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PROCEDURAL EXAMPLES
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for chapters HI.VII
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INTRODUCTION

This chapter provides examples of silvicultural
activities on two hypothetical watersheds—one in a
rain dominated hydrologic region (Grits Creek) and
one in a snow dominated region (Horse Creek). It
demonstrates the procedural analyses that would
be conducted to evaluate the potential non-point
source pollution associated with each example.
Where such potential non-point source pollution

would exceed established water quality objectives,
the procedure for considering control opportunities,
thereby revising the original silvicultural plan, is
explained.

All figures, tables, and worksheets mentioned
within this chapter are referenced according to
their original chapter number. Only figures unique
to chapter VIII have been given “VIII” numbers.



PROCEDURAL EXAMPLE FOR GRITS CREEK—A RAIN DOMINATED
HYDROLOGIC REGION

DESCRIPTION OF AREA AND
PROPOSED SILVICULTURAL ACTIVITY

Foresters from the Appalachian Hardwood
Products Company' inventoried a 356-acre tract of
hardwoods (fig. VIII.1) owned by the company in
the southern Appalachians. The watershed is at a
latitude of 35°N. The baseline leaf area index
(LAI) is 6. Dominant aspect is southwest, and the
average rooting depth for the watershed is 4 feet.
The tract was divided into timber compartments
A, B, and C (fig. VIII.1) based upon stand composi-
tion; management prescriptions were proposed for
each. A description of each timber compartment
and the prescribed management options follows.

Compartment A is an 84-acre stand along the
ridgetop of the watershed. It is composed of low
quality northern red oak and a dense laurel-
rhododendron understory., Trees are short and
branchy because of repeated ice damage, and the
growth potential is low in these steep, rocky, shal-
low soils. Because of high recreation use and the
poor site condition for timber production, the com-
pany forester recommended that no silvicultural
activity be conducted.

Poor oak-hickory stands are present on the lower
slopes in compartment B, producing little timber;
but soils are deep, well watered, and capable of
timber production. The proposed residual leaf area
index is estimated to be 2. The forester recom-
mended that the 180-acre timber stand be
regenerated by clearcutting all woody vegetation
after harvesting mechantable timber.

Compartment C, 92 acres, contains a 40-year-old
stand of excellent yellow poplar mixed with over-
mature remnants of other cove hardwoods. It was
originally estimated that the yellow poplar would
be from 85 to 120 feet high at age 50, but the growth
rate of the overcrowded stand has slowed during

'This is intended to be a fictitious company name; any
similarity to an actual company is entirely coincidental,

the last 7 years. A thinning has been recommended
by the company forester to increase growing space
for crop trees. Additional cuts will be required at
20-year intervals. The proposed residual leaf area
index is estimated to be 3. Compartment C would
be reevaluated for a possible clearcut in 40 years, in
accordance with the company’s policy of even-aged
management. Then the site would be regenerated
to yellow poplar or other desirable species.

Based upon these management prescriptions,
engineering and harvesting system analyses were
made. Two alternatives were developed for analysis
using the basic steps outlined in “Chapter II:
Control Opportunities,” Appendix II.A, example
two. The significant resource impacts were “‘bare
soil” and “compaction.” Based on a knowledge of
the site and professional judgment, the following
control opportunities were selected.

1. Prescribe yarding and skidding layout.

2. Revegetate treated areas promptly, as local
conditions dictate.

The two engineering and harvesting alternatives
were based on different yarding systems, road loca-
tions, and revegetation prescription. Alternative A
was based on tractor yarding with road locations
shown in figure VIII.2. Alternative B was based on
cable yarding systems and required an additional
road (fig. VIII.2) to achieve reasonable yarding dis-
tances. Revegetation of all roads, including run-
ning surfaces, was planned in Alternative B. Both
alternatives were analyzed and the results com-
pared to water quality objectives.

Water Quality Objectives

Water quality objectives were established for the
Grits Creek area by the Regional Planning Com-
mission in conjunction with State 208 planners.
The established objectives required that channel
stability be maintained, that total potential sedi-
ment discharge be limited to 25.5 tons/yr and that
water temperature increases be no greater than
3°F.
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DATA BASE

The collected data are presented in table VIII.1
and worksheets IV.1, IV.2, V.1, and VII.2.
(Proposed and revised worksheets are located at
the end of section “Procedural Example for Grits
Creek—. . ."") Soils were mapped by the Soil
Conservation Service. All data presented are re-
quired, unless otherwise specified, for a complete
water resource evaluation of Grits Creek, the major
drainage in the tract. The complete evaluation re-
quires analyses within the following categories
(numbers for the corresponding chapters in this
handbook appear in parentheses):

Hydrology (III)

Surface Erosion (IV)

Total Potential Sediment (VI)

Temperature (VII)

HYDROLOGY ANALYSIS

The hydrology analysis serves as a guide to es-
timate change in potential streamflow associated
with silvicultural activities in rainfall dominated
regions. The methodology and procedures
presented in this document are only guidelines to
complement professional judgment for a particular
situation,

Water Available For Streamflow—
Existing Conditions

Step 1. — The first step in the hydrologic evalua-
tion of Grits Creek is to estimate the water
available for streamflow under existing conditions
using worksheet I11.1. The necessary procedures are
outlined below. (Numbers in parentheses refer to
items or columns on the worksheet.)

(1) Watershed name. — Grits Creek may be
treated as a single watershed unit for hydrologic
evaluation (see ‘'Chapter III: Hydrology™').

(2) Hydrologic region. — Grits Creek is
located in hydrologic region 2, Appalachian Moun-
tains and Highlands. The region is also described
in chapter III.

(3) Total watershed area. — Drainage size is
356 acres.

(4) Latitude. — The latitude of Grits Creek is
35°N. This is necessary input since evapotranspira-
tion was found to be a partial function of latitude in

region 2.

(5) Season. — The seasons for rainfall
dominated regions are: fall (September, October,
November); winter (December, January,
February); spring (March, April, May); and sum-
mer (June, July, August).

(6) Compartment. — The entire watershed is
considered to be unimpacted under existing condi-
tions (i.e., no areas affected by previous
silvicultural activities).

(7) Silvicultural state. — Watershed areas are
grouped into zones of similar hydrologic response
as identified by silvicultural or vegetational state.
For Grits Creek, the only silvicultural state is
“forested.” There is a single silvicultural prescrip-
tion for the existing condition consisting of a single
silvicultural state — farested.

(8) Area, acres. — The silvicultural zone is
“forested,” and this forested area is 356 acres.

(9) Area, %. — This refers to the percentage of
the prescription area in each silvicultural state. In
this case, the forested area is 100 percent (1.00 as a
decimal percent) of the prescription area.

(10) Precipitation. — Enter estimates of
seasonal precipitation to the nearest 0.1 cm. For
Grits Creek, precipitation averaged 23.3, 75.2, 60.5,
and 27.0 cm for fall, winter, spring, and summer,
respectively. Analysis requires precipitation and
evapotranspiration to be entered in centimeters.

(11) Baseline ET. — Baseline evapotranspira-
tion (ET) for a latitude of 35°N is taken from figure
III.11. Respective values for fall, winter,
spring, and summer are 20.1, 8.9, 13.0, and 39.1
cm.

(12) Basal area. — Since the leaf area index is
known, basal area is not needed.

(13) Leaf area index. — The leaf area index has
been esiimated as 6 for Grits Creek. Leaf area in-
dex does not change with seasons since leaf fall is
taken into account when ET estimates are deter-
mined.

(14) ET modifier coefficient. — Evapotran-
spiration modifier coefficients, as functions of leaf
area index and season, are obtained from figure
II.16. For undisturbed forested areas, the ET
modifier coefficent is 1.0 for all seasons.

(15) Rooting depth modifier coefficient. —
Rooting depth modifier coefficients are taken from
figure I11.19 for an average soil depth. In this exam-
ple, all rooting depth modifier coefficients are
equal to 1.0.
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(16) Weighted adjusted ET. — The weighted
adjusted ET is calculated by multiplying baseline
ET [col. (11)], ET modifier coefficient [col. (14)],
rooting depth modifer coefficient [col. (15)], and
area as a decimal percent [col. (9)]. Weighted ad-
justed ET values for fall, winter, spring, and sum-
mer are caleulated as 20.1, 8.9, 13.0, and 39.1 cm,
respectively.

(17) Weighted adjusted seasonal ET. — The
sum of weighted adjusted ET values [col. (16)] for a
season equals the weighted adjusted evapotran-
spiration for that season. Values are in centimeters
rounded off to one decimal place.

Season Weighted adjusted seasonal ET
Fall 20.1cm
Winter 8.9 cm
Spring '13.0cm
Summer 38.1cm

(18) Water available for seasonal streamflow.
— The difference between weighted adjusted
seasonal ET [col. (17)] and seasonal precipitation
[col. (10)] is the water potentially available for
seasonal streamflow. For Grits Creek, fall, winter,
summer, and spring potential streamflows were
3.2, 66.3, 47.5, and —12.1 cm, respectively.

(19) Annual ET. — The sum of adjusted
seasonal ET values [col. (17)] is annual ET. This is
81.1 em for Grits Creek.

(20) Water available for annual streamflow.
— The sum of water available for seasonal
streamflow values [col, (18)] is the water available
for annual streamflow. This is 104.9 cm for Grits
Creek.

Water Available For Streamflow—After
Proposed Silvicultural Activity

Step 2. — The second step in the hydrologic
evaluation of Grits Creek is to estimate the water
available for streamflow if the proposed
silvicultural activity is implemented. The neces-
sary steps in worksheet II1.2 are detailed below.
(Numbers in parentheses refer to items or columns
in the worksheet.) Since the acreage cut does not
change for the two management alternatives, the
analysis is the same.

(1)=(5). — Same as worksheet III.1.
(6) Compartment. — For the proposed condi-

tion of Grits Creek, there are two compartments:
impacted and unimpacted. The impacted com-

partment includes those areas affected directly or
indirectly by the proposed silvicultural activities,
while the unimpacted compartment includes areas
unaffected by the proposed silvicultural activities.

(7) Silvicultural state. — Watershed areas are
grouped into zones of similar hydrologic responses
as identified by silvicultural or vegetational state.
For the proposed condition of Grits Creek, the un-
impacted compartment has one silvicultural
state—forested. For the impacted zone, there are
two—clearcut and thinned. As with the existing
condition, there is one silvicultural prescription.
However, this prescription consists of three
silvicultural states — forested, clearcut, and
thinned.

(8) Area, acres. — For the proposed condition,
the silvicultural states are forested, clearcut, and
thinned with respective areas of 84, 180, and 92
acres.

(9) Area, %. — The area of each silvicultural
state in column (8) is divided by item (3), total
watershed area, and rounded off to the third
decimal place. In this example, decimal percentage
for forested, clearcut, and thinned zones and are
0.236, 0.506, and 0.258, respectively.

(10) Precipitation. — Seasonal precipitation to
the nearest 0.1 cm is entered by the user. For Grits
Creek, mean seasonal precipitation was 23.3, 75.2,
60.5, and 27.0 cm for fall, winter, spring, and sum-
mer, respectively.

(11) Baseline ET. — Baseline ET is the same for
each silvicultural state within a season. The values
taken from figure III.11 for a latitude of 35°N are
20.1, 8.9, 13.0, and 39.1 c¢m for fall, winter, spring,
and summer seasons, respectively.

(12) Basal area. — Since the leaf area index
(LAI) has been estimated, basal area data are un-
necessary.

(13) Leaf area index. — Leaf area index (LAI)
values have been estimated by a professional
forester as 2 and 3 for clearcut and thinned areas,
respectively.

(14) ET modifier coefficient. — Evapotrans-
piration modifier coefficients, as functions of leaf
area index and season, are obtained from figure
IT.16. In this example, the modifier coefficients
are:

Season Forested Clearcut Thinned
Fall 1.00 0.81 0.90
Winter 1.00 0.65 0.76
Spring 1.00 0.60 0.72
Summer 1.00 0.69 0.84
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(15) Rooting depth modifier coefficient. —
Rooting depth modifier coefficients are taken from
figure II1.19 for an average soil depth. Here, all
rooting depth modifier coefficients are equal to 1.0.

(16) Weighted adjusted ET. — Multiplication
of baseline ET, ET modifier coefficient, rooting
depth modifier coefficient, and area as a decimal
percent vields adjusted ET values as follows:

Season Forested Clearcut Thinned
Fall 474 cm 8.23 em 4.67cm
Winter 2.10cm 2.93 em 1.75 ¢m
Spring 3.07em 3.95 em 2.41 cm
Summer 9.23 cm 13.65 cm 847 cm

(17) Weighted adjusted seasonal ET. — Sum-
mation of adjusted ET values by activity vields
weighted adjusted seasonal ET for the watershed.
Fall, winter, spring. and summer values are 17.6,
6.8, 9.4, and 31.4 cm, respectively.

(18) Water available for seasonal streamflow.
— The difference between weighted adjusted
seasonal ET and seasonal precipitation is water
available for seasonal streamflow. The respective
values are 5.7, 68.4, 51.1, and —4.4 c¢m for fall,
winter, spring, and summer, respectively.

(19) Annual ET. — The sum of weighted ad-
justed seasonal ET values [col.(17)] is annual ET.
This is 65.2 cm.

(20) Water available for annual streamflow,
— The sum of column (18), seasonal streamflow, is
equal to water available for annual streamflow.
This is 120.8 ¢m.

Flow Duration Curve Development—Existing
Conditions

Step 3. — The third step in the hvdrologic
evaluation is to estimate the flow duration curve
for the existing condition. The necessary steps out-
lined in worksheet III.3 are detailed below.
(Numbers in parentheses refer to the items or
columns on the worksheet.)

(1), (2). — Same as worksheet III.1.

(3) Water available for annual streamflow —
existing condition. — This value has bheen
calculated in worksheet III1.1, item (20), to be 104.9

cm.

(4) Annual flow from duration curve for
hydrologic region. — Figure II1.22 gives the an-
nual flow for watersheds in hydrologic region 2 as
72,0 cm using 11 points to calculate the area
beneath the curve.

(5) Adjustment ratio. — FEstimated water
available for annual streamflow divided by flow,
represented by the flow duration curve, equals the
adjustment ratio. The adjustment ratio is rounded
to the third decimal place and used to correct the
given flow duration curve to equal the expected
vield. For Grits Creek, it is:

1049 _ 1487
72.0
(6) Point number. — This is the numerical

order of points used to define the flow duration
curve,

(7) Percent of time flow is equaled or ex-
ceeded. — These values are read at equidistant in-
tervals along the X-axis of figure 111,22, The inter-
val is a function of the number of desired points
[i.e.. if 11 points are used, the interval is 100/(11-
1.

(8) Regional flow. — These are the Y-axis
values of figure 111.22 corresponding to the X-axis
values in column (7). This column is not necessary
if a flow duration curve for the existing condition is
available.

(9) Existing potential flow. — Regional flow
[col. (8)] is multiplied by the adjustment ratio
[item (5)] to give the existing potential streamflow.
If a flow duration curve for the existing condition is
available, no correction is necessary. Column (9} is
plotted versus column (2) to vield the flow duration
curve for the existing condition (fig. VIIL3).

(10) Existing potential flow (cfs). — Conver-
sion of em/7 days to cubic feet per second (cfs) is
accomplished by multiplving column (7) x area
{acres) x 0.002363 for 7-day intervals,

Flow Duration Curve Development—
After Proposed Silvicultural Activity

Step 4. — The final step in the hydrologic
evaluation of Grits Creek is to estimate the 7-day
flow duration curve for conditions after the
proposed silvicultural activity has been conducted.
The necessary steps outlined in worksheet I11.4 are
detailed as follows. (Numbers in parentheses refer
to the items or columns on the worksheet.)

(1), (2).

(3) Watershed aspect code. — The dominant
aspect of Grits Creek is southwest. Hydrologic
characteristics dictate that, for the purposes of flow
duration curve calculation, an aspect of west be as-
signed a code of zero for the watershed (this
eliminates the aspect adjustment).

(4) Existing condition LAI. — Existing LAI
has already been given as 6.

Same as worksheet IT1.2.
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(5) Proposed condition LAI. — Proposed con-
dition leaf area index is an area weighted index for
the silvicultural states which for this example are
forested, clearcut, and thinned areas. Leaf area in-
dex values are from worksheet II1.2, column (13).

The weighted post-activity index can be

calculated as:
welghted forest + weighted clearcut
+ weighted thinned

weighted average

or
(6 > 0.236) + (2 X 0.506) + (3 X 0.258) = 3.2

(6) Change in LAI. — The difference between
existing and proposed condition leaf area indices
vields the change in leaf area index, In this case, it
is6 — 32 =28,

(7) Rooting depth modifier coefficient. — For
Grits Creek, the rooting depth modifier coefficient
is 1.

(8)-(12). — The least squares equation coef-
ficients for the example are found in table III.4,

(13)-(15). — Same as columns (8), (7), (9), and
(10) of worksheet IIL.3, respectively.

(16) b, . — This is item (8) found in table III.4.
(17) b’Qi' — Item (9) X column (15).

(18) b.CD. — Item (10) X item (6).

(19) b:AS. — Item (11) x item (3).

(20) b.RD. — Item (12) X item (7).

(21) AQ;. — Sum of columns (16), (17), (18),
(19), and (20).

(22) Q; + AQ;. — Column (15) + column (21).

(23) Q; + AQ; (cfs). — Column (22) x area
(acreas) x 0.002363 for 7-day intervals. This is the
predicted flow duration curve for the proposed
silvicultural activity when plotted against column
(14) (fig. VIL.3).

SURFACE EROSION ANALYSIS

The quantity of surface eroded material
delivered to stream channels from sites disturbed
by the proposed silvicultural activities is estimated
in two stages. First, the quantity of material that
may be made available from a disturbed site is es-
timated using the Modified Soil Loss Equation
(MSLE). Second, a sediment delivery index
(SD; ) is estimated. When this is applied to the es-
timated quantity of surface eroded material
available, an estimate of the quantity of material
that may enter a stream channel is obtained.

Erosion Response Unit Delineation

Topographic maps (figs. VIII.4 to VIIL.7) have
been prepared for the Grits Creek watershed, fol-
lowing steps 1 through 7 as discussed in chapter I'V.
These maps show the drainage net, hydrographic
areas, soil groups, and silvicultural activities. Road
locations for management alternatives A and B are
shown in figure VIII.1. An enlarged map of
hydrographic area 13 (fig. VIII.8) shows the com-
posite of cutting units, roads, stream channels, and
soil groups used for the soil erosion and sediment
delivery example problem.

Steps 1-7. — Prepare topographic maps (ch. IV).

Step 8. — Set up worksheets for estimating
potential sediment load from surface erosion.

Worksheets IV.1 and IV.2, have been prepared
with field data for Grits Creek management alter-
native A. Individual soils in the Grits Creek
watershed have been grouped where there exist
similar texture, organic matter, structure, and
permeability characteristics. Worksheet TV.1 shows
the three soil groups used for surface erosion
evaluation. Data on worksheet IV.1 should not
change when different management alternatives
are evaluated for the watershed.

Worksheet IV.2 displays various types of data
needed for evaluating the effects of management
alternative A for Grits Creek watershed,
hydrographic area 13. Individual erosion response
units are identified and listed. A different erosion
response unit is created for each change in manage-
ment activity, each design change for a given ac-
tivity (e.g., a road change from a cut-and-fill design
to a complete fill for a stream crossing), or each
change in environmental parameters affecting ero-
sion (e.g., an change in soil characteristics).

Worksheet IV.3 is a summary of the values used
in the MSLE and sediment delivery index for ero-
sion response units in hydrographic area 13 of the
Grits Creek watershed. The values for both
management alternatives are obtained using the
steps and discussions which follow. Only values for

“alternative A are used to illustrate methods for

solving the equations, however, values for alter-
native B are similarly determined.

Step 9. — List each erosion source area and
number by erosion response unit.

For the Grits Creek watershed, the response
units have been coded as follows. The treatment
types are selection cuts (SC), clearcuts (CC), and
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Figure Vill.4.—Drainage net, Grits Creek watershed.
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Figure V1l.5.—Hydrographic areas, Grits Creek watershed.
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Figure Vil1.8.—S8oll groups, Grits Creek watershed.
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Figure VIII.7.—Slivicultural treatments, Grits Creek watershed.
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Figurs Vii1.8.—Enlargement of example hydrographic area showing individual srosion response units.
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roads (R). There are no landings, because logs will
be varded to various locations along the side of the
road and onto the road surface. The example
hydrographic area is number 13. The disturbance
types are numbered (e.g., clearcut CC13.1, clearcut
CC13.2) to identify them in the following evalua-
tions for soil loss and sediment delivery.

Using The Modified Soil Loss Equation (MSLE)

Step 10. — Working with each erosion response
unit individually, determine for each source area
(silvicultural activities and roads) the values to be
used for each of the following variables:

R — Rainfall factor

K — Soil erodibility factor

LS — Length-slope factor

VM  — Vegetation-management factor
Area — Surface area of response unit

Values for these factors are entered on worksheet
IV.3 using the following procedures.

Rainfall Factor

For the Grits Creek area, R = 300 (fig. IV.2.)
This R value is the same over the entire Grits Creek
area and will be used for all erosion response units
and both management alternatives.

Soil Erodibility Factor

The K value can be estimated using the
nomograph in figure IV.3, or by using equation
IV.4. The data for soil group 2 needed to compute
the K wvalue using equation IV.4 are found on
worksheet IV.1. K must be determined for both
topsoil and subsoil. For disturbances which enter
the subsoil, such as roads, the subsoil value of K
must be used.

Application of the equation to determine the K
factor is shown in the following example for topsoil
in soil group 2. Because of inflections in the family
of curves on the nomograph (fig. IV.3) for percent
sand, the equation cannot be used when silt plus
very fine sand exceeds 70 percent,

K = (21 x 10°% (12—0Om) M""

+ 0.0325 (5-2) + 0.025 (P-3) (IV.4)

where:
Om = % organic matter
M = (%silt + % very fine sand) (100 — “% clay)
S = structure code
P = permeability code

Substituting values for topsoil (soil group 2) from
worksheet IV.1 into equation IV 4:
K = (21 x 10°%) (12—4) [40 (100-20)]"
+ 0.0325 (2—-2) + 0.025 (2-3)
K = 0.14

Length-Slope Factor

The length-slope factor, LS, is a combination
factor which incorporates the slope gradient and
the length of the eroding surface into a single fac-
tor. The LS factor must he estimated for each ero-
sion response unit.

Two methods may be used to estimate the LS
factor on straight slopes. One is to use equation
IV.8 to derive the estimated LS value. The second
method utilizes a nomograph (fig. IV.4) to estimate
the LS value.

The cutting units (SC13.1, SC13.2, CC13.1, and
CC13.2) are each different in regard to slope
gradient and length, Therefore, LS for each cutting
unit must be evaluated separately. Using equation
IV.8 and data from worksheet IV.2, the LS value
for CC13.1 is calculated as follows for.slope length A
= 132 feet and slope gradient s = 12 percent.

m 2
- =( A ) (0.43 +0.30s + 0.043s%

72.6 6.613 /
10,000 IV .8)
10,000 + & e
where:
A = slope length, in feet
s = slope gradient, in percent
m = an exponent based on slope gradient from

equation IV.6
Using data from worksheet IV.2:

LS = (132)"-5 (0.43 +0.30(12) + 0.043(12)%
72.6 6.613 /
{10,000
\10,000 + (12)?

LS = 2.05
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Similar calculations are made for erosion response
units SC13.1, SC13.2, and CC13.2.

To compute the length-slope value for the road
sections (R13.1, R13.2, and R13.3), the equation for
irregular slopes is used in this example. An alter-
native method using graphs (figs. IV.5 and IV.6) is
discussed in chapter IV. The LS equation for roads

is:
Y =1\ 726 72.6™
(IV.9)

()]

The number of calculations can be reduced by
simplifying equation IV.9 to:

n

. m+1 _ m+1
(g mde . = Sj(xl_ll)
A ; 72.6™

=1
( o=10000 _ )] (Iv.9.1)
10,000 +8
where:
A. = entire length of a slope, in feet
A; = length of slope to lower edge of jth seg-
ment, in feet
i = slope segment
s; = slope gradient, in percent
S; = dimensionless slope steepness factor for

segment j defined by
S = (0.0435,2j + 0.30s, + 0.43)/6.613

m = an exponent based on slope gradient
n = total number of slope segments

For the road R13.1, using values in worksheet
IV.2 and assuming that no sediment is deposited on
the road surface, the computations are as follow:

Slope segment 1 (cut)
X1 = 3.5 feet
A1 = 0.0 feet (there are no preceding slope seg-
ments, hence length is 0.0 ft)

= 170%

m = (.6 (for slopes on construction sites; see
eq. IV.6)

0.043s? + 0.30s + 0.43
6.613

w
I

Si=

substituting for s:

0.043(170)* + 0.30(170) + 0.43
6.613

= 196

S|=

Substituting S, A, and m values for j=1 into equa-
tion IV.9.1 to the right side of the summation sign
gives:

196 [3.5)'% — (0)** {10,000 ¥
(72.6)08 \ 10,000 + (170)%

= 28.59

Slope segment 2 (roadbed)

A2 = 3.5+ 12.0 = 15.5 feet

Ao = 3.5 feet

8 = 1%

m = 0.6 (for slopes on construction sites)
S, = 0.043s* + 0.30s + 0.43
’ 6.613

substituting for s:
0.043(1)* + 0.30(1) + 0.43
S, = () (1) = 0.117

6.613

Substituting S, A, and m values for j=2 into equa-
tion IV.9.1 to the right side of the summation sign
gives:

- ((15.51“5 — (3.5) 1-6) 10,000
(72.6)06 10,000 + (1)
65

Slope segment 3 (fill)

Aa = 3.5+ 12.0 + 4.5 = 20.0 feet

Xs_1= 3.5 + 12.0 = 15.5 feet

8 = 100%

m = 0.6 (for slopes on construction sites)

0.043s* + 0.30s + 0.43
6.613

S, =

substituting for s:

0.043(100)* + 0.30(100) + 0.43
6.613

= 69.6

S =
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Substituting 8, A, and m values for j=3 into equa-
tion IV.9.1 to the right of the summation sign gives:
gives:

69.6 ((20.0)‘-“ — (15.5)'# 10,000
(72.6)"6 10,000 + (100)2

= 107.54

Solving the entire equation IV.9.1, using the
calculated values where:

A, =35+ 120 + 45 = 20 feet

then:
IJS =

(slope seg. 1 + slope seg. 2

@

+ slope seg. 3)

1
% (28,59 + 0.65 + 107.54)

6.84

A similar LS calculation is made for road R13.5.
Road R13.2, however, is a fill across a stream chan-
nel and becomes two problems, each with two seg-
ments. Each segment starts at the middle of the
road surface, and the second segment includes one
of the fill slopes. An average LS value from both
halves of the road is used as the final LS value
(1.81) to be entered on worksheet IV.3.

Vegetation-Management Factor

The vegetation-management factor (VM) is used
to evaluate effects of cover and land management
practices on surface erosion over the entire slope
length used for the LS factor. VM factors are deter-
mined for all cutting units and roads.

(1) Cutting units. — Worksheet IV.2 has the
field data used for calculating a VM factor for the
clearcut units (CC13.1 and CC13.2) and the selec-
tive cut units (SC13.1 and SC13.2). Example
calculations are shown for clearcut CC13.1. The
cutting unit is divided into two areas based on the
presence or absence of logging residues. A ground
cover of slash and other surface residues covers 55
percent of the unit (wksht. IV.2). The remaining 45
percent is scattered with open areas of bare soil and
soil duff mixtures averaging 15 feet in diameter.?

Hnformation about the amount of residue ts often expressed in
tons per acre. Maxwell and Ward (1976} have published photos

and tables for parts of Gregon and Washington which relate
visual appearance of a site with the volume of residue and
amount of ground cover

In the 55 percent of the area (CC13.1) covered by
slash and other surface residues, fine tree roots are
uniformly distributed over 99 percent of the area.
In the 45 percent of clearcut area CC13.1 that is
open, fine tree roots are uniformly distributed over
80 percent of the open area. All of the overstory and
understory canopy has been removed.

Using worksheet 1V 4, first, enter percent area as
0.55 and 0.45 for area covered by residues and open
area, respectively. Separate calculations are made
for the logging residue areas and open areas.

Second, the logging slash represents the mulch
and close growing vegetation. Because slash varies
in density, assume that small openings a few inches
in diameter exist over 40 percent of the surface.
from figure IV. 9, the 60 percent cover provides a
mulch factor of 0.25. The 45 percent of CC13.1 that
is open is assumed to have 45 percent of the surface
protected by widely scattered slash. Using figure
IV.9, a mulch factor of 0.35 is found for this situa-
tion.

Third, zero canopy cover gives a canopy factor of
1.0 for both areas (fig. IV.8).

Fourth, evaluate the role of fine roots that are
remaining in the soil. The slash area has fine roots
uniformly distributed over 99 percent of its surface
area and figure IV. 10 shows a corresponding fine
root factor of 0.10. The open area has fine roots un-
iformly distributed over 80 percent of its area;
figure IV.10 gives a corresponding value of 0.12.

Fifth, determine if the open areas are connected
with each other such that water can flow downslope
from one to another (ch. IV). In this example, the
open areas are isolated from each other by bands of
logging residue, requiring the use of a sediment
filter strip factor of 0.5 (see “Sediment Filter
Strips” section of “Chapter IV: Surface Erosion”).
If these sediment filter strips did not exist, a factor
of 1.0 would be used.

Sixth, using worksheet V.4, multiply the VM
subfactors for logging residue (0.55) (0.25) (1.0)
(0.10) = 0.0138. Similarly for the open area: (0.45)
(0.35) (0.12) (0.5) = 0.0095. The overall VM factor
for CC13.1 is the sum of the two factors: (0.0138) +
(0.0095) = 0.023.

Similar calculations are made for CC.13.2,
SC13.1, and SC13.2. Values are shown on
worksheet IV .4,

(2) Landings. — No landings are planned for
Grits Creek.
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(3) Roads. — The VM factor must represent two
conditions on the road areas: (1) the road running
surface, and (2) the cut-and-fill banks that are
needed (fig. IV.7).

The average width of disturbed surface for road
R.13.11s 1.8 + 120 + 3.1 = 169 ft

Running surface 120 ft = 07101 = fraction of

16.9 ft total width

Cut slope 1.8 ft = 0.1065 = fraction of total

Fill slope 31ft - 01834 = fraction of total
16.9 ft width

The weighted VM factor for the road R13.1 is
calculated and shown on worksheet IV.6. Similar

calculations have been made for roads R13.1 and
R13.5.

Surface Area Of Response Unit

Total surface area within each treatment
unit—clearcuts, selective cuts, and roads—is given
in worksheet IV.2 and is entered on worksheet IV 3.
All other MSLE factors are also entered into
worksheet IV.3. Total potential onsite soil loss is
computed by multiplying all the MSLE factors on
worksheet IV.3.

Sediment Delivery

Step 12. — The computed potential sediment is
delivered to the closest stream channel using a
sediment delivery index (SD;). Worksheet IV. 7 is
used to organize the data for each erosion response
unit for each factor shown on the stiff diagram (fig.
VIIL9).

1. Water availability for sediment delivery is

calculated using equation IV.12 for each ero-
sion response unit:

F = CRL (IV.12)
where:

F = available water (ft%sec)

R = [1 year, 15 minute storm (in/hr)] - [soil
infiltration rate (in/hr)]

L = [slope length distance of disturbance (ft)]
+ [slope length from disturbance to
stream (ft)]

C = 231 x 10-8 ftihr
in sec

The infiltration rate used in determining the R
factor is the maximum rate at which water could
enter a soil. In actual situations, the water entry
rate will usually be somewhat lower than the in-
filtration rate and can be based on the soil
permeability with consideration for effects of
various management practices.

Using data from worksheet IV.2 and footnotes
from worksheet IV.7, the calculations for CC13.1
are:

ft? hr

F = (2.31 x 1075 ——) (2.5 infhr — 2.0 in/hr)

in sec

(132 ft + O ft)

F = 0.0015 ft*/sec

2. Texture of eroded material is based on the
amount of very fine sand, silt, and clay shown
on worksheet IV.1. For this case, it has been
assumed that one-half of the clay will form
stable aggregates, with the remaining clay in-
fluencing the sediment delivery index. For soil
group 3 topsoil, the following calculations
were made:

texture of %

. cla
eroded material

I

+ % silt

2
+ % very fine sand

=242+ 19

= 57

3. Ground cover is the percentage of the soil sur-
face with vegetative residues and stems in
direct contact with the soil. The ground cover
on the area between a disturbance and a
stream channel is determined from field
observations and used for the sediment
delivery index. For CC13.1, 53 percent is
shown on worksheet IV.2 for ground cover.

4. Slope shape is a subjective evaluation of
shapes between convex and concave, From
worksheet IV.2, for CC13.1 the slope shape is
concave.

5. Distance is the slope length from the edge of a
disturbance to a stream channel. For CC13.1
(wksht. IV.2) the distance is 0.0, because the
disturbance extends to the channel.
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6. Surface roughness is a subjective evaluation
of soil surface microrelief ranging from
smooth to moderately rough. Worksheet IV.2
shows a moderate surface roughness for
CC13.1,

7. Slope gradient is the percent slope between
the lower boundary of the disturbed area and
the stream channel. Worksheet IV.2 shows a
gradient of 12 percent for the disturbed area.

8. Site specific is an optional factor that was not
used in this example. See chapter IV for more
discussion of this factor.

The tabulated factors for CC13.1 (wksht IV.7)
are plotted on the appropriate vectors of the stiff
diagram (fig. VIII.9) as discussed in chapter IV.
Use any one of several methods to determine the
area bounded by the irregular polygon that is
created when points on the stiff diagram are joined.
The area of the polygon for this example is 107.9
square units. The stiff diagram has 784 square
units. The percentage of the total area enclosed by
the polygon is:

107.9 _ o
(W) (100) = 13.8%

Entering the X-axis of the probit curve (fig.
IV.23) with 13.8 results in a sediment delivery in-
dex (SD;) of 0.02. This is the estimated fraction of
eroded material that could be delivered from this
disturbance to the stream channel.

Step 13. — Find the estimated quantity of sedi-
ment (tons/yr) delivered to a stream channel by
multiplying surface soil loss by the sediment
delivery index (wksht. IV.3) for each erosion
response unit.

Step 14. — Using worksheet IV.8, tabulate quan-
tities of delivered sediment (tons/yr) for each
hydrographic area by the erosion source. When
completed, this table provides a summary of sur-
face erosion sources and estimated quantities of
sediment production from each hydrographic area.

Step 15. — Totals and percentages are shown on
worksheets 1V.8. The total quantity of delivered
material is entered on table VIII.2.

Differences Between Management Alternatives

A second set of worksheets IV.2 to IV.8 show data
and results of calculations for Grits Creek alter-
native B, Specific differences between alternatives

A and B can be seen by comparing values in the
two sets of worksheets. For example, alternative B
results in more of the total surface area covered
with residues and mulch and more fine roots, The
results of these effects are shown on worksheet IV.3
as the VM factor, For alternative A, CC13.1, VM =
0.023 as compared to VM = 0.003 for alternative B,
CC13.1. The lower VM for alternative B indicates
that vegetative materials on the ground are more
effective in reducing erosion than they are in alter-
native A. There are similar differences in the VM
factor for other cutting units and roads. The net ef-
fect is a total of 34.2 tons/yr for alternative A and
6.7 tons/yr for alternative B (wksht. IV.8).

TOTAL POTENTIAL SEDIMENT ANALYSIS

The following steps are diagrammatically shown
in figure IV.9.

Step 1. — The stream reach characterization will
be obtained on the lower reaches of the third-order
stream channel on main Grits Creek.

Step 2. — See figure VIIL.3, flow duration curve
for Grits Creek.

Suspended Sediment Calculation

Step 3. — Establish suspended sediment rating

curve,

a. Obtain sediment rating curve from the
measured depth integrated suspended sedi-
ment sampling and concurrent stream dis-
charge measurements. A plot of these figures
is shown in figure VIII.10.

b. log Y = 0.61 + 0.96 log Q
r? = 0.98

c. Channel stability rating: fair. The analysis
outlined by Pfankuch (1975) was used to ob-
tain this value. A correlation between the
various ranges in stream channel stability and
sediment rating curves as explained in appen-
dix VI.B was obtained for the Grits Creek
watershed. Figure VIII.11 indicates the chan-
nel stability threshold limit which is the up-
per limit for a fair rating.
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Step 4. — Calculate pre-silvicultural activity
potential suspended sediment discharge.
a. Using worksheet VI.1, columns (1) through
(4). Use sediment rating curve (fig. VIIIL.10)
for concentration values in column 3.
b. Record the total of 11.6 tons/yr on worksheet
VIL.3, line A.

Step 5. — Calculate post-silvicultural activity
potential suspended sediment discharge (due to
streamflow increases).

a. Using worksheet VI.1, columns (1), (5), (6),

and (7).
b. Record the total of 19.6 tons/yr due only to
flow increase on worksheet V1.3, line B.

Step 6. — Convert selected limits (mg/l) into
units compatible with the analysis (tons/yr).

Maximum limits were set using the stream chan-
nel stability-sediment rating curve relationship for
the watershed. Since the channel stability rating
was fair, the threshold limit between the fair and
poor stability classes was used (fig. VIII.11). For ex-
ample, using 20 cfs, a value of 70 mg/l from the poor
curve and 190 mg/l from the channel stability
threshold limit curve are obtained, resulting in a
120 mg/l increase. The concentrations from the
threshold line between fair and poor were used in
worksheet IV.1, column (8). Using columns (2), (8),
and (9) of worksheet VI.1, a total of 25.5 tons/vr is
obtained and recorded on worksheet VI.3, line C.

Bedload Calculation

Step 7. — Bedload measurements were taken,
but because of the heavily armored channel, no
bedload was caught in a Helley-Smith sampler.
Bedload rates appear to be negligible except in the
event of a flood.

Step 8. — Not applicable because no bedload
material was caught in sampler.

Step 9. — Calculate pre-silvicultural activity
potential sediment discharge (suspended and
bedload).

a. From step 4, (suspended sediment) = 11.6

tons/yr.
b. Record on worksheet V1.3, line K.
Step 10. — Not applicable—no bedload
material.

Total Potential Sediment Calculation

Step 11. — The proposed activity contributed no
sediment from soil mass movement processes.

Step 12. — Not applicable—no bedload
material.

Step 13. — Not applicable—no bedload
material.

Step 14. — Determine total delivered tons of

suspended sediment from surface erosion.
a. Surface erosion source = 34.2 tons/vr
b. Record on worksheet V1.3, line D.1.

Step 15. — Compare total potential post-
silvicultural activity suspended sediment (mg/1) to
selected limits (tons/vr). On worksheet VI.3:

Add totals of:

Surface erosion (line D.1)

Total post-silvicultural activity
suspended sediment discharge due
to flow related increases

34.2 tons/vr

(line B) 19.6 tons/yr
Soil mass movement (washload)
(line D.4) 0.0 tons/vr

Total H3.8 tons/yr

Subtract the total pre-silvicultural
activity suspended sediment discharge
(line A) from the previously

determined figure 11.6 tons/yr

The remainder is the total increase in
potential suspended sediment

discharge (line 1.1) 42.2 tons/yr

Subtract the maximum allowable increase in
suspended sediment discharge (line C)
from the total increase in potential
suspended sediment discharge (line [.1)
25.5 tons/yr
The remainder is the net change (this
may be either a positive or negative
number) +16.7 tons/yr

Step 16. — Total potential post-silvicultural ac-
tivity sediment discharge—all sources:
Summation of steps 5, 10, 11, and 14.
a. Post-silvicultural activity suspended sedi-
ment (flow
related increases)
(step H, wksht, VL3, line B) = 19.6 tons/vr
b. Bedload—not applicable.
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¢. Soil mass movement volume
—not applicable.

d. Surface erosion (step 11,

wksht. V1.3, line D.1 = 34.2 tons/yr
Total 53.8 tons/yr

Record on line L, worksheet VI.3.

Step 17. — Total potential sediment discharge

increase resulting from silvicultural activity:

a. Subtract total potential pre-silvicultural ac-
tivity sediment discharge (step 9) from total
potential post-silvicultural activity sediment
discharge (step 16)

Total post-worksheet IV.3,

line L 53.8 tons/yr
Total pre-worksheet V1.3,
line K 11.6 tons/yr
Total potential sediment
increase 42.2 tons/vr

b. Record on worksheet V1.3, line M.

The total potential sediment increase is also
recorded in table VIII.2 for management alter-
native A and table VIII.3 for management alter-
native B,

Channel Impacts

Step 18. — Not applicable to Grits Creek
because direct channel impacts from debris, width
constrictions, or gradient changes are not an-
ticipated with the proposed action.

Step 19. — Not applicable.
Step 20. — Not applicable. <8
Step 21. — Not applicable.

TEMPERATURE ANALYSIS

Grits Creek was segmented into four reaches for
temperature evaluation purposes (wksht. VI1.2 and
fig. VIII.12). This was necessary because of the
variety of silvicultural activities—partial and
clearcut—and length of stream involved—more
than 1 mile from headwater to mouth. The first
reach consists of an open meadow, 600 feet long,
with no vegetative shade. The trees to be cut near
the mouth are distant enough from the stream that
they provide no shade. Therefore, the proposed
silvicultural activity will not directly impact water

temperature near the mouth. The partial cut area
is approximately 3,800 feet along the center portion
of the watershed. Since the evaluation procedure is
valid for reaches up to 2,000 feet, this section of
stream was divided into two reaches—a lower reach
2,000 feet long, and a middle reach of 1,800 feet.
The headwater portion of the stream is in a clear-
cut; the upper reach is 1,000 feet long.

Following is the evaluation for each stream reach
and an integration of the individual reaches to ar-
rive at an estimated maximum daily potential
temperature increase at the mouth. The analysis is
the same for both management alternatives since
the exposure to the stream has not changed.

Lower Reach

Computing H, Adjusted Incident Heat Load

Step 1. — Determine H (i.e., incident heat load)
based upon latitude of site, critical time of year
(month and day), and orientation of stream.

Step 1.1. — Select the solar ephemeris that most
closely approaches the latitude of the site, 35°N
{fig. VIL.2).

Step 1.2. — Locate the declination in the solar
ephemeris (fig. VII.2) that corresponds to the date
when maximum water temperature increase is an-
ticipated: last week August; therefore, a declina-
tion of +10°.

Step 1.3. — Once the declination, +10°, is
known, determine the azimuth and solar angle for
various times during the day from the solar
ephemeris (fig. VII.2) and record the values in
worksheet VII.1. Azimuth readings are found along
the outside of the circle and are given for every 10°,
Solar angle (i.e., degrees above the horizon] is in-
dicated by the concentric circles and ranges from
0° at the outermost circle to 90° at the center of the
circle. The time is indicated above the +23°27'
declination line and is given in hours, solar time.
Note that the time of day shown on worksheet VII.1
is given as daylight savings time (DST).

Step 1.4. — Evaluate the orientation of the sun
(i.e., azimuth and angle determined in step 1.3
above) with the stream, and determine what
vegetative shading effectively shades the stream.
To do this, compare stream effective width with
shadow length. Determine the maximum solar
angle (i.e., maximum radiation influx to stream)
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Upper Reach
Clearcut
1,000 ft

Middle Reach
Partial Cut
1,800 ft

Lower Reach
Partial Cut
2,000 ft

Meadow
600 ft

WATER TEMPERATURE PRIOR
TO SILVICULTURAL ACTIVITY 83°F
GROUND WATER TEMPERATURE 48°F

AT =5651°F
OU =0.2 cfs

Ty = 63°F + 5.1°F = 68.1°F

TU ZSSEF

AT=06°F
Q)4 = 0.3 cfs (of this 0.05 cfs is groundwater)

Ty = (0.05 cis) (48°F) + (0.25 cfs) (68.7°F)

(0.05 cfs) + (0.25 cfs)
= §5.3°F

— — — — — — — —— — — — — — —

AT=15°F
OL = 0.5 cfs (of this 0.05 cfs is groundwater)

T = (0.05 cfs) (48°F) + (0.45 cfs) (66.8°F)
(0.05 cfs) + (0.45 cfs)

= 64.9°F

— — — — — — — — — — — — W—

No increase temperature in meadow

Maximum increase temperature at mouth

1.9°F (64.9°F - 63°F)

Figure VIIl.12.—Water tempaerature avaluation, Grits Creek watershed.
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that will occur when the stream is exposed follow-
ing the silvicultural activity. Height of the existing
vegetation immediately adjacent to the stream is
80 feet.

Step 1.4.1. — The direction the shadows fall
across the stream will determine effective width of
the stream.

Effective width is computed using the following
formula:

measured average stream width

FW = :
azimuth sun |

(VIL.4)

«ine | azimuth stream -

Azimuth of the particular stream is 35°. For ex-
ample, at 12 p.m. (wksht. VII.1) EW would be
equal to:

4 ft

EW = — = = 4.4 f
sine | 35% — 148° |

The absolute value of azimuth of the stream sub-
tracted from the azimuth of the sun must be less
than a 90°-angle. Should the difference exceed 90°,
subtract this absolute value from 180° to obtain the
correct acute angle. Then the sine is taken of this
computed acute angle.

Step 1.4.2. — Shadow length is computed using
the formula:

height vegetation

tangent solar angle

For example, at 12 noon, S would be equal to:
S = 80 ft/tangent 62° = 42.5 ft

Summary of steps 1.4.1 and 1.4.2: The existing
trees that are scheduled to be cut provide shade to
the streams. The only time when trees might not
shade the stream is 2:15 p.m., when the stream’s
effective width is infinity (sun is oriented with the
stream) and the shadow length is only 46.2 feet.
Therefore, removal of the vegetation would result
in exposure of the water surface to increased solar
radiation. .

The proposed silvicultural activity would have
the maximum impact on water temperature at 1
p.m. (solar noon) when the solar angle (65°) and
radiation are greatest.

Step 1.5. — Topographic shading should be
evaluated to determine if the water course would be
shaded by topographic features. For topographic
shading, the percent slope of the ground must ex-
ceed the percent slope of the solar angle, (i.e.,
tangent of the solar angle), In this case,

side slope east = 53%

side slope west = 50%

Solar angle expressed as percent for:

8a.m.DST = 32%
9a.m. = 58%
1 p.m, = 214%
5 p.m. = 58%
6 p.m. = 32%

Therefore, topographic shading is possible before
9 a.m. and after 5 p.m. There is no topographic
shading the rest of the day.

Step 1.6. — Calculate the incident heat load for
the site. This is obtained from reading the values
shown on figure VII.7. The following is done to read
values from this figure:

Step 1.6.1. — Select the correct curve (shown in
fig. VII.7) obtained from the correct solar
ephemeris (fig. VIL.2): in this example, 35°N
latitude, given a declination of +10° results in a
solar angle of 65°. Note that the midday value will
always have an orientation, i.e., azimuth, of due
south.

Step 1.6.2. — In figure VIL.7, interpolate
between the 70° and 60° curves to obtain the 65°
value,

Step 1.6.3. — Determine the critical period,
which in step 1.4 was found to be 1 p.m. DST.

Step 1.6.4. — Find the average H value. In this
example, the travel time through the reach is es-
timated to be 1 hour, so it is not necessary to find
an average value. From figure VII.7, with a 65°
midday angle, the H value for 1 p.m. is approx-
imately 4.3 BTU/ft?—min.

Step 1.7. — Because bedrock acts as a heat sink,
reducing the heat load absorbed by the water, the
H value must be corrected for this heat loss.

C is obtained from figure VII.9. In the example,
bedrock comprises 75 percent of the streambed;
therefore, H should be reduced by 15 percent.
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Had}.umd= [% WH] + [%B(1.00 - C) H] (VIL.6)

where for Grits Creek:
W = percent streambed without bedrock
= 25%
H = unadjusted heat load = 4.3 BTU/ft?-~ min

B = percent streambed with rock = 75%
C = correction factor from figure VII.9 = 0.15
Therefore,

: daaiod ™ [0.25 x 4.3 BTU/ft?—min]

+ [0.75(1.00 — 0.15) x 4.3 BTU/ft?
~min]
Hadjusted = 3.82 BTU/ft? —min

Computing Q, Stream Discharge

Step 2. — Determine stream discharge following
the proposed silvicultural activity during the
critical summer low-flow period when maximum
temperatures are anticipated. In this example, a
pre-activity bhaseflow measurement during the
critical summer period was taken. Discharge dur-
ing the critical period was 0.5 cfs.

Computing A, Adjusted Surface Area

Step 3. — Determine the adjusted surface area of
flowing water exposed by the proposed
silvicultural activity,

Step 3.1. — Total surface area of flowing water

oa) = LW (VIL.7a)
where:
.. = length of reach exposed
W = width of flowing water
Al = 2,0001t x 51t

= 10,000 ft?

Step 3.2. — Total surface area shaded by brush
A hade brush =LW (¢¢ shaded by brush only) (VII.7b)
= 2,000 fv x 5 ft x 25%
2,500 ft?

Step 3.3. — Surface area exposed under current
vegetative canopy cover: correct for transmission of
light through the existing stand that has a 90-
percent overstory crown closure and a 50-percent
understory crown closure. Since only vertical crown
closure values are available, estimate the percent-
age transmission of solar radiation through the

canopy. In using figure VII.D.1 for crown closures
greater than 70 percent, assume a 5-percent trans-
mission of solar radiation.

= {Awtal_ Ashade hﬂlﬁhJ

X % transmission through
existing vegetation (VIL.7¢)
(10,000 ft? — 2,500 ft?) X 5%
375 ft?

Step 3.4. — The adjusted surface area that will
be exposed to increased solar radiation if all vegeta-
tion is removed is:

Apreseml_v exposed

= Atntal _- Apreaeml_v exposed
= 10,000 ft? — 375 ft?
9,625 ft?

A adjusted

]

Step 4. — Estimate AT, maximum potential
daily temperature increase in °F if all vegetation is
removed from lower reach. Solve equation V11.3a.

A adjusted H adjusted
N 2 ;

Q

Aﬂdjusted = 9,625 ftr*
H, gjustea =3.82 BTU/ft*~min

Q = 0.5 cfs

= 19.6°F

x 0.000267 (VIL.3a)

_ (9,625 ft?) (3.82 BTU/ft2—min)
0.5 cfs

The proposed silvicultural activity will only
result in a partial cut of the overstory, leaving a
vertical crown closure of 50 percent. The under-
story will not be cut; however, some loss is to be ex-
pected during removal of the overstory. Understory
vertical crown closure remaining after the
silvicultural activity is expected to be 45 percent. It
is estimated that the percent transmission of solar
radiation through the canopy will be 15 percent.
The brush shading the stream will remain.

Therefore,

AT x 0.000267

A{LJ[H[ = 2,000 f[ x5 ft
= 10,000 ft*
AshadP brush = 2.000ft x 5ft x 25%
= 2,500 ft*
A ihade remaining = (10,000 ft2 — 2,500 ft?) x 85
CANDPIes :
= 6,375 ft?
A"d.ilmﬁ‘d = Aiumi - (Apre-wmi\' ex posed

+ Ash::dc- brush

+ A shade remaining canopies
= 10,000 ft* — (375 ft> + 2,500 ft*
b 6,375 ft?)
750 ft?
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Step 4. — Estimate AT, maximum potential
daily temperature increase in °F if the proposed
silvicultural activity is implemented. Solve equa-
tion VII.3a.

Am:iju'.ited H adjusted

AT = Q X 0.000267 (VIIL.3a)
Aadjusted = 750 ft? )
sdjusted = 3-82 BTU/ft?—min
= 0.5cfs
(750 ft?) (3.82 BTU/ft?*~min)
T = X 0.000267

0.5 cfs
= 1.5°F

Middle Reach

Computing H, Adjusted Incident Heat Load

Step 1. — The only difference between the lower
reach and the middle reach, when estimating H, is
that the average width of flowing water is reduced
from 5 feet to 3.5 feet. Thus, the effective stream
width values would change, but the final H ad-
justed wvalue would remain unchanged—3.82
BTU/ft?—min.

Computing Q, Stream Discharge

Step 2. — A pre-silvicultural activity baseflow
measurement during the critical summer period
was taken for this reach. Discharge during the
critical period was 0.3 cfs.

Computing A, Adjusted Surface Area

Step 3. — Determine the adjusted surface area of
flowing water exposed by the proposed
silvicultural activity.

Step 3.1. — Total surface area of flowing water
= LW (VIL.7a)

1,800 ft x 3.5 ft
6,300 ft?

total

Step 3.2. — Total surface area shaded by brush

= LW (% stream shaded by
brush only)

= 1,800 ft X 3.5 ft X 40%

= 2,520 ft?

Step 3.3. — Surface area exposed under current
vegetative canopy cover: correct for transmission of
light through the existing stand that has a 90-
percent overstory crown closure and a 55-percent
understory crown closure. Since only vertical crown
closure values are available, estimate the percen-
tage of solar radiation through the canopy. Again it
is estimated that only 5-percent transmission of
solar radiation is allowed through the canopies (fig.
VIL.D.1)

A
shade brush (VH?b)

Apresently exposed = (Aotal — Ashade brush ) % trans-
mission through existing

vegetation (VIL7¢)
= (6,300 ft2 — 2,520 ft?) X 5%
= 189 ft?

Step 3.4. — The adjusted surface area that will
be exposed to increased solar radiation if all vegeta-
tion is removed is:
= Aoral — A presently exposed
6,300 ft? — 189 ft?

6,111 ft?

Step 4. — Estimate AT, maximum potential
daily temperature increase in °F if all vegetation is
removed from middle reach. Solve equation VII.3a

A adjusted

I

AT =Aﬂdjustestdjusted X 0.000267 {Vnaa)
Q
Aadju.v-ted = 6,111 ft?
H adjusted = 3.82 BTUffﬁ‘l’ﬂiﬂ
= 0.3 cfs
(6,111 ft?) (3.82 BTU/ft?—min)

= X 0.000267
0.3 cfs

= 29.7°F

The proposed silvicultural activity will only
result in a partial cut of the overstory, leaving a
crown closure of 50 percent. The understory will
not be cut; however, some loss is expected during
removal of the overstory. Understory vertical crown
closure is expected to be 50 percent. It is estimated
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that the percent transmission of solar radiation
though the canopy will be 10 percent. The brush
shading the stream will remain.

Therefore,
Aiogal = 1,800 ft X 3.5ft
= 6,300 ft*
Acdenrs = 1,800t X 3.5 ft X 40%
= 2,520 ft?
A dhade remaining = (6,300 ft — 2,520 ft) x 90%
canopies T 3 402 ft2
A,-”\ji”_;“_d = A:rlml = (Aprvscmh exposed
s Ashadv brush
+ As‘.hade remaining 1'zmr:p|='.~}

6,300 ft? — (189 ft*
b 2,520 ft? 4 2,402 ft?)
189 ft®

Step 4. — Estimate AT, maximum potential
daily temperature increase in °F if the proposed
silvicultural activity is implemented. Solve equa-
tion VII.3a.

A adjusted H adjusted

AT = ——@q ——— % 000027  (VIL3a)
Audiusteri = 189 fr*
Hud_mst(-d = 3.82 BTU/ftg mm
' = 0.3 cfs
(189 ft?) (3.82 BTU/ft?—min)
T= % 0.000267

0.3 cfs
= 0.6°F

Upper Reach

Computing H, Adjusted Incident Heat Load

Step 1. — The only difference between the lower
and middle reaches and the upper reach, when es-
timating H, is that the average width of flowing
water is reduced to 2.5 feet. Because of this, the ef-
fective stream width values would change, but the
final H adjusted value would remain un-
changed—3.82 BTU/ft?—min.

Computing Q, Stream Discharge

Step 2. — A pre-silvicultural activity baseflow
measurement was taken for this reach during the
critical summer period, resulting in a value of 0.2
cfs.,

Computing A, Adjusted Surface Area

Step 3. — Determine the adjusted surface area of
flowing water exposed by the proposed
silvicultural activity.

Step 3.1. — Total surface area of flowing water

A1u‘.'|] = LW (VII.?a)

1,000 ft x 3.0t
= 3,000 ft?

Step 3.2. — Total surface area shaded by brush
LW (% stream shade by brush only)

1,000 ft X 3.0 ft X 65% (VIL7b)
1,950 ft?

Step 3.3. — Surface area exposed under current
vegetative canopy cover; correct for transmission of
light through the existing stand that has an 80-
percent overstory crown closure and a 60-percent
understory crown closure. Since only vertical crown
closure values are available, estimate the percent-
age of solar radiation through the canopy. It is es-
timated that only 5-percent transmission of solar
radiation is allowed through the canopies (fig.
VIL.D.1).

A shade hrush =

= (Atnlaj =
mission through existing vegetation
(3,000 ft? — 1,950 ft?) X 5%

= B3 ft?

Ai}rewen!]_\' expused Aﬁhﬁ{it’ brush ) % trans-

#

Step 3.4. — The adjusted surface area that will
be exposed to increased solar radiation if all vegeta-
tion is removed is:

Aa:i]usted = A total T Apr&senti_v exposed
= 3,000 ft? — 53 ft?
= 2,947 ft?

Step 4. — Estimate AT, maximum potential
daily temperature increase in °F if all vegetation is
removed from the upper reach. Solve equation
VI1.3a.

Aad_nmed H adjusted

AT = ; % 0.000267 (VIIL.3a)
Aadjusted = 2,947 ft?
adjusted = 3.82 BTU/ft?—min
= 02cfs
(2,947 ft?) (3.82 BTU/ft?—min)
AT = % 0.000267

0.2 cfs

15.0°F
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The proposed silvicultural activity will be a com-
mercial clearcut resulting in the complete removal
of the overstory and understory canopies. The
dense laurel and rhododendron brush along the
stream will not be removed.

Therefore,
Aa = 1,000ft X 3ft
= 3,000 ft?
A hadebrush = 1,000 ft X 3 ft X 65%
= 1,950 ft2
Aadjusted = A — (A presently exposed

+A shade brush )
3,000 ft? — (53 ft? + 1,950 ft?)
997 ft?

Step 4. — Estimate AT, maximum potential .

daily temperature increase in °F if the proposed
silvicultural activity is implemented. Solve equa-
tion VIIL.3a.

. A-nlm-lu-ri H arl justed
AT = —.—Qi » 0.000267 (VII.3a)
Aadjuned = 997 ft?
Hogpueg = 3.82 BTU/ft*—min
= 0.2cfs
(997 ft*) (3.82 BTU/ft?—min)
AT = X 0.000267

0.2 cfs
= 52°F

The Mixing Ratio Formula

The lower reach of Grits Creek is to be partially
cut, with a potential temperature increase of 1.5°F.
The middle reach will also be partially cut, with a
potential temperature increase of 0.6°F. The upper
reach is to be clearcut, with a potential
temperature increase of 5.1°F.

An estimate of the integrated impact on the
water temperature is necessary so that a com-
parison can be made with the water quality objec-
tive—allowing a maximum temperature increase of
3°F.

A mixing ratio formula will be used to estimate
the downstream temperature impacts. The water
temperature before the silvicultural activity was
63°F, and the groundwater temperature measured
at a spring was 48°F.

For the upper reach, the estimated water
temperature increase, 5.1°F, is added to the pre-
silvicultural activity water temperature 63°F, to

estimate the temperature of the water as it leaves
the proposed clearcut area, 5.1°F + 63°F = 68.1°F,

The water temperature entering the middle
reach will be 68.1°F. The estimated water
temperature increase in the middle reach is 0.6°F,
However, the two values should not be added to get
an estimate of the water temperature leaving the
middle reach because groundwater influxes within
this reach will mitigate the water temperature in-
crease caused by the proposed silvicultural ac-
tivity. The following mixing ratio formula should
be used:

D MTM ¥ DTTT

e (VIL9)
Dy + D1

Tp = temperature downstream where the mid-
dle and lower reaches are separated

D = discharge of groundwater, 0.05 cfs

D, = discharge immediately below partial cut,
0.30 cfs

Tg = temperature groundwater, 48°F

Tt = stream temperature below silvicultural
activity which is equal to the
temperature above plus computed
temperature increase, 68.7°F

Tr=T,+ AT

T, = temperature streams above treated (par-
tial cut) area, 68.1°F
AT = temperature increase, 0.6°F
Therefore,

_ (D.05cfs) (48°F) + (0.25cfs) (68.7°F)
. (0.05 cfs) + (0.25 cfs)

= 65.3°F
The water temperature entering the lower reach
will be 65.3°F. The estimated water temperature
increase in the lower reach is 1.5°F. Again, the two
values should not be added as explained above.
The following mixing ratio formula should be used:

T D{;T(;‘f' DTTT
P e (VIL.9)
where: Dg+Da
Tp = temperature downstream where lower
reach ends
D¢ = discharge of groundwater, 0.05 cfs
Dt = discharge immediately below partial cut,
0.50 cfs
T = temperature of groundwater, 48°F
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Tt = stream temperature below silvicultural
activity which is equal to the
temperature above plus computed
temperature increase, 66.8°F

Tr=T,+ AT

Ta = temperature stream above treated (par-
tial cut) area, 65.3°F

AT = temperature increase, 1.5°F

Therefore,
(0.05 cfs) (48°F) + (0.45 cfs) (66.8°F)

(0.05 cfs) + (0.45 cfs)

64.9°F

The estimated overall water temperature in-
crease at the mouth would be 1.9°F (64.9°F — 63°F
= 1.9°F). This value is entered in the tables VIIL.2
and VIIL.3 for both management alternatives.

ANALYSIS REVIEW

The estimated outputs are summarized in tables
VIII.2 and VIIL.3 for Grits Creek alternatives A and
B, respectively. These estimates must be compared
to the water quality objectives to determine if one
or both of the alternatives are acceptable.

In determining acceptability of the alternatives,
accuracy of the estimations must be considered.

The two major sources of variation affecting ac-
curacy of outputs are: (1) models, which by their
very nature, cannot completely represent all fac-
tors affecting the estimated output. and (2) quality
of input data — there is a decrease in the accuracy
of the estimated output as the quality of the input
data decreases. Establishing an acceptable level of
accuracy for the estimated outputs is left to the
professional judgment of a user who understands
the strengths and weaknesses of the models and
data sets used.

The computed outputs for total potential sedi-
ment from all sources and the potential
temperature changes are compared to the water
quality objective at the mouth of the watershed.
The water quality objective for Grits Creek was to
maintain channel stability, limit total potential
sediment discharge to 25.5 tons/yr, and limit the
maximum temperature increase to 3°F. The post-
silvicultural activity total suspended sediment dis-
charge from all sources was 26.3 tons/yr for alter-
native B and 53.8 tons/yr for alternative A (tables
VIIL.2 and VIIL.3). Although alternative B resulted
in 0.8 tons/vr in excess of the allowable maximum,
it was judged to be within the accuracy range for
the data and models used. Since both alternatives
were consistent with temperature objectives, the
mix of controls in alternative B was considered ac-
ceptable from a water quality standpoint.
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Table VIII.2

Summary of quantitative outputs for: Rf‘:amdﬁn. ﬂ _Gl"“ltf CNOI&

Computed value Chapter
Chapter Line Output description Pre- Post~ reference

No. activity actlvity | (worksheets)

‘ Wa;i::e::l?ié:ble for annual 104.9 i jao.gc’n II[J,IE.?.

5] " onnet sivasmtion . 5. 9em [IL.I,TL.2

3 |Peak dlscharge 13.1 em 13.1em J]I.3,1]l'.4
g::;ﬂ?gffu 4 |Date of peak discharge N n Nﬂ.

5 |Hydrograph N ﬂ N.H.

6 |7-day flow duration curve -f.‘sm.'.l Rﬂms I-BJE"I
Surface 7 |Surface soil loss N A. 3300 'ﬁ""/r" TE.3
E:\:;ig:: IV 8 |Sediment delivered to stream channel N.A. 34.% fonfyr Ir.8

9 |Hazard Index
Soil Mass 10 Coarse >0.062 mm \\_
’S?SETZ?*\« 11_|Weight of sediment [Fine <0.062 mm (No il Mass | \’eme":t)

12 Total 7

13 |Acceleration factor

14 edload 0.0 fons//Yr | 0.0 tong/yr %‘_:; :::_; F
Total 15 Seg;:e:; ?::ﬁhfge uspended ”-H'U"‘/Yr l%“ﬂhS/V\" '.; E::g
gg;?:»:r:f 1 1 Total 1.6 Yons/yr | 19.6 fons/yr -nn',g {-i!""l é‘
Chapter VI i Tojfémsgffe:gﬁfc::c ment discharge e hs/yr SS.P'fwu/yr .nr_.alﬁ:‘ A

18 ]néiggzgl_;;;a:g;glszgrnﬁgﬂﬂfrg:d;?fd 49'1*‘“/” JL.3 bne M
g::gf;ifﬁ?: 19 |Potential temperature changes LS‘F JIL.2
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Table VII1.3

Summary of quantitative outputs for: mbernchve &G\"It! Cruk

Computed value Chapter
Chapter L ine| Output description Pre=- Post- reference
No. activity activity (worksheets)
1 wag:eg;ﬂégble for annual 104.9 em 120.8 em IE.I,J[.Q.
2 | " nmel i o 15.9em |M.1,IT.2
3 |Peak discharge 13.lem 13.1em 13,-71[."‘»‘
gﬁ:;?ér?g‘lfl:l 4 |Date of peak discharge N-R N- n
5 |Hydrograph M n N q .
6 |7-day flow duration curve -f.‘a'.EiIS ;'.amj I'saﬂ“{
Surface 7 |Surface soil loss N.A. 290 dons/yr| JL.3
EEZ;LS?: IV 8 [Sediment delivered to stream channel N. n 6.7 H\S/yr IC. &
9 |Hazard index \
Soil Mass | 10 Coarse >0.062 mm \\
E’ﬁ!ﬁ?ﬁ?*v | 11_[Weight of sediment [Fine <0.062 mm (No Sl Mass m'.!" e"t)
12 Total \
13 |Acceleration factor
14 . Bed | oad 0.0 fons/pr| 0.0 Wwﬂ&:-t::i 'f.'iig
vt s | e va Flag O uspinded 6 bonsfp| 126 bonshr T3 o &
Aareii S Y rotal Il fongfpr | 196 dms/pr |33 1% &
Chapter VI 4 To:folmszlsTezﬁri:: iment discharge !lHuvu/yr- 26-3 “‘N/‘VY :ﬁ!;;:tgt:
i3 1nc1|-ease in 1':1)?:1 pg?;n’r*iafl bedi??d L3 h-“ m
plus suspended sediment from a N;.‘“a/
sources 4d
g:r:gi;a_’r:rﬁ: 19 [Potential temperature changes I15°F ﬂﬂ-
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Worksheets for Grits Creek
alternatives A and B

Worksheets are presented in numerical order with all HI.1-1I1.4
alternative A, followed by III 1-1I] 4 alternative B; IV.1-IV.8 alternative
A, followed by IV.1-IV.8 alternative B, etc.
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WORKSHEET 111.3

Flow duration curve for existing condition
rain dominated regions

(2) Hydrologic region ;&

104.7

(1) Watershed name G’H S Creek

(3) Water available for annual streamflow existing condition (cm)

(4) Annual flow from duration curve for hydrologic region (cm) 720
(5) Adjustment ratio (3)/(4) LYS§7
Point Percent of Existing Existing
number time flow Regional potential potential
i is equaled flow flow Q; flow Q;
or exceeded {cm/7 days) (cm/7 days) (cfs)
(6) (7) (8) (9) (10)
/ 0 70 13.1 1.0
-3 |0 a7 37 3.3
3 20 1.9 2.8 2.4
4 30 |4 2.0 1.7
s 40 [ .8 1S
b 50 7 .0 8
7 60 5 7 b
8 70 4 b )
9 §0 .3 4 3
|0 70 s .3 5y
/1 |00 O @) O
Col. No. Notes
(1) ldentification of watershed or watershed subunit.

(2) Descriptions of hydrologic regions and provinces are given in fext.
(3) Item (20) of worksheet |I1.1.

(4) From figure 111.22.

(5) Item (3) + item (4).

(6) Number of each point taken from figure 111.22; or user supplied.

(7) X-axis of figure II1.22.

(8) From figure |11.22; or user supplied (unnecessary If col. (9) is user
supplied).

(9) Column (8) x 1tem (5); or user supplied.
(10) Column (9) x area (acres) x 0.002363.
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WORKSHEET 1V.6

Weighting of ¥M values for roads in

Grifs Cree watershed, hydrographic area /3
Cut or fill Roadbed Fill Weiahted
Erosion Fraction Fraction Fraction
response of total VM of total VM of total YM VM
unit width width width
Ri3.! (0./065) (0.88) [+ (07101} (1.0) [+ (0.183¢) (0.36)[= 0.870
R13.2  [lf00778) (036)[+(07223) (1.0) [*(0.2000) (0.36)[= 0.822
Ri3.§ _ |fo.16%6) (10) F(0.5217) (1.0) |+ (0.3087) (041)[= 0.81%
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WORKSHEET 1v.8

Estimated tons of sediment delivered to a channel for each

VIIL.56

hydrographic area and type of disturbance for ¢ waTershed,

ydro- Cutting units Roads

graphic [[TSCy [SCz | ©C1 [Cz [CCs || Ri [ R2 [ R3 | Ra [ Rs | Rg | R7 | R Total | Per-

area tons/yr | cen
| 0.06 |0.05 Ll |o8|02]0b 2.6l 71
2 0.05 |0.05 03|02(08 1.40 41
3 0.06 | 006 0.6 0.1 al
4 0.0k | 0.05 12 13 38
5 0.0% 2502|0202 |22 538 Isg
6 0.04 03| 08(02]08|02 234 o4
7 0.05 |0.04 12|02 1.49 94
8 0.04 03|02 05y 1.6
9 |lo.04 | 004 | .04 |0.04 0.3 0.2]03 0.9 28
o || 0.04 0.04 0302|1002 1.78 52
Il ||0.04 004|005 00s 03 |pajo3 (o030 1.68 4.9
1§ 0.0 0.0 02|05 05|05 1.70 50
13 |[0.05(037|007]|0.0 09|02 32 47¢ |41
14 {00 |00 |00 09|02 0.9 20 59
1S || 003|000 |0.04 |00 08|02 09|01 207 | &
lb || 0.02| 90 |00 0.6| 0.2 08 Lo | 438
17 0.05 0.0 | 0.6]0.2 0.8 165 | 48

]
|

Folum 11973 | 039 0.2 | 0.45 1241493 32|27 |f6 |03 39,24

bance 107 0.67 32.5

total

cens || 31 20 7.9
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WORKSHEET 1v.4

Estimated ¥M factors for silvicultural erosion response units
: watershed, hydrogrephic area |3

Logging residue area Open area
Fracticn Fraction
krosion of mMulch percent Mulch
Fesponse toral (dutff & Sub of total (duff & A Filter Sub TDTnfy
un it erea residue) | Canopy | Rocts VM area residue) | Canopy | Roots strip VM VM
sc3i | 040 0.02 10 | o1 |ooog || 0o | 01 |o09s¥| 01 | 05 [oos¢ | cona
sciza | 045 002 1.0 0.1 |.0007 || oSS 015 0.94 o.l 05 0037 | 0048
Celzd 0.60 002 |.0 0.l |00 040 0.07 1.0 0.l 05 |.o0lf | 0030
eCI3Z | 065 0.05 1.0 ol 0033 035 0.2 1.0 o.l 0.5 |.o0al | 0054
azlear| ©0 = — | = o0 100 | 1.0 087 | — | 10 |et70]| #70
| eo| 060 | o4 100 | 018 ool || a40 | lo okt | — | 1o [on | .03
' FLl [ oo 0./ 6.98 0.0 |0.010 0.0 - - - —_ 0.0 .0lo
RZ2FILL| /.00 0.1 0.98 | 0.l0 |0010 0.0 — — — - 0.0 010
BED| 060 01 ].00 | 0.8 |00l 040 1.0 1.0 0.18 .o |.01a | 088
fil) /.00 0.1 098 | p.)O0 |0.010 00 - - - — oo .0l0
Riz3 euT| 0.0 — — - |00 l.oo 1.0 ag’? - Lo 0870 | g70
gEd| 0.60 0.1 {00 | 0.18 |ooll 0.40 1.0 o.l8 - lL.o 0072 | .of3
Ff /.00 0.l 078 | o.10 |0.010 0.0 = - - —  |oo .00
Rizd FiLl| [ .00 o.] 0.98 | 010 [0.00 0.0 - — — - 0.0 .0l0
BED| 0.60 o, joo |o0l8 |a0l 040 1o 1.0 0.t 1.0 0072 | .083
Rt J 00 0.l 0.98 0.10 [0.010 0.0 o s - - 0.0 .0J0
RBSFLL| 0.0 o _ — |00 |.00 .0 0.87 - Lo |o.870| 870
BED| 0.60 0.1 100 | 0.8 |acll 0.40 |0 ald - L0 |ooTa| .0%3
FiLl| J.eco o.1 0.92 | o.l0 |g0l0 0.0 —_ — — = 0.0 .olo

1/ Canopy effects only apply Lo open areas without resdidue and dufg.

7/ Exampfe cafculation: From worksheet 1V.2, 80% of the sunface in the open area has mulch, feaving 20% without mufch.

1§ the canopy {8 undiformly distributed oven 45% of the total area, then only 20% of the canopy can coven the area

wethout mulch.

Theredone:

nesults dna VM = 0,95,
3/ Enter on workaheet V. 3.
4/ WM gon noads 4is for a necovered coendition.
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{0.20}10.45)(100] = 9% of the area without mufch, that {4 covered by the cancpy.
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WORKSHEET

V.6

Weighting of VM values for roads in

Grds Creek watershed, hydrographic area /3.
Cut or fill Roadbed Fill Weighted
Erosion Fraction Fraction Fraction
response of total VM of total VM of total VM VM
unit width width width
RI3.\ 0.106S) (0.870) |+(0.710)) (0-083) |+(0.183¢) (0.010) |= 0.153
RI13.2 ‘Q-OT‘?S') (0.0197) [+(0.7223) (0.083) [+(0.29%00)" (0,010) [z 0,963
Ri13.3 M“‘? (0.870) ah)(o.o08 +/0. = 0l62
_Als.¢ 9.1600)  (0,010) +go.b§§1?so.oes\ +(0.2933) (0.010) [= 9,059
R (3.5 (0.1696) (0.270)]+(0.52]7) (0.083) [+(0. 3087) (0.010) |= 0,194
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WORKSHEET 1v.8

Estimated tons of sediment delivered to a channel for each

hydrographic area and type of disturbance for Grifs Creek watershed,
alfernetive, 8

Hy dro- Cutting units Roads

graphic || SCy | SC2 [ CCy [ CC2 [ CC3 |[ Ry [R2 [ Rs [ Ra [R5 | Rg | R7 | Re Total Per-

area tons/yr | cent
[ 0.0l | 0.0l 0.4 |0 |0.0l 0.l 043 X
2 0.0l | 0.0l 0.03|00l1|0.) 0. 16 29
3 0.0] | 0.0l o.l 0.1 18
4 0.0/ | 0.0l 02 0.23 33
5 0.02 0.6 [0.01|0.0l [0.0] (0.5 (0.2 .38 |a0.]
) 0.0 0.03 0.1 (00]]0.]l |ool|o.! |00l 0.37 &S
7 0.0l |0.0] 0.2 |0.0]]o.l 0.33 49
8 0.0| 0.03)/0.0| 0,08 o7
9 |lool |00l |06.01|00I 0.03|0.0] | 0.1/ |0.0] |0.03 0.22 83
1o || 0.0 0.0l 0.03|0.01| 0.2 | 0.0/ [a.1 0.37 §5
Il |loor [0.01 |0.01|0.0l 0.03|0.01|0.03| 0.0l (0.03|00/([0.03| 0.0] 0.20 g0
12 |00 0.0 001101 |0.] |0.) 0.31 Yo
13 ||0.02]0.13 |0.0l|0.0 0.2 |00ll0.2 [p05|0.7 1.32 | 197
14 |00 |00 |00 0.l |ool|0.] 0.) 03l 4b
IS |00l |00 |00 00 0.1 |00l|p.] |005]| 0] 002 0.40 {0
le |00l |00 |00 0.0 ||lo.l [00l| ol | = |0 03% | 48
17 0.0l 0.0 0.)] [eol| —= | = |o.] 022 | 33

| F

Eii:ﬁm 0.07 (015 |0.l5 |0.07 (0.0 ||20 042 |Llb |0.4Y |177|0.33]0.0¢ |00 || ¢.70

Eai:;:r- 0.22 0.2 6.26

itatal

porcent || 33 33 93.¢
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WORKSHEET VI.3

Sediment prediction worksheet summary

Subdrainage name___Gid's Qheek (ﬂHernquwe, H) Date of analysis éfﬁ/?{f

Suspended Sediment Discharge

A. Pre=-silvicultural activity total potential suspended sediment
discharge (total col. (4), wksht. VI.1) (tons/yr) 1.6

B. Post-silvicultural activity total potential suspended sediment
discharge (total col. (7), wksht. VI.1) (due to streamf|ow
Increases) (tons/yr) ’?*C:-

C. Maximum allowable potential suspended sediment discharge (total
col. (9), wksht. VI.1) (tons/yr) 2585

D. Potential Introduced sediment sources: (delivered)
1. Surface erosion (tons/yr) 34.&
2. Soil mass movement (coarse) (tons/yr) 0
3. Median particle size (mm) v

4. Soil mass movement--
washload (silts and clays) (tons/yr) 0

Bedload Discharge (Due to increased streamflow)

E. Pre-silvicultural activity potential bedload discharge (tons/yr) 0

F. Post-silvicultural activity potential bedload discharge (due
to increased streamflow) (tons/yr) 0

Total Sediment and Stream Channel Changes

G. Sum of post-silvicultural activity suspended sediment + bedload
discharge (other than introduced sources) (tons/yr) }96
(sum B +

H. Sum of fotal introduced sediment (D)
= (D.1 +D.2 + D.4) (tons/yr) 34.2.

I. Total increases in potential suspended sediment discharge
1. (B +D.1 +D.4) - (A) (tons/yr) 4.2

2. Comparison to selected suspended sediment |imits

(1.1) = (C) (tons/yr) + 16.7
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WORKSHEET V) .3=--continued

J.

M.

Changes in sediment transport and/or channel change potential
(from introduced sources and direct channel impacts)

1. Total post=silvicultural activity soll mass movement

sources (coarse size only) (tons/yr) 0
2. Total post=-silvicultural soil mass movement sources (fine

or washload only) (tons/yr) C)
3, Particle size (median size of coarse portion) (mm) —

4. Post-silvicultural activity bedload transport (F) (tons/yr) O
Potential for change (check appropriate blank below)

Stream deposition

Stream scour

No change /

Total pre-silvicultural activity potential sediment discharge
(bedload + suspended load) (tons/yr) /.o
{sum A + E)

Total post=silvicultural activity potential sediment discharge
(all sources + bedload and suspended load) (tons/yr) 3.8

(sum G + H)

Potential increase in total sediment discharge due to proposed
activity (tons/yr) 4221
(subtract L - K)

VIII.67




WORKSHEET ¥I.3

Sediment prediction worksheet summary

Subdrainage name Gr'ﬂ's wek(m&rm‘bv@ B) Date of analysis 6! 9{ 73

Suspended Sediment Discharge

Pre-=silvicultural activity total potential suspended sediment
discharge (total col. (4), wksht. Vi.1) (tons/yr) .o

Post-silvicultural activity total potential suspended sediment
discharge (fotal col. (7), wksht. VI.1) (due to streamflow
increases) (tons/yr) |96

Maximum al lowable potential suspended sediment discharge (ftotal
col. (9), wksht. VI.1) (tons/yr) a8.s

Potential introduced sediment sources: (delivered)
1. Surface erosion (tons/yr) 67
2. Soil mass movement (coarsel) (tons/yr) 0

3. Median particle size (mm)

4. Soll mass movement--
washload (silts and clays) {(fons/yr) 0

Bedload Discharge (Due to increased streamflow)

Pre-silvicultural activity potential bedload discharge (fons/yr) 0

Post-silvicultural activity potential bedload discharge (due
to increased streamflow) (tons/yr) 0

Total Sediment and Sfream Channel Changes

Sum of post-silvicultural activity suspended sediment + bedload
discharge (other than introduced sources) (tons/yr) ?69
(sum B + F)

Sum of total introduced sediment (D)
= (D.1 + D.2 + D.4) (tons/yr) 6.7

Total increases in pofential suspended sediment discharge
1. (B + D.1 + D.4) - (A) (tons/yr) f47

2. Comparison to selected suspended sediment limits

(1.1) = (C) (tons/yr) + 10.8
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WORKSHEET VI .3==continued

Changes in sediment transport and/or channel change potential
(from introduced sources and direct channel impacts)

1. Total post-silvicultural activity soil mass movement

sources (coarse size only) (tons/yr) 0
2. Total post=silvicultural soil mass movement sources (fine

or washload only) (tons/yr) 0
3, Particle size (median size of coarse portion) (mm) —
4. Post-silvicultural activity bedload transport (F) (tons/yr) 0

Potential for change (check appropriate blank below)
Stream depositicon

Stream scour

N

No change

Total pre-silvicuifural activity potential sediment discharge
(bedload + suspended load) (tons/yr) .G
{sum A + E)

Total post=silvicultural activity potential sediment discharqe

(all sources + bedload and suspended load) (tons/yr) 2.3
(sum G ¥+ HJ

Potential increase in total sediment discharge due to proposed
activity (tons/yr) 14.7
(subtract L - K)
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PROCEDURAL EXAMPLE FOR HORSE CREEK—A SNOW DOMINATED
HYDROLOGIC REGION

DESCRIPTION OF AREA AND PROPOSED
SILVICULTURAL ACTIVITY

The Timber Management Assistant on the
Glacier Ranger District, Rocky National Forest?
prepared a 5-year timber management plan for the
district. After cruising the Horse Creek drainage,
he determined that a sale of 600,000 board feet of
lodgepole pine was warranted based upon the stand
condition and timber market.

The sale has been designed as a group of 24 small
clearcut blocks of approximately 12.5 acres each.
The blocks have been designated in the field with
orange marking paint. Engineering has flagged the
center lines of the roads that will need to be con-
structed and has surveyed the actual location, col-
lecting sufficient data to design the roads to forest
standards. See figures IV.17 and IV.18 for the road
locations and layout of proposed clearcut blocks.

Resource specialists have been asked to review
the proposed sale and to evaluate potential im-
pacts. Information from a general soil survey of the
area is available.

Water Quality Objectives

The established water quality objectives re-
quired that suspended sediment discharge be
limited to 38.6 tons/yr and that water temperature
increases be no greater than 1.5°F for the Horse
Creek drainage,

3This is intended to be a fictitious forest; any similarity to an
actual forest is entirely coincidental.
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DATA BASE

Necessary data have been obtained from
resource specialists in timber, soils, hydrology, and
engineering.

The collected data are presented in table VIII.4.
A complete water resource evaluation includes
analyses in the following categories (numbers for
the corresponding chapters in this handbook ap-
pear in parentheses):

Hydrology (III)

Surface Erosion (IV)

Soil Mass Movement (V)

Total Potential Sediment (VI)

Temperature (VII)

HYDROLOGY ANALYSIS

Horse Creek is situated in hydrologic region 4, a
snow dominated region. The procedure presented
in ““Chapter III: Hydrology’ for the snow
dominated regions (including wkshts. III.5, III.6,
II1.7, and III.8, proposed and revised worksheets
are located at the end of section “Procedural Ex-
ample For Horse Creek—. ..") is applied to es-
timate potential volume and timing of the
streamflow under the present conditions and under
the conditions that would exist if the proposed
silvicultural activity is implemented. Necessary
data for conducting this evaluation is presented in
table VIIIL.4.

Water Available For Streamflow—
Existing Conditions

Step 1. — The first step in the hydrologic evalua-
tion of Horse Creek is to estimate the water
available for streamflow under the existing condi-
tions. The following details the necessary steps out-
lined in worksheet III.5. (Numbers in parentheses
refer to items or columns on the worksheet.)
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(1) Watershed name. — Horse Creek can be
evaluated as a single hydrologic unit. Division of
the basin into hydrologic subunits based upon
energy aspect or silvicultural zone is, therefore, un-
necessary.

(2) Hydrologic region. — Horse Creek is'within
hydrologic region 4. Hydrologic regions are
described in chapter III,

(3) Total watershed area. — There is one
silvicultural prescription for the existing condition
with an area of 600 acres.

(4) Dominant aspect. — The most represen-
tative aspect for Horse Creek is southwest.

(5) Vegetation type. — Lodgepole pine is the
most hydrologically significant vegetation type.

(6) Annual precipitation. — Annual precipita-
tion averages 34.3 inches.

(7) Windward length of open area. — There
are no clearcuts on Horse Creek; the watershed is
undisturbed.

(8) Tree height. — Average tree height is 70
feet.

(9) Season. — There are three hydrologic sons
in region 4: winter (October, November, December,
January, February); spring (March, April, May,
June); and summer and fall (July, August,
September).

(10) Compartment. — Since the area is un-
disturbed, with no previous silvicultural activity,
there are no impacted areas,

(11) Silvicultural state. — Watershed areas are
grouped into zones of similar hydrologic response
as identified and delineated by silvicultural or
vegetational state. For Horse Creek, the only
silvicultural state is “‘forested.”

(12) Area, acres. — Horse Creek is undisturbed.
There are no meadows or roads within the basin;
the watershed is completely forested. Therefore,
unimpacted forested area equals the silvicultural
prescription area, which is the total watershed area
of 600 acres.

(13) Area, %. — This refers to the percentage of
watershed area in each silvicultural state. In this
case, the unimpacted forested area is 100 percent
(1.00 as a decimal percent) of the total watershed
area.

(14) Precipitation. — Precipitation averaged
16.1, 12.1, and 6.1 inches for winter, spring, and
summer and fall seasons, respectively.

(15) Snow retention coefficient. — Since there
are no clearcuts or other open areas within the
watershed, snow redistribution is not a factor.

(16) Adjusted snow retention coefficient. —
Since snow redistribution is not a factor, there is no
adjustment.

(17) Adjusted precipitation. — (No adjust-
ments to the precipitation estimates are neces-
sary.)

(18) ET. — Baseline evapotranspiration (ET) is
obtained from figures II1.24 to II.26. For Horse
Creek, baseline ET is 2.1, 7.6, and 9.2 inches,
respectively, for winter, spring, and summer and
fall.

(19) Basal area. — The basal area for the
forested zone is 200 ft*/ac.

(20) Cover density, %. — For a basal area of 200
ft?/ac, figure III1.41 gives a cover density of 33 per-
cent.

(21) Cover density,%Cgmax. — In the case of
Horse Creek, a cover density of 33 percent was
judged sufficient for full hydrologic utilization.
Therefore, it is considered to be C,,ax. 50 the
percentage is 100.

(22) ET modifier coefficient. — The modifier
coefficient is 1 for all seasons since the cover den-
sity is atC g ax

(23) Adjusted ET. — (No adjustments are
necessary.) Values for Horse Creek are 2.1, 7.6, and
9.2 inches for winter, spring, and summer and fall,
respectively.

(24), (25), (286), (27), (28), (29) Water available
for streamflow. — The following formula is used
to calculate water available for seasonal streamflow
by silvicultural state:

Q = A (P-ET) (IM.15)
where:
Q = water available for seasonal streamflow
for a silvicultural activity
A = silvicultural activity area as a decimal
percent of the total prescription area [col.
(13))
P = adjusted precipitation inches [col. (17)]

ET = adjusted ET inches [col. (23)]

(30), (31), (32), (33), (34), (35) Water available
for annual streamflow. — The sum of water
available for streamflow by season represents an-
nual streamflow. For Horse Creek, the unimpacted
forested zone generates 14.0 + 4.5 + (—3.1) = 154
inches of water available for annual streamflow.
(Negative values imply storage depletion.)
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Water Available For Streamflow—After
Proposed Silvicultural Activity

Step 2. — The second step in the hydrologic
evaluation of Horse Creek is to estimate the water
available for streamflow if the proposed
silvicultural activity is implemented. The following
details the necessary steps outlined in worksheet
[11.6. (Numbers in parentheses refer to the items
or columns in the worksheet.)

(1), (2), (3), (4), (5), (B). — Same as worksheet
I11.5.

(7) Windward length of open area. — All roads
and clearcuts on Horse Creek are treated as single
clearcuts with a windward length of 6 tree heights
and a total area of 311.5 acres (11.5 acres in roads).

(8), (9). — Same as worksheet I1.5.

(10) Compartment., — For the proposed condi-
tion of Horse Creek, there will be two compart-
ments: impacted and unimpacted. The impacted
compartment includes those areas affected
(directly or indirectly) by the proposed silvicultural
activities, while the unimpacted compartment in-
cludes areas unaffected by the proposed
silvicultural activities.

(11) Silvicultural state. — For the proposed
condition, Horse Creek will have one silvicultural
state for the unimpacted compartment (forested)
and two for the impacted compartment (forested
and clearcut). The set of silvicultural states com-
prises the single silvicultural prescription for the
proposed condition.

(12) Area, acres. — The 135 acres in the
northeast corner of the watershed will not be im-
pacted by the proposed silvicultural activity. The
remaining 465 acres in the watershed will be
directly or indirectly impacted by the proposed
silvicultural activity. Trees will be completely
removed from 311.5 acres, consisting of 300 acres
clearcut and 11.5 acres in roads. The remaining
153.5 impacted acres will not be harvested, but will
be affected by snow redistribution. For the pur-
poses of calculation, clearcuts and roads are clas-
sified as clearcut (impacted), while the un-
harvested area affected by snow redistribution is
classified as forested (impacted).

(13) Area, %. — Column (12) is divided by item
(3) giving decimal percent areas of 0.225, 0.256, and
0.519 for forested (unimpacted), forested (im-
pacted), and clearcut (impacted) areas, respec-
tively.

(14) Precipitation. — This corresponds to
column (14) of worksheet III.5.

(15) Snow retention coefficient. — From figure
IT1.6 the snow retention coefficient for a clearcut 6H
in windward length is 1.3. The snow retention coef-
ficient for the forest (unimpacted) remains 1.0,
while that for the forested (impacted) area is not
defined by figure II1.6.

(16) Adjusted snow retention coefficient. —
For the forested {unimpacted) area, it is assumed
that there is no net change in precipitation from
snow redistribution. The adjusted snow retention
coefficient for the clearcut area is determined by
weighting the snow retention coefficient as follows:

0.50
poadj= 1+ (pc. -1 X (1113}
where:
Poadj= adjusted snow retention coefficient for
the clearcut area

p, = snow retention coefficient from figure
III.6 = 1.3

% ow clearcut area (including roads)
total impacted area

This is the percent of impacted area to be
clearcut. Substituting values:

311.5 ac
(311.5 ac + 153.5 ac)

Substituting values for Horse Creek:

0.50 ¢ qea3
Poadi =1+ (1.3=1) 31y 5/3115 + 153.5)]

The adjusted snow retention coefficient for the
forested area in the impacted compartment is
calculated using the following formula:

1 e pnadjx
1- X

o= (I11.13)

where:
p; = adjusted snow retention coefficient for
the impacted forested area
Poag;= adjusted snow retention coefficient for
the clearcut = 1.22
X = clearcut area (including roads)

total impacted area
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This is the percent of impacted area to be clearcut.
Substituting values:

311.5 ac
(311.5 ac + 153.5 ac)
Substituting values for Horse Creek:
1 — [(1.22) ((311.5)/(311.5 + 153.5)) |
1 — [311.5/(311.5 + 153.5)]

x:

Pe =
= (.55

(17) Adjusted precipitation. — Multiplying the
precipitation value in column (14) by the adjusted
snow retention coefficient in column (16) gives ad-
justed precipitation. For example, the adjusted
precipitation for the clearcut area of Horse Creek is
16.1 % 1.22 = 19.6 inches.

(18) ET. — Same instruction as worksheet II1.5.

(19) Basal area. — For forested areas, the basal
area greater than 4 in dbh is 200 ft*/ac, while the
clearcut basal area greater than 4 inches dbh is
zero. These data are needed to estimate cover den-
sity, if cover density is not supplied by the user.

(20) Cover density. — For a basal area of 200
ft%/ac, figure 111.41 gives a cover density of 33 per-
cent. For a basal area of zero, the cover density is
zero.

{21) Cover density %oC gpax. — A cover density of
33 percent has been judged sufficient for full
hydrologic utilization and has been assigned the
value of C . . Division of cover density percent in
column (17) by Cdmm gives %C,  when multiplied
by 100. '

(22) ET modifier coefficient. — The %C,,,,,can
be entered into figure II1.46 to obtain the ET
modifier coefficient. For a %C,,,. of 100, figure
II1.46 gives ET modifier coefficients of 1.0 for all
seasons, For a % C . of zero, the ET mdifier
coefficients from figure I11.46 are 0.60, 107, and 0.55
for winter, spring, and summer and fall, respec-
tively.

(23) Adjusted ET. — Multiplying ET in column
(18) by the ET modifier coefficient in column (22)
yields the adjusted ET.

(24), (25), (26), (27), (28), (29) Water available
for streamflow. — Multiplication of the treatment
area (as a decimal percentage of the watershed
area, item 13) times the difference hetween ad-
justed precipitation and adjusted evapotranspira-
tion (item 17- item 23) is an estimate of area
weighted contribution to total watershed flow that
will be derived from the treatment (or state) area
by season and is entered in one of the columns from
24-29,

dmax

For example, for the clearcut in winter:
Q@ = 0.519(19.6—-1.3) = 9.5 inches

(30), (31), (32), (33), (34), (35) Water available
for annual streamflow. — The summation of
seasonal streamflows is an estimate of the water
available for annual streamflow. Horse Creek
values are 3.5, 1.1, and 13.5 inches for the (unim-
pacted) forested, (impacted) forested, and clearcut
areas, respectively.

Streamflow Discharge And Timing — Existing
Conditions

Step 3. — The third step in the hydrologic
evaluation of Horse Creek is to estimate the dis-
charge and timing of the existing condition. The
following details the necessary steps outlined in
worksheet II1.7. (Numbers in parentheses refer to
the items or columns in the worksheet.)

(1), (2). — Same as worksheet II1.5 and TI1.6.

(3) Date or interval. — Based on previous
knowledge of the area, peak discharge for Horse
Creek occurs June 19. Six-day intervals centered
around this date are listed in column (3).

(4) Forested (unimpacted),%. — Values from
the forested column of table II1.13 are entered into
column (4) with a peak discharge of 0.1575 percent
occurring on June 19,

(5) Forested (unimpacted), inches. — Forested,
(unimpacted), percent [col. (4)] is multiplied by
potential streamflow for the existing condition
from the forested (unimpacted) zone [item (30),
wksht II1.5] which is 15.4 inches.

(6) Forested (unimpacted), cfs. — Each value
in column (5) forested (unimpacted) in inches, is
multiplied by the following factor:

total watershed area (ac)
(12 in/ft) (1.98) (number of days in interval)

For example, on May 26, 0.92 inches is converted to
cfs as follows:

ofs = 600) (0.92) —_ g g

(12) (1.98) (6)

(7) - (21). — Not applicable to the existing con-
dition of Horse Creek.
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(22) Composite hydrograph. — The sum of
columns (6), (9), (12), (15), (18), and (21) gives the
composite hydrograph in digital form. A plot of
column (3) versus column (22) yields the existing
condition hydrograph (fig. VIII.13).

Streamflow Discharge And Timing — After
Proposed
Silvicultural Activity

Step 4. — The final step in the hydrologic
evaluation of Horse Creek is to estimate the dis-
charge and timing of the streamflow if the proposed
silvicultural activity is implemented. The following
details the necessary steps outlined in worksheet
II1.8. (Numbers in parentheses refer to the items or
columns on the worksheet.)

(1), (2). — Same as worksheet IIL.5, II1.6, and
1.7,

(3) Date or interval. — The date of peak
snowmelt discharge for Horse Creek is June 19, the
peak discharge date for the forested (unimpacted)
zone. Six-day intervals are labeled accordingly.

(4) Forested (unimpacted), %. — Same in-
structions as worksheet III.7.

(5) Forested (unimpacted), inches. — Column
(4) is multiplied by potential streamflow for the
proposed condition from the forested (unimpacted)
zone [item (25), wksht. II1.6]. For Horse Creek this
value is 3.5 inches.

(6) Forested (unimpacted), cfs. — Each value
in column (5), is multiplied by the following factor:
______total watershed area (ac)
112 in/tt) (1.98) (number of days in interval)

e e I
(12) (1.98) (6)

(7), (8), (9). — Not applicable for the Horse
Creek example.

(10) Forested (impacted),%. — These values are
taken from the forested column in table II1.13.

(11) Forested (impacted), inches. — Column
(10) is multiplied by potential streamflow for the
proposed condition from the forested (impacted)
zone [item (32), wksht. I11.6). For Horse Creek this
value is 1.1 inches.

= 3

PrA Nt

(12) Forested (impacted), cfs. — Conversion of
inches to cfs involves multiplication of each value
in column (11) by:

total watershed area (ac)
(12 in/ft) (1.98) (number of days in interval)

- 600  _
(12) (1.98) (6)
(13) Clearcut (impacted),%. — Percent poten-
tial streamflow distribution for open areas is taken
from the open column of table III.15. Note that
peak discharge from clearcut areas occurs before
peak discharge from forested areas.

(14) Clearcut (impacted), inches. — Column
(13) is multiplied by potential streamflow for the
proposed condition from the open (impacted) zone
[item (33), wksht. II1.6]. For Horse Creek this value
is 13.5 inches.

(15) Clearcut (impacted), cfs. — Convert inches
to cfs by multiplying values in column (14) by the
factor:

4.209

total watershed area (ac)
(12 in/ft) (1.98) (number of days in interval)
- OO0 _ g
(12) (1.98) (6)

(16) - (21). — Not applicable for the Horse Creek
example.

(22) Composite hydrograph. — The sum of
columns (8), (9), (12), (15), (18), and (21) for each
interval gives the composite hydrograph for the en-
tire Horse Creek watershed (in cfs) (fig. VIII.13).

SURFACE EROSION ANALYSIS

The quantity of surface eroded material
delivered to stream channels from sites disturbed
by the proposed silvicultural activities is estimated
in two stages. First, the quantity of material that
may be made available from a disturbed site is es-
timated using the Modified Soil Loss Equation
(MSLE). Second, a sediment delivery index
( SD; ) is estimated. When this is applied to the
estimated quantity of available surface eroded
material, an estimate of the quantity of material
that may enter a stream channel is obtained.

Erosion Response Unit Delineation

Steps 1-7. — A method for preparing the maps
(or overlays) for these steps is discussed in chapter
IV. Figures IV.14 to IV.19 show the results of these
steps for the drainage net, hydrographic areas, soil
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Figure VIII.13.—Pre- and post-silvicultural activities annual hydrograph, Horse Creek watershed.
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groups, location of cutting units, roads, and
landings.

Step 8. — Set up worksheets for estimating
potential sediment load from surface erosion.

Worksheets IV.1 and IV.2 show field data for ero-
sion response units by hydrographic area and type
of disturbance. Individual soils in the Horse Creek
watershed have been grouped according to similar
texture, organic matter, structure, and perme-
ability characteristics. Worksheet IV.1 shows the
three soil groups used for surface erosion evalua-
tion. Data on worksheet IV.1 should not change
when different management proposals are
evaluated for the watershed.

Worksheet IV.2 displays various types of data
needed for evaluating the effects of the proposed
management of Horse Creek watershed,
hydrographic area 3 (fig. IV.15). Individual erosion
response units are identified and listed. A different
erosion response unit is created for each change in
management activity, each design change for a
given activity (e.g., road change from a cut-and-fill
design to a complete fill for a stream crossing), or
each change in environmental parameters affecting
erosion (e.g., a change in soil characteristics).

Worksheet IV.3 is a summary of the values used
in the MSLE and sediment index for erosion
response units in hydrographic area 3 of the Horse
Creek watershed. The values for both management
proposals are obtained using the steps and discus-
sions which follow. Only values for the proposed
plan are used to illustrate methods for solving the
equations; however, values for the revised plan are
similarly determined

Step 9. — List each erosion source area and
number by erosion response unit.

For the Horse Creek watershed, the response
units have been coded as follows. The treatment
types are clearcuts (CC), landings (L), and roads
(R). The example hydrographic area is number 3.
Disturbance types are numbered sequentially (e.g.,
clearcut CC3.1, clearcut CC3.2, etc). to identify
them in the following evaluations for soil loss and
sediment delivery. :

Using The Modified Soil Loss Equation (MSLE)

Step 10. — For each erosion response unit and
source area (silvicultural activities and roads),
determine the values to be used for each of the fol-
lowing variables:

R - Rainfall factor
K - Soil erodibility factor
LS - Length-slope factor
VM - Vegetation-management factor
Area - Surface area of response unit
Values for these factors are entered on worksheet
IV.3 using the following procedures.

Rainfall Factor

This value is obtained from figure IV.2. For the
Horse Creek area, R = 45. This R value is the same
over the entire Horse Creek area and will be used
for all erosion response units.

Soil Erodibility Factor

The K value can be estimated using the
nomograph in figure IV.3, or by using equation
IV.4. The data for soil group 2 needed to compute
the K value using equation IV.4 are found on
worksheet IV.1. K must be determined for both
topsoil and subsoil, For disturbances which enter
the subsoil, such as roads, the subsoil value of K
must be used.

Application of the equation to determine the K
factor is shown in the following example for soil
group 2 topsoil. This example is also plotted on the
nomograph (fig. IV.3) for the subsoil. Because of in-
flections in the family of curves on the nomograph
(fig. IV.3) for percent sand, the equation cannot be
used when silt plus very fine sand exceed 70 per-
cent.

K = (2.1 X 107%) (12-Om) M. 14

+ 0.0325 (S-2) + 0.025 (P-3) (IV.4)
where:
Om = % organic matter
M = (%silt + % very fine sand) (100 — % clay)
§ = structure code
P = permeability code

Substituting values for topsoil (soil group 2) from
worksheet IV.1 into equation IV.4:

K = (2.1 X 107%) (12-4) [40 (100-10)]. ¢
+ 0.0325 (4-2) + 0.025 (4-3)
K =028
The K value of the subsoil (0.30) may be deter-
mined from either the nomograph or equation.

VIIIL.85



Length-Slope Factor

The length-slope factor, LS, is a combination
factor which incorporates the slope gradient and
the length of the eroding surface into a single fac-
tor. The LS factor must be estimated for each ero-
sion response unit.

Two methods may be used to estimate the LS
factor on straight slopes. One method is to use
equation IV.8 to derive the estimated LS value.
The second method utilizes a nomograph (fig. IV.4)
to estimate the LS value.

The cutting units (CC3.1 and CC3.2) are each
different in regard to slope gradient and length.
Therefore, LS for each clearcut unit must be
evaluated separately. Using equation IV.8 and data
from worksheet IV.2, the LS value for CC3.1 is
calculated as follows for slope length A = 100 feet
and slope gradient s = 38 percent.

e ( A ) (0‘43 +0.30s + 0‘04352)

72.6 6.613
_10.000 (1V.8)
10,000+52
where:
A = slope length, in feet
s = slope gradient, in percent
m = anexponent based onslope gradient from

equation IV.6
Using data from worksheet IV.2:

Ls = (100 Y7 (0.43 + 0.30(38) +0.043(38)
72.6/ 6.613

10,000
10,000+ (38)?

LS = 115
A similar calculation is performed for clearcut
CC3.2 and landing L.3.1. All values are tabulated in
worksheet IV.3.

Road R3.1 is outsloped with a typical cross sec-
tion shown in figure IV.7. Road R3.2 is assumed to
be fill, over culverts. Average dimensions will be
the same as for R3.1 with the cutbank changed to a
fill slope.

To compute the length-slope value for the road
sections (R3.1, R3.2,) the equation for irregular
slopes is used in this example. An alternative
method using graphs (figs. IV.5 and IV.6) is discus-
sed in chapter IV.

(IV.9)

10,000
10,000 + s'f

The number of calculations can be reduced by
simplifying equation IV.9 to:

n T+ +
1§=1, s |sfAN A
Ao i=i 726 "
10,000
10,000 + s?

Ae = entire length of a slope, in feet

(IvV.9.1)

A; = length of slope to lower edge of j
segment, in feet

j = slope segment

s; = slope gradient, in percent

S; = dimensionless slope steepness factor for
segment j defined by:
(0.043s3 + 0.30s; + 0.43)/6.613

m = an exponent based on slope gradient

n = total number of slope segments

For the road R3.1, using values in worksheet IV.2
and assuming that no sediment is deposited on the
road surface, the computations are as follows:

Slope segment 1 (cut)
Al = 48ft

A1 = 0.0 ft (there are no preceding slope seg-
ments, hence length is 0.0 ft)

= 66.7%
m = 0.6 (for slopes on construction; see eq.
1v.6)
_ 0.043¢* + 0.30s + 0.43
6.613

741
|

8
substituting for s:

_ 0.043(66.7)* + 0.30(66.7) + 0.43
6.613

S| = 32

Substituting values of S, A, and m for j=1 into
equation IV.9.1 to the right of the summation sign
gives:
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34 ((4.8) 16— (0) lvﬁ) ( 10,000 )
0.6
(72.6) 10,000 + (66.7)

= 20.83

Slope segment 2 (roadbed)

Ao = 48+ 12.0 = 16.8 ft

A21 = slope length = 4.8 ft

s = 05%

0.6 (for slopes on construction sites)

m

S, = 0.043s? + 0.30s + 0.43

6.613
substituting for s:
S, = 0.043(0.5)? + 0.30(0.5) + 0.43 - 0.09
6.613

Substituting S, X, and m values for j=2 into equa-

tion IV.9.1 to the right side of the summation sign
gives:

— ((16.8) 16_ (4.8)1" ( 10,000 \
(12.6)°¢ 10,000 + 0.5% /

= (.54

Slope segment 3 (fill)

Az = 48 +12.0 + 4.8 = 21.6 ft

Az = slope length = 16.8 ft

8 66.7%

0.6 (for slopes on construction sites)

]

]

m

_ 0.043s* + 0.30s + 0.43
6.613

S,

substituting for s:

s - 0.043(66.7)° + 0.30(66.7) + 0.43 2
o 6.613

Substituting S, A, and m values for j=3 into equa-

ti_on IV.9.1 to the right side of the summation sign
gives:

- ((21.6]"6 - 16.8)'%\/ 10,000 \
(12.6°° \ 10,000 + (6677

= 76.53

Solving the entire equation IV.9.1, using the
calculated values

where:
Ae=4.8+12.0 +4.8=216 ft

then: 1
LS = 'X'(slope seg. 1 + slope seg. 2
e
+ slope seg. 3)

= = (20.83 + 0.54 + 76.53)

21.6

= 4.53

A similar LS calculation is made for road R3.2.
Road R3.2 is a fill, over culverts across a stream
channel, however, and it becomes two problems,
each with two slope segments. Each segment starts
at the middle of the road surface, and the second
segment includes one of the fill slopes. An average
value (4.3) for the LS factor using the two LS
values just determined by splitting the road in half
is entered on worksheet IV.3.

Vegetation-Management Factor

The vegetation-management factor (VM) is used
to evaluate effects of cover and land management
practices on surface erosion over the entire slope
length used for the LS factor. Values for VM are
determined for all cutting units, roads, and
landings.

(1) Cutting units. — Worksheet IV.2 has the
field data used for calculating a VM factor for
clearcut units CC3.1 and CC3.2. Example calcula-
tions are shown for clearcut CC3.1. The cutting
unit is divided into two areas based on presence or
absence of logging residues. A ground cover of slash
and other surface residues covers 65 percent of the
unit (wksht. IV.2). The remaining 35 percent is
scattered in open areas of soil averaging 10 feet in
diameter.* In both areas, fine tree roots are un-
iformly distributed over 90 percent of the clearcut
block. All of the overstory and understory canopy
has been removed.

Using worksheet IV 4, first enter percent area as
0.65 and 0.35 for area covered by residues and open

‘Information about the amount of residue is often expressed in
tons per acre. Maxwell and Ward (1976) have published photos
and tables for parts of Oregon and Washington which relate
visual appearance of a site with the volume of residue and
amount of ground cover.
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area, respectively. Separate calculations are made
for the logging residue and open areas.

Second, the logging slash represents the mulch
and close growing vegetation. Because slash varies
in density, assume that small openings a few inches
in diameter exist over 10 percent of the surface.
From figure IV.9, the 90-percent cover provides a
mulch factor of 0.08. The 35 percent of CC3.1 that
is open is assumed to have 10 percent of the surface
protected by widely scattered slash. Using figure
IV.9, a mulch factor of 0.78 is found for this situa-
tion,

Third, zero canopy cover gives a canopy factor of
1.0 for both areas (fig. IV.8).

Fourth, evaluate the role of fine roots that are
remaining in the soil. Since they are uniformly dis-
tributed over 90 percent of the entire clearcut area,
the value, 0.10, from figure IV. 10 can be used for
both logging residue and bare areas,

Fifth, determine if the open areas are connected
with each other, such that water can flow
downslope from one to another (ch. IV). In this ex-
ample, the open areas are isolated from each other
by bands of logging residue, requiring the use of a
sediment filter strip factor of 0.5 (see “Sediment
Filter Strips” section of chapter IV). If sediment
filter strips did not exist, a factor of 1.0 would be
used.

Sixth, using worksheet IV.4, multiply the VM
subfactors for logging residue (0.65) (0.08) (1.0)
(0.10) = 0.005. Likewise, the subfactors for bare
area are: (0.35) (0.78) (1.0) (0.1) (0.5) = 0.014. The
overall VM factor is the sum of the VM subfactors:
(0.005) + (0.014) = 0.019.

Clearcut CC3.2 will have 60-percent logging
residue cover and 40-percent bare, with bare areas
averaging 10 feet in diameter. Fine roots will be un-
iformly distributed over 85 percent of both areas.
There will not be any canopy. Bare areas will have
filter strips between them. The assumptions about
residue density are the same as for CC3.1. Values
are shown on worksheet IV 4.

(2) Landings. — Landing [.3.1 is assumed to
represent a surface described in table IV.3 as
“freshly disked after one rain,” with a VM factor of
0.89.

(3) Roads. — The VM factor must represent two
conditions on the road areas: (1) the road running
surface, and (2) the cut-and-fill banks that are
needed (fig. IV.7).

The following assumptions have been made for

road erosion response units R3.1 and R3.2.

a. All cut-and-fill slopes will be seeded and fer-
tilized within 10 days after completion of the
road section.

b. Vegetation will be fully established within 1
year.

During the first year, the VM factor will be
changing constantly from bare soil to a vegetated
surface on the cut-and-fill slopes. To account for
this change, VM is estimated monthly; total those
months with erosive rainfall or runoff, and then
divide by the total number of erosion months to ob-
tain an average VM value for those time periods
with potential for erosive rainfall and/or snowmelt
runoff {wksht. IV.5). Use the method described for
clearcuts to estimate VM for the site by month.
The VM factor will be effected initially by the
ground cover (fig. IV.9). As the vegetation matures,
canopy and fine roots will also influence the VM
factor.

Summing the VM values from worksheet IV.5
and dividing by 8 months (3.36/8 = 0.42) gives a
VM value of 0.42 to use for the first year following
construction with cut-and-fill slopes.

The VM for the roadbed (1.24) for R3.1 is ob-
tained from table IV.3 for compacted fill without
surfacing.

Total width for

exposed surface = 2.9 ft + 12t + 2.9 ft

= 17.8 ft
12.0 ft
17.8 ft

Running surface = = (.6742

= fraction of total width

Each cut or fill _ _2.9 ft

= (.1629
slope 17.8 ft

= fraction of total width

The weighted VM factor for R1.1 and R1.2 is
calculated from data on worksheet IV.2 and shown
on worksheet IV.6.

Surface Area Of Response Unit

Total surface area within each treatment
unit—clearcuts, landings, and roads—is given in
worksheet IV.2 and is entered onto worksheet IV.3,
All other MSLE factors are also entered onto
worksheet IV.3. Total potential onsite soil loss is
computed by multiplying all factors on worksheet
IV.3.
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Sediment Delivery

Step 12. — The computed potential surface soil
loss is delivered to the closest stream channel using
the sediment delivery index (SD;). Worksheet
IV.7 is used to organize the data for each erosion
response unit, for each factor shown on the stiff
diagram (fig. 1V.22).

1. Water availability for sediment delivery is

calculated using equation IV.12 for each ero-
sion response unit.

F = CRL (IV.12)
where:
F = available water (ft%/sec)
R = [1 yr, 15 min storm (in/hr)] — [soil in-
filtration rate (in/hr)]
L = [slope length distance of disturbance (ft))
+ [slope length from disturbance to
stream (ft)]
C = 231 x10-° &
In sec

The infiltration rate, used in determining the R
factor, is the maximum rate at which water could
enter a soil. In actual situations, the water entry
rate will usually be somewhat lower than the in-
filtration rate and can be based on the soil
permeability, with consideration for effects of
various management practices.

Using data from worksheet IV.2 and footnotes
from worksheet IV.7, the calculations are:

2
H) (1.75 in/hr
in sec
— 0.26 in/hr) (100 ft + 15 ft)

(2.31 X 107%) (1.49) (115)
0.004 ft¥/sec

2. Texture of eroded material is based on the
amount of very fine sand, silt, and clay shown
on worksheet IV.1, For this case, it has been
assumed that half of the clay will form stable
aggregates with the remainder influencing the
sediment delivery index. For soil group 2 top-
soil, the following calculations were made:

F

I

(2.31 % 10-8

texture of 8
eroded material = “r_c231+ % silt

+ % very fine sand
=%+ (15) + (25)

= 45

3. Ground cover is the percentage of the soil sur-
face with vegetative residues and stems in
direct contact with the soil. The ground cover
on the area between a disturbance and a
stream channel is determined from field
observations and used for the sediment
delivery index. For CC3.1, 90 percent is shown
on worksheet IV.2 for ground cover,

4. Slope shape is a subjective evaluation of

shapes between convex and concave. From

worksheet IV.2 for CC3.1 the slope shape is
straight.

Distance is the slope length from the edge of a

disturbance to a stream channel. For CC3.1

(wksht. IV.2), the distance is 15 feet.

6. Surface roughness is a subjective evaluation
of soil surface microrelief ranging from
smooth to moderately rough. Worksheet 1V.2
shows a moderate surface roughness for
CCs.1.

7. Slope gradient is the percent slope between
the lower boundary of the disturbed area and
the stream channel. Worksheet IV.2 shows a
gradient of 38 percent for the disturbed area.

8. Site specific is an optional factor that was not
used in this example. See chapter IV for more
discussion of this factor.

The tabulated factors for CC3.1 (wksht, IV.7) are
plotted on the appropriate vectors of a stiff
diagram (fig. VIII.14) as discussed in chapter IV,
Use one of the several methods to determine the
area bounded by the irregular polygon that is
created when points on the stiff diagram are joined.
The area of the polygon for this example is 94.94
square units. The stiff diagram has 784 square
units. The percentage of the total area enclosed by

the polygon is:
(M% (100) = 12.1%
784

Entering the X-axis of the probit curve (fig.
1V.23) with 12.1 results in a sediment delivery in-
dex (SDy ) or0.02. This is the estimated fraction of
eroded material that could be delivered from the
disturbance to the stream channel.

]

Step 13. — Find the estimated quantity of sedi-
ment (tons/yr) delivered to a stream channel by
multiplying surface soil loss by the sediment
delivery index (wksht. IV.3) for each erosion
response unit.
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Step 14. — Using worksheet IV.8, tabulate quan-
tities of delivered sediment (tons/yr) for each
hydrographic area by the erosion source. When
completed, this table provides a summary of sur-
face erosion sources and estimated quantities of
sediment production from each hydrographic area.

Step 15. — Totals and percentages are shown on
worksheet IV.8. The total quantity of delivered
material is shown in table VIIL5.

SOIL MASS MOVEMENT ANALYSIS

A step-by-step description, using the Horse
Creek data, was presented in “Chapter V: Soil
Mass Movement.” The following discussion sum-
marizes the results of that detailed description.

Evaluation of the existing soil mass movement
hazard (fig. VIII.15) in the Horse Creek drainage is
based upon seven natural site factors using table
V.5 and worksheet V.1. Based upon the informa-
tion collected and presented in the beginning of the
example, the natural soil mass movement hazard
index is medium, with a factor summation of 31.
The value 31 falls within the medium hazard range
(21-44).

The proposed silvicultural activity will result in
an increased soil mass movement hazard.
Worksheet V.2 is completed based upon the
proposed silvicultural activity. The information re-
quired to complete this worksheet is presented in
table VII.4. The three silvicultural activity factors
total 31. Adding the existing natural hazard value
of 31 to the silvicultural activity hazard value of 31
gives the total value for the post-silvicultural ac-
tivity: 62. This value falls within the high hazard
range (greater than 44).

There is evidence of one soil mass movement in
Horse Creek watershed approximately 20 years ago
on a smooth 67 percent (34°) slope. The dimensions
of the failure are 84 feet long, 28 feet wide, and 1.5
feet deep. The bulk density was found to be 90
1bs/ft? (1.43g/cm?).

To evaluate the potential impact of the proposed
silvicultural activity on soil mass movement, Horse
Creek must be compared to an adjacent watershed,
Mule Creek. Mule Creek, which had a silvicultural
activity similar to that proposed for Horse Creek,
was investigated to ascertain the actual impacts
that followed a silvicultural activity. Mule Creek
watershed is considerably larger than Horse
Creek—3,900 acres vs. 600 acres (1,620 ha vs. 243

ha)—however, both watersheds have similar site
characteristics—soils, geology, precipitation,
vegetation, etc. Prior to the silvicultural activity in
Mule Creek, there had been only one soil mass
movement (debris avalanche-debris flow), approx-
imately 25 years ago, on a smooth 84 percent (40°)
slope-length 115 feet, width 19 feet, depth 1.5 feet
and bulk density 99 1bs/ft3, During the 4 years since
the silvicultural activity, five debris avalanche-
debris flows have occurred:
1. Smooth 73 percent (36°) slope—length 80
feet, width 24 feet, and depth 1.5 feet.
2. Smooth 73 percent (36°) slope—length 129
feet, width 26 feet, and depth 1.5 feet.
3. Smooth 55 percent (29°) slope—length 121
feet, width 17 feet, and depth 1.5 feet.
4, Smooth 55 percent (29°) slope—length 113
feet, width 18 feet, and depth 1.5 feet.
5. Smooth 40 percent (22°) slope—length 95
feet, width 23 feet, and depth 1.5 feet.
Using the procedure outlined in chapter V and
figure V.8, worksheets V.1, V.2, V.5, and V.6 were
completed. Based upon these computations, it was
determined that 192 tons of soil mass movement
material could potentially be delivered to Horse
Creek due to the proposed silvicultural activity.
This total is shown on table VIIL.5.

TOTAL POTENTIAL SEDIMENT
ANALYSIS

Step 1. — The stream reach characterization will
be obtained on the lower 1/4 mile of the third-order
stream channel on Horse Creek.

Step 2. — See figure VIII.13 pre- and post-
silvicultural activity hydrographs.

Suspended Sediment Calculation

Step 3. — Establish suspended sediment rating

curve,

a. Data were obtained from depth integrated
suspended sediment sampling and concurrent
stream discharge measurements taken over a
period of 1 year. Samples were taken during
representative flows and are plotted in figure
VIII.186.
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Table VII11.5

Summary of quantitative outputs for: Emmiﬂmgk

Computed value Chapter
Chapter Line Output description Pre- Post- reference
No . activity activity (worksheets)
! Wagiiegrn?iléible for annual !5‘4 iy 81 in II‘S)II»Q
2| “anmval stremmtion o o a7in  |TS,Ie
3 | Peak discharge 10.2 cfs | 10.97 cfs Ir 7, I %
g::g?éfgrl:l 4 |Date of peak discharge June 15 | June 4 Ir.7,IC.3
5 | Hydrograph
6 | 7-day flow duration curve N.A. “A
Surtace 7 | Surtace soil loss N.A. 780 tfons fyr | T3
Eraosion:
Chapter 1V 8 | Sediment delivered to stream channel| N. g I?-?%ns/yr IC.¢
9 |Hazard index 3/ 62 I-I;Y-l
Soil Mass 10 Coarse >0.062 mm | N.A. | 23, ons/yr
?ﬁ!gf:ﬁ 11 |Weight of sediment [Fine <0.062 mm N.A. 70 Junu/yr
12 Total N.A. 192 fons/| X o
13 | Acceleration factor 3 II'G‘
14 Bed|oad 14 donsfye | 1.9 fons/yr :nt:; ‘ll.:i,g
Total 15 Segize:; f{;:harge Suspended 71 JMS/)'" &8 wy"' Ig;_:; ﬂ::.g
Sodiments 16| Total £S5 bmlyr | 107 teonsfr | T 1T &
Chapter V| " To;r?cl)msgfﬁ)e:gjsczzc|men’r.df5charge 7 W/ﬂ’ 72.5 4m/yr fftaxl..r: Hﬂ
| g Bispdes Seubednt teom 2l Q17 donsfyr| 7.3 line M
sources
gﬁ@g?;?*vﬁ: 19 | Potential temperature changes !? 0F ﬂq’
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Figure Viil.18.—Sediment rating curve, Horse Creek watershed.
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b. log Y = 0.31 + 0.64 log Q
r? = 0.95: coefficient of determination. See
figure VIIL.16 for plot of data.

c. The channel stability rating procedure by
Pfankuch (1975) was used to obtain a fair
rating.

Step 4. — Calculate pre-silvicultural activity
potential suspended sediment discharge. See figure
VIII.13 for pre- and post-silvicultural activity
hydrographs. Use data from worksheet VI.1.

a. Use worksheet VI.1, columns (1), (2), (3), and

(4).
b. Record the total of 7.1 tons/yr on worksheet
V1.3, line A,

Step 5. — Calculate post-silvicultural activity
potential suspended sediment discharge (due to
streamflow increase).

& Use worksheet V1.1, columns (1), (5), (6), and

(7).
b. Record the total of 8,8 tons/yr on worksheet
VL3, line B.

Note that there is a 24-percent increase in sedi-
ment discharge due only to flow increase.

Step 6. — Convert water quality objective from
state water quality standards (mg/l) into units
compatible with the analysis (tons/yr).

a. Maximum allowable limits as set by state
water quality standards for suspended solids
is a 30 mg/l increase above existing condi-
tions.

b. Use columns (8) and (9) on worksheet VI.1 to
calculate maximum allowable, sediment dis-
charge.

c. Record the total of 38.6 tons/yr on worksheet
V1.3, line C.

Bedload Calculation

Step 7. — Establish bedload rating curve.

a. Data points for bedload transport (tons/day)
are plotted against stream discharge (cfs),
figure VIII.17. Data are shown from worksheet
V1.2

b.log ¥ =-3.43 + 2.18 log X

r? = 0.99: coefficient of determination

Step 8. — Calculate pre-silvicultural activity
bedload discharge.
a. Use columns (1), (2), (3}, and (4) on
worksheet VI.2.
b. Record the total of 1.4 tons/yr on worksheet
VL3, line E.

Step 9. — Calculate pre-silvicultural activity

sediment discharge (suspended and bedload).

a. From step 4, obtain 7.1 tons/yr (suspended
sediment) and from step 8, 1.4 tons/yr
(bedload sediment) and add for a total of 8.5
tons/yr.

b. Record this total on worksheet VI.3, line K.

Step 10. — Calculate post-silvicultural activity
bedload sediment discharge.
a. Use columns (1), (6), (7), and (8) on
worksheet V1.2,
b. Record the total of 1.9 tons/yr on worksheet
V1.3, line F. '

Total Potential Sediment Calculation

Step 11. — Obtain total potential sediment
delivered by soil mass movement. Sum the con-
tributions of the coarse size (wksht. V1.3, line D.3)
and fine size material (wksht, VI.3, line D.4) to ob-
tain the total soil mass movement contributions
which equal 192 tons/yr.

Step 12. — Obtain total potential coarse size

sediment delivered by soil mass movement.

a. 24 percent (table IV.1) of delivered soil con-
sists of coarse silts, silt, and clay sizes (only
half of the total clay is included in this
category) [wksht. IV.1 (soil 2—topsoil)]; thus
76 percent of the delivered soil is coarse
material (including the remaining half of the
clay, as stable aggregates); therefore, 0.76 X
192 tons = 146 tons/yr of coarse material
delivered to streams.

b. Enter this value (146 tons/yr) on worksheet
V1.3, lines D.2 and J.1.

c. Median size of coarse portion = 10 mm;
record on worksheet V1.3, lines D.3 and J.3.

Step 13. — Determine washload volume
delivered from soil mass movement.
a. 24 percent of total delivered volume is
washload (tons/yr), therefore,
total volume soil mass
movement = 192 tons/yr
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total coarse size soil mass
movement = 146 tons/yr
total washload (fine) size = 46 tons/yr
b. Record this total (46 tons/yr) on worksheet
V1.3, lines D.4 and J.2.

Step 14. — Determine total delivered tons of
suspended sediment from surface erosion.
a. The total of 17.7 tons/yr is obtained from
worksheet JV.8.

b. Record this value on worksheet V1.3, line D.1.

Step 15. — Compare total potential post-
silvicultural activity suspended sediment (mg/1) to
selected limits (tons/yr). On worksheet VI.3:

Add totals of: tons/yr
Surface erosion (line D.1) 17.7 tons/yr
Total post-silvicultural activity

suspended sediment discharge

(line B) 8.8 tons/yr
Soil mass movement (washload)
(line D.4) 46.0 tons/yr

Total 72.5 tons/vr

Subtract the total pre-silvicultural
activity suspended sediment discharge
(line A) from the previously

determined figure 7.1 tons/yr

The remainder is the total increase in
potential suspended sediment

discharge (line I1.1) 65.4 tons/yr

Subtract the maximum allowable suspended
sediment discharge (line C) from the
total increase in potential suspended
sediment dischrge (line I.1) _38.6 tons/yr

The remainder is the net change (this
may be either a positive or negative
number) (line 1.2) +26.8 tons/yr

Step 16. — Total potential post-silvicultural ac-
tivity sediment discharge—all sources.
a. Summation: from steps 5, 10, 11,
and 14, tons/yr
1. Post-silvicultural activity sediment
flow related increases (step 5,
wksht. V1.3, line B) 8.8
2. Post-silvicultural activity bedload
load, flow related increases
(step 10, wksht. VL3, line F) 1.9
3. Soil mass movement volumes
(step 11, wksht. VL3,

line D.2 plus D.4) 192.0

4. Surface erosion source (step 14,
wksht. VI.3, line D.1)

Total
b. Record on worksheet V1.3, line L.
Step 17. — Increase in total potential sediment
discharge resulting from silvicultural activity.

a. Subtract total pre-silvicultural activity sedi-
ment discharge (step 9) from total post-
gilvicultural activity sediment discharge (step

17.7
220.4

16).
tons/yr
1. Total post-silvicultural activity
(wksht. VI.3, line L) ............. 220.4
2. Total pre-silvicultural activity
(wksht. VI.3, line K) ............... 85

3. Total potential sediment increase . 211.9

b. Record this total increase of 211.9 tons/yr on
worksheet V1.3, line M.

Channel Impacts

Step 18. — Channel geometry.

a. Collect channel geometry data for third-order
stream being impacted. Record on worksheet
VL5.

1. Water surface slope, measured 0.005 ft/ft
2. Bankful stream width 4.8 ft
3. Bankful stream depth 0.8 ft

b. Channel geometry for the first-order stream
being impacted. Record on worksheet VI.5.

1. Water surface slope 0.029 ft/ft
2. Bankful stream width 1.0 ft
3. Bankful stream depth 0.6 ft

Step 19. — Evaluate post-silvicultural activity
channel impacts. Determine post-silvicultural ac-
tivity changes that impact the channel, which
would influence stream power calculations by
altering water surface slope and/or bankful stream
width. The debris-slide on the stream reach being
evaluated will change the water surface slope from
0.029 to 0.250 with an increase in bankful width
from 1.0 feet to 1.5 feet.

Step 20. — Establish bedload transport rate-
stream power relationship for third-order reach or
closest adjacent drainageway that has measured
data.
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Water surface slope = 0.005

(K) Constant = 62.4 Ib/ft?
Use worksheet VI.4 for calculations (see fig.
VIII.18).

Step 21. — Make a qualitative determination of
channel change potential based on introduced sedi-
ment from soil mass movement and channel im-
pacts: Soil mass movement source (coarse size) 146
tons/yr (wksht. VI.3, line J.1). The debris-slide
delivery to the first-order stream is instantaneous.

a. To determine channel response on the

delivered material, the following calculations
are made:

1. Stream power under bankful discharge for
first-order reach (wksht. VL5,

line 2A) 1.32 ft/lb/sec

2. Maximum sediment transport under max-

imum stream power at bankful discharge
(fig. VIII. 18) 0.0018 ft/1b/sec

Based on this calculation, the introduced coarse
(0.08 tons/day) size (10mm) soil mass movement
material of 142 tons exceeds the transport
capability of the stream under bankful stream
power (0.08 tons/day). Since bankful discharge has
a relatively short duration, the 0.08 tons/day trans-
port would be decreased as discharge, and resul-
tant stream power is reduced over time. The ex-
pected channel response would be local deposition
of sediment (dominant particle size of 10 mm) on
the streambed. This would adjust local slope and
the width-depth ratio of the channel (based on
similar channel response due to debris-slide im-
pacts on similar channels adjacent to Horse Creek).

b. To determine the change in steam power and

bankful discharge for Horse Creek at the first-
order reach, the following calculations are

made:
A = (width1.0ft) (depth 0.6 ft)
= 0.60 ft2
S = 0.029
log Q = 0.366 + 1.33log 0.60 + 0.05 log 0.029
— 0.056 (log 0.029)2
Q = 0.73 cfs (pre-silvicultural activity)

¢. Changes in transport rate due to changes in
stream power from:

1. Reduced surface water slope

2. Increased width

3. Reduced depth

4. Reduced bankful discharge
Using worksheet VI.5:
Post-silvicultural activity width 1.5 ft
Post-silvicultural activity depth 0.2 ft

Post-silvicultural activity slope 0.0250
Post-silvicultural activity (Q, )

discharge 0.28 cfs
Post-silvicultural activity stream
power (w) 0.29 ft/1b/sec

Post-silvicultural activity bedload
transport rate (fig. VIIL.18) 2.6 X 10-°

ft/1b/sec

This value (2.6 X 10-% ft/Ib/sec) is
converted to tons/day/ft of width by
multiplying by 86,400 sec/day and dividing
by 2,000 Ib/ton .......... 0.001 tons/day/ft

This value (0.001 tons/day/ft) is converted to
tons/day by multiplying by 1.5 feet (bankful width
of stream).

Thus, a reduction in bedload sediment trans-
port from 0.08 tons/day to 0.002 tons/day would
indicate an increase in sediment storage in the
channel; until such time, recovery would return
to pre-silvicultural activity rates. This would
reduce the channel stability rating, and by the
imbalance in sediment supply—stream energy,
disequilibrium conditions would be expected
(this is evaluating the coarse fragment portion of
soil mass movement sediment supply only).

e. Difference.
Maximum instantaneous, pre-silvicultural
activity transport at bankful
(QBpre ) 0.08 tons/day
Maximum instantaneous, post-silvicultural
activity transport at bankful
(QBpost ) 0.002 tons/day

A difference of 0.078 tons/day
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BEDLOAD SEDIMENT TRANSPORT RATE (i) (ft./Ibs./sec.)

.01

STREAM POWER (w) (ft./Ibs./sec.)

Figure Vill.18.—Bedicad transpori-stream power relationship, Horse Cresk watershed.
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TEMPERATURE ANALYSIS

Several of the proposed cutting blocks are close
to streams; removal of the trees would expose the
streams to increased solar radiation. The ad-
ditional radiation would result in an increase in the
maximum daily water temperature.

The maximum increase in the daily water
temperature must be evaluated to determine if the
water quality objectives for the strearn will be met.
The proposed clearcut in hydrographic area 29 was
selected to illustrate the procedure to estimate the
maximum potential daily temperature increase.
All cutting blocks that could impact water
temperature would be evaluated similarly.

Computing H, Adjusted Incident Heat Load

Step 1. — Determine H (i.e., incident heat load)
based upon latitude of site, critical time of year
(month and day), and orientation of stream.

Step 1.1. — Select the solar ephemeris that most
closely approaches the latitude of the site, 40
1/2°N.

Step 1.2, — Locate the declination in the solar
ephemeris (fig. VII.3) that corresponds to the date
when maximum water temperature increase is an-
ticipated: second week in July; therefore, use a
declination of +21 1/2°.

Step 1.3. — Once the declination, +21 1/2°, is
known, determine the azimuth and solar angle for
various times during the day from the solar
ephemeris (see fig. VIL.6) and record the values in
worksheet VII.1. Azimuth readings are found along
the outside of the circle and are given for every 10°,
Solar angle (i.e., degrees above the horizon) is in-
dicated by the concentric circles and ranges from
0° at the outermost circle to 90° at the center of the
circle. The time is indicated above the +23°27
declination line and is given in hours, solar time.

To determine the solar azimuth and angle that
would occur at 12:30 p.m. daylight savings time
(DST):

Step 1.3.1. — Follow along the +21 1/2° declina-
tion line that is interpolated between the +20° and
+23°27' line. Locate the point that is equal dis-
tance between the 11 a.m. (12 noon DST) and noon
(1 p.m. DST) time interval. This point represents
the 12:30 p.m. DST.

Step 1.3.2. — The solar angle is determined by
noting where the point established above (12:30
p.m. with a declination of +21 1/2°) occurs in
respect to the solar angle lines present .on the
figure. The solar angle lines are represented as con-
centric circles and range from 90° at the center to
0° at the periphery. The point established above
falls on the 70° line; therefore, the solar angle is
equal to 70°.

Step 1.3.3. — The solar azimuth is determined
by noting where the point established in step 1.3.1
occurs in respect to the solar azimuth lines that
radiate out from the center of the circle. The point
falls midway between the 150° and 160° lines;
therefore, the solar angle equals 155°.

More points should be selected about the midday
period, when solar radiation is at the greatest in-
tensity.

Step 1.4. — Evaluate the orientation of the sun
(i.e., azimuth and angle determined from step 1.3
above) with the stream, and determine what
vegetation effectively shades the stream. To do
this, compare stream effective width with shadow
length. Determine the maximum solar angle (i.e.,
maximum radiation influx to stream) that will oc-
cur when the stream is exposed following the
silvicultural activity. Height of the existing vegeta-
tion immediately adjacent to the stream is 70 feet.

Step 1.4.1. — The direction the shadows fall
across the stream will determine effective width of
the stream. Effective width is computed using the
following formula:

measured average stream width

EW = — . :
sine | azimuth stream - azimuth sun |

(VIL.4)
The azimuth of the particular stream used for
this example is 225°. Effective width varies
depending on the time of day. For example, at
12:30 (wksht. VII.1) EW would be equal to:
1.5 ft

EW = =16
sine | 225° - 155° | Lok

The absolute value of the azimuth of the stream
subtracted from the azimuth of the sun must be
less than a 90° angle. Should the difference exceed
90°, subtract this absolute value from 180° to ob-
tain the correct acute angle. The sine is then taken
of this computed acute angle.
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Step 1.4.2. — Shadow length is computed using
the formula:

height vegetation
tangent solar angle

(VIL5)

For example, at 12:30, S would be equal to:
S = 70 ft/tangent 70° = 25.5 ft

Note, the only periods of the day that should be
considered are those when existing vegetation that
will be eliminated by the silvicultural activity ef-
fectively shades the stream (i.e., when the shadow
length extends onto some portion of the stream]}.
Those periods of the day when the stream is not ef-
fectively shaded by the existing vegetation will not
have an increase in net radiation if the vegetation is
removed by the silvicultural activity. Also, there
may be periods of the day when the stream is effec-
tively shaded by existing vegetation that will not
be removed by the silvicultural activity; therefore,
the proposed silvicultural activity will have no im-
pact on water temperature.

Summary of steps 1.4.1 and 1.4.2: The existing
trees that are scheduled to be cut provide shade to
the stream. The only time when the trees do not
shade the stream is about 2:10 p.m., when the
stream's effective width is infinity (sun is oriented
with the stream) and the shadow length is only 28.1
feet. Therefore, removal of this vegetation would
result in exposure of the water surface to increased
solar radiation.

The proposed silvicultural activity would have
the maximum impact on water temperature at 1
p.m. (solar noon) when the solar angle and radia-
tion are greatest.

Step 1.5. — Topographic shading should be
evaluated to determine if the water course would be
shaded by topographic features. For topographic
shading, the percent slope of the ground must ex-
ceed the percent slope of the solar angle (i.e.,
tangent of the solar angle). In the present example,
the

side slope = 30%
solar angle = 72° or 308%

Thus, topographic shading is not possible due to
the angle of the sun and relatively gentle
topographic relief.

Step 1.6. — Calculate the incident heat load for
the site. This is obtained from reading the values
shown in figure VII.7. To read these values, apply
the following:

1. Select the correct curve (shown in fig. VIL.7)
obtained from the correct solar ephemeris (fig.
VIL.3): in this example, 40°N latitude, given a
declination of +21 1/2°: 72°. (Note that the
midday value will always have an orientation,
i.e., azimuth, of due south.)

2. In figure VIIL.8, interpolate between the 70°
and 80° curve to obtain the 72° values.

3. Determine the critical time period, which in
step 1.4 was found to be 1 p.m.

4, Find the average H value. In this example, the
travel time through the reach is only 0.3
hours, so it is not necessary to find an average
H value. From figure VIL.8, with a 72° midday
angle, the H value for 1 p.m. is approximately
4,7 BTU/ft2—min. (Note: If the solar
ephemeris had been used for 45°N latitude,
the H value would have be approximately 4.8
BTU/ft?—min. If the solar ephemeris had
been used for 35°N latitude, the H value
would have been 4.5 BTU/ft?>—min). Figure
VII.8 illustrates the procedure used to obtain
H.

Step 1.7. — Because bedrock acts as a heat sink,
reducing the heat load absorbed by the water, the
H value must be corrected to reflect this heat loss,

= WH + [B(1.00-C)H] (VII.6)

Hadjusted

where for Horse Creek:

W = percent streambed without bedrock =
10%

H = unadjusted heat load = 4.7 BTU/ft?>~min
with a solar ephemeris for 40°N latitude
(step 3.6)

B = percent streambed with rock = 90%

C = correction factor = 18% (see explanation

for C directly below)
(Note: All percent values used in eq. III.6 are in
decimal form.)

Now, C is obtained from figure VIL.9. In the ex-
ample, bedrock comprises 90 percent of the
streambed; therefore, H should be reduced by 18
percent.

Thus,
Hadjusted =[0.1 X 4.7]
+ [0.9 X (1.00 - 0.18) X 4.7)

= 3.94 BTU/ft?—min
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Computing Q, Stream Discharge

Step 2. — Determine stream discharge following
the proposed silvicultural activity during the
critical summer low-flow period when maximum
temeratures are anticipated. A pre-activity
baseflow measurement during the critical summer
period was taken. Discharge during the critical
period was 0.4 cfs.

Computing A, Adjusted Surface Area

Step 3. — Determine the adjusted surface area of
flowing water exposed by the proposed
silvicultural activity.

Step 3.1. — Total surface area of flowing water

Ajga = LW (VIL.7a)
where:
L = length of exposed reach
W = width of flowing water
A~ 530 ft X 15 ft

= 795 ft?
Step 3.2. — Total surface area shaded by brush
Ahade brush = LW (% stream shaded by brush only)

(VIL.7h)
= 530 ft X 1.5ft X 0.15
= 120 ft?
Step 3.3. — Surface area exposed under current

vegetative canopy cover; correct for transmission of
light through the existing stand that has a 65 per-
cent crown closure. Since only wvertical crown
closure values are available, estimate the percen-
tage transmission of solar radiation through the
overstory canopy. Values for these estimates may
be obtained from figure VI1.D.1. A crown closure of
656 percent permits about 8 percent transmission of
solar radiation.

Al:'res-ently exposed — (Aotal - Auha_de brush ) o
X % transmission through existing

vegetation (VIL.7¢)
= (795 ft? — 120 ft2 x 0.08)
= b4 ft?

Step 3.4. — The adjusted surface area that will
be exposed to increased solar radiation if all vegeta-
tion is removed is
(VIL.7d)

Aadjuxted A total — Apmsagtiy exposed

= 795 ft* — 54 ft
= 741 ft?
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Step 4. — Estimate AT, maximum potential
daily temperature increase in °F it the proposed
silvicultural activity is implemented. Solve equa-
tion VIIL.3a
A adjusted H adjusted

AT = * 0.000267 (VII.3a)
Q

A = 741 ft?

H = 394 BTU/ft?—min

Q = 0.4 cfs

741 ft?) (3. TU/ft? — mi

AT :( ) (3.94 BTU/ft rmn}>< 0.000267

0.4 cfs
= 1.9 °F

The Mixing Ratio Formula

The following example is provided to illustrate
the use of the mixing ratio formula for evaluating
downstream water temperature impacts. The
water temperature increase associated with the
proposed clearcut in hydrographic area 29 has
previously been evaluated, and a maximum poten-
tial daily temperature increase of 1.9°F was es-
timated. With similar evaluations made for
proposed clearcuts in hydrographic areas 27 and 28,
an estimate of the water temperature of the main
stream draining this area can now be obtained.

The data and results of the individual water
temperature evaluations are recorded on worksheet
VII.2. The pre-silvicultural activity stream water
temperature is 55°F. The sequence of steps to ob-
tain an estimate of the water temperature of the
main stream draining this area follows,

Hydrographic area 27 stream reach. — The es-
timated maximum potential daily stream
temperature increase (2.5°F) is added to the pre-
silvicultural activity stream temperature (55°F) to
obtain an estimate of the water temperature
(57.5°F) below the proposed clearcut draining this
hydrographic area.

Hydrographic area 28 stream reach. — The es-
timated maximum potential daily stream
temperature increase (2.1°F) is added to the pre-
silvicultural activity stream temperature (55°F) to
obtain an estimate of the water temperature
(57.1°F) below the proposed clearcut draining this
hydrographic area.



To estimate the water temperature below the
confluence of the streams draining hydrographic
areas 27 and 28, the mixing ratio formula may be
used.

DyTy+ DT
Tp= it SR 2 5 1 (VIL8)
Dy + Dr

Tp = temperature downstream after the
tributary (hydrographic area 28) enters
the main stream (hydrographic area 27)

Dy = discharge main stream = 0.4 cfs

temperature main stream above

tributary = 57.5°F

Dt = discharge stream draining treated area =
0.3 cfs

Tt = temperature stream below treated area
equals temperature above plus computed
temperature increase (i.e., Brown's

-3
=
L]

model) or
Tr = Ty + AT = 55°F + 2.1°F
= 57.1°F
Ts = temperature stream
above treated area
= 55°F
AT = temperature increase
computed using
Brown’s model = 2.1°F
Therefore,

_ (0.4 cfs) (57.5°F) + (0.3 cfs)(67.1°F)
(0.4 cfs) + (0.3 cfs)

Tp

= 57.3°F

The main stream below the confluence will have
a water temperature of 57.3°F.

Hydrographic area 29 stream reach. — The es-
timated maximum potential daily stream temper-
ture increase (1.9°F) is added to the pre-
silvicultural activity stream temperature (55°F) to
obtain an estimate of the water temperature
(56.9°F) below the proposed clearcut draining this
hydrographic area.

To estimate the water temperture below the con-
fluence of the main stream and the stream draining
hydrographic area 29, the mixing ratio formula
may be used.

DyTy + DT
T_MM TLT {VI]S)

B Dy +Drp

where,

Tp = temperature downstream after the
tributary (hydrographic area 29) enters
the main stream

Dy = discharge main stream = 0.7 cfs

Ty = temperature main stream above
tributary = 57.3°F

Dt = discharge stream draining treated area =

0.4 cfs
Ty = temperature stream below treated area
equals temperature above plus computed
temperature increase (i.e., Brown’s
model)
Ty = Ta + AT = 55°F + 1.9°F
56.9°F
T4 = temperature stream
above treated area
55°F

AT = temperature increase
computed using Brown’s
model = 1.9°F

Therefore,
Tp = (0.7 efs) (57.3°F) + (0.4 cfs) (56.9°F)
(0.7 cfs) + (0.4 cfs)
= 57.2°F

The main stream below the confluence will have
a water temperature of 57.2°F or a maximum daily
temperature increase of 2.2°F., This same
procedure is used to evaluate other tributary
streams further downstream.

Groundwater influence has previously been
demonstrated in the Grits Creek example.

ANALYSIS REVIEW

Interpretation Of The Analysis Qutputs

The proposed silvicultural plan has been
evaluated in the preceding discussion and es-
timated values from various outputs are shown in
table VII.5. These outputs are compared to
previously determined water quality objectives.
When considering whether these objectives have
been met or not, it is important to consider the
reliability of the computed values as previously dis-
cussed in the analysis review for Grits Creek. A
review of the data reliability and the computed
outputs for Horse Creek indicates the possibility
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that the water quality objectives will not be met;
therefore, a revised silvicultural plan that includes
a different mix of controls should be prepared and
evaluated.

Comparing Analysis Qutputs To
Water Quality Objectives

Two potential non-point source pollutants must
be controlled—total potential sediment and water
temperature, Evaluation of the individual compo-
nents of the estimated total potential sediment
value (216 tons), clearly indicates the major con-
tribution of potential sediment is from soil mass
movement (192 tons). The surface erosion (17.7
tons) and increased flow (6.3 tons) contributions,
although significant, are an order of magnitude less
than the soil mass movement. Therefore, first
priority is to evaluate control opportunities for
minimizing the soil mass movement non-point
source. The second priority is to consider control
opportunities for the surface erosion component.

The sediment contribution from increased
streamflows cannot be significantly altered without
major reductions in amount of area harvested or
changes in the cutting pattern. Since the proposed
silvicultural plan has an optimum layout of cutting
units, and their contribution to increased flow was
small, no further consideration of flow-related con-
trols is necessary.

Since existing stream temperatures (55°F) are
suitable for the fishery resource and the area is un-
disturbed, mitigative controls before the activity
are unnecessary; only preventive controls need be
considered.

Following is a discussion of the procedures ap-
plied to select a different mix of controls that could
be implemented to meet the water quality objec-
tives—first for total potential sediment and then
for temperature. These procedures are discussed in
chapter II, appendix A, “Example Three: Selecting
Controls When Plans Do Not Meet Water Quality
Objectives.”” After identifving control oppor-
tunities, the favorable and adverse impacts of the
controls, along with possible interactions, are
evaluated before finally selecting control oppor-
tunities to be used.

Control Opportunities For Soil Mass Movement

Since it is very difficult to apply effective
mitigative controls after a large soil mass move-
ment occurs, only preventive control opportunities

will be evaluated. Table IL.2 of “Chapter II:
Control Opportunities” presents the potential
resource impacts and control opportunities.

Soil mass movement initiation or acceleration in
the Horse Creek watershed may be caused by road
construction, due to large fill sections, and loss of
root strength, due to vegetative removal. Based
upon this assessment of the causes of soil mass
movement, controls for slope configuration changes
and vegetative changes are reviewed in table I1.2,
and preventive controls are identified.

Once the possible preventive control oppor-
tunities have been identified, table 11.3 is used to
determine which variables that influence soil mass
movement are affected by the various control op-
portunities. That portion of table I1.3 dealing with
slope configuration and vegetative change is ex-
amined. From the possible control opportunities
for slope configuration change, it is apparent that
some controls influence several wvariables and
would, therefore, be more effective in controlling
soil mass movement than controls that influence
only one. The following preventive control oppor-
tunities affect the principal variables influencing
s0il mass movement:

1. Bench cut and compact fill
Full bench section
Reduce logging road density

Road and landing location
5. Slope rounding or reduction in slope cut
Possible preventive controls for vegetative change
are:

1. Cutting block design

2. Maintain ground cover

From this list of possible control opportunities,
the proposed silvicultural activity was modified for
soil mass movement by:

a. Elimination of cutting block 14 on the un-
stable area. The volume of timber not
removed in this unit has been obtained
elsewhere by making slight changes to enlarge
other cutting units on stable terrain.

b. Removal of the road and landings in
hvdrographic areas 26 and 27 that served cut-
ting block 14.

By incorporating these controls, the soil mass
movement hazard index will be reduced from high
to moderate, Worksheet V.2 is completed based
upon the above preventive controls. The new
silvicultural activity factor total is 7. Combining
this with the natural total of 31 gives the new total

= LI B
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value for the modified silvicultural activity of 38,
which falls within the medium hazard range (21-
44) for soil mass movement.

Control Opportunities For Surface Erosion

By reviewing worksheet IV.8, the maps (figs.
IV.14 to IV.18}, and using professional judgment,
the following resource impacts and conditions were
noted:

Problem No. 1: Some landings were located
close to a stream, allowing
direct delivery of eroded
material,

Problem No. 2: Because there was no road sur-
facing included in the proposed
silvicultural plan, erosion
resulted from bare road sur-
face.

Control opportunities for Problem No. 1, road
and landing location, are discussed under resource
impacts for soil compaction, bare soil, excess
water, and water concentration. Bare soil and com-
paction are directly related to the number of
landings and miles of road in the proposed
silvicultural activity area. Since the initial plan
has incorporated the minimum number of landings
and miles of roads, controls listed here are not as
applicable as controls for excess water and water
concentration. Using sections B and C of the
“Control Opportunities” chapter, the following ap-
plicable controls were selected:

Excess water

1. Cutting block design

2. Waterside area )

3. Revegetate treated areas
Water concentration

1. Reduce road grades

2. Road and landing location

3. Waterside areas

The cutting block designs have been carefully

chosen, and there is little opportunity to make
significant changes. The proposed silvicultural
plan already contains provisions for revegetating
treated areas. The remaining control, waterside
areas, is discussed below.

Under “water concentration,” the control oppor-
tunity “‘reduce road grades” is not practical, since
the road locations are determined by minimum
grades to reach benches and suitable cutting
blocks. Considering the control opportunity “road
and landing location,” it was determined that there

were opportunities to make some slight modifica-
tions in landing locations by moving them back
from stream channels. At the same time, the con-
trol opportunity “waterside areas” (leaving some
area to act as a sediment filter strip) was also
utilized to reduce the amount of sediment
delivered to a channel.

Using the same calculation procedures outlined
in chapter IV and in the example for the proposed
silvicultural plan, a new analysis was made using
revised values for the different landing locations
(wkshts. IV.2 to IV.4 and IV.6 to IV.8).

By moving a landing a short distance away from
a stream channel, three factors affecting sediment
delivery are changed (compare wksht. IV.7 for both
plans—proposed and revised). First, the distance
from the edge of the disturbance to the stream
channel is increased, creating more area for sedi-
ment deposition; second, the amount of ground
cover between the disturbance and channel in-
creases; third, the surface roughness increases
slightly. The net result is a change in the sediment
delivery index from 0.11 under proposed manage-
ment, to 0.01 in the modified plan. This would
reduce the amount of eroded material that might
be delivered to a stream by 91 percent for each
landing next to a stream. The total from all
landings has been reduced from 0.9 tons/yr to 0.03
tons/yr (wksht. IV.8 for both plans).

Control opportunities for Problem No. 2, “no
road surfacing,”’ are found in section B under bare
soil, with “‘protection of road bare surface areas
with non-living material” being the most practical.
A decision was made to use 6 inches of crushed
gravel on all roadbeds. The same procedures out-
lined under roads should be applied to the
proposed silvicultural plan, except that the VM
factor has now been changed for the running sur-
face from 1.24 (wksht. IV.6, proposed) to 0.005
(wksht. IV .6, revised). The weighted VM factor for
the road is now 0.17, which compares with a value
of 0.91 for the proposed plan. A summary on
worksheets IV.8 (for both plans) shows that the
total for all roads has now been reduced from 8.1
tons/vr to 1.3 tons/yr, or an 84 percent reduction.

Control Opportunities For Temperature

To meet the temperature water quality objec-
tive, the maximum potential daily temperature in-
crease must be reduced by applying preventive
controls. Table I1.2 of “Chapter II: Control Oppor-
tunities’’ presents potential resource impacts and
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control opportunities to be evaluated. Water
temperature increases resulting from silvicultural
activities are caused by removal of vegetation that
shades the stream. Therefore, controls for stream
shading are reviewed in table I1.2,

Three preventive control opportunities are
presented that could be used to meet the water
quality objectives:

1. Cutting block design

2. Directional felling

3. Waterside area

Directional felling away from the stream is
already specified in the proposed silvicultural plan
and so is not an alternative. Both cutting block
design and waterside areas are viable control op-
portunities.

Cutting block design. — Using the basic
procedure presented in ‘‘Chapter VII:
Temperature,” compute the maximum length of
stream channel that could be exposed with a resul-
tant maximum potential daily temperature in-
crease of 1.5°F,

From the previous evaluations: The stream reach
length that would be exposed if the proposed
silvicultural activity was implemented was 530
feet. Maximum potential daily temperature in-
crease would be 1.9°F. The water quality objective
limits the maximum potential daily temperature
increase to 1.5°F (temperature objective). A direct
relationship can be established to estimate the
reach of stream that could be exposed (length ob-
jective),

where:
AT = potential daily temperature increase
T, = allowable dailv temperature increase

L. = potential exposed stream length
L., = allowable exposed stream length
Ly = 14? < 530 ft = 4181t
1.9°F

By modifying the proposed cutting block design
so that no more than 418 feet of the stream is ex-
posed, the water quality objective will be met,

Waterside areas. — Using the basic procedure
presented in “Chapter VII: Temperature,” com-
pute the minimum crown closure that is required to
prevent a maximum potential daily temperature
increase greater than 1.5°F.

From the previous evaluation:
Awowl = 795 ft?
A shade brush = 120 ft2
Hgusted = 3.94 BTU/ft2—min
Q 0.4 cfs

Estimate the maximum A j4jused value that
would result in a AT value of 1.5°F, water quality
objective.

(A udn.t.-‘ted)( H adyusted ) )

AT = x0.000267
Q
(Aadjusled ) (3.94 BTU/ft* - min)
1.5°F = = 0.000267
0.4 cfs
Rearranging the equation gives:
i (1.5°F) (0.4 cfs) = B

wdisted = (3,94 BTU/ft—min) (0.000267)

Afl(huhlrti = Atutul = presently exposed

Rearranging the equation gives:

'Aprr'rwl\!l\' exposed — Alt!tal - A adjusted
= T95f1* -~ 570 ft* =225 ft?
present v exposed = (Atuml - Ashadle brush ) X percent

transmission through existing
vegetation

Rearranging the equation gives:

percent

transmission

through

existing

vegetation = A precently exposed /(Arotal - A shade brush )

995 ft2
I 41 | S 0.34
795 ft7 — 120 ft?

From figure VII.DD.1, 34 percent transmission cor-
responds to a crown close of 35 percent. A reduction
in the amount of vegetation removed from the
streamside zone so that 35 percent crown closure
existed after the silvicultural activity would meet
the water quality objectives for temperature,

The forest manager, after reviewing hoth viable
control opportunities and discussing the alter-
natives with other resource specialists, selected the
waterside area control. Using this control, only
mature overstory trees were removed, leaving a
productive understory for other uses.
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Table VII1.6

Summary of quantitative outputs for: Reugggd %&! HQ“S C"!&:k

Computed value Chapter
Chapter Line Qutput description Pre= Post= reference
No. activity activity {(worksheets)
T S4in| €1 [TL5,TC
7| e e 27in |TS,I6
3 |Peak discharge 10. 25| 0.99cks Ir.7, Ir.8
gzggﬁéfg\fﬁ 4 |Date of peak discharge June IS | June 1 IC.7, L8
5 |Hydrograph _]H:?,Ir g
& |7-day flow duration curve N. n N. n
SUrf?Ce 7 |Surface soil loss N. n %0 hl.s‘Zyr .3
(E:;:m?: Iy 8 |Sediment delivered to stream channel Nn 98 kns/p- .8
9 |Hazard index 31 38 I.;?‘
Soil Mass | 10 Coarse >0.062 mm Nn Nn
gﬁé;?:?i 11 [Weight of sediment |Fine <0.062 mm N. R N.’q-
12 Total N.A. 0.0 dons/y | L. 0
13 |Acceleration factor 3 Ié .
|14 Bed| oad 14 Amsfpr | 19 dons/yr |3 s ::: .
;O:a:mal r'l beéégi:;e 3:22“5"99 Suspended 71 4"“5/‘/" 88 Mr %; l'::: gn
Sediment: |16 ° Total £S5 donsfyr | 107 dous/yr g; e
Chapter VI s To:?czmszisTe:gifC::clmem dTscharge z{ MU/yr J't?-éh:/yl“ ﬁ;’;,,’f“,'
\ Increase in total potential bedload
18 plus suspended sediment from all ]2.0 Jun% TL .3 lineM
SOuUrces
gﬁran;i;?h\]f:sln 19 |Potential temperature changes J-SOF ﬂ-z
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Revised Silvicultural Plan

Based on these possible control cpportunities, a
revised silvicultural plan was prepared that con-
sisted of the following changes:

1. Leave vegetation on the unstable area in
hydrographic area 26, eliminating cutting
block CC14.

2. Increase slightly all other cutting units to ac-
commodate loss of timber from cutting block
CC14.

3. Eliminate road and landings to serve cutting

block CC14.

4. Move some landings further away from
streams.

5. Use 6 inches of crushed rock on all road sur-
faces.

6. Use waterside areas with a crown closure of 35

percent to shade streams,

The summary of computed outputs for the
revised silvicultural plan with these controls is
shown on table VIIL6.

The next step is to assess the possible adverse
impacts of these controls. With the removal of

more timber on other cutting units, it is expected
that the surface erosion figures would increase;
however, the changes were insignificant on all but
hydrographic areas 14 and 16. These two areas
show an increase of 0.2 tons/yr of delivered sedi-
ment (wksht. IV.8 for both proposed and revised
plans). :

For this hypothetical example, the net effect of
these controls has been a reduction in all non-point
source pollutant outputs (table VIIL6). The soil
mass movement hazard index was reduced from 61
to 39, The anticipated impacts of the introduced
material on the first-order drainage has been
eliminated. The delivered sediment from surface
erosion sources has been reduced from 17.7 to 9.8
tons/yr. The transport efficiency of the stream
channel will be maintained and is capable of
handling the available sediment without major
channel adjustments and stability change. Con-
sidering the water quality objectives, limiting
suspended sediment discharge to 38.6 tons/yr and
allowing a maximum water temperature increase of
1.5°F, the revised silvicultural plan is determined
to be acceptable from a water quality standpoint.
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Worksheets for Horse Creek,
proposed and revised plans

Worksheets are presented in numerical order with all IIl.1-IIl.4
proposed followed by III.1-II1.4 revised, IV.1-IV.8 proposed followed
by V. 1-1V.8 revised, etc.
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WORKSHEET

Water avallable for streamflow for the

(1) Watershed name “o-—se. Cr—eelc (2) Hydrologic region 4
(5) Vegetation type L.odaepole Tine (6} Annual precipitation 3% 3 inches
o | v
e s Adjusted Adjusted
RessEe: Silvicultural prescription Area Precipi- Snow il I preclipi-
name/dates Silwicultural tation retention retention tation
Compartment state Acres i (in) coef. coef. tin)
(9) (g (1) (12) (13) (14) (15) (18] 17}
\iTwipasted Forested ©00 /000 6.l [o 10 1e.l
WINTER
|?(] = 1/23 Impacted
Total for season 600 7.000 161
i et e Ted 60D |.000 1a.l 10 1.C j2.1
SPRING
_ b Impacted
3 - /0
Total for season 400 1.000 12,1
SUMMER Unimpacred |[Forested £00 ].000 [N |0 1.0 & |
and
FRLL‘ Impacted
=7
7 = Ys0
Tatal for season [Xelo) 1000 [
Unimpacted
Impacted
Total for season
Watar Forested (30)
available Unimpaered 377
for annual (32)
streamt | ow Impacted (33)
(in) 1 34) |
[§:3:3] |
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1.5

exIsting condition In snow dominated regions

(3) Total watershed area (acres)

(4) Dominant energy-aspect Sou‘fhwcsf

{7) Windward length of open ares (tree heights) O (8) Tree helght (teet) 70
Basal Cover ET Ad justed Water available for streamflow (in)

ET ares dens |ty mod!fler ET

(in)| (f12/ac) % | fComax | coef. (in)

(18| 9 (20| (20 (22) (23) (24) (25) (26) (271 (28) (29)
A 200 33 100 1.0 a.l 4.0

Te | d00 33 100 7.0 Te 75

72 | 20 33 100 1.0 92 -3

| (5.4

ot
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Notes for Worksheet |11.5

| tem or
Col. No.

Notes

(1)
(2)

(3)=-(8)
(9)

(1o

(i

(12)
(13)
(14)
(15)

(16)

where:

Ident!flcation of watershed or watershed subunit.

Descriptlons of hydrologlc reglons and provinces are glven In
the text.

User supplled.

Seasons for each hydrologlc reglon are described In the text.
The urnlimpacted compartment Includes areas not affected by
slivlicultural actlivity. The Impacted compartment Includes areas
affected by sllivicultural activity., Impacted areas do not have
to be physlically dlsturbed by the sllivicultural activity. For
example, |f an area |s subject to snow redlstribution due to a
slivicultural actlivity, It Is an Impacted area.

Areas of similar hydrologic response as identified and
delineated by vegetation or silvicultural activity.

User supplled.

Column (12) % item (3).

User supplied.

From figure 111.6 or appendix A or user supplied.
Snow retention coefficient adjustment for open areas:

.50
Poadj = 1 + ( Po=12(7)

Poadj = adjusted snow retention coefficient for open areas
(receiving areas)

pp = snow retention coefficient for open areas
open area Lin acres)
impacted area (in acres)

X =
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Snow retentlon coefficient adjustment for forested source
areas (Impacted forest areas):

1= Poad] X
pf = 1_x
where:

fs = adjusted snow retention coefficlent for areas affected by
snow redistribution (source areas)

_ open area (In acres}

Impacted area (In acres)

(17) Column (14) x column (16)

(18) From figures |11.24 to 111.40 or user supplied.

(19) User supplied (not required If § cover density |s user
suppllied).

(20) From figures |11.41 to |11.45 or user supplied.

(2N (Column (20) + Cymax) x 100 where Cdmax /5 the § cover density

required for complete hydrologic utilization. Cgmax is
determined by professional judgment at the site.

(22) From figures |11.46 to 111.56.
(23) Column {18) x column (22).
(24)-129) The quanitity [column (17}-column (23)] x column (13},

(300 Sum of column (24).

(31) Sum of column (25).

(32) Sum of column (26).

(33) Sum of column (27).

(34) Sum of column (28).

(35) Sum of column (29).
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(1) Watershed name “o\-se. Cree‘f.

WORKSHEET

Water avalilable for streamflow for the

(2) Hydrologlic region 4

{5) Vegetation type LOdqule Pine {6) Annual precipitation 3‘/3 MCJ!&S
L |
Season Alhviculture) ‘prescription Area Precipi= Snow ﬁdiig‘:ed :gig?;?f
name/dates Silvicultural tation retention retention tation
Compartment state Acres % (in) coef, coef. (in}
(9) (10} (1) (12) (13} (14) (15) (16} (RS
WINTER | Unimpactes  [Forested (350 | .4a5 el (.00 .00 lo, |
Forestad 153.5 256 16| — 55 8.7
'% - %8 Impacted Clearcut 311.5 | 519 Ib,! L3 122 13,6
Tofal for season $00.0 1,066 161
SPRING | Unimpacteg  [rorested [35.0 | 235 FH] 1.00 100 1l
Forested 153.5 | 256 121 - 55 i
3'/; - b/ao Impacted Clegrouk 3.8 | .519 12,1 13 1.2 14.8
Total for season {00.0 |/ 00O 12.1
Su.mTHER Unimpacted Forested 135.0 235 &l 1.Q 50 &l
LA quﬁ 535 | .asc B [0 X Al
FALL Impacted (Clea 3.5 | 519 o 1.0 j.0 6.l
7/| - 9/30
Total for season 600.0 i.000 b.l
Unimpacted T
Impacted
Total for season
Water Fovested (30)
available Unimpected (31}
for annual (32)
streamf low Impacted Clga (33)
{in} (34)
(33)
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1.6

proposed condition in snow dominated reglons

{3) Total watershed area (acres) 600 (4) Dominant energy-aspect SolLﬂ’WQSt
(7} Windward length of open area (tree heights) (2] {B) Tree helght (feet) 70
Basal Cover ET Ad justed Water available for streamflow (in)

ET area density modifier ET

tin}| tf+2/ac) T [#Camax | coef. tin)

(18 (19) (20) (21) (22) (23) (24) (25) {26) (27) (28) (29}
a1 400 33 100 log 2] 3.2

2l 200 33 |oC .00 4.1 1.7

Q.1 0 Q Q 60 L3 23

o 200 33 190 |.00 T Lo

J 200 33 19D 1.00 A 0.2
| .6 [2] Q 0 (.7 8.1 35

.2, | 200 33 100 1,00 9.2 -0.7

4 | doD 33 100 .00 9 2 -0.8

L Q o] Q 5§ 5] 0.5

3.5 |
A |
| 13.5
T
1—
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Notes for Worksheet 11,6

| tem or
Col. No. Notes
(1) Identification of watershed or watershed subunit.
(2) Descriptions of hydrologic regions and provinces are given In
the text,
(3)-(8) User supplied.
(9) Seasons for each hydrologic region are described in the text.
(10) The unimpacted compartment includes areas not affected by
silvicultural activity. The impacted compartment includes areas
affected by silvicultural activity. Impacted areas do not have
to be physically disturbed by the silvicultural activity. For
example, if an area is subject to snow redistribution due to a
siivicultural activity, It is an impacted area.
(1 Areas of similar hydrologic response as identified and
delineated by vegetation or silvicultural activity.
(12} User supplied.
(13) Column (12) % item (3).
(14) User supplied.
{15) From figure ||1.6 or appendix A or user supplied.
(161 Snow retention coefficient adjustment for open areas:

where:

G

Poadj = T+ {pg=1)t X

S oadj = adjusted snow retention coefficient for open areas
{receiving areas)

o = snow retention coefficient for open areas

open area (in acres)
impacted area (In acres)
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Snow retention coefficient adjustment for forested source
areas (Impacted forest areas):

o{ : 1= Doadl X
1-X
where:

p¢ = adJusted snow retention coefficient for areas affected by
snow redistribution (source areas)

_ open area (in acres)

X
impacted area (in acres)
(17) Column (14) x column (16)
(18) From figures 111.24 to 111.40 or user supplied.
(19) User supplied (not required If § cover density is user
supplied).
(20) From figures 111.41 to 111.45 or user supplied.
(21 (Column (20) % Cgmax) X 100 where Cymax !S the % cover density

required for complete hydrologic utilization. cdmax s
determined by professional judgment at the site.

(22) From figures |11.46 to 111.56.
(23) Column (18) x column (22},
(24)-(29) The quanitity [column (17)=column (23)] x column {13).

(30) Sum of column (24).

(31) Sum of column (25).

(32) Sum of column (26).

(33) Sum of column (27).

(34) Sum of column (28).

(35) Sum of column (29).
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WORKSHEET
Existing condition hydrograph

(1) Watershed name Horse. Creek

Bk Distribution of water
or Unimpacted Impacted
interval FOrGSted
b Inches cfs S Inches cfs , ! Inches cts
(3) (4) (5) (6) (7 (8) (9) (103 (11} (12}
APRIL 8| .0000 .00 .00
14 | .0000 .00 00
20 | .0000 00| .00
26| .0000 .00 .00
MAY 2| 0050 .08 3¢
8| .0I1s0 .23 97
14| .0as0 | 39 | .64
20| .0400 62| a6l
6| .0600 92| 387
JUNE || 085 | j.a7 | 535
71.1050 | |62 | 68&
131 1400 | 21b| 909
19| -1S75 | 243 | 1023
as| .1400 Alb | 9.09
JuLy | | .1050 62| 682
71.0e50 | oo | 4al
13].0375 58| ay
19|.0175 27| L¢
a5 | .0050 .08 3¢
31| .0000 00| .00
|tem or
Col. No. Notes
(1 Idantification ot watershed or watershed subunit.
(2) gesirip‘rions of hydrologic regions and provinces are given In
ext.
(3) Supplied by user. Either date snowmelt begins or date of
peak snowmelt runoff.
(4),(7), Digitized excess water distribution (%) from tables 111.1] to

(10),(13),
(161,(19)

I11.22 for forested and open condition.

Interpolate between
forested and open for other conditions.
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1.7

for snow dominated reglons

(2) Hydrologic region 4

avallable for annual streamflow

Impacted (continued)

Compos | te

hydrograph

H Inches cfs
(13) (14) (15)

] Inches cfs 5 Inches cfs cfs
(16) (N (18) (19 (20) (21) (22)

.00

00

.00

.00

.3¢

7

164

2.6l

3.87

535

682

§.09

]0.43

9.09

6.82

4.2l

244

.14

.34

.00

(5),(8),
(1,04},
(17),120)

(6),(9),

(123,015,
(181,021}

(22)

Digitized excess water distribution (%) multiplied by water
available for annual streamflow gives flow in inches.

To convert from area inches to cfs, the area-Inch hydrograph
Is multiplied by:

Total watershed srea (In acres)
(12 in/ft) (1.98) (Number of days In Interval)

Sum ot columns (6), (9), (12), (15), (18), and (21) glves the
compos | te hydrograph for the entire watershed in cfs.
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WORKSHEET
Proposed conditlon hydrograph

(1) Watershed name Horse Chzek

Distribution of water
Date
or Unimpacted Impacted
Interval Fo\-csted Foreﬂ:ed
4 Inches ctfs H Inches cts £ Inches cfs
(3) (4) (5) (6) (7 (8) (9 (10} (1 (12)
APR|L 8| .o0000 .00 .00 .0000 .00 .00
14| .0000 .00 .00 .0000 .00 | .00
Jq0| 0000 .00 00 .0000 .00 .00
ab| .0000 .00 .00 .0000 .00 .00
MAY 2| ooso| .02 .08 0050 0l 04
8| ois0| .05 al .0I50 0| .08
14| 0250 .09 .38 0250 03 13
20| .o400 | .14 .59 0400 04 A7
26| 0600 | .4l .88 0600 07 29
JUNE [| .082s| .29 j.aa .08a5 09 | .38
7| .loso | .37 |.56 1060 S 5l
13| .1400 49 206 1400 Ny 63
19| 575 | .55 | 23l s75 | A7 NFS
as| .14o0 49 2.06 1400 A5 | 63
JuLy || .1050 .37 |.56 .|050 d | .8l
7| .0e50| .23 97 050 | 07| .af
13| .0375| .13 .58 0375 04 | 17
19| 0175 | .06 .25 0178 02 | .08
25| .oo50| .02 | .08 0050 | .0| o4
3| | .0000 00| .00 .0000 .00 .00
|tem or
Col. No. Notes
(1) Identification of watershed or watershed subunit.
(2} Descriptions of hydrologic regions and provinces are gliven in
text.
(3) Supplled by user. Elther date snowmelt begins or date of
peak snowmelt runoff.
(43,07}, Digltized excess water distribution ($) from tables 111.11 to
(10),013), 111.22 for forested and open condition. Interpolate between
(16),019) forested and open for other conditions.
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11,8

for snow dominated regions

{2) Hydrologic region

y

avallable tor annual streamflow

Composite
Impacted (continued)
hydrograph
Clearaut
H Inches cfs 1 Inches cts 3 Inches cfs cfs
(13 (14} 115 (16) (17) (18) (19) (20) (21 (22)

0000 .00 .00 .00
.00as .03 13 A3
0075 A0 4L 42
0aso | .34 | 143 ].43
04as .57 4.40 .52
0650 38 3.70 377
0835 LI 4.67 S8
1075 145 b.lo L8
1475 1.99 838 9.55
S0 | 233 | 939 10.9%
1450 19 | 8aS 10.32
50 | 155 652 9al
0625 84 | 3s¢ 657
0250 34 143 Lars
0075 e K3 .47
0000 .00 .00 |. 2k
.0000 .00 .00 0 s
.0000 .00 .00 <33
. 000D .00 .00 J%
Rolelsal .00 .00 .00

(5),(81, Digitized excess water distribution (§) multiplied by water

(113,014), available for annual streamflow gives flow In inches.

(17,0200

(6),(9), To convert from area inches to cfs, the area-inch hydrograph

(12),015), Is multiplied by:

{18, (21}

Total watershed area (in acres)
(12 in/ft) (1.98) (Number of days In interval)
(22}

Sum of columns (6), (9), (12), (15), (18), and (21) gives the
compos ite hydrograph for the entire watershed in cfs.
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WORKSHEET

Iv.5

Example of estimated monthly change in ¥M factor following

construction for road cuts and fills in HOY‘SG Creek

hydrographic area

watershed,

S

Percent cover and V¥M subfactors

Mu | ch Canopy Roots Monthi
Month Percent VN || Percent VV_|[ Percent VM VM
Sep. 1/ o [1oo] o ]reo 1.00
oct 3/ g [080|| 12 |0.88 0.70
- 20 |os?| aa |0%9| 0497 _
Dec.2/ - — . -
Jan.2/ . | N | i |
Feb.2/ — =5 L e
March2/ - - i —
wrnn® | 10 |078] 10 [o0.90 0.70
w? | 23  loso| a0 |o% [ 0.4 |
Junell 50 0.33 70 0.41 a0 ~loa3s 0.05
Loty ¢0  |o0as| €3 [030] 4o |o027| o00a
- 70 |oig| 90 |oas| s0 |o0a3| ool ]

1/ Begin seeding, enough rain is assumed to ensure seed germination.

2/

=" Snow cover with no erosive precipitation.

3/ Significant canopy effect developing.

4 . ;
&/ Snowmelt runoff occurs, some protective vegetative cover lost during
winter.

5/

VIIL.128

=" Significant root network developing from seeded grass.



WORKSHEET 1V.6

Weighting of VM values for roads in
HOPSC. Cr'eek watershed, hydrographic area 3.
Cut or fill Roadbed Fill Weighted
Erosion Fraction Fraction Fraction
response of total YM of total VM of total M VM
unit width width width
R 3] (0.7637) (0-9) [+{0.6773)(1-24) |+ (04637) (0.93)[= 0.91
8.4 (04027) (0.43) I (0.6792) (1.29) [+ (0/637) (0.4a) = 0.97
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Estimated tons of sediment dellvered to a channel for each

WORK

SHEET 1v.8

hydrographic area and type of disturbance for watershed
At

Hydro- Cutting units Landings Roads

graphic |[ CCy | CC2 [CC3 [CCq [CCs || Ly [ Lz [Lsil Ri| Rz |[Rs|Rq[Rs Total Per -

area tons/yr cent
/ 0.0 | 0.0 , 0.0/0.0(0.0{(0.0]|0.0 0.0 0.0
2 (o3 (0a03(02a 0.1 o.l|02j0l |0/ l.& 9.0
3 ||os |03 0.4 lo.2]o0.] 1.3 7.3
4 |loo 00]00| lloo]oolol ol |ob
§ ||o3 |0 0.0 100/ 0.0l 06 |34
6 || - 0.0/ 000/ |0.! 0.2 |l
7 |l 00 00|0.l 0.1 0.6
8 |lol olloll0l]|ol 0.5 |[a8
9 |oaloa 0.l 05§ (a8
o |02l 03 02 o.ale./|o.l I.1 6.2
I 0.0 00|o0aloao.l]|o0.l 0.6 34
12 ||o0.!l |00 0.0{0.0(0.0(0.1|02 0.4 2.3
13 || = 020! 03 0.6 34
Iy || 03 0.a(01 |03 0.6 3y
IS || o0 0.0 oo0|03|02]0./ 0.6 34
o | 0.3 0.0 00|03/0. 07 |40
17 | 0.0 0.0/03(02 | o8 2.8
)® | 0o 0.0/0.0 0.0/ 0o|0.2/0.1 o3 |17
19 | 0.0 0.1 ol |06
20 [l03]o. 0.0 Y I o5 |as
sl 00|03 0.1/0.0/0.0/ 0.2 | o6 |34
a7 |00|0s5|03|03]|0d]o0. looloalorfol]| | 20 [n3
a8 [ 00|0301]03 lo.a]e./]02]0.1 |13 |23
a9 |o03]o03]ol]od 0.0 lo.a]o.l KL
30 |0.0]| 00 0.0 IEXIPY: 0.0 |oo
3! [00|0.1]|0S 0.0 00|00 . 0.6 |34
32 [0.2]0.0 0.2 0.3(0.2 09 |si

ol 3.1 2713|112 |04|l0.9/00(00(23(28|al |08 o.f; 1.7

S S o3 &1

ascant || 49. 2 5.1 4S.8

i
] ;
—  Hudtearapi

10

ateas 21, 27, 23, 24, and 25 have ne activitdes,
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WORKSHEET 1V.6

Weighting of VM values for roads in
Horge Creek watershed, hydrographic area 3.
Cut or fill Roadbed Fill Weighted

Erosion Fraction Fraction Fraction
response of total VM of total VM of total VM VM
unit width width width

R3.I (0.20)  (0.43)|+(p.60) (0.008)+(0.20) (0.43) |z 0.17

R3.2 (020} (0-9)+(0.60) (nooS)+ (020) (042} l= 17
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WORKSHEET 1V.8

Estimated tons of sediment delivered to a channel for each

hydrographic erea and’fype of disturbance for Cre watershed,
Hydro- Cutting units T Landin Roads
graphic o | s T Ry [ Rz | Rs | Ra Total Per-
area | tons/yr cent
! 0.0 0.0 00 |00 0.0 0.0
2 02|03 0.0 0.02| 003|002 [002 1.09 |1
3 0.3 |, 0.0l 0.03|0.03 0.86 | 9!
4 ' 0.0 0.0 | 00|0.02 004 |02
5 0.1 0.0 0.0 | 0.02| .02 o044 |47
b | 0.0 | 0.0 [002[0.02 004 |04
7 i 0.00.03 002 |02
3 | 0.02| 0.0a| 0.02| 0.02 0.18 1.9
9 0.2 j l0.02 042 | 45
lo 0.3 !;0.01 llo.03/0.02[002 052 |{2
I I | 0.0 |0.03]0.02 |0.02 olo | L
12 0.0 10.0 0.02(0.03 0.5 1.l
13 : 10.03|0.02|0.04 0.07 1.0
14 ; l003/002| 0.0 037 |38
IS ";?0,0 |0.0|0.04|003|0.02 0.0% 1.0
lb 0.0 10.0 |00 [0.02 038 |39
17 | 0.0 |0.04|003 007 |07
1€ 0.0 | 00]00 |0.03/0.02 0.05 |oS§
19 | 0.0 002 |02
20 (03] 0.1 0.0 looa o4y |45
ak* 4 & [ 4 00 |00
27 0.5 |03 & 0.0 003[0.02(0.03 l.as (133
28 03| o.l I 1003[002]003 0.80 | 8S
29 [ 03030l ©0.0 Toaz[o.02 1S |na
30 | 00|00 o0 100 |00 0.0 |00
3 'o.ll05 0.0 10000 0.60 | b4
32 | 0.0 J0.0l Jod]0.03 028 |30
fg::T” 35j a4y il3 i°-°3 034|045 035 |0l 9.83
Distur= H
haes 8.5 I 0.03 : 1.30
Percent 86.S i 0.3 I 13. %

17 Values have changed grom proposed rlZan due fo applicalion of contrnols fon tanc&nga.
7/ Values have changed from prepesed plan due to application of controls for noads.
22, 23, 24, and 25 have no activities.

3/ Hudrographic areas 27,
4/ Cleancut erodion mesponse wiits w,muaxed by contnels for mass wasling.
T/ Landing erosion response units eliminated by controls for mass wasting.
&/ Road enosion nesponse units eliminated by controls for mass wasting.
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WORKSHEET V.2

Debris avalanche-debris flow management
related factor evaluation form

Vegetation Roads and Harvest
ndex cover removal sk idways methods
©
Medium 5 8 2
Low 2 2 0

Factor summation table

Gross hazard index

Natural +
Range management

High

edium

Ow

Greater than 44 31431 = 6L
21 - 44

Less than 21

VIIL.141




osec| S| 4/ | s X /

3.t s | g | S{ X 5

(fo‘s| s7 | 8/ | £l X b

980c | ST | L] | el X £

leo's| s71 | 98 | gel | X T

088S| S | hr | 08 X /

Y224 | omyy

grs’sl s/ | 8 | AR X /

JWULU Nw»oz

(¢c4$) | () | (4D (44) (¢+h) | (4 [ (4D (+4)

paonpu|] paosnpu| Jaquny
awn oA | y4daqg | u4pPIM | y4buan -uep | |ednjen awn oA | y+dag [y4+pIM | y4buen -uely | |eangeN | BPI1|S

MmO | jy4Jes dun|g

MO|} S|Jdap-aydue|RAB S|1qaQ

adanj|iej Jad awn|OA 4O UO|4eW]| 4S3

G"A L33HSHUOM

VII.142



This page intentionally left blank.

VIII.143



WORKSHEET V.6

Estimation of soil mass movement cdelivered to the stream channel

(1} watershed name Mu'e. QY'GQ.L‘\

Soil mass movement type

Factor Debris avalanche- Slump flow
Debris flow
Natural | Man=induced Natural | Man=induce
(2} (3) (4) (5] (61
1 Total volume (V¥4) in H3 3380 17 205 p— —
1
2 Total number of failures (N) [ 5 — —_—
3
3 Average volume per fallure (VA)(ft") 3380 344 |
4 Number of failures per slope a f ;Z

class

5 MNumber of failures per slope

position category a' = =
b — el
c! e —
d' — i
6 Total volume per slope class or ¥
position cafegorg V:r 3380 6882 -— o
(¥Y) In ft
v
A o, — | 6882 - | -
v !
Vzl - 34‘4 ! -_— —_—
Vdi — —

7 Unit weight of dry soil
material (vq) (I1b/ft3) 99 79 -
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WORKSHEET V.6==continued

[ |
B Total weight per slope class Wy |
or position category (W) Wat 163 SQI
in tons
Wy
W= v ox Yd Wyt s 3"!
2,000
W
c
Wes — [ 7’
Wd!
9 Slope irregularity--smooth or irreqular [ smosth smm"l‘h
|
10 Delivery potential (D) as a Da
decimal percent for slope Oav 0"’1 0.50
class or position category |
|
Op |
Dps — 0.30
D
Dz. = 015
Dy
11 Total weight of soil delivered Sa
per slope class cr position Sat lol / T
category (S) in tons
Sp
S=wWxD sbl = }Ogv
S
c
Scn - &(0
Sqt
12 Total quantity of sediment delivered to JO]‘ Q‘??
the stream channel in tons (QCO)
13 Acceleration factor (f)
t = TSsilvicultural activity/TSnatural :3
14 Estimated increase In soil delivered to the
stream channel due to the proposed silvi-
cultural activity (TS) in tons -
TSsilvicultural activity = TSnatural X ¥
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WORKSHEET V.6

Estimation of soil mass movement delivered to the stream channe|

(1) wWatershed name Horse C\-eek

Soll mass movement type

Factor Debris avalanche= STump flow
Debris flow
atural | Man-Tnduced Natural T Man-Tnduce
(2) (3) (4) (2) (6]
I Total volume (V4) in £+ 3528 -— i e
2 Total number of fallures (N) i - = —_—
3 Average volume per failure (VA) (£1°) 3528 st — —_
i A
4 Number of failures per slope a — o /s
class /
s
,, N /| /
/
/
c . i /
/
5 Number of falilures per slope
position category a' — -
b' —
C' — a——
dl —
6 Total volume per slope class or Va
position categor! Vg — m— —_— _
(V) in ft
Yb
¥ = ¥a x N Vit 3538 —_— —_ i
Ve —
Ve fr—r. e -
vdl = i
7 Unit welght of dry soll
material (vq4) (1b/ft3) ?O J— —_—
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WORKSHEET V.6=-continued

stream channel due to the proposed silvi=-
cultural activity (TS) in tons
TSgiivicultural activity = TSnatural % f

B Total weight per slope class L
or position category (W) Wyt - i
In tons
W
N = ¥ x Yd Ngl 157 —
2,00
W
Wee
h'dl R P
9 Slope irregularity--smooth or Irregular srnoo'ﬂ‘\ =
10 Del ivery potential (D) as & Da
decimal percent for slope Dat - -
class or position category
D
D 0.40 -
De
Dyt
11 Total weight of soil delivered Sa —_—
per slcpe class or position Sat -
category (S) in tons
S=WxD Sb' 44 _—
S¢ —
Set ==
S5g1
12 Total quantity of sediment delivered to 6"’ _
the stream channel in tons
Frow Mule
13 Acceleration factor (f) Cree
f = TSsiivicultural activity/TSnatyral 1.0
14 Estimated increase In soil delivered to the

192
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WORKSHEET V.2

Debris avalanche-debris flow management
related factor evaluation form

Yegetation Roads and Harvest
Index cover removal sk idways methods
High 8 20 G
Medium 5 8 2
Q @ o

Factor summation table

Gross hazard

index

Natural +
Range management

High
Medium

Low

Greater than 44 31+7 =38
21 - 44

Less than 21
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WORKSHEET V1.3

Sediment prediction worksheet summary

Subdrainage name ”O’r& Cv-eek Date of analysis a 7g

Silvi val Plan )

Suspended Sediment Discharge

Pre=silvicultural activity total potential suspended sediment
discharge (total col. (4), wksht. VI.1) (tons/yr) ial

Post=silvicultural activity total potential suspended sediment
discharge (total col. (7), wksht. VI.1) (due to streamflow
increases) (tons/yr) 88

Maximum allowable potential suspended sediment discharge (total
col. (9), wksht. VI1.1) (tons/yr) LAA

Potential introduced sediment sources: (dellivered)
1. Surface erosion (tons/yr) 177

2. Soil mass movement (coarse) (tons/yr) lq(a

3. Median particle size (mm) ’O
4, Soil mass movement-- b
washload (silts and clays) (tons/yr) q

Bedload Discharge (Due to increased streamflow)

Pre-=silvicultural activity potential bedload discharge (tons/yr) /’1‘

Post-silvicultural activity potential bedload discharge (due
to increased streamflow) (tons/yr) I?

Total Sediment and Stream Channel Changes

Sum of post-silvicultural activity suspended sediment + bedlocad
discharge (other than introduced sources) (tons/yr) ,07
(sum B + F)

Sum of total iIntroduced sediment (D)
= (D.1 + D.2 + D.4) (tons/yr) 209.7

Total Iincreases In potential suspended sediment discharge
1. (B +D.1 +D.4) - (A) (ftons/yr) GS-‘}

2. Comparison to selected suspended sediment limits 8
(1.1) = (C) (fons/yr) + db.
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WORKSHEET VI.3--continued

M.

Changes in sediment transport and/or chennel change potential
(from introduced sources and direct channel impacts)

1. Total post=silvicultural activity soll mass movement
sources (coarse size only) (tons/yr) /‘FC?

z. Total post=silvicultural soll mass movement sources (fine

or washload only) (tons/yr) 4@

3. Particle slze (median size of coarse portion) {(mm) l()
4, Post=silvicultural activity bedload transport (F) (tons/yr) /.9
Potential for change (check appropriate blank below)

Stream deposition _1:::

Stream scour

no change
Total pre=silvicultural activity potential sediment discharge
(bedload + suspended load) (tons/yr) 8.5;
(sum A + E)
Total post=silvicultural activity potential sediment discharge
{all sources + bedload and suspended load) (tons/yr) 2:!0.4
(sum G + H)

Potential Increase in total sediment discharge due to proposed 9
activity (tons/yr) ;zlL
{subtract L - KJ
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WORKSHEET VI.5
Computations for step 21 "OYSE c\'&k
(stream na m‘&
( SilvicwHu P|¢l\)

Changes in bedload transport-stream power due to channel Impacts

1. Potential changes In channel dimensions

2. Benkful stage width (W,.o) 10 (Woost) _IS
b. Bankful stage depth (Do) _0.b (Dpost) 0.2

c. Water surface slope (spre’ 0039 (sposf’ 0.0250
d. Bankful discharge  (Qgpre) 0.13 (OBpost’ 0.a8
where: Qgpre = 0.366 + 1.33 log Agre + 0.05 10g Spre = 0.056 (log Spre)?
where: A = cross-sectional area (a) x (b) 0.l
S = water surface slope (c) 0.029
Calculate QBposf using post=silvicultural A and S
Opost = 0-366 + 1.33 log Apoet + 0.05 log Spost

- 0.056 (log Spoet)?

2.a. Pre=silvicultural activity stream power calculation “"pre}

?re 62.4 QBpre
wpre - U.c) x H;:; x_(1.d) _ (.029)(62_:4)(‘73) = 132‘
(1.2) (1-0)

2.b. Post=silvicultural activity stream power calculation {“‘pos*r)

Spost 62.4 q
_gee) x (K x (1.4) (oas)(éml)(oae)‘ag?

W
o5t 05)

wposf

3. Calculate post-silvicultural activity bedload transport rate at bankful
discharge, using post-silvicultural activity stream power
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WORKSHEET V1.3

Sediment prediction worksheet summary

Subdrainage namel-lorSe.C\'ee’(,(Rg!ng &luig”‘kﬁl ﬂﬂn) Date of analysis é!?[7(?

Suspended Sediment Discharge

Pre-silvicultural activity total potential suspended sediment

discharge (total col. (4), wksht. VI.1) (ftons/yr) [’

Post=-silvicultural activity total potential suspended sediment
discharge (total col. (7), wksht. VI.1) (due to streamflow
increases) (tons/yr) 88

Maximum allowable pofential suspended sediment discharge (fotal
col. (9), wksht. VI.1) (tons/yr) 8.6

Potential introduced sediment sources: (delivered)

1. Surface erosion (tons/yr) 7.8
2. Soil mass movement (coarse) (tons/yr) 0
3. Median particle size (mm) =

4, Soil mass movement--
washload (silts and clays) (ftons/yr) 0

Bedload Discharge (Due to increased streamflow)

E. Pre-silvicultural activity potential bedload discharge (tons/yr) /4
F. Post=silvicultural activity potential bedload discharge (due 9
to increased streamflow) (ftons/yr) l
Total Sediment and Stream Channel Changes
G. Sum of post=silvicultural activity suspended sediment + bedload
discharge (other than inftroduced sources) (tons/yr) 10.7
(sum B + F)
H. Sum of total introduced sediment (D)

= (D.1 + D.2 + D.4) (tons/yr) 2.8

Total increases In potential suspended sediment discharge
1. (B +D.1 +D.4) = (A) (tons/yr) s

2. Comparison to selected suspended sediment |imits
(1.1) = (C) (tons/yr) + ATl
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WORKSHEET VI .3==continued

JI

M.

Changes in sediment transpcrt and/cr channel change potential
(from introduced sources and direct channel impacts)

1. Total post=silvicultural activity soil mass movement

sources (coarse size only) (tons/yr) 0
2. Total post=silvicultural soil mass movement sources (fine

or washload only) (tons/yr) 0
3. Particle size (median size of coarse portion) (mm) -

4, Post=silvicultural activity bedload fransport (F) (tons/yr) I?
Potential for change (check appropriate blank below)

Stream deposition

Stream scour o

No change V/

Total pre=silvicultural activity potential sediment discharge
(bedload + suspended load) (tons/yr) 85
{(sum A + E)

Total post=-silvicultural activity potential sediment discharge

(all sources + bedload and suspended load) (tons/yr) 2.5
(sum G + H)

Potential increase in total sediment discharge due to proposed
activity (tons/yr) 12.0
(subtract C = K)
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