the anions and 

cations act as substitutes for Stiff diagrams. Three Stiff diagrams, 

however, are included on the map as representatives of the three major 

categories. Certain constant relationships among cation concentrations 

of all samples were noted: manganese was always less than or equal to 

iron; iron was always less than magnesium; and magnesium was always less 

than both sodium and calcium. Constant relationships were also present 

among the anions; phosphate was less than nitrate and sulphate; the lat-

ter two were less than chloride; and chloride was always less than bicar-

bonate. 

The variable relationships among calcium and sodium and sulphate and 

nitrate provided the basis for distinction of the ground-water quality 

categories. Samples belonging to Group I have concentrations of calcium 

greater than sodium and sulphate greater than nitrate. Group II is cate-

gorized by concentrations of calcium less.than sodium and sulphate great-

er than nitrate. Concent~ations of calcium greater than sodium and 
'{! 

sulphate less than nitrate describe Group III. 

Problemso There was a lack of ground·-water quality data for wells 

totally within the alluvium. Unfortunately, alluvial wells in the area 

have long since been abandoned in favor of higher-yielding deeper wells. 

Slight chemical changes occurring during transport from the field to 

the laboratory, and errors in water quality analysis are inherent prob-

lems in a water-quality study, When used for comparative purposes, how-

ever, results of the chemical analyses are believed to be reliable and 

practicaL 
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Detailed Current Land ~ Map 

Purposes. The Current Land Use Map (Figure 19) shows the distribu­

tion, amount, a:nd type of present land use i.n an area. It serves as a 

reference for projection of future land use. Comparison with the 

Physical Properties Map can demp~strate the compatibility of present use 

with the physical capabilities of the land. Fisher et al. (1972) suggest. 

that comparison with a map showing physical and biological environments 

will elucidate type,. amount, and purpose of natural land utilization. 

They considered that this comparison can also be used to define those 

areas of future development where growth will least upset natural envi­

ronments, Constraint maps, which wi11 be discussed later, can be used.to 

further.isolate the ,compatibility of preseJ?,t and projected la~d·uses with 

physical constraints related to physical soil and rock properties. 

Another i~portant purpose of the Current Land Use Map is to provide 

basic information which can be used to project future agricultural yields, 

The dollar values assigned to these yields are impera,tive for meaningful 

benefit/cost analyses. These analyses provide essential data used in the 

justification of .appropriations for water-resources projects. 

Methods. The Current Land Use Map appearing in Figure 19 was modi-. 

fied by John Pollack and Pau1 Bolsted, Oklahoma State Univers~ty, after a 

map constructed by Eubanks and Carpenter (1971-72), U, S, Army Corps of 

Engineers air-photo mosaics (1969-71) were also used to modify the land­

use map, 

Specific land-use categories were assigned to each square-mile 

tract, . Al tho;µgh one section might have more than one land use, the 

principle one was used to represent the entir~ section. 
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ENCiRCLEO NUMBERS REFER TO 
ALTERN.4.TIVES TO ACHIEVE WATER­
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Figure 19. Current Land Use Map 
LANO USE DESIGNATIONS MODIFIED AFTER EUBANKS AND CARPENTER ( 1971-72) 
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The four ma].or land-use categories delineated on the map are pasture 

lands, cultivated lands, woodlands, and urban areas. Pasture lands in­

clude those areas where forage plants are used for grazing practices, 

Cultivated land includes lands in tillage and rotation, orchards, and 

land.s formerly in such uses. Woodlands represent lands which are either 

(a) stocked by at least 10% of forested land capable of producing timber 

(or other wood products), or capable of exerting an influence on the 

water regime; (b} or lands which have not been developed for other uses 

after trees have been removed; (c) or which are forested areas; (d) or : ,: 

are areas covered by dense thickets of shrubs, Urban areas include 

cities, villages, and built-up areas of more than ten acres; also includ­

ed are industrial sites. (exclusive of strip mines and borrow and gravel 

pits}, railroad yards, airports, cemetaries, shooting ranges, golf 

courses, institutional and public administrative sites, and other similar 

areas, The numbers inside the urbanized areas on Figure 19 represent 

U, .S, Census Bureau (1970 Tracts) estimates of the present percent of the 

total urbanization possible for that particular section. 

Problems, A certain degree of accur<'l-CY is lost by mapping the prin­

ciple land use in a section, Bowever, the expediency and practical use 

of a current land-use map for regional socio-economic considerations in 

environmental assessment justify the general manner of data presentation, 

Changes occurring after development of a land use map can also pre­

sent potential problems, In rapidly developing areas, a period of six 

months is ample time for the occ:;urrence of significant changes. A field 

survey immediately prior to publication can mintmize discrepancies 

created by new development, 



CHAPTER V 

FEASIBILITY OF PROJECT AND ALTERNATIVES 

Introduction 

Before the final environmental impact statement is prepared for any 

project, feasibility of the originally propo?ed project and all viable 

alternatives must be evaluated. Information from the environmental 

inventory is helpful in the determination and location of alternatives to 

the proposed project (see Figure 5). The manner in which the evaluation 

of the physical factors and constraints can aid in determining the engi~ 

neering and economic feasibility of each project and major alternative is 

then discussed. The socio-economic factors which may influence the 

selection of the project and alternatives are also discussed. 

Alternative Selection 

Pursuant to the NEPA document and the u. S, Army Corps of Engineers 

guidelines, viable alternatives .to a proposed project must be presented. 

These alternatives must be considered because they may provide a "better'' 

method for meeting the purposes of the originally proposed project. 

"Better", in this case, may refer to less adverse effect on the environ­

ment, or may reflect .the least expensive method of meeting project pur­

poses, or may include a combination of the two considerations. 

Many alternatives are formulated throughout the planning process and 

are included in the design memorandum for the originally recommended 
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project prior to environmental assessment. Other alternatives may be 

conceived during the preparation of the .environmental inventory. A wide 

variety of alternatives is customarily suggested. Alternatives for 

water-resources projects may include proposing different sites (perhaps 

moving a dam further upstream or downstream), building a system of small 

upstream lakes, dry lakes, or construction of levees. No action, flood 

plain management, and ground-water development may also be considered. 

To meet the multiple purposes required of today's water-resource projects, 

different combinations of conjunctive use of one or more alternatives are 

also considered as separate alternatives. For example, development of a 

ground-water supply could supplement the water-supply objective for many, 

of the other alternatives listed above. This would provide a generally 

high quality water for water supply in addition to meeting recreation, 

low-flow augmentation and flood control requirements. 

All alternatives are considered on an equal basis with the originally 

proposed project. Information required about alternatives include 

hydrologic.and hydraulic data, benefits and costs, description of general 

setting and purposes, and assessment of effects. 

Physical Factors Affecting Project and 

Alternatives 

The feasibility of a project or its alternatives may·be governed by 

physical factors indigenous to the area. Therefore, the factor maps.used 

in the environmental inventory serve as one basis for evaluating the 

feasibility. For example, an area showing active faulting may present 

problems to dam stability~ Active erosional and depositional processes 

must also be considered. The magntidue of the effect of active processes 



will vary with the geographic setting of the proposed project, Certain 

coastline areas may be characterized by a variety of significant active 

processes. In other areas, these processes may be unimportant or non­

existent, 
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Slope stability (or instability) may also affect the feasibility of 

a project or its alternative. Forms of mass-wasting such as the .rock 

falls shown in Figures 20 and 21 may significantly affect dam abutments 

and other project features. The importance of understanding the 

engineering-geological aspects in a project area cannot be over-emphasized 

when evaluating the feasibility of the project and alternatives. 

The basic data available in the maps described in the environmental 

inventory can be used to evaluate the project and alternative feasibility. 

Interpreting the basic data and relating the data to specific activities 

such as recreation, construction and solid-waste disposal can be helpful 

in determining physical constraints for these activities, 

A set of Soil-Interpretative Land-Use Maps were also prepared for 

the purpose of providing factual data necessary for land-use planning and 

evaluation which is necessary in the socio-economic evaluation of project 

and alternative feasibility, These maps consider the physical aspects of 

soil properties, and, based on these properties, delineate uses incompat~ 

ible with projected urbanization and industrialization, The constraint 

maps synthesize data obtained from the Soil Survey reports and can be 

used to indicate areas of severe and slight to moderate limitations for 

specific uses, Thus, the constraint maps are designed to serve as guides 

for not only the socio-economist but also for land-use planners, and to 

encourage or discourage development of certain areas. 

The Soil Interpretative Constraint Maps presented in Figures 22, 23, 



Figure 20. Rock fall along roads~de near Arcadia, 
Oklahoma 

Figure 21. Mass wasting along fractures in sandstone 
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Figure 22. Soil Limitations for Picnic and Camping Areas 
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Figure 23. Soil limitations for light industry and large­
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and 24 serve as examples of three distinct types of land use. The activ­

ities of construction, solid-waste disposal and recreation are represent­

ed because of their diversity and because of their importance to mankind. 

The Soil Interpretative Constraint Maps are combinations and modifi­

cations of U. S. D. A., Soil Conservation Service (SCS), computer print­

out soil-interpretative maps of Oklahoma County, Oklahoma. As was the 

case with the Detailed Current Land-Use Map, the smallest unit delineated 

on the computer print-out map represents a forty-acre tract. The princi~ 

ple use of each forty-acre tract is indicated on the map. 

The constraint map depicting limitations for recreation (Figure 22) 

was constructed from the SCS soil-interpretative maps for picnic and 

camping areas. The SCS maps represe~ting limitations for light industry 

and large-lot housing developments were combined to produce the constraint 

map describing general construction (Figure 23). Limitations for trench 

and area-type sanitary landfills (Figure 24) were also derived from SCS 

computer print-outs. 

The same procedure was followed in the construction of all three 

constraint maps. Severe limitations for one use (such as camping area) 

were contoured on matte acetate, Slight and moderate limitations were 

grouped into one category because severe limitations were considered the 

only degree of constraint which would change the course of a proposed 

action. Reasons ,for the SCS classifying limitations as severe, moderate, 

and slight ,are discussed in the Soil Conservation Service (1971). 

The contoured areas representing limitations for one use were then 

overlain onto a cbmputer print-out of limitations for another use. The 

resulting combinations using severe and slight-to-moderate limitations 

for each combination were grouped and shown on the final maps (Figures 



22, 23, and 24), The inflexibility of using the artificial forty-acre 

tract represented on the SCS computer-fed print-outs does not permit a 

detailed study of soil limitations. Also, the variability of a soil's 

physical or engineering properties must be considered when classifying 

limitations, On-site investigations are essential before specific pro­

jects are initiated, 
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The terminology used to describe soil limitations may be misleading, 

As pointed out in the Soil Conservation Service (1971), the references to 

severe limitations can indicate that the problem caused by the physical 

constraint can often be overcome by financial expenditure. The cost of 

remedying the cause for a severe rating, however, cannot usually be 

justified, In cases where only one soil-property was the cause for an 

unfavorable rating, expenditures may be justified, 

Human nature may also present problems for the use of soil­

interpretati ve constraint maps. Many people are not required, nor are 

they even inclined, to heed advice presented on these maps. The prepara­

tion costs of constraint maps can only be justified when the facts pre­

sented are considered in the planning process. 

Socio-Economic Factors Affecting Project 

and Alternatives 

In addition to physical factors, the economic and social affects of 

project or alternative implementation (or non-implementation) must be 

considered during feasibility studies, . Understandably, economics plays 

an important role.when determining ben~fits and costs for a project and 

its alternatives. Each project has an economic life for which benefits 

and costs must be calculated, This economic life, which may last 100 



years, may be a determining factor when evaluating project and alterna­

tive feasibility. 
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The social factors influencing project or alte+native feasibility 

must also be considered. People, in addition to the physical and econom­

ic elements, are integrally involved in water-resources projects. Man 

conceives the project, man is affected by the project, and man dictates 

how the project will affect the environment. 

Prediction of growth patterns directly affects project and alterna­

tive feasibility, By predicting population growth rates and patterns, 

future uses and demands placed on the project, alternatives, and the envi­

ronment itself can be evaluated. The use of constraint maps in estimating 

future growth patterns has already been discussed (see Figur~ 5) .. A 

water-resources project depends upon whether or not these future uses and 

demands are satisifed. For example, estimating future water-supply needs 

can be used to indicate future-storage requirements of a proposed lake, 

In addition tQ estimating future land use, predicitons of urbaniza­

tion are used to calculate anticipated runoff values. If growth and 

population trends indicate an increase of urbanization from 20% to 40% 

over a project's economic life, the increased runoff due to urbanization 

can be incorporated into the project plans. Thus, social considerations 

are directly related to the evaluation of project and/or alternative 

feasibilities. 

Sources of basic data responsible for economic considerations in­

clude the .U. S. Census Bureau~ numerous city and state planning reports, 

and other publications containing production figures. Presentation of 

social factors is more qualitative. Potential data sources (similar to 

economic.contributors) include the u. S. Census Bureau and city planning 
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reports. Appropriate personal questionnaires, when available, provide 

another data source. Studies of ,other areas affected by.projects similar 

to the proposed project and/or alternative may also be useful. Maps 

showing the distributions of various social factors such as ethnic or 

income concentrations offer an effective method of data presentation. 



CHAPTER VI 

EFFECTS ASSESSMENT OF PROJECT AND 

ALTI\RNATIVES 

Introduction 

A discussion of the effects (ilJIPact) assessm~nt of .each project and 

viable alternative ,follows the evaluation of project and alternative 

feasibility. This is consistent with the intent of NEPA, the regulations 

of the Flood CoJ?.trol Act of 1970, and the U. S. Army Corps of .Engineers 

Guidelines for environmental i~pact stateme11t preparation, The results 

of the ef:fect~ assessment are pr~sented in matrix form (Figure 25), and 

can be assigned weighted values, These values are used to recommend the 

most favorable project or alternative and to prepare the ,final environ-

mental impact statement. 

Guidelines for Impact Assessment .· 

The first aspect to consider.in the Effects Asse~sment centers upon 

conditions.expected without the project, This aspect is based on the _in-

formation presented in the environmental inventory and provides pertinent, 

data.about future environmental conditions, needs, and problems of the 

proposed-project area without.the project. These conditions are also in-, 

corporated into the "no action'' alternative. The environmental factor 

maps (Figures 22, 23. and 24) ~re used to assess this aspect of the 

effects assessment (see Figure 5). 
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The significant effects caused by the proposed project and alterna­

tives on the environ~ent are identified by comparing project and alterna­

tive actions with the environmental aspects identified without the 

project or alternatives. Significant effects are those which would be 

likely to have a sociq-economic impact on the decision-making process. 

Early identification of significant effects can allow adjustments in 

alternative project plans, and thus avoid or reduce identified adverse 

effects. 

A discussion and display of all significant effects follows their 

identification, The effects are assessed qualitatively and designated as 

adverse or beneficial, This information is based on an understanding of 

the environmental factors requested in.the environmental inventory, It 

is therefore imperative that the physical factor maps be used to deter­

mine as much as possible the cause and effect relationships which exist 

among all physical-environmental aspects. "Corps" guidelines require the 

display of significant effects in a manner that is easily understood, 

interpreted, and evaluated; Differe~ces among the effects are to be made 

clearly visible. 

Once adverse and beneficial effects have been described and dis­

played (see Figure 25), they must be quantitatively.evaluated. Where ap­

plicable, values. placed on eff~cts are in monetary terms. Quantitative 

values are preferred, but, when not practical, qualitative terms will be 

accepted. A description of the criteria and assumptions used to evaluate 

significant effects in Figure 25 is included in Table IV. 

Significant adverse effects are considered as a.basis for project 

modifications, This process of "scoping" (modifying a project after 

identification of adverse effects) provides an opportunity to either 



eliminate the effect or reduce.the effect to a level of magnitude which 

will place the project alternative in a more favorable level of accept­

ance. 
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Assessment "feedback" is sought by .the Corps during t:he period of 

the environmental impact assessment process. Public hearings serve as a 

check to ensure that effects have not been overlooked. The response from 

the public, states, and other federal agencies can also be helpful in 

judging the adequacy of the environmental effects as.sessment. 

Matrix Presentation 

The use of a matrix is an ideal met~od of assessing environmental 

effects and is consistent with the ideas expressed in Leopold et al, 

(1971) and the Corps of Engin'eers Guidelines. In order to demonstrate 

the potential contributions of geology to an environmental impact state­

ment, a matrix is proposed for a hypothetical water-resources project 

(Figure 25). The section presented includes only the physical and hydro­

logical factors.of the natural environment. Major categories comprising 

the environmental quality elements along the abscissa include natural 

elements (including physical and hyc;lrologic factors), human social envi­

ronments, and economic environment, The basic elements evaluated repre­

sent severe modifications (including additions and deletions) of the 

matrix proposed by Leopold et al. (1971), These modifications reflect 

adaptations tailored to water resource and the geographic location. 

Beneficial, no effect, and adverse effects are assigned+, 0, and -

values, respectively .. Magnitude of the effect is described with a 1 to 5 

rating system with five signifying the greatest effect. Values of 1, 3, 

and 5 are most generally used, but two and four are assigned when 



ALTERNATIVE 

I. LAND ACQUISITION 

A.UTILITIES AND 
PIPELINES 

a. CEMETERIES 

C. CULTURAL SITES 

AN 

1. ROADS 

2. HIGHWAYS 

3. RAILS 

E. BUILDINGS AND 
COMMUNITIES 

RA 

,.; 

ENVIRONMENT QUALITY ELEMENTS 

NATURAL RESOURCES 

"' " 
~ 

2 

"' Q 

:ii ;;; 
m 

"' ::> 

" ., 
..J Q 

"' .. z .. I! .. 
ii! if z ... .. 0 ., 

~ 
;:: z 
~ ii 

8 ., 
>- ~ if " 
"' <D 

., 
"' rr rr 
., 

"' ., 
"' ~ >- "' .. 
ti >- " "' ii ... ,.. 

;i: t: ~f~ 
z rr 

;:: ... 0 ... ., 
UJ :::; .... - ., 

..J z Q z ..J 0 ., .. 
~ .. .. z .. :s :z: (i) 0 ::> 0 ::> ::> ::> ::> rr . ., rr 0 

:~~ 
o~~ "' . 

.; ::> 
-' .; .. oi ., "' ... 

.; c:i 

A ~·~~ING. 1 1 1 1u:.1 DJ DJ o LJJ DJ 1l? 1 1 1 r 
-1. DAM 

2. ACCESSESS 

3. PROJECT 
HEADO\fARTERS 

4. LEVEES 

~- RECREATION 
STRUCTURES 

C. IMPOUNDMENT 
OF WATER 

D. GROUND-WATER 
EXTRACTION 

A. LIGHTS, 
MACHINERY 

M INT. 

B. SOLID WASTES 

C. PEST CONTROL 
I PLANT AND ANIMAi.Si 

0. WATER RELEASES 
ANO SURFACE 
FLUCTUATION 

E. FERTILIZERS 

F. ACCESS 
MAINTENANCE 

TOTAL 

Figure 25. 

-- -- - -- -- C> I- :c -+ 

- - - - - - - - -
! 

- - - - - - - ,____ ,____ 

! 

- - - - - - - - -

- - - - - - - - -
! 

"'." ~ ~ ..... z IO IL 0 'a:'- 0 
i .... -1 .. .I ..1 'f ,_!_ ';;o- r-- - - -

,____,____ ,____,____ ,____ -- ,_____ 

< 
~ 

Sample matrix examining physical 
and hydrological £actors 

I 

71 



72 

completeness of the data-base permits such a distinction. 

A letter in the upper right...,hand corner of each box refers to an ex­

planation of the criteria or assumptions responsible for a beneficial or 

adverse rating. The reasons for assigning magnitude are also discussed. 

The assignment of magnitude to the physical and hydrologic factors in the 

matrix is based on the criteria and assumptiqns listed in Table IV, All 

the magnitudes and associated significance for a given environmental ele­

ment are algebraically summed. The significance of each sum is reflected 

by weighting factors assigned to each environmental quality element by 

the Corps of Engineers. The sum of each environmental element is multi­

plied by the corresponding weighting factor. The resulting products are 

summed algebraically. This final summation is used to rank the proposed 

project and each alternative. 

Impact Statement Epilogue 

The draft project or alternative is recommended by the Corps of 

Engineers following the ranking process. The final draft Environmental 

Impact Statement pertaining only to the recommended project is then 

written. Pertinent elements of the environmental inventory, and the com­

plete sections describing feasibility or project and effects assessment 

are included in the impact statement. Correspondence with other agencies 

and individuals is also enclosed. 

The Environmental Impact Statement for the recommended project is 

presented to the Council on Environmental Quality. The statement is then 

reviewed by the Council for a period of thirty days. During this period 

no contract for construction of the recommended project can be let. If, 

within the thirty days, someone files an objection to the project, the 
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TABLE IV 

CRITERIA AND ASSUMPTIONS USED IN MATRIX EVALUATION 

Criteria and Assumptions for Evaluation 

Crop production pofential i.S Clecrease-d, but effect is counted under-the economic section. 
Potential data sources: Physical Properties and Detailed Current Land Use Maps. 

A benefit to surface and ground-water quality is envisioned because of the removal of potential 
pollutant sources such as fertilizers, grazing (N03), and local solid waste disposal. Potential 
data source: Hydrogeology of the Shallow Aquifer System Map. 

See B. 

Removal of potentially damaged crops and farm facilities will create a beneficial effect, and is 
therefore counted under the economic section. Potential data source: Current Land Use Map. 

Detrimental effect will result because of alteration of existing soil structures due to back­
fill, removal, and compaction peripheral to impoundment. Potential data source: Physical 
Properties Map. 

A detrimental effect will result because erosion and subsequent removal of topsoil will be in­
creased by disturbance of soils. Potential data sources: Physical Properties and General Land 
Slope - "A" Horizon Permeability Maps. 

Detrimental effect may occur near the dam site because of a potential landslide hazard due to 
the enhancement of fractures (caused by construction activities such as overloading, vibrating, 
and undercutting) in sandstones and overlying shales. This problem can be eliminated by using 
proper precautionary measures in construction practices. Potential data sources: Physical 
Properties Map and Field Investigations (see Figure 21). 
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TABLE IV (Continued) 

Criteria and Assumptions for Evaluation 

Use of structures constructed will have a negligibleerfect because-p-otential problems will be 
eliminated by employing standard precautionary measures during construction at the dam site. 

Ground-water extraction will have a negligible effect on ground-water quantity because of the 
small area involved, Potential data sources: Groundwater Availability and Hydrogeology of the 
Shallow Aquifer System Maps. 

Detrimental effect will result because impoundment will prohibit development of petroleum re­
serves, Magnitude is slight because of the limited extent of resources in the immediate project 
area. There will be a negligible effect on sand and gravel deposits within the impounded area 
because of the limited extent of extractable sand and gravel deposits. Potential data sources: 
Economic Resources and Physical Geology Maps. 

K,L Beneficial effect .will result because of an increase in storage. Potential data source: 
Hydrogeology of the Shallow Aquifer System Map. 

M A beneficial effect on surface water quality will result in the upper part of the reservoir be­
cause of dilution and associated sedimentation and precipitation of dissolved solids toward the 
bottom of the.reservoir. 

N A slight adverse effect on the ground-water quality will result because of percolation and in­
filtration in the lower part of the reservoir. Effect is judged to be slight because of dilu­
tion with good quality ground-water. Potential data source: Hydrogeology of Shallow Aquifer 
System Map, 

O A decrease in downstream flood potential may be considered as a beneficial effect because of the 
decrease in the amount of erosion. Therefore this effect is counted under "downstream erosion" 
(Q), Potential data sources: Land Use and Soil Associations Maps, 

-...) ..,,. 
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TABLE IV (Continued) 

Criteria and Assumptions for Evaluation 

RaiSing--locaTDase Tevel (dl..le to lmpoiina-eawate-rT wiflll.avea-b-erieficiaCeffect by reducing up.:. 
stream erosion. The rate of sediment deposition will corresponding increase and is therefore 
not counted as a separate.effecto Potential data source: General Land Slope - "A" Horizon 
Permeability Map~ 

Although the potential of downstream erosion is increased by decreasing the sediment load, this 
effect is offset by the reduction of flood-induced extensive erosion. The rate of sediment 
deposition will be negligible and is therefore not counted as a separate effect. 

Only a slight adverse effect is expected because percolation and infiltration are primarily lim­
ited to the peripheral zone around the impounded watero Potential data source: Constraint Map 
for Area and Trench-type Sanitary Landfills. 

A slight negative effect will result from surface runoff containing pesticides. Slight because 
of limited areal extent. Potential data sources: Current Land Use and General Soil Associa­
tions Maps. 

A slight adverse effect is expected due to infiltration of pesticide-rich waters. Slight be­
cause of limited areal extent of lands under pest-control programso Potential data sources: 
General Land Slope -. 11A" Horizon Permeability and Physical Properties Maps. 

Water release and surface fluctuations will have a minor detrimental effect on construction ma­
terial resources downstream because the supply of sand for sand and gravel quarrying operation 
downstream may be reduced. This reduction will be caused by sand settling to the bottom of the 
reservoiro Potential data source: The Natural Physical Economic Resources Map. 

--! 
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TABLE IV (Continued) 

Criteria and Assumptions for Evaluation 

V A detrimental effect will resu1t be6iiise-t1le-alt-ernati ve--wetting ano ary1ng events cause de­
struction of soil structure and erosion. Effect is slight because only soils peripheral to the 
reservoir are affected. Potential data sources: General Soils Association and Physical 
Properties Maps. 

W A moderate beneficial effect on downstream surface-water quantity will result because of regu­
lated gate releases and subsequent low-flow augmentation. 

X Already discussed in 0. 

Y Already discussed in Q• 

Z Temporary lowering of base levels caused by surface fluctuations may have an ,adverse effect on 
upstream erosion< Effect is slight because areal extent affected is slight and because soil 
properties in this area are not conducive to extensive erosion. Potential data source: 
Physical Properties Map. 

AA A detrimental effect on slope stability (and enhancement of rock slides adjacent to impoundment) 
may result from fluctuating water levels with subsequent wetting and drying of fractured sand­
stones overlying shales on bluffs. Mechanical weathering, fracturing, and overloading by satu­
ration may be enhanced by this process. Potential data source: General Land Slope - "A" 
Horizon Permeability Map. 

BB Surface runoff containing fertilizers will have a slight detrimental effect on surface water 
quality. Effect ,is slight because of limited areal extent of fertilized land. 

cc Percolation of fertilizer-rich water will have a slight adverse effect. Slight rating is due to 
the small quantity contributed. Potential data sources: General Land Slope - "A" Horizon 
Permeability and Ground-water Avail_abiJi't;y Maps~ "-! 

°' 
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Corps is granted thirty additional days for a rebuttal and preparation of 

the revised Environmental Impact Statement. If, in the opinion of the 

Council on Environmental Quality, the objections raised were answered, 

the project is recommended to Congress. Then barring court injunction, 

and if Congress approves funds for the project, the project is referred 

to the Office of Management and Budget for funds allocation ~nd project 

i~l~~t~ioo. 



CHAPTER VII 

SUMMARY AND CONCLUSIONS 

Following a discussion of the history and theory of environmental 

impact statements, a conceptual approach is introduced in which a series 

of factor maps are used to present conditions for the environmental in­

ventory to select viable alternatives, to evaluate project and alterna­

tive feasibility, and to decide upon effects assessment. A sample matrix 

is used to present the results of an impact assessment for the physical 

and hydrological factors of a hypothetica~ project (see Figure 5). The 

following maps were prepared: 

(1) Physical Geology; 

(2) General Soil Associations; 

(3) Ground-water Availability; 

(4) Natural Physical Economic Resources; 

(5) General Land Slope - "A" Horizon Permeability; 

(6) Physical Soil Properties; 

(7) Distribution of Alluvial Thickness; 

(8) Hydroge9logy of the Shallow Aquifer System; 

(9) Detailed Current Land Use; and 

(10) Soil-interpretative Constraints. 

Factor maps used in the environmental inventory feasibility, and 

effects assess111ent provide a more quantitative means of preparing the 

environmental assessment. Preparation of the basic factor maps includes 

7R 
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selection, compilation and interpretation of basic data. In addition to 

constructing maps, the role of a geologist in the selection of the 

elements discussed in the physical and hydrological factors section of 

the matrix is demonstrated. 

The approach presented is not intended to be an absolute, inflexible 

panacea, Consideration, emphasis, and magnitude of physical and hydro­

logic factors as well as other parameters will vary with the geographic 

location and type of the proposed water-resource project. Additions and 

deletions will be common. The general concept, however, of using maps 

and geologic skills to supplement an interdisciplinary team effort pre­

paring an environmental impact statement can be very successful. 
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APPENDIX A 

COMPUTER OUTPUT AND RESULTS OF PERMEABILITY 

ANALYSIS OF ALLUVIAL SAMPLES 



$JOB *****************tTIHE#30,PAGES#75,KP#26 CASEt LEE 
c~---J# SAMPLE NUMBER 
C-----HP# WATER HEIGHT IN·TANK FOR REVERSE FALLING HEAD 
C-----HC# WATER HEIGHT IN TANK FOR CONSTANT HEAD 
C-----TR# TIME FOR REVERSE FALLING HEAD 
C-----TC# TIME FOR CONSTANT HEAD 
C-----M# TEMPERATURE CODEil#l6 DC, 2#17 DC, 3#18 DC, 4#19 DC, 5#20 DC, 
C-----6#21 DC, 7#22 DC, 8#23 DC, 9#24 DC, 10#25 DC< 
C-----WO# SATURATED WEIGHT AFTER DRAINING FOR SPECIFIC YIELD 
C-----WOO# OVEN DRIED WElGHT 
C-----LK# LENGTH OF SPECIMEN FOR PERMEABILITY TEST 
C-----LS# LENGTH OF SPECIMEN FOR SPECIFIC YIELD TEST 
c-----Q# AMOUNT MEASURED FOR WATER FLOW IN CONSTANT HEAD TEST 
c-----PSI# PRESSURE USED IN THREE TESTS 
C-----BALL# BALL READING FOR FLOW TUBE 
C-----ITEMP# TEMPERATURE CODEil#20 
c-----ITEMP# TEMPERATURE CODEil#20 oc, 2#21 oc, 3#22 oc, 4#23 oc, 
c-----5#24 DC, BELOW 20 DEG. C#l, ABOVE 24 DEG. C#5< 
C-----IFTUBE# FLOW TUBE NUMBER i1,2,3< 
C-----VISC# VISCOSITY 
c-----GPD# FACTOR THAT CONVERTS OARCIES TO GALLONS/DAY/FOOT 
C SQUARED 
C-----CMSQ# FACTOR THAT CONVERTS DARCIES TO CM/SEC 
C-----CORR# CORRECTED INTRINSIC PERMEABILITY 
C-----PGPO# PERMEABILITY IN GALL/DAY/FOOT SQUARED 
C-----PCMSEC# PERMEABILITY IN CH/SEC 
C-----AVGP# AVERAGE PERMEABILITY 

1 REAL LK,LS 
2 WRITE(6,41 
3 WRITEC6,81 
4 4 FORHAT(lHlti ID REV HO--K REV HD--K FAL HD--K FAL HD--K 
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2 AVG--K AVG--K YIELD YIELD POROS POROS FLOW 
3TB--Ki< 

5 8 FORMATClH ,a NO GPO l6C DARCY 16C GPO 16C DARCY l6C 
4 GPO l6C DARCY 16C NO CORR CORR NO CORR CORR G 
7PO@/ 
51x.@--------------------------------------------------------------
6---------------------------------------------------------a< 

6 A=C3.142/4.0l*2o8*2•8 
7 LINESzO 
8 10 REA0(5,21J,HR,HCtTRtTC,H,WD,WOO,LK,LS,Q,PSJtBALL,ITEHP,IFTUBE 
9 2 FORMATCI3,2F4.l,2F5.l,I2,5F4.l,2F6.2tI3,I2< 

10 IFIJl9999,20,9999 
11 9999 GO TO 11,13,14,15,16,17,1Btl9,9,21),M 
12 1 V=lll.11 
13 GO TO 93 
14 13 V=l08.88 
15 GO TO 93 
16 14 V=105.59 
17 GO TO 93 
18 15 V=l02.99 
19 GO TO 93 
20 
21 
22 
23 
24 
25 
26 
27 

16 

17 

18 

19 

V=l00.5 
GO TO 93 
V=98.l 
GO TO 93 
V=95.79 
GO TO 93 
V=93.58 
GO TO 93 
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28 9 V=91 4 
29 GO TO 93 
30 21 V=89.37 
31 93 VS=A*LS 
32 IFCVSI 6,5,6 
33 6 SPY•WD/0.998/VS 
34 WCO=WOD/0.998/VS 
35 ESPY=CCWD/Oo981+C5.05•LSl*Al/C5.05*AI 
36 EWCO•CCWOD/0.981+C5.05-LSl*Al/CS.05*AI 
37 APSI=PSI*70.54 . 
38 HI=APSI+HR-32.8+LK/2.0 
39 HO=APSI+HR-24.S+LK/2.0 
40 IFCTRJ 11,5,11 
41 11 RKT•CO.B69*LK*ALOG10CHO/HIIJ/CA*TRI 
42 RK24•RKT*V/9l.4 
43 RK24G•RK24*21200.0 
44 RK16G•RK24G*0.82 
45 H=APSI+HC-56.8+LK/2.0 
46 IFCTCI 7,5,7 
47 7 CKT•CO*LKJ/CA*H*TCI 
48 CK24•CKT*V/91.4 
49 CK24G•CK24*21200.0 
50 CK16G=CK24G*0.82 
51 RKD•RK16G/l8o8 
52 CKD•CK16G/18.B 
53 AVEGPD=CRK16G+CK16GJ/2.0 
54 AVED•CRKD+CKDl/2.0 
55 GO TO 1112 
56 5 WRITEC6,11111J 
57 1111 FORMAT ClHO@SAMPLE NUMBER@,I3ti LOST DURING LAB TESTING.a< 
58 GO TO 10 
59 1112 MEDIUM=l 
60 RAD=l.4 
61 IFTUBE=3 
62 N=l 
63 XLEN•LK 
64 IFCMEDIUM-1130,60,30 
65 30 CONTINUE 
66 150 GO TO 1155,160,1651,IFTUBE 
67 155 CALL WCClCBALL,N,QBI 
68 GO TO 350 
69 160 CALL WCC2CBALL,N,QBI 
70 GO TO 350 
71 165 CALL WCC3CBALL,N,OBI 
72 350 P2=1.0 
73 360 CONTINUE 
74 375 PDAR=O.O 
75 PM=O.O 
76 Q=O.O 
77 Pl=l.O+CPSI+0.0611/14.7 
78 Q=CCOB*0.0167l*P21/C3.14*CRAD*RADll 
79 PDIFF=Pl*Pl-P2*P2 
80 PDAR=CO/PDIFFl*2.0*XLEN*VISC 
81 PMEAN=CPl+P21/2.0 
82 PM=l.O/PMEAN 
83 PGPD•PDAR*l8.8 
84 AVEGPD=CRK16G+CK16G+PGPDl/3.0 
85 AVED=CRKD+CKD+POARl/3.0 
86 WRITEC6,3IJ,RK16G,RKO,CKl6GtCKD,AVEGPO,AVEO,SPY,ESPY,WCO,EWCO,PGP9 
87 3 FORMAT ClHOl3o612XEl0.3<,4*4XF5.3<,3XEl0.3< 
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88 LINES=LINES+l 
R9 IF(LINES.E0.25) GO TO 99 
90 80 CONTINUE 
91 GO TO 10 
92 99 WRITE(6,43) 
93 WRITEf6,8) 
94 43 FORMAT f127H1SAMPLE--K REVERSE--K REVERSE--K FALLING--K FALLIN 

6G--K AVERAGE--K AVERAGE---YIELD-----YIELD---POROSITY--POROSITY--
6-K GPO< 

95 LIN!S=O 
96 GO TO 80 
97 60 GO TO (62,64,66,68,70),ITEMP 
98 62 VISC=l.002 
99 GPD=20.75 

100 CMSQ=99300. 
101 GO TO 150 
102 64 VISC=0.9779 
103 GPD=21.25 
104 CMSQ=l04lOO. 
105 GO TO 150 
106 66 VISC=0.9548 
107 GPD=21.75 
108 CMSQ=l04100. 
109 GO TO 150 
110 68 VISC=0.9325 
111 GPD=22.25 
112 CMSQ=l06600. 
113 GO TO 150 
114 70 VISC=0.9111 
115 GPD=22.75 
116 CMSQ=l09000. 
117 GO TO 150 
118 20 CONTINUE 
119 WPITEl6,53) 
120 53 FORMATflHl< 
121 STOP 
122 END 

123 SUBROUTINE WCC31BALL,N,QB) 
124 IF(BALL-4.4)24,24,20 
125 20 IF(BALL-12.4)26,26,22 
126 22 IFfBALL-26.5)28,28,30 
127 24 SLOPE=0.88 
128 XINTER=l.12 
129 GO TO 32 
130 26 SLOPE=l.87 
131 XINTER=-3.25 
132 GO TO 32 
133 28 SLOPE=2.84 
134 XINTER=-15.18 
135 GO TO 32 
136 30 SLOPE=3.43 
137 XINTER=-30.91 
138 32 OB=O.O 
139 OB=SLOPE*BALL+XINTER 
140 RETURN 
141 END 

142 SUBROUTINE WCC2(BALL,N,Q8) 
143 IFIBALL-5.9)46,46,40 
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144 40 IF ( BALL-10. 5148 14B1 lt2 
145 42 IFCBALL-14~6150150144 
146 44 IF(BALL-23.0152152154 
147 46 SLOPE•0.12 
148 XINTERl"'0.28 
149 GO TO 56 
150 48 SLOPE•0.22 
151 XINTER•-0.28 
152 GO TO 56 
153 50 SLOPE•0.24 
154 XINTER•-0.56 
155 GO TO 56 
156 52 SLOPE•0.36 
157 XINTER•-2.21 
158 GO TO 56 
15q 54 SLOPE•0.50 
160 XINTER=-5.72 
161 56 OB•O.O 
162 OB•SLOPE*BALL+XINTER 
163 RETURN 
164 END 

165 SUBROUTINE WCCllBALL1N,QBI 
166 IFCBALL-13.0170,70160 
167 60 IFCBALL-19.0172,72162 
168 62 IFCBALL-26.5174174164 
169 64 IFCBALL-30.0176,76,66 
170 66 IFIBALL-•5.7178178168 
171 68 IFIBALL-58.0180180182 
172 70 SLOPE•0.02 
1n XINTER=-0.08 
174 GO TO 84 
175 72 SLOPE•0.02· 
176 XINTER•-0.12 
177 GO TO 84 
178 74 SLOPE•0.03 
179 XINTER•.,.0.13 
180 GO TO 84 
181 76 SLOPE•0.06 
182 XINTER•-1.11 
183 GO TO 84 
184 78 SLOPE•0.05 
185 XINTER•-1.04 
186 GO TO 84 
187 80 SLOPEs0.07 
188 XINTER=-2.04 
189 GO TO 84 
190 82 SLOPE•0.09 
191 XINTER=-3.29 
192 84 QB•O.O 
193 OB•SLOPE•BAlltXINTER 
194 RETURN 
195 END 

SENTRY 



IO REV Ho--K REV HD--K 
~O GPO l6C DARCY l6C 

FAL HD--K 
GPO l6C 

FAL HD--K 
DARCY l!>C 

AVG--K 
GPO 16C 

AVG--K 
DARCY l6C 

11 0.357E 02 O.l90E 01 0.368E 02 O.l96E 01 0.300E 02 0.160E 01 

12 0.195E 02 0.104E 01 0.193E 02 0.103E 01 0.180E 02 0.956E 00 

13 0.176E 02 0.938E 00 0.173E 02 0.922E 00 0.162E 02 0.859E 00 

21 o. 351E 02 0.187E 01 0.301E 02 0.160E 01 O. 327E 02 O. l 74E 01 

22 0.396E 02 0.211E 01 0.330E 02 0.175E 01 0.362E 02 0.193E 01 

23 o.74-0E 02 o.393E 01 o.568E 02 0.302E 01 0.614E 02 0.327E 01 

31 0.278E 02 0.148E 01 0.255E 02 0.136E 01 0.241E 02 o.12ae 01 

32 0.371E 02 0.197E 01 0.282E 02 0.150E 01 0.316E 02 0.168E 01 

33 0.3~8E 02 0.212E 01 0.415E 02 0.221E 01 0.407E 02 0.217E 01 

41 0.670E 02 0.356E 01 0.658E 02 0.350E 01 0.621E 02 -0.331E 01 

42 0.560E 02 0.298E 01 0.603E 02 0.321E 01 0.552E 02 0.294E 01 

43 0.867E 02 0.461E 01 o.775E 02 0.412E 01 o.772E 02 o.411E 01 

51 0.851E,02 0.453E 01 0.8.09E 02 0.431E 01 0.779E 02 0.414E 01 

52 0.601E 01 0.320E 00 0.471E 01 0.251E 00 0.511E 01 0.272E 00 

53 o.540E 02 0.287E 01 o.564E 02 0.300E 01 0.522E 02 0.278E 01 

YIEbD NO C RR 

0.003 

0.003 

0.-022 

0.022 

0.020 

0.010 

0.025 

0.011 

0.020 

0.014 

o.ooa 

0.012 

0.010 

0.011 

0.014 

yeo~R 

0.013 

0.053 

0.129 

0.129 

0.069 

0.079 

0.112 

0.261 

0.096 

0.102 

0.175 

0.210 

0.059 

0.086 

0.102 

POROS 
NO CORR 

0.398 

0.454 

0.419 

0.416 

0.420 

0.429 

0.432 

0.420 

0.436 

0.393 

0.380 

0.415 

0.383 

0.454 

0.446 

PO ROS 
CORR 

0.447 

0.489 

0.490 

0.486 

o.456 

0.476 

0.489 

o. 569 

0.483 

0.453 

0.490 

o. 543 

0.420 

0.499 

0.503 

FLOW TB--K 
GPO 

0.177E 02 

0.151E 02 

0.135E 02 

0.330E 02 

0.361E 02 

0.535E 02 

0.189E 02 

0.296E 02 

0.409E 02 

0.536E 02 

0.493E 02 

0.675E 02 

0.677E 02 

0.460E 01 

0.462E 02 

00 
-....) 



APPENDIX B 

METHODS AND TECHNIQUES OF WATER 

QUALITY ANALYSIS 
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Preparation 

All water samp~es were filtered through Whatman #2 filter paper. 

Sodium, Calcium, Magnesium, Manganese, Iron 

The above were analyzed with a Perkin-Elmer Model 403 atomic adsorp­

tion unit. Analytical methods desc~ibed in the Perkin-Elmer Handbook 

(1971) were followed. 

Lead 

Lead analyses were performe~ with a heated graphite furnace acces­

sory on the atomic adsorption spectrophotometer (Perkin-Elmer HGA-70) 

because the concentration of lead in the water was below detection levels 

of conventional flame methods. A hydrogen continuum lamp was used to 

correct for adsorption by organic.background in the samples. 

Chloride, Carbonate, Bicarbonate 

Chloride, carbonate, and bicarbonate were determined using the 

ti trimetric methods and procegures list,ed in Agricultural Handbook No. 60 

(U, S. Salinity Lab, 1954), 

Nitrate 

The nitrate was analyzed by t,ising the Orion Meter with a Nitrate Ion 

Electrode. 

Sulphate 

Sulphate was analyzed by a turbidimetric procedure using barium 

chloride and a Bausch and Lomb (Spec 20) spectrophotometer. 
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Phosphate 

Phosphate was determined by the colorimetric procedure outlined by 

Watanabe and Olsen (1965). 

pH Determination 

pH was tested colorimetrically in the field using a Hach Model 17-H 

Phenol Red pH Tester. 

Sodium Adsorption Ratio 

The following formula, 

Na+ 

SAR = /' (Ca++ + Mg++) 
2 

+ ++ ++ . where Na , .ca , and Mg represent concentrations in milliequivalents 

per liter is from Agricultural Handbook No. 60 (U. S. Salinity Lab, 

1954). 



APPENDIX C 

STIFF DIAGRAMS AT THE GROUND~WATE~ 

QUALITY LOCATIONS 
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