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PR~~’ACE

The study reported herein was conducted from 1 August 1975 to

15 July 1977 at the U. S. Army Waterways Experiment Station (WES),
Vicksbu.rg, Mississippi, by personnel of the Environmental Systems

Division (ESD), Mobility and Environmental Systems Laboratory (MESL).

The work was authorized by LTC E. R. Hall, Directorate of Facili-

ties and Engineering (DFAE), Fort Carson , Colorado , and supports the
Fort Carson Long—Range Environmental Program.

The overall Program Managers at Fort Carson were Messrs. D. W.

Davis (now retired), Land Management Branch (LMB), DFAE , and M. E. Halla,
Environmental Office, DFAE. Mr. G. J. Bober , 1MB , DFAE , provided

valuable assistance to the WES field teams during the study. Mr. A. D.

Elkin , Soil Conservation Service (SCS), Denver , Colorado , was responsible
for the measurement of accumulations in the sediment catchment basins

and also provided valuable assistance to the WES field teams during the

course of this study. Mr. E. C. Dennis, SCS , La Junta , Colorado , was
responsible for the identification of plant species in the watershed

study areas.
A portion of the methodology used to acquire on—site environmental

data on soils , vegetation, surface geology , topography , surface hydrol-

ogy , and meteorology was developed under a Department of the Army
Proj ect entitled “Environmental Quality for Construction and Operation

of Military Facilities,” Task 01, “Environmental Quality Management for

Military Facilities,” Work Unit 006, “Methodology for Characterization

of Military Installations Environmental Baseline,” sponsored by the

Directorate of Military Construction , Office , Chief of Engineers (OCE),

U. S. Army. That portion of the Fort Carson work that pertained to on—

site environmental data collection was assumed under the auspices of the

OCR program as research necessary to assess the adequacy of the proce-

dures used to support environmental baseline development at military

installations.

This is one of a series of six reports entitled “Environmental

Baseline Descriptions for Use in the Management of Fort Carson Natural

2
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Resources.” The individual reports are as follows:

Report 1. Development and Use of Wildlife and Wildlife Habitat
Data

Report 2. Water—Quality , Meteorologic , and Hydrologic Data
Collected with Automated Field Stations

Report 3. Inventory and Assessment of Current Methods for Range—
land Conservation and Restoration

Report 14. Analysis and Assessment of Soil Erosion in Selected
Watersheds

Report 5. General Geology and Seismicity

Report 6. Description and Use of a Computer Information System
for Environmental Baseline Data

The work was conducted under the direct supervision of

Messrs. H. W. West , Project Engineer , and J. K. Stoll, Chief , Environ-
mental Simulation Branch (ESB), ESD, and under the general supervision
of Messrs. B. 0. Benn, Chief , ESD, and W. G. Shockley, Chief , MESL.

Messrs. E. A. Dardeau , Jr., A. M. B. Rekas , and C. E. Stevens ,

all of EBB, were responsible for -the field data collection and prepara-

tion of soil and vegetation maps. Mr. M. P. Keown, ESB, was responsible

for the analysis and erosion assessment of the watershed study areas.

This report was prepared by Messrs. Keown and West. Appendix D was

prepared by Messrs. Dardeau and Stevens .

COL G. H. Hilt, CE, and COL J. L. Cannon, CE, were Directors of

the WES during the study and report preparation. Mr. F. R. Brown was

Technical Director .

3



CONTENTS

Page

PREFACE 2

CONVERSION FACTORS , METRIC (SI )  TO U. S. CUSTOMARY AND U. S.
CUSTOMAR Y TO METRIC (S I )  UNITS OF MEASUREMENT 6

PART I: INTRODUCTION 7

Background 7
Purpose and Scope 8
Overview of Problem Solution 9

PART II: DEVELOPMENT OF THE WATERSHED EROSION INDEX 12

Field Mapping Unit Erosion Index 12
Rainfall Factor 13
Soil Erodibility Factor 13
Slope—Length and Gradient Factor 15
Composite Land Use Factor 16
Computation of Watershed Erosion Index 17

PART I I I :  SELECTION AND DESCRIPTION OF WATERSHED
STUDY AREAS 19

Wat ershed Study Area Selection 19
General Terrain Descriptions 19
Determination of Accumulated Sediment Volume

in Watershed Study Area Catchment Basins 26
Data Needed to Compute Watershed Erosion Index 32

PART IV: ASSESSMENT OF THE IMPACT OF MILITAR Y TRAINING
ACTIVITIES ON SOIL LOSS 67

Development of Predictive Technique to Estimate
Average Annual Sediment Yield 6~

Estimates of Average Annual Sediment Yield in
Six Watershed Study Areas 71

Estimates of Remaining Life of Sediment
Catchment Basins 73

Estimates of the Accumulated Sediment Volume
Attributable to Military Training Activities 77

PART V:  CONCLUSIONS AND RECOMMENDATIONS 79
Conclusions 79
Recommendations 80

REFERENCES 81

TABLES 1-14

APPENDIX A: NATURAL VEGETATION DESCRIPTION Al

TABLES Al and A2

14

- . - - - --- - -- --.-- -- ---
~~~

--- - -- . 
— - - .

- ~~~~~~~ ‘~~
..- _ s,~~

- - ’ ~- - r -, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



CONTENTS

APPENDIX B: DEVELOPMENT OF MAPS DEPICTING WOODY
VEGETATION DAMAGE Bi

Description of Woody Vegetation Damage Bl
Preparation of Maps B14

TABLE Bi
APPENDIX C: PROCEDURE FOR CALCULATING TOPOGRAPHIC

SLOPE GRADIENTS Cl

Digitization of Contour Data Cl
Construction of Elevation Grid Arrays Cl
Using SLOPEMAP to Compute Slope—Gradient C5

APPENDIX D: PROCEDURE FOR DETERMINING SEDIMENT
BASIN VOLUME Dl

Field Survey Procedure Dl
Cartesian Coordinate Transformation D7
Calculation of an Elevation Grid Array D7
Computation of Sediment Basin Volume Dl0
Computation of’ Original Design Volume DlO

ACC[~S~!CN for 
--

N1IS ~
- ~:~c -

~on ‘~~~

DO C b ~e~~on
1 0

JIJS~ C Y ~

1 CII’ES
Di - :

5

u..—— - - - - -- V— — T



CONVERSION FACTORS , METRIC (SI )  TO U. S. CUSTOMARY AND
U. S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

Units of measurement used in this report can be converted as follows :

Multiply By To Obtain

Metric (SI )  to U. S. Customary

centimetres 0.3937007 inches

cubic metres 35.31)466 cubic feet
kilometres 0.6213711 miles (U. S. statute)

metres 3.280839 feet

metric tons 1.1 tons

square kilometres 0.3861021 square miles (U. S.
statute)

square metres 10.76391 
- 

square feet
_)4

square metres 2.147105 x 10 acres

U. S. Customary to Metric (SI)

acres 4 0 14 6.85 6 square metres
cubic feet 0.0283685 cubic metres

degrees (angle) 0.017145329 radians

feet 0.30148 metres

square feet 0.092903014 square metres

tons 0.907 tons (metric)
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ENVIRONMENTAL BASELINE DESCRIPTIONS FOR USE IN THE

MANAGEMENT OF FORT CARSON NATURAL RESOURCES

ANALYSIS AN D ASSESSMENT OF SOIL EROSION IN SELECTED WATERSHEDS

PART I :  INTRODUCTION

Background

1. Army Regulation (AR) 200—1 entitled “Environmental Protection
and. Enhancement ,” dated 7 December 1973, implements Department of Defense

Direct ive  5100.50 and provides direction regarding Department of the

Army policy on environmental protection and enhancement of the natural

resources of Army installations . The long—term planning and mana~ ement

goal outlined in this AR requires that design , construction , oper otion ,

and maintenance activities on an installation must be conducted wi th

minimum environmental impact on the natural resources of the installa-

t ion .  Inherent in this goal is the objective ~o minimize  soil erosion

and attendant pollution caused by rapid and uncontrolled runoff into

streams and rivers. To meet this  objective , measures must be imple-

mented on military installations to prevent the transport of excessive

quantities of soil material and erosional debris from the installation
onto lands and into stream channels adj acent to the installation.

2. The broad objectives of the Fort Carson Environmental Program

and the Land Use Management Plan that pertain to training area land

management are as follows :
a. To conserve , maintain, restore, and enhance the downrange

environment at Fort Carson in terms of its visual attrac-
tiveness and productivity, without impairing the Army
mission.

1. To minimize the transport of sediment from watershed
areas into stream channels that drain the installation .

c. To develop and implement an environmental education
program for Fort Carson personnel that will describe the
installation ’s cultural relationship to the environment
and outline current effor ts to monitor and maintain
environmental quality.

7



d. To develop improved methods and techniques for assessing
the impacts of military training activities on the
environment .

e. To determine and maintain those downrange training areas
that should be placed off limits at certain designated
t ime periods to allow for the reestablishment of accept-
able landscape conditions , specifically vegetal cover .

f . To manage and control all land and vegetal resources
needed for (1) mil i tary training programs ; ( 2 )  use as
a fac i l i ty ,  road , tank trail , firebreak, dam , or other
control structure; and (3) wildlife habitats.

3. The southern two thirds of the Fort Carson Reservation is used

intensively for field. training of the U. S. Army 14th Infantry Division
(Mechanized). These training activities result in damage to both the

woody and open grassland vegetation , which are slow to regenerat e in the
relatively dry climate existing in the Fort Carson area. In addition to

the vegetation damage noted above , surface soil disturbance , soil com-

pact ion , and the development of roads and tr ails collectively result in
a significant environmental impact that is incurred from military vehicle
traffic. The direct result of this impact is the escalation of soil—loss

rates. Emphasized in this report is the development of a technique for

evaluating soil loss on the Fort Carson Reservation. This basic tech-

nique is needed for assessing (and devising mitigation techniques for)

the impact of military training activities on the environment .

Purpose and Scope

14. The purpose of this report is to describe a method (a modifi-

cation of the Universal Soil—Loss Equation (USLE)
1) developed to assess

soil loss as a function of watershed characteristics and land use on the

Fort Carson Reservation. The methodology was derived from measurements

of sediment accumulated in six catcbment basins and the land use his-

tory and terrain characteristics of the associated watersheds . The

watersheds were selected to be representative of vegetation , soil , and

topographic relief occurring in the areas used for training purposes.

Although this report is limited to assessment of soil erosion at Fort

8



Carson , the method of assessment should apply to any mili tary reserva-

t ion  where there are existing sediment catchment basins .

5. Borings were made in the six sediment catchment basins by the

Soil Conservation Service (SCS) to determine the accumulated sediment

volume in each. Estimates of the average annual sediment yield were

calculated for the six basins using the SCS boring data. Environmental

data collected by the U.  S. Army Eng ineer Waterways Experiment Station

(WEB ) and the land use history of the watersheds furnished by the

Directorate of Faci l i t ies  and Engineering ( DFAE ),  Fort Carson , were then

correlated with the average annual sediment yield to provide the predic-

t ive methodology based on measurable watershed parameters. This method-

ology was used to ( a )  estimate the average annual sediment yield in the

selected watersheds , (b )  estimate the remaining design li fe of the sedi-

ment catchment basins in the selected watersheds , (c) demonstrate how
the predictive methodology coul d, have been used to develop a more cost—

e f f ec t ive  desi gn for the existing cat chment basins as well as extending

the methodology to the desi gn of new sediment retention structures , and

( d )  estimate the accumulated sediment volume in the selected cat chment

basins that is directly attributable to mili tary t raining activities.

Overview of Problem Solution

6. Land management and conservation practices at Fort Carson are

directed towards the e f fec t ive  ut i l izat ion of the downrange environment
such that the natural resources (land , water , and wildlife) of the in-

stallation are maintained in a state as ecologically viable and as
aesthetically pleasing as poss ible while at the same time providing a

suitable area for the primary land use function (military training).

The spirit of this effort requires that military training activities be

conducted in such a manner that those stresses imposed on the terrain

that would result in soil loss should be minimized. In the past environ-

mental resource managers have found it particularly difficult to objec-

tively analyze and assess soil erosion problems at Fort Carson because

a technique was not available to estimate soil loss as a function of

military land use and terrain conditions .

9



7. On the Fort Carson Reservation , several well—defined water-

sheds exist that have been subjected to different levels of erosion due

to variations in soil erodibility , topography, and land use. In many of

these watersheds , the sediment that was trapped by catchment basins has

provided a means for making reliable estimates of the volume and mass of

accumulated sediment . These estimates can be obtained by using informa-

tion derived from surface topographic measurements and borings made in

the area where the sediment is deposited. Sediment accumulation data

were used in conjunction with terrain data obtainable in selected water-

shed study areas to refir.~ a technique for estimating soil loss in terms

of military training activity and terrain conditions . The technique

(uSLE ) and the approach used in its modification are described herein.

8. Many procedures have been developed for predicting soil loss

from sheet and n h  erosion in small watersheds. Of these methods , the

USLE has been found to be widely applicable and is generally accepted
as the best method for estimating areal soil losses. 1 The USLE was

originally developed for application to cropland, hayland, and pastures

but has recently been extended2 to terrains including rangeland, wood-

lands , and idle land. The USLE equation for computing soil loss is

expressed as

A = RKLSC (1)

where

A = annual areal soil loss due to sheet and rill erosion

R = rainfall factor

K = soil erodibility factor

L = slope—length factor

S = slope—gradient factor

C = land use factor

These terms are further described in Part III.

9. Sediment deposition in a catchment basin cannot be directly

related to the upland soil loss as estimated by the USLE because of the

multiple erosion mechanisms in action. While the USLE predicts soil

10
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losses for sheet and n h  erosion , the deposition in a downstream catch-

ment basin may also be attributable in part to gully and channel erosion.

A universally accepted method for estimating deposition due to gully and

stream channel erosion ,3 that is directly applicable to the Fort Carson
Reservation , has not been developed. Thus, for the purposes of this

study , the soil loss calculated from the USLE would not account for the

total sediment yield as measured, in the sediment catchxnent basins .

10. The approach-selected for this analysis was to first develop

a procedure , based on the USLE, to calculate a quantitative value

reflecting a relative index of erosion for a given watershed , the input s
needed to calculate the index being derivable from land use and environ-

mental baseline data. The next step was to select several watershed

study areas (in this case six, as described in Part III) on the Fort

Carson Reservation (each having a downstream sediment catchment basin),

representing the range of soil erodibihity, topography , and land use

conditions found on the reservation . Field data were taken in each

watershed study area to determine the accumulated sediment volume in the

catchment basin (from which a value of the average annual sediment

yield was determined) and to acquire data needed to calculate the

erosion index. After calculation of the yield and the index for each

watershed , the data pairs were plotted and a mathematical correlation

was developed . Through the correlation of known yield values with the

dimensionless index, the multiple erosion mechanisms active in a given

watershed, i.e., sheet and nill erosion as well as soil losses due to

gully and stream channel erosion, were accounted for and thus the

limitations of the USLE were overcome.

11
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PART II: DEVELOPMENT OF THE WATERSHED EROSION INDEX

11. As stated in paragraph 8, the USLE (Equation 1) is an analyti-

cal tool whereby watershed parameters are used to predict the annual

areal soil loss resulting from sheet and rill erosion . The numerical

values obtained by using the USLE do not reflect soil losses attribut-

able to gully and stream channel eros ion and, thus , do not provide a

true measure of watershed erosion. To accommodate the multiple erosion

mechanisms that collectively determine the sediment yield of a wat ershed,
an erosion index was developed using the USLE as a conceptual basis.

The USLE includes five factors that each directly contribute to soil

loss: rainfall, soil erodibihity , the topographic slope gradient and

length, and land use. The factors comprising the index of erosion are

identical to the USLE structure except for the land use factor, which

has been modified to include the effects of soil losses occurring as a
result of military training activities.

12. To account for the variation in erosion rates among the dif-

ferent types of soils present in a given watershed, an erosion index was
determined for each area containing a unique soil type. The resulting

indices were areally weighed and summed to obtain to an index reflecting

the relative soil loss for the entire watershed . This index is hereafter

referred to as the Watershed Erosion Index (WEI). The subdivision of

watersheds by soil type and the development of’ the WEI are described

below.

Field Mapping Unit Erosion Index

13. Each watershed was subdivided into areas , called field

mapping units , according to the SCS soil type. Using the USLE as a

basis , the erosion index for each field mapping unit was then calculated

from the expression

(EI\. = BK. (LS~~.C. (2)
\ / ] . 1 1\ / 1  1

12



where

(El ). = field mapping unit erosion index ; i is a unique
integer value assigned to each unit

R. = rainfall factor (see paragraphs 1~4 and 15)
K. = soil erodibihity factor (see paragraphs 16—19)

(LS). = slope—length and gradient factor (see paragraphs 20—
1 

22)

= composite land use factor (see paragraphs 23 and 214)

The various terms in this equation are described below. The acquisition

of numerical data for Equation 2 applicable to the Fort Carson area is
described in Part III.

Rainfall Factor

114. The rainfall factor (B.) is the rainfall erosion index de-

veloped by Wischmeier .
14 This factor reflects the combined influence of

raindrop impact and turbulence of runoff to transport dislodged soil

particles, i.e., the factor is a relative measure of rainfall erosive

force.

15. The rainfall factor is computed from the records of individ-

ual storms and summed over a given time interval to obtain an accumu-

lated value. For many regions of the United States, rainfall factors

have been compiled and summarized in the form of “iso—erodent” maps.~~’
6

Soil Erodibility Factor

-16. The meaning of the term “soil erodibility” is distinctly dif-

ferent from that of the term “soil erosion.” The rate of soil erosion

in any given area may be influenced more by land slope, rainstorm char-

acteristics , cover , and management than by properties of the soil itself.

However , some soils erode more readily than others even when slope , rain-

fall, cover , and management are the same. This difference , due to prop-

erties of the soil itself, is referred to as soil erodibihity.

17. Properties that influence soil erodibihity by water are

13
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those that (a) affect the infiltration rate , permeability, and total
water capacity , and (b) resist the dispersion , splashing, abrasion, and

transporting forces of the rainfall and runoff. A number of attempts

have been made to determine criteria for scient ific classification of

soils according to erodibility. Generally , however , soil classifica-

tions used for erosion prediction have been largely subjective, with

only relative rankings.

18. The relative erodibihity of different soils is difficult to

judge from field observation . Even a soil with a relatively low erodi—

bihity factor may show signs of ser ious erosion when the soil occur s on
long or steep slopes or in localities having numerous high—intensity

rainstorms. A soil with a high natural erodibility factor , on the other
hand, may show little evidence of actual erosion under gentle rainfall
when it occur s on short and gentle slopes or when the best possible

management is practiced.

19. The soil erodibility factor (K .)  is a quantitative value that

is experimentally determined by the SCS. For a particular soil, it is

the rate of erosion from unit plots of that soil. A unit plot is

22.13 m* long, with a uniform lengthwise slope of 9 perc ent , in contin-
uous fallow, tilled up and down the slope . Continuous fallow , for thi s

purpose , is land that has been tilled and kept free of vegetation for a

period of at least 2 years or until prior crop residues have decomposed.

During the period of soil—loss measurements , the plot is plowed and

placed in conventional corn seedbed condition each spring and is tilled

as needed to prevent vegetal growth or serious surface crusting. When

all of these conditions are met , each of the factors L , S , and C

in Equation 1 are set equal to 1.0, and K equals AIR . The conditions

listed above were selected as unit values in the USLE because they rep-

resent the predominant slope length and the median gradient on which

past eros ion measurement s in the United States have been made , and the
designated management provides the surface condition least influenced by

* A table of factors for converting metric (SI) units of measurement
to U. S. customary units and U. S. customary units to metric (SI units
is presented on page 6.
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differences in climate and local cropping systems . To evaluate K for

soils that do not usually occur on a 9 percent slope , soil—loss data

from p lots that meet all the other spec ified conditions are adjusted to
the 9 percent slope by means of the slope—gradient factor (see para-

graph 21).

Slope—Length and Gradient Factor

20. Slope length is defined as the distance from the point of

origin of overland flow to either of the following points , whichever

is limiting for the major part of the area under consideration : (a) the

point where the slope decreases to the extent that deposition begins; or

(b) the point where runoff enters a well—defined channel, which may be

part of a drainage network or a constructed channel , such as a terrace
or diversion . Studies

2 
have shown that the soil loss per unit area is

proportional to some power of the length of the topographical slope.

The slope—length factor (L) is defined as the ratio of a field slope to

that of a slope 22.13 m in length raised to a given power . The value

of L may be expressed as

L = 
(
~~~~~ )m

where

A = measured slope length in metres

m = power of slope length

The magnitude of the exponent in this expression is not the same for

all locations or for all conditions at a given location. However , its

average value in past investigations under natural rainfall has been

about 0.5; thus, this value was used for this study.
1

21. Based on analyses of the data assembled at the U. S. Depart-

ment of Agriculture Runoff and Soil—Loss Data Center , Portland, Oregon,

Wischmeier
6 
developed the following slope—gradient factor (5) equation :

- 0.143 + 0.30s + 0.0)43s2 ( 14 )— 

6.613
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where s equals the gradient expressed in percent .

22. The collective effects of L and C have been evaluated

separately;
1 however , it has been convenient to consider the two as a

single topographic factor , LB . . By multiplying Equations 3 and 14 , the

following equation represents the slope—length and. gradient f ac to r :

= ‘~T (0.0076 4 O.0O535s + O.00076s2) (~ )

Composite Land Use Factor

23. The composite land use factor (C.) is a proportional multi-

plier that accounts for the degree of protection against erosion afforded

the in situ soil by plant cover and for the changes in the erosion rate

due to the effects of military training activities. After consu ltation

with the SCS South Technical Information Center (STIC), Fort Worth ,
Texas , it was determined that the influence of military training activi-
ties on watershed soil loss has not been quantitatively defined. Thus,

it was necessary that an equivalent factor be used to represent these

effects. The STIC personnel suggested that a factor developed for cross—

slope plowing2 might be considered as an equivalent factor to account
for the results of military training activities on soil—loss rates.

214. Since within any field mapping unit it may be possible that

only a part of the actual area is subjected to military training opera-

tions , C. was weighted as follows :

C. = A ( C  - C  \ + ~ ( 6)
1 m \, csp mc ) mc

where

A = percent of field mapping unit damaged by military
m 

training activities

C
csp = SCS cover factor for cross—slope plowing

C = factor representing the protection provided by
flC 

natural plant cover against soil erosion

16 
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A time—weighted composite land use factor 
(~it) 

can be used in Equa-

tion 2 instead of to account for the fact that both unused land

with natural vegetation cover and land with natural vegetation cover

used for military training activities may exist for various time inter-

vals during the life of a catchment basin. The equation for C.~ can
be expressed as

= C 

(~~~~) 

+ C
i (
~
)

where

T = number of years that the watershed has been used for
nonmilitary purposes

T = age of sediment catchment basin, years

T = number of years that the watershed has been used for
m troop training act ivities

Comput ation of Watershed Erosion Index

25. By areally weighting and summing the erosion indices for each

field mapping unit within the watershed study area, the WEI can be cal-

culated from the expression :

= 

:~~: 

A~ (EI)~ 
(8)

where

= number of field mapping units within the watershed
study area

A
f 

= percent of watershed study area occupied by field
i mapping unit (see paragraph 26)

(El). = erosion index for a specified field mapping unit
1 

(determined by Equation 2)

Since (El )
1 is considered as being dimensionless , the WEI is inter-

preted as being a relative measure or index of the soil loss within the

watershed study area.

17
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26. The relative influence of the area covered by each field

mapping unit on the WEI was accounted for by determining the percent of

the watershed study area that was occupied by the unit (Af1 
in Equa—

t~. )rt 8).  This factor is a linear multiplier ir Equation 8 that gives
the value for the computed unit erosion index (Equation 2) a weighting

that is directly proportional to the area covered by the unit.

27. Equation 8 provides the analytical framework for making esti-

mates of the WEI; it is emphasized , however , that although the WEI is
interpreted as a relative measure of water shed soil loss , specific input
data are required to make computations . The selection of six watershed

study areas and the acquisition of the data required for making computa-

tions using Equation 8 are discussed in Part III.

18
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PART I I I :  SELECTION AND DESCRIPTION OF WATERSHED STUDY AREAS

Watershed Study Area Selection

28. To serve as the basis for acquir ing environmental data

needed to develop an analytical expression to predict watershed soil

loss (Part II), six watershed study areas with sediment basins (Figure 1)

were selected by personnel of the WES , DFAE , and SCS. Care was taken to

ensure that these water sheds spanned the range of topographic , vegeta-

t ive , soil , and surface drainage characteristics found on the Fort
Carson Reservation , as well as being subject to dif ferent  land use

(mili tary t ra in ing)  pressures .

29 . The coordinate position and dat e of construction for each

of the sediment catchment basin retention structures located in the

six watershed study areas are as follows :

Mili tary Grid Coordinates Date of Retention
Watershed of Retention Structure Structure Construction

1 187514)4 1960
2 0146570 1957
3 117526 19147
14 225552 19147
5 087683 1950
6 257697 1950

The date of construction for each structure was obtained from records

on file at Fort Carson and by examination of stereo—aerial photography

taken over the past 30 years.

General Terrain Descriptions

Wat ershed 1

30. Watershed 1 is located near the southern edge of the Fort

Carson Reservation. The watershed boundary as depicted in Figure 2 has

a surface drainage area of 1,355,000 m2. The locations of the watershed

study area boundaries were determined by the SCS from interpretation of

drainage divides using topographic maps and from field reconnaissance.

19
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The area within th3 es tab lLthcd  boundary was determined. us .i r i ~’ an auto—

~~ted procedure developed by the WES . 7 The relief w i th in  the watershed

is a~-~ i’oximately 220 m , and the soils are primarily loans in the valleys

and gravelly ~aridy loans with scattered rocks on the hills and ridges .

The watershed contains a small drainage channel as indicated.  in Fi gure 2.

Crasses are predominant in the valleys , while one—seed. juniper  (Jun i.eeiu~

~t-u o~~~er~~a) a~i - . t pinyon pine (Pinus edulis) are predominant on the hills

and. r id~ es.

Watershed 2

31. Watershed. 2 is located in the south western corner of the

reservation and has a surface drainage area of 9714 , 000 m
2 . Fi gure 3

shows the boundary of watershed 2. The watershed. contains one pr imsep

sediment basin (constructed in 1951) and two smaller basins (FL’ure 3)

that were constructed in 1973. At the time this study was conducted.,

an insil ’rlificant amount of deposition had. occurred. in the small sediment

basins . Thus, the historical impact of these two retention structures

on the sediment regime of watershed study area 2 was considered to be

ner~l ip~ible and did not enter into the analyses described in Part IV.

The relief is approximately 350 m; the soil~ are primarily loans . This

watershed. contains a large stream channel as indicated. in Figure 3.

1r’~sses are predominant in the flat areas , while vegetation in the hills

and rid~ es consists of one—seed junipers and pinyon ines . Many lare~e

boulders are found on the hills and. r i i~ es .

Watershed 3

32. Watershed 3 is located near the southern boundary of the

reservation and has a drainage area of 1,215,000 m2. Figure 14 shows

the boundary of the watershed. The relief within the watershed. is

2~+0 m; the  soils and vegetation are the same as described. for watershed.

2.  This watershed contains  small drainage channels that are not well

defined on the topographic map (Figure 4 ) .
Watershed 14

33. 4ater:~ io 1 is located near the southeastern corner of the

reserv3tion aii- .i has a dratnage area of 869,000 m . Figure 5 shows the

boundary of the watershed. No well—defined stream channel has developed

22
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in t1e basin. The relief is approximately 170 m , and the soils are
-sc rallp loans . The vegetation is primarily grasses in the flat areas

- t u id . one—seed. junipers and pinyon pines in the areas of slosin~ terrain.

Watershed. 5

314. Watershed 5 is located. in the west—central portion of the

— reservat ion and has a surface drainage area of 5014,000 m2. The boundary

of watershed 5 is depicted on the topographic map included as Figure 6.
The relief within the watershed is 130 m. The reddish soils are pri—

maril:r loans , and the veget ation is the sane as that for watershed 2.

Watershed 6
35. Watershed 6 is located on the eastern edge of the reservation

and. lies mostly in privately owned land outside the Fort Carson Reserva-

tion . This watershed is subject to very little military activity, and

soil loss is not considered to be a problem. Figure 7 shows the bound-

ary of the watershed , which has a drainage area of 1,918,000 m2. The

relief within the area is 100 m. The soils are primarily loan and. silt.

A good ground cover of grasses occurs over the watershed , but there are

no trees . A central drainage channel extends northwest to southeast

through the area.

Determination of Accumulated Sediment Volume
in Watershed Study Area Catchmerit Basins

36. Prior to developing an analytical relationship to predict

average annual sediment yield as a function of the WEI, the accumulated

sediment volume (from which the average annual sediment yield is com-

puted (see paragraph 63))  and WEI must first be determined for each of

the watershed study areas.

37. The method used to determine the accumulated sediment volume

in the watershed study area catebment basins is explained in the fol-

lowing paragraphs. Then , the acquisition of data ~Leeded to calculate

the watershed erosion indices is discussed in paragraphs 141—60.

38. During the period July—October 1975, the SCS conducted. topo-

graphic surveys and drilled holes with a truck—mounted auger in five of

the six watershed basins to determine the total volume of sediment (i.e.

26
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sediment accumulation) that had been deposited in the basins since their

construction . The SCG found the sediment accumulation in the basin of

watershed study area 6 to be negligible and thus made no borings. The

OCS procedure to calculate the thickness of the accumulated sediment

consisted of first laying out (i.e. surveying) either a 6.l—m (watershed

study areas 1, 2, 3, and 14) or a 12.2—rn (watershed study area 5) grid.
network , each grid point being marked with a wooden stake and numbered
according to a row and column format (Figure 8 ) .  The boundary of the

grid network included the sediment surface as determined by visual in-

spection . At each grid location within the boundary of the sediment

surface , a boring was made using a 10.2-cm-dims auger. The thickness

of the sediment accumulation was then determined by noting the depth in

the boring where there was a change in the soil type or color of the

soil.

39. A two—step procedure was used for calculating accumulated

sediment volume in a catchment basin. First , a mean cross—sectional

area between sequential pairs of data point s along each row was computed

according to

p+l d + d
A . = 

j l  

D 

(

i_l
2 i) 

(~~~~)

where

A . = mean cross—sectional area between grid points j—l and.
j , m2

p = number of grid points (stakes) along each row

D = spac ing between gr id points
d = measured thickness of deposited material at each estab—

lished grid location within the sediment surface. The
mean area before the first data point on the row where

was not equal to zero was computed by assuming that
the thickness of sediment at the hypothetical data point
(d~ _1) was equal to zero . The sane procedure was used
to compute the mean area after the last data point on
the row where dj was not equal to zero by assuming
that the thickness of sediment at the next grid location
was zero .

29
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By summing the areas from j = 1 to j = p + 1 , a mean cross—sectional

area (A
k
) was determined for each row. In the vicinity of the darn, D

was adjusted. to reflect a distance between the upstream grid point and a

point on the embankment above the apparent sediment surface when the

traverse between the two grid points crossed the dam. The following

equation was used to compute the mean volume of deposited material be-

tween sequent ial rows :*

q+l

Vk 
= ~~ D(Ak_l

+ 

~
) (10)

where

V = mean volume of sediment material between sequential
k rows , m3

q = number of rows across the basin grid

By summing the volumes from k = I to k q + 1 , the accumulated

sediment volume of the basin (V
B) 

was computed.

140. A summary of the SCS calculated values of VB 
in each catch—

ment basin is tabulated below:

SCS Calculated.
Accumulated. Sediment

Volume (V
B
)

Watershed Study Area in 1975, m3

1 1530
2 2960
3 1060
14 369
5 2825
6 Negligible amount

Since there was no apparent sediment surface and very little military

activity indicated , watershed study area 6 was not surveyed.

* The mean volume before the first cross-sectional area (A1) was com-

puted by assuming that a hypothetical area (A0) was equal to zero.
The same procedure was used to compute the mean volume after the last
row by assuming that a hypothetical area A

q+i 
was equal to zero.
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Data Needed To Comput e Watershed.
Erosion Index

41. Determination of the erosion index (Equation 2) for each

f ield mapping unit and the resulting WEI (Equation 8) for the six

watershed study areas required that the following data be available :

(a) rainfall factor (see paragraph 114), (b) the soil erodibility factor

(see paragraph 16), (c) the slope—length and gradient factor (see para—

~:raphs 20—22), (d.) the composite land use factor (see paragraphs 2 3—2 ) 4 ) ,

and. ( e )  the percent of the watershed occupied by the field mapping unit

(see paragraph 2 6 ) .  The determination of the field mapping unit bound-

aries and the acquisition of the data needed for Equation 2 are dLs—

cussed below. Table 1 presents the acquired data.

Determination of field
mapping unit boundaries

142. The boundaries of the mapping uni ts  in each of the watershed

study areas were determined in the following manner . The Colorado

Springs and Pueblo Distr ict offices of the SCS furnished the WES with

mapping unit boundaries drawn on uncontrolled aerial photomosaics at a

scale of 1:21 ,000 for El Paso and Pueblo Counties. WES personnel

transferred the boundar ies of the units shown on the photomosaics to
more recent aerial photographic base maps at a scale of 1:2)4,000 for

each watershed study area. Soil series maps were then constructed for

each watershed study area from the base maps and are included as Fig-
ures 9—114. Table 2 presents the SCS soil series field mapping units

by name , symbol , and classification.
Rainfall factor

43. Rainfall factor values for the State of Colorado have been

determined recent ly8 by SCS and are presented in Figure 15. These data

show that a value of 75 covers the Fort Carson Reservation. Thus, a

value of 75 was used for this study (Table 1, column 3).

Soil erodibility factor
1414 . The SCS , Denver , also supplied the soil erodibility factors

for the 13 field mapping units present in the six watershed study areas

32
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L2:ihle 1, column 14). Table 2 lists these values by soil type .

Slope-1~ngth and gradient factor

~5. The gr a d i e n t ( s )  for a slope in a f ie ld mapping urt i~ was

determinea as a percentage from the following expression:

/E - E . \
= 100 max 

H (11)

where

E = elevation of the highest point on a slope where over—max land flow can originate , e.g. “hill top” or “ridgeline ”
(see paragraph 20)

E . = elevation of the point on a slope where sediment
depos ition begins from the flow starting at Emax
or where this flow enter s a defined drainage channel
(see paragraph 20)

H = horizontal distance between E and E
max mm

46. In determining representative values for E , E . , andmax m m
H for the irregularly shaped field mapping units, some judgment was

necessary. The method used for this study was to lay out several

transect lines on a topographic map of the f ield mapping unit , with

each transect approximately perpendicular to the contour lines. The

transect lines were considered to be representative of the path that
surface runoff would follow during and after a storm event . The maxi-

mum and minimum topographic elevations that occurred for each measured.

path length were then determined and recorded. Then , to solve for s

i n each mapping unit , average values for E
m 

E
m i , and H were

computed and substituted into Equation 11.

147. Slope length (x) was computed from the Pythagorean theorem

equation:

X /H
2 + IE - E . 

\2  (12)max m m 1

For each mapping unit , the average values of E
m 

E .~ , and H

were substituted int - Equation 12 to solve for A

148. The rlcpe—length and gradient factor for each mapping unit

in the six w Ucrshed study areas was then computed by sub.tituting the
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values for A and. s into Equation 5 and solving for (LS). . Table 1

(column 5) lists the resulting values of (LS). for each field mapping

unit.

Compos ite land use factor
149. Computation of the composite land use factor (see para-

graph 2)4) requires that the following data be known for each field map-

ping unit: (a) natural plant cover factor (C ), (b) percent of field

mapping unit damaged by military operations (A ), and Cc) SCS cover

factor for cross—slope plowing (C
e

). C~ was calculated for each

field mapping unit (Equation 6) with the resulting values listed in
Table 1 (column 9). Acquisition of the data needed for solving Equa-

tion 6 is described below.

50. Natural plant cover factor. A single value for H. ,

and (LS). was considered adequat e to characterize each field mapping
unit (and thus be used in Equation 2). However, because of the possi-

bility of a wide variation over a field mapping unit of the percent and

type of ground cover , the percent of canopy cover , and the plant height ,
a single value for C was not used in Equation 8. An areally

weighted value for C was determined using vegetation factor complex

maps constructed for each field mapping unit. These maps do account for

variations in ground and canopy cover and plant height (see para-

graphs 5)4 and 55). Thus, the weighted value of C more realistically

depicts the influence of vegetation on soil loss, rather than a single
value for an entire field mapping unit.

51. The values for C , which were obtained from Table 3,

required the follow ing information:
a. Type and height of canopy.

1. Percent canopy cover.

c. Type of ground cover .

d. Percent ground cover.

52. To provide the basic data needed to determine Cnc from

Table 3, the WES first prepared areal maps delineating the percent of

canopy and ground cover and type of ground cover (Figures 16-21) for

each of the watershed study areas. These maps were prepared using the
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environmental data collected during the field program (Appendix A),

air—photo interpretation techniques , topographic maps of the watershed

areas , and the interpreter ’s personal knowledge of the area.

53. Maps depicting plant height were also prepared for each of
the watershed areas (Figures 22-27) using the ground truth data collected

in the area (Appendix A), air—photo interpretation techniques , and the

interpreter’s personal knowledge of the area.

514. Factor complex maps were then constructed for each field map-

ping unit using Figures 9—114 and 16—27. Figures 28—33 present the re-

sulting maps with the boundaries of the field mapping units shown as

heavy lines . The assembly of the factor complex maps required. overlay-

ing maps of the individual factors constructed at the sample scale and
transferring all map unit boundaries to a new base map, such that each

factor complex map element portrays the uniqueness of any given combina-

tion of factors .9 The factor complex maps for each field mapping unit

then delineate soil type , percent canopy and ground cover , type of’

ground cover , and plant height. Table 4 is the factor complex rnal

legend for the field mapping units.

55. The field mapping units present in a given watci-s~ad s u 1 ~

area were assigned unique alphabetic characters (Table 14, column 1).

Each factor complex element in the field mapping unit was tsuri rur re-

sented by a different number (Table 4, column 2). The interpretation

of the alphanumeric code in Table 14 (column 4 ) is as follows :

a. First character :

Canopy Cover
Numerical Value percent

1 0—10
2 >10—20
3 >20—30
14 >30—140
5 >l40_50
6 >50—60
7 >60
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—- -. - -- ---- --~ _ _ _



WA TERSHED

1 BOUNDARY

2

LEGEND
PLANT A V E R A G E

H E I G H T  PLANT
CLASS HEIGHT , m

1 0 -
—

2 0.5
3 2.0
4 4.0

SCALE

0 200 m
I I

SEDIMEN T
BASIN

Figur u 23. Fiant height mat of watershed 2

50

_ _  - --- - -- - — ------- ~~~---- -- - -- ~~~~------- - - ---__



2

-

~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WATERSHED
B O U N D A R Y

LEGEND
PLANT AVERAGE
HEIGHT PLANT
CLASS HEIGHT , ni

1 0
2 0.5
3 2.0
4 4.0

SCALE
0 200 m

SEDIMENT I I I
BASIN

Figure 214. Plant h eigh t, map of watershed. 3

51



WA TER SHED 
2

BOUNDARY

2

LEGEND
PLANT AVERA GE
HEIGHT PLANT
CLASS HEIGHT , III

1 0
2 0.5
3 2.0 1
4 4.0

SCALE
SEDIMENT

I BASIN

Fir-ut-c 25. Plant height map of’ watershed 14

52

— .4. - ~~
• - -



WATERSHED
BOUNDARY

SEDIMENT 3
BASIN 4

SCALE
0 200 m
L I I

LEGEND a

PLANT AVERA GE
HEIGHT PLANT
CLASS HEIGHT , m

1 0
2 0.5
3 2.0
4 4.0

Figure 26. Plant he i ght map of watershed 5

53



I
11

WA TER SHED
B O U N D A R Y

SEDIMEN T

1 BASIN

LEGEND
PLANT AVERAGE

H E I G H T  PLANT
CLASS H E I G H T , m

1 0
2 0.5
3 2.0 SCALE
A 4 0  0 200 m

• I I

rr-ure 27. l~~ -r-it height mao’ of war . shel 6

514

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



A

A2 jAl

I
A3

A4

~~~-A6 A5 
Al

Cl
A3

C3 WATERSHED
BOUNDARY

82 83 A8 
C4 A5

A A5
84 A3 A7

Al A7 3 5 A8
A6 Al At A3 C28 

C3 
A4 A A6

C4A3 C6 A3
- 07A D3 C7 02 

AS
Al Cl A8

F? 03A8 04 A6
C7 A6F3 C6

A3
F4 02
Fl C4 04 A A

C3 C2 A7Fl Dl 02 C
C4 C6 03 C

3 02 Cl A6
6 D3 CS Ct~SCALE C7

0 200 m 04 Dl Cl
I 06 05 C

3

El
E3

El E4ElNOTE: FOR LEGEND SEE T A B L E  4. SEDIMEN T
BASIN

Fivuru 28. Field mapl iri g unit factor complex map for watershed study
area 1



B2
A4 1 83

2
F3

Fl A5

A4 B2

F4 A?
F5 Cl

F
F4 4

A5

F3 A4 
A3

Fl 02 A4
Fl 

A3

A4

E l Al A3 WATERSHED
BOUNDARY

Al

A? SCALE

0 200 m
I I I

A3

Al NOTE:  FOR LEGEND SEE T A B L E  4.

SEDIMENT
BASIN

Figure 29. Field mapping unit factor complex map for
watershed study area 2

56

- — ~~~~~~~~~ -.- - -- - --- ---- -----~~--~~~ -



~~~~~~~~~~~~~~~~~~~~B
:2 c3

WA TERSHED
B O U N D A R Y

Al

SCALE

0 200 m
I I

NOTE: FOR LEGEND SEE T A B L E  4.

A2
SEDIMEN T
BASIN

Figure 30. Field mapping unit factor complex map for
watershed study area 3

57

-
~~ :~ ~~~~~

— - - -  
- 

- -- — -
~ 

--
~~

- - .4 —‘-.A~~~A’~’4 ~~-‘  
- .



C4

A4 Al
C4 86

C4 81
C2 Cl

86

C4 2

AlC 4 C3
Cl 

B3
Cl

A2A C3
C4 Al 6

-N - Cl

5 
A3 84 83

WATERSHED Al
BOUNDARY C3

85
Al B6

SCALE
0 200 m 81
I I I

Al
NOTE:  FOR LEGEND SEE TABLE 4.

Al

SEDIMENT
BASIN

Figure 31. Field mapping unit factor complex map for
watershed study area 14

58



Al
B? AS

Bl 
A4 

A4

83 A/ C4 WATERSHED

82 
BOUNDARY

82 

~~~~A6 
A A C:

SEDIMENT Al
BASIN A3~~~ AS Cl

Al
SCALE

0 200 400 m
I I I

NOTE: FOR LEGEN D SEE T A B L E  4.

i~ r - :  32. Field mu: pirir - unit ractor cumh Lux
- for watu r:; lie ! s tud:i area 5

59

________ 

-4- 

~‘~~~!~
- - - - -



Li
-

Al

81

Cl Cl
Al SEDIM EN T

BASIN

WA TERSHED
BOUNDARY

SCALE
0 200 400 m

I I

NOTE:  FOR LEGEND SEE TABLE &

F i - u r : 33. Field mapping unit factor complex map for watershed study
area 6

6o



b . Second character :

Ground Cover
Alphabetic Letter percent

A 0—10
B >10—20
C >20—30
D >30—140
E >140—so
F >50—60
G >60

c. Third character :

Alphabetic Letter Type of Ground Cover

g Grasses
w Broad leaf

herbaceous plants

For example , the first alphanumeric code in Table 4 (column 14) is trans-

lated through the above t abulations as class 1 for percent canopy

cover (0—10), class D for percent ground cover (>30—140), and g for a

ground cover of grasses. The numeric code (Table 4, column 5) is
interpreted as follows :

Average Plant
Plant Height Class Hei ght , m

1 0
2 0.5
3 2.0
4 4.o

56. The natural cover factor for each factor complex element

(Cncg) present in a field mapping unit was then determined by the

following sequence:
a. The plant height class determined from Table 4 (column 5)

is used to select the proper plant height class in
Table 3.

b. The canopy cover class was determined from the first
character of the alphanumeric code in Table 14 (column 4).
This number is then used to select the proper canopy
cover class in Table 3 (column 1).

C . The type of ground cover was determined from the third

character of the alphanumeric code in Table 14 (column 14).
This letter is then used to select the proper line posi-
tion in Table 3 (column 2).
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d. The ground cover class was determined from the second
character of the alphanumeric code in Table 14 (column 14).
This letter is used to select the proper ground cover
class in Table 3, which finally determines the location
and numerical value of Cnc~ in Table 3.

e. 
~nc for each f ield mapp ing unit* is then obtained by
solving

Cnc 
= C (13)

where

r = number of factor complex elements in a field
mapping unit

= area of factor complex element

A = area of field mapp ing unit

Table 1 (column 6) lists the resulting value of C for each field.

mapping unit. Note that the smaller Cnc becomes in Table 3 the higher
the perc entage of ground cover and canopy cover , e . g . ,  the smaller the

value of Cnc the more protect ion af forded the in s i tu  soil against

erosion by the natural vegetation cover.

57. Percent of field mapping unit damaged by mi l i t a ry  t r a in ing

act ivi t ies .  Militar ,r t ra in ing  ac t iv i t ies  have caused s ign i f i can t  damage

to both trees and grass cover in watershed study areas 1—5. Damage to

the woodland. vegetation consists of branches and. complete trees (junipers

and pinyon pine species) being overridden by training vehicles and/or

being cut down by personnel (Appendix B). Damage to the grassland vege-

tation has resulted from multiple passes of training vehicles across the
terrain, which in turn destroy the grass cover and create numerous roads

and trails that dissect the watershed area (Fi gur e 34 ) .  To determine the

percent of each field mapping unit damaged by military t ra in ing activi-

ties (A ), maps were constructed for each watershed , delineating areas
having less than 10 perc ent areal damage to the vegetation and the in

* Not e that the values of the factor complex element derived from
Table 3 do not reflect different levels of management , e . g . ,  light or
heavy graz ing , select t imber removal , etcJ0

62



a __._e~ 

-- 
~ .—

-
- 

.-
—

- 
—

- ‘4-- .. -

-
~~~ ~~~- - -

- — - -ar • . v’- . - - — 
—

~~~~ 
-;‘

~~~~~~
• 

—

-
.- - - 

. 
- -~~.d . - - ‘

~~~ 
-- . -: -

- - - —  
~~

— - - . . -
~ 

- -

Fi ure 314 . Network of vehicle trails in watershed. 1 ( 1975)

si tu soil as well as those areas having damage equal to or greater than

10 percent damage. Figures B14—B8 , stereo—aerial p h o t o r - r - a~~nj ,  and infor-

mation collected during on—si t e  inspections were used. to prepare these

maps . Each of these fac tors  was collectively integrated by an inter—

pret er to produce an areal damage map for each field mapping unit (a

sample map is shown as Figure 35).

58. A was then calculated as follows :no

A
A = —  (114)
m A fm

where

A = area of field mapping unit having damage to the vegeta-
tion and in situ soil greater than or equal to 10 per-
cent

A~ = area of f ield mapping unit

Values of A and A were determined. from the areal damage maps bymu fm -

means of random—dot grid templates (see paragraph 60). Table 1
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( - s - Lum n i) l ists the numerical values of A computed for each f ield
m

tri a l :: ing un i t .

59 .  CC:~ c- vur ~actor for cross—slope plowing. The ~CC cover

r i st o r  r r -  ero.;s—siu~ e plowing (C
~ 

) was determined for each field map-

p in g  a u it  by Init ia l ly  de t e rmin ing  a representat ive slope gradient for

t~ic w i i t .  t i i l s  sr-i~~ient was then related to C by data provided in- csp
-~ re  11, wh ich  is reproduced. below :

Cover Factor
- - . ?er Cros s—Cie r ~
~lope— raclient Fange , -Plowine ,Cr ’ercent csp

>1 
- 0.15

1.1—12 0.80
12 .1—18 0.90

> 18.1 0.95

To develop a representative ~~~~~~~~~~~~~~~ value for each field maupin-

unit. , a slope-gradient grid* array (Appendix C)  that included the boun—

-lan es Y’ the field mapping unit was ini~~ially gene:- at -  1. Af te r  dL~-it iz—

in:: the !ocn Ianies of the field. ma~:ping unit (digi t i zat ion  is described

in Appendix C), the resulting data base was overlaid with the close-

gradient gr id array using an automated process. 12 The resulting array

t ruviled a gr id  of slope gradients  with in  the boundaries of the r id -i

mapping unit . The equation for calculating a representative sieve-

-r a d ien t  for each unit (S ) is uxure ssed  as
w -

i=~
~~~~ Si

= 
i 1  

(15)
w

where

= number of slor e— r-r ’ilient values in the field.  mapping unit
- th  -= sic c— gr a d ien t  value at the i grid.  point

C was cur:::- ited by e r it e r in r - the calculated value of 2 into the
csp - w

correct : ; L o O e ~ r -r tdient  range in the tabulation above . Table 1 (column 8)

lists the result ing values of Ccsp

* G r i d  spacing was 25 no.
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Percent of watershed study
area occupied. by field. mapping unit

‘0 .  The percent of each watershed study area occupied by the

constituent field mapping units  was calculated st a t i s t i c a l l y  from Fig—

urc:: 0— 114 wi th  random—dot gr id .  templates (such  as those manufactured.  by

the Charles Bruning Company , Memph is , Tennessee).13 The template usel

for th is  study had a degree of precision of at least 95 percent . Table 1

(column 114 ) l ists the resul t ing values.
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PART IV: A ’i- ~ -- -lLii’i OF THE IO’~~ACT OF MILITARY TRAI5T2~
ACTIVITIES ON OO1 L LOSS

ol. The r ’ - c e  Iwa:s -liscu - sed in Part II for calculat ing the -iL l

u~ -l the data -I-:vel c-ed in Part III ore used in Part IV herein to assess

the im -act of m i l i t -  ru t r a i n i n g  a c t i v i t i e s  on soil loss at Fort Carson.

This asses. let : ’. ii-; : 1 1  into four sect ions : ( a )  development of a

1 -r e - l i c t ive  t ecu r ~i o~~e t o  e~ t irriate average annual sediment yield rot’

w-::tv - r shed . ;  in th e  Pe rt  Cars ie  reeler ;, ( b )  es t imates  of the average

an n ua l sediment yield.  of the  six watershed study areas , ( c )  estimates of

the  rencuin i re -  l i f e  of the six sediment catchment basins based on various

mil i ta ry  t r a i n i ng  schedules , and ( d )  e s timates  of the percent of the

accumulated sediment volume in the catchment basins of the s ix watershed

study areas t r i C t  are directly attributable to mili tary training activi-

ties. Although this report is limited to an assessment of soil ercu-ior:

on the Fort Carson Reservat ion, it ‘~ili be evident that the  assessment

technique is applicable to other mi l it a ry  installations e u n i d u c t i n g  field

tra ining and nonmilitary land. use ac t i v i t i e s  where t h e r e  are existing

sediment catchment basins .

Development of Predictive Techniqu e to Est imate
Average Annual Sediment Yield

62. A predictive technique to estimate the aver-age annual seed —

ment yield.  for water -shed: ; in the Fort Carson re ;:iori ~‘as deveio~ ed based

or ; measured accumulated sediment volume in the  catchment bas ins  of the

six watershed study areas (see paragraph 40) and the cor -res~ unsu ng WEI

calculated. from Equation 8.

H. The average annual sediment yield can be calculated a t

follows :

V P

~aa 
= (16)

t s
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where

p = densit~- - of sediment ; th i s  value is assumed. to be
1.165 tons/ rn 3 for the Fort Car ;uni -irea

2At 
= planar area of watershed , m (see r -ar:igr - iph:;  30—35 )

T = age of basin in 11) 6 ,  yea r s  (see ara gra O li 29)

6 14. By using Equation 16 , the — tverare annual sediment yield was

- : J - n u e :ted for each watershed. study area. The results are prov ided  in
the reiiewirs- tabulation :

- Average Annual Sediment Yield:-I:itershed. 
2 *Study Area met r ic  tons/km ton s/ - acr e

1 118.8 0 .53
2 214 8.8 1.11
3 60.5 0 .27
14 22. 14 0.10
5 425 . 0  1.90
6 0 0

65. The next step was the corn : utation of the erosion index for

each field m app ing unit using Equation L , i . e .  s~~it i pliing the values

or R. , K. , ( L S ) .  , and C.
t in Table 1 (columns 3, 14 , 5, and 12) to

ob ta in  the values of ( E l ) .  ( Table 1, column 13). 7l ute  t h a t  t h e  tine—

w- ighted composite land use factor  C .~ ( Table 1, c iam n 12) was -~sed in

F ruat iori 2 instead c f  C. to accoun t for the :‘cc-c t that  watershed st - a l :- 1
areas 1, 2 , 3, and. 14 (Fi gure 1) were ac~~r i r e l  in 19(5, and no t roop

t ra in ing  occurred in these basins prior to that date.  hat-n for the

length of t ime that the watershed study areas had. been used for non-

military and. mil i tary  purposes (T and T
m 

resrectively ; see o ara—

graph 24) were obtained from the land. management personnel at Fort
Carson ; these values were used to compute the ratios listed in Table 1

(coLumns 10 and 11).

66. By substituting C.
~ 

for C . , Equation 2 now he-c urri es

( E l ) .  = R . K . ( L S ) . C .  , and the erosion index can be comn utc- i for
1 1 1  l i t  -

each f ield mapp ing unit as a funct ion  of the impact of mi l i tary  t r a in ing

* The yield for each watershed study area is also prov ided here in
U. 2. customary units to facjlite comparison with the literature that
traditionally expresses yield in tons/acre.
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act ivi t ies .  The WEI is then calculated by summing the product of the

(El). and Afi values (Table 1, columns 13 and 114 , respectively) for

all field mapping units  in each watershed.. Table 1 (column 15) resents

the values for WEI , computed. with Equation 8, for watersheds  1—6.

67. The final step in the development of the predic t ive  equat ion

was correlating the average annual sediment yield ( see paragraph 614) with

the corresponding WEI. Figure 36 shows a plot of these dat a with a

derived least—square regression line of best fit through the data O O I f l t S .

The regression equations are

~aa 
= —13.2 7 + 1.86 (wEl ) + 0.19 (WEI)2 (rra)

~aa 
= —0.06 + 0.008 (wEl ) + 0.0009 (wEI )2 (11 )

where 
~aa in Equation h a  is in terms of metric tons/km

2 
and in lib ,

in tons/acre . Inherent in this correlation is the understanding that

the accumulated sediment volume as measured in a catchment basin does

not reflect the total watershed yield.; a portion of the erode I soil may

be depos ited as bed material in the higher elevations above the catch—

ment basin , while some of the mat erial reaching the sediment basin may
not be deposited. there but instead. transported. downstream by overflow

through the spillway .

68. Equation 17 provides a predictive capability for estirrs ting

iver a: ’e irinr unil sediment yield for watersheds that have environmental

irs.I lan d use par-ur eter ’s similar to those exhibited. in the six w :rtcrsiie I

.atudv ar.: - : .  Bec- tu:;e care wan ; taken in the selection of the study areas

tu  --n un - i r e - that  they were r er r - Jen tut ive  of condit ions found on the  Fort

Crtr :n on Rese rvat i on , the equation should be applicable for  any wr t t u r : ;h e d

on or- near t ie reservation . It should be noted , however , that the

- - - ; i - :~t1on is based on only six dr-ta points , and correlations based on
this number of Irita poi nts: cannot be used with complete confidence. For

th i s  reason , it is recommended that additional watersheds at Fort Carson ,

where sediment basins ex i t , be analyzed to further validate the predic-

t ive  e p i r t t i o n . Boring data are available for two other sediment
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catchment basins that could be used immediately for validation purposes.

Estimates of Average Annual Sediment Yield
in Six Watershed Study Areas

69. By substituting in Equation 17, estimates of average annual
sediment yield were made for watershed study areas 1—5. Since the amount

of sediment in the basin at the time of the SCS survey was negligible

(see paragrapl. 140), the sediment yield was not estimated for watershed

study area 6.

10. To arrive at a means of describing the use of the land for

troop training at intensities other than those maintained. in 1915,

Equation 6 was modified to become :

C . = C + NA (C — C (18)
1 mc m csp nc,/

where S represents a scalar multiplier determining the level of mili-

tary t ra ining act ivities , i.e., 0 for no military training activities,
1 for the same level as 1975, 2 for double the military activities , etc.

The WEI values were computed by substituting four values of N in

Equation 18 to obtain values for C~ that reflect four schedules of

military training activity. The results are tabulated in metric units

as follows :

Average Annual Watershed Sediment Yield for Different
Military Training Schedules (N), metric tons/Ion2

Training
Schedule Double the Triple the

Natural of 1975 Training Training
Cover Continues Schedule Schedule

Conditions Unchanged of 1975 of 1975
Watershed (N = 0) (N = 1) (N = 2) (N = 3)

1 42.6 96.4 170. 14 262.2
2 302.6 347.4 390.0 432.6

3 82.9 82.9 82.9 85.2
14 13 .4  2 0 . 2  29.1 35.9
5 277.9  3 54 . 2  432.6 517.8
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The computed values of yield in U.S. Customary units are as follows :

Average Annual Watershed Sediment Yield ( tons/ ac re )
for Different Military Training Schedules (N), tons/acre

Training
Schedule Double the Triple the

Natural of 1975 Training Training
Cover Continues Schedule Schedule

Conditions Unchanged of 1915 of 1975
Watershed. (N = 0) (N= 1) (II = 2) (N = 3)

1 0.19 0.143 0.76 t.lT
2 1.35 1.55 l.i ~4 1.93
3 0.37 0.37 0.37 0.38
14 0.06 0.09 0.13 0.16
5 1.24 1.58 1.93 2.31

Note that the values in the column S = 1 compare favorably wi th  the

actual values listed in paragraph 614. Furthermore , the values of average

annual wat ershed sediment yield for N = 1 are in good comparison with

values (0  to 1448.3 metr ic tons/km2
/year or 0—2 tons/acre/year ) determined

from an SOS erosion study conducted in June 1976 in the Fort Carson
14area. These values also fall within the range of values (22 . 14  to

2
515.5 metric tons/km /year or 0.1 to 2 .3  tons/ acre/year ) predicted. by

the results of a study conducted in eastern Wyoming on small watersheds

similar to those found at Fort Carson. 15 The values of yield pred icted

for N = 0, 2, and 3 will assist land use planners in assessing the

impact of a change in the 1975 mili tary activity level .

11. The comparisons discussed in paragraph 70 indicate that the

soil losses occurring in the six watershed study areas at Fort Carson
are not significantly different from those losses in small watersheds
found in other areas of the Rocky Mountain Foothills region .15 Conver-

sations with SCS personnel, who conducted the 1976 erosion study in the

Fort Carson area, substantiate this fact.

72. Under typical temperate climatological conditions , new top—
2 16

soil forms at a rate of about 336.5 metric tons/km /year. The soil

losses for the watershed study areas range from 20.2 to 3514.2 metric

tons/km
2
/year under present land use conditions (see tabulation in para-

graph 70). On this basis , it may be possible that in some areas, on the
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Fort Carson Reservation , particularly those protected from direct attack

by prevail ine winds , soil is being formed faster than it is being lost.

The Fort Carson area , however , is considered to be semiarid and not

temperate. Therefore , most probably the rate of new topsoil formation

is less than 336.5 metric tons/kni
2
/year because of the relatively slow

rate of natural revegetat ion and vegetation growth due to the low annual
precipitation , the exposure of large maneuver areas to attack by winds ,
and the frequency and intensity of troop training . Thus, a strong and

vigilant program in the conservation of soil resources is needed at

Fort Carson to offset the damaging effects of the troop training activi-

t ies on the semiarid, fragile ecosystem .

Estimates of Remaining Life of Sediment
Catchment Basins

73. The remaining life of a sediment catcbment basin on the Fort
Carson Reservation can be estimated for watersheds where (a) troop train-

ing activities may have been stopped either permanently or temporar ily;
( b )  the t ra in ing act ivi t ies  will remain at the 197 5 schedule level ; or

(c) the training activites will be increased by a multiple (i.e.,

double , t r iple , e t c . )  of the 1975 t ra ining schedule. The remaining l i fe

of a basin can be approximated by first calculating a value for WEI and

solving Equation 17 to obtain a value for 
~aa and then subs t i tu t in~

this value into the following equation to yield a value for B~ :*

V p
BR Y

°
A 

(19)
aa t

where

B~ remaining life of sediment basin , years

V = remaining volume of basin (the basin volume between the
c 

elevation of the sediment surface and a plane projected
across the basin at the elevation of the spillway crest)

* This approach assumes that the entire yield is deposited in the
sediment catchment basin.
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In practice , the effectiveness of a basin for sediment retention is sub-

stantially reduced as the level of the sediment surface approaches the
spiliway crest elevation. Thus , the estimate provided by Equation 19

is optimistic for estimating effective basin life but can be used. in

making project ions for planning purposes and for preliminary basin
design studies .

74. Sufficient survey data was obtained in the field to calculate

the original catchment basin desi gn volume (V D ) for watershed study

areas 1, 2, and. 5. These volumes were determined using the procedures

described in Appendix D. The remaining basin capacity (V) could then

be computed by subtracting the accumulated sediment volume (V
B
) from

V
D 

. The results are tabulated below :

V V V
Watershed D B c
Study area m3 m3 m3

1 8,393 1,531 6,862
2 3,602 2,960 642
5 23,2458 2,825 20,633

75. Predictions of remaining basin life as of 1975 were made for

watersheds 1, 2, and 5 for four different values of N (see para-

graph 70). These basin life estimates are tabulated. below:

Ben”- Jng Life (B e) (from 1975) of Sediment Basin for
Different Military Training Schedules, years

Training
Schedule Double the Triple the

Natural of 1975 Training Training
Cover Continues Schedule Schedule

Watershed Conditions Unchanged of 1975 of 1975
Study Area ( N 0 )  ( N =l )  ( N 2 )  ( N 3 )

1 188.0 83.0 47.0 31.0
2 3 . 2  2.8 2.5 2.2

5 278.0 218.0 179.0 1149.0

76. Upon initi al inspection , it would appear that the sediment

catchrnent basins in watershed study areas 1 and 5 were designed with

storage capacities greater than those necessary to retain the sediment

transported into the basins, and the basin in watershed study area 2
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with too small a storage capacity. The conclusion that the basin in

watershed study area 2 was underdesigned is probably justified. since

98 percent of its holding capacity was filled with sediment after a

period of only 18 years (1957 to 1975) and. should be completely full of

sediment following the summer rains in 1978. This estimate is based on

the assumption that land usage for military training will remain gener-

ally at the 1975 level through 1978. Watershed study area 2 is a can-

didate for engineering designi studies to determine what type of new

structure or remedial work i s best suited to reestablish ef fect ive soil
erosion control . More will be said later about the design of the basins

in watershed study area 2 a f te r  brief comments about the design of the

basins in watershed study areas 1 and 5.
77. Considering that the sediment basins in watershed study areas

1 and 5 have respectively a B~ of 31 and 1149 years based on a proj ected

increase in troop training activities of three times that of 1975, it

can be concluded that the basins were overdesigned in terms of sediment
storage capacity . This conclusion is invalid , however , without knowl-

edge of the original design criteria. It may have been that the basins

were designed primarily on the basis of providing water storage capacity

for the surface runoff from a 50— or 100—year—frequency storm event . It

is during such storms that abrupt changes in land morphology occur due
to dramatic and. often devastating erosion and deposition. Damage to the

landscape from one such storm can be equivalent to the damage done over
several decades under normal conditions. A basin structure designed to

be effective in controlling runoff and erosion during a period of ab-

normally high rainfall will probably appear to be overdesigned.

78. The sediment basin in watershed study area 2 was constructed.

in 1957 prior to acquisition of this land by Fort Carson in 1965. The

watershed area has been subjected to troop training pressures for

8 years as of 1975. This land was probably used for grazing prior

to acquisition by Fort Carson . The percent ground cover , as shown in

Figure 17, is the lowest for any of the watersheds studied, ranging

from 0 to 20 percent with a considerable area of 0 to 10 percent ground

cover coinc iding with the soil series WK—BD (Figur e 10) which has a

___________- -  ~~~ ~~~~



relatively high erodibility factor of 0.35 (Table 1, column 14). tlost of

the remaining area not covered. by the WK—BD soil series contains the

Pc—BE soil series with a soil erodibihity factor of 0.23 associated with

the highest slope—length and gradient factors (33.39 and. 32.65) recorded.

in Table 1 (column 5) for any of the field mapping units. Based. on

these considerat ions , serious soil erosion problems would be anticipated
to occur in watershed study area 2 due to natural causes only ; however ,

intensive militar2 training activities have further contributed to soil

loss.

79. In contrast , note that about two thirds of watershed. study
area 6 contains two soil series with the highest erodibilit y facto r

(0.37 ) occurring in all six watershed study areas (Table 1, column 4).

However , the average annual sediment yield is so small in this watershed
that no sediment surface was apparent at the t ime of the SCS sediment
surveys (see paragraph 38). The lack of measurable soil loss was due to

the very low topographic relief (slope-length and gradient factors rang-

ing from 0.95 to 1.147) and the relatively good ground cover . Figur~ 21

shows all but a small area around. the sediment basin with a 30 to 40 per-

cent ground. cover of grass. This ground cover is the best shown for any

of the six watersheds and is reflected. by the relatively low value of

0.13 for C ( Table 1). Without a doubt , the vegetation cover and

topographic slope are the two most important natural terrain factors
influencing the annual sediment yields in the watersheds studied. The

magnitude of these terrain factor effects on sediment yield. probably was

not rehi:rbl~ est imated in designing the bas in for watershed study area 2.

:30. Personnel responsible for future engineering and design of

sediment basins at Fort Carson can use the following equation to deter-

mine the basin volume required for sediment deposition (V ) for a

given design life :

Y • D  • A
= 

aa 2. t (20)
S p

where D2. 
represents design life of basin. Then, V can be increased

to accommodate water storage capac ity based on the design storm
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charact er ist ics , subject to conistraints imposed by such factors as site

topography and available resources of financing , manpower , equipment ,

and construction materials. Engineering judgment will always be re-

quired. to decide the final design trade—offs after all the pertinent

and competing factors in a sediment catchment basin study are

considered.

Estimates of the Accumulated. Sediment Volume Attributable
to Military Training Act ivities

81. The accumulated sediment volume in each of the watershed

study area catchment basins in 1975 that was directly attributable to

the effects of military training activities can be computed by use of

an equat ior~ correlating the measured. accumulated sediment volume (see
paragraph 14o) and the computed WEI for each of the six watershed study
areas ( Table 1, column 15). A least—squares fit to the data pairs

(Figure 37) results in

V
B 

= 73.6 WEI — 233.27 (21)

That portion of the sediment volume accumulated in each of the six

watershed basins attributable to the effects of military training

act iv i t ies  can then be determined as follows :

a. Compute the WEI values using Equat ion s 2 , 5, 8, 13,
and 18 based on the natural vegetation cover (S = 0
in Equation 18).

I. Substitute each of these WRI values for N = 0 into
Equation 21 and solve for VB ( N 0)

C. Substitute each of the WEI values for i-I = 1
(Table 1, column 15) into Equation 21 and. solve for
VB(N 1)

The accumulated sediment volume attributable to the e f f e c t s  0 1’ military

training activities (VBm) is then equal to the difference in the values

for VB(N.0) and VB (N 1) . These values were calculated for each
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cent-age of the a c - : : n m c i i a t - : 1  sediment volume wi th  the following equat ion :

VB 
= 100 1 - (22 )

B ( N= l )

The c ::t; ~ut- :  I values for V are as follows :
Bm

ct: curniudated. Sediment Volume
Attributable to the Etf’ec t s  of

i i li t a r y  Tra in ing  Act iv i t i es
‘Jatershed , -

‘
- 

rV ) ,  percent
- ~tia-ly Ar e-a Bm

1 32

2
3 1
14 9
5 23

0



PART V : 2- :~l LU.~iflhlS AND REC0Fll-U~i1DA2 H. -

no lu si r n ~

52. Based g ij  th i s  study , the foil-ow i n : - - conclus  i -1ri.: wer e  reached :

:t. An - .- - : ons  ion  2 -or 3-re-lict ino average annual .:odi: -iic nt yield
:‘or watersheds on the Fort Carson Re: ervation wan : de-
veloped (see paragraph 67). This met}i010iocy.r can pro—
v il e  rel iable engineer inir - data 2cr use in the development
of des irni - u - - L : : c et c r s  for new sc - d i r-- ient retention stc- -:
tur -es on the Fort Cat son Reservat ion (see :car— igr- t rh -3j)

b . The soil losses in the six w- L ter :;hed stu~i~- areas a n- i —
lyre) at 3-cot “srssn~ ar- not sirniti- :-tntly di2~~ rent 2ronni
those losses exrerienced in other small w-ater::he-io Ln the
i3oe F” J -~ountain Foothills n - - i on  (see : an - i -r e: 2 - ’- 71 and
72 ) .  in ~:-j es- - r- , oven mo:t ot Fort Carson , the annual
of topsoil Co rr :— tt ion is probabl .~ less thar~ tue en,niual
soil loss e t c  ie:-5 o- . i s - -  :2 tO e  reLatively slow rate cC
natural t ave ‘et a t ion  an i l ver e te tion  growth due to the
low annual n-ec i :-ita ti~ ,n , tue ex;-osurc it 1-irs-c maneuver
areas to attack by wi nt i erosion , ar i d  the  f i~ e ’;:nenlc ’ and
in tensi t :-r of t roo~ t r a i n i n i s .  Thus , :-n strOm- - :11: I Vi S i —
1-an t :-r -o - -rac in the -conoervat i -sri of soil resources is
needed at Fort 2-arson to ot).:et the sumac ins -- 2 - lo ot s of
the tros~- t ra in ing  a ct i v i t i e s  on the son :. j iOl 1, Cn - a - ile
ecosyst-: ; : . .

Alt~~oict i  the  contents  of this report lire d i r - o c t e t  toward
the analysis and assessment of soil erosion nil . F o r t
Carson , the capt-ouch usel for analyzing the  3 :-s-act cC
m i l i t ar y  t I - - L ; n i l r i g  :nc t i v i t i es  on soil eros ion is n : 1 1 —
cable to t o - - : -  m i h i t - L r - -- ins tal lat ions cenduct inc  8ield
t r a in ing  and n o n m i l it— ir ,  land. use act i v i t i e s , wc~ere t i i o n - e
are e x i s t i ng  sediment basins ( see  paragraph - - : ) .

V i i i ta r -y  t r a in  in opera t ions  have caused significan t
— Iama ) ’e to both trees and u-ass cover in watershed s tudy
areas 1—5. Damage to the woo vLL- .ni i vegetation con s i s t . :
of branches and coop-let- : trees ( . iun ipers  and pinyon pine
species) being overridden by t ra in ing  vehicles and/or
being cut down by personnel (see paragraph 57). Damage
to the grassland vegetation has resulted from multiple
passes of training vehicles across the t n - n - s i n ;, which in
tu rn  destroy the t- :es s cover and. ci-eate numerous roads
and. t ra i ls  that di ss ec t  the watershed. area ( see
paragraph 57).
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Recommendat i. - : ns

83. Based. on the results of th i s  .:tu ig’ , it. i s  r-~conrioc-ri ie i that :

a. Additional watersheds it 2 - sn -~ Carson w it r~ exist inc
sediment -:atahnnent basins ‘be an:-ily-c- -I to f - e : tn ;a r  v a i L —
la te  the ere lictive n:netn;o -j-sicj-’-,- (see reran -r a i l  65)

I. A computer r— ogr ar be wr i t t en  to r - s - n - : c :  - t n i e  calcu~ at I n~
of average arin sal se d . i s - en~t yield aut -.,c : :at lc - 11±y 2-or a
user who roviJes the data r e q u i re d  ti :-ensaute one
WEI .

e . The methodology deve lnr : - - : - t  herein be -!sed to ast l :e~tni
the e f f ec t i ve  l i f e  ot ot : i e t~ se: l’ ,’:n~t cutcninent has
at Fort Carson that ui -c s i l t ing  i n ;  at a - -ip ie r - - n t - : , 30

that lari s can be made for ot t - -: sontrol  s t r u i c t ;:- - .: or
other conservat ion r: ;e-n:ores.

1. The methodoloo,y :evelor -e-l  h e r e in  be used to  -det en -n :H n ;e
basin ::aac i ty required for  se i in :nen t  r e ten t ion  in ill
tuture  -cnsi n ~e e r iu r  d e s i-n  studies 1-o r new basin c-sm —
:: tr i c tion  at Fort Carson.

e. If new lands are acquired., the soil erosion assessment
techni rues should serve to establish baseline ero~: ion
c on i d i t  ions inn evaluate the is:s LoO t uf i n s  risucins
t r a i ni ul  ac t iv i t i es  in areas  wuer e  existing soil
loss~~~- --.:-e highest.
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Table 3
Factor Complex Element Natur al Vegetation Cover Values (C~~ )*

Canopy Cove r
Class Ground Cover

(Percent Class (Percent Cover)
Cover**) Typet A( 0— lO) B (>lO—20) C (>20—30) D(>30—40) E(>IiO—50) F(>50—60) G (>60)

(1) _~ _~~
_) (3) (4) (5) (6) (7) (8) (9)

Plant Height Class 1 (No Appreciable Canopy)

1 (0—10) g 0.39 0.26 0.18 0.13 0.086 0.057 0.012
w 0.140 0.29 0.22 0.11 0.15 0.11 0.053

Plant Height Class 2 (Canopy of Tall Weeds
or Low Brush , 0.5—ni Fall Heighttt)

2 (>l0—20) g 0.35 0.25 0.17 0.12 0.082 0.055 0.013
w 0.36 0.27 0.20 0.16 0.13 0.10 0.052

3(>20—30) g 0.31 0.22 0.15 0.11 0.077 0.051 0.013
w 0.32 0.25 0.18 0.15 0.12 0.095 0.0111

5 (>30—50) g 0.28 0.20 0.114 0.10 0.071 0.058 0.012
w 0.29 0.22 0.17 O l S  0.11 0.091 0.050

5(>40—50) g 0.25 0.17 0.13 0-090 0.067 0.0145 0.012
w 0 .28  0.20 0.15 0.13 0.11 0.87 0 .039

6(>50— 60) g 0.21 0-13 0.11 0.082 0.060 - 0.043 0.012
w 0.22 0.17 0.15 0.12 0.098 0.082 0.039

7(>60) g 0.15 0.12 0.090 0.070 0.053 0.039 0.011
w 0.16 0.13 0.11 0.098 0.085 0.075 0.038

Plant Height Class 3 (Canopy of Low Brush ,
2— rn Fall Reighttt)

2(>lO—2 0) g 0.36 0.25 0.16 0.12 0.081 0.055 0.013
w 0.37 0.28 0.20 0.17 0.13 0.10 0.053

3(>20—30) g 0.34 0.25 0.16 0.11 0.079 0.051 0.013
w 0.36 0.27 0.20 0.16 0.13 0.10 0.052
g 0.33 0.22 0.15 0.11 0.075 0.051 0.013
w 0.33 0.25 0.19 0.15 0.12 0.098 0.052

5 (>4 0—5 0 ) g 0.31 0.21 0.14 0.10 0.071 0 .050 0.013
w 0.31 0.25 0.18 0.15 0.12 0.095 0.052

6(>50—60) g 0.29 0.20 0.114 0.10 0.069 0.058 0.012
w 0.29 0.22 0.17 0.15 0.12 0.093 0.051

7(>60) g 0.25 0.18 0.13 0.095 0.069 0.057 0.012
w 0.25 0.20 0.16 0.13 0.11 0.089 0.0140

Plant Height Class 5 (Canopy of Trees with No Appreciable
Amount of Low Brush, 4— rn Fall Heighttl-)

2 (>lO—20) g 0.37 0.26 0.17 0.12 0.085 0.056 0.013
w 0.38 0.28 0.21 0.17 0.13 0.10 0.042

3(>20—30) g 0.36 0.25 0.17 0.12 0.085 0.056 0.013
w 0. 31 0 .28  0.21 0.16 0.13 0.10 0 .042

4(>30—40) g 0.35 0.25 0.16 0.12 0.082 0.054 0.013
w 0.36 0.27 0.20 0.16 0.13 0.10 0.0142

0’ 5 (>50—50) g 0 . 3 5  0 . 2 3  0.16 0.11 0.079 0 . 0 5 3  0.013
w 0.35 0.26 0.20 0.16 0.13 0.10 0.042

6(>50—60) g 0 . 3 3  0 . 2 3  0 1 6  0.11 0.077 0 .052  0.013
w 0 .3 4  0 .25  0.19 0 l 6  0 .13  0.099 0 .042

7 ( > 6 0 )  g 0.31 0. 2 2  0.15 0.11 0.071 0.052 0.013
w 0 .32 1 .21 0.18 0.15 0.12 0.096 0.0111

Note: Adapted from Reference 8.
* All values shown assume random diot ribution c-f mulch or vegetation.

** Percentage C l i  t - ) t - 4 J  Cr0 ~~ - l  surface area that is obscured by the canopy in a vertical
projection.

~ g——groun d cover Is .(ras. or i - ’ ‘ 1 5 0 : 1 ,  compacted duff or litter.
w——Ground cover is mostly broadleaf heibaceous plants (with little ,~,atera l—r oot

Cetu -rk near the surface) or undecayed residue.
tt Average foil height of w-~~~ -r drops from canopy to the soil surface.

‘C5 ”
~
”

~~” . 
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Table ~
Factor Complex Map Legend for Field Mapp ing Uni t s

Field Factor Canopy Cover ,
Mapping Complex SCS Ground Cover , Plant

Unit Element Soil and Type of Groun d Height
Designation Number Type Cover Classes Clas:

( 1) (2) (3) ((4 ) (5)

Watershed 1

A 1 Ni—CE lDg 1
2 lAg 1
3 (4Ag 3
(4 lFg 1
5 lEg 1
6 2Ag 2
I 3Ag 2
8 5Ag 3

B 1 I-IS-kB 5Ag 3
2 lDg 1
3 I-tAg 3
(4 2Ag 2

C 1 Pe—BE,(l) lCg 1
2 14Ag 3

3 3Ao 2
(4 lEg 1
5 lFg 1
6 lDg 1
I 5Ag 3
8 2Ag 2

D 1 Mq—B lCg 1
2 lEg 1
3 I-tAg 3
14 lDg 1
5 lFg 1
6 3Ag 2
I 5Ag 2

E 1 Mi—BD 1Gw 1
2 lDg 1
3 lEg 1
14 lCg 1

F 1 Pe—BE(2) lCg 1
2 lDg 1
3 5Ag 3
(4 14Ag 3

(Continued)
(Sheet 1 of 3)

- ~~~~~~~ - --- - — —
- - 

- 8 C ~~~~- - - --- 
~~~~~~~~~~~~~~ ~~~~~ 



‘rable 14 ( Cont inued)

I - ’ [e l d  Factor Canopy Cover ,
Mappino Complex SCS Ground Cover , Plant

Unit Element Soil and Type of Ground Heipht
Decl5rlCotCcn Number Type Cover Classes Class

( 1) (2) (3) (1> ) (5)

Watershed 2

A 1 ‘JK—BD lEw 1
2 lBg 1
3 lAg 1
It 2Ag 2
5 3Ag 2
6 lCg 1

B 1 Pe-BE (3) lBg 1
2 2Ag 2

3Ag 2

C 1 Pe-.BE(2) lCg 1
2 3Ag 2

D I ~e — b E ( l )  lAg 1
2 2Ag 2

E 1 Ca-CD lBg 1

F 1 Pe—BE(14) 2Ag 2
2 lAp 1
3 lBg 1
14 3Ag 2
5 iCc 1

~-Iatershed 3

A 1 ~-Ii— BD lBg ( 1
2 lEw 1

B 1 Pe—BE lBp 1
2 3Ag 2
3 2Ag 2

C 1 XPe—F 3Ag 2
2 CAp 2
3 155 1

Watershed (4

A 1 Mi-BD lDg 1
2 IC - 1
3 2Dg 2

(Continued)
(C~i~”t 2 of 3)



Table 14 (Concluded)

Field Factor Canopy Cover ,
Mapp in, — Complex SCS Ground Cover , Plant

Unit Element Soil and Type of Ground Height
De:i~ nst ion Number Type Cover Classes Class

(1) (2) (3) ( 1 4 )  ( 5 )

Watershed 14 ( Continued)

A It Mi-BD lDg 1
5 lBg 1

B 1 Pe-BE (2) lflg 1
2 2Bg 1
3 1tAg 3
14 2Dg 2
5 3Ag 2
6 lCi’ 1

C 1 Pe—BE (l) 3Ag 2
2 lCg 1
3 lBg 1
It 2Bg 2

Watershed 5

A 1 XSO—C 1Gw 1
2 5Ag 3
3 3Ag 2
It lAs 4
5 6Ag 14
6 )-tAg 3
I lEg 1

B 1 XQ1-CE (i) lEg 1
2 5Ag 3
3 6A g 14

C 1 XQ1—CE (2) 14Ag 3
2 6Ag 14
3 lAg 14
14 lEg 1

Watershed 6

A 1 S8— CD lDg 1

B 1 G8-AB lDg 1

C I S5—CD lDg 1
2 lEw 1

(Sheet 3 of 3)



APPENDIX A : NATURAL VEGETAT I CiC~CCIPTI 0N

1. FL-ui-es 16—21 (percent canopy and ground cover and type of

Croun d --over)  and Ficures —~L (  (plant hei~ h t )  of the main text were

prepared based on data collected by the WEB .
2. Woody vegetation data collected by the WEB in 50—m—diarn cells

were as follows :

a. Species name (scientific and common).

1. Density of each cpc-cies.

c. Canopy cover (c roun i area covered by c rowns) .

d. Specie: height range .

e. Crecies average hei ht .

Table Al summarizes these d a t ì .  The densi t ies  of the tree specier in

the sample cells were adjust ed to a unit area of 1000 m2, so that a

-direot comparison between cells could be made . This was aecornolished by

divid ing th e area of the sample cell into 1000 m
2 

and multiplying this

quotient by the total number of trees measured in the sample celL

3. The ~ra:s1and—type vegetation within the w 
‘,-orsheds was -de-

scribed bj sampling C— ‘by 2—rn plots. These plots were sampled by measur—

in~ and recordlil - Ista on the following attributes:

a. Species name (scientific and common).

b. Density ( number of stems per unit area).

Ground area covered.

d. H e M — n t  range .

e. Avera ~ e height .

For the dens i ty  measurements of the grass—ty~ e species , a subsample

(0.14 m
2
) of the 4—rn

2 
p1-it was established and a count of stems by

sec-ole : was made . The equation used to compute the number of Crass

stems occurring in the total sample area (4—rn
2
) was

N
2 Nl(_~~

) 

(Al)

Al



where

= number oC crass -stems in 4—m plot

N number of cras stems in 0 . 4 — r n 2 subsample1 2A 0 = area of plot (4 rn

A1 = area of subsample plot ( 0 . 1 4  rn ’)

Table A2 oournrnai-izes the data obtained on t h e open grassland vei-etat M

- ‘ie ~ure Al shows quantitatively how the plant cover by o -r os:land

ve~ etation compared among all six watersheds.

100 —

I— —

z
Lii
1~)

~~~~~~~~ 
~~~~~~PLANT DENSITY M

2

‘(22001/ 38 

-

_ _ _  _ _ _ _  

~~~~~~~~~~~~~~ ~~;996/

SAMPLE SITES

-4 -4 ~ -4 ~ 4 p - *  )~
1 2 3 4 5 6

WATERSHED NUMBERS

Figure Al. Percent covc-ra -oo by Cra:rI tnl-i vc -etation
in watersheds 1—IC

A2



Table Al

Woody Vegetation Sample Data. Collected in Watershed Study Areas

Canopy Hei ght Average
Densi ty 2* Cover Range Height

Scientific Name Common Name 
— 

Trees/lOU ci percent cm cm

Watershed 1 — Sample 1 (18140 5536** )

Juniperus monosperma one—seed juniper 22 13 150—1450 320
Pinus edulis pinyon pine 10 5 130—500 301

Watershed 1 — Sample 2 (18514 5500)

Juniperus monosperma one—seed juniper 16 17 200—500 3314
Pious edulis pinyon pine 20 12 40—600 326

Watershed 1 — Sample 3 (18145 51468)

-0in i:-eru-,: monospernia one—seed juniper 25 21 60—550 300
o-enus edulis pinyon pine 1 1 350 350

Watershed 2 — Sample 1 (0588 5773)

Ce rcocarpus montanus mountain mahogany 26 1 30—160 67
Jun iperus monosperma one—seed juniper 35 19 100—500 272

Inu s  edulis pinyon pine 12 3 100~ 1450 20 9

Watershed 4 — Sample 1 (2217 5591)

0 : -c - c - Lr ~ o.: montanus mountain mahogany 1 1 100 120
‘Ci ljOCeU ; 0) r i , - :  - I rma one—seed juniper 16 16 120—600 296

Pi nus ~-I’i11: ; pinyon pine 2 2 70—650 380

Watershed 5 — Sample 1 (0908 6832)

Cercocarpus montanus mountain maho gany 45 1 140—160 100
Juniperus mc- n o s 0 )  erm~. one—seed jun iper  26 i8 60— 1430 270
Pinus edulis pinyon pine 89 149 100—600 3142

* See paragraph 2.
** 1~1i tary grid coordinates.



Tabl e A2
;, i — u i  V eg e t a t i o n  Sample Data Collected in Watershed Study Areas

Ground
Den s i t y ,  Area Hei gh t Average

ic- . of 
-* Covered R ange H e i - h t

Common Name tern ; On ” perc ent cm so

Watersh ed 1 — Sample 1 130,-  5 5 0 2 )

- - , ‘ :1  - - - Blue grama 2800 50 10— 30 20
1 -  - c ry ; - c  - i 1:-s, SonS dropseed 120 5 10—30 25

- , C I  cal R u - s ian th is t le  14 1 3 0 — S O  30
- ,- - - - 01 - r J ’a l l  Side oats grams 24 1 10—20 15
- ‘~~~~

‘ ‘ . Kochia 3 1

Watershed 2 — Sample 1 1 ii’r6 5520 ) 

- Blue grama 8114 15 5-2 0 10
i , i  c i i .  Russ ian  th i s t l e  5 3 2 0 — 5 0  30 

- lanata W in t e r f a t  23 1 19—3-0 20 
-~~~~~~~~~,ia - - , Sand dropseed 18 <1 20—1 0 25

ilit ani -:: c y a t r i x  Bottle brush squirrei tai l  16 <1 10—30 20

Watershed 2 — Sample 2 (0 1487 5723)

________ )~y~s t r , x  Bot tle brush squirreltail  389 6 20— 110 30
Sc-I i ac :ic-s ann u Sunf lower 10 1 30—112 30

a c i l l Russian th is t le  5 1 20—3 0 20 
ii::’ c a c c i r i c a  Scarlet globe mallow 11 <1 10—20 12

Watershed 3 — Sample 1 ) iiih O (1)-

c - L a  ka lj  c- i s :  j ar , t h i s tle 27 16 3:-cD 145
II - c - t - c L  ~

- 
~~~~~~~~~~ Blue ~-rar a 95 <1 5— 15 6

l - :hac:”,i l c -c i coccinea Scarlet globe mali w 3 <1 10—20 15

Watershed 3 — S-sn ~ 1: 2 (1173 5280)

- - - :- -~~~ i h l~~t- grama 587 13 5— 2 -i 10
R uss ian  t h i s t l e  14 <1 2 0— 4 0 25

W at ershed 5 — Sample 1 (2217 5 5 9 1)

_________ 
, 1 1  -

~ - - - - Bi-~~- grasn a 1050 20 10—30 25
r1,- m en : i i e s  C r - i ~~ac r icegrass  30 <1 15—25 20

oat ershed ~. — Sample 2 ( 2202 5586)

_______ 
Blue grama 17140 35 10—30 21)

- -~~ - Sand dropseed 50 <1 20—35 25
- - - : n - o Scarlet globe mallow 14 <1 10—20 15

Watershed 5 — Sample 1 ()9o3 68oc )

B, ,C e l - -s.  ~~‘ac . is Blue grama 20110 35 15—30 20
— - - -

~~~~- 
- j , -~~. - i - Golden ‘~i 3D 6 20—30 20

i- -a Sleepy needl egrass 137 3 30—70 6o 
i c - :,~: Daisy fleabane 10 <1 15—5 0 30

Watershed 6 — Sample I ) i 5 ’  ‘ 9c-l

~c~~t 1 - - ~~~~~~~~~~~~~ B1’ ,c- grama 1520 30 15—35 25

- - - - ~~: - , : . ,  Sand dropseed 150 3 20—50 30

- - - C i ’  La~nbsquart er 2 <1 10—20 10
__________ - - 

- - c - - Scarlet globe mallow 3 <1 5—20 1].

‘a i e - i  on i_ rn’ liml i r- p1 - see paragraph 3).



APPENDIX B: DEVELOPI€NT OF MAPS DEPICTING WOODY
VEGETATION DAMAGE

1. The Fort Carson Reservation contains e h~i1t trainiric are-a~c tk i :it

are used extensively for mili tary t ra inini’S operations by the U. S. Army

~th Infantry Division (Mechanized). The Division presently (1977 ) con-

siSt.; of 22,000—25,000 men , and the training levels vary in magnitu-ic-

from activit ies involving a few men and vehicles in each t r a in inp  ~ rou:

to - c- icc—size maneuvers involviri~ 4,000 to 5, 000 men and between 300

‘ I. T i i 400 wheeled and tracked vehicles.

2. Since many of the traininy exercises include large numbers of

veriicles at ome t ime , damage to both trees ( jun ipers  and ; hny ~on t i nes)

- in C - - russ—type ve-aotation has been quite extensive , leading to accel—

151 i t ’~-I soil losses in these areas. The loss of vegetative cover in nan:.-

of’ the train In-c arc-ar is —~rticular1y important because V 0  e t- ’lt lO f l

i - I S  ‘c urs slowly due to the limited rainfall that many of the areas

receive ()—:oference 11* and Report 3 of this series).

3. The WEG conducted field surveys in the watershed study areas

;sr i r i i— 1215 and 1916 f - s i- the purpose  of determinin( -  the d i f fe ren t  types

ansI : - i -tcnitudes of aressures being imposed on the environment by military

tr— tining - c ct i ,vities. These surveys were designed to provide quantita-

tive data on the damage to both the woody and open frassland vegetation .

Descri~ l ion of Woody Vegetation Damage

4. ~c-r—etation sample cells , 50 rn in diameter , were established

for damage assc-ssment in watershed study areas 1, 2, 4, and 5.  Water-

shed u t i o t y  area 6 was not :ampl€- -d. sincc it contained no woody vegetation.

N a t e r s u le l  study area 3 was also not sampled , but ground photofr a) h: were

taken so that d’iriace to the vep~etation could be est i mated. An asstuss—

rnent of -1 - .rnaJe was made 0y recording data on each t ree  w i t h i n  the s ax - - ;  1 -

* Raised nw; 1 c-rs refer to similarly nu i J l l - c - r c - -; tens i i i  “R .- fc-x’ ’n, ‘- 
--

pp. 8l—C~ at end of main text .
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Fii~ure Bl . Vegetat ion ( ju n i p e r )  d u ~iai~ed by vehicle
override d ur in g  t r a i n i n ~- maneuver in watershed

study area 3.

sell that contained any vis ible  Sifn of stress as a result of t r a i i d n~
operations . The d i f f e r e n t  types of damases  noted were those result i rie

from vehicle contact and/or override (~~i -ure Bi) and the cut t ing of

trees arid branches (fi ~ ure B2) by t i i in i r V  bers s i t l e l.  The survey of

ve~~e tat ion  Wtma~~e w e ;  made by i tis~~ect in ; e t s ; ;  tree occurr in~ w ith in

the ~ D — I — 1 i am :.~ im~~Le cell and res ,r l i n ; - the  following in format ion :

a. Damage to branching structure (i.e. broken branches , etc.).

1) fla re tu stem .

c. Damage to roots (i.e. lant  uprooted).

1. No damage .

Stum p only .

f .  Tree dyirg (as a result of t r a ir i i n e  pressures).

Vegetation sample data were obt ained it, three locations in watershed 1
and at. one location in watersheds 2, ~~~, and 5.

5. Table Bl presents the results of data obtained in the 50—rn—

diam sample cells. These data include the present (19T5) tree popula—

ti uri , the estimated tree population prior to military use (determined

B2
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Figure B2~ Remains of juniper tree after being cut down

by training personnel in watershed study area 1

by adding the number of one-seed juniper and pinyon pine stumps in

1000 m2 to the 1975 tree density), the population of trees with some

type of damage due to military training activities, and the percentage

of the 1975 tree population with damage . The population figures

(Table Bi) for the various sample cells within the watershed areas are

all based on a unit area of 1000 m2 so that a direct comparison between

sample data sets can be niade (see paragraph 2, Appendix A).

6. The change in tree density (number/unit area) since the start

of military training activities can be evaluated by comparing the mea-

sured 1975 tree population and the estimated tree population prior to

military use (Table Bl, columns 14 and 5, respectively). It is signifi-

cant that watersheds 1, 2, and 14 contained considerable damage and

watershed 5 had only 18 percent damage (Table Bl, column 7). This low

percentage of damage in watershed 5 is attributed to the fact that steep

ground slopes , surface rock , and boulders occurring in the area are

effective barriers to vehicles used in the training exercises.

7. The juniper , which is the most predominant species on the Fort

B3



Carson Reservation, is known to be quite sensitive to damage resulting

from contact with a moving armored tracked vehicle or heavy truck.

Therefore, it was assumed that any major damage to the branches, stem,

and/or root system would probably result in the eventual death of the

tree. The pinyon pine is also considered to be quite sensitive to damage

but to a lesser degree than the juniper. To illustrate the possible

long—range effects of training operations on the woody vegetation, a plot

of the number of standing trees in 1975 as compared with the number of

trees existing prior to 1975 (determined from the sum of the stumps and

standing trees) was prepared as shown in Figure B3. These data indicate

that the woody vegetation population in 1975, as represented by the

1000—rn
2 
areas in watersheds 1, 2, and 14, could be approaching possible

extinction , at least in the vicinity of these watersheds, unless future

training exercises can be accomplished without further damage to the

woody vegetation.

Preparation of Maps

8. To determine the extent of damage to the woody vegetation

within the watershed study areas, a map was prepared for each watershed

showing damage according to five factor mapping classes. The following

tabulation presents these classes relating the percentage of the tree

population with some type of physical (external) damage due to military

training operations that were established for mapping watersheds 1, 2,

3, 14, and 5:

Trees with Damage Due to
Damage Unit Symbol Military Training, percent

1 0—10
2 >10—25
3 >25—50
14 > 5()~75
5 >75

Then, the maps were constructed using the vegetation data collected dur-

ing the field surveys (see paragraphs 14—7), standard air—photo interpre-

tation techniques, and the interpreter t s personal knowledge of the mapped

watershed areas.
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9. The air—photo interpretation was accomplished through a series

of steps, the first being to obtain the necessary overlapping photographs

of the watershed study areas. This was followed by a stereoscopic exam-

ination of the overlapping prints, whereby the various photographic tone

and texture patterns , as well as their correlation to terrain features,

were identified. For the photographic patterns covering areas where

sample data had been collected (e.g. data on vehicle damage to trees),

the class ranges data for that particular site were used. In those pat-

terns without ground truth data, the class ranges for each damage class

were assigned by extrapolation from the points of known ground truth

data, through associations of similar patterns, and through the inter-

preter ’s knowledge of the area. After all the identified patterns had

been outlined on the air photos, a map unit symbol representing a factor

class was assigned to each respective pattern. In effect, the result

was a map portraying five factor classes that characterized the damage

to the tree population within the watershed areas. Figures B14—B8 are

the resulting maps depicting the areal damage to woody vegetation.

10. Within most of the woody areas that had undergone heavy mili-

tary use, the grass cover was almost completely destroyed , as is evident

in Figure B9, and the soil surface had been scarified (and eroded) to a

point that it would be most difficult to reestablish vegetation ground

cover without bringing in some additional surface soil material. The

soil surface in such areas had also undergone some degree of compaction

as a result of the vehicle traffic. This is detrimental to vegetation

growth since the infiltration rate for precipitation is reduced and re-

sistance to root pe~ietration is increased . Such disturbances in the

fragile ecosystem that exists at Fort Carson cause an immediate

reduction in biomass productivity.

B6
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APPE 1’WIX C: PROCEDURE FOR CALCULAT [SS TOPOGRAPHIC
SLOPE GRADIENTS

1. An automated procedure for calcul it ing  slope data and cons t ruc t—

iri~’ slope maps has been developed by the \c’ES. This procedure , which was

used to calculate slope data for the six watershed study areas , cons is t s

of three sequential parts: (a) digitization of contour data, (b) auto-

mated calculat ion of elevation grid arrays , and (c) use of the computer
program SLOPEMA PT to compute a slope value for each grid point location.

Each of these steps is described briefly in the following paragraphs.

Digit izat ion of Contour Data

2. The basic source of data needed to generate digitized topo-

graphic data is a contour map such as shown in Figure Cl. To transform

the co ntour data into proper form for determining the slope gradient ,
the contour lines are first digitized using a line—follower device (FL;—

ure C2), which consists of a cursor with an actuating switch. The out—

t u t  f r m  the cursor goes directly to a preprogrammed magnetic tape unit .

As the operator follows thc contour line , keeping the crosshairs of the

cursor on the contour line at all times (Figure C3), the switch on the

cursor is activ-~ted a~ a suf f ic ien t  number of places along the contour

to def ine the sinuosity.  Each time this  input switch is triggered, x

and y values are recorded; the elevation (z  value ) is entered through

an input keyboard to the magnetic tape deck. In this manner , the con-

tour lines are digitized and stored on the magnetic tape in the form of

xyz coordinates . As for any coordinate system, there must be a fixed

reference. In thi case of topographic maps , this reference is the geo-

graphic coordinate of the upper left corner of a map or area being

digi t ized .

Constr i~ tion of Elevation Grid Arrays

3. The magnetic tape containing the digitized contour data is

Cl
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Figure C2. Technician transforming contour lines from topographic map
into digit ized dat a
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used as input to a computer program that generates an elevation grid

array. In the grid array , the topographic surface is represented by

a matrix (rows and columns),  each element of which is the elevation of

the topographic surface at that matrix (or grid) position (Figure C14).

Also , in this figure , i indicates the number of rows, and j the

number of columns of elevation data within the site.

Z
1 1  

Z
1~~ Z

1 3  
Z11 4  •.. Zl .

z2 l  z2 2  z2 3 z214 ... z2 j

z3l z32 z3 3  z3 1 4  ... z3j

‘Z1 4 1  Z14~~ Z14 3  Z14 1 4  ...

z. z. z. z. ... z.1,1 i,2 1,3 i,14 i, j

Figure C4. Elevation grid array representing
the topographic surface

14. To calculate the elevation values for each designated grid

position within the array, an interpolation procedure was used. The

procedure consists of first sorting the digitized data by distance and

quadrant for each specified grid point in the array. The nearest neigh-

bor within each of the four quadrants is then used in the following

distance-weighed calculation to yield the elevation at the grid position :

— 14 (Cl )
‘-. 1
L R2
k=1 k

c14

- ‘- - .~ - - —~ :~~~~,, ~~~~~~~



where
th .

~~~~ = elevation at the ( i ,j) grid position

Z
k 

= elevations of the four different—quadrant nearest
neighbors to the grid position (i ,j)

= squared distance from each kth data point to the
(j , j )t h grid position

5. The physical interpretation of the procedure is that in cal-

culating -the elevation at any given position , the data closest to that
position is weighed most heavily in the calculation. Most interpolative

procedures of this type in common use produce solutions (grid arrays)

that are data—distribution dependent . That is, the grid array values

depend not only on the values of the initial dat a points but also on

the relative density of data points in one area of the site relative to

that in another . The WES procedure successfully guards against this

effect by selecting points to be used in the calculation from each

quadrant about the point—of—interest .

Using SLOPEMAP to Comput e Slope-Gradient

6. The third step in the procedure is to use the elevation grid

array and the WES SLOPEMAP computer program1 to determine the slope—

gradient magnitude (and direction if desired) for each respective grid

point . The procedure employs a quadratic polynomial, which uses the

elevation values of the grid point in question and its nearest and next

nearest neighbors. The quadratic used by the WES reduces to two closed—

form equations, which provide for rapid calculation of the maximum slope

from two fitted three—dimensional surfaces. The slope value assigned

to the grid point is calculated from the maximum partial derivatives of

f ( x ,y) derived from both surfaces. The f i t t ing  procedure for each

surface is accomplished by a second—order Taylor series expansion.

C5
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APPENDIX D: PROCEDURE FOR DETERMINING SEDIMENT BASIN VOLUME

1. Sediment basins have been constructed on a number of water—

courses ( e . g .  watersheds 1, 2 , and 5) and in other watersheds having no

incised drainage networks ( e . g .  watersheds 2 , 14, and 6) at Fort Carson .

Although the majority of these impoundments were originally built for

th’e purpose of intercepting water for livestock when the ownership of

these areas was in private hands , they now are used for various purposes
including erosion control , wildlife water supply, f ire suppression, and
recreation .

2. In order to determine the usefulness or effectiveness of these

basins at any given time , it is necessary to be able to comput e their
volumes or capacities. Basin volume (V

c
) is defined as that volume con-

tained between the sediment surface and a plane projected horizontally

across the spiliway at the elevation of the spillway crest . Data neces-

sary to compute V
c 

are collected by conventional survey methods . Using

Automatic Data Processing (ADP) techniques , these data can be trans-

formed to Cartesian coordinates and then converted to an elevation grid

array .1 From the gridded. data , a calculation of Vc can be made . If

desired, the original design volume of a basin (Vd) can also be computed

with the use of sediment accumulation thickness data collected in con—

junction with the field survey. A description of the field survey pro—

cedures and the software for coordinate transformation, gridding , and
subsequent computation of volume are discussed below.

Field Survey Procedure

3. If possible, surveys should be conducted when the basin is

empty and the surface is dry; with a water or snow cover, it is often

dif f icul t  to determine the true surface , and the disturbance of the

sediment is almost inevitable. A theodolite is recommended for use

during the survey because of the accuracy it affords and the ease with

which angular measurements can be read and documented. Although a

number of options are normally available, the most commonly used

Dl
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procedure for collecting basin topographic data includes the following

steps :

a. Selection of the origin of the coordinate system.

I. Establishment of a baseline.

c. Def ini t ion of the spillway parameters.

d. Selection of a field grid interval.

e. Use of vertical control .

f. Location of magnetic north.

Furthermore , the field procedure should include accurate documentation

of the numerical field data and any pertinent notes on a form that con-

forms to the specifications required for keypunching and processing’ b;~’

ASP techniques . Each of the steps in the field survey procedure and a

form suitable for recording dat a are discussed below.

Selection of the
coordinate system origin

14. Any point can be used as the origin of the coordinate system ;

however, this point should be selected on the basis of its visibility

from other points in the basin. It is designated as turning point (TP)1

and sta 0+00 of cross section 1 (Figure Dl). The exact location of

TP1 should be marked with a fine-point punch if an iron rod is used ,

or a survey tack if a wooden stake is employed. Two temporary bench

marks ( TBM ’s)  should be established near TP1 to provide vertical and

horizontal control , in the event TP1 is lost and must be reestablished.

These TBM’s should be located at permanent locations , such as trees ,
massive rock formations , and hydraulic structures.

Establishment of a baseline

5. The purpose of a baseline is to define the orientation of the

field grid and , therefore , the direction of the basin cross section .

This line should be parallel to a major dimension of the sediment basin.

At Fort Carson , the baseline was set along the crest of the darn. This

location offers a good view of the basin surface, the spillway , and any
other points that were needed to define the basin (Figure Dl).

Definition of spiliway parameters

6. The spillway must be surveyed to establish the elevation that

D2
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will be used to define the boundary of the sediment basin (Figure Dl).

Additional spillway cross sections and a thalweg profile should also be

taken if rigorous hydraulic and sediment regime studies are required.

Selection of cross—
section or field grid interval

7. The size and complexity of a basin , the degree of accuracy

desired , the time and funds available, and prior survey controls collec-

tively determine the cross—section interval. For example, if it is de-

cided that a 10—rn field grid interval should be used , then a series of

TP’s, 10 m apart, should be established along the baseline. Each TP is

assigned a number and given a station number of 0+00. The TP is estab-

lished with an iron rod (center—punched) or a survey stake (with tack).

At each TP, a cross section is run perpendicular to the baseline. Direct

rod readings are taken, and distances are measured at least every 10 m

until an elevation greater than that of the spillvay crest has been

reached. If a direct rod reading cannot be taken, a vertical angle

reading may be used. If needed, additional contour points can be taken

at intervals less than 10 m along the cross section to define topographic

features.

WES Form 1931
8. The WES has devised a data form, WES Form 1937 (Figure D2)

for collecting and recording field survey data. This form has been ex—

tensively used for recording those data necessary to describe the topo-

graphic configuration of a basin. Data collected with this form can be

punched on computer cards and handled by ASP techniques.

9. A brief description of WES Form 1937 follows in which the

number in parentheses refer to column numbers on the data form:

a. Site and data identification (1—17). Alphanumeric infor-
mation used to identify a site and a particular set of
data. 18

b. Height of instrument (18—20). Height in centimetres of
the vertical distance from the horizontal axis of the
instrument to the top of the TP beneath the instrument.

C. Instrument TP (21—214). The TP number assigned to the
instrument location.

1. Backsight (25—28). The TP number assigned to the already

- _, ~~~~~~~ . -
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established turn ing  point being used to reference the
horizontal angle of 360000100I1 . The first number recorded
on the data form in this field is always 0002.

e. Foresight (29—32). The number assigned to the survey
point being located. The first number in this field is
always 0002 , which establishes the positive X axis.
All other foresights should follow 0002 in increasing
numerical sequence on the data form.

f. Rod reading (33—36). A metric stadia rod is used to locate
all foresights. It is held vertically at the point to be
surveyed without disturbing the ground surface. The rod
is then read , and the resulting value recorded.

£• Horizontal distance (31—141). The distance in centimetres
from the instrument TP to the foresight.

h. Horizontal angle (deg (142—1414 ), mm (145—146), sec (~~1_I~/8)).
The clockwise angle between the backsight and the fore-
sight . In the basin survey , foresight readings along the
predesignated cross sect ions should be at right angles to
the baseline with the exception of scattered shots
necessary to describe a topographic feature.

i. Vertical angle (deg (149—51), mm (52—53), sec (514— 55)) .
The clockwise angle between the zenith and the foresight .
A vertical angle of 90000I OOH is a horizontal reading
and should always be used except when unavoidable (e.g.,
when vegetation blocks the view or when the topographic
position of the foresight relative to that of the in—
struonent TP is such that a horizontal reading is impos—
sible due to the length of the rod).

~~~~. Remarks (56—18). Any information pertinent to the
foresight.

k. Control columns (79—80). Columns reserved for any future
modifications to the software designed to read the field
topographic data.

10. In the simplified example of Figure D3, the direction of mag-

netic north is identical with the positive X axis. The baseline , there-

fore , runs north—south , and TP 1—6 (Figure D2) are at sta 0+00 of cross—

sections 1—6 , each being 1000 cm apart along this baseline. From each

of these six TP’s, a cross section , consisting of contour points at

least every 1000 cm apart, will be taken. Supplementary topographic

data will be collected as needed. The cross sections will be run what-

ever distances are required to encounter elevations exceeding that of

the spillway crest . Two TBM’s have also been established for vertical
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control . These data have been entered on Form 1937 (Figure D2) as an

example of data acquired in the field and are used for discussion pur-

poses in the remainder of this appendix .

- 
POSITIVE Y AX IS

Fi gure D3. Layout of coordinate
system for the baáin survey

POSi TIV E X AXIS

+ 

BASE L INE

T PI  TP 2
0 ,0 ,0

Cartesian Coordinat e Transformation

11. Data collected by the field survey and recorded on \4ES Form

1937 can be punched on computer cards and processed by a Honey-well 0—635

computer , Software Release 211, with batch program CONXYZ written in

FORTRAS IV. This program transforms the angles and distances collected

in the field to Cartesian ( xYz ) coordinates with TP1 being the origin of

the coordinate system and the positive X axis coinciding with the line

from TP1 to TP2 . The positive Y axis is then set by the program 270 deg

clockwise to the positive X axis. The baseline coincides with the X

axis, and the XSECT’s are parallel to the Y axis .  Figure D3 shows the

layout of the coordinate system for the field survey; Figure D14 is a

computer printout of transformed Cartesian coordinates with the data of

Figure D2 as input.

Calculation of an Elevation Grid Array

12. Mi elevation grid array can be constructed from the punched

card output of CONXYZ. These data are loaded. in a data file and

Dl
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processed in three steps with a Honeywell 0—635 computer , Software Release

2H. Timesharing programs TRANS and CONTEDIT and CARDIN program NGRID3

are used to read , sort , and translate the topographic data for a basin

to produce the elevation grid array . Each step is discussed briefly .

TRANS

13. Program TRANS takes the Cartesian data that have been loaded

into a f ile, sorts them into a form comparable to that of digit ized

topographic data , and translates the X and V axis so that the lowest X
and V values of the input file are set as 0. All other X and Y values

then become positive. The Z axis is not adjusted . The program writes

these sorted and translated data onto an output file.

CONTEDIT
114. Program CONTEDIT takes the output of TRANS and prepares these

data for input to NGRID3. CONTEDIT produces an output file that allows

the user to write seven lines of descriptive information. On the eighth

line of the file the user lists the variables necessary to : (a) convert

the set of input data to metres (e.g., 0.01 if the input data are in

centimetres), (b) assign the number of grid positions in both the X and
V directions , and (c) set the spacing between grid points. The remainder

of the output consists of the translated X and Y coordinates and the Z

coordinates.

NGRID3

15. Program NGRID3 reads the output file of CONTEDIT and con—

verts a random distribution scalar field to an elevation grid array.19

The elevation at each grid position is interpolated using a l/d
2 

four—

quadrant fit. The contour elevation data are searched for the nearest

neighbor in each of the four quadrants about the grid position. The

~- i - -iat ion for calculating the elevations and distances from the grid

position to those four nearest neighbors is expressed as

14 z

= 
znl  m 

(Dl)
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W l C s  ~~~

Z = elevation at the grid porition
th

= elevation of the nearest neighbor in the m quadrant

d = distance of ’ the nearest n e L e ~hbor Ln the mth quadrantm 
the ~rLd posit ion

The out put ~ ~GRID3 is a rriagnetic t a r e  containing the de~ cr ipt ive in—

: -ro- tt ton of the output ‘ile of ’ CONTEDIT and the elevation ~iid array

1 r ) ~IUced by the ro-ram .

flor~~~u ta tio r i  01’ ~~edi inent  R a s i n  Volume

16. To calcul-Cte the sediment basin volume (v) between the

spillway crest plane and the basin surface , the elevation grid array

ma -nCtic tape produced by ~dEID3 is used. A volume is determined for

each -rid square , with a Honeywell G—635 computer , Software Release

2H and CARDIN program VOLUMN written in FORTRAN IV. Then V
c 

is

~orn~uted by summing the individual volumes for all grid squares where

the elevation of the spi]lway crest plane exceeds that of the basin

surface. The equation for the calculation of V,~ is

s=t

V = D~ (z — z , t’or z > z (D2)C \ S P ~ 5~ 3)
s l

where

D = prid spacing

Z = elevation of the spillway crest plane

Z = elevation of the basin surface at the 
th location;

t is the number of elevations computed with Equation Dl

VOLUf-tN allows the user to select a series of spillway elevations at

whatever interval he should choose.

Computation of Ori ginal Desi gn Volume

17. If it is necessary to compute the original desit~n volume (V d )

Dl0



-of a basin , sediment borings must be taken and a determination of the

accumulated sediment t h L~kne~ s made at the time of the basin survey.

Depth of sediment then ticie l to the rod reading obtained on a level

vertical angle rea l i r i - :r - m ‘,1o~ i~o tru -oe r it  TP. Where no sediment is

found, the vertical r-~ I r~- -i Iir ,~ f’~ r t :~r basin surface remains unchanged.

Data processirir is ident Lri~ t~~ ~~~ . it lescribed in paragraphs 11—16. The

equation fof com~~u t at i .~~ : is

V
d 

= D
2 

~~~~: 

(~ - + d , for z > (D3)

where d represents accumulated sediment thickness at the 5
th

location.
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In accordance with letter from DAEN-RDC , DAEN-ASI dated
22 July 1977 , Subjec t : Facsimile Catalog Cards for
Laboratory Technical Publications , a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Keown , Malcolm Price
Environmen tal baseline descriptions for use in the management

of Fort Carson natural resources s, Repor t 4 Analysis and assess-
men t of soil erosion in selected watersheds I by Malcolm P.
Keown , Harold W. Wes t. Vicksburg, Miss . : U. S. Waterwa ys Ex-
perimen t Station ; Springfield , Va. : available from National
Technical Informa tion Service , 1978.

82 , ~38~ p. : ill. ; 27 cm. (Technical repor t — U . S. Army
Engineer Wa terways Experiment Station ; M— 7]— 4 , Repor t 4)

Prepared  f o r  Di r e c to ra te of Faci l i t ies and E n g i n e e r i n g , For t
Carson , Col orado , and O f f i c e , Chie f  of Engineer s , U. S. Army ,
Washi ng t on , D. C. , under Projec t 4A162121A89 6 , Task 01 , Work
Uni t 00(~.

References: p. 81—82.
1. Environmen tal impact. 2. Environmental management. 3. Fort
Carson , Cob . 4. Mili tary in stallations. 5. Natural resources.
6. Soil erosi on. 7. Watersheds. I. West , Harold W ., joint
author. II. Fort Carson , Cob . Direc torate of Facilities and
Engin eering. III. United States. Army . Corps of Engineers.
IV . Series: Uni ted States. Waterways Experiment Station , Vick s-
burg , Miss. Technical repor t ; M— 77—4 , Repor t 4 .
TA7 .W34 no.M— 77— 4 Report 4


