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INTRODUCTION

Unit Description

Rehabilitation Unit 83-4 is located in the southeast portion of
Redwood National Park between the Bald Hills Roaé and Redwood
Creek (Figure 1). The unit is composed of three subunits: 1) the
D-Line haul road; 2) a multiple stream crossing located on site
B0O-5 (Spreiter and Johnson, 1880) and 3) a road reach which
crossed pralirie land and connected the K&K Road to the Bald Hills
Road. (Henceforth referred to as the 'prairie road"). The
majority of the rehabilitation unit is encompassed by the Gen
Creek watershed (440 acres) which is drained by the third order
stream directly into Redwood Creek. Total relief within the Gem
Creek watershed is about 2,350 feet from Redwood Creek (140 feet)
to Bald Hills Ridge (2,486 feet). Relief within the
rehabilitation unit ranges from about 1,400 feet to 2,450 feet,.
Generally, slopes within the rehabilitation unit are moderately
steep (25-40 percent) with a mean slope of about 30 percent.
Localized slopes range from very gentle (<5 percent) to very

steep (>100 percent). Dralnage and hillslope aspect are west
southwest.

Geomorphically and vegetatively, the hillslopes are distinguished
as prairie or conifer forested 1land (Figure 1). Prairie |is
naturally eoccurring grassland devold of trees. Topographically
the prairies are highly irregular and composed of alternating
steep slopes and gentle benches. This staircase-like topography
{tread and riser) and hummocky ground indicate some form of
mass-movement processes have been active on these areas. Stream
channels on the prairies are not well developed. Forested slopes
tend to be more stable than prairie slopes and exhibit more
developed drainage channels,

O0f the 440 acres of land within the Gem Creek drainage, about 12
percent is prairie land with the remainder forested primarily by
Douglas~fir and redwood. About 68 percent of the forested land

was clearcut during the early 1970's, The remaining forest |is
primarily lush old growth redwood and is adjacent to Redwood
Creek downslope of the cutover land (Figure 1). Vegetation

within the cutover land is largely young-growth conifer and
brush. As a result of the harsh timber harvest practices, the
stream channels within the rehabllitation unit are severely
disrupted such that some reaches are well incised and similar to
the natural condition while others are inundated with fill and
logging debris. Several strean diversions occurred following
legging, all of which rejoined their perspective sireams after
causing fluvial erosion and, In some cases, mnass novement
features. Local topograpnhy of the prairie and old growth tends
to be somewhat smooth and consistent compared to that of the
cutover land which Is harsh and contrasting due to a high density
of roadways and erosion features.
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The rehabilitation unit is composed entirely of cutover land and
prairie. Rehabilitation work involved removal of approximately
2.7 miles of haul and skid road and associated stream crossings.
Several areas were treated in order to reduce or avoid mass

movements above stream channels. The majority of the
rehabllitation unit was geomorphically mapped during the winter
of 1982 at a scale of 1:2,200 (Burns, 1982). The area treated on

Unit 80-5 was geomorphically mapped during the spring of 1980 at
a scale of 1:2,200 (Spreiter and Johnson, 1980}. The mapping was
verlified and supplemented during the spring of 1983.

LAND USE HISTORY

buring the late 1950's the K&K road and the prairie road were
constructed. Some timber harvest occurred adjacent to the Ké&X
road. Downslope of the K&K, the forest land supported a dense
stand of old growth redwood and Douglas-fir. The land was leaseg
out for cattle grazing but probably only involved the prairies.
Timber harvest began agalin in 1870 and was accelerated in 1971
when the entire unit was clearcut. Tractor logging was the
primary method of timber harvest and resulted in a dense network
of skid +trails and the construction of the D-Line haul road.
Some isclated cable-yard units occurred on the steeper slopes
adjacent tc the D-Line.

During the 1971-1972 winter considerable surface erosion, stream
channel disruption, and water diversions developed. Haul road
fill failures also occurred rendering the D-Line impassible.
Subsequently the D-Line was reconstructed and access was
maintained.

In 1982 the lower portion of D-Line and its surrounding slaopes
under went rehabilitation treatment (Burns and Routon,1983).
Rehabilitation work was performed on the remainder of D-Line and
its associated watershed in 1983.

EROSION HISTORY

The following section describes the recent erosional history of
the unit. The information was obtained from aerial photographs
taken in 1962, 1966, 1968, 1970, 1970, 1971, 1973, 1975, 1917,
1978, 1979 and 1981, On site mapping occurred during the winter
of 1981-1982 (Burns,1982). A reconnalissance in the 1982-1983
winter was performed to insure the validity of the previous years
work and to establish if any new erosional problems were
developing. A combination of severe drainage disruption and the
accurrence of two major storms during the winter of 1971-1972
played a major role in the erosional evolution of the wunit
following timber harvest. Refer to Figure 2 for geographical
locations described in this section of the report.
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ERCSIONAL FEATURES: 1962-1969

The 1962-1969 photographs indicate that the unit supported a
pristine, predominately o0ld growth redwood/Douglias-fir forest.
The o0ld growth canopy inhibits analysis of surficiail erosion and
does not suggest recent mass movement features.

EROSIONAL FEATURES: 1970

The spring of 197C marxed the injitial censtruction of D-Lire. 1In
mid-September, when the aerial photographs were taken, road
construction had been completed €600 feet beyond the 'dog leg'.
Timber harvest, at this time, was limited primarily to a narrow
strip adjoining the D-Line that was cut while gaining access.
Timber was tractor logged along D-Line, upslope to the K&K haul
road, from Rx-14 to the XK&X/D-Line Iintersection. Skid trails
were constructed in a criss-cross manner traversing the
hillslope. skid trails constructed near stream channels
paralleled the channel courses but rarely crossed the channels in
the upper portion of the Rehabilitation Unit. Timber
approximately 500 feet downslope of the D-Line, from RE-14 to the
K&K/D-Line intersection, was cable-yarded due to steep slopes.

Tractor logging was Jjust under progress above R-10 with three
landings in the Immediate vicinity.

EROSIONAL FEATURES : 1971

During this time period, photo coverage of the rehabilitation
unit was extremely limited. Evidence indicates that the D-Line
and timber harvest activity had been completed by June.
Erosional features cannot be documented, Dbut presumably only
harvest disturbances would have been evident.

EROSIONAL FEATURES: 1972

The 1872 aerial photos were taken in March just a few days after
the second major storm of that winter.

These photos indicate that the unit had undergone severe channel
disruption and fluvial erosion. Stream channel disruption was
largely a result of multiple skid traill crossings, and some
impact was due to haul reoad failures, primarily in the Ilower

section of D-Line (Rx-9 and below). In many instances, portions
of the channels were used as skid roads and as sites to place
excess fill and logging slash. Conseguently, multiple water

diversions developed and resulted in extensive surface erosion,
ponded water, and saturated hillslopes.

Most of the hillslope erosion was directly related to the skid
trails. In numerocus lccations water was diverted directly onto
skid trails and/or runoff became concentrated forming gullies
that followed the length of the skid trail. Finally, the water
re-entered a channel or created its own gully course downs.ope.



Portions of the D-lLine were rendered impassable due to £3il1
failures of the road prism. Diversions associated with the
D-Line occurred where culverts plugged or were never placed :in
problem areas and where inbecard ditches became blocked,

Ground water intercepted by road cuts added numerous smaller
water diversions and fluvial erosion to the unit.

EROSIONAL FEATURES: 1973

The 1873 photos taken 1In June, indicate that the D-Line had been
reconstructed and was once again passable. Many of the water
diversions along D-Line that occurred in 1972 had been corrected.
Several new diversions had also occurred since 1972, Some
invelve new water courses and others are associated with previocus
diversions where corrective work routed water along the Jinboard
ditch and subsequently diverted farther aleong the road.

For the most part the erosional problems remained the same on the
hillslopes with the exception of the three gullies above Rx-€
which had greatly incised, appearing very prominent on the
photos.

EROSIONAL FEATURES: 1974-1982

During this time period the drainage pattern within the unit for
the most part remained unchanged. Diversion courses renained
active and roadways continue to deteriorate. Generally, the
vegetation growth was good through this time periocd except on
roadways, active gullies, and on mass movement scars. The
principal wvegetation was ©brush, with a lesser amount of
Douglas-fir, and very little regeneration of redwocod. Following
aquisition in 1978, the D-Line was maintalned by Redwood National
Park for continued access to the area.

EROSIONAL FEATURES: 1983

Channel diversions and gully system routes remained unchanged
after 1973, however these features were active and had enlarged
due to erosion. The D-Line had continued to deteriorate,
espacially the lower reach from Rx-9 and below.

EROSTON CONTROL
Introduction

Frocedures

The rehablilitation work in Redwood National Park can be divided
up into five phases. Assessment, prescription, heavy ectipment,

sabor intensive {(which Includes winter maintenance], and
evaluation.



Assessment consists of inventorying erosional problenms and
locating sediment sources, This is accomplished through aerial
photo interpretation, reconnaissance, and detailed geomorphic
field mapping.

Prescription entails design of appropriate treatments to reduce
erosion, correct disrupted drainage patterns, and remove sediment
sources adjJacent to stream channels. This phase also includes
selecting the types of heavy equipment to be used, surveying the
worksites, and generating an overall cost estimate.

The heavy equipment phase involves earth moving eguipment used to
excavate flll, correct water diversions, and improve the
stability of active and potential mass movement features. This
work 1is always performed during the dry months, primarily due to
heavy equipment limitations. Heavy equipment is alsp utilized to
distribute and place rock rip-rap intended for armoring stream
channels.

The princlpal task of the labor Intensive phase involves
distributing and spreading straw. Straw is used as a mulch
placed over bare ground In order to reduce surface erosion from
raindrop impact and to help retain soil moisture. Additional
work includes rock repositioning that 1s required following the
placement with heavy equipment. Winter malintenance, at times, is
necessary in stream channels after adjustments occur on the site

during the rainy season. A team of laborers 1s used for these
efforts.

The last phase to occur is an evaluation of the rehabilitation

work. This 1s wused to appraise the effectiveness of the
prescribed work in terms of cost and erosion control. The
evaluation is summarized in a report. Figure 3 1lists the

sequence and time frame of the phases as performed on the 83-4
Rehabilitation Unit.

Objectives

The overall objective of rehabilitation work 1is +to mitigate
hillslope erosion induced by past land use practices. Logging
has greatly accelerated erosion on the slopes of the Redwood
Creek Baslin, predominately due to haul road and skid trail
construction. Primary consideration are, removing active and
potentlal sediment sources (with major emphasis on proximal
stream side environments), returning dralnage networks to their
original configuration, and dispersing water.

The 83-4 Rehabilitation Unit addressed the removal of the D-Line
haul road and the 'prairie road' (see Figure 1.). Some minor
hillslope work involved the chanrelization of five skid <trail
crossings wilith high erosion and water diversion potentizl.

Additional work included a stream channei worksite, completed in
1880 (80-5 Rehabilitation Unit}), which had to be re-rocked *to
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Create a cross-sectional area large enough to meet the estimated
runoff regquirements for a 25-year return storm event. The upper
reach of thils stream crossing aiso had to be re-armored and given

toe support on the right bank due to a large active streambank
failure.

The prairieland worksites were prescribed applying a different

criteria then used for the rest of the unit. Even though the
erosional potential was 1low, the rcocads traversing the praliries
were completely removed for aesthetic reasons. The road prism

and the cutbank were elimlnated by recontouring the land and
blending 1t into the surrounding landscape.

Except on the 'prairie road', outsloping was prescribed in areas
where road fill contributed to overloading and the stability of
the hillslope was low to questionable. Outsloping principally
involved areas where overburden was perched above stream
channels or in locations where a fallure would endanger the old
growth forest below.

The remainder of the unit that did not exhibit major or treatable
erosional problems was ripped and cross-road drained allowing for
improved infiltration and deconcentration of surface runoff,

Cost Summary

The costs of erosion control work performed on this unit are
summarized on Table 1. The majority of the cost is attributed to
heavy equipment (71%). Mapping, prescriptions, supervision, and
documentatlions accounted for 18 percent of the total cost.
Labor, which primarlly involved secondary treatment such as straw
and rock placement, accounted for the remaining 11 percent,

Heavy Eguipment Phase

Heavy Equipment Application

Prior to direct heavy equipment work a rock pit operation was
initiated for acquisition of armor to be used in stream crossing
excavations. A Komatsu D85-E bulldozer with ripper teeth was
used to generate, stockpile, and feed rock to a Caterplllar 9850
loader. Six 10-yard dump trucks were used to haul the rock to
specified work sites. The rock-plt operation was completed on
schedule without equipment failure or other logistical problems,

Rehabilitation work on the unit was carried out by two bulldozers
and an excavator (Table 2). A Komatsu DB85-E bulldozer was used
for preliminary excavation of stream crossings and outsloping of
unstable rcad fill or sidecast. The D85-E was aliso used to rip
compacted surfaces to allow for easy excavation or to Improve
infiltration and aeration through the soil. A Case 980-B
excavator and Catepillar Dé-D bulldozer, for the most part,
worked as a team completing excavatlons, outsloping, and placing
rock armor In stream crossing excavations, The skid +trail



Table 1 Summary of Rehabilitation Costs

83-4
RNP Employees
Redwoods Total Total Phase %
1 Heavy United Task Phase of Total

Technicians Laborers Equipment Inc. YCC Cost Cost Cost
Mapping? 496.00 496.00 4,352.00 6%
Prescription” 3,856.00 3, 856.00
Rock 8,202.12 8,202.12
Acquistion
Primary 4,812.00° 27,518.03 31,930.03
Treatment
Secondary 6,605.43 6,605.43
Treatment
Miscellaneous 7,982.04 7,982.04
Secondary 4,743.01 1,260.78 1,554.40 7,558.19 7,558.19 11%
Treatment
Cost Analysis® 3,980. 00 3,980.00 3,980.00 5%
Documentation
Totals 12,744.00 4,745.01 50,307.62 1,260.78 1,554.40 GRAND 70,609.81

TOTAL

Percent of
Costs 18% 7% 71% 2% 2%

01




Table 1 (cont.) Summary of Rehabilitation Costs
{Continued)
Footnotes:

1Estimated cost.

2Original mapping was charged to Site 82-5 (Burns, 1982). The value shown reflects a complete recon of
mapping with additional minor mapping.

3Includes all preliminary survey work, flagging for site limits and straw distribution, brush delineation
costs estimates, equipment rental, water diversions, photo points, etc...

4Includes all heavy equipment and labor intensive supervision.

SIncludes all post survey work, data analysis, winter maintenance, photo points, and report writing.
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TABLE 2: Summary of Equipment Specifications

83-4
.Equipment Type Make/Model Year Rate/Hour Total Hours
Bulldozer Komatsu D-85E w/13"' 1980 $80.00 235
wide 4 way hydraulic 5 ST/BY W-OP
tilt U-blade and 3
30" rippers
Excavator Case 980-B w/standard 1980 85.00 159.5

1 1/4 yd3 toother
bucket and triple
grouser tracks

Bulldozer Caterpillar DG-D w/ 1977 59.00 162.6
10.5' wide 4 way
hydraulic tilt blade
winch and one 18"
blade attachable
ripper

Loader Caterpillar 950 w/3 1974 51.00 20.5
yd3 loader bucket

Backhoe Case S80-C Bxtendahoe 1980 35.00 87
w/lyd3 4-in-1 loader
bucket and 1/3 yd
. excavator bucket

6-Dump Trucks 10 yd> dump truck 1966- +36.00 140
1974

* Average Rate
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crossings were more variable than haul road crossings and
required a specific piece of equipment for efficient excavatior
depending on the characteristics of the given crossing., 7Two skid
trall crossings were removed by excavator, two by the D6-D, .and
one by the DE5-E.

In addition, a park-owned bacikhoe (Case 580-C) proved to be
valuable relative to the guality of work and to the cost
effectiveness at some sites. The backhoe was Iinvolved with
preliminary water diversions prior to several of the stream
crossing excavations, feeding rock armor to the excavator at
several sites, road maintenance during rock delivery by dump
trucks, and outsloping of portions of the prairie road. Work
performed by the backhoe was of 'high quality because of the skill
and efficiency of the operator.

Heavy Equipment Seguencing

Initlally, as described under "Heavy Equipment Application", rock
armor was accessed from an off-site rockpit. For cn-site work,
heavy egquipment was scheduled such that the D85-E started work 12
days ahead of the 980-B and UD6-D and completed as much of the
primary rehabiliitation work as was efficlently possible. Work
was initiated by the D8%-E at the down road extent of the
rehabilitation unit and progressed up-road. &An access road was
left along the up-stream portion of crossings, at the down-slope
perimeter of outslope reaches, and through ripped reaches. The
D85-E excavated from 50 to 80 percent of each stream crossing and
about 90 percent of the outslope work. The 980-B and D6-D
completed primary rehablilitation work - outsloping and excavation
-~ and were responsible for the secondary treatment which
consisted of rock-armor placement wlthin stream crossing
excavations. Besldes assisting the excavator by removing spoil,
the D6-D was used for touch-up work on cutslope areas, feeding
rock-armor tec the excavator, winch work, and touch-up ripping.
Cross-road drains were excavated by different equipment depending
on excavation efficiency and/or the logistics of the work
schedule,

Heavy Equipment Treatment Objectives and Costs

The average costs of heavy equipment treatments prescribed for
Rehabilitation Unit 83-4 are summarized Iin Table 3, Primary
treatment Involved excavation of haul and skid-road stream
crossings; outsloping of unstable road reaches and landings;
ripping the road surface: and cross-road dralning of springs and
seeps. Secondary treatment involved channel armoring within
stream crossing excavations to minimize channel erosion.

Armor may be organic {(logs, branches, etc..) or inorganic ({rock)
depending on availability. Organic armering usually consist of
embedded debris which is left as part of the channel bvottom or
bank during excavation, or is acguired locally and keyed into the




l Table 3 Summary of Heavy Egipment Costs -~ Site B83-4. .
Average Range in Average Range in
# of Total Total cost per cost per cost per cost per % of

Treatment Worksites quantity cost worksite worksite quantity quantity total
Haul road stream 11 8,710 yds3 $12,270.80 $1,115.45 $86.40- $1.41/yd? $0.75-
crossings 2,448.10 2,92 24 .4
skid trail 5 500 yds> 558.75 111.75 40.00- 1.12/yd3 0.41- 1.1
crossings 191.25 1.91/yd3
Road Reaches: 6 3,953 LF 10,490.901 -- -- 2.65/LF3 0.72-

Outsloping (11,924 yds3) 0.88/yd 13.74/LF 20.8

(2,91 acres) ($3,605.12/acre) ($0.72-1.70/ydd)

Ripping and -- 9,022 LF 4,197.58 ~- - 0.46/LF 0.18- 8.3
cross road draining {12.94 acres) (340.16 16/acre) 0.63/LE
Total Primary Treatment $27,518.03 54.7
Placement of 14 776 yds3 6,605.433 550.45 107.70- 8.51/yd> 5.38- 13.1
channel armor . 1,596.22 31.59
Armor For 481.5 yds> 8,202. 124 -- 341.60 17.08 yd® - 16.3
acquisition 13 sites 1,878.80
Total- Secondary Treatment $14,807.08 29.4
Miscellaneous: 7,277.26 14.5

Itemized
___________________________________________________________________________________________________________________________ -

Non-itemized 704.78 1.4
Total Miscellaneous Cost 7,982.04 15.9
Total Heavy equipment Cost $50, 307.62 100.0

1poes not include work done by a park backhoe which account for 922 yds3 of 0S work over a 32 hour period.

2Includes 295 ycls3 of rock that was acquired during 1982 and charged to the 82-5 rehabilitation unit and 20 yds3
acquired from local road surfacd.

3Does not include 15.7 hours of work by a park backhoe.

Naeec nnt ‘nelude the enct nf the rack aconired durine 1982

1
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channel, As such, the organic armor is not specifically
accounted for under "Heavy Eguipment Costs". Rock armor is often
acquired from the spoil of an excavation or locally from the road
surface or other source. Rock armor from these sources is
usually accounted for under armor placement but not atrmor
aguisition. However, the majority of rock armor used on this
site was accessed from off-site rock pits, and both aquisition
and armor placement are accounted for from this source.

The stream crossing excavatlions (Table 3) accounted for
approximately 24.4 percent of the heavy equipment cost for this
unit. Table 4 summarizes excavation costs of stream c¢rossings.
The extra small crossings (<100 cubic vyards) were the least
expensive excavations relative to average cost per volume. This
observation can be attributed to the minimal distance of spoil
displacement that was reguired at these crossings. Four of the
five extra small crossings were skid-road crossings. Transport
of equipment to and from skid trail crossings is not included in
the cost analysis shown on Table 4. Large crossing excavations
(<800~2,000 cubic yards) were the next least expensive category
on a cost per volume basls. The D85-E, which was the most cost
efficient plece of equipment on the site, was able to excavate a
relatively large portion of fill due to the size and geometry of
the larger crossings.

The medium creossings (400-800 cubic yards) proved to be the most
expensive on an average cost per volume basis. Two of the three
excavations within the medium size class (Rx~7 and the CRD at the
dog leg) presented special c¢ircumstances which inflated
excavation costs. Data for individual crossings are listed on
Table 5. At Rx-7 (424 cubic vards) fill consisted of wet, fine-
grained material that was difficult for egquipment to work in and
the crossing was geometrically constricted by resistant features.
Consequently, only about one-half of each excavation could be
accomplished with the D85-E as compared to as mulch as 90 percent
at some of the larger crossings. In addition, the S80-B goperator
was inexperienced, and the 980-B was in poor working order. The
'dog~leg' CRD was not a difficult excavation. However, the
prescription was such that the fill, which was relatively good
soil, was spread over a 300 foot reach of rocky, ripped road
surface to enhance vegetation growth.

The two least expensive crossing excavations involved an extra
small crossing (S8T-2; 90 cubic vyards: $0.44/cubic vyard) and a

large crossing (Rx-13: 994 cubic yards; $0.75/cubic yard)}. The
D85-E accounted for all of the ST-2 excavation and about 98
percent of the Rx~13 excavation. Both crossings were

uncomplicated excavations from the aspects of channel morpholegy
and type of spoil material. Rx-13 would probably have been as
inexpensive on a cost/volume basis as §8T-2, or more so, but the
material was spread across the harsh surface of the rock pit
(0.75 acres) located between Rx-12 and RxX-~13. The push averaged
about 170 feet and was ustified for revegetation enhancement,



Table 4 Summary of Haul and Skid Road Stream Crossing Excavation Costs

83-4

Size of t of Total Average Cost/ Average Range:3
Excavation Worksites Equipment Cost Total yd53 Worksite Cost/yd Cost/yd
Extra-smgl1 5 980-B, D6-D, $468.15 400 $93.63 $1.17 $0.44 - $1.91
0-100 yd D85-E
Small 3 3 980-B, D6-D, 1,196. 35 718 398.78 1.67 0.88 - 2.98
101-400 yd D85-E
Medium 31 980-B, D6-D 3,396.66 1,571 1,132.22 2.16 1.52 - 2.92
401-800 yd> D85-E
Large 6 980-B, D6-D 8,867.06 6,971 1,477.84 1.27 0,75 - 1.63
801-2000 yd
Extra-Large None -- -- -- - -- -—--
Totals 17 $13,928.27 9,660 $1.44

1Includes a large CRD (450 ydss) excavated near the dog-leg of the main D-Line.

{Itemized under miscellaneous costs due to its unusual circumstances, see discussion
“Heavy Equipment Treatment Objectives and Costs).

in
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The D-Line haul road was surfaced with one and one-half to two
feet of compacted rock and presented problems from a revegetation
standpoint. Therefore, excavation prescriptions (cross-road
drains and stream crossings) emphasized spreading the soil along
the ripped road as far as feasible. From the stand point - of
equipment cost, the practice of extending the distance of so0il
displacement is net economically sound. As a result, the cost
of excavation work, was higher than would have been the case 1if
the unit has a less harsh road surface.

A summary of road removal costs is shown on Table 6, Outslope
work accounted for approximately 30 percent of the road treatment
{length}, and 71 percent of the cost. Of the 3,953 LF (3.57
acres) of rcad way outsloped, 1,053 LF (1.25 acres) involved
unstable near-stream reoad and landing fill, and the remainder was
associated with prairie land. Prairie road work involved mild
outslope work on relatively gentle slopes.

Most of the rcoadway within the unit was stable and only reguired
surface treatment for revegetation purposes. Road surface
treatment included 9,022 LF (7.56 acres) which was ripped and
cross rocad drained. Almost all the ripping was accomplished with
the DBS-E. This +treatment is relatively inexpensive on a cost
per area basis and was prescribed where erosional hazards were
insignificant.

Rock armering of haul-road stream crossing excavations accounted
for 29.4 percent of the heavy equipment costs (Table 6). Of the
776 yards of rock used as channel armor, 295 yards were acquired
during 1982 at a cost of §2,224.03. The cost of the rock
acqguired in 1982 was charged to the 82-5 unit (iower D-Line).
For comparative purposes, the cost of the 1982 rock is shown on
Table 6 as if it were charged to this site.

Prescriptions of rock armor differed markedliy between Rx-6
through Rx~9 and the rest of the crossings. Rx-6 through Rx-9
were underlain by highly erodible weathered mudstone locally
called "blue goo". Consequently, Rx-6 through Rx-9 were armored
with rock one and one-half to two feet thick across the entire
stream bed of the excavation, and well above anticipated high
water flows. In addition, large rocks (> 4 feet diameter) were
keyed along the upstream margins of the excavations at Rx-7
through Rx~-9. This was necessary at these locations due to the
steepness and unstable appearance of the local slopes upstrean
and/or downstream of the crosseings.The B0-5 stream crossings were
also underlain by highly erodible material such that the entire
stream bottom had to be rocked within the zone of the excavations
and up channel banks well above anticipated high water flows.

Rx-10 through Rx-16, were lergely underlain by a relatively
stable scil of sandstone derivative. For these crossings, with
the exception of Rx-13, two to three rock aprons were placed at
strategic locations to create knickpeoints and to ensure that
water channeled down the middle of the excavation. Rx-13 did not




. ," Table 6 Summary of Road Removal Wbst of Heavy Equipment .
83-4 X
Range in ;
Total ¥ of Length  Average Road udﬂmw mmsmm in # of Area Cost Cost/ Cost/
Treatment Equipment . Cost Sites (ft) Width (ft) yds yds“/LF CRD's {Acres) Acre LF ~ yd3
Outsloping : -
Mild 3 D85-E $3,926.621 3 3,217 32-56 5,422 0.8-3 2,73 $1,438.32 «H.NN_ $0.72
0-3 yds”/LF  980-B  ($4,886.62) ($1,789.97) (1.52) ( 0.96)
D6-b . :
580-C :
Medium 3 D8S-E 3,801.51 2 545 40-56 3,628 6.2-6.8 0.65 $5,848.48 6.9 1.05
3-10 yds°/LF 980-B ;
D6-D ;
Heavy D8S-E 2,762.77 1 191 44 2,874 15 .19 M
10 yds3/LF  980-B {
D6-D *
e e e e e e e m e e e cme—————— ——cmmm—me———m————— e rmem e e e———ee .ﬂ--- ....... -
Subtotal $10,490.90 - 3,953 11,924 3.57 $555.23  0.46 --
($11,450.90)
Ripping an D85-E $4,197.5 13 9,022 24-46 -- -- 37 7.56  $555.23 0.4 --
CRD's 980-B
D6-D
Total Road $14,696.90 12,975 11.13
Removal ($15,656.04)
1

The park owner 580-C backhoe.outsloped 1,100 LF of road involving 922 MQMu. A hypothetical cost of $30.00 per hour for the backhoe wgs
added to the actual site cost and is shown in parenthesis. At $30.00 per hour the backhoe performed mile outsloping work at $0.96/yd”.
The relatively high cost effectiveness for a backhoe is attributed to a high level of work efficiency by the operator.

14
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present significant erosion potential and received no armor.
Rpproximetely 20 cublic yards of rock were required at crossings
where aprons were placed. These crossings were relatively
inexpensive to armor compared to crossings reqguiring more
extensive arrnor protection. :

Miscellaneous heavy equipment costs charged to this unit involve
various aspects of rehabilitation work which are usually
indirectly associated with major tasks. However, for reasons of
accurate accountability these costs have been isolated !Table 8).

Tables ¢ and 10 compare pre-rehabilitation cost estimates of
equipment and treatments with the costs actually incurred on this
unit. The D85-E was less expensive than originally appraised
because the actual cost/hour was less than estimated, aznd more
significant, the machine proved to be more efficient than was
estimated. Both the 980-B and the D6-D were less expensive on a
cost/hour basis, however, both were more expensive relative to
the estimated budget. This discrepancy was largely due to the
inefficiency of the 9B0-B operator and machine and is discussed
under the "Evaluation of Heavy Equipment Application™. SiInce the
D6-D worked in tandem with the 980-B, it too incurred the excess
of work time and coest. If the 980-B had been In good working
order and operated by an experience operator, the eguipment cost
for tnis unit could have been reduced by $5,000 to $7,000.

Evaluation of Heavy Equipment Application

Of the heavy egquipment operators on thls project, only the D6-D
operator had experience on a rehzbilitation site. The DE-D was
in good shape and the operator was well skillied. Because of 1its
relatively small size, the DE-D was able to operate In limited
work space with the 980-3 and was particularly useful due to the
machines winching anéd ripping capabilities. Tr:e 980-3 and
operator presented provlems. First, the operator had never
worked in rugged terrain with an excavator. The first week
served as a training session with the slte supervisors spending a
good deal of time explaining capabilities and limitations of the
980-3 to the operator. Second, the 980-B was in poor working
order and operated at about 50 percent of the engine power that
is typical for that model excavator. The operator of the 980-B
had a good work attitude and became fairly efficient as work
progressed. However, at least several work days were Jlost
relative to the work schedule due to the initizl

inefficiency of <the operator and the poor condition oi the
equipment. The 980-B operator and machine could have been
dismissed and replaced as soon as the deficlencies were apparent.
But, because of scheduling logistics and the possibility of
attaining another Iinexperienced operator and/or poor running
machine, no dismissal action was taken.

The Tb%-Z was operated by three different individuals during the
project, none of which were experienced in rehabilitztion work.
Also, several days of down time and equipment use by ancother
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Table 8 Miscellaneous Costs ~ Site 83-4

Tasz Equipment Hours Cost Subtotal
Non-itemjized DB5-~E 2.86 §228.8¢C

980-B .38 32.30

D6-D 7.52 443.68 $704.78
Move-~-in/move-out Des-E 479.00

980-B 402.00

D6-D 550.00 $1.,431.78
Sit Time2 D85~-E .67 53.60

980~B .83 70.558

D6-D 13.09 772.31 $896.46
Walking and3 DBE-E 4.07 325.60
Strategy Talks 980-B 8.16 693.60

DE-D 4.33 255.47 $31,274.67
Standby withd D85-E 5,0 243.60
Operator 243.€90
Cross-road drainb DB5-E 6.08 486.40
at dog leg 980-B 6.16 523.60

DE-~D 3.42 201.78 $1,211.78
Rocking Cross-Road S980-B A5
Drain below St-~1 $38.25
Lunch Break DBS-E 12.5 1,000.00

980-B 8.0 680.00

Dé6-D B.5 501.580 $2,181.50

Total Cost $7,982.04

1 Includes insignificant tasks such as hauling culvert off the
site, road repair, etc.

2 Incurred for short periods of time (10-30 minutes) during
tandem eguipment operation.

3 Involves eguipment transportation on site which takes more than
ten minutes of time, and strategy talk at individual worksites.

4 Incurred when D85-E was transported to another rehabilitation
unit to perform work in a rockpit.

5 This excavation was a typical in that it was ta large (450

yds3) to be considered a cross-road drain, although it was
created tro drain several springs and seeps.

U



Table 9 Pre-Rehabilitation/Post-Rehabilitation Heavy Equipment Cost Analysis
Comparison for Described Treatments - Site 83-4,

Treatment Pre-Rehab. Est.

Haul Road $23,275
Crossing

Excavations

Road Reaches $15,405

Skid Trail $1,168
Crossing
Excavations

Rock Procurement  $10,000

Miscellaneous $1,500

$51, 348,00

+ 10% fudge factor= $56,418.00

Actual Cost

$18,876.23

$14,688.48

$558. 75

$8,202.12

$7,982.04

$50, 307,62

Comment

24

Includes fill excavation
and rock armor placement

Includes outsloping,
ripping, and CRD's.

Less material needed to
be excavated than was
initially deemed necessary.

Includes generating rock
with ripper cat, loading
by front-in loader, and
hauling of rock by dump
trcks.

Miscellaneous costs involve
indirect tasks associated
with described treatments,
and move-in/move-out costs
(see Table 7).

The fudge factor was added
to absorb hidden costs such
as miscellaneous tasks,
breaks, strategy talks,
etc...




Table 10 Pre-Rehabilitation/Post Rehabilitation Heavy Equipment Cost Analysis Comparison - Site 83-4,

Pre-Rehab. Est. Actual Pre-Rehab. Est. Actual
Equipment of Rate/hr. Rate/hr. of work hrs. work hrs.
D85-E $90.00 $80.00 270.6 221°
980-B $90.00 $85.00 101.6 159.5
D6 $65.00 $59.00 103 162.6

Rock Pit

1Includes move-in/move-out costs.

Pre-Rehab.

Cost Est.

$24,854.00
9,734.00

6,760.00

10, 000. 00

$51,348.00

2The "Actual Work Hours" for the D85-E include 5 hours of standby with operator ($48.72/hour).
3The "Actual Cost" of the D8S-E does not include 19 hours ($1,520.00) of work performed in the rock-pit operation

Actual1
Cost

$18,002.60°
13,959.50
10,143.40
8,202.12

$50,307.62

¢z
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rehabllitation project occurred. However, all three operators
were well versed in bulldozer operation strategy andéd guickly
became efficient after advice from supervisors and some
experimentation. The D85-E proved to be the most cost effective
and versatile among the egquipment used on the project. The
machine's U-blade was very efficient for outsloping and road
crossing excavations and was able to move relatively large
volumes of spoil for long distances {100-300 feet) as compared to
a machine with a straight blade. The three ripper teeth allowed
the machine to rip a nine foot wide swath with one pass. The
rate of ripping was observed to be about 1,350 cubic feet per
minute of medially packed road surfaces unimpeded by obstacles.
Due to the high level of efficiency of both operator and
equipment, the D85-E finished a week ahead of schedule and
compensated for budgetary losses incurred by the 980-B operator
and machine,

As was discussed, the D85-E started work on the project ahead of
the 980-B and D6-D. The lag-time between the D85-E and follow up
equipment was determined from prescription estimates of the
project and proved to be sufficient. The D85-E worked at a
faster rate than was anticlipated and at no time did equipment
interfer with one another.

The access road which was left intact to allow thoroughfare of
service vehicles, etc., worked effectively. The road was easily
removed by follow-up equipment since it was essentially a
back-bladed path through crossing excavations and over outsloped
areas.

Of problems encountered, the mnost significant concernec feeding
rock armor to the excavator. The rock armor was of poor gquality,
being of smaller diameter than was desirable, and composed of
about 25 percent soil. Due to reoad constrictions, the rock had
to be stockpiled a considerable distance from some of the work
sltes (80-120 feet). The D&-D proved to be inefficient at
pushing reck along the road surface due to considerable less of
rock along the push and mixing of so0il into the already rock/soil
composition. As a result, armor placement at the first two
crossings completed was relatively expensive per unit of volume.
Procurement of a park-owned backhoe solved the rock transport
problem in simlilar situations. Rock was leocaded into the
backhoe's loader bucket and cleanly fed to the 980-B for
inchannel placement.

Labor Intensive Phase

Labor Intensive Application

The labor intensive work, on this rehabilitation unit, was

implemented by three crews: Redwood National Park laborers
(R.N.P.), Redwood United, Inc. employees (R.U.I.), and the Youth
Conservation Corps (Y.C.C.). The labor Intensive personnel were

utilized solely for secondary treatments. The principal task was
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the spreading of a straw mulch over barren ground disturbed by
heavy eguipment activities. Other secondary treatments include
brushing, straw deiivery, straw distribution, and rocking.

Brush removal and siraw delivery preceded heavy eguipment
operations. Straw distributions occurred before and during heavy
egquipment movement, and was Inltiated by placing pre-calculated
quantities of straw (number of bales) in stockpiles at flagged
locations.

After completion of a worksite by heavy eguipment the straw was
spread out as soon as possible to minimize walk-in distances over
completed sections of road impassable by vehicles.

Following the heavy eguipment work and the spreading of straw, a
crew of R.N.P. laborers walked over the unit repositioning rock
armor in locations deemed necessary to insure a greater stability
of the channel bottom from erosion.

Labor Intensive Costs

The labor Iintensive <c¢ost for the 83-4 Rehabilitation Unit
amounted to $7,558.19. Distribution and spreading of straw
accounted for 88.5% (5$6,686.89) of the tctal cost. The remainder
was absorbed by brush removal and hand rocking. A summary of the
costs is shown on Table 11,

The cost effectiveness of +the labor intensive treatments was
reduced due to a significant portion of paid time spent off the
worksite by laborers (Table 12)., R.N.P. laborers and the R.U.I.
crew averaged 27% and 28% of off-site time, respectively a day.
This represents 2 1/2 to 3 hours of nonproductive time out of a
10 hour day. The Y.C.C. crew had the highest percentage with 63%
of the paid time being non-productive. These 'lost' hours are
contributed to <ravel time between the duty station and the
worksite. The Y.C.C. crew traveled 5 hours out of 8 hours a day
being transported to and from the worksite.

Due to the large discrepancy of actual hours spent on the
worksite and the varilance in hourly wages among the three crews,
an average cost per productive hour parameter was geherated.
This parameter represents the total cost paid out to each group
divided by the number of productive on site hours. This will
allow a direct comparison of the cost effectiveness between the
crews.

Using this criteria, the R.U.I. crew proved to be the most cost

effective of the three <c¢rews at §$7.30/productive hour. The
Y.C.C. was second at $8.93/productive hour, even though they had
the highest non-productive off site hours per day. This is
attributed to their .ow average wage of $3.35/hour, The RKNP

Laborers had the Highest cost, $11.98/Productive Hour, due to
their high average wage of $8.80/hour.
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Table 11 SUMMARY OF LABOR INTENSIVE TREATMENT COSTS
Average
Personnel Cost Total
Treatment Crew Hours Per Hour Cost Cost
Brushing RNP 60 $8.98 $539.00 $539.00
Straw. Del jver_y RNP 80 8.82 705.20
and Distribution .o 368 3.35 1,232.80 1,838.00
Spreading RNP 359 8.82 3,166.51
Straw YCC 96 3.35 321.60 4,748.89
RUI 238 5.29 1,260.78
Rocking RNP 40 8.30 332.30 332.30
Total = $7.,558.19

8¢
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TARLE 12 ANALYSIS OF LABOR INTENSIVE COSTS

1

Total Non-
Personnel Productive Productive Average Total Average Cost Per
Crew Hours Hours Hours Wage/Hour Cost Productive Hour
RNP 539 396 143 $8.80 $4,743.01 $11.982
YCC 464 174 290 3.35 1,554.40 8.932
RUI 238 172.5 65.5 5.29 1,260.78 7.312

Total = $7,558.19

1Tota] of all hours for all treatments paid out.

2TranSportation and Administration costs not included.

62
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Comparing the three crews in terms of efficiency of job
completion or work completed per day and ignoring cost, both the
R.U.I. and RK.N.P. crews out rank the Y.C.C. crew. The R.U.I. and
R.N.P. crews had 7 to B hours a day of productive time compared
to approximately 3 hours for the Y.C.C. crew. Thus, if a job
needed to be completed as soon as possible the R.N.P. or the
R.U.I. c¢crew would be preferable.

In conclusion, the overall crew which proved to be the most
productlve Iin terms of both cost and efficiency of Job completion
was the Redwood United, Inc. crew.

SUMMARY AND CONCLUSION

Rehabilitation work on 83-4 began with an analysis of the
relationship between drainage features and erosion features based
on detalled geomorphic mapping. Minor drainages are observed as
complexes composed of Interacting elements (slopes, drainage
channels, knickpoints, mass movement features, etc.), and as
subunits of larger drainages and of the rehabilitation unit as a
whole. Based on Iinterpretation of geomorphic mapping and on
input from experience rehabllitatlion geologlists, hydrologists,
botanists, and soil scientists, treatment pricrities were
established. The criteria for pricoritizing treatments involves
the probabllity of erosion features to affect stream channels,
the magnitude and activity of each erosion feature, revegetation
of disturbed areas, the cost/benefit, and the potential for
successful stablilization. In addition, reaches of prairie road
were treated to re-establish natural prairie morphology. The
prairie roads were of low priority and were completed after the
more critical treatments were accomplished.

On this wunit, highest treatment priority was given to Rx-6
through Rx-9, the outslope reach involving R-7, and the multiple
stream crossing of the 80-5 unit (Figure 2). Due to the highly
erodible soils and unstable banks of the stream crossings
mentioned above, intense channel armoring was deemed necessary
for =successful stabilization. The intense channel armoring
involved the keying of large rocks (4 feet diameter) at strategic
positions along the excavations to act as toe support for banks
and as support mechanisms for smaller rock. The entire
excavation of each of these crossings was armored with an average
depth of rock of about two feet ¢to a point up the banks which
were determined to be well above the largest expected high flows.
Baring unforeseen mass movement(s) above or immedlately below
crossings, the rock armoring should inhibit significant erosion
and function in stabilizing the banks and channel bottom to allow
for successful revegetation and long-term stabilization.

The outsloping of R-7 was largely carrled out to remove weight
from the head of a complex mass nmnovement feature located
immediately upslope of one of the major drainage channels on the
unit. The success of this treatment 1n inhibiting the activity
of this mass movement feature remains to be seen, however, in the
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worst case, thousands of cubic yards of potentially unstable fill
were moved to a more stable position and morphology (outsiope).
Other heavy outslope work invelved road and landing fill along

both banks downstream of Rx-12. This outsiope work was carried
out because of the excessively steep fill slopes, evidence of
instability (scarps and cracks), and proximity to the stream.

The heavy outslope work along R~7 and that near Rx-12 largely
involved a sandstone derived so0il, therefore, the fill outslope
has good infiltration and percolation, and consequently low pore
pressure.

Road-~-stream crossings Rx-10 through RX-16 were treated -
differently than the lower, more unstable ones. These c¢rossings
were filled with fairly fine-grained, highly erodible soil
overlain by a compacted rock road surface. However, the banks
and slopes local to these crossings were relatively stable and
did not present significant erosion problems. With the exception
of Rx-10 and Rx-13, these crossings were armored with two to
three rock aprons. The aprons consist of about ten cubic yards
of rock each and were keyed intoc the channel banks and bottom to
a distance up each bank above expected high flows. Apron widths
ranged from four to about eight feet. Apron geometries and
spacing varied depending on the characteristics of the given
cross~-section of channel. As such, the aprons function to
channel water down the middle of the excavation and to serve as
knickpoints. The cost of armoring by means of rock aprons was
relatively inexpensive.

Skid-trail stream crossings that were prescribed for treatment on
this unjit were done so to avelid potential diversions which could
result in significant erosion, and not because of potentially
high erosion of the actual <c¢rossing fill. Armor was not placed
in these crossings, however, organics which were a part of the
fill were left intact, keyed into the banks and channel bottom.

A field survey of Unit 83-4, following the 1983-1984 water vyear,
indicates that treatment appear adequate and that only minor
hydraulic adjustments have occurred 3in and near road stream
crossing excavations. Fill/outslope areas also appeared stable
and with good drainage. At the time of +this writing, the only
obvious area of concern regarding extensive hillslope stability
is the complex mass movement feature downslope of Rx-7 which
appears to remain active,
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Appendix Unit 83-4
Photo Points

D-Line

July 28, 1983 Site 83-5 PR

Cloudy/fogqgy &

pv
Color 35mm B & W 35mm

Photo Point (200) (400) Comment

#1 A 1, 2 1 Stake on outside of road
6+00. View down road of
rioped section and CRD's.

#1 B 3, 4 2 Up road of CRD's and fil)
area.

#2 5, 6 3 Stake up channel on left
bank view down excavation
site of Rx-6.

#3 A 7, B 4 Stake upslope of road 30
and right of channel 20'.
View down excavation site
at Rx-7.

#3 B 9, 10 6 View along right bank 0S
area of Rx-7.

#4 A 1, 12 7 11 + 70 stake 40' up from
road prism. View down 05
road reach at fir line.

#4 B 13, 14 8 View across 0S5 reach.

#5 A 15, 16 9 Stake up fill slope between
Rx-8 & 9. View down road of
0S reach and Rx-8.

#5 B 17, 18 10 View across right bank into
Rx-8

#5 C 19, 20 11 View across left bank into
Rx-9.

#6 21, 22 12 Stake upslope of road prism

35' 8' right of qully
from St-1. View of road area
with CRD's.

#7 23, 24 13 3 T stake on left bank 20'
up from ST. View down Xing.

#8 25, 26 14 3-22 1 + stake on left bank

on upper portion of Xing.
View down excavation site.
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Phato Points
D-Line

(’ July 28, 1983 ‘ Site 83-5
' . Cloudy/foggy i"
Dy
Color 35mm B & W 35mm ,

#9 27, 28 15 Stake 100' up road from

3-22-1T. Stake up cut bank
15", View down 0S reach
towards 3-22-1T.

#10 29, 30 16 Stake 35' down road and
up cutbank 20'. View of
Rx-10 across left bank and

| down excavation.

#11 Omitted 17 CRD over landing. Stake on
right bank 30' right of
upstream portion of Xing.
View down CRD over wide
area in road at 31 + 20

#2 Omitted ST-1 Xing.

#13 Omitted Dog-leg CRD

*Note: Let Cat knock brush down before taking photos: ST-1 Xing; Dog leg Xing;

#14 33, 34 18 Upper Xing of'80' site.
Stake on right bank at
upward extent of excavation
beneath very large ceonothus.

#15 35, 36 19 Lower Xing of '80' site.
Stake on right bank of up-
stream extent of Xing. View
down channel.

#16 A 1, 2 20 Rx-11 Stake on right bank
of Tower 20% of excavation
just at fir line. View up-
stream of Xing.

#16 B 3, 4 21 Rx-11 View downslope end of
Xing.
#17 A 5, 6 22 Stake on top stump above (B

of rock pit (way above 0S
reach) at 65 + 60,
View 1 to 0S

\ . #17 8 7, 8 23 View of fi11 site in down
road direction.
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Photo Points
D-Line

July 28, 1983 Site 83-5 PR

Cloudy/foggy &

DV
Color 35mm B&W3BSm _

Photo Point (200) (400) Comment

#18 A 9, 10 24 Stake on ST adjacent to
rock scarp of rockpit.

Left of channel 70' 100'
upslope of road. View of
Rx-12

#18 B 11, 12 25 View of 0S fill area up
road of Rx-12

June 29, 1983

Cloudy

#19 A 13, 14 26 Shot of fi11 site between
Rx-12 & 13. Stake on right
bank below Rx-13 75’ next
to 15" fir.

#19 B 15, 16 27 Rx-13; view up-channel.

#20 A 17, 18 28 Stake up (B 35' 75!
down road of Rx-14. View
down road of fill area along
ridge.

#20 B 19, 20 29 View of Rx-14 over right bank.

#21 21, 22 30 Stake on log which lies

across channel at upstream
extent of excavation on Rx-15.
View down Rx-15.

#22 23, 24 K] | Rx-16 and right bank 0S.
Stake on left bank at fir line.
View down Xing.

#23 A 25, 26 32 Stake at 97 + 60 on prairie;
nailed to fence post upslope
of road. View down prairie
0S reach.

#23 B 27, 28 33 View across prairie 0S
reach.



July 28, 1983
Cloudy/fogqy

Photo Point

Photo Points

35

PR
ov

Comment

#24

D-Line
Site 83-5
Lolor 35mm B & W 35m
(200) (400)
29, 30 34
34
35

Stake on outside of road
next to 102 + 00 stake.
View down road of 0S
reach of prairie.

Div. placement of Rx-7
to Rx-6 with flexible
plastic hose.



File
File
File
File
File

File
File
File
File
File
File
File
File

#1
#2
#3
#4
#5

#6
#7
#8
#9
#10
#11
#12

#13

ARCHIVE FILE LIST

Summary Report Maps and Mylars.

Field Notes

Heavy Equipment Work Schedule; Pre-Rehab{litation
Post-Rehabilitation Heavy Equipment; Hours and Costs

Prescription Sheets; Volume Estimates; Pre-Rehabilitation Cost
Estimates for Heavy Equipment

Profiles and Yolume Estimates

Disturbed Area and Straw Mulch

Drainage Area/25-year Discharge Estimate
Labor and Backhoe Work

Rock Armor Estimates

Time Sheets for Heavy Equipment

DI-1's for Heavy Equipment

Maps
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Unit: 83-4 Date: 7-11-1984, PP3A, SOC, (D
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